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Abstract

Background: Previous studies shown that RNA binding motif proteins (RBM) participate in regulating various physiological processes
such as cell autophagy, proliferation, and apoptosis, and are abnormally highly expressed in placental trophoblast cells intervened by
hypoxia in vitro, but their molecular mechanisms regulating placental trophoblast damage remain unclear. This study aims to investigate
the role and molecular mechanism of RBM10 in regulating hypoxia-induced placental trophoblast injury through endoplasmic reticulum
stress. Methods: CCK-8 cell proliferation assay and Transwell cell invasion assay were applied to detect the proliferation and invasion
ability of normal, hypoxic and RBM10 up-regulated plus hypoxic embryonic trophoblast cells, respectively. The expression of endoplas-
mic reticulum stress-related proteins (ERN-1) and C/EBP homologous protein (CHOP), apoptosis-related proteins B cell lymphoma-2
(Bcl-2), Bcl-2-associated X protein (Bax) and Caspase-3, and autophagy-related proteins including microtubule-associated protein 1 light
chain 3 (LC-3), Beclin-1 and P62 were also detected by western blot assays. The effects of hypoxia and overexpression of RBM10 on
placental trophoblast apoptosis were examined using flow cytometry. Results: We found that the growth and invasion ability of placental
trophoblast cells treated with hypoxia were significantly decreased (p< 0.05), and the upregulation of RBM10 further led to the decrease
of the growth and invasion ability of hypoxic placental trophoblast cells. In addition, hypoxia promoted the expression of endoplasmic
reticulum stress-related proteins (p < 0.05), which triggered apoptosis and autophagy of embryonic trophoblast cells. The data showed
that embryonic trophoblast cells regulated cell injury by stimulating endoplasmic reticulum stress after hypoxia. after upregulation of
RBM10 expression, the expression levels of endoplasmic reticulum stress-related proteins ERN-1 and CHOP were further increased
(p < 0.05), and the apoptosis rate of embryonic trophoblast cells was further increased (p < 0.05). Conclusions: Overall, our find-
ings suggest that post-hypoxia mediates autophagy in embryonic trophoblast cells through stimulation of endoplasmic reticulum stress,
thereby promoting apoptosis. Overexpression of RBM10 levels regulates the proliferative, apoptotic capacity of trophoblast cells by
affecting cellular endoplasmic reticulum stress. RBM10 plays an important role in regulating hypoxia-induced autophagy and apoptosis
in trophoblast cells, and RBM10 upregulation can further stimulate endoplasmic reticulum stress-mediated autophagy and apoptosis in
trophoblast cells.
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1. Introduction

The process of fertilized egg implantation and embryo
formation includes embryonic adhesion to the uterine wall,
proliferation and migration of embryonic trophoblast cells,
and invasion of trophoblast cells into the endometrium
[1,2], abnormalities in this process can cause placental tro-
phoblast hypoxia, leading to placental ischemic disease,
which can lead to placental ischemic disease (PID), such
as intrauterine growth retardation (IUGR), placental abrup-
tion, and preeclampsia (PE) [3,4]. PE is an idiosyncratic
condition during pregnancy and is an important cause of
maternal and fetal morbidity and mortality [5,6], and deliv-
ery of the placenta and fetus is the only way to cure PE [7].
It is estimated that PE occurs in 3%~7% of pregnant women
worldwide, and the exact pathogenesis of preeclampsia re-
mains unclear to date [8].

Compared to normal pregnancy, there is significant
apoptosis of placental trophoblast cells in preeclampsia, and
the expression of genes with anti-apoptotic effects is sig-
nificantly downregulated [9]. The placenta as an important
organ for maintaining pregnancy undergoes a huge growth
change process throughout pregnancy, and the balance of
cell proliferation and apoptosis is the basis to ensure the nor-
mal role of the placenta, and dysregulation of apoptosis will
lead to pathological pregnancy. It has been shown that pla-
cental endoplasmic reticulum stress (ERS) is closely related
to the pathophysiological mechanisms of PE and is an im-
portant intermediate in the pathogenesis of PE [10]. There
are many molecular chaperone proteins in the endoplas-
mic reticulum that play an important role in synthesizing
and packaging proteins during the endoplasmic reticulum
stress state. Under normal conditions, endoplasmic reticu-
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lum stress protects the organism from injury, but increased
or prolonged endoplasmic reticulum stress results in the
activation of specific apoptosis-related signaling pathways
[11], accompanied by programmed cell death, and ERS is
thought to be a novel pathway for regulating apoptosis [12].

