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Abstract 
 
Background/Aim. The previous researches suggest that matrix 
metalloproteinases (MMPs) have the ability to degrade extracellu-
lar matrix components and play an important role in malignant 
tumour progression and metastasis. The aim of this study was to 
investigate MMP-2 and MMP-9 expression in the tissue of laryn-
geal squamous cell carcinoma (LSCC) and to evaluate their clini-
cal significance. Methods. In this prospective study the samples 
of tumour tissue of seventy patients with LSCC (45 glottic and 
25 supraglottic), and samples of laryngeal mucosa of 70 patients 
with chronic laryngitis were immunohistochemically stained for 
MMP-2 and MMP-9. We studied the relationships between 
MMPs tissue expression and clinical and histological characteris-
tics of the patients with LSCC in comparison to the patients with 
chronic laryngitis. Results. MMP-2 and MMP-9 expression was 
significantly higher in the tissue of both glottic and supraglottic 

LSCC than in chronically inflamed laryngeal mucosa (p < 0.001 
and p < 0.001, respectively). There were positive correlations be-
tween epithelial MMP-2 expression and the presence of perineu-
ral invasion (r = 0.515, p < 0.008), lymphovascular invasion (r = 
0.559, p < 0.004) and disease recurrence (r = 0.415, p < 0.039) in 
supraglottic LSCC, as well as between MMP-2 expression and 
the presence of the exophytic type of tumour growth (r = 0.347, 
p < 0.020) in glottic LSCC. Epithelial MMP-9 expression was as-
sociated with lymphovascular invasion (r = 0.331, p < 0.026) and 
the presence of the exophytic tumour growth (r = 0.474, p < 
0.001) in glottic LSCC. Conclusion. MMP-2 and MMP-9 can be 
used as potential biomarkers for the assessment of LSCC pro-
gression. 
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Apstrakt 
 
Uvod/Cilj. Prethodna istraživanja sugerišu da matriks-
metaloproteinaze (MMP) imaju sposobnost da razgrađuju 
komponente vanćelijskog matriksa i imaju veliku ulogu u 
progresiji malignih tumora i nastanku metastaza. Cilj ove 
studije je bio da se ispita ekspresija MMP-2 i MMP-9 u tkivu 
skvamocelularnog karcinoma larinksa (SCKL) i da se proce-
ni njihov klinički značaj. Metode. U prospektivnoj studiji, 
uzorci tumorskog tkiva 70 bolesnika sa SCKL (45 sa karci-
nomom glotisa i 25 sa karcinomom supraglotisa) i uzoraka 
tkiva sluznice larinksa 70 bolesnika sa hroničnim laringiti-
som bojeni su imunohistohemijski na MMP-2 i MMP-9. 
Ispitivana je povezanost između nivoa imunohistohemijske 
ekspresije MMP i kliničkih i histoloških karakteristika 
bolesnika sa SCKL u odnosu na bolesnike sa hroničnim lar-
ingitisom. Rezultati. Ekspresija MMP-2 i MMP-9 bila je 
značajno viša u tkivu glotičnog i supraglotičnog SCKL u 

odnosu na ekspresiju ispitivanih MMP u tkivu hronično in-
flamirane sluznice larinksa (p < 0,001 i p < 0,001, redom). 
Nađena je pozitivna korelacija između epitelne ekspresije 
MMP-2 i perineuralne invazije (r = 0,515; p < 0,008), lim-
fovaskularne invazije (r = 0,559; p < 0,004) i pojave recidiva 
bolesti (r = 0,415; p = 0,039) kod supraglotičnog SCKL, kao 
i između ekspresije MMP-2 i pojave egzofitičnog tipa rasta 
tumora (r = 0,347; p = 0,020) kod glotičnog SCKL. Ek-
spresija MMP-9 u epitelu bila je povezana sa limfovaskular-
nom invazijom (r = 0,331; p = 0,026) i pojavom egzofit-
ičnog tumorskog rasta (r = 0,474; p < 0,001) kod glotičnog 
SCKL. Zaključak. Endopeptidaze MMP-2 i MMP-9 mogu 
biti korišćene kao potencijalni biomarkeri za procenu pro-
gresije SCKL. 
 
