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A novel peptide promotes human trophoblast proliferation and
migration through PISK/Akt/mTOR signaling pathway
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Background: Preeclampsia (PE) is a complex pregnancy-related disease that endangers the safety of
maternal and fetal. The purpose of this study is to reveal the pathogenesis of preeclampsia and discover
new predictors from the perspective of peptidomics. The umbilical cord blood of PE and control group was
analyzed by peptidomics. A peptide named Regulation of Proliferation Process in Preeclampsia (ROPPIP)
was screened out to explore its role in the proliferation, migration and apoptosis of trophoblast cells in
preeclampsia.

Methods: We compared and analyzed the umbilical cord blood of patients with PE and normal pregnant
women using liquid chromatography-tandem mass spectrometry (LC-MS). hTR-8/Svneo cells cultured
in vitro were divided into ROPPIP group and a disordered peptide group as control. Cell Counting Kit-8
(CCK-8) assay, flow cytometry, Transwell chamber assays and western blot analysis were performed
to detect cell proliferation, invasion, migration and apoptosis, in addition to the expression of Matrix
metalloproteinase-2 (MMP2), nuclear associated antigen Ki67, B-cell lymphoma-2 (Bcl2), Caspase 3, and
B-actin protein.

Results: We identified 133 differential peptides. Of these, 51 were up-regulated while 82 were down-
regulated. the polypeptide SFGVRMATASPTDGNYV with low differential expression in the serum of PE
patients was selected for the study, we named the polypeptide as Regulation of Proliferation Process in PE
(ROPPIP). The experiment shows that ROPPIP can up-regulate the expression levels of MMP2, Ki67,
and Bcl2 in HTR-8/Svneo cells, down-regulate the expression of caspase-3, promote the proliferation
and migration of HTR-8/Svneo cells and inhibit the apoptosis induced by cisplatin, the activation of the
phosphatidylinositol-3-kinase/protein kinase B/mammalian target of rapamycin (PI3K/Akt/mTOR) signaling
pathway may be associated with the function of ROPPIP.

Conclusions: ROPPIP promotes HTR-8/Svneo cells migration and proliferation, and inhibits apoptosis,
by regulating the activation of the PI3K/AKT/mTOR signaling pathway.
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Introduction

Preeclampsia (PE) is a pregnancy-specific disease, which
becomes more complex with the passage of gestational
weeks, and is characterized by hypertension and albuminuria
after 20 weeks of pregnancy. In developing countries, it has
been established as a major cause of maternal, fetal, and
neonatal morbidity and mortality (1-3). This disease can
also cause kidney injury, liver injury, cardio-cerebrovascular
accidents, and fetal growth restriction in pregnant women (4).
Currently, early termination of pregnancy is the most
effective treatment modality for PE. Early intervention
through the study of its pathogenesis is a new strategy
for the prevention and treatment of PE (5). In the past
few decades, numerous studies on the pathogenesis of PE
have demonstrated that serum markers and long-chain
non-coding Ribonucleic Acid (LncRNA), circular RNA
(CircRNA), microRNA, proteomics, and genomics play an
essential role in the pathogenesis of PE (6-9).

Peptide analysis is a new subject in proteomics, which
is sometimes superior compared to proteomics in terms
of simple structure, convenient operation, extensive
research, and property stability. In a sense, polypeptides are
inherited and developed from proteomics (10,11). Peptides
are ubiquitous in the human body, such as in organs and
tissues, as well as in cells and body fluids. More importantly,
peptide analysis provides us with valuable information
that improves our knowledge about the synthesis,
modification, and degradation of proteins, thus giving us
a better understanding of the properties and molecular
functions of proteins (12). Several studies have confirmed
that peptides can be used in the diagnosis or treatment of
a variety of diseases, including Alzheimer’s disease, cancer,
atherosclerosis, obesity, and diabetes (13-19). It has been
identified that there are 35 statistically different polypeptides
in the placentas of PE patients and normal pregnancies (20).
At the same time, it has been found that unique peptides
derived from o-antitrypsin, type I collagen, type III collagen,
and urinary modulin can be used as early diagnostic
indicators of PE (21). Furthermore, it has been emphasized
that SERPINALI peptide in urine remains one of the most
promising polypeptide markers of PE (21). Taken together,
these studies suggest that peptides may be a useful potential
target for the prevention and treatment of PE.

