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Genetic variants in miR-146a and miR-196a2 in endometriosis:
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SUMMARY

OBJECTIVE: The aim of this study was to determine the allelic and genotypic frequencies of the polymorphisms, rs2910164 miR-146aandrs11614913
miR-196a2, by investigating their association with endometriosis.

METHODS: This is a case—-control study performed with approximately 120 women. The polymorphisms were determined by real-time polymerase
chain reaction. For the statistical analysis, the chi-square and logistic regression tests were used.

RESULTS: There were no significant differences in the genotype and allele frequencies of rs2910164 and rs11614913 between cases and controls.
The frequencies in both polymorphisms are in accordance with Hardy-Weinberg equilibrium regarding miR-146a (patients: x?=1.64, p=0.20; controls:
x%=0.25, p=0.62) and miR-196a2 (patients: x?=0.58, p=0.44; controls: %?=2.78, p=0.10). No relationship was observed between rs2910164 and

rs11614913 and endometriosis in the inheritance models analyzed.

CONCLUSION: In this study, our results show that the studied polymorphisms are not implicated in the development of endometriosis.
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INTRODUCTION

Endometriosis is a gynecological condition defined by the pres-
ence of endometrial tissue in extrauterine locations. The clin-
ical presentation is extremely variable with symptoms includ-
ing dysmenorrhea, dyspareunia, pelvic pain, dyschezia, dysuria,
changes in bowel habits, and often infertility'. The disease has
a negative effect on quality of life and may cause psychological
disorders and lower productivity at work®>.

Currently, videolaparoscopy and subsequent anatomopatho-
logical analysis are still present as the gold standard procedure
for the definitive diagnosis of endometriosis, resulting in delayed
diagnosis of 8-12 years. Therefore, the search for noninvasive
diagnostic test options has been the subject of intensive inves-
tigation in the scientific literature®”. In this sense, genetic poly-
morphism deserves to be highlighted, especially single nucle-
otide polymorphisms (SNPs), such as in regions that encode
microRNAEs, a class of noncoding small RNAs responsible for
the post-transcriptional regulation of gene expression and that
may be implicated in the pathophysiology of endometriosis®”’.
A recent study suggests that four miRNAs could be included as

a prognostic marker in endometriosis’. However, future clin-
ical studies should evaluate the efficacy of these miRNAs in
endometriosis diagnosis and treatment®.

It is also worth noting that miRNAs can control inflam-
matory responses, cell proliferation, angiogenesis, and tissue
remodeling, which are common biological processes in endo-
metriosis’. A recent study evaluated the prevalence of miRNA
variants, such as miR-146a rs2910164, miR-149 rs2292832,
miR-196a2 rs11614913, and miR-499 rs3746444, in endo-
metriosis'®. Some studies have investigated the association
0f 1s2910164 and rs11614913 in female reproductive disor-

ders such as polycystic ovary syndrome!'4 15,16,

, preeclampsia
ovarian cancer', and idiopathic recurrent pregnancy loss'®.
However, less is known about the effect of these miRNAs
polymorphisms in endometriosis'®"®, which highlights the
need for further research.

Hence, the objective of the present study was to determine
the allelic and genotypic frequencies of the polymorphisms
52910164 miR-146a and rs11614913 miR-196a2 and inves-

tigate their association with endometriosis.
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miR-146a and miR-196a2 variants and endometriosis

METHODS

This is a case—control study approved by the Research Ethics
Committee of the Federal University of Tridngulo Mineiro
(UFTM), protocol 1628. All participants who signed the informed
consent form were from the Gynecology and Obstetrics out-
patient clinic at UFTM, Brazil. The presence (case group) or
absence (control group) of the disease was confirmed through
videolaparoscopy or laparotomy. The women with endometriosis
(case group) had histological confirmation of endometriosis and
classification of the disease according to the Revised American
Society for Reproductive Medicine. The control group included
endometriosis-free patients who underwent surgery for tubal ster-
ilization, chronic pelvic pain, and infertility. Participants’ inclu-
sion in the study occurred in the period from 2012 to 2016.

