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Abstract. Early pregnancy loss (EPL), also termed early 
miscarriage, is determined as the unintentional expulsion 
of an embryo or fetus prior to the 12th week of gestation. 
EPL frequency is ~15% in pregnancies. Fetal development 
and growth is associate with placental function and vessel 
development; therefore, the placental genome would represent 
a useful miscarriage model for (epi)genetic and genomic 
studies. An important factor of placental development 
and function is epigenetic regulation of gene expression. 
microRNAs (miRNAs) are the primary epigenetic regula-
tors which have an important role in placental development 
and function. In the present study, maternal plasma and 
villous tissue were collected from 16 EPL cases in 6th-8th 
gestational weeks (GWs) and 8 abortions (control group) in 
6th-8th GWs. Detection of the differences in miRNA expres-
sion was performed using microarrays and dysregulated 
miRNAs were validated by reverse transcription-quantitative 
polymerase chain reaction (RT-qPCR). miRNA microarray 
findings revealed that four miRNAs, including hsa‑miRNA 
(miR)-125a-3p, hsa-miR-3663-3p, hsa-miR-423-5p and 
hsa-miR-575 were upregulated in tissue samples. In maternal 
plasma, two miRNAs (hsa-let-7c, hsa-miR-122) were upregu-
lated and one miRNA (hsa-miR-135a) was downregulated. 
A total of 6 out of 7 dysregulated miRNAs were validated 
using RT-qPCR. The target genes of these dysregulated 
miRNAs were detected using the GeneSpring database. The 
aim of the present study was to detect dysregulated miRNAs 

in maternal plasma and villous cells and identify the target 
genes of dysregulated miRNAs and their associated pathways. 
The target gene analyses have revealed that the affected genes 
are primarily associated with cell migration, proliferation, 
implantation, adhesion, angiogenesis and differentiation and 
all are involved with EPL pathogenesis. Therefore, the present 
study may contribute to the understanding of the molecular 
mechanisms which lead to EPL.

Introduction

Miscarriage or missed abortion is the spontaneous loss of a 
pregnancy between conception and 20 weeks into the preg-
nancy, which affects between ~15-20% women of childbearing 
age (1,2). The miscarriage until the 12th week of the pregnancy 
is termed early pregnancy loss (EPL) which occurs in ~15% of 
the cases (3,4), and the ones which occur between 12th and 
20th weeks of the pregnancy are termed late pregnancy loss 
(LPL) which has an incidence rate of 1-5% (5,6). It has been 
previously estimated ~80% of miscarriages take place in the 
first 12 weeks (the first trimester) of pregnancy as EPL. The 
etiological factors during a miscarriage are generally defined 
as multiple factors (7,8). The factors include abnormali-
ties inherited from the father (paternal abnormalities), fetal 
anatomical abnormalities, the age of the mother during the 
pregnancy, abortion history and environmental risk factors, 
such as caffeine, alcohol, cigarettes. In addition, factors such 
as genetics, infection, hematology and autoimmunity have 
been previously identified as important for the occurrence of 
miscarriages (5,7,8). The pathogenesis of EPL remains to be 
elucidated (2). Previous studies based on advanced molecular 
genetics methods have investigated EPL pathogenesis. The 
development of the human placenta is critical for embryonic 
development and successful pregnancy. One of the important 
factors for the development and function of the placenta is 
epigenetic mechanism in gene expression (3,9). Epigenetic 
factors are defined as DNA methylation (CpG), chromatin 
histone modification and noncoding regulatory RNAs (8). 
The growth and progress of a fetus depend on the placental 
function and vein development; therefore, placental samples 
may be used for genomic and epigenetic research in miscar-
riage cases (4). MicroRNAs (miRNAs) have been identified 
as, the important molecules in genetic and genomic-based 
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studies. It has been estimated that there are >2,000 miRNAs 
in humans, which are single stranded RNA molecules with 
~20-nucleotide length, which are not protein coding (9). One 
miRNA may regulate ~200 mRNA functions. miRNA expres-
sion levels may change from one tissue type to another and 
also in different diseases. It has been previously established 
that miRNAs contribute to various biological events, such as 
development, differentiation, fertility and canceration (10-12). 
A previous study summarized that abnormal miRNA 
expression may be associated with ~400 diseases to human 
diseases (13). During pregnancy miRNA expression profiles 
in placenta and maternal blood have an important epigenetic 
role during the growth and development of fetus (14,15). 
Additionally, miRNA expression in the placenta is regulated 
by environmental factors, signaling pathways and epigenetic 
modifications (16). There are three aims for genetics/genomics 
researches when investigating miscarriage patients. Firstly, 
to determine a DNA/RNA-based biomarker which may 
determine the direct predictive value of a couple's risk for 
miscarriage. Secondly, to establish gene/protein expres-
sion profiles, pathways and connections, which occur at the 
(un)successful establishment of pregnancy. Thirdly, apply 
hypothesis-based and hypothesis-free studies to pinpoint loci 
coding for novel non-invasive biomarkers applicable in clinical 
conditions for early pregnancy complications (8). Fetal nucleic 
acids that occur in the maternal plasma and serum are used by 
specific isolation methods for early diagnosis of genetic‑based 
diseases such as preeclampsia, detection of fetal gender in 
women with a high risk of gender-associated disorders, fetal 
Rhesus (Rh) status and trisomies in pregnancies with a high 
risk for hemolytic disease of newborn (HDN) (9,17,18). Fetal 
nucleic acids and miRNAs in maternal blood are analyzed 
by advanced molecular methods, such as quantitative poly-
merase chain reaction (qPCR), DNA/RNA microarrays and 
sequencing methods (18).

