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Abstract: Background: Spontaneous abortion (SA) is a common complication in early pregnancy. Nevertheless, SA’s
etiology is complex, and the underlying molecular mechanisms of the pathogenesis behind SA remains unclear. The
present study aims to find the feasibility of using serum exosomal miRNAs as novel biomarkers for SA. Methods:
In our study, we isolated the serum exosomes from the peripheral blood of the subjects. Then transmission elec-
tron microscopy (TEM), WB, and in vitro exosome tracing experiments were used. Comprehensive exosomal miRNA
sequencing was performed to profile the differentially expressed miRNAs between the SA and normal pregnancy
groups. Furthermore, genes targeted by miRNAs were further predicted and verified by TargetScan, miRDB, miRTar-
Base, miRWalk and HMDD V3.2. Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis and pathway
category were performed by the DIANA-miRPath v3.0 online tool. We then validated the expression levels of selected
miRNAs by qRT-PCR. ROC analysis was performed to explore the clinical utility of the two miRNA as biomarkers for
SA. Results: TEM, NTA measurements and WB analysis showed the successful isolation of exosomes. Exosome
labeling by PKH26 proved that exosomes could be efficiently taken up by primary decidual cells. Sequencing data
found that with a total of 2,588, there were 189 significantly expressed exosomal miRNAs between the two groups.
The most significantly expressed miRNA (miR-371a-5p, miR-206, miR-147b, miR-6859-5p, miR-410-3p, miR-1270
and miR-524-5p) were selected for further analysis. Through KEGG pathway analysis and pathway category, nine
risk pathways were revealed. Among them, the Wnt signaling pathway, the Hippo signaling pathway, and the FoxO
signaling pathway were pinpointed as major high-risk pathways. As a single marker, miR-371a-5p and miR-206
had a specificity of 83.3% and 70.8% at the sensitivity of 62.5% and 66.7%, respectively. The combined two mark-
ers achieved a specificity of 75% at the sensitivity of 79.2%. Conclusions: Our results suggest that the circulating
miRNAs from exosomes are altered in patients with SA. Findings of this exploratory study may provide potential
biomarkers for SA.
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Introduction impact the couples’ physiology and psy-
chology.

Spontaneous abortion (SA) is defined as the

loss of pregnancy before a fetus reach viability.
As reported, the average occurrence of SA once
is 11% [1]. Then, if two or more SA occur, SA can
develop into recurrent spontaneous abortion
(RSA). As reported, around 5% of couples desir-
ing a child were effected by RSA [2]. Though
pregnancy loss is the most common complica-
tion in early pregnancy, it can substantially

As a heterogeneous disease, many reasons can
contribute to SA: gene factors, anatomical fac-
tors, microbiological factors, endocrine factors,
psychological factors, immunological factors,
hereditary thrombophilic factors, idiopathic fac-
tors, and so on. The percentage of idiopathic SA
can amount to 50% [3]. Despite the rapid
advances in assisted reproductive technolo-
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gies, SA is still a big problem globally, so uncov-
ering the causes and the molecular mechani-
sm of SA is quite urgent and demanding.
Extracellular vesicles (EVs) are broadly divided
into two categories based on size: ectosomes
and exosomes. Ectosomes, including microves-
icles, microparticles, and large vesicles, have a
wide diameter range of 50 nm to 1 mm.
Exosomes have a relatively small size of 50 to
150 nm with an endosomal origin [4]. The exo-
somes contain various functional molecules,
including microRNA (miRNA), long non-coding
RNA (IncRNA), circRNA, DNA, lipids, transfer
RNA (tRNA), messenger RNA (mRNA), ribosom-
al RNA (rRNA), and so on [5]. Among them,
mounting studies have demonstrated that exo-
somes miRNAs can mediate cell to cell commu-
nication in many physiological and pathological
processes and then initiate functional respons-
es and subsequent phenotypic changes
because of the ability to protect the structure
and function of miRNAs against degradation by
an RNase [6]. Therefore, specific exosomal
mMiRNAs may act as biomarkers in numerous
diseases. However, serum exosomal miRNAs’
role in SA has not yet been reported.

In this study, we examined serum-derived EVs
from SA and normal pregnant participants to
compare the expression of miRNA by conduct-
ing miRNA sequencing. Then the functions,
pathways, and hub genes were predicted by
bioinformatics analysis. The feasibility of using
serum exosomal miRNAs as novel biomarkers
for SA was evaluated by RT-PCR and ROC analy-
sis at last.

