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Prognostic significance of matrix metalloproteinases type I
expression and tumor front parameters in the presence
of lymph node micrometastases in carcinoma of the larynx
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Abstract

Purpose: Lymph nodes estimated as pNO in conventional
morphological studies could have focuses of carcinoma cells
with a diameter of <2 mm referred to as micrometastases (pN+).
Matrix metalloproteinases (MMPs) are proteolytic family of
endopeptidases which are capable to degrading components of
the extracellular matrix and play an important role in cancer
invasion and metastases. The aim of this study was to inves-
tigate MT1-MMP expression in carcinoma of the larynx and
analyze morphological parameters to relate the expression to
CKs in pNO lymph nodes.

Material and methods: To presented the direct correla-
tion between 6 morphological features of tumor front and the
probability of micrometastases and prediction of prognosis 22
patients operated for squamous cell carcinoma of the larynx
were analyzed. The total score of TFG, chosen clinicomor-
phological features and grade of matrix metalloproteinase
membrane type 1 staining in tumor front were analyzed to pre-
dict the presence of micrometastases and prognosis. Immuno-
histochemical methods with a panel of CKs antigens in lymph
nodes and MT1-MMP expression in tumor tissue were per-
formed.

Results: Our study showed that the total morphologic
score TFG is very useful in the prediction of micrometastases in
patients with laryngeal squamous cell carcinoma. The statistical
analysis has revealed a significant correlation between the total
TFG score and the presence of cell carcinoma microfocuses in
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lymph nodes. There was no significant relationship for immu-
noexpression of MT1-MMP and positive poliCKs stain.

Conclusions: The results of study suggest that extended
traditional pathologic evaluation by features from the TFG
classification could aid in diagnosis of micrometastases. The
positive expression of poliCKs in the pNO lymph nodes appears
to play an important role in determining prognosis in patients
with carcinoma of the larynx.

Key words: laryngeal carcinoma, tumor front grading classi-
fication, cytokeratin filaments, matrix metalloproteinase mem-
brane type 1, micrometastases.

Introduction

The prognosis of patients, in whom the presence of nodal
metastases has not been confirmed in the conventional pathologi-
cal examination (pNO), is still unclear. The problem is connected
with the possibility of the presence of nodal micrometastases
— carcinoma foci less than 2 mm in diameter (pN1), which may
be the cause of nodal recurrence and shortened survival [1-13].
One of the methods to disclose occult foci of malignant cells
within lymph nodes is immunohistochemical analysis of the
nodes for the presence of cytokeratin antigens belonging to the
family of median filaments (CKs) [1,3,6-9,13].

Matrix metalloproteinases (MMPs) are proteolytic family
enzymes of endopeptidases which are capable of degrading
extracellular matrix components (ECM), e.g. type I colla-
gen, elastin, fibronectin, gelatin and the basement membrane
[14,16]. MMPs including active enzymes such as collagenase,
stromelysin and gelatinase [14]. MMPs are inactivated by tissue
inhibitors of MMPs (TIMPs) which form complexes with them
[15]. MT1-MMP degrades components of the tissue barriers
thus could determine the presence of cell carcinoma metastases
and microfocuses in lymph nodes [14-23]. Literature reports
the prognostic value of the morphological features of the front
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of the primary tumor which determines aggressive malignant
invasion and increases the likelihood of micrometastases
[6-9,24,25].

The aim of the study was to analyse the morphological
features of the primary tumor, its stroma using the classifica-
tion TFG (Tumor Front Grading) and the expression of MT1-
-MMP in tumor front to evaluate the relationship between these
parameters and cytokeratin antigen expression within the nega-
tive lymph nodes, thus attempting to assess the probability of
developing micrometastases.