Ključne reči: 
biomarkeri; glotis; imunohistohemija; larinks, 
neoplazme; laringitis; matriks metaloproteinaze. 
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Introduction 

Laryngeal malignant tumours make about 1%–2% of 
all malignant tumours in the human population 1. Laryngeal 
squamous cell carcinoma (LSCC) is more common in male 
than in female population, occurring usually between the 
fifth and seventh decade of life. The most important etio-
logical factors for LSCC occurrence are tobacco smoking, 
consumption of alcoholic drinks, gastroesophageal reflux, 
human papillomavirus (HPV) infections, air pollution, a di-
et low in fruits and vegetables. Alcohol in combination 
with tobacco significantly increases the risk of laryngeal 
cancer 1. 

The prognosis of LSCC depends on the region involved 
in malignant disease formation, actual stage of disease, 
which can be determined by Tumour Node Metastasis 
(TNM) classification. Survival is significantly reduced due to 
the cancer development and spread of the disease (local or 
regional recurrence and distant metastasis occurrence) 2. In 
recent years, molecular investigations have discovered many 
mechanisms of oncogenesis in malignant tumours. The ex-
pression of the specific tumour markers is associated with 
development and biological behaviour of laryngeal carcino-
ma. Prognostic value identification of some tumour markers 
would be of great help in selecting treatment modalities, 
which is of crucial significance for the prognosis of the dis-
ease. Matrix metalloproteinases (MMPs) are the family of 23 
endopeptidases, or gelatinases, structurally very similar pro-
teolytic enzymes which have the ability to degrade extracel-
lular matrix components 3. Thus, MMPs play important role 
in tumour progression and metastasis. The elevated levels of 
MMPs can be detected in the tumour tissue and serum of pa-
tients with advanced cancer. MMPs may be activated by var-
ious agents including other protease. Depending on the type 
of substrate which degrades or structural domains, MMPs 
can be divided into 6 subgroups. MMP-2 and MMP-9 have 
the ability to destroy the type IV collagen, which is a very 
important component of basement membrane 4. This is a key 
moment, which is necessary for tumour growth and distant 
metastasis onset. Some published papers have shown that 
MMP-2 and MMP-9 may play important roles in the pro-
gression of the head and neck squamous cell carcinoma 4, 5. 
However, the results regarding the correlation of MMP-2 and 
MMP-9 expression levels with clinical and pathological 
characteristics, as well as with prognosis of LSCC, are not 
consistent. The identification of patients with a high risk of 
tumour development, the presence of subsequent locoregion-
al tumour recurrence, as well as the existence of regional me-
tastases, are very important for the prognosis of the disease, 
as well as for the choice of  the best treatment modality.  

The aim of the study was to evaluate the clinical sig-
nificance of MMP-2 and MMP-9 expression in the tissue 
samples of patients with LSCC, comparing their expression 
in glottic and supraglottic region of the larynx. To our 
knowledge, this is the first study completely investigating 
the relationships between the MMPs expression, clinical 
characteristics of LSCC, 5-year survival rates, and the 

presence of lymphovascular and perineural invasion of the 
malignant cells in patients with LSCC. 

Methods 
Study population 

This prospective, observational, cross-sectional study 
included a total of 140 patients, 70 with histologically veri-
fied LSCC and 70 with chronic laryngitis. The patients with 
the malignant tumour were divided into groups with respect 
to: the localization of the tumour in the larynx (supraglottic, 
glottic); TNM stages of the disease; a degree of tumour dif-
ferentiation (good, moderate, poor); the disease stages (I, II, 
II, IV); the types of tumour growth (infiltrative, exophytic, 
mixed); the development of locoregional recurrence (with or 
without disease recurrence); disease-free interval (with or 
without that), and 5-year survival (with or without 5-year 
survival). The patients diagnosed, treated and followed-up 
for LSCC for a period of minimlly 5 years (between 2010 
and 2017) in our Clinic for Otorhinolaryngology were in-
cluded in this prospective, observational study. The control 
group consisted of patients diagnosed and treated for chronic 
laryngitis in the same period. Pathological and immunohisto-
chemical analyses of tissue specimens were performed at the 
Institute of Pathology by the same experienced pathologist. 
The research was approved by the Ethics Committee of our 
Institution. A written informed consent was obtained from all 
participants to use their medical data.  