Materials and methods
Study group and samples

We included 68 women who presented to the
Department of Gynecology of the First Affiliated
Hospital of Guangzhou University of Chinese
Medicine. Serum exosomes from 10 SA and 10
normal intrauterine pregnancy patients were
subjected to mMIRNA sequencing. Another
cohort of 24 SA and 24 normal cohorts were
subjected to further gRT-PCR verification. This
study was authorized by the Ethics Committee
of Guangzhou University of Chinese Medicine
(No. ZYYECK 2017-060-ND-02) and performed
according to the guidelines of the Declaration
of Helsinki. Each participant signed written
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informed consent before recruitment. Baseline
characteristics, such as age, days of pregnan-
¢y, number of pregnancies, number of deliver-
ies and abortions were extracted by Excel.

Exosome isolation and identification

Blood specimens were collected using tubes
not containing anticoagulant EDTA, centrifuged
at 3000xg for 15 min at 4°C. The serum was
transferred and stored at -80°C for further
analysis.

Total exosome isolation reagent (from Serum,
Cat.4478360, Invitrogen, CA, USA) was used to
isolate exosomes following the manufacturer’s
instruction. Firstly, serum samples were centri-
fuged at 2000xg for 30 minutes to remove pos-
sible cell debris. Secondly, 1/5 volumes of exo-
some isolation reagent were mixed with serum
and incubated at 4°C for 30 min. Finally, the
exosome pellets were precipitated by centrifu-
gation at 10,000xg for 10 minutes and resus-
pended in 1x phosphate-buffered saline (PBS)
for further experiments. Transmission electron
microscopy (TEM), Nanoparticle-tracking analy-
sis (NTA), and Western Blotting (WB) analysis
was used to confirm the successful isolation of
exosomes.

Exosomal RNA extraction, high-throughput
sequencing

The miRNeasy Mini Kit (Cat.217004, QIAGEN,
Germany) was used to extract exosomal total
RNAs. The extracted RNA's quality and purity
were checked using Qubit (Life Technologies)
and Agilent 2200 TapeStation (Agilent Tech-
nologies). The sequencing analysis of exosomal
small RNA was conducted on lllumina HiSeq
2500 platform. [log, (fold change)| =1 and P <
0.05 were considered as differentially ex-
pressed. Raw sequence reads are available if
required.

In vitro exosome tracing

The membrane of isolated exosomes was
stained by PKH26 Fluorescent Cell Linker Mini
Kit (Sigma-Aldrich, Mini26-1KT), and the nucle-
us of primary decidual cell was stained by DAPI
according to the manufacturer’s instructions
with minor modifications. After extracting again,
the exosomes with fluorescence signals were
incubated with primary decidual cells for 24 h.
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Table 1. Demographic and clinical characteristics of patients in the sequencing (left) and validation
(right) cohorts

Sequencing cohorts validation cohorts

Characteristics

NC (n = 10) SA (n = 10) P value NC (n = 24) SA (n = 24) P value
Age (years) 29.10+6.15 (21-40) 27.20+4.78 (19-35) 0.451 28.92+5.21 (21-38) 31.33+6.51 (19-44) 0.162
Days of pregnancy 47.80+5.88 (41-57) 49.30+8.73 (40-61) 0.658 6.63+0.71 (6-8) 6.88+0.99 (6-9) 0.321
Number of pregnancies 2.30+£1.25 (1-5) 3.30£1.70 (1-6) 0.152 2.67+1.61 (1-7) 2.67+1.27 (1-6) 1.000
Number of deliveries 0.80+0.79 (0-2) 0.80+0.63 (0-2) 1.000 1.04+1.00 (0-3) 0.96+0.95 (0-3) 0.769
Number of abortions 0.50+0.71 (0-2) 1.50%1.35 (0-4) 0.053 0.63+1.13 (0-4) 0.71+0.75 (0-2) 0.766

Values are the mean + SD.

The exosomes were then observed by confocal
microscopy (Leica Microsystems, Germany) to
determine their interaction with cells.

Functional analysis and risk modules identifi-
cation

TargetScan (http://www.targetscan.org), miR-
DB (http://mirdb.org), miRTarBase (http://mir-
tarbase.mbc.nctu.edu.tw), and miRWalk (http://
zmf.umm.uni-heidelberg.de) were used to pre-
dict target genes of candidate miRNAs. Only
genes recorded in four databases were consid-
ered as ultimate target genes. The HMDD v3.2
(http://www.cuilab.cn/) was also used for fur-
ther confirmation [7].

The target genes regulated by candidate miR-
NAs were mapped to the miRPath v3.0 tool
(http://snf-515788.vm.okeanos.grnet.gr/) to
identify KEGG pathway and pathway target
genes [8]. P-values < 0.05 were set as a thresh-
old for pathways. The KEGG PATHWAY Database
(https://www.kegg.jp/kegg/pathway.html) was
also used to learn about and category identi-
fied pathways [9].

