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CTRPI decreases high glucose-induced trophoblast cell
damage by reducing endoplasmic reticulum stress
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Abstract. Cl1g/TNF-a-related protein 9 (CTRPY) is down-
regulated in gestational diabetes mellitus (GDM) and may
exert a protective effect against GDM, although its mechanism
of action is yet to be elucidated. To investigate the specific
role of CTRP9 in GDM, the human placental trophoblast cell
line HTR8/SVneo was treated with high glucose (HG) to simu-
late the environment of GDM in vitro. The effects of CTRP9
on the HTR8/SVneo cells and endoplasmic reticulum (ER)
stress were analyzed before and after CTRP9 overexpression
using reverse transcription-quantitative PCR and western blot-
ting. The results obtained demonstrated that CTRP9 alleviated
ER stress in the trophoblast cell line. After treating with the
ER-stress inducer tunicamycin, cell viability was investigated
by performing Cell Counting Kit-8, TUNEL and western blot-
ting assays, which revealed that CTRP9 increased the activity
of HTR8/SVneo cells induced by HG through the alleviation
of ER stress. Subsequently, ELISA and western blotting assay
results demonstrated that CTRP9 inhibited HG-induced
inflammation of the HTR8/SVneo cells by the reduction in ER
stress. Finally, the detection of reactive oxygen species, nitric
oxide (NO) synthase and NO levels confirmed that CTRP9
inhibited the oxidative stress of HTR8/SVneo cells induced by
HG through the reduction of ER stress. Collectively, the results
of the present study suggested that CTRP9 may decrease
trophoblast cell damage caused by HG through the suppres-
sion of ER stress, and therefore, CTRP9 may potentially be a
therapeutic target in the treatment of GDM.

Introduction

Gestational diabetes mellitus (GDM) is one of the most common
complications to occur during pregnancy, posing a serious or
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even fatal risk to the pregnant woman and their offspring (1).
It is estimated that the incidence rate of GDM is ~14% world-
wide (2). Maternal diabetes, through transfer of glucose in the
placenta, can lead to hyperglycemia in the fetus (1). In addition,
since the pancreas of the fetus responds to the increased glucose
concentrations by producing and releasing more insulin, as a
newborn, they may exhibit hyperinsulinemia and respiratory
distress syndrome (1). It has also been shown that these offspring
are at greater risk of obesity and diabetes when they grow up (3).
Additionally, GDM also has adverse effects on the mother; the
condition may lead to perinatal complications, with shoulder
dystocia being one of the more prominent perinatal risks. To
avoid this risk, the mother is required to have a cesarean section
without undergoing labor (4). In addition, both pre-eclampsia (5)
and the incidence of cesarean sections (6) are increased in cases
of undiagnosed, untreated GDM. At present, the treatment for
GDM is usually based on self-monitoring, diet and medication.
However, the use of oral antidiabetic drugs in the absence of
medical nutrition stimulates the pancreas to produce and release
insulin, leading to hypoglycemia in newborns (7). Therefore,
there is an urgent need for more scientifically effective diag-
nostic and therapeutic approaches to meet the requirements for
both maternal and neonatal health.

Clg/TNF-associated proteins (CTRPs), especially CTRP9,
have been identified as highly conserved homologs of adipo-
nectin (APN), pooling several regulatory functions of APN (8).
There has been considerable interest in assessing the metabolic
and cardiovascular roles of CTRP9. An increasing number
of studies have shown that CTRP9 exerts protective effects
on the cardiovascular system by attenuating post-infarction
cardiac fibrosis (9), inducing angiogenesis (10) and inhibiting
vascular inflammation (11). However, relatively few studies
have focused on the role of CTRP9 in GDM. Recently, it has
been shown that lipocalin expression is downregulated in
GDM (12), and this was suggested to be an early predictor of
GDM (13). In addition, it has been reported that CTRPO is also
downregulated in GDM, and that this downregulation of gene
expression may have a protective effect (14). Furthermore,
CTRP9 is able to interact with the endoplasmic reticulum
(ER) molecular chaperone calreticulin in cardiomyocytes to
inhibit ER stress (15). Therefore, it is possible to speculate that
CTRP9 may be associated with the development of GDM.

