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Abstract
Background: Head and neck carcinomas (HNC) account for a majority of ear, nose and throat tumours. They 
account for 6.3% of all incident malignancies and 6.2 % of all deaths from cancer in Romania in 2020, the fifth 
most common cancer in this Eastern Europe country. Aim of the study: The aim of our study was to investigate the 
association between two MMP-2 and MMP-9 promoter gene polymorphisms and head and neck cancer.  Methods. 
We enrolled 142 subjects, 65 cancer patients, and 77 control subjects and tested them for MMP-2 -735 C/T and 
MMP-9 -1562 C/T polymorphisms by PCR-RFLP.  Results. Comparison between cancer patients and controls 
demonstrated the presence of MMP-2 -735 C/T  and MMP-9 -1562 C/T in head and neck malignant tumours, with 
OR = 2.206 (95% CI 1.058-4.599, P = 0.03) for MMP-2 and OR = 2.748 (95% C.I. 1.262-5.981, P=0.009) for 
MMP-9 gene polymorphism. This means that the presence of T allele could be a risk factor for head and neck can-
cer development. The analysis included a stratification of studied groups by age and gender.  Conclusions. Both 
genotypes were associated with a significant risk for head and neck carcinomas in case of the presence of the T al-
lele. MMP-2 -735 C/T (rs2285053) and MMP-9 -1562 C/T (rs3918242) gene polymorphism could be an important 
genetic marker for head and neck cancer susceptibility. This finding could be useful for genetic screening in head 
and neck carcinomas.
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Introduction

Head and neck carcinomas (HNC) account for 
a majority of ear, nose, and throat tumours (1). 
They have variate cell origins, but most of them 
(up to 90%) represent squamous cell carcinomas 

in adult population (2,3). Head and neck squa-
mous cell carcinoma (HNSCC), a malignancy 
with primary sites in the oral cavity, lip, phar-
ynx, larynx, and paranasal sinuses (4) is one 
of the most common cancers worldwide. With 
6239 new cases and 3384 deaths from HNC, it 
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accounts for 6.3% of all incident malignancies 
and 6.2 % of all deaths from cancer in Romania 
in 2020, being the fifth most common cancer in 
this Eastern Europe country (5). 
HNSCC has highly invasive properties demon-
strated by locoregional recurrence and lymph 
node metastasis with an expected 5-year survival 
rate of 50% in advanced disease (6). Apart from 
already established risk factors including ciga-
rette smoking, alcohol intake, their combination 
(7), or human papilloma virus (HPV), which is 
mainly linked to oropharyngeal cases, some au-
thors suggest a genetic susceptibility of individ-
uals to head and neck carcinomas (8,9).
Cancer occurs following genetic alterations, 
leading to tumour progression and metasta-
sis as a result of local interplay of growth fac-
tors, chemokines and matrix metalloproteinases 
(MMPs). This altered panel of aberrant expres-
sion leads to transformed tumour cells and de-
graded tissue microenvironment. Extracellular 
matrix environment remodelling in neoplasia 
could play an important role in tumour progres-
sion and metastasis. These processes are en-
hanced by defective MMPs function.
MMPs are a large group of zinc-dependent secret-
ed proteinases or transmembrane proteins that 
are involved in extracellular matrix remodelling. 
There are numerous evidences showing MMPs 
overexpression in tumour tissue correlated with 
local invasion, metastasis and poor survival 
(10). They are also associated with apoptosis, 
angiogenesis, cell differentiation, and immune 
response (11). MMPs dissolve the basement 
membrane and degrade interstitial stroma thus 
facilitating invasion and metastasis, mainly by 
proteolysis mediated by gelatinases like MMP-
2 and MMP-9. MMP-2 expression is higher in 
metastatic tumours than in those non-metastat-
ic, therefore MMP-2 can be a predictive marker 
of metastasis in oral cancer (10, 12). The levels 
of gene expression and enzymatic activity are 
higher for these two gelatinases in tumours (col-