The miRNA microarray findings in the present study 
revealed that 4 miRNAs, hsa-miR-125a-3p, hsa-miR-3663-3p, 
hsa-miR-423-5p and hsa-miR-575, were upregulated in 
tissue samples. In maternal plasma, 2 miRNAs (hsa-let-7c, 
hsa-miR-122) were upregulated and one miRNA 
(hsa-miR-135a) was downregulated. A total of 6 out of 7 
dysregulated miRNAs were validated by reverse transcription 
(RT)-qPCR. The target genes of these dysregulated miRNAs 
were identified using the GeneSpring database. The present 
study aimed to quantify miRNA expression levels in villous 
tissue and maternal plasma in EPL cases, to determine the 
miRNAs which exhibit changes in expression levels, and 
to detect the target genes of dysregulated miRNAs and the 
associated pathways which may establishing the association 
between miRNAs and the factors leading to EPL.

Materials and methods

Sample processing. Villous tissue samples which produce 
placenta and blood were collected from a total of 24 patients, 
16 patients with EPL in 6th-8th gestational weeks (GWs) and 
8 abortion cases (control group) in 6th-8th GW. Samples were 
collected from Department of Obstetrics and Gynecology, 
Cerrahpasa Medical Faculty, Istanbul University (Istanbul, 
Turkey) and Medicus Health Center (Istanbul, Turkey) between 

January 2013 and May 2015. All patients and volunteers have 
been asked to sign written informed consent, the present study 
was also approved by the Ethical Committee. All informed 
consent forms are documented with the signature of the 
patients. Women in the control group had requested a surgical 
termination of pregnancy for non-medical reasons, and women 
in the EPL group had undergone surgical uterine evacuation. 
Villous tissue samples were collected immediately after the 
surgical procedure in sterile collection containers with physi-
ological saline solution and were stored at ‑80˚C until used. 
The blood samples were collected immediately prior the 
surgical procedure in ethylenediaminetetraacetic acid (EDTA) 
-containing tubes (BD Biosciences, Franklin Lakes, NJ, USA) 
and immediately centrifuged at 1,400 x g for 10 min at 4˚C 
to separate the plasma. Plasma samples were carefully trans-
ferred into new tubes and stored at ‑80˚C until used. Samples 
were stored in Istanbul University, Department of Molecular 
Biology and Genetics for experimental research.

The present study was divided into two stages: i) MiRNA 
profiling of villous samples and maternal plasma using 
microarrays; and ii) validation of dysregulated miRNAs using 
RT-qPCR (Fig. 1).

Total RNA isolation from villous tissue samples. Total RNA, 
including miRNAs was extracted from the villous tissue 
samples with the mirVana miRNA Isolation kit (Ambion; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) according 
to the manufacturer's protocol. Total RNA was eluted with 
50 µl mirVana elution solution. The quantity and quality 
of obtained total RNA was determined using NanoDrop 
ND-2000 spectrophotometer (Thermo Fisher Scientific, 
Inc.) and with the Agilent RNA Nano Chip kit on Agilent 
Bioanalyzer 2100 system (Agilent Technologies, Inc., Santa 
Clara, CA, USA). High quality (RNA integrity number ≥7) 
samples from isolated total RNA were selected for microarray 
analysis. The isolated total RNAs were stored at ‑80˚C during 
laboratory preparation.

Total RNA isolation from maternal plasma samples. Total 
RNA, including miRNAs was isolated from 500 µl maternal 
plasma sample using the mirVana miRNA Isolation kit 
(Ambion; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's protocol. Synthetic Caenorhabditis elegans 
(C. elegans) miRNA, cel-miR-39 (working solution 
1.6x108 copies/µl; Qiagen miRNeasy Serum/Plasma Spike-in 
control Qiagen, Inc., Valencia, CA, USA), was spiked into each 
sample (following the addition of a lysis buffer) to determine 
the purification quality and to normalize variation. Synthetic 
cel-miR-39 was selected as a spike-in due to the absence of 
homologous sequences in humans. Total RNA was eluted 
with 30 µl mirVana elution solution. The quantity total RNA 
obtained was determined using NanoDrop ND-2000 spectro-
photometer (Thermo Fisher Scientific, Inc.) and subsequently 
by the Agilent Small RNA Chip kit on Agilent Bioanalyzer 
2100 system (Agilent Technologies, Inc.). The isolated total 
RNA was stored at ‑80˚C during laboratory preparation.

miRNA microarray analysis. In total, 32 EPL samples which 
were 16 maternal plasma and 16 villous tissue, furthermore 16 
normal samples which were 8 maternal plasma and 8 villous 
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tissue were analyzed by Agilent miRNA microarray chips 
(G4870A SurePrint G3 Human v16 miRNA 8x60K micro-
array; Agilent Technologies, Inc.). The miRNA Labeling 
and Hybridization kit (Agilent Technologies, Inc.) was used 
according to the manufacturer's protocol. Total RNA used 
for each villous sample was 100 ng/µl and maternal plasma 
sample of ~50 ng/µl RNA (which included small RNAs). Each 
sample was labeled with cyanine 3-cytidine bisphosphate 
(pCp‑Cy3) and the labeled RNA was hybridized at 55˚C 
for 24 h to Human miRNA Microarray version 16 (Agilent 
Technologies, Inc.) slides, which included 1,368 miRNAs 
encoded by genes located across all chromosomes. After 
washing the microarray slides with Gene Expression Wash 
buffers (Agilent Technologies, Inc.) in order to increase the 
stringency, the slides were scanned by an Agilent SureScan 
Microarray scanner (model G2600D).

