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A B S T R A C T

Objectives: To identify circRNA expression profiles in the placentae of severe preeclampsia (SPE) and normal
pregnant (NP) women.
Methods: Placental samples were collected from six paired SPE and NP women. CircRNA expression profiles
were identified by RNA-Seq and validated in another 30 SPE and NP samples by qRT-PCR. Several bioinformatic
tools were utilised to analyse the potential function of differentially expressed circRNAs (DE-circRNAs) and to
predict target microRNAs (miRNAs) and proteins. Furthermore, immunohistochemistry, Western blotting and
RNA binding protein immunoprecipitation (RIP) were conducted to confirm the interaction between the circRNA
and protein.
Results: In total, 18,631 circRNAs were detected. Among them, 180 circRNAs were differentially expressed,
including 94 upregulated and 86 downregulated circRNAs. Seven DE-circRNAs were selected for validation, and
the results of six circRNAs (hsa_circ_0007611, hsa_circ_0011460, hsa_circ_0002888, and hsa_circ_0007445,
hsa_circ_0017068, hsa_circ_0012737) were consistent with the sequencing results. Bioinformatics analyses of DE-
circRNAs revealed that most of them are involved in vasodilation, regulation of blood vessel size, protein
transport and localization, and pathways in cancer. In addition to the mRNA expression profile, it was interesting
to find that the hsa_circ_0011460 target gene solute carrier organic anion transporter family member 2A1
(SLCO2A1, PGT) was also significantly increased in SPE placentae. Immunohistochemistry, Western blotting and
qRT-PCR validated the expression and distribution of PGT. Finally, RIP of HTR-8/SVneo cells confirmed that
hsa_circ_0011460 targets PGT directly.
Conclusions: A total of 180 DE-circRNAs were detected. One crucial circRNA, hsa_circ_0011460, was shown to
interact directly with its host gene PGT. These findings indicated that hsa_circ_0011460 may serve as a potential
therapeutic target for patients with SPE.

1. Introduction

Preeclampsia (PE) affects 3%–5% of human pregnancies and keeps
the leading cause of perinatal morbidity and mortality worldwide,
especially in low-income and middle-income countries [1]. The ae-
tiology and pathogenesis of PE remains unclear. Timely termination of
delivery is the only effective treatment for PE, while women with PE are
still at a greater risk of developing cardiovascular complications later in
life.

CircRNAs, a class of noncoding RNA, are characterized by a cova-
lent bond linking the 3′ and 5′ ends generated by backsplicing. These
molecules were often considered to be aberrant splicing by-products

with little functional potential for tens of years [2]. In recent years, the
rapid advancement of high-throughput RNA sequencing technology has
catalysed the in-depth study of circRNAs, which have been implicated
in the physiological progress and pathogenesis of various diseases and
conditions, such as neural development, human epithelial-mesench-
ymal transition (EMT) progress and cancer development [3,4]. At the
molecular level, these molecules regulate gene expression by titrating
miRNAs, sequestering proteins, modulating RNA polymerase II tran-
scription, and interfering with pre-mRNA processing [5]. Two of the
best-known circRNAs, ciRS-7/CDR1as and Sry circRNA, have been
characterized as miRNA sponges [4,6]. However, it should be noted
that the majority of circRNAs in mammals are expressed at low levels
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and that they rarely contain multiple binding sites for the same miRNAs
[7]. Thus, it seems unlikely that many circRNAs can function as miRNA
sponges. In addition, several studies have indicated that some circRNAs,
such as circMbl and circFOXO3 [8,9], can interact with different pro-
teins to form specific circRNA binding proteins that subsequently in-
fluence modes of action of associated proteins. We were surprising to
find that those two circRNAs target the protein encoded by their host
genes. Moreover, the loop conformation protects circRNAs against RNA
exonuclease, which allows them to maintain a stable expression level
and makes them suitable diagnostic biomarkers for human diseases
[10,11].

