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INTRODUCTION

ABSTRACT

Genetic studies on infertile patients have revealed various
chromosomal irregularities, alterations in single genes, and genetic
polymorphisms affecting different biological pathways linked to infertility.
Abnormal micro ribonucleic acid (miRNA) expressions have been linked to
female infertility and many human diseases. Mutation, especially in form of
single nucleotide polymorphisms (SNPs), has been linked with failure of
conception in humans. This study aims to identify mutations around SNP
rs12976445 on gene miRNA125a and investigate their possible association
with infertility in Nigerian women. 100 adult women, aged 20 to 51 years,
seeking assisted reproductive treatment in selected fertility centers in Lagos
were recruited with 100 age-matched controls with proven fertility. Each
participant was given a written informed consent and self-administered
questionnaire. 5 milliliters blood samples were withdrawn from the ante-
cubital vein with new syringes and needles for the extraction of
deoxyribonucleic acid (DNA) samples for genomic studies. DNA samples
were then amplified (using standard Polymerase Chain Reaction (PCR)
protocols) and visualized using agarose gel electrophoresis. The single
nucleotide polymorphism (SNP) rs12976445 was analyzed through
genotyping using the BaeGI restriction enzyme. Mutations were observed in
the studied SNP rs12976445 especially among the infertile participants. This
study shows that SNP rs12976445 on miRNA125a might be a useful genetic
determinant of conception among infertile women, and a diagnostic
molecular marker in treatment of female infertility in Nigeria.

Infertility is as a condition affecting the human reproductive system (either male or
female) characterized by the inability to conceive after 12 months or more of regular, sexual
intercourse without protection (Zhou et al. (2020). Infertility affects 11% and 20% of couples
of reproductive ages in the world and in Nigeria respectively (Bosch et al., 2020). Its impact is
particularly important in Africa especially in Nigeria, where premium is placed on having a
child; female infertility accounts for up to 70% of general infertility (Omokanye et al., 2016).
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Research indicates that 12% to 15%
of couples are unable to conceive after one
year of regular unprotected sexual
intercourse, and after two years, 10% of
couples still have not had a live birth
(Mallepaly et al., 2017). The prevalence of
infertility is rising across the developed
world. The primary cause for this is the trend
of delaying pregnancy till later in life.
Infertility in female can be as a result of
variety of factors, including genetic issues,
hormonal imbalances, and environmental
factors. Additionally, conditions such as
pelvic inflammatory disease, uterine fibroids,
age-related changes, blocked fallopian tubes,
and hostile cervical mucus can contribute to
difficulties in achieving pregnancy (Barygina
etal.,2015; Adewunmi et al., 2017).

Genetic studies on infertile patients
have uncovered various chromosomal
irregularities, alterations in single genes, and
genetic polymorphisms across different
biological pathways associated with inability
to give birth (Pu et al., 2014). MicroRNAs
(miRNAs) are short, non-coding Ribonucleic
acid (RNAs) that regulate gene expression by
binding to complementary sequences in the 3'
untranslated region (UTR) of messenger
RNA (mRNA) molecules. These miRNAs are
crucial for maintaining normal physiological
conditions in the human body, and their
abnormal expression is associated with
several diseases, including female infertility
(Assou et al., 2013).

MicroRNAs (miRNAs) are involved
in regulating cell differentiation, cell cycle
progression, and programmed cell death.
They have been implicated in processes such
as oocyte maturation and folliculogenesis (Xu
et al., 2012). Dang et al. explored the
differential expression of miRNAs in a study
involving a group of Chinese women and
found 22 miRNAs significantly upregulated
and 29 miRNAs significantly downregulated
in 140 patients with premature ovarian failure
(POF) compared to 140 controls. Notably,
miR-22-3p was significantly downregulated
in POF patients, and a negative correlation
was observed between serum miR-22-3p
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levels and follicle-stimulating hormone
(FSH) levels. The study then proposed that
miR-22-3p might influence pituitary FSH
secretion, as its expression has been detected
in the pig pituitary where its reduced levels
could contribute to the pathogenesis of POF
(Dominguez et al., 2014). MiR-125a has been
found to significantly influence cancer
development.

