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Abstract: Identification of the expression profile of exosomal IncRNAs in plasma from PE patients to provide new
insights into the molecular mechanism. Five pregnant patients with early-onset severe PE were included in the PE
group and 5 normal pregnant patients were included in the control group in the training cohort. Differential expres-
sion of genes were identified between the two groups, and were verified in plasma exosomes from 12 additional
pregnant patients with EPE and 12 normal pregnant patients. KEGG pathway analysis and GO enrichment analysis
were performed using online prediction databases to construct a IncCRNA-miRNA-mRNA co-expression network.
From there a panel of candidate IncRNAs was selected and validated via quantitative PCR in the two groups. In the
289 differential INcRNA, 155 were up-regulated and 134 were down-regulated. Bioinformatics enrichment analysis
demonstrated that the target genes of differential expression of INCRNAs were enriched in 159 pathways with P <
0.05, including cancer, metabolic and PI3K-Akt signaling pathways. Three IncRNAs exhibited significant differential
expressed in exosomes between the two groups. A INCRNA-miRNA-mRNA co-expression network analysis showed
that ENSTO0000559730-hsa-miR-661-NUDT16 was the most frequently associated with susceptibility-relation of
PE. The significant differences of plasmatic exosomal IncRNA expression between normal pregnant women and
early-onset severe PE patients suggest that INcRNA may participate in the pathogenetic process of PE. Our study
provides a preliminary bioinformatic foundation in order to find PE markers in plasma which further increase the

sample size, and continue to verify the function of INcCRNA in vitro.
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Introduction

Preeclampsia (PE) is a common gestational
complication and manifests as new-onset
hypertension, proteinuria, placental, and organ
dysfunction, commonly occur after 20 weeks
of gestation. PE is one of the main cause of
maternal and neonatal morbidity and mortali-
ty, and affects approximately 5-8% of pregnant
women around the world [1]. Although exten-
sive studies have been conducted from various
angles, the pathogenesis and etiology of PE is
still not clear. Currently, the occurrence of PE is
considered to be related to maternal endothe-
lial dysfunction, uterine spiral artery remodel-
ing dysfunction and abnormal placental im-
plantation. Placental dysfunction may explain
the main pathologic features associated with
the complications. Early-onset preeclampsia
which is considered as a placental disease

mainly affects both mother and fetus due to
placental abnormity, while late-onset preecla-
mpsia may be caused by the synergy of placen-
tal degeneration and the genetic susceptibility
to cardiovascular and metabolic diseases [2].

The placental cell-derived exosomes secreted
into the maternal circulation regulates the
function of maternal organs, establishes the
communication between mother and fetus,
and accommodates the demands for maintain-
ing pregnancy and its plasma concentration is
50 times that in non-pregnant women [3].
Exosomes are membrane-derived extracellular
vesicles (EVs) released by a variety of cell types
that deliver bioactive substances, such as pro-
tein, INcRNA, miRNA, and lipids to mediate cell-
cell communication [4]. Recent studies have
found that the changes in protein, INcRNA and
other content of placenta derived exosomes
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affect trophoblast function, angiogenesis or
other aspects, which may be related to patho-
logical pregnancy such as preeclampsia [4, 5].
At present, most studies focus on the role of
exosomal IncRNA in placenta or decidua, but
few studies have been conducted on plasmatic
IncRNA [6-8].

With the development of sequencing technolo-
gy, it has been found that a variety of INCRNA
are abnormally expressed in the placenta of
PE patients. Further silencing/overexpression
tests show that IncRNA can change trophoblast
function, participate in immune regulation, epi-
genetic regulation, decidualization and other
aspects. Most of these studies focus on the
analysis of IncRNA in placental samples, and
most of them are in vitro experiments, and no
consensual conclusion has been reached.
Wang et al. proposed that the regulatory net-
work in psglOp/mir-19a-3p/IL1IRAP pathway
may be involved in the pathogenesis of PE
[9]. Wu et al. hypothesized that MALAT1 could
regulate the migration and invasion of tropho-
blast cells through PI3K-Akt signaling pathway
by regulating miR-206/IGF-1 axis [10]. How-
ever, changes in the expression levels of multi-
ple IncRNAs may lead to the same phenotype,
while changes in the expression of a single
IncRNA may lead to cell phenotype due to its
involvement in a variety of biological pathways.
Whether the change of IncCRNA expression is a
cause or a result needs to be determined by
further clarification of the regulatory mecha-
nism at the molecular level.