A few studies have reported the potential significance of circRNAs in
the occurrence of PE [12–14]. Zhang’s [15] groups first reported that
the circ_101222 levels in blood corpuscles of patients with PE were
significantly higher than those in corresponding healthy women. Qian’s
[16] and Hu’s [14] groups discovered that circRNAs may contribute to
the pathogenesis of PE by acting as miRNA sponges shortly afterwards.
Unfortunately, most previous studies employed circRNA microarrays to
detect circRNA expression. Obviously, compared with RNA-Seq, cir-
cRNA microarray technology has many limitations, and it is vulnerable
to interference by the background signal and hybridization [17]. In this
study, we applied RNA-Seq technology to identify DE-circRNAs in SPE
placentae to provide a new avenue for mechanistic research of PE.

2. Materials and methods

2.1. Sample collection

All study patients were recruited from the Department of Obstetrics,
Renmin Hospital of Wuhan University between June and October 2017.
The patients, who had no previous history of high blood pressure, were
diagnosed with SPE according to the following criteria: a systolic blood
pressure (SBP) of 140–160mm Hg or diastolic BP (DBP) levels of
90–110mm Hg, measured at least two times with a 6 h interval after
20 weeks of gestation, along with new evidence of thrombocytopenia
(< 100,000/mL), elevated liver enzymes, severe right-upper-quadrant
pain that was resistant to medical treatment, pulmonary edema, cere-
bral and visual symptoms, and progressive renal failure (serum creati-
nine > 1.1mg/dL) (Report of the American College of Obstetricians
and Gynecologists’ Task Force on Hypertension in Pregnancy, 2013).
The inclusion criteria were singleton gestation, caesarean section,
healthy pregnant women, and SPE patients. The exclusion criteria in-
cluded multiple pregnancy, gestational diabetes mellitus, intrahepatic
cholestasis of pregnancy, HELLP syndrome, pregnancies with chromo-
somal aberrations, foetal and placental structural abnormalities, and
systemic chronic diseases. The diagnosis of intrauterine growth re-
striction (IUGR) was defined as predictive foetal weight< 5 percentile
for gestational age [18]. The placenta samples were collected and dis-
sected around the umbilical cord root at the time of the caesarean
section and frozen in liquid nitrogen. Our project was reviewed and
approved by the Ethics Committee of Renmin Hospital of Wuhan Uni-
versity, and all participants signed informed consent.

2.2. RNA extraction and qualification

Total RNA from human placentae was extracted using TRIzol re-
agent (Invitrogen, Life Technologies, USA) according to the manu-
facturer’s protocol. The sequencing screening criteria for total RNA
were as follows: OD260/OD280=1.8–2.2, 28S:18S≥ 1.2, RIN≥ 7.0,
and total quality> 2 μg.

2.3. Library preparation and sequencing

First, ribosomal RNA was removed from the total RNA using the
Ribo-ZeroTM Gold kit. Next, RNA was fragmented into short segments
(200–500 nt) by Fragmentation Buffer. The first strand of cDNA was

synthesized by random Hexamers using the RNA fragment as a tem-
plate. And then, the buffer, dNTPs, RNase H, and DNA Polymerase I
were added into the mix to synthesize the second strand of cDNA. After
purification, the end repairment, adding single base A and adding se-
quencing adapters of cDNA were successively finished. Finally, the
target size fragments were purified by agarose gel electrophoresis, and
the second strand of cDNA was digested with UNG enzyme and sub-
jected to PCR amplification. An Illumina HiSeqTM 4000 system was
used for sequencing.

2.4. CircRNA identification

CircRNAs were detected by CIRCexplore as previously reported
[19]. First, we used the BWA-MEM algorithm to match the sequence to
the reference genome, and the results were compared with SAM file
scanning, searching for paired chiastic clipping, paired-end mapping
loci, and GT-AG splicing signals. Finally, reads with only one junction
site were remapped by a dynamic programming algorithm to ensure the
reliability of circRNA identification. All sequencing procedures and
analyses were performed by Annoroad Gene Technology Co., Ltd.
(Beijing, China).