Validation of exosomal miRNA expression by
gRT-PCR

The selected candidate exosomal miRNAs we-
re further validated by gRT-PCR. All-in-one™
miRNA gRT-PCR Detection Kit (GeneCopoeia,
Guangzhou, China) were used to reverse tran-
scribe and quantify following the instructions,
and the results were analyzed with a BIO-RAD
CFX96 system. The relative expression values
were normalized to UG and calculated by 244t
method. The detailed primer sequences of hsa-
miR-371a-5p and hsa-miR-206 (from 5’ to 3’)
is ACUCAAACUGUGGGGGCACU, and UGGAAU-
GUAAGGAAGUGUGUGG, and were purchased
from GeneCopoeia.
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Results
Patient cohort data

There were 20 patients with SA and normal
pregnancy in the sequencing step and 48
patients with SA and normal pregnancy in the
validating step. Statistical results showed that
age, days of pregnancy, number of pregnancies
and deliveries, and the number of abortions
were not significantly different (Table 1).

EVs isolation, characterization and exosome
uptake experiments

TEM identified vesicles with a cup shape mor-
phology (Figure 1A). The NTA measurements
showed that our serum exosome’s average size
was 135.5 nm, ranging from 86.1 to 187.1 nm
(Figure 1C). Seeing from Figure 1D, the concen-
tration of exosomes was 8.09x108/ml. More-
over, WB analysis proved the presence of exo-
somal protein markers, including CD9, CD63,
HSP70, and CD81 (Figure 1B). These results
proved that we were able to obtain exosomes
from the serum.

We further checked the effect of serum exo-
somes in vitro culture. SA and control patients’
serum exosomes were labeled with PKH26 and
added to the primary decidual cells. After 24 h,
exosomes’ fluorescence signal could be detect-
ed obviously under the confocal microscope
around the nucleus. This proved that the exo-
somes could be efficiently taken up by primary
decidual cells, thus playing a role in SA (Figure
2).

Differential expression of miRNAs in serum
exosomes

Expression levels of miRNAs in the two groups
were compared. A scatterplot was used to eval-
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Figure 1. Characteristics of isolated exosomes from serum samples. A. Morphology of serum-derived exosome was
visualized by TEM. B. The exosome-specific proteins CD9, CD63, HSP70, and CD81 were detected in the serum
exosomes by WB analysis. C. Size distribution of serum-derived exosome was analyzed using NTA, indicating the
diameter of isolated exosome in 86.1-187.1 nm. D. The exosomes’ concentration was 8.09x108/ml.

uate the variation in miRNA expression between
the patients with SA and controls. We identified
a total of 2,588 miRNAs in human serum exo-
somes between patients with SA and controls,
with up-regulated displayed in red and down-
regulated displayed in green (Figure 3A).

Based on |log, (fold change)| = 1, we obtained
63 miRNAs from 5p-arm, 75 miRNAs from
3p-arm, and 51 miRNAs from other arms;
among them, 90 were up-regulated, 99 were
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down-regulated. The hierarchical clustering
analysis of the 189 miRNAs was depicted with
the Heatmap package of R software (version
3.6.1). The color scale, ranging from green to
red, indicated high to low expression of each
miRNA transcript (Figure 3B-D). Then we also
tried to explore the association of different miR-
NAs using the spearman’ correlation test. As
shown in Figure 4A, the red block showed a
positive correlation, and the blue block showed
a negative correlation. The result proved that
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Figure 2. Exosome uptake experiments (100x magnification). SA: spontaneous abortion. NC: normal pregnancy

controls. C: negative controls.

some miRNAs were interrelated. They may con-
nect by some common genes or pathways.

According to the threshold the expression of
miRNA > 1-fold changes and P < 0.05, we
obtained 7 up-regulated (miR-3607-3p, miR-
373-3p, MiR-410-3p, miR-382-3p, miR-371a-
3p, miR-34b-3p, miR-372-3p) and 3 down-regu-
lated miRNAs (miR-548j-3p, miR-3677-3p, miR-
374a-3p) from the 3p-arm, and 5 up-regulat-
ed (miR-371a-5p, MiR-6859-5p, miR-200a-5p,
miR-3124-5p, miR-1292-5p) and 7 down-regu-
lated miRNAs (miR-542-5p, miR-4638-5p, miR-
520c¢c-5p, mMiR-518d-5p, miR-518f-5p, miR-
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215-5p, miR-125a-5p) from the 5p-arm (Figure
4B).