ER stress is provoked by a variety of endogenous and
exogenous processes that lead to cellular damage, including
environmental toxins, viral infections and inflammation (16).
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Cells experience ER stress when the ability to fold ER proteins
is overwhelmed (17). Moreover, ER stress is also a central
feature of peripheral insulin resistance, obesity and type 2
diabetes (18). It has also been claimed that ER stress exacer-
bates the occurrence of GDM (19). Furthermore, the chorionic
trophectoderm is an important component of the embryo and,
if impaired, this can lead to a variety of complications during
pregnancy, including GDM. Therefore, in the present study,
expression of CTRP9 was investigated in the HTR8/SVneo
human placental trophoblast cell line under conditions of
high-glucose (HG) induction, together with any subsequent
effects on ER stress, in an attempt to demonstrate whether
CTPRO inhibits HG-induced trophoblast cell injury through
the decrease in ER stress.

Materials and methods

Cell culture, treatment and transfection. The human tropho-
blast cell line HTR8/SVneo was obtained from Procell Life
Science & Technology Co.,Ltd. HTR8/SVneo cells were grown
in RPMI-1640 medium (Gibco; Thermo Fisher Scientific, Inc.)
supplemented with 10% fetal bovine serum (MilliporeSigma)
and 1% penicillin-streptomycin (MilliporeSigma) in a
humidified incubator at 37°C in an atmosphere of 5% CO,. The
HTR8/SVneo cells were treated with 25 mM HG for 24 h to
mimic the in vitro gestational diabetic environment and treated
with 78 ng/ml tunicamycin (Abcam) for 16 h. HTR8/SVneo
cells maintained in media containing 5 mM glucose were used
as the control group.

pcDNA3.1(+) CTRPY overexpression vector (Oe-CTRP9)
and empty vector NC (Oe-NC; Shanghai GenePharma, Co.,
Ltd.) at a concentration of 20 yM were transfected into
HTR-8/SVneo cells using Lipofectamine® 2000 reagent
(Invitrogen; Thermo Fisher Scientific, Inc.), in accordance
with the manufacturer's instructions. Cells were transfected
at 37°C for 8 h and were used in subsequent experiments 48 h
post-transfection.

Reverse transcription-quantitative PCR (RT-qPCR) assay.
The extraction of total RNA from HTR8/SVneo cells was
performed using TRIzol reagent (Takara Biotechnology Co.,
Ltd.), following the manufacturer's instructions. The extracted
RNA was reverse-transcribed into cDNA using a PrimeScript
reverse transcriptase reagent kit (Takara Biotechnology Co.,
Ltd.) according to the manufacturer's protocol. gPCR was
performed using Power SYBR® Green Master Mix (Thermo
Fisher Scientific, Inc.), following the manufacturer's instruc-
tions. The thermocycling conditions were as follows: 95°C for
5 min, followed by 40 cycles at 95°C for 10 sec, 60°C for 30 sec
and 72°C for 30 sec. The samples were analyzed in triplicate.
The data were quantified using the 2°22°4 method (20). The
following primers were used: CTRP9 forward, 5-TAGGGT
CCAGGTGATGTTTCC-3" and reverse, 5'-CCACCAGAT
CCTCATGGTTCAG-3"; and GAPDH forward, 5"TGGAAG
GACTCATGACCACA-3' reverse, 5'-AGGGGTCTACAT
GGCAACTG-3'.

Western blot analysis. HTR8/SVneo cells were homogenized and
lysed with RIPA buffer (Beyotime Institute of Biotechnology)
on ice, followed by centrifugation at 12,000 x g for 10 min

