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ABSTRACT

Background: MicroRNAs (miRNAs) are naturally occurring posttranscriptional regulatory mole-
cules that potentially play a role in endometriotic lesion development.

Method: We evaluated the prevalence of miRNAs variants miR-146a rs2910164, miR-149
rs2292832, miR-196a2 rs11614913, and miR-499 rs3746444 in endometriosis in 260 cases and
260 controls. DNA was extracted and genotyping of the SNPs was carried out by PCR.
Results: There was a significant association of rs2910164 and rs2292832 with increased rates of
endometriosis under the dominant (p < 0.001), recessive (p < 0.05), co-dominant (p < 0.001),
and allelic model (p < 0.001). Also, rs3746444 showed a borderline association with endome-
triosis under the recessive model (p = 0.05); however, rs11614913 was not linked to endome-
triosis. Further analysis indicated the significant association of miR-146a rs2910164
polymorphism genotypes (GG, GC, and CC) and miR-149 rs2292832 genotypes (CC and CT)
with endometriosis severity in patients (p < 0.001). Additionally, haplotype frequency in cases
compared to controls and Linkage disequilibrium (LD) between the mentioned SNPs was
appraised.

Conclusion: MiR-146a, miR-149 and miR-499 may have a role in the pathogenesis of
endometriosis.
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Introduction roles in the different biological function such as cell
differentiation and proliferation, cell migration, and
myogenesis [10,11] that occur in endometriosis; there-
fore, the identification of human disease-linked
miRNAs would help to understand the pathogenesis
of endometriosis.

Some single nucleotide polymorphisms (SNPs)
in miRNAs may potentially interfere with miRNA-
mediated regulation of cellular functions and influ-
ence the generation or function of miRNAs [12]. Many
studies have investigated the association of SNPs with
various female reproductive disorders [13-15], how-
ever, little is known about the effect of miRNAs var-
iants in endometriosis. Thus, we hypothesized links
between miRNA variants miR-146a rs2910164, miR-
149 rs2292832, miR-196a2 rs11614913, and miR-499
rs3746444 in endometriosis.

Infertility affects about 15% of couples throughout
the world and female infertility constitutes 37% of
all infertility cases [1-3]. Endometriosis, defined as
the presence and growth of endometrial tissue out-
side the uterus, is a leading cause of infertility, affects
10-15% of women of reproductive age and may even
reach to 35-50% in women with pelvic pain and/or
infertility [4]. Women with this syndrome display clin-
ical symptoms including irregular menstrual bleeding,
menstrual pain, pain during sexual intercourse, and
pelvic pain [5]. The aetiology of endometriosis is not
well-established; however, a number of factors
including obesity, genetic, endocrine, and environ-
mental factors may contribute to the development
of this disease.

MicroRNAs (miRNAs) are naturally occurring post-
transcriptional regulatory molecules that potentially
play a role in endometriotic lesion development [6,7].

Methods
Different miRNAs have been shown to be potential

biomarkers and a new approach for the diagnosis of
endometriosis [8,9]. Studies have shown that single
miRNA might regulate the synthesis of proteins
encoded by hundreds of genes and play significant

We tested our hypothesis in a case-control study of
260 patients and 260 controls. The patient group
consisted of women who submitted to laparoscopic
surgery for the evaluation of pelvic pain and/or
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infertility, and with histological confirmation of endo-
metriosis and classification of the disease according
to the Revised American Society for Reproductive
Medicine [16]. The control group included endome-
triosis-free patients who underwent laparoscopic
examination for indications other than infertility,
such as prolapsed uterus, ovarian cyst, or urinary
incontinence. Exclusion criteria for both groups were
presence of systematic inflammation diseases and
infections, pregnancy, history of pregnancy in the
last 3 months, gynaecological cancer, adenomyosis
and other major systemic diseases. The study has
been approved by the high graduate committees of
the Faculty of Medicine/University of Guilan, Rasht/
Iran. The informed consent documents were obtained
from all subjects prior to sampling.

Blood samples were collected in tubes containing
EDTA and stored at —20 °C. Genomic DNA was
extracted from white blood cells with the Blood and
Cell Culture DNA kit (Sinacolon, Iran) according to the
manufacturer’s protocol. DNAs were analysed by elec-
trophoresis on 2% agarose gels with ethidium bro-
mide staining. Concentrations of extracted DNAs
were determined by Nanodrop. Polymerase chain reac-
tion-restriction  fragment length  polymorphism
(PCR-RFLP) was used to determine the polymorphism
of miR-146a rs2910164 G > C, miR-149 rs2292832 T > C,
miR-196a2 C > T and miR-499 T > C. Table 1 shows
information about the position, types of selected SNPs,
the primers sequences, enzymes, and the product
length for each SNP. The PCR conditions started with
an initial denaturation at 94 °C for 5 minutes, 35 cycles of
denaturation of molecules at 94 °C for 1 minute, anneal-
ing at 61 °C for rs2910164, 65 °C for rs2292832, 60 °C for
rs11614913, and 57 °C for rs3746444 for 1 minute, and
the products were under extension at 72 °C for 40se, and
then a final extension at 4 °C for 5 minutes in Biorad
Thermocycler. PCR products were separated on agarose
gel and visualized by ethidium bromide staining.

