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miR604A>G gene polymorphism is associated with recurrent 
pregnancy loss in Turkish women
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INTRODUCTION
Recurrent pregnancy loss (RPL) is defined as two or more 
spontaneous pregnancy loss until the 20th gestational week. 
Generally, pregnancy losses occur in the first trimester. The risk 
of recurrence of pregnancy loss is higher in individuals whose 
first pregnancy resulted in spontaneous abortion. There are 
many causes of RPL, including genetic factors, anatomical dis-
orders, hormonal disorders, placental structure, infection, and 
other reasons1,2. Genetic factors are of great importance among 
them. In recent years, epigenetic factors have become more 
popular. Especially microRNAs (miRNAs) have recently been 
studied intensively. miRNAs are short, 17-25-nucleotide-long, 
non-coding small RNA molecules that regulate gene expres-
sion. miRNAs have been reported to have critical regulatory 
roles in controlling genes associated with cellular and molecular 
activity and maintenance of pregnancy3. It has been revealed 
that most of the pregnancy-associated miRNAs are expressed 
in reproductive tissues4,5. miR604A>G showed a relation that 
it binds targets to related placenta retention. Based on these 
data, we aimed to investigate the relationship between miR604 
(rs2368393) A>G gene polymorphism and the risk of RPL in 
the Turkish population.

METHODS

Study sample
The study was carried out with women who applied to the 
obstetrics and gynecology department between 2019 and 
2021 with a history of idiopathic recurrent miscarriage and 
women in the control group who had a healthy pregnancy and 
did not have any miscarriages. A questionnaire was applied 
to the participants in which age, body mass index, number 
of miscarriages, number of pregnancies, smoking and alco-
hol use, occupation, and hormone values were questioned. 
The individuals participating in the study signed an informed 
consent form, and the study included 250 female volunteers 
(i.e., 150 patients and 100 controls). Women with a history of 
two or more pregnancy losses were defined as having a recur-
rent miscarriage. The control group women have a healthy 
pregnancy and no history of pregnancy loss. The mean age of 
the patients was 33.21±4.52 years, and the mean age of the 
control group was 33.61±5.38 years. The study was approved 
by the Clinical Research Ethics Committee of Ondokuz Mayıs 
University Faculty of Medicine on May 31, 2023 (OMU 
KAEK 2023/178).
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SUMMARY
OBJECTIVE: Recurrent pregnancy loss is considerably a reproductive health problem for couples. Genetic, epigenetic, and environmental factors 

play an important role in the development of recurrent pregnancy loss. While there are many causes, genetic and epigenetic factors are common. 

In this study, we aimed to examine the association between miR604 (rs2368393) A>G gene polymorphism and the risk of recurrent miscarriage in 

the Turkish population.

METHODS: The study included 250 participants (i.e., 150 patients and 100 controls). DNA samples were isolated from peripheral blood, and polymerase 

chain reactions and restriction fragment length polymorphism methodologies were applied.

RESULTS: The genotype distribution and allele frequencies of miR604A>G gene showed statistically significant differences between patients and 

control groups (p=0.002 and p<0.002, respectively).

CONCLUSION: As a result of the study, we found that the AA genotype and A allele of the miR604A>G gene were statistically significant for the risk 

of recurrent pregnancy loss in Turkish women.
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DNA isolation and polymerase  
chain reaction-restriction fragment  
length polymorphism methods
A total of 2 mL of peripheral blood was collected from partic-
ipants in EDTA tubes. DNA was isolated from the peripheral 
blood sample by kit methodology (Invitrogen). The obtained 
DNAs were stored in the freezer. Following DNA isolation, 
polymerase chain reaction (PCR) and restriction fragment length 
polymorphism (RFLP) methodology was performed. The miR604 
(rs2368393) A>G polymorphism was detected using the forward 
and reverse primers, namely, 5′-CTT GGC TCA GTG GTC 
TGT TT-3′ and 5′-GTA CAG GGA CTG AAA GGT GAA 
G-3′, respectively. The 243 bp PCR product was digested with 
BssSI enzyme (New England BioLabs, Ipswich, MA, USA) to 
AA type (169 and 74 bp), AG type (243, 169, and 74 bp), and 
GG type (243 bp), under conditions of initial denaturation at 
95˚C for 15 min, 40 cycles of denaturation at 95˚C for 20 s, 

annealing at 60˚C for 40 s, extension at 72˚C for 30 s, and a 
final extension at 72˚C for 5 min. Genotypes were visualized on 
2% agarose gel with an image analysis system.

Statistical analysis
The SPSS.20 (Chicago, IL, USA) program and OpenEpi Info 
software package program were used for statistical analysis. 
Genotype distribution and allele frequencies are calculated 
and compared by chi-square (χ2) analysis. Odds ratio (OR) 
and 95% confidence intervals (CI) were calculated. Statistical 
results reached the significant value of p<0.05 (two-tailed). 

RESULTS
The clinical and demographic findings of the patient and con-
trol groups are shown in Table 1. Genotype distribution and 
allele frequencies of miR604A>G gene are shown in Table 2.

Table 1. Clinical and laboratory findings of the patient and control groups.