Our team is committed to discovering biomarkers
with potential application value in PE. By collecting the
umbilical cord blood of PE patients and women with
normal pregnancies for peptide analysis, we uncovered a
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new peptide isolated from the protein SORL1 (Sortilin-
related receptor). SORL1 is a Protein Coding gene. Diseases
associated with SORL1 include Early-Onset, Autosomal
Dominant Alzheimer Disease and Alzheimer Disease.
SORLLI Plays a role in renal ion homeostasis, Stimulates, via
the N-terminal ectodomain, the proliferation and migration
of smooth muscle cells. This may promote extracellular
matrix proteolysis and hence facilitate cell migration (22). By
acting on the migration of intimal smooth muscle cells, may
accelerate intimal thickening following vascular injury (22).
However, at present, there is a dearth of information about
the relationship between SORL1-derived peptides and
PE. In order to perform this study, we hereby named the
SORLI1-derived peptides Regulation of Proliferation Process
in Preeclampsia (ROPPIP) in order to explore its mechanism
and its role in trophoblasts. We present the following article
in accordance with the MDAR reporting checklist (available
at https://dx.doi.org/10.21037/atm-21-2574).

Methods

Sample collection, peptide extraction, and LC-MS/MS

analysis

Umbilical cord blood was collected from PE and normal
pregnancy patients hospitalized in the obstetrics department
of the First Affiliated Hospital of Wannan Medical College,
and stored in a refrigerator at 4 °C overnight before analysis.
All procedures performed in this study involving human
participants were in accordance with the Declaration of
Helsinki (as revised in 2013). The study was approved by
institutional ethics committee of the First Affiliated Hospital
of Wannan Medical College, Wuhu, China (No. 202133)
and informed consent was taken from all the patients.
Serum samples were centrifuged at a rate of 5,000 g
at 4 °C for 5 minutes, and the supernatant was collected.
Next, mixed protease inhibitors were added to the samples
and preserved at -80 °C, followed by centrifugation of the
sample at a rate of 12,000 g at 4 °C for 15 minutes. After
centrifugation, the rich protein was removed using a filter
membrane with a molecular weight cut-off (MWCO) of
10 kDa. The polypeptides were then collected, purified,
recovered, and freeze-dried. Subsequently, freeze-dried
peptides were further dissolved and filtered, desalted, and
freeze-dried.

Afterward, 20 pg samples were marked with a 5 pL.
Tandem Mass Tag (TMT) reagent according to the
manufacturer’s instructions (TMT6-plex Label Reagent,
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Thermo Fisher Science, USA). The labeled samples were
analyzed using Nanoflow LC (Thermo Fisher Science,
USA) combined with mass spectrometry. We employed
LTQ-Orbitrap Velos mass spectrometer (Thermo Fisher
Science, USA) for analysis, while all data were collected,
converted, and analyzed using MassLynx analyzer software
(Waters, USA). Additionally, the GO and pathway analysis
(https://david.nciferf.gov/) were used to predict the possible
functions of the identified peptides. The precursor proteins
of different peptides were assessed using functional cluster
analysis using the Database for Annotation Visualization
and Integrated Discovery (DAVID) online website (https://
david.nciferf.gov), whereas the physical and chemical
properties of the peptides were evaluated using ExPASY
analysis (http://web.expasy.org/protparam/).

Synthesis of peptides

The ROPPIP (SFGVRMATASPTDGNYV) used in this
study, which were comprised of 16-amino-acid sequences
derived from the SORL1, ROPPIP and scramble peptide
(MSRATPTDGNFAGVSV) were synthesized by Shanghai
Scientific Peptide Biological Technology Co., Ltd
(Shanghai, China). All peptides N-terminals were coupled
with fluoresceine isothiocyanate (FITC) dye for labeling.

Cell culture

Human trophoblast cells (HTR-8/Svneo) were acquired
from Wuhan Procell Life Technology Co., Ltd. (catalog
number: CL-0599, Wuhan, China). The cells were cultured
with Roswell Park Memorial Institute (RPMI) 1640 media
(Sigma, USA) supplemented with 10% fetal bovine serum
(FBS), 100 U/mL penicillin, and 100 mg/mL streptomycin
double-antibody, which was placed in a constant
temperature and humidity incubator containing 5% carbon
dioxide (CO,) at 37 °C. The culture media was changed
every day and the cells were passaged when they reached
90% confluence. HTR-8/Svneo cells were administrated
with 100 pM FITC-ROPPIP and incubated for 1 h at 37 °C
in the dark, then imaged with a Confocal laser scanning
microscopy (magnification, x200).

