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Abstract 

The present study aimed at analysing the intensity of apop-
tosis, as related to the expression of pro- and anti-apoptotic cel-
lular markers (cas-3, MT, Ki-67 antigen), and at evaluating their
expression in relation to the survival time of patients with col-
orectal adenocarcinoma. Material for the studies was obtained
from 40 patients with primary colorectal adenocarcinomas (G2,
T3N0M0), treated at the Lower Silesia Centre of Oncology in
Wroc³aw. Tumour samples were fixed in 4% buffered formalin
and embedded in paraffin blocks. In obtained paraffin sections,
TUNEL reaction (detection of apoptosis) and immunocyto-
chemical reactions were performed (detection of cas-3, MT and
Ki-67 antigen expression). The results disclosed a weak correla-
tion between the intensity of apoptosis and the expression of
MT, cas-3 and Ki-67 antigen (r = 0.18; r = 0.33; r = 0.15, respec-
tively) in cells of colorectal adenocarcinomas. The survival time
of the patients was shorter, when the apoptosis and expression
of Ki-67 antigen were highly pronounced. The time periods of
the  patients' survival showed no correlation with the expression
of cas-3 or MT. The obtained results point to the key role of
apoptosis and proliferation processes in the clinical course of
colorectal adenocarcinomas.

Key words: colorectal adenocarcinoma, metallothionein, 
apoptosis.

Introduction 

The time of survival of patients with neoplastic disease pro-
vides the best estimate of aggressiveness, advancement of the
disease, as well as of the effectiveness of treatment. Also, in
cases of primary colorectal adenocarcinoma, this criterion per-
mits to undertake appropriate therapeutic decisions (chemo-
and/or radiotherapy before and/or after surgery) [1]. In colorec-
tal adenocarcinomas, the most important prognostic factors
include the morphological traits of the tumours, including its
size, histological type, the grade of malignancy G (the extent of
cancer cell differentiation, the frequency of mitoses, necrosis)
and the depth of infiltration of the intestinal wall [2]. Immuno-
cytochemical indices of tumour growth dynamics include, i.a.,
proliferation-associated antigens (e.g. Ki-67, PCNA) and,
recently, also metallothionein (MT) [3, 4], a low molecular
weight (7kDa) protein of a polypeptide chain which consists,
depending on the isoform, of 61-68 amino acids [5]. During the
recent years, several studies have demonstrated an anti-apoptot-
ic activity of MT, both in normal and in tumour cells [6].
Tumour growth and expansion are known to reflect the prolifer-
ative activity and the capacity to eliminate cells by apoptosis
and/or necrosis. Therefore, it seemed interesting to examine rec-
iprocal correlations between the intensity of apoptosis and the
expression of such pro- and anti-apoptotic cell markers as cas-
pase-3 (cas-3), MT and Ki-67 antigen. The present study aimed
at comparing the expression of the above markers and the inten-
sity of apoptosis in cells of primary colorectal adenocarcinomas
with the time periods of survival of the affected patients. 

Material and Methods 

The material for the studies was obtained from 40 patients
with primary colorectal adenocarcinoma, treated at the Lower
Silesia Centre of Oncology (DCO) in Wroc³aw between 1993-
1994. Clinico-pathological data on the patients, in form of his-
tories of the disease and histopathological diagnoses, were
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recovered from the DCO archive. Tumour samples were fixed in
4% buffered formalin and embedded in paraffin blocks. Apopto-
sis was detected, using the TUNEL method and the
ApopTag®Plus Peroxidase In situ Apoptosis Detection Kit
(Intergen, USA). The expression of MT (isoforms I and II), Ki-
67 antigen and the active form of cas-3 were documented by per-
forming immunocytochemical reactions with monoclonal anti-
bodies (respective clones: E9, Ki-S5, CPP32, DakoCytomation,
Denmark). Colour reaction was developed, using the EnVision
system (DakoCytomation, Denmark). The intensity of apoptosis,
the expression of cas-3 and of Ki-67 antigen were quantified,
using a three-point scale: 3-5% positive cells - 1 pt, 6-10% posi-
tive cells - 2 pts, over 10% positive cells - 3 pts. The expression
of MT was quantified, using the IRS scale, according to Rem-
mele (0-12 pts), taking into account both the intensity of the
colour reaction and the proportion of positive cells [7]. All the
studied tumours showed G2 grade and B2 advancement stage,
according to Duke (as modified by Astler and Coller), which cor-
responded to the clinical classification of T3N0M0 (the 2nd
stage of clinical advancement) [2]. The obtained results were
subjected to statistical analysis, using the STATISTICA PL soft-
ware (StatSoft, Poland) and employing Spearman's correlation
tests and Kaplan-Meier's survival analysis.

Results 

In all the examined tumours, the expression of individual
markers was variable as to its site. In the case of MT, a nuclear-
cytoplasmatic expression, for cas-3 a cytoplasmatic expression
and for Ki-67 antigen - a nuclear expression were disclosed. The
intensity of apoptosis in cancer cells was variable in individual
tumours (Fig. 1). The analysis of correlation between apoptosis
and MT, cas-3 and Ki-67 antigen expression demonstrated that
the parameters were poorly related to one another (r = 0.18; r =
0.33; r = 0.15; p < 0.05). In turn, the survival times of the
patients with either high or moderate intensity of apoptosis were
significantly shorter (p < 0.05) than those in the patients with a
low extent of apoptosis in cancer cells (Fig. 2). Similar results
were obtained in the analysis of the patients' survival times, as
related to the expression of Ki-67 antigen. The longest survival
time was noted at low expression of the antigen, while the short-

est survival time was associated with a high and moderate
expression of the antigen (Fig. 3). No significant differences in
the survival time were associated with varying expressions of
cas-3 or MT.

Discussion 

The growth and expansion of a tumour are associated with
several mechanisms which control cell processes, including cell
proliferation and apoptosis. Among the recognized immunocy-
tochemical markers, which reflect the activity of the processes,
the expression of MT was also taken into account. The expres-
sion of the protein points to an augmented proliferative activity
of neoplastic cells and to a less favourable prognosis [3]. Some
data are also available, which indicate that MT may act as an
anti-apoptotic factor, both in normal and tumour cells [6]. In our
studies, an attempt was made to define reciprocal relations
between the expression of MT, Ki-67 antigen, the intensity of
apoptosis, measured by the TUNEL technique and the expres-
sion of cas-3. The significance of the markers was analyzed for
the time of survival in patients with primary colorectal adeno-
carcinoma. In our earlier studies, and in investigations of other

Figure 1. Apoptosis in cells of primary colorectal carcinoma.
x400; background staining with haematoxylin.
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Figure 2. Survival times in patients with primary colorectal ade-
nocarcinoma, the cells of which demonstrated high (d = 3 pts),
moderate (s = 2 pts) or low (m = 1 pt) intensity of apoptosis.
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Figure 3. Survival times in patients with primary colorectal ade-
nocarcinoma, the cells of which demonstrated high (d = 3 pts),
moderate (s = 2 pts) or low (m = 1 pt) expression of Ki-67 antigen.



authors, the expression of Ki-67 antigen was found to positive-
ly correlate with the expression of MT and with the advance-
ment stage (the depth of intestinal wall infiltration) of colorec-
tal adenocarcinomas [8, 9, 10]. Moreover, augmented expres-
sions of Ki-67 antigen and of MT were observed in patients with
tumours of G2 or G3 grade of malignancy and in patients with
shorter survival times [8]. In the present studies, a group of
patients was selected, uniform in respect to the clinical advance-
ment and G grade. No reciprocal relations were noted between
the intensities of expression of the parameters, that pointing out
to an extensive heterogeneity of the studied tumours. The analy-
sis of the patients' survival time periods, as related to the expres-
sion of Ki-67 antigen, confirmed our earlier reports, indicating
a significant prognostic role of the parameter [8]. The marginal-
ly positive correlation between the expression of Ki-67 antigen
and the intensity of apoptosis demonstrates that proliferation
and apoptosis in tumours are not always strictly linked to each
other. The principal aim of our studies involved a demonstration
of the prognostic significance of apoptosis in cells of colorectal
adenocarcinomas. The obtained results are inconsistent with the
few earlier results of other authors [11] and indicate higher
aggressiveness of colorectal carcinomas in cases with higher
intensity of apoptosis. This suggests the need for further studies
on apoptosis as a prognostic factor in primary colorectal adeno-
carcinoma. 
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Abstract 

Intensive physical exercise disturbs the entire homeostasis
in the body and leads to changes in haemodynamic and meta-
bolic alterations not only in skeletal muscles but also in many
distant organs. In response to acute physical exercise, a decrease
of the glomerular filtration may occur, followed by stimulation
of the renin-angiotensin system (RAS). Recent studies have
shown that both AT1 and AT2 angiotensin receptors may play a
role in mediating the apoptotic process in the kidney. Our previ-
ous studies have demonstrated an occurrence of apoptosis in rat
renal tubular cells after an excessive exercise. The aim of the
present study was to determine the possible mechanism of exer-
cise-induced apoptosis in rat kidney. The analysis was per-
formed on kidneys of rats, subjected to treadmill running until
exhaustion. Apoptosis was detected in paraffin sections by the
TUNEL technique. The expression of AT1 and AT2 receptors in
renal tubular cells was examined by immunohistochemistry and
Western blot. Our results confirmed that apoptosis after physical
exercise is present in renal distal tubular cells. Moreover, there
was an increased expression of AT1 and AT2 receptors in distal
tubular cells. These studies suggest that physical exercise may
induce apoptosis by a mechanism, involving the activation of
angiotensin AT1 and AT2 receptors. 

Key words: angiotensin receptors, apoptosis, kidney, physical 
exercise.

Introduction 

Intensive physical exercise disturbs the entire homeostasis in
the body and leads to changes in haemodynamic and metabolic
alterations not only in skeletal muscles but also in many distant
organs, such as the kidney or the heart. A decrease of glomerular
filtration, sodium depletion and increased blood concentrations of
catecholamines (adrenaline, noradrenaline) are among the effects
of excessive physical exercise. All of these mechanisms could acti-
vate the juxtaglomerular apparatus to renin secretion. Moreover,
there are many tissues, including vasculature's endothelial and
smooth muscle cells, the heart and the kidney, which have their
own local renin-angiotensin (RAS) systems, capable of producing
angiotensin II in response to metabolic changes, occurring after
physical exercise. Elevated blood renin levels (plasma rennin
activity, PRA) stimulate the conversion of angiotensinogen to
angiotensin I, which is then converted to active angiotensin II by
the angiotensin-converting enzyme within the pulmonary circula-
tion. Angiotensin II acts through its receptor subtypes, type 1
(AT1) and type 2 (AT2) receptors, which involve different molec-
ular mechanisms. Despite the place of secretion, angiotensin II
exerts a wide range of actions, including apoptosis promotion. A
stimulation of AT1 and AT2 receptors may result in either an
increased expression of p53 protein (associated with the activation
of the transcriptional nuclear factor kappa B - NF-κB) or in a gen-
eration of reactive oxygen species (ROS). Both of them could pro-
mote the apoptotic process [1, 2]. Our previous study demonstrat-
ed the presence of apoptotic-damaged cells in the kidney after
physical exercise [3]. In the present study, we examined the possi-
ble role of AT1 and AT2 receptors in the induction of apoptosis of
renal tubular cells after an intensive physical exercise.

Material and Methods 

Eighteen male Wistar rats, 10-12 weeks of age (200-250 g
body weight), formed groups of running (N=12) and not running
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animals (N=6). The animals from the exercise group were sub-
jected to running on a treadmill at 1.0 km/h until exhaustion.
After the exercise, the animals returned to their cages and were
randomly grouped into animals, killed after 6 hrs (N=6) from
the exercise cessation and those, killed after 96 hrs (N=6) from
the same time point. Control animals (N=6) remained in their
cages throughout the experiment. All the animals were anaes-
thetized and decapitated. Two kidneys were excised from each
rat. The right kidney was fixed in 4% buffered formaldehyde
solution for 24 hrs and embedded in paraffin. The left kidney
was frozen in liquid nitrogen and stored at -800C. In paraffin
sections, apoptosis was detected by the TUNEL technique,
using the ApopTag® Plus Peroxidase In Situ Apoptosis

Detection Kit (INTERGEN, Norcross, USA). All the immuno-
cytochemical reactions were performed in paraffin sections. The
expression of AT1 and AT2 receptors was demonstrated, using
mouse monoclonal antibodies (dilution: 1:200, Santa Cruz
Biotechnology, Santa Cruz, CA, USA). All the reactions were
accompanied by negative controls in which specific antibodies
were substituted by the Primary Negative Control reagent. The
investigated antigens were visualised, using biotinylated anti-
bodies and streptavidin-biotinylated peroxidase and
diaminobenzidine (LSAB2 kit and DAB, DakoCytomation,
Denmark). AT1 receptor protein expression was assessed by the
Western blot technique. One block of tissue from each rat was
homogenized in a Tris-EDTA buffer. Crude membrane fractions
were separated by SDS-PAGE and were electrotransferred to
supported nitrocellulose. AT1 receptor protein bands were
detected, using a primary antibody (1:500 dilution) from the
Santa Cruz Biotechnology (Santa Cruz, CA, USA) and to devel-
op Western blots, we used the chromogenic substrate -
BCIP/NBT. Statistical analysis of the results was conducted by
using the Chi-square test and the Statistica 5.1 PL software
(StatSoft, Cracow, Poland). The differences were considered
significant if p < 0.05.

Results 

A significant increase was observed in the number of apop-
totic nuclei in renal tubular cells of all the exercised animals, in
comparison to that in the sedentary group (Tab. 1). The distal
convoluted tubules displayed a strong expression of both
angiotensin AT1 and AT2 receptors after 6, as well as after 96
hours from the exercise (Fig. 1). The obtained results were con-
firmed by Western blot, which revealed an increased expression
of AT1 and AT2 receptor proteins (Fig. 2).

Discussion 

It is well known that acute exercise can cause skeletal mus-
cle damage, including apoptosis of myonuclei [4]. The gener-
ation of reactive oxygen species (ROS) after an intensive exer-
cise seems to be responsible for exercise-induced changes in
many organs. Our previous studies have demonstrated the
presence of apoptosis in rat renal tubular cells after excessive
exercise; however, the induction of apoptosis in kidney tubu-
lar cells was thought to be not associated with oxidative stress
[3]. Recent studies suggest that angiotensin II plays a promi-
nent role in the progression of renal injury. Although it was
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Table 1. Apoptosis in kidney tubular cells. Control: notrunning animals. 6h: running animals killed after 6h. 96h: running animals
killed after 96h. Significant differences: the control values, as compared to respective values after 6h *p<0.01; the control values, as
compared to respective values after 96h **p<0.001.

Apoptotic cell nuclei 
in 500 examined tubular 

cells 
Control 6h 96h 

 
(%) 

 
1.32 + 0.3 4.69 + 0.7 * 5.9 + 1.2 ** 

 

Figure 1. Expression of AT1 receptor in renal distal tubular
cells. Immunohistochemical reaction, x200.

Figure 2. Expression of AT1 receptor protein in kidney cortex
homogenate 6h and 96h after exercise. M - molecular marker.
Western Blot analysis.

M                6H                  96H

50 kDa
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assumed that angiotensin II stimulates cell proliferation via
AT1 receptor and apoptosis via AT2 receptor [5], many authors
have recently suggested that both AT1 and AT2 receptors influ-
ence the apoptotic process in the kidney [6]. One of the pro-
posed mechanisms of apoptosis induction in kidney mesangial
cells damage is the oxidative stress in response to stimulation
of AT1 and AT2 receptors [7]. In the present study, we demon-
strated an increased expression of AT1 and AT2 receptors in
distal renal tubular cells of all the exercised animals.
Moreover, there was a strong correlation between the occur-
rence of apoptosis and the increased expression of AT1 and
AT2 receptors only in the cells of distal convoluted tubuli in
rat kidneys. Conversely, Bhaskaran et al. [8] demonstrated that
angiotensin II promoted apoptosis of renal proximal tubular
cells via both AT1 and AT2 receptors in vitro and that the
angiotensin-induced apoptotic process is mediated through
oxidative stress. Nevertheless, we demonstrated in the previ-
ous work [3] that an induction of apoptosis in kidney tubular
cells was thought to be not associated with the oxidative stress.
The different distribution of apoptotic process in renal tubular
cells probably depends on the nature of the triggering factor
(e.g., oxidative stress, binding of apoptotic factors, DNA dam-
age). We presume that exercise-induced apoptosis of kidney
tubular cells could be mediated by both angiotensin AT1 and
AT2 receptors, which are expressed in distal tubular cells. The
stimulation of both AT1 and AT2 receptors could be associat-
ed with an increased expression of angiotensin-induced upreg-
ulation of p53, rather than with angiotensin-induced oxidative
stress. 
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Abstract 

Ethane 1, 2-dimethanesulphonate (EDS) causes apoptotic
death of Leydig cells. Additionally, EDS causes damage of
Chinese Hamster Ovary (CHO) cells but the occurrence of
apoptosis is not such plentiful. The present study tested
whether the inhibition of protein synthesis by cycloheximide
(CHX) would influence apoptosis of CHO cells, induced by
EDS. The study compounds induced morphological changes in
CHO cell typical for apoptosis.  An active form of caspase-9
and an alternation of mitochondrial transmembrane potential
were also observed. In our study, a more cumulative effect of
the CHX and EDS on apoptosis was observed, when both com-
pounds were simultaneously employed. The obtained results
indicated that synthesis of antiapoptotic proteins plays a very
important role in the inhibition of apoptosis.

Key words: apoptosis, CHO cells, ethane 1,2-dimethane-
sulphonate (EDS), cycloheximide (CHX), 
caspase-9, mitochondrial potential.

Introduction 

Cell apoptosis represents a significant phenomenon for
cellular homeostasis. It results in self-destruction of cells and
plays a reciprocal role to that of cell proliferation. Apoptosis is
a genetically controlled death process, where the fate of the

cell is determined by the relative abundance of survival and
death proteins [1].

Ethane 1,2-dimethanesulphonate (EDS) is an agent that
rapidly diffuses across tissues and selectively destroys Leydig
cells, which are killed via apoptosis [2, 3, 4].  The influence of
EDS on non steroidogenic types of cells was also studied. EDS
damages Chinese Hamster Ovary (CHO) cells but the occur-
rence of apoptosis is not such extensive. The molecular bases
of the processes are still not well understood [4]. In this study,
we attempted to establish, whether inhibitions of protein syn-
thesis by cycloheximide (CHX) would influence apoptosis of
CHO, cells using EDS.

Material and Methods 

The experiments were carried on in vitro cultured CHO
tumour cells, maintained in RPMI 1640 medium, supplement-
ed with 5% FBS, 2 mmol/l L-glutamine, 100 µg/ml strepto-
mycin and 100 U/ml penicillin (37°C; 5% CO2) [5]. CHO cells
were exposed to EDS alone at concentrations of 5-, 10-, 20-,
50- and 100 µmol/l or at constant concentration of  CHX
[100mmol/l], added together with EDS. Simultaneously, the
cells were treated with CHX alone and DMSO at the highest
concentration used for dissolving EDS. The effects were
observed after 24- and 48h intervals. Apoptotic and necrotic
changes were detected by fluorescent microscopy (propidium
iodide and Hoechst 33342 staining) and electron microscopy.
The cells were incubated for 24h with EDS (10- and 20
mmol/l) and CHX, added at different times points, compared
to the addition at EDS. The cells were also treated for 24h with
EDS and CHX, added together, and for 24h with EDS, fol-
lowed by CHX, added 1-, 2-, 3-, 4-, 6-and 12h later. A deter-
mination of caspase-9 activity in CHO cells was performed,
according to caspase-9 inhibitor Red-LEHD-FMK staining
(Oncogene Research ProductsTM). The percentage of caspase-
9 positive cells was counted after 12- and 24h incubation
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with EDS alone, EDS with CHX, and CHX alone, using an
LSM 510 (Zeiss) confocal microscope. 

Mitochondrial potential was assessed, using the fluorescent
dye JC-1. Fluorescence was measured at 490nm (excitation)
and 530nm (emission) for the JC-1 monomer (green colour)
and 590nm for the JC-1 aggregate (orange colour) [6, 7].

Results and Discussion 

It was established that EDS could induce apoptosis in
CHO cells, however, the level of apoptotic cells was lower,
when compared with the degree of apoptosis induced by EDS
and CHX combined together. The number of apoptotic cells
depended on the concentration of EDS and on the incubation
time. The percentage of cells showed apoptotic features. When
they were incubated with 10- and 20mmol/l, EDS was 10%,
whereas the number of necrotic cells did not exceed 5% (Fig.
1 and 2). The highest level of apoptosis, about 50%, was
observed for the cells, exposed to the action of both com-
pounds: 10- and 20 mmol/l EDS and 100µmol/l CHX for 24h.
The level of necrotic cells in that case was about 10%. At high-
er doses of EDS [50-, 100 mmol/l] apoptosis was inhibited,
whereas necrosis increased to 15% (Fig. 3 and 4). Incubation
with DMSO did not influence the cells, whereas incubation
with CHX [100 µmol/l] alone for 24h caused apoptosis in
about 5% of studied cells. After 24h incubation with EDS [10-,
20 mol/l], followed by addition of CHX (6h later than EDS),
the percentage of apoptotic cells increased to 50%. The num-

ber of apoptotic cells was similar to that for the cells, incubat-
ed for 24h with EDS and CHX added together. The active form
of caspase-9 was observed only after 12- and 24h incubation
of cells with [20 mol/l] EDS and CHX. The highest percentage
- 30% - of caspase-9 positive cells was observed after 24h
incubation with EDS and CHX (Fig. 6). After 12h incubation,
the level of cells with active form caspse-9 was low and did
not exceed 5% (Fig. 5). During JC-1 assay, changes of cell
mitochondria colours, from green to orange, were observed,
corresponding to the changes of mitochondrial potential. The
ultrastructure of cells, incubated with 20 mmol/l of EDS,
showed typical apoptotic changes, like chromatin condensa-
tion and fragmentation of the nuclei or many vesicles, accu-
mulating in the cytoplasm. In mitochondria, the cristae exhib-
ited a loss of concavity and convexity and became more linear.

This study demonstrated that apoptosis of CHO cells,
induced by EDS, required some expression of a new protein,
synthesized already after the initiation of the process. CHX,
which is capable to block protein synthesis, when combined
with EDS, increased the number of apoptotic cells.  Thus, the
antiapoptotic proteins play an important role in apoptosis of
CHO cells. The amount of apoptotic cells depended on the
time of action of both EDS and CHX. When added together,
those two compounds were able to induce apoptosis in more
than 50% of the studied cells.  It seems that a simultaneous
addition of EDS and CHX causes a loss of pro- and antiapop-
totic factors balance, leading to cell death.  The results are con-
sistent with the current view that apoptosis depends on the
expression of specific genes [8, 9] and the amount of apoptot-

intact cells
apoptotic cells
necrotic cells

Fig.1. The influence of EDS concentration. 

Incubation time - 24h

EDS [mmol/l]
      0                      10                     20                    50

%
 o

f c
el

ls

0

10

20

30

40
50

60

70

80

90

100

intact cells
apoptotic cells
necrotic cells

Fig.2. The influence of EDS concentration. 
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Fig.3. The influence of EDS and CHX [100umol/l] 
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Fig.4. The influence of EDS and CHX [100umol/l] 
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ic cells is related to the balance between anti- and proapoptot-
ic proteins in the cell [10]. Further studies of the apoptotic
pathway would be helpful in finding out the successful meth-
ods to regulate the process and to use it as an effective tool,
interrupting the progressive course of many diseases.
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Abstract 

The immunohistochemical method was applied to show
Bak expression in oral squamous cell carcinoma and its
metastases to lymph nodes (LNMs). Bak expression was eval-
uated by immunohistochemical methods in specimens with
oral squamous cell carcinomas and their lymph node metas-
tases. Immunohistochemical studies were performed, using
goat polyclonal Bak antibodies (Santa Cruz Biotechnology,
USA) at 1:200 dilution. Our studies revealed over expression
(64%) of Bak in the cytoplasm of epithelial cells in primary
tumours (PTs) and in (75%) LNMs. No statistically signifi-
cant correlations were observed between Bak immunoreac-
tivity and age, pT and G of the carcinoma in PTs and LNMs.
We conclude that expression of Bak may be useful for better
characterising and predicting the prognosis of OSCC but
cooperative studies are needed to assess its applications in the
clinical practice.

Key words: apoptosis, Bak, Squamous Cell Carcinoma, 
lymph nodes, metastases.

Introduction 

At least 95% of cancers of the oral cavity (including tongue)
are squamous cell carcinomas (SCC). Although most of them
are readily accessible to discovery and biopsy, many are detect-

ed late and 50% of these lesions prove fatal. On histological
examination, SCC range from well-differentiated keratinizing
neoplasms to anaplastic, sometimes, sarcomatoid tumours. They
infiltrate local tissues and subsequently metastasize to lymph
node, the mediastinum, the lungs, the liver and bones [1]. The
tumour growth is characterised by an imbalance between cell
proliferation and programmed cell death (PCD)-apoptosis. The
regulation of PCD is very important for neoplastic transforma-
tion. Bak is a pro-apoptotic member of the Bcl-2 genes family
that are involved in the regulation of apoptosis [2]. In the pre-
sent study, we examined the expression of Bak in SCC of the
oral cavity and its metastases to lymph nodes.

Material and methods 

Bak expression was evaluated in formalin-fixed, paraffin-
embedded specimens from 47 males and 11 females, ranging in
age from 30-76 years, with a median of 56,8 years with T1-T4
oral SCC and, out of whom, 25 presented with lymph node
metastases. In our examination, we used TNM system and the
3rd degree grading system of histological malignancy. Immuno-
histochemical studies were performed, using goat polyclonal
Bak antibodies (Santa Cruz Biotechnology, USA) at 1:200 dilu-
tion. The reaction was performed by the Labelled Streptavidin
Biotin (LSAB) technique (DAKO). The slides were diagnosed,
using a light microscope at 100-fold magnification. The
immunostaining was evaluated by counting at least 500 cells in
the tumour areas of each section. In negative controls, the pri-
mary antibodies were omitted. Bak expression was estimated
semi-quantitatively as the percentage of positive cells as fol-
lows: 15-30% stained cancer cells - slight reaction (+), 31-50%
stained cancer cells - moderate reaction (++), >50% stained can-
cer cells - strong reaction (+++) and <15% stained tumour cells
were considered negative. Correlation of Bak and various clini-
copathological features was done, using the Chi - square test.
The significance level was set to p=0.05.

The role of Bak expression in apoptosis of the oral 
squamous cell carcinoma (OSCC) and metastases to

lymph nodes (LNMs)
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Results 

The expression of Bak in oral cancer and lymph node metastases
is summarised in Tables 1 and 2. Our studies revealed over expression
of bak in the cytoplasm of epithelial cells in 37/58 (64%) primary
tumours (PTs) and 18/24 (75%) lymph node metastases (LNMs). Bak
was detectable in higher percentage in pT4 groups (78%-of PTs and
80% of LNMs). According to the grading system of histological
malignancy, we noticed a higher expression of Bak in G2 groups
(68% in PT and 78.9 in LMNC). In G3 group, we found a difference
between the primary tumours (33.3%- positive cells) and lymph node
metastases (66.7% positive cells). In twelve cases, we observed a pos-
itive immunohistochemical reaction for Bak in PTs and LNMs
between the primary tumours and their corresponding lymph node
metastases. In five cases, it was a positive reaction for Bak in PTs and
negative immunohistochemical staining in LNMs, then, in five cases,
we noticed positive staining in LNMs and negative in PTs. There was
no significantly statistical correlation in either age, pT or the grading

system between primary tumour and lymph nodes metastases.

Discussion 

Lymph node metastases are crucial in the prognosis of cancer
process. We have not found any scientific reports about Bak proteins

in SCCs of the oral cavity and their lymph node metastases. The aim
of our study was to assess the role of Bak, as a pro-apoptotic protein
in primary SCCs of the oral cavity and lymph nodes metastases.
Tumour progression is characterised by an imbalance between cell
proliferation and apoptosis [3]. The process of apoptosis plays a very
important role in elimination of abnormal cells from the tissues. The
inhibition of this process can aid progress of cancer [4]. Proteins of the
Bcl-2 family are central regulators of apoptosis and are thought to act
primarily on the mitochondria [5]. Members of the Bcl-2 family are
cellular homologous which are divided into three subfamilies: Bcl-2,
Bax and BH3, which can perform either anti-apoptotic or pro-apop-
totic functions. Proteins from the Bcl-2 family are known as inhibitors
of apoptosis but Bax and BH3 as promotors of apoptosis. Bak belongs
to the Bax subfamily [6]. Members of this family interact and form
hetero- and homodimers, which control apoptosis. Some authors have
noticed that Bak can form heterogeneous dimers with Bcl-2 or Bcl-xl
to inhibit their anti-apoptotic functions [7]. In our experiment, we
noticed that the expression of Bak is correlated with staging of the
cancer (TNM system). The highest percent of Bak expression was
observed in pT4 staging groups. Our observations are similar to those
of Rosen at al., who indicated that Bak deficiency is correlated with
the occurrence and development of tumours [8] and Kondo et al. who
found that positive ratios of Bak expression negatively correlated with
pathological and clinical stages of gastric cancer [9]. Although there
are still many unanswered questions, regarding the exact mechanism
by which Bak modulates apoptosis, we assume that Bak plays an
important role in the process of apoptosis in SCCs of the oral cavity
and their metastases to lymph nodes. 
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PRIMARY TUMOURS METASTASES 
STAGING 

A B C D 

pT1 25 60% 9 67% 

pT2 18 67% 8 75% 

pT3 6 50% 3 67% 

pT4 9 78% 5 80% 

Table 1. The expression of Bak, according to staging (pT)

A- the number of primary tumours with expression of Bak in dif-
ferent pT groups

B- the percentage of primary tumours with expression of Bak in
different pT groups

C- the number of tumours with LNMs and expression of Bak in
different pT groups

D- the percentage of tumours with LNMs and expression of Bak
in different pT groups

PRIMARY TUMOURS METASTASES 
GRADING 

A B C D 

GI 4 57% 2 50% 

GII 31 69% 19 79% 

GIII 2 33% 3 66% 

 

Table 2. The expression of Bak, according to grading (G).

A- the number of primary tumours with expression of Bak in dif-
ferent G groups

B- the percentage of primary tumours with expression of Bak in
different G groups

C- the number of tumours with LNMs and expression of Bak in
different G groups

D- the percentage of tumours with LNMs and expression of Bak
in different G groups
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Abstract 

Gliomas cause a therapeutic problem because of their locali-
zation and asymptomatic growth in the initial phase. Neoplastic
growth is connected with disturbance between proliferation and
apoptosis. In the study, we assessed the Bcl-2 family proteins
involved in apoptosis in gliomas. The study comprised 61
patients with gliomas and based on tissue material sent for the
diagnosis. Apoptosis was assessed in various types of gliomas
and was defined by the apoptotic index (IA) and shown
immunohistochemically with using Bcl-2, Bax and Bcl-x anti-
bodies. The data were statistically analyzed.. We found an
increased percentage of the Bax (+) cells in less matured
gliomas. A reverse dependence was revealed for Bcl-x. It was
found that, probably in gliomas, the assessment of the Bcl-2
family proteins may serve only as an additional parameter for
the evaluation of the disease course and the therapeutic success.

Key words: gliomas, apoptosis, Bcl-2, Bax, Bcl-x.

Introduction 

The main principle of homeostasis in the multicellular organ-
ism is the maintaining of a quantitative balance between cell pro-
liferation and death. Apoptosis, as a type of the physiological sui-
cidal cell death, takes place during ontogenesis and cell replace-
ment in constantly proliferating tissues. During apoptosis, mor-

phological changes, observed within the cell, are the manifesta-
tion of intracellular biochemical reactions. Their key point is the
cascade activation of the proteolytic enzymes known as caspases.
Chain activation of caspases results in an origin of the active form
of caspase 3, regarded as an enzyme responsible for proteolysis,
observed during apoptosis [1]. The extrinsic mechanism, activat-
ing caspase 3, is connected with the stimulation of the outer cell
membrane receptors of TNF family. In the intrinsic mechanism of
apoptosis, the crucial role is played by mitochondria from which
cytochrome c is released. In the cytoplasm, cytochrome c con-
nects to Apaf-1 protein. Indirectly, this connection leads to an
activation of caspase 3. The intrinsic apoptosis mechanism is con-
trolled by the Bcl-2 family genes and proteins, comprising about
twenty pro- and anti-apoptotic genes and proteins [1, 2]. Anti-
apoptotic Bcl-2 protein co-operates in the regulation of apoptosis
with pro-apoptotic Bax protein. Another homologue of the Bcl-2
family genes and proteins is the anti-apoptotic bcl-x gene. Its
products are two antagonistic proteins: anti-apoptotic Bcl-XL

(consisting of 233 amino acids) and pro-apoptotic Bcl-Xs (con-
sisting of 170 amino acids) [3]. In mitochondrial membranes, Bcl-
2 and Bax proteins form ionic channels, regulating their perme-
ability for cytochrome c and Apaf-1, either inhibiting (Bcl-2, Bcl-
XL) or facilitating (Bax, Bcl-Xs) their release. Thanks to the pro-
tein sections, called BH domains, Bcl-2 and Bax proteins form
either Bcl-2/Bax heterodimers or homodimers. An overexpres-
sion of Bcl-2 leads to formation of anti-apoptotic Bcl-2/Bcl-2
homodimers. The overexpression of Bax results in forming pro-
apoptotic Bax/Bax homodimers [4]. Disturbances of the balance
between the pro- and anti-apoptotic factors of the Bcl-2 family
proteins are observed in neoplasms. The overexpression of Bcl-2
and Bcl-XL proteins prevents apoptosis and elimination of cells
with abnormal genome. An insufficient expression of Bax protein
influences the inhibition of apoptosis in cells of various neo-
plasms [5]. Disturbances between proliferative cell activity and
apoptosis occur also in gliomas. The aim of the study was an
assessment of the Bcl-2, Bax, Bcl-x proteins in gliomas of vari-
ous histological types and malignancy grades.

Apoptosis phenomenon in the selected neoplasms 
of the glial origin
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Material and Methods 

The tissue material, used in the study, was obtained during
operations of brain tumours, performed at the Neurosurgery
Clinic of the Medical University of Bia³ystok. Next, it was rou-
tinely sent for diagnostic evaluation to the Department of Clini-
cal Patomorphology of the Medical University of Bia³ystok. The
tissue material was then used for scientific research after deter-
mining the histopathological diagnosis of brain tumour. The
study comprised 61 patients, aged from 18 to 72 years, with

brain tumours. An assessment of the incidence of apoptosis was
performed in gliomas of various histological types and malig-
nancy grades: astrocytomas (14), anaplastic astrocytomas (18),
glioblastomas multiforme (12), oligodendrogliomas (10) and
anaplastic oligodendrogliomas (7). Apoptosis was immunohis-
tochemically demonstrated with the use of monoclonal Bcl-2
and Bax antibodies, and the policlonal Bcl-x antibodies
(DAKO), employing an LSAB+Kit detective set and DAB as a
chromogen. For the evaluation of the cells with indicating anti-
gens, a computer software for image analysis - MicroImage
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Table 1. Apoptosis in various types of human gliomas.
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Astrocytoma 

 

 
14 

 

 
11/14 
(79%) 

 
82.3±11.4 

 
12/14 
(86%) 

 
39.5±8.3 

 
9/14 

(64%) 

 
69.1±10.4 

 
Anaplastic 

astrocytoma 
 

 
18 
 

 

 
12/18 
(67%) 

 
67.2±8.4 

 
15/18 
(83%) 

 
47.8±10.2 

 
10/18 
(56%) 

 
54.9±7.6 

 
Glioblastoma 
multiforme 

 

 
12 

 

 
8/12 

(67%) 

 
70.3±8.7 

 
10/12 
(83%) 

 
80.4±6.9 

 
5/12 

(42%) 

 
65.4±9.8 

 
Oligodendroglioma 

 

 
10 

 
9/10 

(90%) 

 
67.5±8.8 

 
7/10 

(70%) 

 
38.9±5.3 

 
8/10 

(80%) 

 
52.7±6.1 

 
Anaplastic 

oligodendroglioma 
 

 
7 

 
5/7 

(71%) 

 
45.0±9.1 

 
6/7 

(86%) 

 
56.0±9.8 

 
4/7 

(57%) 

 
41.1±8.2 

 

Figure 1. Oligodendroglioma. Different forms of neoplastic
cells with positive immunohistochemical reaction for Bcl-2
antigen.

Figure 2. Glioblastoma multiforme. Different forms of neoplas-
tic cells with positive immunohistochemical reaction for Bcl-x
antigen.
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Olympus - was applied. Apoptosis was defined by the apoptotic
index (IA), determined as the percentage of neoplastic cells with
a positive reaction for the antigen. For particular IAs, means and
standard deviations (SDs) were determined. Statistical evalua-
tion of the data was performed, using the Statistica Pl software.

Results 

Table 1 summarizes detailed results of the analysis of the
Bcl-2, Bax and Bcl-x antibodies in 61 gliomas included in the
study. Figures 1 and 2 illustrate immunohistochemical reactions
with the Bcl-2 and Bcl-x antibodies

Discussion and Conclusions  

The incidence of the positive reaction for the Bcl-2 protein
was 70% in the study of Rieger et al. [6]. Stirk et al. [7] revealed
- both in initial and recurrent glioblastomas - a high percentage
of the Bcl-2 positive reaction (92% and 97%, respectively) and,
in both cases, 100% positive reaction for Bcl-x. Whereas the per-
centage of the Bax positive reaction amounted to 84% and 73%,
respectively. Krajewski et al. [8] revealed  higher Bcl-2, Bcl-x
and Bax expressions (92%, 98 and 98%, respectively) in
gliomas. Similarly to our study, the Bcl-2 expression in astrocy-
tomas was higher than that in glioblastomas multiforme. They
also obtained an increased percentage of Bcl-x positive cells in
tumours of higher differentiation grade but the Bax positive reac-
tion was observed in less differentiated tumours. Krishna et al.
[9] indicated the highest percentage of Bcl-2 positive cells in
low- grade gliomas and a lack of significant dependence between
IA and malignancy grade, while such a dependence was present
in the case of proliferative activity. Wharton et al. [10] came to
similar conclusions in the case of oligodendrogliomas. However,
Deininger et al. [11] considered that overexpression of the anti-
apoptotic Bcl-2 family proteins was connected with the progres-
sion of oligodendrogliomas and anaplastic oligodendrogliomas.
Despite difficulties with the interpretation of the results, many
authors consider that an evaluation of apoptosis by determining
the expression of the Bcl-2 family proteins may be a prognostic
factor, serving for the assessment of chances for successful
radio- and (or) chemotherapy [12], of the recurrence risk after
surgical treatment [7] and also,  in the case of glioblastoma mul-
tiforme, for the assessment of the neoplastic growth rate and time
of the patients' survival [13].
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Abstract 

The aim of our study was an evaluation of Bcl-xl and Bak
protein expressions in optic nerve axons in eyeballs after severe
injury and absolute glaucoma. We examined a series of 41 eye-
balls, which were enucleated, following extensive injury and a
series of 19 eyeballs from patients with absolute glaucoma. The
immunohistochemical reaction was performed, using antibodies
against human Bcl-xl and Bak protein with LSAB and DAB. In
the injured eyeballs in Group I, Bcl-xl protein expression was
observed in 53.8%, Bak in 38.5%, in Group II, Bcl-xl in 40%,
Bak 55%; in Group III, Bcl-xl in 62.5%, Bak in 62.5%. Nine (9),
out of 19 (47.4%) cases showed Bcl-xl protein positivity, Bak
15, out of 19 (78.9%). The percentage of cases with Bak protein
positivity was statistically higher than that for Bcl-xl (Bak/Bcl-
xl p=0.0356). The results showed that there may be a dominance
expression of proapoptotic proteins in optic nerve axons in glau-
coma.

Introduction 

Perforative or obtuse severe trauma of the eyeball frequent-
ly leads to complete and permanent loss of vision, which is usu-
ally caused by a direct mechanical damage to photoreceptors
and nerve cells, as well as in result of necrosis and apoptosis.
Retinal detachment can also be caused by trauma. In animal
experimental models, apoptosis - the programmed death of cells
- has been implicated as the major factor in the mechanism,

leading to death of photoreceptors in this condition [1, 2]. It is
known, that the death of retinal ganglion cells, the axons of
which form the optic nerve, can be caused by experimental axo-
tomy. It has been demonstrated that retinal ganglion cell degen-
eration, due to trauma of this kind, is caused by apoptosis [1, 2,
3, 4]. However, to date, there have been no reports concerning
the mechanism of axon damage of ganglion cells, due to severe
trauma of the eyeball. Glaucoma is an optic neuropathy, charac-
terized by retinal ganglion cell death, axon loss, and an exca-
vated appearance of the optic nerve head. Retinal ganglion cell
mechanisms in experimental animal models of glaucoma and in
human glaucoma have been shown to involve apoptosis [5, 6, 7,
8]. The apoptotic cascade invokes a series of cellular events
which lead to cell death. Proteins from the Bcl-2 family play a
major role in apoptosis regulation at its decisive stage [9, 10].
Bcl-2 protein family may inhibit apoptosis - anti-apoptotic: Bcl-
2, Bcl-xl, Bcl-w and protein enhancing apoptosis -proapoptotic:
Bcl-xs, Bak and Bax [9, 11, 12]. There are no reports on apop-
totic protein expression in human retinal ganglion cells and their
axons under physiological conditions. It is not known how pro-
tein expression in the Bcl-2 subgroup changes in posttraumatic
conditions, the opportunity to assess the expression of these pro-
teins in the unique material provided in the form of eyeballs
enucleated as a result of severe trauma is interesting and useful
in attempting to explain the process of apoptosis in retinal gan-
glion cells. The aim of our study was an evaluation of Bcl-xl and
Bak expression in optic nerve axons in eyeballs after severe
trauma and absolute glaucoma. 

Material and Methods 

We examined a series of 41 eyeballs, which were enucleated
after an extensive injury at the Department of Ophthalmology of
the Medical University of Bialystok over the period from 1991 to
2003, and a series of 19 eyeballs from patients with absolute glau-
coma, suffering from severe ophthalmalgia and treated, of neces-
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sity, by enucleation. After enucleation, the eyeballs were fixed in
a 10% buffered formalin solution, embedded in paraffin at 56°C,
then cut into 5 mm slices and stained with haematoxylin and eosin
(H+E). The evaluation of Bcl-xl and Bak protein expressions was
performed with the immunohistochemical reaction, using mono-
clonal antibodies from the Santa Cruz Biochemicals (Bak No N-
20, sc-1035, Bcl-xl No A-20, sc- 7122). In order to visualize the
antigen-antibody reaction, the LSAB technique was applied,
using DAB (diaminobensidine). The IgG1 kappa (DAKO) anti-
body was used as a negative control, whereas samples of breast
cancer tissue, which showed a strong positive Bcl-xl and Bak
immunoreactions, were used as a positive control. Two indepen-
dent pathologists performed the immunohistochemical evalua-
tions of Bcl-xl and Bak proteins. The estimation of immunostain-
ing was done under a light microscope in representative fields,
using a lens with magnification of 20x in the optic nerve axons
and sections were obtained from the retrolaminar region of the
optic nerve head. The criteria for a positive reaction were as fol-
lows: (++) above 50% of axons of the field was showing positive
immunostaining, (+) between 50%-10% and (-) below 10% of
cells with positive immunostaining. Bcl-xl and Bak positive reac-
tion in the optic nerve axons was observed as a granular, cyto-
plasmatic staining. We statistically analyzed Bcl-xl and Bak pro-
tein expression in relation to the time, elapsing from trauma to
enucleation (all the cases were divided into 3 time-groups: on the
day and one day post-trauma; 2-16 days post-trauma and 1 month
till 4 years post-trauma enucleation was performed). Statistically
analyzed were the relationships between the expression of exam-
ined proteins and the patients' sex and age, as well as the correla-
tion between Bcl-xl and Bak protein expressions. Bcl-xl and Bak
protein expressions were compared in both groups: in the absolute
glaucoma and the post-trauma group. The obtained results were
statistically analyzed, using the Fisher or Chi-square tests, as well
as the Student's t-test for paired samples (the correlation between
Bcl-xl and Bak protein expression), employing the SPSS software
package v.8.0 for Windows (SPSS Inc., Chicago, IL). The values
at p< 0.05 were considered statistically significant.

Results 

The series of 41 examined eyeballs came from male patients,
aged between 18 and 77 years (the average age: 45 years, SD +/-

17,8). In 23 cases, we observed ruptured globes, secondary to severe
blunt trauma. In 18 cases, the eye injury was caused by a sharp tool
(severe corneal and scleral lacerations). In 13 patients, enucleation
was performed on the day of trauma and 1 day post-injury (Group
I), in 20 cases, 2-16 days post-injury (Group II) and in 8 patients, 1
month till 4 years after trauma (Group III). Bcl-xl and Bak protein
expressions were observed in cellular cytoplasm. The analysis of
expression of the examined proteins in both closed and perforating
injury groups is shown in Table 1. Comparing the injury time groups
and the expressions of proteins, the results are as followed: in Group
I, Bcl-xl protein expression was observed in 53,8%, Bak in 38,5%,
in Group II, Bcl-xl in 40%, Bak 55%; in Group III, Bcl-xl in 62,5%,
Bak in 62,5%. There was no statistically significant correlation
between the type of injury and either Bcl-xl or Bak protein expres-
sion. Closed injury was observed mainly in older patients. There was
no correlation between Bcl-xl and Bak protein expressions. The
series of 19 examined eyeballs came from male patients (11) and
female patients (8), aged between 21 and 86 years (the mean age
59,7 +/-19,7). Nine (9), out of 19 (47,4%) cases showed Bcl-xl pro-
tein positivity, Bak - 15, out of 19 (78,9%). In the group with
absolute glaucoma, there was no correlation between the patients'
age, sex or Bcl-xl, Bak protein expression. The percentage of cases
with Bak protein positivity was statistically higher than that for Bcl-
xl (Bak/Bcl-xl p=0.0356). The results showed that there might be
dominance expression of proapoptotic proteins in optic nerve axons
in glaucoma, what may suggest axon cell death by apoptosis.

Discussion 

Apoptosis, which is the reverse process to mitosis, is con-
nected, amongst others, with tissue mass control, organ forma-
tion during morphogenesis and with removal of infected or
genetically damaged cells, the survival of which would be harm-
ful to the organism. In case of glaucomatous optic nerve atrophy,
increased apoptosis is observed, causing an irreversible damage
to optic nerve axons and, in consequence, resulting in vision
loss. In our study, a significant Bak protein expression was
noticed. Bcl-xl protein, which inhibits apoptosis, showed weak
expression in optic nerve axons in glaucoma. In cases of post-
traumatic retinal detachment and axotomy, a pathological inten-
sification of apoptosis takes place, manifesting itself in photore-
ceptor and retinal nerve cell damage. Our study showed expres-

Type of injury 

Closed injury Perforating injury Protein expression 

% N number % N number 

P value 

Bcl-xl - 47.8% 11 55.6% 10 p=0.74 

Bcl-xl + 13% 3 16.7% 3  

Bcl-xl ++ 39.1% 9 27.8% 5  

Bak - 43.5% 10 55.6% 10 p=0.22 

Bak + 30.4% 7 38.9% 7  

Bak ++ 26.1% 6 5.6% 1  

Table 1. Correlations between examined marker expressions and the type of injury



sions of Bcl-xl and of proapoptotic proteins similar both in
closed and perforating injuries. Bak protein expression was high
after 1 month from injury. The positive correlation between Bcl-
xl and Bak protein expression may point out at an intensification
of apoptosis process in optic nerve axons in injured eyeballs. On
the day, 1 day and 1 month after trauma, programmed cell death
seemed to achieve the highest activity, moreover, proapoptotic
processes may have dominated the antiapoptotic ones in the
matter of the time period from eyeball injury. Napankangas et al.
observed increased Bax and Bak protein expressions on the 4th
day after optic nerve transection [11]. The results of our study
may suggest that there are significant differences between the
expression of apoptotic proteins, such as Bcl-2, Bcl-xl, Bak and
Bax in human optic nerve axons in the eyeballs after severe trau-
ma. There may be a dominating expression of proapoptotic pro-
teins in optic nerve axons in glaucoma, what may suggest axon
cell death by apoptosis.
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Abstract 

The aim of our study was to evaluate the immunohisto-
chemical expression of Bcl-2 and Bax protein in optic nerve
axons after severe eyeball injury and in the eyes with absolute
glaucoma. A series of 19 eyeballs, enucleated because of
absolute glaucoma and 41 eyeballs, enucleated, following
extensive injury, at the Department of Ophthalmology of the
Medical University of Bialystok, were taken into our study. The
immunohistochemical reaction was performed with Bcl-2 and
Bax protein antibodies and by the LSAB technique. DAB was
used in order to visualise the reaction. The optic nerve axons in
glaucomatous eyeballs showed statistically significant higher
Bax protein expressions than those of Bcl-2 proteins. In the
optic nerve axons after severe eyeball injury,  a non-significant-
ly higher Bcl-2 protein expression was observed.

Key words: optic nerve axons, trauma, absolute 
glaucoma, apoptosis, Bcl-2, Bax. 

Introduction 

Almost all body cells have a capacity to undergo a pro-
grammed cell death process. They differ in the ease with which
they are able to initiate apoptosis. The tendency to initiate apop-
tosis and the speed with which this program is triggered depend
on the type of cells and their stage of development. Cells, which

are difficult to replace, including neurons of the developed ner-
vous system, undergo apoptosis with some difficulty. Neverthe-
less, under normal physiological conditions, the average person
loses 10000 retinal ganglion cells annually, due to apoptosis [1,
2, 3]. Proteins from the Bcl-2 family play a major role in apop-
tosis regulation at its decisive stage [4, 5, 6]. There are few stud-
ies, concerning apoptotic protein expression in human retinal
ganglion cells in pathological states [7, 8]. It is not known how
Bcl-2 and Bax protein expressions change in posttraumatic con-
ditions. Glaucomatous optic neuropathy is multifactorial in eti-
ology. Both mechanical and vasogenic theories remain viable
explanations for the observed nerve damage and the destructive
effect of trophic withdrawal could be espoused by either theory.
Each theory feeds into the final common pathway of cell death
by apoptosis [9, 10]. The aim of our study was an immunohis-
tochemical evaluation of Bcl-2 and Bax protein expression in
the optic nerve axons in eyeballs after severe trauma and in the
eyes with absolute glaucoma.

Material and methods 

We examined a series of 41 eyeballs, which were enucleat-
ed, following extensive injury over the period between 1991 and
2003 and a series of 19 eyeballs from patients with absolute
glaucoma, suffering from severe ophthalmalgia treated of neces-
sity by enucleation during the same period at the Department of
Ophthalmology of the Medical University of Bialystok. After
enucleation, the eyeballs were fixed in a 10% buffered formalin
solution, embedded in paraffin at 56°C, then cut into 5µm slices
and stained with hematoxylin and eosin (H+E). The evaluation
of Bcl-2 and Bax protein expression was performed by the
immunohistochemical reaction, using monoclonal antibodies
from The Santa Cruz Biochemicals and DAKO (Bax No P-19,
sc-526, DAKO/Bcl-2 No MO887) and LSAB technique. The
IgG1 kappa antibody was used as a negative control, whereas
samples of breast cancer tissue, which showed a strong positive
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Bcl-2 and Bax immunoreaction, were used as a positive control.
The estimation of immunostaining was done under a light
microscope in representative fields, using a lens with a magnifi-
cation of 20x in the optic nerve axons and sections were
obtained from the retrolaminar region of the optic nerve head.
The criteria for a positive reaction were as follows: (++) above
50% of axons of the field was showing positive immunostain-
ing, (+) between 50%-10% and (-) below 10% of cells with pos-
itive immunostaining. We analyzed Bcl-2 and Bax protein
expressions in relation to the patients age, sex and the relation-
ships between the examined markers in both groups, as well as
Bcl-2 and Bax protein expressions in relation to the time,
elapsed from trauma to enucleation and to the type of injury.
The obtained results were statistically analyzed, using Fisher
and Chi-square tests. Differences at p<0.05 were considered sta-
tistically significant.

Results 

The group of trauma patients: the series of 41 examined eye-
balls came from male patients, aged between 18 and 77 years
(the mean age: 45 years, SD±17,8). In 23 cases, we observed
ruptured globes, secondary to severe blunt trauma. In 18 cases,
the eye injury was caused by a sharp tool (severe corneal and
scleral lacerations). All the injured and ruptured eyes were
blind. In 13 patients, enucleation was performed on the day of
trauma or 1 day post-injury (Group I), in 20 cases,  2-16 days
post injury (Group II), and in 8 patients - 1 month till 4 years

after trauma (Group III). Bcl-2 and Bax protein expressions
were observed in cellular cytoplasm. The analysis of Bcl-2 and
Bax protein expression in closed and perforating injury groups
is shown in Table 1.   In the entire trauma group, the mean age
of patients without Bcl-2 protein expression in the optic nerve
axons was 34.44±18.6 years and was lower than the mean age
of patients with Bcl-2 overexpression: 49.04±19.78 years
(p=0,065). Bcl-2 protein expression was stronger than Bax
expression (statistically non-significant) in the group of trauma
patients. In 92.3% patients with enucleation on the day of trau-
ma, or 1 day post-trauma, Bcl-2 protein expression was
observed, Bax in 61.5%. In the group with enucleation, 2-16
days post- injury, 60% cases showed Bcl-2 positive expression
and Bax 50%. In the 1 month-4 years enucleation post-trauma
group, Bcl-2 expression was observed in 87.5% cases, Bax in
62.5%. Bcl-2 and Bax expression did not correlate with the time
period from severe trauma to eye enucleation. Bcl-2 protein
expression did not correlate with Bax protein expression (Bcl-
2/Bax p=0.445).

The group of glaucoma patients: the series of 19 examined
eyeballs came from male patients (11) and female patients (8),
aged between 21 and 86 years (the mean age: 59.7 years,
SD±19.7). In the group of glaucoma patients without Bcl-2
expression, the mean age was 70.1±17 years and was statistical-
ly higher than the mean age of patients with Bcl-2 protein over-
expression (53.7±18.8 years). Bax protein expression was sta-
tistically significantly stronger in the optic nerve axons than
Bcl-2 one: Bax/Bcl-2 (p=0.0007) and correlated with Bcl-2
expression: p=0.0155. In the group of glaucoma patients, Bcl-2
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Type of injury 

Closed injury Perforating injury Protein 
expression 

% Number % Number 

 
p value 

Bcl-2 (-) 8,7 2 44,4 8 

Bcl-2 (+) 60,9 14 50 9 

Bcl-2 (++) 30,4 7 5,6 1 

p= 0,012 

Bax (-) 34,8 8 55,6 10 

Bax (+) 47,8 11 27,8 5 

Bax (++) 57,1 4 16,7 3 

p= 0,36 

Table 1. Correlations between examined marker expressions and the type of injury

Figure 1. Cytoplasmatic Bcl-2 protein immunostaining in the
optic nerve axons after severe eyeball injury (mag.x200).

Figure 2. Cytoplasmatic Bax protein immunostaining in the
optic nerve axons after severe eyeball injury 
(mag.x 400).
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and Bax expressions did not depend on sex. The trauma group
consisted of male patients only. Bcl-2 and Bax expressions did
not correlate with the age in either of the groups.

Discussion 

Up until 1993, apoptosis had not been taken into consider-
ation in the studies on the pathogenesis of nerve-related dis-
eases. Disorders of apoptosis have widely been discussed in
the literature with regards to neoplastic process [1, 11, 12]. A
different situation is observed in cases of posttraumatic retinal
detachment and glaucomatous optic neuropathy. A pathologi-
cal intensification of apoptosis takes place, manifesting itself
in retinal nerve cell damage and their axons, leading to sight
loss [13, 14]. In our study, in the glaucomatous optic nerve
axons, proapoptotic protein expression dominated, what might
confirm the apoptotic nerve damage theory. The small per-
centage of statistically older glaucomatous patients with Bcl-2
protein positivity might be a proof for the proapoptotic ten-
dency, even though,  physiologically, a decreased apoptosis
process is observed in the course of  aging. The correlation
Bcl-2 protein expression with Bax protein expression suggest-
ed a possibility of Bcl-2/Bax heterodimer creation and contin-
uation of programmed cell death in the optic nerve axons,
despite the absolute functional damage of the optic nerve.

Our study showed the expression of Bcl-2 protein to be
more significant in the closed injury type group than in the
perforating injury group. Bcl-2 protein expression was
observed mainly in cases of older people. It is believed that
older organisms lose their ability to induce apoptosis. In the
whole group of trauma patients, a domination of Bcl-2 protein
expression was observed. It was not statistically significant,
however, it might be suggestive of some protection mechanism
in the optic nerve axons after eye trauma. The results of our
study might provoke thinking that, in the stage of absolute
glaucoma in the optic nerve axons, proapoptotic Bax protein
expression dominated, what is concordant with the apoptotic
theory of glaucomatous optic neuropathy. Bcl-2 dominance in
the optic nerve axons after severe eyeball trauma might sug-
gest posttraumatic neuroprotection tendency in the optic
nerve.
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Abstract 

The purpose of this study was to present early results of talus
cartilage defects treatment with autologous mesenchymal stem
cells CD34+ implantation technique. Nine (9) patients were
treated, due to IV degree chondromalation (by ICRS). The
applied standard procedure included: clinical examination, AP
and lateral x - ray, MRI, preoperative, as well as during control
examination. The surgical procedure consisted of the defect's
debridement, harvesting and fixation of the periosteal flap and
CD34+ implantation. Clinical results were assessed after 6
months to 3 years by clinical examination, Magee score and
MRI. Good and very good clinical results were  obtained and
confirmed by MRI in 8 cases. In one case, cartilage hypertrophy
was noted. There were no delamination and infection signs.

Key words: mesenchymal stem cells, cartilage repairs, 
osteochondral talus defects.

Introduction 

Osteochondral defects with painful failure of the talocrural
joint cause inconvenience for patients and decrease their vital
activity. Joint cartilage defect is a cause of pain and swelling in
lower limb, regardless whether loaded, or at rest. A limited
potential for osteochondral defect healing may lead to ankle
arthrosis. Usually, in talar chondral defects, the subchondral bone
is involved, and either osteosclerotical or cystic lesions make

natural healing processes impossible. Joint resurfacing by osteo-
chondral autografts is limited to smaller defects of 2 - 4 cm2 [1]
and the potential donor site morbidity is discussed [2]. Allo-
grafts, although successful with some surgeons, impose limita-
tions of donor availability and are associated with disease trans-
mission. Autologous chondrocyte implantation (ACI) is current-
ly indicated for focal, isolated defects [3, 4]. ACI-regenerated
hyaline tissue is, sometimes, not properly integrated with the
subchondral bone and with healthy chondral defect margins. In
large, full thickness defects, delamination of regenerated tissue is
frequent. 

The new and promising direction of repairing cartilage
defects by chondrogenic induction is the autologous mesenchy-
mal stem cell implantation. Mesenchymal stem cells are a rare
population of undifferentiated cells, isolated in adults from dif-
ferent tissue sources and differentiating into mesodermal lin-
eages, like: bone, fat, muscles, cartilage, tendons and marrow
stroma. Stem cells are multipotential with multidirectional lin-
eage, stimulated by local intrinsic and extrinsic factors. Local
environment interactions and tissue signalling molecules provide
stimulation to the differentiation of a new line of cells and prop-
er cartilage formation, rebuilding and integration [5, 6]. As for
the physiology of healing processes in cartilage defects, the resti-
tution of joint surfaces by hyaline cartilage, as well as subchon-
dral bone reconstruction are of paramount importance, as they
warrant normal biomechanical and biochemical properties and a
good integration of regenerated tissues. 

Materials and Methods 

The authors assessed 9 patients, treated by the mesenchymal
stem cell implantation technique. All the patients were treated,
due to IV degree chondromalation (by ICRS). The standard pro-
cedure was: a clinical examination, AP and lateral x - ray and
MRI, performed preoperatively, as well as during control assess-
ment. The average defect was 0.5x0.7 cm with 0.5 - 1.0 cm
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depth. In deep lesions (more than 0.5 cm), with subchondral bone
involvement, autologous cancellous bone grafting (sandwich
technique) was performed in all the cases. The defects as well as
the operative solutions were photographically documented. The

patients were stimulated by growth factor G-CSF (0,3 mg sub-
cutaneously per seven days). Cytometric assessment of patient
blood and leukocytes and reticulocyte assessment were per-
formed 3 times during the stimulation period. Mesenchymal
stem cells were harvested from patient blood by cell separators
on the day of the surgery. Cell suspension was measured in a
flow haemocytometer and the quantity of cells with membrane
CD34+ marker was counted (cell/cm3 suspension).

The surgery procedure consisted of resection of damaged tis-
sues, harvesting of the periosteal flap from anteromedial surface
of the tibia, flap fixation by suturing and fibrin glue and, finally,
an injection of CD34+ cell suspension. Surgical exposure to the
talus was either anterior or by ankle osteotomy - medial and lat-
eral. The site of osteotomy was fixed with screws. Clinical and
radiological results were assessed after 3 months to 3 years after
surgery. Ankle function was evaluated, both clinically and by the
Magee 10-point score (patient subjective gait assessment [7].

Magee score:
without limitation 10 points
pain after long distance 8 
mild compliance 6
moderate compliance 4
walking with crutches 2

In MRI (T1, T2 and STIR sequences), major attention was
paid to good defect reconstruction, rebuilding of subchondral
bone, proper integration of regenerated cartilage with bone and
intact defect margins.

Results 

In all the cases, good wound healing was observed. No bac-
terial infections were observed in any of the patients. In 8 cases,
gait assessment after operation (Magee score) improved and the
patients, after three months, had not limitations in walking. We
observed one case with longer bone healing at the site of ankle

Figure 1. Ankle MRI with osteochondral defect in talus medial site.

 
Figure 4. MRI after 9 months from the operation.

Figure 2. Intraoperative view - osteochondral defect.

 

Figure 3. Intraoperative view - implantation of cells



osteotomy. In MRI (T1, T2 and STIR sequences), it was
observed in all the patients that the defects were well refilled
with tissue with signal the same as that from normal cartilage. In
two cases, fibrotic changes in margin parts of regenerated tissue
and the periosteal flap were found. In one patient, hypertrophic
tissues of the reconstructed area were shown. Neither swelling,
nor locking nor pain was observed after 3 months from the oper-
ation. Delamination of repaired cartilage was not observed in any
of the cases. Furthermore, proper integration of regenerated car-
tilage with rebuilt subchondral bone and MRI confirmed intact
defect margins. The examples of good results, confirmed by
MRI, are shown in Fig. 1. - Fig. 4.

Discussion 

The obtained early clinical results of talus resurfacing with
mesenchymal stem cell CD34+ implantation provide promising
operative prospects in talar chondromalatia. It is very important to
confirm such early observations after 6-7 and more years from the
surgery. An annual assessment and MRI control seems to be a
valuable procedure for graft rebuilding, and biomechanics evalu-
ation. In deep cystic osteochondral lesions, cancellous bone graft-
ing was necessary for the restoration of normal bone stock to stem
cell CD34+ implantation. This is also very important, due to the
restoration of talus mechanical function in the ankle joint. The
presented autologous stem cell implantation technique is, togeth-
er with ACI, one of the valuable repair procedures, as it offers
possibilities of defect refilling with hyaline or hyaline-like carti-
lage. Experimental studies [6] presented morphological, histolog-
ical and histochemical rebuilding of stem cell grafts in animal
models. Hyaline or hyaline-like cartilage were the final result of
cell transplantation. Multidirectional potential of stem cell differ-
entiation, stimulated by local environment factors, such as the
transforming growth - factor - beta family or bone morphogenet-
ic proteins [5, 8], gives possibilities of implant conversion to
chondrocytes and revascularised subchondral bone. An important
observation in this study was the proper refilling of large, full
thickness defects with tissues, well integrated with the subchon-
dral part. Delamination was not observed, due to possible rebuild-
ing of subchondral bone with good revascularisation [6]. By con-
trast to the autologous chondrocyte implantation technique, bone
bleeding predicts better subchondral healing and good integration

of regenerated hyaline cartilage. Final MRI assessment in all the
cases showed subchondral restoring and satisfactory integration
of grafts, which may have good long-term results.

Conclusions 

The stem cell CD34+ implantation technique is a valuable
procedure in large, full thickness talus cartilage repair. Bone
grafting must be performed in all cases of deep osteochondral
defect to obtain bone stock restoration and proper chondral inte-
gration. 
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Abstract 

In our experiment, we tried to assess the potential of repair
of full-thickness defects in articular cartilages of rabbit femurs.
An artificially made, full-thickness defect in the rabbit's femoral
patellar groove was created. The defects were divided into six
groups. The reparative tissue was evaluated by macroscopic,
histological, and immunohistochemical examinations. The
reparative tissues in defects with transplanted chondrocytes, had
mostly a hyaline-like cartilage appearance and were firmly
attached to the surrounding normal cartilage. Only in the control
group with periosteal flap and broken subchondral plate, there
were signs of partial repair. Self repair of rabbit articular carti-
lage is very limited. Transplantation of chondrocytes, costal and
articular, without differences between groups, is a very potential
treatment, producing hyaline-like repair tissue with good histo-
logical results. 

Key words: articular cartilage repair, costal and articular 
chondrocytes, transplantation.

Introduction 

The intrinsic capacity of cartilage to self-repair chondral
injuries is poor. Many different techniques to induce cartilage
repair have been explored. Many, currently used, methods
involve an introduction of chondrogenic cells into the defects [1,
2, 3]. Chondrogenic cell transplantation, held in place by a cov-

ering periosteal flap, produces a hyalin-like repair tissue [4, 5,
6]. In our experiment, we tried to answer the following ques-
tions: Is self-repair of articular cartilage possible? When does it
occur? Is the self-repair comparable with chondrocyte trans-
plantation?

Materials and methods  

Nine (9) New Zealand White male rabbits were used in the
experiment. Defects were created on the patellar grooves of the
rabbit femur. A culture of chondrocytes and surgical procedures
were performed as described before [7]. The defects were divid-
ed into 6 groups: A) filled with costal chondrocyte transplanta-
tion and covered with a periosteal flap. B) filled with articular
chondrocyte transplantation and covered with a periosteal flap.
Control groups without chondrocytes: C) covered with a
periosteal flap without breaking the subchondral plate. D)  with-
out periosteal flap, without breaking the subchondral plate. E)
without periosteal flap, with the broken subchondral plate. F)
with a periosteal flap, with the broken subchondral plate. The
surfaces of the grafts were inspected for colour, integrity, con-
tour and smoothness. 

The histological staining with Safranin O, haematoxylin-
eosin and Azan methods (azocarmine + anilin blue) were per-
formed. For immunohistochemical analysis, specific antibodies
against rabbit collagen type II (Novocastra) were used. 

Results 

The reparative tissue, in the defects with the transplanted
chondrocytes, showed an appearance, similar to that of normal
cartilage in all the groups. The defects were filled with a white,
glossy and smooth tissue and were firmly connected to the adja-
cent normal cartilage. (Fig. 1ABCD). The defects in the control
groups were filled with a red semitransparent tissue with dis-
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cernible edges and of very low compliance. Small fissures and
fractures and loose attachments to the surrounding cartilage were
present with no significant differences between groups (Fig.
2ABCD). The defects, transplanted with chondrocytes, were
filled with newly formed tissues, firmly incorporated into the sur-
rounding normal cartilage. Most of the defects were filled with a

hyalin-like cartilage (Fig.  4, Fig.  5), resembling healthy carti-
lage. In some specimens, in varying localization, fibro-cartilage
of lower hystological grade was present (Fig.  5C). The reparative
tissue in the control groups, consisted mostly of numerous fibrob-
last-like cells, surrounded by many collagen fibres with a chaotic
orientation. Its structure was characteristic of fibrous connective
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Figure 1. Gross photographs of patellar
groove of rabbit femurs, a complete incor-
poration of the repair tissue into the sur-
rounding cartilage with clearly recogniz-
able margins of the defect (A, B - costal,
C, D - articular chondrocytes transplanta-
tion).

Figure 2. Gross photographs of patellar
groove of rabbit femurs, partially filled by
repair tissue (A- group E; B-group E; C-
group C; D- group D).

Figure 3. Photomicrograph of section of
the reparative tissue with transplantation
of costal chondrocytes, deep layers of scar
tissue, at 4 weeks, showing numerous
irregular groups of chondrocytes with
abundance of the extracellular matrix.
Safranin O staining, scale bar, 100 µm.

Figure 4. Photomicrograph of section of
the reparative tissue with transplantation
of articular chondrocytes (A, B), fibro-
cartilage (C). Safranin O staining, scale
bar, 100 µm.

Figure 5. Photomicrograph of section of
the reparative tissue with transplantation
of costal chondrocytes, intense immuno-
histochemical positive staining for colla-
gen II (B, C), healthy cartilage (A); scale
bar 50 µm.

Figure 6. Photomicrograph of section of
the reparative tissue, Group F- partial
repair, scarce immunohistochemical posi-
tive staining for collagen II; scale bar 50
µm.
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tissue and did not show any significant changes between the
groups. A positive immunohistochemical reaction with Collagen
II antibody was observed in the repair tissue in each defect with
chondrocyte transplantation. Staining distribution varied through-
out the defects (Fig. 7BC). The immunopositive reaction in nor-
mal cartilage had a very similar appearance (Fig. 7C). Only in
group F, the defects were covered with periosteum, with a broken
subchondral plate and small islands of immunopositive tissue
were present. Those places of incomplete repair were connected
with a broken subchondral plate. No traces of immunopositive
reaction were present in any of the other groups.

Discussion

Macroscopic observations of repair tissue in the defects with
chondrocyte transplantation showed its good incorporation into
the surrounding cartilage, which may be of higher importance
than the quality of the tissue itself [8], protecting the surrounding
normal cartilage from further deterioration [9]. Macroscopic
observation in the control groups showed only a partial repair,
with a slightly better outcome in Group F but still incomparable
to that in the main groups. Those results are similar to findings of
other authors [10, 11, 12]. Histological results in the two groups
with chondrocyte transplantation, did not show any significant
differences. Most of the defects were filled with hyalin-like tissue.
In the control groups, only fibrous connective tissue was present.
Positive staining with Safranin O, was present only in Groups A
and B and showed an intensive production of proteoglicans in
young cartilage [9]. Negative staining was present in all the con-
trol groups. Many authors have noticed that a partial regeneration
of chondral defects can be induced by cells, either migrating from
the surrounding tissue or from subchondral bone marrow. How-
ever, those cells were not able to induce healing, comparable with
that, caused by transplated chondrocytes. That was confirmed by
our control group. Repair tissues in empty defects, covered with
a periosteal flap with a broken subchondral plate, were limited to
small areas, adjacent to the subchondral defect and were of lower
macroscopic and histological quality. Immunonegative reaction
with Collagen II antibody was observed in every other control
specimen. Our findings confirmed those by Kajitani et al [13].
According to this author, periosteal flap might act only as a
mechanical barrier to prevent leakage of grafted chondrocytes
without beneficial humoral or cellular effect on the formation of
reparative tissue. Articular cartilage repair with chondrocyte
transplantation gives good repair in terms of macroscopic and his-
tological evaluations. Self-repair is very limited and can not give
sufficient healing of the defect, even with the defect spreading
under the subchondral plate.
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Abstract 

The aim of the work was to demonstrate structures responsi-
ble for the conduction of pain impulses with regard to tight junc-
tions after transmission of small charges of electric current. For
the experiment, freshly extracted (for orthodontic reasons) teeth
were used. Immediately after extraction, low charges of electric
current were passed through the teeth and the teeth were fixed.
Teeth pulps were prepared for TEM studies. The obtained results
were compared to those in a control group. In electron micro-
scopic pictures, intercellular junctions are visible irrespective of
the value of the current applied on the approximal surfaces of the
cells (between the odontoblasts or between the odontoblasts and
the neural fibres) as short callosities of plasmolemma. 

Key words: odontoblasts, belt desmosom, alternating 
current, TEM, active transport of water.

Introduction 

Apart from many other functions, the odontoblasts are
involved in the process of perception and conduction of pain
stimuli from the tooth during stomatological procedures. A precise
recognition of the structures. connecting the enamel through the
dentine with the dental pulp, is a major aspect of dental science.
The knowledge of these structures would give us a better under-
standing of many physiological processes.

In 1968, Frank, for the first time, described nerve endings that
formed junctions with odontoblast processes in the first zone of

dentin tubules [1]. The studies of dental pulp, predentin and dentin
in electron microscope, carried out by this author and next by other
researchers [2, 3], have resulted in a conclusion that there are
numerous junctions between belt desmosome (zonula adherens),
tight junctions (zonula occludens) and gap junctions (nexus) [4].
However, according to Sasaki, it is perhaps more accurate to use
the terms fascia adherens and fascia occludens to describe the
components of the modified distal junctional complex [5, 6, 7].
This does not change the fact that such junctions enable the, so-
called, junctional transfer - a free flow of ions between cells, so
they play a function of electric synapses [8, 9]. The presence of
these junctions is also suggested by SEM images [10]. Structures,
resembling synapses, which occur between the odontoblast
processes and neurofibrils have also been reported; those were cal-
losities of plasmolemma near which synaptic vesicles of 50-60 nm
in diameter and agglomerations of mitochondria [1] could some-
times be observed [1]. Physiological and cytophysiological fea-
tures of odontoblasts may suggest that they can be included to the
class of the, so-called, paraneurons [11]. Three mechanisms of
active transportation are known: 1) group translocation (in bacte-
rial cells), 2) primary active transport and 3) secondary active
transport. In the cells of dental pulp, primary and secondary active
transports play the role. In the typical cell ion gradients, transver-
sally to the cell membrane, high concentrations of Na+ and Cl- get
into extracellular space and high concentration of K+ ions get
inside the cell. Ion concentrations balance the osmotic pressure
and prevent an influx of water into the cell.  The aim of this study
was to present structures responsible for the transmission of sen-
sory and pain reflexes, taking into account zonula adherens, after
transmitting through them small electric charges. 

Materials and methods 

The studies were carried out on non-caries teeth, extracted
for orthodontic reasons. The teeth were extracted with the use of
local anaesthesia. Immediately after extraction, small charges
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(15 µA, 50 µA, 60 µA, 80 µA for 120 s) of alternating current
were transferred through the teeth and then, the teeth were fixed
in 2% glutardialdehyde in cacodylate buffer. The teeth were cut
and their pulps were fixed in 2% glutardialdehyde in cacodylate
buffer and then, in 1% osmium tetroxide. After that, they were
dehydrated and embedded in epoxy resin (EPON 812 with
DDSA and MNA) for electron microscopic studies. Hemithin
sections were prepared with the use of a Tesla BS 480 ultrami-
crotome and stained with buffered 1% toluidine blue. Ultra thin
sections were cut in an MTI ultramicrotome and contrasted with
uranyl acetate and lead citrate. They were investigated and pho-
tographed in a JEOL electron microscope. The results of the
studies were compared with the image of dental pulp tissue
through which no electric current had been transmitted and in
which, no changes were revealed by the hard tissue. The pulp
was also fixed immediately after the teeth extraction, using the
method described above.

Results and discussion 

In the specimens, through which current from 15 mA to 60
mA passed, belt desmosomes (zonula adherens) and gap junc-
tions were not damaged. These juncturae adherentes are a space
of 15-25 nm in width between the adjacent membranes, which
contains electron dense material (Fig. 1). On the side of cyto-
plasm, there is a condensation of hyaloplasm and actin microfila-
ments. At higher magnifications, different activity stages (pas-
sive and active) are observed [12, 13]. The anatomical shape of
belt desmosome reminds condensing lenses, what is of great
importance in water and ions transportation; electric current
(depending on the kind and value) intensifies these processes.
As far as the alternating current is concerned, in most speci-
mens, through which current of 80 µA was passed, a higher
number of small vacuoles appeared at unchanged belt desmo-
some (zonula adherens) (Fig. 2). It is worth noting that, in ana-
logical studies with the application of alternating current of sim-
ilar parameters, fine vacuoles were not visible in a light micros-
cope [14].

In the specimens, prepared for electron microscopy, on the
side surfaces of cells (odontoblast-odontoblast, odontoblast -
neuron, odontoblast - neutrophil) indirect junctions were
observed in the form of callosities of plasmolemma. These junc-
tions enable the, so-called, junctional transfer - a free flow of
ions between the cells, thus playing the function of electric
synapses. The results of the studies confirm the previously
described junctions, observed in SEM.

It can be presumed that, depending on current intensity, a
faster accumulation of vacuoles, that appear near the odonto-
blast nucleus, could induce detachment of a part of cell cyto-
plasm near zonula adherens (juncturae adherentaes), observed
in SEM (that was probably related to the technical process of
routine specimen preparation), described by H. Alwas-Danows-
ka [10].

In the dental pulp cells of the experimental group, the cellu-
lar membranes and tight junctions were intact, but in the control
group the picture of the junctions was indistinct, what could be
connected with the water penetration. Because of their anatom-
ical shapes, zonula adhaerens (resembling condensing lenses) in
the odontoblasts have a possibility of water intensification and
ion transportation processes and the passing electric current of
low charges could change them.
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Abstract 

The aim of the study was to assess the expression of adhe-
sion molecules, CD134 and CD137, in the peripheral blood in
correlation with clinical advancement, the histological grade,
the size and type of tumour growth, tissue infiltration, and
lymph node and metastases to lymph nodes and liver. The study
involved 28 patients with primary colorectal cancer. The expres-
sion of both molecules was investigated on the day of the
surgery, before the procedure and ten days after the operation by
means of flow cytometry. The expression of CD134 was
markedly higher, compared to CD137, both on the day of the
surgery and ten days after the operation. A significant increase
was observed in CD134 expression ten days after the surgery.
CD137 expression increased with the higher stage of clinical
advancement, but decreased with the enhancement of colon wall
infiltration. CD134 showed a similar expression for all the
stages of tumour clinical advancement.

Key words: colorectal cancer, adhesion molecules, 
CD134, CD137, metastases. 

Introduction 

A threat of metastases in colorectal cancer can be expressed
as the percentage of risk in relation to the histological grade of
the tumour, the extent of involvement at the primary site and
lymph node metastases [1]. Immune defence mechanisms start to

intervene at the moment of cancer cell formation, that is, at a
later phase, when natural anticancerogenic mechanisms have
failed. The aim of the study on neoplastic antigens is to evaluate
their usefulness in detection, monitoring and treatment, e.g., with
monoclonal antibodies, directed against these antigens or using a
variety of vaccines that particularly stimulate cell-type response
[2]. Studies on the locoregional expression and correlations in
colorectal cancer metastasis formation have recently been direct-
ed towards immune mechanisms and forms of immunotherapy.
Adhesion molecules (CD-clusters of differentiation) constitute a
wide group of molecules that vary in structure and function and
which are involved in immune responses in a number of patholo-
gies The most commonly investigated ones include: CD49a,
CD11a, CD54, CD44, CD102, CD62L [3]. Lately, the role of
CD134 (OX-40) and CD137 (4-1BB)) in the course and therapy
of colorectal cancer has been emphasized [2, 5, 6, 7, 8, 9].
CD134 (the OX-40 receptor) and OX-40L (ligand) belong to the
TNFR superfamily and act as a pair of costimulatory molecules
that facilitate the activation of Th2 lymphocytes and IL-4 (lig-
and) secretion by these cells. The activation of OX-40 leads to an
enhanced secretion of antibodies by B cells. OX-40 is expressed
on activated T and B cells, dendritic cells and endothelium [9].
CD137 (4-1BB) molecules are the receptors on the surface of T
cells and NK (natural killer) cells, and their ligand 4-1BBL is
produced by B cells, macrophages and dendritic cells. Due to
costimulation of 4-1BB and 4-1BBL, T cells are induced to pro-
duce increased amounts of IL-2. The aim of the present study is
to assess the expression of adhesion CD134 and CD137 mole-
cules in the peripheral blood in correlation with clinical advance-
ment, histological grade, the size and type of tumour growth, tis-
sue infiltration and lymph node and liver involvement. 

Material and method 

The study involved 28 patients with primary colorectal ade-
nocarcinoma, aged 52-83 years, operated on at the 2nd  Depart-
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ment of General and Gastroenterological Surgery, Medical
University of Bia³ystok. Clinical advancement was evaluated,
according to Dukes' scale: Dukes A- 2 (7.14%), Dukes B-13
(46.42%), Dukes C- 8 (28.57%) and Dukes D- 5 (17.86%)
patients. The study material included fresh peripheral venous
blood, collected on the day of the surgery before the procedure
and 10 days after the operation. Lymphocytic cells were obtained
by mechanical centrifugation. After a two-fold rinsing they were
counted in a Burker's chamber. A 106 mononuclear cells/ ml
RPU/1640 suspension was made and portioned out to obtain
100ul samples, each supplemented with 10 ul of monoclonal CD
134 and CD 137 antibodies, obtained from manufactured sets:
CD134 (OX 40)-FITC-34464 X and CD137 (4-1BB)-PE-34465
X, Pharmingen. Then, the samples were quantitatively analysed
in a flow cytometer EPICS XL (Coulter), 104 cells each time. The
results were statistically analysed, using Fisher's test. 

