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Abstract. Long non-coding RNAs (IncRNAs) are reported
to have important roles in placental development and
function, but the role of IncRNAs in abnormally invasive
placenta (AIP) remains elusive. In the present study, the
differential expression profiles of IncRNAs were analyzed
to identify novel targets for further study of AIP. A total of
10 IncRNAs were chosen for validation by reverse transcrip-
tion-quantitative PCR. To further determine the functions
of dysregulated IncRNAs and their corresponding mRNAs,
functional enrichment analysis, coexpression analysis were
performed. A total of 329 IncRNAs and 179 mRNAs were
identified to be differently expressed between the invasive
and control group. Gene ontology analysis revealed that the
10 most significantly enriched functions included upregu-
lated mRNAs and the most significantly enriched term was
related to the proteinaceous extracellular matrix (ECM). In
the pathway analysis, the two most significantly enriched
pathways were the TGF-f signaling pathway for upregulated
mRNAs and the pentose phosphate pathway for down-
regulated mRNAs. Furthermore, for certain dysregulated
IncRNAs, their associated mRNAs were also dysregulated.
Of note, BMP and activin membrane-bound inhibitor and
TGF-p-induced, as the target genes of the TGF-§ pathway,
were indicated to be closely related to the ECM and invasive
placental cells. Their nearby IncRNAs G008916 and vault
RNAZ2-1 were also significantly dysregulated. In conclusion,
significant IncRNAs with the potential to serve as biomarkers
for AIP were identified.
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Introduction

Abnormally invasive placenta (AIP) is a pathologic condition
in which the placenta abnormally attaches to and invades the
uterine wall (1). AIP is regarded as one of the most dangerous
conditions associated with pregnancy. The main complication
of AIP is massive hemorrhaging when attempts are made to
remove the placenta manually during delivery. Massive hemor-
rhaging may result in multisystem organ failure, disseminated
intravascular coagulation, hysterectomy, intensive care require-
ment and even death (2). AIP is a common complication in
obstetrics and it is the leading cause of hysterectomies associated
with caesarean delivery and peripartum hysterectomies (3). A
standardized approach with a comprehensive multidisciplinary
care team accustomed to the management of AIP is essential
for favourable maternal and neonatal outcomes (4-6). The early
diagnosis of pregnant females with AIP will provide more
opportunities to receive multidisciplinary care and good peri-
natal outcomes (7). Studies have indicated that certain placental
and fetal hormones, such as human chorionic gonadotropin,
alpha-fetoprotein and pregnancy-associated plasma protein A,
are helpful in the diagnosis of AIP (8,9). However, none of the
placental/fetal proteins have proved useful for diagnosing AIP
earlier than ultrasound and MRI. The major prenatal diagnostic
methods of AIP are still ultrasound and MRI examination. AIP
remains unpreventable and at present, more than half of all
pregnant females with AIP remain undiagnosed after imaging
examinations prior to delivery (10).

Although AIP may be diagnosed through imaging
examinations as well as placental and fetal hormones, the
expression of IncRNAs (long non-coding RNAs) and the
roles they have in AIP have remained elusive. IncRNAs are
transcripts no longer than 200 bp, which were indicated to
actively regulate the expression and function of thousands
of protein-coding genes through various mechanisms (11).
Numerous IncRNAs identified in the human placenta are
reported to be involved in preeclampsia and intrauterine
growth restriction due to their regulation of trophoblast
differentiation, proliferation and migration (12). IncRNA
metastasis-associated adenocarcinoma transcript 1 was
even proved to be involved in AIP and associated with
trophoblast-like cell invasion (13). These studies imply that
IncRNAs may participate in the process of AIP and have
great potential to serve as biomarkers of AIP.
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Reliable biomarkers for prediction and diagnosis may
contribute to perinatal outcomes. Thus, it was attempted to
seek potential and valid IncRNAs to serve as biomarkers for
the efficient and precise prediction and diagnosis of AIP. In the
present study, the IncRNA expression profiles of patients with
AIP were determined and 5 randomly selected IncRNAs were
validated by reverse transcription-quantitative (RT-q)PCR.