However, it is difficult to obtain placental tis-
sues before parturition. Furthermore, biologi-
cal fluids such as blood, urine and saliva are
much easier to obtain and may be more clini-
cally practical in prenatal screening and diag-
nosis. In this study, we detected the expres-
sion profile difference of plasmatic exosomal
IncRNA between early-onset severe PE patients
and normal pregnant women by high-through-
put RNA sequencing and provided evidence for
their biologic activity in the pathogenesis of PE.

Material and methods

Patients

Five pregnant women with early-onset severe
PE who delivered in the First Affiliated Hospital

of Guangxi Medical University from June to
November 2019 were included in the experi-
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mental group (PE group) in the training cohort,
and twelve pregant women with early-onset
severe PE collected from May to September
2021 were included in the PE group in the vali-
dation cohort. A diagnosis of early-onset se-
vere PE was made when a singleton pregnant
woman presented with a systolic blood pres-
sure = 140 mmHg or/and diastolic blood pres-
sure > 90 mmHg before 34 weeks’ gestation
with one or more severe complication(s) which
was defined by Oxford Textbook of Obstetrics
and Gynaecology [11]. The control group (NC
group) in training cohort recuited 5 normal
pregnant women who were acceptedwith rou-
tine prenatal examination in the First Affilicat-
ed Hospital of Guangxi Medical University in
the same period as well as 12 normal pregant
women in validation cohort in the same period
of PE group in validation cohort. All the preg-
nant woman including thoes with PE and in the
NC group who met the following criteria were
excluded: 1. Age > 40 or < 18 years old, BMI >
30 kg/m?2, history of gestational hypertension,
preeclampsia or family history were excluded;
2. Diabetes mellitus, cardiovascular disease,
blood system disease, liver and kidney disease
and other medical complications; 3. Intrahe-
patic cholestasis, gestational diabetes melli-
tus, and acute fatty liver; 4. Multiple pregnan-
cies, fetal abnormalities, premature rupture
and intrauterine infection. In this study, the
diagnosis of Early-onset Preeclampsia was
defined as 34 weeks ago according to Oxford
Textbook of Obstetrics and gynaecology. Pre-
vious studies have found that the concentra-
tion of exosomes of pregnant women with dif-
ferent gestational weeks has great differences
[3], and the number of cases in this study is
small. In order to avoid the influence of gesta-
tional weeks on the results, the sample collec-
tion time is concentrated in 28-35 weeks. The
patients in this study all did not define the
number of births. This study was approved by
the ethics committee of Guangxi Medical
University and conducted following the ethical
standards of the responsible committee on
human experimentation (institutional and na-
tional) and with the Helsinki Declaration of
1975, as revised in 2008. The study partici-
pants gave informed consent for genetic analy-
sis before inclusion.

Plasma collection and exosomes isolation

Methods of plasma collection, exosome extrac-
tion and identification were from ISEV stan-
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dards [12, 13]. At the 28th to 35th week of
pregnancy, 15 ml blood samples from the
peripheral blood of each participant in the two
cohorts were collected in EDTA-K2 tubes. The
collected blood sample was allowed to stand
at 4°C for 3 to 4 hours, followed by centrifuga-
tion at 4000 x g for 5 minutes at 4°C.
Subsequently, the resulting supernatant was
collected. The exosomes were separated from
the plasma using precipitation separation
method. The plasma was first centrifuged at
2000 g for 20 min at 4°C to spin down blood
cells and fragments. Supernatants were pla-
ced into 3:1 (v/v) RiboTM exosome lIsolation
reagent (RiboBio, China) and mixed. Setting for
30 min at 4°C, centrifuged at 15,000 g for 2
min at 4°C to spin down the exosomes [14].

Transmission electron microscopy

A volume of 1 pL of exosomes was placed on a
400-mesh copper grid and incubated for 1 min
at room temperature, followed by incubation
with 20 g/I phosphotungstic acid (pH = 6.8) for
1 min. The grid was dried at 37°C for 15 min
and was then observed using H-7650 transmis-
sion electron microscopy (TEM) (Hitachi, Japan).

Flow cytometry

To confirm the extracellular vesicles types, iso-
lated particles were stained with the Fluores-
cein thiocyanate (FITC)-conjugated anti-CD63,
and PE-conjugated anti-CD81. The stained exo-
some particles were evaluated using BD Accuri
C6 flow cytometer and statistically analyzed
using FlowJo V10 software.