orectal, ovarian, breast, melanoma and oral can-
cer) compared to normal tissues (13). Moreover, 
MMP-9 was associated to invasiveness and a 
shorter disease-free survival in oral cancer (14). 
MMPs involvement in oral squamous cell car-
cinoma was extensively reviewed by Suvi-Tuuli 
Vilen et al. (15)
Continuing investigation about the MMPs as tu-
mour markers, most studies focused on MMP-
2 and 9, looking for association between these 
enzymes and tumour invasiveness or dissemina-
tion. Some hypotheses regarding the relationship 
between tumour development and MMP have 
been proposed, and angiogenesis has been the 
most favoured one (16, 17). 
MMP-2 (gelatinase A) gene is located on chro-
mosome 16q12.2 with 13 exons and 12 introns 
(18). MMP-2 promoter contains regulatory el-
ements like cAMP response element-binding 
protein, AP-1, AP-2, PEA3, C/EBP, and Sp1. 
The expression of this gelatinase is subjected to 
regulation by transcription factors (19). In the 
MMP-2 gene promoter region there were de-
scribed several polymorphisms. Among them, 
the most extensively studied is a C-T transition 
at -1306 position shown to disrupt a Sp1-type 
promoter motif (CCACC box) with the direct 
consequence of lower promoter activity with the 
T allele (20). Another C-T transition at -735 po-
sition (rs2285053) in MMP-2 gene promoter was 
recently described and seems to have a similar 
effect by destroying a Sp1 binding element and 
being associated with significant lower promot-
er activity and distant metastasis in oesophageal 
carcinomas (21). 
MMP-9 (gelatinase B) gene is located on chro-
mosome 20, q11.2-13.1 region. MMP-9 -1562 
C/T (rs3918242) polymorphism causes a lower 
binding of the transcription repressor proteins to 
the promoter and results in a higher transcrip-
tional activity. The presence of the T allele (TT 
or TC genotype) showed a 2-fold higher expres-
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sion than CC genotype in severe coronary ath-
erosclerosis (22).
Some studies demonstrating overexpression of 
MMPs in association with head and neck can-
cers suggested their involvement in tumour de-
velopment (23) while other authors demonstrat-
ed MMP-9 association with lymph node tumour 
spreading (24). 
In order to have an early identification of a ma-
lignancy, we tested two functional SNPs (sin-
gle nucleotide polymorphisms) in promoter of 
MMP-2 and MMP-9 genes to find any possible 
associations with susceptibility for head and 
neck carcinomas, tumorigenesis, local progres-
sion and metastasis.

Materials and methods

A group of 65 patients diagnosed with head and 
neck carcinomas and 77 control subjects were 
enrolled after they gave their informed consent. 
The study was approved by the Ethical Commit-
tee of the Institute (27/01/2015). 
Patients admitted to the hospital with head and 
neck cancers were investigated by CT scan or 
MRI imaging before surgery. A histological di-
agnosis after surgery and a detailed record of the 
possible risk factors (mainly smoking status) for 
cancer development were recorded for each pa-
tient. 
The exclusion criteria were: lack of confirmation 
of the disease by histological examination or pre-
vious surgical or other therapeutic intervention 
before admission. The histological examination 

of all removed tissues (tumour and lymph nodes) 
at surgery allowed us to assess the stage of the 
disease.
Genomic DNA extraction from whole blood was 
performed with Promega Wizard Genomic DNA 
Purification kit (Promega Inc, USA) according 
to manufacturer’s protocol.
MMP-2 -735C/T and MMP-9 -1562 C/T gene 
polymorphisms were determined by PCR-RFLP. 
50 ng DNA were amplified using previously re-
ported primers (25): MMP-2F: 5’-ATAGGGTA-
AACCTCCCCACATT-3’, MMP-2R: 5’-GGTA-
AAATGA GGCTGAGACCTG-3’, MMP-9F: 
5′-GCCTGGCACATAGTAGGCCC-3′, MMP-
9R: 5′-CTTCCTAGCCAGCCGGCATC-3′. 
PCR amplification protocol for MMP-2 was: 
denaturation 5 min., 95 °C; 35 cycles of 45 s at 
94 °C, 45 s at 62 °C and 60 s at 72 °C; 10 min. 
at 72 °C. MMP-9 amplification protocol was: de-
naturation 10 min., 95 °C; 35 cycles of 30 s at 
94 °C, 30 s at 59 °C and 30 s at 72 °C; 10 min. 
at 72 °C. MMP-2 amplicons were enzymatical-
ly treated with 10 U of restriction enzyme HinfI 
(New England Biolabs) and MMP-9 amplicons 
were treated with 10 U of SphI (New England 
Biolabs) for 3h at 37 °C. Restriction products, as 
presented in Table 1, were analysed in 2% aga-
rose gel (Life Technologies) (Figure1, 2).

Statistical analysis
Pearson’s Chi-square test was applied to anal-
yse the distribution of the MMP-2 -735C/T and 
MMP-9 -1562C/T genotypes among the sub-
groups and to test for Hardy-Weinberg equi-

Table 1. Fragment length analysis by genotype following enzyme digestion
Polymorphism Restriction enzyme Genotype Fragment length (bp)
-735C/T MMP-2 HinfI CC 300 bp

TT 254bp+ 46bp
CT 254bp+46bp+300bp

-1562C/T MMP-9 SphI CC 435 bp
TT 247 bp+188 bp
CT 247 bp+188 bp+435 bp

bp: base pairs
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librium. The association between these MMPs 
genotypes and risk of head and neck cancer was 
estimated by computing odds ratios (ORs) and 
their 95% confidence intervals (C.I.) from logis-
tic regression analysis. We also performed addi-
tional analyses on the population stratified based 
on age and sex (Cochran-Mantel-Haenszel test). 
Tests for deviation from Hardy-Weinberg equi-
librium and tests for association were assessed 
with an internet-based calculator (http://ihg.gsf.
de/cgi-bin/hw/hwa1.pl). All statistical analy-
ses were conducted with MedCalc® Statistical 
Software version 20.022 (MedCalc Software 
Ltd, Ostend, Belgium; https://www.medcalc.
org; 2021).