at 4°C. Subsequently, the supernatant was collected, and the
protein concentrations were measured using a BCA protein
assay kit (MilliporeSigma). The proteins (20 pug/lane) were
then separated using SDS-PAGE (10% gels), after which they
were transferred onto PVDF membranes (MilliporeSigma).
The membranes were blocked with 5% BSA for 1 h at room
temperature and incubated overnight at 4°C with primary
antibodies against CTRP9 (catalog no. LS-C373857; dilution,
1:400; LifeSpan Biosciences, Inc.), glucose-regulated protein 78
(GRP78; catalog no ab108615; dilution, 1:1,000; Abcam),
cyclic AMP-dependent transcription factor ATF-4 (ATF4;
catalog no. ab184909; dilution, 1:1,000; Abcam), C/EBP
homologous protein (CHOP; catalog no. ab194533; dilution,
1:1,000; Abcam), cleaved caspase-3 (catalog no. ab32042;
dilution, 1:500; Abcam), caspase 3 (catalog no. ab32351;
dilution, 1:5,000; Abcam), Bcl-2 (catalog no. ab32124; dilution,
1:1,000; Abcam), Bax (catalog no. ab32503; dilution, 1:1,000;
Abcam), p65 (catalog no. ab32536; dilution, 1:10,000; Abcam),
phosphorylated (p)-p65 (catalog no. ab76302; dilution, 1:1,000;
Abcam), cyclo-oxygenase-2 (COX-2) (catalog no. ab179800;
dilution, 1:1,000; Abcam) and GAPDH (catalog no. ab9485;
dilution, 1:2,500; Abcam). After washing with TBS plus
0.1% Tween-20 (Sigma-Aldrich; Merck KGaA) for 10 min,
the membranes were incubated with HRP-conjugated goat
anti-rabbit IgG (catalog no. ab6721; dilution, 1:2,000; Abcam)
for 1 h at room temperature. The protein blots were visualized
using Pierce™ enhanced chemiluminescence western blotting
substrate (Thermo Fisher Scientific, Inc.) and images were
captured using a GE ImageQuant LAS4000mini biomolecular
imager (Cytiva). Protein expression was evaluated by
densitometry using ImageJ 1.8.0 software (National Institutes
of Health).

Cellviability assay. HTR8/SVneo cells were routinely cultured
in 96-well plates (4x10*cells/well) for 24 h. Subsequently, 10 ul
Cell Counting Kit-8 (CCK-8) solution (Dojindo Laboratories,
Inc.) was added to the medium, and the cells were incubated
for 2 h at 37°C with 5% CO,. The optical density value was
measured at a wavelength of 450 nm with a Spectrafluor™
microreader plate (Tecan Group, Ltd.). These experiments
were repeated three times.

TUNEL assay. A total of 1x10° cells were incubated for 24 h
in serum-free medium and fixed with 4% paraformaldehyde
on slides at 4°C for 10 min. Subsequently, the cells were rinsed
briefly with PBS, and then permeabilized with 0.1% Triton
X-100 for 2 min on ice. Cells were stained using the TUNEL
Assay Kit (Abcam) at 37°C in the dark for 1 h. The cells were
subsequently rinsed with PBS and counterstained with 10 zg/ml
DAPI at 37°C for 2-3 min, followed by being mounted in an
anti-fade reagent (Beijing Solarbio Science & Technology Co.,
Ltd.). Fluorescence in three random fields of view was measured
using a Zeiss LSM 880-Airyscan (University College London)
upright confocal multiphoton microscope (Zeiss AG). The rela-
tive fluorescence intensity was determined by measuring the
ratio of green (TUNEL) to blue (DAPI) using MetaMorph NX
2.5 software (Molecular Devices, LLC).

ELISA. Intracellular levels of TNF-a, interleukin (IL)-1f
and IL-6 in HTR8/SVneo cells were respectively detected by
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Figure 1. CTRP9 decreases ER stress in a trophoblast cell line. (A) Protein and (B) mRNA expression levels of CTRP9 were detected in HTR8/SVneo
human placental trophoblast cells treated with HG using western blotting and RT-qPCR, respectively. The transfection efficiency of Oe-CTRP9 and its
effects on HG-treated cells was detected using (C) western blotting and (D) RT-qPCR. (E) Detection of ER stress-related protein expression levels in cells
were performed using western blotting. ““P<0.01 and ““P<0.001. ATF4, cyclic AMP-dependent transcription factor ATF-4; CTRP9, C1q/TNF-a-related
protein 9; CHOP, C/EBP homologous protein; ER, endoplasmic reticulum; GRP78, glucose-regulated protein 78; HG, high glucose; NC, negative control; Oe,

overexpression; RT-qPCR, reverse transcription-quantitative PCR.

human TNF-a (catalog no. PT518), IL-1f (catalog no. PI305)
and IL-6 (catalog no. PI330) ELISA kits (all Beyotime Institute
of Biotechnology). HTR8/SVneo cells (1.0x10* cells/well)
were digested with trypsin and collected after centrifugation
at 300 x g for 5 min at room temperature. After rinsing with
washing buffer, the cells were lysed and centrifuged again
at 300 x g for 10 min at room temperature. The optical density
values were measured at 450 nm using a microplate reader.