Materials and methods

Sample collection and ethics approval. In the present study,
placenta tissues from pregnant females enrolled at Southern
Medical University Affiliated Maternal & Child Health
Hospital of Foshan (Foshan, China) between December 2017
and June 2018 were analysed. A total of 5 pregnant females
who were antenatally suspected of having AIP according to
array-scale and doppler sonography were enrolled in the study.
All of these 5 patients were diagnosed with AIP by expert
surgeons during the operation according to the clinical grading
system (14). Subsequently, the diagnosis was confirmed through
pathological examination according to the pathological clas-
sification criteria (15). Clinical and demographic data on each
of the patients is provided in Table I. All pregnant females
were diagnosed with a scarred uterus and placenta previa, and
they had no hypertension, diabetes or other obstetric compli-
cations. Tissues from each patient of the AIP group included
one sample from the invasive site and another sample from
the adherent noninvasive site of the placenta according to the
operators' instructions. They were divided into the invasive
and control group. In addition, for extended sample valida-
tion, placental tissues were collected from 15 patients with
AIP and 15 patients with a normal placenta. The two groups
were referred to as the AIP group and the normal group. After
placental delivery, all of the samples were cut from the surface
of the maternal placenta. They were washed in PBS five times
to remove blood cells and were then transferred into liquid
nitrogen within 10 min.

The Human Ethics Committee of the Foshan Women
and Children's Hospital Affiliated to Southern Medical
University (Foshan, China) approved this study (approval
no. FSFY-MEC-2017-055). Written informed consent was
obtained from all pregnant females for using their specimens
and other clinical information. All of the methods were
performed according to the approved guidelines of the Human
Ethics Committee.

RNA extraction, amplification and hybridization. For micro-
array analysis, IncRNAs and mRNAs were detected with
the Arraystar Human LncRNA Microarray v4.0 (Arraystar,
Inc.). Following the manufacturer's protocol, total RNA was
extracted from frozen samples using TRIzol (Invitrogen;
Thermo Fisher Scientific, Inc.). The RNA quantity and quality
were measured using a NanoDrop ND-1000 (Thermo Fisher
Scientific, Inc.). An Agilent 2100 Bioanalyzer (Agilent
Technologies, Inc.) and standard denaturing agarose gel elec-
trophoresis were used to evaluate RNA integrity. Following
the Agilent One-Color Microarray-Based Gene Expression
Analysis protocol (Agilent Technologies, Inc.), array hybrid-
ization and sample labelling were performed. After removing
ribosomal RNA and performing amplification, 100 ng of total

RNA was labelled and hybridized. Subsequently, the hybrid-
ized arrays were washed, fixed and scanned on the Agilent
DNA Microarray Scanner. The expression data were stored
in the Gene Expression Omnibus database (https:/www.ncbi.
nlm.nih.gov/geo) under the accession number GSE126552.

RT-gPCR validation. In the present study, original validation
(samples were divided into invasive group and control group,
and all sample were collected from 5 patients with AIP) and
extended validation (samples were divided into AIP group
and normal group. Samples of AIP group were collected
from 15 patients with AIP, samples of the normal group
were collected from 15 patients without AIP) was conducted
to validate the results of microarray through RT-qPCR. For
RT-qPCR validation, total RNA was extracted with TRIzol
reagent from the remaining portion of tissues not used in the
IncRNA microarray. Subsequently, first-strand complemen-
tary DNAs were generated using SuperScript™ III Reverse
Transcriptase (Invitrogen; Thermo Fisher Scientific, Inc.)
following the manufacturer's instructions. The RT-qPCR
process was performed using a ViiA-7 RT-PCR System
(Applied Biosystems; Thermo Fisher Scientific, Inc.) and
2X PCR master mix (Arraystar, Inc.). The relative expression
levels of IncRNAs were quantified using the 224 method (16)
and were normalized to -actin expression. The primers for
RT-qPCR were designed according to the IncRNA sequences
in NONCODE (http:/www.noncode.org) and primer
sequences were synthesized and purified by Yingjun Co. The
primer sequences are listed in Table SI.