Results 

The age of the patients showed a higher in-
cidence of the disease in aged people. The 
mean age of cancer group was 58.04±8.29 yrs. 
(mean±SD) vs. 51.47±11.62 yrs. (mean±SD) 
in control group. In order to test the association 
of MMPs polymorphisms with the stage of the 
disease, histologic differentiation grading and 
presence of node metastases, we divided the pa-
tients according to early disease stage or late dis-
ease stage, histologic differentiation grading and 
presence of metastasis, as presented in Table 2.
Almost 70% of the patients presented in stage III 
and IV at admission. Histology elicited in some 
patients more advanced cell proliferation and 
local spread than suspected after imaging and 
clinical exam. 

Fig. 1. PCR-RFLP electrophoresis image for 
MMP-2 -735 C/T polymorphism

Fig. 2. PCR-RFLP electrophoresis image for 
MMP-9 -1562 C/T polymorphism

Table 2.  Disease stage, histologic differentiation 
grading and metastasis presence in cancer group 
Groups N %

Gender 

male 54 83.07

female 11 16.9

Age 

>50 y 52 80

<50y 13 20

Environment 

urban 36 55.3

rural 29 44.7

Smoking status

Yes 44 67.7

No 21 32.3

Disease stages

I, II 20 30.7

III, IV 45 69.3

Histologic differentiation grading

G1 33 50.7

G2 17 26.1

G3 15 23.2

Metastasis

yes 33 50.7

no 32 49.3
N: number of patients; I, II: early stages, III, IV: advanced 
stages

http://ihg.gsf.de/cgi-bin/hw/hwa1.pl
http://ihg.gsf.de/cgi-bin/hw/hwa1.pl
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Staging of the disease was performed in accor-
dance with the international TNM criteria and 
scores, taking into consideration the imaging 
performed before surgery and the histology of 
the removed tissues. The pathology assessed 
the origin of the tumour, except for 3 cases with 
lymph nodes metastasis in which no primary tu-
mour could be revealed. 
The MMP-2 -735C/T and MMP-9 -1562C/T pro-
moter genotypes are presented in Table 3. There 
is a clear difference in genotype and allele dis-
tribution between the cancer patient group com-
pared to controls. The percentage of T allele is 
1.71 times higher in the cancer group for MMP-2 
and 2.29 times higher for MMP-9.
We did not find any association between geno-
type and disease stage, proliferating cell grading 
or the presence of metastasis (data not shown).
Multiple logistic regression analysis returned 
an OR=2.206 (1.058-4.599 95% CI, p=0.03) 

for MMP-2 - 735 C/T and OR = 2.748 (1.262-
5.98195% C.I., p=0.009) for MMP-9 -1562C/T 
gene polymorphisms. This means that the pres-
ence of T allele could be a risk factor for head 
and neck cancer development (Table 4). 
In order to evaluate if the results are affected by 
the heterogeneity of the study population, we 
stratified the groups based on age (below and 
over 50 years old) and gender (male and female). 
Cochran-Mantel-Haenszel (CMH) test results 
showed that age distribution between the con-
trol and cancer group did not affect results anal-
ysis for MMP-9 -1562 C/T polymorphism (p= 
0,098). Instead, MMP-2 -735 C/T polymorphism 
is significantly different between age groups in 
controls and cancer group (p=0.002). Moreover, 
gender influenced the results for MMP-9 -1562 
C/T polymorphism (p=0,043), but not for MMP-
2 -735 C/T polymorphism (p=0,1). All results 
for CMH test are presented in Table 5.

Table 3.  Genotype distribution and allele frequencies for MMP-2 -735 C/T (rs2285053) and MMP-9 -1562 
C/T (rs3918242) in cancer compared to control group.