2.5. Characterization of circRNAs

Illumina HiSeq was applied in sample progression with an average
of more than 120 million reads, and HiSAT2 was used for mapping
them to the human reference genome (GRCh37/hg19). We used DEseq2
[20] to analyse the aberrant expression of circRNAs. Then, we identi-
fied DE-circRNAs between NP and SPE samples according to following
criteria: | log2(fold changes) |≥ 1.5 and p-values< 0.05. Finally, the
allocation in chromosomes and the host genes of dysregulated circRNAs
were also analysed.

2.6. Bioinformatics analysis

Gene Ontology (GO) analysis (http://www.geneontology.org) of the
host genes of the DE-circRNAs was conducted. P-values < 0.05 were
considered significant. Pathway analysis was conducted on the Kyoto
Encyclopedia of Genes and Genomes (KEGG) database to determine
host genes in diverse biological processes. The significance of pathways
was negatively correlated with p-values (p < 0.05). Gene Set
Enrichment Analysis (GSEA) was established based on the host gene
expression data of the circRNAs to further confirm the results of GO and
KEGG analysis. The network visualization and analysis tool
Cytoscape_V2_8_3 was used to identify putative target genes for the
predicted miRNA sponges.

Table 1
Demographic and clinical characteristics of the subjects.

Characteristics SPE (n=3) NP (n= 3) P value

Age at gestation (year) 33.00 ± 2.65 32.33 ± 4.04 0.823
Gestational age (day) 249.33 ± 2.08 251.33 ± 3.21 0.417
Gravidity 3.33 ± 0.58 2.33 ± 0.57 0.711
Parity 0.33 ± 0.57 1.00 ± 0.00 0.180
Pre-pregnancy BMI (kg/m2) 25.40 ± 2.47 23.26 ± 3.35 0.423
BMI (kg/m2) 29.92 ± 0.54 26.74 ± 3.21 0.166
Gestational weight gain (kg) 12.00 ± 7.00 9.00 ± 3.00 0.533
SBP (mmHg) 157.00 ± 22.11 115.33 ± 10.41 0.042*
DBP (mmHg) 95.33 ± 10.12 74.00 ± 10.58 0.065
Fetus birth weight (g) 2223.33 ± 323.32 3100.00 ± 522.02 0.069
IUGR rate (%) 1 (33.34%) 0 0.500
Apgar score 8.67 ± 0.58 9.67 ± 0.58 1.101

*P < 0.05.
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2.7. qRT-PCR

qRT-PCR was performed with SYBR ®Premix Ex TaqTM II (TaKaRa,
Japan) according to the manufacturer’s protocol. β-actin was used as an
internal RNA control, and the expression levels of the target circRNAs
were calculated through the 2-ΔΔCt method. The primer sequences are
shown in Table 2.

2.8. Cell culture

Human first trimester trophoblast cell line (HTR-8/SVneo) cells
were purchased from the American Type Culture Collection (ATCC) and
cultured in RPMI 1640 (Gibco, USA) with 10% FBS (Gibco, USA) and
1% penicillin/streptomycin at 37℃ and 5% CO2 for further RIP assays.

Table 2
Primers of selected DE-circRNAs for qRT-PCR.

circRNA F-primer R-primer Predict length of product (bp)

hsa_circ_0007611 CTGGGGTGGTAAAACTTGGAGA CTAATGTATTATAGCCCATATCCGG 193
hsa_circ_0011460 TTTTCTCTCTACAAGCCATTCCC CCTCCAACTTCCTTGCTTCATCT 164
hsa_circ_0002888 CACCTTGGTTGTGGCTGACTC CACCATTTCAGGCAAAGACCA 238
hsa_circ_0007445 AACCTGTCAAAGTCCAGAGCAT GGATAGTGAGGGACTTGTTGCT 245
hsa_circ_0017068 GAAGTTTTAGAGGAATGGCAGTCTC TTGAGCATTAGGTTCGGGGTG 207
hsa_circ_0012737 TGGAGAACCTATCAAGATGCGA TGAGACTGACAAACAGAAGCCAC 226
H-ACTIN CACCCAGCACAATGAAGATCAAGAT CCAGTTTTTAAATCCTGAGTCAAGC 317