Bioinformatics analysis of RNA scanned data. Raw data were
extracted from the acquired array images using Agilent Feature
Extraction software 11.0.1.1. Subsequently, GeneSpring
GX v12.1 software (Agilent Technologies, Inc.) was used to
normalize quantiles of raw data. IncRNAs and mRNAs with
flags in ‘Present’ or ‘Marginal’ (‘All Targets Value’) in at least
5 out of 10 samples were chosen for further data analysis.
Dysregulated IncRNAs and mRNAs between two groups with
a fold change >1.5 were filtered based on their P-value/false
discovery rate (<0.05).

Gene Ontology (GO) and Kyoto Encyclopaedia of Genes
and Genomes (KEGG) pathway analyses were applied
to predict the roles of the dysregulated mRNAs by deter-
mining GO terms and biological pathways, respectively.
In-house scripts of R3.5.0 were used to perform hierar-
chical clustering and to perform combined analysis. First,
http://bioconductor.org/biocLite.R was sourced to install the
clusterProfiler package and load org.Hs.eg.db. Subsequently,
the function of enrichGO and enrichKEGG was used to
obtain the results.

Coexpression analysis of the dysregulated IncRNAs
subgroup was also performed to identify coregulated
IncRNA-mRNA pairs. The subgroups of dysregulated RNA
coregulation pairs that were dysregulated included large inter-
vening noncoding RNAs (lincRNAs), antisense IncRNAs and
their paired dysregulated mRNAs.

Statistical analysis. In present study, all subsequent analysis
was conducted using R 3.5.0 (https://www.r-project.org/).
Proportions or mean =+ standard error were used to present
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Table I. Clinical details of pregnant females.

Gestational age Prior caesarean Other uterine Histological
No. Age (years) (weeks) section surgery Hysterectomy grade®
1 29 36+1 1 2 (induced abortion) No Percreta
2 30 34+5 1 0 No Increta
3 28 35+1 1 1 (induced abortion) No Increta
4 30 36+1 1 0 No Increta
5 29 35+4 1 0 No Accreta

“Placenta accreta was defined as the villi simply adhering to the myometrium. Placenta increta was diagnosed when the villi invaded the
myometrium, while placenta percreta was defined as the villi invading the full thickness of the myometrium, including the uterine serosa and

at times adjacent pelvic organs.

all variables when appropriate. A Mann-Whitney U test was
used to compare differences in RT-qPCR results between
invasive group and control group and a Mann-Whitney U test
was used to compare differences in RT-qPCR results between
the AIP group and normal group. P<0.05 was considered to
indicate a statistically significant difference.

Results

Expression profile of IncRNAs and mRNAs. To explore the
IncRNA and mRNA expression profiles in AIP, 5 pairs of
placenta tissues of patients with AIP were screened and
divided into two groups: The invasive group and the control
group. In total, 20,730 mRNAs and 40,173 IncRNAs were
detected by microarray analysis. Among them, 329 IncRNAs
were significantly differentially expressed (fold change >1.5,
P<0.05). Of the dysregulated IncRNAs, 101 transcripts were
upregulated, while 228 transcripts were downregulated in
the invasive group. The top dysregulated IncRNAs in the
invasive group were leucine-rich repeat-containing 38 among
the upregulated IncRNAs and ELMO domain-containing 1
among the downregulated IncRNAs. Furthermore, a total of
179 dysregulated mRNAs (fold change >1.5, P<0.05) were
identified. Of the dysregulated mRNAs in the invasive group,
95 transcripts were upregulated and 84 transcripts were down-
regulated. The most significantly dysregulated mRNAs in the
invasive group were AF003625.3 (upregulated) and G037111
(downregulated). Hierarchical clustering was performed
for inter-group comparisons of differential gene expression
patterns (Fig. 1A and B).