Nanoparticle tracking analysis

ZETASIZER Nano series-Nano-ZS (NanoSight
Technology, UK) was used to measure the pro-
portion of exosomes. Exosomes were resus-
pended in 1 ml PBS. Samples were injected
into the sample chamber at room temperature.
All operating procedures followed the instru-
ment manufacturer’s instruction. Finally, the
results were analyzed using nanoparticle track-
ing analysis software.

Western blotting

Total protein was extracted from exosomes.
Anti-CD63 (SBI, USA, 1:1000), Anti-TSG101
(SBI, USA, 1:1000), Anti-rabbit 1gG, HRP-linked
Antibody (SBI, USA). Protein concentration was
measured using the BCA protein assay Kkit.
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Sodium dodecyl sulfate-polyacrylamide gel ele-
ctrophoresis was used to separate lysates, fol-
lowed by protein transfer using PVDF mem-
branes. After incubation with antibodies, the
target bands were detected using E3 imaging
system.

Total RNA extraction

The total RNA from the exosomes was subject-
ed to biochemistry and molecular biology by
Trizol (Invitrogen) according to the protocol in-
structions. The total RNA was separated from
exosome suspension and eluted by RNase-free
water. Subsequently, a 1 pyL RNA solution was
quantified using Nanodrop (Thermo Scientific).
Finally, the total RNA samples were stored at
-80°C.

Construction of cDNA library and IncRNA
sequencing

cDNA was synthesized according to the instruc-
tions provided by the kit (NEB, USA) and the
purity of cDNA was evaluated using Agilent
2200 TapeStation (Life Technologies, USA).
LncRNA sequencing was performed in Guang-
zhou RiboBio Co., Ltd. (Guangzhou, China),
using the lllumina HiSeq 3000 platform for
paired-end sequencing (PE150, Sequencing
reading were 150 bp). The original fastq
sequence was processed using TRAILING: 20,
MINLEN: 235, and CROP: 235, followed by
Trimmomatic tools (v0.36) to remove trailing
sequences with a mass score below 20, and to
obtain a uniform sequence length for the down-
stream clustering process. Paired-end reading
were aligned to reference human genome hgl19
with HISAT2. HTSeq v0.6.0 was used to count
the reading numbers mapped to each gene.
The whole samples expression levels were pre-
sented as RPKM (expected number of Reads
PerKilobase of transcript sequence per Million
base pairssequenced), which is the recom-
mended and most common method to esti-
mate the level of gene expression. The statisti-
cally significant DE genes were obtained by an
adjusted P-value threshold of < 0.05 and |log2
(fold change)| > 1 using the DEGseq software.
Finally, a hierarchical clustering analysis was
performed using the R language package
gplots according to the RPKM values of differ-
ential genes in different groups. Different clus-
tering information was represented in colors,
such as the similar expression pattern in the
same group, including similar functions or in-
clusion in the same biological process.
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Table 1. Primers used in analysis of IncRNAs expression by qRT-PCR

IncRNA Forward Reward
ENSTO0000559730.1 CACACTGTTCTGGTCCTGATGTC GCTCTGGGAATGAGGTGCTT
ENSTO0000428958.1 GCCATCTGTCTCTTTGCCTCA CAACTGCACCCATTCTCCTG
ENSTO0000573220.1 AGTGACTTGCCATTGAGTCCG CCGATAACTGAGGGCAGCAG

IncRNA target prediction

The relationship between the predicted poten-
tial target genes of aberrantly expressed
IncRNAs and the aberrantly expressed mRNAs
was examined. To determine the functions of
IncRNAs in the regulation of target gene ex-
pression in cis and in trans. The differential
expression of IncRNA and mRNA were se-
quenced to estimate trans regulation followed
by preliminarily screening using Blast software
(e < 1E-5) and RNAplex software was used for
further screening to identify potential target
genes of IncRNA.

GO function and KEGG pathway enrichment
analysis

All differential expression of mRNAs were
selected for GO analysis and KEGG pathway
analysis. GO was performed with KOBAS3.0
software. GO provides label classification of
gene function and gene product attributes
(http://www.geneontology.org). GO analysis
includes: cellular component (CC), molecular
function (MF) and biological process (BP). The
differential expression of mRNAs and the en-
richment of different pathways were mapped
by KEGG pathways using KOBAS3.0 software
(http://www.genome.jp/kegg).

