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Development and validation of a four-microRNA signature for
placenta accreta spectrum: an integrated competing endogenous
RNA network analysis
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Background: Placenta accreta spectrum (PAS) is a major cause of maternal morbidity and mortality
in modern obstetrics, however, few studies have explored the underlying molecular mechanisms and
biomarkers. In this study, we aimed to elucidate the regulatory RNA network contributing to PAS,
comprising long non-coding (Inc), micro (mi), and messenger (m) RNAs, and identify biomarkers for the
prediction of intraoperative blood volume loss.

Methods: Using RNA sequencing, we compared mRNA, IncRNA, and miRNA expression profiles between
five PAS and five normal placental tissues. Furthermore, the miRNA expression profiles in maternal plasma
samples from ten PAS and ten control participants were assessed. The data and clinical information were
analyzed using R language and GraphPad Prism 7 software.

Results: Upon comparing PAS and control placentas, we identified 8,806 IncRNAs, 128 miRNAs, and 1,788
mRNAs that were differentially expressed. Based on a lasso regression analysis and correlation predictions,
we developed a competing endogenous (ce) RNA network comprising 20 IncRNAs, 4 miRNAs, and 19
mRNAs. This network implicated a reduced angiogenesis pathway in PAS, and correlation analyses indicated
that two miRNAs (hsa-miR-490-3p and hsa-miR-133a-3p) were positively correlated to operation-related
blood volume loss.

Conclusions: We identified a ceRNA regulatory mechanism in PAS, and two miRNAs that may potentially

serve as biomarkers of PAS prognosis.
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Introduction placenta increta, in which the villi invade the myometrium;

Placenta accreta spectrum (PAS) is a pathological condition and placenta percreta, in which the villi invade the full

of placentation, whereby the placental chorionic villi adhere thickness of the myometrium (1,2).

abnormally to or invade the uterine wall (1,2). PAS has been The prevalence of PAS has increased in recent years,
classified into three categories by pathologists: placenta being 2-90 per 10,000 births (3), but, in the United States,

accreta, in which the villi simply adhere to the myometrium; it can be as high as 1 in 272 in women with birth-related
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hospital discharge diagnosis (4). Differences in study
populations and diagnostic criteria may account for this
wide range.

The most common risk factors associated with the
occurrence of PAS are a previous caesarean delivery and
placenta previa (5). Several other risk factors have also been
reported, including cryopreserved embryo transfer, older
maternal age, prior uterine surgery, parity, a higher body
mass index (BMI), tobacco use, coexisting hypertension or
diabetes, elevated second-trimester levels of a-fetoprotein
and P-human chorionic gonadotropin, and a previous
retained placenta or placenta accreta (6-10).

PAS results in maternal morbidity and mortality,
preterm birth, low birth weight, perinatal mortality,
recurrent placenta accreta, uterine rupture, and postpartum
haemorrhage in subsequent pregnancies (11-14). Given
these adverse consequences, the perinatal diagnosis and
different treatments for PAS have focused on improving
perinatal and maternal outcomes. Based on the few
studies that have examined the pathogenesis of PAS,
it has been hypothesised that decidua basalis defects,
excessive trophoblast invasion, and abnormal vascular
neovascularisation are the primary factors contributing to
this disorder (2).

MicroRNAs (miRNAs) are small non-coding RNA
molecules (~22 nucleotides long) that suppress gene
expression by binding to the 3’ end of the untranslated
region (3’-UTR) of target mRNAs (15). In addition to post-
transcriptional repression, miRINAs can also communicate
with various RNA species in the competing endogenous
RNA (ceRNA) network via microRNA response elements
(MREs) (16). However, although it has been reported that
miR-34a, miR-29a/b/c, and miR-125a are significantly
down-regulated in PAS (17-19), the mechanisms by which
miRNAs might contribute to PAS pathogenesis have yet to
be determined; thus, a panoramic study in terms of miRINA
networks in PAS is required. This study aimed to construct
a ceRNA regulatory network in PAS based on small RNA
and long non-coding (Inc) RNA sequencing analyses.

We present the following article in accordance with
the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-1150).

Methods
Patients

Women from Shengjing Hospital, China Medical
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University, Shenyang, Liaoning were recruited if they had
been diagnosed with placenta previa complications based
on ultrasonography, had a history of at least one previous
caesarean section and had a pregnancy terminated by
caesarean section.