Fig. 1. Expression profiles of circRNAs between SPE and normotensive groups. (A) Hierarchical cluster analysis was based on the expression values of all dysre-
gulated circRNAs detected by RNA-Seq. The red colour indicates positive relative expression, and the green colour denotes negative relative expression, n=3 each
group. One column indicates one sample, and one row indicates a transcript. (B) DE-circRNAs in SPE samples compared with NP samples. FC, fold change. (C) The
circus plot presents the distribution of abundance of all circRNAs on different chromosomes. The expression value (FPKM) of all circRNA transcripts is presented
based on their locations in the human reference genome. (D) Overview of the distribution of differently expressed circRNAs is based on the number of circRNAs. Blue
colour indicates upregulation, and pink colour represents downregulation. (For interpretation of the references to colour in this figure legend, the reader is referred to
the web version of this article.)
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2.9. RNA immunoprecipitation

RIP experiments were performed using a Magna RIP RNA Binding
Protein Immunoprecipitation Kit (Millipore, Bedford, MA, USA). The
PGT-RIP assay was conducted in HTR-8/SVneo cells. Approximately
1× 107 cells were pelleted and resuspended in an equal volume of RIP
lysis buffer (approximately 100 μl) containing protease and RNase in-
hibitors. Cell lysates (100 μl) were incubated with 5 μg control rabbit
IgG- or anti-PGT antibody (Abcam ab150788)-coated beads with rota-
tion at 4 °C overnight. After treatment with proteinase K, the im-
munoprecipitated RNAs were extracted using the RNeasy MinElute
Cleanup Kit (QIAGEN) and reverse transcribed using Prime-Script RT
Master Mix (TaKaRa). The level of hsa_circ_0011460 was detected by

qRT-PCR.

2.10. Immunohistochemistry

Collected specimens were subjected to immunohistochemistry ana-
lysis using the Enovision Detection Kit/DAB (GK500705, DAKO A/S,
Glostrup, Denmark) according to the manufacturer’s protocol with the
indicated antibody: anti-PGT antibody (Abcam ab150788). The images
were acquired with a Leica DM25000B microscope (Leica, Germany).

2.11. Western blotting

Cell lysates/placenta protein were extracted using enhanced RIPA

Fig. 2. qRT-PCR confirmed the RNA-Seq data of the six circRNAs (four upregulated and two downregulated) using divergent primers. (A) hsa_circ_0002888 (B)
hsa_circ_0007445 (C) hsa_circ_0007611 (D) hsa_circ_0011460 (E) hsa_circ_0012737 (F) hsa_circ_0017068. Values are the mean ± SD (n=3 per group). qRT-PCR
analysis was conducted in triplicate. *p < 0.05 compared with sham (Student’s t-test). SPE indicates severe preeclampsia, NP indicates normal aged pregnancy.
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Lysis Buffer (Beyotime) containing a 1% dilution of PMSF (Beyotime).
Protein concentrations were determined using a microplate reader (Bio-
TEK, USA) with the enhanced BCA Protein Assay kit (Beyotime). Equal
amounts of protein in each lane were separated by 8–10% SDS-PAGE
and transferred to a 0.45 μm PVDF membrane (Millipore, Billerica, MA,
USA). After blocking the membrane in 5% nonfat milk, the membrane
was incubated with primary antibodies at 4 °C overnight, followed by
incubation with labelled secondary antibody at room temperature for
1 h, washing, and addition of Immobilon Western Chemiluminescent
HRP Substrate (Millipore, USA). Imaging was performed using a GelDoc
XR System (Bio-Rad, USA).

2.12. Statistical analysis

All experiments were conducted at least in triplicate, and the results
are expressed as the mean ± standard error of the mean (SEM). An
independent sample t test was performed using SPSS 21.0 to detect
significant differences in the measured variables between the two
groups. A P-value < 0.05 was considered statistically significant.