Measurement of reaction oxygen species (ROS), nitric oxide
synthase (NOS) and NO. The level of ROS generation was
assessed using the 2',7'-dichlorofluorescein diacetate probe
(MilliporeSigma) according to the manufacturer's instruc-
tions. NOS activity was assessed using the NOS Activity
Assay kit (AmylJet Scientific, Inc.) in accordance with
the manufacturer's instructions. Finally, NO content was
measured using a Micro NO Content Assay kit (Beijing
Solarbio Science & Technology Co., Ltd.), following the
manufacturer's standard protocol.

Statistical analysis. The experimental data were analyzed
using SPSS 21.0 software (IBM Corp.) and are expressed as the
mean + standard deviation. An unpaired Student's t-test was
used for comparisons between two groups, whereas one-way
analysis of variance (ANOVA) followed by Tukey's post hoc

test was applied for comparisons among multiple groups.
P<0.05 was considered to indicate a statistically significant
difference.

Results

CTRPY decreases ER stress in trophoblast cell lines. The
effects of CTRP9 on ER stress and the expression levels ER
stress-associated proteins were investigated in HTR8/SVneo
human trophoblast cells. The cells were treated with HG
to simulate the environment of GDM, which resulted in a
significant decrease in the protein expression levels of
CTRPY in comparison with the control (Fig. 1A and B).
Subsequently, the cells were transfected with Oe-CTRP9,
and the transfection efficiency was confirmed using western
blotting and RT-qPCR (Fig. 1C and D, respectively). In addi-
tion, the HG-induced downregulation of CTRP9 expression
was reversed by the transfection of Oe-CTRPY. As shown
in Fig. 1E, CTRP9 overexpression had no significant effect
on the expression levels of ER stress-associated proteins
GRP78, ATF4 and CHOP under normal glucose conditions.
However, the expression levels of these proteins were signifi-
cantly increased under the induction of HG, which were then
significantly decreased in cells transfected with Oe-CTRP9.
This effect was reversed by the addition of the ER stress
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Figure 2. CTRPY increases the viability of HG-induced HTR8/SVneo cells by decreasing ER stress. (A) Detection of cell viability was conducted by CCK-8
assay after transfection of Oe-CTRP9 and addition of the ER stress inducer tunicamycin. (B and C) Apopto%is levels were detected by TUNEL. Magnification,

ok

x200. (D) Expression levels of apoptosis-related proteins were examined by western blotting. "P<0.05, “P<0.01 and ““P<0.001. CTRP9, C1q/TNF-a-related
protein 9; ER, endoplasmic reticulum; HG, high glucose; NC, negative control; OD, optical density; Oe, overexpression.

inducer tunicamycin. Taken together, these results suggested
that CTRP9 had a significant effect on decreasing ER stress
in cells induced by HG.

CTRP9Y increases the viability of HG-induced HTRS/SVneo
cells by decreasing ER stress. To determine the effect of
CTRP9 on the viability and apoptosis of HTR8/SVneo cells
under HG induction, CCK-8, TUNEL and western blotting
assays were performed. As shown in Fig. 2A, cell viability
was significantly decreased under HG induction relative
to the control group, and was restored to a certain extent
following Oe-CTRP9 transfection, but then decreased again
after the addition of tunicamycin. Conversely, HG treat-
ment elevated the apoptotic rate of HTR8/SVneo cells in
comparison with the control group. In addition, the suppressed
apoptosis in HG-induced HTR8/SVneo cells transfected with
Oe-CTRPY was increased after the addition of tunicamycin
(Fig. 2B and C). Additionally, Fig. 2D shows that HG treatment
downregulated Bcl-2 protein level while up-regulated Bax and
Cleaved caspase-3/Caspase-3 protein levels. After CTRP9 was
overexpressed, Bcl-2 protein level was elevated while Bax and
Cleaved caspase-3/Caspase-3 protein levels were decreased.

There was also a marked decrease in the protein level of
Bcl-2 and increase in the protein levels of Bax and Cleaved
caspase-3/Caspase-3 in HG + Oe-CTRP9 + Tunicamycin
group. Aforementioned results suggested that CTRP9 may
increase the viability and hinder the apoptosis of HG-treated
HTRS8/SVneo cells by decreasing ER stress.