It is worth noting that the gold standard for diagnosing
endometriosis is done through a surgical procedure called
laparoscopy. As it is an invasive method, it is only justified for
women with clinical complaints associated with endometrio-
sis. Therefore, to minimize the confounding clinical effects of
the disease, samples from the control group were collected only
after the histopathological report was issued following laparos-
copy surgery, ruling out endometriosis.

Genomic DNA was extracted by a salting-out method?
from the peripheral blood drawn by venipuncture from the
participants. Genotyping of the rs2910164 polymorphism
was performed in 122 women (47 with endometriosis and
75 without the disease). A total of 115 (46 case group and
69 control group) were analyzed for the polymorphism miR-
19622 rs11614913.

The polymorphisms were determined by real-time PCR with
the method of allelic discrimination on the SNP Genotyping
Assay (Applied Biosystems). Primers and probes for the detec-
tion of 152910164 miR-146a and rs11614913 miR196a2
polymorphisms are available from the manufacturer (Assay
ID—C_15946974_10 and C_31185852_10, respectively).
The reactions were carried out in 96-well plates, in the equip-
ment StepOne™ Real-Time PCR System. Genotypes were
determined from the results of amplification products observed
as amplification curves recognized from the marking for each
probe (VIC/FAM).

The statistical analysis used the chi-square test (%) to com-
pare allele and genotype frequencies between the groups and
to assay Hardy-Weinberg equilibrium. These analyses were
carried out by the BioEstat program. Analyses were also per-
formed assuming recessive, codominant, and dominant models
of inheritance by the SNPStats program and odds ratio (OR),
their 95%CI ranges by logistic regression adjusted for age, with
p<0.05 being considered statistically significant.

RESULTS

Allele frequencies and genotype of miR-146a rs2910164 and
miR-196a2 1511614913 polymorphisms are shown in Table 1.
There were no significant differences in the genotype and
allele frequencies of rs2910164 and rs11614913 between cases
and controls.

The frequencies in both polymorphisms are in accordance
with Hardy-Weinberg equilibrium regarding miR-146a (patients:
x*=1.64, p=0.20; controls: %*=0.25, p=0.62) and miR-196a2
(patients: (*=0.58, p=0.44; controls: x*=2.78, p=0.10).

The genotype of patients and controls were adjusted for
age according to the inheritance models and no relationship
was observed between rs2910164 and rs11614913 and endo-
metriosis in the models analyzed (Table 2).

The discrepancies in relation to the number of cases and
controls presented in Table 1 are due to non-real-time ampli-
fication of some samples or the samples are over. In Table 2,

there is a lack of information about age.

DISCUSSION

The polymorphisms analyzed in miRNAs were not associated
with endometriosis in the studied population. However, the lit-
erature explores the possible therapeutic strategies of miRNAs for
the diagnosis and treatment of several human diseases, such as
cancer?, diabetes mellitus”, and neurodegenerative conditions®.

Several regulatory mechanisms control the expression,
activity, and bioavailability of miRNAs, among which the

Table 1. Frequency distribution of miR-146a and miR-196a2 genotypes
and alleles in endometriosis patients and controls.

rs2910164 Patients Controls
polymorphism (n=47) (n=75) p
Genotypes n (%) n (%) 0.68
GG 26(55.3) 41(54.7)
GC 20 (42.5) 30 (40)
CcC 1(2.2) 4(5.3)
Alleles 0.87
G 0.77 0.75
C 0.23 0.25
rs11614913
polymorphism
Genotypes n (%) n (%) 0.26
CcC 14 (30.5) 26(37.7)
CT 25(54.3) 27(39.1)
TT 7(15.2) 16(23.2)
Alleles 1.00
C 0.58 0.57
T 042 0.43
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Table 2. Association of co-dominant, dominant, and recessive of miR-
146aand miR-196a2 genotypes in endometriosis patients and controls.

et | et | o] omecy
Codominant n (%) n (%) 0.94

GG 24 (55.8) | 33(53.2) 1.00

GC 18 (41.9) | 27 (43.5) | 1.09(0.49-2.42)