3. Results

3.1. Demographic and clinical characteristics of the participants

The demographic and clinical information of each participant in this
study is summarized in Table 1. Cases for RNA-Seq were artificially
matched for maternal age, gestational weeks and body mass index
(BMI).

3.2. CircRNA profiles in human placentae

First, we characterized the circRNA transcripts using RNA-Seq
analysis of ribosomal RNA-depleted total RNA from three NP and three

SPE placentae. A computational pipeline based on the anchor alignment
of unmapped reads was used to identify circRNAs without relying on
gene annotations. In total, 18,631 distinct circRNA candidates, con-
taining at least two unique backspliced reads, were found in these tis-
sues. Among them, 180 circRNAs were screened out as DE-circRNAs,
including 94 upregulated and 86 downregulated circRNAs. The volcano
plot and the hierarchical cluster are presented to visualize the results
(Fig. 1A, B). The distribution of DE-circRNAs among chromosomes is
presented in Fig. 1D. Obviously, most upregulated circRNAs were dis-
tributed on chromosome 2, while the majority of downregulated cir-
cRNAs were centralized on chromosomes 5, 6 and 15. Furthermore,
after mapping all detected circRNA candidates to the human reference
genome, a circus plot was generated to show the landscape of circRNA
candidate abundance distribution among different chromosomes on the
basis of fragments per kilobase of transcript per million (FPKM)
(Fig. 1C). Most circRNA candidates were centralized on chromosomes
1–7 and X. All these results indicate that the expression profiles of
circRNAs in the placenta were different between SPE and NP.

3.3. Validation of circRNA expression

We selected 7 of the top 10 distinctly up- or downregulated
circRNAs for further validation by qRT-PCR. One-generation sequen-
cing of qRT-PCR products was conducted to detect the junction reads of
selected circRNAs. Among them, the qRT-PCR results of 6 DE-circRNAs
(hsa_circ_0002888, hsa_circ_0007445, hsa_circ_0007611, hsa_-
circ_0011460, hsa_circ_0012737, hsa_circ_0017068) were consistent
with the RNA-Seq data (Fig. 2), while one circRNA-hsa_circ_0017068
presented the opposite expression trend between the RNA-Seq data and
qRT-PCR results.

Fig. 3. Gene Ontology analysis and Kyoto Encyclopedia of Genes and Genomes pathway analysis for dysregulated circRNA gene symbols. Red columns indicate
enriched biological process of dysregulated circRNA gene symbols; green columns indicate enriched molecular function of dysregulated circRNA gene symbols; blue
columns indicate cellular component of dysregulated circRNA gene symbols and yellow columns indicate enriched KEGG pathways of dysregulated circRNA gene
symbols.
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3.4. GO and KEGG pathway analyses

GO analysis (Fig. 3), consisting of biological process, cellular com-
ponent, and molecular function, revealed that the majority of DE-cir-
cRNAs are involved in vasodilation, regulation of blood vessel size,

protein transport and localization. To investigate the role of circRNAs in
gene regulation, KEGG pathway enrichment analysis was conducted
based on the parent genes of DE-circRNAs. The top ranked pathways
include pathways in cancer, chemokine signalling pathway and focal
adhesion (Fig. 3).

Fig. 4. Gene set enrichment analysis (GSEA) with a high enrichment score for gene sets. (A) Autoimmune thyroid disease (B) primary immunodeficiency (C) allograft
rejection (D) intestinal immune network for IGA production (E) non-small cell lung cancer (F) cell cycle.
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3.5. Gene set enrichment analysis (GSEA)

GSEA was conducted to validate whether DE-circRNAs are asso-
ciated with PE-related pathways. Significantly enriched gene sets were
positively related to the pathways of autoimmune thyroid disease
(Fig. 4A), primary immunodeficiency (Fig. 4B), allograft rejection
(Fig. 4C), and intestinal immune network for IGA production (Fig. 4D)
and negatively related to the pathways of cell cycle and non-small cell
lung cancer (Fig. 4E), which are related to oxidative stress activation,
inflammatory reaction and cell survival, death, differentiation, pro-
liferation, and neuroinflammation (Fig. 4F).