Patients were excluded if any of the following criteria
were applicable: multiple pregnancy, foetal anomalies, pre-
term premature rupture of membranes, or infection and
complications associated with any other obstetric diseases,
such as thyroid dysfunction, hypertension, and gestational
diabetes. All participants enrolled in this study provided
written informed consent.

The participants were divided into either a PAS or
control group according to a placenta combined with tightly
connected uterus pathology examination after caesarean
section. Those in the PAS group were diagnosed by
pathologists. Ultimately, we enrolled 20 patients, of whom
two underwent hysterectomy, one underwent “segmental”
resection, and seven underwent forcible placental removal.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
was approved by institutional ethics board of Shengjing
Hospital, China Medical University (NO.: No.2017PS317K
and No0.2017PS318K) and informed consent was taken
from all the patients.

Collection of placental tissue and blood samples

Placental tissues from ten patients (five each from the
PAS and control groups) were collected immediately after
caesarean section. Maternal placental specimens containing
villous and extravillous trophoblasts, the fibrinoid layer,
and the basal plate layer were collected from PAS (where
placental tissues were tightly connected to the uterus and
also included basal plate myometrial fibres) and control
groups. The collected samples were washed in normal
saline to remove excess blood, immediately immersed in
liquid nitrogen, and then transferred to a -80 °C freezer.
Blood samples from 20 patients (ten each from the PAS and
control groups) were obtained before caesarean section and
centrifuged at 1,000 rpm for 20 min within 2 h to obtain
plasma, which was subsequently stored at -80 °C. The
specimen collection was approved by institutional ethics
board of Shengjing Hospital.

Total RNA isolation and sequencing

Total RNA was isolated by BGI-tech Standard with strict

Ann Transl Med 2020;8(15):919 | http://dx.doi.org/10.21037/atm-20-1150


http://dx.doi.org/10.21037/atm-20-1150
http://dx.doi.org/10.21037/atm-20-1150

Annals of Translational Medicine, Vol 8, No 15 August 2020

quality control at each step. Samples were sequenced using
BGISEQ-500 technology (20,21) for small RNAs and
[lumina HiSeq for IncRNAs.

Real-time PCR

Total RNA was extracted using RNAiso Plus (cat. no. 9108;
TaKaRa, Beijing, China) according to the manufacturer’s
protocol and was reverse transcribed using a Mir-X miRNA
First-Strand Synthesis Kit (cat. no. 638315; TaKaRa,
Beijing, China). Quantification of miRNAs was completed
using TB Green® Premix Ex TaqTM II (Tli RNaseH
Plus: cat. no. RR820A; TaKaRa, Beijing, China). Samples
were subjected to real-time PCR, with the U6 gene as an
endogenous control for miRNA normalisation. To obtain
miRNA fold-change values relative to U6 expression, we
used the AACt method for analysis of the real-time data.

Immunobistochemical staining

Paraffin-embedded tissue sections were
immunohistochemically stained for CD31 (1:200, cat.
no. 11265-1-AP; Proteintech, Wuhan, China) using a
Streptavidin-biotin Detection System (Rabbit kit SP-9001;
ZSGB, Beijing, China). Briefly, the paraffin-embedded tissue
sections were deparaffinised, hydrated in a graded ethanol
series, and quenched by antigen retrieval. After primary
and secondary antibody incubations, the slide was finally
incubated with diaminobenzidine (DAB: cat. no. ZLI-9018;
ZSGB, Beijing, China) and counterstained with haematoxylin
(cat. no. G#1080; Solarbio, Beijing, China) for 10 s.
Immunohistochemical analysis was performed microscopically.
The CD31-labelled microvessel density (MVD) was assessed
and quantified according to following criteria (22): a positive
result was defined as a brown-yellow staining of vascular
endothelial cells and MVD was determined based on brown-
yellow stained single endothelial cells or endothelial cell
clusters that were clearly separate from adjacent microvessels
and other connective tissue elements. Five discrete fields
of view with the highest vascular density were selected for
observation under high magnification (x400), and the mean
value was taken as the MVD value. Blood vessels with thick
smooth muscle walls and a diameter greater than eight red
blood cells were excluded.