CTRP9 inhibits the inflammatory response in HG-induced
HTRS8/SVneo cells by decreasing ER stress. To determine
whether CTRPY has a role in the inflammatory response of
HTR8/SVneo cells, the intracellular levels of the inflammatory
factors TNF-a, IL-1p and IL-6, and the protein expression levels
of the inflammation-associated factors, p-p65 and COX-2, were
detected by ELISA and western blotting assays, respectively.
HG treatment significantly enhanced levels of TNF-a, IL-18,
IL-6 and increased the protein levels of p-p65 and COX-2. After
transfection of Oe-CTRP9 into HG-induced HTR&/SVneo cells,
a decrease was observed in the concentration levels of TNF-a.,
IL-1P and IL-6 (Fig. 3A), and a decrease was also observed
in the protein expression levels of p-p65 and COX-2 (Fig. 3B)
compared with the HG + Oe-NC group. However, the changes
caused by Oe-CTRP9 were partially reversed by tunicamycin.
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Figure 3. CTRPY inhibits the inflammatory response in HG-induced HTR8/SVneo cells by decreasing endoplasmic reticulum stress. (A) Concentration levels
of inflammatory factors TNF-a, IL-1p and IL-6 were determined using ELISA. (B) Protein expression levels of inflammation-associated factors p-p65 and
COX-2 were detected by western blotting. "P<0.05, “P<0.01 and *“P<0.001. COX-2, cyclo-oxygenase-2; CTRP9, C1g/TNF-a-related protein 9; HG, high

glucose; IL, interleukin; NC, negative control; Oe, overexpression; p/t-, phosphorylated/total.
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Taken together, these results indicated that CTRP9 exerted an
inhibitory effect on the inflammatory response in HG-induced
HTR8/SVneo cells by decreasing ER stress.

CTRP?9 inhibits oxidative stress in HG-induced HTR8/SVneo
cells by decreasing ER stress. To study in the effect of CTRP9
on oxidative stress in HG-induced HTR8/SVneo cells, the
levels of ROS, NOS and NO associated with oxidative stress in
HG-induced HTR8/SVneo cells were examined. Fig. 4A and B
show that the HG-induced ROS level was decreased after
transfection with Oe-CTRP9 compared with that in HG +
Oe-NC group, but were significantly increased after the addi-
tion of tunicamycin. Moreover, as shown in Fig. 4C and D, the
level of NOS was increased in HG-treated cells transfected
with Oe-CTRP9Y, and this was decreased following the addi-
tion of tunicamycin. A similar trend was observed for the NO
level. Taken together, these results have provided important
insights into the participatory role of CTRP9 in oxidative
stress in HG-induced cells.

Collectively, the experiments performed in the present study
suggested that CTRP9 inhibited oxidative stress in HG-induced
HTRS8/SVneo cells through the decrease in ER stress.

Discussion

GDM is a medical complication that may be encountered during
pregnancy; it is associated with adverse maternal and neonatal
outcomes (1). At present, uniform screening and diagnostic
strategies for GDM are lacking globally (21). CTRP9 expres-
sion has been reported to be downregulated in GDM, and may
have a protective effect against GDM (14). Serum CTRP9
is an independent risk factor for the progression of GDM in
pregnant women (22). The present study demonstrated that
CTRP9 expression was downregulated in the human placental
trophoblast cell line HTR8/SVneo. Furthermore, CTRP9 over-
expression was shown to increase cell viability and suppress the
inflammatory response as well as oxidative stress in HG-induced
HTR8/SVneo cells through the decrease in ER stress.

CTRP9 has been associated with the prevention of athero-
sclerosis and the development of cardiovascular disease (23).
Appari et al (24) suggested that upregulation of CTRP9
promotes the poor cardiac remodeling and left ventricular
dysfunction associated with hypertrophic heart disease. CTRP3
and CTRP9 were shown to be downregulated in patients with
heart failure (25). CTRP9 is also closely associated with the
development of ER stress (15). According to Bai et al (26),
CTRPY exerts cardioprotective effects by increasing the levels
of disulfide-bond A oxidoreductase-like protein to decrease
ER stress in the diabetic heart. Cardiac-derived CTRP9 was
shown to activate the PKA-CREB signaling pathway and
to inhibit ER stress-associated apoptosis signaling during
myocardial ischemia-reperfusion injury (15). The present study,
to the best of our knowledge, was the first to show that CTRP9
expression was downregulated in HG-induced HTR8/SVneo
cells. Moreover, after transfection with Oe-CTRP9, ER stress
in HG-induced HTR8/SVneo cells was notably lower.

