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It has been reported that less than 5% of women experience recurrent
pregnancy loss (RPL). different matrix metalloproteinases (MMPs) have proteolysis

Received: 18 May 2022 function with a main role in the stable development of the fetus.
Accepted: 13 Feb 2022 This study aims to assess the associations between two single nucleotide
Publish: 01 Oct 2021 *  polymorphisms (rs2509013 C>T and rs11225395 G>A) of MMP-8 gene and RPL among

130 Iranian women with a history of RPL and 130 controls.

Genotyping of the MMP-8 gene was done for the two polymorphisms by using
Sanger sequencing method.

High frequency of AA genotype (OR: 2.5, 95%CI:1.02-4.1, P<0.01) and A allele
(OR:1.95, 95% CI:0.95-3.1, P<0.001) of rs11225395 G>A polymorphism in patients
compared to controls. This high frequency was also reported in the haplotypes and

combined genotypes of polymorphism.
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he loss of a clinical pregnancy prior to

20 weeks of gestational age is defined

as recurrent pregnancy loss (RPL) or

abortion which is experienced by 2-5%

of couples. According to the European

Society of Human Reproduction and
Embryology, it refers to the loss of two or more con-
secutive pregnancies [1]. Although 30-40% of RPL
cases are unexplained and related to unknown genetic
reasons, the involved factors include thrombosis, bal-
anced chromosomal instability, endocrine system dys-
function, antiphospholipid syndrome, immunological
problems, environmental factors, maternal age, and
anatomic abnormalities [1].

Nowadays, the study of genetic factors which in-
volved in RPL is very important. One of the genetic fac-
tors is matrix metalloproteinases (MMPs). They have
proteolysis function and play important roles in degra-
dation and remodeling of extracellular matrix (ECM).
In pregnancy, MMPs have main role in implantation
of embryo, trophoblastic invasion, and placentation.
MMPs are a family of proteolysis family and MMP-8
is a member of this family. The MMP comprises a large
group of zinc-dependent endopeptidases including col-
lagenases (MMP1, MMPS8 and MMP13), stromelysins
(MMP3, MMP7 and MMP10) and gelatinases (MMP2
and MMP9) [2, 3]. MMP-8 is a collagenase and its func-
tion is degradation of type I collagen, which normally
provides tensile strength to the ECM of the cervix, uter-
us, and fetal membranes [3].

The role of MMPs proteins in pathogenesis of differ-
ent disease is already known [4, 5]. The level of MMP-
8 in cervical fluid of pregnant women changes based
on the pregnancy time. Studies have shown that high
expression of MMP-8 in amniotic fluid is associated
with an increased risk of spontaneous preterm deliv-
ery [6, 7]. On the other hand, some Single Nucleotide
Polymorphisms (SNPs) in MMP-8 genes have been
associated with pathogenesis of different diseases, in-
cluding pre-term labor [8-11].

Park et al. reported the association of polymorphisms
of MMP-8 gene with RPL among Korean women [12].
In this regard, and given the evidence about implica-
tion of SNPs in MMP-8 gene expression and suscep-
tibility to various diseases, this study aims to evaluate
the association of two polymorphisms of MMP-8 gene
with RPL for the first time in Iranian women.

Subjects and sampling

In this study, 130 women with a history of RPL (expe-
riencing at least two consecutive pregnancy losses before
20 weeks of gestation) and 130 controls participated. The
exclusion criteria were as follow: history of smoking and
alcohol consumption in patients and their partners. Inclu-
sion criteria were pregnancy loss due to anatomic, hormon-
al, chromosomal aberration, infectious, autoimmune and
thrombotic disease of women. Samples were recruited from
the infertility clinic of the obstetrics and gynecology center
in Kosar Hospital, Qazvin, IRAN between 2018 and 2019.
The control group included women with no history of RPL
and with at least one normal pregnancy.

Genotyping

We used the whole blood of samples for genomic DNA
extraction using a thermo scientific kit (No. 69504, Thermo
Fisher Scientific Inc., Germany). Genotyping of two SNPs
of MMP-8 (rs2509013 C>T and rs11225395 G>A) were de-
termined by sequencing method. The primer pairs for MMP-
8 152509013 polymorphism were as following: Forward=
5’-GATTATCATATCTGGTAAAAACAAAATATC-3, and
Reverse= 5’- ATATTCTGTATTGGTGTTAAATCGGC-
TA-3’. For 1s11225395 polymorphism, the primer pairs were
as: Forward= 5-CTGTTGAAGGCCTAGAGCTGCT-
GCTCC-3’,  Reverse=5’-GATCTTCTCTTCAAACTCT
ACCC-3’. Our PCR condition was set as following: primary
denaturation at 95°C for 5 minutes, 40 cycles of denaturation
at 95°C for 2 minutes, annealing at 60°C for 1 minute, exten-
sion at 70°C for 1 minute, and a final extension at 70°C for 5
minutes. After PCR procedure, we sequenced PCR products
by Sanger sequencing method using ABI 3730XL Capillary
Sequencer. A normal sequence of Methylenetetrahydrofo-
late Reductase (MTHFR) was obtained from NCBI website
(http://www.ncbi.nlm.nih.gov), which was assembled by us-
ing Chromas software, v. 2.4.