Candidate IncRNAs validation

Exosomal RNA extraction and quantification
were performed as aforementioned. cDNA was
generated using C1000 Touch (Bio-Rad, USA)
according to the manufacturer’s instructions.
Quantitative real-time PCR was performed on
the CFX Connect (Bio-Rad, USA) using primers
specific for ENSTO0000559730.1, ENST-
00000428958.1 and ENSTO0000573220.1
which were synthesized by Guangzhou RiboBio
Co., Ltd. (Guangzhou, China). All primers used
in this study are listed in Table 1. The reaction
system was established as follows: 2 x SYBR
green mix 5 yL, forward primer (10 pm) 0.4 pL,
reverse primer (10 uym) 0.4 pL, cDNA 2 uL,
RNase free H,0 2.2 L, total 10 pL. PCR ampli-
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fication was carried out according to the follow-
ing procedures: 95°C for 10 min, * 95°C for 10
s, 60°Cfor 20 s, 70°C for 10 s, read the plate,
return * for 40 cycles, and the melting curve
was made: between 70°C and 95°C, each time
Read the board at 0.5°C for 5 seconds. The
specificity of amplification was confirmed by
calculating melting curve profiles at the end of
each PCR analysis. Each sample was analyzed
in triplicate.

IncRNA-miRNA-mRNA co-expression network
construction

To determine the function of aberrantly
expressed INncRNAs in PE, the key IncRNA,
miRNA and mRNA were screened through the
quantitative relationship in the network, which
laid a bioinformatics foundation for the subse-
quent co-expression verification experiments.
The co-expression network was constructed by
calculating the Pearson correlation coefficient
and P value between multiple genes. In our
study, the transcripts were filtered using a |log2
(Fold Change)| > 1 and a P-value of < 0.05.
Furthermore, we selected 3 DE mRNA tran-
scripts that were enriched in reproduction-
related pathways and all DE IncRNAs to con-
struct a co-expression network, the co-expres-
sion network was illustrated on the cytohubba
plug-in (package) in Cytoscape 3.7.0 software,
the key nodes and subnetworks in the network
are predicted by degree topology algorithm.

Statistical analysis

All results in this study are represented by the
mean = SD and the comparisons were per-
formed using T-test and one-way ANOVA by
SPSS 20.0 software. Accordingly, P-values of <
0.05 were considered statistically significant.

Results
Patient characteristics

In this study, baseline characteristics, such as
age, BMI bleeding gestational age, between
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Table 2. Basic characteristics of the subjects

Training cohort

Validation cohort

PE group NC group PE group NC group
Age (years) 32.20 + 3.96 28.80 + 3.19 31.58 + 4.46 30.67 +4.52
BMI (kg/m?2) 25.32 + 3.38 24.79 + 2.59 23.67 £ 3.35 24.01 + 3.99
Bleeding Gestational Age (weeks) 34.29 +2.01 34.69 + 0.47 31.45 + 3.30 35.70 + 2.16

The comparisons were performed using independent-sample t test by SPSS 22.0 software (SPSS, Chicago, IL, USA). P-values

of < 0.05.

the two groups showed no statistical signifi-
cance. The clinical indications of the PE pa-
tients are listed in Table 2. In the NC group,
there was no occurance of complications dur-
ing pregnancy, such as preterm delivery, late-
onset preeclampsia, etc. In the PE group, all
pregnancies were terminated by cesarean sec-
tion. The duration of termination was 28 weeks
to 36+3 weeks, in which there were 2 cases of
fetal distresswhich comprise of 1 case of
severe neonatal asphyxia, furthermore, there
were no cases of placental abruption, eclamp-
sia, HELLP syndrome, maternal or perinatal
death, and postpartum hemorrhage. In the NC
group, the duration of termination of pregnancy
was 35+4 weeks to 40+0 weeks, there are no
occurance of fetal distress, neonatal asphyxia,
postpartum hemorrhage, maternal or perinatal
death. In the validation experiment of INcCRNA,
we used new cases, including 12 cases in PE
group and 12 cases in NC group. The inclusion
criteria were the same as those of the previous
experimental group. Basic characteristics of
the subjects for validation are summarized in
Table 2.