Characteristics Patients (n=150) (mean±SD) Median (min–max) Controls (n=100) Median (min–max)

BMI (kg/m2) 25.52±3.572 28.00 (12-45) 28.38±4.186 28 (26-42)

Age at menopause (years) 45.22±5.824 47.90 (35-60) 46.56±4.674 45 (33-58)

Age at menarche (years) 13.52±1.371 13.0 (9-18) 13.46±1.51 12 (10-17)

Number of birth (n) 3.56±1.828 3.0 (0-10) 3.0±1.468 3 (0-6)

Serum calcium (mg/dL) 9.63±0.540 9.75 (8.35-11.6) 9.57±0.481 9.55 (8.5-10)

Serum phosphorus (mg/dL) 3.73±2.55 3.52 (2.1-25.40) 3.78±0.876 4 (2.00-5.32)

Serum ALP (U/L) 187.03±61.83 187.355 (2.42-430) 177.65±45.146 186.6 (96-310)

Serum PTH (pg/mL) 77.03±53.95 77.23 (11.70-563) 75.32±27.563 72.7 (30-167)

Homocysteine (μmol/L) 7.28±1.95 8.05 (6.30-8.2) NA NA

Folate (mg/mL) 14.25±11.85 15.25(12.42-15.4) NA NA

PAI-1 (ng/mL) 10.43±5.81 11.15(9.95-15.0) NA NA

NA: not applicable.

Table 2. Genotype and allele frequencies of miR604A>G gene polymorphism.

Genotype/Allele

Patients
(n=150)

Controls
(n=100) χ²

(95%CI)
p-value OR

n % n %

Genotype

AA 48 32.0 22 22.0

χ²=12.325 p=0.002*
AG 78 52.0 43 43.0

GG 24 16.0 35 35.0

Total 150 100

Allele

A 171 57 87 44
χ²=9.486 (1.226-2.53) p<0.002* 1.761

G 126 42 113 56

*p<0.05 is statistically significant.
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Patients’ body mass index and mean standard deviation 
(SD) were 25.52±3.572 and 28.38±4.186 in control. The mean 
age±SD was 33.21±4.52 years in patients and 33.61±5.38 years 
in the control group, respectively. The mean homocysteine±SD 
was 7.28±1.95. The mean folate±SD was 14.25±11.85 and 
PAI-1±SD was 10.43±5.81 in patients. Table 2 represents the 
distribution of miR604A>G gene polymorphism genotypes in 
patients and control groups. miR604A>G gene AA, AG, and 
GG genotype frequencies of patients were 32, 52, and 16%, 
respectively. In the control group, AA, AG, and GG genotype 
frequencies were 22, 43, and 35%, respectively. AA genotype 
frequency was high in the patient group (p=0.002), and A allele 
frequency was also higher in the patient group (p<0.002), which 
reached a statistically significant value.

DISCUSSION
RPL is affecting 1-3% of pregnancies. Its exact etiology is poorly 
understood due to different definitions and limitations in access 
to abortion material. Few factors such as parental chromosomal 
abnormalities, untreated hypothyroidism, uncontrolled diabe-
tes mellitus, anatomical anomalies of the uterus, and antiphos-
pholipid antibody syndrome are important for pregnancy losses. 
Other possible etiological factors include endocrine disorders, 
hereditary and/or acquired thrombophilia, immunological abnor-
malities, infections, and environmental factors. However, the 
cause of almost half of RPLs is still unexplained. Many couples in 
recent days suffer from recurrent miscarriages that also consider-
ably affect their quality of life. Diagnostic biomarkers, which are 
increasing day by day, are beneficial for patients in terms of deter-
mining the predisposition and taking the necessary precautions. 
SNPs in miRNA genes, genes encoding miRNA machinery pro-
teins, or miRNAs that target genes involved in miRNA synthesis 
or function will affect processes regulated by miRNAs. They can 
adversely affect downstream gene expression6,7. Various studies 
showed that miRNAs play an important role in RPL. In Cho 
et al.’s study, a construct containing the 3’UTR MTHFR gene 
was performed using luciferase to measure the binding affin-
ity of variant and major alleles of miR604 G>A to MTHFR8. 
These analyses showed that the binding affinity of miR604 was 
found to be stronger in cell lines transfected with the major A 
allele compared with those transfected with the minor G allele. 
The data therefore suggest that miR604A>G expression may affect 
the binding affinity of this miRNA to the 3’-UTR of MTHFR. 
It is also suggested that the liberation of MTHFR expression by 
the A to G change in miR604 (rs2368393) may have an effect on 
one-carbon metabolism. One-carbon metabolism is also associ-
ated with vascular and defects in blood coagulation factors, low, 

abnormal plasma urate, folate, and homocysteine levels, which 
are risk factors for RPL. The results of Cho et al. suggest that the 
miR604A>G polymorphism and its effect on MTHFR may con-
tribute to RPL and therefore should be considered when evaluat-
ing RPL patients8. In our study, we aimed to examine whether the 
miR604A>G gene polymorphic region could be a potential bio-
marker for RPL (CHOO). Our results revealed that AA genotype 
and A allele of the miR604A>G gene were statistically significant 
for the risk of RPL. Several studies have provided evidence sup-
porting a critical role for miRNAs in RPL9,10. According to the 
findings of Cho et al., the miR604A>G polymorphism is linked 
to RPL8. They reported that the miR604A>G polymorphism is 
associated with recurrent miscarriage, which is consistent with 
our findings. Few associated studies have been conducted in 
this field, and the results of this investigation do not definitively 
prove the significance of these polymorphisms in recurrent mis-
carriages11,12. Further research into this and other pre-miRNA 
polymorphisms in other ethnic populations, in combination with 
functional studies, will aid in understanding the role of miRNA 
polymorphisms in RPL and its susceptibility. In a recent study, 
Kim et al. investigated miR604A>G polymorphism and found 
that miR604A>G polymorphism was statistically significant for 
recurrent implantation failure13. To confirm our results, further 
studies are needed by novel and detailed analysis14,15.

CONCLUSION
Only limited studies exist which investigated miR604A>G gene 
polymorphism and its relation with RPL, and as we know that 
this is the first study examining the miR604A>G gene poly-
morphism in relation with RPL in the Turkish population, our 
results would contribute to the literature.
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