Results 

The expression of CD134 was markedly higher, compared to
CD137, both on the day of the surgery and ten days after the
operation. The mean expression of CD134 in both examinations
was 13.57% (SD - 9.95), being significantly higher than the
mean expression of CD137-6.38% (SD - 10.86) (p<0,001). A
significant increase was observed in the expression of CD134 ten
days after the surgery. Although the mean activities were compa-
rable, significant differences were noted between the medians:
on the examination before surgery-10.45 and on the 10th day
after surgery-14.35. Figure 1. CD137 expression before the oper-
ation (the mean value-5.14%) did not change significantly after
the surgical procedure (the mean value-7.63%). CD134 showed
a similar level, irrespectively of the tumour stage. The respective
mean expression values were following: Dukes A-13.38%,
Dukes B-13.41%, Dukes C-11.68%, Dukes D-17.38%, not dif-
fering much between the assays before and after the operation.
Details, presented in Figure 2, showed that CD137 expression
differed significantly between the respective stages of clinical
advancement. The highest expression was noted in most
advanced lesions (p<0,001). In Dukes D patients, high expres-
sion of CD137 was observed in both examinations. The activity
of CD137 was significantly increased on day 10 after the surgery.
In the remaining stages (Dukes A-C), the examinations revealed
a similar, much lower activity. Depth of tumour infiltration did
not cause any distinct differences in the expression of CD134 in
pT1, pT3 and pT4 tumours. Reduced expression was observed in
pT2. Tumour resection had no effect on the expression in the
respective groups. A similar comparison of CD137 expression
revealed its decrease, accompanied by enhanced colon wall infil-
tration. The mean CD137 expression was 7.38% for pT1, 8.78%
for pT2, 6.59% for pT3, and 2.37% for pT4 (p<0.01). No differ-
ences were found between the examination before and after the
operation. Figure 3. 

Discussion 

Studies on the locoregional tumour expression and correla-
tions in metastasis formation in colorectal cancer have recently

been directed towards immune mechanisms and forms of
imunotherapy. In patients with cancer, immune reactions, espe-
cially of cell type, are attenuated. Moreover, certain immune
processes, observed in the patients, may even promote tumour
growth [1]. Our studies showed increased CD137 expression
with a higher stage of tumour clinical advancement and
decreased CD137 expression with enhanced infiltration of the
colon wall. We also proved that tumour clinical stage advance-
ment does not affect CD134 expression and its expression
increases in the early postoperative period. No results have been
found in the available world literature that could be compared
with the present findings. Studies, conducted on animals in the
USA on the OX-40 molecule and OX-40L ligand, indicate that
the molecule is activated by CD4 on T cell surface. Observations
on human and animal models revealed an improved therapy out-
come in cases of colorectal cancer. In patients with high OX-40
expression, 20% lymphocytes were infiltrated, in approximately
40% of infiltrated cells along tumour margins, in 50% of tumour
cells and in all the samples of mesenteric lymph nodes. The lev-
els of OX-40 were not high in the healthy tissue margin. High
expression of OX-40 in the primary tumour correlated with 2-
55% longer survival time. It thus seems that CD134 molecules
can be employed in colorectal cancer immunotherapy [5, 6].
Until now, studies on CD137 (4-1 BB) in colorectal cancer have
been performed on animal models. The authors, who investigat-
ed mouse liver with metastatic tumours, due to colorectal cancer,
reported an optimum outcome of the combined application of 
IL-12 and CD137 (4-1BB) [7, 8]. The results have indicated that
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a synergistic action between congenital and acquired immunity
can contribute to the treatment of metastatic colorectal cancer,
mainly to the liver. However, no comparative studies of this
adhesion molecule, conducted either on animal models or in
humans, have been available so far [7, 8]. Very few trials have
been described of its application in the immunotherapy of chosen
neoplasms, including colorectal adenocarcinoma [2]. The two
described above adhesion molecules (CD134 and CD137) may
create a chance for a positive prognosis of colorectal cancer
course and treatment. CD134 (OX-40) can affect the
immunotherapy of the tumour itself and prevention of metastasis
formation. CD137 seems to have a beneficial effect on the
immunotherapy of metastases (mainly to the liver), the fact that
inspired the present study. The determination of the level of cho-
sen molecules in the tumour, border tissues, lesion-free margins
of the colon and peripheral blood can help analyse the therapy
outcome, as well as the risk of metastases and prognosis. It is
necessary to perform further  investigations of the CD134 and
CD137 during 3-6 month postoperative control periods. 
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Abstract 

The aim of this study was to check if the expression of
CD44v4 in epithelial cells of the colorectal cancer correlates
with the pTN stage and the histopathological grade of malig-
nancy - G. Samples of tumour tissue (TT), as well as those of
healthy tissue (HT) and of tumour adjacent tissue (TAT) were
obtained from 25 patients. An evaluation of the expression of
CD44v4 was performed in a flow cytometer. The mean value
of the percentage of epithelial cells with co-expression of
CD44v4 was lower in pT2 stage than that in pT3 only in HT.
The expression of CD44v4 in epithelial cells was higher in
cases without lymph node metastases only in TAT. The expres-
sion of CD44v4 in epithelial cells was higher in G2 than in G3
degree only in TAT as well.. According to the obtained results,
it is difficult to state if CD44v4 can influence the progress of
colorectal cancer.

Key words: colorectal cancer, carcinogenesis, adhesion 
molecules, CD44.

Introduction 

CD44 is a proteoglycan molecule, distributed on the surface
of many types of epithelial cells [1]. It serves as a molecule,
binding mononuclear and epithelial cells with extracellular lig-
ands, as it acts as a receptor for hyaluronan, fibronectin and a lot
of other substances [2]. Its role in inflammatory process and as

adhesion molecule in intercellular communication during car-
cinogenesis and metastatic processes was described by many
authors. However, its role in these processes is still unclear [2,
3, 4].

The aim of this study was to examine, whether the expres-
sion of CD44v4 isoform in epithelial cells of tumour, tumour
adjacent tissues and healthy tissues of the large bowel in patients
with colorectal cancer correlates with the pathomorphological
stage of the tumour, acc. to WHO classification (pT), lymph
nodes metastases (N) and the histopathological grade of malig-
nancy (G).

Materials and methods 

Twenty-five (25) patients were operated on sigmorectal
adenocarcinomas in G2-G3 grade of malignancy and pT2- pT3
stage, acc. to WHO score, at our Department in 2002. There
were 12 (48%) women and 13 ( 52%) men. The median age was
62.3 years (the age range: 46 - 84 years). Neoadjuvant radio- or
chemotherapy had not been applied to any of the patients. The
preoperative diagnosis was based on clinical symptoms and
confirmed preoperatively by histopathological examination of
biopsy specimens, obtained endoscopically. There were 13
(52%) tumours of the sigmoid colon and 12 (48%) rectal
tumours. Other types of cancer and polyps, including inopera-
ble tumours, were excluded from the investigation. There were
12 patients with tumours in G2 grade of malignancy and 13
with G3. Tumour tissue samples were obtained during opera-
tions. They were divided into two parts. One part of tissues was
typically prepared and paraffin embedded sections were exam-
ined to estimate pTN stage and the grade of malignancy in G1-
G3 score. There were 12 tumours with G2 and 13 with G3
grade of malignancy. pT2 stage was found in 8 tumours, where-
as pT3 in 17. Metastases to lymph nodes were found in 11
patients. The second part of the specimens, consisting of three
samples, obtained from healthy tissue (HT), tumour adjacent
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tissue (TAT) and tumour tissue (TT) was placed in a sterile con-
tainer with RPMI -1640. Immediately after collection (max.
2h), respective fragments of tissues were minced to receive a
homogenous cells suspension. To each 100 µl of the cell sus-
pension, 10 µl of monoclonal antibodies EMA-FITC (Epithe-
lial Membrane Antigen - DAKO) and CD44v4-PE
(Immunotech) were added. After 20 minutes of incubation at
room temperature in the dark, an automatic lysis was per-
formed (EPICS IMMUNOLOGY WORK STATION - Coulter).
Analyses of cells were performed, using a Coulter EPICS XL
flow cytometer. A minimum of 104 cells were counted. Con-
forming isotypic negative controls were used.  The Mann-Whit-
ney tests were used for a statistical comparison of flow cyto-
metric results between the evaluated groups. The values of
p<0.05 were accepted as statistically significant.

Results 

The mean value of the percentage of epithelial cells with co-
expression of CD44v4 was significantly lower in pT2 stage than
in pT3 only in healthy tissues (Table 1). The expression of
CD44v4 in epithelial cells was significantly higher in cases
without lymph node metastases only in tumour adjacent tissues
(Table 2). The expression of CD44v4 in epithelial cells was sig-
nificantly higher in G2 than in G3 degree of malignancy only in
tumour adjacent tissues too (Table 3).

Discussion 

Colorectal cancer occupies the third position, regarding mor-
bidity and mortality, just  after the breast and lung and bronchus
cancer in women and prostate and lung and bronchus cancer in
men. The mortality is still high and depends on the progression of
the disease and neoplasmatic metastases to lymph nodes and dis-
tal organs [5]. The relationships between the antigens of tumour
cells and the possibility of the immunological system to recognize
them play an important role in the progression of the disease. Iso-
forms of CD44 molecule reveal the co-expression in tumour cells,
as well as in the leukocytes infiltrating the tumour [6]. 

CD44 molecule was described as a one of the leukocyte anti-
gens in 1980  [7]. Different isoforms of CD44 and their role in
neoplastic hyperplasia (breast, gastric, liver and others) were
described in later years. [8, 9, 10]. However, there are only a few
articles about role of CD44v4 in colorectal cancer [11]. Some
authors have recently reported on a  possible role of CD44 and its
variants in the therapy [12, 13]. We have proved that the levels of
CD44v5 and v6 variants in serum do not correlate either with pT
stage or with the histopathological grade of malignancy [14].

This study evaluated the expression of CD44v4 isoform on
the surface of epithelial cells in tumour tissues, tumour adjacent
tissues and healthy tissues of the large bowel in patients with col-
orectal cancer. The statistically significant correlations, as demon-
strated in the examinations, do not reveal anything about the
influence of this variant on the process of carcinogenesis and the

  CD44v4 (EMA) – medium values ± SD 
pT2 / HT 5,2 ± 3,0 
pT2 / TAT 12,2 ± 10,9 
pT2 / TT 16,8 ± 15,4 
pT3 / HT 22,2 ± 11,1 
pT3 / TAT 13,7 ± 12,1 
pT3 / TT 21,6 ± 13,3 
Statistical analysis  pT2/HT v. pT3/HT p<0,009 

Table 1. The mean value of the percentage of epithelial cells with co-expression of CD44v4 in different pT stages.

 CD44v4 (EMA) – medium values ± SD 
pN0 / HT 20,1 ± 15,1 
pN0 / TAT 24,0 ± 12,7 
pN0 / TT 18,5 ± 12,2 
pN1 / HT 20,0 ± 6,0 
pN1 / TAT  8,5 ± 9,1 
pN1 / TT 24,7 ± 15,4 
Statistical analysis  pN0 / TAT v. pN1 / TAT  p<0,006 

Table 2. The mean value of the percentage of epithelial cells with co-expression of CD44v4 in different pN stages.

  CD44v4 (EMA) – medium values ± SD 
G2 / HT 23,9 ± 14,6 
G2 / TAT 23,3 ± 9,0 
G2 / TT 19,4 ± 10,8 
G3 / HT 16,3 ± 8,9 
G3 /TAT 14,1 ± 2,5 
G3 / TT 25,3 ± 18,8 
Statistical analysis  G2 / TAT v. G3 / TAT  p<0,05 

Table 3. The mean value of the percentage of epithelial cells with co expression of CD44v4 in different grades of malignancy.



progression of the disease. There have not been many studies
about the expression of CD44v4 in colorectal cancer. Therefore,
it is difficult to recognize if it either stimulates, or rather inhibits,
the progression of the disease, while it is likely not to play any
role in these processes.
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Abstract 

The aim of the study was to evaluate the correlation of c-
erb-b2 and Bcl-xl expression in biopsy specimens of Barrett´s
oesophagus from 44 patients with morphological features. The
examined group was subdivided into: negative for dysplasia,
indefinite for dysplasia, positive for dysplasia - low grade, and
adenocarcinoma with high grade dysplasia. Positive c-erb-B2
staining was found in 34.1% and  Bcl-xl protein expression was
observed in 96.9% of BE. The results showed increased c-erb-
B2 and Bcl-xl protein expressions with progressive grades of
dysplasia to adenocarcinoma. In conclusion, an evaluation of c-
erb-B2 and Bcl-xl expression can be useful for the histopato-
logic diagnosis of BE and correct interpretation of dysplasia.  

Key words: C-erb-B2, Bcl-xl, Barrett´s oesophagus.

Introduction 

Barrett´s oesophagus (BE) is a complication of chronic gas-
troesophageal reflux disease and predisposes to dysplasia,
which has been known as a precursor of adenocarcinoma [1, 2,
3]. Grading of dysplasia in BE is of great clinical importance
and may serve to identify patients who are at high risk of devel-
oping cancer [4]. Attempts have been made to identify early
markers of malignant transformation [5]. Bcl-xl is a protein,
associated with cell survival, which prevents apoptosis [6]. The
c-erb-B2 protooncogene encodes a transmembrane tyrosine
kinase receptor that is homologous to EGF-R [7, 8]. The speci-

mens of BE with severe dysplastic changes and adenocarcinoma
showed an increased expression of c-erb-B2 protein on the cell
membranes [8, 9]. The aim of our study was an evaluation of c-
erb-b2 and Bcl-xl expressions in BE in correlation with mor-
phological parameters.  

Material and methods 

Paraffin sections from 44 BE-suffering patients with intesti-
nal metaplasia, dysplasia and adenocarcinoma were retrospec-
tively reviewed. The examined group was subdivided into neg-
ative for dysplasia - 19 cases - ( I ), indefinite for dysplasia,
probably negative - 6 cases - ( II ), positive for dysplasia - low
grade - 8 cases - ( III ) and adencarcinoma with high grade dys-
plasia - 11 cases - ( IV ). Immunostaining for c-erb-B2 and Bcl-
xl was performed. using c-erb-B2 and Bcl-xl antibodies ( Novo-
castra c-erb-B2 NCL - c-erb-B2 316, Santa Crus Biochemicals
Bcl - xl No A 20, sc-7122 ). To visualize the antigen-antibody
reaction, the LSAB technique was applied, using DAB
(diaminobensidine) and ABC technique (working dilution 1:50).
The stainability of c-erb-B2 was defined by the percentage of
cells with a strongly stained cell membrane, often accompanied
by cytoplasm staining as follows: 29% or bellow ( - ), between
30% and 59% ( +) and 60% or over ( ++ ). The criteria for Bcl-
xl reaction were as ( ++ ), when above 50% cells were
immunopositive for the examined protein, ( + ) 50% -10% and
as ( - ), when bellow 10% cells were immunopositive. Chi-
squared test and Pearson correlation were used for statistical
analysis. Values of p< 0.05 were considered as statistically sig-
nificant.

Results and discussion 

BE is defined as a replacement of the normal squamous
epithelium of the lower oesophagus with metaplastic columnar

C-erb-B2 and Bcl-xl protein expression in Barrett´s
oesophagus in correlation with morphological parameters
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epithelium [2]. The diagnosis of BE should be made, based on
the presence of goblet cells, which can easily be identified,
using an Alcian blue PAS stain [10]. In our experience, this stain
is very useful in the diagnostic procedure because of the neces-
sity of discriminating goblet cells from reactive foveolar cells
which may be very similar on H-E stain. Chronic oesophageal
injury from gastroesophageal reflux may result in dysplasia,
which is an intermediate step in the progression from metapla-
sia to adenocarcinoma [3]. Regular endoscopic surveillance,
with histologic evaluation of biopsy specimens, has been rec-
ommended for patients with the diagnosis of BE [4]. The assess-
ment of dysplasia in biopsy samples in BE may be difficult
because of its multifocal distribution [3]. Bhargava et al. have
stressed that only endoscopy with systematic mapping may pro-
vide better surveillance for an individual patient [5]. In our
study, an initial microscopic examination revealed dysplasia in
57%. 8 patients with the diagnosis of BE had low grade dyspla-
sia. High grade dysplasia was found adjacent to adenocarcino-
ma in the majority of examined cases. The coexistence of these
abnormalites is very frequent in BE and is an evidence for a
malignant transformation [3]. During microscopical examina-
tion, we had some difficulties with the diagnosis of dysplasia in
6 patients with BE. These cases were initially qualified to the
indefinite for dysplasia, probably negative group. Staging of
dysplasia is subjected to considerable inter and intra observer
variations. Despite of the well defined pathological criteria for
the diagnosis of BE, differentiating the degree of dysplasia,
especially low-grade dysplasia from reactive changes may be
difficult in the presence of inflammation [10]. Histological grad-
ing of dysplasia is important from the therapeutic point of view
[4]. It may be helpful not only in the selection of therapy, but
also in the monitoring of its effectiveness. Many investigators
have tried to identify early markers of malignant transformation
[5, 11]. The role for c-erb-B2 oncoprotein has not been clearly
specified yet. In our study, positive c-erb-B2 staining was found
in mucosa of BE patients with low grade dysplasia in 5 out of 8
cases (62.5%), in 8 out of 11 cases with high grade dysplasia
(77.7%) and in 10 of 11 adenocarcinomas (90%), while it has
not been found in any case of indefinite dysplasia. The reported
prevalence of c-erb-B2 overexpression in esophageal adenocar-
cinomas varies from 10% to 64% [8, 9, 12]. Based on the large
proportion of adenocarcinoma with c-erb-B2 expression and
negative immunoreactivity in the dysplastic areas, it has been
suggested that it is the late event in the dysplasia - carcinoma
sequence [13]. The results of our study are in agreement with
those obtained by other investigators, who have found positive
c-erb-B2 staining in dysplastic epithelium but not in mucosa of
BE without dysplasia [5]. In our study, the overexpression of c-
erb-B2 increased significantly with the progressive grades of
dysplasia to adenocarcinoma. Statistical analysis revealed sig-
nificant (p<0.05) difference in c-erb-B2 expression between I -
III, I-IV, II-III and III-IV groups. In Group I, 10.5% were (+)
positive for c-erb-B2, in Group II, all the cases were negative for
c-erb-B2, in Group III, 25% were (++) positive for c-erb-B2 and
81.8% tumours in Group IV were c-erb-B2 immunopositive
(p=0.00001). Lesions, which overexpress c-erb-B2, may be
associated with a higher degree of proliferation. Kim et al.
found that the proliferation rate at the surface of BE gradually
increased with progressive grades of dysplasia [12]. Those

observations were also supported by Matsumoto et al., who
noticed that enhanced cell proliferation correlated with morpho-
logical abnormalities in BE [3]. Chen et al. showed a shift of
increased proliferation activity towards the upper crypt and the
luminal surface with increasing severity of dysplasia [14]. The
results, obtained by Whittles et al., revealed a significant
increase in the glandular proliferation to apoptosis ratio in the
progression of metaplasia through dysplasia to adenocarcinoma
[15]. The authors observed the decrease in apoptosis in the
upper crypt and luminal surface in dysplasia and adenocarcino-
ma, compared with metaplasia [15]. Those findings agreed with
our results, concerning Bcl-xl protein that have shown an
increase of expression with the progression of BE to adenocar-
cinoma. In our study, Bcl-xl protein expression was observed in
32, out of 44 cases with BE ( 96.9% ), all the adenocarcinoma
cases were Bcl-xl immunopositive. There were statistically sig-
nificant differences of Bcl-xl protein expression between I and
III, I and IV, as well as between II and IV groups. In Group I,
5.3% of al. cases were (++) positive for Bcl-xl, in Group II,
33.3%, in Group III, 62.5% and 90.9%  tumours in Group IV
were Bcl-xl immunopositive (p=0.00063). There is lack of data,
concerning with apoptosis and BE, as well as adenocarcinoma
development. Van der Woude et al. found an increased Bcl-xl
expression through metaplasia to adenocarcinoma [6]. Soslow
et al. observed a statistically significant linear association
between Bcl-xl expression versus increasing histological sever-
ity in BE [16]. Our study support the hypothesis that neoplastic
transformation through metaplasia, dysplasia to adenocarcino-
ma in BE may be associated with apoptosis proteins expression
alterations and overexpression of some oncogenes, like c-erb-
B2 protein, which can be useful for the correct interpretation of
dysplasia in BE.
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Abstract 

Metallothionein (MT) is a low molecular weight protein,
which participates in differentiation and proliferation of normal
and tumour cells. In some malignant tumours (mammary, renal,
ovarian cancers), its increased expression is thought to represent
an unfavourable prognostic factor. Non-small-cellular lung can-
cers (mainly squamocellular cancer and adenocarcinoma) are
characterised by ill-defined prognosis, which poses problems in
the selection of effective post-surgical therapy. The present
study aimed at demonstration of the prognostic significance of
MT expression in cells of non-small cell lung cancers, attempt-
ing to correlate the intensity of MT expression with G grade and
with the intensity of proliferation-associated antigen, Ki-67
expression. The studies were performed on archival paraffin
blocks with samples of 25 cases of non-small cell lung cancers
(5 squamous cell cancers, 20 adenocarcinomas). In paraffin sec-
tions of the studied tumours, immunocytochemical reactions
were performed, using mouse monoclonal anti-MT and anti-Ki-
67 antibodies. The expressions of MT and Ki-67 were demon-
strated in all the studied tumours. An analysis of correlation
between the expression of MT, Ki-67 antigen and G grade
demonstrated a strong positive relation between the latter two
parameters (r=0.70; p<0.05). Less pronounced positive correla-
tions were disclosed between MT expression and G grade
(r=0.44; p<0.05) and between MT expression and the expres-
sion of Ki-67 antigen (r=0.41; p<0.05). In addition, in 15 cases
of examined tumours, survival analysis was performed, which
disclosed a shorter survival in patients with high MT expression.

The obtained results confirmed the  relationship between MT
expression and Ki-67 antigen expression, indicating an involve-
ment of the proteins in processes of tumour cell proliferation. In
turn, the shorter survival of patients with high expression of MT
pointed to prognostic significance of the protein in non-small
cell lung cancers. 

Key words: metallothionein, nonsmall cell lung 
carcinoma.

Introduction 

Metallothioneins (MT) are low molecular weight (7 kDa) pro-
teins. They consist of a polypeptide chain of 61 to 68 amino acids,
of which around 30% are cystein residues. Due to their structure
and function, four basic types of the protein are distinguished: MT-
I, MT-II, MT-III and MT-IV, coded by genes, located in chromo-
some 16 [1]. MT are commonly present in normal tissues, as well
as in cells of various tumours [2, 3, 4]. The earliest recognized
function of MT involves their capacity to bind both toxic ions (Cd,
Pb, Hg) and ions indispensable to the body (Zn, Cu). Sharing the
potential to bind Zn ions, MT act as controllers of zinc-dependent
enzymes, which participate in DNA replication, transcription,
translation and in cell metabolism [1]. Augmented expression of
MT in cells of some tumours is linked with worse prognosis, resis-
tance to cytostatic drugs and to radiotherapy [2, 3]. The group of
non-small cell lung carcinomas (NSCLC) includes squamous cell
cancer, adenocarcinoma and large cell carcinoma. In such patients,
the prognosis used to be difficult to define, among others, due to
frequent non-uniform histological character of NSCLC. This cre-
ates problems in the selection of effective post-surgery treatment
(chemo- and/or radiotherapy) [5]. The present study aimed at
demonstrating the prognostic significance of MT expression in
NSCLC cells and in the attempts to correlate the intensity of its
expression with malignancy grade, G and with the intensity of
expression of the proliferation-associated antigen, Ki-67 antigen.

Role of metallothionein expression 
in non-small cell lung carcinomas
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Material and Methods 

The studies were performed on archival paraffin blocks,
containing 25 histopathologically verified cases of NSCLC
(T2N0 - 5 squamous cell carcinomas, 20 adenocarcinomas),
subjected to surgery during the years 1998-99 at the Lower Sile-
sia Centre of Tuberculosis and Lung Diseases in Wroc³aw. In
paraffin sections of studied tumours, immunocytochemical reac-
tions were performed, using mouse monoclonal antibodies,
directed to MT-I and MT-II (clone E9) and to Ki-67 (clone MIB-
1). The investigated antigens were visualised, using LSAB2 kit
and diaminobenzidine (DAB). All the antibodies and reagents
were purchased in  DAKOCytomation (Denmark). MT expres-
sion was evaluated, using the semiquantitative IRS scale,
according to Remmele [6] (0-12 points), which took into
account the intensity of the colour reaction and the number of
positive cells. The expression of Ki-67 antigen was appraised,
considering the proportion of cells with nuclear colour reaction
(0 pts - lack of reaction; 1 pt - 1-10%; 2 pts - 11-25%; 3 pts - 26-
50%; 4 pts - over 50% positive cells). Grade of malignancy, G,
was evaluated as recommended by WHO [7]. Clinical data
(TNM classification, duration of survival) were recovered from
the archives of the Lower Silesia Centre for Tuberculosis and
Lung Diseases in Wroc³aw. The obtained results were subjected
to statistical analysis, using the STATISTICA PL software
(StatSoft, Poland) and employing Spearman's correlation tests
and survival analysis of Kaplan-Meier.

Results 

In all the examined tumours, variable expressions of MT
and of Ki-67 antigen were observed. The most pronounced
intensity of nuclear-cytoplasmic expression of MT (Fig. 1) and
of Ki-67 antigen was noted in squamous cell cancers. The analy-
sis of correlations between the expressions of MT, Ki-67 antigen
and G grade of malignancy demonstrated a strong positive rela-
tionship between the two latter variables (r = 0.7; p < 0.05). Less
pronounced positive correlations were disclosed between MT
expression and G grade (r = 0.44; p < 0.05) and between MT

expression and the expression of Ki-67 antigen (r = 0.41; p <
0.05). In addition, in 15 cases of NSCLC (7 squamous cell can-
cers, 8 adenocarcinomas), survival analysis was performed
which demonstrated shorter survival times in patients with high
expression of MT (Fig. 2).

Discussion 

NSCLC represent a non-uniform group of tumours, regarding
the histological structure, clinical course or the prognosis. This cre-
ates problems in the selection of appropriate therapeutic approach
[8]. For several years, independent markers have been searched for,
which could help in choosing an effective way of treatment after
removal of the  primary tumour. The expression of MT in normal
cells and in some tumours is linked to cell proliferation and differ-
entiation [9]. This has prompted us to examine the intensity of
expression of the protein in NSCLC in attempts to use it in prog-
nostic evaluation of the patients. However, the few papers, pub-
lished on the subject till now, have presented contradictory results.
Tcheocharis and collaborators [10] dealt with a group of 89
NSCLC, evaluating by immunocytochemistry, i.a., the expression
of MT-I and MT-II. In part, they obtained results similar to those
obtained by us, noting the highest intensity of MT expression in
squamous cell cancers and a less pronounced expression in adeno-
carcinomas. However, in contrast to us, they found no correlation
between MT expression and the other clinical and pathological
variables.  Volm et al. [11], as well as Mattern et al. [12], examined
NSCLC in respect to their resistance to cytostatic drugs. Both in in
vitro and in vivo experiments, they noted more extensive resistance
to doxorubicin of MT (+) cells. Moreover, the intensity of MT
expression was positively related to malignancy grade G and to the
expression of another protein responsible for multi-drug resistance
to cytostatic drugs, glutathion-s-transferase-Π. Similarly to
tumours of other organs, the results obtained by us in NSCLC
demonstrated a positive correlation between the expression of MT
and Ki-67 antigen [2, 13]. This indicated participation of the pro-
tein in the processes of NSCLC cell proliferation. In turn, the shor-
ter survival of patients with high MT expression may argue for
prognostic significance of its expression in NSCLC.

Figure 1. Expression of metallothionein (MT) in cell nuclei and
cytoplasm of cells in squamous cell lung cancer. x200; back-
ground staining with haematoxylin.
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Abstract 

A candidate gene, involved in the regulation of bone mass is
the COLIA1 gene encoding type I collagen, the major protein of
bone matrix. The disease per se, the age of its onset and treat-
ment options might exert an impact on bone mineralization in
survivors of childhood malignancy. We examined possible allel-
ic influences of COLIA1 gene polymorphism on BMI, BMD
spine and total body in 41 survivors (15 girls) of childhood can-
cer (the mean age 8.9 years). Genotype distribution was 33
(80.5%) SS and 8 (19.5%) Ss. There were no differences in SDS
BMD and SDS BMI between patients with SS and Ss genotype.
A tendency towards lower SDS values of BMD spine and BMI
was observed (not significant). In conclusion, our preliminary
observations suggest that COLIA1 genotype may affect bone
accrual in a population treated for childhood cancer. Further
investigations in a greater population are needed.

Key words: childhood cancer, collagen type I, 
polymorphism, bone, osteoporosis.

Introduction 

Osteoporosis is a common disease, characterized by reduced
bone mineral density (BMD), damage of the architecture of
bone tissue and an increased risk of non-traumatic fractures.
Variation in the attainment of peak bone mass plays an impor-
tant role in the development of osteoporosis. Based on family

and twin studies, peak bone mass has been estimated to be up to
85%, as genetically determined. Several polymorphisms in
"candidate" genes have been investigated as genetic factors that
could influence bone mineral density [1]. In many studies, poly-
morphism Sp1 binding site, in the first intron of the collagen
type Iα1 (COLIA1) gene, has been proved to be associated with
low bone density [2, 3]. Treatment for malignancy in childhood
can result in diminished peak bone mass and osteoporosis deve-
lopment in adults [4]. We hypothesize that COLIA1 genotype
might affect anthropometric or densitometric characteristics of
bone in children and young adults exposed to negative environ-
mental factors, connected with malignant disease and its treat-
ment. Therefore, we tried to investigate the incidence and asso-
ciation between COLIA1 polymorphism and bone characteris-
tics in survivors of childhood cancer.

Material and methods 

We examined 41 patients (14 girls) diagnosed for leukaemia
and lymphoma (n= 34) and solid tumour (n= 7) at the mean of
age of  8.9 years (range 1.66 - 19.83). The mean age of diagno-
sis was 3.7 years. All the subjects had received chemotherapy
(CHT), 24 additionally steroidotherapy (ST) and 7 - radiothera-
py (RTX). All the patients underwent a physical examination;
their height was assessed, using a fixed stadiometer, their weight
on a standard clinical balance, the pubertal development,
according to Tanner's scale. Body mass index was calculated,
according to the formula: weight/height2 (kg/m2) and expressed
as standard deviation score (SDS). Bone mineral density (BMD
g/cm2) was determined by dual energy x-ray absorptiometry
(Lunar DPX-L Madison WI version 1.35) of the lumbar spine
and total body in children over 5 years of age (n= 26) - the
acquired results were compared with the results of 473 healthy
references and expressed as SDS. The G to T polymorphism
ratio in the Sp1 binding site in the COLIA1 gene was detected
by the polymerase chain reaction-based method with primers

Association of collagen Type I αα1 gene polymorphism
with bone density in survivors of childhood cancer 

- preliminary report

Muszyñska-Ros³an K1, Galicka A2, Sawicka M1, Krawczuk-Rybak M1, Wo³czyñski S3

1Department of Paediatric Oncology, 2Department of Medical Chemistry, 
3Department of Gynaecological Endocrinology, Medical University of Bia³ystok, Poland

ADDRESS FOR CORRESPONDENCE: 
Katarzyna Muszyñska-Ros³an 
Department of Paediatric Oncology
Medical University of Bialystok
Waszyngtona 17 15-274 Bia³ystok, Poland 
e-mail: kmroslan@amb.edu.pl



and reaction conditions, as described previously, using DNA
extracted from whole blood. The reaction products were digest-
ed with the restriction enzyme MscI and analysed by agarose
gel electrophoresis. The genotype was defined as "S" or "s",
according to either the absence or presence of restriction site.
Statistical analysis: to correct for the age differences between
the genotype, anthropometric parameters and bone characteris-
tics were expressed in age and sex-matched standard deviation
scores (SDS). The data were analyzed by using t-test for
unpaired samples. Linear regression was made to assess the
dependence of bone mineral density on the independent vari-
ables, such as clinical characteristics and genotype. P-values of
less than 0.05 were considered significant. The study was
approved by the Medical Ethics Committee of the Medical
Academy of Bia³ystok

Results 

The characteristics of the studied subjects are shown in
Table 1. The genotype distribution was 33 (80.5%) SS -
homozygous for absence of MscI site; 8 (19.5%) Ss heterozy-
gous; we did not find ss - homozygous for presence of MscI site.
There were no differences in SDS values of BMI and BMD total
and spine between SS and Ss genotypes. We observed a tenden-
cy towards lower SDS values of BMI (0.654 ±2.11 vs -0.138
±2.44) and BMD spine (0.43 ±1.33 vs -0.75 ±1.48) in children
with Ss genotype; after an adjustment for BMS SDS, the
COLIA1 genotype effect on BMD spine disappeared. There was
no significant association between the age of diagnosis, the kind
of neoplastic disease, body mass index and genotype. 

Discussion 

Type I collagen is the major protein of bone. Mutations in
the coding regions of the COLIA1 genes are found in diseases
associated with severe osteoporosis. Grant et al. detected poly-
morphism in the first intron of the COLIA1 gene, involving the
binding site for the transcription factor Sp1, important for the
regulation of gene expression and type I procollagen synthesis
[5]. Most studies have shown a negative effect of COLIA1 "s"
allele on BMD. However, they were performed in adults who
had undergone substantial bone loss [2, 6]. Children had a short-
er exposure to lifestyle and environmental factors which can
influence the overall effect of genetic factors on bone develop-
ment and mineralization. The studies in paediatric population
have shown conflicting results because of different methods
used to measure bone mass, the expression of data, the age and
the gender. Berg et al. concluded that the polymorphism at the
Sp1 binding site in the COLIA1 gene is not associated with
BMD in healthy boys and girls [7]. No association was found
between COLIA1 polymorphism and BMD or BMC (bone min-
eral content) in 428 prepubertal children examined by Willing et
al. [8] On the other hand, Sainz et al. described lower bone den-
sity in prepubertal girls with the Ss and ss genotype, compared
to girls with SS genotype, but no allele effect was found on bone
size [9]. In childhood and especially during puberty, bone min-
eral density and body size change markedly. Van der Sluis et al.

studied 148 healthy Caucasian children and showed that sub-
jects with Ss and ss genotype had decreased SDS BMC and SDS
BMD for both lumbar spine and total body and a shorter stature
and smaller bones comparing to SS genotype. Similar associa-
tions were found at follow-up after 4 years [3]. The comparison
various methods (DEXA, CT, and ultrasound) support the
hypothesis that SP1 COLIA1 polymorphism is more strongly
associated with bone morphology and quality than with miner-
alization [3, 7, 8, 9]. Children with malignant disease may be
considered a subgroup at high-risk of developing osteoporosis.
Unfavourable factors, e.g., cancer disease per se, the age of its
onset, treatment options might influence bone mineralization in
survivors of childhood malignancy [4]. In our preliminary study,
we did not find  any  significant differences between genotype
and SDS BMI and SDS BMD total and spine. The allele inci-
dence rates  of the COLIA1 variants were similar to those
reported for other Caucasian population. We did not make any
statistical analyses,  dependending on Tanner's stage to compare
children with SS and Ss genotype, due to a small population. We
observed a  tendency towards lower BMI SDS and BMD spine
SDS in heterozygous patients, however, after a correction for
BMI, the small differences between both groups decreased. The
similar results, obtained in previous studies, indicate that the
effect of the COLIA1 genotype on bone mineral density can par-
tially be mediated by its genetic effect on body size. In summa-
ry, our preliminary observations suggest an influence of
COLIA1 genotype on bone accrual in the population treated for
childhood cancer. Further investigations on polymorphisms of
other "candidate" genes in a greater cohort of children with neo-
plastic disease are needed.
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Subjects SS genotype Ss genotype 

N = 41 33 8 

Age of study = 8,9 years 8.34 years 11.35 years 

Sex:  female N= 15 

Male N= 16 

F/ N=13 

M/ N= 10 

F/ N= 2 

M/ N= 6 

a) prepuberty N= 21 

b) during puberty  N= 10 

c) post puberty  N= 10 

a) N= 19; 

b) N= 8; 

c) N= 4 

a) N= 2; 

b) N= 2; 

c) N= 6 

Treatment with CHT and RT N = 7 N= 5 N= 2 

Treatment with CHT and ST N = 34 N= 28 N= 6 

BMI (kg/m2) 18.05 ±3.7 17.7 ±4.3 

BMD total - (g/m2) 0.883 ±0.15 0.947 ±0.22 

BMD spine - (g/m2) 0.719 ±0.22 0.820 ±0.35 

BMD total SDS -0.837 ±1.75 0.213 ±2.04 

BMD spine SDS 0.436 ±1.33 -0.754 ±1.4 

BMI SDS 0.655 ±2.12 -0.138 ±2.44 

Table 1. Clinical characteristics, anthropometric and densito-
metric parameters in relation to COLIA1 gene alleles.
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Abstract 

Not only bile but also chronic cholecystitis may play a role
in gallbladder carcinogenesis. Numerous studies have revealed
a close correlation between chronic inflammation and neoplasia.
The experiments were conducted on paraffin sections, obtained
from 377 surgically resected gallbladders with chronic chole-
cystitis. Immunohistochemical reaction was conducted on
deparaffinized sections, using a monoclonal antibody against 8-
hydroxydeoxyguanosine (8-OHdG), a biomarker of oxidative
DNA damage. An increase was found in the expression of 8-
hydroxydeoxyguanosine in chronic cholecystitis. The level of 8-
OhdG expression is associated with inflammation intensity and
disease duration. DNA damage, observed in chronic cholecysti-
tis. indicates a correlation between chronic inflammation and
gallbladder carcinogenesis.

Key words: chronic cholecystitis, carcinogenesis, oxida-
tive DNA damage, 8-hydroxydoxy-guanosine.

Introduction 

Gallbladder carcinogenesis is related to bile mutagenic
activity, although a number of studies ascribe an important role
to chronic cholecystitis. There are well known examples of a
close association between chronic inflammation and carcino-
genesis in some organs, including ulcerative colitis and carcino-
ma of the colon, Helicobacter pylori-related gastritis and gastric

cancer, viral hepatitis and hepatic cancer [1, 2, 3].
The likely mechanism of inflammation effects on carcino-

genesis is associated with oxidative DNA damage [4].
Cytokines, released by inflammatory cells, destroy DNA and
can inhibit its repair [5].

Material and methods

The study was conducted on paraffin sections, obtained from
377 surgically resected gallbladders with chronic cholecystitis, at
the District General Hospital in Bia³ystok, within a five-year
period (1999-2003). The control group consisted of normal gall-
bladder specimens, collected from carcinoma patients. 

The analysed parameters included: the gender, the age (age
groups: 1/0 - 30 years, 2/31-50 years, 3/ over 51 years), disease
duration (1/ up to 2 years, 2/ 2-5 years, 3/ over 5 years), the size
and number of gallstones (1/ no gallstones, 2/ single, large, 3/
varying in size, 4/ small, a large number), and the degree of
inflammation, according to the following scale: I0 - several lym-
phocytes (<20) in 10 large fields of vision in the lamina propria
of the mucosa, II0 - intensive inflammatory infiltration - 20-100
lymphocytes in 10 large fields of vision, III0 - hyper-intensive
inflammatory infiltration >100 lymphocytes in 10 large fields of
vision without lymph nodules, IV0 - hyper-intensive inflamma-
tory infiltration with 2-3 lymph nodules in 10 large fields of
vision.

The deparaffinized sections, obtained from the archival spec-
imens, stored at the Department of Pathomorphology, were
immunohistochemically investigated, using a monoclonal anti-
body against 8-hydroxydeoxyguanosine (8-OhdG), (Oxis) (dilu-
tion 1:200) with LSAB kit (Dako) and methods recommended by
Seki et al. [6].

The expression of 8-OhdG (8-OhdG index) was determined
by counting the number of positive-cells among 200 epithelial
cells of gallbladder mucosa (the mean of two calculations at
200x magnification for each case).
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Multiple linear regression was used for statistical analysis,
and p<0.005 was considered to be the level of significance. 

Results The research material was obtained from 316
women and 61 men. The age group 1 (0-30 years) included 24
patients, the age group 2 (31 - 50 years) 13, and the age group 3
(over 51 years) - 217 patients. The disease duration: up to 2
years referred to 208 patients, from 2 to 5 years - 44 patients and
over 5 years - 125 patients. No gallstones were found in 13
patients, 53 patients had single large gallstones, in 53 - gall-
stones varied in size and, in 192 - they were small and numer-
ous. I0 inflammation was noted in 90 patients, II0 in 162, III0 in
120 and IV0 in 5 patients. 

The performed immunohistochemical investigations
revealed a varied expression of 8-hydroxydeoxyguanosine (8-
OhdG) in the epithelial cells of gallbladder mucosa, ranging
from very few coverage epithelial cells to a large number of
cells. In some fields of vision, most cell nuclei of the surface
epithelium and glandular tubes, lying underneath, showed a
strong nuclear expression. In such cases, also lymphoidal cells
in inflammatory infiltrations were positive for 8-OhdG (ryc.1).
In the control group, the reaction was negative. 

Statistical analysis showed a statistically significant differ-
ence between the level of 8-0HdG expression in gallbladder
mucosal epithelium and the disease duration and inflammation
degree (p< 0.0005). The remaining correlations, concerning the
8OhdG index and the gender and age, as well as the number and
size of gallstones, showed no statistical significance (Table 1.). 

Discussion 

The immunohistochemical investigation, which employs
antibody against 8-OhdG, serves to visualize oxidative DNA
damage in human tissues and is considered a biomarker of con-
siderable specificity [4]. Similarly as Seiko et al. [6], we found
a correlation between the increase in the 8-0HdG index in gall-
bladder mucosal epithelium and inflammation degree. We also
noted that the reaction intensity increased statistically signifi-
cantly with the disease duration. The fields, where 80HdG
expression in epithelial cells was markedly enhanced, also
exhibited substantial lymphocytic infiltration. As similar obser-
vations have been reported by other authors, it can be assumed
that inflammatory infiltration is the source of oxidative stress
for gallbladder mucosal epithelial cells [7]. According to many
authors, oxidative DNA damage plays a significant role in car-
cinogenesis [8]. Free oxygen radicals can be the major factors in
promoting gene sequence instability, while inflammatory
cytokines cause DNA damage and may inhibit the general
mechanism of DNA repair. Although the precise role of 8-0HdG
is unclear, in vitro studies have revealed that 8-0HdG accumu-
lation in cellular DNA is mutagenic and carcinogenic; it is of
great predictive significance for carcinogenesis in the breast [9]. 

Conclusions 

In chronic cholecystitis, the expression of 8-hydroxy-
deoxyguanosine, a biomarker of oxidative DNA damage, is
increased. The expression of 8-OHdG is associated with inflam-
mation degree and disease duration. DNA damage, observed in
chronic cholecystitis, indicates a correlation between cholecys-
titis and cancerogenesis.
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Statistical  

multiple  

regression 

Dependent variable regression: 8-0HdG  INDEX 

R= .30900511   R2= .09548416   Corrected. R^2= .08081633 

F (6.370)=6.5098 p< .00000 Standard estimation error: 7.5326 

N=377 BETA 
St. 

Error BETA 
B 

St. 

Error B 
t (370) Level p 

Gender 

Age 

Disease duration 

No of gallstones 

Inflammation intensity 

.081484 

.010475 

.206034 

.008838 

.216200 

 

.049724 

.051901 

.053915 

.063727 

.049948 

 

1.736097 

.133829 

1.769343 

.080779 

2.192183 

 

1.059412 

.663088 

.463002 

.582468 

.506457 

 

1.638736 

.201827 

3.821460 

.138684 

4.328467 

 

.102118 

.840163 

.000156 

.889776 

.000019 

 

Table 1. 8-0HdG index in relation to the gender, the age, disease duration, the number of gallstones and inflammation degree.

 

Figure 1. Expresion 8-hydroxydeoxyguanosine in chronic
cholecystitis. Immunohistochemical reaction. Mag. x 400. 
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Abstract 

The incidence of K-RAS gene mutations in tumour and sur-
gical margins was investigated in 63 patients with adenocarci-
nomas of varied clinical stage and histological grade. Point
mutations of codon 12 K-RAS gene were detected, using the
PCR-RFPL technique in cancer tissue in 23 patients (36.5%)
and in colon margin mucosa in 1 patient (3.7%), out of 27 exam-
ined subjects. No significant correlations were found between
the mutations and clinical features. Tumours, located in the left
colon, and mucinous neoplasms displayed a higher incidence of
mutations. No correlation was observed with either Dukes or
TMN clinical advancement. 

Key words: K-RAS mutations, colorectal cancer, 
surgical margins.

Introduction 

Mutations of protooncogenes RAS are most commonly
found in CRC, appearing early in the process of carcinogenesis,
already in the phase of hyperproliferating epithelium, in
anaplastic crypt foci (ACF), in adenocarcinomas and cancers [1,
2].

Determination of K-RAS mutations have recently been used
to elucidate the prognostic role of surgical margin length during
CRC resection, being more efficient than conventional
histopathological examinations [3, 4, 5].

The aim of the study was to clinically evaluate the useful-
ness of detection of K-RAS mutations in colorectal cancers and
in surgical margins of the colon, with reference to their diag-
nostic and prognostic value in correlation with clinical features,
histopathological picture, size, differentiation and metastases.

Material and Methods 

The study involved 63 patients with CRC: 30 (47.6%) men,
aged 51-80 years (the mean age: 68.0 years) and 33 women,
aged 40-84 years (the mean age: 65.6 years) operated on during
the period of 2001-2003. Tumours were located in the rectum in
30 patients, in the left colon in 19 and in the right colon in 14
subjects. In 25 cases, Dukes C tumours were found, 24 patients
had Dukes B, 6 Dukes A and 8 Dukes D. Out of 61 patients with
adenocarcinoma,  42 had G2 (68.8%), 14 G3 and 5 - G1 stage.
In 7 patients, mucus-secreting tumours were isolated. Radical
surgery was performed in 55 subjects (87.3%) from Groups A,
B and C, palliative - in 8 D cases. Surgical margins of, at least,
5 cm in colon cancer and 2 cm in rectal cancer were preserved.
The tumour and the margins were subjected to histopathological
and molecular evaluation.

Genomic DNA was isolated from approximately 20 mg of
tissue, using the GenElute Blood Genomic DNA Kit /Sigma/.
The analysis of K-RAS mutation was performed by the RFLP-
PCR technique with an additional enrichment of the genetic
material with mutated alleles. The amplification proper (II PCR)
and restrictive analysis with BstOI enzyme (sequences: KR1 5'-
ACTGAATATAAACTTGTGGTAGTTGGACCT-3'KR2,5'-
TCAAAGAAT-GGTCCTGCACC-3') followed the preliminary
coping of the matrix. Digestion products were distributed, bas-
ing on differences in the molecular weight via electrophoresis in
polyacrylamid gel. Electrophoregrams were subjected to com-
puter analysis by UVI-KS400i/Image PC /Syngen Biotech. [6].
The chi2 test was used for statistical analysis: p<0.05 was the
accepted level of significance.
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Results 

K-RAS gene mutations in the study group of 63 patients were
found in 23 cases (36.5%) in the tumour, in women 13/33 (39.4%)
and in men - 10/30 (33.3%). Their incidence was similar in both
age groups: under 60 in 6/17 patients (35.3%) and over 60 in
17/46 (36.9%). A higher percentage of mutations was observed in
the tumours, located in the left colon: 47.3 and 28.6% (p=0.48)
and in mucus-secreting tumours: 65.3% and 33.9% (p=0.2). No
significant correlations were noted between Dukes scale and the
tumour size (TNM) or histological differentiation (Table 1). K-
RAS mutations were detected in 1 (3.7%), out of 27 surgical mar-
gins, with no neoplastic cells found in histopathological examina-
tion. In the group of 63 patients, a 6-24-month clinical follow-up
revealed the disease recurrence in 5 (7.9%); two of them had K-
RAS mutation in the primary tumour.

Discussion 

Most clinical genetic researches tend to determine the prog-
nostic significance of K-RAS mutations, but the reported data are
not consistent [7, 8, 9]. The incidence of mutations in CRC
ranges from 20% to 50% (the differences are due either to the
selection of patients or to tissue fixation techniques), suggesting
the existence of several different pathways of carcinogenesis
which require thorough investigations [8, 9, 10]. In our material

of 63 patients with colorectal cancer, mutations in codon 12 of K-
RAS were found in 23 cases (36.5%). Similar results have been
reported by other clinical centres [7, 9]. Like other authors, we
found no correlation between the incidence of mutations and the
clinical features, including clinical advancement [7, 8]. In our
patients, a similar incidence of mutations was maintained from
the earliest stages of tumour growth: 41.6% for T1 and T2 v.
35.2% for T3 and T4. No distinct correlations were seen between
the presence of mutations in the tumour and its histological
grade. Only in the mucus-secreting tumours, mutation incidence
was close to significant 65.3% v. 33.9% (p=0.2). Similar corre-
lations, resulting perhaps from a different genetic model of muci-
nous tumour growth, can be found in single reports of other
authors [4, 9]. Neoplastic recurrence, following radical resection,
was observed in 5 patients, out of 63 (7.9%), including 2 with
gene K-RAS mutation. These observations, as well as the find-
ings of other authors indicate that K-RAS mutations in CRC do
not significantly correlate with either neoplastic recurrences or
the survival time, although some contradictory data have been
reported, e.g. the fact that either recurrences or remote metas-
tases can be predicted, based on tests of tumour-drainage blood,
bone marrow, lymph nodes, peripheral blood or stool [11, 12,
13]. Studies on  K-RAS mutations are undertaken to detect
micrometastases at the line of surgical incision of the colon mar-
gin. Their results (mutation range 6% - 53%) are difficult to com-
pare because of the differences in the employed research models,
in margin length and the methods of mutation detection [3, 4, 5].
In our own analysis of 27 margins >5 cm from the tumour bor-
der, mutation was detected in 1 (3.7%). The trials, which have
been undertaken to determine K-RAS mutations in surgical mar-
gin mucosa, seem to confirm the possibility of their detection,
when histopathological examination is negative. Determination
of these mutations can be treated as one of the pathways, used to
identify either high risk factors of micrometastases or recur-
rences in the postoperative period [5, 7, 10], what encourages
research intensification.

Conclusions 

No correlation was found of K-RAS gene mutations with
clinical features of the tumour or with Dukes or TNM clinical
advancement. A non-significant correlation was observed with
the left-side location in the colon and with mucinous histotype.

In histologically unchanged mucosa of surgical margins, K-
RAS point mutations were detected in 3.7% of CRC patients. 
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Feature Number 
of patients 

K-RAS mutation p 

Sex: 
Men 

 
30 

 
10      (33.3%) 

 

Women 33 13      (39.4%) 0.612 
Age:   under 60 years 17 6       (35.3%)  
           over 60 years 46 17     (36.9%) 0.90 

Tumour location: 
Rectum 

 
30 

 
10       (33.3%) 

 

Left colon 19 9         (47.3%)  
Right colon 14 4         (28.6%) 0.48 

Dukes’ scale: 
A 

 
6 

 
3         (50.0%) 

 

B 24 8         (33.3%)  
C 25 8         (32.0%)  
D 8 4         (50.0%) 0.98 

Histological grade: G1  
5 

 
2         (40.0%) 

 

G2 42 15       (35.7%)  
G3 14 5         (35.7%) 0.98 

Adenocarcinoma 56 19     (33.9%)  
Mucus-secreting 

tumours 
7 
 

4         (65.3%) 0.21 

Feature T:  pT1 6 3        (50.0%)  
pT2 6 2        (33.3%)  
pT3 37 13      (35.1%)  
pT4 14 5        (35.7%) 0.77 

Table 1. K-RAS mutations, according to age and sex of patients,
tumour histological texture, histological and clinical advance-
ment.
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Abstract

The aim of the study was an evaluation of PCNA and Ki-67
expression in the epithelial and stromal component of fibroep-
ithelial tumours ( FT ) of the breast in correlation with morpho-
logical parameters. A series of 11 fibroadenomas ( FA ), includ-
ing 8 cases of the cellular type ( FAC ), 19 benign phyllodes
tumours ( PTLGM ), 8 bordeline ( PTBM ) and 6 malignant
phyllodes tumours were assessed, using immunohistochemistry.
The expressions of Ki-67 and PCNA in the epithelial component
were significantly higher in PTLGM, when compared with FA
and PTBM. A significant increase of Ki-67 and PCNA stromal
expressions was associated with the progression from PTLGM
to PTHGM. Our results show that Ki-67 and PCNA may be use-
ful in the evaluation of stromal proliferation in phyllodes
tumours ( PT ), which play an integral part in the progression
from PTLGM through PTBM to PTHGM. 

Key words: Ki-67, PCNA, fibroadenoma, phyllodes 
tumour

Introduction 

Phyllodes tumour (PT) is a rare fibroepithelial neoplasm of
the breast, composed of epithelial and stromal elements. Based
on the stromal cellularity and overgrowth, nuclear pleomor-
phism, mitotic activity and the type of border PTs are classified
as benign, borderline and malignant [1]. FA is the most common
benign fibroepithelial neoplasm of the breast in young adult

women. A rare variant of FA is that of the cellular type, what
poses some problem in the diagnosis on FNA [2]. Attempts have
been made to identify markers which may be useful in the dif-
ferential diagnosis of FT and in predicting prognosis in patients
with PT [1, 3, 4, 5]. Ki-67 and PCNA antigens have been shown
to be useful in the analysis of cellular proliferation [1, 6, 7]. The
aim of this study was to evaluate Ki-67 and PCNA expressions
in epithelial and stromal elements of fibroepithelial tumours
from 44 patients in correlation with morphological features. 

Material and methods 

The examined group included 11 cases of FA - Group I, 19
cases of PTLGM - Group II, 8 cases of PTBM - Group III and
6 cases of PTHGM - Group IV. In the series of FA, there were 8
cases of cellular type. All the PTs were histologically classified,
taking into account stromal overgrowth, cellularity, mitotic
activity and atypia, using the 1-3 scale. Immunostaining was
performed with PCNA (PC - 10, Dako) and Ki-67 ( Ki-67,
Dako) monoclonal antibodies, using an LSAB KIT with DAB as
a chromogen. Scores in the examined groups were based on the
following scale: ( - ) below 10 % of the cells with positive reac-
tion for PCNA and Ki-67 proteins, ( + ) between 10 % - 50 %
and ( ++ ), when above 50 % cells were immunopositive. The
obtained values were subjected to statistical analysis with the
use of the chi-squared and Mann - Whitney tests. The correla-
tion between the scores and pathological variables was evaluat-
ed, using Pearson and Spermans correlation analysis. Values of
p<0.05 were considered as statistically significant. 

Results and discussion 

FA and mammary PT are biphasic lesions with epithelial and
stromal elements. FA of a conventional type is a benign neo-
plasm. A cellular variant of FA shows a rapid growth and may
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attain large size in the breast [4]. The classification of PT as
benign, borderline malignant and malignant tumour, reflects the
probable clinical course, based on the histological appearance of
the tumour [1]. The diagnosis of FTs in our series depended on
the careful assessment of morphological features in numerous
specimens. The group of FAs included 8 cases of those with
stromal cellularity. The microscopic picture revealed enlarged
ductules with hyperplastic epithelium and superimposed small
papillations. The stroma was focally or diffusely hypercellular
with considerable pleomorphism. Benign PT had bland, some-
times cellular spindle cells or myxoid stroma with low mitotic
rate, minimal atypia and pushing borders. PTBM had an
increased mitotic activity, cellularity, stromal overgrowth,
nuclear pleomorphism and either pushing or infiltrative borders.
Malignant tumours revealed a greatly increased cellularity, high
mitotic rate, marked nuclear pleomorphism and an overgrowth
of stromal elements. Most of them had also necrosis. The struc-
tural variability among PTs creates a substantial difficulty in the
proper diagnosis of some lesions, sampled by FNA [2]. Many
PTs exhibits epithelial hyperplasia, often represented by a vari-
able increase in the thickness of the cuboidal or columnar
epithelium, lining the glandular spaces. The epithelial compo-
nent of PTs contains much higher concentrations of endothelin -
1 ( ET - 1 ), when compared with FAs. Yomashita et al. suggest
a possible paracrine role of endothelin 1 in stimulating the pro-
liferation of stromal cells in PTs [8]. Sawhney et al. suggest that

there is an interdependence of growth between the epithelial and
stromal elements in PTs [9]. In our series, Ki-67 and PCNA pro-
tein expressions in the epithelial component were assessed as
positive in 28, out of 44 cases ( 63,6% ) and in 30, out of 44 (
68,2% ). There were statistically significant differences in Ki-67
and PCNA epithelial expression between Groups I - II and
Groups II - III. In Group I, 63.6% and 81.8% were ( + ) positive
for Ki-67 and PCNA respectively. In Group II, 100% of exam-
ined cases were ( + ) positive for Ki-67 and PCNA. In Group III,
all the cases were immunonegative for Ki-67 and PCNA (Table
1). The epithelial elements of PTBM and PTHGM were not dis-
tinctive, when compared with PTLGM. Sawhney et al. suggest
that stromal dependence on epithelium, which may become
atrophic, is lost with increasing malignancy of PTs [9]. In our
series, PCNA and Ki-67 positive reaction in the stromal compo-
nent was observed in 14, out of 44 cases ( 31.7% ). Statistical
analysis revealed significant differences in Ki-67 and PCNA
stromal expressions between Groups II -III and Groups III-IV.
In Group II, all the cases were negative for Ki-67 and PCNA. In
Group III, 100% were ( + ) positive for Ki-67 and PCNA. In
Group IV, all the cases were ( ++ ) positive for Ki-67 and PCNA
(Table 2). In the examined group, Ki-67 and PCNA protein
expressions correlated significantly with stromal overgrowth,
cellularity, mitotic count and atypia in PT. Our results support
those from previous reports which showed that Ki-67 stromal
expression correlated with the degree of malignancy in PT [6,

Ki-67 PCNA 

( - ) ( + ) ( - ) ( + ) 

 

Groups 

No % No % No % No % 

I 4 36.4 7 63.6 2 18.2 9 81,8 

II 0 0 19 100 0 0 19 100 

III 8 100 0 0 8 100 0 100 

Table 1. Ki-67 and PCNA expression in the epithelial component of fibroepithelial tumours

Ki-67 PCNA 

( - ) ( + ) ( ++ ) ( - ) ( + ) ( ++ ) 

 

Groups 

No % No % No % No % No % No % 

II 19 100 0 0 0 0 19 100 0 0 0 0 

III 0 0 8 100 0 0 0 0 8 100 0 0 

IV 0 0 0 0 6 100 0 0 0 0 6 100 

Table 1. Ki-67 and PCNA expression in the stromal component of fibroepithelial tumours



10]. In the examined group, we did not find any significant dif-
ference in Ki-67 and PCNA expressions between FAC and
PTLGM. The findings are in agreement with those, obtained by
Kaya et al, who observed proliferating activity almost at the
same level in both of these entities [4]. Examinations, concern-
ing the expression of the high molecular form of tenascin ( HMT
) in FA revealed 2 groups of lesions - the first and the second -
which were above represented in 60% and in 20%, respectively.
Tenascin is a glycoprotein, produced mainly by stromal cells,
and its expressions correlates with cell proliferations. Borsi et
al. revealed a significant presence of HMT in the stromal cells
of benign PT and some FA with an evident proliferation of stro-
mal elements [11]. Surgery is the treatment of choice in patients
with FT of the breast. Accepted treatment of FA is surgical enu-
cleation of the tumour mass. In women with a small PTLGM,
PTBM and PTHGM, a local excision, with wide margins to pre-
vent recurrence, or simple and radical mastectomy in case of
larger tumour size has been recommended [3,5]. Based on the
obtained results, the optimal therapy for patients with cellular
FA should be a complete excision of the tumour, together with
adequate margins of the breast tissue. In conclusion, Ki-67 and
PCNA immunohistochemistry may be useful in the evaluation
of the stromal proliferation in PTs, which plays an integral part
in the progression from PTLGM to PTHGM.
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Abstract 

The purpose of the study was to evaluate the expression of
IGF-IR in primary tumours and lymph node metastases of oral
cancers and the correlation between expression of IGF-IR and
some clinicopathological features. Fifty-seven (57) oral can-
cers were examined by immunohistochemical studies, using
the avidin-biotin-peroxidase method. Our study included only
oral cancers, classified histopathologically as squamous cell
carcinoma (7 cases in G1 grade, 44 (G2) and 6 (G3); 23/pT1
stage, 18/pT2, 7/pT3 and 9/pT4). Positive immunostaining for
IGF-IR was noted in 32, out of 57 (56.1%) of oral tumours. We
found a tendency (p=0.081) toward an association between
IGF-IR expression in the primary tumours and their stage (pT3
and pT4). A comparison between the primary tumours and
matching lymph node metastases revealed that 13, out of 20,
(65%) cases showed a convergence between primary tumours
and matching lymph node metastases with regard to either
negative or positive staining. 

Introduction 

The IGF family of peptide ligands (IGF-1 and IGF-2) the
IGF-1 and IGF-2 receptors are fundamentally involved in the
regulation of somatic growth, cell proliferation, transforma-
tion and apoptosis. IGF-1 stimulates growth and metabolism
by binding to the IGF-1R receptor, thereby activating, by pro-
tein tyrosine phosphorylation, a signal transduction cascade
that is similar to the one, involved in insulin action. The IGF-

IR, a tyrosine kinase receptor, is the major receptor for both
IGF-I and IGF-II and consists of two α two ß subunits. The α
subunits are entirely extracellular chains, containing a cys-
teine-rich domain responsible for ligand binding, and the ß
subunits display a highly hydrophobic transmembrane domain,
which divides the subunit into an extracellular and intracellu-
lar region, containing a tyrosine kinase domain [1]. Recently,
lots of data suggested a role of IGF-1 and IGF-1R receptor in
neoplastic transformation. A variety of tumour systems,
including colon cancers, demonstrate an altered expression of
IGF-I and IGF-II and their principle receptor IGF-IR [2].
However, the biological effect of IGF-I in malignant progres-
sion has not - so far - been fully elucidated. Some studies have
shown that IGF-IR may prevent apoptosis in numerous tumour
cell systems; in addition, it may play a role in induction of cell
proliferation. Several studies have shown that IGF-IR is cru-
cial for maintaining normal growth and development, as well
as mitogenic activity, cell survival, and insulin-like actions are
essential for embryogenesis, post-natal growth physiology,
and breast development [3].

The purpose of the study was to evaluate the expression of
IGF-IR in primary tumours and lymph node metastases of oral
cancers. Moreover, we assessed the correlation between the
expression of IGF-IR and some clinicopathological features.

Material and methods 

We examined a series of 57 oral squamous cell cancers and
20 cases of lymph node metastases. The obtained biopsy spec-
imens were fixed in a 10% buffered formalin solution, embed-
ded in paraffin at 56°C, then cut into 5µm slices and stained
with haematoxylin and eosin (H+E). The evaluation of IGF-IR
expression was performed by  immunohistochemical reaction,
using monoclonal antibodies from Santa Cruz Biochemicals,
USA. In order to visualize the antigen-antibody reaction, the
LSAB technique was applied, using DAB (diaminobensidine)
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(DAKO Cytomation, Denmark). The IgG1 kappa (DAKO
Cytomation, Denmark) antibody was used as a negative con-
trol, whereas samples of breast cancer tissue, which showed a
strong positive IGF-IR immunoreactions, were used as a posi-
tive control. The estimation of immunostaining was done
under a light microscope in representative fields, using a lens
with a magnification of 20x. The criteria for a positive reaction
were as follows: (+) above 10% cancer cells showing positive
immunostaining, and (-) below 10% of cells with positive IGF-
IR immunostaining. We analysed IGF-IR expression in rela-
tion to the patients' age, sex, grading and staging and lymph
node metastases. The obtained results were statistically ana-
lyzed, using the Fisher and Chi-square tests, as well as the Stu-
dents-test for paired samples, employing the SPSS software
package v.8.0 for Windows (SPSS Inc., Chicago, IL). The
values at p<0.05 were considered statistically significant.

Results 

Our study included only oral cancers, classified
histopathologically as squamous cell carcinoma: 7 cases in G1,
44 in G2 and 6 in G3. There were 23 tumours in pT1, 18 in
pT2, 7 in pT3 and 9 in pT4. Twenty-three, out of fifty-seven
(23/57) (40.4%) patients had lymph nodes involved at the time
of diagnosis. The results are shown in Table 1. Thirty-two (32),
out of 57 tumours (56,1%) showed IGF-IR positive immunore-
action; in 13, out of 20 (65%) lymph node metastases, IGF-IR
positive expression was observed. Comparing the IGF-IR
expressions in the primary tumours and metastases, the results
are as shown: in 9, out of 13 pairs (69,2%) IGF-IR expression
was positive; in 3, out of 13 pairs (23,1%) there was no posi-
tive expression of IGF-IR observed; in 4, out of 7 pairs
(57,2%) IGF-IR was positively noted in lymph node metas-
tases with no expression in the primary oral cancer; in 4, out
of 7 pairs (57,2%) IGF-IR positive immunoreaction was
observed in the oral squamous cell cancer, while no IGF-IR
expression was found in lymph node metastases (Table 2).
Above all, in our study, we observed a high tendency towards
the association between tumour size and IGF-IR immunoposi-
tivity (p= 0,081), the higher percentage with IGF-IR expres-
sion was observed in pT3 and pT4 tumours. There were no sta-
tistically significant relationships between grading, the occur-

rence of lymph node metastases, the age and IGF-IR expres-
sion in primary oral squamous cell cancer, although IGF-IR
positive lymph node metastases were observed in statistically
older patients- after 50 years old (p= 0,017).

Discussion 

There is no data in the literature, associated with IGF-IR
expression in oral squamous cell cancer. Some studies have
shown a strong correlation between IGF-IR receptor expression
and colorectal, breast, prostate cancer development, but the evi-
dence is unclear [4, 5, 6]. The studies found an association
between raised plasma IGF-I levels and an increased prostate
risk. Serum concentrations of IGF-II were higher in patients
with colorectal adenomas, compared to those in normal con-
trols [2]. Also other studies show IGF-I as a factor that deter-
mines a lifelong risk for breast cancer [7]. Freier at al [8]
observed 40 times higher IGF-II expression in malignant colon
tissue than in tissue, adjacent to the tumour. The expression of
IGF-I receptor was 2.5 times higher in the malignant tissue than
in tissue adjacent to the tumour. Weber et al [9] observed an
overexpression of IGF-IR in colon carcinomas; colon carcino-
ma cells exhibited a positive staining for IGF-IR in 91% of all
tumours (30, out of 33), whereas the adjacent normal colonic
epithelial cells showed only either a very faint or no significant
IGF-IR immunoreactivity. Reinmuth et al [10] showed IGF-I
positive tumours with decreased tumour cell proliferation; fur-
thermore, IGF-IR DN-transfected cells yielded significantly
decreased tumorigenicity and growth in the liver. 

In our study, 13, out of 20 (65%) tumour-metastases were
IGF-IR-positive, what might suggest an association between
IGF-IR expression in primary tumours and metastatic ability,
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IGF-IR (-) IGF-IR (+) 
Variable 

No % No % 

< 50 5 20,8 11 33,3 
Age 

> 50 19 79,2 22 66,7 

pT1 13 52,0 10 31,25 

pT2 8 32,0 10 31,25 

pT3 1 4,0 6 18,75 
PT 

pT4 3 12,0 6 18,75 

G1 4 16,0 3 9,4 

G2 19 76,0 25 78,1 G 

G3 2 8,0 4 12,5 

Table 1. Ki-67 and PCNA expression in the epithelial component of fibroepithelial tumours

IGF-IR in metastases  
Expression 
level (-) (+) Total number  

of cases 
(-) 3 4 7 
(+) 4 9 13 

IGF-IR 
in 
primary 
tumours Total 

number of 
cases 

7 13 20 

Table 1. Clinical characteristics, anthropometric and densito-
metric parameters in relation to COLIA1 gene alleles.
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but the data must be investigated more carefully. IGF-IR
expression in oral squamous cell cancer might be a predictive
marker in tumour progression and metastases ability. We
would like to emphasise the importance of studies, concerning
the proteins involved in the proliferation in lymph node metas-
tases because the knowledge about heterogeneity between pri-
mary tumours and lymph node metastases could shed some
light on tumour biology and lead to a development of more
effective anti-cancer therapies.
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Abstract 

The aim of the study was an evaluation of the activity of mast
cells and mark activity tryptase and chymase and of protein lev-
els in experimental fibrosarcoma, induced in rat skin. The exper-
iments were carried out on 50 male Wistar rats. The cancer was
induced in rats by one subcutaneous injection of 0.2 mg 3-methyl-
cholanthrene in 0.25 ml of olive oil. Tissue material was fixed in
Bouin's fluid. Immunohistochemical tryptase detecting reactions
were performed - using specific antibodies and the ABC complex.
The activities of tryptase and chymase and protein levels were
determined in supernatant of 10% homogenate.  We found a very
significant growth of mast cell quantity in the connective tissue of
tumours. We observed slight differences in the activity of exam-
ined enzymes in tumours of different mass.

Key words: mast cells, tryptase, chymase, protein, 
fibrosarcoma, rat.

Introduction 

The synthesis of tryptase and chymase occurs in mast cells.
These cells, while homing the connective tissue, are ubiquitous in
the whole organism. Especially numerous are they in tissues
which are on the borderline of the external and internal environ-
ment. That is why their increased numbers are observed in the
skin, under the epidermis, in the gastric mucosa, as well as in the
mucosa of the respiratory system and the uro-genital system. The
mast cells occur in the neighbourhood of blood vessels and lym-

phatic ducts, however, their presence has not been confirmed in
circulation [1, 2].

Since the first identification of the mast cells, research has
been carried out at many scientific centres to explain their role in
homeostasis and pathology of the system. Till now, it has not been
possible to determine either the role or the function of mastocytes
in the maintenance of health condition, however, growing is the
number of diseases in which the mast cells affect their patho-
physiology. Experimental studies, performed on models of mas-
tocyte functioning in these processes, are very significant for the
explanation of the specific role of mastocytes in the course of var-
ious pathological processes. Neither biological nor clinical conse-
quences of mastocyte occurrence in neoplasmic tumours have yet
been unveiled [3, 4]. Preliminary own studies have demonstrated
a distinct increase of the mast cells in tissues of an experimental-
ly induced tumours in rats [5].

The aim of this study was to evaluate the activity of mast cells
and neutral proteases, such as tryptase and chymase, and protein
levels in the homogenate of methylcholanthrene (3-MC) fibrosar-
coma of different masses, induced in rats. 

Materials and methods 

The study involved 50 male Wistar rats (100-120g b. w.). The
animals were given standard rat chow and water. All the animals
were divided into three groups: 1. Fibrosarcoma was induced in 34
rats by one subcutaneous injection of 0.2mg 3-MC dissolved in
0.25ml of olive oil in the dorsal skin area; 2. Controls (a) - 8 ani-
mals received subcutaneous injection of 0.25ml pure olive oil; and
3. Controls (b) - 8 rats with no treatment. The animals from the
experimental group were killed soon after tumour growth was
observed. The tumours were extracted on the day of detection, and
after 1, 2 and 3 days from their initial observation. Dissected
tumours were weighed and measured. Next, two wedge-shaped
sections of each tumour were taken. In the control animals, only
subcutaneous tissue sections were collected. Some tissue sections
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were fixed in Bouine's fluid and routinely embedded in paraffin.
The obtained 5µm sections were stained with haematoxylin-eosin
(H+E), as well as by the Azan method. Mast cells were stained with
toluidine blue or alcjan blue+saphranine (Csaba methods) in pH
1.5. Immunohistochemical studies were performed by the ABC
method (avidin-biotin peroxidase complex), using monoclonal spe-
cific mouse antisera against tryptase (DAKO Copenhagen). Con-
trol reactions always yielded negative results. Out of the second
section, 10% homogenate was prepared in 0.15 M NaCl. The activ-
ity of tryptase was determined by means of Boc-Phe-Ser-Arg-
AMC, and that of chymase by the use of Suc-Leu-Leu-Val-Tyr-
AMC in pH of 7.5. The volume of released 7-amino-4-methylo-
coumarin was determined by measuring the absorbance at 560 nm,
following the staining reaction with N-(1-naphthyl) in presence of
sodium nitrite and ammonium sulphite. The results were read out
of a calibration chart, made with the use of standard β-naphthy-
lamine. The protein was determined by Bradford's method.

The obtained results were statistically evaluated by means of
Student's 't' test.

Results 

No significant differences were found between the control
groups of rats, regarding the results of performed studies.  For that
reason, only the results of studies, performed on the animals
injected with olive oil, were taken into account (Fig. 1.). 

In the animals, in which the cancer was induced by 3-MC,
tumours developed in the subcutaneous tissue after 3-4, 5-6 and
7-8 months and demonstrated the mass of 1-6, 20-55 and 80-176
g, respectively. All the tumours had a histological structure typi-
cal for fibrosarcoma, as mainly spindle-shaped cells constituted
their structure. Many giant cells with numerous nuclei were
found, as well as monstrous cells with giant nuclei, as well as
other atypical cells. In the structure of the tumours, a tendency
was observed towards an increase in the number of M cells dur-
ing tumour growth (Fig. 2 and Fig. 3.). 

However, significant individual differences were observed, as
tumours of a similar size (especially the very large ones) some-
times differed in the concentration of M cell distribution.

Table 1 presents results of the measurements of tryptase and
chymase activities and protein levels in the tumours with small,
intermediate and large mass. 

Discussion 

So far, neither biological not clinical consequences of mast
cell functioning in neoplastic tumours have unequivocally been
determined. 

In the performed own studies, a very distinct increase in the
number of mastocytes was noted, mainly in the peripheral areas
of fibrosarcoma. Other authors also observed an increased num-
ber of mast cells during carcinogenesis and their degranulation

Figure 1. Subcutaneous tissue from the
control rat. Spindle-shaped mast cells are
distributed close to small blood vessels.
The nuclei of mastocytes are small and
obscured by granules. Toluidine blue.
x300.

Figure 2. A fragment of a large fibrosar-
coma periphery. Mast cells are very
numerous. Most of them contain large,
light nuclei and very little number of
granules (they are strongly degranulated).
Toluidine blue. x 300.

Figure 3. A fragment of a large fibrosarco-
ma centre. Immunostaining for tryptase is
visible in the main, large and mature mas-
tocytes. x 300.

Rats with tumour Ingredient 
small intermediate large 

Tryptase 8.82 ± 1.0 9.58 ± 0.97 9.28 ± 0.82 
Chymase 4.74 ± 0.43 5.06 ± 0.49 5.40 ± 0.5 
Protein 30.39 ± 2.1 28.88 ± 1.9 28.24 ± 2.0 

Table 1. Activity of tryptase and chymase and protein levels of methylocholanthrene fibrosarcoma. 



related to tumour growth intensity [3, 6, 7]. However, in vitro
experiments showed an anti-tumour activity of mast cells in cul-
ture conditions [2, 8]. The results of certain studies suggest that
mastocytes may suppress the growth of neoplasms, e.g., via poly-
saccharide neutralisation [9] or by release of the tumour necrosis
factor alpha (TNF-α), just as it has been reported from in vitro
studies [4]. These views are contradicted by results of other stud-
ies, which demonstrate that TNF induces angiogenesis in normal
tissues [10].

Fibrosarcomas of different mass, induced by 3-MC, showed
slight differences in the activity of tryptase and chymase. No dif-
ferences were found in the contents of protein in tumours of dif-
ferent mass, either. Immunopositive reaction for tryptase was
seen only in some large M cells in the stroma of the fibrosarco-
ma. Toluidine blue staining always showed a few times higher
number of mast cells in the same tumour fragments. It may prob-
ably have resulted from the occurrence of a large number of
young and immature mast cells with scarce volumes of cyto-
plasm with a small number of secretory granulations [11]. Pre-
sumably, the parallelly growing number of mast cells in their
stroma is of significant importance for quick tumour develop-
ment. This problem, however, requires further investigations in
order to explain the nature of mast cell influence on fibrosarco-
ma development. 
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Abstract 

Tumours from 45 patients with advanced gastric cancer
were assessed by immunohistochemistry. Tissue sections were
fixed in 10% buffered formaldehyde solution, embedded in
paraffin and stained immunohistochemically with anti-human
Ki-67 and PCNA antibodies. No correlation was found between
Ki-67, PCNA protein expression, the age of patients and the
localization of tumour. A significant, positive association was
observed between the expression of Ki-67, PCNA and tumour
differentiation and Lauren's classification. Also a strong correla-
tion was found between lymph node involvement and the
expression of Ki-67 protein. These data suggest that the expres-
sion of Ki-67, PCNA proteins were closely connected with the
high grade of tumour malignancy.

Key words: Ki-67, PCNA, gastric cancer.

Introduction

Recent studies suggest that proliferating activity may pro-
vide important prognostic information in different types of
tumours. Ki-67 and PCNA, the two most frequent used cell pro-
liferation markers, recognized nuclear antigens as associated
with all the phases of the cell-cycle expect G0 [1]. Antigen Ki-
67, was originally discovered by Gerdes [1, 2]. The proliferat-
ing cell nuclear antigen (PCNA), the level of which increases in
the nucleus, achieved the maximal level during the S phase
(nearby before the beginning of DNA synthesis) [3].The aim of

this study was to evaluate the expression of Ki-67, PCNA anti-
gens in cases of gastric cancer in correlation with chosen clini-
co-pathological parameters.

Material and methods 

The 45 patients with gastric cancer, treated by surgery at the
2nd Department of Surgery, Medical University of Bia³ystok,
Poland, were selected for this study. Tissue specimens were col-
lected immediately after tumour removal, fixed in 10% buffered
formaldehyde solution and embedded in paraffin. Then, they
were histopatologically examined, using standard haema-
toxylin-eosin staining, according to the TNM classification and
Lauren's classification.

Immunohistochemistry: Slides of 4µm-thick serial sections of
the primary tumour were prepared from each patient. The
immunolocation of Ki-67 (M7240, DAKO) and PCNA (M0879,
DAKO) was performed, using the labelled streptovidin biotin
(LSAB) method protocol, described by DAKO (LSAB+HRP Kit,
DAKO, Poland). In brief, the slides from each patient were de-
waxed, using xylene and transferred to alcohol. Then, they were
placed in citric buffer (pH=6.0) and heated in a microwave oven
(700W) for 10 minutes to expose antigens. Endogenous peroxidase
activity was blocked by incubating the section with 3% hydrogen
peroxide in methanol for 10 minutes. After washing with PBS, the
slides were incubated at 20oC for one hour with monoclonal anti-
bodies. Anti-human Ki-67 protein monoclonal antibody (M7240,
DAKO, dilution 1:100) was used for some slides and mouse anti-
human PCNA monoclonal antibody (M0879, DAKO, dilution
1:200) was used for other slides. The reaction products were visu-
alised with diaminobenzidine DAB (DAKO S3000, DAKO,
Poland). Nuclear immunostaining was observed for both proteins
(Fig. 1 and Fig. 2). Ki-67 and PCNA expression was semi quanti-
tatively assessed in neoplastic cells of the primary tumour and
defined as follows: Ki-67 and PCNA-negative (the lack of reaction
or a reaction, present in less than 20% of cells) and Ki-67 and
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PCNA-positive (a reaction present in more than 20% of cells). The
percentage of Ki-67 and PCNA positive cells was calculated in, at
least, 500 neoplastic cells per sample, using a light microscope
(x400). The χ2 and Fisher's test were used for statistical analysis. P-
values, smaller than 0.05, were considered statistically significant.

Results and discussion 

Statistical analysis showed correlations between the expres-
sion of Ki-67, PCNA proteins and tumour differentiation and the

tumour type (Lauren's classification). A strong expression was
observed between the presence of lymph node metastasis and the
expression of Ki-67 (p=0.0001). However, we did not find any of
such correlation for PCNA (Table 1).