Cell counting kit-8 (CCK-8)

The CCK-8 (RiboBio, China) was used to determine cell
proliferation, as per the manufacturer’s instructions. HTR-
8/Svneo cells were seeded in 96-well plates at a density of
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4x10’ cells per well and grown overnight. Next, the HTR-
8/Svneo cells were co-cultured with ROPPIP (10, 50,
100 pmol/L) for 0, 24, 48, and 72 h. The optical density
(OD) value was measured at 450 nm using a microplate

reader (BioTek, USA).

Flow cytometry

HTR-8/Svneo cells were induced with cisplatin and then
treated with ROPPIP, ROPPIP treatment with their
density adjusted to 5x10°/mL. Thereafter, 0.5 mL cell
suspension and 1.25 pL. AnnexinV-FITCs (Nanjing KGI
Biotechnology Co., Ltd., Nanjing) were mixed and placed
in the dark at room temperature for 10 min. The tube was
then centrifuged at 1,000 revolutions per min for 5 min.
The cells were then suspended in 0.2 mL precooled binding
buffer, and 5 pL of propidium iodide (PI) was subsequently
added. The analysis was then immediately performed using
flow cytometry.

Wound bealing assay

HTR-8/Svneo cells (at a population of 2x10° cells/well)
were inoculated into a six-well plate. Next, the cell layer
was scratched with a sterile pipette tip and treated with
ROPPIP. The scrambled peptide was washed in a serum-
free medium. Scratched areas were examined under a
microscope at 48 h, while the rate of gap closure was
quantified using Image J software (Rawak Software, Inc.
Germany).

Transwell assays

The cells were collected after ROPPIP treatment,
resuspended in 300 microL. of serum-free medium and
seeded in the upper chamber of a transwell, while a culture
medium (700 microL) containing 10% fetal bovine serum
was added to the lower chamber. After incubation, the cells
were fixed with methanol, stained with 0.1% crystal violet
and counted.

Western blotting

HTR8/SVneo cells were lysed with Radio-
Immunoprecipitation Assay (RIPA) buffer (Beyotime
Institute of Biotechnology, China), and the total protein was
extracted. The protein concentration was measured using
the bicinchoninic acid (BCA) method (Beyotime Institute
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of Biotechnology, China). After processing with the loading
buffer, proteins (30 pg) were subjected to electrophoresis
with a 10% polyacrylamide gel, and were subsequently
transferred to polyvinylidene fluoride (PVDF) (EMD
Millipore, USA) membranes. After blocking with 5% fat-
free milk for 1 h at room temperature, membranes were
incubated with primary antibodies at 4 °C overnight.

The primary antibodies used in this study were as
follows: Matrix metalloproteinase-2 (MMP2) (1:2,000, CST,
USA), Ki-67 (1:2,000, CST, USA), B-cell lymphoma-2
(Bcl2) (1:2,000, CST, USA), caspase-3 (1:2,000, CST,
USA), phosphorylated (p)- Phosphatidylinositol 3-kinase(p-
PI3K) (1:2,000, BIOSS , USA), PI3K (1:2,000, CST,
USA), phosphorylated (p)-mammalian target of rapamycin
(p-mTOR) (1:2,000, Abcam, England), mTOR (1:2,000,
CST, USA), protein kinase B (AKT) (1:2,000, CST, USA),
and B-actin (1:5,000, ProteinTech Group, USA). After
washing three times with Tris-Buffered Saline and Tween
20 (I'BST) containing 0.1% Tween-20 (10 min every time)
at room temperature, membranes were incubated with
secondary antibody, goat anti-rabbit immunoglobin G
(IgG) horseradish peroxidase (1:2,000; cat. no. ab205718;
Abcam), for 1 h at room temperature. After washing
again with TBST, the immunoblots were visualized using
chemiluminescence reagents (EMD Millipore, USA), while
the grey value of immunoblots was semi-quantified using
Image J software (v1.52a; National Institutes of Health).