Polymorphism Genotype or allele Cases (%) Controls (%)
MMP-2 -735 C/T CC 40 (59.70%) 60 (77.92 %)

CT 24 (35.82%) 16 (20.78%)
TT 2 (2.98%) 1 (1.30%)
C 104 (78.78%) 136 (88.31%)
T 28 (21.22%) 18 (11.69%)

MMP-9 -1562 C/T CC 43 (64.18%) 64 (83.11%)
CT 21 (31.34%) 12 (15.59%)
TT 4 (5.98%) 1 (1.30%)
C 107 (78.67%) 140 (90.90%)
T 29 (21.33%) 14 (9.10%)

Table 4. Logistic regression in cancer vs. control group
Polymorphism Model OR (95% C.I.) P value
MMP-2 -735 C/T Dominant CC+CT vs. TT 0.421 (0.037-4.751) ns

Recessive CC vs CT+TT 2.294 (1.105-4.763) 0.024
MMP-9 -1562 C/T Dominant CC+CT vs. TT 0.211 (0.023-1.931) ns

Recessive CC vs CT+TT 2.862 (1.320-6.204) 0.006
OR, odds ratios; p<0,05 was considered statistically significant
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Discussion and conclusions

Head and neck squamous cell carcinomas are 
very aggressive and relatively frequent malig-
nancies in Romania. 
Given the high incidence and multiple histopa-
thology of this heterogeneous group of tumours, 
it is very important to identify early potential 
biomarkers of susceptibility to the occurrence 
and progression of this aggressive cancer.
In this case-control study, we investigated the 
role of two functional SNPs in MMP-2 and 
MMP-9 as having a potential role for the predis-
position to HNSCCs. Our findings showed that 
MMP-2 -735 CT+TT and MMP-9 -1562 CT+TT 
genotypes were significantly associated with an 
increased risk of HNSCC. 
The MMP-2 -735 C/T (rs2285053) polymor-
phism was less investigated in cancer compared 
to MMP-2 -1306 C/T. However, few studies 
showed that the rs2285053 T allele carriers had 
a reduced risk of breast cancer in Tunisian (26) 
and Iranian (27) populations. Instead, others did 
not find any association between rs2285053 and 
breast cancer risk in additive models (28).
In lung cancer patients, those who have the C-C 
haplotype made up by MMP-2 rs243865 and 
rs2285053 polymorphisms have higher risk of 
lung cancer than those having the T-T haplotype. 
Tumour MMP-2 gene expression was lower in 
-735 CC patients than in those with CT or TT 
genotypes (29).
MMP‐2 -735 C/T polymorphism was associated 
with lower risk in lung and oesophageal cancers 
(30), increased risk of nasopharyngeal carcinoma 
(31), increased risk of gallbladder cancer (32) but 
no association in hepatocellular carcinoma (33). 
Another study did not find any differential dis-
tribution in genotypic or allelic frequencies in 
oral cancer patients versus non-cancer patients 
in Taiwan, but CT and TT genotypes were asso-
ciated with lower metastasis rates within 5 years 
in oral cancer patients (34).

Regarding head and neck carcinomas, studies 
have shown that MMP-2 is overexpressed in 
HNSCC tissues with higher ability of invasion 
and metastasis (35). 
Our results showed a significant difference of 
rs2285053 allele T distribution between cancer 
and non-cancer subjects. 
The difference between our results and previ-
ous studies regarding -735 C/T MMP-2 gene 
polymorphism could be related to the ethnicity 
of studied population, various sites of HNSCC 
considered, and a relatively small number of pa-
tients. It is worth specifying that MMP activity 
is regulated at the transcription level and tran-
scription is differently regulated with each cell 
type (e.g., keratinocyte, melanocyte, and fibro-
blast) capable of displaying unique proteolytic 
phenotypes (36). Moreover, other authors (37) 
have obtained similar results to our study but on 
the analysis of rs243865 (-1306 C/T MMP-2) in 
HNSCC patients. It was demonstrated that the 
-1306 C/T and -735 C/T polymorphisms are in a 
linkage disequilibrium, indicating an interactive 
effect of these two SNPs on MMP-2 transcrip-
tional function (21). 
MMP-9 -1562 C/T is one of the five SNPs dis-
covered in the promoter of MMP-9 gene (38), 
being extensively studied in relation to cancer 
occurrence and progression. Under physiologi-
cal states, MMP-9 is expressed in low levels, its 
expression being highly stimulated in many tu-
mours, including oral squamous cell carcinoma 
(39). This SNP is a functional polymorphism as 
C to T replacement at -1562 position in the pro-
moter affects gene transcription. Allele T confer 
an increased gene promoter activity. 
MMP-9 is overexpressed and plays an important 
role in head and neck cancers (40), but a recent 
meta-analysis (41) showed no significant asso-
ciation between the MMP-9 -1562 C/T poly-
morphism and HNSCC risk. High MMP-9 ex-
pression could determine HNSCC progression 
via mechanisms other than regulation by the 