The criteria for inclusion in the study were histologically 
verified LSCC and histologically verified chronic inflammato-
ry changes in laryngeal mucosa, including the patients with 
keratosis (hyperkeratosis, parakeratosis, etc). All patients en-
rolled in the study underwent a primary surgical treatment. 
They were interviewed about their profession, history of ma-
lignant diseases in the family, their habits and health sta-
tus. The criteria for exclusion from the study were other ma-
lignant diseases, previous radiotherapy or chemotherapy, pre-
viously performed surgical treatment of laryngeal tumour, sys-
temic diseases affecting the larynx, laryngeal benign pseudo-
tumours (vocal fold oedema, polyps, granulomas, etc). 

Histopathological examination 

Tissue specimens, that were obtained during the laryn-
gomicroscopy or laryngectomy, were fixed for 24 h in 4% 
buffered formaldehyde solution. Then, they were washed by 
water and dehydrated by concentrated ethanol (70% up to 
absolute), then lipofilled in xylene and embedded in paraf-
fin. Paraffin blocks were sectioned at the thickness of 3–5 
μm. The sections were stained with hematoxylin-eosin 
(HE). The type and dimensions of tumour, histological and 
nuclear grade, perineural and lymphovascular invasion, ke-
ratinisation of tumour, spread beyond the larynx or in the re-
gional lymph nodes were determined by the prepara-
tions. Determination of TNM status was done according to 
the TNM classification of American Joint Committee on 
Cancer (AJCC) 6. 
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Immunohistochemical staining 

Immunohistochemical staining includes a series of techno-
logical procedures: deparaffining after cutting the sections of 3–
4 μm form paraffin mold and drying phase following the sinking 
in xylene, alcohol and distilled water then proteolytic digestion. 
Deparaffined sections were cooked twice in a microwave oven 
in a cuvette with 250 mL of citrate buffer solution (10 mmol/L) 
at a maximum temperature, for five min. After that, sections 
were cooled in a citrate buffer at the room temperature for 30 
min and washed with distilled water two times for thirty 
sec. The next phase involved the blocking of endogenous perox-
idase: tissue sections were placed in 3% hydrogen peroxide for 
five min; then washed with distilled water, overlaid with a phos-
phate-buffered saline three times for two min. Immunohisto-
chemical staining was performed with human anti-MMP-2 and 
anti-MMP-9 antibodies (R&D Systems, Inc, Minneapolis, 
USA). The analysis of MMP-2 and MMP-9 expression levels 
was performed semi-quantitatively on the basis the intensity of 
staining cytoplasm of epithelial and stromal cells by light mi-
croscopy. The staining was negative when no cells stained for 
MMP-2 or MMP-9 were found. Immunoreactivity was graded 
from 1 to 3 : 1 = weak (0%–10% stained cells), 2 = moderate 
(10%–50% stained cells) and 3 = strong (more than 50% stained 
cells). 

Study power and the number of participants 

According to the results of the previous study performed 
by Peschos et al. 7, we expected the difference of 20% in the ex-
pression of MMP-9 between LSCC tissue and chronic laryngitis 
tissue. The type I error (α-level) was set to 0.05. Using z-test 
(differences in proportions between independent groups), we 
calculated the minimum of 70 participants would be required in 
each group to raise the study power of 80%. For the calculation 
of the number of participants in each group, the G⃰ Power 3.1.9 
programme (Heinrich Heine Universität, Düsseldorf, Germany) 
was used. 

