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The relationship between MMP-9 promoter polymorphism and IVF outcome
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Abstract
Angiogenesis, invasion and decidualization play an important role in implantation and embryo development. Matrix metalloproteinases (MMPs) 
are crucial for the degradation/remodeling of the extracellular matrix, and are involved in spiral artery formation and invasion of endometrium du-
ring implantation. A functional single-nucleotide polymorphism (SNP) in the MMP9 promoter, -1562C/T, is known to influence gene expression in 
allele-specific manner. The present study evaluated the association between maternal genotype of SNP -1562C/T of MMP9 and in vitro fertilization 
and embryo transfer (IVF-ET) outcome in infertile women. This case–control study was comprised of infertile patients (n= 123) and women having 
one healthy child as controls (n= 147). Genotyping for SNP-1562C/T was performed by PCR/RFLP. Allele and genotype distribution did not differ 
significantly between patients and controls (P>0.05). The MMP9 genotype frequencies amongst the 123 cases were C/C=73.17%, C/T=24.40% 
and T/T=2.43%; the C and T allele frequencies were 85.36% and 14.63%, respectively. The MMP9 genotype frequencies amongst the 147 controls 
were C/C=73.46%, C/T=20.40% and T/T=6.12%; the C and T allele frequencies were 83.67% and 16.32%, respectively. In conclusion, the results 
of this study indicate that SNP -1562C/T of MMP9 may not be associated with IVF-ET outcome in this population. 
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Introduction

Global estimations suggest that nearly 72.4 million 
couples experience fertility problems (1). Infertility is a 
disorder of the reproductive system defined by the fai-
lure to achieve a clinical pregnancy after 12 months or 
more of regular unprotected sexual intercourse. Of all 
couples classified as infertile, female infertility accounts 
for about 40–50%. In 30–40% of infertile couples, male 
infertility is the cause, while the remaining 10–30% ei-
ther is attributed to both male and female infertility or 
is unexplained. Moreover, the number of women expe-
riencing infertility is expected to increase in the next 20 
years due to women delaying childbearing. An increase 
in demand for infertility treatment is anticipated as a 
consequence (2).

The proportion of infertile couples seeking any 
infertility medical care ranged from 42% to 76.3% in 
more developed countries and from 27% to 74.1% in 
less developed countries (1). Fertility requires the pro-
duction of a viable oocyte, transportation through the 
fallopian tube, and fertilization by a viable spermato-
zoon. The resulting zygote must then enter the uterus 
and get implanted into a suitably prepared endometrial 
lining (3). A defect in any of these steps will result in 
infertility. Indeed, the advances in basic research and 
the practical applications of the research that have been 
performed since the first successful in vitro fertilization 
(IVF) in 1978, have given rise to unthinkable strategies 
for achieving human reproduction (4). IVF is the most 
successful of the infertility treatments, and for many 
people is the last possibility for pregnancy (5). IVF 
is used in the treatment of various forms of infertility 
including endometriosis, ovulatory dysfunction, pelvic 

adhesions, cervical factor, tubal disease, luteal defects, 
immunological causes, male factor, and unexplained in-
fertility. However, despite the progress achieved, people 
undertaking IVF often face a considerable risk of fai-
lure. There are many possible causes that may be res-
ponsible for this failure, including inappropriate stimu-
lation protocol and its execution, adverse conditions in 
the embryology laboratory, a cycle-specific suboptimal 
response, a genetic abnormality in the gametes of either 
the male or female partner or a genetic abnormality in 
the embryo, maternal age and embryo implantation (6, 
7). 