Statistical analyses were done using both SNPAlyze
software (ver.8.1, Dynacom, Japan) and SPSS (ver.22).
Allele and genotype frequencies of the SNPs among
control and case groups were compared and checked
using Pearson x2 statistic. Moreover, deviations from
Hardy-Weinberg equilibrium (HWE) were tested using
a x2 goodness-of-fit test. Analyses were also performed
assuming recessive, codominant, and dominant

Table 1. General information of selected SNPs.
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models of inheritance and crude odds ratio (OR), their
95% Cls. Haplotype analyses were done using
rs2292832,rs2910164, rs11614913, and rs3746444, var-
iants for all study samples according to the maximum-
likelihood method with an expectation-maximization
algorithm. In addition, pairwise linkeage disequili-
brium (LD) coefficients of |D’| and r2 were assessed
using SNPAlyze software version 8.1 (DYNACOM,
Japan). LD analyses were done based on Hardy-
Weinberg equilibrium model. The significance level of
the statistical tests was <0.05.

Results

Cases and controls were matched for age (mean/SD:
34.1 + 4.1 years vs. 329 + 365, p = 0.12) and BMI
(27.2 £ 4.7 kg/m? vs. 28.1 + 5.0, p = 0.22). Of the 260
endometriosis patients 33% had no history of preg-
nancy and 67% had one or more than one successful
pregnancy, while 25% of controls indicate no history of
pregnancy and 75% had one or more than one success-
ful pregnancy (p = 0.027). The number of caesarean
(61% vs. 58%) and natural (39% vs. 42%) deliveries
were matched (p = 042 and p = 0.17 respectively).
However, a significant association was found between
the frequency of previous miscarriages in cases com-
pared with controls (28% vs. 16%) (p = 0.001).

Statistical analyses indicated that the frequencies of
SNP alleles in the control group are in accordance with
the Hardy-Weinberg equilibrium, except for rs2292832
(Table 2).

Allele and genotype distribution frequencies of each
miRNA SNPs are shown in Table 2. rs2910164 and
rs2292832 had a significant association with increased
rates of endometriosis incidence under the dominant,
recessive, co-dominant, and allelic model. Also,
rs3746444 showed a significant association with endo-
metriosis under the recessive model, and rs11614913
was not linked to endometriosis. A subgroup analysis
was performed to evaluate the frequency and links
between rs2910164 and rs2292832 genotypes and 148
patients with mild or severe endometriosis. Significant
differences were observed in GG, GC and CC genotype
prevalent among the subgroups regarding miR-146a
rs2910164. The results suggest that GC genotype may
protect from endometriosis severity. Our results also
revealed a significant association of CC and CT

SNP Position Change

Primer sequences Enzyme Products length (bp)

miR-146a rs2910164 chr5:160485411 NR_029701.1:n.60 C > G

miR-149 rs2292832 chr2:240456086 NR_029702.1:n.86 T > C
miR-196a rs11614913 chr12:53991815 NR_029617.1:n.78 C > T
miR-499 rs3746444 chr20:34990448 NR_039912.1:n.25T > G

CATGGGTTGTGTCAGTGTCAGAGCT Sacl 147,120, 27
TGCCTTCTGTCTCCAGTCTTCCAA

CTCTGGCTCCGTGTCTTCACTC Pvull 225,154, 71
CCTGCAGGTTCTGAGGGGC

CTTACCCACCCAGCAACCC HpyCH4lll 360, 218, 142
CCCCACTCACAGCTTGTCC

GCCCCTTGTCTCTATTAGCTG Tsp451 416, 232. 184

AC GCTCTTTCACTCTCAT
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Table 2. Allele and genotype distribution frequencies of SNPs in the case and control groups and in the severity of endometriosis.