Statistical analysis 

Statistical analysis of the data was done with the statistical 
software package, SPSS Statistics 18 (SPSS INC, Chicago, Illi-
nois, USA). As the majority of variables were expressed as cat-
egorical data (frequencies), we used the χ2 test to compare the 
values of different frequencies. In case of continuous data, the 

variables were presented as mean value ± standard deviation 
(SD), median, min and max values. Kolmogorov-Smirnov test 
was used for the evaluation of the normality of the data distribu-
tion. The levels of statistical significances between the two 
groups were assessed by the t-test and Mann-Whitney test. A 
one-way analysis of variance (ANOVA) was used to calculate 
the differences among three groups of participants. To assess the 
levels of the statistical differences, we performed a post-hoc 
Dunn-Bonferroni correction. For the comparison of the disease 
free interval and 5-year survival between glottic and supraglottic 
LSCC, we used Kaplan-Meier analysis. The Pearson’s and 
Spearman’s correlation analyses were used to establish the value 
of relation between parameters. All the differences were esti-
mated at p < 0.05 to be statistically significant. 

Results 

The mean age of patients with LSCC was 59.4 (± 7.1) 
years, range from 40–79 years. There were 60 (85.7%) male 
and 10 (14.3%) female patients. Among them, 45 (64.3%) of 
patients had glottic LSCC and 25 (35.7%) of patients had su-
praglottic LSCC, mean age of 59.7 (± 6.8) years and 58.8 (± 
7.7), respectively. The majority of patients with glottic 
LSCC were in T1/T2 stage, whereas the majority of supra-
glottic LSCC patients were in T3/T4 stage. Table 1 shows 
the distribution of patients according to T and N stages. The 
most common stage of glottic LSCC was I (53.3%), and the 
most common stage in supraglottic LSCC was IV (40.0%).  
It was found that more frequent lymph node metastases (N+ 
status) were present in supraglottic than in glottic LSCC 
(40% vs 4.4%) (Table 1). The 5-year survival rates for glottic 
LSCC and supraglottic LSCC were 77.8% and 76.0%, re-
spectively. The disease-free interval was present in 71.1% of 
the glottic LSCC patients and 68.0% of the supraglottic 
LSCC. We found no significant difference regarding the dis-
ease-free interval and 5-year survival between glottic and su-
praglottic LSCC (p = 0.835 and p = 0.776, respectively). 

The positive MMP-2 expression in epithelial cells was 
detected in 65 (92.9%) of patients with LSCC (Figure 1a). In 
stromal cells, positive immunostaining was found in 66 
(94.3%) of cases. In patients with the diagnosis of chronic 
laryngitis, the MMP-2 expression was negative in 72.9% of 
specimens (Figure 1b). 

The positive MMP-9 epithelial immunostaining was de-
tected in all LSCC specimens (Figure 2a). Positive stromal 
expression of MMP-9 was detected in 69 (98.6%) of LSCC 

Table 1 
Distribution of patients according to T and N stages 

Region of larynx T n (%) N n (%) 
Glottis T1/T2 36 (80) N0 43 (95.6) 

T3/T4 9 (20) N+ 2 (4.4) 
Glottis total  45 (100)  45 (100) 

Supraglottis T1/T2 7 (28) N0 15 (60) 
T3/T4 18 (72) N+ 10 (40) 

Supraglottis total  25 (100)  70 (100) 
T1-T4 – tumour stage; N – lymph node; N0 – without 
lymph node metastasis; N+ – with lymph node metastasis.  
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specimens. In patients with chronic laryngitis, moderate 
MMP-9 expression was found in 47.1% of tissue specimens 
(Figure 2b). Our results revealed significantly higher MMP-2 
and MMP-9 expression in both epithelium and stromal tissue 
specimens of patients with glottic and supraglottic LSCC in 
comparison to patients with chronic laryngitis (p < 0.001 and 

p < 0.001, respectively). These results are presented in Fig-
ure 3.   