Revista Română de Medicină de Laborator Vol. 30, Nr. 2, Aprilie, 2022 169

MMP-9 -1562 C/T polymorphism (41). Still, this 
meta-analysis has several important limitations 
ranging from the number of studies included (5 
studies), studied populations with different po-
tential risk factors (Asian, African and only one 
Caucasian population), tumour locations to con-
trol group selection. Another recent meta-analy-
sis showed that MMP-9 rs3918242 may be a risk 
factor for breast cancer (42).
We found a significant association between the 
presence of T allele in both matrix metallopro-
teinases MMP-2 and MMP-9 polymorphisms 
and head and neck cancer occurrence. Both geno-
types showed a significant risk for head and neck 
cancer in case of presence of the T allele. The 
calculated OR showed a 2-fold increased risk 
for head and neck cancer compared to control 
group. The stratification of our studied groups 
showed that the age and gender of participants 
could be confounding factors (age for MMP-2 
-735 C/T, but not for MMP-9 -1562 C/T poly-
morphism and gender for MMP-9 -1562 C/T, but 
not for MMP-2 -735 C/T polymorphism).
In conclusion, MMP-2 -735 C/T (rs2285053) 
and MMP-9 -1562 C/T (rs3918242) polymor-
phisms can be important genetic markers for 
head and neck cancer susceptibility. This finding 
is important in terms of genetic screening. Con-
sidering our strata results, further prospective 
studies on larger cohorts are needed to validate 
these results.

Acknowledgments

The study was partially founded by “CERO – 
Career profile: Romanian Researcher”, POS-
DRU/159/1.5/S/135760, UEFISCDI grant 
no.135/2012 and 192/2014.

Authors’ contributions

SS and DCG have equal contribution to the ar-
ticle; conceived and designed the experiments: 
SS, DM, DCG; performed the experiments: SS, 

CP; analysed the data: DM, SS, AZ, CP, DCG; 
contributed with patients/sample collection/
materials: AZ, DM, DCG; wrote the paper: SS, 
DCG, DM; discussed and commented on results 
and final manuscript approval: SS, DCG, AZ, 
CP, DM.

Conflict of interest

None to declare.

References
1. Monteiro LS, Antunes L, Santos LL, Bento MJ, War-

nakulasuriya S. Survival probabilities and trends for 
lip, oral cavity and oropharynx cancers in Northern 
Portugal in the period 2000-2009. Ecancermedical-
science. 2018;12:855. DOI: 10.3332/ecancer.2018.855

2. Curado MP, Boyle P. Epidemiology of head and neck 
squamous cell carcinoma not related to tobacco or al-
cohol. Curr Opin Oncol. 2013 May;25(3):229-34. DOI: 
10.1097/CCO.0b013e32835ff48c

3. Hoffman HT, Karnell LH, Funk GF, Robinson RA, 
Menck HR. The National Cancer Data Base Report on 
Cancer of the Head and Neck. Arch Otolaryngol Head 
Neck Surg. 1998 Sep 1;124(9):951. DOI: 10.1001/ar-
chotol.124.9.951

4. Argiris A, Karamouzis MV, Raben D, Fer-
ris RL. Head and neck cancer. The Lancet. 2008 
May;371(9625):1695-709. DOI: 10.1016/S0140-
6736(08)60728-X

5. Ferlay J, Colombet M, Soerjomataram I, Mathers 
C, Parkin DM, Pi-eros M, et al. Estimating the glob-
al cancer incidence and mortality in 2018: GLOB-
OCAN sources and methods. Int J Cancer. 2019 Apr 
15;144(8):1941-53. DOI: 10.1002/ijc.31937

6. Jimenez L, Jayakar SK, Ow TJ, Segall JE. Mecha-
nisms of Invasion in Head and Neck Cancer. Archives 
of Pathology & Laboratory Medicine. 2015 Nov 
1;139(11):1334-48. DOI: 10.5858/arpa.2014-0498-RA

7. Dhull AK, Atri R, Dhankhar R, Chauhan AK, Kaushal 
V. Major Risk Factors in Head and Neck Cancer: A 
Retrospective Analysis of 12-Year Experiences. World 
J Oncol. 2018;9(3):80-4. DOI: 10.14740/wjon1104w

8. Sturgis EM, Wei Q. Genetic susceptibility-molecu-
lar epidemiology of head and neck cancer: Current 
Opinion in Oncology. 2002 May;14(3):310-7. DOI: 
10.1097/00001622-200205000-00010

9. Lacko M, Oude Ophuis MB, Peters WHM, Manni JJ. 
Genetic polymorphisms of smoking-related carcinogen 
detoxifying enzymes and head and neck cancer suscep-
tibility. Anticancer Res. 2009 Feb;29(2):753-61.