Characterization of plasma exosomes

Exosomes were isolated and purified from the
plasma of PE patients and NC subjects and
were observed using a TEM. Typicle dent hemi-
sphere-like structure with a double-layer cap-
sule were observed (Figure 1A). ZETASIZER
Nano analysis showed the detected particle
distribution coefficient (PDI) was between 0.08
and 0.7, the average particle diameter is 57.04
nm and the size distribution was mainly bet-
ween 20 and 200 nm which percentage is
86.4% (Figure 1B). It is indicated that the dis-
persion degree of the system is moderate and
the test results is reliable. Results of flow
cytometry showed the CD63 and CD81 expres-
sion of the particles are 82.5% and 86.7% rep-
resently (Figure 1C). The extracted exosomal
RNAs were inspected, and the results showed
that the RNAs were in good quality and met the
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sequencing requirements (Figure 1D). Western
blotting analysis of exosomal markers CD63
and TSG101 further confirmed the identity of
the exosomes (Figure 1E).

Profiles of the aberrantly expressed IncCRNAs
and IncRNA target prediction

A total of 289 IncRNAs (155 up-regulated and
134 down-regulated) were significantly aber-
rantly expressed between two groups (Figure
2A). The top 10 dis-regulated (up-regulated
and down-regulated) IncRNAs were shown in
Figure 2B and Table 3. For the prediction of
IncRNAs, the target mRNAs is regulated in cis.
The potential mMRNA targets were calculated by
integrating the differential expression of Inc-
RNA data and its adjacent differential expres-
sion of MRNA (10 kb). According to this criteria,
276 IncRNAs were found to have 386 regulato-
ry mRNAs in cis. For the prediction of IncCRNAs,
the target mRNAs is regulated in trans. The dif-
ferential expression of IncRNAs and mRNAs
were sequenced and preliminarily screened by
Blast software (e < 1E-5), and then RNAplex
software was used for further screening to
identify potential target mRNAs of IncRNA.
According to this criteria, 1701 mRNAs were
regulated by 138 IncRNAs in trans.

GO enrichment analysis of aberrantly ex-
pressed mRNAs

GO enrichment analysis provides three as-
pects, i.e. molecular function, biological pro-
cess and cell composition for the target mRNA.
Regarding the cell composition, target mRNA
were mainly enriched in intracellular, organ-
elles and membrane-bound organelles (Figure
3A). In terms of molecular function, the target
MRNA were associated with binding, catalytic
activity and nucleic acid binding (Figure 3B).
Regarding the biological process, it mainly con-
centrates in cell process, metabolic process,
biological regulation and other processes
(Figure 3C).
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Figure 1. Characteristics of exosomes. A. Representative TEM images of plasma-derived exosomes (100,000-fold). TEM, transmission electron microscopy. Exo-
somes showed the ultrastructure of dent hemisphere-like structure with a double-layer capsule (A1, A2). B. A result of Nanoparticle tracking analysis to measure the
size of exosomes. C. Representative figure of flow cytometry images. In the isolated particles, there were 82.5% and 86.7% particles expressed exosomal special
surface marker, CD63 and CD81 respectively. D. The quality check result of extracted exosomal RNAs and it shows RNAs were in good quality. E. Western blots of
CD63, and TSG101.
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Figure 2. Aberrantly expressed IncRNAs in PE and normal NC samples. A. Volcano plot illustrating differential expression of IncRNAs between PE and NC samples.
The abscissa represents the change of the expression multiple of IncRNA in different samples, while the ordinate represents the statistical significance of the dif-
ference in gene expression. Up-regulated IncRNAs are denoted in red and down-regulated in green. B. Hierarchically clustered heatmap illustrating the top 10 up-
regulated and down- regulated IncRNAs between PE and NC samples. Up-regulated IncRNAs are denoted in red and down-regulated in blue.
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IncRNA Chromosome position PE ) NC . log2 P-value Up/ nearest
normalize normalize (Fold change) Down mRNA
ENSTO0000448198.1 Chromosome 6:32,718,005-32,719,170:+ 5.8 0.0 4.96 2.64E-05 Up HLA-DQA2
ENST00000529266.1 Chromosome 11:112,967-125,927:- 7.4 0.2 4.85 4.98E-05 Up BET1L
ENSTO0000559730.1 Chromosome 15:40,464,193-40,466,726:- 35.8 16.0 1.19 1.41E-04 Up BAHD1
ENSTO0000573220.1 Chromosome 16:4,180,117-4,183,515:- 24.8 10.2 1.29 1.71E-04 Up SRL
ENSTO0000428958.1 Chromosome 9:93,091,406-93,095,710:- 20.6 7.0 1.57 2.00E-04 Up CARD19
ENSTO0000545188.1 Chromosome 12:65,622,273-65,663,299:+ 26.8 10.8 1.37 2.35E-04 Up HMGA2
ENSTO0000437377.1 Chromosome 1:145,827,205-145,833,118:+ 3.8 0.2 3.79 9.01E-03 Up GPR89A
ENSTO0000596241.1 Chromosome 16: 26,329,428-26,345,749:+ 5.6 0.4 3.77 2.96E-03 Up HS3ST4
ENSTO0000490324.2 Chromosome 3:101,823,793-101,824,998:- 3.6 0.2 3.72 7.58E-03 Up NXPE3
ENSTO0000572590.1 Chromosome 17:81,461,013-81,461,937:- 6.4 0.6 3.44 1.37E-03  Up ACTG1
ENSTO0000608133.1 Chromosome 3:175,527,552-175,528,340 0.4 6.4 -3.94 4.89E-04 Down NAALADL2
ENSTO0000608472.1 Chromosome 3:139,349,024-139,349,371:- 1.4 7.2 -2.42 3.67E-03 Down MRPS22
ENSTO0000451103.1 Chromosome 7: 62,854,655-62,855,817:+ 0.4 4.6 -3.58 5.77E-03 Down VN1R32P
ENSTO0000437128.1 Chromosome 1:89,260,582-89,269,754:+ 1.4 6.8 -2.27 8.46E-03 Down GBP5
ENSTO0000606963.1 Chromosome 8:65,591,850-65,592,472:- 1.6 6.4 -2.04 1.04E-02 Down  ARMC1
ENSTO0000569313.1 Chromosome 5:43,287,601-43,290,839:+ 0.4 4.2 -3.43 1.10E-02 Down HMGCS1
ENSTO0000597236.1 Chromosome 1:146,093,234-146,159,103:- 0.4 3.6 -3.3 3.10E-02 Down NBPF11
ENSTO0000596181.1 Chromosome 1:146,093,234-146,159,103:- 0.4 3.4 -3.21 3.76E-02 Down NBPF11
ENSTO0000429995.1 Chromosome 22: 20,336,866-20,341,114:- 1.2 5.6 -2.32 3.89E-02 Down DGCR6L
ENSTO0000601909.1 Chromosome 1:151,798,054-151,798,602:+ 1.8 6.6 -2.03 4.10E-02 Down  LINGO4