Embryo implantation represents a critical step of the 
reproductive process and consists of a unique biological 
phenomenon. Successful implantation requires a recep-
tive endometrium, a functional embryo at the blasto-
cyst developmental stage and a synchronized dialogue 
between maternal and embryonic tissues (8). Implan-
tation has three stages: apposition, adhesion and pene-
tration. Apposition is an unstable adhesion of the blas-
tocyst to the endometrial surface (9). This is followed 
by the adhesion stage in which the association of the 
trophoblast and the luminal epithelium is sufficiently 
intimate as to resist dislocation of the blastocyst by flu-
shing the uterine lumen. Following adhesion, invasion 
or penetration of embryo occurs through the luminal 
epithelium into the stroma to establish a relationship 
with the maternal vasculature (10). With implantation, 
extensive remodeling of the uterus occurs throughout 
each reproductive cycle to support placentation. This 
remodeling of the extracellular environment depends 
on the cyclic hormonal changes associated with each 
estrous or menstrual cycle. In the uterus, there is ex-
traordinary turnover of the endometrial connective tis-
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sue matrix during each menstrual cycle. In contrast, this 
turnover encompasses the complete breakdown and 
loss of this layer, followed by its subsequent regrowth 
(11). Several benign gynecological disorders including 
endometriosis, hydrosalpinx, leiomyoma and polycys-
tic ovarian syndrome (PCOS) are associated with de-
creased cycle fecundity and impaired uterine receptivity 
(12). Assisted reproductive technology (ART) tools are 
now available that enable the selection of high-quality 
embryos, and ART protocols continue to evolve with 
the aim of achieving higher pregnancy rates. However, 
despite these advances, implantation rates are still rela-
tively low and have not increased sufficiently in the last 
decade to allow widespread adoption of single-embryo 
transfer (13). 

The dynamic changes in the uterine extracellular 
architecture are regulated, in part, by the matrix metal-
loproteinase (MMP) system. The MMP system acts to 
control connective tissue remodeling processes throu-
ghout the body and is comprised of proteolytic compo-
nent, the MMPs, regulatory component and the asso-
ciated tissue inhibitors of metalloproteinases. This mul-
tigene family of endopeptidases is capable of degrading 
components of the extracellular matrix and is important 
to many physiological and pathological processes, in-
cluding embryo implantation and cyclic endometrial 
breakdown (14). Earlier studies showed that MMPs and 
their inhibitors (tissue inhibitors of metalloproteinase) 
are crucial during implantation and mediate in vitro 
trophoblast penetration. They are regulated by several 
cytokines, including IL-1 and TGF-β, which are ex-
pressed by decidual stromal cells and trophoblast cells 
(15). There are eight distinct structural classes of MMPs 
including secreted and membrane-type MMPs (MT-
MMPs) (16). MMP-9 (92 kD) is an important secreted 
enzyme produced by a gene located in chromosome 
20. Being involved in the degradation of the basement 
membrane (primarily collagen type IV), MMP9 found 
to be critical to trophoblast cells invasion. Moreover, in 
embryo implantation and placentation, the expression 
of MMP9 may play  a central role (17). If the MMPs’ 
activity or expression becomes interfered, it could give 
rise to inappropriate remodeling and as a result implan-
tation failure. The aim of this project was to study the 
association between maternal genotype of SNP -1562C/
T of MMP9 and IVF-ET outcome in infertile women in 
northern Iran.

Materials and methods

Clinical samples
In this case–control study, 123 infertile patients 

enrolled who had unsuccessful IVF history and 147 
control subjects who had at least one child were ran-
domly selected among individuals visiting hospitals 
for regular health checks. Patients were recruited from 
Alzahra Hospital, IVF section, Rasht, Iran. All these 
subjects were women with median age of 34 years. A 
structured questionnaire was used during an in-person 
interview to elicit information on demographic features. 
Further, maternal pathology or genetic anomaly, mater-
nal inflammatory disease, uterine malformation, dia-
betes, lupus erythematosus and embryonic aneuploidy 
were excluded from the study. The blood samples were 

collected from both groups. This study has been appro-
ved by the local ethical committee and consent has been 
obtained from patients.  Genomic DNA was extracted 
from EDTA anticoagulated whole peripheral blood 
using DNG plus (Cinnagen, Iran).