10. Freije JMP, Balbín M, Pendás AM, Sánchez LM, Pu-

https://doi.org/10.3332/ecancer.2018.855
https://doi.org/10.1097/CCO.0b013e32835ff48c
https://doi.org/10.1097/CCO.0b013e32835ff48c
https://doi.org/10.1001/archotol.124.9.951
https://doi.org/10.1001/archotol.124.9.951
https://doi.org/10.1016/S0140-6736(08)60728-X
https://doi.org/10.1016/S0140-6736(08)60728-X
https://doi.org/10.1002/ijc.31937
https://doi.org/10.5858/arpa.2014-0498-RA
https://doi.org/10.14740/wjon1104w
https://doi.org/10.1097/00001622-200205000-00010
https://doi.org/10.1097/00001622-200205000-00010


Revista Română de Medicină de Laborator Vol. 30, Nr. 2, Aprilie, 2022170

ente XS, López-Otín C. Matrix Metalloproteinases 
and Tumor Progression. In: Llombart-Bosch A, Felipo 
V, editors. New Trends in Cancer for the 21stCentury 
[Internet]. Boston, MA: Springer US; 2003 [cited 2021 
Jun 16]. p. 91-107. (Advances in Experimental Medi-
cine and Biology; vol. 532). DOI: 10.1007/978-1-4615-
0081-0_9

11. Bellayr IH, Mu X, Li Y. Biochemical insights into the 
role of matrix metalloproteinases in regeneration: chal-
lenges and recent developments. Future Med Chem. 
2009 Sep;1(6):1095-111. DOI: 10.4155/fmc.09.83

12. Patel BP, Shah SV, Shukla SN, Shah PM, Patel PS. 
Clinical significance of MMP-2 and MMP-9 in patients 
with oral cancer. Head Neck. 2007 Jun;29(6):564-72. 
DOI: 10.1002/hed.20561

13. Bhatt P, Khatri N, Kumar M, Baradia D, Misra A. 
Microbeads mediated oral plasmid DNA delivery us-
ing polymethacrylate vectors: an effectual ground-
work for colorectal cancer. Drug Delivery. 2015 Aug 
18;22(6):849-61. DOI: 10.3109/10717544.2014.898348

14. Hong SD, Hong SP, Lee JI, Lim CY. Expression of 
matrix metalloproteinase-2 and -9 in oral squamous 
cell carcinomas with regard to the metastatic potential. 
Oral Oncology. 2000 Mar;36(2):207-13. DOI: 10.1016/
S1368-8375(99)00088-3

15. Vilen S-T, Salo T, Sorsa T, Nyberg P. Fluctuating Roles 
of Matrix Metalloproteinase-9 in Oral Squamous Cell 
Carcinoma. The Sci World J. 2013;2013:1-11. DOI: 
10.1155/2013/920595

16. Kessenbrock K, Plaks V, Werb Z. Matrix Metallo-
proteinases: Regulators of the Tumor Microenviron-
ment. Cell. 2010 Apr;141(1):52-67. DOI: 10.1016/j.
cell.2010.03.015

17. Franchi A, Santucci M, Masini E, Sardi I, Paglierani M, 
Gallo O. Expression of matrix metalloproteinase 1, ma-
trix metalloproteinase 2, and matrix metalloproteinase 
9 in carcinoma of the head and neck: Correlation with 
p53 status, inducible nitric oxide synthase activity, and 
angiogenesis. Cancer. 2002 Nov 1;95(9):1902-10. DOI: 
10.1002/cncr.10916

18. Huhtala P, Chow LT, Tryggvason K. Structure of 
the human type IV collagenase gene. J Biol Chem. 
1990 Jul 5;265(19):11077-82. DOI: 10.1016/S0021-
9258(19)38559-X

19. Qin H, Sun Y, Benveniste EN. The Transcription Fac-
tors Sp1, Sp3, and AP-2 Are Required for Constitutive 
Matrix Metalloproteinase-2 Gene Expression in Astro-
glioma Cells. Journal of Biological Chemistry. 1999 
Oct;274(41):29130-7. DOI: 10.1074/jbc.274.41.29130

20. Price SJ, Greaves DR, Watkins H. Identification of 
Novel, Functional Genetic Variants in the Human Ma-
trix Metalloproteinase-2 Gene. Journal of Biological 
Chemistry. 2001 Mar;276(10):7549-58. DOI: 10.1074/
jbc.M010242200

21. Yu C, Zhou Y, Miao X, Xiong P, Tan W, Lin D. Func-

tional Haplotypes in the Promoter of Matrix Metallo-
proteinase-2 Predict Risk of the Occurrence and Me-
tastasis of Esophageal Cancer. Cancer Res. 2004 Oct 
15;64(20):7622-8. DOI: 10.1158/0008-5472.CAN-04-
1521

22. Zhang B, Ye S, Herrmann S-M, Eriksson P, de Maat M, 
Evans A, et al. Functional Polymorphism in the Regula-
tory Region of Gelatinase B Gene in Relation to Sever-
ity of Coronary Atherosclerosis. Circulation. 1999 Apr 
13;99(14):1788-94. DOI: 10.1161/01.CIR.99.14.1788

23. Iizuka S, Ishimaru N, Kudo Y. Matrix Metalloproteinas-
es: The Gene Expression Signatures of Head and Neck 
Cancer Progression. Cancers. 2014 Feb 13;6(1):396-
415. DOI: 10.3390/cancers6010396

24. O-Charoenrat P, Rhys-Evans PH, Eccles SA. Expres-
sion of matrix metalloproteinases and their inhibitors 
correlates with invasion and metastasis in squamous 
cell carcinoma of the head and neck. Arch Otolaryngol 
Head Neck Surg. 2001 Jul;127(7):813-20.