In patients with glottic LSCC, we found a positive cor-
relation between the epithelial and stromal MMP-2 expres-
sion (r = 0.315, p < 0.05). We also found a positive relation-
ship between the epithelial MMP-2 and epithelial MMP-9 

  a)    b) 
Fig. 1 – Immunoreactivity of matrix metalloproteinase (MMP)-2 in (hematoxylin-eosin, 

 x40): a) laryngeal squamous cell carcinoma (LSCC); b) chronic laryngitis. 
 

 a)     b) 
Fig. 2 – Immunoreactivity of matrix metalloproteinase (MMP)-9 in (hematoxylin-eosin, 

 x40): a) laryngeal squamous cell carcinoma (LSCC); b) chronic laryngitis. 
 

 a)  b) 

 c)  d) 
Fig. 3 – Comparison of matrix metalloproteinase (MMP) expression in tissue 

specimens of patients with glottic squamous cell carcinoma (SCC), supraglottic 
SCC, and chronic laryngitis: a) expression of MMP-2 in epithelium (MMP-2E);  

b) expression of MMP-2 in stroma (MMP-2S); c) expression of MMP-9 in 
epithelium (MMP-9E); d) expression of MMP-9 in stroma (MMP-9S).  

***p < 0.001 vs chronic laryngitis. 
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immunostaining (r = 0.313, p = 0.05). Also, there was a posi-
tive correlation between the epithelial and stromal MMP-9 
expression (r = 0.435, p = 0.01). In patients with supraglottic 
LSCC, there was a statistically significant relationship be-
tween the epithelial and stromal MMP-2 expression (r = 
0.397, p = 0.05), also between the epithelial MMP-2 and epi-
thelial MMP-9 (r = 0.517, p = 0.01) and stromal MMP-9 ex-
pression (r = 0.491, p = 0.05). Also, we found a positive cor-
relation between the epithelial and stromal MMP-9 expres-
sion (r = 0.497, p = 0.05) in supraglottic LSCC. All results 
regarding the correlations between tested marker expressions 
are presented in Table 2.  

The correlations between stromal MMP-2 and MMP-9 
expressions and clinicopathological characteristics of both 
glottic and supraglottic LSCC were not presented due to the 
statistical insignificances. The statistically significant correla-
tions between the expression of MMP-2 in epithelial cells and 
clinicopathological features of LSCC are shown in Table 3. 

Our study showed that epithelial MMP-2 expression is 

not in correlation with T or N stages, nuclear grade and clini-
cal stages, disease-free interval and 5-year survival. 

In supraglottic LSCC, the MMP-2 epithelial expression 
was in correlation with the presence of perineural (r = 0.515, p 
= 0.008) and lymphovascular (r = 0.559, p = 0.004) invasion. 
A correlation between the epithelial MMP-2 expression and 
local recurrences of the primary supraglottic cancer (r = 0.415, 
p = 0.039) was noticed as well. Also, a significant negative 
correlation was recorded between the MMP-2 epithelial ex-
pression and histological stage (r = -0.521, p = 0.008) in su-
praglottic LSCC. The MMP-2 tumour cell expression was in 
correlation with the presence of exophytic type of tumour 
growth in glottic LSCC (r = 0.347, p = 0.020). In supraglottic 
LSCC, we found no association between the type of tumour 
growth and the level of MMP-2 expression.  

The most important correlations between the MMP-9 
epithelial expression and clinicopathological features of 
LSCC are presented in Table 3.  

The present study revealed neither the correlation be-

Table 2 
Correlations between MMPs expressions in glottic and supraglottic region of the larynx 

 
Region of larynx  MMP-2E MMP-2S    MMP-9E   MMP-9S 
Glottis MMP-2E r – 0.315 0.313 0.180 

p  0.035 0.037 0.236 
MMP-2S r   0.259 0.229 

p   0.086 0.131 
MMP-9E r   – 0.435 

p    0.003 

Supraglottis MMP-2E r – 0.397 0.517 0.491 
p  0.049 0.008 0.013 

MMP-2S r  – 0.110 0.347 
p   0.601 0.089 

MMP-9E r   – 0.497 
p    0.012 

r – Spearman’s correlation coefficient; p – probability; MMP – matrix metalloproteinase; E– expression in 
epithelium; S – expression in stroma. 