Identification of target microRNAs relating to
spontaneous abortion

In this part, we selected the most differentially
expressed miRNAs based on |[log, (FC)| = 1
and P < 0.01, that is, miR-371a-5p, miR-206,
miR-147b, miR-6859-5p, miR-410-3p, miR-
1270, and miR-524-5p. These miRNAs were all
differentially expressed in serum exosomes
between two groups, with five up-regulated
(miR-371a-5p, MiR-147b, miR-6859-5p, miR-

Am J Transl Res 2021;13(5):4197-4210
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Figure 3. A. The scatterplot of variation in exosomal miRNAs expression between SA and normal pregnancy controls. B-D. Hierarchical Cluster analysis of 189 dif-
ferentially expressed miRNAs in patients with SA and normal pregnancy controls by R software. Green = lower than mean intensity; red = higher than mean intensity.
The conventional value of P < 0.05 was used for each miRNA.
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410-3p and miR-1270) and two down-regulated
(MiR-206 and miR-524-5p), which may imply
the related pathogenesis in patients with SA.

Identification of hub genes and Kyoto encyclo-
pedia of genes and genomes (KEGG) pathway
enrichment analysis and pathway category

Every miRNA can interact with multiple genes.
The target genes were further predicted and
verified by TargetScan, miRDB, miRTarBase,
miRWalk and HMDD V3.2. However, we found
miR-147b had no target genes based on the
integrated analysis, so it's excluded in the sub-
sequent analysis.

Then we performed the KEGG analysis and
pathway category to learn about the miRNA-
mRNA network. Detected by the miRPath v3.0
online tool, there were 29 KEGG pathways and
pathway target genes in the up-regulated miR-
NAs, 24 pathways and pathway target genes in
the down-regulated miRNAs. The pathway func-
tional category was determined using KEGG
PATHWAY Database, and then supplemented
by a manual search in PubMed literature.

From the above analysis, we could see that
these candidate miRNAs could regulate gene
expression and were involved in many patho-
physiological pathways (Table 2). Next, we
found out the critical target genes regulated by
multiple miRNAs (= 2 miRNAs) as hub genes to
find relating pathways in patients with SA. As
shown in Figure 5, the identified hub genes
included WNT8B, PPP3R1, CSNK2A1, SGK3,
SMAD3, HS3ST3B1, and NFATC2. Therefore,
nine risk pathways were revealed, including
Wnt signaling pathway, Hippo signaling path-
way, FoxO signaling pathway, Hedgehog signal-
ing pathway, Oocyte meiosis, PI3K-Akt signal-
ing pathway, TGF-beta signaling pathway,
Endocytosis, and Glycosaminoglycan biosyn-
thesis - heparan sulfate/heparin.

Serum exosomal miR-371a-5p as diagnostic
biomarkers for SA

The most significantly up-regulated and down-
regulated miRNAs, miR-371a-5p and miR-206,
were selected for qRT-PCR validation using an
independent cohort of serum-derived exo-
somes obtained from 24 SA patients and 24
normal early preghancy subjects. The results
showed that exosomal miR-371a-5p and miR-
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206 were overexpressed between the two
group patients, while the latter was contrary to
the sequencing result (Figure 6).

The classification efficiency by serum exosomal
miRNAs was then assessed by ROC curve anal-
ysis. As shown in Figure 7, the area under the
receiver operating characteristic curve (AUC) of
serum exosomal miR-371a-5p was 0.790 [stan-
dard error (SE) = 0.066; 95% confidence inter-
val (Cl) = 0.661-0.919; P < 0.0001]. The AUC of
serum exosomal miR-206 was 0.696 (SE =
0.078; 95% Cl = 0.542-0.850; P = 0.0124). We
next conducted a multivariate logistic regres-
sion to explore the multi-marker diagnostic per-
formance of the two miRNAs. The combination
panel of exosomal miR-371a-5p and miR-206
achieved the AUC of 0.809 (SE = 0.065; 95% Cl
= 0.682-0.936; P < 0.0001).

Discussion

SA is a common problem in women of child-
bearing age. The diagnosis is complicated due
to SA’s heterogeneity and a lack of reliable clini-
cal and molecular markers. In this study, we
aimed to explore potential biomarkers of SA
using small RNA sequencing.

Exosomes are small secreted extracellular ves-
icles that can be found in almost all kinds of
biological fluids. Importantly, they are consid-
ered critical mediators of cell-cell communica-
tion due to the ability to carry and deliver mul-
tiple messages to distal and surrounding cells.
Besides, exosomes can be obtained in a non-
invasive way, making them available to use in
various clinical settings. Therefore, exosomal
miRNAs, which were non-coding RNAs abun-
dant in exosomes, might be useful for early
detection of diseases.