Bioinformatics analysis

Genes that were differentially expressed between the PAS
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and control groups (based on the criteria of an absolute
fold change greater than 2 and an adjusted P value of
less than 0.001) were identified using the R package
DEGseq (23). The ceRNA network was visualised using
the R package ggalluvial (24). We used RNAhybrid (25),
miRanda (26), or TargetScan (27) to predict the mRNA
targets of miRNAs and Starbase (28) to predict the
IncRNA targets of miRNAs. We used the Co-LncRNA
website to facilitate analysis of the correlation between
IncRNAs and mRNAs (29). The David website was used
to evaluate the functional implications, including Gene
Ontology (GO) and Kyoto Encyclopaedia of Genes and
Genomes (KEGG) pathway analyses, associated with
our ceRNA network (30). Gene set enrichment analysis
(GSEA) and gene set variation analysis (GSVA) were
carried out to determine the enrichment of specific gene
sets (31,32). Functional gene sets were obtained from
(http://amigo.geneontology.org/amigo/landing).

Statistical analysis

To identify potential miRNAs, we performed lasso
regression. The Student’s #-test was used to assess
differences in the distribution in continuous data, or
the Mann-Whitney U test if the data were not normally
distributed. The chi-square test or Fisher exact test was used
for categorical variables. Pearson and Spearman correlation
analyses were conducted to determine correlations
according to distribution of the data. All statistical analyses
were performed using SPSS 24.0, GraphPad Prism 7
(GraphPad Software Inc, La Jolla, CA), and R (https://www.
r-project.org) software. P<0.05 was considered statistically
significant in two-tailed tests.

Results

Sequence profiling identified the differential expression of
IncRNAs, miRNAs, and mRNAs

In the present study, we identified 1,788 mRNAs (1,124
up-regulated and 664 down-regulated), 128 miRNAs (77
up-regulated and 51 down-regulated), and 8,806 IncRNAs
(2,548 up-regulated and 6,258 down-regulated) that were
differentially expressed between the PAS and control
groups. The differentially expressed IncRNAs were defined
and annotated using the Ensembl genome browser 96
(http://asia.ensembl.org/ index.html), which resulted in
a reduction in number to 913 (325 up-regulated and 588
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Figure 1 Plots showing the expression levels of long non-coding (Inc), micro (mi), and messenger (m) RNA genes. Panels (A,B,C) show the

log10-transformed expression of IncRNA, miRNA, and mRNA genes, respectively. Red triangles denote up-regulated genes, blue squares

denote down-regulated genes, and grey dots denote non-regulated genes. PAS, placenta accreta spectrum.

down-regulated). To visualise the differences in IncRINAs,
miRNAs, and mRNAs between the PAS and control groups,
we constructed plots showing the respective gene expression
levels (Figure I).

Construction of a ceRNA network contributing to PAS

"To identify the miRNAs implicated in PAS, we performed
a lasso regression analysis of the differentially expressed
miRNAs and accordingly identified the following seven
miRNAs: hsa-miR-10524-5p, hsa-miR-133a-3p, hsa-
miR-937-3p, hsa-miR-34b-5p, hsa-miR-3529-3p, hsa-
miR-488-3p, and hsa-miR-490-3p (Figure 24,B). We then
predicted the target mRNAs of these seven miRNAs and
intersected them with the differentially expressed mRINAs,
from which we identified miRNA-mRNA interacting pairs
involving four miRNAs and 65 mRNAs. Similarly, among
the differentially expressed IncRINAs, we identified 33 that
were predicted to interact with the four miRNAs. Given
the positive correlation between IncRNAs and mRNAs in
the ceRNA network, we performed correlation analysis
to visualise the filtered IncRNAs-mRNAs (Figure 2C). As
a result of this analysis, we obtained a ceRNA network
comprising 43 unique RNAs (20 IncRNAs, four miRNAs,
and 19 target mRNAs), as shown in Figure 2D.

The PAS group exhibited reduced angiogenesis signatures

To examine the biological features of the ceRNA network,

© Annals of Translational Medicine. All rights reserved.

we performed GO and KEGG analyses, which revealed
that the most relevant biological processes in PAS were
angiogenesis-related processes with no enrichment in
the KEGG pathway (Figure 34). To further confirm the
relationship between angiogenesis-related processes and
PAS, we conducted GSVA based on 377 GO terms and
found that angiogenesis-related processes, such as ‘Venous
blood vessel development’, were, as expected, generally
reduced in the PAS group (Figure 3B). Furthermore, we
conducted GSEA of three main angiogenesis-related terms,
‘Angiogenesis’, ‘Blood vessel morphogenesis’, and ‘Placenta
blood vessel development’, with the results showing that
there was a significant negative enrichment of ‘Angiogenesis’
and ‘Blood vessel morphogenesis’, but no significant
enrichment of ‘Placenta blood vessel development’, in the
PAS group (Figure 3C, the data of ‘Placenta blood vessel
development’ are not shown).