Population
SNP Model Case (n,%) Control (n,%) OR (95% Cl) Adjusted P-value
miR-149 rs2292832
Allele C 334(64.3) 408(78.5) 2.20 (1.66-2.91) p<0.001
Allele T 186(35.7) 112(21.5)
Co-dominant (CT v CC+TT) 148(57.0) 96(37) 2.25(1.58-2.20) p<0.001
Dominant (CC v CT+TT) 93(35.7) 156(60) 2.99 (2.09-4.28) p<0.001
Recessive (TT v CC+CT) 19(7.3) 8(3) 2.49 (1.07-5.80) 0.05
P20<0.01 PP=0.13
miR-146a rs2910164
Allele G 354(68) 416(80) 1.89 (1.42-2.51) p<0.001
Allele C 166(32) 104(20)
Co-dominant (GC v GG+CC) 104(40) 74(28.4) 1.67 (1.16-2.41) p<0.001
Dominant (GG v GC+CCQ) 125(48) 171(65.7) 2.09 (1.47-2.98) p<0.001
Recessive (CC v GG+GC) 31(12) 15(5) 222 (1.16-4.22) 0.03
P?=0.19 PP=0.07
miR-196a2 rs11614913
Allele C 353(67.8) 323(62.1) 0.78 (060-1.00) 0.080
Allele T 167(32.1) 197(37.8)
Co-dominant (CT v CC+TT) 119(45.7) 135(52) 0.78 (0.55-1.10) 0.137
Dominant (CC v CT+TT) 117(45) 94(36) 0.69 (0.49-0.99) 0.080
Recessive (TT v CC+CT) 24(9) 31(12) 0.75 (0.43-1.32) 0.320
P°=0.42 PP=0.09
miR-499 rs3746444
Allele T 294(56.5) 327(62.8) 1.33 (1.04-1.71) 0.24
Allele C 226(43.4) 193(37.1)
Co-dominant (TC v TT+CC) 130(50.6) 131(50.3) 1.00 (0.70-1.41) 0.080
Dominant (TT v TC+CC) 82(34.8) 98(37.6) 1.39 (0.97-2.00) 0.086
Recessive (CC v TT+TC) 48(14.5) 31(12) 1.69 (0.99-2.63) 0.05
Pe=0.77 PP=0.20
Mild endometriosis Severe endometriosis
(N=112) (N=148)
miR-149 rs2292832
Allele C 130 (58) 204 (69) 1.62 (1.13-2.34) 0.011
Allele T 94 (42) 92 (31)
Co-dominant (CT v CC+TT) 84 (75) 64 (43) 3.93 (2.30-6.73) p<0.001
Dominant (CC v CT+TT) 23 (20.5) 70 (47) 3.63 (2.05-6.40) p<0.001
Recessive (TT v CC+CT) 5 (4.5) 14 (9) 0.45 (0.15-1.29) 0.13
miR-164a rs2910164
Allele G 145 (64.7) 219 (74) 1.57 (1.07-2.29) 0.022
Allele C 79 (35.2) 77 (26)
Co-dominant (GC v GG+CC) 63 (56) 31 (21) 4.85 92.81-8.36) p<0.001
Dominant (GG v GC+CC) 41 (36.6) 94 (63.5) 3.09 (1.58-5.19) p<0.001
Recessive (CC v GG+GQ) 8(0.07) 23 (15.5) 0.42 (0.18-0.93) 0.006
3BHWB p-value for cases. "HWB p-value for controls.
genotypes in miR-149 rs2292832 with severity in endo-  Discussion

metriosis among patients. A significant protective effect
was found between CT genotype and disease severity.

To evaluate the association of these variants with
endometriosis, haplotype analyses were done using,
rs2910164, rs2292832, rs11614913, and rs3746444 var-
iants. Haplotype analyses were done according to the
maximume-likelihood method with an expectation-max-
imization algorithm. P values were assumed by compar-
ing haplotype frequencies between case and control
subjects based on 10,000 replications. We found signif-
icant negative associations between five haplotypes
and endometriosis status. The C-G-C-T corresponding
to rs2292832, rs2910164, rs11614913, and rs3746444
was the most prevalent haplotype among cases and
controls, whereas the T-C-T-C haplotype in cases and
T-C-T-T and T-C-T-C in controls were the least prevalent
haplotypes (Table 3). There was no LD between the
SNPs based on the measured D' and r* parameters
(Table 4).

Our principal result is a significant association of
rs2910164 and rs2292832 with endometriosis; how-
ever, rs11614913 did not show any link to increased
rates of endometriosis, and rs3746444 was associated
with borderline increased levels of endometriosis inci-
dence among patients under the recessive model.