Mutation in  MiRNA-125a s
associated with conception failure in human.
Mutations can manifest as single nucleotide
polymorphisms (SNPs), which are variations
in the DNA sequence where a single
nucleotide differs from the wild type in at
least 1% of the population (Su et al., 2015).
The SNP rs12976445 in miR125a has been
identified as a potential factor influencing the
production of miR125a. Furthermore, the role
of gene miRNAI125a in conception among
Nigerian women is yet to be elucidated.
Hence, the need for investigation on the
genetic factors that affect female infertility in
our environment.

MATERIALS AND METHODS
1- Ethical Approval and Participants.

Ethical approval for the study was
granted by the Health Research Ethics
Committee of Lagos University Teaching
Hospital (LUTHHREC), under reference
number ADM/DCST/HREC/APP/2396.

Two hundred (100 experimental and
100 control) adult women, aged 20 to 51
years, seeking assisted reproductive treatment
in four selected fertility centres in Lagos,
Nigeria were recruited for the study. Selection
criteria for the fertility centers used for the
study include accessibility, frequency of
patients and locality. Participants gave their
consent to the study by giving a written
informed consent. A structured self-
administered questionnaire was also given to
participants to obtain detailed demographic
and physiological information. The control
group for the study was made up of women,
aged 20 to 51 years, with proven fertility.
Blood sample of 10.0 mL was also collected
for the study.

The study included women who,
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despite engaging in regular sexual intercourse
for at least one year, were unable to conceive
and were seeking assisted reproductive
treatment at fertility clinics in Lagos, Nigeria.
Women with particular ailment such as
fibroid, hepatitis and HIV/AIDS were not
included in the study, since these conditions
may affect fertility and confound the results.
The control group was made up of women,
aged 20 to 51 years, with proven fertility.

2- Sample Collection and DNA Extraction:

Blood sample of 10.0 mL was
obtained intravenously from each consenting
respondent, seeking assisted reproductive
treatment in selected fertility centers in
Lagos, Nigeria. The blood samples were
collected between Day 4 and 5 of menstrual
cycle into EDTA sample bottles.

DNA was extracted from 100 samples
of blood obtained from the subjects and
purified using Quick-DNA™ Miniprep Plus
kit according to the manufacturer’s
instruction. The 100 samples of blood were
randomly selected from the various age
groups. Before DNA extraction, the work
bench and all the materials used were
thoroughly and carefully cleaned with bleach
followed by 70% ethanol. The DNA
extraction was carried out at room
temperature in a fume cupboard as follows:
20 mg of proteinase K solution was diluted
with 1,060 pL of storage buffer and stored at-

20 °C. A 200 pL sample of blood was
combined with 200 pL of biofluid and cell
buffer in a microcentrifuge tube. Proteinase K
solution was added to the mixture, which was
then thoroughly agitated and incubated at
55°C for 10 minutes. Following incubation,
420 pL of Genomic binding buffer was added
to the digested sample and mixed well. The
solution was then transferred to a Zymo-
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SpinTM IIC-XL column in a collection tube
using a micropipette and centrifuged at
12,000xg for 1 minute. The collection tube,
along with the flow-through, was discarded.
Then, 400 uL of DNA pre-wash buffer was
added to the column in a new collection tube
and centrifuged for 1 minute. After discarding
the flow-through and the collection tube, 700
puL of g-DNA wash buffer was added to the
column and centrifuged for 1 minute. This
process was repeated with 200 puL of g-DNA
wash buffer, and the flow-through was
discarded with the collection tube. To elute
the DNA, the column was placed in a clean
microcentrifuge tube, and 50 pL of DNA
elution buffer was added. The mixture was
incubated at room temperature for 5 minutes.
This was then centrifuged for 1 minute. The
column was discarded, and the eluted DNA in
the microcentrifuge was then covered and
stored in a freezer at -20 °C prior to
subsequent DNA analysis.