This is the first study to reveal the possible use
of exosomal miRNAs as diagnostic markers of
SA. According to the literature, several miRNAs
are differentially regulated in SA, including miR-
378a-3p [10], miR-133a [11], miR-103 [12],
miR-27a [13], miR-449b [13], miR-98 [14], miR-
365 [15], miR-19b [16], miR-494 [16] and miR-
27a-3p [17], and so on. However, none of them
were exosomal and serum originated. In our
study, we found that exosomal miR-371a-5p,
miR-147b, miR-6859-5p, miR-410-3p, and miR-
1270 were up-regulated, while exosomal miR-
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Table 2. Multiple genes regulated by five target microRNAs and KEGG pathway analysis of five target miRNAs

TGF-beta ) : . ) : FoxO Hedgehog  Glycosaminoglycan ) . PI3K-Akt Notch Estrogen
signaling Hippo signaling - Wnt signaling signaling signaling  biosynthesis-heparan HIF-1 signaling Endocytosis  signaling OO(.MPT signaling signaling
pathway pathway pathway pathway pathway sulfate/heparin pathway pathway MelosIs pathway pathway
miR-371a-5p SMAD3  SMAD3 DKK2 SMAD3 / / / SMAD3 PPP2R5A PPP2R5A / /
SMAD3 TNR PGR
miR-206 E2F5 AJUBA FzD7 IGF1 / HS3ST3B1 ACAP2 / / / ATF2
AMOT NFATC2 KRAS ARF3 KRAS
DLG4 NFATC3 CAV2
FzD7 SFRP1 CBL
WwcC1 CLTC
YWHAQ RAB11FIP1
YWHAZ RAB5A
miR-6859-5p / YAP1 PPP3R1 SGK3 CSNK1A1 HS3ST3B1 EIFAE RAB11FIP2 FGFR2 PPP3R1 / /
LEF1 CSNK1A1 HOMER1 WNT8B FGFR2 CHRM2 CPEB4
WNT8B LEF1 GRM1 EPS15 EIFAE
CSNK2A1 SGK3
WNT8B
miR-410-3p EP300 SMAD2 SMAD3 SMAD2 BMP2 / EP300 SMAD2 PPP2R1B SKP1 EP300 /
CREBBP BMP5 SKP1 SMAD3 CREBBP SMAD6 RPS6KB1 PPP2R1B CREBBP
SMAD3 SMAD4 SMAD4 RPS6KB1 SMAD3
SMAD4 EP300 TGFB2 TGFB2
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Figure 5. Five exosomal miRNAs-target genes-KEGG pathway network showing the possible pathophysiological
mechanism relating to SA.
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Figure 6. Hsa-miR-371a-5p and hsa-miR-206 were significantly up-regulated in SA patients compared to normal
pregnancy controls validating by qRT-PCR. (*P < 0.05, ***P < 0.001).
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Figure 7. Receiver Operating Characteristic (ROC) curves and associated AUC showing the predictive value of exo-
somal miR-371a-5p and miR-206 for SA. ROC, receiver operating characteristic; AUC, area under the curve.
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206 and miR-524-5p were down-regulated in
SA patients.

Validating by qRT-PCR, exosomal miR-371a-5p
and miR-206 show a distinct difference
between the SA and control groups. Previous
studies indicated that in recurrent pregnancy
loss, miR-371a-5p and XIAP was obviously
decreased, and miR-371a-5p regulated apop-
tosis pathway by mediating the reduction of
XIAP in RPL [18]. Besides, miR-371a-5p were
also reported to have relations to inflammation
in placenta [19], gestational trophoblastic dis-
ease [20], aging [21], cardiomyopathy [22], sys-
temic lupus erythematosus [23], pancreatic
carcinoma [24], hepatocellular carcinoma [25],
nasopharyngeal carcinoma [26] and influenza
A [27]. However, the function of exosomal miR-
371a-5p was still unclear. Recently, miR-206
has been validated as a tumor suppressor in
various cancers, such as breast cancer, lung
cancer, and rhabdomyosarcoma [28-30]. It can
regulate proliferation, apoptosis, and autopha-
gy by influencing the Akt signaling pathway.
However, the PCR result of miR-206 is opposite
to that of sequencing. This inconsistent results
may be due to some more complex mecha-
nisms or small sample size, which needs to be
further clarified.

In our study, we display a network of exosomal
miRNA-target genes-signaling pathway in SA,
which may help to elucidate the etiology and
pathogenesis of abortion in an overall overview.
Using bioinformatics prediction methods, we
noted different miRNAs could relate to com-
mon genes: WNT8B, PPP3R1, CSNK2A1,
SGK3, SMAD3, NFATC2, and HS3ST3B1. Until
now, only SMAD3, targeted by miR-371a and
miR-410 in our study, had been reported to be
related to abortion caused by Chinese 1 strain
of Toxoplasma gondii by inhibiting TGFRRIl/
Smad2/Smad3/Smad4 signaling pathway [31].
However, the other genes need further
validation.

Considering genes’ interaction, these hub
genes should involve some risk pathways con-
tributing to SA’'s pathogenesis and epileptogen-
esis. Our study revealed nine high-risk path-
ways. Among these predicted pathways, we
pointed out three major high-risk pathways: the
Wnt signaling pathway, the Hippo signaling
pathway, and the FoxO signaling pathway.