Table 3  
Correlations between expressions of MMP-2 and MPP-9 in epithelial cells and  

clinicopathological features of LSCC  

Region of larynx     Clinicopathological features 
MMP-2 
(n = 70) 

MMP-9  
(n = 70) 

r p r p 
Glottis Histologic grade -0.188 0.215 -0.257 0.284 

LV invasion  0.083 0.588 0.031 0.026 
PN invasion 0.074 0.542 0.100 0.409 
Local recurrence -0.211 0.164 0.178 0.332 
Exophytic growth 0.347 0.020 0.474 0.001 

Supraglottis Histologic grade -0.521 0.008 -0.358 0.187 
LV invasion 0.559 0.004 0.345 0.092 
PN invasion 0.515 0.008 0.161 0.442 
Local recurrence 0.415 0.039 0.183 0.401 
Exophytic growth 0.265 0.201 -0.228 0.273 

r – Pearson’s correlation coefficient; p – probability; MMP – matrix metalloproteinase; 
LV – lymphovascular; PN – perineural; LSCC – laryngeal squamous cell carcinoma. 
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tween the epithelial MMP-9 expression and some clinico-
pathological characteristics (T stage, N stage, clinical stage, 
nuclear stage, histological stage), nor the correlation with 
disease-free interval and 5-year survival.  

Epithelial MMP-9 expression significantly correlated 
with the presence of lymphovascular invasion (r = 0.334 p 
= 0.026) and with the presence of exophytic type of the tu-
mour growth (r = 0.474, p = 0.001) in glottic LSCC. In pa-
tients with supraglottic localization of SCC, there were no 
similar relationships. We found no statisticaly significant 
relationship between the expression of MMP-9 in epithelial 
cells and perineural invasion in the LSCC.  

Discussion 

Our research, as well as the previous studies 7–18 , 
demonstrated that MMP-2 and MMP-9 are highly ex-
pressed in tissue of LSCC in comparison with the mucosa 
of patients with chronic laryngitis, benign laryngeal pseudo-
tumours (vocal fold polyps, oedemas, granulomas, etc), and 
normal laryngeal mucosa. MMPs are produced by various 
types of cells such as epithelial, inflammatory cells, fibro-
blasts, macrophages in both epithelium and stroma 3–5, 7–11. As 
well as in the study of Uloza et al. 8, we demonstrated that 
MMP-2 and MMP-9 are produced by both epithelial and 
stromal cells in LSCC. However, Uloza et al. 8 found a sig-
nificantly higher expression of these markers in stromal 
than in epithelial cells. We found no statistical differences 
between stromal and epithelial expression of the examined 
enzymes. Also, we found a positive relationship between 
the epithelial and stromal MMP-2 and MMP-9 expression 
in both glottic and supraglottic region of the larynx. 

Earlier studies presented the contradictory results re-
lated to expression of the MMPs and their relationships 
with clinical and pathological features of LSCC. Our study 
demonstrated no statistically significant relationship be-
tween MMP-2 and MMP-9 expression and the clinical 
stage of LSCC, which is in accordance with the studies pre-
sented by Liu et al. 10 and Wael and Manal 11.   

The presence of locoregional lymph node metastases 
is an important prognostic factor. We found no correlation 
between MMP-2 and MMP-9 expression and the presence 
of lymph node metastases, which is in accordance with 
the study performed by Akdeniz et al. 12. On the other 
hand, in the studies presented by Sarioglu et al. 13 and by 
Yuce et al. 14, overexpression of MMP-2 and MMP-9 was 
found to be significantly higher in cases of lymph node 
involvement in patients with glottic 13 and supraglottic 14 
LSCC.    