Expression signatures of the dysregulated IncRNAs and
coexpression analysis of subgroup. To further understand
IncRNA expression patterns in AIPs, the length, chromosome
and classification distribution of the dysregulated IncRNAs
were also analysed (Fig. 2). IncRNAs were divided into six
categories according to their association with protein-coding
genes. The categories were bidirectional, intergenic, exon
sense-overlapping, intron sense-overlapping, natural anti-
sense and intronic antisense. The statistical results indicated
that the majority of dysregulated IncRNAs were intergenic
(72.15%; Fig. 2B) and were 400-800 nt in length (69.30%;
Fig. 2C). The chromosome distribution indicated that

chromosome 2 (9.42%) and 10 (6.69%) contained most of the
differentially expressed IncRNAs (Fig. 2A). The expression
profile of the IncRNAs revealed dysregulated IncRNAs that
may take part in AIP.

A coexpression analysis was used to further determine
the potential functions of differentially expressed IncRNA
subgroup in AIP. A total of 10 pairs of lincRNA-mRNA and
2 pairs of antisense IncRNA-mRNA (distance <300 kb) were
indicated to be coregulated transcripts (Table II).

RT-gPCR results. To independently validate the dysregulated
IncRNAs detected by the RNA-microarray, 10 aberrantly
expressed IncRNAs [AC009499.1, FOXP4 antisense RNA 1
(FOXP4-AS1), RP5-875H18.4, long intergenic non-protein
coding RNA 221 (LINC00221), ATP binding cassette
subfamily C member 6 pseudogene 2 (ABCC6P2), GO37111,
CTD-2311B13.2, G033813, G0O08916 and vault RNA 2-1
(VTRNA2-1)] were randomly selected. Their expression was
validated by RT-qPCR. The validation results demonstrated
that AC009499.1, FOXP4-AS1, RP5-875H18.4, G037111,
CTD-2311B13.2, G033813 and VTRNA2-1 were down-
regulated, while LINC00221, ABCC6P2 and G008916 were
upregulated in the invasive group and AIP group vs. the
control and normal group (P<0.05; Fig. 3A and B). In addi-
tion, the fold changes of the 10 IncRNAs in both original and
extended validation were close to the results of the microarray
(Fig. 3C). In summary, the RT-qPCR results exhibited good
consistency with the RNA-microarray data, indicating that to
determine IncRNA changes, RNA-microarray methodology
has good reliability and reproducibility.

Functional enrichment analysis. GO and KEGG pathway
analyses were performed to identify the functional roles
of differentially expressed mRNAs in AIPs. GO analysis
was performed in three domains: Biological process (BP),
cellular component (CC) and molecular function (MF). The
results suggested that all 10 of the most significant functions
were enriched with upregulated mRNAs. As presented in
Fig. 4A, in the BP domain, the upregulated genes were most
enriched in the terms proteinaceous extracellular matrix
(GO:0005578), extracellular matrix (ECM; GO:0031012) and
ECM component (GO:0044420). For CC and MF, the upregu-
lated genes were most enriched in multicellular organismal
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Figure 1. Differentially expressed (A) IncRNAs and (B) mRNAs between the invasive and control groups. Expression values are represented as red and
green, which indicate upregulation and downregulation, respectively. IncRNAs or mRNAs with an expression fold change >1.5 and with a false discovery
rate-adjusted P-value <0.05 were considered statistically significant. Invasive group: Pp03, Pp04, Pp05, Pp07 and Ppl1; control group: Pc03, Pc04, Pc05, Pc07

and Pcl1. IncRNA, long non-coding RNA.

process (GO:0032501) and receptor binding (GO:0005102),
respectively.

Pathway analysis was performed by mapping genes to
KEGG pathways. The 10 most significantly enriched pathways
corresponding to dysregulated mRNAs are listed in Fig. 4B.
The most enriched pathways were the TGF-f§ signaling
pathway (KEGG ID: hsa04350) for upregulated mRNAs and
the pentose phosphate pathway (KEGG ID: hsa00030) for
downregulated mRNAs.