Maedera et al. [4] showed that, in patients with invasion,
deeper than the muscle layer, the labelling index of PCNA was
significantly higher than that in patients with only mucosal or
submucosal invasion. The PCNA labelling index became higher
as the histological stage increased. Similary, Elpek et al. [5]
showed that the PCNA levels increased with histological stages
and with lymph node involvement. Oya et al. [6] observed a sig-
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Expression of Ki-67 Expression of PCNA 
Parameters 

negative positive 
P value 

negative positive 
P value 

Female 2(14%) 12(86%) 9(64%) 5(36%) Sex 

Male 14(45%) 17(55%) 

0.9 

21(67.7%) 10(32,3%) 

1 

1/3 of up part 2(28.5%) 5(71.5%) 5(71.4%) 2(28.6%) 

1/3 of middle part 1(11%) 8(89%) 5(55.5%) 4(44.5%) 

1/3 of down part 13(48%) 14(52%) 20(74%) 7(26%) 

Localization of 
tumour in the 

stomach 

All stomach 0(0%) 2(100%) 

0.14 

0(0%) 2(100%) 

0.1 

Intestinal type 15(44%) 19(56%) 30(88.2%) 4(11.8%) Lauren 

Diffuse type 1(9%) 10(91%) 

0.07 

0(0%) 11(100%) 

0.0001 

absent 14(70%) 6(30%) 16(80%) 4(20%) pN 

present 2(8%) 23(92%) 

0.0001 

14(56%) 11(44%) 

0.1 

G2 14(66.7%) 7(33.3%) 18(85.7%) 3(14.3%) Tumour 
differentiation G3 2(8.3%) 22(91.7%) 

0.0001 

12(50%) 12(50%) 

0.01 

Table 1. Expression of Ki-67, PCNA proteins and chosen parameters in gastric cancers.

Figure 1. Nuclear expression of Ki-67 in gastric cancer cells.  Figure 2. Nuclear expression of PCNA in gastric cancer cells.
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nificantly higher value of Ki-67, PCNA in patients with lymph
node metastasis. In our study, 23/25 patients with lymph node
involvement showed Ki-67 expression higher than 20%. Mûller et
al.[7] showed a correlation between cell proliferation and Lau-
ren's classification. The carcinomas of intestinal type showed a
statistically significantly higher value for LI Ki-67 than signet-
ring cell carcinomas. No correlation was found in the study
between the proliferative activity and the depth of invasion (pT ),
lymph node involvement (pN) and the grade of differentiation [7].
Lee et al. [8] showed a positive correlation between the PCNA
index and increasing age, male gender, larger tumour size, the
type of tumour, according to Borman's classification (type I/II)
and tumour differentiation. They also observed that, according to
the Lauren classification, the intestinal type of gastric cancer had
a more positive PCNA expression than the diffuse type of gastric
cancer. We found the opposite: 30/34 cases of intestinal type were
negative for PCNA expression. Xu et al. [9] showed an associa-
tion between the Ki-67 expression in gastric cancer with peri-
toneal metastases to the liver, the ovary and the adrenals, but there
was no correlation between the histological type, the grade of
tumour growth, the depth of invasion and lymph node involve-
ment. Yonemura et al. [10] described that large tumours, with
diameter >6 cm, showed a higher Ki-67 expression than those
with diameter <6 cm. However, there was no association between
Ki-67 expression and peritoneal metastases, serosal invasion or
macroscopic type. These results indicate that the high levels of
expression of  Ki-67 and PCNA were associated with tumour
malignant parameters, such as lymph node involvement, or the
grades of differentiation in gastric cancer.
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Abstract 

Formalin fixed, paraffin embedded tissue samples of 45
gastric carcinomas, resected curatively, were used for the study.
An immunohistochemical analysis employed monoclonal anti-
bodies: p53 (No N1581, DAKO) and p27KIP1 (NCL-p27KIP1,
Novocastra). Positive nuclear protein expression was assessed
at the 30% level. We found no correlations between the expres-
sion of either protein and Lauren's classification, the age of
patients and tumour localization. Borderline significance of
p=0.07 was noted in the association of p53 expression and his-
tological differentiation. However, a decrease of p27 expres-
sion and an overexpression of p53 correlated with the presence
of lymph node metastases (p<0.01). Simultaneously, the
expression of p27 protein in main mass of tumour correlated
with the lack of p53 expression in the main mass and lymph
node metastases. 

Key words: p53, p27, gastric cancer.

Introduction 

Loss of cell-cycle regulation can play an important role in
the process of tumour genesis and strongly correlates with the
aggressiveness and progression of many neoplasms [1, 2].  Pro-
gression of the cell cycle depends on interactions between many
cell-cycle regulators [3]. The cell cycle is controlled by cyclin-
dependent kinasae (Cdks) [3]. Those cyclins regulate cell cycle
and cell proliferation by checking G1-S and G2-M control

points. Cdks are inhibited by many proteins, including
p27KIP1, which is representative of the CIP/KIP CDK family of
inhibitors [4]. In normal cells, the evaluation of p27 increases
before the resting phase and quickly declines, when the cells are
ready to enter a subsequent cell cycle [4]. The loss of p27
expression in cells is connected with susceptibility to carcino-
genesis. p53 is also a regulator of the cell-cycle, which can stop
cell cycle at G1/S and G2/M points. Inactivation of p53 protein
by mutation has been found in many different types of neopla-
sia in humans [5,6]. Neoplastic cells with an overexpression of
mutated p53 protein cannot regulate the progression of cell
cycle in G0-G1 phase, and these tumours continue to grow. The
aim of this study was to evaluate p53 and p27 expression in cor-
relation with selected anatomo-clinical parameters.

Materials and methods 

Forty-five (45) patients with gastric cancer, treated by
surgery at the 2nd  Department of Surgery, Medical University of
Bia³ystok, Poland. were selected for the study. Tissue specimens
were collected immediately after tumour removal, fixed in 10%
buffered formaldehyde solution and embedded in paraffin. They
were then histopathologically examined, using standard haema-
toxylin-eosin staining, according to the TNM classification and
Lauren classification. Immunohistochemistry: Slides of 4µm
thick serial sections of the primary tumour were prepared from
each patient. Also, slides of metastatic lymph nodes were pre-
pared from each patient. A Standard avidin-biotin immunoper-
oxidase (Novostain Super ABC Kit universal) method was used
for the detection of p27KIP1 (NOVOCASTRA, No NCL-
p27KIP1, Biokom, Poland) expression. The immunolocalization
of p53 protein was performed, using the labelled streptavidin
biotin (LSAB) method protocol, described by DAKO (DAKO,
LSAB Kit, Dako, Poland). In brief, the slides from each patient
were de-waxed, using xylene and transferred to alcohol. They
were then placed in citric acid buffer (pH=6.0) and heated in a
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microwave oven (700W) for 15 minutes to expose antigens.
Endogenous peroxidase activity was blocked by incubating the
sections with 3% hydrogen peroxide in methanol for 10 mi-
nutes. After washing with PBS, the slides were incubated
overnight at 4°C with monoclonal antibodies. Anti-human p27
protein monoclonal antibody (Novocastra, No NCL-p27, dilu-
tion 1:50, Biokom, Poland) was used for one slide, while for
the other slides, mouse anti-human p53 monoclonal antibodies
(clone DO-7; M7001; dilution 1:100; Dako, Poland) were
applied. The reaction products were visualized with
diaminobenzidine DAB (DAKO S3000, Dako, Poland).
Nuclear immunostaining was observed for both proteins. p53
and p27KIP1 expression was semi quantitatively assessed in neo-
plastic cells of the primary tumours and lymph node metastases
and defined as follows: p53 and p27-negative (lack of reaction
and the reaction present in less than 30% of cells) and p53 and
p27-positive (the reaction present in more than 30% of cells).
The percentage of p53 and p27 positive cells was calculated in,
at least, 500 neoplastic cells per sample, using a light micro-
scope (x400). The χ2 and Fisher's exact test were used for sta-
tistical analysis. P values, smaller than 0.05, were considered
statistically significant.

Results and discussion 

Even though much attention has recently been paid to the
evaluation of p53 and p27 expression in different carcinomas, the
results and clinical implications remain conflicting [7,8]. There-
fore, it was the aim of this study to evaluate the role of these fac-
tors after curative surgery solely for gastric cancer. In the present
study, we found no associations between the expression of p53,
p27 proteins and Lauren's classification, the patients' age and
tumour localisation (Table 1). Furthermore, the expression of
p27KIP1 protein was observed in 13/45 cases, whereas the expres-
sion of p53 was detected in 22/45 cases of gastric cancers. It has
been found in some studies that the nuclear accumulation of
mutated p53 protein is associated with an unfavourable progno-
sis of gastric cancer [9]. However, other studies have not con-
firmed this association [8]. In most reports, the loss of p27KIP1

expression and the overexpression of p53 were observed in cases
with high aggressiveness. In this study, we found no association
between the expression of p27KIP1 and the histological grade of
tumour. However, we observed a strong association between the
overexpression of p53 protein in G3 gastric cancers. In our study,
we observed that the overexpression of p53 strongly correlated

Expression of p27 Expression of p53 Parameters 

negative positive 

p 

negative positive 

p 

1/3 of up part 3(43%) 4(57%) 4(57%) 3(43%) 

1/3 of middle part 8(90%) 1(10%) 2(22%) 7(78%) 

1/3 of down part 19(70%) 8(30%) 16(60%) 11(40%) 

Localization 

All stomach 2(100%) 0(0%) 

0.1 

1(50%) 1(50%) 

0.3 

female 12(86%) 2(14%) 8(57%) 6(43%) Sex 

male 20(65%) 11(35%) 

0.2 

18(58%) 13(42%) 1 

absent 9(45%) 11(55%) 18(90%) 2(10%) Lymph node 
metastases 

present 23(92%) 2(8%) 

0.001 

5(20%) 20(80%) 

0.0001 

Intestinal type 24(70%) 10(30%) 20(59%) 14(41%) Lauren's 
classification 

Diffuse type 8(73%) 3(27%) 1 3(27%) 8(73%) 

0.1 

G2 17(81%) 4(19%) 14(67%) 7(33%) Histological type 

G3 15(63%) 9(37%) 

0.2 

9(37%) 15(63%) 

0.07 

Table 1. Expression of p27, p53 proteins and selected parameters.

p27 in the main mass of tumour p27 in lymph node metastases Expression of  

negative positive 

P 

negative positive 

p 

negative 11(48%) 12(52%) 22(96%) 1(4%) p53 in main 
mass 

positive 21(91%) 1(9%) 

0.001 

19(86%) 3(14%) 

0.4 

negative 14(54%) 12(46%) 24(92%) 2(8%) p53 in lymph 
node 

positive 18(95%) 1(5%) 

0.003 

17(89%) 2(11%) 1 

Table 2. Expression of p53 and p27 proteins in the main mass of tumour and lymph node metastases.



with the presence of lymph node metastases (p<0.0001), where
there was a simultaneous loss of p27KIP1 protein expression in the
main mass of tumour. Our results strongly correspond with the
results obtained by other authors [10], who observed an associa-
tion between a decreased p27KIP1 expression and the depth of
invasion, lymph node involvement and vascular invasion. More-
over, the loss of p27KIP1 expression was the parameter of short
survival in patients with oesophageal, prostate, and gastric carci-
nomas [10, 11, 12]. Li J-Q et al. [13] showed that, in colorectal
neoplasms, the loss of p27KIP1 promotes lymph node metastasis.
At the present study, we also analysed the association between
the expression of p27KIP1 in the main mass of tumour and lymph
node metastases in correlation with p53 expression at the same
localization (Table 2). We noted that the loss of p27KIP1 expression
in the primary tumour was strongly associated with the overex-
pression of p53 protein in the main mass of tumour and lymph
node metastases. Our results suggest that the overexpression of
p53 influenced the loss of p27 expression and the presence of
lymph node metastases in the investigated gastric cancers. 
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Abstract 

The aim of the work was to study the effects of changes in the
location of E-cadherin from membrane to cytoplasm and the
appearance of metastases and recurrence in patients with colon
cancer of pT1 grade. The study group consisted of 34 patients
with colon cancer. The material was fixed in 10% buffered, direct-
ly following surgery, fixed in formaldehyde and embedded in
paraffin blocks by a standard method. Immunohistochemical
reactions were performed, using monoclonal E-cadherin antibod-
ies (Novocastra, NCL-E-Cad). Statistical analysis did not show
any relation between the change in the location of E-cadherin
expression, the patients' sex, and the location of changes. Simul-
taneously, we observed a strong relationship between the pres-
ence of exudate in the vessels from cancer cells, the histological
grade and the loss of E-cadherin expression in the main tumour
mass (p<0.01). We also noted a statistically significant correlation
between the presence of lymph node invasion and distant metas-
tases and the E-cadherin cytoplasmic reaction (p=0.0001,
p=0.000001, respectively). A borderline significance of p=0.06
was noted in the association between the appearance of recur-
rence at the postoperative site and the change in location of E-cad-
herin expression in the main tumour mass from cytoplasm to
membrane. On the basis of our results, we can conclude that a
change in the location of E-cadherin expression (from membrane
cytoplasm) is strongly associated with an increased aggressive-
ness of CRC, which is related to the appearance of proximal and
distant metastases and to recurrence at the postoperative scar. 

Key words: colorectal cancer, E-cadherin.

Introduction 

Intercellular associations are frequently analysed in various
types of neoplasms. It has been confirmed, that a disturbance of
the mechanism of cellular binding may be one of the parame-
ters, indicating the behaviour of neoplastic cells. Adhesion
molecules are surface receptors, involved in intercellular inter-
actions and cellular-extracellular interactions [1]. According to
their function and shape, they are divided into 4 main groups:
cadherins, integrins, selectins, and adhesion molecules of the
superfamily of immunoglobulins [2, 3]. E cadherins are mem-
brane proteins. Their cytoplasmic domain interacts with a group
of proteins, known as catenins, and join with either ß or γ
catenin. The formed complex binds then with α catenin, which
has a direct effect on the cytoskeleton [4]. Neoplasms often have
a defect in E-cadherin function, due to an absent cytoplasmic
domain. More detailed assessment of the role and function of
adhesion molecules seems to be a very important area of
research. It not only allows a deeper understanding of the bio-
logical formation of metastases, but it may also lead to new per-
spectives with regards to diagnostics and therapy. 

Materials and methods 

The study was performed retrospectively on postoperative
material from 34 patients who underwent surgery at the Depart-
ment of Surgery, The Œniadecki Hospital, Bia³ystok, Poland, for
cancer of the colon with pT1 grade. The observation period last-
ed 36 months. Postoperatively, the following other examinations
were performed: abdominal US, colonoscopy and abdominal
CT. On the basis of those examinations, it was decided whether
distant metastases were present (all the cases indicated liver
metastases). The site of operation was monitored in all the cases.
All the cases of recurrence at the post-operative site were con-
firmed histopathologically. Immunohistochemistry: Slides of
4mm-thick serial sections of the primary tumour were prepared
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from each patient. In brief, the slides from each patient were de-
waxed, using xylene, and transferred to alcohol. They were then
placed in citric acid buffer (10 mM) and heated in a microwave
oven (700W) for 10 minutes to expose antigens.  A Standard
avidin-biotin immunoperoxidase (Novostain Super ABC Kit
universal) method was used for the detection of E-cadherin pro-
tein expression (Novocastra, NCL-E-Cad, Biokom, Poland).
Nonspecific mouse IgG was used as negative control. The reac-
tion products were visualized with diaminobenzidine DAB
(DAKO S3000, Dako, Poland). Appropriate positive and nega-
tive controls were used. The membranous and cytoplasmic
immunostaining was observed for E-cadherin. Expression of E-
cadherin was semi quantitatively assessed in neoplastic cells of
primary tumour and defined as follows: E-cadherin -membra-
nous (> 50% reaction was membranous in the main mass of
tumour) and E-cadherin -cytoplasmic (>50% reaction was cyto-
plasmic in the main mass of tumour). The percentage of E-cad-
herin positive cells was calculated in, at least, 500 neoplastic
cells per sample, using a light microscope (x400). Statistical
analysis. The χ2 and Fisher's exact test were used for statistical
analysis. P-values smaller then 0.05 were considered statistical-
ly significant.

Results and discussion 

Table 1 presents the obtained results. It is apparent that the
presence of cancer cells in lymphatic vessels and veins, and also
the appearance of lymph node invasion is a known risk factor
for malignancy and for the formation of metastases. Moreover,
the presence of these changes is strictly associated with the loss

of association between cells, for which E-cadherin is responsi-
ble. Colon cancer cells, along with cancer cells from other tis-
sues, show decreased adhesive properties. Some authors suggest
that the presence of mutations of these molecules in colon can-
cer [2, 3, 5]. Many authors have analysed the expression of E-
cadherin in colon cancer from normal colonic mucous mem-
brane. Some authors have observed either a decrease in the
expression or no correlation with the degree of histopathologi-
cal invasiveness, metastases, or patient's life expectancy [6].
Others, however, have not observed such a correlation [7]. In the
presented results, we performed an evaluation of E-cadherin
expression in the main tumour mass, analysing the effect of
changes in the location of its expression with: vascular invasion,
lymph node metastasis, distant metastasis and local recurrence.
The results of our study show a changing location of E-cadherin
expression. Normal tissue shows a "clean" membrane immuno-
histochemical reaction, whereas in extra-membrane tumour
mass tissue, E-cadherin is similarly observed in the cytoplasm,
whilst the cytoplasmic reaction was strongest at the front of
invasion. In the present study, statistical analysis did not reveal
any association between the changes in E-cadherin expression
location and the location of the tumour, or patient's sex. In the
present study, we observed a cytoplasmic reaction for E-cad-
herin in 12/14 cases of vascular invasion. Similarly, out of 17
cases with cytoplasmic reaction, lymph node metastases were
found in 15. Moreover, in all our subjects, a cytoplasmic reac-
tion for E-cadherin was associated with the appearance of dis-
tant metastases and recurrence at the postoperative scar. Similar
results have been observed by El-Bahrawy et al. [7]. When we
compare our results to those of other authors, who have noted a
decrease in the expression of E-cadherin, we see that the expres-
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Expression of 
E-cadherin parameters n 

membranous cytoplasmic 

significance 

Female 9 5(55.6%) 4(44.4%) 

Male 25 12(48.0%) 13(52.0%) 

p=1 

Colon 7 3(42.9%) 4(57.1%) 

rectum 27 14(51.9%) 13(48.1%) 

p=1 

G1 20 14(70.0%) 6(30.0%) 

G2 12 3(25.0%) 9(75.0%) 

G3 2 0(0%) 2(100%) 

p=0.02 

With lymph node metastasis 16 1(6.2%) 15(93.8%) 

Without lym. node metastasis 18 16(88.9%) 2(11.1%) 

p=0.0001 

With distant metastasis 14 0(0%) 14(100%) 

Without distant metastasis 20 17(85.0%) 3(15.0%) 

p=0.000001 

With vascular invasion 14 2(14.3%) 12(85.7%) 

Without vascular invasion 20 15(75.0%) 5(25.0%) 

p=0.0005 

With local recurrence 3 0(0%) 3(100%) 

Without local recurrence 31 17(54.8%) 14(45.2%) 

p=0.06 

Table 1. Expression of E-cadherin and chosen parameters.
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sion of E-cadherin does not show either any decrease or
absence, only a shift from membrane to cytoplasm. This leads to
a loss of function. Furthermore, E-cadherin, which is found in
recurrent metastases, is found in membrane Mareel et al. [5]. It
appears that for cell division ability,it is essential that they bind
with one another. Moreover, in our study, the cytoplasmic reac-
tion was observed mainly at the front of invasion, whereas the
membrane reaction was found in the main mass of tumour. Sim-
ilar results have been achieved by El-Bahrawy et al.[7]. The
observations and the presented results may indicate a strong
effect of a change in the location of E-cadherin expression and
the aggressiveness of colon cancer. 
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Abstract 

There are some reports, suggesting that infiltrating
macrophages may promote tumour progression in non-Hodgkin's
lymphoma (nHL). The aim of the study was an evaluation of
macrophages, marked by antibody against CD68 in indolent and
aggressive nHL. The study was performed in 65 patients: 50 with
nHL and 15 with lymph nodes affected by reactive hyperplasia.
Immunohistochemical analyses were performed on paraffin-
embedded specimens with monoclonal anti-CD68 antibody. Scor-
ing on the basis of the percentage of positive cells indicated CD68
expression in 34/50 (68%) of the patients with nHL and in only
5/15 (33%) of the patients with reactive hyperplasia. The expres-
sion of CD68 was statistically significantly higher in the aggres-
sive nHL than in indolent nHL. An increased number of CD68
positive macrophages in clinically aggressive nHL may confirm
their role in tumour progression. 

Key words: macrophages, CD68, lymphomas.

Introduction 

Non-Hodgkin's lymphomas (nHL) are a heterogeneous group
of lymphoid malignancies with a different pattern of clinical
behaviour and response to treatment. In terms of clinical aggres-
siveness nHL may be divided into two groups: aggressive and
indolent lymphomas. The infiltration of neoplastic tumour by leu-

cocytes was described in 1863 by Virchow [1]. A large part of
those leucocytes was macrophages. Macrophages constitute a pri-
mary line of defence mechanisms. They are found in many solid
tumours, where they are known as tumour associated
macrophages (TAM) [2]. There are some clinical observations,
indicating that macrophages are important in the processes of can-
cer progression (growth, invasion and metastasis), making  a con-
nection between inflammation and cancer [3, 4, 5]. A close rela-
tionship has been found between the number of macrophages and
the inhibition of tumour growth, as well as tumour progression.
Some authors suggest that infiltrating macrophages may promote
tumour progression in nHL. Vacca et al. reported a correlation
between the number of macrophages and tumour microvessel
density in nHL. An increased number of macrophages may be
recruited and activated locally by more malignant B-cells [6]. The
aim of the study was an evaluation of macrophages, marked by
antibody against CD68 in indolent and aggressive nHL. 

Material and methods 

The study was performed on 50 patients with non-Hodgkin's
lymphoma (NHL) and in 15 lymph nodes with reactive hyper-
plasia, diagnosed and histopathologically confirmed in at the
Department of Haematology, Blood Neoplasms and Bone Mar-
row Transplantation and the Department of Pathological Anato-
my, Medical University in Wroclaw by a pathologist with a pro-
found experience in lymphomas. Clinical staging was done,
according to the Ann Arbor classification system. The histologi-
cal diagnosis of enrolled patients with lymphomas was made,
according to the WHO/REAL classification. Out of the 50
patients with lymphomas, 43 (87%) B-cell and 7 (13%) T-cell
lymphomas were diagnosed. The median age of the population
was 57 years, clinical stage III and IV. Aggressive lymphomas
constituted group of 28 cases (54%) and indolent - 22 (46%)
cases. Histological classification of B-cell lymphomas revealed
the following: peripheral leukaemia/lymphoma - 12 (27%), fol-
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licular lymphoma - 7 (16%), mantle cell lymphoma - 7 (16%),
immunoblastic/immunocytic - 4 (9%), other - 13 (32%).
Immunohistochemical analyses were performed on paraffin-
embedded specimens with monoclonal anti-human macrophage
antigens - CD68 (cloneKP1) (DAKO, Denmark). The DAKO
Fast Red Substrate System was used as a substrate and chro-
mogen in immunocytochemical staining procedures, utilizing
alkaline phosphatase. In each case, a  control was included, in
which, the specific antibody was omitted. CD68 expression was
graded as the percentage of positive stained cells. Four grades of
expression were established: grade I <5%; II - 5-25%; III - 26-
50%; IV - >50% of positive cells. Statistical analysis was made
using the Fisher test. Differences were considered statistically
significant at p<0.05. 

Results 

CD68 expression in grade I (<5%) was only demonstrated in
18% (9, out of 50) of patients with lymphoma, examined by
immunohistochemistry. In grade I, there were 16/50 nHL (31%)
and no reactive lymph nodes. Grade II was found in 14/50 (28%)
nHL patients and in 8/15 reactive lymph nodes (53%). Grade III
was observed in 15/50 (30%) and 5/15 reactive (33%) observed.
Grade IV was found in 13/50 (26%) nHL and 2/15 (13%) reactive
lymph nodes noted. The results are presented in the (Fig. 1 a and
b), Table 1 according to clinical aggressiveness. The expression of
CD68 was statistically significantly higher in the aggressive nHL
than that in indolent nHL and reactive lymph nodes. 

Discussion

Lymph nodes, affected by lymphoma, are not only composed
of malignant cells but also of many other cell types, including
macrophages. TAMs have been considered to have an anti-
tumour effect as a part of immune defence. Recently, it seems that
they may have both protumour and antitumour activity. In
tumours, macrophages are recruited and activated via several fac-
tors, secreted by tumour cells i.e. chemokines, VEGF. Their effect
depends on tumour microenvironment and the tumour itself.
TAMs can also produce various growth factors and cytokines,
stimulating growth and angiogenesis, as well as facilitating the
invasion by secreting cell membrane degrading enzymes [7, 8].
The results of various observations, using macrophage specific
markers as a prognostic factor, are controversial. In papillary thy-
roid cancer, patients with tumours, containing TAMs exhibing
neoplastic cell phagocytotic activities, had a better prognosis than
patients without TAMs [9]. On the other hand, the presence of
areas with high-density TAMs within "hot spots" was positively
correlated with increased vascularity and metastasis and with
reduced relapse-free and overall survival in breast cancer [10].
There is also a strong association between increased melanoma-
specific mortality and the increasing number of CD68-positive
macrophages [11]. The data, concerning the role of TAMs in nHL
are very limited. Vacca et al. have demonstrated that macrophages
promote angiogenesis and, in consequence, the progression of B-
cell nHL [6]. In our study, we did not find any statistical differ-
ences in the CD68 expression between reactive lymph nodes and
the whole nHL group. Nevertheless, the expression of CD68 was
statistically significantly higher in the aggressive nHL than in

Grade of CD68 
expression 

nHL 
50 patients 

Reactive hyperplasia 
15 patients 

p 

I and II 24 10 
III and IV 26 5 

NS 

Grade of CD68 
expression 

Indolent nHL 
22 patients 

Aggressive nHL 
28 patients 

p 

I and II 15 9 
III and IV 7 19 

0.011 

Grade of CD68 
expression 

Reactive hyperplasia 
15 patients 

Aggressive nHL 
28 patients 

p 

I and II 10 9 
III and IV 5 19 

0.03 

Table 1. The expression of CD68 in lymph nodes: reactive; indolent and aggressive non-Hodgkin's lymphomas. 

Figure 1. A. Peripheral B-cell leukaemia/lymphoma; 210x. 
D68 expression: grade II (5-25%)

Figure 1. B. Immunoblastic B-cell lymphoma; 210x. CD68
expression: grade III (26-50%)



indolent nHL and reactive lymph nodes. This observation indi-
cates a relationship between the number of TAMs in lymph nodes
and the clinical aggressiveness of nHL. 

Conclusions 

An increased number of CD68 positive macrophages in clin-
ically aggressive nHL may confirm their role in tumour progres-
sion. 
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Abstract 

Survivin is a member of the inhibitors from the apoptosis
family over-expressed in various human cancers. The aim of
the study was to evaluate the expression of survivin in lymph
nodes, invaded by non-Hodgkin's lymphomas (nHL) and in
lymph nodes reactive hyperplasia. We analysed paraffin sec-
tions obtained from 50 patients with nHL and from 13 patients
with reactive hyperplasia using, an anti-survivin antibody.
There was abundant immunoreactivity cytoplasm in 34/50
(68%) patients with nHL and in only 5/13 (38%) with reactive
hyperplasia. Out of the 27 patients with aggressive nHL, 19
(70%) revealed survivin expression in almost all tumour cells.
Out of the 23 patients with indolent nHL, 16 (70%) revealed the
expression but with lower immunoreactivity score. The study
indicates that patients with nHL presented a high level of sur-
vivin expression, it was more pronounced in aggressive than in
indolent nHL.

Key words: survivin, lymph nodes, reactive hyperplasia, 
lymphomas.

Introduction 

Survivin (also termed Birc5) is a protein that regulates cell
division and inhibits apoptosis through a pathway, different from
that, involving the bcl-2 family [1]. Survivin contains a baclovirus

inhibitor of apoptosis repeat (BIR) protein domain, classifying it
as a member of the inhibitor of the apoptosis protein (IAP) gene
family [1, 2, 3]. Unique among other IAP proteins, is survivin
highly expressed during embryonic and foetal development and
in rapidly dividing cells, whereas it is undetectable in terminally
differentiated normal adult tissues [3, 4, 5]. Its expression is regu-
lated in a strict cell cycle-depended manner with the maximum
level, occurring during the G2/M phase, and it localizes to mito-
tic spindle microtubules in a reaction, required for apoptosis inhi-
bition [2, 4, 5]. Over expression of survivin has an oncogenic
potential because it may overcome the G2/M phase checkpoint to
enforce the progression of cells through mitosis [3]. Survivin sup-
presses apoptosis, induced by Fas, Bax, caspase-3, caspase-7 and
anticancer drugs [3]. 

Survivin is abundantly expressed in the majority of cancers,
including haematological malignancies [3, 5, 6, 7]. Survivin has
been shown to be expressed in 60 cancer cell lines, including
breast, lung, prostate, colon, pancreas, stomach, brain,
melanoma, ovarian, renal cancer, as well as leukaemia/lym-
phoma [3, 4, 5, 8, 9]. 

Although either retrospective predictive or prognostic stud-
ies on the impact of the survivin pathway in solid tumour have
been reported, little is still known about the potential role of this
molecule in haematopoietic malignancies. In this study, we
investigated the potential expression and localization of survivin
in patients with non-Hodgkin's lymphomas and in patients with
reactive lymph node hyperplasia as the control. We analyzed the
relationship between its expression and malignant potential and
the potential prognostic impact for disease progression and the
clinical outcome of lymphoma. 

Material and methods 

The analysis was performed in patients with lymph node
enlargement, diagnosed at the Department of Haematology,
Blood Neoplasms and Bone Marrow Transplantation, Medical
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University in Wroc³aw. Samples were obtained from a total of
63 patients, including 50 patients with malignant non-
Hodgkin's lymphoma (31 males, 19 females) and 13 patients
with reactive lymph nodes hyperplasia (4 males, 9 females).
The histological diagnosis of the enrolled patients with lym-
phomas was made, according to the REAL/WHO classifica-
tion. Out of the 50 patients with lymphomas, 41 (82%) B-cell
and 9 (18%) T-cell lymphomas were diagnosed. Aggressive
lymphomas constituted a group of 27 cases (54%) and indolent
ones - 23 (46%) cases. Histological classification of B-cell
lymphomas revealed the following: peripheral leukaemia/lym-
phoma - 12 (29%), follicular lymphoma -7 (17%), mantle cell
lymphoma - 6 (15%), immunoblastic/immunocytic - 5 (12%),
other - 11 (27%). Immunohistochemical staining for survivin
was performed, using an anti-survivin antibody (Chemicon
International, USA) with formalin fixed, paraffin-embedded
tissue samples. The investigated antigen was visualised, using
the LSAB2 kit and diaminobenzidine (DAB). In each case, a
control was included, in which the specific antibody was omit-
ted. Evaluation of survivin expression based on immunoreac-
tivity score of the percentage of positive cells was divided into
four grades: I - <25% of positive cells; II - 26-50%; III - 51-
75%; IV - 76-100%. Statistical analysis was performed, using
the Fisher test. Differences were considered statistically signif-
icant at p<0.05. 

Results 

Survivin expression in the nucleus and/or cytoplasm was
demonstrated in 62% of all the patients examined by immuno-
histochemistry (39 of 63). Scoring on the basis of the percentage
of positive cells indicated survivin expression 34/50 (68%)
patients with malignant lymphomas and in only 5/13 (38%)
patients with lymph node reactive hyperplasia (p<0.05). Out of
the 27 patients with aggressive lymphomas, 19 (70%) revealed
survivin expression in virtually almost all tumour cells (grade III
in 26% of cases, grade IV in 48% of cases). Out of  the 23
patients with indolent lymphomas, 16 (70%) revealed survivin
expression but with lower immunoreactivity score (grade I in 12,
grade II in 4 cases).

Discussion 

A considerable interest has recently focused around the crit-
ical role of apoptosis deregulation in the onset and progression of
neoplasia and its ability to aberrantly prolong cell viability, facil-
itate the accumulation of mutations and promote drug resistance
[6]. A candidate molecule to influence the cell death and cell via-
bility balance in malignancies was identified in 1997: survivin,
an apoptosis inhibitor of the IAP gene family [1, 2, 3, 4]. Present
during foetal development, is survivin undetectable in terminal-
ly differentiated adult tissues [3, 5]. Its chromosomal location is
17q25, approximately 3% distance from the telomere and it com-
prises three introns and four exons, encoding 142 amino acids,
including one copy of the baclovirus IAP repeat (BIR) essential
for apoptosis inhibition [3, 5]. 

Survivin becomes prominently expressed in transformed cell
lines and in all the most common human cancers of the colon, the
stomach, the pancreas, the ovary, breast, the lung and prostate, in
vivo [3, 5, 8, 9]. In most cancers, the expression of survivin corre-
lated with reduced apoptotic index, poor prognosis and an increased
risk of recurrence [2, 9]. Survivin over expression has been shown
to be associated with aggressive forms of neuroblastoma and poor
survival among patients with colorectal, stomach, breast, hepato-
cellular and non-small lung cancer [3, 4, 5, 8, 9]. Survivin expres-
sion was identified as an independent unfavourable prognostic fac-
tor in a randomized series of 69 acute myeloid leukaemia (AML)
patients [6]. Although the expression of this protein did not seem to
affect the complete remission (CR) rate, it significantly shortened
the survival time of patients. Survivin is also found in approxi-
mately 50% of high-grade non-Hodgkin's lymphomas (centroblas-
tic, immunoblastic), but not in low-grade lymphomas (lymphocy-
tic) [2, 5]. Similarly, in our study, we demonstrated an increased
expression of survivin not only in diffuse large B-cell lymphomas,
but in other aggressive lymphomas, such as mantle cell lymphoma,
follicular G3 lymphoma, lymphoblastic and Burkitt's lymphoma.
Indolent lymphomas are characterized by a low proliferation index
and impaired apoptosis. Interestingly enough, the expression of sur-
vivin in indolent lymphomas was much lower (predominantly
grade I and II) than in aggressive lymphomas. This suggests that the
inhibition of apoptosis in indolent lymphomas is related not only to
survivin mechanisms. This observation requires further studies. 
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Figure 1. A. Peripheral B-cell leukaemia/lymphoma; 210x. Sur-
vivin expression: grade I (<25%).

Figure 1. B. T-cell lymphoma; 210x. Survivin expression: grade
IV (75-100%).
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Abstract 

The aim of the study was to evaluate the expression of cell
proliferation markers (PCNA and Ki-67) in posterior uveal
melanomas in adults. Thirty-six enucleated eyes (without prior
treatment) were included in histopatological study. A series of
15 cases of spindle cell type melanomas, 12 epithelioid and 9 of
a mixed type were assessed, using the immunohistochemical
method with monoclonal PCNA and Ki-67 antibodies. PCNA
expression was observed in 75% and Ki-67 in 13.8 % of all the
examined tumours. The mean score of PCNA and Ki-67 index
were the highest in tumours, which contained epithelioid cells
and in large, more advanced (pT3, pT4) uveal melanomas. The
results showed that the evaluation of expression of PCNA and
Ki-67 may provide an additional information about the progres-
sion of tumor process.

Key words: PCNA, Ki-67, uveal melanoma.

Introduction 

Different kinds of proteins play an important role in the con-
trol of the cell cycle. Some of them take place in cytological
transformation and tumour progression. PCNA and Ki-67 are
two of the nuclear markers, used to demonstrate the proliferative
phase of the cell cycle. Proliferating cell nuclear antigen
(PCNA) is a co-factor of DNA polymerase δ, which is necessary
for DNA replication. The expression of PCNA is the highest in
G1/S cell cycle phase. PCNA labelling was performed in sever-

al series of brain neoplasm [5, 7]. Ki-67 is an antigen, expressed
in all the phases of the cell cycle, excluding the G0 phase

The aim of the study was to evaluate the expression of the
proliferation markers (PCNA and Ki-67) in uveal melanoma in
adults.

Material and method 

Thirty-six patients: 20 females (the mean age 59.5 years, the
age range 36-82 years) and 16 males (the mean age 68.4, the age
range 58-78) were operated for posterior uveal melanoma
(melanoma malignum choroideae) between 1994 and 2003 at the
Department of Ophthalmology of the Medical University in
Bia³ystok. All the eyes were enucleated because of posterior
uveal melanoma without prior treatment (they were disqualified
for brachytherapy). They were included into histopatological
study. The obtained material was fixed in formalin, routinely
processed and paraffin embedded. The cytological material was
stained with H-E. Those specimens were histopathologically
(Callendar's classification) [2] and TNM (TNM Classification of
Malignant Tumours) classified. The histological types of
tumours, according to Callendar's classification, included 15
(41.7%) spindle cell type tumours, 12 (33.3%) that contained
epithelioid cells and 9 (25%) mixed tumours. All the tumours
were evaluated, using pathological tumour grading pT (range
pT1 -pT4). In different histological types of melanomas, the pro-
portions of tumours in the same stage were similar. Seventy-five
(75) percent of uveal melanomas belonged to pT3 and pT4
grade. Table 1 shows the association between the histopatologi-
cal type of the uveal melanomas and the grades (pT feature). Cell
proliferation was determined by immunoreactivity for the proli-
feration marker with monoclonal antibodies Ki-67 (clone MIB-
1; M 7240, DAKO) and PCNA (clone PC 10; M 0879, DAKO),
using a LSAB KIT with (DAKO) DAB as a chromogen to visu-
alize the antigen/antibody complex. The protein expression was
defined as positive (+) if more than 10% of the cells showed

Expression of PCNA and Ki-67 in posterior uveal
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positive reaction for PCNA and Ki-67; and as negative (-) if less
than 10% of cells had negative immmunostaining. The percen-
tage of positive nuclei was expressed as a proliferating index (IP)
(the number of positive-staining cells for antigen K-67 and
PCNA was divided by the total cell count and expressed as a per-
centage) For the evaluation of IP, tumour areas with a high den-
sity of labelling were chosen. For each tumour, a total of five
fields (total cell number > 2000) were counted. The MicroImage
InCD UDF Packed Writing Software for Window Olympus was
used for those calculations. The significance of differences in
scores among all the groups was assessed, using Student's 't' test.
Values at p<0.05 were considered significant.

Results 

PCNA immunopositive nuclei (more than 10% cells, show-
ing positive reaction for PCNA protein) were observed in 27,
out of 36 cases. The highest percentage of those (83.3%) was
found in the tumours that contained epithelioid cells. The
expression in the spindle cell group was the lowest and was
observed in 66.7% of cases. Positive immunostaining for Ki-67
was found in 5, out of 36 uveal melanomas: 2 cases in spindle
cell and 2 epithelioid type tumours, and 1 in the mixed group
(Table 2). PCNA and Ki-67 overexpression were found in a
large number of big tumours (pT3, pT4).

The score of IP PCNA ranged from 4.2 to 50.1. The highest
value of PCNA -24.9 was found in the epithelioid cell melanoma
group. In the tumours, containing spindle cells, this index was
more than 1.5 times lower (13.2) than that in the previous group.
In the last group (mixed cells) the mean score of IP PCNA was
insignificantly higher than that in the spindle cell type
melanomas. The score of IP Ki-67 ranged from 0.2 to 27.6. The
highest and the lowest values of IP Ki-67 were observed in sim-
ilar proportions and in the same histological cell type tumours,
like IP PCNA. In all the cases, the mean PCNA IP value was
higher than the mean Ki-67 IP (Table 3). In more advanced
tumours (pT3, pT4), IP PCNA and IP Ki-67 values were much
higher than those in melanomas of grades pT1 and pT2. 

Discussion 

Different subjective methods, such as mitotic index and
necrosis, which are used in determining the grade of tumour activ-
ity, are complemented by immunohistochemical analysis.. Karls-
son et al. [6] have reported a high rate for Ki-67 and PCNA stain-
ing in 79 uveal melanomas. The activity of these nuclear markers
was correlated with histopathological type and tumour size (large
and epithelioid cell type tumours). Chowers et al. [3] have found
a high incidence of Ki-67 positive cells in epithelioid cell
melanomas too. The high levels of Ki-67 positivity were also

Histological cell type 
Number  

of tumours 
pT1 pT2 pT3 pT4 

spindle cell 15 0 4 8 3 
epithelioid cell 12 1 2 2 7 

mixed  9 1 1 2 5 

Table 1. Association of histological cell type of melanomas to their grades.

Histological cell type of 
melanoma 

Number of cases 
(n) 

PCNA (+) 
(%) 

Ki-67 (+) 
(%) 

spindle cell 15 10 (66.7%) 2 (13.3%) 
epithelioid cell 12 10 (83.3%) 2 (16.7%) 

mixed 9 7 (77.8%) 1 (11.1%) 

Table 2. PCNA and Ki-67 expressions in histological cell type of uveal melanomas

IP PCNA 

Histological cell type of melanoma 
Number of cases 

(n) 
IP PCNA 

±±. SD 
Range values 

spindle cell 15 13.2 ±7.4* 4.2-28.6 
epithelioid cell 12 24.9 ±13.8* 6.8-50.1 

mixed 9 16.1±9.0* 4.5-38.1 
IP Ki-67 

Histological cell type of melanoma 
Number of cases 

(n) 
IP Ki-67 

±±. SD 
Range value 

spindle cell 15 1.7±1.1* 0.5-14.3 
epithelioid cell 12 3.1±1.9* 0.8 -27.6 

mixed 9 1.9±2.1* 0.2-12.6 

Table 3. The proliferation index of PCNA (IP PCNA) and Ki-67 (IP Ki-67) according histological cell type of melanomas.

(+) - positive reaction for PCNA and Ki67 protein above 10% of the cells 

SD: standard deviation, *p<0.05 



associated with shorter survival times. Liang et al. [8] have deter-
mined the score of Ki-67 index as 0.75 ±1.02. The IP Ki-67 was
significantly higher in large tumours and in uveal melanomas that
contained epithelioid cells. In our study, IP Ki-67 ranged from 0.6
to 27.6. The highest IP Ki-67 were found in epithelioid cell type.
Our results of Ki-67 were higher than the ones reported in the li-
terature because our five immunopositive melanomas were large
(pT4). In the present study, PCNA immunostaining was more
prominent than Ki-67 in all the cell types of uveal melanoma.
According to Kayaseluck'a et al.[7], this feature may result from
a long half-life of PCNA. Strong PCNA nuclear immunopositivi-
ty was observed in a large number of cells in 36 tumours. PCNA
expression was the highest in epithelioid melanomas .This is con-
sistent with other reports [4, 6]. In uveal melanomas, which con-
tained epithelioid cells, local tumour recurrence (after local resec-
tion) was more often observed [1]. Some of the researchers con-
cur with the opinion that Ki-67 is a more specific antibody to
detect the proliferation index [7]. It is necessary to combine sub-
jective methods, such as histology of tumours, with more objec-
tive methods, such as immunohistochemical analysis [4]. Evalua-
tion of proliferating cell protein expressions (PCNA and Ki-67) in
uveal melanoma cells may provide an additional information
about the progression of tumour process.
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Abstract 

Photodynamic therapy (PDT) is an increasingly used treat-
ment for various types of cancer. The principle of PDT involves
the administration of a photosensitizer, followed by a distribu-
tion interval, and subsequent illumination of tumour area with
light of an appropriate wavelength to excite the sensitizer to its
triplet state. The aim of the study was to determine the level of
lipid peroxidation and the level of thiol groups (-SH) in A549
cells after PDT. The final product of fatty acid peroxidation -
malondialdehyde - was quantified 

Spectrophotometrically, based on a set of MDA standards of
known concentration. Protein damage was based on Ellman's
method. The level of lipid peroxidation was significantly higher
for cells after PDT, comparing to control cells. We observed
much lower concentrations of -SH groups for cells after PDT
treatment, in comparison with respective values in control cells.
In conclusion, PDT with Ph II induces lipid peroxidation with
accompanying protein damage in A549 cells, what can lead to
distinct epidemiological, pathological and clinical features.

Key words: photodynamic therapy, photofrin II, 
lipid peroxidation, thiol groups (-SH).

Introduction 

Since its introduction as a promising new method for cancer
treatment about two decades ago, photodynamic therapy has
become progressively well established as a mode of treatment of

malignant as well as non-malignant diseases, characterised by
the occurrence of unwanted or harmful cells. Photodynamic
therapy (PDT) is an increasingly used treatment for various
types of cancer [1, 2]. The principle of PDT involves an admin-
istration of a photosensitizer, followed by a distribution interval
and subsequent illumination of tumour area with light of an
appropriate wavelength to excite the sensitizer to its triplet state.
There are several drugs that can be used as photosensitizing
agents. The most common of these include ALA, Foscan and
Photofrin. Photofrin II, derivative of haematoporphyrin was
used in this study. This photosensitizer is taken up into intracel-
lular membranes, mitochondrial membranes, as well as the
endoplasmic reticulum and the Golgi system [1, 3].

Photoactivation of Photofrin II is known to generate singlet
oxygen and superoxide anion radicals. The ensuing photochem-
ical reaction is dependent on the presence of oxygen, it gener-
ates reactive oxygen species (ROS) and induces oxidative stress
in the cells, what means tumour destruction [4]. ROS react with
thiol groups of proteins and cause damage of cellular mem-
branes. Oxidative stress causes damage to cellular macromole-
cules, such as nucleic acids, proteins and lipids. Among these
targets, peroxidation of lipids is particularly more damaging
because the formation of lipid peroxidation products leads to a
facile propagation of free radicals. Among the products of lipid
peroxidation is malondialdehyde (MDA) - an endogenous geno-
toxic compound [5, 6]. 

In this study, we examined the levels of lipid peroxidation
and the level of thiol groups (-SH) in A549 cells after PDT.

Material and methods 

Cells: human lung carcinoma cell line (A549). This line was
initiated in 1972 by D.J. Giard, et al. through explant culture of lung
carcinomatous tissue from a 58-year-old Caucasian male. 

Cell culture: the cell line was grown in MEM medium with
addition of 10% foetal bovine serum. For the experiments, the cells

Levels of lipid peroxidation in A549 cells after PDT 
in vitro
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were removed by trypsinizing, and washed with PBS. The cells
were maintained in a humidified atmosphere at 37°C and 5% CO2.

Photodynamic treatment: the cells were treated with 15 and 30
µg/ml Photofrin II in complete media 4 h in the dark. Then they
were irradiated by the light dose of 6 J/cm2 during 5 and 10 min-
utes, using a lamp (OPTEL) with polarized light and red filter
(632,8 nm). After irradiation, the cells were incubated in a humidi-
fied atmosphere at 37°C and 5% CO2 for 0, 3 and 6 h. Then the cells
were fixed with formaldehyde for 10 min.

Lipid peroxidation: malondialdehyde (MDA), the final product
of fatty acid peroxidation, reacts with TBA to form a coloured com-
plex. The level of TBARS was measured on the basis of absorbance
at the wavelength of 535 nm. The concentration of malondialde-
hyde was quantified spectrophotometrically, based on a set of
MDA standards of known concentration [7].

Protein damage: protein damage was based on Ellman's
method. This method uses reaction of 5,5'-dithiobis-2-nitrobenzoic
acid (DTNB acid) with thiol groups (-SH) of proteins [7]. 

Results 

The results of MDA concentration are presented in Fig. 1.
The level of lipid peroxidation was significantly higher for cells
after PDT, comparing to that in the control cells. After a 5-
minute irradiation and 15µg/ml of Ph II, we obtained 0,49 µM/l
MDA concentration, however, during the same time irradiation
but with 30µg/ml of Ph II we got 0,35 µM/l MDA concentration.
During a different time period of irradiation (10min) for
15µg/ml and 30µg/ml of Ph II the same MDA concentration (0,5
µM/l) was obtained.

The results of the thiol group (-SH) levels are shown in Fig.
2. We observed a much lower concentration of -SH groups for
cells after PDT treatment, in comparison with respective values
in the control cells. We obtained over 50nmol/l during 10min
irradiation and 30µg/ml of Ph II. 

Discussion 

The primary objective of this study was to determine oxida-
tive stress in A549 cells that induces PDT. The crucial factors,
which determine the type of PDT-mediated cell death, include
light dose, the sensitivity of cells and the subcellular distribution
of the photosensitizer [4, 5, 6]. In our experimental setting, we
studied the levels of the malonyldialdehyde - product of lipid
peroxide oxidation in A549 cells, treated by photodynamic thera-
py, depending on the time and photosensitizer concentration. A
high level of lipid peroxidation was found and that was an indi-
cation of an increasing, high activity of reactive oxygen species
in the environment. Other results verify that lipid peroxidation is
one of the photodynamic effects, exerted by hypericin in NPC
cells. [8]. Peroxidation of membrane lipids is known to disrupt
the membrane structure and induce loss of function, which could
lead to cell death [9, 10]. Our investigation confirms earlier stu-
dies with PDT on different cell line, showing that, after PDT, the
lipid peroxidation level was increased [3, 10]. It has been
observed that it depends on different time of irradiation and dif-
ferent dose of  photosensitizer. In our studies, we examined dif-

ferent times of irradiation and different concentrations of photo-
sensitizer. We suggest that the best time for irradiation was 5 min
for 15µg Ph II for A549 cell line. The higher concentration of
Photofrin II requires longer expositions to light. Oxidative stress
damage, that affects PDT, is also dependent on cell line and the
incubation time with photosensitizing agent before and after
exposure to light [4]. Our data represent the first investigation of
A549 cellular damage after photodynamic treatment.

For confirmation of our results, also the oxidation of -SH
groups was also determined. Our studies revealed that PDT
treatment led to membrane damage through protein destruction.
Examining single time irradiation and one concentration of Ph
II, a distinct decrease of thiol groups concentration was
observed [1, 10]. 

Conclusion 

In conclusion, PDT with Ph II induces lipid peroxidation
with accompanying protein damage in A549 cells, what can lead
to distinct epidemiological, pathological and clinical features.
Photofrin II-PDT appears to be an attractive alternative treat-
ment modality for A549 cell line [12]. 

Roczniki Akademii Medycznej w Bia³ymstoku  ·  Vol. 49, 2004 Suppl. 1, Proceedings ·  Annales Academiae Medicae Bialostocensis 83

 

Figure 1. The levels of MDA in A549 cells, treated by PDT,
comparing to control values.
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Figure 2. The levels of thiol groups in A549 cells, treated by
PDT,  in comparison to control values.
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Abstract 

Our aim was to assess plasma VEGF-A and its soluble
receptor R1 (sVEGF-R1) in patients with colorectal cancer, in
comparison with apparently healthy subjects. 

Methods. Samples of plasma were collected from 26
patients with colorectal cancer before surgery and on  post-oper-
ative day 3 and 10, frozen and eventually assessed, using ELISA
kits. 

Results. We found an increase in VEGF-A in colorectal can-
cer patients and a strong positive correlation between metastat-
ic spread and postoperative VEGF-A, which also correlated
with CA19.9. Soluble VEGF-R1 showed a positive correlation
with lymph node involvement. Conclusions. Our findings may
suggest that the patients with high postoperative VEGF-A
should be scanned for metastases. In view of our finding that
sVEGFR-1 correlates with lymph node involvement, precau-
tions must be taken in studies of sVEGFR-1 as a potential ther-
apeutic agent.

Key words: colorectal cancer, VEGF-A, sVEGF-R1

Introduction 

In most countries of the world, colorectal cancer is an
increasing cause of morbidity and mortality. Although early sur-
gical treatment can be curative, many patients already have
metastases at the time of operation. Moreover, many patients
present in late stages of the disease. In such cases, chemothera-

py is warranted. Thus, it is of crucial importance to know,
whether the malignancy is localised or disseminated. Modern
imaging often permits localisation of macrometastases, howev-
er, in order to detect micrometastases, more sensitive methods
are needed. Molecular markers of solid cancers are of high
potential value in such circumstances [1]. 

Neo-angiogenesis is of crucial importance for colorectal
cancer growth and nutrition, with vascular endothelial growth
factor (VEGF) being the most important cytokine, involved in
the process [2]. VEGF plays an important role in progression,
invasion and spread of colorectal cancer by influencing the pro-
liferation and migration of endothelial cells. Because of the pos-
itive correlation between plasma concentration of VEGF and the
size of tumour in patients with colorectal cancer [3], there have
been attempts to inhibit VEGF synthesis in patients with
advanced colorectal cancer [1].

Total VEGF is not a sufficient diagnostic tool in patients
with colorectal cancer because of small sensitivity (36%) [3].
VEGF comprises a number of cytokines: VEGF-A, VEGF-C,
VEGF-D and VEGF-E. VEGF-A is most abundantly expressed
in colorectal cancer tissues and, therefore, it seems to be of
greater value then total VEGF [2]. 

The group of proteins, named together as VEGF, acts on two
main specific receptors, marked with number 1 (VEGFR-1), 2
(VEGFR-2) and 3 (VEGFR-3). Out of the three, VEGFR-1 has
been reported to be most important for solid malignancies [2].
Also the soluble form of VEGFR-1 (sVEGFR-1) has recently
been demonstrated in blood. It acts in vitro as antagonist for
VEGF-A and inhibits the biological activity of VEGF-A in vivo
[4]. SVEGFR-1 is probably the only known and naturally occur-
ring endogenous antagonist to VEGFR-1 receptor. As such, it
was postulated to have an important role in the treatment aiming
at angiogenesis inhibition [5].

The aim of the study was to investigate sVEGFR-1 and
VEGF-A in plasma of patients with colorectal cancer, before
and after surgical treatment in relation to chosen clinical and
laboratory parameters, such as: sex, age, BMI, tumour localisa-

Plasma VEGF-A and its soluble receptor R1 correlate with
the clinical stage of colorectal cancer
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tion within the bowel, Dukes' or clinical stage, the presence of
distant metastases, lymph node involvement and albumins in
serum.

Material and methods 

The studies were performed on plasma samples, collected
from 26 patients with colorectal cancer, treated at the 2nd
Department of General and Gastroenterological Surgery, Medi-
cal University of Bialystok. The Control group consisted of 18
apparently healthy subjects: 8 men and 11 women, aged 32 to 78
(mean 65).

Among the patients with colorectal cancer, there were 11
men and 15 women. The mean age was 69.2 years (58 to 83
years). The cancer was localized in the rectum of 11 patients, in
the sigmoid colon of 7, in the cecum of 3, in the ascending colon
of 3, in the descending colon in 1 and in the transverse colon in
1 patient. Nineteen (19)  patients underwent curative resection
and 7 patients - palliative resection. In all the cases, pathologi-
cal examination showed adenocarcinoma. According to Dukes'
classification 11 patients were at stage B, 3 patients at C1, 5 at
C2 and 7 at stage D. In all the patients with colorectal cancer,
samples were collected before surgery and on the post-operative
day 3 and 10. Patients and volunteers with either clinical or lab-
oratory signs of infection were excluded from the study. All the
subjects signed an informed consent.

Blood samples were collected after overnight fasting:  4.5
ml venous blood was poured into a tube, containing 0.5 ml 3.8%
sodium citrate. Immediately after sampling, the specimens were

centrifuged at 3.5 G for 10 minutes in 4°C. The supernatant-
platelet poor plasma was transported to an Eppendorf's tube and
frozen in -70°C until determination. The plasma samples were
used for ELISA tests. VEGF-A was determined, according to
George et al. [6] and sVEGFR-1 - as previously described [7],
using a commercially available ELISA kits, purchased from the
Research Diagnostics Inc., USA.

The following tests were used for statistical analysis:
Shapiro-Wilk test for normality, Kruskal-Wallis test for variance
analysis, Mann-Whitney test for inter-group comparison, Spear-
man's and Chi2 tests for correlations. A value of p<0.05 was
regarded as significant for all the tests.

Results 

We found a significant increase in VEGF-A concentrations
in plasma of all the groups of patients with colorectal cancer
(Tab.1), as compared to values in the control group (p<0.01).
sVEGF-R1 (Tab.1) was detectable in 17 / 26 (65.4%) of cancer
patients and in 15 / 18 (83.3%) of control subjects. The values
of sVEGF-R1 tended to be lower in the studied group than those
in the control group, however not significantly (p=0,336)
(Tab.1). We found a positive correlation of the presence of dis-
tant metastases with VEGF-A concentration in plasma (Tab. 2),
as assessed on the postoperative days 3 and 10 (p<0.05). There
was also a negative correlation of VEGF-A in plasma on the
postoperative day 10 with lymphocyte count (p<0.05) and a pos-
itive correlation of VEGF-A in plasma on the postoperative day
10 with CA 19.9 (p<0.05).

 Control 

[pg/ml] 

Pre-op 

[pg/ml] 

Post-op day 3 

[pg/ml] 

Post-op day 10 

[pg/ml] 

VEGF-A 

p 

38.3 ± 13.1  83.36 ± 151.61 

(p=0.0066**) 

79.53 ± 125.47 

(p=0.0037**) 

114.7 ± 198.13 

(p=0.0041**) 
 

sVEGFR-1 

p 

192 ± 245 83.4 ± 154.6 

(p=0.546) 

79.5 ± 125.5 

(p=0.336) 

114.2 ± 198.1 

(p=0.485) 
 

Table 1. Concentrations of VEGF-A and sVEGFR-1 in the control group ("Control") and in patients with colorectal cancer ("Pre-op"
- preoperatively; "Post-op" - postoperatively). Data, given as the mean ± standard deviation; p values of comparison between the stu-
died group and the control group are shown in brackets.

Correlation between p 

Preoperative VEGF-A and distant metastases 0.329 

Postoperative VEGF-A (day 3) and distant metastases 0.046* 

Postoperative VEGF-A (day 10) and distant metastases 0.031* 

Postoperative VEGF-A (day 10) and postoperative CA19-9 0.027* 

Postoperative VEGF-A (day 3) and lymphocyte count 0.045* 

Preoperative sVEGFR1 and distant metastases 0.212 

Preoperative sVEGFR1 and lymph node involvement 0.015* 

Postoperative sVEGFR1 (day 3) and distant metastases 0.798 

Table 2. Chosen correlations between pathological or laboratory parameters and the concentrations of VEGF-A and sVEGFR-1 in
patients with colorectal cancer. 



As far as preoperative sVEGF-R1 is concerned, we found its
positive correlation with lymph node involvement, assessed on
the basis of pathological examinations of surgical specimens
(Tab.2).  No correlations were observed for either the sex, the
age, BMI tumour localisation within the bowel, Dukes' or clini-
cal stage or for albumins in serum.

Discussion 

VEGF-A expression has previously been studied in col-
orectal cancer tissues and showed an increased expression, as
compared to its values in healthy subjects. An association of
VEGF-A tissue expression was also reported with tumour
grade and size [2]. It has been shown that VEGF-A mRNA
expression in colorectal mucosa strongly correlates with liver
metastases and that VEGF-A concentration is an independent
predicting factor for the survival of patients with colorectal
cancer [8].

Our results, concerning VEGF-A, confirm its significant
correlation with the clinical stage of colorectal cancer. We
demonstrated a significant increase of the cytokine level in
plasma of the patients, as compared with that in healthy sub-
jects. We found a strong positive correlation of VEGF-A plas-
ma concentration, assessed postoperatively, with presence of
distant metastases. That was in line with postoperative CA19.9
values. We also observed a moderate, though not significant,
increase in VEGF-A level following a surgical procedure, per-
formed in colorectal cancer patients. This might be attributable
to the breakdown of thrombocytes and neutrophils, containing
considerable amounts of VEGF, in result of surgical manipula-
tions [9]. It was for the first time in 2002 that soluble VEGFR-
1 was reported to be detectable in patients with colorectal can-
cer [5]. Chin et al. [8] reported initially that sVEGFR-1 in
plasma could be detectable in 74% of patients with colorectal
cancer.  In their recent report, the detection was much lower
[4].  The authors observed a suppression of sVEGFR-1 in
patients with colorectal cancer. In our study, no statistical dif-
ferences were observed in sVEGFR-1 plasma concentration in
colorectal cancer patients, as compared to observed values in
the normal controls. However, our observation of the highly
significant positive correlation of sVEGFR-1 with lymph node
involvement in colorectal cancer might be of importance. 

In sum: the presented data may suggest that patients with
high postoperative values of VEGF-A should be scanned for
metastases. In view of our finding that sVEGFR-1 strongly
correlates with lymph node involvement by colorectal cancer,
precautions should be taken in studies of sVEGFR-1 as a
potential therapeutic agent.
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Abstract 

The aim of our study was to evaluate the usefulness of
serum OPG and ProGRP during chemotherapy of lung cancer in
relation to the histological type of the tumour, its clinical stage
and the  response to therapy. The levels of OPG and ProGRP
were determined in 39 patients (20 NSCLC, 19 SCLC) and 10
healthy subjects. Blood samples were collected from each
patient before and after chemotherapy. OPG and ProGRP levels
in all the patients with lung cancer were higher than those in the
controls. ProGRP were higher in SCLC group than in those
NSCLC. In NSCLC group (after chemotherapy), OPG level in
patients with Stage IV tumour was higher than in those with
Stage IIIB (p=0,03). OPG in ED SCLC were higher than those
in LD SCLC (p=0.04). In SCLC group, ProGRP were higher in
LD patients than those with ED (p=0.04). Concluding, the mea-
suring of OPG and ProGRP in lung cancer patients may be use-
ful in clinical practice.

Key words: Osteoprotegerin (OPG), Pro Gastrin 
Releasing Peptide (ProGRP), lung cancer,
non-small cell lung cancer-NSCLC, 
small cell lung cancer-SCLC.

Introduction 

Lung cancer is one of the most prominent causes of mortal-
ity - because of neoplastic reasons - in industrialized countries,
in particular, among the male population. 

OPG is a novel secreted member of the tumour necrosis factor
superfamily [1]. OPG binds RANKL (receptor activator of NF-κB
ligand), inhibiting its interaction with RANK and preventing osteo-
clast formation [2]. It has been reported that OPG expression is asso-
ciated with bone metastasis of cancer [2]. High levels of OPG
mRNA have been detected in the lung, the heart, the kidney, the
liver, the stomach, the intestine and bones [1, 3].  It has been repor-
ted that the expression of OPG protein in gastric carcinoma tissues
correlates with the clinical stage of the tumour [4]. The data about
OPG in lung cancer patients are rather poor. Lipton et al. [5] have
reported that there is no difference in serum OPG levels between
healthy controls and lung cancer patients (16 pts). There were no
observations, concerning the clinical stage and the histological type
of the tumour.

ProGRP, a member of the bombesin family of peptides, has been
shown to be produced by SCLC in an autocrine fashion [6]. It has
been suggested that ProGRP is a potential tumour marker for SCLC
[6]. In the SCLC chemotherapy group, ProGRP was higher in pro-
gressed patients than in the responders [6]. In order to determine the
clinical significance of OPG and ProGRP in lung cancer patients, we
analyzed levels of these proteins in relation to the histological type of
the tumour, its clinical stage and response to therapy.

Materials and methods

The study included 39 patients (smokers; 20 NSCLC; 19
SCLC). The group consisted of 35 males and 4 females (the mean
age of 64.0 years; the age range:  29-78 years). At the time of
examination, the patients did not show any signs of clinically
overt active inflammatory process. The control group comprised
10 healthy volunteers with the mean age of 61 years (non smo-
kers, 8 males). The clinical stage of NSCLC was assigned, accor-
ding to TNM classification. The classifications of SCLC were
made, according to the VALCSG (LD-limited disease; ED-exten-
sive disease). Standard criteria for the objective response to the
applied therapy were used (WHO guidelines). Blood samples
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were collected from each patient before and after chemotherapy.
Serum OPG and ProGRP concentrations were measured by
enzyme immunoassay (Biomedica-OPG; IBL Japan-ProGRP)
Statistical differences were analyzed by Student's t test, the non-
parametric Wilcoxon test and the Mann- Whitney's U- test. Any
value of p<0,05 was considered statistically significant.

Results

As shown in Tab. 1, serum OPG and ProGRP levels in 39
patients with lung cancer were higher than those in the controls.
No significant differences in serum OPG levels were observed
with regard to the histological type of the tumour (Tab. 1).
ProGRP were significantly higher in the SCLC group than in

NSCLC (Tab. 1). In the NSCLC group (after chemotherapy) (Tab.
1), the mean OPG level in patients with Stage IV was higher than
that in patients with Stage IIIB (p=0.03). OPG in ED SCLC were
higher than those in LD SCLC (p=0.04). In the SCLC group,
ProGRP were higher in LD patients than in those with ED
(p=0.04) (Tab. 1). No significant differences in ProGRP levels
were observed with regards to the tumour stage of NSCLC (Tab.
1). No differences in OPG and ProGRP levels were observed with
regards to the response to applied therapy (Tab. 2).

Discussion 

OPG is a key factor, inhibiting the differentiation and acti-
vation of osteoclasts, and is, therefore, essential for bone resorp-
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Disease stage 

 
               before                                                        after  
       chemotherapy                                            chemotherapy 
       (P-VALUE VS CONTROLS)                  (P-VALUE VS CONTROLS) 

 
Controls 
(n = 10) 

patients (n=39)        
       OPG                 
       Pro GRP 

 
4,2 ± 1,2          p=0,003 
30,8 (9 – 113) 

 
4,2± 1,0              p=0,002 
34,3 (13 – 305) 

 
3,1 ± 0,6 
21,8 (10 – 33) 

NSCLC (n=20)        
       OPG                 
       Pro GRP           

 
4,2 ± 1,2          p=0,011 
30,8 (9 – 113) p=0,011 

 
4,5 ± 1,2             p=0,001 
34,3 (13 – 305)   p=0,001 

 

IIIB (n = 11) 
       OPG                 
       Pro GRP 

 
3,8 ± 1,2 
25,7 (13 – 43) 

 
3,9 ± 0,9 * 
32,9 (17 – 41) 

 

IV (n = 9) 
       OPG 
       Pro GRP 

 
4,6 ± 1,1 
33,6 (9 – 113) 

 
5,2 ± 1,3 ** 
37,1 (13 – 305) 

 

SCLC (n = 19) 
       OPG                 
       Pro GRP           

 
4,3 ± 1,1               p=0,005 
1152,2 (26–1802) p=0,00002 

 
4,0 ± 0,6                        p=0,0008       
255,4 (18 – 1581)         p=0,0001 

 

LD (n = 9) 
       OPG 
       Pro GRP 

 
4,2 ± 1,0 
1589,9 (39 – 1802) 

 
3,7± 0,5  # 
262,8 (63 – 1236) 1 

 

ED (n =10) 
       OPG                 
       Pro GRP 

 
4,5 ± 1,2 
925,2 (26 – 1763) 

 
4,3 ± 0,6 # #  
67,6 (18 – 1581)  2 

 

Table 1. Serum OPG and ProGRP levels in lung cancer patients and controls.

PR + NC (n = 11) PD (n = 9) 

before 
chemotherapy 

after 
chemotherapy 

before 
chemotherapy 

after 
chemotherapy 

 
NSCLC 
(n = 20) 

                   
OPG               

         Pro GRP 
                                  

 
4,0 ± 1,2 

30,8 (13 – 38) 

 
4,2 ± 1,2 

35,7 (19 – 74) 

 
4,4 ± 1,3 

23,5 (9 – 113) 

 
4,7 ± 1,4 

31,5 (13 – 305) 

PR + NC (n = 11) PD (n = 8) 

before 
chemotherapy 

after 
chemotherapy 

before 
chemotherapy 

after 
chemotherapy 

 
SCLC 

(n = 19) 
 

            OPG              
            Pro GRP 
                                  

 
4,4 ± 1,0 

1152,2 (39 – 1802) 

 
4,0 ± 0,7 

79,7 (18 – 1236) 

 
4,3 ± 1,3 

1375,0 (26 – 1763) 

 
4,0 ± 0,6 

1012,8 (48 – 1581) 

Table 2. Values of OPG and ProGRP before and after chemotherapy of  lung cancer patients

PR- partial response; NC- no change; PD- progressive disease  

Abbreviations: OPG- osteoprotegerin (pmol/l); Pro GRP - Pro Gastrin Releasing Peptide (pmol/l); 
* vs ** p=0,03; # vs # # p=0,04; 1 vs 2 p=0,04
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tion. In healthy people, osteoclastic activity is regulated by the
balance between OPG and its ligand (RANKL). In opinion of
Lipton et al. [5], the elevations of circulating OPG in serum of
patients with malignancy are not high enough to uniformly sup-
press osteoclast formation [5]. In our study, the levels of OPG
were significantly higher in lung cancer patients than those in
the controls. On the contrary, Lipton et al. [5] showed that the
levels of OPG in lung cancer patients did not differ significant-
ly from those in healthy volunteers. There were only 16 lung
cancer patients in that study. Our study included 39 patients with
lung cancer. To our knowledge, the current study is the second
one to report serum OPG levels in lung cancer patients in rela-
tion to the clinical stage of tumour.

ProGRP has been demonstrated as a tumour marker for SCLC
in the investigations of Oremek et al. [7]. In our studies, the mean
serum values of ProGRP were higher in cancer patients than those
in the controls. The SCLC patients had higher levels of ProGRP
than the ones with NSCLC. We confirm the observations of Sch-
neider et al. [6]. They reported that ProGRP was a good tool for dis-
criminating NSCLC versus SCLC [6]. SCLC differs clinically and
biologically from NSCLC types. The incidence of distant metas-
tases of SCLC at the time of primary diagnosis is very high. In our
studies, no significant differences of ProGRP were noted in relation
to the NSCLC clinical stage. In accordance with the literature [6],
ProGRP reached more elevated serum levels in patients with limit-
ed disease. Thus, serum levels of ProGRP could be used to dis-
criminate between extensive disease SCLC versus limited one.

The expression of OPG protein in gastric carcinoma tissues
correlates with the clinical stage of the tumour [4]. In our study, the
mean OPG level in patients with Stage IV was significantly higher
than that in patients with Stage IIIB. The same observations were
made by Lipton et al. [5]. They noticed a trend towards higher lev-
els of OPG in patients with metastatic disease, compared to those
with localized malignancy [5]. Those observations confirm that dif-
ferent mechanisms are responsible for OPG increase in serum of
lung cancer patients. OPG is a factor derived from tumour and bone
[8]. In the studies by Eaton et al. [8], there has been a conclusion
that OPG is a potential new marker, which is elevated in serum of
patients with advanced prostate cancer. Our results, based on lung
cancer patients, are in agreement with the studies by Eaton et al. [8].

In our studies, there were no significant differences in either
OPG or ProGRP with respect to the response to applied therapy.  To
our knowledge, the current study is the first one to report serum
OPG in relation to the response of lung cancer to applied therapy.
Eaton et al. [8] showed that, in a prostate cancer group, OPG was
an indicator of the disease progression. We did not confirm these
observations in our patients with lung cancer. 

ProGRP has been demonstrated as a promising tumour marker
for SCLC monitoring [4]. Tumour markers may represent the total
body tumour load. Rising tumour marker concentrations in lung
cancer patients may indicate tumour progression, which may help
avoiding the continuation of ineffective treatment. In our studies,
the levels of ProGRP in progressed patients were the same as those
in responder ones.

Concluding, the measurements of OPG and ProGRP can be
useful in clinical practice. Their clinical significance in the moni-
toring of chemotherapy and for  the prognosis of lung cancer needs
further studies.
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Abstract 

The aim of this study was to evaluate the expression of
CD44v10 in colorectal tumour cells and in lymphocytes infil-
trating the tumour (CD45+). Samples of tumour tissue (TT), as
well as of healthy tissue (HT) and of tumour adjacent tissue
(TAT), were obtained from 20 patients. An evaluation of
CD44v10 expression was performed in a flow cytometer. The
mean value of the percentage of CD45+ with co-expression of
CD44v10 was significantly higher in the lower stage of the
tumour (pT). The mean value of the percentage of epithelial
cells with CD44v10 co-expression was significantly higher in
pN2 than in pN1 stage. Only in TAT the mean value of the per-
centage of epithelial cells and CD45+ with tCD44v10 co-
expression was significantly lower in the higher degree of his-
tological malignancy. It is supposed that CD44v10 takes part in
local cancer progression.

Key words: colorectal cancer, CD44v10, leucocytes, 
tumour tissue. 

Introduction 

Neoplasmal diseases are the second, or, according to some
authors, the third cause of deaths all over the world. Colorectal
cancers are, among other neoplasms, placed on the third posi-
tion, regarding morbidity and mortality rates after the breast and
lung and bronchus cancers in women and prostate and lung and
bronchus cancers in men [1]. The recurrence of the disease

depends on the progression of neoplasmal metastases to lymph
nodules and distal organs and is the most common cause of
death [2, 3]. 

The aim of this study was to evaluate, whether the expres-
sion of CD44v10 isoform on epithelial cells and leucocytes
infiltrating tumour tissues, tumour adjacent tissues and healthy
tissues of the large bowel in patients with colorectal cancer, cor-
relates with the pathomorphological stage of the tumour, due to
WHO classification (pT), lymph nodes metastases (N) and the
histopathological grade of malignancy (G).

Material and methods 

Twenty (20) patients were operated on sigmorectal adeno-
carcinomas in G2-G3 grade of malignancy and pT2- pT4 stage,
acc. to WHO score, at our Department in 2003. There were 11
(55 %) women and 9 ( 45 %) men. The median age was 63.27
years (the age  range: 32 - 78 years). Neoadjuvant radio- or
chemotherapy had not been applied to any of the patients.
Nobody of them had metastases to distal organs.  The preopera-
tive diagnosis was based on clinical symptoms and preoperative-
ly confirmed by histopathological examination of a biopsy spec-
imen, obtained endoscopically. Other types of cancer and polyps,
including inoperable tumours, were excluded from the investiga-
tion.  Tumour tissue samples were obtained during the operation.
They were divided into two parts. One part of tissues was typi-
cally prepared and paraffin embedded sections were examined to
estimate pTN stage and the grade of malignancy in G1-G3 score.
The second specimen consisted of three samples, obtained from
HT, TAT and TT and placed in a sterile container with RPMI -
1640. Immediately after collection (max. 2h), respective frag-
ments of tissues were minced to receive the homogenous cells
suspension. The cell suspension, obtained in this way, was twice
washed with PBS with 0.5% bovine albumin and 2mM of EDTA.
Two parts of 100 µl of cell suspension were conjugated - the first
part with 10 µl of CD45-PerCP and the second one with 10 µl
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of Anti-EpCAM-PerCP-Cy 5.5 antibodies (Bencton Dickinson).
After 20 minutes of incubation in room temperature, 10µl of
CD44v10 antibodies (AB2082 Chemicon) were added. After 30
minutes of incubation in 4°C in the dark, the cells were washed
three times in PBS solution. Next,  IgG (Fab2 - Mouse antiRab-
bit IgG AP 1889 - Chemicon), conjugated with EMA-FITC
(DAKO), was added and the suspension was again incubated
during 30 minutes in 4°C. The cells were washed again three
times. PBS and 1% solution of paraformaldehyde was added.
Analyses of the cells were performed, using a Coulter EPICS XL
flow cytometer. A minimum of 104 cells were counted. Con-
forming isotypic negative controls were used. The non-paramet-
ric ranking Mann-Whithney   test was used for statistical analy-
sis of flow cytometric results between the evaluated groups.
Values of p<0.05 were accepted as statistically significant.

Results 

The mean value of the percentage of lymphocytes with co-
expression of CD44v10, infiltrating all kinds of tissues, was sig-
nificantly higher in the lower stage of the tumour, acc. to WHO
classification (pT), whereas there were no correlations in this
parameter, evaluated on the epithelial cells (Table 1). The mean
value of the percentage of epithelial cells with co-expression of
CD44v10 was significantly higher in pN2 than in pN1 stage.
There were no significant correlations in this parameter, esti-
mated on the leucocytes infiltrating tissues (Table 2). The mean
values of the percentage of epithelial cells, as well as  of leuco-
cytes infiltrating tissues with co-expression of CD44v10, were
significantly lower in the higher degree of histological malig-
nancy (G) only inTAT (Table 3). 

Discussion 

CD44, described for the first time by Dalchau in 1980, is
a molecule, which can take part in carcinogenesis and forma-

tion of metastases in lymph nodes and in distal organs [4]. It
also plays an important role in intracellular communication
and interactions between the cell and the extracellular
matrix. It is responsible for lymphocyte T and natural killer
activation, aggregation and cell B and T migration. It also
induces the Tumour Necrosis Factor and interleukin 1
release. So, it is described as one of the main factors in the
formation of metastases, however, the precise mechanism of
its function is still unknown [5, 6]. Examinations of standard
CD44 molecule in tumour tissues and in neoplasmatically
changed lymph nodes show its higher expression [7, 8, 9,
10]. Examinations of some isoforms of CD44 in cancer and
lymph node tissues show the same results but the number of
examined patients is small [11, 12, 13]. We have recently
reported that the levels of CD44v5 and v6 in serum of
patients with colorectal cancer are not correlated with the
progression of the disease [14].

This study evaluated the expression of CD44v10 isoform
on the surface of epithelial cells and leucocytes infiltrating

TT  /pT CD45 / CD44 v10 EMA /CD44v10 
2 76.6 ± 12.1 49.6 ± 9.6 
3 48.7 ± 11.8 31.6 ± 17.1 
4 43.8 ± 7.8 53.5 ± 10.1 

Statistical analysis  2 v. 3; p<0.01 
 2 v. 4; p<0.04 

Not significant 

TAT /pT   
2 85.2 ±  13.2 36.9 ± 16.9 
3 49.3 ± 10.2 29.2 ± 13.6 
4 61.0 ± 12.1 46.3 ± 7.6 

Statistical analysis  2 v. 3; p<0.001 
 2 v. 4; p<0.05 

Not significant 

HT /pT   
2 74.9 ± 19.5 32.4 ± 18.8 
3 50.8 ± 14.1 19.2 ± 14.2 
4 51.4 ± 10.4 31.5 ± 11.3 

Statistical analysis 2 v. 3; p<0.05 
2 v. 4; p<0.05 

Not significant 

Table 1. The mean value of the percentage of CD45+ and
epithelial cells with co-expression of CD44v10 in different pT
stages.

TT  /G CD45 / CD44 v10 EMA /CD44 v10 
0 52.3 ± 10.4 35.1 ± 11.9 
2 52.9 ± 16.7 41.2 ± 17.3 
3 55.5 ±  9.2 20.0 ±  8.5 

Statistical analysis Not significant Not significant 
TAT /G   

0 59.7 ± 15.0 37.9 ± 14.4 
2 63.0 ± 15.2 38.3 ± 12.5 
3 40.7 ±  7.6 20.0 ±  9.7 

Statistical analysis 0 v. 3; p<0.05 
2 v. 3; p<0.03 

0 v. 3; p<0.05 
2 v. 3; p<0.03 

HT /G   
0 49.9 ± 18.2 38.9 ± 13.6 
2 60.5 ± 13.8 29.2 ± 20.4 
3 41,3 ± 12,4 18,7 ± 12,6 

Statistical analysis Not significant Not significant 

Table 3. The mean value of the percentage of CD45+ and
epithelial cells with co-expression of CD44v10 in different
grades of malignancy.

TT  /pN CD45 / CD44 v10 EMA / CD44 v10 
0 52.0 ± 11.2 37.9 ± 15.6 
1 53.1 ± 35.4 31.4 ± 16.1 
2 53.8 ± 14.1 43.8 ± 13.7 

Statistical analysis 
 

Not significant Not significant 

TAT /pN   
0 57.7 ± 16.6 33.6 ± 14.4 
1 61.0 ± 31.0 22.0 ± 4.2 
2 57.6 ±  4.9 46.8 ± 9.8 

Statistical analysis 
 

Not significant 1 v. 2; p<0.05 

HT /pN   
0 55.4 ± 16.0 26.5 ± 12.3 
1 47.6 ± 19.1 31.4 ±  16.1 
2 58.3 ±  9.7 40.9 ±  13.5 

Statistical analysis 
 

Not significant Not significant 

Table 2. The mean value of the percentage of CD45+ and
epithelial cells with co-expression of CD44v10 in different pN
stages.



tumour tissues, tumour adjacent tissues and healthy tissues of
the large bowel in patients with colorectal cancer. The statisti-
cally significant correlations, found in results, inform that this
variant of CD44 can play an important role in the local progres-
sion of the cancer and that it probably stimulates the growth of
the tumour. However, it is rather of no importance in the devel-
opment of neoplasmal metastases to lymph nodes. Due to a
small number of examined patients, the role of CD44v10
demands further investigations.
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Antisense approach

Malignant glioma, the most common human brain cancer, is
almost uniformly fatal. Median survival is less than one year. The
principal strategies of gene therapy for treatment of gliomas, includ-
ing antisense approach, have been proposed comming from 1990s
[1, 2, 3, 4].

The antisense oligonucleotides become the important tool of
anti - cancer approach [5, 6]. The "discovery" of antisense approach
was done by the groupes of R.M. Harland and of F. Jacob [7, 8]; the
untranscribed DNA strand, that has been regarded only as a stabi-
lizer and a protector of genetic material, was shown to reveal tran-
scription activity [9]. It has also been widely proven that a lot of
genes present an open reading frame on its antisense strand. Open
reading frame on the antisense strand has been found in all genomes
studied, both in prokaryotes and eukaryotes [10].

Different molecular pathways altered in cancer were exploited
as potential the antisense strand has been found in all genomes stud-
ied, both in prokaryotes and eukaryotes [10]. On the basis of mech-
anism of action, two classes of antisense oligonucleotide can be dis-
cerned: (a) the RNase H-dependent oligonucleotides, which induce
the degradation of mRNA; and (b) the steric-blocker oligonu-
cleotides, which physically prevent or inhibit the progression of
splicing or the translational machinery. The majority of the antisense
drugs investigated in the clinic functions via an RNase H-dependent
mechanism [5].