Agilent Feature Extraction version 11.0 was used for 
image analysis. The raw data was statistically analyzed using 
GeneSpring GX version 12.6 (Agilent Technologies, Inc.). 
In this database, the raw data produced was normalized by 
quantile normalization and probes with <50% coefficient of 
variation were filtered. From these probes, a Student's t‑test 
with a Bonferroni correction for the familywise error rate was 
performed and the following thresholds were used P<0.05 
and fold‑change (FC) >2 were identified to be significantly 
dysregulated. The dysregulated miRNA results were obtained 
from the GeneSpring database (19) and gene targets and 
pathways associated with these genes have been listed in the 
present study according to this database. The target genes of 

significantly differentially expressed miRNAs were predicted 
and pathway analysis in villous and maternal plasma samples 
was performed using GeneSpring version 12.6, a nominal 
P<0.05 was used to select significant pathways. RefSeq 
Protein ID, RefSeq Transcript ID, Entrez Gene ID, and 
UniGene ID annotations were selected for the present study 
experiment. Pathway sources used in the analysis, included 
WikiPathways-Analysis, WikiPathways-Reactome, and 
WikiPathways-Other, which are valid for Homo sapiens. The 
results of the pathway analysis were obtained from the ‘Single 
Experiment Analysis (SEA)’ heading in the ‘GeneSpring’ 
database. Calculation of the P-value is indicated in the subse-
quent formula:

Where u stands for the total number of entities in the 
technology which have same ID for annotations selected in 
SEA; m, number of entities in the entity list which have same 
ID for the annotation selected; n, number of pathway entities 
that matched with the technology; and k, number of pathway 
entities that matched with the entity list.

miRNA validation by stem‑loop RT‑qPCR. The validation of 
miRNA microarray results on the EPL and control in maternal 
plasma and tissue samples was performed using RT-qPCR. 
Dysregulated miRNAs (P<0.05 and FC>2) obtained from 
the microarray bioinformatics analysis were subsequently 
validated in 24 (16 EPL & 8 control) tissue samples and 24 (16 

Figure 1. Schematic of the investigation process of the present study of quantification of miRNA profiles of 16 EPL vs. 8 control placenta and maternal plasma 
samples. A total of 1,368 miRNAs were screened using microarray and 7 dysregulated miRNAs were subsequently validated by stem-loop RT-qPCR in tissues 
and maternal plasma. EPL, early pregnancy loss; miRNA, microRNA; RT-qPCR, reverse transcription-quantitative polymerase chain reaction.
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EPL & 8 control) maternal plasma samples using stem-loop 
RT-qPCR.

The present study synthetic cel-miR-39 for normalization 
and detection of extraction efficiency in maternal plasma, and 
U6 for normalization in tissue samples of TaqMan RT-qPCR 
in dysregulated miRNAs. miRNAs from each sample were 
reverse-transcribed into cDNA using TaqMan microRNA 
Reverse Transcription kit (Thermo Fisher Scientific, Inc.) 
and miRNA specific 5X stem-loop primers (TaqMan™ 
MicroRNA Assay; Applied Biosystems; Thermo Fisher 
Scientific, Inc.) hsa-miR-125a-3p (cat. no. 4427975, RT: 
002199), hsa-miR-3663-3p (cat. no. 4427975; RT: 465775_mat), 
hsa-miR-575 (cat. no. 4427975; RT: 001617), hsa-miR-425-5p 
(cat. no. 4427975; RT: 002302), has-let-7c (cat. no. 4427975; 
RT: 000379), hsa-miR-122 (cat. no. 4427975; RT: 002245), 
hsa-miR-135a (cat. no. 4427975; RT: 000460) in total reaction 
volume of 15 µl according to the manufacturer's protocol. 
Transcription reaction was preformed using an 8800 PCR 
thermal cycler system (Agilent Technologies, Inc.) by heating 
to 16˚C for 30 min, followed by 42˚C for 60 min and 85˚C 
for 5 min. The qPCR was performed using TaqMan miRNA 
qPCR Universal PCR Master mix assay (Thermo Fisher 
Scientific, Inc.), and 20X primer (Thermo Fisher Scientific, 
Inc.), which included fluorescein dye‑specific probes for each 
previously stated miRNA in a 20 µl total reaction mixture. 
Every batch of amplifications included two water blanks 
and primers as no template negative controls for each cDNA 
product and qPCR steps. The following thermocycling condi-
tions were used for the PCR: 50˚C for 2 min, 95˚C for 10 min; 
40 cycles of 95˚C for 15 sec and 60˚C for 1 mins. The qPCR 
was replicated 2 times for each sample. RT-qPCR results 
were analyzed as follows: ΔCt=Ct sample-Ct cel-miR-39; 
ΔΔCt=ΔCt case-ΔCt control. Finally, the ΔΔCt was normal-
ized against cel-miR-39. All reactions were analyzed by using 
the 2-ΔΔCt method (20).