3- Polymerase Chain Reaction (PCR) and
DNA Analysis:

DNA samples were amplified using
conventional PCR methods. The primers for
amplifying miR125a were 5’-TTTTGGTC
TTTCTGTCTCTGG-3" for the forward
primer and 5’-TGGAGGAAGGGTATGAG
GAGT-3" for the reverse primer. The PCR
components were combined in the order listed
in Table 1 in a thin-walled 0.2ml reaction tube
on ice. Table 1 also analysed concentrations
of reagents used for the PCR. The reaction
tubes were placed in heat block and thermal
cycling proceeded with initial denaturing step
at 94 °C for 30 seconds; 30 cycles at 94 °C for
15-30 seconds, 45 - 68 °C for 15-60 seconds
and 68 °C for 60 seconds. Final extension at
68°C for 5 minutes and hold at 10°C for 5
hours.
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Table 1: Concentrations of Reagents used for the Polymerase Chain Reaction

Reagents Final Concentration
2 X Master Mix with Standard Buffer | 25 ul

10 uM Forward primer 1 ul

10 uM Reverse primer 1 Ul

Template DNA 10 ul

Nuclease-free water Made up to 50pl

The amplified DNA samples were
visualized using agarose gel electrophoresis.
This was done to ensure that the genomic
DNA was accurately extracted. The casting
chamber was leveled for 1 gel and the trays
were placed in casting chamber. A high-
quality electrophoresis grade agarose was
used. To prepare the loading buffer, 100 mL
of 10X Tris Borate EDTA (TBE) buffer was
introduced into a 1000ml measuring cylinder,
and made up to 1000 mL with distilled water.
To prepare the gel, 2 grams of agarose was
mixed with 100 mL of loading buffer in a 500
mL glass bottle. The mixture was heated in a
microwave until it formed a uniform 100 mL
solution. Once dissolved, the gel solution was
allowed to cool to 60°C and stained with
ethidium bromide before casting. The 100 mL
gel solution was then poured into the gel tray
within the casting chamber, and 20 gel combs
were inserted into the slots. After allowing the
gel to set for 15 minutes, 750 mL of loading
buffer was added to the gel tank. The tray was
placed into the gel box, and the gel combs
were carefully removed by lifting them
gently. DNA ladder of 20 uLL was loaded into
the first lane of the gel to enhance quality of

DNA fragments to be visualized. Then, 20 pL
of the PCR product was loaded in subsequent
gel lanes. The electrophoresis machine was
then powered and allowed to run at 100 volts
and 200 amperes for 45 minutes. The DNA
fragments were visualized in alpha imager
and recorded accurately.

The single nucleotide polymorphism
(SNP) rs12976445 was analyzed through
genotyping using the BaeGI restriction
enzyme. Other materials used include DNA
sample of interest, restriction digest buffer,
gel loading dye, -electrophoresis buffer,
pipettes and pipette tips. The components for
the restriction enzyme digestion were
combined in the order listed in Table 2 below
in a thin-walled 0.2 mL reaction tube on ice.
Table 2 also showed concentrations of
reagents used for the PCR. The reaction was
incubated at 37°C for 15 minutes to facilitate
digestion. To halt the digestion process, heat
inactivation was performed at 80°C for 20
minutes, and 10 mM EDTA was added to
achieve a final concentration. The resulting
digested DNA was then analyzed using gel
electrophoresis.

Table 2: Concentrations of Reagents for Polymerase Chain Reaction (Restriction Enzyme)

Reagents Final Volume
Template DNA lug (20ul)
10 X Reaction buffer Sul
Restriction enzyme (BaeGI) 10 units/1ul PCR
Nuclease-free water Made up to 50ul
PCR products were purified using U/uL were combined in a 0.6 mL

the ExoSAP method. To prepare the Exo/SAP
master mix, 50 pL of exonuclease I (Catalog
No: NEB M0293L) at a concentration of 20
U/ul and 200 pL of Shrimp Alkaline
Phosphatase (Catalog No: NEB M0371) at 1

microcentrifuge tube. The amplified PCR
sample (10 pL) was then mixed with 2.3 pL
of the ExoSAP mix and incubated at 37°C for
15 minutes. The reaction was terminated by
heating the mixture to 80°C for 15 minutes.
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Following purification, the PCR products
were forwarded for DNA sequencing.
Sequencing was carried out using the
Nimagen BrilliantDye Terminator cycle
sequencing kit v3.1 (BRD3-100/1000),
adhering to the manufacturer’s guidelines.
The labeled sequencing products were then
cleaned with the ZR-86 DNA sequencing
clean-up kit (Catalog No: D4053). The
purified samples were analyzed on an Applied
Biosystems ABI 3500XL Genetic Analyzer
with a 50 cm array using POP7. Sequence
chromatograms were analyzed with Finch TV
Analysis software.