3.6. Construction of the ceRNA network

To explore the miRNA sponge potential of validated circRNAs, the
target miRNAs of four upregulated circRNAs (hsa_circ_0007611, hsa_-
circ_0011460, hsa_circ_0002888, and hsa_circ_0007445) and two
downregulated circRNAs (hsa_circ_0017068 and hsa_circ_0012737) as
well as the downstream genes of these miRNAs were predicted by using
Cytoscape_V2_8_3. The top 3 predicted miRNAs and the top 10 mRNAs
were enrolled. Finally, a global ceRNA network was constructed and
was presented in Fig. 5A. Further biological processes of those target
genes were analysed (Fig. 5B). Angiogenesis, response to hypoxia, in-
flammatory response and VEGFR signal pathway were all involved and
have been reported to participate in the occurrence of PE.

3.7. Validation of PGT expression

Interestingly, according to GO analysis, protein transport and lo-
calization were considerably enriched. Combined with the mRNA ex-
pression profile of the placentae (Fig. 6A, B), we unexpectedly found
that the solute carrier organic anion transporter family member 2A1-
PGT, the host gene of hsa_circ_0011460, was also significantly in-
creased in SPE placentae. We finally chose hsa_circ_0011460 as our
target circRNA. Online bioinformatic tools (RNA-Protein Interaction
Prediction, RPIP) predicted that hsa_circ_0011460 may target the PGT
protein directly. Thus, we validated the higher mRNA expression of
PGT in human placentae of SPE than in NP (n=15, n= 15) by qRT-
PCR (Fig. 6C) and further confirmed its protein expression by Western
blotting and immunohistochemistry (Fig. 6D–G). Furthermore, we
found that PGT was mainly located in syncytiotrophoblasts and cyto-
trophoblasts by immunohistochemistry (Fig. 6 D, E).

3.8. hsa_circ_0011460 directly interacts with PGT

To further confirm the direct interaction of hsa_circ_0011460 and
PGT, RIP was employed. RIP in HTR-8/SVneo cells showed that the
level of endogenous hsa_circ_0011460 pulled down by PGT antibody
was significantly higher than the control using IgG antibody (Fig. 7). All
these data suggest that hsa_circ_0011460 targets PGT directly.

Fig. 5. CeRNA network in SPE. The ceRNA network was based on circRNA/miRNA and miRNA/mRNA interactions. In this network, the edges represent sequence
matching, and circRNAs connect the expression of mRNAs through miRNAs. The ceRNA network of hsa_circ_0007611, hsa_circ_0011460, hsa_circ_0002888, hsa_-
circ_0007445, hsa_circ_0017068 and hsa_circ_0012737. Diamond nodes (light green) represent circRNAs, hexagon nodes (light blue) represent miRNAs, and round
nodes (orange) represent correlated mRNAs. The size of the node indicates the number of interactions. (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article.)
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Fig. 6. The expression of PGT in human placentae. (A) Hierarchical cluster analysis of dysregulated mRNAs detected by RNA-Seq. The red colour indicates positive
relative expression, and the green colour denotes negative relative expression, n=3 each group. One column indicates one sample, and one row indicates a
transcript. (B) DE-mRNAs in SPE samples compared with normal samples. FC, fold change; (C) mRNA expression of PGT in the placenta of matched NP and SPE by
qRT-PCR, n= 15 each group. (D), (E) Immunohistochemistry of PGT in the placentae of matched normal pregnancy and SPE; (F), (G) Western blotting of PGT in
placentae of matched SPE and NP.