RNA motif binding proteins (RBM) are a family of
proteins with a stable three-dimensional structure that rec-
ognize and bind to RNA, and are involved in the regulation
of various physiological or pathological processes such as
cell autophagy, proliferation, and apoptosis [13,14]. Nu-
merous studies have found striking similarities in the bio-
logical properties of normal placental trophoblasts and tu-
mor cells [15]. Some studies have reported that RBM10 and
related proteins are differentially expressed in glioma cells
as well as lung adenocarcinoma cells and have an important
regulatory role in apoptosis [16,17]. Other groups have also
found that RBM-related proteins are abnormally highly ex-
pressed in placental trophoblast cells intervened by hypoxia
in vitro and induce autophagy and apoptosis, promoting the
development of PE, but the specific role in PE development
and progression has not been further explored [16,18], and
whether it regulates trophoblast apoptosis through activa-
tion of the endoplasmic reticulum stress pathway needs to
be further investigated.

In this study, we observed the changes of endoplasmic
reticulum stress, apoptosis and autophagy in trophoblast
cells induced by hypoxia using the trophoblast cell line
HTR-8 as the experimental object, and further analyzed
the changes of endoplasmic reticulum stress, apoptosis and
autophagy in trophoblast cells after the upregulation of
RBM10 expression, aiming to explore the role and mecha-
nism of RBM10 in regulating cell injury and provide a new
basis for exploring the pathogenesis of PE and its early pre-
diction and diagnosis.

2. Materials and Methods
2.1 Cell Culture and Treatment

HTR-8 cells were obtained from the Institute of
Cell Research, Chinese Academy of Sciences (Shanghai,
China). Cells were cultured in RPMI-1640 medium con-
taining 10% FBS at 37 °C in 5% CO2 and digested with
0.25% trypsin once every 2~3 days for passaging, and log-
arithmic growth phase cells were taken for subsequent ex-
periments. Cell transfection was performed based on Lipo-
fectamine 2000 (2457453, Invitrogen, Carlsbad, CA, USA)
instructions. HTR-8 cells were transfected by wrapping the
recombinant DNA vector, and the cells were examined for
transfection using fluorescence microscopy 48 hours after
transfection, followed by hypoxia treatment. Hypoxia treat-
ment was operated in a hypoxic chamber (27310, Stem-
cell, Seattle, Washington, USA) with 95%N2 and 5% CO2.
Continuous hypoxic treatment for 12~16 h. Experiments
were divided into the following groups: normal embry-
onic trophoblast group (NC), hypoxic placental trophoblast
group (Hypoxia) and hypoxic embryonic trophoblast group

with upregulated RBM10 expression (RBM10-OE).

2.2 Western Blot Assay
Total proteins were extracted from the above three

groups of embryonic trophoblast cells using RIPA buffer
and protease inhibitor (CW2200S, CWBIO, Taizhou,
Jiangsu, China), respectively, the tissues were lysed, and
the cells were centrifuged (12 000 r/min) at 4 °C for 20 min,
separated by 10% gel electrophoresis, and then transfected
onto PVDF membranes (IPVH00010, Millipore, Burling-
ton, MA, USA). The PVDF membranes were transferred
in an ice bath at 350 mA with a constant flow, and the
RBM10 protein was transferred for 3 h. Afterwards, the
PVDF membranes were removed and placed in a closure
solution (5% skim milk) and closed in a shaker at room
temperature for 1 h. Then, the membranes were incu-
bated with the corresponding primary antibody (1:1000)
for 12 h at 4 °C and then with the secondary antibody
(1:1000) for 1 h at room temperature. All Western blots
were repeated 3 times using Tublin as an internal refer-
ence. Changes in protein levels were expressed by pro-
tein bands in grayscale values, and the data were processed
by Image J software (version 1.8.0, LOCI, University of
Wisconsin, Madison, WI, USA) and represented as bar
graphs. Antibodies were as follows: rabbit anti-C/EBP-
homologous protein (CHOP) (SAB4500631), rabbit anti-
endoplasmic reticulum to nucleus signaling 1 (ERN-1)
(HPA027730), mouse anti-microtubule-associated protein
1 light chain 3 (LC-3) (WH0081631M1), rabbit anti-
Beclin-1 (PRS3611), rabbit anti-P62 (P0067), rabbit anti-
Bcl-2 (B cell lymphoma-2) (SAB4500003), rabbit anti-
Bcl2-associated X protein (Bax) (SAB5701392) and rab-
bit anti-Active-Caspase3 (MAB10753) (Sigma, St. Louis,
MO, USA).