The data analysis involves statistical
analysis and bioinformatics analysis. For the
statistical analysis, data were input into the
spreadsheets of SPSS Version 25 for
statistical analysis. The first series of analysis
were summary statistics, which includes the
mean, standard deviation and range.
Inferential statistics was done using various
statistical tools including chi-square and
Fisher’s exact test for measures of association
involving discrete variables that were
counted. Differences between means were by
Student’s t-test for independent samples of
only two groups and no repetition of
measurement were involved. Analysis of
variance (ANOVA) was used to determine
significance difference between means of
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more than two groups. However, ANOVA
was used for association between continuous
variable and the independent variable of
interest in order to control for confounders.
Multiple analysis of variance (MANOVA)
was used when more than two dependent
variables were analysed for their main and
interaction effects. On instances that required
control of confounding variables during
correlation analysis, partial correlation
procedure was implemented. Results of
continuous normally distributed variables
were as meant SD. Simple and partial
correlations analyses respectively were used
to determine association between continuous
and normally distributed variables. For the
bioinformatics analysis, multiple sequence
alignment was carried out to give detailed
nucleotide information and to show possible
mutations. Single nucleotide polymorphism
(SNP) identification was also carried out to
properly identify the SNP of interest and
detect any possible SNP. Insertions and
deletions (Indel) identification was also used
in mutations identifications.
RESULTS

1- Gel Electrophoresis:

The results of gel electrophoresis,
before and after restriction enzyme digestion,
are shown in Plate la and Plate 1b
respectively.

3738 3940 41 42 344 454647 48 950 C

400

200
100

Plate 1a: Results of Gel Electrophoresis before restriction enzyme digestion.
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Plate 1b: Results of Gel Electrophoresis after restriction digestion.

2- Multiple Sequence Alignment:

The graphic summary of the
sequences of significant alignment is shown
below. This was derived after the application
of BLAST on sequenced data. This looks a
bit into the evolutionary status of the studied
organism which is human (homo sapiens)
considering the sequenced data as well as
related organisms. It describes and compares
the aligned sequences between homo sapiens
and some other eukaryotic organisms in terms
of scientific names, maximum score, total
score, query cover and accession. Figure 2,
shows and compares in details the query and

the subjects in relation with the chromosome
number. This was also after application of
BLAST and getting the best hits differentiated
from the query (Fig. 3). Results of the
multiple sequence alignment of the sequenced
data are shown below. There are 10 different
organisms  with  different labels of
identification and 31 columns. Mutations
were reported in the studied SNP rs12976445
especially among the infertile participants. A
G/A SNP and other mutations were
discovered towards the left-hand panel of the
image (Fig. 4).
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Fig. 4. Multiple Sequence Alignment Result.