Statistical analysis

GraphPad Prism 7 software (GraphPad Software, Inc.,
USA) was used for statistical analysis and data plotting.
Quantitative data were expressed as the mean * standard
deviation (SD). Data from two groups were compared
using a two-tailed Student’s 7-test, whereas multiple group
comparisons were determined using one-way analysis of
variance (ANOVA) and Bonferroni’s multiple comparison
test. P<0.05 was considered statistically significant. All
experiments were performed three times using independent
samples, with six replications each time.

Results

Differentially expressed peptides derived from the PE and
control groups

A total of 2,103 non-redundant peptides were identified
from the umbilical cord blood of the PE and normal

© Annals of Translational Medicine. All rights reserved.

Ling et al. ROPPIP regulates the functions of trophoblasts

pregnancy groups using LC-MS/MS analysis. In addition,
our results revealed that there were 133 differentially
expressed peptides, of which, 51 peptides were up-
regulated, while 82 were down-regulated (fold change
>2.0, P<0.05) (Figure 1A4,B). Findings of the GO analysis
revealed that these peptides were functionally involved in
various biological activities, including cell proliferation,
cell cycle, apoptosis, cell cycle phase, and protein binding,
and were closely related to cell proliferation, apoptosis, and
migration (Figure 1C). Among the cluster genes associated
with cell proliferation in the GO analysis, and based on the
criteria of high mass spectrum (MS) signal abundance and
small intra-group and large inter-group differences, three
peptides from SORL1 with low expression in PE patients
were selected for further study.

Analysis of the basic characteristics of peptides

We subsequently examined the basic biological
characteristics of the three peptides from SORLI using
the ExPASy website (http://web.expasy.org/protparam).
We then selected SFGVRMATASPTDGNYV as the study
object in terms of the characteristics of hydrophobicity,
lipophilicity, and easy entry into cells. Its basic biological
characteristics are summarized in Figure 24, which were
named ROPPIP after labeling with a green fluorescent dye.
We observed that ROPPIP could enter HTR8/Svneo cells
and further into the nucleus (Figure 2B).

ROPPIP inbibited apoptosis and promoted the proliferation
and migration of HTR-8/Svneo cells

To further explore the potential functions of ROPPIP
peptides, we added chemically-synthesized ROPPIP
peptides and non-functional scrambled peptides as a control
into HTR-8/Svneo cells to detect the effects of ROPPIP
on cell proliferation and apoptosis. Our results showed
that ROPPIP promoted the proliferation of HTR-8/Svneo
cells in a dose-dependent manner (Figure 34). Moreover,
we used PI/Annexin V staining and flow cytometry to
quantify the effect of peptides on cell apoptosis. ROPPIP
can inhibit the apoptosis of HTR-8/Svneo cells induced by
cisplatin (Figure 3B). Notably, ROPPIP exerted the most
significant effect at 100 pM. Therefore, a concentration of
100 pM was selected as the appropriate concentration for
further study. we examined the effect of ROPPIP on the
migration and invasion of trophoblast cells. After 48h of
ROPPIP treatment, we noted that ROPPIP significantly
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Figure 1 Serum samples from PE and normal pregnancy patients collected for peptidome analysis. The differential peptides with fold
change >2.0 and P<0.05 were included in the volcano (A), heat map (B), and GO (C) analyses. Three differentially low-expressed peptides
(derived from SORLI) were selected from the cluster genes related to cell proliferation in the GO analysis, while three differentially low-
expressed peptides (derived from SORL1) were selected in PE patients.

A Peptidesequence  Protein name MW PI Half-life Instability index Aliphatic index GRAVY
SFGVRMATA SORL1 1609.77 5.55 1.9h 39.24 48.75 -0.013
SPTDGNV
LASKTNVYIS SORLA1 1340.50 8.59 5.5h 215 97.69 0.269
SSA
GGDVEARLE SORL1 1343.46 4.00 30h 12.92 112.31 -0.146
GELV
SEDLSLEVC SORLA1 1190.33 3.57 19h 54.76 123.64 0.436
VP

DAPI ROPPIP Merge

Figure 2 Analysis of physical and chemical properties of peptides screened through the ExPASy online website. (A) Three differentially low-
expressed peptides in patients with PE (derived from SORLI) were selected from the cluster genes related to cell proliferation in the GO
analysis. (B) The typical fluorescence images of FITC-labeled ROPPIP incubated with HTR-8/Svneo cells for 1 h following DAPI staining
showed that ROPPIP exhibited characteristics of penetrating cell and nuclear localization [100].
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Figure 3 ROPPIP promoted the proliferation and migration of HTR-8/Svneo cells, and inhibited apoptosis. (A) ROPPIP promoted
the proliferation of HTR-8/Svneo cells in a dose-dependent manner. (B) ROPPIP inhibited the apoptosis of HTR-8/Svneo cells and its

statistical graph. (C) Representative images of wound healing captured at 0 and 48 h after cell scratching, and the wound healing rate was

calculated. (D) Transwell assay revealed that ROPPIP promotes the migration and invasion of HTR-8/Svneo cells and its statistical graph.