Statistical analysis

The results were analyzed in GraphPad PRISM v. 8.4
software. Differences in the genotype and haplotype fre-
quencies between the patients and controls were com-
pared using multivariate logistic regression analysis. The
data were presented using mean and standard deviation
(for continuous variables) or percentage (for categori-
cal variables). The Hardy-Weinberg equilibrium (HWE)
P-values of genotype frequencies were estimated using
the Chi-square test to identify deviations from the HWE.
The significance level was set at 0.05.
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Table 1. Demographic information of participants (N=130)

Mean+SD
Characteristics P
Control Patients
Age (y) 30.21.20 31.2+0.98
BMI (Kg/m?) 22.3+0.85 21.8+1.1
History of RPL (n) 3.01+0.75 <0.001
Average gestational weeks 39.01+0.98 8.1+0.75
RPL at <10 weeks (%) 91.2

RPL: Recurrent Pregnancy Loss; BMI: Body Mass Index.

The clinical characteristics of patients and controls are
presented in Table 1. Age and Body Mass Index (BMI) were
not significantly different between patients and controls, but
there was a significant difference between the groups in ges-
tational age (P<0.001). Data analysis results showed that
the frequency of CT and TT genotypes in 12509013 poly-
morphism were not significantly different in RPL patients
compared to controls (P=0.25 and 0.12). The frequency of
C and T alleles was not significantly different between pa-
tients and controls (P=0.32 and 0.28) (Table 2). Regarding
the rs11225395 polymorphism, we observed a significant
difference only in AA genotype frequency in patients com-
pared to controls (P<0.01). The GA genotype frequency
was not significantly different between the study groups
(P=0.12), while the A allele frequency was significantly
higher in patients than in controls (P<0.001) (Table 2).

To evaluate whether the SNPs interactions with the same
chromosome had synergistic effects on the RPL risk, we per-
formed haplotype analysis on two SNPs (Table 3). Based on
the results, the most haplotypes that had the A allele of MMP-
8 1511225395 G>A were associated with a decreased RPL
risk compared to the reference haplotype (C-G). Moreover,
some haplotypes with A allele of MMP-8 1511225395 G>A
were associated with the RPL risk.

The analysis of different combined genotypes of the
two polymorphisms of the MMP-8 gene showed that the
two combinations with the AA genotype of rs11225395
were associated with the RPL risk; these genotypes
were CT/AA (Adjusted odds ratio=2.6, 95% CI:1.2-5.9,
P=0.025) and TT/AA (Adjusted odds ratio=1.5, 95% CI:
0.83-2.7, P<0.01) (Table 4).

Table 2. Genotypes of MMP-8 gene polymorphisms in the study groups

No. (%)
Polymorphism Genotypes AOR (95% CI) P
Controls Patients
cc 66(50.7) 58(44.6) 1(Ref)
cT 5(3.8) 6(4.6) 0.9(0.53-1.7) 0.25
Rs2509013 T 59(45.3) 66(50.7) 1.5(0.41-5.6) 0.12
Callele 137(52.6) 122(46.9) 1(Ref) 0.32
Tallele 123(47.4) 138(53.1) 1.2(0.68-2.3) 0.28
GG 57(43.8) 50(38.4) 1(Ref)
GA 50(38.4) 40(30.7) 1.5(0.83-2.7) 0.12
Rs11225395 AA 23(17.8) 46(35.3) 2.5(1.02-4.1) <0.01
G allele 164(63) 140(54.0) 1(Ref)
Aallele 73(27) 132(50.7) 1.95(0.95-3.1) <0.001

OR: Odds Ratio; AOR: Adjusted Odds Ratio; OR was adjusted by the age of participants.
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Table 3. Haplotypes of MMP-8 gene polymorphisms in the study groups (n=260)

No. (%)
Haplotypes OR (95% Cl) P
Controls Patients
C-G 160(61.5) 120(46.1) 1.45(0.92-2.13) 0.042
C-A 10(3.8) 24(9.23) 1.19(0.82-0.88) 0.02
TG 75(28.8) 69(26.5) 0.88(0.77-1.2) 0.4
T-A 15(5.76) 47(18.07) 2.1(1.17-3.3) 0.035

OR: Odds Ratio.