DISCUSSION

MicroRNAs (miRNAs) are a group
of small, non-coding regulatory RNAs
believed to impact the translation of mRNAs
in approximately 30% of genes across animal
species (SantaMaria and Taylor, 2014).
Research has demonstrated that miRNAs are
significantly associated with the onset and
progression of disorders associated with
female infertility. (Bahmyari et al., 2021)
MiRNA125a has been associated with
various reproductive disorders, including
ovarian cancer and female infertility, across
different regions worldwide, often linked to
specific single nucleotide polymorphisms
(Cao et al., 2019). Kumari et al. (2022)
observed increased expression of miR-125a
in patients with endometriosis, while a
decreased expression of this miRNA was
noted in patients with endometrioid
endometrial cancer and ovarian cancer
compared to control groups. This variation
suggests that miR-125a plays a role in ErbB
(erythroblastic leukemia viral oncogene
homologue) signaling and influences cell
migration and invasion. Furthermore, Min et
al. (2014) identified that miR-125a plays a
role in the onset of various cancers, including
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G/A SNP
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lung, breast, and colon cancers. Single
nucleotide polymorphisms (SNPs), which are
single nucleotide variations in the DNA
sequence (SantaMaria and Taylor, 2014),
have a substantial impact on gene expression.
Specifically, the SNP rs12976445 in the
miRNA125a sequence has been associated
with decreased miR-125a expression in
multiple diseases (Lehmann et al, 2013).
There are none or very few scientific reports
about the roles of the rs12976445 in miR-
125a in female infertility in Nigerian women.
This research suggests that the rs12976445
variant in miR-125a could serve as a valuable
genetic marker for predicting conception
success in infertile women in Nigeria. Thus, it
can serve as a diagnostic marker in molecular
approach to dealing with female infertility
especially in a developing country like
Nigeria. The 48% SNP CC homozygote, and
10% SNP TT homozygote variants are likely
to play roles in female infertility (Cao et al.,
2019). There is possibility of these two SNPs
obtained in the test participants to express
series of reproductive hormones to suppress
ovarian reserve or ovulation (Masood et al.,
2021). This is possible, although it is beyond
the scope of our study. However, low
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productions of follicle stimulating hormone,
estrogen and progesterone have been found
associated with high ovarian response
(Coccia and Rizzello, 2008), higher
secretions of luteinizing hormone and/or
testosterone have been reported as major
contributors to ovarian reserve failure (de
Koning et al., 2000; Steckler et al., 2005).
Furthermore, prolactin over secretion have
been associated with menstrual anomalies and
development of ovarian follicle to Graafian
follicle by inhibiting follicle stimulating and
luteinizing hormone (Yoshimura et al., 1992;
Kostrzak et al, 2009). The miRNA125a
SNPs are possible to be in association with
several diseases of the reproductive tissues
owing to the upregulation of miRNA125a
SNPs with pathophysiological consequences
on reproductive tissues of infertile woman.
The list of such reproductive diseases
includes ovarian cancer; breast cancer;
endometriosis; polycystic ovarian syndrome;
primary ovarian insufficiency; and hormonal
imbalance (Masood et al., 2021).
Conclusion

This study identifies a G/A SNP
located downstream of SNP rs12976445 in
miRNA125a, which shows a significant
association with fertility. Further research is
recommended to explore the potential
implications of this newly identified G/A SNP
on male and/or female infertility.
Declarations:
Ethical Approval: Ethical approval for the
study was granted by the Health Research
Ethics Committee of Lagos University
Teaching Hospital (LUTHHREC), under
reference number
ADM/DCST/HREC/APP/2396.
Contflict of interests: The authors declare no
conflicts of interest.
Authors Contributions: All  authors
contributed equally, and have read and
agreed to the published version of the
manuscript.
Funding: This research was self-funded.
Availability of Data and Materials: The
data presented in this study are available on
request from the corresponding author.
Acknowledgements: The  authors

209

acknowledge the kind help of laboratory

technicians and staff who contributed to

fieldwork, sample collection and data
analysis.
REFERENCES

Ahmadpour F, Igder S, Babaahmadi-Rezaei
H, Khalili E, Kanani M, Soleimani
V. Mohammadzadeh G (2022)
Methylation-mediated Silencing of
miR-125a-5p  Facilitates  Breast
Cancer Progression by Inducing
Autophagy.  Molecular  Biology
Reports. 49(7): 6325-6339.

Bahmyari S, Jamali Z, Khatami SH, Vakili O,
Roozitalab M, Savardashtaki A,
Solati A, Mousavi P, Shabaninejad
Z, Vakili S, Behrouj H, Ghasemi H,
Movahedpour A (2021) MicroRNAs
in female infertility: An overview.
Cell Biochemistry and Function,
39(8): 955-969.

Bhin J, Jeong HS, Kim JS (2015) PGC-
Enriched miRNAs Control Germ
Cell Development. Molecular Cells.
38(10): 895-903.

Cao Y, Shen T, Zhang QH, Zhang ZQ (2019)
MiR-125a-5p inhibits EMT of
ovarian cancer cells by regulating
TAZ/EGFR signaling pathway.
European Review for Medical and
Pharmacological Science, 23: 8249-
8256.

De Leo V, Musacchio M, Cappelli V,
Massaro MG, Morgante G. Petraglia
F (2016) Genetic, hormonal and
metabolic aspects of PCOS: an
update. Reproductive Biology and
Endocrinolology, 14:38.