Dyeing with crystal violet, the magnification is 100x. (E) ROPPIP affected protein expression of MMP-2, Ki-67, caspase-3, and Bcl-2 in
HTR-8/Svneo cells. Compared with control and its statistical graph. ***P<0.001, **P<0.01, *P<0.05; NS, no significance.

promoted the migration and invasion of HTR-8/Svneo cells
(Figure 3C,D) and up-regulated the expression of MMP-2
(Figure 3E). The findings of western blotting demonstrated
that the expression of Ki-67 increased following ROPPIP
treatment. ROPPIP could down-regulate the expression
of caspase-3, while the Bcl-2 protein exhibited an opposite
pattern (Figure 3E).

ROPPIP promoted activation of the PI3K/AKT/mTOR
signaling pathway in HTR-8/Svneo cells in vitro

Pathway analysis results showed that the protein precursors
of these differential peptides were involved in the PI3K/
AKT/mTOR, p38 mitogen-activated protein kinase
(MAPK), cell cycle, and other signaling pathways (Figure 4A).
Recent studies have confirmed that key proteins in thyroid
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hormone signaling pathways, including PI3K, AKT, and
mTOR, can participate in the pathogenesis of PE (22-24).
Furthermore, our findings, based on western blotting
experiments, showed that the phosphorylation levels of
PI3K, AKT, and mTOR increased after ROPPIP treatment
(Figure 4B,C,D) (*: P<0.05, P<0.01, P<0.001). This suggests
that the activation of the PI3K/AKT/mTOR signaling
pathway may be associated with the function of ROPPIP.

Discussion

Hypertensive disorders, such as PE, which complicate
pregnancy, continue to be a leading cause of maternal and
neonatal morbidity and mortality. PE has been shown to
cause multiple organ function damage, including elevated
blood pressure, nervous system symptoms, pulmonary
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edema, acute renal injury, thrombocytopenia, and liver
dysfunction. Recent statistics have estimated that 3% of
pregnant women develop PE (23), In developed countries,
pregnant women who died of preeclampsia accounted for
16.1% of the deaths (24). In another study, it was reported
that the overall incidence of PE increased from 3.4% in
1980 to 3.8% in 2010, with an increase in the incidence of
severe cases in all age groups (23). This increased incidence
may be attributed to multiple factors. Currently, studies on
the pathogenesis of PE have received substantial research
attention from a number of researchers.

PE is characterized by widespread endothelial damage
and dysfunction. It is a systemic syndrome originating
from the placenta, which usually begins with insufficient
invasion of trophoblast cells, resulting in severe endothelial
dysfunction during pregnancy. Multiple studies have
established that PE accounts for approximately 18%
of all maternal deaths worldwide and 40% and global
fetal mortality (25-27). Notably, this disease is a serious
complication of pregnancy that increases maternal and
perinatal morbidity and mortality (28). Thus far, numerous
researchers have paid serious attention to the pathogenesis
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and pathological changes of PE. However, the specific
factors causing PE remain largely unknown (29), and
require further clarification. It is widely believed that early
detection and intervention can greatly improve the perinatal
outcome of mothers and babies.

Identification of PE using traditional monitoring methods
is predominately achieved by detecting blood pressure
and urinary protein levels, which fluctuate significantly
with the changes of a variety of external environments and
numerous other uncontrollable factors. With this in mind,
there is an urgent need for the development of a more
reliable and effective method to detect PE. Polypeptides
refer to natural low molecular weight (LMW) peptides and
protein hydrolysate fragments with molecular weight less
of than 10 kDa (30). Recent advances in mass spectrometry
have enabled the direct analyses of hundreds of LMW
peptides that were previously difficult to detect, especially
in human serum. Most of these small molecular peptides
are fragments of macromolecular precursor proteins, which
may reflect the results of protein-protein interactions in
the molecular pathogenesis. Interestingly, new disease
markers are expected to be identified in small molecular
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polypeptides, such as polypeptide group analysis of human
sera from normal and preeclamptic pregnancies. Previous
studies have shown that the analysis of serum polypeptide
biomarkers may be valuable for the diagnosis of PE (31).