bsa-miR-490-3p and bsa-miR-133a-3p expression shows
a positive correlation with blood volume loss

To clarify the relationship between the four miRNAs in
the ceRNA network and operation-related blood volume
loss, we performed plasma small RNA sequencing in
20 patients and subsequent correlation analyses. The
clinical information is summarised in Tzble 1. We
accordingly detected a significant difference in the
intraoperative blood loss between the PAS and control
groups (2,120.0+£971.60 vs. 765.0£956.86 mL, P=0.006).
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Figure 2 The competing endogenous (ce) RNA network. (A) Results of a lasso regression analysis of 128 differentially expressed miRINAs.
Ten-fold cross-validation was used to calculate the best lambda value that leads to minimum mean cross-validated error. Red dots denote
partial likelihood deviance; solid vertical lines indicate their corresponding 95% confidence intervals; the left dotted vertical line is the
value of lambda that gives minimum cvin, denoted as lambda. min; and the right dotted vertical line is the largest value such that the error
is within 1 standard error of the minimum, denoted as lambda. 1se. (B) The coefficient values at varying levels of penalty. Each curve
represents a miRNA. (C) The correlation between IncRNAs and mRNAs in the ceRINA network. Blue circles indicate a negative correlation
and red circles indicate a positive correlation. (D) A Sankey diagram for the ceRINA network in placenta accreta spectrum. Left bar: IncRINA;

middle bar: miRINA; right bar: mRNA. Each rectangle represents a gene, and the degree of connection of each gene is indicated by the size
of the rectangle.
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Figure 3 The competing endogenous RNA network has a reduced angiogenesis status. (A) The GO terms are defined as indicated colour

bars at the bottom and shown in the bottom-right chord diagram. The involved differentially expressed mRNAs are shown at the bottom

left. The red and blue bars represent up-regulated and down-regulated genes, respectively. (B) Gene set variation analysis results indicated

that angiogenesis-related terms were enriched in control patients. (C) Gene set enrichment analysis results revealed that there was a negative

enrichment of two angiogenesis-related terms (‘Angiogenesis’ and ‘Blood vessel morphogenesis’) in placenta accreta spectrum (PAS) patients.

* P<0.05; **, P<0.01; and ***, P<0.001.

No differences, however, were observed between the
two groups with regard to any other characteristics. The
findings of the correlation analyses indicated that the
expression of hsa-miR-490-3p and hsa-miR-133a-3p was
positively correlated to operation-related blood volume
loss, and the Pearson correlation coefficients were 0.603
(P=0.0049, 95% CI: 0.212-0.825) and 0.5655 (P=0.0094,
95% CI: 0.164-0.806) for miR-133a-3p and miR-490-3p,
respectively (Figure 4, the data of miR-488-3p and miR-
34b-5p are not shown).

RT-PCR results verified the validity of the identified
ceRNAs and small RNA-sequencing

To further establish the validity of the aforementioned

© Annals of Translational Medicine. All rights reserved.

results, we determined and analysed the expression levels
of the four miRNAs involved in the ceRNA network.
The results showed that the levels of hsa-miR-133a-3p,
hsa-miR-488-3p, and hsa-miR-490-3p were significantly
higher in PAS patients than in control patients (P=0.014,
0.0002, and 0.0046, respectively); in contrast, the
expression of hsa-miR-34b-5p was significantly lower
(P=0.0494). We also randomly selected five miRNAs (hsa-
miR-193a-3p, hsa-miR-501-3p, hsa-miR-770-5p, hsa-
miR-103a-3p, and hsa-miR-137-3p) to validate the results
of small RNA-sequencing (Figure 5A), and, accordingly,
found that the results obtained from RT-qPCR validation
were completely consistent with those obtained from
bioinformatics analyses.
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Table 1 Demographic and obstetric characteristics of selected enrolled patients

Characteristics PAS (n=10) Control (n=10) P value
Age (years) 31.7+5.36 34.1+4.77 0.304
BMI 28.3+2.32 28.0+3.71 0.874
Gravity 3.5 [2-7] 3 [2-5] 0.436
Parity 101-2] 1[1-2] 0.739
Number of CSs 1[1-2] 1[1-1] 0.739
Number of artificial abortions 1[0-2] 0.5 [0-3] 0.579
Gestational weeks 36.2+0.65 36.6+0.74 0.303
Intraoperative blood loss 2120.0+971.60 765.0+956.86 0.006