Discussion

The present study provided a comprehensive analysis of
IncRNA and mRNA expression profiles in AIP. In invasive
placenta tissues, a total of 329 IncRNAs (101 upregulated;
228 downregulated) and 179 mRNAs (95 upregulated;
84 downregulated) were differentially expressed compared
with adherent noninvasive tissues. Most of the dysregulated
IncRNAs were from intergenic regions (72.15%). The RT-qPCR

results are consistent with the results of the microarray assays,
proving the reliability of the microarray results.

GO analysis indicated that the top three functions of all
dysregulated genes were enriched in proteinaceous ECM,
ECM and ECM components. Physiologically, ECM provides
biochemical and structural support to surrounding cells (17)
and undergoes vigorous reorganization in the process of
placenta implantation (18). ECM components are critical for
trophoblast invasion (19). Heparan sulfate proteoglycans, an
ample ECM component of the placenta, may decentralize the
ECM and promote trophoblast invasion to the myometrium
when they degrade (19). Other ECM components, such as
decorin and biglycan, were reported to be involved in placental
invasion (20). In addition, ECM elasticity may direct cellular
differentiation, including the epithelial-mesenchymal transi-
tion (EMT), and studies have indicated that trophoblast EMT
has an important role in AIP (21,22). MMPs in the ECM are
able remodel the ECM to facilitate EMT, promoting cell speci-
fication during embryonic and placental development (23,24).
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Table II. Coexpression analysis of dysregulated IncRNAs subgroup.

Fold change- Genome Nearby Nearby Fold change
Gene symbol IncRNAs relationship gene symbol protein name -mRNAs
CTD-2587H24.10  -2.73297 Upstream TNNI3 Troponin I type 3 (cardiac) +1.88938
CTD-2587H24.10  -2.73297 Upstream TNNT1 Troponin T type 1 (skeletal, slow) +1.983701
VTRNA2-1 -1.53625 Downstream TGFBI Transforming growth factor beta +1.983147
induced
G008916 +1.677219  Upstream BAMBI BMP and activin membrane-bound +1.557582
inhibitor
G023160 +1.567031  Downstream ZICS Zic family member 5 -2.799566
G037467 -1.617928  Downstream ACAA2 Acetyl-CoA acyltransferase 2 -1.680578
G045620 -1.640229  Upstream PCDP1 Primary ciliary dyskinesia 1 homolog -2.004573
G052555 +1.570389  Upstream ADARBI1 Adenosine deaminase, RNA-specific, Bl +1.525046
G052559 -1.515549 Downstream ADARBI1 Adenosine deaminase, RNA-specific, Bl  +1.525046
G052938 -1.686997  Downstream GGT2 Gamma-glutamyltransferase 2 -1.921371
RP11-247A12.1 -1.716386  Natural antisense CRAT Carnitine O-acetyltransferase -1.592573
AKO057317 -1.758716  Intronic antisense ~ASIC2 Acid sensing ion channel subunit 2 +1.618979

IncRNA, long non-coding RNA. VTRNA2-1, vault RNA2-1.
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Figure 2. Expression signatures of the dysregulated IncRNAs between the invasive group and the control group. (A) Chromosome distribution of IncRNAs.
Chromosomes 2 and 10 had the highest number of dysregulated IncRNAs. (B) Classification of IncRNAs. They were mainly intergenic. (C) Length distribution
of IncRNAs (nt). They were mainly between 401 and 800 nt in length. IncRNA, long non-coding RNA; chr, chromosome.
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RT-qPCR validation and extended RT-qPCR validation. The 10 PCR-validated IncRNAs in the original and extended samples exhibited similar fold-change
tendencies to those observed in the microarray results. IncRNA, long non-coding RNA; RT-qPCR, reverse transcription-quantitative PCR.