The histological grade of tumour may be a predictor 
of cancer behaviour and contribute to the finding of the 
best modality of the treatment. In order to determine the 
significance of MMP-2 and MMP-9 expression, many re-
searchers have evaluated the relationship between the 
MMP tumour expression and the level of tumour histologi-
cal differentiation. However, the results are not consistent. 
Sarioglu et al. 13 indicated that MMP-2 expression is not 
associated with the level of differentiation of LSCC. Our 

study generally demonstrated no such relation, but in pa-
tients with supraglottic carcinoma localisation, a negative 
correlation was found between the expression of MMP-2 
and the histological grade of the tumour. So, our results 
suggest that lower level of epithelial MMP-2 expression 
could be associated with the higher level of differentiation 
of supraglottic LSCC.   

The previous studies demonstrated that the higher ex-
pression of MMP-2 and MMP-9 is associated with poor 
outcome of oncological treatment 4, 5, 7. Many researchers 
pointed out high MMP-2 and MMP-9 expression as a po-
tential marker of worse prognosis in patients with laryngeal 
cancer. Although we found no such relationship, Mallis et 
al. 15 showed a statistically significant difference (p < 0.05) 
for the 5-year overall survival rate between the groups with 
positive and negative MMP-2 expression in patients with 
glottic LSCC.   

Numerous studies assessed the MMP-2 and MMP-9 
immunostaining in the laryngeal cancer. In only few stud-
ies, the laryngeal subregions were investigated separate-
ly 7, 10, 15. Our study compared the immunoreactivity of 
MMP-2 and MMP-9 in patients with supraglottic and glot-
tic LSCC. We found that the level of MMP-2 expression is 
significantly related to the presence of perineural and lym-
phovascular invasion, and the presence of local disease re-
currence in the supraglottic region. So, according to our re-
sults, MMP-2 could be considered as a potential predictive 
factor for the estimation of spreading the disease in patients 
with supraglottic LSCC. 

Our results demonstrated a positive correlation be-
tween epithelial MMP-9 expression and the presence of 
lymphovascular invasion in patients with glottic LSCC. 
Wittekindt et al.17 found a positive correlation between 
MMP-9 expression and blood vessel density, suggesting 
that MMP-9 may be a potential target to disrupt tumour 
neovascularisation during the oncological therapy of 
LSCC. A recent study by Colovic et al. 18 demonstrated 
the overexpression of MMP-9 in patients with tumour re-
lapses. MMP-9 could be considered as a potential predic-
tive factor for the assessment of spreading and recurrence 
of primary disease in glottic region of the larynx. Finally, 
our results showed a highly significant positive correla-
tion between the level of MMP-2 and MMP-9 im-
munostaining and the presence of exophytic tumour 
growth only in glottic LSCC, suggesting the importance 
of MMP-2 and, especially, MMP-9 expression as poten-
tial predictors for the feature of vegetant type of tumour 
growth in glottic LSCC. 

However, our study had some limitations. Due to the 
financial reasons, we did not perform the measurement of 
MMP-2 and MMP-9 levels in the serum of patients with 
LSCC. Also, we did not evaluate the quantitative real-time 
polymerase chain reaction reactivity for the messenger 
RNA (mRNA) production for MMP-2 and MMP-9. The 
previous investigations demonstrated important relation-
ships between the serum level/mRNA tissue immunostain-
ing for MMP-2/MMP-9 and clinical stage, nodal status and 
survival rates in patients with LSCC 19–21. 
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Conclusion 

This study demonstrated a higher expression of MMP-2 
and MMP-9 in both epithelium and stroma of patients with 
LSCC in comparison to patients with chronic laryngitis. Our 
results suggest that MMP-2 expression can serve as a poten-

tial parameter for the detection of patients with supraglottic 
LSCC who are at a high risk of perineural and lymphovascu-
lar invasion and developing disease recurrence. MMP-9 ex-
pression can be a strong predictor of the presence of exo-
phytic type of tumour growth, as well as of the presence of 
lymphovascular invasion in glottic LSCC. 
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