4208

The Wntsignaling pathway, having five upstream
genes regulated by three miRNAs, was highly
conserved. This pathway extensively partici-
pates in various pathological events, including
organogenesis, axis differentiation in multicel-
lular organisms’ cancer pathogenesis, and
the epithelial-mesenchymal transition [32].
Activation of this pathway was reported to pro-
mote trophoblast invasion; otherwise, failures
in this process were related to pregnancy com-
plications, including abortions [33, 34].

The other two pathways were hippo and FOXO
signaling pathway. The hippo signaling, involv-
ing two genes regulated by four miRNAs, is an
evolutionarily conserved pathway that is nota-
ble in controlling organ size from flies to
humans. The core components of Hippo path-
way include a kinase cascade, MST1/2 and
LATS1/2, and a transcription module, YAP and
TAZ. This pathway combined a broad range of
signals to control many critical cellular events.
Many reviews have published its function in
cancers, immunity, cardiovascular diseases,
embryogenesis, and development [35-37]. In
the last decade, mounting evidence showed
that Hippo-YAP/TAZ played a unique role in nor-
mal pregnancy and pregnancy complications
such as implantation failure, preeclampsia
(PE), and RSA [38]. The FOXO signaling pathway
involved two genes regulated by three miRNAs
in our study. FOXO family of transcription fac-
tors are central regulators of cellular homeo-
stasis. It regulates a various physiological
events, such as apoptosis, cell-cycle control,
glucose metabolism, oxidative stress resis-
tance, and longevity. The best-known pathway
negatively regulating FoxO transcription factors
is the phosphatidylinositol 3-kinase (PI3K)-
protein kinase B (PKB/Akt) signaling pathway.
Although the FOXO signaling pathway was
reported to be related to immune system dis-
eases and cancers, and there are no relevant
reports about FOXO signaling pathway and SA
at present, the FOXO signaling pathway may
have some extent relations to SA in immunolo-
gy and metabolism aspects. However, a greater
understanding of the regulation of FOXO target
specificity and its relation to SA is still needed.

The limitations of this study are related to the
databases we used. They may have limited
data sources; thus, our analysis may have to be
renewed as databases become more compre-
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hensive and update. Secondly, the current sam-
ple size of 68 participants was inadequate to
draw a conclusion. Additionally, without experi-
mentation, we cannot verify the network of
MiRNA-mRNA-signaling pathway. Last but not
the least, the thorough elucidation of the under-
lying molecular mechanisms about exosomes’
biogenesis, actions, circulation, cargo, and so
on is a prerequisite of the broad utilization of
exosomes. With the development of more stan-
dardized purification and exosomes’ analytical
procedures, we will likely reveal their function
more thoroughly.

In conclusion, our results suggest that the cir-
culating miRNAs from exosomes might be
potential biomarkers for patients with SA.

Acknowledgements

This study was supported by the National
Natural Science Foundation of China (No.
81774358), Key Areas Research and Deve-
lopment Program Project (Fifth Batch) of
Guangdong Province in 2020 (Guangdong
Financial Science Education [2020] No. 52),
the Traditional Chinese Medicine Heritage and
Innovation “Hundreds, Thousands, and Ten
Thousands” Talent Project (Qihuang Project)-
the National Traditional Chinese Medicine
Leading Talent Support Plan (Letter of Per-
sonnel Education Department of National
Administration of Traditional Chinese Medicine
[2018] No. 284), National Administration of
Traditional Chinese Medicine “National Tra-
ditional Chinese Medicine Innovative Talents
Training Project” (National Traditional Chinese
Medicine Education Letter [2019] No. 128),
Scientific Research Team Training Project of
GZUCM (No. 2019KYTD202).

Disclosure of conflict of interest
None.

Address correspondence to: Jie Gao, Department of
Obstetrics and Gynecology, The First Affiliated
Hospital of Guangzhou University of Chinese Me-
dicine, Guangzhou 510405, China. E-mail: gjfkts@
gg.com

References

[1] Devall AJ and Coomarasamy A. Sporadic preg-
nancy loss and recurrent miscarriage. Best

4209

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(11]

[12]

(13]

(14]

Pract Res Clin Obstet Gynaecol 2020; 69: 30-
39.

Ticconi C, Pietropolli A, Di Simone N, Piccione E
and Fazleabas A. Endometrial immune dys-
function in recurrent pregnancy loss. Int J Mol
Sci 2019; 20: 5332.

El Hachem H, Crepaux V, May-Panloup P, Des-
camps P, Legendre G and Bouet PE. Recurrent
pregnancy loss: current perspectives. Int J Wo-
mens Health 2017; 9: 331-345.

Kalluri R and LeBleu VS. The biology, function,
and biomedical applications of exosomes. Sci-
ence 2020; 367: eaaub977.