Values are presented as the mean + standard deviation (SD) and median (range). PAS, placenta accreta spectrum; BMI, body mass index;

CS, caesarean section.
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Figure 4 The relationship between the four miRNAs in the competing endogenous RNA network and intraoperative blood volume loss. We

detected positive correlations between intraoperative blood volume loss and the expression of miR-133a-3p and miR-490-3p in the maternal
plasma; the Pearson correlation coefficients were 0.603 (P=0.0049, 95% CI: 0.212-0.825) and 0.5655 (P=0.0094, 95% CI: 0.164-0.806) for

miR-133a-3p and miR-490-3p, respectively. CI, confidence interval.

Immunobistochemical staining

To confirm the reduced angiogenesis function in PAS, we
performed immunohistochemical analysis using the vessel
endothelial cell marker CD31, which revealed reduced
immunoreactivity in PAS associated with a greater number
of larger blood vessels and reduced microvessel density
(Figure 5B,C). The results accordingly confirmed the
function of the ceRNA network.

Discussion

In this study, we developed a ceRNA regulatory network
in PAS and determined that the expression of the miRNAs
hsa-miR-490-3p and hsa-miR-133a-3p is positively
correlated with operation-related blood volume loss.

© Annals of Translational Medicine. All rights reserved.

miRNAs play a critical role in placental development
(33-35), and, although a few studies have examined RNA
expression profiles in severe preeclampsia, early pregnancy
loss, and foetal growth restriction (36-40), no studies, to
the best of our knowledge, have sought to identify the
miRNA expression profiles in PAS. Here, we found that
the expression of the miRNAs miR-490-3p, miR-133a-3p,
miR-488-3p, and miR-34b-5p differed between the PAS
and control groups based on small RNA expression profile.
Abundant evidence indicates that these four miRNAs serve
as tumour suppressors in cancers (41-44). Interestingly,
we found that, whereas the expression levels of miR-490-
3p, miR-133a-3p, and miR-488-3p were higher in the
PAS group, those of miR-34b-5p were lower. The four
miRNAs might regulate different or same mRNAs to
promote the development of PAS. Decreased miR-34b-

Ann Transl Med 2020;8(15):919 | http://dx.doi.org/10.21037/atm-20-1150
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Figure 5 Validation of the RNA-sequencing and biological function of the competing endogenous RNA network. (A) The RT-PCR results
showed that the expression of miR-490-3p, miR-488-3p, miR-133a-3p, miR-193a-3p, miR-501-3p, miR-770-5p, and miR-103a-3p was
higher in the placenta accreta spectrum (PAS) group than in the control group, whereas that of miR-34b-5p and miR-137-3p was decreased.

These results were consistent with those of RNA-sequencing; (B) compared with that in the control group, the PAS group exhibited lower

microvessel density; (C) immunohistochemical staining of the vessel endothelial cell marker CD31: (I) represents the control group and (II)

represents the PAS group. In each case, the left- and right-hand panels show vessels at x200 and x400 magnification, respectively. Solid and

hollow arrows indicate microvessels and macrovessels, respectively. The control group showed a larger number of microvessels, whereas the

PAS group showed a larger number of macrovessels. *, P<0.05; **, P<0.01; and ***, P<0.001.

5p could promote proliferation and differentiation, inhibit
apoptosis and increase migration of trophoblasts, leading to
PAS. Of course, we must note that the expression levels of
miR-490-3p, miR-133a-3p and miR-488-3p were elevated
and might inhibit the biological function of trophoblasts.
Nevertheless, we suspect that miR-34b-5p may play the
most important role in trophoblasts among these miRNAs.
Moreover, although several studies have reported that

© Annals of Translational Medicine. All rights reserved.