CcC 1(2.3) 2(3.3) | 1.45(0.12-16.98)
Dominant 0.79

GG 24 (55.8) | 33(53.2) 1.00

GC-CC 19 (44.2) | 29(46.8) | 1.11(0.51-2.43)
Recessive 0.78

GG-GC 42(97.7) | 60(96.8) 1.00

cC 1.40(0.12-15.94)
S ox 535y
Codominant n (%) n (%) 0.32

cC 13(30.2) | 24(38.7) 1.00

CT 23(53.5) | 24(38.7) | 0.57(0.23-1.08)

TT 7(16.3) | 14(22.6) | 1.08(0.35-3.36)
Dominant 0.37

CcC 13(30.2) | 24(38.7 1.00

CT-TT 30(69.8) | 38(61.3) | 0.69(0.30-1.57)
Recessive 0.42

CCCT 36(83.7) | 48(77.4) 1.00

TT 7(16.3) | 14(22.6) | 1.50(0.55-4.10)

genetic polymorphisms can alter the expression pattern in genes
involved in the development of specific pathologies®. A recent
review showed that miR-126, miR-143, and miR-146b poly-
morphisms have been associated with risk of endometriosis;
thus, understanding the role of these transcripts is a possible
way to develop novel diagnostic tests and therapeutic targets
for this disorder’.

In the present study, the polymorphisms rs2910164 and
1511614913 located on chromosomes 5 and 12, respectively,
were analyzed. The base exchange observed in the miR-146a
polymorphism was the substitution of C to G, decreasing the
production of miR-146a"®, while in the miR-196a2 polymor-
phism there was an exchange of C for T'?. These polymor-
phisms were investigated in several gynecological conditions,
with quite different results (Table 3).

According to Table 3, eight previous studies investigated miR-
146a and six analyzed miR-196a2 polymorphism, among which
one and three, respectively, found no association with endome-
triosis, in agreement with our results. Table 3 presents 11 studies
on the miR146a polymorphisms, mainly, and miR196a2, seven
of which were conducted in Iran. In all these studies, such poly-
morphisms were associated with the investigated conditions.

Positive results were found mainly in studies conducted in

Iran (Table 3). The ethnicity effect might be related to differences

Table 3. Summary of the mains results of previous studies that investigated rs2910164 and rs11614913 polymorphisms in female

reproductive disorders.

Subjects

Gynecological condition

Association with
the gynecological

Polymorphism(s)

analyzed

condition analyzed

Changetal.’” Taiwan 218 cases-202 controls Endometriosis miR-196a2rs11614913 miR-196a2=yes
. 260 cases-260 controls Endometriosis miR-146ars2910164 miR-146a=yes
Farsimadan et al.* Iran - -
miR-196a2rs11614913 miR-196a2=no
Hosseini et al.'* Iran 205 cases-205 controls Polycystic ovary syndrome | miR-146ars2910164 miR-146a=yes
Ebrahimi et al.*? Iran 180 cases-192 controls Polycystic ovary syndrome | miR-146ars2910164 miR-146a=yes
Lietalis | 385 cases-385 controls Polycystic ovary syndrome | miR-146ars2910164 miR-146a=yes
ietal ran
miR-196a2rs11614913 miR-196a2=yes
Soyman et al.* Turkey 50 cases-50 controls Polycystic ovary syndrome | miR-146ars2910164 miR-146a=yes
Preeclampsia miR-146ars2910164 miR-146a:
Salimi et al.* Iran Blood: 219 cases-242 controls Blood=yes
Placental: 111 cases-119 controls Placental=yes
Preeclampsia mMiR-196a2rs11614913 miR-196a2:
Asadi-Tarani et al.* Iran Blood: 315 cases-317 controls Blood=no
Placental: 103 cases-133 controls Placental=yes
., 75 cases-75 controls Ovarian cancer miR-146ars2910164 miR-146a=no
Lukécs et al.*” Hungary - -
miR-196a2rs11614913 miR-196a2=no
. 120 cases-90 controls |diopathic recurrent miR-146ars2910164 miR-146a=yes
Alipour et al.*® Iran - -
pregnancy loss miR-196a2rs11614913 miR-196a2=yes
X 47/46 cases Endometriosis miR-146ars2910164 miR-146a=no
Present study Brazil - -
75/69 controls miR-196a2rs11614913 miR-196a2=no