Recurrent miscarriage is a complex process where
various factors such as the anatomy of female reproduc-
tive organs, their physiology, function, and genetic fac-
tors are involved [13]. The proper interaction between
maternal decidua cells and the embryo is essential for
the functional fetal-maternal interface. The ECM play
an important role in these process [14]. Re-modelling of
the ECM enabled by the enzymes MMPs. The MMP-8
gene is located on chromosome 11g22.2. It is used as
one of the biomarkers of preterm delivery, because high
concentrations of MMP-8 in the cervical fluid are asso-
ciated with spontaneous preterm delivery [6].

One of the reasons of high expression of MMP-8 is
the presence of some polymorphisms in different re-
gions of this gene. These polymorphisms have an ef-
fect on the expression rate of this gene. There was
different polymorphisms in MMP-8 gene. To our

knowledge, the is the first study that evaluated the as-
sociation of MMP-8 gene polymorphisms with RPL
among Iranian women. In this regard, we evaluated
two polymorphisms rs2509013 C>T (intron variant),
MMP-8 1511225395 G>A (promoter variant) in this
gene. Our results showed the significant association of
A allele of 1511225395 G>A polymorphism with RPL.

Various studies have been conducted on the relation-
ship between different polymorphisms of the MMP
family genes and RPL. For example, Li et al. showed
that the polymorphisms of rs243865 in MMP2 gene
and rs3918242 in MMP9 gene were significantly as-
sociated with the risk of RPL in Chinese women [15].
Pereza et al. reported that MMP2 gene-735 C/T and
MMP9 gene-1562 C/T polymorphisms might be as-
sociated with an increased risk of idiopathic RPL in
women [16]. Behforouz et al. showed that MMP-3
gene rs35068180 polymorphism may modulate the
RPL risk in Iranian women [17].

Table 4. Combined genotypes of MMP-8 gene polymorphisms in the study groups

Combined Genotypes Controls (n=130), No.  Patients (n=130), No. AOR (95% CI) P

CC/GG 48 36 1.13(0.32-2.13) 0.42
CC/GA 28 30 1.09 (0.52-2.18) 0.27
CC/AA 12 10 0.8 (0.37-1.9) 0.4

CT/GG 16 12 1.6 (0.47-5.3) 0.3

CT/GA 4 1 1.7(0.95-2.7) 0.09
CT/AA 10 22 2.6(1.2-5.9) 0.025
TT/GG 4 3 0.95(0.52-1.7) 0.39
TT/GA 4 1 1.5 (0.83-2.7) 0.095
TT/AA 4 15 1.5(0.83-2.7) <0.01

AOR: Adjusted Odds Ratio.
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There is no evidence to suggest that MMP-2 gene
(rs243865, 1s2285053) and MMP 9 gene (1rs3918242,
rs17576) polymorphisms are associated with the RPL
risk. About the MMP-8 gene, so far only one study has
been conducted in the Korean population by Park et al.
whose results are against our results. They showed that
only the intron variant (rs2509013 C>T), but not the
promoter region variant (rs1122539 G>A), was asso-
ciated with the decreased risk of idiopathic RPL [12].
This discrepancy is because of the adaptation of vari-
ous genotypes in different races and ethnicities [18]. In
two studies by Nikki and Han on different populations,
no association between rs2509013 C>T polymorphism
and osteoarthritis was observed [19, 20]. However,
there are different reports from promoter region vari-
ant, rs1122539, indicating its association with various
diseases, such as preeclampsia and arterial disease
[10]. Pradhan-Palikhe showed the over expression of
MMP-8 gene with rs1122539 polymorphism in serum
samples of patients with arterial disease [21]. Since in-
creased expression of MMP-8 gene has been reported
in the serum and amniotic samples of women with
recurrent miscarriage and our study showed the sig-
nificant association of rs1122539 polymorphism with
RPL, it seems that this polymorphism in the promoter
region can increases the MMP-8 gene expression.

In conclusion, the AA genotype of MMP-8 1s11225395
G>A is associated with RPL risk among the Iranian
women. This association is maintained in the haplo-
type and genotype combination tests. The future studies
are recommended to examine the associations between
these polymorphisms with MMP-8 expression rate and
the serum levels of homocysteine and uric acid to cor-
relate these factors to the pathogenesis of RPL.
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