25. Zhang H, Li G, Zhang Z, Wang S, Zhang S. MMP-
2 and MMP-9 gene polymorphisms associated with 
cervical cancer risk. Int J Clin Exp Pathol. 2017 Dec 
1;10(12):11760-5.

26. Habel AF, Ghali RM, Bouaziz H, Daldoul A, Hadj-
Ahmed M, Mokrani A, et al. Common matrix metallo-
proteinase-2 gene variants and altered susceptibility to 
breast cancer and associated features in Tunisian wom-
en. Tumour Biol. 2019 Apr;41(4):101042831984574. 
DOI: 10.1177/1010428319845749

27. Yari K, Rahimi Z, Moradi MT, Rahimi Z. The MMP-
2 -735 C Allele is a Risk Factor for Susceptibility to 
Breast Cancer. Asian Pacific Journal of Cancer Preven-
tion. 2014 Aug 15;15(15):6199-203. DOI: 10.7314/AP-
JCP.2014.15.15.6199

28. Beeghly-Fadiel A, Lu W, Long J-R, Shu X, Zheng 
Y, Cai Q, et al. Matrix Metalloproteinase-2 Polymor-
phisms and Breast Cancer Susceptibility. Cancer Epi-
demiol Biomarkers Prev. 2009 Jun;18(6):1770-6. DOI: 
10.1158/1055-9965.EPI-09-0125

29. Rollin J, Régina S, Vourc’h P, Iochmann S, Bléchet 
C, Reverdiau P, et al. Influence of MMP-2 and MMP-
9 promoter polymorphisms on gene expression and 
clinical outcome of non-small cell lung cancer. Lung 
Cancer. 2007 May;56(2):273-80. DOI: 10.1016/j.lung-
can.2006.11.021

30. Peng B, Cao L, Ma X, Wang W, Wang D, Yu L. Me-
ta-analysis of association between matrix metallopro-
teinases 2, 7 and 9 promoter polymorphisms and can-
cer risk. Mutagenesis. 2010 Jul 1;25(4):371-9. DOI: 
10.1093/mutage/geq015

31. Shao JY, Cao Y, Miao XP, Huang MY, Deng L, Hao 
JJ, et al. A single nucleotide polymorphism in the ma-
trix metalloproteinase 2 promoter is closely associated 
with high risk of nasopharyngeal carcinoma in Can-
tonese from southern China. Chin J Cancer. 2011 Sep 

https://doi.org/10.1007/978-1-4615-0081-0_9
https://doi.org/10.1007/978-1-4615-0081-0_9
https://doi.org/10.4155/fmc.09.83
https://doi.org/10.1002/hed.20561
https://doi.org/10.3109/10717544.2014.898348
https://doi.org/10.1016/S1368-8375(99)00088-3
https://doi.org/10.1016/S1368-8375(99)00088-3
https://doi.org/10.1155/2013/920595
https://doi.org/10.1155/2013/920595
https://doi.org/10.1016/j.cell.2010.03.015
https://doi.org/10.1016/j.cell.2010.03.015
https://doi.org/10.1002/cncr.10916
https://doi.org/10.1002/cncr.10916
https://doi.org/10.1016/S0021-9258(19)38559-X
https://doi.org/10.1016/S0021-9258(19)38559-X
https://doi.org/10.1074/jbc.274.41.29130
https://doi.org/10.1074/jbc.M010242200
https://doi.org/10.1074/jbc.M010242200
https://doi.org/10.1158/0008-5472.CAN-04-1521
https://doi.org/10.1158/0008-5472.CAN-04-1521
https://doi.org/10.1161/01.CIR.99.14.1788
https://doi.org/10.3390/cancers6010396
https://doi.org/10.1177/1010428319845749
https://doi.org/10.7314/APJCP.2014.15.15.6199
https://doi.org/10.7314/APJCP.2014.15.15.6199
https://doi.org/10.1158/1055-9965.EPI-09-0125
https://doi.org/10.1158/1055-9965.EPI-09-0125
https://doi.org/10.1016/j.lungcan.2006.11.021
https://doi.org/10.1016/j.lungcan.2006.11.021
https://doi.org/10.1093/mutage/geq015
https://doi.org/10.1093/mutage/geq015


Revista Română de Medicină de Laborator Vol. 30, Nr. 2, Aprilie, 2022 171

5;30(9):620-6. DOI: 10.5732/cjc.010.10592
32. Sharma KL, Misra S, Kumar A, Mittal B. Higher risk of 

matrix metalloproteinase (MMP-2, 7, 9) and tissue in-
hibitor of metalloproteinase (TIMP-2) genetic variants 
to gallbladder cancer. Liver Int. 2012 Sep;32(8):1278-
86. DOI: 10.1111/j.1478-3231.2012.02822.x