In prokaryotes and eukaryotes genetic information is supported
by double-stranded DNA in which only one strand (sense strand) is

usually transcribed to messenger RNA. The second strand is called
the antisense strand because its sequence of nucleotides is the com-
plement of message sense. This observation gave the origin to many
antisense (as well as non-sense) approaches based on antisense
RNA or antisense oligonucleotides, both targeting genes involved in
pathological cellular processes. The antisense RNA is delivered to
the cells either by a plasmid vector (dsDNA) encoding an antisense
RNA or by a single sequence of nucleotides is the complement of
message sense). The antisense RNA sequence is then produced by
intracellular transcription of plasmid vector and is able to hybridize
to the mRNAwith subsequent translation blockade. Once hybridiza-
tion occurs, the duplex RNA-RNA (DNA) stimulates ribonuclease
H, the enzyme involved in DNA replication [11].

The first antisense oligonucleotide used in clinical pharmacolo-
gy was as anti-cytomegalovirus therapy (VitraveneTM) [12]. The
antisense strategy was then largely used in order to analyze gene
expression and intron splicing. The most widely studied oligonu-
cleotides are phosphorothioates, because their nuclease stability are
highly soluble and have excellent antisense activity. These data have
led to the introduction of phosphorothioate oligonucleotides into
clinical therapeutic tumour trials [13, 14]. 

The triple helix (TH) technology is the new approach, which
belongs together with antisense approach to anti-gene strategies.
The TH technology was "discovered" by groups of P.B. Dervan
[15] and of C. Helene [16]. So called triple-helix forming
oligonucleotides, TFOs, are delivered to cells both by cell trans-
fection with chemical carriers and via vector plasmid that can
drive the synthesis of TFO RNA. TFOs link to genomic double-
strand DNA, form triple-helix structure with target gene and
strongly inhibit its expression at transcriptional level [15]. The
role of 22-23 mer RNA in triple helix RNA-DNA mechanism is
strongly similar to that of recent "siRNA technonology" involv-
ing also 23 mer RNA [16] (21-23-mer double-stranded RNA
molecules, known as siRNA, can effectively silence gene
expression [17]). 

Oncogenes and genes encoding growth factors constitute the
principal target of antisense strategy in malignant tumours treat-
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ment. The classical examples of use of antisense oncogens are
that of c myb [18], bcr/abl [11], bcl-2 [19, 20, 21] or K-ras fam-
ily [22], the last also explored in triple helix approach [23].
Growth factors and their receptors (that usually act as cell mem-
brane tyrosine kinases) consist the complex system considered at
present as especially important in oncogenesis. TGF-beta [24],
EGFR [22, 25], VEGF [26, 27, 28, 29] represent relevant targets
for anti-tumor gene therapies. Insulin-like growth factor (IGF-I)
and its receptor IGF-I-R are considered as the most important
growth factors related to the normal and neoplastic differentia-
tion [30]. Therefor IGF-I antisense and IGF-I-R antisense gene
therapies were proposed to treat different malignant tumours [3,
31]. 

Brain tumours and antisense approach

Neuroblastoma is the most common neuroectoderma derived
solid tumour of paediatric age. C-myb gene expression has been
reported in neuroblastoma. The use of antisense oligonucleotides
as therapeutic antineoplastic agents has been recently investiga-
ted. It was demonstrated that the inhibition of cell proliferation
was dependent on the down-modulation of c-myb protein
expression [32].

Dysregulation of hMYCN protein expression appears to be
critically involved in the pathogenesis of childhood neuroblas-
toma. Human neuroblastoma IMR-32 cells, which have an
amplified hMYCN gene was transfected, with hMYCN AS [33].
The authors have examined the effects of continuous treatment
for 6 weeks with AS oligonucleotides via subcutaneously
implanted microosmotic pumps on tumor growth in a transgenic
mouse model of hMYCN-induced neuroblastoma. Transgenic
mice treated with AS oligonucleotides had lower tumor inci-
dence and statistically significantly lower tumor mass.

Liposomes are one of the most promising delivery systems
for genes, proteins, and other biological molecules and they are
expected to become a new therapeutic tool for the treatment of
brain tumors, especially malignant gliomas [34]. Recently, the
promising results were showed using the strategy based on IGF-
I antisense or triple-helix technologies and liposomes as delivery
system for treatment of glioblastoma patients [35, 36]. The triple
helix of IGF-I consists with single RNA strand containing a 23-
nucleotide (nt) oligopurine sequence capable to form triple-helix
structure with an IGF-I gene oligopurine/oligopyrimidine pro-
moter segment. The injected triple helix IGF-I "vaccine" has
developed T CD8 mediated immune response [37]. The interest-
ing approach was also proposed by the group of R. Baserga,
using antisense of IGF-I receptor 1 in clinical treatment of brain
tumours (2003, personal communication); however the supposed
anti-cancer immune response was not demonstrated in that
approach [3]. 

The impact of bcl-2, a key antiapoptotic protein, on malig-
nant gliomas by suppressing its expression was also investigat-
ed: antisense human bcl-2 cDNA was transfected into human
malignant glioma cells. Transplantation of antisense bcl-2 cells
resulted in no tumor formation [38]. Antisense bcl-2 expression
could effectively reduce glioma survival, including retarding in
vitro growth, complete loss of tumorigenicity, and significantly
enhanced cisplatin cytotoxicity.

Human Nr-CAM (Neuroglia related Cell Adhesion
Molecule) is over expressed in glioblastoma. Subcutaneous
injection of antisense hNr-CAM overexpressing glioblastoma
cells into nude mice caused complete inhibition of tumor forma-
tion [39]. Intra-tumoral inoculation of antisense hNr-CAM
expressing plasmid also caused slow tumor growth in nude mice
in vivo. The authors concluded that hNr-CAM is a valid target
for potential gene therapy of glioblastoma tumors.

Some experimental models of glioma treatment were recent-
ly developed targeting different factors as telomerase, urokinase-
type plasminogen activator receptor or matrix metalloproteinas-
es. Telomerase is a ribonucleoprotein enzyme that is detected in
the vast majority of malignant gliomas but not in normal brain
tissues. Thus, antisense against human telomerase RNA compo-
nent (2-5A-anti-hTER) was investigated for its antitumor effect
on an intracranial malignant glioma model in nude mice [40].
The authors demonstrated that 2-5A-anti-hTER reduced the via-
bility of malignant glioma cell lines to 20-43%. The treatment of
intracranial malignant gliomas in nude mice with 2-5A-anti-
hTER was therapeutically effective.

The urokinase-type plasminogen activator receptor (uPAR)
and the p16 tumor suppressor gene play a significant role in
glioma invasion. It was demonstrated that downregulation of
uPAR and overexpression of p16 using a bicistronic caused an
additive and cooperative effect in the suppression of the tumor
growth of glioblastoma cell lines in an ex vivo intracerebral
tumor model [41].

Increased expression of matrix metalloproteinases (MMPs)
has been associated with human glioblastoma tumor progression.
For this reason down-regulate MMP-9 expression was done by
stably transfecting a high-grade glioblastoma cell line with a
plasmid vector capable of expressing an antisense transcript
complementary to a 528-bp segment at the 5' end of human
MMP-9 cDNA [42]. Intracerebral injection of antisense stable
transfectants in nude mice produced no tumors. These results
suggest that MMP-9 expression is essential for the invasiveness
of glioblastoma cells. 

Conclusions 

Human gene therapy is defined as a medical intervention
based on the administration of genetic material in order to mo-
dify or manipulate the expression of a gene product or to alter the
biological properties of living cells. Cells may be modified ex
vivo for subsequent administration or altered in vivo by gene
therapy products given directly to the subject. Example that falls
under this definition include use of antisense oligonucleotides to
block gene transcription or use of sequence-specific oligonu-
cleotides to correct a genetic mutation [43]. 

The gene therapies in comparison to surgery or chemothera-
py are new, sophisticated and still experimental. A number of
strategies for inhibiting gene expression have been developed:
the triple helix approach, decoy transcription factor binding and
oligodeoxynucleotides seek to disrupt gene expression at the
level of transcription. The antisense oligonucleotides and short
interfering RNA molecules attempt to disrupt expression at the
level of mRNA translation [44, 45]. Antisense therapy has been
widely used to specifically and selectively inhibit the expression
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of selected genes at the messenger RNA level. Combinations of
antisense oligonucleotides with chemotherapeutic agents may
offer important advantages in cancer treatment [46]. Anti - gene
therapies are the subject of many clinical trials. It is necessary to
underline their high specifity, relative security and very promis-
ing results. For that reason we hope, that this modern type of
treatment [47, 48, 49] will soon become alternative for more tra-
ditional methods used in cancer therapy including therapeutic
strategies for brain tumors [50].
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Abstract 

The supposed immunogenic character of glioma cells trans-
fected with antisense IGF-I-Receptor (IGF-I-R) expression vector
was tested for the presence of MHC-I currently present in cells of
IGF-I antisense type. C6 rat glioma cell line was comparatively
transfected in vitro with IGF I antisense (pMT-Anti-IGF I) or IGF
I Receptor antisense (pMT-Anti-IGF I R) expression vectors. The
wild and transfected cells were examined for the presence of IGF-
I and MHC-I molecules. Using RT PCR technique, the transfec-
ted "antisens" cells showed total inhibition of IGF-I. The both
transfected cultures of IGF-I and of IGF-I -R type were positive-
ly stained for MHC-I. Moreover "antisense IGF-I-R" cells as
compared to "IGF-I antisense" cells showed slightly higher
expression of MHC-I. The transfected cells showed also the fea-
ture of apoptosis in 60% of cells. The immunogenicity of IGF-I-
R antisense glioma cells is related to MHC-I presence; therefore
both approaches of antisense IGF-I and of antisense IGF-I-R
could be use in paralel for cellular therapy of glioblastoma.

Key words: glioma, IGF I, IGF-I Receptor, 
antisense, MHC-I.

Introduction 

Different strategies of gene therapy for treatment of gliomas
have been proposed comming from 1990s [1, 2, 3]. Our strategy

treatement is based on antisense [4, 5] anti - IGF-I (insulin-like
growth factor I) technology [1]. IGF-I is a 70-amino acid polypep-
tide involved in tissue growth and differentiation [6, 7, 8, 9].

Deregulated expression of growth factors and/or their recep-
tors, and especially of IGF-I, is associated as well with growth as
with pathology of different diseases, including tumors [9, 10, 11,
12]. IGF-I acts via specific IGF-I receptor and subsequent activa-
tion of a protein tyrosine phosphorylic signal transduction cas-
cade, similar to that of insulin action [13, 14]. IGF-I, mediated by
IGF-I receptor has been reported to stop the apoptosis pathway in
a variety of cell lines [9, 15]. The action of IGF-I on cellular
metabolism depends on binding proteins (IGFBP), which prolong
the half life of this factor and modify its interaction with receptor
[16, 17]. The block of IGF-I synthesis, induces apoptotic and
immunogenic phenomenons [18].

IGF-I is expressed at high levels in some nervous system-
derived tumours, e.g. glioblastoma [19, 20] and tumour cell lines
like C6 and CNS-1 rat gliomas [21, 22, 23]. 

Rat C-6 glioma cells become down-regulated in production of
IGF-I when transfected with vector expressing IGF-I antisense
RNA or IGF-I triple-helix forming oligonucleotides.  The trans-
fected cells lose tumorigenicity and elicit tumor specific immuni-
ty which leads to cure of established tumors. The immune
response was shown to be mediated mainly by T lymphocytes as
indicated by an abundant infiltration of the CD8 T cell subset in
tumor tissues [12, 24]. Here we examine the possibility that the
suppression of intracellular IGF-I in rat glioma cells, using anti-
sense IGF-I-Receptor approach, alters the cell phenotype and the
production of MHC-I as it was previously observed in  IGF-I anti-
sense approach  [25, 26], and that this process is also associated
with increase in  programmed cell death - apoptosis.

Material and methods 

Cell culture. C6 rat glioma cell line [21], was used. Cells
were cultured in DMEM+F12 (v/v) (GIBCO-BRL) supplemen-
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ted with 10 % FCS, 2mM glutamine, 100 U/ml penicillin and
100 µg/ml streptomycin, at 37° C and 5 % CO2.  Hygromycin B
(Boehringer Mannheim) at a concentration of 0,5 mg/ml was
added 48 hours after transfection to select for transfected cell
line. Then, the concentration of hygromycin B was changed to 2
mg/ml after one weak and maintained  with each change of fresh
medium during the next 3-4 month.

Plasmids

The episome based plasmids pMT-Anti IGF-I and pMT-Anti
IGF-I-Receptor were constructed as previously described
[1,3,27]. The vector pMT-EP, under the control of the metal-
lothionein, MT-I, inducible promotor was used as its base. The
casette contains the Epstein-Barr Virus origin of replication and
the gene encoding nuclear antigen I which together drive extra-
chromosomal replication. Down stream of the insertion site is a
poly A termination signal followed by the hygromycin B and
ampilicin resistance genes. The vector pMT-EP with the lac-Z
reporter gene, as insert was used in control experiments [28]. 

Transfection

Cultures of cells, 60-80 % confluent, were transfected in 6-
well plates utilizing a ratio of 1 µg plasmid DNA per 400 000
cells. The FuGENE 6 Transfection Reagent (Boehringer
Mannheim) was used according to the supplier's instructions. To
determine the efficiency of transfection, the process was carried
out using the pMT-EP construct containing lac-Z as a reporter
gene. Cell cultures were washed in PBS and incubated at 37° C
in the presence of the staining solution which contained 5mM
K3Fe(CN)6,  2mM MgCl2,  0,8 mg/ml X-gal made in PBS.

The cell lines, transfected and non transfected were com-
parativly analyzed for expression of IGF-I, IGFI-R and MHC-I
in the presence and absence of ZnSO4 (stimulation of IGF-I
metallothionin promoter).

RT PCR (Reverse transcriptase - polymerase chain reaction)

RNA from cells was isolated using High Pure RNA Isolation
Kit (Roche Diagnostics GmbH  nr 1828665), and the obtained
mRNA was verified in 1,5% agarose gel stained with ethidium
bromide. The applied components of RT PCR were used accord-
ing Reverse Transcription System Promega Corporation (nr
A3500). Samples composed  as mentioned in Table 1. were
amplified for 30 cycles.

Each cycle consisted of the following steps: denaturation at
94°C  for 30 sec, then at 65°C for 30 sec.; annealing for 60 sec,
primer extension at 72°C for 5 min in a DNA thermal cycler
(GeneAmp PCR System 2700, Applied Biosystem).

The following primers were used for RT PCR study of:  
IGF-I:
Primer "a" 
Forward:  TAG TCC CTG CCT CTT AAG AG
Reverse: AGG GGC GTT AAA ACT TGG GT
(sequence according  "rgd"  Rat Genome Database; primers

synthetized in Institute of Biochemistry and Biophysics, Polish
Academy of Sciences, Warsaw).

IGF-I:
Primer "b"
Forward: TCT GCT GAA GCC TAC AAA GT
Reverse: TTC CTC AAG CAG CAA AGG AT

IGF-I-Receptor:
Primer"c"
Forward: GAC AGT GAA TGA GGC TGC AA
Reverse: TCT CCA CCT CTG GCC TTA GA

MHC-I:
Primer "d"
Forward: ACA CTC GCT GCG GTA TTT CT
Reverse: CCT TGG CTT TCT GTG TCT CC

(primers synthetized in Institute of Pharmacology, Polish
Academy of Sciences, Cracow)

Amplification products were analyzed in 1,5 % agarose gel;
each well was loaded by 0,5 ug DNA stained by ethidium bro-
mide. Standard markers were used (PCR markers, Promega
Corporation, nr G316A). 

Results 

Morphological characterisation of tumoral cells. 
C6 glioma cells demonstrated morphological characteristics

similar to those previously described [1] (Fig. 1). The percent of
IGF-I positive cells  ranged from 70-90%. Each cell line was was
subcloned to obtain IGF-I positive clones. IGF-I antisense trans-
fected cells (pMT-Anti IGF-I) as well as IGF-I-R antisense trans-
fected cells (pMT-Anti IGF-I-R) did not stain immunocytochemi-
cally for IGF-I [1, 27]. The frequency of transfection for the pMT-
EP- LacZ vector, as determined by staining with X-gal at 24 hours
after transfection, was in between  3-10 % for glioma lines (Fig. 2).
In  cultures of both IGF-I antisense and IGF-I-R transfected cells,
approximately 40-50 % of the cells became rounded and detached.
These cells were all apoptotic. In contrast, evidence of  apoptosis
was  observed in  less than  5-10 %  of  non-transfected  cells.  The
apoptotic changes occurred within 5-6 hours after incubation of
transfected cells in the presence of 60 microM of ZnS04.  These
results were confirmed in six separate experiments  (P < 0, 01).
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Components Sample (µl) 

cDNA 2 

dNTPs, 10mM 1,8 

MgCl2, 25mM 7,5 

RT 10x Bufor 9,8 

rev IGF-I primer, 20µM 2 

dir IGF-I primer, 20µM 2 

DNA Pfu Polimerase (2,5) 0,5 

Nuclease free water (100µl) 74.4 

Table 1.
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Molecular characterization of tumoral cells.

Analysis of C6 rat glioma, parental, non transfected cells
is shown in the RT PCR gels (Figs. 3, 4a and b). Using primer
for IGF-I and IGF-I-R, the presense of these two genes was
demonstrated in non transfected cells. The DNA of non-
transfected cells is distributed in 300-400 bp (Fig. 3) and 200
bp bands (Figs. 4a and b) corresponding to the different
primers.  

As far as transfected cells are considered, the presence of
MHC-I was confirmed in "antisense IGF-I cells" [12] using
RT PCR technique. These cells showing absence of IGF-I,
demonstrated the expression of MHC-I after stimulation with
Zn SO4 (Figs. 5a and b). The same striking phenomenon was
observed in "antisense IGF-I-Receptor" cells, also stimulated
with ZnSO4 (Figs. 6a and b), indicating the presense of
MHC-I.  Non stimulated cells show very weak bands of 200
bp or their absence using MHC-I primers.

Discussion 

Other studies have already shown, that the antisense strate-
gy directed to the receptor of IGF induces a programmed cell
death of tumor cells [9, 18, 22, 29 ]. As antitumor IGF-I strate-

 

Figure 1. In vitro culture of C6 glioma cells. The cloned cells
showing oftenly elongated shape, present a pseudo-fibroblastic
character. The apoptosis phenomenon, oval cells with vac-
uolization is rare (less than 5%). X400

Figure 2. In vitro C6 glioma cells transfected with "antisense"
pMT-Anti IGF-I-R vector and with pMT-EP construct contain-
ing lac-Z as a reporter gene. The transfected cells are morpho-
logocally different from non transfected cells; they are all elon-
gated. Note blue-green cells (X-gal staining) of cells transfec-
ted with beta-galactosidase expressing vector (lac-Z). X400
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Figure 3. The example of  RNA isolation and of  amplified
DNA in C6 non transfected, parental cells. M - marker (PCR
Markers, Promega Corporation, nr G316A. 1, 2, - isolated sam-
ples of RNA. 3, 4, 5, 6, 7 - amplified samples of DNA: note
300-400 bp bands confirm the expression of IGF-I using IGF-I
primer "a" ( see Material and methods).
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Figure 4a. C6 parental cells. The expression of IGF-I demon-
strated by RT PCR.  M- marker; 1,2,3 - 200 bp bands of ampli-
fied DNA using IGF-I primer "b" (see Material and methods).
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Figure 4b. C6 parental cells. The expression of IGF-I-Receptor
demonstrated by RT PCR.  M- marker; 1,2,3 - 200 bp bands of
amplified DNA using IGF-I-R primer "c"; 300 bp is non speci-
fic (see Material and methods).



gy for the neuroectodermal neoplasia - glioblastoma multiforme
- have evolved, we have showed that a relationship may exist
between the anti-tumor immune response and apoptosis. We
demonstrated that IGF-I antisense transfection induce MHC-I
molecules, and  that using  vectors encoding MHC-I antisense
cDNA: 1) MHC-I expression, related to IGF-I antisense and
triple helix transfection, can be reversible; 2) suppression of
MHC-I expression in immunogenic IGF-I antisense transfected
cells is following by the strike decrease of apoptotic cells [30].
These data define the immune and apoptotic characteristics of
tumoral cells selected  for cellular therapy of  glioma, and per-
mited introduce the IGF-I antisense and triple-helix technology
as a new gene therapy approach for treatement of human
glioblastoma [23].

In here presented work down regulation of cellular IGF-I
mRNA is accompanied by a decrease of cellular IGF-I. Tran-
scription of the IGF-I gene is down regulated for 4 - 6 passages
in rat glioma cells transfected with pMT-Anti IGF I-R vector. In

control  experiments using the same vector  carrying the lacZ
gene in place of IGF-I antisense DNA sequence, we have
showed 24 hours after transfection a 3-10% transgene frequen-
cy (100 % after three weeks) and strong cytoplasmic staining for
X-gal in rat C-6 cells. The induction of IGF-I antisense RNA in
transfected cells was followed by change in cell morphology,
increase in apoptosis and enhanced expression of MHC-I.
Transfected  cells were long and narrow in shape and frequent-
ly string-like in appearance. This change was associated with
down regulation in IGF-I protein. The change might be the sig-
nal either a reversion of the malignant phenotype or the recov-
ery of some antigenic potential of these cells. As to the MHC-I
expression, down-regulation of MHC-I due to action of IGF-I
has been reported for experiments with rat thyroid cells [31].
This would be in agreement with  results reported here concern-
ing the inverse correlation between IGF-I and  MHC-I protein
expression in glioma cells. In tumor cells, the absence of IGF-I,
when induced by IGF-I antisense technology, is associated with
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Figure 5a. C6 glioma cells transfected with pMT-Anti IGF-I.
Absence of expression of IGF-I demonstrated by RT PCR.  M-
marker; a, b, c, d, e, f - amplified DNA using IGF-I primer "b"
( see Material and methods). The lines a, b, c correspond to non
stimulated cells, and the lines d, e, f correspond to cells stimu-
lated with Zn SO4.
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Figure 5b. C6 glioma cells transfected with pMT-Anti IGF-I.
M- marker; a, b, c, d, e, f - amplified DNA using MHC-I primer
"d" (see Material and methods). The lines a, b, c correspond to
non stimulated cells, and  the lines d, e, f correspond to cells
stimulated with Zn SO4. Note the expression of MHC-I
demonstrated by RT PCR in cells corresponding to lines d, e,
and f. 
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Figure 6a. C6 glioma cells transfected with pMT-Anti IGF-I-
Receptor. Absence of expression of IGF-I demonstrated by RT
PCR.  M- marker; a, b, c, d, e, f - amplified DNA using IGF-I
primer "b" (see Material and methods). The lines a, b, c corre-
spond to non stimulated cells, and  the lines d, e, f correspond
to cells stimulated with Zn SO4.
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Figure 6b. C6 glioma cells transfected with pMT-Anti IGF-I-
Receptor.  M- marker; a, b, c, d, e, f - amplified DNA using MHC-
I primer "d" (see Material and methods). The lines a, b, c corre-
spond to non stimulated cells, and the lines d, e, f correspond to
cells stimulated with Zn SO4. Note the expression of MHC-I
demonstrated by RT PCR especially in cells corresponding to
lines d, e, and f and weakly in non stimulated cells (c). 
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massive apoptosis as previously demonstrated in transfected
hepatoma cells [32]. In here presented work, the occurrance of
morphological features vacuolization of cytoplasm suggests that
the intracellular growth factor may be a control point for modu-
lating to apoptotic process of glioma cells. IGF-I has been
reported to block the apoptosis pathway in a variety of cell lines
[33]. In contrast rats  given injections of C6 glioma cells
expressing antisense IGF-I-R did not develop tumors and were
protected from a subsequent challenge with wild-type C6
glioma cells for at least months [3]. However, total eradication
of pre-existing wild type tumors was not described [3]. On the
other side, a qualitative relationship between the level of IGF-I
receptor and tumorigenesis in nude mice, which correlates to the
extent of apoptosis has been shown [34]. When the function of
IGF-I receptor is decreased, glioma cells undergo massive apop-
tosis. It was concluded for the IGF-I-R result, that this receptor
activated by its ligand plays a protective role against pro-
grammed cell death. This protection was even more striking  in
vivo than  in vitro [34]. Another possible interpretation could  be
that  an immune response occurring in the animals inhibits
tumorigenesis. This is probably because nude mice do have a
residual immune system containing both natural killer cells and
B lymphocytes [35]. Progress in defining the pathophysiologi-
cal role of signalling and downstream of IGF-I-R in neoplasia
might lead to the development of novel targeting strategies [36].
Recent research has shown that targeting IGF-I-R leads to
impressive antineoplastic activity in many in vitro and in vivo
models of common human cancers. Strategies that have been
used include [36]: administration of molecules to interfere with
ligand binding to IGF-I-R, such as IGFBPs, peptide or small-
molecule competitive binding antagonists, or blocking anti-
receptor antibodies [3, 37, 38], antisense or small interferring
RNA strategies to reduce receptor expression [40]; introduction
of a dominantnegative IGF-I-R to interfere with receptor action
use of small-molecule IGF-I-R-specific tyrosine kinase
inhibitors [41]; and targeting signalling pathways downstream
of IGF-I-R with agents such as AKT or TOR inhibitors [42, 43].
The hypothesis that targeting the IGF-I-R will increase the effi-
cacy of other antineoplastic treatments is based on evidence that
survival signals originating at this receptor limit the efficacy of
other treatments designed to induce apoptosis [36]. 

The results presented in this study show that  inhibition of
IGF-I-R up-regulates  MHC-I expression in transfected " anti-
sense " glioma cells. We need to add that increased expression
of protease nexin I which may reduce the tumorigenic potential
of the C-6 glioma cells was also observed when the IGF-I
"triple-helix" cells or IGF-I receptor "triple-helix" cells were
injected into nude mice [24, 27]. On the other hand, in our work
concerning mouse hepatoma cells transfected by IGF-I triple-
helix approach [28], we have observed the decrease of cytokines
like Il-10, which is a strong immunosuppressor, and TNF-alpha,
which can act as a factor stimulating a tumoral growth. More-
over we have found the increased level of TAP 1 and 2 in these
cells. A further elucidation of the relationship between the
immune process, related to MHC-I or HLA system [44], and the
apoptotic process is under investigation. Our antisense IGF-I
aproach together with that of antisense IGF-I-R and other actu-
ally studied antisense strategies of gene therapies targeting bcl-
2 [45], telomerase [46], urokinase-type plasminogen activator

receptor (uPAR) [47], neuroglia related Cell Adhesion Molecule
[48] or matrix metalloproteinases [49] constitute the begining of
successfull clinical trial to win "glioblastoma battle". 
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Abstract 

HPV belongs to a family of tumorigenic viruses and induces
cutaneous and mucosal proliferation of epithelial cells (papillo-
mas, condylomas, warts). The abnormality accumulation of p53
protein appears to be a common step in the development of
many human cancers and has been frequently reports in human
cancers including head and neck. The aim of this study was to
examine HPV infection incidens and p53 alteration in oral papil-
lomas. HPV was detected by PCR, p53 accumulation by
immunohistochemical detection. The overexpression of p53 was
revealed in 20 cases (55%) out of 36 papillomas. We found p53
overexpression in 8 out of 13 HPV positive papillomas (61.5%)
and in 12 out of  23 HPV negative papillomas (52%). Our find-
ings indicate that HPV infection and/or changes in p53 protein
coexist in oral cavity papillomas.

Key words: HPV, overexpression p53, papillomas 
of oral cavity.

Introduction 

Many pathological lesions associated with HPV infection
affect the oral cavity. Some of them, including pointed condyloma,
common warts and papillomas, correspond to the changes found in
the genital tract. Heck's disease is a HPV-related oral cavity lesion.
Benign oral mucosa lesions are associated with HPV types 2, 4, 6,

11, 13 and 32, while malignant lesions with types 16 and 18 [1].
Papillomas belong to benign lesions, which in some circumstances
may turn malignant [2]. Perhaps, it is the coexistence of HPV
infection and p53 gene mutation that promotes this transformation.

Papillomaviruses belong to the group of oncoviruses that
differ in oncogenic potential and are therefore classified as "low
risk" and "high risk" types of neoplastic transformation. The
role of HPV in neoplastic transformation of the cell is associat-
ed with the expression of E6 and E7 viral oncoproteins which
have the ability to form complexes with the products of the p53
and pRB cell-supressor genes. The p53 protein is a major factor
involved in cell-cycle regulation. The loss of p53 ability to reg-
ulate cell proliferation may lead to neoplastic transformation.
This condition can be caused by protein inactivation by muta-
tion of the p53 gene affecting the protein structure. An alterna-
tive mechanism for p53 inactivation is the E6 protein potential
to form complexes with p53 protein and its earlier degradation
in the presence of ubiquitine. The cell cycle becomes deprived
of a very important regulator. The condition observed in the cell
after viral infection promotes carcinogenic agents and may lead
to cell transformation into the neoplastic ones.   

Material and methods 

Thirty-six oral papillomas were used as the research mater-
ial. DNA was isolated and HPV was detected in earlier studies
[3]. Immunohistochemical investigations were performed using
monoclonal antibodies against human p53 protein (DAKOCy-
tomation/p53 No M7001) and the biotin-streptavidin-peroxidase
complex. DAB  (DAKOCytomation No S3000) was used as
chromogen to visualize the antigen-antibody complex.  Lung
cancer with p53-positive immunohistochemical expression and
p53 gene mutation detected earlier was used as positive control.
The primary antibody was not applied in negative control.

Results and Discussion The overexpression of p53 was
revealed in 20 cases (55%) out of 36 papillomas, figure 1a,1b.
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We found p53 overexpression in 8 out of 13 HPV-positive papil-
lomas (61.5%) and in 12 out of 23 HPV-negative papillomas
(52%). HPV expression was detected in 13 papillomas (36%),
including 11 cases of high risk HPV and  2 cases of low risk HPV.

Human papillomavirus in the oral cavity lesions occurs
with varied frequency. Zeuss et al. examined 30 papillomas of
the oral cavity, finding HPV in 13.3% of cases [4]. Syrjanen et
al. when examining benign neoplastic growth in oral mucosa
found HPV in 33.8% of papillomas [5]. Previously we detected
HPV expression in 14 out of 38 oral papilloma cases (36.8%)
[3]. Recent years have brough an interest in the relationship
between HPV infection and p53 expression and p53 gene muta-
tions. This relationship has been analysed for oral cavity carci-
nomas. Worthy of mention are the studies conducted by Barten
et al. [6], who examined 37 cases of oral and pharyngeal squa-
mous epithelial cell carcinoma for HPV expression and assessed
p53 protein expression using the immunohistochemical method.
The p53 gene mutations were determined by TGGE method.
The investigators revealed coexistence of HPV infection with
protein p53 overexpression in 15 out of 26 HPV-positive cases
(57.7%). Also investigations performed by Mao et al. [7]
demonstrated that p53 protein overexpression can be accompa-
nied by HPV infection. Patients with both p53 gene mutation
and HPV expression exhibited high degree of the disease
advancement. Shindoh et al. [8] examined 77 oral squamous cell
carcinomas, revealing HPV expression in 31% of cases. Using
the immunohistochemical method, they detected p53 expression
in 26 carcinomas. Protein overexpression was detected in 6
cases, of which 4 were HPV-negative and 2 HPV-positive.
Moreover, these authors analysed PCNA expression and showed
a close correlation between PCNA expression and HPV infec-
tion. Shindoh et al. [8] assume that high risk HPV, by maintain-
ing the proliferative state of epithelial cells, may contribute to
the formation of malignant phenotypes. Chiba et al. [9] analysed
38 cases of oral squamous cell carcinomas, revealing high risk
HPV expression in 8 cases (21%). The analysis of SSCP showed
the presence of p53 gene mutations in 9 cases (24%). Two cases
were both HPV- and p53 mutation-positive. Contrary to Mao et
al. [7], Chiba et al. [9] believe that patients with mutation of p53
gene or with HPV infection have better prognosis.
Aggelopoulou et al. [10] evaluated p53 protein expression in

HPV-positive lesions of the oral cavity, reporting  its detection
in 50% (5/10) of hyperplastic lesions and in 59% (22/39) of car-
cinomas. Sisk et al. [11] detected HPV expression in 15 out of
32 squamous cell carcinomas (13%), and p53 gene mutations in
2/15 HPV-positive and in 6/17 HPV-negative cases. The analy-
sis of patients' survival rate made them assume that HPV-posi-
tive lesions and those with normally functioning p53 protein
have better prognosis [11]. Sulkowska et al. [12] evaluated the
expression of p53 protein and PCNA in oral cavity papillomas,
finding p53 overexpression in 70.9% of papillomas, PCNA
expression in 80% of cases. The authors suggest that p53 pro-
tein overexpression together with PCNA expression can be used
as the index of oral cavity papilloma transformation into malig-
nancy. In the present study, because of research material short-
age, we assessed p53 protein expression in 36 out of 38 previ-
ously examined papillomas. Our findings indicate that HPV
infection and/or changes in p53 protein expression coexist in
oral cavity papillomas.    
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Abstract 

In the present paper, morphological and functional features
of human sperm midpiece, contributing to the assessment of
sperm fertility potential, have been described. The NADH-
dependent NBT screening assay  was used to identify and visu-
alise: 1/ morphological defects of sperm midpiece, 2/ immature
sperm forms with extensive cytoplasmic retention, reflecting
developmental failure in spermatogenic remodelling process 3/
cytoplasmic sperm conglomerates, related to apoptotic bodies
and 4/ sperm NADH-dependent oxidoreductase system at the
mitochondrial level, related to the reaction intensity. The used
assay is an adequate marker of sperm mitochondrial activity and
sperm maturity. It can also help discover sperm defects that result
in asthenozoospermia and can be used as an additional indicator
in the evaluation of the sperm midpiece, as well as in routine
morphological examination of spermatozoa, having a consider-
able predictive value for in vivo and in vitro fertilization.  

Key words: spermatozoa, midpiece, mitochondria, 
cytochemistry, asthenozoospermia.

Introduction 

Additional and complementary methods, enabling a precise and
individual investigatation of spermatozoa, are needed to explain
their pathophysiology, contributing to impaired fertility. Moreover, a
precise diagnosis of spermatozoa is necessary, particularly to choose
appropriate methods of assisted reproductive technique. The goal of
our study was to determine morphological and functional features of

sperm midpiece to discover defects leading to asthenozoospermia,
very frequently associated with teratozoospermia.

Material and Methods 

Studies were performed on ejaculated spermatozoa from
patients of the Assisted Reproductive Technique Laboratory
(n=80). Routine semen parameters were determined, using stan-
dard criteria, recommended by WHO [1] and morphological strict
criteria, according Kruger et al. [2]. The sperm midpieces were
assessed by means of a screening cytochemical test [3, 4, 5, 6] for
mitochondrial NADH-dependent oxidoreductases (diaphorase,
related to flavoprotein), using NADH and NBT (nitroblue tetra-
zolium) as electron donor and an artificial acceptor of electron,
respectively (NADH dependent NBT assay). Morphological evalu-
ation of sperm smears with cytochemical reaction was based on
elaborated own criteria and, partly, on the criteria given by Hrudka
[3]. The intensity of the reaction (visualized morphologically as
abundant blue deposits of formazans within the midpieces of sper-
matozoa) was assessed by a computer image analysing system
(Quantimet 600S, Cambridge, UK) measuring the mean optical
density (MOD, in each pixel of midpiece) and the integrated opti-
cal density (IOD, for the whole midpiece) of the reaction product-
formazans. The densitometric measurements were expressed as
arithmetic means, stated for 100 spermatozoa for each case and
were referred to the activity of sperm mitochondria. The densito-
metric values depended on the formazan precipitation, due to the
NBT reduction, determined by the oxidoreductase system of these
organelles. Therefore, the oxidoreductive capability of the mito-
chondria could be related to the intensity of the reaction [5, 6].

Results 

Different patterns of the cytochemical reaction could
appear in normozoospermia and in patients with low standard
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sperm parameters. A positive-intense reaction (high values of
MOD and IOD) was found in: 1/ morphologically normal mid-
pieces (>50% in patients with normal sperm motility) (Fig.
1A), 2/, coiled, displaced, to long and deformed midpieces,
occasionally with different size and shape of persistent cyto-
plasmic droplet (Fig. 1B), 3/ immature sperm forms with cyto-
plasmic retention, either failed or with cytoplasmic "sacks"
(Fig. 1B) and 4/ sperm cytoplasmic conglomerates (Fig. 1 B,
C). The deformed midpieces, immature sperm forms and cyto-
plasmic conglomerates occurred more frequently in terato- and
asthenoteratozoospermic subjects (Fig. 1 B, C).

A weak cytochemical reaction (a reduced amount of for-
mazan deposits) or the absence of formazans in various parts of
the sperm midpiece (low values of MOD and IOD) were
observed mainly in the morphologically normal midpiece (Fig.
1C). It suggested a functionally impaired mitochondrial sheath
which contained, besides active, also dysfunctional mitochon-
dria. Our morphologically and densitometric findings indicated
that the decreased values of MOD and IOD, stated for 100 sper-
matozoa (for each case), resulted from the increased percentage

of morphologically normal spermatozoa with a weak cyto-
chemical reaction (Fig. 1C).

Discussion 

Our previous [7, 8] and present studies indicated that morpho-
logically normal and defected midpieces contained functional mito-
chondria with complete oxidoreductive capability and a high mito-
chondrial membrane potential. The deformations of midpieces
resulted from supernumerary, functional mitochondria, located
under plasma membrane or in a cytoplasmic droplet, placed at the
level midpiece, the neck and even the head of spermatozoa (Fig. 1).
Previous electron microscopic investigations demonstrated sperm
conglomerates, containing sperm head, midpieces, principal pieces,
supernumerary active mitochondria and a large amount of mem-
branes and granular materials [8]. The sperm cytoplasmic con-
glomerates can be related to apoptotic bodies and they may reflect
apoptosis of spermatids at a different stage of their differentiation
[8, 9]. 
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Figures 1 A, B, C. Histograms of the mean optical density (MOD) distribution in the population of spermatozoa (stated for 100 cells)
and sperm smears with NADH-dependent NBT assay of patient with normal standard sperm parameters (A), low sperm motility and
morphology (B) and with low sperm concentration, motility and morphology (C). Intense cytochemical reaction in: morphologically
normal (green arrow), deformed  (blue arrow), deformed and coiled sperm midpieces (red arrow), immature sperm form (grey arrow),
sperm conglomerates (red asterisk), containing active mitochondria, filled with abundant formazan deposits (compact pattern);
absence of formazan deposits (black arrow) in different segments of morphologically normal midpieces (focal pattern); weak cyto-
chemical reaction (yellow arrow) in morphologically normal midpieces, containing dysfunctional mitochondria (diffused pattern); 
x1200.  
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The densitometric studies demonstrated that high values of
optical density (MOD and IOD) occurred not only in patients
with normal sperm motility but also in some cases of astheno-
zoospermic patients (Fig. 1B). It was evident that low sperm
motility in those subjects was not associated with energetic dis-
orders of sperm mitochondria because the high values of optical
density reflected high oxidoreductive capability of sperm mito-
chodria, which could generate energy-ATP for sperm move-
ment. Those densitometric results confirmed our previous cyto-
fluorometric study of JC-1 stained spermatozoa [7, 8]. In some
cases of asthenozoospermia, a high percentage of spermatozoa
with high mitochondrial membrane potential (polarized, func-
tional mitochondria) was detected. Morphological examination
of sperm smears from those asthenozoospermic patients
revealed that the semen contained a large number of immature
sperm forms with functional mitochondria and/or a large num-
ber of spermatozoa with morphological deformations of mito-
chondrial sheath, containing redundant and supernumerary
functional mitochondria and, occasionally, it contained sperm
cytoplasmic conglomerates with active mitochondria. But, on
the other hand, our study has also shown low densitometric va-
lues in some cases of asthenozoospermic patients (Fig. 1C).
Those densitometric and morphological results of the patients
suggested energetic disorders of mitochondria, mainly in large
number of morphologically normal sperm midpieces (Fig. 1C).
The findings were consistent with our previous results [7, 8]. 

Based on the date of the presented study, the astheno-
zoospermia could result from 1/ disturbances in spermatogenic
remodelling process, particularly, in sperm midpiece morpho-
genesis, 2/ failed cytoplasmic extrusion, 3/ apoptosis of sper-
matids and 4/ energetic disorders of sperm mitochondria. 

It should be emphasized that subtle and, occasionally, dras-
tic defects of sperm midpieces, particularly with remnants of
non discarded cytoplasmic droplet, were very frequently invisi-
ble in routine morphological examinations of sperm smears
(staining, according to Papanicolaou) [1]. Therefore, the pro-
posed cytochemical test can be applied as an assay not only to
show normal midpieces but mainly to display their diverse
defects. Moreover, this test can be considered as an adequate
marker of cytoplasmic droplet and, simultaneously, of sperm
immaturity [4], as a valuable and comprehensive test and can be
applied as an additional indicator in the evaluation of sperm.
The proposed test can be added to the routine clinical androlo-

gy workshop and can be of considerable predictive value for
either in vivo or in vitro fertilization [4, 7, 8].   
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Abstract 

The aim of the study was to examine the influence of hyper-
prolactinemia, induced by haloperidol (HAL) on age related
morphology and function changes of epithelial cells in rat
prostate lateral lobe. The study was performed on sexually
mature male rats. Serum concentrations of prolactin (PRL) and
testosterone (T) were measured. Tissue sections were evaluated
with light and electron microscopy. Immunohistochemical reac-
tions for Anti-Proliferating Cell Nuclear Antigen (PCNA) were
performed. In rats of the experimental group, the mean concen-
tration of: PRL was more than twice higher, whereas T concen-
tration was almost twice lower than that in the control group.
Light microscopy visualized the following: hypertrophy and
epithelium hyperplasia of the glandular ducts, associated with
increased PCNA expression. Electron microscopy revealed
changes in columnar epithelial cells, concerning organelles,
engaged in protein synthesis and secretion.

Key words: aging, lateral lobe, rat prostate, 
hyperprolactinemia.

Introduction 

Due to the progress of aging of males in the industrialized
civilization, disorders of the prostate gland. including inflam-
matory disorders, hyperplasia of the secretory epithelium,
benign hypertrophy and malignancy become increasing prob-

lems in the population. The aetiology is, in general, searched for
in paracrine endocrinological disorders. One of the reasons is
hyperprolactinemia, revealing physiologically among men after
the 60th year of life, or either as a symptom of various diseases
or a side effect of various drug treatments. Influence of PRL on
the prostate acts on dual level - as that of a pituitary hormone
and that of cytokine, exerting either autocrine or paracrine
effects. Prolactin membrane bound receptor (PRLR) is widely
dispersed in the rat prostate - dorsal, lateral, ventral lobes [4], as
well as in the human prostate [3]. An in vivo rodent grafted pitu-
itary indicated a local direct proliferate, trophic effect of PRL on
the prostate, independently of the circulating androgen levels,
especially in the lateral lobe [1]. The metabolism of the prostate
gland is also affected by PRL: in rats, the androgen indepen-
dently stimulates citrate production, especially in the lateral lobe
and changes cellular and mitochondrial zinc levels [2]. Andro-
gens directly control most of the proteins, secreted by epithelial
cells of the lateral lobe of the rat prostate. The aim of our study
was to examine the influence of hyperprolactinemia on age-
related changes in the morphology and function of epithelial
cells of the rat prostate lateral lobe. 

Material and Methods

The studies were performed on sexually mature 18 months
old Wistar rats, divided into experimental and control groups,
with 10 animals in each. Hyperprolactinemia was induced by
intraperitoneal injections of a Haloperidol (Polfa Warszawa,
Poland) 2.0 mg/kg body weight, administered for 14 days. Ani-
mals of the control group received saline in an equal volume.
Serum levels of PRL were measured by ELISA (Spi-Bio,
France), and T levels were measured by RIA (Orion Diagnos-
tics, Finland). The prostate lateral lobe was fixed in 4% neutral
buffered formalin or Bouin's fluid and embedded in paraffin.
Histological analysis was performed on serial sections, obtained
from prostatic samples stained with either H-E or P.a.s. For
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immunohistochemical detection of Proliferating Cell Nuclear
Antigen (PCNA) in the prostate lateral lobe, DAKO EnVision
System Alkaline Phosphatse (DAKO, Denmark). was used. Tis-
sue sections were incubated with: primary antibody Monoclon-
al Mouse Anti-PCNA Clone PC10 and Fast Red (DAKO, Den-
mark) was used to visualize  the reaction. Negative controls con-

sisted of omissions of the primary antibody. For transmission
electron microscopy (TEM), samples of the lateral lobe of the
prostate were routinely prepared and finally examined under a
JEM-1200 EX. Variations in plasma hormone levels were ana-
lyzed by the Cochran-Cox test. Statistical significance was
established at levels of p<0.05. 

Figure 1A. Cross section through the gland and stroma of
prostate lateral lobe from an 18-mth control rat. 

Figure 1B. Papillary infoldings and multistratified cell clusters
in HAL rat (100x).

 

Figure 2A. The Golgi apparatus in the columnar epithelial cells
of the lateral lobe of a control prostate.

 

Figure 2B. Dilated cisterns GA and residual material in HAL
rat, the lateral prostate (7000x).

Figure 3A. Immunohistochemical expression of PCNA in the
epithelial cells of the prostate lateral lobe in a control rat,

Figure 3B. and after HAL (400x).



Results 

In rats of the experimental group, the mean concentration of
PRL (79.7ng/ml) was almost twice higher, whereas the mean
concentration of T (1.35ng/ml) was twice lower, compared to
respective values in the control group (PRL 45.7ng/ml, T
3.42ng/ml). Also noticed were: hypertrophy of the glandular
ducts, hyperplasia of epithelium, forming papillary infoldings
and multistratified cell clusters. Within the hyperplastic areas in
the connective tissue, we noticed inflammatory infiltrations,
consisting of: lymphocytes, histiocytes and plasmocytes, sur-
rounding the glands. The characteristic microscopic image, as
described above, occurred focally, while other areas of the
observed gland were unaffected. 

Most of the changes, observed in electron microscopy, con-
cerned intracellular organelles, engaged in protein synthesis and
secretion - rough endoplasmatic reticulum, Golgi apparatus
(GA) and the luminal secretory surface of epithelial cells.
Immunohistochemical expression of PCNA antigen reveals a
correlation to hyperplastic activity of the epithelium. An
increased presence of PCNA was observed in papillary infold-
ings  and clusters of epithelium in acini.  

Discussion 

Eighteen (18) months old rats are relative to 60 years old
humans. Hyperprolactinemia brings into prominence the effect
of PRL on pathology of the prostate gland [5]. Spontaneous
prostate disease is described only in primates, whereas in rodent
animal models, it is induced by chemical treatment or genetic
modulations [1, 6, 10]. The prostate gland in rats consists of
three lobes: ventral, lateral and dorsal, among which only the
dorsal and the lateral lobe are homological to their human
equivalents. Prolactin levels increase with age, whereas testos-
terone parallelly decreases, indicating the age-dependent role of
PRL in the proliferation control of prostatic cells, causing a
development of benign prostate hyperplasia, dysplasia and, pos-
sibly, prostate carcinogenesis in the human [7].

An essential role in the unbalance of apoptotic cell death
and the proliferation rate in the ageing prostate, clinically
observed in elderly men,  is played by androgens. In the cross
talk between PRL and T up-regulation of the androgen receptor
(AR) [10], an influence on 5α-reductase occurs [9]. In 24
months old Brown Norway rats,  despite a decline of T serum
levels, prostatic hyperplasia reveals in dorsal and lateral lobes of
the prostate, whereas it does not in the ventral lobe. As it has
been revealed by results of immunohistochemical, and genetic
studies, the epithelial cell proliferation rate correlates with AR
expression: stronger in the dorsolateral prostate and weaker in
the ventral lobe, when compared to respective values  in the
young rat [11]. As it was assessed in our previous studies, hyper-
prolactinemia is one of the causes, increasing AR expression in
rat prostate epithelial cells [10]. Rats over 12 months reveal an
inflammatory invasion, low acinar epithelium devoid secretory
activities, acinies often have smaller diameters with a thick sur-

rounding fibromuscular stroma and lumen, filled up with prolif-
erating or exfoliated epithelium [8]. That was corresponding to
the results, obtained in our study on 18 month old rats. We
observed: large secretory vacuoles, containing dense bodies,
large excessively dilated cisterns of rough endoplasmatic sys-
tem and the Golgi apparatus in the supranuclear region, and only
a few secreted granules. PRL plays an essential role in prostate
pathology. The results, as obtained in animals,  put aside the
detailed knowledge of the mechanism ruling in biology of the
prostate gland. The influence of PRL takes place directly, mod-
ulating the growth, proliferation and metabolism of prostate
cells, as well as indirectly,  via sex steroid hormones and their
receptors.
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Abstract 

We studied both morphology and steroidogenic activity of
porcine ovaries after dexamethasone (DMX)-induced polycystic
status. In the polycystic-changed ovaries, an increase in the
number of DßH-IR and/or NPY-IR nerve terminals was found in
the wall of follicles, cysts and blood vessels. After DXM injec-
tions, we observed changes in the mean contents of proges-
terone, androstendione, estradiol-17ß, as well as noradrenaline,
dopamine and adrenaline in the studied ovarian structures. The
obtained data revealed that, in the polycystic ovaries of gilts, an
increase in the number of adrenergic nerve terminals was asso-
ciated with changes of the steroidogenic activity, what may sug-
gest an important role of the adrenergic innervation in the ovar-
ian cyst formation in the gilts.

Key words: ovarian cysts, catecholamines, 
steroidogenesis, gilts.

Introduction 

The role of the nervous system in the control of normal
ovarian function has already been documented in part. It is gen-
erally known that sympathetic nerves influence ovarian
steroidogenesis and follicular development [1]. However, only
little attention has, so far, been paid to the possibility that the
derangement in neurogenic inputs may be an underlying com-
ponent of some ovarian pathologies, such as cystic ovarian dis-

ease (COD). It has been suggested that an alternation in the
activity of the sympathetic neurons, innervating the ovary, may
contribute to etiopathogenesis of cysts in women [2] and rats
[3]. COD is a common reproductive disorder in female domes-
tic animals, leading to temporal or permanent infertility.
According to our knowledge, there is still no available informa-
tion on the role of sympathetic nerves in the etiopathogenesis of
the ovarian cysts in pigs. Therefore, the purpose of our study
was to determine the morphology and steroidogenesis of poly-
cystic ovaries in pigs. 

Material and Methods 

We followed the principles of animal care (NIH publication
No. 86-23, revised in 1985), as well as the specific national law
on animal protection. The experiment was carried out on 12
crossbred gilts, aged 7-8 months, with controlled oestrous cycle.
In the gilts of Group I (n=6), cysts were induced by i.m. injec-
tions of dexamethasone (DXM; Dexasone®, Norbrook Lab.,
Newry, UK, 3.3 µg/kg b.m., in a total volume of 6 ml), every 12
h, in the period from day 16th of the first studied oestrous cycle
to day 9th of the second studied cycle. The control group (II,
n=6), received similarly 6 ml of saline. The gilts were slaugh-
tered on day 20th of the second cycle. The ovaries were dissect-
ed and the number of ovarian structures of interest (follicles,
cysts) was counted. Cryostat ovarian sections were studied by
means of a routine double-immunofluorescence technique, used
to visualize the distribution of dopamine-ß-hydroxylase (DßH)
and neuropeptide Y (NPY). The concentrations of progesterone
(P4), androstendione (A4) and estradiol-17ß (E2) in follicular
and cystic fluid, as well as in the wall was estimated by radioim-
munoassay. The content of noradrenaline (NE), dopamine (DA)
and adrenaline (A) was estimated in ovarian tissue and in the
follicular or cystic fluid by high performance liquid chromatog-
raphy. The expression of cytochrome P450scc and P450arom in
follicular and cystic wall was determined by Western blot. Imm-
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munoblots were quantified by scanning on the Kodak 1D Image
Analysis Software (USA). The mean (±SEM) number of ovari-
an structures, as well as the content of hormones and cate-
cholamines, were calculated for the control and DXM-treated
groups. The data were compared by one-way analysis of vari-
ance (ANOVA).

Results 

DXM injections resulted in an increase (p<0.001) in the
number of follicles with the diameter of 3-6 mm (7.4±1.6 vs.
2.33±0.84; respectively) and in a formation of follicular cysts
with the diameter of 1-3 cm (1.8±0.5). In both groups, the con-
trol and DXM-treated, the number of follicles with the diameter
of 1-3 mm were not significantly different (6.7±0.9 vs. 7.4±1.2;
respectively). Neither the follicles, measuring 6-10 mm in diam-
eter, nor the corpora lutea were found after the administration of
DXM.

In the gilts, receiving DXM, DßH-IR and/or NPY-IR nerves,
located in the vicinity of the follicles (Fig. 1), and blood vessels
(Fig. 2) were more numerous, compared to respective values in
the control animals. The most numerous nerve terminals were
found near the cysts (Fig. 3). DXM injections lead to a decrease

(p<0.05-0.001) in the concentrations of P4 and A4 in the fluid
from follicles (3-6 mm in diameter; 159.2±5.5 vs. 359.2±4.7
ng/ml, 3.8±0.5 vs. 34.5±2.6 ng/ml; respectively), as well as A4
and E2 in the cystic fluid (1.7±0.08 vs. 11.5±1.8 ng/ml, 0.8±0.1
vs. 4.8±0.4 ng/ml; respectively), compared to the follicles, mea-
suring 6-10 mm in diameter, studied in the control animals. The
content of P4 in the cystic wall was higher (p<0.001) than that
found in follicles (6-10 mm in diameter) of the control gilts
(4223±164.2 vs. 1651±287.2 ng/g of tissue; respectively). In the
DXM-treated animals, an increase in the content of A in cystic
wall and NA in cystic fluid was found, as compared to the folli-
cles (6-10 mm in diameter) of animals of the control group
(2.18±0.02 vs. 1.3±0.009 ng/g of tissue, 8.3±0.5 vs. 1.4±0.02
ng/ml; respectively). In gilts with the DXM-induced polycystic
status, the content of NA was higher in the follicular wall (of the
follicles, measuring 3-6 mm in diameter), when compared to
that in the control animals (11.73±1.2 vs. 1.9±1.9 ng/g of tissue;
respectively). After DXM treatment, the content of cytochrome
P450scc and P450arom protein was lowered by 22.3% and 41.5%,
respectively, in the follicular wall, whereas it was elevated by
77.4% and 6.3%, respectively, in the cystic wall, when com-
pared to the values, found in the follicles of the control gilts. 
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Figures 1 and 2. Single (a) DßH/NPY-IR nerve fibres (control animals) and numerous nerve terminals (b) in a DXM-treated pig, run-
ning in a close vicinity to follicles (Figure 1) and blood vessels (Figure 2). A - artery, F - follicle, (↑) - nerves, x 200.
Figure 3. Numerous DßH/NPY-IR nerve terminals in the vicinity of the cyst. C - cyst, (↑) - nerves, x 200.
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Discussion 

In polycystic-changed ovaries, we observed an increased
number of follicles with diameter of 3-6 mm, paralleled by the
lack of larger follicles (6-10 mm in diameter) and corpora lutea.
This is in agreement with earlier studies, revealing higher num-
bers of follicles with diameter >6 mm, observed in sows, treat-
ed with DXM [4]. Furthermore, corpora lutea were not found in
the ovaries of such treated pigs, either [5]. In addition, estradiol
valerate-induced polycystic ovary syndrome in rats resulted also
in a distinct reduction in the number of both the antral follicles
and corpora lutea [6]. The present study showed an increase in
the density of DßH- and NPY-immunoreactive nerve fibres,
especially in the vicinity of the follicles, blood vessels and cysts
after DXM injections. This is in line with the increased number
of adrenergic nerves in the cyst wall in women [2] and rats [3],
suffering from polycystic changed ovaries. Moreover, this was
paralleled by an elevated content of NA in the cystic fluid. An
increase in the levels of NA in the cystic fluid, as well as of A in
the cystic wall, correlated with an increase in the concentration
of P4 in the cystic wall. It can be explained by the stimulatory
effect of NA on the production of P4, observed previously in the
porcine granulosa [7] and bovine luteal cells [8]. Moreover, A
elevated FSH-stimulated P4 synthesis in the human of granulosa
layer [9]. Thus, it is possible that an increase in P4 production
in the cysts may be associated with an increase in the content of
P450scc. In contrast to cysts, the content of P4 in the fluid from
follicles of 3-6 mm in diameter was lower after DXM injections,
than that,  found in the control group. It can be attributed to an
early atresia of follicular cells [4] and, in turn, to the drop in the
expression of P450scc, observed in our study. The decrease in the
contents of A4 and E2 in the cystic fluid, as well as A4 in the
follicular fluid from follicles of 3-6 mm in size, as observed in
the present study after DXM administration, is in agreement
with earlier observations in rats [2] and pigs [10] with cystic
ovarian disease. The marked reduction of the P450arom content,
observed by us in the follicular wall after DXM injections, was
previously described in granulosa cells of pigs, treated with
ACTH [11].

In conclusion, our data show that in the polycystic-changed
porcine ovaries, the number of adrenergic fibres, as well as the
content of catecholamines increased. Thus, as it was also
accompanied by distinct changes in the steroidogenic activity,

this may be indicative of an important role of adrenergic nerves
in the ovarian cyst etiopathogenesis.
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Abstract 

The aim of the study was to estimate morphology in the
testis and epididymis of adult rats, treated with finasteride for 28
days (the time period of two seminiferous epithelium cycles)
and 56 days (the time period of one spermatogenesis). A 28 days
long DHT deficiency did not significantly influence the struc-
ture of seminiferous epithelium. After 56 days of treatment,
finasteride induced sloughing of immature germinal cells (sper-
matids and rarely pachytene spermatocytes) into the lumen of
the seminiferous tubules. A reduced content of spermatozoa was
observed in the lumen of rat epididymis in rats with 56-day-long
deficiency. The results indicated that 5α-reductase 2 activity is
important for the maintenance of spermatogenesis. The
decreased content of spermatozoa in the epididymal lumen of
rats, treated with finasteride during one course of spermatogen-
esis, could reflect seminiferous epithelium condition. 

Key words: testis, epididymis, DHT deficiency.

Introduction 

Spermatogenesis, including meiosis, as well as germinal cell
survival and the differentiation of round spermatids to elongat-
ed spermatids is known to be testosterone-dependent [1, 2]. Also
epididymis function, in areas of maturation, transport and stor-
age of spermatozoa is under testosterone control. In androgen
target tissues, T can be intracellularly converted into DHT, the
most potent androgen. Testicular and epididymal epithelial cells

contain enzymes which control the ratio of testosterone to
androgen metabolites and of androgens to other hormones,
employed to regulate the male reproductive tract function
(intracrine modulation). The irreversible conversion of T into
DHT is catalyzed by steroid 5α-reductase (5α-red). Two iso-
forms of 5α-red were identified: type 1 (5α-red1) and type 2
(5α-red2), which are encoded by two different genes. 5α-red2 is
more often expressed in male reproductive organs than 5α-red1
[3]. Finasteride is one of several steroid-based inhibitors, which
has a higher affinity to 5α-red2, and is used in the treatment of
aberrant prostate growth and prostate cancer. Therefore, one can
create an experimental animal model to study the morphology
of the testis and epididymis of rats with DHT deficiency, using
finasteride as the inhibitor. 

Material and methods 

The study was performed in adult, male Wistar rats. The rats
were randomly divided into 3 groups (with 5 animals in each):
control and two experimental (I, II). The animals in the experi-
mental groups received per os inhibitor of 5α-red2 (finasteride;
Proscar®, MSD Sweden), during 28 days (Group I; the time
period of two seminiferous epithelium cycles) and 56 days
(Group II; the time period of one spermatogenesis) in 5mg/kg
body weight doses. Sections of testis and epididymis, fixed in
Bouin's solution and embedded in paraffin, were stained by the
PAS method. The study was approved by the Local Ethics
Committee and Animals Research. 

Results 

There were no changes in the morphology of testis of the
rats, treated with finasteride during the time period of two sem-
iniferous epithelium cycles (Fig. 2). Similarly as in testes from
the control rats (Fig. 1), the seminiferous epithelium contained
all the generations of germinal cells, corresponding to the stages
of seminiferous epithelium cycle. In contrast, the inhibition of
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5α-red2 activity through the time period of one spermatogene-
sis duration altered the morphology of rat testis (Fig. 3). DHT
deficiency resulted in sloughing of immature germinal cells. In
the lumen of the tubules, there were mainly spermatids in dif-
ferent developmental stages (Figs. 4-7) and, rarely, late
pachytene spermatocytes (Fig. 5). Moreover, empty areas with-
in the seminiferous epithelium were observed as a result of cell
sloughing (Fig. 6). The morphology of epithelial cells of the rat
epididymides from Group I and Group II (the experimental
groups) was not changed during finasteride treatment (Figs. 10-
13), in comparison to the values in the control rats epi-
didymides (Figs. 8, 9). A smaller amount of sperm was found
in the lumen of epididymides of the rats with DHT deficiency
throughout the time period of one spermatogenesis (56 days)
(Figs. 12, 13).

Discussion 

Changes in morphology were observed only in the testes of
rats, receiving finasteride during the course of one spermatogen-
esis. An unchanged structure of testes of the rats, treated with
finasteride through the time of two cycles of seminiferous epithe-
lium, could be maintained by DHT, which was produced by 5α-
red1 activity, the other type of enzyme presented in the testis [4],
not inhibited by finasteride. It is possible that this pathway of T
reduction is an alternative but short-term solution. On the other
hand, the lack of morphological changes in the rats from the 28-
day experiment could result from oxidative activity of 3α-hydrox-
ysteroid dehydrogenase (3α-HSD), which catalyses the conver-
sion of 3α-androstendiol into DHT [3]. Thus, the 28-day inhibi-
tion of 5α-red2 activity was too short to alter the morphology of
the testis. Changes in morphology, observed in seminiferous
epithelium of the rats with 56-day DHT deficiency, including the
sloughing of immature germinal cells, are in agreement with other
authors. O'Donnell et al. [5] have shown that 5α-reduction of
testosterone is particularly important for the progression through
midspermatogenesis (the transition of stage VII to stage VIII, in
which the transition of round spermatids from step 7 to step 8
takes place). An alteration of testis morphology could result from
the antyproliferative and apoptotic effects of finasteride [6, 7, 8].
A study of prostatic epithelial cells has shown finasteride-depen-
dent changes of MAP kinase and Akt-1 factor expression, a
decrease of Bcl-2 family peptide expression, Insulin-like Growth
Factor I (IGF-I) and IGF-I receptor gene suppression [6, 7]. It is
suggested that DHT initiates [9] and supports the process of sper-
matogenesis in rats [2, 5]. Normal morphology of rat epi-
didymides, observed during finasteride treatment, could suggest
that the organ develops an additional mechanism of protection.
The reduced content of spermatozoa in the lumen, especially in
cauda epididymis from the rats of Group II, could reflect semi-
niferous epithelium condition in those animals. It has been shown
that men, receiving finasteride during 12 weeks, had semen quan-
tity reduced by 25%. Moreover, the decrease of 5α-red activity
causes oligoasthenozoospermia, oligozoospermia and even
azoospermia. 

Figures 1, 2, 3. Cross-section of seminiferous tubules of the testes
from the control and the experimental rats. Seminiferous epitheli-
um of the control rats contains all germinal cell generations, suit-
able for each cycle of seminiferous epithelium stage (1).
Unchanged morphology of seminiferous epithelium of a rat with
DHT deficiency through two seminiferous epithelium cycles (2).
Sloughing of immature germinal cells into the lumens of the semi-
niferous tubules of rats with DHT deficiency during the time peri-
od of one spermatogenesis (3). 
Figures 4, 5, 6, 7. Cross-section of seminiferous tubules of the
testes from the rats with DHT deficiency during the time period of
one spermatogenesis. The sloughing of spermatids in stages 3 and
16 (4); spermatid stages 4 (left tubule), and 17 and late pachyten
spermatocytes (right tubule) (5); spermatids step 5 (6) and sper-
matids step 8 (7). Empty areas are seen in the seminiferous epithe-
lium (5, 6). 
Figures 8, 9, 10, 11, 12. 13. Cross-section of epididymis from the
control rats (8, 9) and from the rats with 28-day  (10, 11). The
decrease content of spermatozoa in the lumen of caput (12) and
cauda (13) epididymis of the rats with 56-day DHT deficiency. 
PAS:     3 - x 160;     1, 2, 5 - x 320;     4, 6-13 - x 670. 
Stages of seminiferous epithelium cycle in Figs. 4-7 are designated
by Roman numbers.
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Abstract 

The aim of the experiment was to histochemically examine
the activity of the following selected steroidogenic enzymes:
∆53βHSD and 17βHSD and the housekeeping enzyme G6PDH,
in experimental rats after subcutaneous injections of naringenin
flavonoid, at a daily dose of 15 mg/kg of body mass. The
enzyme activities were measured by the microdensitometric
method. Additionally, radioimmunological assay for testos-
terone level was conducted in homogenates of testes. A signifi-
cant decrease in the activity of 17βHSD and of G6PDH was
found, while the activity of ∆53βHSD was not significantly
changed. The results permit a statement that naringenin causes
minor changes in metabolic processes in the testes of rats but it
does not significantly affect the synthesis of androgens.

Key words: ∆53β-hydroxysteroid dehydrogenase, 
17β-hydroxysteroid dehydrogenase, 
glucose-6-phosphate dehydrogenase, 
histochemistry, testis, rat, naringenin.

Introduction 

Naringenin is a biphenolic compound, belonging to the
group of flavonoids and to the class of flavanones. This
flavonoid occurs in greatest quantities in citrus fruits, as well as
in hop [1]. Because of its affinity to the estrogen receptor α and
the ability to stimulate proliferation of cells in female reproduc-
tive tracts, this flavonoid is placed among the phytoestrogens,

i.e., non-steroid compounds of plant origin, showing a structural
similarity with 17β-estradiol [2, 3]. Like other phytoestrogens,
naringenin inhibits the activities of 17βHSD and aromatase in
vitro [4]. The objective of this study was to examine the in vivo
effects of naringenin on the activity of selected steroidogenic
enzymes: ∆53βHSD and 17βHSD. as well as G6PDH, a house-
keeping enzyme, providing the NADPH necessary for the syn-
thesis of steroids. The studies were combined with an analysis
of testosterone level.

Material and Methods 

The experiments involved 20 sexually mature male rats of
the inbred Wistar strain. The animals were kept in standard con-
ditions: temperature 220C, air humidity 50-60%, and the 12/12
hours L/D light regime. The animals were fed with standard fod-
der and had tap water available ad libitum. The rats were divi-
ded into two groups of 10 animals in each: control and experi-
mental. The experimental rats received naringenin subcuta-
neously at a dose of 15 mg/kg b.m. in 0.2 ml dimethylsulpho-
xide (DMSO) each day for 14 consecutive days. The control rats
were given subcutaneous injections of DMSO. After 14 days,
the rats were decapitated and their testes removed and frozen in
liquid nitrogen. The testes were then cut into 8 µm sections in a
cryostat and subjected to histochemical reactions to detect
∆53βHSD (EC 1.1.1.145) [5], 17βHSD (EC 1.1.1.51) [6,7], and
G6PDH (EC 1.1.1.49)  [8]. The enzyme activity in Leydig cells
was assessed by the microdensytometric method. A computer-
assisted image analyser, with the Multi Scan 6.08 software and
an 8-bit grey scale, was used for the assessment. The intensity
of the histoenzymatic reaction was estimated by measuring the
integrated optical density (IOD) in the marked area. The inten-
sity of histochemical reactions, shown on microphotographs,
was assessed as either weak, moderate, or strong. 

A portion of the material was placed aside to carry out a
radioimmunological assay for testosterone level. This determi-
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nation was completed with the use of a standard kit (from
DSL) [9]. The significant differences between the groups were
statistically tested, using ANOVA procedure.

Results 

The greatest intensity of enzymatic reactions occurred in
Leydig cells. The activity in the seminiferous epithelium was
either weak or absent, depending on the examined enzyme.

The activity of ∆53βHSD in Leydig cells of the control
rats was strong (Fig. 1a), whereas in the rats, treated with
naringenin, it was either high or moderate. The activity of
17βHSD in Leydig cells of the control rats was moderate,
while the intensity of that reaction in the experimental rats
was weak (Fig. 1 b,c). The activity of G6PDH in Leydig
cells of the control rats was either moderate or high, where-
as histochemical reaction in the experimental animals was
moderate (Fig. 1d,e). Microdensitometric measurements
showed a statistically significant decrease in 17βHSD and
G6PDH activities in the experimental rats, compared with
the respective values in the control animals (Fig. 2). The dif-
ference between the control and the experimental group in
the ∆53βHSD was not significant. In the homogenates of
testes of the experimental rats, a statistically insignificant
increase in testosterone content (120 ± 45 ng/g tissue) was
found, compared with that in the control group (82 ± 26 ng/g
tissue).

Discussion 

This paper presents preliminary results of a study on the
effects of naringenin in vivo, on the activity of selected
enzymes, involved in the biosynthetic function of rat testes.

The observed drop of 17βHSD activity in the rats, receiv-
ing naringenin, may indicate a hormone-like effect of this
flavonoid. It is known from literature that the administration of
17β-estradiol to male rats also leads to a drop in steroidogenic
enzymes [10]. The obtained results match those of Le Bail et
al. [4], who demonstrated that naringenin inhibited the activi-
ty of 17βHSD and aromatase in the microsomes, isolated from
the human placenta. The application of naringenin to the rats
did not result in any changes in the activity of 3βHSD, com-
pared to respective values in the control. The results again
agree with those, reported by Le Bail et al. [11], who demon-
strated that naringenin in vitro had not affected the activity of
3βHSD, an enzyme, involved in steroidogenesis. Despite the
drop in 17βHSD activity, in the rats receiving naringenin, a
slight increase in testosterone level occurred in the testes of
those individuals. One may thus presume that, in rats, narin-
genin inhibits the activity of the enzymes, participating in the
metabolism of testosterone, such as aromatase and 5α-reduc-
tase. It should be added that the effect, exerted by phytoestro-
gens on the synthesis and release of androgens, has not yet
been determined and the results of studies often contradict one
another [12, 13]. In the rats, receiving naringenin, a decrease
in the level of anabolic processes was noted, as indicated by a
drop in the activity of G6PDH dehydrogenase. The decrease in

G6PDH was also observed after the administration of steroido-
genesis-inhibiting chemicals [14]. The results of the present
study allow for a statement that naringenin is an inhibitor of
17βHSD and G6PDH in the testes of rats and does not signif-
icantly affect the activity of ∆53βHSD or the synthesis of
testosterone. 
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Figure 1. (a) Histochemical reaction for ∆53βHSD (200x).
Strong reaction in Leydig cells (arrow) of a control rat. (b,c)
Histochemical reaction for 17βHSD (320x). The arrows show
Leydig cells. (b) strong reaction in Leydig cells of a control rat.
(c) Moderate and weak reaction in Leydig cells of an experi-
mental rat. (d,e) Histochemical reaction for G6PDH (200x). (d)
Moderate reaction in Leydig cells (arrow) of a control rat. (e)
Weak reaction in Leydig cells (arrow) of an experimental rat.

Figure 2. The activity of dehydrogenases in Leydig cells of the
control and naringenin treated rats. Microdensytometrical
analysis. Values are the means ± SD. Statistically significant dif-
ferences as compared to the controls. *p<0.05, **p<0.01.
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Abstract 

Endometriosis represents one of the most frequent causes
of restricted fecundity. Despite the progress in medicine,
appropriate diagnosis and treatment pose significant problems.
The aim of this study was to evaluate ALA-induced PpIX flu-
orescence of normal endometrial epithelial cells for the diag-
nosis of endometriosis. PpIX-fluorescence was measured after
stimulation with estradiol-17 beta (E2) or with estradiol-17
beta (E2) and progesterone (P) and after incubation with ALA
under a confocal microscope. The epithelial cells showed a
significantly higher fluorescence of PpIX in the course of 24
and 48h incubation with hormones, than the cells without stim-
ulation. After 72h, a significant decrease in cellular PpIX con-
centration was noted. The results suggested that E2 and P were
required to convert ALA to PpIX in epithelial cells and
increased PpIX concentration in a time-dependent fashion.

Key words: endometriosis, in vitro, protoporphyrin IX, 
17ß-estradiol, progesterone.

Introduction 

Endometriosis is widely encountered in women during
the period of sexual maturity. It is appraised to affect 3-10 %

women in the generative age but, among infertile women
and in women with pain in the pelvis, the incidence is sup-
posed to reach 20-90% [1]. In clinical practice, the only reli-
able way to diagnose endometriosis is to visualize its typical
alterations in the course of laparoscopy or laparotomy and to
confirm the changes by histopathology [2]. In recent years,
a photodynamic technique has been introduced to clinical
practice, both for diagnostic and therapeutic purposes. It
uses fluorescent drugs that concentrate preferentially in
tumours and other hyperproliferative tissues. At present,
among substances, applied in the photodynamic approach, a
particular attention is focused on 5-aminolevulinic acid
(ALA), which is a physiological requirement for heme pro-
duction in cells. One of the compounds, which arises during
heme biosynthesis, is protoporphyrin IX (PpIX), used in
photodynamic therapy (PDT) as a photosensitizer. Till now,
only few studies have been performed on PpIX accumula-
tion in presence of ALA in endometrial cells [3, 4]. The
studies have shown that, when exposed to ALA, the cells are
more effective in the accumulation of PpIX. In animal mod-
els, endometrial grafts to peritoneum have been shown to
accumulate PpIX in such a way that they could be detected,
using PDD and could be subjected to photodynamic therapy
[5, 6]. Nevertheless, in none of the above studies have
female sex hormone effects on the obtained results been
considered. This may explain the divergences in the extent
of PpIX accumulation in myometrium and endometrium.
Still, the results have demonstrated the capacity of the
endometrium to accumulate more PpIX, as compared to
other tissues, and allow to suggest that the phenomenon can
be used for diagnosis and treatment of endometriosis, when
the hormonal condition of female body is taken into account.
Considering the above data, recognition of PpIX accumula-
tion in isolated cells of endometrial uterine epithelium, as
affected by estrogen and progesterone, may be of practical,
not just theoretical, significance for the definition of
requirements of photodynamic therapy. 

Effect of 5-aminolevulinic acid (ALA) doses 
and oestrogen/progesterone on protoporphyrin IX (PpIX)

accumulation in human endometrial epithelial cells
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Methods 

The studies were performed on human primary endome-
trial epithelial cells, originating from normal uterine cavity.
The cells were isolated and cultured as described by Ryan et
al. [7]. The cultures of epithelium cells were conducted in
presence of estradiol-17 beta (E2) and progesterone (P) in
concentrations typical for the follicular stage (E2 alone, 
220 pg/ml) or the luteal stage (E2 100 pg/ml and P 2 ng/ml) for
a period of 24, 48 or 72h (the hormone doses were selected to
correspond to their blood levels during normal menstrual
cycles in women) [8]. The effect of 5-aminolevulinic acid
(ALA) concentration on the accumulation of protoporphyrin
IX (PpIX) in cells was defined in the cells, following their
incubation with 2.0 mmol/l ALA for a period of 2h (ALA con-
centration and the duration of incubation were selected on the
basis of published data and our preliminary results) [4, 9].
Following that time, PpIX fluorescence in the cells was eval-
uated, using a confocal microscope (LSM 510, Zeiss). The
estimations took advantage of PpIX-exciting laser beam of
458 nm wavelength, while the emitted light was analysed,

using a 585 nm filter. PpIX content was evaluated, using the
CytFlu 1.2 software and expressed as a product of an average
intensity of fluorescence and percentage surface bearing area
over the level of background (%AIF). In each experiment,
cells of the control group, incubated in the same way, but in
the culture medium devoid of ALA, were evaluated. Statisti-
cal evaluation of the obtained results involved the nonpara-
metric U-Mann Whitney's test. P value <0.05 was considered
to represent threshold of significance.

Results and Conclusion 

Results of PpIX-specific fluorescence estimation in a con-
focal microscope, following the incubation with ALA and E2,
are presented in Fig. 1. Protoporphyrin IX content, following
2h incubation with 2 mmol/l ALA without steroid treatment,
was 244 %AIF. Following the 24h/E2 treatment of the epithe-
lial cells, the intensity of the PpIX-specific fluorescence sig-
nificantly increased (p<0.001) and, then, after subsequent
48h, again slightly increased to end up in a significant

Figure 1. Epithelial cells, isolated from normal endometrium (A) and preincubated with E2 for 48h and, then, incubated with 2 mmol/l
ALA for 2 h (B).

Figure 2. Alterations in the PpIX content in epithelial cells dur-
ing incubation with E2 and ALA.

A B

Figure 3. Alterations in the PpIX content in epithelial cells dur-
ing incubation with E2/P and ALA.
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decrease (p<0.001) after 72h (Fig. 2). The maximal peak of
PpIX fluorescence (873 %AIF.) was noted on the 48th hour of
the experiment (Fig. 2). PpIX-specific fluorescence in cells of
the control group did not significantly change in the course of
the entire experiment and never exceeded the value of 41
%AIF. A separate cycle of experiments was devoted to alter-
ations in the PpIX content in epithelial cells, which were
preincubated with E2 and P for the 24, 48 and 72h, then,
transferred to the medium with ALA. The obtained results are
illustrated in Fig. 3. An augmented and similar content of
PpIX was observed after 24h and 48h. A significant decrease
(p<0.001) in the cellular PpIX content was noted after 72h
from the steroid treatment. The results demonstrated that
incubation in a steroid-containing media (E2, P) and ALA
induced an accumulation of PpIX in epithelial cells. More-
over, the application of E2 for 48h resulted in a significant,
three-fold increase in PpIX-related fluorescence. An evident
decrease in fluorescence intensity was noted, following the
72h incubation with oestrogen. The observed alterations
should be interpreted as a result of an equilibrium between the
synthesis of PpIX in the epithelial cells and the removal of
PpIX, due to the binding of the compound to iron, its trans-
formation to heme or its efflux out of the cells [10]. In the
case of E2 and P treatment, the maximum value of PpIX-flu-
orescence should, for certain time (between 24 and 48h),
exhibit a plateau. Probably, the synthesis of PpIX will balance
off its elimination. The decrease in PpIX content after 72h in
the studied cells might have reflected either an efflux of the
compound or an increased activity of ferrochelatase, which
catalyses the binding of PpIX with iron. The data on PpIX
accumulation in endometrial cells, as related to the presence
of 17ß-estradiol or progesterone in the incubation medium,
may provide indications as to the menstrual cycle phase(s) in
which PDD and/or PDT for endometriosis treatment should
be performed. It is concluded that, for the diagnosis and treat-
ment of endometriosis, the hormonal condition of female
body must be taken into account. 
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Abstract 

We evaluated gonadal function in twenty prepubertal boys
(6.87 ± 3.84 years old) at diagnosis and 2.5 ± 1.6 years after
treatment for acute lymphoblastic leukaemia (ALL). We mea-
sured serum levels of inhibin B (RIA method), testosterone,
FSH, LH (immunoenzymatic methods) and compared the
results with controls (31 healthy boys in prepubertal stage).
Results: Serum inhibin B levels were lower at diagnosis (55.81
ng/ml ± 33.74), comparing to respective values in the controls
(105.89 ng/ml ± 46.64), p<0.0002. The values of inhibin B
slightly augmented after 2.5 ± 1.6 years from chemotherapy
(79.47ng/ml ± 47.39), p<0.06 but remained lower than those in
the controls (p<0.07). We did not find any differences in FSH,
LH or testosterone values, before and after chemotherapy, com-
paring to respective values in the controls. In conclusion,
haematological malignancy and its treatment influence gonadal
function before puberty with a possibility of recovery. During
this period, inhibin B could be used as a sensitive indicator of
testicular function. 

Key words: acute lymphoblastic leukaemia, late effects, 
male infertility, children, inhibin B. 

Introduction 

Endocrine abnormalities are a common late effect of anti-
cancer treatment, both in children and adults, including pitu-

itary, thyroid and gonadal dysfunction [1]. Male gonads have
two important functions: spermatogenesis and steroidogenesis.
The production of testosterone and 17 b-estradiol by Leydig
cells is under control of the hypothalamus and the pituitary
gland (LH, luteinizing hormone). Follicle stimulating hormone
(FSH) influences Sertoli cells to stimulate the release of a pro-
tein - inhibin B - which exerts a negative feedback of FSH secre-
tion [2].

Gonadal damage, induced by neoplastic process per se or by
chemotherapy and/or radiotherapy, affects both components of
gonadal function, resulting in infertility and sexual dysfunction,
which may compromise the quality of life of the survivors [1].