KEGG pathway enrichment analysis

The KEGG pathway analysis provided the anno-
tation information of the signaling transduction
pathway for the target mRNA and the distribu-
tion information of significant gene sets in the
KEGG category. The results showed that the
predicted target mMRNAs of INcCRNA were mainly
involved in the metabolic pathway, cell cycle,
and PI3K-Akt signaling pathway (Background
number: 342, P = 0.000248) (Figure 4).

Candidate IncRNAs validation

Three candidate IncRNAs were selected from
the training cohort on the basis of the differ-
ence multiple (|log2 (Fold Change)| > 1) and
significance level (P < 0.05) (Figure 5A). Exo-
somal IncRNAs were verified in 12 cases in PE
group and NC group in validation cohort respec-
tively. qRT-PCR results showed that IncRNA
ENSTO0000559730.1, IncRNA ENSTO00004-
28958.1 and IncRNA ENSTO0000573220.1
exhibited higher expression in PE group than in
NC group (Figure 5B). The qRT-PCR results vali-
dated the IncRNA expressions associated with
PE pathogenesis.

IncRNA-miRNA-mRNA network

The IncRNA-miRNA network indicates the rela-
tionships between aberrantly expressed In-
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cRNA and its potential target miRNAs using
miRcode software. Three out of the aformen-
tioned miRNAs were significant abberant ex-
pression in PE (Figure 6A). The IncRNA-miRNA
co-expression network (Top 5) were estab-
lished using database screening, literature
review and data analysis (Figure 6B). Figure 6C
showed the strongest correlation of these net-
works which was ENSTO0000559730-hsa-
miR-661-NUDT16.