The significant role of different miRNAs in the patho-
genesis of endometriosis has been investigated in many
studies. Teague et al. suggested 22 different miRNAs and
their cognate mRNA target sequences constitute path-
ways that would promote endometriosis and introduced
these miRNAs as potential therapeutic targets [11].
Similarly, Cosar et al. identified several miRNAs in the
serum of endometriosis women distinguishing them
from healthy controls. They showed that miR-125b-5p
had the greatest potential as a single diagnostic biomar-
ker [17]. Others revealed that miR-31 expression levels
were significantl down-regulated in stage 1,2,3 and 4 in
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Table 3. Distribution of haplotype blocks in endometriosis patients and controls.

rs2292832 rs2910164 rs11614913 13746444 Case frequency% Control frequency% OR (95% Cl) P-value
C G C T 17 25 0.66 (0.50-0.88) 0.021
C G C C 12 13 1.00 (0.62-1.60) 0.98
C G T T 9 15 0.73 (0.52-1.03) 0.16
C G T C 5 10 0.60 (0.39-0.92) 0.05
T G C T 8 6 1.16 (0.68-2.00) 0.82
C C C T 7 6 1.37 (0.68-2.77) 0.59
T G C C 8 4 1.64 (1.04-2.59) 0.09
C C C C 6 3 0.90 (0.53-1.52) 0.84
C C T T 4 4 1.00 (0.56-1.79) 0.98
T G T T 3 4 0.55 (0.18-1.66) 0.48
T C C C 4 1 2.99 (1.79-5.01) <0.001
T G T C 3 3 1.20 (0.36-3.98) 0.85
T C C T 3 1 2.79 (0.88-8.84) 0.16
C C T C 2 1 1.00 (0.20-4.99) 0.84
T C T T 3 0 3.26 (1.29-8.23) 0.008
T C T C 1 0 - -
Table 4. Evaluation of linkage disequilibrium between SNPs.
D’ statistic® r statistic®

SNPs s2292832 rs2910164 rs11614913 rs3746444 rs2292832 rs2910164 rs11614913 rs3746444
rs2292832 - 0.06 0.15 0.08 - 0.003 0.005 0.004
rs2910164 - - 0.01 0.03 - - <0.001 <0.001
rs11614913 - - - 0.07 - - - 0.002

a D’ represents a relative measure of disequilibrium (D) compared to its maximum
b r represents r? (the square of the correlation coefficient between two indicator variables)

patients with endometriosis, whereas the expression
level of miR-145 was significantly up-regulated in stage
1 or 2 [7]. The role of different miRNAs including miR-
449b [8], miR-205, miR-183, miR-503, miR-152, and miR-
92a [18-22] as novel diagnostic biomarker and therapeu-
tic target for endometriosis treatment has been indicated
in different studies. Zhang et al. evaluated the expression
of miR-146b and variants on endometriosis and its asso-
ciated pain symptom and reported higher rates of miR-
146b expression in endometriosis compared with con-
trols and indicated the strong association of miR-146b
rs1536309 with the risk of pain [23]. Sepahi and collea-
gues studied 157 endometriosis patients and 252 healthy
women, showing that the frequency of miR-126
rs4636297 significantly differed between the two groups,
the authors speculating that this miRNA plays an impor-
tant role in individual's susceptibility to endometriosis
and its severity [24]. In addition, Chang et al. indicated
that genetic variants in miR-196a2 (rs11614913) was
strongly associated with endometriosis and related clin-
ical phenotypes, such as infertility [25].

miRNAs have also been studied in other diseases of the
female reproductive system. miR-499 rs3746444 is
reported to have a potential function in reducing the
risk of endometrial cancer [26]. However, no significant
relationship was demonstrated between the SNPs of miR-
146a and miR-196a-2 and ovarian cancer although the
limited number of cases and controls in this study might
have influenced the results [27]. Alipour et al investigated
miR-146a C > G, miR-149 T > C, miR-196a2 T > C, and miR-
499 A > G in 120 women with a history of two or more
unexplained miscarriages and 90 matched healthy
women, showing a link between the higher rate of miR-

149 and miR-499 and pregnancy loss (RPL) and concluded
that the presence of both SNPs were the genetic determi-
nant for the risk of idiopathic RPL [28]. A link between
mMiRNA-196a2, miRNA-499, miR-146a, and miR-149 poly-
morphisms to preeclampsia has also been investigated
[29,30].

The results of our study demonstrate SNPs of differ-
ent miRNAs miR-146a rs2910164, miR-149 rs2292832,
and miR-499 rs3746444 to be linked to endometriosis.
This work therefore represents an advance in biome-
dical science because it shows a link between endo-
metriosis and miRNAs variants.

Summary table

What is known about this subject

« The importance of certain miRNAs in endometriosis.

« The significant association of four different miRNAs variants including,
miR-146a rs2910164, miR-149 rs2292832, miR-196a2 rs11614913, and
miR-499 rs3746444 with various female reproductive disorders has
been shown.

What this paper adds
« Our study showed a significant association of rs2910164, rs2292832,
and rs3746444 with increased rates of endometriosis.
« The rs2910164 and rs2292832 variants indicated a significant link with
severity of endometriosis.
« The miR-196a2 rs11614913 did not indicate any association with
endometriosis.
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