2.3 Transwell Invasion Assays
Transwell chambers were placed in 24-well plates, and

50 µL of Matrigel dilution was spread on the bottom of
the upper chamber base and placed in a cell culture incu-
bator for 2–3 h to promote solidification. The above three
groups of embryonic trophoblast suspensions (density 1 ×
105 cells/mL) were added to the upper chamber for 200 µL,
andRPMI 1640medium containing 10% fetal bovine serum
was added to the lower chamber, and the culture was contin-
ued for 24 h at 37 °C in a 5%CO2 incubator, the membranes
were washed, formaldehyde fixed for 30min, crystalline vi-
olet stained for 5 min, photographed under the microscope,
and six different fields of viewwere randomly taken (×200)
to observe and record the number of membrane piercing
cells, the experiment was repeated three times, and the av-
erage number of cells in each group of small chambers was
manually calculated.
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2.4 Cell Counting Kit-8 Assay
The above three groups of embryonic trophoblast cells

at logarithmic growth stage were digested by trypsin and
made into single cell suspensions, which were counted and
inoculated in 96-well plates with 100 µL of single cell sus-
pensions at a density of 2.5 × 103 cells per well. The cell
proliferation assay reagent (10µLCCK-8 + 90µLmedium)
was added after aspirating the original medium under light-
proof conditions at 0 h, 24 h, 48 h and 72 h after cell ap-
position, respectively, and the cells were incubated in the
cell culture incubator for 2 h, and the absorbance A450 at
450 nm was detected by an enzyme marker, and the corre-
sponding survival curves were plotted. The experiment was
repeated three times.

2.5 Flow Cytometry for Apoptosis
Apoptosis was detected with Annexin V-FITC Apop-

tosis Detection Kit I (331200, Thermo Fisher Scientific,
Richardson, TX, USA). Annexin V binding buffer was
added to the recovered cells. AnnexinV/FITCmixwas then
added to the cell suspension. PI dye was incubated in the
dark for 15 min before apoptosis analysis was performed
by flow cytometry. This experiment was performed three
times.

2.6 Statistical Analysis
All experimental data in this study were performed us-

ing SPSS 18.0 software (IBM Corp., Chicago, IL, USA).
The one-way ANOVA analysis was done to determine any
difference between two groups, and differences between
groups further assessed using Student T-test. Data are ex-
pressed as x̄ ± s, and p < 0.05 was considered statistically
significant.

3. Results
3.1 Effect of RBM10 on Proliferation and Migration
Capacity of Embryonic Trophoblast Cells

In this experiment, the effect of RBM10 on cell prolif-
eration was measured by CCK-8 assay. The subjects were
divided into three groups: normal embryonic trophoblast
(NC), hypoxic placental trophoblast (Hypoxia) and hypoxic
embryonic trophoblast with upregulated RBM10 expres-
sion (RBM10-OE). The OD values of the three groups of
cells on the first day were 0.432 ± 0.010 (NC), 0.334 ±
0.021 (Hypoxia) and 0.325 ± 0.011 (RBM10-OE), respec-
tively, with no statistically significant difference between
the three data sets (p> 0.05), indicating that the initial num-
ber of cells in the three groups was equal and did not af-
fect the subsequent results. The OD values of cells in the
three groups for the next three days were NC group: 1.012
± 0.019, 1.618 ± 0.033, 1.807 ± 0.042; Hypoxia group:
0.431± 0.024, 0.762± 0.039, 0.913± 0.063; RBM10-OE
group: 0.433 ± 0.012, 0.608 ± 0.044, 0.734 ± 0.032. The
differences were statistically significant (p < 0.05) when
comparing the data of the three groups.

This result indicates that the cell growth and viabil-
ity of hypoxia-treated embryonic trophoblast cells was re-
duced compared with the control cells, and the cell growth
and viability of hypoxic embryonic trophoblast cells over-
expressing RBM10 was further reduced (Fig. 1). This in-
dicates that both RBM10 overexpression and hypoxia have
an inhibitory effect on the cell growth and viability.

Fig. 1. Effect of RBM10 on the proliferation ability of embry-
onic trophoblast cells.