We do not have an unambiguous opinion if the testicular
injury after anticancer treatment in boys is similar in prepuber-
tal and pubertal stage. In this study, we evaluated the gonadal
function in prepubertal boys, treated for acute lymphoblastic
leukaemia (ALL).

Patients and methods 

Twenty boys, at the mean age of 6.87 ± 3.84 years (at diag-
nosis), in Tanner stage I or II, were studied before and 2.5 ± 1.63
years after the treatment for ALL, according to BFM 90 proto-
col. Thirty-one healthy boys in a similar age (6.87 ± 2.41years
old) were examined as controls.

We determined serum concentrations of inhibin B (radioim-
munoassay method) and FSH, LH and testosterone (immunoen-
zymatic methods).

The study was approved by the local ethics committee. 

Results  

Serum inhibin B levels were lower at diagnosis (55.81
ng/ml ± 33.74), in comparison to the results, obtained in the
control group (105.89 ng/ml ± 46.64), p<0.0002. After
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chemotherapy, the values of inhibin B augmented slightly
(79.55 ng/ml ± 47.39), p<0.06 but remained lower than those in
the controls (p<0.07). Tab 1. Fig.1. 

We did not observe any differences in FSH, LH and testos-
terone values either before or after the treatment or in compari-
son to respective values in the controls. Tab.1.

We did not find any correlations between inhibin B and FSH
values either before (r = -0.39 p = 0.21) or after the treatment (r
= 0.31 p < 0.21).

Discussion 

Examination of testicular function is easy in pubertal and
post-pubertal boys, using  routine hormone assays, whereas in
prepubertal boys, it is difficult,  due to a low activity of the
hypothalamic-pituitary-gonadal axis. The measured level of
serum inhibin B seems to be a good marker of testicular func-
tion, not only in adult men but also in young, prepubertal boys.
During infancy, serum inhibin B is high and gradually decreas-
es to the nadir at 6-10 years of age and, after an increase in early
adolescence, it reaches a plateau in age 12 to 16 years. In
younger age, inhibin values rest independent of FSH values,
whereas an inverse relationship between inhibin B and FSH
appears in puberty [2].

Cytostatics, especially alkylating agents, such as cyclophos-
phamide, cisplatin, procarbazine and/or abdominal irradiation,

cause gonadal damage, inhibit DNA synthesis in differentiating
spermatogonia, induce germinal aplasia and cause the absence
of sperm in seminal fluid [1, 3]. Sperm production is more sus-
ceptible to damage at very low doses of irradiation (>1.2 Gy),
whereas Leydig cell function is usually preserved up to 12 Gy
[1]. Taking into consideration that Sertoli cells are more affect-
ed during anticancer treatment, it seems that inhibin B is a good
marker to monitor the chemotherapy-induced testicular damage
in adults, as well as in children [3].

The influence of age or pubertal stage at the time of treat-
ment on a gonadal function in future has been discussed [4, 5].
Prepuberty, in predominant opinions, does not protect the male
gonads from the late effects of chemotherapy, although some
analysis suggest that prepubertal boys would be more resistant
than adults to the effects of chemotherapy [1, 4]. Crofton et al.
found normal values of inhibin B in prepubertal boys (before,
during and after the treatment) [4]. In Kenney et al.'s opinion,
infertility could be observed irrespectively of the pubertal status
at the time of treatment in men, treated with high (>25g/m2)
doses of cyclophosphamide [6].In our analysis, concerning pre-
pubertal boys, we observed lower values of inhibin B at the time
of diagnosis, comparing to respective values in the controls. The
results, obtained some years after the end of the treatment, indi-
cated a tendency towards higher values of inhibin B, in compar-
ison to the results before the treatment (in the second part of
analysis, more patients were in the 2nd stage of puberty). It sug-
gests a possibility that a part of stem spermatogonia can survive
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 Before treatment After treatment Controls 
Inhibin B (ng/l) 55.81  ±  33.74∗ 79.55  ±   47.39 105.89 ±  46.61 
Testosterone (ng/dl) 13.58  ±    4.96      29.83  ±   36.5   25.9   ±  20.17 
FSH (mIU/ml)  1.53   ±    1.19  2.31   ±     4.19     2.5   ±    1.8 
LH (mIU/ml)   0.6    ±    0.7  1.43   ±     4.16     0.7   ±    0.9 

Table 1. Values of inhibin B, FSH, LH, testosterone, before and after antileukaemic treatment in prepubertal boys and in the control
group.

*p<0.0002 between the values obtained before treatment and controls 

Figure 1. Inhibin B values before and after treatment vs. controls 



the cytotoxic treatment and spermatogenesis can restart after
some years. Byrne et al. observed normal fertility in men, treat-
ed during childhood for ALL except for the men, receiving cra-
nial irradiation (24Gy) before the age of 10 years [7]. In our
group, cranial irradiation was not used.

We did not find any changes in either LH or testosterone
production, which affirms the observation that Leydig cells are
less susceptible to chemotherapy than Sertoli cells [1].

It is difficult to explain the low values of inhibin B in chil-
dren at diagnosis. Semen abnormalities were found by Rueffer
et al. in men with advanced stage of Hodgkin's disease prior to
treatment. The authors suggested gonadal damage either by the
disease itself or by cytokines, influencing spermatogenesis [8].
None of the patients in our group had, at diagnosis, any clinical
symptoms of testicular infiltration by leukaemic process. This
problem needs future observations in  greater group.

In conclusion, haematological malignancy and its treat-
ment influence gonadal function before puberty but with a pos-
sibility of recovery. During this period, inhibin B could be used
as a sensitive indicator of testicular function.
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Abstract 

Rats are currently principal laboratory animals, used to
investigate osteoporosis.  The aim of the study was to present
and compare two operative methods of inducing osteoporosis in
rats. Materials and Methods: Ten 3 months old female Wistar
rats were divided into two groups with five animals in each
group.  In the first group, ovariectomy was preceded by a mid-
line dorsal skin incision, 3cm long. After removing the ovary,
the previous incision of the muscle required suturing. In the sec-
ond group, ovariectomy was performed by two dorso-lateral
incisions, approximately 1 cm long above the ovaries. With the
use of a sharp dissecting scissors, the skin was cut almost
together with the dorsal muscles and the peritoneal cavity was
accessed. There was no need of muscle suturing.  Conclusion:
The operation, performed in the second group, was technically
easier, less time consuming and less harmful for the used female
white rats.

Key words: model of osteoporosis, ovariectomy, 
female rats.

Introduction 

Osteoporosis is a chronic, systemic, metabolic disease of the
skeleton, characterised by reduced bone mass, architectural
defects and lowered mechanical resistance to injuries, what
eventually leads to higher risks of fractures. It is one of the most

frequent diseases of the mankind that occurs in every tenth per-
son in the whole world and in every third woman after the fif-
teenth year of life. In Poland, about 9 million persons are at risk
of osteoporosis. 

Experimental animal models play an important role in
improving the knowledge of the aetiology, pathophysiology, and
diagnosis, as well as on preventive and therapeutical techniques,
regarding osteoporosis. Rats are currently principal laboratory
animals, used to investigate this disease, since they are inexpen-
sive to maintain, grow rapidly, have a relatively short lifespan
and are widely available [1, 2]. There are also various methods
of obtaining a standardised pattern of osteoporosis, such as, for
example, low calcium diet, LHRH agonists or ovariectomy [2,
3]. The latter one is considered to be the procedure that gives
reliable model of osteoporosis [4, 5]. Ovariectomy itself can be
performed in some different ways.  The choice of operative
method is very important, particularly, when it is necessary to
operate of a few dozen animals in a short time.

The aim of the study was to present and compare two oper-
ative methods, regarding the duration of procedure, the degree
of difficulty of operative technique and access to gonads.

Materials and Methods 

Ten 3- month old female Wistar rats weighing approximate-
ly 180 g were divided into two groups per five rats. In both
groups operation was made after placing an animal on its ven-
tral surface. In the first group, ovariectomy was preceded by a
midline dorsal skin incision, 3 cm long, approximately half way
between the middle of the back and the base of the tail (Fig. 1).
Incisions of the muscles were made bilaterally. After peritoneal
cavity was accessed, the ovary was found, surrounded by a va-
riable amount of fat. Ligation of the blood vessels was necessary.
The connection between the Fallopian tube and the uterine horn
was cut and the ovary moved out. Because of muscle bleeding,
its incision required suturing. Three single catgut stitches were
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placed on the skin (Fig. 2). In the second group, ovariectomy
was made by two dorso-lateral incisions, approximately 1 cm
long above the ovaries (Fig. 3). With the use of a sharp dissec-
ting scissors, the skin was cut almost together with the dorsal
muscles and the peritoneal cavity was thus accessed. The further
part of the operation was parallel to the one in the first group.
The muscle incision required no suturing. Skin wounds were
closed bilaterally with one single catgut suture (Fig. 4).

The obtained results are presented in Table 1. In the first
group, the mean time from incision of the muscle to the ovary
removal was 4.7 minutes, whereas in the second group, it was
1.7 minutes only. That fact signifies the importance of precise
muscle incision, what results in a quick location of the ovary.
Otherwise, wrongly configured and inordinately large muscle
incision leads to bleeding and demands stitching.

Conclusion 

Comparing the two presented methods of ovariectomy, we
affirm that the operation, as conducted in the second group, was
technically easier, less time consuming and less harmful for the
female white rats.

References
1. Giardino R, Fini M, Giaversi G, Mongiorgi R, Gnudi

S, Zati A. Experimental surgical model in osteoporosis
study.Bollettino della Societa Italiana di Biologia Sperimentale.
1993; 69(7-8): 453-60

2. Turner RT, Maran A, LotinunS, Hefferan T, Evans GL,
Zhang M, Sibonga JD. Animal models for osteoporosis. Reviews
in Endocrine and Metabolic Disorders, 2001; 2: 117-27.

Investigated group of 
rats The manner of incision The mean time from the incision of the muscle to 
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The first group      n=5 Single midline dorsal 3cm 
long 4,7 Yes 

The second group  n=5 Two dorso-lateral 1cm long 1,6 No 

Table 1.

Figure 1. Longitudinal, dorsal midline skin incision. Figure 2. Three single catgut stitches on the skin wound.

Figure 3. Two dorso-lateral incisions of the skin and muscles. Figure 4. One single catgut suture on the skin wound.
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Abstract 

In the thyroid gland of mammals, except the basic follicular
(F) cells, parafollicular (C) cells are detected. They belong to
disperse neuroendocrine cells of the APUD system. Co-localisa-
tion of F and C cells in the thyroid gland is not accidental. It
seems possible that there is an interaction between them, medi-
ated by the peptidergic hormones. Calcitonin (CT) is proposed
as an essential indicator of C cells. The role of C cells in the
function of the thyroid gland has been not clarified till now,
especially in hyperthyroid state. There are only a few data which
document the ultrastructure of C cells in the physiological and
pathological state. In the present study, the ultrastructure of thy-
roid C cells in an experimental model of hyperthyroidism was
evaluated. Our preliminary study may confirm the functional
interaction between follicular and parafollicular cells in the thy-
roid gland. 

Key words: C cells, hyperthyroidism, calcitonin, 
ultrastructure.

Introduction 

The ultrastructure of the parafollicular C cells is quite simi-
lar in all the experimental mammalian species and differs from
the ultrastructure of the follicular C cells. Its important charac-
ters include: numerous, spherical and electron, densely delineat-
ed by cell membrane [1]. Normally, the grain size does not

exceed 200nm and consists of homogeny and electron dense
material. C cells are closely linked to the base of the F cell
neighbouring follicle. Neither desmosoms nor any other type of
epithelial connections exists between them. The basal mem-
brane is common for the follicle and is linked to its C cells. An
exact analysis of the further series of slices shows that, general-
ly, the group of C cells, lying in the loose connective tissue
between follicles has a common basal membrane with the
neighbouring follicle [2]. 

Under an electron microscope, the structure of C cells is
much more multilateral and irregular, as compared to the same
structure, when observed under a light microscope [3].
Multilateral structure of C cells dominates frequently observed
finger, like dendrites of its cytoplasm. Slightly longer dendrites
are arranged along the basal membrane. These are linked direct-
ly to the base of F cells or run toward capillaries [4, 5]. Solitary
lying C cells are usually bigger then F cells, having bigger oval
or spherical nucleus. In many mammals, a frequent depression
in the nuclear membrane can be observed. Chromatin is present
as either a minute scattered structure or as a small dense mater-
ial in the periphery of the nucleus. In the nuclear membrane,
numerous nuclear pores are present. The nucleolus is big, elec-
tron dense, single and rarely double. Secreting granules, differ-
ing in size, accumulate in the region of cells, which are directly
linked with capillaries [6, 7]. In spite of the very characteristic
and different ultrastructure of the F cells and different hormon-
al function, there exists much evidence, showing a close struc-
tural and functional relationship between F and C cells.
According to many authors, the co-operation between F and C
cells is realized by the paracrine roots, by the synthesis of regu-
latory peptides RP, the number of which is constantly increas-
ing. C cells are not only closely linked to the base of the F cells
of its follicle but they also lie together with them in the space,
surrounded by basal membrane. Some authors even differentiate
a special functional group in the thyroid structure, in a form of
group of follicles (epitheliomers), lying in appropriate bifurcat-
ed spaces, covered by the common basal membrane. Generated
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in this way, a new micro environment for the F and C cells is
separated from the capillaries by the basal membrane, through
which their endocrine function is realised. Due to such a struc-
ture, active biological factors, coming either from direct sur-
rounding or from the distal tissue, can interact with the F and C
cells. In this way, this complex structure, consisting of two dif-
ferent types of cells, is integrated with the functions of the
whole organism. Simultaneously, the micro environment,
formed in this way, enables an effective co-operation between
cells by the paracrine root.

Material and methods 

An experimental model of hyperthyroidism was induced by
intraperitoneal injection of L-thyroxine (Sigma Chemical Co)
at a dose of 40 µg/kg daily over 30 days. A group of ten control
rats were treated with saline under the same experimental con-
ditions. Male Wistar rats (n=18), weighing 90 - 100 g, were
used in the experiment and given standard laboratory chow and
water ad libitum. The animals were housed at 20° C and con-
stant humidity, with the 12/12 light/dark cycle. All the proce-
dures were performed in compliance with the European Com-
munity Council Directive of 24 November 1986 (86/609/EEC)
and were approved by the Local Ethics Committee in Bia³ys-
tok. 

At the end of the experiment, under pentobarbital sodium
anaesthesia (50 mg/kg), blood was collected from the abdomi-
nal aorta of each rat to determine plasma TSH concentrations by
radioimmunoassay (RIA). Subsequently, the rats were
thyreoidectomized. The tissue, taken for examination, was cut
into approximately 1 µm-thick sections and fixed for an hour at
room temperature in 2.5% glutaraldehyde solution, prepared in
0.1M phosphate buffer (pH 7.4) and then, for the next 12 hours,
in temperature of 4° C. During the subsequent stage, lasting
from 17 to 20 hours, the tissue was rinsed in phosphate buffer

and fixed for the following 2 hours in 1% OsO4 solution, pre-
pared in phosphate buffer (pH 7.4).

The material, prepared and fixed according to the routine
procedure, was embedded in Epon 812 and sectioned by
means of an ultramicrotome. Ultra thin sections of the thy-
roid glands were contrasted by uranyl acetate and amonium
citrate and subsequently examined under TEM (Opton 900
PC type). 

Results and discussion 

Hyperthyroidism is a pathological syndrome in which tissue is
exposed to excessive amounts of circulating thyroid hormone. The
diagnosis of hyperthyroidism is generally straightforward, with
raised serum thyroid hormones and suppressed serum thyrotropin.
After 30 days of L-thyroxine treatment, plasma TSH concentration
was significantly (p<0.001) reduced (mean 0.52 ng/ml), as com-
pared to respective values in the control rats (mean 2.34 ng/ml).
Calcitonin plasma level was also significantly (p<0.05) reduced
(mean 13.34 pg/ml) in comparison to that in the control group
(mean 16.69 g/ml). Clear changes in the construction of the ultra-
structure existed among the experimental groups of rats. In rats
with a low concentration of TSH, a tendency towards low activity
of F and C cells was observed, particularly in comparison to
respective values in the control group. Microvilli which penetrate
within colloid were lower and less numerous. In the cytoplasm near
microvilli less number of reabsorbing vacuoles and secreting gra-
nules were found. Apart from this, a decreased activity of the rough
endoplasmic reticulum, its expansion, less regular shape and less
dense ribosomes on the external cytoplasmic surface of its mem-
brane were observed. Mitochondria had much spherical and less
comb shape. C cells, situated in the direct neighbourhood of the F
cells and surrounded by the common basal membrane, showed the
presence of numerous, dark secreting granules, and an irregular cell
nucleus, different from that in the control group of rats.
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Figure 1. The thyroid gland of a control rat. Electron micro-
graph, showing parafollicular cell, which contains granules,
filled with a homogenous substance of low and high density. 
x 7000

Figure 2. The thyroid gland of a rat with hyperthyroidism. Elec-
tron micrograph, showing parafollicular cell, fullfilled with
dense granules. x 7000



Ultrastructural diagnostic results, obtained from the control
group, confirmed the characteristic feature of C cell structure and
its colocation with F cell (Fig. 1). In order to examine the activ-
ity of the cells, certain points were taken into consideration,
mainly the epithelial appearance, microcosmic, rough endoplas-
mic reticulum, cell nucleus, reabsorbing vacuoles and secreting
granules. Ultrastructure of thyroid obtained from rats treated
with L-thyroxine showed decreased of activity of endocrine
cells, both F and C cells, mainly less numerous, low microvilli
near which in the cytoplasm were found less number of reab-
sorbing vacuoles. Apart from this, a decreased activity of rough
endoplasmic reticulum was observed. C cells, situated in the
neighbourhood of F cells and together with them, surrounded by
the common basal membrane, showed the presence of numerous,
dark secretary granules and and irregular nucleus, different from
that in the control group (Fig. 2).

Ultrastructural diagnostic results coincide with the previously
proved immunoactivity of C cells, defined, using the immunohis-
tochemical technique [8]. In the control group of rats, in C cell,
dark and light secretary granules always existed, particularly in
the perivascular area. In the cytoplasm of the rats, which received
thyroxine, a higher number of secretary grains were observed,
which may indirectly indicate an increased accumulation of the
regulatory peptides. Cell nuclei in this group of rats were smaller
and, some of them, were irregular, as compared to those in the
control group.

Preliminary results of these experiments and ultrastructural
diagnosis are very promising, forming an ideal supplement of the
immunohistochemical diagnosis, proving the theory of close co-
operation between C and F cells in the thyroid gland, both in
physiological and pathological conditions. According to the
authors, there is a justified need for the continuation of these
experiments by taking molecular biology technique into account.
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Abstract 

The aim of this study was an evaluation of the activity of
parafollicular (C) cells in a rat experimental model of hyperthy-
roidism, evoked by an intraperitoneal application of L-thyroxine
(40 mg/kg daily) over 15 days. For that reason, immunohisto-
chemical investigations and evaluation of calcitonin (CT) plas-
ma concentrations were performed. Differences in the quantity
and distribution, together with enhanced CT-immunoreactivity
of C cells, were observed in hyperthyroid rats, in comparison to
respective values in the control group, accompanied by a signif-
icant diminution of plasma TSH and CT levels. Our preliminary
study may point to a functional interaction between follicular
and parafollicular cells in the thyroid gland. 

Key words: C cells, hyperthyroidism, calcitonin, 
immunohistochemical study.

Introduction 

In the thyroid gland of mammals, except for the basic fol-
licular cells, irregularly distributed cells have been described.
The most common name for them is parafollicular cells, or C
cells (calcitonin cells). According to Pearse [1], they belong to
disperse neuroendocrine cells of the APUD system (amine pre-
cursor uptake and decarboxylation) [2]. The role of parafollicu-
lar cells in the function of the thyroid gland has not been clari-
fied till now. Despite some controversial data, one could pre-

sume that co-localisation of the follicular and the parafollicular
cells in the thyroid gland is not incidental. It seems possible that
there is some interaction between them, mediated by the release
of peptidergic hormones. The kind and amount of the released
hormones depend on many factors, e.g., age, sex and health sta-
tus [3, 4, 5]. Calcitonin (CT), a product of CT/CGRP gene
expression, is proposed as an essential indicator of C cells acti-
vity [6]. The basic action of calcitonin is the diminution of
Caion, concentratiom by inhibition of the reabsorption activity of
octeoclasts and by facilitation of calcium excretion in the kid-
neys [6]. The finding that, in homozygotic mice devoid of gene
coding calcitonin osteopenia is developed, may indicate that
this hormone plays a role in bone tissue homeostasis [7]. Thus,
calcitonin is applied in hypercalcemia, Paget's disease and
osteoporosis [3]. There are few publications, concerning the
evaluation of the structure and function of parafollicular cells in
the thyroid gland diseases. There are also only several data,
dealing with the problem of the mutual relation between
parafollicular and follicular cells in physiological and also in
pathological conditions and only single observations, concern-
ing the ectopic production of calcitonin in other tissues [3]. In
our previous study, we reported a significant diminution of plas-
ma TSH and CT levels, accompanied by enhanced CT-
immunoreactivity in C cells of the  thyroid glands in rats, chron-
ically treated (over 30 days) with L-thyroxine [8]. 

In the present study, a distribution and CT-immunoreactivi-
ty of thyroid C cells in an experimental model of hyperthy-
roidism, evoked by the application of L-thyroxine over 15 days,
was evaluated.

Material and methods 

Male Wistar rats (n=20), weighing 90 - 100 g each, were
used in the experiment and provided with standard laboratory
chow and water ad libitum. The animals were housed at 220 C
and constant humidity, with a 12/12 light/dark cycle. All the pro-
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cedures were performed in compliance with the European
Union Council Directive of 24th  November 1986 (86/609/EEC)
and were approved by the Local Ethics Committee in Bia³ystok.
The experimental model of hyperthyroidism was induced by an
intraperitoneal injection of L-thyroxine (Sigma Chemical Co) at
the dose of 40 µg/kg daily over 15 days. A group of ten control
rats were treated with saline under the same experimental con-
ditions. At the end of the experiment, under pentobarbital sodi-
um anaesthesia (50 mg/kg), blood was taken from the abdomi-
nal aorta of each rat to determine plasma TSH and CT concen-
trations by radioimmunoassay (RIA). Subsequently, the rats
were thyreoidectomized. Both thyroid lobes were placed in
Bouin's fluid for 24 hours. An immunohistochemical reaction,
used for detecting calcitonin in C cells, was conducted on 5 µm-
thick paraffin sections, derived from the thyroid glands. In that
procedure, specific rabbit antisera against calcitonin, which can
be found only in C cells, were used. In the above immunohisto-
chemical study, the ABC (avidin-biotin peroxidase complex)
method was applied, according to Hsu et al. [9]. 

Results and discussion 

After 15 days of L-thyroxine treatment, plasma TSH con-
centration was significantly (p<0,0004) reduced (mean 0.52
µIU/ml), as compared to the respective value in the control rats
(mean 2.89 µIU/ml). Moreover, CT plasma level was also sig-
nificantly (p<0,0004) attenuated (mean 13.54 pg/ml), in com-
parison to that in the control group (mean 16.43 pg/ml).

The reduction of plasma levels of both hormones was simi-
lar to those, observed in our previous study in rats, treated with
L-thyroxine twice longer, i.e., over 30 days. Also the histologi-
cal pictures of the thyroid glands, derived from the rats, treated
with L-thyroxine for 15 days, was very similar to the pictures of
the rats, injected with this hormone for 30 days. As we previ-
ously observed, the thyroid sections from the rats, treated with
L-thyroxine, showed differences in the size of follicles with a
predominance of macrofollicles, full of well-stained, homoge-
nous colloid and enclosed by flattened cuboid epithelium (Fig.
2). Those follicles showed the presence of a few C cells, which

were more CT-immunoreactive, in comparison to those in the
control group (Fig. 1). On the contrary, the smaller follicles,
with higher epithelium, were accompanied by a higher number
of parafollicular cells, which were less immunoreactive.

There are only few publications, concerning the activity of
parafollicular cells in  thyroid gland diseases, as well as, the
interaction between parafollicular and follicular cells in vivo.
The enhancement of CT plasma concentration, observed in 19.2
% of patients with Graves' disease in our earlier study [4], per-
formed on the thyroid glands, taken from patients with  simple
and hyperthyroid goitre, together with a weak immunoreactivi-
ty for CT within C cells, indicating an increase of their secretion
potential, may point to an enhancement of the hormonal activi-
ty of C cells, evoked by the hyperactive parafollicular cells dur-
ing Graves' disease. Also Vierhapper et al. [10], in spite of the
high prevalence of thyroid C cell hyperplasia in patients with
Graves' disease, observed an elevated CT plasma levels also in
some patients with hyperthyroid nodular goitre. Till now, there
have been no available data about the activity of C cells in the
experimental model of hyperthyroidism. In our previous [8],
and also in present investigations, the inhibition of parafollicu-
lar cells activity, evoked by an application of L-thyroxine,
induced the inhibition of C cells activity, expressed by attenua-
tion of CT plasma levels and by enhanced CT-immunoreactivi-
ty in C cells.  On the contrary, the overactivation of parafaollic-
ular cells observed in thyroid nodules in patients, operated
because of Graves' disease [4], caused hyperactivity of neigh-
bouring C cells. Also, Zabel et al. [11] have demonstrated an
enhancement of CT mRNA expression by follicular cells in TT
line cell cultures, pointing out to  a possible interaction between
follicular and TT cells, the latter derived from C cells. These
data support the possibility that a direct mutual relation between
parafollicular and follicular thyroid cells could play an impor-
tant role in the regulation of the thyroid gland activity. 
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Figure 1. Light micrograph of thyroid gland of control rat. Positive
immunohistochemical reaction for calcitonin is observed in most of
C cells. x 300.

Figure 2. Light micrograph of thyroid gland of rat treated with
L-thyroxine. The enhancement of immunohistochemical stai-
ning for calcitonin in C cells is observed. x 300.

Roczniki Akademii Medycznej w Bia³ymstoku  ·  Vol. 49, 2004 Suppl. 1, Proceedings ·  Annales Academiae Medicae Bialostocensis136



Roczniki Akademii Medycznej w Bia³ymstoku  ·  Vol. 49, 2004 Suppl. 1, Proceedings ·  Annales Academiae Medicae Bialostocensis 137

References
1. Pearse AGE. Common cytochemical and ultrastructur-

al characteristics of cells producing polypeptide hormones
(APUD series) and their relevance to thyroid and ultimobranchial
C cells and calcitonin. Proc. Roy. Soc. London B, 1968; 170: 71-
80.

2. Clark MS, Lanigan TM, Page NM, Russo AF.
Induction of a serotonergic and neuronal phenotype in thyroid C
cells.  J Neurosci, 1995; 15: 6167-78.

3. Dadan J, Zbucki R. Komórki C tarczycy i ich rola.
Postêpy biologii komórki, 2003; 30: 187-200.

4. Dadan J, Zbucki R£, Sawicki B, Winnicka MM,
Puchalski Z. Activity of the thyroid parafollicular (C) cells in sim-
ple and hyperactive nodular goitre treated surgically - preliminary
investigations. Folia Morphol, 2003; 62: 443-5.

5. Guyetant S, Rousselet MC, Durigon M, Chappard D,
Franc B, Guerin O, Saint-Andre JP. Sex-related C cell hyperpla-
sia in the normal human thyroid: a quantitative autopsy study. J
Clin Endocrinol Metab, 1997; 82: 42-7.    

6. Pondel M. Calcitonin and calcitonin receptors: bone
and beyond. Int J Pathol, 2000; 81: 405-22.

7. Hoff A, Thomas P, Cote C. Generation of a calcitonin
knockout mouse model. Bone, 1998; 23: 164. 

8. Dadan J, Zbucki R£, Sawicki B, Bialuk I, Zawadzka A,
Winnicka MM, Puchalski Z. Preliminary immunohistochemical
investigations of thyroid C cells in an experimental model of
hyperthyroidism. Folia Morphol, 2003; 62: 319-21.

9. Hsu SM, Raine L, Fanger H. Use of avidin-biotin-per-
oxidase complex (ABC) in  immunoperoxidase techniques: a
comparison between ABC and unlabeled antibody (PAP) proce-
dures. J Histochem Cytochem, 1981; 29: 577-80.

10. Vierhapper H, Nowotny P, Bieglmayer C, Gessi A.
Prevalence of hypergastrinemia in patients with hyper- and
hypothyroidism: Impact for calcitonin? Horm Res, 2002; 57: 85-9. 

11. Zabel M, Gêbarowska E, Kasprzak A. Control of calci-
tonin gene expression in thyroid parafollicular cells co-cultured
with thyroid follicular cells. Folia Histochem Cytobiol, 1999; 37:
61-2.



Abstract 

Hyperfunctional nodular goitre is the most common thyroid
non-neoplastic condition in endemic areas. Iodotherapy is the
basic method in thyroid gland hyperfunction treatment. The aim
of the study was to evaluate proliferation of thyroid follicular
cells in nodular goitre after iodotherapy. The study was carried
out on 32 women, 30-76 years old. Cytological and immunohis-
tochemical evaluations were based on the material, obtained by
Fine-Needle Aspiration Biopsy (FNAB). Proliferative activity
was immunohistochemically assessed. The influence of radioio-
dine on thyroid follicular cells was evaluated as a difference
between the proliferation of follicular cells before and after its
application. It was concluded that the proliferative activity of
thyroid follicular cells decreased considerably after radioiodine
therapy. 

Key words: hyperthyroidism, iodotherapy, proliferative 
activity, PCNA, Ki-67, MPM2.

Introduction 

One of the most common thyroid gland conditions is the dis-
eases that constitute the complex of symptoms, called hyper-
function. The most frequent illnesses with symptoms of hyper-
thyroidism include: Graves' disease, multinodular goitre, hyper-
functional autonomous thyroid nodule [1]. The north-east region
of Poland is the area of iodine deficiency in which a predomi-

nant number of thyroid hyperfunction cases (over 60%) is con-
nected with the presence of autonomous tissue [2, 3, 4]. The
environmental iodine deficiency triggers the pathomechanism
of thyroid hyperfunction with point mutations, related to TSH
receptor, which stimulates thyroid gland growth and the exces-
sive synthesis of its hormones [3, 5]. Iodine deficiency induces
the activity of topical growth factors, which results in a decrease
of antiproliferative TGF-ß value and an increase of IGF-1 and
EGF concentrations [3]. It makes the thyroid tissue more sensi-
tive to TSH activity, what also induces hyperplasia of thyreo-
cytes. 

The main lines of treatment of hyperthyroidism include
pharmacotherapy (thyreostatics, inhibitors of ß-adrenergic
receptors, tranquillisers), radioiodine treatment and surgical
treatment [1, 6, 7, 8, 9]. Pharmacotherapy, especially in patients
with nodular goitre, should be an introduction to a more radical
treatment (thyroid gland surgery or radioiodine therapy) [1, 7,
9]. It has been found that therapeutic doses of iodine have no
teratogenic effect and do not influence the human genome. It is
considered to be a method of choice in the treatment of hyper-
thyroidism in all age groups [1, 6, 10].

The aim of the study was to evaluate proliferative activity of
thyroid follicular cells in patients with nodular goitre after
iodotherapy.

Materials and methods 

The study was carried out on 32 women, aged 30 - 76 years.
The cytological and immunohistochemical evaluation was per-
formed on material, obtained by US-guided Fine-Needle
Aspiration Biopsy (FNAB) and fixed by Cytofix. Proliferative
activity was immunohistochemically assessed with the use of
antibodies against Proliferating Cell Nuclear Antigen (PCNA),
Ki-67 Antigen and Mitotic Proteins (MPM-2) (DAKO) by
determination of the percentage of follicular cells, showing 
a positive reaction to the given antibody [11, 12]. The influence

Expression of Ki-67, PCNA and MPM2 antigens 
in follicular cells of the thyroid gland after iodotherapy
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of radioiodine on thyroid follicular cells was evaluated as a dif-
ference between proliferative activity of follicular cells before
and after iodotherapy. The results were statistically analysed
with the Statistica Pl computer software. Student's t test was
used for statistical analysis. The difference was considered as
significant for p < 0.05.

Results 

There were no essential morphological differences in the
microscopical views of thyroid follicular cells before and after
iodotherapy. The proliferative activity of follicular cells,
referred to as PCNA before the radioiodine therapy, ranged from
6.1 to 15.4 - the mean value: 8.43, for Ki-67 from 6.39 to 15.61
- the mean value: 7.92 and for MPM-2 from 3.26 to 13.85 - the
mean value: 6.12. The obtained values changed under the influ-
ence of I131 and amounted to: for PCNA: from 3.14 to 10.75 - the
mean value: 6.04, for Ki-67 from 2.54 to 11.23 - the mean value:
6.72 and for MPM2 from 1.92 to 9.12 - the mean value: 5.31.
Statistically significant differences between the means were
found for PCNA, Ki-67 and MPM2, before and after the thera-
py. (Fig.1)

Discussion and conclusions 

Therapeutic effect of I131, mediated by beta radiation,
emitted from I131 in the tissue. This radiation induced the
formation of radioiodine free radicals which damage DNA
structure. It results either in cell death or in loss of cell abili-
ty to grow and proliferate. Histological alterations include
interstitial oedema, cell necrosis, lymphocyte infiltration and
fibrosis [10]. Sporadically, drug-induced complications may
appear after the treatment. In the early period after the isotope
application, the complications appear in the form of an
increased level of hormones, released from damaged follicu-
lar cells, hypermetabolic crisis or thyroid inflammation or
ophtalmopathy; later on, they are manifested by thyroid hypo-
function or, rarely, are observed as parathyroid hypofunction
[1, 7, 9, 10, 13]. Nevertheless, this kind of treatment has cer-

tain advantages, including good therapeutic effects, scarce
recurrences, comfort and comparatively high safety, low costs
and the possibility of application to elderly patients [1, 8, 9,
13]. It is worth underlining that the application of radioiodine
has been considered to be the best method of treatment of
autonomous nodules and hyperfunction of multinodular goitre
[6, 9, 13]. 

Basing on the obtained results, it has been concluded that
the proliferative activity of thyroid follicular cells decreased
considerably after radioiodine therapy, what indicates the
necessity of constant monitoring of patients treated with
iodotherapy. 
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Figure 1. Proliferative activity of thyroid cells before and after
radioiodine therapy. PA is numerically equal to the mean per-
centage of cells positive for the respective antigens (PCNA, Ki-
67 or MPM2)
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Abstract 

The aim of the study was to quantitatively evaluate B and T
lymphocytes and macrophages, based on immunohistochemical
investigations (CD43, CD20, CD8 and CD68) of chronic focal
and Hashimoto thyroiditis. A new method of image analysis was
applied, based on spatial visualization of the antigens reactivity.
The obtained results indicated that the numbers of lymphocytes,
in particular of cytotoxic T lymphocytes, and of macrophages
increased with the progress of inflammatory process.
Quantitative measurements of the markers made the results
more objective and supported pathomorphological diagnosis. 

Keywords: chronic thyroiditis, inflammatory infiltrate, 
spatial image analysis, measurements.

Introduction 

Chronic thyroiditis is a heterogeneous group of diseases,
regarding morphology and prognosis. Upon pathomorphologi-
cal diagnosis of case with thyroiditis, immunohistochemical
analysis is used to distinguish chronic focal thyroiditis from
Hashimoto thyroiditis. The interpretation of results, obtained
from routine visual evaluation in light microscopy and semi-
quantitative assessment of immunohistochemical reaction
strength, is highly subjective, in particular, in cases suspected to
be progressing into Hashimoto thyroiditis. This may be a source
of inconsistencies in the diagnosis, caused by diffusion of anti-
gen, non-homogeneous expression of colour reaction in the

measurement field and background staining. Therefore, the aim
of our study was a quantitative assessment of the elements of
inflammatory infiltrate: B and T lymphocytes and macrophages
in chronic focal thyroiditis and Hashimoto cases by using a new
method of digital image analysis, based on the spatial visualiza-
tion technique.     

Material and Methods 

Material for our study was obtained after thyroidectomy in
patients with chronic focal thyroiditis and Hashimoto thyroidi-
tis and used for immunohistochemical study.  Sections were
cut from a formalin-fixed and paraffin embedded archival tis-
sue, stained with HE and then immunostained.  The immuno-
histochemical stains were performed for the following anti-
gens:  CD20 (DAKO, dilution 1/100) present on B-lympho-
cytes, CD43 (Dako, dilution 1/100) expressed on the surface
of T-lymphocytes, CD8 (Novocastra, dilution 1/40) found on
the cytotoxic subset of human T-lymphocytes, CD68 (Dako,
dilution 1/100) present on the surface of macrophages.
Microscopy images, of 640x480 pixels each, were acquired by
using a digital light microscope, running under Motic Images
v. 1.2  software for Windows (Micro Optic Industrial Group
Co) at 400x magnification. The obtained images were extend-
ed to their spatial representation by introducing image bright-
ness as the third dimension. The colour immunohistochemical
reaction was exposed on a three-dimensional view by reducing
the scenery behind to the background. Then, filters of bright-
ness and saturation were fixed for image series, acquired from
each specimen, and colours, representing the immunohisto-
chemical reaction, were extracted. The area and intensity of
reaction in three-dimensional space were determined by using
a computer program, programmed in C++ by Strzelczyk [1].
The results, obtained for chronic focal thyroiditis and
Hashimoto thyroiditis, were compared by using the Mann-
Whitney test. 

Morphometrical analysis of immunohistochemical 
reaction of inflammatory infiltrate in chronic thyroiditis
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Results 

The reactivity of CD43, CD20 and CD8 was significantly
lower in chronic focal thyroiditis than in Hashimoto disease (Tab.
1). In particular, numerous cytotoxic T lymphocytes occurred in
Hashimoto cases, while in focal thyroiditis, they were less fre-
quent. The average colour intensity of CD43+, CD20+ and CD8+

markers was significantly higher in chronic focal thyroiditis than
in Hashimoto disease (Tab. 2).  Inflammatory foci areas became
larger and larger in the course of disease progress and were occu-
pied by dense clusters of lymphocytes (Figs. 1-2). 

The number of macrophages, visualized with CD68 marker,
significantly increased in Hashimoto cases (25 ± 11 per image),
comparing to respective values in chronic focal thyroiditis (10 ±
8 per image).  

Figure 1. CD43 in chronic focal thyroiditis (left) and in Hashimoto thyroiditis (right). The lower row shows the spatial representation
of original images from the upper row.

Chronic Focal Thyroiditis Hashimoto Thyroiditis Markers 

Mean ± SD Mean ± SD 

Significance level  
(p) 

CD 20 0.206 ± 0.282  0.380 ± 0.154 P<0.001 

CD 43 0.204 ± 0.236 0.369 ±0.301 P<0.005 

CD 8 0.014 ± 0.028 0.836 ± 0.098 P<0.001 

Table 1. Area of positive reaction of the analyzed markers (per µm2 ).

Chronic Focal Thyroiditis Hashimoto Thyroiditis Markers 

Mean ± SD Mean ± SD 

Significance level  
(p) 

CD 20 122 ± 29 97 ± 12 P<0.001 

CD 43 125 ± 18 101 ± 14 P<0.001 

CD 8 144 ± 18 120 ± 12 P<0.001 

Table 2. Intensity of immunohistochemical stains.



Final remarks

At present, measurements of immunohistochemical reac-
tions in raw colour images make a potential benefit in quantita-
tive studies [2, 3]. The method, based on three-dimensional
visualization of the immunohistochemical markers and used in
this study, permitted to obtain objective results and indicate
extremely significant differences between morphological fea-
tures of inflammatory foci in chronic thyroiditis and large
inflammatory areas in Hashimoto cases. The results indicated
that lymphocytes, in particular cytotoxic T lymphocytes, and
macrophages increased with the progress of inflammatory
process. Lymphocytes were visualized with the markers in light
brown colours with dark brown contours (Figs. 1-2). Lower
average colour intensity of CD43+, CD20+ and CD8+, observed
in chronic focal thyroiditis than that, found in Hashimoto dis-
ease (Tab. 2), can be explained by the increasing number of
large inflammatory foci in the course of progressing disease.

Therefore, the average results of colour intensities were lower.
Concluding, quantitative measurements of inflammatory
process markers made the results more objective and supported
the pathomorphological diagnosis. 
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Figure 2. CD20 in chronic focal thyroiditis (left) and in Hashimoto thyroiditis (right). The lower row shows the extracted reaction
from the original images (upper row). 
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Abstract 

Mammalian tissues contain two types of cannabinoid recep-
tors CB1 and CB2. The aim of our study was an evaluation of
the influence of a single ip injection of a stable analogue of an
endogenous cannabinoid anandamide - R-(+)-methanandamide
(2.5 mg/kg) and CP 55,940 (0.25 mg/kg), which is an exogenous
agonist of CB1 receptors, on the immunoreactivity of regulato-
ry peptides, produced in rat thyroid C cells: calcitonin, CGRP,
somatostatin and synaptophysin. This study indicates that a sin-
gle injection of cannabinoids: R-(+)-methanandamide and CP
55,940 alters the immunoreactivity of regulatory peptides in
thyroid parafollicular cells.

Key words: thyroid C cells, regulatory peptides,
cannabinoids, rat. 

Introduction 

The psychoactive properties of the marijuana plant,
Cannabis sativa, have been known for thousands of years. The
pharmacological actions of its main active compound, 

∆9-tetrahydrocannabinol (∆9-THC) have recently been docu-
mented, following the discovery of two distinct cannabinoid
receptors: CB1 (expressed mainly in CNS) and CB2 (that occur
mainly in the immune cells) [1]. The identification of naturally
occuring ligands for these receptors, anandamide and 2-arachi-
donylglycerol (2-AG), has prompted a large research effort,

aimed at investigating the physiological role of the endogenous
cannabinoid system, as well as its potential use as a target for
novel therapeutic interventions [1]. Recent studies suggest that
endocannabinoids, among others, also play a role in the regula-
tion of the activity of endocrine cells. It has been reported that
∆9-THC and endocannabinoids exert an   inhibitory influence on
the regulation of reproduction. An administration of ∆9-THC
and anandamide decreased serum levels of luteinizing hormone
and prolactin, while increased the levels of ACTH and corticos-
terone [1]. Further studies, performed with ∆9-THC [2], and
WIN 55,212-2 [3], a selective CB1 receptors agonist, while
showing diminution of T3 and T4 plasma levels after a single
injection of these compounds, confirmed their influence on the
endocrine system. High levels of CB1 mRNA, observed during
the late embryological stages of rat thyroid, and the presence of
CB1 mRNA and protein in the adult rat thyroid, both in follicu-
lar and parafollicular (C) cells, may point to an involvement of
cannabinoid receptors in the mediation of the thyroid gland
activity [4]. 

The aim of this study was an evaluation of the influence of
a single ip injection of a stable analogue of endogenous cannabi-
noid anandamide - R-(+)-methanandamide and CP 55,940, an
exogenous agonist of CB1 receptors on the immunoreactivity of
the regulatory peptides, produced in rat thyroid C cells: calci-
tonin (CT), CGRP, somatostatin (SS) and synaptophysin (SY). 

The study was conducted on 30 male Wistar rats, weighing
180-185 g each, which were divided into 3 groups. All the ani-
mals were housed in plastic cages, four animals per cage, in
temperature of 220 C and constant humidity, with a 12/12
light/dark cycle. Food and water were freely accessible. All the
procedures were performed in compliance with the European
Communities Council Directive of the 24th November 1986
(86/609/EEC) and were approved by the Local Ethics
Committee in Bia³ystok. R-(+)-Methanandamide and CP 55,940
(Tocris), dissolved in 19% solution of 2-hydroxypropyl-B-
cyclodextrin (RBI) were injected once, at the intraperitoneal
dose of 2.5 mg/kg or 0.25 mg/kg, respectively. The control rats
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were injected only with the vehicle solution. Four hours after the
injections, under pentobarbital sodium anaesthesia (50 mg/kg),
both thyroid lobes were extracted and fixed in Bouin's fluid.
Paraffin 5-µm sections were made. Immunocytochemical reac-
tions were performed, using the ABC technique. Specific anti-
bodies were used against: calcitonin, synaptophysin (SY),
somatostatin (DAKO) and CGRP (Sigma, Aldrich). Control
reactions yielded negative results.

Four hours after a single injection of both cannabinoids, the
majority of thyroid follicles, particularly those, peripherally
located, were of large size with a low epithelium, and blood-ves-
sels were dilated. In addition, the application of CP 55,940 and,
in a lesser degree, of R-(+)-methanandamide, caused an
enhancement of the immunoreactivity of CGRP (Fig. 1 A, B, C)
and synaptophysin (Fig. 3 A, B, C), while both cannabinoids
attenuated the immunoreactivity of somatostatin (Fig. 2 A, B,
C), as compared to respective values in the control group.
Moreover, the enhancement of CT-immunoreactivity was simi-
lar to those, observed in our previous study [6]. 

Porcella et al. [5] have demonstrated the presence of  CB1
receptors in the thyroid gland, which are, probably, tonically
activated by endogenous cannabinoids, similarly as those in the
central nervous system. Since cannabinoids exert an inhibitory
action on the peptides release, the attenuation of SS-immunore-
activity is probably connected with their influence on SS syn-
thesis. In our previous study, the enhancement of CT-immunore-
activity in parafollicular cells, accompanied by a significant
diminution of CT plasma concentration, was observed after a
single injection of both cannabinoids [6]. That observation
points to an inhibiting role of cannabinoids on the secretion
activity of C cells. Therefore, the activation of CB1 receptors,
located on parafollicular cells [7], by R-(+)-Methanandamide
and CP 55,940 probably leads to decreased CT plasma concen-
tration, owing to the inhibition of calcium-dependent CT
release. Since CT and CGRP are produced by the same gene and
cannabinoids enhanced their immunoreactivity in C cells, the
same mechanism of this action may be considered. Recently, we
have demonstrated a mutual relation between parafollicular and

Figure 1. CGRP-immunoreactivity: A) Thyroid gland of control rats (x 200); B) Thyroid gland of rats treated with R-(+)-methanan-
damide (x 200); C) Thyroid gland of rats treated with CP 55,940 (x 400). 

Figure 2. Somatostatin-immunoreactivity: A) Thyroid gland of control rats (x 400); B) Thyroid gland of rats treated with R-(+)-
methanandamide (x 400); C) Thyroid gland of rats treated with CP 55,940 (x 400). 

Figure 3. Synaptophisin-immunoreactivity: A) Thyroid gland of control rats (x 200); B) Thyroid gland of rats treated with R-(+)-
methanandamide (x 200); C) Thyroid gland of rats treated with CP 55,940 (x 400).

A B    C
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follicular cells in vivo [7]. The hypoactivity of follicular cells,
evoked by an i.p. application of L-thyroxine, brought about an
inhibition of C cells activity, expressed by attenuation of CT
plasma levels and an enhancement of CT-immunoreactivity in C
cells. Also Hillard et al. [3] observed a significant reduction of
TSH, T3 and T4 serum levels after a single injection of ∆9THC,
with the maximal TSH decrease occurring one hour after the
administration, followed by a significant diminution of T3 and
T4 serum concentrations, observed 3 and 6 hours later, respec-
tively. Also Nazar et al. [8] have demonstrated a meaningful
attenuation of thyroxine plasma concentration 6 hours after
∆9THC administration, either single or repeated for 3 days.
These observations provide a presumption that cannabinoids
may regulate the activity of C cells directly, via CB1 receptor,
and also indirectly, by an influence on the activity of follicular
cells. Another possibility of cannabinoid action may be the inhi-
bition of noradrenaline release from sympathetic nerve termi-
nals. The autonomic nervous system takes place in the regula-
tion of the follicular and parafollicular cell activity. Current data
indicate increased basal calcitonin plasma concentrations after
an application of the ß-adrenergic receptor agonist, reversed by
an administration of this receptor antagonist [9].

Synaptophysin, as evaluated in our study, is an integral
membrane glycoprotein of the vesicles of synapses and neu-
roendocrine cells, which play some role in the neurotransmitter
and hormone release from synaptic vesicles and neuroendocrine
cells by making an exocytolitic fusion pore [10]. The increase of
SY-immunoreactivity of C cells, caused by CP 55,940, and, in a
lesser degree, by R-(+)-Methanandamide administration, may
indicate an important role of synaptophysin in the regulation of
peptide secretion from C cells, e.g., CT and CGRP.

This study indicates that a single injection of cannabinoids:
R-(+)-methanandamide and CP 55,940, alters the immunoreac-
tivity of regulatory peptides in the thyroid parafollicular cells.
Therefore, the significant impact of cannabinoids on the secre-
tory activity of C cells should be taken into consideration.
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Abstract 

The aim of this study was to compare what changes are
caused by high doses of cholecalciferol (100000 UI vD3) and
CaCl2 on thyroid parafollicular (C) cells and airways neuroen-
docrine (NE) cells in rat. Overdosage of vD3 and CaCl2 causes
hypocalcaemia and strong hypercalcitoninemia in blood; C
cells showed mainly signs of hypertrophy; simultaneously, the
number of strong calcitoninpositive cells decreased significan-
tly (statistically significant changes). Immunohistochemical
reactions, detecting CGRP, somatostatin, synaptophysin and
neuronspecific enolase did not fall under statistic analysis.
Airways NE cells re-acted to hypercalcemia differently than C
cells − they probably respond to different regulatory mecha-
nisms.

Key words: Vitamin D3, immunohistochemistry, 
calcitonin concentration, thyroid, lung. 

Introduction 

The basic hormone, synthesized in thyroid parafollicular (C)
cells, is calcitonin (CT). Some airways NE cells also release CT
[1, 2]. Response of thyroid C cells to chronic hypocalcaemia −
after high doses of vitamin D3 (vD3) - has been described in
detail in several publications [3, 4]; the studies did not pertain,
however, to the problem of calcitonin positive airways neuroen-
docrine (NE) cells. The aim of this study was to compare what
changes were caused by high doses of cholecalciferol [intraperi-
toneal (ip.) injection of 100000 UI v. D3 (Vigantol)], and 0,5%

CaCl2 in drinking aqueous solution − on thyroid C cells and air-
ways NE cells in rats.

Material and methods 

The study was performed on 40 male Wistar rats weighting
c. 200g. The animals were housed under controlled, standard
conditions. All the animals had a free access to drinking (0,5%
aqueous solution of CaCl2) and standard food. The rats were
divided into 4 groups, 10 rats in each group. Three (3) experi-
mental groups were given  ip. injections of Vigantol, Merck
(100000 UI v. D3); the animals were killed under pentobarbi-
tal (Vetbutal) anaesthesia during the following intervals:
Group 1D after 24h, Gr. 7D after 7 days and Group 14D after
14 days. Group 4C consisted of control rats which were given
ip. injections of physiological solutions. Blood was collected
for analysis: to determine blood plasma calcitonin concentra-
tion by RIA (radioimmunoassay) and the concentration levels
of total and ionized calcium (Ca2+). In all the applied proce-
dures, the control reactions yielded negative results. Thyroid
lobes and two specimens from the airways (the trachea, and
the right lung) were fixed in Bouin's fluid. Paraffin 5-µm sec-
tions were made. Immunocytochemical reac-tions were per-
formed, using the ABC technique. Polyclonal and monoclonal
specific antibod-ies were used against: calcitonin (CT),
somatostatin (SS), synaptophysin (SF), neuronspecific enolase
(NSE) (everything from DakoCytomation), and CGRP
(SigmaAldrich). Control reactions were also performed − in
all the cases, they yielded negative results. The immunohis-
tological preparations were subjected to a quantitative analy-
sis, using: an Olympus Bx50 microscope, a PC computer, a
morphological program for quantitative picture analysis
(Lucia G, Nikon). In that way, the number of strong CT
immunopositive endocrine cells of the thyroid and lung was
evaluated in all the experimental groups. In statistic analyses,
the results of all the calculations were compared, using an
unpaired Student's t-test and non-parametric Mann-Whitney
U-test. Significance was considered to be at P < 0.05. 

Estimation of influence of high doses 
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Results and discussion 

After intraperitoneal injection of 100000 UI vD3 and con-
stant loading of CaCl2, a statistically significant increase of the
concentration of ionised calcium (Ca2+) occurred in  serum in
the following groups: 1D (after one day) and even more signi-
ficant in Group 7D (Fig. 1). In Group 14D, the increase was sta-
tistically insignificant; there were big individual differences.
Changes in total Ca concentration in blood were less obvious in
the experimental groups, in comparison to Ca2+ (Fig. 2). The
most obvious, statistically significant changes of the experi-
ment were observed in CT concentrations in serum (Fig. 3). The
biggest increase of CT concentration in serum was in Group 2D.
In the control group, the majority of thyroid C cells displayed a

strong CT immunopositive reaction in cytoplasm (Fig. 5). In
Group 1D, a statistically significant and very strong decrease in
the number of strong CT immunopositive C cells was found; in
their surroundings, strong diffusive CT immunopositive
colouring to the background was observed. Weakly CT
immunopositive C cells were difficult to distinguish from the
environment (Fig. 6). Weaker, but also statistically significant
decrease in the number of strong CT immunopositive thyroid C
cells was observed in Group 7D. The comparison of specimens
from CT immunopositive reactions with other immunohis-
tochemically stained specimens (SF, NSE and CGRP) indicated
that probably not real decrease of thyroid C cells occurred in the
experimental animals. The morphological changes indicated
hypertrophy of thyroid C cells and a more intense secretion of
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Figure 5. Control. Strong CT immunopositive reaction in the
cytoplasm of thyroid C cells, x 400.
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Figure 6. Group 14D. Many C cells show strong CT immunore-
activity similar to that in the control group. CT positive colour-
ing of the environment is still visible, x 400.
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Figure 1. Average concentrations of ionised Ca in blood serum
in examined groups.

Figure 2. Average concentrations of total calcium in blood in
examined groups.

Figure 3. Average calcitonin (CT) concentrations in blood
serum in examined groups.

Figure 4. Comparition strong CT immunopositive NE cells in
the thyroid and the lung.
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calcitonin. Moreover, the majority of researchers observed a sig-
nificant decrease of CT immunoreactivity in C cells [3], some
also found a relatively not high proliferative activity of thyroid
C cells in rats with hypocalcaemia [4]. A few C cells demon-
strated the presence of somatostatin in and all the experimental
groups − here SS positive reaction was stronger than that in the
control. A distinctly positive correlation was found between
serum concentrations of calcitonin and Ca2+. A negative correla-
tion was observed between the number of strong CT
immunopositive C cells and serum concentrations of CT, as well
as Ca2+ (Fig. 1, 2, 3, 4). However, no correlation was found
between those concentrations and the number of strongly CT
immunopositive airways NE cells (Fig. 6, 7). Airways NE cells
reacted to hypocalcaemia differently than C cells (Fig. 7, 8) -
they probably respond to different regulatory mechanisms.
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Figure 7. 14D group. Weakly CT immunopositive reaction in sin-
gle and in group airways NE cells at bronchiolar bifurcation epithe-
lium, x 400.

Figure 8. 14D group. Strong synaptophysin positive reaction in
NE cells in the lung , x 400.
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Abstract 

In patients with chronic renal failure, mechanical and
haemodynamic changes could occur in the lungs without obvi-
ous pulmonary symptoms and findings, and their effects could
pave the way to pulmonary functional disorders. Numerous
studies have demonstrated that the respiratory system is a site of
synthesis of many compounds, which play biological roles
ascribed to hormones. 

The present article is an attempt to make a synthesis of cur-
rent opinions and views, based on the world literature survey
and on our own studies, concerning the effect of homeostatic
dysfunction of the kidneys on the morphology and action of
DNES cells in the lung.

Key words: chronic renal failure, lung, DNES cells.

Introduction 

A considerable progress has recently been observed in the
knowledge on hormones, produced by dispersed neuroendocrine
system cells (DNES). Using immunological methods, a number
of APUD cells have been discovered and their hormonal activity
linked to respective peptides [1, 2]. The epithelium, lining the
airways and the peripheral air spaces of the lung contains, a pop-
ulation of amine and peptide-secreting pulmonary neuroen-
docrine cells (PNEC), which act as regulatory elements  [3].

Pulmonary complications, such as pulmonary oedema,
pleural effusions, pulmonary fibrosis, pulmonary calcification,

pulmonary hypertension, haemosiderosis and pleural fibrosis
are seen in patients with chronic renal failure [4, 5]. Partly, these
symptoms may result from abnormal functioning of hormone-
producing endocrine cells, which act in concert with higher
neural and endocrine control systems to maintain the pulmonary
structure and function [6]. 

Their precise roles remain unclear, but mediation of pul-
monary response to uraemia appears to be an important function
[7]. 

Basic characteristics of the Diffuse Neuroendocrine
System (DNES). Apart from endocrine cells, which accumulate to
form either distinct endocrine glands or isolated groups of cells in
other specialized organs, there is an extensive system of neuroen-
docrine cells, found singly, among other epithelial cells, especial-
ly in the airways [3] and in the gastrointestinal tract [8]. The DNES
family was proposed to include over 60 types of cells. As some rel-
evant cells were shown to lack the APUD property and to be
unable to produce bioactive peptides, the significance of the
APUD concept became unclear, and the term APUD has been
replaced by the term "diffuse neuroendocrine system" on the basis
of the common characteristics of the endocrine-like cells and neu-
rons [9]. 

Functionally, the neuroendocrine cell is a receptor-secretory
cell, with surface receptors on the cellular membrane and reacting
via secretion to a respective stimulus. The receptors of APUD cells
have the ability to receive chemical stimuli from the blood or tis-
sues [10]. 

The primary site of hormone action (paracrine effect) is situat-
ed in a direct vicinity of DNES cells, i.e., vascular endothelium
and muscular coat, nerve fibres and the connective tissue. Distant
target organs, according to the classic endocrine theory, are the fur-
ther aim, following hormone absorption to the blood vessels [3].

Pulmonary neuroendocrine cells (PNEC). The pulmonary
neuroendocrine system is represented in the bronchopulmonary
tract by solitary neuroendocrine cells (NES) and the intra-epithe-
lial innervated corpuscles to name them "neuroepithelial bodies"
(NEB) (Fig.1). The precise function of interplay between these

Pulmonary neuroendocrine cells in chronic renal failure
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two components under physiologic and pathologic conditions is
not entirely clear. Current indications are such that NEB act as
intrapulmonary chemoreceptors, sensitive to hypoxia and hyper-
capnia, whereas solitary NES cells may have a paracrine, regula-
tory function [11].  

Morphological and histochemical properties of PNEC. In
sections, stained with H+E, PNEC can be recognized by their
clear cytoplasm (Fig. 2). However, with only H+E staining to
prove the neuroendocrine character of the cells, PNEC determi-
nation is rather difficult. Before the advent of immunohistochem-
ical techniques, argyrophilic stains had been used as a relatively
reliable method to detect PNEC (Fig. 3). 

Ultrastructure of PNEC. The apical surface of PNEC has
small microvilli. In the cytoplasm of PNEC, cored dense gran-
ules are seen as a hallmark of members of the diffuse neuroen-
docrine system [12]. The size and electron density of the secre-
tory granules vary, according to the animal species and their con-
tents. (Fig. 4). 

Chronic renal failure (CRF) is a pathological syndrome,
developing, due to the progressive destruction of renal structures
by chronic nephropathies, characterized by a gradually increasing
function impairment. Direct causes of clinical symptoms of CRF
and its final stage - uraemia - have not yet been recognized.
Beyond argument is the assumption that most symptoms are due

to metabolic disorders, caused by the accumulation of toxic sub-
stances in body fluids, which interfere with cellular processes. 

Symptoms from the pulmonary tract. Lung changes in the
course of uraemia attracted attention at the beginning of the 20th

century. The radiological picture of pulmonary oedema was then
described in patients with chronic renal failure as parahilar thick-
ening with the shape of butterfly wings which occupy two thirds
of the central pulmonary region and disappear towards the periph-
ery, giving a zone of clearing up chest X-rays [5].

Clinical or subclinical pulmonary oedema and pleural effu-
sions are the most common pulmonary complications. Other
complications include pulmonary fibrosis, pulmonary calcifica-
tion, pulmonary hypertension, haemosiderosis and pleural fibro-
sis in patients with chronic renal failure. 

An analysis of our results [7, 13], together with literature data,
indicates that PNEC cells actively participate in the pathogenesis
of early dysfunctions of the bronchopulmonary tract in CRF and
initiate the mechanism of subsequent adaptive response of DNES.

Conclusion 

The above considerations, based on literature survey and
our own results, allow the statement that CRF leads to severe

Figure 1. Bronchial section from the rat; a cluster and a solitary
(arrows) of neuroendocrine cells. ABC method for somatostatin;
mag. 200x.

Figure 3. A fragment of the lung in the rat. Endocrine cell,
impregnated with silver, according to Grimelius's method; mag.
400x. 

Figure 2. Photomicrograph of the lung of the rat. Haematoxylin
and eosin; mag. 200x. 

Figure 4. Electron micrograph of an enteroendocrine cell with
secretory granules (arrows) from the rat lung; mag. 3000x.
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disorders in the system of endocrine cells of the lung. These dis-
orders may involve quantitative changes and function impair-
ment, that is, disturbances in the mechanisms of the release of
polypeptide hormones (dysfunction, excessive accumulation of
polypeptide in secretory granules). 

Taking into consideration homeostatic disturbances of the
organism, induced by the impairment of renal parenchyma and
the key role of neuroendocrine cells in many organs, which reg-
ulate the functioning of the organism, it should be assumed that
PNEC are greatly involved in the chain of physiological events,
taking place in the lungs during  uraemia. However, as long as
the mechanisms of mutual relations and interactions are not elu-
cidated, it is difficult to determine whether the clinical symp-
toms from the respiratory system result from the impairment of
structure and function of single DNES cells, or if their occur-
rence is due to the reaction of enteroendocrine cells to homeo-
static disorders. This can be explained by the fact that the prod-
ucts, synthesized in DNES cells, particularly biogenic amines
(serotonin, catecholamines), act as tissue hormones which indi-
rectly control and regulate homeostasis. A more detailed knowl-
edge of the structure and function of neuroendocrine cells in the
airways will undoubtedly contribute to better understanding of
the pathological processes with PNEC involvement and may
have a great practical significance in diagnostics; however, the
issue still requires a number of investigations.
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Abstract 

The aim of this study was to evaluate the influence of co-
exposure to cadmium (Cd) and ethanol on the structure and
function of the thyroid. Male Wistar rats were exposed to 50
mg of Cd/dm3 in drinking water and ethanol  in a dose of  5
g/kg body wt/24 h (administered intragastrically in two equal
doses for 5 days a week) for 12 weeks. The structure of the
thyroid was assessed in a light microscope.
Immunohistochemical methods were used to determine calci-
tonin (CT), the calcitonin-gene related peptide (CGRP),
somatostatin (ST) and synaptophysin (SPh) in the thyroid
parafollicular cells (C cells). Weakening of the reactions for
CT, CGRP, ST, SPh was observed in C cells. The animals,
exposed to a combined action of Cd and ethanol, showed
signs of enhanced activity (elevated light follicular epitheli-
um and rarefied colloid), as well as features of intensified
remodelling (partial or total follicular atrophy and the
appearance of new follicles) of the thyroid gland. In some
fragments of the connective tissue stroma mononuclear cell
infiltration was observed. The nature of the changes,
observed in the rats, simultaneously exposed to Cd and
ethanol, may suggest an enhancement in the function of C
cells.

Key words: cadmium, ethanol, thyroid, morphology, 
immunohistochemistry, rat.

Introduction 

Cadmium (Cd), one of the most toxic heavy metals, is a
major chemical environmental pollutant. Cigarette smoking can
be an essential source of exposure to this metal. Prolonged
exposure to Cd poses a serious threat to humans and animals [1,
2], as Cd can damage various organs and tissues, especially the
kidneys, the lungs, the testes and bones [1, 2]. Literature data
and our own findings have provided some evidence that Cd can
also affect the thyroid which an important regulatory gland [3,
4]. Also alcoholism is a serious problem in almost all countries
[5]; however, not many data are available, regarding the effect
of ethanol on the thyroid. Ethanol abusers can simultaneously be
exposed to substantial amounts of Cd, due to its presence in the
human environment, in tobacco smoke and, frequently, at work
[1, 2]. No evidence has been found in the available literature on
the structure and function of the thyroid at co-exposure to both
substances. Since Cd and ethanol can damage the structure and
function of the thyroid, and the functional state of this gland is
known to affect ethanol metabolism, changes that can be
induced by these substances, administered jointly, are difficult
to predict. Therefore, we decided to examine the structure and
function of the thyroid at co-exposure to Cd and ethanol. 

Material and methods 

Fourteen 8-weeks old male Wistar rats of 170g initial body
weight were used in the study. The animals were housed under
controlled conditions (temperature: 22 ± 20C, relative humidity:
50 ± 10%, natural light-dark cycle) and had a free access to
standard rodent laboratory LSM chow (Argopol, Motycz,
Poland) and drinking water. The animals were randomly divid-
ed into two groups of seven rats in each. One group was exposed
to 50 mg Cd/dm3 (as cadmium chloride) in drinking water and
ethanol in a dose of 5 g/kg body wt/24 h (administered intra-
gastrically in two equal doses for 5 days a week) for 12 weeks.
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Intensity degree of changes and the frequency of their occurrence 

Change + ++ +++ 

Remodelling of glandular structure of the thyroid 0 5* 2 

Mononuclear cell infiltration in connective tissue 0 7 0 

Rarefied colloid 0 5 2 

Elevated epithelium, light cytoplasm of follicular 
cells 0 5 2 

Group n ST SPh CT CGRP 

Control 7 +++ +++ +++ +++ 

Cd+ethanol 7 + +++ or ++* ++ ++ 

Table 1. Changes, observed in the thyroid structure of animals exposed to cadmium and ethanol

Table 2. Intensity of immunohistochemical reactions in C cells of the thyroid

The following changes were observed: + - only in some follicles of the thyroid, ++ - in some fragments of the thyroid, +++ -
almost in all the fragments of the thyroid, *the number of animals in which a change was observed.

Reactions were performed in 7 animals of each group. +++ -strong reaction in most of C cells, ++ -weakening of the reaction in
most C cells, + - general weakening of the reaction in C cells, * ++ - weakened reaction was observed in some animals only.in
all the fragments of the thyroid, *the number of animals in which a change was observed.

Figure 1. Anti-CGRP antibodies induce strongly immunoposi-
tive reaction in most C cells of control rats. (mag. x150).

Figure 2. Most of C cells of the control thyroids show strongly
immunopositive reactions for CT (mag. x300).

Figure 3. Weak reaction for CGRP in C cells of the rats exposed
to Cd + ethanol (mag. x300).

Figure 4. Most of C cells of the Cd + ethanol-exposed rats show
a weak reaction for CT (mag. x300).
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The second group, which drank water free of Cd, served as con-
trol. At the end of that study, both thyroid lobes (together with
parathyroids) were collected under anaesthesia and immediate-
ly fixed in Bouin's fluid for 24 hours. Next, the thyroid lobes
were embedded in paraffin, cut into 5-6 mm sections, routinely
stained with hematoxylin and eosin (H+E) and examined in a
light microscope (NIKON ECLIPSE E 400, USA). Moreover,
silver impregnation was performed for the identification of C
cells [6]. The assessment of changes in thyroid structure includ-
ed a determination of their intensity, according to the following
criteria: + - a change occurs in some thyroid follicles only, ++ -
in some thyroid fragments or +++ - in almost all thyroid frag-
ments. Moreover, immunohistochemical reactions (the avidin-
biotin technique) [7] for the hormones produced by C cells, such
as calcitonin (CT), the calcitonin-gene related peptide (CGRP)
and somatostatin (ST), as well as functionally important protein
- synaptophysin (SPh) were performed on thyroid paraffin sec-
tions, using specific rabbit antibodies (DAKO). 

The study was approved by the Local Ethics Committee for
Animal Experiments in Bialystok (Poland).

Results and discussion 

Microscopic analysis of the thyroid revealed some histolog-
ical changes in the animals subjected to co-exposure to Cd and
ethanol. Some fragments showed remodelling of the glandular
structure of the thyroid, an inflow of mononuclear cells and
alterations in the structure of the epithelial lining of follicles.
Only in two rats, those changes occurred in almost all the frag-
ments of the thyroid (Table 1). In the control animals, as
revealed by immunohistochemical examinations, the antibodies,
used against CGRP (Fig. 1), CT (Fig .2), SPh  and ST, reacted
with respective antigens, inducing a strongly positive reaction in
the majority of C cells. In the Cd + ethanol exposed animals, all
the reactions were weakened (Table 2), especially those for
CGRP (Fig. 3) and CT (Fig. 4), in comparison to respective val-
ues in the control. The immunohistochemical reaction for ST
was found in a considerably smaller number of cells, compared
to that in the control. The reaction for SPh was weakened in
some animals only. The intensity of reactions with silver salts in
C cells was similar in control and experimental animals.
The above data demonstrate effects of Cd and ethanol on the
structure and the functional state of the thyroid. Previously, we
found that Cd induced changes within the structure of follicular
cells and follicles, what can suggest thyroid function disorders
already at the level, corresponding to the human environmental
exposure (5 mg Cd/dm3). Most of the data, which are available

on toxic effects of ethanol on the thyroid structure, have been
obtained from experiments, in which ethanol was injected
directly to this gland [8, 9]. We have found some histological
changes and disturbances in the secretory function of the thy-
roid in rats after oral ethanol administration [10]. The changes,
observed in the animals exposed to Cd + ethanol in the present
study, resemble those described previously after the exposures
to Cd or ethanol alone, although, in intensity, they are similar to
those induced by Cd alone. The nature of histological changes
in the animals exposed to a combined effect of Cd and ethanol
suggests an enhanced activity of the thyroid gland. The weak-
ened immunohistochemical reaction for CT, CGRP and ST
might result from their  increased secretion. The issue needs fur-
ther studies.
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Abstract 

The aim of this paper was to evaluate the usefulness of di-
gital image analysis techniques to measure the amount and
strength of immunohistochemical markers. The new method,
based on the spatial visualization technique, was confronted
with methods of colour sampling and grey scale thresholding.
Examples of applications of the techniques for apoptosis and
proliferation markers are also presented.  

Key words: immunohistochemistry, image analysis, 
measuring expression of reaction.

Introduction 

The use of immunohistochemistry in routine pathomorpho-
logical diagnosis brought a substantial methodological problem,
related with an evaluation of the amount and strength of speci-
fic reaction. Often, specimens are evaluated qualitatively by
assigning scores, based on appropriate criteria.  The interpreta-
tion of such results is subjective and causes certain inconsisten-
cies upon the evaluation process. In order to make immunohis-
tochemical studies more objective, quantitative techniques,
based on computer-assisted microscopy, have been developed.
Our earlier attempts involved transforming colour images to
grey scale. The area of reaction was then determined by thresh-
olding segmentation as the number of pixels from the range of

grey levels corresponding with the specific reaction [1].
Subsequent attempts employed colour thresholding by using
commercial software, followed by either counting the total num-
ber of pixels of positive reaction [2] or calculating the cumula-
tive signal strength of the evaluated image [3]. Typically, mea-
surements in quantitative immunohistochemistry include the
area fraction of colour pixels present in specific reaction in the
evaluated material. However, processing and analysis of raw
colour images is still difficult.  

In this paper, we present the use of digital image analysis
techniques to measure the amount and strength of immunohis-
tochemical markers: bcl-2, caspase-3, Ki-67 and PCNA, in
human thyroid and parathyroid glands.   

Material and methods 

Our study was performed on specimens, obtained from
goitres resected from patients with either focal chronic thyroidi-
tis or hyperparathyroidism. Proliferating cells were detected by
immunostaining for mouse monoclonal anti-Ki-67 antibodies
(M7240, Dako) with dilution of 1/150 and mouse monoclonal
anti-PCNA antibodies (M0879, Dako) with dilution of 1/400.
Moreover, immunohistochemical stains were performed for pri-
mary mouse monoclonal antibodies against bcl-2 (M0887, Dako)
with 1/40 dilution and polyclonal mouse anti-human caspase-3
(AF835; R&D Systems) with 1/1000 dilution. From each spec-
imen,  twenty colour images of 640x480 pixel resolution (at
400x magn.) were acquired with a light digital microscope
(Motic Instruments) running under Motic Images v. 1.2 for
Windows (Micro Optic Industrial Group Co). 
Methods of segmentation of immunohistochemical reaction 
Greyscale thresholding

Colour images were first converted to greyscale images and
enhanced with the median filter. Then, the interval of grey
shades, corresponding to the reaction, was defined and the area,
occupied by the reaction, was extracted. The thresholding oper-
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ation converted foreground pixels into black colour, while back-
ground pixels into white colour. Thus, the binary image repre-
sented the analyzed reaction. The area of positive reaction was
estimated by the number of black pixels. The area fraction of
positive reaction was determined as the percentage of black pix-
els in the binary image.  
Method based on colour sampling

The area, occupied by the immunohistochemical reac-
tion, was selected by colour sampling, using an "eye dropper
tool" in commercial software (Figs 1-2). The number of

selected pixels was read from the histogram of colours and
their percentage per section was then determined. 
Method based on spatial visualization of colour reaction

Colour images were processed in HSB (hue, saturation,
brightness) colour space and extended to three-dimensional
images by introducing the intensity of colour reaction as the
third dimension (Fig. 3). For quantitative measurements of
colour reaction, spatial images were linearly converted to
256 colours. Pixels in red and yellow colours corresponded
to brown shades of the reactions analyzed in this study and

Colour sampling method Spatial visualization 
Technique  

Marker 
Area fraction  Area fraction  Colour intensity 

caspase-3 0.04 0.05 134 

bcl-2 0.27 0.26 83 

Ki-67 0.02 0.02 134 

PCNA 0.11 0.12 135 

Table 1. Area fraction of the markers, calculated by using colour sampling and the spatial method.

  

Figure 1. Micrographs of caspase-3 (left) and bcl-2 (right) in chronic thyroiditis. 

Figure 2. Pixels extracted from images in Fig. 1 by using an "eye dropper" tool.
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were used to assess the area, volume and the intensity of
colour reaction. The spatial representation of the reaction
was considered as a set of connected prisms and pyramids
to determine the reaction total volume. The reaction total
area was derived from the orthogonal projection of the
prisms and pyramids onto the plane. The reaction intensity
was derived from the volume/area ratio. Spatial image pro-
cessing was performed by using a computer program,
designed and programmed in C++ by Strzelczyk [4].  

Results 

Results of the segmentation, based on the spatial visual-
ization technique, were consistent with the results obtained
by colour sampling (Tab. 1).  

However, the time required for the measurement with our
new technique was repeatedly shorter. Greyscale threshol-
ding was not performed for caspase-3 and bcl-2 stained spec-
imens because discarding colour information caused weak-

Figure 3. Spatial visualization of the images presented in Fig. 1.

Figure 4. Segmented markers: caspase-3 (left) and bcl-2 (right).  

 
Figure 5. Micrographs of  Ki-67 (left) and PCNA (right) in chronic parathyroiditis.  
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ness of the reaction recognition. Results of greyscale thresh-
olding for Ki-67 and PCNA were also consisted with colour
based methods, shown in Table 1. 

Discussion 

The advantages of our technique, based on spatial visual-
ization, include a shorter time of processing and analysis,
approx. 50 images per hour, including visual control of each
image by an analyst [4]. Moreover, the use of the same filters
of colours, brightness and saturation for the sequence of
images, showing a similar brightness and saturation, makes
the analysis more objective [3].    

References
1. Kaczmarek E. Fuzzy logic for image processing

and analysis of renal glomeruli observed in light, confocal
and electron microscopes. In: Imaging Processing III:
Mathematical methods, algorithms and applications.
Chichester (England); 2001, p. 102-12. 

2. Breliñska R, Kaczmarek E, Ostalska D. Kinetics
of thymic stroma development in the foetal period. Folia
Histochem. Cytobiol. 2001; 39: 195-6.        

3. Matkowskyj K, Schonfeld D, Benya R. Quantita-
tive immunohistochemistry by measuring cumulative sig-
nal strength using commercially available software Photo-
shop and Matlab. J Histochem Cytochem, 2000; 48: 163-
74. 

4. Nieruchalska E, Strzelczyk R, WoŸniak A,
¯urawski J, Kaczmarek E, Salwa-¯urawska W. A quantita-
tive analysis of the expression of a-smooth muscle action
in mesangioproliferative (GnMes) glomerulonephritis.
Folia Morphol, 2003; 62: 451-3.

Figure 5. Spatial representation of Ki-67 and PCNA images (see Fig. 5). 



Roczniki Akademii Medycznej w Bia³ymstoku  ·  Vol. 49, 2004 Suppl. 1, Proceedings ·  Annales Academiae Medicae Bialostocensis 159

Abstract 

Uraemic patients frequently demonstrate tendencies
towards life-threatening bleeding. Reduced platelet counts and
their functional immaturity seem to be caused, among other
things, by disorders in the system of marrow megakaryocytes.
The aim of the study was a histomorphometric evaluation of
marrow megakaryocytes in the course of experimental uraemia
in rats. Uraemia was induced by means of right nephrectomy
and a partial removal of the left kidney cortex in rats.
Morphometric analysis was conducted, using the Microlmage
program set. The number of MK, MK area, N/C, CDMK,
CDNMK and MK cluster formation were analysed. Uraemic
rats showed a reduction in the MK count and their area and an
increase in the N/C ratio, CDMK, CDNMK and in the incidence
of MK clusters. The results indicate that platelet disorders,
observed in uraemia, can also be conditioned by disturbed mat-
uration of MK. 

Key words: megakaryocyte, histomorphometry, uraemia. 

Introduction 

Patients with uraemia frequently demonstrate haemostatic
disorders and platelet dysfunction. Different types of haemato-
logical alterations, such as bleeding tendency or thrombotic
events, are observed.  They lead to rapid progression of athero-
sclerosis, thrombosis and cardiovascular complications [1, 2].

Platelet count in uraemic patients is usually normal but the func-
tion of platelets is impaired and they tend to aggregate. Platelet
dysfunction likely results from failure of bone marrow throm-
bopoiesis and peripheral platelet destruction-sequestration.
There are no conclusive studies that would explain the throm-
bopoietic status in uraemic patients. The main factor, responsi-
ble for these disturbances is probably the circulating TPO - the
major regulator of megakaryocyte production. Bleeding tenden-
cy in uraemic patients is associated with an excessive formation
of nitric oxide (NO) [3, 4]. Kienast and Schmitz [5] suggest that
an RNA-rich reticulated platelet count may be an exponent of
thrombopoiesis in the marrow. Ando et al. [3] showed a reduc-
tion in MK production in the marrow, indirectly by evaluating
the number of RNA-rich reticulated platelet counts. The majo-
rity of studies on thrombopoiesis have been based on morpho-
logical and functional analyses of platelets. Histological investi-
gations of bone marrow MK in uraemia are still missing.

The aim of the study was a histomorphometric assessment
of bone marrow MK in experimental uraemia in rats. 

Material and methods 

The study was carried out on 60 male Wistar rats (200-220
g b.w.). Experimental uraemia was produced by surgical resec-
tion of the right kidney and removal of approximately 50% of
the left kidney cortex [6]. Control Group I (20 rats) consisted of
animals without surgical manipulation and Control Group II (20
rats) contained animals with decapsulation and removal of fat
adherent to the kidney. After decapitation, a fragment of bone
marrow (0.1 x 1 cm) was fixed in the so-called "Oxford solu-
tion" and put into paraffin bars. Paraffin sections (5µm) were cut
with a microtome. Routine haematoxylin and eosin, and
immunohistochemistry stainings were used to identify immature
MK (antibodies CD61 and VIII factor - DAKO). Morphometric
analysis was conducted, using the standard Microlmage pro-
gram set (Olympus) with DP 12 Analysis. The number of
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MK/mm2, MK area in µm2, N/C ratio, circular deviation factor
of MK (CD MK) and their nuclei (CD NMK), and the incidence
of MK clusters were determined. The obtained results were
analysed, using the Statistica Pl. computer program.

Results and discussion 

We found statistically significant differences in the mean
MK area (p<0.05) and in the number of cluster forms of MK
between rats with uraemia and the animals in Control Groups I
and II. Statistically insignificant differences in the total number
of MK were observed between those groups. The highest, but
not statistically significant was the N/C ratio, CD MK and CD
NMK in uraemic rats Table 1. 