Results

Characteristics of samples. There were two experimental 
groups in the present study, including the patient group 
(the mean pregnancy age is ~30) and the control group 
(the mean pregnancy age is ~29). In both groups, none of 
the participants had anatomic abnormalities, infections, 
endocrine or metabolic disorders, autoimmune diseases, 
paternal or maternal chromosomal abnormalities, or smoked. 
Table I presents the characteristics of the two experimental 
groups.

miRNA microarray results. Statistical analysis of microarray 
results in maternal plasma identified 3 dysregulated miRNAs. 
From the three miRNAs in maternal plasma samples two were 
upregulated and one was downregulated (Table II). Expression 
levels for each miRNA in maternal plasma have been presented 
as box-whisker plots (Fig. 2) and hierarchical clustering anal-
ysis revealed that the subgroups were well-differentiated from 
the unified set of differentially expressed miRNAs (Fig. 3). 
In the villous tissue samples, all 4 miRNAs were upregulated 
(Table III) and have been found to be significantly dysregu-
lated (P<0.05 and FC>2) in the EPL group compared with the 
control group. In villous samples dysregulated miRNAs have 

been represented as box-whisker plots (Fig. 4) and hierarchical 
clustering (Fig. 5).

Stem‑loop RT‑qPCR findings. Stem-loop RT-qPCR was 
performed to validate the 7 differentially expressed miRNAs 
identified in the miRNA microarray analysis. A total of 24 
plasma samples, consisting of 16 EPL maternal plasma and 8 
normal plasma samples, were used for maternal plasma valida-
tion and the same quantity of EPL and normal villous tissues 
were used for validation by stem-loop RT-qPCR. The present 
study identified 3 miRNAs (hsa-let-7c, hsa-miR-122 and 
hsa-miR-135a) in maternal plasma samples and 3 miRNAs, 
including hsa-miR-125a-3p, hsa-miR-3663-3p and hsa-miR-575 
in villous samples were validated to be upregulated in EPL 
samples. However, miR-425-5p did not demonstrate any 
marked expression alterations in villous tissues by RT-qPCR. 
Consistent with miRNA microarray analysis, the changes of 
all 6 upregulated miRNAs in EPL and control samples in 
villous tissues and maternal plasma are presented in Table IV 
and Fig. 6.

Target genes and pathway analysis. Target analysis for 
validated dysregulated miRNAs in GeneSpring version 12.6 
identified 432 target genes for the villous sample dysregulated 
miRNAs and 274 target genes for maternal plasma dysregu-
lated miRNAs, where P<0.05. Pathway analysis of targeted 
genes of villous sample and maternal plasma samples with 
P<0.05 by GeneSpring identified 233 and 130 pathways, 
respectively. The top significant pathways (sorted by lowest 
P-value) of the target genes was predicted by differentially 
expressed miRNAs in villous samples and maternal plasma 
are presented in Tables V and VI, respectively.

Discussion

The formation of placenta is of high importance in a 
healthy pregnancy process and in embryo development. 
Mechanisms such as differentiation, migration, invasion, 
angiogenesis, proliferation and apoptosis have a significant 
role in placenta formation (8,9). It has been estimated that 
>500 miRNA expression levels specific to placenta have 
been identified during pregnancy. The expression levels of 
these miRNAs are regulated by environmental factors such 
as hypoxia, signaling pathways and epigenetic modifica-
tions (9,12). Abnormal expression levels of miRNAs were 
also identified in gynecological diseases, including ovarian 

Table Ι. Clinical summary of EPL and normal pregnancy 
control groups.

  Mean  
 Age gravidity Mean of Gestational
Groups (years) (orders) miscarriage age (weeks)

EPL 30.23±5.81 1.81 2.75 7.22±2.8
Control 28.62±5.24 2.12 0 7.11±5.2

EPL, early pregnancy loss.
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carcinoma, endometriosis, benign gynecological conditions 
and infertility (21). In the present study, maternal blood 
and villous samples, which have an important role in the 
formation of placenta were collected from EPL cases and 
patients voluntarily having abortion. MiRNA expressions 
were quantified in the samples. In EPL patients, significant 
miRNA expression changes were identified compared to 

the control patients. According to the microarray findings, 
a total of 4 miRNAs were identified in the tissue samples 
(Table III) and 4 miRNAs in maternal plasma samples 
(Table II) with evident expression differentiations. These 
findings were confirmed for 7 miRNAs, using RT‑qPCR as 
presented in Table IV. MiR‑125a‑3p, miR‑3663‑3p, miR‑575, 
let-7c, miR-122 and hsa-miR-135a obtained from villous 

Table ΙΙ. Dysregulated miRNAs for early pregnancy loss and control maternal plasma samples. Corrected P<0.05 and FC>2.

Systematic name Regulation P-value FC Active sequence (5'→3') Chromosome

hsa-let-7c Down 0.0041 -5.16 AACCATACAACCTACTACC 21
hsa-miR-122 Up 0.00039 4.72 CAAACACCATTGTCACACT 18
hsa-miR-135a Up 0.00294 2.62 CGCCACGGCTCCA 3

FC, fold-change; miRNA, microRNA.

Figure 2. Box-whisker plots of 3 dysregulated miRNAs in maternal plasma from 24 samples, 16 EPL and 8 controls detected by microarray techniques. 
miRNA/miR, microRNA; EPL, early pregnancy loss.

Figure 3. Hierarchical clustering of the 3 dysregulated miRNAs in maternal plasma samples using microarray techniques. The sample clustering tree appears 
at the top. Green indicates high expression and red low expression. miRNA/miR, microRNA; EPL, early pregnancy loss.
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and maternal plasma samples have been validated following 
RT-qPCR analysis. In the present study EPL cases between 
6th-8th GWs, for which the reason for the occurrence of 
the EPL were unknown, have been investigated. Tissue 
and blood samples have been collected from each subject 
and miRNA analyses were performed for each case. To 
the best of our knowledge, based on EPL grouping and the 
performed analyses, the present study may be defined as first 
in this area.