Discussion

Uterine spiral artery remodeling is insufficient
in PE patients thus results in decreased placen-
tal perfusion, especially in early-onset PE [15].
Therefore, patients with early-onset severe pre-
eclampsia are suitable for this study. It is
reported that exosomes isolated from maternal
plasma and serum contain placental DNA, the
detected exosome-associated DNA concentra-
tion in plasma is significantly higher than that
in serum [16]. At the same time, with the rapid
development of the IncRNA research field,
many studies have shown that IncRNA might be
involved in the occurrence and development of
PE via multiple mechanisms, such as altering
trophoblast cell function, regulating the im-
mune system, and epigenetics, effecting decid-
ualization [17]. Although the exact functions of
most IncRNAs are still unknown, the function of
IncRNA will be meaningful to explore the patho-
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Figure 3. GO enrichment analysis of aberrantly expressed mRNAs. GO enrichment analysis cover three domains: cellular component (A), molecular function (B) and
biological process (C).
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Figure 5. The results of candidate IncRNAs validation. Three candidate INCRNAs were selected according to the
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external reference, and set three multiple holes each.

genic mechanism of PE and find out the target
of predicting and diagnosing PE. At present,
most studies on PE are based on the exosomes
or IncRNAs of placental tissues. Placental tis-
sue is difficult to obtain before parturition. In
the other hand, biological fluids such as blood,
urine, and saliva which are easily obtained, are
more clinically practical in prenatal screening
and diagnosis. In consideration of its practical
use, this study objectice is to investigate the
aberrantly expressed exosomal INcRNAs in PE
plasmatic samples.

In PE patients, the exosomes delivered sFit-1
and sEng to endothelial cells affect the vascu-
lar function which has proved that exosomes
can reduce the migration, angiogenesis, and
proliferation of human umbilical vein endothe-
lial cells in vitro and provide potential interven-
tion targets for PE [18]. Another study, which
explored the volume of plasmatic total exo-
somes and placenta-derived exosome in ma-
ternal circulation, found that the concentra-
tions in PE patients are significantly higher th-
an that in NC pregnant women and exosomal
mMiRNA, hsa-mir-486-1-5p and hsa-mir-486-2-
5p, are considered to be potentially associa-
ted with PE pathogenesis [19]. This research
proved strong evidence that the plasma exo-
somes changes and its contexts play a key role
in PE pathogenesis.
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During placental angiogenesis, the miRNA-
related endonuclease expression is high in the
perivascular chorionic membrane which sug-
gests that miRNAs are important in placental
angiogenesis and helical artery remodeling
[20]. Many miRNAs are specifically expressed
during pregnancy. The miRNA cluster of human
chromosome 19 (C19MC) is the largest known
miRNA cluster so far, including 46 miRNA clus-
ters. It is also the most abundant miRNA spe-
cies in trophoblast cell exosomes and is spe-
cifically highly expressed in the human placen-
ta. C19MC is highly expressed in PE patients,
where miR-517b, a member of C1OMC, inhibits
the proliferation of placental villi cells [21].
Placental mesenchymal stem cells under hy-
poxic conditions produced exosomes to pro-
mote angiogenesis and migration of placental
microvascular endothelial cells [3]. Exosomal
miR-214 which is secreted by human microvas-
cular endothelial cells promotes proliferation,
migration, and invasion of trophoblast cells
[22]. Exosomes in peripheral blood plasma of
healthy pregnant women facilitate the migra-
tion of human umbilical vein endothelial cells
(HUVECs), meanwhile, in PE patients, the ele-
vated expression of miR-16 inhibited HUVECs
results in the formation of blood vessels and
the migration of trophoblast cells [23].

Exosomal expression profiles changes in PE
patients can variously affect the pathogenesis.

Am J Transl Res 2022;14(6):3806-3823
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Although the expression and biological fun-
ction of IncRNAs in the placenta is still not
clear, IncRNA has become a research focus in
recent years due to its role in the regulation of
DNA methylation, apoptosis, and angiogenesis.
More and more IncRNA species are associated
with placental development and PE. SPRY4-
IT1, a type of IncRNA, expression is higher in PE
patients’ placental tissue than in normal preg-
nant women [24]. However, in the study of the
relationship between placental implantation
and PE, the IncRNA, and MALATZ1, showed con-
tradiction in function. Chen’s results [25] indi-
cates that the expression level of MALAT1 in
the placenta of preeclampsia patients was sig-
nificantly reduced compared with the placental
implantation group. Whereas Tseng [26] found
that the expression level of MALAT1 was high in
the placenta of patients with placental implan-
tation. It is obvious that MALAT1 expression
affects the invasion and migration of tropho-
blastic cells. However, the differential expres-
sion of MALAT1 was only shown after tropho-
blastic invasion [27]. Therefore, the change of
MALAT1 as a marker of trophoblastic invasion
still needs further study. Li results showed
IncRNA gastric carcinoma high expressed tran-
script 1 (GHET1) affects the mechanism in the
development of preeclampsia [28].

