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Abstract

Purpose:  Lymph nodes estimated as pN0 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 pN0 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 

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 pN0 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 (pN0), 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 Łódź 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 μm 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 μm 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 
(pN0). 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%) 
5-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 pN0 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) (Tab. 1).

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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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 (pN0). 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 

Figure 2. Positive expression of matrix metalloproteinases type 
I (MT1-MMP) in tumor front of laryngeal carcinoma (magn. 
200X)

Figure 1. Positive expression of policytokeratines in lymph 
node (magn. 200X) 

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
5-year survival -0.48 0.02 -2.50

statistically significant correlation (r=0.3; p<0.1) was marked with bold faced type
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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 pN0 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  pN0  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 pN0 
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 pN0 (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.

Acknowledgements
This work was supported by a grant from Medical Univer-

sity of Łódź grant No 502-11-131.

References
 1. Lee E, Chae Y, Kim I, Choi J, Yeom B, Leong as. Prognostic 
relevance  of  immunohistochemically  detected  lymph  node  microme-
tastasis in patients with gastric carcinoma. Cancer, 2002; 94 (11): 
2867-73.
 2. Nagakura s, shirai Y, Yokoyama N, hatakeyama K. Clinical 
significance of lymph node micrometastasis in gallbladder carcinoma. 
surgery, 2001; 129 (6): 704-13.
 3. rhee D, Wenig BM, smith rV. The significance of immuno-
histochemically demonstrated nodal micrometastases  in patients with 
squamous cell carcinoma of the head and neck. Laryngoscope, 2002; 
112 (11): 1970-4.
 4. Barrera JE, Miller ME, said s, Jafek BW, Campana JP, shroyer 
Kr. Detection of occult cervical micrometastases in patients with head 
and neck squamous cell cancer. Laryngoscope, 2003; 113(5): 892-6.
 5. Dünne aa, Folz BJ, Kuropakt C, Werner Ja. Extent of surgical 
intervention in case of N0 in head and neck cancer patients: an analysis 
of data collection of 39 hospitals. Eur arch Otorhinolaryngol, 2004; 
261(6): 295-303.
 6. starska K, Łukomski M, Lewy-Trenda I. The correlation of 
cytokeratin antigens expression in lymph nodes with the morphologi-
cal features of the tumor front in laryngeal carcinoma – the prognostic 
significance of the anneroth, Batsakis and Lunas’ classification in the 
presence of micrometastases. J Oncol, 2006; 56(3): 254-7.
 7. starska K, Łukomski M, Lewy-Trenda I. Ocena immunoekspre-
sji filamentów cytokeratynowych w węzłach chłonnych – Znaczenie 
prognostyczne klinicznych cech ogniska pierwotnego w powstawaniu 
mikroprzerzutów w raku krtani. Przeg Lek, 2006; 63(9): 748-51.
 8. starska K, Łukomski M, Lewy-Trenda I. Głębokość i spo-
sób inwazji nowotworu jako czynnik prognostyczny w powstawaniu 
mikroprzerzutów – immunoekspresja antygenów cytokeratynowych 
w węzłach chłonnych. Pol Merk Lek, 2005; 19(111): 403-5.
 9. starska K, Łukomski M, Lewy-Trenda I. Znaczenie progno-
styczne morfologicznych cech frontu guza pierwotnego w powstawaniu 
mikroprzerzutów w raku krtani – analiza immunoekspresji filamentów 
cytokeratynowych. Otolaryngol Pol, 2005; 59(6): 813-20.
 10. Ferlito a, Devaney KO, Devaney sL, rinaldo a, Carbone a. 
Micrometastases: have they an impact on prognosis. ann Otol rhinol 
Laryngol, 1999; 108(12): 1185-9.
 11. Glickman JN, Torres C, Wang hh, Turner Jr, shahsafaei a, 
richards WG, sugarbaker DJ, Odze rD. The prognostic significance 
of lymph node micrometastatsis in patients with esophageal carcinoma. 
Cancer, 1999; 85(4): 769-78.
 12. Natsugoe s, Mueller J, stein hJ, Feith M, hofler h, siewert 
Jr. Micrometastasis and tumor cell microinvolvement of lymph nodes 
from esophageal squamous cell carcinoma: frequency, associated tumor 
characteristics and impact on prognosis. Cancer, 1998; 83(5): 858-66.
 13. Ishida K, Katsuyama T, sugiyama a, Kawasaki s. Immuno-
histochemical evaluation of lymph node micrometastases from gastric 
carcinomas. Cancer, 1997; 79(6): 1069-76.
 14. Culhaci N, Metin K, Kopcu E, Dikicioglu E. Elevated expres-
sion of MMP-13 and TIMP-1 in head and neck squamous cell carci-
noma may reflect increased tumor invasiveness. BMC Cancer, 2004; 3, 
4: 42.
 15. O-Charoenrat P, Modjtahedi h, rys-Evans P, Court VJ, Box 
GM, Eccles sa. Epidermal growth factor-like ligands differentially 
upregulate matrix metalloproteinase 9 in head and neck squamous cell 
carcinoma. Cancer res, 2000; 15, 60(4): 1121-8.
 16. Kawata r, shimada T, Maruyama s, hisa Y, Takenaka h, 
Murakami Y. Enhanced production of matrix metalloproteinase-2 in 
human head and neck carcinomas is correlated with lymph node metas-
tasis. acta Otolaryngol, 2002; 122(1): 101-6.
 17. rosenthal EL, Matrisian LM. Matrix metalloproteinases in 
head and neck cancer. head Neck, 2006; 28(7): 639-48.
 18. Imanishi Y, Furii M, Tokumaru Y, Tomita T, Kanke M, Kanzaki 
J, Kameyama K, Otani Y, sato h. Clinical significance of expression 
of  membrane  type  1  matrix  metalloproteinase  and  matrix  metallo-
proteinase-2 in human head and neck squamous cell carcinoma. hum 
Pathol, 2000; 31(8): 895-904.
 19. Elnemr a, Yonemura Y, Bandou E, Kinoshita K, Kawamura T, 
Takahasi s, Tochiori s, Endou Y, sasaki T. Expression of collagenase-3 
(matrix metalloproteinase-13) in human gastric cancer. Gastric Cancer, 
2003; 6(1): 30-8.
 20. riedel F, Gotte K, Chwalb J, hormann K. serum levels of 