Dysregulated miRNAs obtained from villous tissue samples. 
The comparison between EPL and control group samples 

by microarray and RT-qPCR revealed that miR-125a-3p, 
miR‑3663‑3p and miR‑575 were significantly upregulated in 
tissue samples.

The miR-125 family is consists of miR-125a, miR-125b-1 and 
miR-125-2 homologues which have a wide variety of functions, 
such as control of proliferation of the hematopoietic stem cells, 
control of genes associated with carcinomas, whose expression 
patterns are protected in the genome (22,23). The present study 
identified that expression of miR‑125a‑3p, which is the mature 
form of miR-125a, was increased in villous tissue samples of 
EPL group compared with the control. Li and Li demonstrated 
that miR-125a expression was increased in Unexplained 

Table III. Dysregulated miRNAs for early pregnancy loss and control villous sample Corrected P<0.05 and FC>2.

Systematic name Regulation P-value FC Active sequence (5'→3') Chromosome

hsa-miR-125a-3p Up 0.000407 2.15 GGCTCCCAAGAACCTCA 19
hsa-miR-3663-3p  0.000337 2.73 GCGCCCGGCCT 10
hsa-miR-423-5p  0.0332 2.01 AAAGTCTCGCTCTCTG 17
hsa-miR-575  0.00275 2.33 GCTCCTGTCCAACTGGCT 4

Figure 4. Box-whisker plots of 4 dysregulated miRNAs in villous samples from 24 samples, 16 EPL and 8 controls, detected by microarray techniques 
miRNA/miR, microRNA; EPL, early pregnancy loss.
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Recurrent Spontaneous Abortion (URSA) samples compared 
with control samples (22). Therefore, miR-125a expression 
may be associated with recurrent miscarriages (24). A previous 
study revealed that expression levels of ErbB2 receptor tyrosine 
kinase 2 (ERBB2), which is the receptor of heparin-binding 
epidermal growth factor and leukemia inhibitory factor receptor 
(LIFR), and leukemia inhibitory factor have an effect on the 
implantation of embryo on the uterus wall which is increased 
in implantation stage of menstrual cycle (25). ERBB2 and 
LIFR are among the genes targeted by miR-125a-3p, therefore, 
increase in miR-125a-3p may lead to a decrease in the expres-
sion level of ERBB2 and LIFR genes at the implantation stage. 
It is possible that a reduced expression level of these genes at 
the implantation stage may negatively affect the implantation 
process. Ninio-Many et al revealed that increase in miR-125a-3p 
expression prevents the expression of the Fyn gene which is 
part of the Scr kinase family, which may lead to reduced cell 
adhesion, proliferation, migration and viability (26). Along 
with the decrease of Fyn gene expression, the expression levels 
of focal adhesion kinase (FAK), paxillin and V‑Akt murine 
thymoma viral oncogene (Akt) genes located downstream of 
Fyn were also decreased. Subsequently, this limits the viability 
and mobility of cells and blocks the cell cycle (26). The present 
study identified that increased miR‑125a‑3p expression may 
lead to a miscarriage by reducing the expression levels of 
FAK, paxillin and Akt genes during adhesion, proliferation and 
migration processes which are required for placenta and embryo 
development. Zhang et al observed that miR-125a-3p expression 
has been increased and expression levels of metastasis-asso-
ciated gene 1 (MTA1), which has a critical role in chromatin 
remodeling and histone deacetylase complexes in cells, has 
been reduced in the non-small cell lung cancer (27). Increased 
expression of miR-125a in breast cancer cells suppresses the 
growth of cells by reducing the expression of HuR protein 
which is a stress-induced RNA binding protein (28). miR-125a 
binds to the 3'-untranslated region (UTR) of the gene encoding 

the transcription factor estrogen-related receptor a in squamous 
cell carcinoma of the mouth and reduces the expression of 
this gene, and thereby suppressing the cell proliferation and 
increasing apoptosis (29). Considering these previous findings, 
cell migration, proliferation and cell adhesion are suppressed, 
and apoptosis is increased due to the increased expression of 
miR-125a-3p in the cell. The absence of migration and adhe-
sion, and excessive apoptosis during the development of the 
embryo in the cellular dimensions may lead to EPL. According 
to the Target Scan database, vascular endothelial growth factors 
(VEGFs) are target genes of miR‑125‑3p, which are important 
for placenta development. Choi et al investigated the correlation 
between recurrent miscarriages and decrease in the expression 
level of VEGFs, which are effective in angiogenesis (30). The 
present study determined that miR-125a expression increased 
in the villous trophoblast, which may lead to reduced VEGFs 
expression levels and lead to EPL by adversely affecting angio-
genesis.

The present study identified miR-575 expression to be 
increased in tissue samples. Gu et al determined that expression 
level of miR-575 was increased in maternal serums in neural tube 
defects (NTDs) (31). It was previously observed that miRNA 
expression levels were severely reduced in serum within 24 h 
after birth. Therefore, it is possible that these miRNAs associ-
ated with the pregnancy may be used for the early diagnosis of 
NTD fetuses (31). Nardelli et al determined that miR-575 was 
expressed only in pregnant obese patients (32). Expression of this 
miRNA was demonstrated to be effective in the adipocytokine 
and mitogen-activated protein kinase signaling pathways which 
have an important role in placental development, leading to a 
decrease in the expression of adiponectin receptor 2 and solute 
carrier family 2 member 1 proteins and epigenetic regulation 
of placental metabolism (32). Based on the findings obtained in 
the current study, this may contribute to EPL as degradation of 
the adipocytokine and mitogen-activated protein kinase signal 
pathways disrupts the placental development and function, as a 

Figure 5. Hierarchical clustering of 4 dysregulated miRNAs in villous samples by microarray techniques. Green indicates high expression and red low 
expression. miRNA/miR, microRNA; EPL, early pregnancy loss.