Furthermore, placental basement membrane proteins also
participate in trophoblast invasion; they constitute >80% of
ECM proteins in the placental basal plate and are indispens-
able for effective cytotrophoblast invasion (25). As the results
of the present functional enrichment analysis indicate, the
basement membrane had the fifth-highest enrichment score,
which is consistent with the above results. The ECM is derived
from a multicellular organismal process, which has important
functions in cell adhesion, differentiation and cell-to-cell
communication (26). These different roles may be the reason
why the category of multicellular organismal process has the
fourth-highest enrichment score. KEGG pathway analysis for
dysregulated mRNAs revealed that the top enriched pathway
was the TGF-p signaling pathway. According to previous
studies, numerous cellular processes, including EMT (27-29),
ECM neogenesis and placenta formation are regulated by
the TGF-f3 signaling pathway (30). The results of the KEGG
analysis of the present study were consistent with those of the
GO enrichment analysis. Furthermore, Duzyj et al (31) indi-
cated that the endoglin-TGF-f§ pathway system is abnormally
expressed in the invasive site of the placenta, which increases
the invasiveness of placental cells. While no previous IncRNA
studies have been performed on the regulation of AIP, to the
best of our knowledge, the present study provided clues that

dysregulated IncRNAs may regulate the process of ECM
neogenesis and placenta formation to facilitate the process of
AIP through the TGF- signaling pathway.

Previous research has demonstrated that IncRNAs are able
to regulate the expression of nearby mRNAs (32). A coexpres-
sion analysis performed in the present study suggested that
the expression of 10 IncRNAs and 2 antisense IncRNAs was
correlated with the expression of nearby mRNAs. Although
the corresponding functions of these mRNAs in AIP remain
elusive, based on previous studies and GO analysis, it was
indicated that they are mainly involved in muscle contraction
regulation [troponin I1 (TNNII1), troponin I3 (TNNI3)] (33),
TGF-p signaling [BMP and activin membrane-bound
inhibitor (BAMBI) and TGF-B-induced (TGFBI)] (34,35), cell
proliferation, migration, aggressiveness [ZICS5, acetyl-CoA
acyltransferase 2 (ACAA?2)] (36-39), multicellular organism
function [adenosine deaminase RNA specific Bl (ADARBI),
acid sensing ion channel subunit 2 (ASIC2)], amino acid
regulation [gamma-glutamyltransferase 2 (GGT2)] and fat
metabolism [carnitine O-acetyltransferase (CRAT)]. Of
note, BAMBI and TGFBI, as the target genes of the TGF-f3
pathway (34), are closely related to the ECM and invasive
placental cells, and their nearby IncRNAs G008916 and
VTRNAZ2-1 were upregulated and downregulated, respectively.
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Figure 4. GO and KEGG analysis. (A) GO enrichment analysis of mRNAs. All of the 10 most significantly enriched functions were enriched by upregulated
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pathway was the TGF-f3 signaling pathway. GO, gene ontology; KEGG, Kyoto Encyclopaedia of Genes and Genomes; BP, biological process; CC, cellular

component; MF, molecular function.

According to the results of the subgroup and the GO and
KEGG analyses, it is indicated that BAMBI and TGFBI have
important roles in AIP through TGF-f pathway to promote
placental invasion.

The present study has certain strengths and limitations.
The present study was the first to explore the IncRNAs
expression profile in patients with AIP. The present study
identified and validated certain dysregulated IncRNAs in AIP.
However, there are certain limitations to this study. One major

limitation was that no normal group was used for comparison
with the invasive group and control group when performing
IncRNA microarray scanning, as both of them were sampled
from patients with AIP. Using a normal group with samples
from patients without AIP may make the comparison more
complete. In order to remedy this, extended sample validation
was performed and the results of the extended qPCR valida-
tion were consistent with the original sample validation and
microarray data.
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In summary, the dysregulated mRNAs were mainly
enriched in functional terms associated with the extracellular
matrix and in the TGF-f signaling pathway. IncRNAs G008916
and VTRNAZ2-1 corresponded to the nearby mRNAs BAMBI
and TGFBI, which were both involved in the TGF-f3 pathway
and were strictly associated with the ECM and the invasion of
placental cells. These IncRNAs have great potential to serve as
biomarkers of AIP.
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