Materials and methods

In study tissue samples obtained from 22 patients (17
men, 5 women; age 58-87 yrs; mean age 63+5 yrs) who had
undergone surgery for laryngeal carcinoma at the Department
of Laryngology and Laryngeal Oncology of the Medical Uni-
versity in £6dz between the years 1998-1999 were analyzed.
All patients underwent total laryngectomy with uni- or bilateral
radical or modified neck dissection. The lesions were assessed
according to the TNM criteria (TNM Classification of WHO
—2003 — International Classification of Diseases for Oncology).
Directly after surgery the material was preserved in a 10% solu-
tion of buffered formaldehyde. Samples from the primary tumor
designated for microscopic analysis were obtained according
to standardized procedure. The depth of invasion was assessed
at the point of the deepest invasion of the surrounding tissues.
Two samples were obtained from every lymph node after it had
been dissected along its greatest diameter. The tissue samples
were embedded in paraffin, routinely cut into 4-5 pm sections
(at least 3-4 from the primary tumor and each lymph node),
attached to glass slides and H&E stained. Pathological analy-
sis was performed according to classification TFG [6,9,25].
We assessed 6 pathological features of the tumor and the type
of interaction between the tumor and the surrounding tissues
(cytoplasmic differentiation, nuclear differentiation, mitotic
figures type and stage of invasion, the presence of lymphocytes
invasion). The analysis was performed under a light micro-
scope (magn. 200X, number of mitoses magn. 400X), going by
the areas of deepest invasion of the surrounding tissues. Tumor
assessment has been presented as the number of scored points.
Each factor was graded according to a scale ranging from 1 to
4. Immunohistochemical reactions with policlonal antibod-
ies (NCL-C11, Multi-Cytokeratin 4/5/6/8/10/13/18, RTU-D
Novostatin Universal Detection Kit, NCL-L-DAB Liquid
DAB Substrate Kit; Novocastra UK) were performed on 2-3
sections obtained from the same lymph node (3-4 pm sections
attached to polysin-covered glass slides) in accordance with the
manufacturer’s directions. For analysis of metalloproteinases
expression in tumor front reactions with monoclonal antibodies
(Mouse Anti-Human MT1-MMP, Chemicon) were made and
immunohistochemical index was used. For analysis of MT1-
-MMP expression the scale was used: 0 —none, 1 — low expres-
sion (<10% positive cells), 2 — medium expression (<50%),
3 — high expression (=50%). For the sake of pathological analy-
sis of the lymph nodes it was assumed that a micrometastasis
is a focus <2 mm in diameter. The results of nodal cytokeratin

microfilament expression were compared with the morphologi-
cal features of the tumor and expression of MT1-MMP. In the
course of the statistical analysis we applied a Spearman’s tests
(the significance level was set at p<0.1; R=0.3) to analyze cor-
relation of chosen features and micrometastases.

Results

In examined group 81.8% cases were diagnosed as advanced
cancer involving three regions of the larynx and originating
from the supraglottic area. The most numerous group of
patients (20/22; 90%) had stage III and stage IV tumors. 16
patients (72.7%) underwent unilateral selective neck dissection,
in 2 cases in the form of radical neck dissection. The remaining
6 patients (27.3%) underwent bilateral lymphadenectomy.
Pathological analysis of the primary tumor revealed that a ma-
jority of the patients presented with squamous cell carcinoma
of intermediate differentiation G2 — 12 (54.5%) and distribu-
tion of pT feature was: 4 (18.2%) with pT2 tumor, 4 (18.2%)
—pT3 and 14 (63.6%) — pT4 tumor. Pathological routine study
of H&E stained lymph nodes did not confirm the presence of
metastases, however, immunohistochemical evaluation with
policlonal anti-CK antibodies confirmed the presence of cancer
cells (pN1) within the lymph nodes of 11 (50%) patients. In
remaining lymph nodes immunological reactivity was revealed
(pNO). The total score obtained in the course of primary tumor
assessment acc. to the TFG classification oscillated between
9 and 20 (mean: 15.4 points) and for CKpoli positive tumors
and between 12 and 20 (mean: 16.5 points). Distribution of 6
pathological features of the tumor front was estimated. Posi-
tive MT1-MMP expression in 15 (68.2%) cases was observed
and distribution of matrix metalloproteinases expression acc.
to proposed scale was performed (Fig. 1, 2). In study group
12 patients (54.4%) achieved 3-year survival, and 7 (31.8%)
S-year survival. Statistical analysis aimed at the assessment of
the correlation of developing nodal micrometastases in relation
to the results of pathological analysis revealed the statistical
significance for TFG total score (p<0.09). Analysis of each
morphological feature used for morphologic grading revealed
that depth of invasion (p<0.08) and number of mitoses per
high-power field in cells of laryngeal carcinoma (p<0.09) had
significant influence on the presence of micrometastases. The
statistical analysis showed no significant correlation between
expression of matrix metalloproteinases type I in tumor front
and the presence of cell carcinoma microfocuses in lymph
nodes. Our study showed that the positive policytokeratines
stain in the routine pNO lymph nodes is very useful in predic-
tion of 3- and 5-year survival in patients with laryngeal squa-
mous cell carcinoma as well (p<0.09 and p<0.02) (7ab. I).