In this study, we found that there were 289 sig-
nificantly differential expression of INCRNAs in
plasma exosomes between the PE group and
the NC group, among which 155 were signifi-
cantly up-regulated and 134 were significantly
down-regulated. Three candidate IncCRNAs we-
re selected according to the fold change and
the significance level, and qRT-PCR was per-
formed for the significant differences verifica-
tion between the two groups. The Human Body
Map and NCBI GEO database search was per-
formed and the finding showed that ENST-
00000559730.1 was expressed in multiple
human organs, especially in the placenta
(FPKM = 1.017), plasmatic exosome (FPKM =
21.7709) and HUVEC exosome (FPKM =
57.3301). ENSTO0000573220.1 was express-
ed highly in testis and thyroid, a small amount
in the placenta. ENSTO0000428958.1 ex-
pressed only in testis, negative in exosomes.
Currently, there are few reports about the
aforementioned three IncRNAs thus further
works will focus on the verification in exosome
and intracellular level to improve the research
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in exploring the related signaling pathways
effects on PE.

In order to further understand the function of
these 289 differential expression of IncRNAs
that are closely related to the pathogenesis of
PE, we predicted the target genes and per-
formed functional analyzed through KEGG and
GO network. KEGG pathway analysis showed
that target mRNAs were enriched in 290 sig-
naling pathways, in which 159 pathways with P
< 0.05 were mainly enriched in the metabolic
pathway, cancer pathway, and PI3K-Akt signal-
ing pathway. Our analysis showed that cancer
pathway is closely related to metabolic and
inflammatory diseases. Focusing on tumor,
metabolic and inflammatory pathways, we
provide new targets and strategies for the PE
treatment. The metabolic pathway and PI3K-
Akt signaling pathway is supposedly related
to PE. PI3K-Akt signaling pathway is a signal
transduction pathway that plays an important
regulatory role in endothelial cells through
phosphorylation or dephosphorylation, espe-
cially in angiogenesis. PI3K/Akt/eNOS pathway
produces NO by mobilizing endothelial progeni-
tor cells. In this pathway, activated Akt induces
endothelial nitric oxide synthase (eNOS) which
is distributed in the vascular endothelium to
release of nitric oxide (NO) [29]. As an endoge-
nous vasodilator, NO has the effects of relaxing
vascular smooth muscle cells, inhibiting plate-
let activation, promoting angiogenesis, and
increasing vascular permeability. In our previ-
ous study, we have found that NO protects vas-
cular endothelial cells in patients with gesta-
tional hypertension [30]. In PE there is a uni-
que eNOS signaling pathway in the vascular
endothelial cells, which eventually leads to
eNOS activation and NO production [31].
Angiogenesis is the foundation of trophoblast
cell invasion, helical artery dilatation, capil-
lary network formation, and vascular recasting
which plays a very important role in improving
the receptivity of endometrium.

The IncRNA-miRNA-mRNA co-expression net-
work was constructed by bioinformatic analy-
sis and it was able to identify that IncRNA
ENSTO0000559730-hsa-miR-661-NUDT16 as
the one with the most significantly differential.
ENSTO0O000559730 is an unknown IncRNA
that has not been reported yet. Furthermore,
Human NUDT16 is a member of Nudix hydro-
lase family which consists of typical (d) NTPs,
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oxidized (d) NTPs, non-nucleoside polyphos-
phate, and capped mRNA. NUDT16 regulate
the stability of 53BP1 in the progress of nor-
mal growth and DNA damage to affect the DNA
repairing [32].

Conclusions

Our study not only improves the understanding
of the occurrence and development of PE, but
also provides new insight in the exploration of
PE pathogenesis, and provides new targets for
the prevention and treatment of PE. Based on
previous studies and our recent results, we
hypothesize that: ENSTO00559730, hsa-miR-
661, NUDT16 affects placental angiogenesis
through a variety of signaling pathways, which
leads to PE. Our study showed how the mecha-
nism of IncRNA affecting angiogenesis. It is
important to further study the effect of IncRNA
mMiRNA co-expression network on endothelial
cells, and to explore the role of exogenous
IncRNA in the pathogenesis of PE. Preliminary
bioinformatic findings in this study can be use
to identify PE markers in plasma, thus future
studies with increased sample size is neces-
sary to verify the function of IncRNA in vitro.
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