33. Zhai Y, Qiu W, Dong XJ, Zhang XM, Xie WM, Zhang 
HX, et al. Functional polymorphisms in the promot-
ers of MMP-1, MMP-2, MMP-3, MMP-9, MMP-12 
and MMP-13 are not associated with hepatocellular 
carcinoma risk. Gut. 2007 Mar 1;56(3):445-7. DOI: 
10.1136/gut.2006.112706

34. Tsai CW, Hsu HM, Wang YC, Chang WS, Shih LC, Sun 
KT, et al. Contribution of MMP2 Promoter Genotypes 
to Oral Cancer Susceptibility, Recurrence and Metasta-
sis in Taiwan. Anticancer Res. 2018 Dec;38(12):6821-
6. DOI: 10.21873/anticanres.13055

35. O-charoenrat P, Khantapura P. The role of genetic 
polymorphisms in the promoters of the matrix metal-
loproteinase-2 and tissue inhibitor of metalloprotein-
ase-2 genes in head and neck cancer. Oral Oncology. 
2006 Mar;42(3):257-67. DOI: 10.1016/j.oraloncolo-
gy.2005.07.008

36. Rosenthal EL, Matrisian LM. Matrix metallopro-
teases in head and neck cancer. Head Neck. 2006 
Jul;28(7):639-48. DOI: 10.1002/hed.20365

37. Chaudhary AK, Pandya S, Mehrotra R, Singh M, Singh 
M. Role of functional polymorphism of matrix metal-
loproteinase-2 (-1306 C/T and -168 G/T) and MMP-9 
(-1562 C/T) promoter in oral submucous fibrosis and 

head and neck squamous cell carcinoma in an Indian 
population. Biomarkers. 2011 Nov;16(7):577-86. DOI: 
10.3109/1354750X.2011.609602

38. Zhang B, Henney A, Eriksson P, Hamsten A, Watkins 
H, Ye S. Genetic variation at the matrix metallopro-
teinase-9 locus on chromosome 20q12.2-13.1. Human 
Genetics. 1999 Nov 15;105(5):418-23. DOI: 10.1007/
s004390051124

39. Vairaktaris E, Vassiliou S, Nkenke E, Serefoglou Z, 
Derka S, Tsigris C, et al. A metalloproteinase-9 poly-
morphism which affects its expression is associated 
with increased risk for oral squamous cell carcinoma. 
Eur J Surg Oncol(EJSO). 2008 Apr;34(4):450-5. DOI: 
10.1016/j.ejso.2007.03.024

40. Nascimento, GJ Ferreira do et al. Polymorphisms of 
matrix metalloproteinase-7 and -9 are associated with 
oral tongue squamous cell carcinoma. Brazilian Oral 
Res [online]. 2021, v. 35, e019. DOI: 10.1590/1807-
3107bor-2021.vol35.0019

41. Zhang C, Li C, Zhu M, Zhang Q, Xie Z, Niu G, et 
al. Meta-Analysis of MMP2, MMP3, and MMP9 
Promoter Polymorphisms and Head and Neck Can-
cer Risk. Creighton C, editor. PLoS ONE. 2013 Apr 
24;8(4):e62023. DOI: 10.1371/journal.pone.0062023

42. Xu T, Zhang S, Qiu D, Li X, Fan Y. Association be-
tween matrix metalloproteinase 9 polymorphisms and 
breast cancer risk: An updated meta-analysis and trial 
sequential analysis. Gene. 2020 Oct;759:144972. DOI: 
10.1016/j.gene.2020.144972

https://doi.org/10.5732/cjc.010.10592
https://doi.org/10.1111/j.1478-3231.2012.02822.x
https://doi.org/10.1136/gut.2006.112706
https://doi.org/10.1136/gut.2006.112706
https://doi.org/10.21873/anticanres.13055
https://doi.org/10.1016/j.oraloncology.2005.07.008
https://doi.org/10.1016/j.oraloncology.2005.07.008
https://doi.org/10.1002/hed.20365
https://doi.org/10.3109/1354750X.2011.609602
https://doi.org/10.3109/1354750X.2011.609602
https://doi.org/10.1007/s004390051124
https://doi.org/10.1007/s004390051124
https://doi.org/10.1016/j.ejso.2007.03.024
https://doi.org/10.1016/j.ejso.2007.03.024
https://doi.org/10.1590/1807-3107bor-2021.vol35.0019
https://doi.org/10.1590/1807-3107bor-2021.vol35.0019
https://doi.org/10.1371/journal.pone.0062023
https://doi.org/10.1016/j.gene.2020.144972
https://doi.org/10.1016/j.gene.2020.144972


Revista Română de Medicină de Laborator Vol. 30, Nr. 2, Aprilie, 2022172