Guo X, Tan W and Wang C. The emerging roles
of exosomal circRNAs in diseases. Clin Transl
Oncol 2020; 15: 1-14.

Wu YL, Li HF, Chen HH and Lin H. MicroRNAs as
biomarkers and therapeutic targets in inflam-
mation- and ischemia-reperfusion-related acu-
te renal injury. Int J Mol Sci 2020; 21: 6738.
Huang Z, ShiJ, Gao Y, Cui C, Zhang S, Li J, Zhou
Y and Cui Q. HMDD v3.0: a database for ex-
perimentally supported human microRNA-dis-
ease associations. Nucleic Acids Res 2019;
47: D1013-D1017.

Vlachos IS, Zagganas K, Paraskevopoulou MD,
Georgakilas G, Karagkouni D, Vergoulis T, Dal-
amagas T and Hatzigeorgiou AG. DIANA-miR-
Path v3.0: deciphering microRNA function with
experimental support. Nucleic Acids Res 2015;
43: W460-466.

Du J, Yuan Z, Ma Z, Song J, Xie X and Chen Y.
KEGG-PATH: Kyoto encyclopedia of genes and
genomes-based pathway analysis using a path
analysis model. Mol Biosyst 2014; 10: 2441-
2447,

Hong L, Yu T, Xu H, Hou N, Cheng Q, Lai L,
Wang Q, Sheng J and Huang H. Down-regula-
tion of miR-378a-3p induces decidual cell
apoptosis: a possible mechanism for early
pregnancy loss. Hum Reprod 2018; 33: 11-22.
Wang X, Li B, Wang J, Lei J, Liu C, Ma Y and
Zhao H. Evidence that miR-133a causes recur-
rent spontaneous abortion by reducing HLA-G
expression. Reprod Biomed Online 2012; 25:
415-424,

Zhu X, Liu H, Zhang Z, Wei R, Zhou X, Wang Z,
Zhao L, Guo Q, Zhang Y, Chu C, Wang L and Li
X. MiR-103 protects from recurrent spontane-
ous abortion via inhibiting STAT1 mediated M1
macrophage polarization. Int J Biol Sci 2020;
16: 2248-2264.

Rah H, Chung KW, Ko KH, Kim ES, Kim JO, Sa-
kong JH, Kim JH, Lee WS and Kim NK. miR-27a
and miR-449b polymorphisms associated with
a risk of idiopathic recurrent pregnancy loss.
PLoS One 2017; 12: e0177160.

Zhu Q, Dong YC, Zhang L, Ma X and Xia HF.
miR-98 is involved in missed abortion by tar-

Am J Transl Res 2021;13(5):4197-4210


mailto:gjfkts@qq.com
mailto:gjfkts@qq.com

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

4210

Biomarkers in spontaneous abortion

geting GDF6 and FAPP2. Reproduction 2020;
159: 525-537.

Zhao W, Shen WW, Cao XM, Ding WY, Yan LP,
Gao LJ, Li XL and Zhong TY. Novel mechanism
of mMiRNA-365-regulated trophoblast apoptosis
in recurrent miscarriage. J Cell Mol Med 2017;
21: 2412-2425.

Tian S, Yu J, Zhang Y, Bian Y, Ma J and Yan J.
Overexpression of PTEN regulated by miR-19b
and miR-494 in the villous of recurrent sponta-
neous abortion patients. J Reprod Immunol
2020; 140: 103133.

Ding J, Cheng, Zhang, Liao S, Yin T and Yang
J. The miR-27a-3p/USP25 axis participates in
the pathogenesis of recurrent miscarriage by
inhibiting trophoblast migration and invasion. J
Cell Physiol 2019; 234: 19951-19963.

DuE, CaoY, Feng C, Lu J, Yang H and Zhang Y.
The possible involvement of miR-371a-5p reg-
ulating XIAP in the pathogenesis of recurrent
pregnancy loss. Reprod Sci 2019; 26: 1468-
1475.

Jang HY, Lim SM, Lee HJ, Hong JS and Kim GJ.
Identification of microRNAs and their target
genes in the placenta as biomarkers of inflam-
mation. Clin Exp Reprod Med 2020; 47: 42-53.
Zhao JR, Cheng WW, Wang YX, Cai M, Wu WB
and Zhang HJ. Identification of microRNA sig-
nature in the progression of gestational tro-
phoblastic disease. Cell Death Dis 2018; 9:
94.