Discussion

On the basis of the several studies performed recently,
biologic factors or host-related factors probably play the
most important role in determining the eventual disease out-
come and maybe thus the presence of occult micrometastses
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Figure 1. Positive expression of policytokeratines in lymph
node (magn. 200X)

Figure 2. Positive expression of matrix metalloproteinases type
I (MT1-MMP) in tumor front of laryngeal carcinoma (magn.

Table 1. Analysis of correlation positive expression for CKs (micrometastses) and chosen features of tumor front, MT1-MMp expression

and survival

Feature R Spearman’s p [<0.1] t(N-2)
cT -0.39 0.06 -1.93
cN -0.39 0.06 -1.93
Number of nodes -0.41 0.05 -2.06
G -0.12 0.57 -0.57
TFG 0.36 0.09 1.77
MT1-MMP expression -0.09 0.73 -0.34
Nuclear differentiation -0.11 0.60 -0.52
Number of mitoses 0.36 0.09 1.73
Mode of invasion 0.32 0.14 1.52
Stage of invasion (depth) 0.37 0.08 1.81
Plasmalymphocytic invasion 0.23 0.29 1.08
3-year survival -0.36 0.09 -1.75
S-year survival -0.48 0.02 -2.50

Statistically significant correlation (R=0.3; p<0.1) was marked with bold faced type

in lymph nodes [1-13]. TFG is the technique, which assesses
the dynamics of the tumor growth and provides multifactorial
morphologic information about the carcinoma tissue. This clas-
sification includes assorted pathological features of the tumor
and the types of interactions between the cancerous tissue and
the front of the tumor [6-9,24,25]. The results presented here,
obtained from 22 laryngeal cancer patients confirm the value
of this classification in prognosis of the development of nodal
micrometastases. A high total score relates to an increased
probability of the presence of foci of single cancer cells within
lymph nodes which were originally, in the course of routine
assessment, pronounced non-metastatic (pNO). Important fac-
tors influencing the probability of nodal micrometastases, and
affecting patient prognosis, include the depth of laryngeal wall
invasion [6,8,9,24]. Tumors characterized by diffuse invasion
with small foci of malignancy were found to be more com-
monly associated with treatment failure and nodal recurrence.
Our studies have shown the value of the depth of invasion for
assessing the probability of the presence of occult foci of cancer
cells within the lymph nodes. While studying the prognostic
factors of laryngeal cancer, pathologists also assess the interac-