HOSSEINI et al:  MicroRNA EXPRESSION PROFILING IN PLACENTA AND MATERNAL PLASMA IN EPL4948

result of the increased expression of miR-575. It was previously 
identified that the increased expression of miR‑575 in breast 
cancer cells may lead to the expression of phosphatidylinositol 
specific phospholipase C X domain containing 1 to reduce 
and thus to suppress cell proliferation (33). The present study 
demonstrated that increased expression of this miRNA may 
lead to EPL by having diverse effects on important processes, 
such as cell growth and proliferation in the development of 
placenta and embryo.

Previous studies on miR-3663-3p have revealed that 
its expression was elevated in particular types of cancer, 
such as primary cutaneous melanoma (34), nasopharyngeal 
carcinoma (35) and prostate cancer (36). The present study 
determined that the expression in the miRNA scans of the 
tissue samples obtained from the EPL cases was increased 
when compared with normal tissues. However, as is no specific 
research on this miRNA, only target genes and their associated 

functions could be obtained following bioinformatics analysis. 
The genes targeted by miR-3663-3p were found to be effective 
in differentiation processes, cell division, apoptosis and cell 
proliferation (37-39). Pathway analysis for predicted target 
genes of the validated miRNAs in tissue samples (miR-125a-3p, 
miR-3663-3p and miR-575), including epidermal growth factor 
receptor (EGFR), T cell receptor, ErbB, Wnt, mitogen acti-
vated protein kinase (MAPK), interleukin (IL)-2,-3,-5 and -7, 
revealed signaling pathways involved may be apoptosis, oxida-
tive stress, focal adhesion and janus kinase-signal transducer 
and activator of transcription (JAK‑STAT) pathways (Table V) 
which have previously been identified to be associated with 
miscarriage pathogenesis (2,3,24,40-43).

Dysregulated miRNAs obtained from maternal plasma 
samples. Previous studies on maternal plasma miRNAs use 
biomarkers for reproductive diseases, specifically for EPL 
and URSA, are limited (44-46). To the best of our knowl-
edge the present study is the first to investigate circulating 
miRNAs in EPL patients. The comparison of EPL and control 
group samples using microarray and RT-qPCR techniques 
revealed that miR‑135a, miR‑122 and let‑7c were significantly 
dysregulated in maternal plasma samples.

Expression level of miR-135a was determined to be higher in 
the maternal plasma samples. Petracco et al detected increased 
expression of miR-135a in endometriosis endometrium tissue 
samples during the menstrual cycle proliferation and luteal 
phases and reduced in the ovulation phase (47). It is possible 
that binding of miR-135a to the 3'-UTR region of HOXA10 
gene may be increased along with the reduced expression of 
HOXA10, and may lead to EPL by adversely affecting the 
uterus development and embryo implantation. In a previous 
study conducted on lung cancer, it was determined that 
miR-135a acted as a tumor suppressor (47). It is possible 
that binding of miR-135a to the 3'-UTR region of HOXA10 
gene may be increased along with the reduced expression of 
HOXA10, and may lead to EPL by adversely affecting the 
uterus development and embryo implantation. In a previous 
study conducted on lung cancer, it was determined that 
miR-135a acted as a tumor suppressor (48). It was also deter-
mined that miR-135a reduced the expression of Kruppel-like 

Figure 6. Comparison of validated miRNA expression levels between the 
microarray and TaqMan RT-qPCR platforms in both maternal plasma 
and villous samples, separately. 3 miRNAs (hsa-let-7c, hsa-miR-122 and 
hsa-miR-135a) were validated in maternal plasma samples and 3 miRNAs, 
including hsa-miR-125a-3p, hsa-miR-3663-3p and hsa-miR-575 were 
validated in villous samples. RT-qPCR, reverse transcription-quantitative 
polymerase chain reaction; miRNA/miR, microRNA.

Table IV. Differential expression of validated signature miRNAs for early pregnancy loss and control samples using microarray 
and TaqMan RT-qPCR platforms.

 miRNA microarray RT-qPCR
 ------------------------------------------- ----------------------------------------
Sample Regulation miRNA FC P-value FC P-value

Maternal plasma Up hsa-miR-122  4.7 0.00039 1.57 0.0241
  hsa-miR-135a 2.62 0.00294 3.8 0.0249
 Down hsa-let-7c  -5.16 0.00412 -2.68 0.0323
Villous tissue Up hsa‑miR‑125a‑3p 2.15 0.000407 1.72 0.0258
  hsa-miR-3663-3p 2.73 0.000337 2.02 0.0075
  hsa-miR-423-5p  2.01 0.03323 N N
  hsa-miR-575 2.33 0.000275 2.5 0.00029

FC, fold-change; N, no result; miRNA, microRNA; RT-qPCR, reverse transcription-quantitative polymerase chain reaction.
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factor 8 (KLF8) which is a transcription factor, and suppressed 
the epithelial mesenchymal transition molecular mechanism 

of cancer cells, inhibiting cell migration and invasion (48). It 
believed that the increase in miR-135a expression may reduce 

Table V. Top pathways involved by number of genes targeted by dysregulated miRNAs, including miR‑125a‑3p, miR‑3663‑3p 
and miR-575, obtained from villous samples.