173Prognostic significance of matrix metalloproteinases type I expression and tumor front parameters in the presence of lymph node micrometastases…

matrix metalloproteinase-2 and -9 in patients with head and neck squa-
mous cell carcinoma. anticancer res, 2000; 20(5a): 3045-9.
 21. Luukkaa M, Vihinen P, Kronqvist P, Vahlberg T, Pyrhonen 
s, Kahari VM, Grenman r. association between high collagenase-3 
expression  levels  and poor prognosis  in patients with head and neck 
cancer. head Neck, 2006; 28(3): 225-34.
 22. shiomi T, Okada Y. MT1-MMP and MMP-7 in invasion and 
metastasis of human cancer. Cancer Metastasis, 2003; 22(2): 145-52.
 23. shimada T, Nakamura h, Yamashita K, Kawata r, Murakami 
Y, Fujimoto N, sato h, seiki M, Okada Y. Enhanced production and 
activation of progelatinase a mediated by membrane-type 1 matrix 
metalloproteinase  in human oral  squamous cell  carcinomas:  implica-
tions for lymph node metastasis. Clin Exp Metastasis, 2000; 18(2): 
179-88.
 24. Welkoborsky hJ, hinni M, Dienes hP, Mann WJ. Predicting 
reccurrence and survival in patients with laryngeal cancer by means of 
DNa cytometry, tumor front grading and proliferation markers. ann 
Otol rhinol Laryngol, 1995, 104(7): 503-10.
 25. starska K, Kulig a, Łukomski M. Wartość prognostyczna 

cech morfologicznych guza pierwotnego i węzłów chłonnych w raku 
płaskonabłonkowym krtani. Otolaryngol Przeg Klin, 2002; 1: 1-4.
 26. starska K, Kulig a, Łukomski M. Znaczenie prognostyczne 
histiocytozy zatokowej oraz rozplemu komórek szeregu limfoidalnego 
w węzłach chłonnych u chorych na raka krtani. Otolaryngol Pol, 2003; 
57(1): 45-50.
 27. Gorogh T, Beier Uh, Baumken J, Meyer JE, hoffmann M, 
Gottschlich s, Marne s. Metalloproteinases and their inhibitors: Influ-
ence on tumor invasiveness and metastatis formation in head and neck 
squamous cell carcinomas. head Neck, 2006; 28(1): 31-9.
 28. shah JP. Extent of surgical intervention in case of N0 neck 
in head and neck cancer patients. Eur arch Otorhinolaryngol, 2004; 
261(6): 293-4.
 29. stoeckli sJ, Pfaltz M, steinert h, schmid s. histopathological 
features of occult metastasis detected by sentinel lymph node biopsy in 
oral and oropharyngeal squamous cell carcinoma. Laryngoscope, 2002; 
112(1): 111-5. 