Until now, the studies on thrombopoietic disorders in
uraemic patients have concerned blood platelets [7]. Uraemic
patients show platelet dysfunction, associated with multifunc-
tional platelet defects. It has been demonstrated that blood
platelets are characterized by, e.g., disorders in membrane
glycoprotein expression, reduction in platelet phospholipids
and Ib glycoproteins. A functional defect may cause a
decrease in the expression of IIb - IIIa glycoproteins.
Interesting is also the reduced mean platelet volume in
uraemic patients. Neither  cause of platelet fragmentation nor
its  functional dysfunction has  been elucidated. The mecha-
nism may be complex and related to lipid metabolic disorders
[8, 9]. The most common platelet disorders include a low con-
tent of granule nucleotides [7, 10], an impairment of throm-
boxane formation and an increase in cholesterol-rich platelets
[11]. The results of the present study may help explain these
disturbances. Our experiments indicate changes in marrow
MK. Experimental uraemia, induced in rats, causes a reduc-
tion in the total MK count and in the MK area, thus suggest-
ing an accelerated production of platelets, which may develop
abnormalities, as reported by other authors. Marrow MK are
immature, and this is indicated by changes, observed in CD
MK and their nuclei - they have a characteristic immature
shape and form clusters. The mechanism of their formation is
unknown. Immaturity of marrow MK in uraemia has also
been confirmed by the analysis of their ploidy. Winkelmann et
al. [12] have shown that high creatinine levels and low
haemoglobin or creatinine clearance correlate with a low
average ploidy of MK. Our results indicate that platelet disor-
ders, observed in uraemia, can also be conditioned by MK
maturation disturbances.
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Table 1. Histomorphometric features (means ± standard deviations) of megakaryocytes in bone marrow in the study group. 

 MK number MK 
area 

N/C 
ratio CD MK CD NMK Cluster 

Forms (%) 
 

Group I 
No surgical manipulation 

 

38.9±6.2 189.9±46.2 32.7±6.7 0.84±0.08 0.57±0.07 0.0 

 
Group II 

Sham operation 
 

39.6±5,9 186.2±53.7 33.2±7.1 0.85±0.06 0.58±0.09 0.0 

 
Group III 

Uraemic rats 
 

35.2±6.9 164.5±41.7 36.9±5.4 0.89±0.09 0.61±0.08 15.0 
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Abstract  

Potassium and sodium ion concentrations were estimated by
the flame photometry and potentiometry in the vitreous fluid of
isolated porcine eyeballs at time of death and of eyeballs, stored
at temperature of 6-80C during post-mortem intervals: 4, 28, 52,
75, 100, 124 and 148 hours. The increase of K+ concentration
and decrease of Na+ concentration were proportional to the
increasing post-mortem time intervals. The results of the poten-
tiometric measurements of K+ and sodium ion concentrations
were significantly lover, as compared to those after flame pho-
tometry. In all the vitreous fluid smears after 124 and 148 hours,
Gram (-) bacteria were found.  Our results suggest that bacterial
infection participates in the variability of K+ levels. The influ-
ence of bacterial infection on the margin of error for the K+ post-
mortem test remains unanswered and needs further studies. 

Key words: post mortem interval, vitreous fluid, swine, 
potassium and sodium ions, bacteria.

Introduction 

Precise determination of the post-mortem interval (PMI)
remains unsolved up to now. From the year 1959, in legal me-
dicine, popular has been the estimation of PMI effects on the
results of vitreous fluid K+ concentrations. Different, mainly
linear, equations that describe the relationship between the vit-
reous fluid K+ concentrations and PMI have been developed.

Normal vitreous K+ concentration (3.14-8 mmol/L) and the
PMI hour increase coefficient (0.14-0.55 mmol/L) were diffe-
rent in manner, depending on the paper's authors. The human vit-
reous K+ level is dependent on different factors, e.g., tempera-
ture, agony, and ion determination methods [1, 2, 3]. In the vete-
rinary research, a promising diagnostic method of assessing the
cause of animal death is the estimation of the chemical compo-
sition of the vitreous fluid [4]. These studies also include an esti-
mation of K+ and Na+ ion concentrations. The aim of the study,
reported here, was an assessment of K+ and Na+ ions by two
different analytical methods (flame photometry and potentio-
metry) in the liquid portion of the vitreous fluid (LPVF) of iso-
lated porcine eyeballs at time of death and stored at temperature
of 6-80C during selected post-mortem intervals. 

Materials and Methods 

The eyeballs were collected from pigs, each 100-120 kg of
body weight, delivered to butchery during up to 60 min. before
death. All the animals were inspected by veterinary control. The
animals were struck by electric shock and exsanguinated.  The
eyeballs, collected immediately after animal death (up to 10
min.), were included into the control group. Each eyeball was
covered by a parafilm and aluminium foil, packed in a small
plastic container (the cornea on  top) and stored at temperature
of 6-80C. Those eyeballs were divided into groups, according to
the following post-mortem intervals: 4, 28, 52, 76, 100, 124,
148 hours. The vitreous fluid was collected, acc.to Coe's method
[5]. For separation of LPVF, nylon (0.42 µm) filters were
employed. Separation control of the gelatinous portion from the
LPVF  (for ion concentration study) was performed on stained
fluid smears, prepared before and after the separation (H&E -for
cells, nuclei and other cellular structures or Gram method- for
bacteria, microscopy- 100x immersion). The volume of 1.5 -2.0
LPVF was divided into two  portions of equal volumes. In each
liquid portion volume, Na+ and K+ ion concentrations were
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estimated by flame photometry and potentiometry. The Corning
4800 flame photometer was used for the estimation of K+ ions
(the range: 0-150 mmol/L, variability 1.1%) and for Na+ ions
(the range 0-200 mmol/L, variability 0.4%). The biochemical
automatic Vitros device was employed for the potentiometric
estimation of K+ (the range 2.5-175 mmol/L, variability 3.6%)
and Na+ ions (the range 5-250 mmol/L, variability 2.7%). The
controls and the standards for the Corning 4800 flame pho-
tometer and for the biochemical automatic Vitros device were
obtained from manufactures. The obtained results were statisti-
cally analyzed for the distribution of the results, variance, and
differences between particular groups. A normal distribution of
data was noted very rarely, and non-parametric tests were
employed.     

Results 

In the smears of vitreous fluid before filtration, stained by
H&E,  the cells and their fragments were observed at different
frequencies in all the studied groups. Moreover, during post-
mortem intervals, up to 76 hours, no bacteria were visible in
Gram-stained smears. From the 100 hour post-mortem interval,
in some Gram stained smears, with different frequency (per
microscope field), Gram+ and Gram- bacteria (1-3 per filed)
were noted. In all the smears after 124 and 148 hours, bacteria
cells were visible, mainly Gram negative. After filtration  the
smears from LPVF  were free from bacterias,  cells and their
fragments. 

A lack of normal distribution of flame photometry results
and of potentiometry of both ion concentrations were noted in
the studied groups. The results of Mann-Whitney and
Kolmogorov-Smirnoff tests showed that significant differences
existed between median and data distribution in Na+ and K+

levels, derived from the measurement by flame photometry and
potentiometry methods in the control and in other studied
groups (after 28, 52, 76, 100 post-mortem time intervals),
except for the 4 hour and the 128 - 140 hour time intervals. The

results of  Na+ and K+ concentration in the latter post-mortem
time intervals revealed a higher variability, as compared to the
results in the groups from 28-100 hour PMI. The increase of K+

concentration in LPVF was proportional to the increase of post-
mortem time interval. The decrease of Na+ concentration in that
LPVF was proportional in a similar manner. Such relationships
were not dependent on the employed methods. However, the
results of the potentiometric measurement of K+ and Na+ ion
concentrations were significantly lover, as compared to those
after flame photometry (Table 1). The increase of K+ (y) con-
centration in relation to PMI (x)  was not dependent on used
method.   It was described by two models of regression: y= a +
b*sqrt(t) and y= a+b*t, (where "a" is a control level of K+ con-
centration, "b" slope per hour (1.98 mmol/L - flame photome-
try;  2.08 mmol/L - potentyometry). The differences in correla-
tion coefficients and the percentage of explained data were not
significant.  The concentration of Na+ ions in LPVF  decrease
was described by a similar type of equations but: y= a - b*sqrt(t)
and y= a - b*t . The first equation was optimal for flame pho-
tometry method and the second one - for potentiometry. All the
correlation coefficients for all the equations were within the
range of 0.86-0.96 with probability p> 0.01

Discussion 

The studies on the chemical composition of the vitreous
fluid are mainly performed on the eyeballs without removing
the organs from the body [4, 6, 7]. Separated eyeballs have
been used very rarely and mainly on laboratory animals, e.g.,
rabbits. The PMI, employed in experimental studies (e.g. pigs,
dogs and small laboratory rodents), is limited, in general, to 48
hours post mortem. The presence of Gram minus bacteria in the
eyeball and in the aspirated vitreous liquor, established in our
studies after 100 post-mortem hours, was not surprising
because eyeball sampling was performed in non sterile condi-
tions. Such a bacterial invasion may be a substantial limitation
in  PMI studies on changes in the eye structure and on the

  
C 
 

 
4  
 

 
28  

 

 
52  

 

 
76  

 

 
100 

 

 
124  

 
148  

Potassium 
Flame  
Photometry 

x = 6.7 
SD = 0.85 
n = 20  
v =12.68% 

x = 8.45 
SD = 1.12 
n = 108 
v = 13.25% 

X =15.85 
SD =1.05 
n =36 
v = 6.62% 

x =22.48 
SD =1.48 
n = 36 
v = 6.58% 

x =23.35 
SD =1.48 
n =36 
v = 6.33% 

x =26.75 
SD =1.96 
n = 36 
v = 7.32% 

x =23.12 
SD =4.46 
n = 36 
v = 19.29% 

x = 24.5 
SD =3.33 
n = 36 
v = 13.59% 

Potassium 
Indirect 
Potentiometry 

x = 5.94 
SD= 0.64 
n= 10 
v =10.77% 

x = 7.02 
SD= 0.53 
n= 14 
v = 7.54% 

x = 12.85 
SD= 1.25 
n= 6  
v = 9.72% 

x = 20.08 
SD= 2.35 
n= 6 
v = 11.7 % 

x = 22.65 
SD= 2.01 
n= 6 
v = 8.87% 

X = 27.06 
SD= 1.72 
n= 6 
v = 6.35 % 

x = 24.06 
SD= 3.20 
n= 6 
v = 13.3 % 

x = 25.13 
SD= 4.42 
n= 6   
v = 17.58 % 

Sodium 
Flame  
Photometry 

x = 143.6 
SD= 2.5 
n=20  
v = 1.74% 

x = 141.24 
SD= 1.94 
n= 108  
v = 1.37% 

x = 136.5 
SD= 2.96 
n= 36 
v = 2.16% 

x = 126.55  
SD= 3.19 
n= 36 
v = 2.52% 

x = 129.58 
SD= 4.37 
n= 36  
v = 3.37% 

x = 123.0 
SD= 5.64 
n= 36 
v = 4.58% 

x = 120.36 
SD= 6.44 
n= 36 
v = 5.35% 

x = 117.22 
SD= 4.54 
n= 36 
v = 3.87% 

Sodium 
Indirect 
Potentiometry 

x = 140.3 
SD= 1.76 
n= 10 
v = 1.25% 

x = 134.57 
SD= 1.65 
n= 14 
v = 1.22% 

x = 133.66 
SD= 3.44 
n= 6 
v = 2.57% 

x = 126.66 
SD= 2.06 
n= 6 
v = 1.62% 

x = 132.50 
SD= 5.24 
n=6  
v = 3.95% 

x = 127.16 
SD= 4.79 
n= 6 
v = 3.76% 

x = 118.33 
SD= 4.41 
n= 6 
v = 3.72%  

x = 113.33 
SD= 5.16 
n= 6 
v = 4.55% 

Table 1. Average concentration of K+ and Na+ (mmol/L) ions in the control group and PIM (in hours) in the liquid portion of the swine
vitreous fluid, estimated by flame photometry and potentiometry methods. 
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chemical composition of vitreous body and vitreous fluid. The
major advantages of experiments on separated swine eyeballs
include: similar weight and age of the animals, veterinary con-
trol, identical death, well known time of death and of the col-
lection of organs, very good access to the control of the exper-
imental conditions (e.g. humidity, temperature) [2]. The tem-
perature, at range 6-80C, is commonly used for the human
cadaver storage. In such conditions, as we described earlier, a
slower progress of post-mortem changes may better be
observed in morphological and immunohistochemical studies
[8, 9]. This lowering effect was also visible in our studies on
ion concentrations.  The changes in K+ and Na+ levels in the vit-
reous fluid, as estimated by us by two different methods,
demonstrated a closely related direction. Those changes were
in a good agreement with the results of other authors [4, 6, 7].
The differences in the results between flame photometry and
potentiometry were described earlier in studies on human vitre-
ous fluid [2]. In the changes of post-mortem K+ and Na+ lev-
els in LPVF, two different periods were distinct with a high
variability of results. The first period was visible during the
first 10 hours post-mortem, the second one - during the last 48
hours of the study. The results during the first period may be
dependent on the animal stress [4], an unknown ability of ion
binding by gelatinous portion of the vitreous fluid and/or rapid
death of ten neural cells, including the autonomic ganglia
(interlethal period). The second period may depend mainly on
the breaking of the ocular barrier (in situ blood-ocular barrier)
by bacterial invasion and storage of the ions by growing bacte-
rial cells. In many publications on the vitreous K+, determined
at post-mortem intervals, the problem of bacterial invasion was
not discussed. Our results suggest that bacterial infection par-
ticipates in the variability of K+ levels. The influence of bacte-
rial infection on the margin of error for the K+ post-mortem test
remains unanswered and needs further studies. This is very
important because such errors can sometimes make this test
worthless [2].

Acknowledgments

This study was supported by Grant No 502-11-774 from the
Medical University of £ódŸ.

References
1. Gamero Lucas JJ, Romero JL, Ramos HM, Arufe MI,

Vizcaya MA. Precision of estimating time of death by vitreous
potassium - comparison of various equations. Forensic Sci Int,
1992; 56: 137-45.

2. Coe J I. Vitreous potassium as a measure of the post-
mortem interval: an historical review and critical evaluation.
Forensic Sci Int, 1989; 42: 201-13. 

3. Munoz JI, Suarez-Penaranda JM, Otero XL,
Rodriguez-Calvo MS, Costas E, Miguens X, Concheiro L. A
new perspective in the estimation of postmortem interval (PMI)
based on vitreous [K+]. J Forenic Sci, 2001; 46: 209-14.

4. Henke SE, Demarais S. Changes in vitreous humor
associated with postmortem interval in rabbits. Am J Vet Res,
1992; 53: 73-7.

5. Coe J I. Postmortem chemistry updata: emphisis on
forensic aplication. Am J Forensic Med Pathol, 1993; 14: 91-
117. 

6. McLaughlin PS,  McLaughlin BG. Chemical analysis
of bovine and porcine vitreous humours: correlation of normal
values with serum chemical values and changes with time and
temperature. Am J Vet Res, 1987; 48: 467-73.

7. Schoning P, Strafuss AC. Postmortem Biochemical
Changes in Canine Vitreous Humor. J Forensic Sci, 1980; 25:
53-9. 

8. Brzeziñski PM, Godlewski A. The assessement of
post mortem PCNA+ cell frequency in the rat epidermis. Folia
Histochem Cytobiol, 2001; 39: 225-7.

9. Brzeziñski PM, Godlewski A. Topographical and qun-
titative post mortem assessement of the rat skin mast cells. Folia
Histochem Cytobiol, 2001; 39: 227-8.



Roczniki Akademii Medycznej w Bia³ymstoku  ·  Vol. 49, 2004 Suppl. 1, Proceedings ·  Annales Academiae Medicae Bialostocensis164

Abstract 

Coronary arteries of three bovine hearts, obtained from ani-
mals, aged about 2 years, were studied. Both right and left coro-
nary arteries were dissected out, divided into 10 mm long seg-
ments, fixed in formalin and embedded in paraffin. Histological
sections were cut in a plane perpendicular to the axis of the ves-
sel and stained, using van Gieson's method; additional staining
with resorcin-fuchsin.

We observed a distinct thickening of the tunica media,
formed by circular layers of smooth muscle cells and by a small
amount of elastic fibres, in the ramus interventricularis subsinu-
osus and paraconalis. The tunica media thickenings were situat-
ed in the middle segments of the coronary arteries at a distance
of about 2-3 cm from its origin in the aorta.

Key words: heart, coronary vessels, tunica media, 
histology.

Introduction 

The mechanisms, which regulate blood flow through the
inner organs of animals, and the morphological structures of
arteries, which are involved in this regulation, remain unsatis-
factorily known in spite of numerous physiological and histo-
logical descriptions [1-6]. Thickenings of the tunica media in
the arteries of muscular type were described in recent years [7-

11] in limbs of several mammal species. We undertook a micro-
scopic study of the walls of bovine coronary arteries in search
for similar morphological specializations, presumably partici-
pating in blood flow regulation. 

Material and methods 

Three bovine hearts were obtained immediately post
mortem at the slaughterhouse from cows of the black and white
breed, about 2 years of age. Both right and left coronary arteries
were dissected. The vessels were divided into successive 10 mm
long segments, starting from the origin from the aorta, and fixed
in 5% formalin. Next the segments were embedded in paraffin;
8 µm thick histological sections were cut in a plane perpendic-
ular to the axis of the vessel and mounted onto microscopic
glasses. They were stained, using van Gieson's trichrome
method (for the differentiation between muscle cells and con-
nective tissue fibres). Additional staining with resorcin-fuchsin,
according to Weigert (for visualization of elastic fibres), was
performed on the same sections. It enabled us to differentiate
separate components of the arterial walls (smooth muscle cells,
collagen fibres, elastic fibres). We also measured the thickness
of the three layers of arterial wall: tunica intima, tunica media
and tunica adventia. The measurements were made, using the
Microscan V 1×30 computer program with accuracy of 0.001
mm.

Results 

The qualitative morphological characteristics of the coro-
nary arteries, resulting from the specimens, prepared as
described above, are given below.

The left coronary artery (arteria coronaria sinistra) has a rel-
atively short trunk which divides into 2 big branches: (a) ramus
interventricularis paraconalis, which runs to the heart's tip, and

Histological structure of bovine coronary arteries 
at varying distance from their

origins from the aorta (a preliminary study)
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(b) ramus circumflexus, running along the coronary groove; this
vessel in cattle passes  into ramus interventricularis subsinuosus.

The ramus interventricularis paraconalis varies in its struc-
ture in different segments. The proximal segment is short and
has a thin tunica media, composed of smooth muscle (Fig. 1-b)
and of elastic fibres (Fig. 1-3). The middle segment (Fig. 2, 3-b)
is situated 2 cm away from the aorta, it is 2-3 cm long and its
tunica media gradually increases in thickness (to 0.437 mm); it
contains considerably smaller amount of elastic fibres, as com-
pared to the proximal segment. The distal segment of the vessel
begins 5 cm away from the beginning of the artery; it is charac-
terized by a gradually decreasing thickness of tunica media
(0.375 mm), which is composed of smooth muscle cells and of
a subtle network of elastic fibres. Tunica intima is comparative-
ly thick in the proximal segment of the artery, farther on, it
undergoes a definite thinning (Fig. 1; 3-a). Tunica adventitia (an
external coat) becomes thinner along with the farther run of the
artery. The ramus circumflexus has a similar structure of tunica
media and its distinct thickening can be observed in the middle
segment, between the 2nd and the 5th cm away from the origin of
the vessel. The ramus interventricularis subsinuosu (a distal
branch) in cattle is a continuation of the ramus circumflexus of

the arteria coronaria sinistra. This distal branch has a thin tuni-
ca media (0.312 mm) but, at the point of transition into the
ramus interventricularis subsinuosus, it grows definitely thicker
(0.640 mm) and, along its farther course, it gradually becomes
again distinctly thinner (0.25 mm) (Fig. 4).

In the right coronary artery (arteria coronaria dextra), the
tunica media of the proximal segment is comparatively thin
(0.344 mm). in the middle segment, it becomes thicker (0.562
mm) and, in the distal segment, it again becomes thinner.

Discussion The walls of the coronary arteries, as described
here, are characterized by thickening of the tunica media in the
middle segments. These thickenings are formed by several lay-
ers of circular smooth muscle cells and by a network system of
elastic fibres. A similar thickening has been described in the
arteries of limbs in a number of mammalian species [7-11]. In
conditions of psychical stress, a complete closure of these arter-
ies has been observed, what proves the view that "muscle rings"
may stop the blood supply to body parts [11]. Our results,
reported here, are preliminary ones. It is necessary to study larg-
er material before any final conclusions may be drawn. The pre-
liminary results indicate that "muscle rings" [7-11] are also pre-
sent in the coronary arteries of cattle. They presumably partici-
pate in the regulation of blood supply to myocardium.
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Abstract 

The aim of the studies was to evaluate the influence of
quercetin on etoposide-induced DNA damage in rat bone mar-
row cells and on changes in the activities of superoxide dismu-
tase (SOD), catalase and antioxidant power in lung tissue
(AOP). Quercetin was administrated by gavage at a dose of 135
mg/kg b.w. for three consecutive days, and one hour after the
last dose, etoposide was intraperitoneally injected, at dose of 80
mg/kg b.w. Bone marrow cells were harvested from the femurs
24 hours later and DNA damage was evaluated by the comet
assay, under alkaline condition. The study provided evidence
that quercetin, administered to rats, provides major protection
against etoposide-induced DNA damage in bone marrow cells
and does not influence either the SOD activity, lowered by
etoposide, or AOP, enhanced by etoposide. 

Introduction 

One of the most important questions in chemotherapy
regards the possibility of DNA damage prevention in healthy
bone marrow cells during treatment with etoposide, without
lowering the antitumour potency of the drug.  We approached
this issue by checking the effect of etoposide treatment, fol-
lowed by quercetin administration, on DNA in bone marrow
cells of healthy rats. The rationale behind that attempt was such
that quercetin may prevent oxidation of etoposide phenoxyl ra-
dicals, generated by myeloperoxidase, a constitutively expressed

enzyme, the activity of which is particularly high in myeloid
progenitor cells [1-3]. Such an antioxidant recycling may
enhance the antioxidative potential [2].  However, quercetin can
react with etoposide only if it is still in circulation. Because the
maximum quercetin concentration occurs within up to 1 h after
its intake, at least, in human studies [4], the etoposide was
administered after 1 h from the last quercetin exposure. A sig-
nificant decrease in DNA damage in bone marrow cells was
observed 24 h later. Those results confirmed our previous obser-
vation with stimulated human lymphocytes, which also showed
that quercetin, given together with etoposide, lowered the extent
of DNA damage [5].

Material and Methods 

Quercetine was administered by gavage at final concentra-
tion of 135 mg/kg b.w. to two groups of rats (three-month-old
male Wistar rats -WAG/Krf), every 24 hours for three consecu-
tive days. On the third day, 1 h after the last dose of quercetin,
the first group (designated in all figures and tables as
"quercetin") was sacrificed. At the same time, the etoposide, at
a dose of 80 mg/kg b.m., was intraperitoneally given to the sec-
ond group of rats,  pretreated with quercetin (designated in all
figures and tables as "quercetin +etoposide". The third group of
rats received only etoposide (designate in all figures and tables
as"etoposide"). After 24 h from the exposure to etoposide, each
individual was sacrificed.  The lungs were removed from all the
rats in each group and stored at - 200 C.  Bone marrow cells were
flushed from femurs into PBS (Ca2+, Mg2+ free) and gently re-
suspended in a mixture, containing dimethylsulphoxide
(DMSO) and fetal bovine serum (FBS), to obtain final concen-
trations of DMSO at 10% v/v and FBS at 50% v/v. The cellular
mixture was cooled at approximately 10C per min. and stored at
-800C until analysis was performed (within less than two
weeks). The control rats were also sacrificed at that time. The
activity of SOD was measured by the Misry and Fridovich
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method [6] and catalase activity was evaluated by the Aebi
assay [7]. The ferric-reducing antioxidant power (FRAP) was
determined in homogenate of lung tissue by the Bezni and Strain
method [8]. 

The comet assay was performed, according to the original
laboratory protocol for the application of the pH>13 alkaline
single cell gel assay, to detect DNA damage in the cells [9].
Electrophoresis was conducted at 0.74 1V/cm for 30 min. The
current was adjusted to 300 mA. An image analysis system
(CometPlus from ThetaSystem GmbH, Germany) was used for
the quantification of DNA damage. The percentage of DNA in
the tail (TDC) was automatically generated. At least two slides
per one rat, with 50 randomly selected cells per slide, were ana-

lyzed. The one-way ANOVA and post-hoc test comparison of
the means was performed to detect differences between the
groups (means) of data from the FRAP, SOD and catalase activ-
ity tests. The data, obtained from the comet test (TDC), were
analyzed by the same test, following log transformation. The
experiments were performed in accordance with Polish legal
requirements and under a license, granted by the Commission of
Bioethics of the Jagiellonian University. 

Results and Discussion 

The amount of endogenous alkali-labile DNA damages,
analyzed by the comet assay in bone marrow cells, was not
changed by quercetin administration (P= 0.09), whereas etopo-
side treatment induced highly significant DNA damage (P =
0.000000). Ouercetin, administered before etoposide treatment,
drastically lowered the amount of DNA strand breaks, as com-
pared to the values, when etoposide was given alone
(P=0.0008).  That amount was non-significantly different from
the damages, observed in bone marrow cells after quercetin
administration alone (P=0.7) (Fig. 1). 

It is evident from Table 1, that quercetin, administered
alone, slightly increased the activities of both antioxidant
enzyme, as SOD, and catalase. The same trend was observed
with regard to the AOP, measured by the FRAP assay. However,
the statistical analyses revealed that that enhancement was not
significantly different from the control values.

The effects of etoposide administration were evaluated after
24 h. As shown in Table 1, etoposide treatment did not influence
catalase activity but decreased the SOD activity only at the bor-
derline of statistical significance (P = 0.066). In spite of that,
AOP was significantly higher (P = 0.009), as compared to the
respective value in the control rats. When etoposide injection
was given 1 h after the last quercetin dose and lung tissue was

Figure 1. The mean values of DNA damage (TDC) measured by
comet assay in bone marrow cells isolated from control rats and iso-
lated 24 hours after: a) the last dose (135mg/kg b.w.) of quercetin
administrated for three consecutive days; b) etoposide (80mg/kg
b.w.); c) etoposide  treatment given 1 h after the last dose of
quercetin  (135mg/kg b.w.) administration.

Categ. Box & Whisker Plot: log (10) TDC
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[1] [2] [3] [4] 

control [1]  0.576 0.066 0.163 
quercetin [2] 0.576  0.014 0.061 
etoposide [3] 0.066 0.014  0.925 
quercetin+etoposide [4] 0.164 0.0614 0.925  
treatment 
catalase activity 

[1] [2] [3] [4] 

control [1]  0.853 0.918 0.448 
quercetin [2] 0.853  0.916 0.522 
etoposide [3] 0.918 0.916  0.448 
quercetin+etoposide [4] 0.448 0.522 0.448  
treatment 
antioxidant power 

[1] [2] [3] [4] 

control [1]  0.812 0.009 0.012 
quercetin [2] 0.812  0.009 0.013 
etoposide [3] 0.009 0.009  0.537 
quercetin+etoposide [4] 0.012 0.013 0.537  

Table 1. The activity of SOD, catalyse and a  ferric-reduction antioxidant power (FRAP) was measured in the homogenate of lung
tissue isolated from the control group of rats (1) and 24 hours after: (2)  last dose (135 mg/kg b.w.) of quercetin; (3) etoposide (80
mg/kg b.w.); (4) etoposide  treatment 1 h after last quercetin  administration. Post-hoc test (one-way ANOVA) was performed and dif-
ferences (P - values) between groups (means) are presented.
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removed 24 h later, the catalyze activity remained unchanged, as
compared to: the control (P=0.918), etoposide (P= 0.448) and
quercetin  given alone (P=0.522).  SOD activity continued to be
the same, as compared with that, when etoposide was given
alone (P=0.925), being at the borderline of statistical signifi-
cance (P= 0.0614), when compared with respective values,
when quercetin was given alone. The AOP after treatment with
both compounds was still significantly higher than that in the
control (P=0.012) and after quercetin alone (P=0.013), but it did
not significantly differ (P=0.537) from the values, observed in
etoposide treatment. 

The presented data provide evidence that a prolonged expo-
sure to quercetin does not affect either SOD or catalase activi-
ties. That  what was also shown by Breinholt et all [10].
Similarly, Hilbert et al showed [11] that no significant down
regulation of SOD or CAT was observed in the lung lavage
cells, despite an increased concentration of vitamin E and beta
carotene. The lowered SOD activity in etoposide-treated rats is
opposed to expected results if SOD was to be important for
DNA damage protection. An analogous result was obtained after
bleomycin treatment. Two days after bleomycin administration,
total lung SOD, CAT, and GSHP activities were significantly
depressed - between 15 and 25%. [12].

Effects of prolonged administration of quercetin, causing
the decrease in genotoxicity of etoposide treatment, may indi-
cate that nutritional strategies for preventing or ameliorating the
DNA damage in normal cells is possible. 
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Abstract 

In 36 Wistar rats with the iodoacetate-induced experimental
osteoarthrosis (OA), effects of doxycycline, given orally, were
determined on histochemical reactions of glycosaminoglycans
(GAG) in the epiphyseal plate cartilage.

The epiphyseal plate of rats with OA was reduced in height
(especially the proliferative zone), cell columns were disorga-
nized, many chondrocytes were irregular and polygonal, their
nuclei were pycnotic, the intensity of GAG staining was irregular
and predominantly reduced, which can be interpreted as signs of
degeneration. A concomitant administration of doxycycline in the
second group of rats prevented, to some extent, the negative effects
of iodoacetate on chondrocytes and led to a more pronounced
intensity of GAG reactions in the matrix of the epiphyseal plate.

Key words: osteoarthrosis, mono- iodoacetate, 
doxycycline. 

Introduction 

In the previous work, we studied histochemical reactions of
GAG in the articular cartilage of rats, treated with iodoacetate,
suggesting that a concomitant administration of doxycycline
had some protective potential on the content of GAGs in chon-
drocytes and the articular matrix [1].

The aim of the present study was to determine, whether or
not doxycycline might play any role of the GAGs histochemical

reactions in the epiphyseal plate cartilage of the rats in experi-
mental osteoarthrosis, inducted by iodoacetate.

Material and methods 

The procedure of the experiment was previously described
[1]. Shortly, on the first day, iodoacetate was given to the left
posterior knee joint (I group).

The second group of the rats additionally received doxycy-
cline through the gastric tube in  doses, comparable with those,
used in men. The rats were sacrificed after 7, 14, 21 days (6 rats
in each group). Tissue sections were stained with H+E and
Safranin O.

Results 

In the epiphyseal cartilages from the control right posterior
knee joints, four well defined zones: the resting, proliferative,
hypertrophic and mineralized,  can be determined. The epiphy-
seal plates in the first group of rats were predominantly strong-
ly reduced in height and, in most areas, the organization of cell
columns was severely disturbed. Many of the chondrocytes
were of irregular shape and with pycnotic nuclei.

The intensity of GAG staining was predominantly reduced.
Focal loss of chondrocytes, negative staining of GAG with fib-
rillations perpendicular splits, clefts and irregular lacunae were
often observed. A great intensity of changes, which can be inter-
preted as signs of degeneration or necrosis, was observed in
almost all the rats Table 1.

Similar histological and histochemical changes were
observed in the second group of rats but in 8/18 animals, they
were somewhat less pronounced Table 1. The epiphyseal plates
were higher, the organization of cell columns was partly pre-
served, the number of chondrocytes was focally increased with
positive GAG histochemical reactions in their vicinity.

Influence of doxycycline on the epiphyseal plate 
cartilage of the rats in experimental osteoarthrosis,

induced by iodoacetate
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Discussion 

Intraarticular injections of iodoacetate in experimental ani-
mals induce degenerative changes of the articular cartilage,
which are similar to osteoarthrosis in men [2]. This model is
used to study the effects of some non-steroidal and steroidal
drugs in the course of osteoarthrosis treatment [3, 4].

The results of this study indicate that iodoacetate, injected to
the joint, damages not only the superficial articular cartilage but
it deeply penetrates the joint structures with similar lesions in
the epiphyseal plate cartilage.

Some investigations have shown that matrix metallopro-
teinase inhibitors, among them doxycycline, are partially pro-
tective against cartilage and subchondral bone damage, induced
by iodoacetate [3, 4].

As in the previous study [1], in some rats, treated with doxy-
cycline, we observed signs of focal chondrocyte proliferation
and of matrix GAG production, what may have indicated a nor-
malizing effect of this drug. Nevertheless, the results of this
study need verification by other methods of investigation. They

must also be evaluated with an appropriate caution in the extrap-
olation of results to human osteoarthrosis.
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Group I II 

Days 7 14 21 7 14 21 

Intensity of lesions       

• Less pronounced - - - - - - 

• More pronounced 2/6 - - 3/6 2/6 3/6 

• Severe 4/6 6/6 6/6 3/6 4/6 3/6 

Table 1. Approximate evaluation of histological and histochemical changes in the rats with iodoacetate osteoarthrosis, treated with
doxycycline.

Legend
Counter- the number of rats with lesions
Denominator- the number of rats in subgroup.
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Abstract 

The aim of our study was to determine to what degree one-
year exposure of female rats to cadmium at a dose of 5, 50 and
100 mg Cd/l affects cell proliferation in the submandibular
gland, shown by PCNA and Ki-67 expression. In the present
study, we found a positive nuclear reaction for PCNA in single
cells in microscopic preparations of control rats. In Group I, an
increase was observed in the number of PCNA-positive cells,
compared to that in the control. In Group II, the number of
PCNA-positive cells was markedly higher than that in Group I
and in the control. In the submandibular glands of rats in Group
III, the number of PCNA-positive cells was similar to that,
found in Group II. However, Ki-67 expression was sporadically
observed in control submandibular glands, but not in Groups I,
II and III.

Key words: submandibular gland, rat, expression 
of PCNA and Ki-67.

Introduction 

Cadmium (Cd) is a trace metal which accumulates in the
body organs with age [1, 2, 3]. Until now, it has been demon-
strated that a 24-week exposure to cadmium at a dose of 5 and
50 mg Cd/l not only leads to its accumulation in the sub-
mandibular gland, but it also increases the percentage of cells,
showing a positive reaction for the proliferating cell nuclear
antigen (PCNA) in both experimental groups, compared to the
control, with lack of human Ki-67 antigen (Ki-67) expression

[4]. PCNA is treated as a co-factor for DNA polymerase in both
the S phase of the cell cycle and in DNA synthesis, associated
with DNA repair [5]. The Ki-67 antigen occurs in proliferating
cells in the G1, G2, S and M phases of the cell cycle, but is absent
during DNA repair [6]. The aim of the present study was to
determine to what a degree one year exposure of female rats to
cadmium at a dose of 5, 50 and 100 mg Cd/l affects cell proli-
feration in the submandibular gland, manifested in PCNA and
Ki-67 expression. 

Material and methods 

The study involved twenty-two young female Wistar rats,
allocated to 4 groups. Six control rats received only redistilled
water to drink. Eighteen experimental rats were given an aque-
ous solution of cadmium chloride (CdCl2): six rats in Group I
received a dose of 5mg CD/l, six animals in Group II received a
dose of 50 mg Cd/l and the remaining four in Group III - 100 mg
Cd/l. The animals were sacrificed in pentobarbital narcosis.
Immunocytochemical reaction was performed, using specific
monoclonal mouse antibodies against PCNA 1:50 Clone PC10,
Code No. M0879 (Dako) and monoclonal human antibodies
against Ki-67 1:50 Clone MIB-1, Code No. M 7240 (Dako). The
sections were counterstained with Mayer's haematoxylin. 

Results 

After one-year of the experiment, we observed a positive
nuclear reaction for PCNA in single cells in microscopic prepa-
rations of the control rats (Fig. 1). In the submandibular glands
of Group I rats, we found an increased number of PCNA-posi-
tive cells, compared to that in the control (Figs. 1, 2). In Group
II, the number of PCNA-positive cells was markedly higher than
that in Group I and in the control (Figs. 1-3). In the sub-
mandibular glands of Group III rats, the number of PCNA-po-

Expression of PCNA and Ki-67 in the rat submandibular
gland after one year cadmium intoxication 
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sitive cells was similar to that, found in Group II (Figs. 3, 4). Ki-
67-reaction was sporadically found to be positive in the sub-
mandibular glands of the control rats, and was negative in
Groups I, II and III (Figs. 5, 6). 

Discussion 

In the present study, after one-year exposure of female rats
to cadmium at a dose of  5, 50 and 100 mg Cd/l, an increase was
found in the number of PCNA-positive cells in the sub-
mandibular glands in all the three experimental groups, com-
pared to that in the control. Considerably more PCNA-positive
cells were observed in the submandibular glands of the rats in
Group II and Group III, receiving 50 and 100 mg Cd/l, respec-
tively. We obtained similar results in our previous experimental

model, during a 24-week exposure of rats to cadmium at a dose
of 5 and 50 mg/Cd/l, when the increase in the number of PCNA-
positive cells in the rat submandibular glands was dose-depen-
dent [4]. In the present study, the reaction for Ki-67 was nega-
tive in all the three experimental groups, compared to respective
values in the control. That was similar to our previous model of
a 24-week exposure to cadmium, when the reaction for Ki-67
was negative in both experimental groups, compared to that in
the control [4]. The increased number of PCNA-positive cells in
the submandibular glands of the rats in Groups I, II and III could
be associated either with an enhanced proliferation of those cells
or with DNA repair processes. In our experiment, the increased
number of PCNA-positive cells seems to indicate a predomi-
nance of DNA repair processes, rather than cell proliferation,
hence the lack of Ki-67 expression, which is a proliferation
exponent [6]. Cadmium destroys DNA both in cell culture with

Figure 1. The control. Strong immunore-
activity for PCNA in single serous cell
nuclei. (X 400).

Figure 2. Group I. 5 mg Cd/l. Strong
immunostaining of PCNA is present in a
few serous cell nuclei. (X 400). 

Figure 3. Group II. 50 mg Cd/l. Strong
reaction for PCNA in many serous cell
nuclei. (X 400).

Figure 4. Group III. 100 mg Cd/l. Strong
immunoreactivity for PCNA in many
serous cell nuclei. (X 400).

Figure 5. Control. Weaker immunostain-
ing of Ki-67 is present in single serous cell
nuclei. (X 400).

Figure 6. Group III. 100 mg Cd/l. Nega-
tive reaction for Ki-67 in the cell nucleus.
(X 400).
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cadmium and in acute or subacute exposure of rat to this metal
[7]. We believe that also in the case of one-year exposure of
female rats to cadmium, cell DNA is damaged, which is evident
in disturbed cell proliferation. 

The present experiment indicates that one-year administra-
tion of cadmium to rats at a dose of 5, 50 and 100 mg Cd/l, leads
to disorders in cell proliferation in the submandibular glands,
which is manifested by an increased PCNA expression in cell
nuclei and by the lack of Ki-67 expression. 
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Abstract 

The aim of the present study was to establish to what degree
a one-year exposure of rat females to 5, 50 and 100 mg of Cd/l
affects cell morphology of the submandibular glands. After one-
year cadmium exposure of female rats, at doses of 5, 50 and 100
mg Cd/l, a pathomorphological examination revealed periductal
fibrosis in the submandibular glands of rats in all the three
experimental groups, which increased with cadmium dose. We
also found foamish cytoplasm in the cells of the submandibular
glands in all the experimental groups, the intensity of that phe-
nomenon also increasing with Cd dose. The ultrastructural
examination revealed no abnormalities in Group I. However, in
Groups II and III, we observed numerous granules with a secre-
tion, varying in shape and size that filled up the cytoplasm both
in the mucous and serous cells. 

Key words: submandibular gland, rat, cadmium, 
pathomorphology, ultrastructure.

Introduction 

Cadmium (Cd) is a trace metal found in high concentrations
in the polluted air of large urban agglomerations and highly
industrialized areas. It penetrates all body organs, including the
submandibular glands [1, 2]. The presence of cadmium was
detected in the saliva of workers who were professionally
exposed to cadmium and in young subjects, inhabiting large
urban agglomerations [1, 3]. An increase in salivary cadmium
level in humans was also observed after cadmium isotope

administration [2]. The aim of the present study was to establish
to what degree a one-year exposure of rat females to 5, 50 and
100 mg Cd/l affects cell morphology of the submandibular
glands. 

Material and methods 

For the study, twenty-two young female Wistar rats were
used, allocated to 4 groups. Six control rats received only redis-
tilled water to drink. Eighteen experimental rats were given
aqueous solution of cadmium chloride (CdCl2) to drink: six rats
from Group I received a dose of 5mg Cd/l, six animals from
Group II received a dose of 50 mgCd/l and the remaining four
from Group III - 100 mg Cd/l. After one-year of the experiment,
the animals were sacrificed in pentobarbital narcosis. A frag-
ment of one submandibular gland was fixed in Bouin's fluid. 5
µm sections were stained with H+E and, according to Azan's
method. Sections for ultrastructural examinations were fixed in
3.6% glutaraldehyde at temp. of 40C for 2 hours, postfixed in 2%
osmium tetroxide, dehydrated in alcoholic series, propylene
oxide and embedded in Epon 812. Semithin preparations were
stained with toluidine blue, while ultra thin sections were con-
trasted with uranyl acetate and lead citrate, and evaluated in an
OPTON 900 PC transmission electron microscope.

Results 

After one-year of the experiment, a histopathological exa-
mination of the submandibular glands in Group I revealed slight
periductal fibrosis and, in some cells, an increased translucence
of the cytoplasm. In Group II, periductal fibrosis was enhanced,
compared to that in Group I and in the control, and single cells
with foamish cytoplasm and single atypical cells could still be
observed. In Group III, the submandibular glands showed
increased periductal fibrosis, in comparison to that in Groups II,
I and in the control; some cells exhibited more pronounced
nuclear atypia and more foamish cytoplasm. In some fields of
vision, cellular membranes and basement membranes of the
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gland tube were blurred. No abnormalities were observed in the
ultrastructural examination of the submandibular glands in
either Group I or the control. Changes, which could be seen in
Groups II and III, were similar, being more pronounced in the
latter. We found: 1) irregular contours of cell nuclei with clump-
ing of nuclear chromatin on the periphery (Fig. 1); 2) activation
of Golgi apparatus in the form of a higher number and dilation
of cisterns  (Fig. 1); 3) blurring of the internal structure in some
of the mitochondria with segmental destruction of the limiting
membranes. In mucous cells, secretory granules combined to
form large vacuoles which, sometimes, filled up the cytoplasm
and pressed the cell nucleus (Figs. 1, 2). The limiting mem-
branes of the secretory vacuoles were frequently disrupted and
their contents were flowing out to the cytoplasm (Fig. 1). Serous
cells contained numerous secretory granules, which varied in
shape and size (Fig. 3), among which single large granules were
frequently encountered. The lumina of serous vesicles and
mucous tubes had a smoothed surface and were, sometimes,
completely devoid of microvilli (Fig. 3). In the stroma, around
the vesicles, rare collagen fibres were observed. 

Discussion 

The present study has revealed that a one-year exposure of
female rats to cadmium at doses of 5, 50 and 100 mg Cd/l leads
to irreversible changes in the submandibular glands, being man-
ifested in periductal fibrosis, observed in histopathological
examination. In the ultrastructural examination, collagen fibres
were visible in the stroma. Fibrosis was found to increase with

the increase in cadmium dose, administered to the rats. The
remaining changes, detected in the submandibular glands of
female rats, both in histopathological and ultrastructural exami-
nation, were reversible. Nevertheless, they caused secretion dis-
orders in mucous and serous cells of the submandibular glands,
expressed by the presence of foamish cytoplasm in histopatho-
logical examination and seen as secretory granules, filling up the
cytoplasm in the ultrastructural examination. Other authors have
observed similar changes in the form of either single or multiple
vacuoles in serous cells of the rat parotid glands [4]. According

Figure 1. Group II. 50 mg Cd/l. Numerous secretory granules,
irregular in shape and binding together, with disrupted limiting
membranes. (*) N-cell nucleus with irregular contours. (original
magnification X 4400). 

Figure 2. Group III. 100 mg Cd/l. Secretory granules in the
cytoplasm, blending to form the, so-called, "pools" (*) (original
magnification X 3000). 

Figure 3. Group III. 100 mg Cd/l. Numerous serous granules,
varying in size and shape, accumulated around the vesicular
lumen (Lu) with smoothed surface (original magnification X
3000).
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to Maier [5], cadmium is not only accumulated in the rat parotid
gland but it is also "excreted via the parotid gland" to the saliva.
We think that the same phenomenon may occur in the rat sub-
mandibular gland. It is likely that an active excretion of cadmi-
um to the rat saliva inhibits massive secretion of the secrete,
accumulated in cytoplasm of the submandibular gland. The path-
omorphological changes, observed in the present study in the
submandibular glands of female rats after one-year exposure to
cadmium, were not only cadmium-specific, but they may also
occur, following intoxication with other toxic compounds, such
as herbicides [6]. According to other authors, pathomorphologi-
cal changes, observed in the salivary glands of rats, exposed to
cadmium, may occur, both due to its accumulation in the gland
and be caused by general intoxication with this metal [4].

Conclusions 

The present experiment indicates that one-year exposure to
cadmium at doses of 5, 50 and 100 mg Cd/l induces dose-depen-
dent pathomorphological and ultrastructural changes both of
reversible and irreversible nature. 
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Abstract 

The aim of the present study was to establish to what
degree a one-year exposure of rat females to 5, 50 and 100 mg
Cd/l affects the weight of the submandibular glands and their
cadmium levels. We observed a decrease in the weight of the
submandibular glands in the rat females from Groups I, II and
III, compared to the control rats. We also found an increase in
cadmium levels in the submandibular glands in Groups I, II
and III, in comparison to the control. The highest cadmium
concentration was noted in the submandibular glands in Group
III, which was accompanied by the greatest weight reduction,
the correlation being negative. The present experiment indi-
cates that one-year administration of cadmium to rat females at
a dose of 5, 50 and 100 mg Cd/l leads to a cadmium dose-
dependent decrease in the weight of the submandibular glands.

Key words: submandibular gland, rat, cadmium 
concentration.

Introduction 

Cadmium (Cd) is a trace metal, found in the polluted envi-
ronment of towns, in water and food. During a prolonged
exposure, this metal accumulates mainly in the kidneys and in
the liver [1, 2]. Cadmium levels in the submandibular gland,
although considerably lower, lead to function disorders in this
organ, including a decrease in protein content and amylase

activity in the saliva, and a rise in salivary Ca level [1, 2, 3].
The aim of the present study was to establish to what degree a
one-year exposure of rat females to 5, 50 and 100 mg Cd/l
affects the weight of the submandibular glands and their cad-
mium levels.  

Material and methods 

The study involved twenty-two young female Wistar rats,
allocated to 4 Groups. Six control rats received only redistilled
water to drink. Eighteen experimental rats were given aqueous
solution of cadmium chloride (CdCl2): six rats in Group I
received a dose of 5mg Cd/l, six animals in Group II received
a dose of 50 mg Cd/l and the remaining four in Group  III - 100
mg Cd/l. The animals were sacrificed in pentobarbital narco-
sis. Both submandibular glands were collected from each rat.
One of them was weighed and the cadmium concentration was
measured by the atomic absorption spectrometry method.
Experimental groups were compared, using a one-way analy-
sis of variance (ANOVA) by the Kruskal-Wallis ranks test and
the Mann-Whitney test. A linear Pearson's correlation analysis
was performed to evaluate the relationship between sub-
mandibular gland weight and Cd concentrations in the gland.
P-values < 0.05 were considered significant. Statistical tests
were performed, using Statistica 6.0. The experiment received
acceptance No 2001/6  from the Local Ethical Committee for
Animal Testing in Bia³ystok.

Results 

After one year, the weight of the submandibular glands in
rats was 0.25±0.02 g (0.23-0.29) in the control, 0.24±0.02 g
(0.22-0.27) in Group I, 0.23±0.03 g (0.19-0.26) in Group II
and 0.18±002 g (0.17-0.21) in Group III. Statistically signifi-
cant differences were noted in the weights between Group III
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and the other three groups (Fig. 1). Cadmium concentration in
the submandibular glands was found to be 0.07±0.01 µg Cd/g
(0.05-0.09) in the control rats, 0.19±0.5 µg Cd/g (0.13-0.27) in
rats exposed to 5 mg Cd/l,  1.99±0.26 µg Cd/g (1.70-2.43) in
rats exposed to 50 mg Cd/l and 3.96±0.71 µg Cd/g (3.43-4.99)
in rats receiving 100 mg Cd/l. Statistically significant differ-
ences were noted between the control group and the three
experimental groups, as well as between Groups I, II and III,
and Groups II and III (Fig. 2). The increase in cadmium con-
centrations in the rat submandibular glands was found to be
accompanied by a decrease in the gland weights, the correla-
tion being negative (Fig. 3).  

Discussion 

After one year of the experiment, a cadmium dose-depen-
dent decrease was observed in the weights of the rat sub-
mandibular glands in Groups I, II and III, compared to the
respective values in the control. The results, as reported by
other authors for doses of 5 and 50 mg Cd/l after 24-week
exposure, did not reveal any decrease in the weight of the rat
submandibular glands [4]. These discrepancies may be due to
the fact that, in our experimental model, the exposure to cad-
mium was twice as long [4]. 

We also found cadmium accumulation in the rat sub-
mandibular glands, which was dose-dependent. Our results,
concerning cadmium concentrations in the submandibular
glands, are consistent with our previous observations of rats
which were administered 5 and 50 mg Cd/l for 24 weeks [5].
After one year, in comparison to the 24-week exposure, the
increase in cadmium concentration in the rat submandibular
gland was 58% with the dose of 5 mg Cd/l, and 70% at a dose
of 50 mg Cd/l [5]. The relatively high accumulation of cadmi-
um, noted in the female rat submandibulary glands after one-

year exposure, compared to the 24-week exposure of male rats
(at the same Cd doses) can, according to some authors, be
influenced by age and sex [6]. According to Taguchi [6], the
half-life of 109 Cd of the older mice is twice as long as that of
the younger mice and that of the female mice is longer, com-
pared to the males. The effects of age and sex on Cd elimina-
tion may also occur in rats.

The present experiment indicates that the one-year expo-
sure of cadmium to rat females, at doses of 5, 50 and 100 mg
Cd/l, leads to a decrease in the weight of the submandibular
glands, which is cadmium-dose dependent. 
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Figure 1. Submandibular gland weights
(g) of rats exposed to Cd (0, 5, 50 or 100
mg/l water) after one year. * p<0.05 in
comparison to those in the control, **
p<0.05 in comparison with 5mg Cd/l, ***
p<0.05 in comparison with 50 mg Cd/l.

Figure 2. Cd concentrations in the sub-
mandibular glands (µg/g wet weight) of
rats exposed to Cd (0, 5, 50 or 100 mg/l
water) after one year. * p<0.05 in compar-
ison to those in the control, ** p<0.05 in
comparison with 5 mg Cd/l, *** p<0.05 in
comparison with 50 mg Cd/l.

Figure 3. Correlation between sub-
mandibular gland weight and Cd concen-
trations in the submandibular glands of
rats, exposed to Cd (0, 5, 50 or 100
mgCd/l water) after one year.
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Abstract 

The aim of the experiment was to determine the effect of
fluoride on  ultrastructural changes in the submandibular gland,
the pancreas and the liver. The experimental rats received fluo-
ride in aqueous solutions of sodium fluoride at concentrations of
10.6 NaF/dm3 and 32.0 NaF/dm3. In the ultrastructural examina-
tion, mitochondria were most damaged. 

Key words: Ultrastructural study, rats, submandibular 
gland, pancreas, liver, natrium fluoride

Introduction 

Fluorine, most frequently found in the form of fluorides,
shows a high biological activity. Due to its affinity to magne-
sium and calcium ions, it can affect the activity of many
enzymes, mainly oxydoreductases, transferases, hydrolases,
enzymes of Krebs cycle, ATP production, protein synthesis, thus
disturbing metabolism in the internal organs [1, 2, 3]. In den-
tistry, it is used in endogenous caries prophylaxis [4]. The aim
of the experiment was to examine the effect of fluoride on the
mitochondria in the submandibular gland, the pancreas and the
liver of young rats, depending on the dose and the administra-
tion period. NaF is well soluble in water and easily absorbable
in the alimentary tract. 

Material and Method

The material for analysis included submandibular glands,
pancreases and livers of 90 rats, aged 14, 30 and 90 days, whose
mothers, from conception and later with the offspring, received
drinking water, containing NaF at the following concentrations:
10.6mg NaF/dm3 (group I - optimum dose) and 32.0 mg
NaF/dm3 (group II - superoptimum dose). The animals were
exposed to fluoride up to 90 days of life. The experiment was
terminated on day 120. The tissue material was collected and
prepared for ultrastructural analysis, following the generally
accepted rules [5]. 

Results and Discussion 

Ultrastructural examinations revealed most pronounced
changes in the cell mitochondria. The action of fluoride ions
caused alterations in the size and shape of the mitochondria -
mitochondrial crests were blurred and the membranes showed
features of damage. In experimental Group I, the ultrastruc-
tural picture was similar to that, observed in the control
group, what may suggest a slight effect of fluoride ions at
concentration accepted as optimal. In hepatocytes of 14 and
30 days old rats, only few mitochondria were changed in
shape and revealed a condensed mitochondrial matrix. Pro-
nounced alterations in the cells were observed in experimen-
tal Group II, in which NaF was administered at a concentra-
tion three times higher than that in Group I. The most intensi-
fied ultrastructural changes were noted in the submandibular
glands, the pancreases and the livers of 30 days old rats in
Group II. In 30 days old animals in Group II, the changes were
markedly enhanced (Fig. 1, Fig. 2). The mitochondria were
polymorphic, with condensed matrix and blurred internal
structure. After termination of NaF administration, in the
hepatocytes of 120 days old rats the mitochondria were still
polymorphic. In the acinar cells of the submandibular gland,
evident changes appeared in Group II, growing in intensity
with the age and the time of exposure to NaF. In the cells of
the submandibular glands of 30 days old rats, swollen mito-
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chondria and destruction of mitochondrial crests of varied
degree were observed. (Fig. 3). 

In the ultrastructural examination of the pancreas, which
structurally resembles the submandibular gland, intensification
of changes also increased with the administration time and NaF
concentration. Like in the other examined organs, the damage to
cell organelles was most pronounced in 30 days old rats in
Group II and involved mitochondria, which displayed substan-
tial polymorphism and had condensed matrix (Fig. 4). The most
significant morphological changes, observed in the tissues of
exposed to NaF animals, included damage to mitochondria of
varied degree. Those changes could have disturbed the energetic
processes in the cell. Ogoñski et al. [6], in in vitro studies, have
demonstrated that fluoride ions penetrate mitochondria via sim-
ple diffusion. Mitochondrial swelling, observed in the experi-
ment, may be a manifestation of ATP deficiency-related ener-
getic demand and not resulting  from degenerative lesions. 

Cittanowa et al. [7] consider mitochondria to be the major
target of the toxic action of fluoride ions in the kidneys; other
researchers have described this effect in the muscles [8].
Lavrushenko has demonstrated fragmentation and disintegration
of mitochondrial crests [9]. 

The enhanced functioning of the secretory apparatus of the
cells in the examined organs may be associated with the excre-
tion of exogenous toxins, which have been introduced to the
organism. The outcome of the present study, compared to the
data reported by other authors, indicate a harmful effect of

natrium fluoride on the examined organs of experimental ani-
mals, convergent in its biological effects with other toxic
agents. 

Conclusions

1. Chronic application of a superoptimum NaF dose
induces ultrastructural changes in the cells of the submandibular
gland, the pancreas and the liver of young rats.

2. The mitochondria are the most damaged organelles in
the cells of examined organs.
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Figure 1. Rat hepatocyte. Round cell
nucleus (N), round mitochondria (M),
rough endoplasmic reticulum (RER),
glycogen granules (GLY), control group,
30 days, x 4400.

Figure 4. Pancreatic acinar cell, polymorphic mitochondria with
condensed matrix (M), large focus of RER degranulation,
Group II, 30 days, x 7000.

Figure 2. Cell nucleus of hepatocyte (N),
with plicated membrane, polymorphic
mitochondria (M), shortened and irregular
RER channels, activated Golgi apparatus
(GA), Group II, 30 days, x 4400

Figure 3. Fragment of acinar cell of the
submandibular gland with damaged mito-
chondria (M), well-developed Golgi appa-
ratus (G), blending secretory granules
(*),Group II, 30 days, x 12000.
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Abstract 

The mechanism of initiation and development of rheuma-
toid arthritis was a subject of several hypotheses. None of those
hypotheses has, however, convincingly explained all important
facts, related to clinical, immunological and pathological
aspects of the disease. A hypothesis is presented here, sugges-
ting that, in the course of rheumatoid arthritis, an immune system
produces anti-immunoglobulin antibodies, cross-reacting with
self collagen(s). This cross-reactivity may be a significant part
of the complex set of pathological phenomena, characteristic for
rheumatoid arthritis. The hypothesis originated from the
author's own observations of binding of the anti-immunoglobu-
lin antibodies to the fibrous connective tissue (presumably to
collagens contained in it) in histological sections, subjected to
immunohistochemical procedures.

Key words: rheumatoid arthritis, immunoglobulins, 
collagen, connective tissue, histology.

Introduction 

Rheumatoid arthritis (RA) is a chronic inflammatory disease
of joints with an involvement of the heart, the lungs, the brain,
the eyes, nerves and bone marrow [1, 2]. A large body of know-
ledge about RA has been acquired during the last century as a
result of clinical, pathologic, immunologic and genetic studies
of RA patients [1, 2, 3]. It has been complemented with studies

of experimentally-induced arthritis in mice [4, 5, 6]. Today we
know that the susceptibility to RA depends on the allelic vari-
ability of genes, coding for MHC class II molecules [3], on
genes, coding for a number of cytokines [2, 5], and on other fac-
tors, like age and gender [1, 2]. The aetiology of RA is not yet,
however, known. Among the unsolved problems is a question
what the primary "arthritogenic molecule" is which initiates a
cascade of events, resulting ultimately in destruction of joints
[1, 2, 3, 4, 6]. The candidate molecules include: collagen(s), cer-
tain epitopes of MHC class II molecules (QKRAA motif or "the
shared epitope" [3]), the component(s) of staphylococcal cell
wall, the Epstein-Barr virus protein, and other [1, 2]. A compre-
hensive pathophysiological theory of RA has to be built upon
these facts and hypotheses; they may be imagined as elements
of a jigsaw puzzle, with some pieces of bizarre shape, and some
other missing. That is why new observations, experiments and
theoretical concepts are desired.

Hypothesis: The hypothesis, as presented here, has origi-
nated from a reflection on the peculiar immunohistochemical
artefact, observed by the author and his associates [7, 8], name-
ly, the binding of the anti-immunoglobulin antibodies (anti-Ig
Abs) to a fibrous connective tissue, presumably to collagen(s) of
this tissue (Figs 1, 2, 3). One may ask if a similar phenomenon
occurs in vivo and, if so, whether it plays some role in the patho-
physiological mechanisms of RA.

Hypothesis: In the course of rheumatoid arthritis (RA), the
immune system produces anti-immunoglobulin antibodies (anti-
Ig Abs) which cross-react with self collagen(s); this cross reac-
tivity contributes to a complex set of pathologic phenomena,
constituting RA, and thus, it may be a factor involved in caus-
ing damage of the connective tissues in joints.

The hypothesis is provisional but I believe it has an  opera-
tional utility - it may help raise a number of questions both for
theoretical consideration and practical testing. (1) Can a colla-
gen-binding antibody be induced not only by a foreign collagen
but by another, non-collagen foreign antigen? (2) May a colla-
gen be auto-immunogenic and capable of inducing anti-collagen
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antibodies, which cross-react with immunoglobulins? (3) Do
susceptibility to RA depend, in addition to the genes, already
known as the ones, controlling this susceptibility, also on genes,
coding for collagens and/or for factors, controlling post-transla-
tional modifications of potentially immunogenic motifs on col-
lagen molecules? (4) Can the anti-Ig Abs, while cross-reacting
with collagen, interfere with a normal structure of the network
of extracellular fibers in connective tissues? (5) Do the anti-
idiotypic antibodies against the anti-collagen antibodies play
any role in RA induction or development? (Note that antibodies
of this type should bind, theoretically, certain collagen ligands,
since the secondary anti-idiotypic antibodies may mimic epi-
topes of the original immunogene).

The above questions were intended to inspire scientists with
new concepts, relevant to pathophysiology of RA, a disease,
upsetting the life of many patients and disturbing the minds of
all rheumatologists.
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Figure 1. Binding of an anti-immunoglobulin antibody to
endomysium. The unfixed cryostat section of a quadriceps mus-
cle of the mdx mouse [9] was incubated with the HRP-conju-
gated goat antibody against mouse immunoglobulins (DACO,
code No. P 447) [7]. The brown precipitate (a product of reac-
tion catalyzed by HRP) surrounds individual muscle fibers, so
its localization corresponds to endomysium (see Fig. 2 for com-
parison). Magnification 600x. Comments: The reaction is inter-
preted as due to the cross-reactivity of anti-Ig antibodies with
collagen(s) [7, 8].

Figure 2. Localization of collagen in skeletal muscle. The
quadriceps muscle of the mdx mouse [9] was fixed in Bouin's
fluid, embedded in paraffin, cut into sections, deparaffinized
and stained with Sirius red [7, 10]. Magnification 600x. Com-
ments: The staining is specific for collagen [10], so, red color
indicates localization of collagen(s) (in endomysium), similarly
to the localization of sites, binding the anti-Ig antibodies, as
seen in Fig. 1.

Figure 3. Immunohistochemical artifact in the test for IgG deposits
in human kidney. Histological section of a formalin-fixed, paraffin-
embedded sample of kidney (kindly provided by dr. Anna Sulikows-
ka-Rowiñska, University Medical School, Warsaw). Magnification
450x. Steps of immunostaining [11]: (a) incubation with the prima-
ry, unlabelled, rabbit/mouse antibodies specific for human IgG; (b)
incubation with the secondary, biotinylated, goat antibody against
rabbit/mouse Ig; (c) incubation with Streptavidine, conjugated with
alkaline phosphatase; (d) visualization of alkaline phosphatase acti-
vity with Fast Red system (all reagents from DAKO). Cell nuclei
and cytoplasm stained blue with haematoxylin. The reddish-brown
reaction product, deposited over connective tissue, surrounding renal
tubules, and over walls of capillary vessels (presumably over base-
ment membranes) in a glomerulus. Comments: In the light of other
tests  performed on the same biopsy, the reaction seen in Fig. 3  is an
artifact. Localization of IgG in the stroma of kidney and in the walls
of glomerular capillaries was not confirmed by other tests. Instead, a
presence of immune complexes in mesangium has  been  revealed
Dr Sulikowska-Rowiñska, personal communication. The explana-
tion of the artifact: the primary or the secondary antibody  or both
cross-reacted with collagens of the stromal connective tissue and of
the capillary basement membrane.
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Abstract 

Evaluation was performed of chemical compound contents
and enzyme activities in the whole homogenate, its supernatant
and sediment. Six rabbit livers were pulverized in liquid nitro-
gen and homogenized.  After centrifugation, the contents of pro-
tein, haemoglobin, vitamin A, vitamin E, vitamin C, as well as
the activities of cathepsin B, cathepsin D, superoxide dismutase,
catalase, glutathione peroxidase and reductase were assessed in
the whole homogenate, its supernatant and sediment. Protein,
vitamin A, superoxide dismutase, catalase, cathepsin D, glu-
tathione peroxidase and reductase reveal uniform localisation.
Vitamin C and cathepsin B are localized in supernatant, where-
as haemoglobin is localized mainly in sediment. Evaluation of
chemical compounds and enzyme activities should be per-
formed in the whole homogenate, supernatant and sediment to
obtain a real interpretation of biochemical disturbances in the
investigated material. 

Key words: whole homogenate, homogenate 
supernatant, homogenate sediment, 
chemical compounds, enzymes. 

Introduction 

Chemical compound contents and enzyme activity are eval-
uated in homogenate soluble fraction [1, 2]. Its composition
depends on medium type, used for homogenisation, the type of

homogeniser  and the method of homogenisation. Evaluation of
insoluble fraction composition is omitted. However, it can also
contain soluble components, which are bound in non-covalent
way with cell and organelle membranes [3]. The aim of the
study was to compare the contents (activities) of some compo-
nents in the whole liver homogenate, as well as in its soluble
(supernatant) and insoluble (sediment) fractions.

Material and methods 

Six rabbit livers were used. Directly after harvesting, they
were perfused with cold 0.15 mol/l NaCl until the reaction for
haemoglobin with Beau reagent  disappeared. The tissue sam-
ples were pulverized in liquid nitrogen in a stainless pulveriser
[4]. Cold 0.15 mol/l NaCl containing 167 µmol/l BHT (1:9 w/v
ratio) was added to pulverised material, which was then extract-
ed for 30 minutes with continuous stirring at 20C and filtrated
through gauze to remove connective tissue fibres. One part of
the obtained homogenate was centrifuged (2700 x g, 30 min-
utes, 20C). The sediment was washed with cold 0.15 mol/l NaCl
three times and suspended in the initial volume of this solution
after the third wash.

The contents of protein [5], haemoglobin [6], vitamin A [7],
vitamin E [8], vitamin C [9], as well as the activities of cathep-
sin B [10], cathepsin D [11], superoxide dismutase [12], catalase
[13], glutathione peroxidase [14] and reductase [15] were
assessed in the whole homogenate, as well as in its supernatant
and sediment. The obtained results were calculated per gram of
fresh tissue.

Results 

The highest content of assessed compounds is present in the
whole homogenate (Table 1). Protein, vitamin A and vitamin E
are by half localized  in supernatant and in sediment. More than
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70% of haemoglobin is found in sediment, whereas vitamin C is
mainly present in supernatant. The highest activity of evaluated
enzymes is also found in the whole homogenate (Table 2). The
activities of superoxide dismutase, catalase, cathepsin D, as well
as of glutathione peroxidase and reductase are localized by half
in supernatant and in sediment. Cathepsin B activity is mainly
present in supernatant.

Discussion 

In the previously performed studies, the contents of chemi-
cal compounds and enzyme activities were assessed in the
supernatants of homogenates, which were prepared in isotonic
0.25 mol/l saccharose or 0.15 mol/l NaCl solutions with or with-
out detergent. The sage of different types of homogenisers, dif-
ferent homogenisation times and different centrifugation condi-
tions lead to marked differences in the content (activity) of com-
ponents in prepared supernatants. The obtained results have a
limited diagnostic meaning and a limited value in the attempts
to interpret biochemical disturbances.

Evaluation of the contents of chemical compounds and of
enzyme activities in the whole homogenate, supernatant and
sediment eliminates the above-mentioned inconveniences.
Pulverisation in liquid nitrogen provides a complete disintegra-
tion of cells and cell organelles with a release of soluble com-
ponents and formation of membrane structure fragments. The
extract, prepared in 0.15 mol/l, is centrifuged, providing super-
natant and sediment. Many cellular soluble components are
bound in non-covalent way with fragments of cell membranes
[3, 16]. It is then necessary to evaluate the content (activity) in
the whole homogenate and in its supernatant and sediment as
well. The measured content (activity) is calculated per gram of
fresh or dry tissue, as well as per number of cells or mg of
deoxyribonucleic acids [2, 17, 18]. 

References
1. Gohda E, Nagahama J, Makumara O, Tsubouchi H,

Yasushi D, Pitot H. Increased activities of liver cathepsins B and
D in carbon tetrachloride-treated rats. Biochim Biophys Acta,
1984; 802: 362-71.

2. Frei J. The meaning of enzyme activity measurements
in human tissue. Enzymol Biol Clin, 1970; 11: 3-7.

3. Zubrzycka E. Solubilization and reconstruction of bio-
logical membranes. Post Biol Kom, 1975; 2: 233-45.

4. Ladynsky H, Consolo S, Sanvito A. Simple apparatus
for pulverization and rapid quantitative transfer of frozen tissue.
Anal Biochem, 1972; 49: 294-7.

5. Bradford MM. A rapid and sensitive method for quan-
titation of microgram quantities of protein utilizing the principle
of protein-dye binding. Anal Biochem, 1976; 72: 248-54.

6. Beau A. Method for hemoglobin determination on
serum and urine. Am J Clin Pathol, 1962; 38: 111-2.

7. Arnaudi J, Fortis I, Blachier S. Simulations determina-
tion of retinol, α-tocopherol and ß-carotene by isocratic high-per-
formance liquid chromatography. J Chromatogr, 1991; 572: 103-
16.

8. Ostrowski J, Hertel Z. Spectrofluorimetric determina-
tion of serum tocopherol. Diagn Lab, 1977; 13: 215-22.

9. Kyaw A. A simple colorimetric method for ascorbic
acid determination in blood plasma. Clin Chim Acta,  1978; 86:
153-7.

10. Tawari T, Kawabata Y, Katunuma N. Crystalization and
properties of cathepsin B from rat liver. Eur J Biochem, 1979;
102: 279-89.

11. Greczaniuk A, Roszkowska-Jakimiec W, Gacko M,
Worowska A. Determination of cathepsin D activity in blood plas-
ma using hydrochloric acid denaturate haemoglobin. Diagn Lab,
2000; 36: 97-101.

12. Sykes JA, McCormac FX, O'Brien TJ. Preliminary
study of the superoxide dismutase content of some human
tumours. Canc Res, 1978; 38: 2759-62.

13. Aebi H. Catalase in vitro. Meth Enzymol, 1984; 105:
121- 6.

14. Paglia DE, Valentine WN. Studies on the quantitative
and qualitative characterization of erythrocyte glutatione peroxi-
dase. J Lab Clin Med, 1967; 70: 158-169.

15. Mize CE, Langdon RG. Hepatic glutatione reductase. I.
Purification and general kinetic properties. J Biol Chem, 1962;
237: 1589-95.

16. Krawczyñski J. Basis of enzymologic diagnostics.
Diagn Lab, 1971; 7: 321-37.

17. Alaniz MJT, Gomez T, Dumm IN, Brenner RR.
Comparative studies regarding different ways of expression of
enzymatic activity. Enzymologia, 1970; 38: 85-8.

18. Fiszer-Szafarz D. DNA and protein content as cellular
biochemical parameters. A discussion with two examples: acid
phosphatase and cathepsin D in rat liver and hepatoma and acid
phosphatase in human breast normal tissue and adenocarcinoma.
Anal Biochem, 1984; 138: 255-8.

Compound Homogenate Supernatant Sediment 

Protein (mg/g of tissue) 172.8 ± 16.7 73.8 ± 6.8 93.5 ± 10.8 

Haemoglobin (mg/g of tissue) 3,6 ± 0.4 0.2 ± 0.001 3.5 ± 0.1 

Vitamin A (nmol/g of tissue) 56.2 ± 5.3 28.9 ± 2.3 28.8 ± 2.4 

Vitamin E (nmol/g of tissue) 536.3 ± 50.4 254.6 ± 26.0 278.7 ± 29.6 

Vitamin C (ng/g of tissue) 82.1 ± 3.7 80.6 ± 3.6 trace 

Activity Homogenate Supernatant Sediment 

Superoxide dismutase (IU/g of tissue) 14.8 ± 1.5 6.8 ± 0.7 6.9 ± 0.6 

Catalase (IU/g of tissue) 242.6 ± 20.6 117.0 ± 16.2 115.6 ± 12.4 

Cathepsin B (pNA nmol/g of tissue) 23.4 ± 1.8 21.6 ± 1.2 trace 

Cathepsin D (Tyr nmol/g of tissue) 7.9 ± 0.8 3.6 ± 0.2 3.9 ± 0.2 

Glutathione peroxidase (IU/g of tissue) 9.4 ± 1.1 3.1 ± 0.4 5.2 ± 0.5 

Glutathione reductase (IU/g of tissue) 5.8 ± 0.5 2.2 ± 0.2 3.1 ± 0.3 

Table 1. The content of some compounds in liver homogenate
and in supernatant and sediment of liver homogenate

Table 2. The activity of some enzymes in liver homogenate and
in supernatant and sediment of liver homogenate
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Abstract 

The aim of the study was to evaluate microscopic changes
in the wall structures of allogenic arterial grafts, preserved by
the method of cold ischemia in relation to the storage period and
to test the possibility of the storage period prolongation by allo-
graft freezing at -700C. The middle layer ultrastructure is well
preserved till 30 days from allograft harvesting, however, allo-
graft freezing results in total destruction of elastic and collagen
fibres in the arterial wall. An application of allogenic arterial
grafts, preserved by the method of cold ischemia till 30 days
from their harvesting, seems an efficient therapeutic method in
the treatment of patients with synthetic vascular graft infection.
Further prolongation of the storage period at -700C made the
allograft useless for implantation.

Key words: arterial allograft, vascular graft infection,
cold ischemia preservation, elastic
and collagen fibres.

Introduction 

Infection of synthetic vascular grafts is one of essential ther-
apeutical problems in vascular surgery. Pharmacological treat-
ment has, in these cases, an unfavourable prognosis, so, the
standard procedure is to replace the infected graft [1, 2]. For this
purpose, allogenic arterial grafts or silver-coated synthetic pros-
theses can be used [3, 4]. Both methods have been applied at the
Department of Vascular Surgery and Transplantology of the

Medical University of Bialystok since 2002. Due to better ther-
apeutical effect, we prefer to use allogenic arterial grafts, pre-
served by the cold ischemia method, which, in comparison to
commonly applied liquid nitrogen allograft freezing, does not
require any special equipment and is characteristic of low costs
[5]. The aim of the study was to evaluate microscopic changes
in wall structures of allogenic arterial grafts, preserved by the
method of cold ischemia, in relation to the storage period and to
test the possibility of the storage period prolongation by allo-
graft freezing at -700C.

Material and methods 

The allografts were prepared as follows. Sections of
abdominal aorta with iliac and femoral arteries were harvested
from organ donors, put in a solution, composed of cephasoline
(10 mg/100ml), metronidasol (7 mg/100ml) and heparin
(5000u/100ml) and stored at 40C. The allograft wall ultrastruc-
ture was assessed at 8 days and then between 20 and 30 days
from allograft procurement. In order to test the possibility of the
storage period prolongation, the allograft was frozen at -700C
after 30 days of cold ischemia. It was thawed in 0.9% NaCl ice
solution after 14 days of storage at -700C and its wall was once
again examined. The evaluation of the allograft wall ultrastruc-
ture was performed by electron microscopy. At all the assessed
storage periods, five specimens (about 1 mm3) of the allograft
wall were taken from its different parts, fixed in 3.6% glu-
taraldehyde with 0.1mol/l cacodylate buffer (pH 7.4) for 3
hours, washed with the buffer and postfixed in 2% osmium
tetroxide for 1 hour. The samples were then dehydrated in alco-
hol and propylene oxide and embedded in Epon 812. Ultra thin
sections were cut from each specimen on a Reichert ultramicro-
tome, stained with lead citrate and uranyl acetate and studied
under an Opton 900 PC transmission electron microscope.

Assessment of connective tissue fibres in walls of
allogenic arterial grafts preserved by the method of cold
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Results 

After 8 days, a destruction of cells in all the layers of the
allograft wall was observed, whereas the structures of elastic
and collagen fibres in the middle layer were well preserved (Fig.
1). Their structure was quite well preserved till 30 days after
allograft harvesting (Fig. 2), whereas prolongation of the allo-
graft storage at -700C caused a total destruction of elastic and
collagen fibres in the allograft wall (Fig. 3).

Discussion 

The method of cold ischemia provides elimination of viable
cells with simultaneous good preservation of elastic and colla-
gen fibres. Destruction of cells in the allograft wall and their
content release into the preserving solution takes place during
the first days of preservation. The lack of viable cells prevents
the immunological response after allograft implantation,
because native elastin and collagen of the same species do not
show antigenic properties. It reduces the inflammatory reaction,
protease activation and protects the structural proteins of
implanted allograft against destruction [6]. Due to the lack of

viable cells, all the problems, associated with blood compatibi-
lity, as well as with histocompatibility, can be omitted. Howev-
er, the short period, available for allograft application after its
procurement is an essential limitation of the method of cold
ischemia preservation. Prolongation of the storage period above
30 days at 40C is not possible because of the damage of elastic
and collagen fibres. Therefore, we tested the possibility of the
storage period prolongation by freezing the allograft at -700C.
However the method of prolonged allograft preservation at -
700C occurred unsuccessful, due to the total destruction of con-
nective tissue fibres, which are responsible for the mechanical
resistance of the arterial wall. It could be supposed that water ice
crystals, forming in the absence of dehydrating agents during
the allograft freezing process, were the cause the of ultrastruc-
ture damage. It seems that adding DMSO to preservation solu-
tion could avoid that.  Nevertheless, a longer storage period of
an allograft can be achieved by secondary liquid nitrogen freez-
ing or lyophilization [7, 8].

Conclusion 

Application of allogenic arterial grafts, preserved by the

Figure 1. Considerable damage of the ves-
sel internal layer with a total destruction
of endothelial cells (arrow). Disintegrated
smooth muscle cells (*) and well pre-
served elastic and collagen fibres in the
allograft middle layer (Original magnifi-
cation 4400 x).

Figure 2. Well preserved collagen (C) and
elastic fibres and fragments of disintegra-
ted cells (*) in the allograft wall middle
layer (Original magnification 4400 x).

Figure 3. Total destruction of elastic and
collagen fibres and disintegration of
smooth muscle cells (*) in the allograft
wall middle layer. (Original magnification
4400 x).
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method of cold ischemia till 30 days from their harvesting, is an
easily accessible and simple method of treatment of patients
with synthetic vascular graft infection. Prolongation of the allo-
graft storage period by freezing at -700C made the allograft use-
less for implantation because of damage and fragmentation of
elastic and collagen fibres
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Abstract 

Comparison of the concentrations and activities of compo-
nents in the oxidative-antioxidative system between blood plas-
ma and serum. Blood plasma and serum samples were obtained
from 38 healthy adults to evaluate malondialdehyde concentra-
tion, the total antioxidative capacity, superoxide dismutase
activity, protein and non-protein sulphydryl groups, ascorbate,
haemoglobin, methaemoglobin and protein. Blood plasma
shows higher activity of superoxide dismutase, as well as high-
er concentrations of low-molecular sulphydryl groups and
ascorbate, when compared to those in blood serum. The total
plasma antioxidative capacity is also higher than that assessed in
blood serum. Processes of blood coagulation and blood clot
retraction lead to antioxidant consumption. The evaluation of
oxidative-antioxidative system for diagnostic purposes should
be performed in blood plasma.

Key words: plasma, serum, oxidative - antioxidative 
system.

Introduction 

Plasma is a natural environment for blood morphological
components. Serum is formed in vitro as a result of generation
and retraction of either arterial or venous blood clot, creating its
environment. Serum differs from plasma by the lack of I, II, V,
VIII and XIII coagulation factors, as well as in higher concen-
trations of components, released from blood platelets, such as ß-

thrombomodulin and platelet factor 4 [1, 2]. Blood platelets and
erythrocytes in particular, contain numerous chemical com-
pounds and enzymes, which are involved in oxidative - antiox-
idative processes [3, 4].

The aim of the study was to compare the concentration and
activity of some components of the oxidative - antioxidative
system in plasma and serum, obtained in vitro from blood of
healthy volunteers.

Material and methods 

Blood samples for the studies were collected from ulnar
veins in 38 healthy adults, including 34 men and 4 women, aged
from 25 to 30 years. The blood was collected into 0,1 mol/l
natrium citrate (9:1 v/v) to polypropylene tubes and to glass
ones without anticoagulant. Blood, collected into natrium cit-
rate, was centrifuged (2700 x g; 30 minutes; 20C) to obtain
plasma. Blood, collected without anticoagulant, was incubated
for 1 hour at 370C and then centrifuged in the same conditions
as described above, to obtain serum. The following were evalu-
ated in blood plasma and serum: malondialdehyde concentration
[5], the total antioxidative capacity [6], superoxide dismutase
activity [7], protein and non-protein sulphydryl groups [8],
ascorbate [9], haemoglobin [10], methaemoglobin [11] and pro-
tein [12]. The results obtained in plasma were multiplied by
1.25, due to dilution of the collected blood in citrate [13]. The
obtained results were submitted to statistical analysis with
Student's 't' test, accepting p<0.05 as significant.