Pathway Nominal P-value Matched entities Pathway entities

Hs EGF EGFR signaling pathway WP437-72106 0.000000001015 7 162
Hs TSLP signaling pathway WP2203-72104 0.0000003804 3 47
Hs T cell receptor and co-stimulatory signaling WP2583-75360 0.0000003804 3 30
Hs ErbB signaling pathway WP673-69914 0.0000003804 3 54
Hs apoptosis WP254-72110a 0.0000003804 3 84
Hs calcium regulation in the cardiac cell WP536-75219a 0.000001417 6 150
Hs IL-7 signaling pathway WP205-70018 0.00005262 2 27
Hs MAPK cascade WP422-72129a 0.00005262 2 29
Hs IL-2 signaling pathway WP49-75383 0.00005262 2 42
Hs integrin-mediated cell adhesion WP185-71391 0.00005262 2 99
Hs Wnt signaling pathway and pluripotency WP399-74897a 0.00005262 2 100
Hs IL-3 signaling pathway WP286-72139 0.00005262 2 49
Hs focal adhesion WP306-71714a 0.0001974 5 188
Hs myometrial relaxation and contraction pathways WP289-72107a 0.0001974 5 156
Hs MAPK signaling pathway WP382-72103a 0.0027438 4 168
Hs GPCRs class A rhodopsin-like WP455-74420a 0.0027438 4 261
Hs oxidative stress WP408-69029 0.007262 1 30
Hs IL-5 signaling pathway WP127-70017 0.007262 1 40
Hs JAK-STAT WP2593-74127a 0.007262 1 44

aPathways are common pathway in villous sample and maternal plasma sample obtained from pathway analysis. Matched entities, genes 
targeted by dysregulated miRNA; Pathway entities, total number of genes in the pathway. 

Table VI. Top pathways involved by number of genes targeted by dysregulated miRNAs, including miR‑122, miR‑135a and 
let-7c, obtained from maternal plasma samples.

Pathway Nominal P-value Matched entities Pathway entities

Hs calcium regulation in the cardiac cell WP536-75219a 0.00002112 2 150
Hs MAPK cascade WP422 -72129a 0.00002112 2 29
Hs inflammatory response pathway WP453‑63217 0.00002112 2 33
Hs focal adhesion WP306-71714a 0.00002112 2 188
Hs myometrial relaxation and contraction pathways WP289-72107a 0.004421 4 156
Hs GPCRs, Class C Metabotropic glutamate, pheromone WP501-63205 0.004632 1 15
Hs Regulation of toll like receptor signaling pathway WP1449-72114 0.004632 1 150
Hs Toll-like receptor signaling pathway WP75-72133 0.004632 1 102
Hs IL-1 signaling pathway WP195-74010 0.004632 1 55
Hs Wnt signaling pathway and pluripotency WP399-74897a 0.004632 1 100
Hs JAK STAT WP2593-74127a 0.004632 1 44
Hs MAPK signaling pathway WP382-72103a 0.009645 3 168
Hs Apoptosis Modulation and Signaling WP1772-63162 0.009645 3 93
Hs apoptosis WP254-72110a 0.009645 3 84
Hs GPCRs, class A rhodopsin-like WP455-74420a 0.009645 3 261

aPathways are common pathway in villous sample and maternal plasma sample obtained from pathway analysis. Matched entities, genes 
targeted by dysregulated miRNA; Pathway entities, total number of genes in the pathway.
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the expression of KLF8, leading to the prevention of migration 
and invasion processes, which are required during the embryo 
development, and may lead to EPL. Navarro et al detected 
that the increased levels of miRNA-135a in patients with clas-
sical Hodgkin's lymphoma may lead to increased apoptosis 
and suppression of cell proliferation, and that miR-135a may 
directly suppresses janus kinase 2 which is a cytoplasmic 
tyrosine kinase, followed by the suppression of the B cell 
lymphoma extra-large (Bcl-xL) gene which is an anti-apoptotic 
gene (49). These events lead to an increase in apoptosis and 
suppression in proliferation (49). The present study revealed 
that the expression of miR-135a increases significantly in 
the maternal plasma samples, leading to EPL by increasing 
apoptosis and inhibiting proliferation in the villous cells. In 
order for this miRNA to be used as a biomarker to identify 
EPL cases, the effects of the miR-135a on the genes that affect 
EPL require further investigation and treatment procedures for 
the disease must be specified according to the obtained results 
as a further step by investigating the targets of this miRNA. 
In this context, the present study may be used as the basis for 
biomarker research.

The present study identified that miR‑122 expression levels 
were increased in the maternal plasma samples obtained 
from patients with EPL. The invasion of maternal decidua to 
placenta trophoblasts is the most important stage in the normal 
physiological course of a normal pregnancy, and apoptosis has 
a critical role in normal placental development (50). MiR-122 
may be involved in apoptosis in cancer cells (51). A different 
previous study demonstrated that miR-122 increased the 
expression of oncogenes cyclin G1 (CCNG1) (52) and reduced 
the expression of a disintegrin and ADAM metallopeptidase 
domain 17, EGFR and FAK activation levels (53). Based on 
the data obtained from miR-122-associated cancer studies, it 
is possible that in the present study, the increased maternal 
plasma levels of this miRNA may have adversely affected 
the development of the embryo by reducing the expression 
of genes that are effective during migration, adhesion, inva-
sion and apoptosis of placenta trophoblast cells and embryo 
cells in important stages as preimplantation and implanta-
tion in embryo development. Lasabová et al investigated the 
expression of miR-122, which was associated with apoptosis, 
and demonstrated an increased expression in the case of 
preeclampsia compared with normal placental samples (54). 
Therefore, considering the findings of the present study it is 
possible that the increased miR-122 expression in maternal 
plasma samples may lead to an inadequate level of apoptosis 
in the villous trophoblast cells that normally form the placenta 
during the developmental stage, which may to lead to EPL by 
affecting the development of placenta.