Dmitrieva ML, Tikhonovskaya OA,
Romanova AA, Logvinov SV (2020)
Micrornas and premature ovarian
insufficiency. Russian Federation,
1:40-46.

Dominguez F, Moreno-Moya JM, Lozoya T
(2014) Embryonic miRNA profiles
of normal and ectopic pregnancies.
PLoS ONE, 9 (7): e102185.

Dong F, Zhang Y, Xia F (2014) Genome-
wide miRNA profiling of villus and
decidua of recurrent spontaneous



210

abortion patients. Reproduction,
148(1): 33-41. doi: 10.1530/REP-
14-0095.

Galliano D, Pellicer A (2014) MicroRNA and
implantation. Fertility and Sterility,
101(6): 1531-1544.

Gary D, Shuichi T (2017) Application of
Microfluidic =~ Technologies  to
Human  Assisted Reproduction.
MHR: Basic Science of Reproductive
Medicine, 23: 257-268.

Gupta S, Sharma R, Eliwa J, Agarwal A
(2015)  Predictive  Roles  of
Proteomic Profiles in Assisted
Reproduction - An  update.
Proteomics and  Bioinformatics,
S8(5): 1-13.

HuY, Liu CM, Qi L, He TZ, Shi-Guo L, Hao
CJ, Cui Y, Zhang N, Xia HF, Ma X
(2011) Two common SNPs in pri-
miR-125a alter the mature miRNA
expression and associate with
recurrent pregnancy loss in a Han-
Chinese population. RNA Biology,
8(5): 861-872.

Kumari P, Sharma I, Saha SC, Srinivasan R,
Bhardwaj P (2022) The Role of
serum microRNAs as Biomarkers in
Endometriosis, Carcinoma of Ovary
and Endometrioid Endometrial
Cancer. Indian Journal of Medical
Research, 156(3): 516-523.

Laisk-Podar T, Kaart T, Peters M, Salumets,
A (2015) Genetic variants associated
with female reproductive ageing —
potential markers for assessing
ovarian function and ovarian
stimulation outcome. Reproduction
BioMedicine Online, 31: 199-209.

Layman LC (2013) The genetic basis of
female reproductive  disorders:
etiology and clinical testing.
Molecular Cellular Endocrinology,
370: 138-148.

Lee J, Ahn E, Kim J (2020) Associations
between microRNA (miR-25, miR-

32, miR-125, and miR-222)
polymorphisms  and  recurrent
implantation failure in Korean

women. Human Genomics, 13: 68

Gbenle O. A. et al.

Lehmann TP, Korski K, Ibbs M, Zawierucha
P, Grodecka-Gazdecka S,
Jagodzinski PP (2013) rs12976445
variant in the pri-miR-125a
correlates with a lower level of
hsa-miR-125a and ERBB2
overexpression in breast cancer
patients. Oncology Letters. 5:569-
573.

LiR, HuZ, Wang Z, Zhu T, Wang G, Gao B,
Wang J, Deng X (2021) MiR-125a-
5p Promotes Gastric Cancer Growth
and Invasion by Regulating the
Hippo Pathway. Journal of Clinical

Laboratory  Analysis, 35(12):
e24078.
Liu K, Case A (2011) Advanced

Reproductive Age and Fertility.
Journal ~ of  Obstetrics  and
Gynaecology, 33(11): 1165-1175.

LulJ, Wang Z, Cao J, Chen Y, Dong Y (2018)
A Novel and Compact Review on the
Rrole of Oxidative Stress in Female
Reproduction. Reproductive Biology
and Endocrinology. 16: 1-18.

Mallepaly R, Butler P, Herati A, Lamb D,
Vogt PH (2017) Genetics of Human
Infertility. Monographs in Human
Genetics, 21: 1-16.

Mayor-Lynn K, Toloubeydokhti T, Cruz AC,
Chegini N (2011) Expression profile
of microRNAs and mRNAs in
human placentas from pregnancies
complicated by preeclampsia and
preterm  labor,”  Reproductive
Sciences, 18(1): 46-56.