3
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in susceptibility to these polymorphisms. However, the present
study did not collect information on ethnicity or skin color, and
all individuals were from the same region of Brazil. The analysis
of the mode of inheritance (Table 2) did not reveal differences
between the groups in its distribution.

The studies in Table 3 used blood as a standard biological
sample and techniques of polymerase chain reaction—restriction
fragment length polymorphism (PCR-RFLP) and quantitative
real-time polymerase chain reaction (RT-qPCR) to investigate
these two polymorphisms. In this sense, we believe that such
variables would not interfere with the results obtained.

Only two studies investigated these polymorphisms
in endometriosis'®", with different results for the miR-
196a2. Genome-wide association studies have revealed 23
genome-wide significant loci that are associated with the risk
of endometriosis, particularly on chromosome 12, where
the miR-196a2 polymorphism is located®. Our results and
number of individuals investigated were similar to those of
Lukdcs et al'.

A systematic review concludes that no particular miRNA
or miRNA combination has been validated for improved

diagnosis of endometriosis to date. This may have reflected

REFERENCES

1. ZondervanKT,Becker CM, Missmer SA. Endometriosis. N Engl J Med.
2020;382(13):1244-56.https://doi.org/10.1056/NEJMra1810764

2. Mousa M, Jefout M, Alsafar H, Becker CM, Zondervan KT, Rahmioglu N.
Impact of endometriosis inwomen of Arab ancestry on: health-related
quality of life, work productivity,and diagnostic delay. Front Glob VWomens
Health.2021;2:708410. https://doi.org/10.3389/fgwh.2021.708410

3. RuszataM, Dtuski DF, Winkler |, Kotarski J, Rechberger T, Gogacz
M. The state of health and the quality of life in women suffering
from endometriosis. J Clin Med. 2022;11(7):2059. https://doi.
org/10.3390/jcm11072059

4. Kiesel L, Sourouni M. Diagnosis of endometriosis in the 21st
century. Climacteric. 2019;22(3):296-302. https://doi.org/10.1
080/13697137.2019.1578743

5. Encalada Soto D, Rassier S, Green IC, Burnett T, Khan Z, Cope A.
Endometriosis biomarkers of the disease: an update. Curr Opin
Obstet Gynecol. 2022;34(4):210-9. https://doi.org/10.1097/
GC0.0000000000000798

6. Kolanska K, Bendifallah S, Canlorbe G, Mekinian A, Touboul C,
Aractingi S, et al. Role of miRNAs in normal endometrium and
in endometrial disorders: comprehensive review. J Clin Med.
2021;10(16):3457. https://doi.org/10.3390/jcm 10163457

7. ZhuoZ WangC,YuH.PlasmamicroRNAs can be apotential diagnostic
biomarker for endometriosis. Ginekol Pol. 2022;93(6):450-9. https://
doi.org/10.5603/GP.a2021.0127

8.  GhasemiF, Alemzadeh E, Allahqoli L, Alemzadeh E, Mazidimoradi
A, Salehiniya H, et al. MicroRNAs dysregulation as potential
biomarkers for early diagnosis of endometriosis. Biomedicines.
2022;10(10):2558. https://doi.org/10.3390/biomedicines 10102558

4

the heterogeneity of the disease and resultant differences in
tissue composition®.

It was not possible to analyze the clinical data with the
molecular ones, but it is noteworthy that, in this retrospective
study, there was a predominance of more advanced stages of
endometriosis. Further studies on different regions and eth-
nic groups seem necessary to assess the effects of the changes
in these polymorphisms with the etiology of endometriosis.

CONCLUSION
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are not implicated in the development of endometriosis.
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