According to the present study, the expression level 
of let-7c, a member of the let-7 family was reduced in the 
maternal plasma samples from EPL patients compared with 
the control group. Previous studies have revealed that the let-7 
family is associated with the cardiovascular system (55,56). 
The important genes targeted by the let-7 family, include 
toll-like receptor 4 (TLR4), oxidized low density lipoprotein 
receptor 1, Bcl‑xl and argonaute-1 (AGO1) (56-58). It was 
previously determined that these genes are associated with 
the immune system, increased apoptosis, anti-apoptosis and 
miRNA biogenesis respectively. The genes targeted by the 

let‑7 family have been identified as effective in embryonic stem 
cell and cardiovascular differentiation (59). Zhang et al deter-
mined the hypoxia-inducible factor 1α (HIF1α)/AGO1/VEGF, 
which are the factors related with let-7, have a role in the 
hypoxia-induced angiogenesis signaling pathway (51). HIF1α 
is a key transcription factor, which upregulates the expression 
levels of let-7, and let-7 targets AGO1, leading to the transla-
tional suppression of VEGF mRNA which has an important 
role in angiogenesis process (56). The anti-apoptosis protein 
Bcl-x1 which is affected by let-7c contributes to the apoptosis 
of epithelial cells and its expression is suppressed by let-7, 
leading to an increase in apoptosis. Reduced let-7c expression 
may lead to an increased expression of anti-apoptotic proteins 
such as Bcl-x1 and prevent apoptosis during development, 
which in turn may lead to miscarriage by adversely affecting 
the placental and embryonic development (60). According 
to the TargetScan database; Kruppel-like factor 9 (KLF9); 
CAMP responsive element binding protein 1 (CREB‑1) and 
phosphatase and tensin homolog (PTEN) are let-7c target 
genes. KLF9 is a zinc‑finger transcription factor that has a 
role in the regulation of estrogen and progesterone by modu-
lating the activity of the progesterone receptor. Regulation of 
the KLF9 expression in the endometrium epithelial cells is 
important for embryo implantation in the menstrual cycle (57); 
therefore, it is believed that reduced expression of let-7c may 
lead to an increased expression of these gene and hormonal 
disturbances in the menstrual cycle. To the best of our knowl-
edge, no research has been performed in this regard; however, 
the findings of the current study suggest that the decrease in 
the expression of let-7c may be associated with the role of 
KLF9 in endometrium implantation. Ventura et al demon-
strated that CREB‑1 and PTEN were targeted by miR-17 and 
miR-19b which are expressed in the placenta during the early 
weeks of pregnancy, and that these miRNAs were associated 
with EPL, as they act as regulatory factors during placental 
development (4). A previous study revealed that expression 
of the PTEN gene in the villous trophoblast cells in the early 
stages of the placental formation occurred; however, this 
expression reduces with time (58). It was previously suggested 
that the increased expression of this gene in villous trophoblast 
cells may be associated with miscarriage (58). Several path-
ways have been identified from the pathway analysis for the 
predicted target genes of validated miRNAs in tissue samples 
preformed in the present study. The most important pathways 
which were investigated associated with miscarriage patho-
genesis, included Wnt, IL-1, regulation of toll-like receptor 
and MAPK signaling as well as apoptosis, focal adhesion and 
JAK‑STAT pathways (Table VI) (2,3,24,41-43).

The primary aim of the present study was to demonstrate 
the significant difference in the expression of miRNAs between 
normal subjects and those with EPL by analyzing villous tissue 
and maternal blood samples. Subsequently, bioinformatics 
analysis of dysregulated miRNAs was also performed to detect 
targeted genes and their associated pathways. A total of 4 
miRNAs in the tissue samples and 3 miRNAs in the maternal 
plasma had significant differences in expression according to the 
microarray results. The validation experiments have confirmed 
6 miRNAs to be valid. It is possible to use the 3 miRNAs that 
have been detected in the maternal plasma as biomarkers for 
non-invasive prenatal diagnosis for this group of patients. It was 
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previously determined that the genes targeted by the miRNAs 
detected in the villous tissue and maternal plasma samples 
contribute to in differentiation, development, cell division, 
proliferation, implantation and angiogenesis. Additionally, these 
processes are effective in embryo development; therefore, they 
are believed to be effective in the biological progression of the 
disease. Pathway analysis of the genes targeted by the validated 
miRNAs revealed that the associated pathways were frequently 
associated with miscarriage according to previous studies. It is 
possible that the detected miRNAs in the maternal plasma and 
tissue are involved in the EPL process. In order to take these 
findings one step further, future studies may validate the 3 
miRNAs obtained from the maternal plasma screening in more 
patient samples in order for them to be used for early diagnosis. 
In addition, further studies should be designed on the target 
genes of the miRNAs detected in increased number of villous 
and maternal plasma samples from patients with EPL, and the 
associations of the miRNAs with the target mRNAs should 
be experimentally verified by molecular methods including 
sequencing, gene and protein array, RT-qPCR and western blot 
assays.
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