Results 

Malondialdehyde concentration is higher in plasma than in
blood serum (Table 1). The total plasma antioxidative capacity,
superoxide dismutase activity, as well as concentrations of most
antioxidative system components are also higher in plasma, than
those in blood serum. Only the concentration of protein sul-
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phydryl groups in plasma is comparable to that, assessed in
blood serum. Concentrations of haemoglobin and methaemo-
globin are markedly lower, whereas protein concentrations is
higher in plasma than those in blood serum (Table 2)

Discussion 

The total antioxidative capacity, and some of its compo-
nents, such as superoxide dismutase activity, as well as the con-
centrations of non-protein sulphydryl groups and ascorbate, is
higher in plasma, when compared to respective values in blood
serum. It indicates their consumption in the processes, accom-
panying clot formation. Lower serum concentration of malondi-
aldehyde can probably be the result of its non-covalent binding
to low-molecular sulphydryl compounds. Plasma haemoglobin
concentration, lower than its concentration in serum, gives evi-
dence of increased permeability of erythrocyte cell membranes
after blood extravasation. Bivalent iron in haemoglobin takes
part in reductive processes that leads to haemoglobin conversion
to methaemoglobin. Hypoxia and acidosis are developed with
the time, following thrombus formation in arteries or veins,
which results in increased permeability of cell membranes in
entrapped erythrocytes and other morphological elements.
Enzymes, which are present in erythrocytes in big quantities,
such as acidic phosphatase, cathepsin D, aminotransferase,
some enzymes of glycolytic cycle and many antioxidative
enzymes, as well as reduced glutathione, are released into serum
[14, 15, 16, 17, 18]. Due to extensive differences between blood
plasma and serum, the evaluation of oxidative - antioxidative

system for diagnostic purposes should be performed in blood
plasma.
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p Component Plasma 

(1) 

Serum 

(2) 1 vs. 2 

Malondialdehyde, µmol/dl 59.8 ±18.2 47.6 ± 13.6 0.0014 

Total antioxidative capacity, µmol/dl 175.3 ± 34.3 128.2 ± 33.4 0.0001 

Superoxide dismutase, j/dl 378.1 ± 118.0 276.3 ±113.2 0,0003 

Protein SH-groups, µmol/dl 225.6 ± 21.2  219.6 ± 14.5 0.1541 

Non-protein SH-groups, µmol/dl 34.2 ± 3.9 28.4 ± 2.8 0.0001 

Ascorbate, µmol/dl 2.04 ± 0.71 1.6 ± 0.57 0.0039 

p Component Plasma 

(1) 

Serum 

(2) 1 vs. 2 

Haemoglobin, mg/dl 2.8 ± 0.3 27.1 ± 3.6 0.0001 

Methaemoglobin, µg/dl 42.3 ± 5.8 384.6 ± 52.8 0.0001 

Protein, g/dl 7.5 ± 0.6 7.1 ± 0.5 0.0023 

Table 1. Some components of the oxidative - antioxidative sys-
tem in blood plasma and serum.

Table 2. Haemoglobin, methaemoglobin and protein concentra-
tions in blood plasma and serum.
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Abstract 

The commercially available antibodies for immunohisto-
chemical purposes, though numerous and diversified, are most-
ly designed to detect human antigens. This study was underta-
ken to evaluate the usefulness of anti-human antigen antibodies
in guinea pig tissues. The subjects of our interest were mostly
skin and striated muscles and it was important for us to stain
vascular and neural elements and to visualize separate cell
kinds, including also skin Langerhans cells and the cells, con-
tributing to inflammatory infiltrations. 

Key words: guinea pig, immunohistochemistry, 
skin, skeletal muscles.

Introduction 

Though human tissues are difficult to be obtained for
research from diseased and, even more, from healthy people,
animal derived biopsy/section material is relatively easily avail-
able, allowing for a proper selection of controls and for experi-
ment planning. On the other hand, the commercially available
antibodies for immunohistochemical purposes, though numer-
ous and diversified, are mostly designed to detect human anti-
gens. Additional difficulties arise when the antibodies are to be
applied to paraffin sections. Thus, a researcher, performing ani-
mal experimental studies, apparently has a limited access to
some research areas, potentially relevant for the elucidation of

human disease mechanisms. This report summarizes several
years of our studies on guinea pig tissues and it presents the
adversities, overcome in the process. The reports, published by
us to date, contain illustrations of immunohistochemical reac-
tions to neuropeptides: β-endorphin [1], neuropeptide Y (NPY),
calcitonin gene related peptide (CGRP), protein gene product
9.5 (PGP-9.5) [2], protein S-100, T lymphocytes and
macrophages in guinea pig tissues [3, 4]. The panel of all pri-
mary antibodies and their used dilutions has been listed in Table
1. Out of the antibodies, used by us, only the one against pan-T-
cell antigen (Serotec, Oxford, UK) was specially designed for
studies in guinea pigs. The subjects of our interest were mainly
the guinea pig skin and striated muscles and we considered
staining of all possible cell kinds in those tissues, including epi-
dermal Langerhans cells (LC), as well as the infiltrating ele-
ments, vascular and neural components. Neuropeptides are phy-
logenetically old protein compounds, occurring in humans and
in animals with a high degree of identity among vertebrate
species [5]. PGP 9.5 has been reported to be a marker for neu-
rons and neuroendocrine cells [6]. Langerin (CD207), an anti-
gen of human epidermal LC, is known to distinguish LC from
other dendritic cell subsets and is characteristic for immature
LC [7]. Fascin - an actin-binding protein is characteristic for dif-
ferent cell types, for example, for mature dendritic cells and
endothelial cells [8]. CD56, neural cell adhesion molecule
(NCAM) is a marker of myoblasts and regenerating muscle
fibres [9]. CD59 (protectin) protects cells from lysis by comple-
ment compounds and is present on the surface of many cell
types [10]. The proliferating cell nuclear antigen (PCNA) is a
marker of proliferation.

Material and methods 

The tests were performed by means of a few immunohisto-
chemical methods in specimens from different tissues and
organs of control guinea pigs and from inflamed skeletal mus-
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cles and skin. Normal, male guinea pigs of Dunkin-Hartley line,
weighing 350-400 g each, were used throughout the study.
Guinea pig tissue specimens, derived from the control animals
and from the ones with experimentally induced skin and/or

striated muscle inflammations, were collected by us during the
years 1996-2003. Guinea pigs underwent pentobarbital
intraperitoneal anaesthesia and decapitation. All the experi-
ments had been approved by the Local Ethics Committee. The

Antibody anti- Type Clone Dilution Source 
beta-endorphin Rb  1 : 400 Eurodiagnostica 
neuropeptideY Rb  1 : 400 Eurodiagnostica 
CGRP Rb  1 : 800 Eurodiagnostica 
protein S-100 Sh  1 : 50 TBS 
PGP 9.5 Sh  1 : 50 TBS 
T cells Mo CT5 1 : 120 Serotec 
macrophages Mo MAC387 1 : 100 Serotec 
hsp90 Mo JPB24 1 : 40 Novocastra 
PCNA Mo PC10 1 : 80 DakoCytomation 
CD59 (protectin) Mo MEM-43 1 : 10 Serotec 
(CD56) NCAM Mo 1B6 1 : 40 Novocastra 
von Willebrand factor Sh  1 : 40 TBS 
desmin Mo DE-R-11 1 : 40 TBS 
myoglobin Sh  1 : 120 TBS 
fascin Mo IM20 1 : 40 Novocastra 

Table 1. A list of used antibodies. Abbreviations: Rb (rabbit), Mo (mouse), Sh (sheep), TBS (The Binding Site).

 

Figure 1. A - myoglobin immunostaining (red) in guinea pig skeletal muscle. Three types of myofibres are visible. Magnification
240x.  B. Desmin immunostaining (red) in guinea pig skeletal muscle. Sharp striations and, probably, muscle satellite cells are strong-
ly positive. Magnification 600x. C. Positive immunostaining for hsp90 is present in endothelial cells of capillaries and in some con-
nective tissue cells of endomysium in guinea pig skeletal muscle, showing slight inflammatory changes. Magnification 600x. D. Pos-
itive immuno-staining for PCNA in guinea pig germinal centre of lymph follicle. Magnification 240x. 
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material was fixed in Bouin's solution, in Carnoy's solution or in
10% formalin. The samples were paraffin embedded. Five µm
sections were used throughout the study. Stainings were per-
formed, using a number of techniques: a two-step indirect
immunohistochemical method with peroxidase-labelled rabbit
F(ab')2 anti-mouse IgG (Serotec, Oxford, UK), labelled strepta-
vidin biotin procedure, using LSAB2 System-HRP kit
(DakoCytomation) and enhanced polymer procedure, using
DAKO EnVision System with alkaline phosphatase
(DakoCytomation); different antibody dilutions and unmasking
antigen methods were applied.  Primary antibodies were incu-
bated for 1 h with tissue sections after blocking endogenous per-
oxidase with 2% hydrogen peroxide in peroxidase employing
procedures. Slides were washed with PBS and incubated with
the proper secondary antibody, depending on the used system,
according to prescriptions.  A negative control was obtained by
omitting the primary antibody or by using a properly diluted
respective non-immune serum instead of the antibody. After
thorough washing in PBS, the antibody, bound to the antigen,
was revealed by staining, done with 3,3'-diaminobenzidine sub-
strate solution (Sigma) or Fast Red TR/Naphthol AS-MX
(Sigma) for alkaline phosphatase-labelled antibody. 

Results and Discussion 

Positive immunohistochemical staining on guinea pig tis-
sues was obtained with anti-neuropeptide antibodies, anti-myo-
globin (Fig. 1A), anti-desmin (Fig. 1B), anti-protein S-100, anti-
PGP 9.5, anti-macrophages, anti-heat shock protein 90 (hsp90)
(Fig. 1C), anti-PCNA (Fig. 1D), anti-von Willebrand factor and,
of course, with anti guinea pig T-cells antigen. Out of the anti-
human antigens antibodies, used by us, negative results were
visible with anti-langerin, anti-fascin, anti-CD59 and anti-
NCAM (CD56) antibodies; that fact reflecting substantial dif-
ferences in those molecule structures between the man and the
guinea pig. Differences in epitope structures in components,
characteristic for dendritic cells, between the man and the
guinea pig makes impossible the application of described here
anti-langerin and anti-fascin antibodies on guinea pig tissues for
detection of LC. Additionally, S-100 protein is known to be
widely distributed, among others in LC and in melanocytes, so,
this fact hinders the unquestionable identification of epidermal
LC by anti-S-100 antibody application [11]. Additionally, nei-
ther Bouin's solution nor 10% formalin for fixation was  useful
for desmin detection; Carnoy's fixative was not suitable for
hsp90 and PGP 9.5 detection (completely negative stainings).
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Abstract 

This study was undertaken to evaluate tissue transglutami-
nase (TG2) expression in guinea pig tissues, using an antibody
against the guinea pig liver TG2. The tests were performed by
means of a few immunohistochemical methods in specimens
from: gut, skin, the lungs, lymph nodes, the heart, the thymus,
the spleen, skeletal muscles of control guinea pigs and from
inflamed skeletal muscles and skin. TG2 expression was found
in artery, vein and lymphatic vessel endothelia, in mesothelia of
pleura, pericardium and peritoneum, and in smooth muscle
cells. Spleen deserves a special attention, since this organ, espe-
cially rich in TG2, may be much more involved in celiac disease
and in liver diseases than it has been accepted so far. The sub-
ject calls for further elucidation.  

Key words: tissue transglutaminase, guinea pig, 
immunohistochemistry.

Introduction 

Type II transglutaminase (TG2) is an enzyme, the activity of
which requires Ca2+ ions presence. It catalyzes reactions, pro-
ducing cross-linking amide bonds between proteins, but also
between proteins and polyamines. Tissue transglutaminase, or
transglutaminase 2 (TG2, EC 2.3.2.13), belongs to the super-
family of Ca2+-dependent enzymes. It catalyzes a variety of post-
translational modifications of proteins. The most common

among them is the formation of isopeptide bonds, producing
crosslinks between proteins [1, 2]. During skeletal muscle
development, there is a transient expression of this protein [3].
The TG2 is the main, if not the sole, target of the endomysium
celiac disease-specific autoantibodies; assigned to this enzyme
is the role of master regulator of celiac disease [4]. In experi-
mental mice, TG2 plays a protective role in hepatic injury [5].
Thus, TG2 is physiologically constantly expressed in some
regions, while in others, it may be induced. This study was
undertaken to perform immunohistochemical detection of TG2
in guinea pig different organs to evaluate its expression in nor-
mal guinea pig tissues and in inflamed skeletal muscles and
skin, using an antibody against the guinea pig liver TG2. 

Material and methods 

Normal 6 male guinea pigs of Dunkin-Hartley line, weighing
350-400 g each, were used throughout the study. Additionally, we
used a material, derived from our experiments on the induction of
skin and muscle inflammation by intradermal/intramuscular
injections of dermatomyositis patient sera, as described earlier
[6]. Experimental animal tissue specimens were taken at different
time points after the sera injections (3 to 72 hrs). Tissue speci-
mens were taken after pentobarbital intraperitoneal anaesthesia.
The experiment was approved by the Local Ethics Committee.

One half of each sample was fixed in Bouin's solution, while
the other one in Carnoy's solution; they were paraffin embedded
and used for immunohistochemistry. The tests were performed by
means of a few immunohistochemical methods in specimens from:
gut, skin, the lungs, lymph nodes, the heart, the spleen, the thymus,
skeletal muscles of control guinea pigs and from inflamed skeletal
muscles and skin. Five (5) µm sections were used throughout the
study. The mouse anti-guinea pig liver TG2 monoclonal IgG1 anti-
body, clone CUB 7402 (DakoCytomation), in dilution of 1:50 -
1:150, was used as a primary antibody. Stainings were performed,
using a number of techniques: the two-step indirect immunohisto-
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chemical method with peroxidase-labelled rabbit F(ab')2 anti-
mouse IgG (Serotec, Oxford, UK), the labelled streptavidin biotin
procedure, using an LSAB2 System-HRP kit (DakoCytomation)
and the enhanced polymer procedure, using the DAKO EnVision
System with alkaline phosphatase (DakoCytomation). Primary
antibodies were incubated for 1 h with tissue sections after blocking
endogenous peroxidase with 2% hydrogen peroxide in peroxidase
employing procedures. Slides were washed with PBS and incuba-
ted with the proper secondary antibody, depending on the used sys-
tem, according to prescriptions.  Anegative control was obtained by
omitting the primary antibody. After thorough washing in PBS, the
antibody, bound to the antigen, was revealed by staining with 3.3'-
diaminobenzidine substrate solution (Sigma) or Vector SG (Vector)
for peroxidase and Fast Red TR/Naphthol AS-MX (Sigma) for
alkaline phosphatase-labelled antibody.

Results 

TG2 expression was found in artery, vein and lymphatic
vessel endothelia, in mesothelia of pleura, pericardium and

peritoneum, and in smooth muscle cells. In the gut, besides
the intestine reaction in mesothelium and in smooth
myocytes, an intensive staining was present in endothelial
cells of blood and lymphatic vessels of villi (Fig. 1A). Spo-
radically, epithelial cells of the gut were positive, mainly in
the intestinal glands (Fig. 1A). In the spleen, both lympha-
tic and blood vessel endothelia were intensively stained, but
also in lymph follicles, especially at their periphery, the
reaction was pronounced (Fig. 1B). In the thymus, the
strongly positive cells were large, scattered mainly in corti-
cal parts of this organ and vascular endothelia were positive.
A positive reaction to the antigen was also observed in
sinuses of lymph nodes; positive interdigitating cells formed
a zone in the subcapsular region of lymph nodes (Fig. 1C,
Fig. 1D). In normal capillaries of the skin and skeletal mus-
cles, the reaction was negative. In tissue specimens from
experimental myositic muscles, significantly dilated lym-
phatic vessels with strongly immunoreactive endothelium
were found and some of them seemed to surround (squeeze)
blood vessels. The endothelia of capillaries in endomysium
were positive, too. 

Figure 1. Immunolocalization of transglutaminase 2 in guinea pig organs. A. Fragment of normal intestine. Positive immunostaining
is visible in mesothelial cells of peritoneum, in myocytes, forming longitudinal and circular layers of intestinal wall, in endothelia of
blood and lymphatic vessels and in single cells of intestinal glands; intestinal nervous ganglia are completely negative. Immunoper-
oxidase method, DAB, used as a chromogen (brown). Magnification 240x. B. Spleen of normal guinea pig. Endothelia of capillaries
and lymphatic vessels show very strong immunostaining; peripheral zone of lymph follicle shows intensive staining, too. Immunoper-
oxidase method, DAB, used as a chromogen (brown). Haematoxylin counterstain. Magnification 240x. C. In the lymph node, inter-
digitating cells of the subcapsular region form a zone, showing positive immunostaining. Immunoperoxidase method, Vector SG, used
as a chromogen (dark blue). Nuclear fast red counterstain. Magnification 240x. D. Fragment of "C" micrograph . Magnification 600x.



Roczniki Akademii Medycznej w Bia³ymstoku  ·  Vol. 49, 2004 Suppl. 1, Proceedings ·  Annales Academiae Medicae Bialostocensis 197

Discussion 

In the literature, different functions of TG2 are pointed out
(including: protein crosslinking, GTP-ase activity, acting as G
protein, kinase activity), implying an opinion that still the
knowledge on this protein is far from being complete, but a
progress in it seems very promising. 

In the present study, a strong TG2 expression was shown in
endothelia and in mesothelia, what can be considered as an indi-
cation of some role of this protein in creating barriers, regulat-
ing molecular flow (infiltration). The used by us antibody seems
to be especially useful and valuable for lymphatic vessel detec-
tion, which are often overlooked in histologically examined tis-
sues. The spleen deserves a special attention, since this organ,
especially rich in TG2 (Fig. 1B), may be much more involved in
celiac disease [4] and in liver diseases [5] than it has been
thought so far. The subject calls for further elucidation.  
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Abstract 

The aim of this study was an application of spatial visuali-
zation techniques for quantitative measurements of immuno-
and histochemical reactions. For a quantitative histochemical
study, specimens, collected from patients with chronic gastritis,
were stained with paS/AB, while for immunohistochemical
evaluation, specimens were used, collected from patients with
chronic parathyroiditis and were analyzed with Ki-67 prolifera-
tion marker and apoptosis bcl-2 protein. The new technique per-
mitted to obtain quantitative objective results. Statistical cluster
analysis of those results indicated small groups of cases for
reevaluation and supported the final diagnosis.  

Key words: quantitative histochemistry, measure of 
marker expression, spatial image analysis. 

Introduction 

Quantitative measurement of the intensity of immuno- and
histochemical staining is a significant problem in pathomorpho-
logical diagnosis. Routinely, visual evaluation is performed in
light microscopy and semi-quantitative assessment of reaction
strength is expressed in scores, usually from 0 to +++. In order
to improve the objectivity of assessment, a computer technique
was developed for raw colour images, extended to three-dimen-
sional space by introducing image intensity as the third dimen-
sion [1]. In our study, this method was used for cases of intesti-

nal metaplasia, illustrating the evaluation of histochemical reac-
tion, and for cases with hyperparathyroidism, presenting the
application for immunohistochemical investigation. 

Material 

For quantitative histochemical study, twenty needle biopsy
specimens, obtained from patients with chronic gastritis, were
stained with paS/AB pH 2,5 (Fig. 1). For quantitative immuno-
histochemical evaluation, our study was conducted on resected
goitres from patients with chronic parathyroiditis. Immunohis-
tochemical staining was performed for apoptosis bcl-2 protein
(Dako). Proliferating cells were detected by immunostaining for
Ki-67 (Dako). Images of 640x480 pixels each (at 400x magn.),
were acquired by the use of a digital light microscope, running
under the Motic Images v. 1.2  software (Micro Optic Industrial
Group Co) for Windows.  

Methods 

The acquired images were visualized in three-dimensional
space by introducing image brightness as the third dimension.
The colours of immuno- or histochemical reactions were then
exposed by reducing the remaining elements to the background
with the use of three filters. A filter of brightness extracted the
pixels with brightness, exceeding the defined threshold value
and corresponding to the colour of the reaction. The remaining
elements were reduced. The second, colour filtering, gave pix-
els with colours compatible with the reaction, present in histo-
logical specimen. Third, a filter of saturation was used, remov-
ing reaction free elements. The filters were fixed for each series
of images acquired from a specimen. The surface of extracted
positive reaction was computed as the total number of pixels in
colours of the reaction. In order to compute the reaction volume,
its spatial representation was divided into small prisms and
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pyramids. The volume of each solid shape was computed. The
reaction volume was derived as the sum of all prism and pyra-
mid volumes. The expression of the reaction was assessed as the
ratio of its volume divided by its surface. Image processing was
performed by the use of a computer program, designed and pro-
grammed in C++ language by Strzelczyk [1]. The obtained
results were compared between groups by the Mann-Whitney
test. A consistency between semi-qualitative evaluation of spec-
imens (Sydney scale) and the computed spatial technique was
assessed by Spearman's correlation coefficient. Cluster analysis
(the K-means method) was also performed to assess homogene-
ity of the results, based on the following two features: the area
and colour intensity of investigated reactions. The statistical
analyses were carried out with the Statistica PL v.6 (StatSoft
Inc.) computer program. 

Results 

The area of paS/AB in intestinal metaplasia was, on the
average, 0.039 ± 0.034 per 1mm2 and ranged from 0.002 to
0.138 per 1mm2. The intensity of reaction colour measured in
256 colours' scale was on average 88 ± 12 and ranged from 75
to 112. K-means clustering showed a non homogeneity of
results and revealed two groups among them. (Table 1). The
area of paS/AB per 1 µm2 was significantly different in those

groups, while the intensity of reaction was similar.The area of
paS/AB reaction correlated well with the Sydney scale assess-
ment (r=0.759, p<0.05) in Group I, while it was not correlated
in Group II (r=0.086, p<0.05). In immunohistochemical studies
of hyperparathyroidism cases, a significant difference was
found between parathyroid hyperplasia and adenoma for Ki-67+
(Table 2). The analysis of area and of the expression of Ki-67
and bcl-2 by the use of K-means clustering showed heterogene-
ity of cases with parathyroiditis. Adenoma cases were divided
into two clusters. Similarly, the cases with hyperplasia were also
divided into two subgroups (Table 3). 

Final remarks 

The technique of spatial visualization allowed us to obtain
quantitative and more objective results. Cluster analysis indicat-
ed a small group of cases with intestinal metaplasia, showing
advanced changes, associated with additional disease symp-
toms. Quantitative immunohistochemical analysis,  performed
in our study in chronic hyperthyroiditis, permitted to find groups
of cases with hyperplasia and adenoma, showing a minor inten-
sity and area of the markers. That was helpful in the final diag-
nosis.  The evaluation by the the use of spatial techniques, as
presented in this paper, is more objective than semi quantitative
evaluation [2].
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Table 1. Quantitative assessment of  paS/AB in cases of intestinal metaplasia

  Intestinal metaplasia Group I (n=13) Group II (n=6) 

Measurements Mean ± SD Mean ± SD 

p-level 

Area of paS/AB [per 1 µm2] 0.021 ± 0.014 0.079 ± 0.032 p<0.001 

Expression of paS/AB 86 ± 10 93  ±  17 ns 

Table 2. Area and expression of Ki-67 and bcl-2 in cases of parathyroiditis

Hyperparathyroidism Hyperplasia Adenoma 

Measurements Mean ± SD  Min-Max Mean ± SD  Min-Max 

 
p-level 

Area of  bcl-2+ [per 1 µm2]  0.077±0.041 0.010-0.122 0.087±0.006 0.039-0.125 ns 

Expression of bcl-2+ 125  ±  12 100 - 137  130  ±    3 125 -  134 ns 

Area of Ki-67+ [per 1 µm2] 0.004±0.002 0.001-0.007 0.006±0.002 0.002-0.009 p<0.05 

Expression of Ki-67+ 152 ±  22 113 - 180  144  ±  23  101 - 169 ns 

Table 3. Clustering of hyperplasia and adenoma cases in parathyroiditis.    

Area of Ki-67+  
[per 1 µm2] 

Expression of Ki-67+ Area of  bcl-2+  
[per 1 µm2] 

Expression of bcl-2+  

Mean ± SD Mean ± SD Mean ± SD Mean ± SD 

Hyperplasia (cluster I) 0.003 ± 0.002  117 ± 14 0.143 ± 0.052 130 ± 17 

Hyperplasia (cluster II) 0.004 ± 0.003 165 ± 13 0.038 ± 0.029 123 ± 13 

Adenoma (cluster I) 0.006 ± 0.005 161 ± 13 0.157 ± 0.038 134 ± 6 

Adenoma (cluster II) 0.005 ± 0.004 113 ± 20 0.069 ± 0.029 128 ± 5 
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Figure 1. Reaction paS/AB in intestinal metaplasia

Figure 2 Spatial representation of paS/AB in Figure 1.

Figure 3. Orthogonal projection of paS/AB (Fig. 2) onto the plane

Figure 4. Expression of bcl2 in adenoma case (left) and the segmented reaction (right). 
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Haemoglobin of varicose vein, varicose vein 
with thrombophlebitis and in parietal thrombus 

of varicose vein
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Abstract 

Saphenous veins were taken for examination: unchanged,
varicose with thrombophlebitis and varicose thrombus. The con-
tents of haemoglobin and protein were determined in the
homogenate of that material. Only small quantities of haemoglo-
bin were found in walls of unchanged veins. Greater amounts of
haemoglobin were observed in walls of varicose veins, especial-
ly in walls of varicose veins with thrombophlebitis. The varicose
vein thrombus also contained marked quantities of haemoglobin.

Key words: varicose vein, varicose thrombus, 
haemoglobin.

Introduction 

Chemical and enzymatic composition of the vein wall
depends on the cellular composition, which changes in patho-
logical conditions, such as varices and inflammatory processes
[1, 2]. These changes are often accompanied by parietal throm-
bus [3, 4]. Erythrocytes dominate in vein thrombus.
Haemoglobin, released during haemolysis of erythrocytes, may
infiltrate into the vein wall. The aim of this report was to evalu-
ate the contents of haemoglobin in unchanged veins, varicose
veins and varicose veins with thrombophlebitis and in varicose
vein thrombus.

Material and methods 

The following saphenous veins were taken for the study:
unchanged macroscopically veins, varicose veins, varicose veins
with thrombophlebitis and parietal thrombus, obtained during
surgery from 8 patients. Retracted blood clots, obtained in vitro
from blood samples, collected from the patients before the surgery,
served as control material. Samples of unchanged and varicose
vein walls, thrombus and blood clots were stored at the tempera-
ture of -750C. The samples were pulverized in nitrogen in a stain-
less steel pulverizer directly before determinations. Cooled 0.15
mol/l NaCI (1:9 v/v) was added to the pulverized material and
extracted at the temperature of 20C for 30 minutes. Supernatant,
obtained by centrifugation (2700 x g, 30 min, 20C), was used for
the examinations. The contents of haemoglobin [5] and protein [6]
were determined in the homogenates, and were converted to 1 g of
wet tissue. Gell filtration of the homogenate proteins was carried
out in a Sephadex G-75 column of 1 x 40 cm in size. Five (5) mg
of the homogenate protein was placed in the column. A 0.15 mol/l
NaCl solution was used for elution. One (1) ml fractions were col-
lected in 10 minute intervals, using an automatic fraction collector.
Haemoglobin was determined by the measure of absorbance at
625 nm [5]. Haemoglobin was identified by means of the calibra-
tion curve, expressing the dependence of elution volume on the
logarithm of molecular weight. The results of the determination
were analyzed by Student's 't' test. The values of p<0.05 were
accepted as statistically significant. 

Results 

The content of haemoglobin in the homogenates of unchanged
saphenous veins amounted to 4.0 mg/g of tissue, varicose vein - 6.8
mg/g of tissue and varicose vein with thrombophlebitis - 17.2 mg/g
of tissue (Table 1). The content of protein in the vein homogenate
amounted to: unchanged vein: 27.5 mg/g of tissue, varicose vein:
29.0 mg/g of tissue, varicose vein with thrombophlebitis: 34.5 mg/g
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of tissue. The content of haemoglobin in the vein thrombus
homogenate amounted to 152.6 mg/g of tissue and in the blood clot
homogenate amounts to 298.4 mg/g of tissue (Table 2). The content
of protein in the vein thrombus homogenate amounted to 166.8
mg/g of tissue and in the blood clot homogenate, it amounted to
335.5 mg/g of tissue. Gel filtration in the Sephadex G-75 column
showed that homogenates of the vein, varicose vein and varicose
vein with thrombophlebitis contained haemoglobin (Fig.1). The
homogenates of the vein thrombus and blood clot also contained
haemoglobin (Fig. 2).

Discussion 

In the physiological state, haemoglobin is found in erythro-
cytes of the circulating blood and it constitutes 90% of their dry
mass. In pathological state, erythrocytes haemoglobin and free
haemoglobin are also present in vein thrombus, in the wall of
veins, changed in inflammatory processes, and in the blood
extravasated into tissues and body cavities. Disturbances of
oxidative-antioxidative processes are observed in walls of lower
extremity varices [7, 8]. Haemoproteins, especially haemoglobin
and its derivatives, may participate in these processes [9, 10]. The
presence of haemoglobin, containing Fe2+ in a wall of varicose
vein and, especially, in walls of veins, changed, due to throm-
bophlebitis, and in varicose thrombus should be taken into con-
sideration, when estimating the systems, generating reactive
forms of oxygen and, when estimating the concentrations of

antioxidants. Lower contents of haemoglobin in vein thrombus
than those in blood clot, obtained in vitro, result in haemolysis of
erythrocytes and in their release from the thrombus. The degree of
haemoglobin loss may be a measure of thrombus duration. This
time can also be determined by the content of von Willenbrand's
factor, as well as by the contents of DNA and hydroxyproline.
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Figure 1. Gel filtration in Sephadex G-75 of saphanous vein
homogenate haemoglobin:
o - unchanged vein, trangle - varicose vein, rectangle - varicose
vein with thrombophlebitis
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Figure 2. Gel filtration in Sephadex G-75 of homogenate
haemoglobin: o - blood clot, rectangle - vein thrombus 

Saphenous vein 
Haemoglobin, mg/g 

of tissue 

Protein, mg/g 

of tissue 

Unchanged 4.0 ±0.2 27.5 ±2.2 

Varicose 6.8 ±0.4* 29.0 ±3.0 

Varicose with thrombophlebitis 17.2 ±1.2* 34.5 ±2.4* 

Table 1. The contents of haemoglobin and protein in the saphe-
nous vein wall: unchanged, varicose and varicose with throm-
bophlebitis.

Examined material 
Haemoglobin, mg/g of 

tissue 

Protein, mg/g of 

tissue 

Varicose thrombus 152.6 ±12,4 166.8 ±13.7 

Bloot clot 298.4 ±23.8* 335.5 ±30.2* 

Table 2. The contents of haemoproteins and protein in varicose
thrombus and blood clot.

* - statistically significant difference, p< 0.0001

* - statistically significant difference, p< 0.0001
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Abstract 

The study aimed at morphological evaluation of changes in
the lungs of rats during experimentally induced uremia. The
studies were performed in three (3) groups of rats: C - a control
group (15 animals), SO - 15 rats, submitted to sham operation,
U - an uremic group - 21 rats with experimental renal failure.
After 1, 2 and 4 weeks from the surgery, the collected lungs
were fixed in Bouin's fluid and in 2.5% purified glutaraldehyde
for electron microscopy. Paraffin specimens were cut into 5 µm
slices and stained by H+E, by Azan's method and with silver,
according to Grimelius. Ultra thin sections contrasted with
uranyl acetate and lead citrate. Blood serum urea and creatinine
levels were determined. In the uremic rats, increased concentra-
tions of serum creatinine and urea were observed. 

Chronic renal failure affected the progress and the degree of
development of the changes in the lungs, the final effect of
which was fibrosis. In microscopic pictures of the lungs from
the uremic rats, numerous changes were observed, characteris-
tic for chronic oedematous conditions of different intensifica-
tion. 

Key words: chronic renal failure, lung, morphology. 

Introduction 

The final stage of chronic renal failure (CRF) is chronic ure-
mia, characterised by severe metabolic disorders, inducing clin-
ical symptoms in the majority of organs [1, 2]. 

Oedema with pleural exudate is the most frequently
observed pulmonary complication, fairly often asymptomatic in
its course. Pulmonary oedema results from an increased hydro-
static blood pressure in capillary vessels, the pressure rise being
in proportion to fluid overload, as well as to an increased per-
meability of pulmonary capillaries [3, 4]. Mechanic and haemo-
dynamic changes in the lungs may occur without any basic cli-
nical syndromes, leading to serious pulmonary function distur-
bances, which may further result in injuries of the walls of the
perialveolar capillaries, reducing the efficiency of gas exchange
[4]. 

In order to increase the knowledge on the pathogenesis of
respiratory disorders in (CRF), as well as with regards to the
lack of an unequivocal evaluation of causes of the changes,
observed in the respiratory tract, it seemed fairly interesting to
attempt a thorough study of the dynamics of morphology in
changes of the lung in experimentally induced renal failure.

The goal of the performed studies was morphological evalu-
ation of changes in the lungs in the course of experimentally
induced uremia. 

Materials and Methods 

The study was carried out on 51 young male Wistar rats,
200-250 g body weight (mean 220±10g) at the beginning of the
experiment. The animals had a free access to drinking water and
standard granulated diet. The experimental uremia was pro-
duced in 21 rats. The control animals underwent a sham opera-
tion, i.e. decapsulation and removal of the adherent fat (15 rats).
The other control group did not undergo any surgical procedure
(15 animals). Experimental uremia was induced, using the
method, described by Ormrod and Miller [6], and Azzadin [5].
The rats were anesthetized with pentobarbital, administered
intraperitoneally in a dose of 50 mg/kg. Nephrectomy of the
right kidney was performed and 70% of the left kidney cortex
was removed, leaving the renal medulla intact. 

Morphological evaluation of the lungs in rats 
with experimentally induced renal failure
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After 1, 2 and 4 weeks from the surgery, the rats were anaes-
thetised with pentobarbital and blood was collected from their
hearts. Then, the animals were sacrificed by decapitation and the
lung was fixed in Bouin's fluid for 24 h in temperature of +40C
and embedded in paraffin in a routine way. For electron
microscopy, the specimens were embedded in 2.5% purified
glutaraldehyde. The specimens were cut in 5µm slices and
stained by hematoxylin-eosin, by Azan's method and with silver,
according to Grimelius. 

Ultra thin sections, contrasted with uranyl acetate and lead
citrate and were examined in an OPTON 900 PC electron micro-
scope. 

Blood serum urea and creatinine levels were determined.
Statistical analysis was performed by the Shapiro-Wilk's

test. The analysis was performed, using the SAS ATAT software
package. A probability level p<0.05 was considered significant.

Results 

No significant differences were found between the control
groups of rats and, therefore, only the results referring to the ani-
mals subjected to a sham operation are discussed.

Increased concentrations of urea and creatinine are one of
the indicators of renal insufficiency.

Table 1. Serum concentrations of creatinine and urea in the
control and the uremic rats (mg/dl).

A statistical increase of serum creatinine and urea concen-
trations was demonstrated in all  the groups of animals with
experimental renal insufficiency, when compared with respec-
tive values in the control groups (Table 1). 

 control 1 week 2 weeks 4 weeks * p-value 

 
Creatinine 

 
0.52 ± 0.052 0.63 ± 0.092 0.94 ± 0.058 0.72 ± 0.12 <0.05 

 
Urea 

 
35.33 ± 5.98 52.91 ± 16.39 95.10 ± 11.90 85.58 ± 9.766 <0.05 

Table 1. Serum concentrations of creatinine and urea in control
and uremic rats (mg/dl).

Figure 1. Lung of a control animal. H+E stain, mag. 200x. Figure 2. A lung fragment of a rat with uremia after 1 week of
the experiment. Advanced atelectasis and oedema. Azan stain,
mag. 250x. 

 

Figure 3. Lung specimens of rats with uremia after 2 and 4
weeks of the experiment. Lung fibrosis, obliterative bronchioli-
tis - connective tissue cells within the bronchial fibrosis, meta-
plasia of bronchial epithelium. H+E stain, mag. 250x.

Figure 4. Degenerative changes of epithelial and endothelial
cells. Micropinocytosis (representative of the group rats with
uremia after 4 weeks of the experiment), mag. 7 000x.
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Morphological pictures of the lungs from the control ani-
mals were normal. In turn, in the group of uremic rats, changes,
atelectatic in character, and erythrorrhagia were found in their
lungs, evaluated after 1, 2 and 4 weeks from the surgery.
Collapses of capillary lumen and obliterations of interalveolear
septa were observed (Fig. 1). In the preparations from the 14th
and the 28th day, the fluid, which normally occurs in the pul-
monary alveoli, was also observed in lumen of the upper air-
ways, where it accumulated on the epithelial surface. Also,
young connective tissue cells occurred in the pictures, distorting
the lung structures - the pictures corresponding to pulmonary
fibrosis (Fig. 2). In that mass of fibrotic pulmonary tissue, vari-
ous sections of the respiratory tract with obliterative bronchioli-
tis were found (Fig. 3).

Using an electron microscope, moderate atrophy of type II
pneumocytes and sectional smoothing of microvilli on the free
surface of those cells were seen. Necrotic changes of cells were
also observed. In the endothelial, as well as in the epithelial cells
of the respiratory tract, translucent sites were found in cyto-
plasm (Fig. 4). 

Discussion

Effects of uremia on the respiratory tract are still little
known. It has been found that, in the course of renal failure,
changes of different character may occur in the lungs. Disturbed
pulmonary function and weaker respiration control are among
the uremic consequences in the respiratory tract [2, 3, 4].

In the performed studies, the morphological pictures of the
lungs from the uremic rats corresponded to changes characteris-
tic for massive atelactasis, chronic oedematous conditions and
bronchiolitis, as well as to pulmonary fibrosis. In the course of
renal failure, a progression of pulmonary changes was noted,
regarding their degree and dynamics.

Pathomorphological changes, observed in uremia, may - via
different mechanisms - lead to surfactant function disturbances
or to injury of the alveolo-capillary barrier, reducing the carbon
monoxide diffusion capacity, what may result in pulmonary
oedema [4]. In the course of renal insufficiency, chronic pul-
monary interstitial oedema is often observed [3, 7, 8]. In uremia,

atrophy of both bronchial and alveolar epithelium (especially of
type II pneumocytes) is found. This process may, however, be
accompanied by regeneration attempts of the epithelium. 

The advanced progression of pulmonary changes, as
observed during experimental chronic uremia, indicates the
existence and a continuous effect of factors, damaging the pul-
monary tissue. So far, no particular factor has been found, which
could be responsible for the pulmonary changes, observed in
uremia. 

Summing up, it can be stated that experimental CRF causes
changes in the lungs, which are characteristic for the syndrome
of uremic lung. The degree of progression of the pulmonary
changes may be related to the time period of renal insufficiency. 
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Abstract 

The study aimed at localizing TNF-α, IL-1α, IL-6 at light
and electron microscope levels in patients with chronic hepatitis
C, using the immunocytochemical techniques in biopsy materi-
al from patients with chronic hepatitis C and at comparing the
expression of the cytokines with histopathological changes. Our
studies demonstrated an augmented expression of all cytokines
in liver biopsies in chronic hepatitis C, in comparison with
respective values, obtained in control biopsy material. The high-
est expression of the cytokines was observed in hepatocytes.
That was confirmed by electron microscopy, which demonstrat-
ed the cytokines mainly in altered ER cisterns and in the cyto-
plasm. In children, the expression of IL-1α was negatively cor-
related with staging, while in adult patients; the staging was pos-
itively correlated with the expression of TNF-α. The new ele-
ment involves demonstration of cellular and subcellular expres-
sion of TNF-α, IL-1α and IL-6 in hepatocytes in in vivo infec-
tion.

Key words: chronic hepatitis C; pro-inflammatory 
cytokines; immunocytochemistry.

Introduction 

The role of pro-inflammatory cytokines has been document-
ed in acute phase reactions in the liver, in normal proliferation
of hepatocytes, in autoactivation of Kupffer cells and prolifera-
tion of Ito cells, in cirrhotic processes in the liver and in regen-

eration of the organ in chronic hepatitis C [1-3]. In chronic
hepatitis C, augmented serum levels of TNF-α, IL-1 and IL-6
have been detected [4-6]. Controversies prevail as to the
amounts of the cytokines, detected in tissues in chronic hepati-
tis C and as to the correlations between the expression of the
cytokines on one hand, and grading and/or staging of intrahep-
atic viral load on the other [2, 4, 7, 8]. Cellular expression of
pro-inflammatory cytokines in the liver has been observed
mainly in Kupffer cells, activated stellate cells and in the
endothelium of liver sinusoids [3, 6, 8]. Individual studies have
shown that also hepatocytes are capable to produce cytokines in
response to the infection with hepatitis C virus (HCV) [6, 7, 8]. 

The aim of the study was to investigate the intrahepatic
localization of TNF-α, IL-1α and IL-6 in liver specimens from
patients, chronically infected with HCV, to determine the cellu-
lar and subcellular localization of these cytokines. Attempts
were also made to correlate the number of cells with cytokine
expression with inflammation activity (grading) and the
advancement of fibrosis (staging) and to compare cytokine
expression in groups of children and adults with chronic hepati-
tis C. 

Material and Methods 

Thirty-one patients were studied (19 children, and 12 adults)
with chronic hepatitis C confirmed serologically (anti-HCV and
HCV RNA positive), in whom liver biopsies were performed
before anti-viral therapy. The control group consisted of six
liver biopsies of serologically HCV, HBV, HCMV, EBV and
HIV negative patients with non-specific changes in the liver.
Tissue specimens were fixed in 10% formalin and embedded in
paraffin for purposes of light microscopy. For electron
microscopy, the material was fixed in paraformaldehyde/glu-
taraldehyde, embedded in epon, and ultrathin sections became
subject of ultraimmunocytochemistry. Histopathological lesions
were evaluated, following the classical H+E staining, as well as

Intracellular expression of pro-inflammatory cytokines
(IL-1αα, TNF-αα, and IL-6) in chronic hepatitis C
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the tri-chromate technique, according to Masson, and periodic
acid-Schiff with diastase pre-treatment. Each biopsy specimen
was evaluated, using a simple numerical scoring system for the
grade of portal/periportal necroinflammation (G1) (0-4), the
grade of lobular necroinflammation (G2) (0-4), and for the stage
of fibrosis (S) (0-4). Biopsies from chronic HCV patients were
compared first between the two groups of patients (children and
adults) and, then, in the entire group of patients (n=31), the
expression of each cytokine was compared between lobules and
portal spaces, as well as the total expression of a cytokine in the
patients was compared with the total expression of the cytokine
in control biopsies. The following specific MAbs were used: (a)
mouse anti-human TNF-α antibody, (b) goat anti-human IL-1α
antibody (c) mouse anti-IL-6 antibody (all from R&D Systems),
(d) mouse anti-human macrophage antibody, CD68 (DAKO)
and (e) anti-human Von Willebrand Factor antibody (DAKO
EPOS A/S, Denmark). The studies followed the classical ABC
technique alone or associated with the ImmunoMax amplifica-
tion. Ultrathin sections were subjected to a labelling with 15 nm
colloidal gold-coated streptavidin. The contents of three
cytokines in liver biopsies, demonstrated by the ImmunoMax
technique, were calculated by the semiquantitative technique,
relating the score of 0 to 4 points to the fraction of stained cells
(score 0 - 0% cells, 1 - less than 5% cells, 2 - 5-20% cells, 3 -
20-40% and 4 - more than 40% positive cells). The preparations
were examined under a light microscope, at 400x magnification.
In each section of the liver biopsy, five fields in hepatic lobules
and periportal area and, at least, five different portal spaces in
each specimen were examined. Statistical analysis took advan-

tage of the Mann-Whitney U test for nonparametric independent
data and the Wilcoxon test for nonparametric dependent data.
Correlations between data rows were determined, employing
Spearman's rank correlation index. 

Results and Discussion 

Both the grade of inflammation and the stage of fibrosis
were significantly lower in children than those in adults
(G1+G2, 1.8±0.2 vs. 3.7±0.4, respectively, p<0.004 and S,
1.1±0.2 vs. 2.5±0.3, respectively, p<0.008). Our studies demon-
strated an augmented expression of all pro-inflammatory
cytokines and of IL-1α and IL-6, particularly in the livers of
chronic hepatitis C patients of either age group, as compared to
their expressions in the control (p<0.05). This has corroborated
our earlier observations and results of other investigators [6, 7,
8]. The augmented expression of the three cytokines was noted
in hepatic lobules, as compared to portal spaces (p<0.0001). No
difference was detected in the total expression of studied
cytokines between the affected children and adult patients. In
children, significantly higher numbers of cells with IL-6 expres-
sion were noted, as compared to cells with TNF-α (p<0.05) and
IL-1α (p<0.02) expression. In adult patients cells with IL-1α
expression and those with IL-6 expression were more numerous
than those with TNF-α expression (p<0.05). In the lobules,
expression of the studied cytokines pertained mainly the cyto-
plasm of hepatocytes (Fig. 1), which corroborated by ultrastruc-
tural studies. Apart from the cytoplasm, ultrastructural studies

Figure 1. Localization of IL-6 in hepatocyte from patient with
chronic hepatitis C. Original magn.x400

Figure 2. Localization of IL-6 in hepatocyte from patient with
chronic hepatitis C. Gold particles overlay mainly dilated endo-
plasmic reticulum (ER) and cytoplasm. Streptavidin-colloidal
gold. TEM x30.000
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documented presence of the cytokines also in altered cisterns of
endoplasmic reticulum (Fig. 2). This confirmed the observations
of other investigators related to IL-6 [6]. The novel element in
the present results involved ultrastructural demonstration of the
TNF-α and IL-1α and their demonstration, first of all, in hepato-
cytes. The other cells with the expression of cytokines included
individual cells of liver sinusoids (macrophages and endothelial
cells) and individual lymphocytes in inflammatory infiltrates. In
the control material, a scanty expression of the cytokines was
noted in individual hepatocytes and cells of liver sinusoids. In
children, a negative correlation was disclosed between the
expression of IL-1α protein and staging (Spearman's correlation
coefficient of -0.557; p<0.05), in adults, a positive correlation
was detected between the expression of TNF-α protein and sta-
ging (Spearman's correlation coefficient of 0.689; p<0.05). The
results confirmed the literature data, related to the correlation
between serum cytokine levels and histopathological evaluation
of the biopsies [5, 6]. Our results have pertained the expression
of TNF-a, IL-1a and IL-6 in HCV infection in vivo and may
point to a direct involvement of the cytokines, both in the deve-
lopment of inflammation and fibrosis of the organ, as well as the
ineffective anti-viral defence. 
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Abstract 

The aim of the study was a histomorphometric evaluation of
bone marrow megakaryocytes (MK). The study was based on
bone marrow histological evaluation. Morphometric evaluation
was carried out with the aid of the MicroImage Olympus  com-
puter image analysis software. We evaluated the amount of
megakaryocytes (MK) per 1 mm2, MK area, the nuclear-cyto-
plasmatic (N/C) ratio and circular deviation (CD). Bone marrow
was examined in premature newborns, full-term newborns and
adults. The obtained data were statistically analysed with the aid
of the Statistica PL computer software. Statistically significant
differences were found in MK quantity, their distribution in rela-
tion to non-haematopoietic elements of haematopoietic
microenvironment of sinusoid vessels system. To a smaller
extent, did the differences refer to MK area, the N/C ratio or
shape. 

Key words: bone marrow, megakaryocytes, histomorphometric 
features, human ontogenesis.

Introduction 

Human haematopoesis begins at about 2-6 week of intrauter-
ine life in the wall of the yolk sac of the foetus. The blood islets
belong to the, so-called, mesoblastic period of haematopoiesis.
From the 6th to the 16th week of prenatal development, the main
site of haematopoesis is the liver and, to a smaller extent, the

spleen. Liver-spleen haematopoesis in physiological conditions
does not occur in postnatal development [1, 2, 3]. Since the 20th

week of prenatal life, the bone marrow starts its haematopoietic
functions and remains the only site of haematopoesis in further
developmental periods. Bone marrow can be found in marrow
cavities of spongy bones, in the stroma, consisting of reticular
tissue. It is full of sinusoid blood vessels of up to 30 µm in diam-
eter. Till the 5th year of postnatal life, this red bone marrow pre-
sents main haematopoietic properties. In further stages of onto-
genesis, there is more and more yellow bone marrow which, till
the 18th year of life, replaces 50% of the red bone marrow. In
adults, the red bone marrow is mostly located in  sternum, ribs,
and vertebrae, pelvic and cranial bones and in the epiphyses of
humeral and femoral bones. The amount of the red bone marrow
undergoes further reduction with age. 

Proper haematopoietic activity, together with the efficient
blood / bone marrow barrier, condition certain cell properties of
individual developmental lines in peripheral blood and maintain
the organism homeostasis. Developmental disorders in megakary-
ocytic line belong to the most common causes of the clotting sys-
tem dysfunctions and may result in death. They are usually man-
ifested by haemorrhagic diathesis or thrombosis, which often
result from the syndrome of disseminated intravascular clotting
(DIC). This syndrome occurs in various stages of human ontoge-
netic development and is characterised by high mortality. The dis-
orders, observed in the course of DIC, may result, among others,
from immaturity of the megakaryocytic bone marrow system [4,
5].

The aim of the study was a histomorphometric evaluation of
bone marrow megakaryocytes (MK) in selected stages of human
ontogenesis.

Material and Methods 

The study was based on bone marrow histological evalua-
tions. Biopsy examination was performed within 12 hours after

Bone marrow megakaryocytes in human ontogenesis
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death. Bone marrow was collected from sternum at II intercostal
space. The material was fixed in the 'Oxford' fixing agent for 48
hours. After fixing, it underwent standard histological processing.
Morphometric evaluation was carried out with the aid of the
MicroImage Olympus computer image analysis software. We
evaluated the amount of megakaryocytes (MK) per 1 mm2, MK
area, nuclear-cytoplasmatic (N/C) ratio, cellular shape, disorder-
circular deviation (CD). Bone marrow was examined in prema-
ture newborns, (N=6), full-term newborns (N=6) and adults
(N=30), divided into age groups (1mth - 10 yrs, 11-20, 21-40, 41-
60, and over 60 yrs). 

Results 

It was found that the highest number of megakaryocytes
per 1 mm2 occurred in full-term newborns and amounted to
the mean value of 23,2 ( ±4.0), while the lowest number was
found in the group of adults over 60 and amounted to the
mean value of 16.7 (±3.3). Similar relations were observed,
regarding the MK area. In the group of full-term newborns,
the value was the highest and amounted to the mean value of
298.8 mm2 (±25.1) and, in the oldest age group, it was the
lowest and amounted to the mean value of 180.0 mm2

(±52.2). The nuclear-cytoplasmatic  (N/C) ratio was the low-
est in the group of full-term newborns and the highest in the
group over 60. CD coefficient was the lowest in the groups
of newborns and children up to the 10th year of life and then,
it gradually grew in the consecutive groups. Detailed data
are presented in Table 1. The obtained data were statistical-
ly analysed with the aid of the Statistica Pl computer soft-
ware. The mean values of the examined parameters were
compared in individual groups. Statistically significant dif-
ferences were found in MK quantity in the compared groups.
It was observed that in preterm newborns the percentage of
MK, occurring in the direct vicinity of sinusoid vessels, was
the highest and amounted to 6-10%, the mean value- 8.4%,
in full-term newborns - 4-7%, the mean value - 5.5% and, in
the other groups - 3-5%,  the mean value- 4.5%. The differ-

ences were less significant, regarding the MK area, N/C
relation or CD.

Discussion 

The obtained results indicate considerable morphological dif-
ferentiation of the bone marrow MK system in the examined
groups. The to-date's studies and developmental standards refer
mainly to the percentage composition of individual bone marrow
developmental lines [6, 7, 8]. The aim of the study, beside the
morphometric evaluation of MC, was also an analysis of the topo-
graphic localisation of megakaryocytes. It was observed that, in
neonatal period, MK were located closer to sinusoid vessels and
were composed into bunches, their surface being more irregular.
In the course of development, the examined cells were dispersed
in the marrow stroma. A presence of cell nuclei of other develop-
mental lines, mostly leukocytes, was observed in megakaryocytes
cytoplasm. With progression of age this phenomenon (so-called,
emperipolesis) in the marrow of adults and elderly people was
scarce. It is difficult to make a clear-cut definition of the above
phenomenon, but it may result from the functional immaturity of
MK, which may clinically result in worse quality platelets and
clotting system disorders, as mentioned above. Further studies of
the observed topographic changes in bone marrow are essential. 
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Abstract 

We assessed mRNA for chosen pro- and anti-inflammatory
cytokines in T-lymphocytes of peripheral blood in paediatric
patients with leukemias and lymphomas. Levels of four differ-
ent cytokine mRNAs  (IFN-γ, IL-10, IL-4, TGF-β) were deter-
mined by the real-time PCR technique. In the whole examined
group, at the time of diagnosis, we noted lower amounts of
mRNA for TGF-β1, comparing to respective values in the con-
trol patients. In the ALL group, we observed the following: 1) at
the time of diagnosis: lower amounts of mRNA for IL-4 and for
TGF-β1, comparing to respective values in the control group; 2)
lower amounts of mRNA for IL-10 after remission induction,
comparing to the time of diagnosis. In our opinion,
"immunedysregulation" in lymphoproliferative diseases in chil-
dren is not caused by IFN-γ deficiency. The deficit of anti-
inflammatory cytokines, i.e., IL-4, TGF-β, with higher amounts
of IL-10, suggests their role in cancer development. 

Key words: leukaemia, lymphoma, children, 
mRNA, cytokines, T-lymphocytes

Introduction 

Haematological malignancies represent a unique group of
proliferative diseases, in which neoplastic cells arise from the
immune system and thus, they exert a potential immunomodu-
latory effect. Leukaemic blasts, like normal lymphocytes, are
produced in bone marrow and these two types of cells may inter-

act. It is likely that neoplastic cells produce substances, which
impair the immune response, thus promoting cancer expansion.
The main role in antitumour immunity is played by T-lympho-
cytes. According to produced cytokines, T-cells can be differen-
tiated into Th1/Tc1 subsets (producing IL-2 and IFN-γ), Th2/Tc2

(IL-4, IL-5, IL-10) and Th3/Tr1 (TGF-β, IL-10). Most of the
authors report a Th2 polarization profile in haematological
malignancies and normalization of the Th1/Th2 balance in remis-
sion [1]. A type 1-to-type 2 cytokine shift may be responsible for
reduced antitumor immunity and is correlated with disease pro-
gression. We previously found Th2 (the percentage of CD4+IL-4+

cells - flow cytometry) predominance at the time of diagnosis of
acute lymphoblastic leukaemia (ALL) [2]. In the present, study
we assessed mRNA for chosen pro- and anti-inflammatory
cytokines at the time of diagnosis of most common lymphopro-
liferative diseases in children. 

Material and methods 

Twenty (20) patients with ALL (n=13), Hodgkin lymphoma
(n=4) and non-Hodgkin lymphoma (n=3) were prospectively
enrolled into this study. Peripheral blood (1 ml) was taken at the
time of diagnosis and in ALL - after prednisone prophase (day
8th), during (day 15th) and after remission induction (day 33rd).
The control group included 30 children from the Department of
Paediatric Surgery, subjected to minor surgical operations. 

CD4+ and CD8+ cells were isolated from whole peripheral
blood by immunomagnetic bead separation (Dynabeads, Dynal
Biotech, Oslo, Norway). mRNA was isolated from sorted lym-
phocyte subpopulations, using Dynabeads mRNA DIRECT
Micro Kit  (DYNAL) according to the producer's instructions.
First strand cDNA was synthesized, using random hexamers as
primer and a High Capacity cDNA Archive Kit by
AppliedBiosystems. Levels of four different cytokines mRNAs
(IFN-γ, IL-10, IL-4, TGF-β) were determined by the real-time
PCR technique with the TaqMan chemistry, using ready-to-use
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Assays-on-Demand Gene Expression Products by
AppliedBiosystems, which contain target-specific primers and
probe, and a TaqMan Universal Master Mix, containing
AmpErase uracil-N-glycosylase (UNG) to prevent re-amplifica-
tion of carryover PCR products. PCR amplification and fluores-
cence data collection were performed with the ABI PRISM
7900HT Sequence Detection System (AppliedBiosystems). In
order to normalize the amount of expressed cytokine mRNAs,
the internal housekeeping gene GAPDH was used and each
complementary DNA (cDNA) product was tested in triplex for
each of the four cytokines mRNA and GAPDH mRNA. For the
calculation of our data we used the Comparative Ct  method for
relative quantification (∆∆Ct method), which describes the
change in expression of the target gene in a test sample relative
to a calibrator sample and provides an accurate comparison
between the initial levels of template in each sample. We used
Total Raji RNA by AppliedBiosystems, as a calibrator sample,
which was processed in the same way as the test samples. The
obtained data were analysed with the Sequence Detector System
(SDS) software, version 2.1 (AppliedBiosystems). 

Results 

In the examined groups and in the control group, we found
the following: a) in CD4+ cells: positive correlations between
mRNA for IFN-γ and: IL-4 (r=0.83, p<0.0001), TGF-β1 (0.91,
p<0.0001); and between IL-4 and TGF-β1 (r=0.86,p<0.0001);
b) in CD8+ cells: a negative correlation between mRNA for
IFN-γ and IL-10 (r=-0.44, p=0.0007); a positive correlation
between IFN-γ and IL-4 (r=0.43, p=0.01), IFN-γ and TGF-β1

(r=0.81, p<0.0001); also a positive correlation between IL-4 and
TGF-β1 (r=0.7, p<0.0001). In the whole examined group, at the
time of diagnosis, we noted lower amounts of mRNA for TGF-
β1 in CD4+ cells (the difference not statistically significant) and
in CD8+ cells (p=0.01) comparing to the control patients; the
amounts of other cytokines (IFN-γ, IL-4, IL-10) did not differ
between those in the whole examined group and those in the
control patients. In the ALL group, we observed: a) at the time
of diagnosis: lower amounts of mRNA for IL-4 (both in CD4+

and CD8+ cells, p=0.02 and p=0.04) and for TGF-β1 (also in both
subpopulations p=0.03 and p=0.01), comparing to respective
values in the control group; b) lower amounts of mRNA for IL-
10 after remission induction, comparing to the time of diagnosis

(p=0.05). An example of amplification plot for TGF-β is pre-
sented on Figure 1. 

Discussion 

The only report, concerning Th1/Th2 balance in children with
ALL, was performed by Zhang et al. [3]. The authors found
lower Th1/Th2 and Tc1/Tc2 ratios at the time of diagnosis and
recovery after achieving complete remission. Regarding IFN-γ,
we did not find any difference between the examined group and
the control. This confirms our previous results, obtained with
flow cytometry, and the results obtained by Kiani et al. in CML
patients [2, 4]. Podhorecka et al. found a higher Th1 percentage
in patients with B-cell chronic lymphocytic leukaemia (B-CLL)
than in controls and the Th2/Tc2 shift during disease progression
[5]. The amounts of mRNA for IL-4 were lower in ALL patients
at the time of diagnosis. Similar results, concerning IL-4, were
obtained by Kie³biñski et al. in acute leukaemias in adults [6]. In
contrast to our results, Kamiñska et al. observed, comparable
with the control levels of IL-4  in supernatants from the whole
blood cell cultures of adult patients with ALL [7]. Mori et al.
reported polarization to Th2 in untreated B-cell diffuse large cell
lymphoma  patients and to Th1 in complete remission [1]. We
noted a tendency (not significant) to higher amounts of mRNA
for IL-10 at the time of diagnosis of leukemias and lymphomas.
IL-10 production in patients with cancer was higher than that in
healthy controls, so it is possible that tumour cells secrete
cytokines, shifting T-cells to produce more IL-10 [8]. Kebel-
mann-Betzing et al. suggest that the secretion of IL-10 (from
leukaemic blasts) and the lack of down-regulation of adhesion
and costimulatory molecules determine the mechanism of
escape from immune surveillance in relapsed ALL [9]. In the
whole examined group and, especially in ALL patients, we
observed lower amounts of mRNA for TGF-β, comparing to the
values in the control patients. Tatsumi et al. found Th2, but not
Th3, type response against renal cell carcinoma or melanoma
[10]. In our opinion "immunedysregulation" in lymphoprolifer-
ative diseases in children is not caused by IFN-γ deficiency. The
deficit of anti-inflammatory cytokines, i.e., IL-4, TGF-β and the
higher amounts of IL-10, revealed in that group of children, sug-
gests their role in cancer development, but it should be con-
firmed in a greater cohort of patients. The very strong correla-
tions, observed among all the assessed substances, suggest their

Figure 1. Amplification plot (log view) of TGF-b mRNA
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interdependence in cytokine network in the human organism.
Determination of the factors, that affect Th and Tc profiles, may
lead to a better understanding of the immunological status and
development of immunotherapy.
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Abstract 

The authors assessed the expression of cytotoxic CD8+

lymphocytes in the antrum mucosa of children with chronic
Helicobacter pylori - related inflammation, before and after
bacteria eradication. Biopsy specimens of gastric mucosa were
evaluated in specimens, collected from 59 H. pylori-positive
patients (Group I), 29 patients after H. pylori infection (Group
II) and 18 H. pylori-negative children (Group III). The obtained
specimens were assessed for infection and inflammation and
the expression of CD8+ lymphocytes was estimated, using
monoclonal antibodies.  The number of CD8+ lymphocytes in
the mucosa was counted.

The results of the study showed an increase in the expres-
sion of CD8+ lymphocytes in children with H. pylori infection,
in comparison to the values in children after bacteria eradica-
tion. The increased expression of CD8+ lymphocytes correlated
with the severity degree of antrum gastritis.

Key words: Helicobacter pylori, antrum mucosa, 
cytotoxic lymphocytes (CD8+).

Introduction 

CD8+ phenotype cells compose most intraepithelial (IEL)
lymphocytes of the digestive system, scattered among the
epithelial cells. They are usually localized below the nuclei and
their specific migration to the surface of the intestinal lumen
may depend on the reaction of αEβ7 integrin (CD103) with E

cadherin of the epithelial cells.  Approximately 15% of IEL
have TCR γ/δ receptors, very rarely present in the peripheral
blood cells [1]. Some IEL present with features, characteristic
for the natural cytotoxic cells but the role of these lymphocytes
has not been explained completely, so far. It has been sugges-
ted that they may function as suppressors, preventing from a
systemic immune response to food antigens. Moreover, they
eliminate some pathogenic microorganisms and stimulate
intestinal epithelium regeneration. CD8+ lymphocytes of Th1
profile, producing IFNγ, were described in the course of H.
pylori infection [2, 3].

The aim of the study was to assess the expression of CD8+

lymphocytes in the antrum mucosa in children with chronic
inflammation of H. pylori aetiology, before and after bacteria
eradication.

Material and methods 

Gastric mucosal biopsy specimens from the following three
groups of individuals were studied by light microscopy: (I) 59
children (29 girls and 30 boys; the age range, 2-19 years) with
chronic active inflammation of the gastric mucosa with H.
pylori infection with positive IgG antibody anti- H. pylori; (II)
29 children (14 girls and 15 boys; the age range, 3-19 years)
after H. pylori infection without either timely colonization or
active inflammation of the gastric mucosa with maintaining
positive IgG antibody anti- H. pylori. (III) 18 children (12 girls
and 6 boys; the age range, 5-17 years) with gastrointestinal dis-
ease, without H. pylori infection, with correct level IgG anti-
body anti- H. pylori. In all the examined children, endoscopic
examinations and histopathological studies of the stomach
were performed. The sample sections were diagnosed, accord-
ing to the Sydney System [4]. Urease test was performed in the
course of endoscopy in all the children. Specimens were fixed
in 10% buffered formalin. They were processed, oriented on
edge, embedded in paraffin, cut in sequential 5-µm sections,
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and stained by H+E for the evaluation of inflammation and
Giemsa method was used to identify H. pylori bacteria (accord-
ing to Gray) [5]. All the biopsy specimens from each of the
study groups were stained by the immunohistochemical method
for the evaluation of CD8+ lymphocytes in the mucosa. The
ABC method was used, according to commercial protocol. The
number of CD8+ lymphocytes in the mucosa was counted in
discrete areas, measuring 0.785 mm2, each by using a light
microscope. All the counts were performed, using a magnifica-
tion of 200x. The numbers of positively stained cells were pre-
sented as mean values per 1 mm2 of the analysed gastric section
area. All the CD8+ lymphocyte counts were performed by a sin-
gle observer (I. K.), who was unaware of either the H. pylori
status or the subject's clinical group. 

An analysis of the preparations and their photographic doc-
umentation were performed with an Olympus Bx50 light
microscope, with video circuit and a Pentium 120 PC comput-
er with Lucia G (Nikon) software for microscope image analy-
sis. 

CD8+ lymphocyte density was compared between the
groups of studied subjects, using Student's 't' test. Statistical
calculations included the arithmetic mean, standard deviation
(SD), the median value (ME), the minimal result (min) and the
maximal result (max). The levels of studied parameters were
compared by means of Ch2 test, either for independent or paired
tests. All the differences were regarded significant at p<0.05.

The obtained results have graphically been presented. Both the
clinical examinations and all laboratory tests were performed
in the children, following previous unrestrained consents of
either their parents or legal protectors and after an approval of
the Ethical Commission at the Medical University of Bia³ys-
tok. 

Results 

According to Sydney's Classification, severe gastric
mucosa inflammation was diagnosed in only 45.8% of the chil-
dren in Group I, moderate - in 52.5% of the children with H.
pylori infection and in 6.9% of the children after H. pylori
infection eradication, mild - in 1.7% of the children in Group I,
in 13.8% of the patients in Group II and in 15.4% of the chil-
dren in the control group. Normal gastric mucosa of the antrum
was found in 79.3% of the children from Group II and in 84.6%
of the children in the control group. 

A quantitative assessment of CD8+ lymphocytes in the
antrum mucosa (the mean number of cells per 1 mm2 of speci-
men area), performed by immunohistochemical staining,
revealed an increase in their expression in children with H.
pylori infection (64.1 cells/mm2), in comparison with the
results in children after eradication (26.9 cells/mm2) and those
in the controls (35.8 cells/mm2) Table 1. and  Photo 1. 

CD8+ lymphocytes in the antrum mucosa /mm2 

Experimental 

groups 
Number of 
patients (N) 

Result  
(min) 

Result 
(max) 

Arithmetic 
mean  

(x) 

Median 
value 
(ME) 

Moda 
Standard 
deviation 

(SD) 

Low 
quartile 

High 
quartile 

Group I 23 0 169 64.1 57 57 42.2 40.0 90.0 

Group II 17 3 66 26.9 20 - 21.4 9.0 41.0 

Group III 9 0 98 35.8 27 - 32.7 16.0 42.0 

Table 1. CD8+ lymphocytes in antrum mucosa of children.
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Photo 1. Antrum gastric mucosa. Immunohistochemical reac-
tion with CD8+. Mag. 200x.

Figure 1. Correlation between the level of CD8+ lymhocytes
and the severity of antral gastritis in the children with Heli-
cobacter pylori infection (group I)
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Statistically significant differences were proved between
the expressions of CD8+ in the antrum mucosa in relation to the
severity degrees of antrum gastritis (p<0.05) Fig. 1. 

The expression of CD8+ lymphocytes increases with inten-
sification of the inflammatory process. In the H. pylori infected
children with moderate antrum gastritis, the mean level of
CD8+ lymphocytes was 42.91cells/mm2. In the case of severe
antrum gastritis, the mean level was 83.58 cells/mm2. In the H.
pylori infected children with moderate degree gastritis, the
mean level of CD8+ lymphocytes was 38.25 cells/mm2. In the
case of severe degree inflammation, the mean expression of
those lymphocytes was 69.58 cell/mm2. 

Discussion 

The expression of CD8+ lymphocytes in the antrum mucosa
of children with gastritis in the course of H. pylori infection
was the highest  and differed significantly, in comparison with
the expression in  the group with past infection (p<0.001). It
was proved that the expression of infiltrating CD8+ cells
increased with the severity of antrum gastritis. 

Bamford et al. [3] reported an increase in both CD4+ and
CD8+ expressions and an increased production of IFN-γ and IL-
12. They showed that Th1 type response was predominant in T
lymphocytes. Similarly, Sommer et al. [6] found CD4+ cells of
the Th1 phenotype infiltrating the antrum and corpus mucosa in
the course of H. pylori, which, according to the authors, may
determine the incapability of the immune system of H. pylori
eradication. Stromberg et al. [7] presented similar results,
showing an increase in the levels of CD8+ lymphocytes in the
antrum mucosa in the course of H. pylori.

Terres et al. [8] demonstrated an increase in the expression of
CD8+ lymphocytes in the lamina propria in gastritis in the course
of H. pylori infection. The expression of intraepithelial CD8+

lymphocytes correlated with the severity of the inflammation,
but it was independent of the degree of H. pylori colonization. 

Summing up, it should be noted that an increased expres-

sion of CD8+ cells in an inflammatory infiltrate in the antrum
mucosa correlates with the severity of gastritis in children with
H. pylori infection, in comparison respective values, observed
in children after the bacteria eradication.
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Abstract 

The studies aimed at evaluating mast cells in inflammatory
infiltration of gastric mucosa in children with H. pylori infection,
as well as in those after the infection eradication. 

Biopsy specimens of gastric mucosa were evaluated, the
specimens collected from 59 H. pylori-positive patients (Group I),
29 patients after H. pylori infection (Group II) and 18 H. pylori-
negative children (Group III). The specimens were assessed for
infection and inflammation and stained with anti-human mast cell
tryptase to count mucosal mast cells. The evaluations of
histopathological changes in the antrum mucosa of the children
were performed, according to Sydney's Classification. In mor-
phometric evaluation, slight differences were found in the num-
bers of mast cells among Groups: I, II and III of the examined
children (the number of mastocytes being: 86.4, 81.4 and 70.2
cells/mm2 of specimen, respectively). 

Key words: Helicobacter pylori, antrum mucosa, 
mast cell.

Introduction

Helicobacter pylori (H. pylori) infection elicits conspicuous
infiltration with neutrophils, eosinophils, lymphocytes and plasma
cells. The pathogenesis of the basic lesion, i.e., chronic active
inflammation of the gastric mucosa, remains incompletely under-
stood. Following the results of to-date's studies, it has been proven
that cytokines, produced by mast cells, affect all the effector cells

of inflammation, as well as the majority of reactions, which occur
at the site of action of an inflammation inducing stimulus [1, 2]. H.
pylori or H. pylori extracts (potentiate histamine release from
serosal rat mast cells in vitro and can induce mast cell degranula-
tion around rat mesenteric venules) lead to mast cell degranulation
and to a release of active chemical compounds in in vitro condi-
tions [3]. Using a monoclonal antibody for human mast cell
tryptase for mucosal mast cell identification in formalin-fixed
human tissue, a study was designed, attempting to determine
whether mast cells participate in inflammatory responses of the
gastric mucosa, in order to evaluate their possible role in the
inflammatory infiltrations of H. pylori-infected children, as well as
in children after H. pylori infection eradication.

Material and methods 

Gastric mucosal biopsy specimens from the following three
groups of individuals were studied by light microscopy: (I) 59 chil-
dren (29 girls and 30 boys; the age range:  2-19 years) with chronic
active inflammation of the gastric mucosa with H. pylori infection
with positive IgG antibody anti- H. pylori; (II) 29 children (14 girls
and 15 boys; the age range: 3-19 years) after H. pylori infection
without timely colonization and without active inflammation of the
gastric mucosa with maintaining positive IgG antibody anti- H.
pylori. (III) 18 children (12 girls and 6 boys; the age range: 5-17
years) with gastrointestinal disease, without H. pylori infection, with
correct levels of IgG antibody anti- H. pylori. In all the examined
children, endoscopic examinations and histopathological studies of
the stomach were performed, classifing the obtained results in accor-
dance to Sydney's Classification [4]. 

The urease test was performed in the course of endoscopy in all
the children.

The specimens were fixed in 10% buffered formalin. They were
processed, oriented on edge, embedded in paraffin, cut in sequential
5-µm sections, and stained by haematoxylin and eosin (H+E) for the
evaluation of inflammation and by the Giemsa method. All the biop-
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sy specimens from each of study group were stained by an immuno-
histochemical method for the evaluation of mast cells in the mucosa.
The ABC method was used, according to commercial protocol. The
number of mast cells in the mucosa was counted in discrete areas,
measuring 0.785 mm2 each, by using a light microscope. All the
counts were performed, using a magnification of 200x. 

The numbers of positively stained cells were presented as the
mean values per 1 mm2 of analysed gastric section area. All the mast
cell counts were performed by a single observer (I. K.), who was
unaware either of the H. pylori status or of the subject's clinical
group. 

The analysis of the preparations and their photographic docu-
mentation were performed with an Olympus Bx50 light microscope,
with a video circuit and a Pentium 120 PC computer with the Lucia
G (Nikon) software for microscope image analysis. 

Mast cell density was compared between the groups of studied
subjects, using the Student's't' test. Statistical calculations included
the arithmetic mean, standard deviation (SD), the median value
(ME), the minimal result (min) and the maximal result (max). The
levels of the studied parameters were compared by means of Stu-
dent's t test, either for independent or paired tests. All the differences
were regarded significant at p<0.05. The obtained results have
graphically been presented. Both the clinical examinations and all
the laboratory tests were performed in the children, following previ-
ous unrestrained consents of their parents or legal protectors and an
approval of the Ethical Commission at the Medical University of
Bia³ystok. 

Results 

According to Sydney's Classification, severe gastric mucosa
inflammation was diagnosed in only 45.8% of the children in
Group I, moderate - in 52.5% of the children with H. pylori infec-
tion and in 6.9% of the children after H. pylori infection eradica-
tion, mild - in 1.7% of the children in Group I, in 13.8% of the
patients in Group II and in 15.4% of the children in the control
group. Normal gastric mucosa of the antrum was found in 79.3%
of the children from Group II and in 84.6% of the children in the
control group (Fig. 1). 

A quantitative assessment of mast cells in the antrum mucosa
(the mean number of cells per 1 mm2 of specimen area), per-
formed by immunohistochemical staining, revealed comparable
numbers of mast cells in the group of H. pylori-affected children
(86.4 ± 46.5 cells/mm2), in the group after H. pylori infection
eradication (81.4 ± 21.1 cells/mm2) and in the control group (70.2
± 30 cells/mm2) (Table 1, Photo 1). 

Discussion 

Mast cells are an important element in the cellular infiltration
in the course of gastric mucosa inflammation with H. pylori infec-
tion [2, 5]. In result of secreted mediators, mast cells actively par-
ticipate in the induction and enhancement of the inflammatory
process by their influence on: vascular dilation and an increased

Mast cells in the antrum mucosa /mm2 

Experimental 
Groups 

Number of 
patients (N) 

Result  
(min) 

Result 
(max) 

Arithmetic 
mean  

(x) 

Median 
value 
(ME) 

Mode 
Standard 
deviation 

(SD) 

Low 
quartile 

High 
quartile 

Group I 25 0 187 86,4 99,0 0 46,5 53,0 107,0 

Group II 15 52 113 81,4 78,0 52 21,1 65,0 101,0 

Group III 6 32 101 70,2 82,5 - 30,0 44,8 88,8 

Table 1. Mast cells in the antrum mucosa of the examined children.
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Figure 1. The degree of inflammation of the antrum mucosa in
the examined children

Photo 1. Antrum mucosa. Immunohistochemical reaction with
mast cells (tryptase-positive). Magnification 400x.
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blood flow capacity, migration of inflammatory cells and inflam-
matory infiltration development [3, 6]. 

There is but little data in the available literature, concerning
the number of mast cells in chronic inflammation of the gastric
mucosa of H. pylori aetiology in children. In own studies of chil-
dren with gastric mucosa inflammation in the course of H. pylori
infection, the number of mastocytes in the antrum mucosa was
not statistically significantly higher from the number of cells in
the group of children with gastric mucosa inflammation, in whom
the bacteria had been eradicated. The number of mast cells did not
change with inflammatory process enhancement in the antrum
mucosa. Similar results were obtained by Sulik, who had
employed the same diagnostic approach [3]. In studies, concern-
ing adult population, Nakajiama et al. [6] demonstrated an
increased number of mast cells in gastric mucosa inflammation
with H. pylori infection. The obtained results correlated with the
degree of inflammation, while the number of mast cells decreased
after treatment. In contrast to the population of children, the
absolute numbers of mast cells were higher in adults, what may
be explained by their number, increasing with the body growth
and the achievement of target values in the adult age. Similar
observations were also made by Whitneyet et al. [7]. Kurose [8]
was the first, who demonstrated that H. pylori extracts could
induce mast cells to degranulation. That was found already after
10 minutes from the mesentery exposition to an aqueous extract
of H. pylori. Activated mast cells release also pro-inflammatory
factors, which may increase vascular flow capacity. Attention
should be drawn to the increased numbers of mast cells, found in
gastric biopsy specimens from not only H. pylori-infected chil-
dren but also from those infected by Giardia Lamblia intestinalis
but without any clinical or biochemical features of alimentary
allergy [5]. 

The results of the studies suggest that mast cells play an
important role in disturbing the functioning of the gastric mucosa
in infected children but without allergy features. 
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Abstract 

The aim of the study was to estimate the expression of CD20+

lymphocytes in the antrum mucosa in children, infected with
Helicobacter pylori and after bacteria eradication. 

Biopsy specimens of gastric mucosa were  the specimens, col-
lected from 59 H. pylori-positive patients (Group I), 29 patients
after H. pylori infection (Group II) and 18 H. pylori-negative chil-
dren (Group III). The collected specimens were assessed for infec-
tion and inflammation and the expression of CD20+ lymphocytes
was estimated, using mice monoclonal antibodies. The expression
of CD20+lymphocytes in the inflammatory infiltrate of the antrum
mucosa correlated with the severity of gastritis, found in children
with Helicobacter pylori infection and was the highest in compar-
ison with the group of children after H. pylori eradication.

Key words: B lymphocytes, gastric mucosa, Helicobacter 
pylori, children. 

Introduction 

A chronic inflammatory response is characterized by damage
to the epithelium and the infiltrate of mononuclear cells, includ-
ing T and B-lymphocytes, plasmatic cells, macrophages or
eosinophils [1]. The lymphocytes, accumulated in the pyloric
mucosa, form lymphatic follicles in a significant percentage of
children infected with H. pylori (50-100%). Lymphoidal texture
in the gastric mucosa, found mainly in patients at the develop-
mental age, is responsible for the granulation in the gastric
mucosa, described in the endoscopic examination [2, 3].

The aim of the study was to evaluate the expression of CD20+

lymphocytes in the antrum mucosa of children, infected with H.
pylori and after its eradication, and to find a  correlation between
the expression of CD20+ and the inflammation of the gastric
mucosa. Material and methods Gastric mucosal biopsy speci-
mens, collected from the following three groups of individuals,
were studied by light microscopy: (I) 59 children (29 girls and 30
boys; the age range: 2-19) with chronic active inflammation of the
gastric mucosa with H. pylori infection with positive IgG anti-
body anti- H. pylori; (II) 29 children (14 girls and 15 boys; the age
range: 3-19) after H. pylori infection without timely colonization
and without active inflammation of the gastric mucosa with main-
tained positive IgG antibody anti- H. pylori. (III) 18 children (12
girls and 6 boys; the age range: 5-17) with gastrointestinal dise-
ase, without H. pylori infection, with correct level IgG antibody
anti- H. pylori. In all the examined children, endoscopic exami-
nations and histopathological studies of the stomach were per-
formed. Obtained sample sections were diagnosed, according to
the Sydney System [4]. Urease test was performed in the course
of endoscopy in all the children. The specimens were fixed in
10% buffered formalin. They were processed, oriented on edge,
embedded in paraffin, cut in sequential 5-µm sections, and stained
by H+E for the evaluation of inflammation and by Giemsa to
identify H. pylori bacteria (according to Gary's) [5]. All the biop-
sy specimens from each of the study groups were stained by an
immunohistochemical method for the evaluation of CD20+ lym-
phocytes in the mucosa. ABC method was used, according to
commercial protocol. The number of CD20+ lymphocytes in the
mucosa was counted in discrete areas, measuring 0.785 mm2,
each by using a light microscope. All the counts were performed
at magnification of 200x. The numbers of positively stained cells
were presented as the mean values per 1 mm2 of the analysed gas-
tric section area. All the CD20+ lymphocyte counts were per-
formed by a single observer (I. K.), who was unaware of either the
Helicobacter pylori status or of the subject's clinical group. 

The analysis of the preparations and their photographic docu-
mentation were performed with an Olympus Bx50 light micro-
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scope, with a video circuit and a Pentium 120 PC computer with
Lucia G (Nikon) software for microscope image analysis. CD20+

lymphocytes density was compared between the groups of studied
subjects, using Student's "t" test and Chi2. Statistical calculations
included the arithmetic mean, standard deviation (SD), the me-
dian value (ME), the minimal result (min) and the maximal result
(max). 

Both clinical examinations and all the laboratory tests were
performed in the children, following previous unrestrained con-
sents of either their parents or of legal protectors and an approval
of the Ethical Commission at the Medical University of Bia³ys-
tok. 

Results 

When evaluating antrum gastritis, according to the Sydney
System in Group I with H. pylori infection, severe inflammation
was reported in 45.8% of the examined children; moderate
inflammation in 52% and mild inflammation in 1.7% of the
patients. In Group II after H. pylori eradication, moderate inflam-
mation was observed in 6.9% of the examined children;  mild
inflammation in 13.8% and 79.3% of children had normal gastric
mucosa. In controls,  mild inflammation was reported in 15.4% of
children and 79.3% had normal gastric mucosa.

The performed histopathological assessment of the antrum
gastric mucosa showed that 28.8% of the children with active H.

pylori infection had lymphatic follicles. In children after H. pylori
eradication, lymphatic follicles were present in 20.7% of them.