In addition, CTRP9 is also associated with apoptosis.
For example, CTRP9 regulates human keratinocyte growth,
differentiation and apoptosis through a TGF[31-p38-dependent
signaling pathway (27). CTRP9 has also been shown to

regulate the hypoxia-mediated proliferation, apoptosis and
migration of human pulmonary artery smooth muscle cells
through the TGF-f1/ERK1/2 signaling pathway (28). In
another previous study, CTRP9 also significantly attenuated
palmitic acid-induced oxidative stress and ER stress-induced
apoptosis in neonatal rat cardiac myocytes (29). Furthermore,
CTRP9 was shown to inhibit HG-induced oxidative stress
and apoptosis in retinal pigment epithelial cells through the
activation of the AMPK/Nrf2 signaling pathway (30). It is
well established that the upregulation of Bax, caspase 3 and
the downregulation of Bcl-2 are observed in apoptosis (31). In
the present study, after CTRP9 had been overexpressed in the
HG-treated cells, cell viability was increased and apoptosis
was decreased. In addition, the expression levels of cleaved
caspase-3 and Bax were decreased, whereas the expression
level of Bcl-2 was increased. However, after addition of the
ER-stress inducer tunicamycin, the trends observed for the
aforementioned genes were reversed. Together, these findings
suggested that CTRP9 increases HG-induced HTR8/SVneo
cell viability by decreasing ER stress.

Chronic inflammatory processes are associated with an
increase in the levels of inflammatory cytokines, including
IL-1B, TNF-a and IL-6 (32). The levels of the proinflamma-
tory cytokine IL-1f have been shown to be high in the adipose
tissue of women with GDM, which significantly inhibits
insulin signaling in the adipose tissue of pregnant women (33).
In the present study, it was found that the concentrations
of the proinflammatory cytokines TNF-a, IL-1f and IL-6
were elevated in HTR8/SVneo cells upon induction by HG.
Additionally, the role of CTRP9 in decreasing ER stress in
cells has been demonstrated: A previous study showed that
ER stress induced inflammation and insulin resistance asso-
ciated with obesity and type 2 diabetes (34). In the present
study, Oe-CTRP9 was transfected into HG-induced cells,
which resulted in decreased expression levels of inflamma-
tory cytokines, indicating that CTRP9 did exert an inhibitory
effect on inflammation. Tunicamycin is an ER-stress inducer,
which can effectively trigger ER stress by inhibiting protein
glycosylation (35). In the present study, elevated expression
levels of the proinflammatory cytokines TNF-a, IL-1p and
IL-6 were found after adding tunicamycin to the cell culture
experiments, as were the protein expression levels of p-p65
and COX-2. Collectively, these experiments confirmed that
CTRP9 may inhibit the inflammatory response in HG-induced
HTR8/SVneo cells by decreasing ER stress.

ER stress is an important local factor that is not only related
to inflammation, but is also closely associated with oxidative
stress (36). Oxidative stress is caused by an imbalance between
the oxidative and antioxidant systems of cells and tissues as a
consequence of the overproduction of oxidative free radicals
and associated ROS (37). Oxidative stress is associated with
the development of metabolic diseases, including diabetes (38).
Additionally, CTRP9 has been shown to inhibit glomerular
and tubule glycogen accumulation and fibrosis, and to relieve
oxidative stress mediated by hyperglycemia (39). In the present
study, it was observed that the levels of ROS were elevated in
HTRS8/SVneo cells under HG induction, but decreased after
overexpression of CTRP9, and the levels then increased again
following the addition of tunicamycin, whereas the levels of
NOS and NO changed in the opposite direction. These findings
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corroborated those of the other experiments, suggesting that
CTRP?9 inhibited oxidative stress in HG-induced HTR8/SVneo
cells by decreasing ER stress.

In conclusion, the present study showed that CTRP9
was expressed at a low level in the HTR8/SVneo tropho-
blast cell line and may decrease ER stress. In addition,
CTRP9 overexpression enhanced cell viability and inhibited
the inflammatory response as well as oxidative stress in
HG-induced HTR8/SVneo cells through the decrease in ER
stress. In summary, CTRP9 decreases trophoblast cell damage
induced by HG by decreasing ER stress, and CTRP9Y is
therefore a promising target for the therapeutic treatment of
GDM in the future. However, the present study was limited
to a single cell line, and loss of function experiments, as well
as in vivo experiments, should be undertaken in the future to
clarify the precise role played by CTRP9 in GDM.
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