tions between the tumor and the surrounding tissues, however,
there exist no reports as to the independent prognostic value
of these morphological features. Nevertheless, they begin to
appear as elements of numerous classifications and scores for
the assessment of the primary tumor [9,24,25]. Our own stud-
ies performed on the postoperative material obtained from the
patients which were aimed at assessing the correlation between
the total score acc. to the modified classification of Anneroth,
Batsakis and Luna and risk of micrometastses have shown that
the achieved score relates to prognosis. A more detailed mor-
phological assessment of laryngeal cancer specimens based
on this classification might improve the diagnosis of nodal
micrometastases. The risk of nodal micrometastases in laryn-
geal cancer increases with a high total Anneroth, Batsakis and
Luna score (>16 points), diffuse cancerous invasion with single
cells and deep invasion of the laryngeal wall involving the car-
tilages [6,8]. Many authors have undertaken multifactorial mor-
phologic valuation of the tumor in squamous cell carcinoma of
other sites introduced similar conclusion [26].

Matrix metalloproteinases type I (MT1-MMP) play an
important role in destruction of ECM thus effect on tumor
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genesis, angiogenesis and presence of nodal metastases in
carcinomas with epithelial and non-epithelial origin [17,18].
Many studies have analyzed the incidence of micrometastases
that were not detectable in pNO lymph nodes with using routine
methods in various types of carcinomas. Micrometastases were
found in 21-100% cases [10,19,20]. A lot of authors confirmed
the meaning of positive expression of MMPs enzymes family
in tumor stroma as important indicator of neoplasm invasive
growth and prognostic factor of nodal metastases [17,19,21,22].
Neverthelees findings confirmed the role of metalloproteinases
expression as prognostic parameter of metastases in lymph
nodes are still unclear. Imanishi et al. [18] analyzed a large
group of patients suffered from squamous cell head and neck
carcinomas confirmed connection MT1-MMP expression with
nodal stage. Shimada et al. [23] introduced similar observation.
The authors investigated expression of MMP-1,2,3,7.8,9 and
13 in stroma of squamous cell carcinoma of the oral cavity and
noted significant increasing risk of nodal metastases in positive
group of neoplasm. Dependence the micrometastases presence
on expression level of MMPs in carcinomas was confirmed in
other study [16,21-23]. Many studies have analyzed the inci-
dence of micrometastases undetectable in pNO lymph nodes
and not disclosed significant connection of the positive matrix
metalloproteinase expression in tumor stroma with pN feature
[16,19]. Gorogh et al. [27] analyzed the activity of MMPs and
TIMPs and noted that MMP-1,9,10 positive expression did not
correlate with the presence of the foci of carcinoma cells in
lymph nodes. Kawata et al. [16] noted no prognostic signifi-
cance of MMP-2 expression in head and neck carcinomas for
pN stage.

Lymph nodes pathologically defined as negative may con-
tain micrometastases and patients with such neoplastic cells may
have a lower rate of disease-free survival than genuinely lymph
node-negative patients [10]. Therefore tumors classified as pNO
by routine methods could be reclassified more correctly as pN1
when the lymph nodes are examined immunohistochemically
by means of antibody cocktail for cytokeratines. It is impor-
tant for estimate the prognosis for each patient. In this study
the presence of micrometastases was significantly correlated
with 3- and 5-year survival and the percentage was 36,4% and
9,1% for patients with poliCKs-positive lymph nodes. Experi-
ence with micrometastses in other tumor types confirmed our
conclusions [1,13,28,29]. Lee et al. [1] demonstrated that the
percentage of 5-year survival in patients with squamous cell
carcinoma of the stomach and corrected pNO (49%) is signifi-
cantly lower than in pN- group (76%). Ishida et al. [13] indi-
cated that the presence of micrometastases as indispensable
factor determining the prognosis of gastric carcinoma patients.
Every authors no confirmed such conclusions. Glickman et al.
[11] did not support that the presence of lymph nodes microme-
tastases in adenocarcinoma and squamous cell carcinoma of the
esophagus is an independent poor prognostic factor. Although
in study group the follow-up of the patients was only 2 years
and it could not be indifferent for the results.
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