A quantitative assessment of CD20+ lymphocytes in the
antrum mucosa (the mean number of cells per 1 mm2 of specimen
area), performed by immunohistochemical staining, revealed a
significant increase in their expression in children with H. pylori
infection (109.9 cells/mm2), in comparison with children after
eradication (20.6 cells/mm2) and in the controls (17.4 cells/mm2)
Table 1 and  Photo 1. 

The expression of CD20+ increased with the severity of
inflammation in the gastric antrum. The expression of CD20+

lymphocytes in moderate inflammation of the antrum mucosa
equalled 86.7 cells/mm2 in the children with H. pylori infec-
tion. In case of severe inflammation of the antrum mucosa, the
expression of CD20+ lymphocytes was 127.77 cells/mm2 (Fig.
1). 

Discussion 

The quantitative analysis of CD20+ lymphocytes in the
antrum mucosa showed their five -fold higher expression in chil-
dren with ongoing H. pylori infection than in those after past
infection, which may prove a significant role of the humoral
response in the elimination of H. pylori infection in the examined
group. The expression of CD20+ lymphocytes correlated with the
severity of inflammatory process in the antrum.

CD20+ lymphocytes in the antrum mucosa /mm2 

Experimental 

Groups 
Number of 
patients (N) 

Result  
(min) 

Result 
(max) 

Arthmetic 
mean  

(x) 

Median 
volue 
(ME) 

Moda 
Standard 
deviation 

(SD) 

Low 
quartile 

High 
quartile 

Group I 23 2 194 109,9 96 72 51,4 76 146 

Group II 14 0 79 20,6 13 0 25,8 2 25 

Group III 5 0 43 17,4 18 - 17,6 2 24 

Table 1. CD20+ lymphocytes in the antrum mucosa in children.
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Figure 1. Correlation between the expression of CD20+ lym-
phocytes and the activity degree of antrum mucosa inflamma-
tion in children with Helicobacter pylori infection (Group I)

Photo 1. Antrum mucosa. Immunohistochemical reaction with
CD20+. Magnification 200x.
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Elitsur et al. [6] compared the composition of immunocom-
petent cells in the lymphatic nodules in children and in the MALT
type lymphoma in adults, using the immunohistochemical tech-
niques. T lymphocytes were observed only in the lymphatic folli-
cles of children. No such lymphocytes were found in the MALT -
type lymphoma in adults. Apart from CD20+ markers, no signifi-
cant differences were observed between B lymphocytes in the
lymphatic follicles of children and B - cell lymphomas of the
MALT - type in adults. Krenska - Wi¹cek et al. [7] evaluated B-
lymphocytes with CD19+ marker in blood serum from children
with Helicobacter pylori - related  gastritis. The authors found a
higher percentage of B CD19+ lymphocytes in children with
infection than in healthy children and a significant decrease in the
percentage of these lymphocytes after eradication.

Our study proved a higher expression of CD20+ lymphocytes
in the inflammatory infiltrate of the antrum mucosa and a corre-
lation between their expression and the severity of the inflamma-
tion in children with H. pylori infection, in comparison with chil-
dren after bacteria eradication. This confirms a role of B-lympho-
cytes in the complex pathogenic mechanisms of inflamed gastric
mucosa in children H. pylori infected.

Conclusion 

The expression of CD20+ lymphocytes, assessed in the
antrum mucosa of children with H. pylori infection, increased
with the severity of inflammatory process and differed statistical-
ly significantly with regards to the inflammation grade. 
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Abstract 

A total of 106 patients, included in the study, were divid-
ed into three groups with regard to Helicobacter pylori infec-
tion. Endoscopy and histopathological examination of the
stomach, based on the Sydney's System, were performed in all
the children. CD45RA and CD45RO cells were identified by
means of specific antibodies in the inflammatory infiltrate of
the antral mucosa. An increased expression of CD45RO and
CD45RA lymphocytes was reported, basing on the results of
the study.

Key words: antral mucosa, memory cells, Helicobacter 
pylori, children.

Introduction 

T lymphocytes are activated in response to H. pylori infec-
tion. Large amounts of cells with markers: CD4+, CD45RO
and CD69+, are usually found in the antral mucosa [2]. The
response from CD4+ lymphocytes predominates, whereas
CD8+ lymphocytes are not so numerous and an increase in the
relation CD4+/CD8+ takes place [1, 3]. CD4+ lymphocytes,
inducing an immune response in combination with the mole-
cules of major histocompatibility complex (MHC) of class II,
recognize specific peptides coming from extracellular phago-
cytized antigens. These cells express an isoform of CD45RO
antigen (described as "virgin" or "naive") and CD45RO
(described as "memory" and associated with the state of activa-
tion). Approximately 85% of CD4+ lymphocytes have CD45RO

molecule [3]. CD45RO are more helpful in the production of
immunoglobulins by B lymphocytes than the "naive" cells.
They produce IL-4, IL-5, IL-10, IFN-gamma. Basing on L-
selectin expression on their surface, CD45RO cells are divided
into two groups: the group expressing L-selectin and producing
mainly IL-4 and IL-5 and the group without expressing L-
selectin and producing mainly IFN-gamma. Such a profile of
cytokines coincides with the profile of Th1and Th2 lympho-
cytes [4].

Material and methods 

Group I - 59 children (29 girls and 30 boys; the age range:
2-19 years) with chronic gastritis in the course of H. pylori
infection with positive IgG antibody anti- H. pylori. Group II -
29 children (14 girls and 15 boys; the age range: 3-19 years)
after past H. pylori infection, without bacterium colonization
and gastritis, but with a maintained positive titre of antibodies
in IgG class against H. pylori. Group III - 18 children (12 girls
and 6 boys; the age range: 5-17 years) with functional disorders
of the gastrointestinal tract, without H. pylori infection, with
normal IgG concentration against H. pylori (the control group).
The samples from the antrum pyloric section were diagnosed,
according to the Sydney's System. 

All the biopsy specimens from each study group were
stained by an immunohistochemical method for the evalua-
tion of CD45RA and CD45RO lymphocytes in the antrum
mucosa, performed, using mice monoclonal antibodies
against human T lymphocytes (CD45RA and CD45RO) of the
DAKO firm. The ABC method was used, according to com-
mercial protocol. The number of CD45RA and CD45RO lym-
phocytes in the mucosa was counted in discrete areas, mea-
suring 0.785 mm2 each, by using a light microscope. All the
counts were performed, using a magnification of 200x. The
numbers of positively stained cells were presented as the
mean values per 1 mm2 of analysed gastric section area. All
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the lymphocyte counts were performed by a single observer
(I. K.), who was unaware of either the H. pylori status or the
subject's clinical group. Descriptive statistics included the
arithmetic mean (x), the median (Me), standard deviation
(SD), and the minimum (min) and maximum (max) result.
The level of the parameters was compared by means of the U
Mann-Whitney test for either independent or paired trials.
The differences were regarded statistically significant at
p<0.05. The correlation between the features, measured in the
nominal scale, was evaluated by means of an independence
test Chi2 and the results were presented as frequency tables.
All the clinical and laboratory tests were performed in the
children after a prior consent from their parents and
guardians, and of the approval by the Bioethical Board of the
Medical University of Bia³ystok.

Results 

The quantitative assessment of CD45RA in the antral
mucosa by means of an immunohistochemical method showed
an increase in their expression in the children with H. pylori
infection (46.8 cells/mm2), in comparison with the children
after H. pylori infection (8.0 cells/mm2) and the controls (1.7
cells/mm2). Table 1. However, the expression of CD45RA
lymphocytes was higher in more severe inflammation. The
expression of CD45RA lymphocytes in moderate antral gastri-
tis equalled on the average 20.2 cells/mm2 in the children with
H. pylori infection. In severe antral gastritis, the mean expres-
sion of CD45RA lymphocytes was 84.71 cells/mm2. In mild
grade activity gastritis, the mean expression of CD45RA was
11.67 cells/mm2 in children with Helicobacter pylori (Fig.1).
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Figure 1. Correlation between the expression of CD45RA lym-
phocytes and the severity grade of antral gastritis in children
with Helicobacter pylori infection (Group I)
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Figure 2. Correlation between the expression of CD45RO
lymhocytes and the severity grade of gastritis in children with
Helicobacter pylori infection (Group I)

CD45RA lymphocytes in the antrum mucosa /mm   
 
 

Examined groups   Number of 
patients (N) 

Mini 
mum 
(min) 

Maxi 
mum. 
(max) 

Arithmetic 
mean. 

(x) 

Median 
(M) Mode 

Standard 
Deviation 

(SD) 

Lower 
Quartile 

Upper 
Quartile 

Group I 17 0 197 46.8 26 3 59.2 4 40.0 

Group II 7 0 22   8.0 7 -   7.2 4 10.0 

Group III 3 0 5   1.7 0 0   2.9 0   2.5 

Table 1. CD45RA lymphocytes in the antrum mucosa in children 

CD45RO lymphocytes in the antrum mucosa/mm2 

 
 
 
 

Examined groups  
Number of 
patients (N) 

Minim
um 

(min) 

Maxi 
mum 
(max) 

Arithmetic 
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 (x) 

Median 
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Standard 
Deviation 

(SD) 
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Quartile 

Group I 20 0 817 262.1 236 0 230.9 132 284 

Group II 15 0 270 142.3 147 117   89.5 90 210 

Group III 6 67 278 153.5 130 -   85.7 90 212 
 

Table 2. CD45RO lymphocytes in the antrum mucosa in children
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Moderate activity antral gastritis was characterized by the
mean expression of 54.29 cells/mm2. The quantitative analysis
of CD45RO "memory" lymphocytes in the antral mucosa by
immunohistochemical method showed a significant increase in
the expression of those lymphocytes in children with Heli-
cobacter pylori infection (262.1 cells/mm2). In children after H.
pylori infection, with positive antibodies against H. pylori
(142.3 cells/mm2), the expression of CD45RO lymphocytes
was comparable with their expression in the controls (153.5
cells/mm2) Table 2. When assessing the expression of
CD45RO lymphocytes in the antral mucosa in Group I in rela-
tion to the severity grade of antral gastritis, the reported differ-
ences were on the border of statistical significance (p=0.05).
However, the expression of CD45RO lymphocytes was higher
in more severe inflammation. In children with H. pylori infec-
tion, the mean expression of CD45RO was 139.3 cells/mm2 in
moderate gastritis. Severe gastritis was characterized by the
mean expression of CD45RO lymphocytes, which equalled
384.9 cells/mm2. In case of moderate gastritis, the mean expres-
sion of CD45RO lymphocytes was 142.67 cells/mm2 in Group
I (Fig. 2).

Discussion 

The quantitative assessment of CD45RA cells in the antral
mucosa, using monoclonal antibodies, proved their highest
expression in children with H. pylori and a significantly lower
expression in children after bacteria eradication, and the lowest
one in the controls. The expression of CD45RA correlated posi-
tively with the severity and activity grade of antral gastritis in
children with H. pylori and was higher in the severe grade
inflammation. However, no statistically significant differences
were found between the groups. When assessing CD45RO cells
in the antral mucosa, their highest expression was established
in children with H. pylori infection and approximately, twice
lower expression in children after bacteria eradication. The
expression of CD45RO was higher in more severe antral gas-
tritis of children with H. pylori infection, and there were statis-
tically significant differences with regard to the severity grade
of gastritis (p<0.05). The increased expression of CD8+,
CD45RA and CD45RO lymphocytes in the antral mucosa may
suggest that Th1 and Th2 lymphocytes took part in response to
H. pylori infection in the examined children. Hatz et al. [4]
obtained results, which were similar to ours, showing an
increased expression of CD4+ and CD8+ lymphocytes with
predominance of CD4+ in both the lamina propria and the
intraepithelium, and an increased relation of CD4+/CD8+.
Additionally, they found a doubled expression of CD45RO
cells and an activation of TCR α/β+ receptor on the lympho-
cytes in the lamina propria of the gastric mucosa. The changes
in the expression of cells correlated positively with the severi-
ty grade of the inflammatory process. Kikuchi et al. [5] demon-
strated an increased secretion of RANTES, a major basic pro-
tein (MBP) and an increased expression of CD45RO lympho-

cytes in an inflammatory infiltrate in the gastric mucosa, in
comparison with the respective values in patients after eradica-
tion and in healthy people. However, the secretion of RANTES
was enhanced up to 2 years after eradication, as well as chronic
infiltration with CD45RO cells and eosinophils [5]. Lungren et
al. [6], explaining a suppressed immune response to H. pylori
infection, showed a suppressed response of T CD4+ memory
lymphocytes. 

Conclusions 

1. An increased expression of memory lymphocytes
(CD45RO) was found in the antral mucosa in children infected
with Helicobacter pylori, being correlated with the severity
grade of inflammation. 2. The quantitative analysis proved the
increased expression of CD45RA lymphocytes in children with
Helicobacter pylori infection but no correlation was found
between their expression and the severity grade of the inflam-
mation. 
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Abstract 

Our study included 59 children, aged 12.2 ± 4.6 years, with
Helicobacter pylori infection and 29 children, aged 11.0 ± 4.2
years, with past H. pylori infection after spontaneous eradica-
tion with positive IgG antibodies against H. pylori and with
functional disorders of the gastrointestinal tract, without H.
pylori infection, with normal IgG concentration against H.
pylori. All biopsy specimens from each of the study groups were
stained by an immunohistochemical method for the evaluation
of CD68+ macrophages in the antral mucosa. 

Histopathological changes in the antral mucosa of children
with Helicobacter pylori are characterized by an increased infil-
trate of macrophages, dependent on the severity grade of inflam-
mation.

Key words: macrophages, antral mucosa, Helicobacter 
pylori, children.

Introduction 

Infiltrating cells synthesize and produce mediating mole-
cules which influence the recruitment and activation of further
inflammatory cells and potentiate the triggering activity of
cytokines and chemokines, for example: neutrophils express IL-
1, IL-8, TNF-α [3], and macrophages, which are the source of
MIP1-α [1,2,4]. Integrins: CD11a/CD18, CD11c/CD18, α4b1
and α4 β7, play an essential role in the inflammatory process.
These are adhesive molecules present in numerous cells and

built up of two polypeptides (α and β), fixed in the cell wall. The
macrophage-activating complex-CD11b/CD18 (Mac-1), located
on monocytes and neutrophils, belongs to one of them. Being a
receptor for iC3b, it takes part in a complement-dependent bac-
teria phagocytosis and lysis [5]. It is the expression of
macrophages, which initiates a local inflammatory state in the
course of Helicobacter pylori infection [2, 6].

The aim of the study was to assess the expression of
macrophages in the inflammatory infiltrate of the antral mucosa
in children with H. pylori infection and after eradication. 

Material and methods 

A total of 106 patients, divided into three groups with regard
to the presence of H. pylori infection, were included in the
study. Group I - 59 children (29 girls and 30 boys; the age range:
2-19 years) with chronic gastric mucosa inflammation in the
course of H. pylori infection with a positive titre of antibodies in
IgG class against H. pylori. Group II - 29 children (14 girls and
15 boys; the age range 3-19) with past H. pylori infection, but
with a maintaining positive titre of antibodies in IgG class
against H. pylori. Group III - 18 children (12 girls and 6 boys;
the age range 5-17) with functional disorders of the gastroin-
testinal tract, without H. pylori infection, with normal IgG con-
centration against H. pylori (the control group). Endoscopy and
histopathological examinations of the stomach, basing on the
Sydney System [7] were performed in all the children. The ure-
ase test was performed in the course of endoscopy in all the chil-
dren. The specimens were fixed in 10% buffered formalin. They
were processed, oriented on the edge, embedded in paraffin, cut
in sequential 5-µm sections and stained by H+E for the evalua-
tion of inflammation and by the Giemsa method, used to identi-
fy H. pylori bacteria. All the biopsy specimens from each study
group were stained by an immunohistochemical method for the
evaluation of CD68+ macrophages in the antral mucosa. The
ABC method was used, according to commercial protocol. The
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number of CD68+ macrophocytes was counted in discrete areas,
measuring 0.785 mm2 each, by using a light microscope. All the
counts were performed, using a magnification of 200x. The
numbers of positively stained cells were presented as the mean
values per 1 mm2 of analysed gastric section area. All the CD68+

macrophages counts were performed by a single observer (I.
K.), who was unaware of either the H. pylori status or of the
subject's clinical group. 

An analysis of the preparations and their photographic doc-
umentation were performed with on Olympus Bx50 light micro-
scope, with a video circuit and a Pentium 120 PC computer with
the Lucia G (Nikon) software for microscope image analysis. 

Descriptive statistics included the measures of central ten-
dency: the arithmetic mean (x), median (Me) the measures of
dispersion: standard deviation (SD), and the minimum (min)
and maximum (max) result. The levels of the parameters were
compared by means of the U Mann-Whitney test for indepen-
dent or paired trials. The differences were regarded as statisti-
cally significant at p<0.05. 

All the clinical and laboratory tests were performed in chil-
dren with a prior consent of their  parents and guardians, and of
the Bioethical Board of the Medical University of Bia³ystok.

Results 

According to Sydney's Classification, the severe grade
activity was found in 69.5% of the infected children and the
moderate grade activity in 30.5% of these children. Neither

severe nor moderate grade activity was found in children with
past infection and after eradication, whereas mild grade
activity was revealed only in 20.7% of the group. The analy-
sis of antral gastritis by means of Chi2 proved statistic signi-
ficance (p<0.001) in the examined groups. The quantitative
analysis of CD68+ macrophages in the antral mucosa showed
a significant increase in their expression in children with H.
pylori infection (54.1 cells/mm2). In children with past
H.pylori infection, the expression of macrophages (11.3
cells/mm2) could be compared to their expression in the con-
trols (9.4 cells/mm2). Photo 1. 

When evaluating CD68+ cells in the inflammatory infiltrate,
statistically significant differences were revealed between
Group I and Group II (p<0.001) and between Group I and Group
III (p<0.01). Table 1.

The quantitative analysis of CD68+ cells showed statistical-
ly significant differences in relation to the severity of antral gas-
tritis (p<0.005). The expression of macrophages (CD68+)
increased in the inflammatory infiltrate, together with the sever-
ity of the inflammation. In the children, infected with H. pylori
(Group I) (Fig. 1), the expression of CD68+ cells equalled on the
average 43.82 cells/mm2 in a moderate inflammation of the
antral mucosa. In case of severe inflammation of the antral
mucosa, the mean expression of CD68+ cells was 63.58
cells/mm2 (p<0,005). The expression of CD68+ cells in children
with H. pylori infection was 45.75 cells/mm2 in the antral
mucosa with a moderate activity inflammation. In case of severe
activity inflammation, the mean expression of CD68+ cells
amounted to 55.89 cells/mm2. 

CD68+ cells in the antral mucosa/mm2 

Examined groups 

Number of 
patients (N) 

Mini 
mum 
(min) 

Maxi 
mum 
(max) 

Arithmetic 
mean 
 (x) 

Median 
(M) 

Standard 
Deviation 

(SD) 

Low 
Quartile 

High 
Quartile 

Group I 23 19 95 54.1 60 19.4 76.0 146.0 

Group II 17 0 54 11.3 8 15.3   3.0   10.0 

Group III 7 0 45   9.4 4 15.9   1.5     7.0 

Table 1. CD68+ cells in the antral mucosa in children.
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Figure 1. Correlation between the expression of CD68+ cells
and the severity grade of antral gastritis in children with Heli-
cobacter pylori infection (Group I)

Photo 1. Antral mucosa. Immunohistochemical reaction with
CD68+. Mag. x 400.
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Discussion

When assessing CD68+ cells in the antral mucosa, their pre-
dominating expression was revealed in children with H. pylori
infection. Statistically significant differences were also reported
between Group I and II (p<0.001) and between Group I and III
(p<0.01). A positive correlation was found between the expres-
sion of CD68+ cells and the severity grade of antral gastritis
(p<0.005). The expression of macrophages increased directly
proportionally to the severity grade of antral gastritis. In chil-
dren, who spontaneously eradicated Helicobacter pylori, the
expression of macrophages was lower in the inflammatory infil-
trate, what may prove suppression of inflammatory process, due
to an effective immune response in the examined patients. An
increased expression of CD68+ macrophages in the inflammato-
ry infiltrate in the lamina propria, associated with Helicobacter
pylori infection, was observed by Kusugami et al. [2]. They
described a chemokine-macrophage inflammatory protein-1α,
for which CD68+ macrophages are target cells. The authors
found an increased synthesis and secretion of MIP-1α in more
than 50% of patients with Helicobacter pylori, located in the
antrum [2].

Phagocytosis is ineffective in Helicobacter pylori infection,
in spite of the increased expression of macrophages. Numerous
mechanisms were developed by Helicobacter pylori, such as:
mechanisms inhibiting oxygenic killing, interactions with lyso-
somal proteins, a protective activity of surface bacterial pro-
teins: fetuin, heparin sulphate, hyaluronic acid, vitronectina in
the presence of complement elements [8, 9].

Conclusion 

Histopathological changes in the antral mucosa of children
with Helicobacter pylori are characterized by an increased infil-

trate of macrophages, dependent on the severity grade of inflam-
mation.
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Abstract 

The activity of cathepsin D inhibitor is markedly higher in
common vetch seed coat than in embryo cotyledons. The occur-
rence of considerable amounts of the inhibitor in the seed coat
of vetch was confirmed by the fluorescent microscopic tech-
nique, with the use of fluorescein-marked cathepsin D. 

Key words: cathepsin D inhibitor, fluorescein-marked 
cathepsin D, seed coat, common vetch 
(Vicia sativa L.).

Introduction 

A peptide inhibitor of cathepsin D is present in common
vetch seeds [1, 2]. However, it does not occur in the stem, roots,
leaves, flowers, and pods of this plant. The vetch seeds are
endosperm-free, they consist of an embryo and multilayer seed
coat [3, 4].

The aim of the study was to compare the activity of cathep-
sin D inhibitor in seed coat and embryo cotyledons of common
vetch. 

Material and methods 

The location of the inhibitor in cells of the seed coat and
cotyledons was analysed by the fluorescent microscopic tech-
nique, using fluorescein-marked cathepsin D, capable of selec-

tive binding with the inhibitor.
Fluorescein isothiocyanate (FITC), cathepsin D, Bradford

reagent and Folina and Ciocalteau reagent, Sigma, USA;
haemoglobin, Difco, Laboratories, USA.   

Seed coats of common vetch (Vicia sativa L.), cv. Szelejew-
ska, were separated from the cotyledons, using the MF1
machine and shred in a mechanical mill. The seed coats and
cotyledons were extracted. using distilled water in the 1:4 ratio
of  w/v. The extraction was carried out for 2 hours in laboratory
temperature, while continuously stirring. In the supernatant,
obtained in result of centrifugation (2700x g, 30 min, 40C), the
activity of the inhibitor was determined, using cathepsin D and
haemoglobin as substrates [5], as well as  protein contents with
the use of the Bradford method [6].

Fluorescent microscopic technique was incorporated to
examine the location of the inhibitor at the level of the cells in
seed coats and cotyledons, using fluorescein-marked cathepsin
D [7]. Fragments of seed coats and cotyledons (7µm thick),
obtained by a freezing microtome, were placed on microscope
slides, covered with polylysine, stippled with marked cathepsin
D (unmarked cathepsin D in the control) and incubated for 30
min. at 370C. Then, the slides were washed with phosphatic
buffer, stippled with buffered glycerine, and closed with a cover
glass. The preparations were evaluated, using a Nikon Eclipse
E600 fluorescent microscope, at the excitation wave length of
450-490 nm, at which, fluorescein emits radiation of 520-550
wave length (green light).

Results and discussion 

Approximately 70% of cathepsin D inhibitor activity occurs
in the seed coat and the rest is present in the embryo cotyledons
Table 1. The activity of cathepsin D inhibitor in seed coat is
1360.0 U/g of tissue and, in the cotyledons - 421.5 U/g. The pro-
tein content in the seed coat is 9.5 mg/g of tissue and that in the
cotyledons - 53.5 mg/g. The inhibitor activity, expressed in pro-
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tein g, is 143.1 U/g in seed coat and 7.9 U/g of protein in cotyle-
dons.

A similar distribution of the inhibitor was determined by the
fluorescent microscopy technique. As it was observed (Fig. 1),
the fragments, taken from the seed coat, incubated with fluores-
cein-marked cathepsin D, revealed a green signal, specific for

this fluorochrome in the shape of small granules, occurring
specifically in palisade cells of seed coat epidermis (A). The sig-
nal is markedly intensified in elongate protoplasts of these cells,
as well as in the area of light line of the cell wall (L). The gran-
ules, emitting green light, occur close to cell walls in the cells,
lying deeper in the seed coat, specifically in the parenchyma (B

Figure 1. Fragment of seed coat of common vetch, incubated with
fluorescein-marked cathepsin D. L-light line, A-epidermis (pali-
sade layer), B-osteosclereid layer, C-parenchymal cells. The
arrows point to the sites of cathepsin D inhibitor occurrence. x 200.

Figure 2. Fragment of seed coat of common vetch, incubated with
cathepsin D, which was not marked with fluorescein. 
x 200.

Activity of inhibitor  
Extract 

 
Protein, mg/g tissue 

 u/g tissue u/g protein 
Inhibition, % 

Seed coat 9.5 1360.0 143.1 69 

Cotyledons 53.5 421.5 7.9 22 

Table 1. The activity of cathepsin D inhibitor and protein contents in extracts of seed coats and cotyledons of common vetch.

Figure 3. Fragment of embryo cotyledon tissue of common
vetch, incubated with fluorescein-marked cathepsin D. S -
starch grain. x 200.

Figure 4. Fragment of embryo cotyledon tissue of common
vetch, incubated with cathepsin D, which was not marked with
fluorescein. x 200.
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and C). In the control preparations of the seed coat, there were
no green light emitting granules (Fig. 2). The preparations of
cotyledons, incubated with fluorescein-marked cathepsin D,
revealed only few small clusters of granules of fluorochrome,
emitting green light and located between starch grains in the
cells of cotyledon (Fig. 3). However, the control cotyledons did
not show any such granules (Fig. 4).

The study showed that the distribution inhibitor of cathepsin
D in the seeds of common vetch is differentiated in particular
types of its tissues. Proteolytic enzyme inhibitors, occurring in
the seeds, protect reserve proteins during long (many months)
storage against the activities of own proteases and the proteases
of bacteria, mould, and insects that are present in the environ-
ment [8, 9]. Such a role is probably fulfilled by the cathepsin D
inhibitor, which occurs mainly in the cells of the outer layer of
seed coat in common vetch seeds.
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Abstract 

Cathepsin D is a lysosomal protease which plays an impor-
tant role in cancer invasion and metastasis. There are known
inhibitors of that enzyme, such as pepstatin and potato inhibitor.
In this study, we examined effects of the cathepsin D inhibitor
from Vicia sativa L. seed hulls on cell cultures of human skin
fibroblasts and breast cancer cells. There is no effect of the D-
cathepsin inhibitor from Vicia sativa L. seed hulls on the proli-
ferative activity of either human skin fibroblasts or breast can-
cer cells, measured by the [3H] thymidine incorporation assay.

Key words: cathepsin D inhibitor, cathepsin D, fibroblasts, 
breast cancer cells, Vicia sativa L.

Introduction 

Cathepsin D is ubiquitous lysosomal protease with impor-
tant functions in protein catabolism. Three forms of the enzyme
are known: 52 kDa procathepsin D, a 48-kDa intermediate form
and stable cathepsin D with 34-kDa heavy and a 14-kDa light
chain. Cathepsin D plays a key role in metastatic spread by pro-
moting destruction of normal tissue architecture and in tumour
growth by influencing of growth factors [1, 2]. There are known
inhibitors of cathepsin D, such as pepstatin and potato inhibitor
[3, 4]. 

Material and methods 

The specific objective of the studies was to examine the sus-
ceptibility of the cathepsin inhibitor D from seeds of Vicia sati-
va L. to the action of cathepsin D and its effect on DNA and
cathepsin D activity in human skin fibroblasts and breast cancer
cells MDA MB-231.

Peptide cathepsin D inhibitor was isolated from Vicia sativa
L. seed hulls [5, 6]. Normal human skin fibroblasts were main-
tained in DMEM, supplemented with 10% FBS, 2 mmol gluta-
mine, 50 U/ml penicillin and 50 µg/ml streptomycin at 37°C in
5% CO2 in an incubator. The cells were used between 12th and
14th passages. The fibroblasts were subcultivated by tripsiniza-
tion. Breast cancer cells were maintained in DMEM, supple-
mented with 10% FBS, 2 mmol glutamine, 50 U/ml penicillin
and 50 µg/ml streptomycin at 37°C in 5% CO2 in an incubator.
The cells were cultured in Costar flasks and subconfluent cells
were detached with 0.05% trypsin and 0,02% EDTA in calcium
free PBS, plated at six-well plates (Nunc) in 2 ml of growth
medium (DMEM without phenol red). The cells reached con-
fluence at day 4 and, in most cases; such cells were used for the
experiments. 

In order to examine the effect of the studied inhibitor on cell
proliferation, the fibroblasts were plated in 24-well tissue cul-
ture dishes at 1 x 105 cells/well and breast cancer cells at 1 x
106cells/well in 1 ml of growth medium. After 48h the cells were
incubated at varying concentrations of the inhibitor (0.02, 0.2,
2.0 and 20 µmol/l) and 10 µl of 6.7 Ci/mM of [3H] thymidine for
24 h at 37°C. The cells were rinsed three times with PBS, solu-
bilized with 1 ml of 0.1 mol/l of sodium hydroxide, containing
1% SDS, scintillation fluid (3 ml) was added and radioactivity
incorporation into DNA was measured in a scintillation counter.
The activity of cathepsin D was determined, according to the
used method [7]. Briefly, the monolayer was washed three times
with 0.15 M NaCl. The cells were collected by scraping and sus-
pended in 0.15 NaCl and centrifuged  (2700 x g, 30 min) at 4°C.
The cells were sonicated three times for 10 s at 0°C. The sam-
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ples were then centrifuged (16 000 x g, 30min) at 4°C. The sed-
iment and the supernatant were used for protein determination
by the Bradford method [8] and then by the cathepsin D activi-
ty assay.

Results and discussion 

There is no antiproliferative activity of the cathepsin D
inhibitor on human skin fibroblasts and breast cancer cells, mea-
sured by the [3H] thymidine incorporation assay. D-cathepsin
activity, measured in fibroblast supernatant, was 2.4 nmol
Tyr/ml and, in breast cancer cells, it was 5.3 nmol Tyr/ml and
there was no correlation between the activity and the inhibitor
concentration Table 1. In the sediments of fibroblast
homogenates, D-cathepsin activity in control without the
inhibitor was 24.8 nmol/ml, while with the inhibitor, it ranged
from 19.2 to 24.8 nmol/ml. In breast cancer cell sediments, the
control activity was 80 nmol/ml and with the inhibitor activity,
it was decreased to 12-28 nmol/ml, according to inhibitor con-
centration. The protein concentration in the supernatant fibrob-
last and breast cancer cells was 4.6 ng/ml and, in the sediments,
it was 0.106 mg/ml.

There is no effect the D-cathepsin inhibitor from Vicia sati-
va L. seed hulls on the proliferative activity of human skin
fibroblasts and breast cancer cells, measured by the [3H] thymi-
dine incorporation assay. The cathepsin D inhibitor from seeds

of Vicia sativa L. does not penetrate into fibroblasts cells, but it
penetrates inside breast cancer cells.
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Supernatant 

 
Sediments Cell 

inhibitor concentration 

Protein, mg/ml Cathepsin D activity, Tyr, 
nmol/ml Protein, mg/ml Cathepsin D activity, Tyr, 

nmol/ml 

Fibroblasts 
0.15 mol/l NaCl 
0.02 ìmol/l 
0.2 ìmol/l 
2.0 ìmol/l 
20 ìmol/l 

 
4.64 
4.42 
4.47 
4.65 
4.69 

 
2.4 
2.5 
2.4 
2.5 
2.4 

 
0.098 
0.102 
0.102 
0.107 
0.118 

 
24.8 
19.2 
19.2 
22.8 
24.8 

 
MDA MB-231  
0.15 mol/l NaCl 
0.02 ìmol/l 
0.2 ìmol/l 
2.0 ìmol/l 
20 ìmol/l 

 
4.65 
4.55 
4.58 
4.64 
4.61 

 
5.3 
5.3 
5.3 
5.1 
5.2 

 
0.103 
0.108 
0.108 
0.106 
0.104 

 
80.0 
28.0 
28.8 
20.0 
12.8 

Table 1. Cathepsin D activity and protein concentration in supernatant and sediments of fibroblasts and breast cancer cells in presence
of the inhibitor from Vica sativa L. seed hulls.
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Abstract 

S-100 is a structural protein of the central nervous system.
An elevated level of S-100 in CSF is generally considered to be
a marker of nervous tissue damage. The presence of this protein
in blood serum points to the functional and/or morphological
disruption of the blood-brain barrier. We measured S-100 in the
cerebrospinal fluid and blood of children with two of the most
often observed pathological states in child neurology - internal
hydrocephalus and epilepsy. High levels of S-100 in CSF were
detectable in children with internal hydrocephalus. Increased
blood levels of S-100 protein were detectable in both groups of
paediatric patients. Our preliminary results indicate  neuronal
damage in internal hydrocephalus and morphological and/or
functional disturbances of the blood-brain barrier (their
increased permeability) in both above mentioned disabilities. 

Key words: S-100 protein, blood-brain barrier, epilepsy, 
hydrocephalus.

Introduction 

S-100 is a set of small, acidic, calcium-binding dimer pro-
teins of approximately 20 kDa which are widely distributed in
different tissues. The S-100 protein was first discovered by
Moore in 1965 [1]. Dimeric combination of the α- and β-chain
form three known subtypes: S-100ao (αα), S-100a (αβ) and S-
100b (ββ). S-100b is regarded as nervous-system-specific pro-
tein and is present mainly in glial cells and Schwann cells [2].

The function of S-100  in the central nervous system (CNS) is
only poorly understood. It is known that S-100 plays a role in
neuronal plasticity and long-term potentiation processes [3, 4].
This protein is generally considered to be a marker of CNS dam-
age [5]. Increased levels of S-100 in CSF or serum were mea-
sured after a variety of cerebral lesions and injuries, including
stroke, severe head trauma, brain tumours, or multiple sclerosis. 

Brain has its own unique and effective protective system
that controls the process of active transport of chemical sub-
stances from blood to neurons and CSF. This system, known as
the blood-brain barrier (BBB), is formed by complex tight junc-
tion of the brain capillary endothelial cells and segregates the
circulating blood from interstitial fluid in the brain [6]. In nor-
mal conditions, S-100 does not cross the BBB. Levels of this
protein in plasma are extremely low and approximately one
third of the levels, found in the cerebrospinal fluid (CSF) [5].
Thus, opening the blood-brain barrier (BBB) would be expect-
ed to markedly increase plasma S-100 levels. Kapural et al. [7]
suggest that S-100β is an early marker of BBB disruption that is
not necessarily related to neuronal damage. We measured S-100
in children with two of the most often observed pathologic
states in child neurology - internal hydrocephalus and epilepsy.
Studies on the blood levels of S-100 protein in paediatric
patients are very rare.

Material and methods 

Two groups of patients: Group H - children with internal
hydrocephalus and Group E - children with epilepsy were
involved into the study.

Group H amounted to 4 patients in whom the shunt implan-
tation was necessary. The CSF and blood samples were obtained
just before the implantation. The control group included 5
healthy children, in whom only blood samples were taken to the
study. Some level of S-100 protein has been detected at the
Klinikum Grosshadern in Munich (Germany), using an
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immunofluorometric sandwich assay. Details of this method are
described in [8]. In group E, there were 6 epileptic patients in
whom lumbar puncture was performed to exclude infection of
CNS. The CFS and blood samples were taken within 12 h after
the seizure. The control group constituted 12 healthy children,
in whom only blood samples were obtained. Levels of S-100
protein were measured, using the radioimmunometric assay
(Sangtec, Sweden).  

Results 

Group H: The results, obtained Group E, are presented in
Table 1. The range of S-100 concentration in CSF was 0.660-
11.500 mg/ and. in blood serum - 0.065 - 0.248 µg/L respec-
tively. In the healthy children, the median serum level of S-100
protein was 0.033 µg/L. The obtained data suggest that CSF
levels of S-100 can be almost 8 times higher than those in serum
of the same patients and that the concentration of S-100 in
serum of children with hydrocephalus can be 8 times higher too
than that in control group.

Group E: The results, obtained in Group E, are presented in
Table 2. The range of S-100 concentration in CSF was 0.320 -
0.650 µg/L. In blood serum - 0.134 - 0.280 µg/L respectively.
In all 12 cases of children in the control group, the  level of S-
100 in serum was lower than 0.010 µg/L. The obtained data
suggest that CSF level of S-100 is 2-3 times higher than that in
serum of the same epileptic children and that the concentration
of S-100 in serum of epileptic children is15-20 times higher
than that in control group.

Discussion 

Several groups have reported increased CSF levels of S-100
protein in patients with lesions of the CNS [i.e. 9, 10] and a rela-
tionship between cell damage in the CNS and the concentration
of S-100 in CSF [11]. There is evidence that CSF levels of S-
100 may serve as quantitative markers of the extent of brain
damage. However, especially in patients with intracranial pres-
sure, lumbar puncture is contraindicated, due to the risk of
transtentorial herniation. For these reasons, S-100 which is
released from brain cells during brain damage, must be
detectable in blood if it is to serve as a useful tool in clinical
medicine. Otherwise, S-100 level in blood increased signifi-
cantly when the BBB is disrupted and that is not necessarily
related to neuronal damage [7]. Our study shows that CSF con-
centration of S-100 was only 2-3 times higher, compared to
serum levels in the group of epileptic children. Similar results
were found in healthy volunteers [5]. This fact does not point to
any severe neuronal damage in epilepsy. Our results indicate an
increased permeability of BBB in epilepsy and, in a less degree,
in internal hydrocephalus. The obtained data can have practical
meaning, especially in children affected by hydrocephalus [12].
Periodic controls of S-100 protein levels in blood may be a use-
ful indicator of shunt function. 

Conclusions 

Increased blood levels of S-100 protein were detectable both
in children with internal hydrocephalus and in those with epilep-
sy. Our results indicate morphological and/or functional distur-
bances of BBB (their increased permeability) in both above
mentioned disabilities. Very high CSF levels of S-100 in Group
H point to severe damage of the CNS tissues in children with
internal hydrocephalus. There is no evidence of S-100 levels in
CSF to the neuronal damage in epileptic children. We conclud-
ed that measuring the blood levels of S-100 protein may be a
reproducible and less invasive method for determining the
integrity of the BBB in children with internal hydrocephalus and
epilepsy. 
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Abstract 

Cardiovascular and cerebrovascular diseases are regarded to
be the main causes of mortality in developed countries, athero-
sclerosis being at their pathological base. During the recent
years, attention was paid to the role of bacterial infections,
including Helicobacter pylori, in the process of atherogenesis
and coronary heart disease development. The aim of the study
was an evaluation of H. pylori presence - by means of PCR tech-
nique - in atherosclerotic changes, obtained by endarterectomy,
performed during coronary artery bypass grafting (CABG). In
the analysed group of patients, the following risk factors were
found: hyperlipidaemia, smoking, hypertension, obesity, dia-
betes mellitus, cardiac infarction. No DNA of the bacteria was
traced in any of the patients. 

Key words: Helicobacter pylori, PCR technique, 
atherosclerotic plaques.

Introduction 

Inflammatory factors play an important role in the patho-
genesis of atherosclerosis. In patients with coronary heart dis-
ease, increased levels of C-reactive protein, TNF-α, interleukin
1, 6 and fibrinogen are observed. Since, in some patients with
coronary heart disease, no common risk factors are reported
(such as: hypertension, smoking, overweight, hypercholestero-
laemia, genetic predispositions) viral (Cytomegalovirus, Hepati-
tis A, Herpes simplex type 1 and 2) and bacterial (Chlamydia

pneumoniae and Helicobacter pylori) participation has been
suggested in the development of atherosclerosis. These microor-
ganisms can directly invade the vascular endothelium, inducing
inflammatory response, or secrete endotoxins with either local
or systemic impact [1]. The influence of infection with Heli-
cobacetr pylori on the development of vascular diseases has not
yet been explained. The results of serological analyses indicate
bacterial presence in 50% of the adult population. The occur-
rence of antibodies in blood serum is not to be interpreted as a
continuous infection or as a constant exposition of the cardio-
vascular system to pathogenic factors [2, 3, 4]. 

Our study attempted at finding DNA of Helicobacter pylori
in atherosclerotic plaques, collected by endarterectomy, per-
formed during coronary artery bypass grafting (CABG). 

Material and methods 

The material for the study (atherosclerotic plaques) was col-
lected from twenty-one (21) patients (20 male and 1 female) in
age between 42-73 years (the mean age: 57 years) with coronary
heart disease, diagnosed by coronarography, operated at the
Clinic of Cardiosurgery, Medical University of Bialystok
between the years 1998-2003. Operated patients were seroposi-
tive for H. pylori and were determined risk factors of coronary
heart disease. All of the patients were qualified to implantation
of aortal-coronary bypasses because of extensive atherosclerotic
changes in the coronary arteries and disqualification for tran-
scutaneous interventions. In eighteen (18) patients, CABG was
performed within schedule, while in the other three (3), the
surgery was accelerated because of unstable course of the coro-
nary heart disease. The decision about endarterectomy was
intraoperatively made, on the basis of the coronary artery mor-
phology and at the planned spot of distal bypass grafting. Cylin-
der-shaped atherosclerotic change was obtained by preparation,
performed from the side of the adventitia, following a longitu-
dinal incision of the artery.  The collected material was placed
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in 10% solution of buffered formalin and transported to the
Department of Clinical Molecular Biology at the Medical
University of Bialystok. After 12-hour fixing, the material was
routinely handled and embedded into paraffin blocks. For DNA
isolation, 10 paraffin sections (5 µm thick) were placed in 1.5
ml Eppendorf tubes and deparaffinated in room temperature,
using xylene - a mixture of xylene with chloroform (1:1) and
absolute ethanol. DNA was isolated and purified by the pheno-
lic-chloroform technique. The purified and dried DNA sediment
was dissolved in 30 µl of elution buffer, incubated through the
night in room temperature and then stored in -200C until further
assay. During DNA isolation, also negative control was set up.
PCR reaction was performed for a fragment of vacA Helicobac-
ter pylori gene (specific vacuolating gene) of 229 bp in length,
using a pair of primers: VAC3624F and VAC3853R (the
sequence of the primers: VAC3624F GAG CGA GCT ATG GTT
ATG AC; VAC3853R ACT CCA GCA TTC ATA TAG A). The
obtained reaction mixture of 10 µl in volume contained: buffer
x 10, dNTP (40 mM), the VACF primer (12 pmol/µl) the VACR
primer (12 pmol/µl), Red polymerase (1U/µl), H20dest, DNA
solution - 2ml. The thermal profile of the reaction was carried
out for 40 cycles  (940C - 30 s, 510C -   1 min, 720C - 30 s). The
effectiveness of PCR technique was determined on the material
from gastric biopsy specimens, fixed and embedded into paraf-
fin blocks, identically as the atherosclerotic plaques, in which
the presence of H. pylori had been found. Those samples stood
for positive control. The PCR reaction was twice repeated. In
order to visualise the product of PCR, electrophoresis was per-
formed in 1.8% agarose gel with an addition of ethydine bro-
mide (room temperature, voltage = 120V). 

Results 

Demographic data demonstrated that hyperlipidaemia was
the most frequent risk factor (67%) of coronary heart disease,
followed by smoking (62%) and hypertension (52%). In 25% of
the patients, diabetes mellitus was diagnosed, while 20% of
them revealed obesity. Two thirds of the patients had cardiac
infarction in history. The above factors occurred, regardless of
the presence of Helicobacter pylori in atherosclerotic changes,
as no genome of the bacteria was traced in the analysed material
(Fig.1). 

Discussion 

Infection with H. pylori may be associated with a number of
parenteral diseases, including - among others - autoimmunising
diseases, skin diseases, hepatic encephalopathy, the sudden
infantile death syndrome and atherosclerosis of the coronary
arteries [5]. Bacterial DNA can be detected in host's tissues by
means of a very sensitive method - PCR. 

In the performed studies, no presence of H. pylori genome
was observed in any of the evaluated atherosclerotic change.
The obtained results were concordant with some of the earlier
reports. Neither Blasi et al. nor Dore et al. found the genome of
H. pylori in any of their studied samples, collected from the
aorta, the abdominal aorta, the carotid artery and the femoral

artery [2, 3, 4]. Danesh et al. identified bacterial DNA in 1, out
of 36 analysed cases only [6]. In turn, Farsak et al. obtained po-
sitive results in 37% of evaluated arteries [7].

Contradictory and discrepant results of studies, as presented
in the reports, may have resulted from a focal localisation or
periodical (transient) colonisation of tissues by H. pylori. The
mechanism of blood vessel colonisation by this bacteria has not
yet been unveiled. A finding of H. pylori DNA in the oral cavi-
ty, the liver, the bile tract or in atherosclerotic plaques may then
turn out to be a false positive result. The bacteria is killed in
blood serum, while free DNA in peripheral circulation may
influence the false-positive results in tissues. Employing PCR
for 16S rRNA and vacA genes, the presence of bacterial DNA in
circulation was found in 65% and 50% of infected patients,
respectively, while not a trace of that DNA was observed in the
control group [8]. 

In the analysed group of patients (20 males and 1 female),
we found the following risk factors of vascular diseases: hyper-
lipidaemia, smoking, hypertension, diabetes mellitus, obesity
and cardiac infarction, while neither chronic peptide ulcer dis-
ease nor gastric carcinoma were noted in that reference. We can-
not exclude an association of the above mentioned factors with
H. pylori infection, although no bacterial DNA was found in any
of the studied samples. 

In 18 cross-sectional studies, each involving, at least, 500
persons, no unequivocal results were presented, either. The eval-
uation included, among others: systolic and diastolic blood pres-
sure, the body mass index, plasma viscosity, total cholesterol
concentration and the concentrations of glucose and C-reactive
protein. The majority of the studied parameters did not show
any statistically significant differences between the patients and
the controls. Only a slight increase of plasma viscosity and glu-
cose concentration was observed in the group of patients [9].
The participation of Helicobacter pylori in the ischaemic heart
disease has not been unequivocally confirmed. The few reports,

 

Figure 1. Amplification products of  H. pylori control and ne-
gative samples in agarose gel.

M - DNA molecular weight marker (250 bp and 150 bp), 
K+ positive control (229 bp),
K- negative control, 1-21 negative samples.
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which mention the presence of the bacterial genome in athero-
sclerotic changes, may not be regarded as evidence for a direct
engagement of the bacteria in the pathogenic process - the bac-
teria in question may be, but a harmless commensal, localising
itself in pathologically changed tissues. 
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Abstract

Gliomas are the most common neoplastic tumours of the central
nervous system. The aim of the study was to evaluate the prolifera-
tive activity of chosen types of gliomas and to analyse their correla-
tion with histological type, malignancy grade, location, size and
clinical symptoms. The study involved patients with astrocytoma,
anaplastic astrocytoma, glioblastoma, oligodendroglioma, anaplas-
tic oligodendroglioma. The proliferative activity (the labelling index
- LI) of glial cells was estimated, using immunohistochemistry.  In
studied groups, a positive correlation was noted between the prolif-
erative activity and tumour size, but not between the proliferative
activity and tumour location. The clinical symptoms were condi-
tioned mainly by tumour location and, to a smaller extent, by its
size. 

Key words: proliferative activity, glioma, Ki-67, PCNA.

Introduction 

Gliomas constitute approximately 50% of all brain tumours,
showing a varied clinical course, depending on their histological
type, grade and location. In case of many gliomas, the basic
histopathological investigation requires the use of accessory diag-
nostic methods. One of them is the immunohistochemical examina-
tion which detects the presence of cycle phase-specific nuclear anti-
gens to indicate the proliferative activity of tumours [1].

The aim of the study was to evaluate the proliferative activity of
chosen brain gliomas and to analyse its correlation with histological
type, grade, location, size and clinical symptoms.

Material and Methods 

The study involved 99 patients, aged 18-80 (54 women and 45
men) with clinically diagnosed brain tumour. Prior to surgery, all the
patients had neurological examinations, revealing either sympto-
matic or asymptomatic focal CNS damage or intracranial hyperten-
sion. CT and/or MRI examination allowed determination of the
location and size of the tumour. Group I consisted of patients with
astrocytoma (22 patients), Group II - patients with anaplastic astro-
cytoma (31), Group III - patients with glioblastoma (23), Group IV
- patients with oligodendroglioma (12) and Group V - patients with
anaplastic oligodendroglioma (11). Ki-67 (clone MIB-1, DAKO):
working dilution 1:50 and PCNA (clone PC 10, DAKO): working
dilution 1:100 antibodies were used for immunohistochemical
examinations. The proliferative activity was determined, based on
the labelling index (LI), expressing the percentage of cells with Ki-
67 and PCNA nuclear immunoreactivity, compared to the total cell
count. The Statistica PL program with StatSoft  was used for statis-
tical analysis. For comparison of means, Student's 't' test was per-
formed.

Results

In the presented study, the mean LI values differed among the
groups, depending on the tumour histological grade. The highest
proliferative activity, expressed by LI, was found in glioblastoma
cells. Lower LI values were noted in anaplastic astrocytomas and
oligodendrogliomas. Statistically significantly lower LI values were
observed in astrocytomas and oligodendrogliomas. Detailed data
are shown in Table 1.

Discussion and Conclusion 

LI values in neoplastic glial cells, presented by other authors,
show evident variations. Compared to the present study, lower Ki-
67 LI values in anaplastic astrocytoma and glioblastoma were found
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by Eneström et al. [2] (13.3 and 24.3 respectively). However, LI val-
ues, detected in glioblastomas, are consistent with those, reported by
Kayaselcuk et al. [3]. Considerably higher PCNA LI values, reach-
ing 67 in glioblastoma and 48.57 in anaplastic astrocytoma, were
noted by Korkolopoulou et al. [4]. The differences in LI values, pre-
sented by various authors, may have resulted from the use of differ-
ent fixation methods and research procedures [5, 6]. However,
despite LI variations, in all the reports, the proliferative activity of
gliomas shows a correlation with tumour grade [1, 3, 7]. This seems
to indicate that the proliferation index can be used as an accessory
parameter to differentiate between border grades [8]. Many authors
believe that LI value is a significant survival index [9, 10, 11] and
can be used to assess the risk of recurrence [3]. The present analysis
showed a positive correlation between the proliferative activity of
the tumours and their diameters within respective histological types.
The activity was most enhanced in glioblastomas, which demon-
strated the highest LI level but were the smallest in diameter. No
correlation was found between the proliferative activity and tumour
location.

We observed that the clinical symptoms and their severity var-
ied among patients. The prevailing symptoms were conditioned
mainly by tumour location and concomitant swelling, rather than by
glioma size. When tumour location was the same, the clinical symp-
toms, especially intracranial hypertension, were more enhanced in
patients with higher proliferative activity of the neoplastic cells.
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I Astrocytoma  G2 22 1.52 2.42 4.96 18.2 40.9 9.1 18.2 13.6 9.1 50 13.6 27.3 63.6 9.1 18.2 4.5 

II Anaplastic 
astrocytoma  G3 31 18.98 20.47 5.27 32.3 25.8 12.9 12.9 16.1 19.3 45.2 6.45 29 58.1 9.7 16.1 16.1 

III Glioblastoma  G4 23 31.34 34.18 3.75 13 43.5 17.4 8.7 17.4 34.8 65.2 8.7 21.7 69.6 8.7 26.1 13 

IV Oligodendroglioma 
G2 12 2.25 3.14 3.63 50 25 0 25 0 8.3 33.3 25 50 25 0 8.3 0 

V Anaplastic  G3   
oligodendroglioma 11 14.72 17.02 4.69 45.5 27.3 18.2 9.1 0 0 36.4 18.2 54.5 63.6 0 18.2 9.1 

Table 1. Proliferative activity, size, location and clinical symptoms in the respective study groups.
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Abstract 

The aim of the study was to assess the influence of thalido-
mide on megakaryocytes (MK) in patients with multiple myelo-
ma (MM). The study was based on bone marrow trephine biop-
sies from 12 patients with MM before initiation of thalidomide
administration and after three months of its duration. The mor-
phometric examinations were done, using image analysis (DP
12). Quantitative assessment of MK and the analysis of the mor-
phological parameters of MK were performed. MK with features
of dysplasia were more frequently observed before the treatment.
Additionally, a greater number of the so-called 'naked nuclei' was
noticed then. Due to the effect of thalidomide, the mean number
of MK increased and so did their area. During the treatment, a
more frequent presence of emperipolesis was observed. The
observations confirm the fact that thalidomide may cause changes
in MK.

Key words: multiple myeloma, thalidomide, trephine biopsy, 
megakaryocyte.

Introduction 

Multiple myeloma (MM) is a malignant neoplasm, charac-
terised by an increase of clonal plasma cells in the bone marrow.
In the biology of MM, the process of angiogenesis in bone mar-
row stroma plays an important role and this phenomenon corre-

lates with the activity and the clinical stage of the disease. About
half of the patients exhibit resistance to the first choice treatment.
The patients, who initially responded to therapy, showed an
increased resistance in the course of the disease [1]. In order to
assess the stage of the disease and the effectiveness of the applied
treatment, bone marrow trephine biopsy (BMT) is recommended
[2]. So far, there have not been any effective methods of MM
treatment. During recent years, reports of thalidomide use in the
therapy of MM have become available [1, 3]. Thalidomide affects
HIM by inhibiting angiogenesis and induces apoptosis of newly
generated vessels. It has a specific quality of regulating the secre-
tion of many cytokines [4]. The cytokine-like Vascular Endothe-
lial Growth Factor (VEGF), with other cytokines secreted by
HIM cells, can be a stimulator of angiogenesis in the bone mar-
row [5, 6]. VEGF  expression is particularly high in MK in some
haematological malignancies  [7]. MK of the bone marrow are not
only the precursor cells for the platelets but they comprise an
essential element of the bone marrow-blood barrier which regu-
lates the release of other cells of the haematopoietic system into
blood [8].  The aim of the study was to assess the influence of
thalidomide on bone marrow MK in patients with MM.

Material and Methods 

The study was based on bone marrow samples, collected from
the posterior superior iliac spine of 12 patients (8 women and 4
men, aged from 44 to 73 years) in the 2nd  and the 3rd clinical
stage of MM, according to the classification of Durie and Salmon.
in whom thalidomide was applied. The specimens were obtained
by BMT before the treatment and after 3 months of its duration.
Bone marrow tissue was carried out in Oxford solution and paraf-
fin embedding. Thin sections of 5 µm were cut by the use of a
microtome. Routine techniques staining, such as a hematoxylin
and eosin, were applied. Morphometric examinations were done,
using an image analysis set (DP12). A quantitative analysis of
MK (nuclear megakaryocyte, MK; naked nuclei, NN; anuclear
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cytoplasmic fragments, CF) per square millimetre of bone mar-
row was done, taking into account the presence of the so-called
cluster forms. The analysis of MK morphological features, such
as the MK area (AMK), the nuclear/cytoplasmic ratio (N/C), cir-
cular deviation of cells (CDMK) and their nuclei (CDNMK), the
analysis of emperipolesis incidence were also performed. The
identification of MK immature forms was done, using CD61
monoclonal antibodies and the factor VIII. LSAB+HRP and DAB
(DAKO) detection kits were used as the chromogen. Statistical
analysis of the results was done, using the Statistica PL computer
program. 

Results 

It has been observed that MK, with the features of dysplasia,
were present in the majority of the patients, especially in cases of
myeloma cell infiltration. MK of a small area were more often
found either around or inside the infiltration. Under the influence
of thalidomide, a decrease in infiltration was noticed and the
mean number of MK increased, their area being enlarged as well.
MK were disseminated and could be found around the walls of
the cavity vessels. Before the treatment, an increased mean num-
ber of NN was assessed, in comparison to the mean number of
NN during the treatment. While assessing the mean CDNMK,

significant differences were observed before and after the treat-
ment with thalidomide. In the majority of cases, the values were
higher before the treatment and MK were rounder. During the
treatment, the presence of single cluster forms and the phenome-
non of emperipolesis were noticed (Table 1).

Discussion 

The process of angiogenesis in the stroma of bone marrow is
important in the pathogenesis of MM. This process correlates with
myeloma cell proliferation [5]. In the present study, we noted that
the presence of plasma cell infiltration affected the morphological
changes in MK. The presence of dysplastic megakaryocytes was
also confirmed. Dysmegakaryocytosis, which is manifested by the
presence of micromegakaryocytes, micromegakaryoblasts,
promegakaryoblasts, naked nuclei and  promegakaryocytes, may
lead to production of functionally impaired platelets [9]. 

Haemostasis disturbances may result from those changes. The
disturbances of MK may strengthen the action of proangiogenic
cytokines by release of the factors, stimulating angiogenesis, such
as VEGF [6]. These cytokines show an association with the pro-
duction of myeloma cells. Thus, an increased expression of the
proangiogenic factors may take place. Thalidomide is an inhibitor
of angiogenesis, although its exact mode of action has not been

MK NN AMK N/C CDMK CDNMK 
Patient 

No BMT 
x ± SD x ± SD x ± SD x ± SD x ± SD x ± SD 

before *1.08 ± 0.86 0.67 ± 0.58 86.00 ± 21.63 0.43 ± 0.21 0.78 ± 0.08 0.72 ± 0.13 
1. 

after 6.00 ± 1.80 1.67 ± 1.53 177.00 ± 32.51 0.33 ± 0.08 0.70 ± 0.10 0.52 ± 0.13 
before 4.33 ± 3.21 1.67 ± 1.53 *74.00 ± 19.08 0.50 ± 0.10 0.77 ± 0.08 0.89 ± 0.04 

2. 
after 5.98 ± 1.01 1.31 ± 1.14 167.67 ± 41.06 0.40 ± 0.05 0.72 ± 0.10 0.46 ± 0.17 
before 1.33 ± 1.15 0.67 ± 0.58 88.00 ± 20.66 * 0.68 ± 0.08 0.84 ± 0.07 *0.79 ± 0.05 

3. 
after 4.00 ± 2.00 1.67 ± 0.58 155.00 ± 37.75 0.50 ± 0.10 *0.73 ± 0.10 0.45 ± 0.05 
before *2.67 ± 1.15 2.33 ± 0.58 96.33 ± 18.50 0.80 ± 0.05 0.89 ± 0.04 0.70 ± 0.13 

4. 
after 7.00 ± 1.00 1.15 ± 0.76 123.67 ± 32.87 0.86 ± 0.06 0.65 ± 0.05 0.76 ± 0.09 
before *6.33 ± 2.08 1.33 ± 0.58 112.00 ± 20.42 0.62 ± 0.10 0.78 ± 0.08 0.70 ± 0.10 

5. 
after 1.15 ± 0.77 0.67 ± 0.58 168.33 ± 53.46 0.62 ± 0.10 0.72 ± 0.10 0.62 ± 0.10 
before *10.67 ± 3.06 0.67 ± 0.58 106.33 ± 29.26 0.68 ± 0.08 0.78 ± 0.08 0.82 ± 0.08 

6. 
after 2.33 ± 1.53 1.67 ± 0.58 171.67 ± 40.10 0.53 ± 0.10 0.82 ± 0.04 0.70 ± 0.05 
before 3.13 ± 1.06 1.07 ± 0.87 118.67 ± 22.03 0.43 ± 0.08 0.86 ± 0.11 0.80 ± 0.05 

7. 
after 4.67 ± 2.08 1.33 ± 0.58 165.00 ± 47.70 0.62 ± 0.10 0.65 ± 0.13 0.67 ± 0.08 
before 1.67 ± 0.58 0.67 ± 0.58 *113.00± 5.94 0.62 ± 0.08 0.82 ± 0.09 0.54 ± 0.13 

8. 
after 3.67 ±1.53 1.33 ± 0.58 137.33 ± 25.01 0.47 ± 0.07 0.79 ± 0.06 0.82 ± 0.07 
before 3.33 ± 1.53 0.67 ± 0.58 119.33 ± 23.80 *0.50 ± 0.05 0.68 ± 0.16 0.81 ± 0.10 

9. 
after 3.00 ± 2.65 0.67 ± 0.58 156.67 ± 45.37 0.73 ± 0.08 0.80 ± 0.04 0.74 ± 0.09 
before 4.67 ± 3.06 1.33 ± 0.58 151.33 ± 29.37 *0.46 ± 0.08 *0.80 ± 0.03 0.74 ± 0.08 

10. 
after 2.15 ± 1.76 0.67 ± 0.58 162.67 ± 53.54 0.65 ± 0.11 0.71 ± 0.03 0.44 ± 0.06 
before 2.00 ± 0.87 0.67 ± 0.58 124.00 ± 34.70 0.82 ± 0.08 0.72 ± 0.13 0.73 ± 0.08 

11. 
after 4.67 ± 1.53 1.67 ± 0.58 166.0 ± 37.32 0.55 ± 0.07 0.78 ± 0.06 0.53 ± 0.08 
before 1.33 ± 1.15 1.00 ± 1.00 121.33 ± 31.07 *0.83 ± 0.08 *0.85 ± 0.09 0.82 ± 0.10 

12. 
after 2.67 ± 2.08 1.67 ± 0.58 168.33 ± 48.00 0.54 ± 0.06 0.73 ± 0.08 0.67 ± 0.16 

Table 1. Histomorphometric features (means±standard deviations) of megakaryocytes in bone marrow of patients with MM before
and after three months of thalidomide treatment.

* statistically significant differences
MK- nuclear megakaryocyte, NN- naked nuclei, AMK- area MK. N/C- nuclear/cytoplasmic ratio, 
CDMK- circular deviation of cells, CDNMK- circular deviation of nuclei.
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well recognised yet [4]. It regulates the secretion of many
cytokines and affects HIM. In the present study, quantitative and
qualitative changes of MK were observed, due to thalidomide
treatment. During the therapy, there was a shift of MK into the
localisation around the cavity vessels. MK constitute a vital ele-
ment of the marrow-blood barrier which, in normal conditions,
releases only mature forms of the haematopoietic system into cir-
culation [8]. In case of its impairment, immature cells may occur.
The presence of emperipolesis should also be emphasised. It may
be suggestive of still existing unfavourable conditions in HIM,
which persist during treatment [10]. Differences in the extent of
the disturbances to the mean shape of MK nuclei, before and dur-
ing thalidomide treatment, may be connected to an increased pro-
liferation of MK and the resulting dissociation of the nuclear and
cytoplasmic maturation. The observed changes confirm the fact
that thalidomide is a multidirectional agent, causing alterations in
the marrow MK. The interest in this subject may be important,
especially in comparison to recent reports, concerning the biolo-
gy of the myeloma cell, its interaction with HIM and new possi-
bilities of MM multidirectional treatment.
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Abstract 

The role of endothelin-1 (ET-1) and of its receptor A (ETA)
blockade in oedematous acute pancreatitis (AP) remains
unclear. In 40 male Wistar rats with i.p. cerulein-induced AP,
lasting 4 hours, ET-1 2x0.5 nmol/kg and 2x1.0 nmol/kg or selec-
tive ETA antagonist LU 302146, 10 mg/kg and 20 mg/kg was
given i.p. simultaneously with cerulein. Histological and ultra-
structural studies of pancreatic specimens were done. ET-1
decreased the inflammatory infiltration, but not the mean scores
of necrosis and vacuolization in AP. The ultrastructural damage
of acinar cells was less evident after ET-1 than in untreated AP.
Selective ETA antagonist slightly aggravated the vacuolization
and necrosis of acinar cells and some ultrastructural alterations
in AP. In conclusion, ET-1, in contrast to selective ETA antago-
nist, exerts some protective effect in the early course of oede-
matous cerulein-induced acute pancreatitis in rats.

Key words: acute pancreatitis, cerulein, endothelin-1, 
ETA antagonist, ultrastructure.

Introduction 

The role of ET-1 and of its ETA antagonists in acute pan-
creatitis remains controversial and not fully elucidated [1, 2]. In
some experiments, a selective ETA antagonist attenuated
inflammatory changes in the pancreas with cerulein-induced AP,
thus improving the course of the disease [3, 4, 5]. On the con-
trary, Kogire et al. [6] found that selective ETA blockade wor-

sened, whereas ET-1 improved histological changes in that
model of AP. This problem has important clinical implications
for either a possible treatment of AP or prevention of the disease
progression from the oedematous stage to more severe, necrotic
forms with poor prognosis, by early modification of ET-1 action.

Ultrastructural examination could be a reliable method for
elucidation of this problem, however, such studies have not yet
been conducted. Therefore, the aim of the present study was to
assess and compare the effects ET-1 and of selective ETA antag-
onist on ultrastructural and histological alterations in the pan-
creas in early cerulein-induced AP in rats.

Material and methods 

The experiments, approved by the institutional Bioethical
Commission, were carried out on 40 male, Wistar rats, 240 - 280
g of body weight (b.w.). AP was induced by two i.p. injections
of cerulein (Sigma) at a dose of 40 µg/kg b.w. in 1 hour interval
[7]. Group I. Control group (C) without AP (n=6). Group II.
Rats with AP untreated (n=10). Group III and IV. Rats with AP
treated with ET-1 (Sigma) i.p. 2 x 0.5 or 2 x 1.0 nmol/kg b.w.,
simultaneously with cerulein (n=6 in each group). Group V and
VI. Rats with AP treated with LU 302146 (generously donated
by Knoll AG) i.p. 10 or 20 mg/kg b.w. once, with the first i.p.
cerulein injection (n=6 in each group). The rats were sacrificed
in general anaesthesia by quick decapitation 4 hours after the
first injection of cerulein. Pancreas specimens were taken for
histological and ultrastructural examinations, performed as in
our previous work, including a statistical analysis [8].

Results and discussion 

The results of histological scoring of pancreatic changes are
presented in Table 1. The ultrastructural patterns of acinar cells
in the control group did not show any signs of damage. In
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Figure 1. Part of acinar cell with dilated channels of RER and
mitochondria with destruction of their cristae (arrow). Group II
- AP untreated group. Original magnification x 3000.

No Group Oedema PMN infiltration Necrosis Vacuolization 

I 
Control 

(n=6) 

0-1 

(0.12Ä0.03) 

0-1 

(0.06Ä0.02) 

0-0 

(0.00Ä0.00) 

0-1 

0.08Ä0.03 

II 
AP untreated 

(n=10) 

1-3 

(2.04Ä0.07) 

0-3 

(1.61Ä0.08) 

0-2 

(0.58Ä0.06) 

1-3 

(1.88Ä0.08) 

 III 
AP + ET-1  2x0.5 nmol/kg  

(n=6) 

2-3 

(2.62Ä0.05) 

0-3 

(1.47Ä0.09) 

0-2 

(0.57Ä0.06) 

1-3 

(1.96Ä0.07) 

IV 
AP + ET-1  2x1.0 nmol/kg  

(n=6) 

1-3 

(2.12Ä0.08) 

0-2 

(1.04Ä0.05) 

0-2 

(0.54Ä0.06) 

1-3 

(1.92Ä0.08) 

V 
AP + LU 302146 

10 mg/kg  (n=6) 

0-3 

(1.96Ä0.09) 

0-3 

(1.43Ä0.09) 

0-2 

(0.86Ä0.07) 

1-3 

(1.91Ä0.09) 

VI 
AP + LU-302146 

20 mg/kg  (n=6) 

0-3 

(2.14Ä0.07) 

0-3 

(1.41Ä0.07) 

0-2 

(0.82Ä0.06) 

1-3 

(2.19Ä0.07) 

Table 1. Histological changes of the pancreas in cerulein acute pancreatitis (AP) in rats*. 

*Values are expressed as the ranges of scores and means ± SEM.
Statistical significance of important differences:
Oedema: I / II, III, IV, V, VI p < 0.001;  II / III p < 0.001;  III / IV p < 0.001.
PMN infiltration: I / II, III, IV, V, VI p < 0.001;  II / IV p < 0.001;  II/VI p < 0.05.
Necrosis: I / II, III, IV, V, VI p < 0.001,  II / V, VI p < 0.01.
Vacuolization: I / II, III, IV, V, VI p < 0.001,  II / VI p < 0.01.

Figure 2. Vesicular transformation and circular arrangement of
endoplasmic reticulum. Group III - AP, treated with the lower
dose of ET-1. Original magnification x 7000.

Figure 3. Nearly normal appearance of pancreatic acinar cells.
Group. IV - AP, treated with the higher dose of ET-1. Original
magnification x 3000.

Figure 4. Numerous vacuoles in the cytoplasm of pancreatic
acinar cell. Zymogen granules in one of them are seen (›).
Group VI - AP, treated with the higher dose of ETA antagonist.
Original magnification x 3000.
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untreated AP, the majority of acinar cells contained quite numer-
ous vacuoles. Zymogen granules were less numerous than those
in the control group. The cisternae of Golgi apparatus were
sometimes dilated. Channels of rough endoplasmic reticulum
(RER) were usually dilated (Fig. 1) and disorganized. A necro-
sis of acinar cells was only sporadically observed. In the group,
treated with a lower dose of ET-1, zymogen granules were
scarce. The cytoplasm contained numerous phagosomes,
autophagous vacuoles and vacuoles with amorphic content.
Channels of RER were usually dilated and showed vesicular
transformation or concentric arrangement (Fig. 2). Some of the
mitochondria showed features of swelling. Necrosis of acinar
cells was sporadic. In the group, treated with a higher dose of
ET-1, those lesions were slightly less pronounced: phagosomes
and vacuoles were less numerous, RER channels were dense
and regularly arranged and mitochondria were normal (Fig. 3).
The ultrastructural changes after the treatment with lower dose
of selective ETA antagonist resembled those, observed in the
animals with untreated AP. However, after the treatment with
higher dose, those lesions were more expressed. Many acinar
cells showed features of total disintegration. The cytoplasm con-
tained numerous autophagous vacuoles (Fig. 4). Zymogen gran-
ules had varied electron density; sometimes, they were found in
autophagous vacuoles or were loosely spread in the interstitial
space. The changes in RER, Golgi apparatus and mitochondria
were similar to those, noted in the untreated group.

Summarizing our study, ET-1 exerted a distinct protective
effect on histological changes in the pancreas, as evidenced by
the decrease of inflammatory cells infiltration, more evident
after the higher dose of this agent, despite of the slight increase
of edema score after the lower dose of ET-1. On the contrary, a
slight aggravating effect on the scores of necrosis and vacu-
olization could be observed after both doses of selective ETA
antagonist. The ultrastructural examination supported less
advanced alterations of pancreatic acinar cells in AP treated with
ET-1, especially after the higher dose of this agent. It was man-
ifested by a decreased number of phagosomes and autophagous
vacuoles, as signs of focal degradation of the cytoplasm. The
channels of RER were more regular and rarely dilated and the
mitochondria were better preserved. Those findings indicate that
ET-1 administration can partially ameliorate the course of early
acute oedematous pancreatitis. The treatment with ETA antago-
nist increased slightly the vacuolization of acinar cells but did
not significantly affect the oedema. The score of necrosis was
slightly increased after both ETA antagonist doses. The ultra-
structural changes, such as: a decreased number of zymogen
granules, disorganization of RER, autophagosomes and cyto-
plasmic vacuoles were also more prominent than those in the
rats with untreated AP. Those observations did not support the

assumption on the beneficial effect of ETA blockade in cerulein-
induced AP, while even suggesting some undesirable effects in
the early course of oedematous AP, taking into account the
investigated doses and the time of application. Generally, our
results support and extent the observations of Kogire et al. [6]
and Martignoni et al. [1].

In conclusion, our results indicate evident beneficial effects
of ET-1 on histological and ultrastructural changes of the pan-
creas in the early course of cerulein-induced AP. On the other
hand, treatment with selective ETA antagonist in the investigat-
ed dosage exerted no alleviating influence on those changes,
while the ultrastructural examination was even suggestive of its
undesirable effects in early oedematous AP. Therefore, either in
the prevention of oedematous pancreatitis (i.e., post-ERCP
acute pancreatitis) or in the treatment of the early course of AP,
ET-1, rather than its ETA antagonists, is to be taken into consid-
eration.
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Abstract 

Amidolytic activity of plasmin, produced in euglobulin frac-
tion, does not correlate with the time of euglobulin fibrinolysis.
It does not depend on fibrinogen concentration.

Key words: Euglobulin fibrinolysis time, fibrinogen
concentration, plasmin amidolytic activity.

Introduction 

Blood fibrinolytic activity is evaluated by the time of lysis
of fibrin clot produced in the plasma euglobulin fraction [1, 2].
The time depends on two variables: different fibrinolytic activi-
ty and different fibrinogen concentration. It hinders a diagnostic
interpretation of plasma euglobulin fibrinolysis time measure-
ments.

Material and methods 

The blood was taken from 74 patients and citrate plasma
was obtained. Fibrinogen concentrations [3], fibrinolysis time
[4], and amidolytic activity of the euglobulin fraction [5] were
assessed. In order to determine amidolytic activity, 0.5ml 3
mmol/l of H-D-Val-Leu-Lys-pNA was added to 0.5ml of
euglobulins dissolved in 0.5ml of borate buffer, containing
0.01mol/l of sodium citrate, and incubated for 30 min in 370C.
The reaction was interrupted by adding 0.1ml of 50% acetic

acid. The absorbance was measured in a cuvette with a 0.5 cm
thick layer at 405 nm, as referred to the controls, in which acetic
acid was added before the substrate was introduced. The results
were read from a calibrated diagram, made with the use of
model solutions of p-nitroaniline (pNa).

Results 

The time of euglobulin fibrinolysis was lengthened, togeth-
er with an increase in fibrinogen concentrations (Table 1). How-
ever, there were no relationships observed between plasmin
amidolytic activity and both the time of euglobulin fibrinolysis
and fibrinogen concentrations. 

Discussion 

The results confirm the dependence of euglobulin fibrinoly-
sis time on fibrinogen concentration [4, 6]. It debases the diag-
nostic value of euglobulin fibrinolysis time determination as a
test, estimating plasma fibrinolytic activity. A reliable way of
evaluation of plasmin activity, which is produced in plasma
euglobulin fraction, is the measurement of its amidolytic activi-
ty. The activity depends on plasminogen activator tissue con-
centration, its inhibitor, and plasminogen [7, 8]. The measure-
ment of amidolytic activity is thus an actual insight into the pre-
sent status of plasma fibrinolytic activity. An additional advan-
tage of amidolytic test is short determination time and measure-
ment objectivism.
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Fibrinogen concentration, 
mg/dl 

Euglobulin lysis time, 
min 

Amidolytic activity, 
pNA, nmol/ml 

195 ± 10,8 
(n=22) 169 ± 17,9 47,1 ± 5,3 

252 ± 34,0 
(n=22) 286 ± 37,0 55,3 ± 4,1 

364 ± 28,4 
(n=18) 437 ± 54,6 41,3 ± 2,6 

793 ± 82,9 
(n=12) 936 ±128,0 50,2 ± 3,7 

Table 1. Fibrinogen concentration, euglobulin lysis time and amidolytic activity of plasma euglobulin.
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Abstract 

A long-lasting renal ischemia, followed by the left renal
artery clipping (two-kidney, one clip Goldblatt model in rats)
led to a marked decrease in proteasome chymotrypsin-like
activity in the ischemic kidney. This activity was, however, sig-
nificantly raised upon the stimulation with an artificial 20S pro-
teasome activator SDS (0.025%). No changes were observed in
either the levels of the constitutive 20S proteasome subunit (α5)
or of its protein activator, PA28α, in the kidneys by Western
blot. These preliminary results indicate that an inhibition of pro-
teasome activity may result from a dissociation of the active
proteasome complexes into the inactive 20S proteasome and its
endogenous activators after a long-lasting renal ischemia.

Key words: proteasome, renal ischemia, rat. 

Introduction 

The proteasome-dependent proteolytic pathway is responsi-
ble for the degradation of damaged proteins, and many short-life
regulatory proteins, involved in inflammatory processes, cell
cycle regulation and gene expression [1, 2, 3]. In the living cell,
proteasomes are present in a latent form (20S proteasome,
700kDa) and in active complexes with the protein regulators:
PA28 and PA700 [4, 5]. PA700 enhances the ability of 20S pro-
teasome to degrade the ubiquitinated proteins in an ATP-depen-
dent manner, whereas  PA28 regulator, in association with 20S

proteasome, stimulates its capacity to the generation of antigen
peptides, presented to the immune system on MHC class I mole-
cules [1].  

Alterations in proteasome activity have been demonstrated
in a large number of pathological conditions, including cancer,
neurodegenerative disorders, acute wasting conditions,
ischemia-reperfusion injury and ischemic acute renal failure [3,
6, 7, 8].  In the present study, we investigated, whether a long-
lasting renal ischemia, followed by the left renal artery clipping
(two-kidney, one clip Godblatt model in rats), could influence
the proteasome activity in the kidneys.       

Material and methods  

All the experimental procedures, involving animals and
their care, were conducted in conformity with the national and
international laws and with the Guidelines for the Use of Ani-
mals in Biochemical Research. Male Wistar rats (n=5), weigh-
ing 160 - 180 g each, were anesthetized with pentobarbital (40
mg/kg, i.p.). Two-kidney one clip (2K-1C) renovascular hyper-
tension was induced by a partial, standardized clipping of the
left renal artery (0.2-mm internal diameter) for 6 weeks [9]. Rat
kidneys (unclipped and clipped) were placed in 50mmol/L Tris-
HCl buffer at pH 8.0, containing a protease inhibitor cocktail,
and were homogenized in ice with a Potter-Elvehjem homoge-
nizer. The homogenates were then centrifuged for 60 minutes at
15000 x g  +40C.  The protein concentration of the supernatants
was determined by the method of Bradford [10], using the Bio-
Rad assay reagent with bovine serum albumin as a standard. The
proteasome activity in kidney extracts (20µg of protein) was
measured, using fluorogenic peptide Suc-Leu-Leu-Val-Tyr-
AMC (100µmol/L) (Affinity, UK) in a  50mmol/L Tris-HCl
buffer (pH 7.5), containing 5mmol/L EDTA, 1.0 mmol/L ATP
and 15% glycerol, in either the absence or the presence of  20S
proteasome activator 0.025% SDS [11].  For Western blot analy-
sis, aliquots of the homogenates (20µg of protein per line) were
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electrophoresed by SDS-PAGE on 10% gels under reducing
conditions, according to Laemmli [12], and then the proteins
were electroblotted onto nitrocellulose. The nitrocelluloses were
incubated with anti-α5 (20S proteasome) and anti-PA28α anti-
bodies (Affinity, UK). The proteasome subunits were identified,
using the alkaline phosphate-conjugated anti-rabbit IgG as se-
condary antibody and visualized, using phosphatase substrate
(Sigma, USA).  The results are given as means ±SE of three
independent measurements. Any value of P<0.05 was consi-
dered significant.

Results 

The left renal artery clipping, lasting six weeks, led to a sig-
nificant reduction in the clipped kidney mass (0,16g ±0,07), and
statistically significant increases in the contralateral kidney
mass, compared to respective values in the controls (1,35g
±0,13).

Proteasome activity, measured by the use of  Suc-Leu-Leu-
Val-Tyr-AMC substrate, clearly decreased in the clipped kidney,
compared to that in the unclipped organ  (Fig. 1). After the addi-
tion of 0.025% SDS, which is non-physiological activator of the
latent 20S proteasome, that activity was significantly raised in
the ischemic kidney (about 18 times).

No changes in the levels of the constitutive 20S proteasome
subunit α5 were detected by Western blot in either the clipped
or the non-clipped kidneys (Fig. 2). Likewise, the proteasome
activator PA28α subunit was expressed at equally high levels in
both kidneys.

Discussion 

In the present study, we demonstrated that a long-lasting
renal ischemia, followed by the left renal artery clipping, lead to
a significant inhibition of proteasome activity in the ischemic
kidney. As demonstrated by the Western blot analysis, the inhi-
bition of the activity was not, however, accompanied by any
reduction in 20S proteasome and its protein activator PA28 le-

vels. Therefore, these data, together with the fact, that protea-
some activity was significantly raised upon the addition of
0.025% SDS, a potent artificial activator of the latent 20S pro-
teasome, indicate that the loss in proteasomal activity in the
ischemic kidney could be due to irreversible dissociation of the
active proteasome complexes into an inactive free 20S protea-
some and its protein activators. 

Ischemia leads to complex cellular events, which can affect
proteasome function, including depletion of ATP and distur-
bances of intracellular calcium haemostasis.  Several in vitro
studies have demonstrated that ATP depletion causes an almost
complete dissociation of active PA700-20S-PA700 and PA700-
20S-PA28 complexes [4, 5, 13]. It has also been demonstrated
that the binding of calcium ions to proteasome regulator PA28
inhibits the peptidase activity of PA28-20S proteasome com-
plexes [14]. Therefore, it is likely that suppression of protea-
some activity in the ischemic kidney may result from distur-
bances in the formation of active proteasome complexes, due to
the depletion of ATP and/or increase in intracellular calcium le-
vels during a long-lasting renal ischemia. 
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