McGuire MM, Bowden W, Engel NJ, Ahn
HW, Kovanci E, Rajkovic A (2011)
Genomic analysis using high-
resolution single-nucleotide
polymorphism arrays reveals novel
microdeletions  associated  with
premature ovarian failure. Fertility
and Sterility, 95: 1595-1600.

Min W, Wang B, Li J, Han J, Zhao Y, Su W,
Ma Q (2014) The Expression and
Significance of Five Types of
miRNAs in Breast Cancer. Medical
Science Monitor Basic Research.
20:97.



Bioinformatics in Determination of Fertility Among Nigerian Women

Miura K, Higashijima A, Mishima H (2015)
Pregnancy associated microRNAs in
plasma as potential molecular
markers of ectopic pregnancy.
Fertility and Sterility, 103(5): 1202—
1208.

Olugbenga BA, Adebimpe WO, Olarewaju
SO, Babatunde OA, Oke OS (2014)
Prevalence of Infertility and
Acceptability of Assisted
Reproductive Technology among
Women Attending Gynecology
Clinics in Tertiary Institutions in
Southwestern Nigeria. Gynecolgy
Obstetrics (Sunnyvale), 4: 210. doi:
10.4172/2161-0932.1000210

Omokanye LO, Olatinwo AO, Durowade
KA, Raji ST, Biliaminu SA,
Salaudeen GA (2017) Assisted
Reproduction Technology:
Perceptions Among Infertile
Couples in Ilorin, Nigeria. Saudi
Journal of Health Sciences, 6: 14-18.

Perera F, Herbstman J, (2011) Prenatal

Environmental Exposures,
Epigenetics and Disease.
Reproductive Toxicology, 31(3): 363
- 73.

Pouresmaeili F, Fazeli Z (2014) Premature
ovarian failure: a critical condition in
the reproductive potential with
various genetic causes. International
Journal of Fertility and Sterility,
8(1): 1-12.

Pu D, Xing Y, Gao Y, Gu L, Wu J (2014)
Gene variation and premature
ovarian failure: a meta-analysis.
European Journal of Obstetrics and
Gynecology  and  Reproductive
Biology, 182:226-237.

Qin W, Tang Y, Yang N, Wei X, Wu J (2016)
Potential role of circulating
microRNAs as a biomarker for

211

unexplained recurrent spontaneous
abortion.  Fertility and Sterility,
105(5): 1247-1254.¢3.

Santamaria H, Taylor X (2014) MicroRNA
and gynecological reproductive
diseases. Fertility and Sterility,
101(6): 1545-1551.

Staicu CE, Predesc, DV, Rusu CM, Radu BM,
Cretoiu D, Suciu N, Cretoiu SM,
Voinea SC (2020) Role of
microRNAs as Clinical Cancer
Biomarkers for Ovarian Cancer: A
Short Overview. In Cells, 9(1).
https://doi.org/10.3390/cells901016
9.

Steinkraus BR, Toegel Y, Fulga TA (2016)
Tiny giants of gene regulation:
experimental strategies for
microRNA functional studies. Wiley
Interdisciplinary Reviews:
Developmental Biology, 5(3): 311—
362.

Su X, Hu Y, Li Y (2015) The polymorphism
of 16505162 in the MIR423 coding
region and recurrent pregnancy loss.
Reproduction, 150(1): 65-76.

Wang J, Chen J, Sen S (2016) MicroRNA as
biomarkers and diagnostics. Journal
of Cellular Physiology. 231(1): 25—
30.

Xia T, Li J, Cheng H, Zhang C, Zhang Y
(2015) Small-molecule regulators of
MicroRNAs in biomedicine, Drug
Development Research, 76 (7): 375—
381.

Xu P, Zhao M, Liu E (2014) Variations of
microRNAs in human placentas and

plasma from preeclamptic
pregnancy. Hypertension, 63(6):
1276—-1284.

Yatsenko SA, Rajkovic A (2019) Genetics of
human female infertility. Biology of
Reproduction, 101(3).


https://doi.org/10.3390/cells9010169
https://doi.org/10.3390/cells9010169

	0a1a6a9fb75d13df3509246a6f5f890d77959ea9443b017bfa02c5cabb072129.pdf
	0a1a6a9fb75d13df3509246a6f5f890d77959ea9443b017bfa02c5cabb072129.pdf