these three miRNAs are tumour suppressors in cancers,
we cannot suggest that they similarly affect trophoblasts
at the maternal-foetal interface. At the same time, the
general role of miRNAs involves a negative feedback
regulation; however, there is also an involvement of positive
regulation. Therefore, the mechanism by which these four
miRNAs affect the development of PAS still needs further
exploration.
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To clarify the biological implications of the expression
of these four miRNAs in PAS, we constructed a ceRNA
network, which indicated that the angiogenesis pathway
was repressed in the PAS group. In this regard, although
increasing evidence has indicated the role of trophoblast
invasion and decidua basalis defects in PAS, few studies
have focused on abnormal vascular neovascularisation. In
the present study, we detected reduced angiogenesis in the
placenta of PAS patients. Consistently, results obtained
based on GSEA, GSVA, and immunohistochemical staining
revealed a decrease in MVD in PAS. Previous studies
have reported the expression levels of angiogenic and
anti-angiogenic factors in the placenta and serum of PAS
patients. For example, Tseng et a/. reported an increase and
decrease in the expression levels of VEGF and sVEGFR-2,
respectively, in tissues from PAS (45), whereas Wehrum
et al. (46) and Uyanikoglu et al. (47) have demonstrated
significant decreases in the maternal circulatory levels of
VEGE. Moreover, Uyanikoglu er al. (47) also found that
the levels of sFlt-1 and placental growth factor were lower.
Lower expression of sFlt-1 in PAS has also been reported
by other groups (48,49), whereas Duzyj et al. (50) found
increased levels of intervillous Eng in PAS. Given the
differences in enrolment criteria, time of sample collection,
and types of samples, there is still a lack of consensus
regarding the expression patterns of angiogenic and anti-
angiogenic factors in tissues and maternal plasma, and, thus,
their precise functional role remains to be clarified.

Nevertheless, despite the current uncertainty in
this regard, it is generally accepted that extensive
neovascularisation is a prominent feature in the majority
of PAS cases (51). Previously, Chantraine er a/. reported
that vessels were significantly larger and sparser in the PAS
placental beds (52), which is consistent with the findings
of the present study. Placental angiogenesis commences
from day 32 of gestation, when hemangioblasts derived
from extraembryonic mesoderm allantois differentiate
into endothelial cells (53). Subsequent formation of
multi-branched capillary networks is characterised by
branching angiogenesis prior to 24 weeks post-conception,
and thereafter non-branching angiogenesis continues to
term (54). Given the reduced number of microvessels
detected in the present study, we speculate that sprouting
and intussusceptive angiogenesis are suppressed in PAS
patients, resulting in fewer but larger vessels, which is
similar to clinical ultrasound findings. However, in view
of the fact that samples were collected from the third
trimester in the present study, we cannot exclude the
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possibility that our results simply reflect the conditions
at term, and the true state in the first and second
trimesters remains unknown. We speculated that extensive
neovascularization might occur during the first and second
trimesters, however, further investigations are required.
In our previous study, we detected high expression
levels of VEGF in PAS placentas (55), which might
reflect a compensatory increase in response to reduced
angiogenesis.

Haemorrhage during or after an operation is considered
a major complication of PAS, and, in the present study, we
found there was a significant difference in the intraoperative
blood loss between the PAS and control groups. Moreover,
the expression of miR-490-3p and miR-133a-3p in
maternal plasma was found to be positively correlated
with intraoperative blood loss. We thus propose that, in
the future, it might be possible to predict the amount of
intraoperative blood loss in patients with PAS-related
complications by determining the expression levels of
miR-490-3p and miR-133a-3p in maternal plasma, which
can lead to preventive measure to reduce blood loss and
improve the prognosis of mother and child. Moreover,
the two miRNAs miR-490-3p and miR-133a-3p could be
deemed as suitable biomarkers to predict the probability of
PAS by sampling plasma in early pregnancy.

To our knowledge, this is the first study to examine the
regulatory network comprising IncRNAs, miRNAs, and
mRNAs in PAS and identify biomarkers for the prediction
of intraoperative blood volume loss. In addition, we
demonstrated the importance of angiogenesis in PAS.

However, we acknowledge that this study has certain
limitations, notably that our findings are based on a small
number of samples and that there was a lack of samples from
the early trimester, particularly from the maternal plasma.
Regardless, the small sample size might be indicative of
the overall incidence of PAS in pregnancy and the current
diagnostic criteria based on pathological examination.
Future large-scale studies that include the analysis of
maternal plasma collected during the first or second
trimester must be performed. Moreover, the molecular
mechanisms underlying the activities of the four miRNAs
involved in the ceRNA network and the prognostic value of
miR-490-3p and miR-133a-3p should be fully investigated.

Conclusions

In the present study, we identified a ceRNA regulatory
mechanism in PAS, and identified the miRNAs miR-490-3p
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and miR-133a-3p as biomarkers with potential prognostic

value.
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