Fig. 7. hsa_circ_0011460 directly interacts with PGT. (A) The ring frame of hsa_circ_0011460; (B) Western blotting of protein samples obtained from im-
munoprecipitation. The input and target lanes showed obvious bands at a position of approximately 66 kDa, and the negative control sample had no band. (C) The
RNA samples obtained from immunoprecipitation were used as a template, and qRT-PCR amplification was carried out using a specific RIP primer. The PCR product
of hsa_circ_0011460 (hsa_circ_0011460 was 164 bp) was analysed by gel electrophoresis. (D) Basic information about hsa_circ_0011460 and one generation se-
quencing result of qRT-PCR products.
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4. Discussion

In this study, we systematically profiled DE-circRNAs in the pla-
centae of SPE patients by integrating RNA-Seq data in human SPE and
NP placentae. A total of 18,631 circRNAs were detected. Among them,
180 circRNAs were differentially expressed in SPE placentae, including
94 upregulated and 86 downregulated circRNAs. The majority of de-
tected circRNAs have not been annotated previously. Consistent with
other groups’ work, our study indicated that the expression profiles of
circRNA in placentae were apparently different between SPE and NP.

Several bioinformatics tools were applied to integrate the RNA-Seq
data, and a global ceRNA network was depicted. As shown in Fig. 2,
many DE-circRNAs were enriched in vasodilation, regulation of blood
vessel size, protein transport and localization. As delineated in the two-
stage theory of PE, the pathogenesis of PE is rooted in early pregnancy,
while clinical symptoms manifested until late pregnancy [21]. In the
second two trimesters of pregnancy, the placenta requires increasing
access to the maternal blood supply, which is created by extensive re-
modelling of maternal spiral arteries [22]. This finding indirectly sug-
gests that vasodilation and regulation of blood vessel size may be in-
volved in the onset of PE. In addition, clinical studies [23,24] reported
that maternal endothelial function and aberrant concentrations of the
endogenous inhibitor of endothelial nitric oxide synthase (ADMA) were
associated with PE. Huang et al. [25] reported that PE is associated with
impaired maternal-foetal nutrient transfer, and the amino acid trans-
porters SLC7A7 and SLC38A5 showed marked differences between
controls and PE. However, the crucial transport mechanisms underlying
PE have not been fully elucidated. Based on the mRNA profiles and
validation results by qRT-PCR, we ultimately chose hsa_circ_0011460 as
our target circRNA, whose parent gene is PGT, which encodes a pros-
taglandin transporter that is a member of the 12-membrane-spanning
superfamily of transporters and is involved in mediating the uptake and
clearance of prostaglandins in numerous tissues, especially pros-
taglandin E2 (PGE2) [26]. PGE2 was shown to promote the migration
of HTR-8/SVneo cells and is associated with decidualization [27,28].

The genomic structure shows that hsa_circ_0011460, a classical
circular RNA, consists of three exons (434 bp) from the PGT gene locus
(Fig. 7a). Considering that only a few circRNAs can function as miRNA
sponges, we focused on studying circRNA function by sequestering
proteins. Online bioinformatics tools unexpectedly predicted that
hsa_circ_0011460 may target the protein PGT encoded by its parent
gene. A previous study speculated that there is a feedback loop between
MBL and circMbl production. When the protein is in excess, it decreases
the production of its own mRNA by promoting circMbl production. This
circRNA could then sponge the excess MBL protein by binding to it [8].
Such a model of action of circRNA was also observed in the highly
expressed circFOXO3 in the mammalian heart [9]. Consistent with that
of hsa_circ_0011460, the level of PGT protein was significantly higher in
the placentae of SPE compared with NP in further verification studies.
Immunohistochemistry of PGT showed that PGT protein was mainly
distributed in syncytiotrophoblasts and cytotrophoblasts. Finally, RIP
assays of HTR-8/SVneo cells showed that hsa_circ_0011460 directly
interacts with PGT.

Based on these results, we speculated that hsa_circ_0011460 may
participate in the occurrence and development of SPE by anchoring the
protein of PGT. This finding provides a new avenue for research on PE,
and this molecule may be a biomarker of the early diagnosis of SPE that
has been studied in our subsequent work. The detailed molecular me-
chanism needs to be further studied.
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