Polymerase chain reaction-restriction fragment length 
polymorphism (PCR– RFLP) analysis

To analyze the -1562 C/T polymorphism, we am-
plified a region of the MMP-9 promoter with forward 
primer 5’-ACTTATTACGGTGCTTGACACA-3’ and 
reverse primer 5’- TCACTCCTTTCTTCCTAGCCA 
-3’ (BIONEER, Republic of Korea). The primers were 
designed by means of Oligo7 software (version 7.54, 
USA). PCR reactions were performed in 25µl reaction 
volume containing 1µl of each primer (100pmol/µl), 2.5 
µl of 10x reaction buffer (100 mM Tris–HCl pH 8.3 at 
25°C, 500 mM KCl, 15 mM MgCl 2), 0.5 µl of dNTPs 
(2.5 mM), 0.75 µl of MgCl2, 0.3 μl of Taq DNA poly-
merase (Cinnagen, Iran), 4 µl of genomic DNA (80 ng/
µl) and 14.95 µl H2O. PCR cycle conditions consisted 
of an initial denaturation step of 95ºC for 5 minutes 
followed by 35 cycles of 30 seconds at 95ºC, 30 s at 
57ºC, 1 min at 72ºC, and a final extension at 72ºC for 
10 minutes. This results in an amplification product of 
690 bp (Figure 1). The PCR product fragments were di-
gested with SphI restriction enzyme (Fermentase, USA) 
for 4.5 hours at 37ºC. SphI cannot digest the C allele 
(690 bp) but generates 252 bp and 438 bp fragments for 
the T allele. Digested fragments were separated by elec-
trophoresis on 2% agarose gels for 40 minutes at 70 V 
(Figure 2) so heterozygote samples had a combination 
of both alleles (690 bp, 252 bp and 438 bp bands).

Statistical analysis
In order to assess a possible distortion in allele 

frequencies between cases and controls, we performed 
a chi-square test with one degree of freedom for both 
allelic and genotypic distributions between the groups 
of cases and controls.  Significant association was defi-
ned by P≤0.05.

Results

MMP9 1562C/T polymorphism was analysed in all 
the samples. Table 1 shows the allelic and genotypic 
distributions of the polymorphism in cases and controls. 
We compared the distribution of MMP9 1562C/T poly-
morphism, using χ2 test. 

There were no statistically significant differences 
in the allelic frequencies or genotype distributions 

Figure 1. Agarose gel electrophoresis of PCR product. products 
(Lanes 1-5, 690 bp amplicon, Lane M, molecular size marker).
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of implantation. The MMP9 SNP-1562C/T has been 
mostly studied in relation to cancer risk and both alleles 
have been differently associated with different cancers. 
The C allele has been associated with a decreased risk 
of prostate cancer (24) and T allele has been associa-
ted with the risk of breast cancer (25). In other studies, 
the C allele was found to be associated with increased 
risks of squamous cell carcinoma of the lung (26), en-
dometrial carcinoma (27) and colorectal cancer (28). 
The-1562C/T polymorphism has also been studied in 
pregnancy-related disorders apart from cancer, such 
as pre-eclampsia (29, 30) and intrauterine growth res-
triction (31). The T allele was more commonly found 
in gestational hyper-tension subjects compared with 
the healthy pregnant group. However, no differences 
were found in the genotypes or allele distributions for 
the polymorphism when the pre-eclampsia and healthy 
pregnant groups were compared (30). In the present stu-
dy, the C allele frequency (83.67%) in healthy controls 
was almost similar to the result obtained by Singh and 
colleagues which was 82% (32). There was no statisti-
cally significant difference in the genotype distributions 
between cases and controls (P>0.05). These results are 
in consistent with the results of Gremlich and collea-
gues who demonstrated that MMP9 gene polymorphism 
is not associated with IVF outcome (33).  

The results of this study indicate that SNP -1562C/T 
of MMP9 may not associate with IVF-ET outcome in 
this population. Further studies are needed to confirm 
the role of MMP9 gene in IVF outcome.
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