Machida T, Tomofuji T, Ekuni D, Maruyama T,
Yoneda T, Kawabata Y, Mizuno H, Miyai H,
Kunitomo M and Morita M. MicroRNAs in sali-
vary exosome as potential biomarkers of ag-
ing. Int J Mol Sci 2015; 16: 21294-21309.
d’Avenia M, Citro R, De Marco M, Veronese A,
Rosati A, Visone R, Leptidis S, Philippen L, Vi-
tale G, Cavallo A, Silverio A, Prota C, Gravina P,
De Cola A, Carletti E, Coppola G, Gallo S,
Provenza G, Bossone E, Piscione F, Hahne M,
De Windt LJ, Turco MC and De Laurenzi V. A
novel miR-371a-5p-mediated pathway, leading
to BAG3 upregulation in cardiomyocytes in re-
sponse to epinephrine, is lost in Takotsubo car-
diomyopathy. Cell Death Dis 2015; 6: €1948.
Tang D, Chen Y, He H, Huang J, Chen W, Peng
W, Lu Q and Dai Y. Integrated analysis of
mRNA, microRNA and protein in systemic lu-
pus erythematosus-specific induced pluripo-
tent stem cells from urine. BMC Genomics
2016; 17: 488.

Yue L and Guo J. LncRNA TUSC7 suppresses
pancreatic carcinoma progression by modulat-
ing miR-371a-5p expression. J Cell Physiol
2019; 4: 1-11.

Bai PS, Hou P and Kong Y. Hepatitis B virus
promotes proliferation and metastasis in male
Chinese hepatocellular carcinoma patients
through the LEF-1/miR-371a-5p/SRCIN1/

[26]

[27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

pleiotrophin/Slug pathway. Exp Cell Res 2018;
370: 174-188.

LiG,QiuY,SuZ RenS, LiuC, TianYand Liu Y.
Genome-wide analyses of radioresistance-as-
sociated miRNA expression profile in nasopha-
ryngeal carcinoma using next generation deep
sequencing. PLoS One 2013; 8: e84486.

Gao J, Gao L, Li R, Lai Z, Zhang Z and Fan X.
Integrated analysis of microRNA-mRNA expres-
sion in A549 cells infected with influenza A vi-
ruses (lAVs) from different host species. Virus
Res 2019; 263: 34-46.

Xiang Y, Liao XH, Yao A, Qin H, Fan LJ, Li JP, Hu
P, Li H, Guo W, Li JY, Gu CJ, Bao LY and Zhang
TC. MRTF-A-miR-206-WDR1 form feedback
loop to regulate breast cancer cell migration.
Exp Cell Res 2017; 359: 394-404.

Chen QY, Jiao DM, Wu YQ, Chen J, Wang J, Tang
XL, Mou H, Hu HZ, Song J, Yan J, Wu LJ, Chen J
and Wang Z. MiR-206 inhibits HGF-induced
epithelial-mesenchymal transition and angio-
genesis in non-small cell lung cancer via c-
Met/PI3k/Akt/mTOR pathway. Oncotarget
2016; 7: 18247-18261.

Hanna JA, Garcia MR, Go JC, Finkelstein D, Ko-
dali K, Pagala V, Wang X, Peng J and Hatley ME.
PAX7 is a required target for microRNA-206-in-
duced differentiation of fusion-negative rhab-
domyosarcoma. Cell Death Dis 2016; 7:
e2256.

Chen J, Huang C, Zhu D, Shen P, Duan Y, Wang
J, Yang C and Wu L. Chinese 1 strain of Toxo-
plasma gondii excreted-secreted antigens neg-
atively modulate Foxp3 via inhibition of the
TGFssRIl/Smad2/Smad3/Smad4 pathway. J
Cell Mol Med 2017; 21: 1944-1953.

Bender W and Peifer M. Oncogenes take wing.
Cell 1987; 50: 519-520.

Knofler M and Pollheimer J. Human placental
trophoblast invasion and differentiation: a par-
ticular focus on Wnt signaling. Front Genet
2013; 4: 190.

Li S, Li N, Zhu P, Wang Y, Tian Y and Wang X.
Decreased beta-catenin expression in first-tri-
mester villi and decidua of patients with RSA. J
Obstet Gynaecol Res 2015; 41: 904-911.

Ma S, Meng Z, Chen R and Guan KL. The hippo
pathway: biology and pathophysiology. Annu
Rev Biochem 2019; 88: 577-604.

Wu Z and Guan KL. Hippo signaling in embryo-
genesis and development. Trends Biochem Sci
2020; 46: 51-63.

Manmadhan S and Ehmer U. Hippo signaling
in the liver - a long and ever-expanding story.
Front Cell Dev Biol 2019; 7: 33.

Huang Z, Zhou J, Leung WT, Gober HJ, Pan X, Li
C, Li L and Wang L. The novel role of Hippo-
YAP/TAZ in immunity at the mammalian mater-
nal-fetal interface: opportunities, challenges.
Biomed Pharmacother 2020; 126: 110061.

Am J Transl Res 2021;13(5):4197-4210