Using polypeptide analysis, we herein identified different
polypeptides in the serum of PE and normal pregnancy
patients, some of which are derived from known precursor
proteins related to PE, such as apolipoprotein (APO)
L1, flexible goal adjustment (FGA), and that peptides of
al-antitrypsin (SERPINAL), which are associated with
acute inflammation and defense response. The APO-A4,
APO-C3, APO-E, and APOLI1 proteins are related to
lipid metabolism. However, despite extensive study on
the functions of precursor proteins, little is known about
the functions of these peptides, including their possible
biological activities. In a study by Starodubtseva er al. (21),
neuropeptide analysis was performed in 79 patients with
PE, chronic pregnancy-induced hypertension, and normal
pregnancy. Their findings indicated that peptides derived
from SERPINAI can resist hypoxia, reduce trophoblast
invasion, and participate in the pathogenesis of PE. Also,
urinary SERPINA1-derived peptides could be used to
assess the severity of PE. Taken together, the above results
indicate that the study of polypeptides may provide a novel
direction for the prevention and treatment of PE.

In this study, we also analyzed the peptides of the umbilical
cord blood of PE and normal pregnancy patients. Based on
a fold change >2 and P<0.05, we subsequently screened the
polypeptide, ROPPIP, which was derived from SORLI, to
detect its effect on the biological behavior of trophoblasts.
Remarkably, our i vitro experiments showed that ROPPIP
could promote the proliferation of HTR-8/Svneo cells,
inhibit apoptosis, and increase the ability of cell migration.

It is well established that MMP is secreted by trophoblast
cells, thus playing a pivotal role in trophoblast invasion
and placental formation (32,33), in which MMP?2 is closely
linked with trophoblast invasion (34). At the same time,
it has been argued that the proliferation-related protein,
Ki67, and apoptosis-related proteins, caspase-3 and Bcl-2,
are all involved in the pathogenesis of PE (35). In this study,
we found that ROPPIP could promote the migration and
proliferation of trophoblasts, inhibit their apoptosis, up-
regulate the expression of MMP2, Ki-67, and Bcl-2, and
down-regulate the expression of caspase-3.

The pathogenesis of PE is a complex pathological
process, involving a variety of molecular and signal
pathways. Previous studies have shown that in PE, the
phosphorylation levels of PI3K and mTOR decrease
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in response to oxidative stress (36,37). In this study, we
identified that the expression of p-PI3K, p-AKT and
p-mTOR were up-regulated following ROPPIP treatment,
implying that the activation of the PI3K/AKT/mTOR
signaling pathway may be correlated with the function
of ROPPIP in promoting trophoblast proliferation and
migration. Previous studies have revealed that PI3K
inhibitor LY294002 was used to inhibit the proliferation
and migration of damaged endothelial cells promoted by
PDCC4 (Peptide derived from complement C4 A chain) in
PE (38). Therefore, the PI3K inhibitor is possibly related
to the biological functions of trophoblasts regulated by the
ROPPIP/PI3K/AKT/mTOR pathway.SORLI stimulates,
via the N-terminal ectodomain, the proliferation and
migration of smooth muscle cells, possibly by increasing
cell surface expression of the urokinase receptor uPAR/
PLAUR (22). The down-regulation of uPAR can inhibit the
PI3K/AKT/mTOR/HIF1a signaling pathway induced by
the antagonist peptide (39). Therefore, whether the peptide
ROPPIP derived from SORLI affects the PI3K/AKT/
mTOR signaling pathway through uPAR and thus plays
a role in preeclampsia will be the content of our further
research.

In summary, the results of this study demonstrate
that ROPPIP promotes trophoblast cell migration and
proliferation, and inhibits apoptosis, by regulating the
activation of the PI3K/AKT/mTOR signaling pathway.
This suggests that ROPPIP may be a potential prospect in
the treatment of PE. However, the underlying regulatory
mechanism of ROPPIP needs to be clarified so as to provide
a new target for the early diagnosis and treatment of PE.
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