The results of Transwell experiments showed that the
number of cells invading to the lower chamber surface of
Transwell was significantly reduced in the hypoxia-treated
cells compared to the NC group of trophoblast cells, and
the invasion ability of hypoxic embryonic trophoblast cells
with up-regulated RBM10 expression was further reduced.
The differences were statistically significant (p < 0.05), as
shown in Fig. 2, indicating that RBM10 gene overexpres-
sion significantly inhibited the migration and invasion abil-
ity of embryonic trophoblast cells.

3.2 Effect of RBM10 on Endoplasmic Reticulum Stress in
Embryonic Trophoblast Cells

To further investigate the mechanism of RBM10-
induced apoptosis in HTR-8 cells, the expression levels
of ERN-1 and CHOP, markers of endoplasmic reticulum
stress, were examined in this study. western blot results
showed that the expression levels of ERN-1 and CHOP
were differentially upregulated in the experimental group
compared with the control group (p < 0.05) (Fig. 3).

3.3 Effect of RBM10 on Apoptosis of Embryonic
Trophoblast Cells

Annexin V-FITC apoptosis assay suggested that the
apoptosis rate of hypoxia-stimulated trophoblast cells was
significantly increased, and the difference was statistically
significant (p< 0.05); the apoptosis rate of hypoxic embry-
onic trophoblast cells with upregulated RBM10 expression
was further increased, and the difference was statistically
significant (p < 0.05, see Fig. 4).
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Fig. 2. Effect of transfection with RBM10 on cell invasion ability. (A–C) Transwell assay with three sets of data for normal embryonic
trophoblast (NC), hypoxic placental trophoblast (Hypoxia) and hypoxic embryonic trophoblast with upregulated RBM10 expression
(RBM10-OE). (D) Statistical comparison of the invasion ability of the three groups of cells.

Fig. 3. Effect of RBM10 on the expression levels of endoplasmic reticulum stress-related proteins in HTR-8 cells. (A) Expression
levels of CHOP and ERN-1 in the NC, Hypoxia and RBM10-OE groups were detected by western blot assay. (B) Image J software was
used to analyze the signals, the relative protein expression was normalized by Tublin expression, * p < 0.05, ** p < 0.01.

The effect of RBM10 on the expression levels of
placental trophoblast apoptosis-related proteins Caspase-
3, Bcl-2 and Bax was also further investigated. The re-
sults showed that the expression of Bcl-2 was 1.532 ±
0.037, 1.126 ± 0.042 and 0.841 ± 0.044 in normal con-
trol, hypoxia-treated andRBM10-upregulated and hypoxia-

treated cells, respectively; and the expression of Bax was
1.849 ± 0.043, 2.470 ± 0.063 and 3.190 ± 0.042, respec-
tively. Caspase-3 protein expression was 0.356 ± 0.014,
0.728 ± 0.025, 1.644 ± 0.045, respectively, and the differ-
ences between groups were statistically significant (all p <
0.05), see Fig. 5.
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Fig. 4. The effect of RBM10 on the apoptotic function of trophoblast cells detected by flow cytometry. (A) Flow cytometry assay
detected the percentage of apoptotic cells in the NC, Hypoxia, and RBM10-OE groups. (B) The early and late apoptosis were quantified,
* p < 0.05, ** p < 0.01.

Fig. 5. Effect of RBM10 on the expression level of apoptosis-related proteins in HTR-8 cells. (A) Western blot assay detected the
expression of Bcl-2, Bax, as well as Caspase-3 in the NC, Hypoxia, and RBM10-OE groups. (B) Image J software was used to analyze
the signals, the relative protein expression was normalized by Tublin expression, * p < 0.05, ** p < 0.01.

3.4 Effect of RBM10 on Autophagy in Embryonic
Trophoblast Cells

Further, we explored the effect of RBM10 on the ex-
pression levels of placental trophoblast autophagy-related
proteins LC-3, Beclin-1 and P62. The results showed that
compared with the normal group, the expression levels of
autophagy marker proteins LC-3 and Beclin-1 were signif-

icantly increased in HTR-8 after 48 h of hypoxia treatment,
while the expression levels of P62 were significantly de-
creased, and the differences were all statistically significant
(p < 0.05), suggesting that hypoxia induced elevated au-
tophagy in trophoblast cells, as shown in Fig. 6.
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Fig. 6. Effect of RBM10 on the expression levels of autophagy-related proteins in HTR-8 cells. (A) Western blot assay detected the
expression of LC-3, Beclin and P62 in the NC, Hypoxia, and RBM10-OE groups. (B) Image J software was used to analyze the signals,
the relative protein expression was normalized by Tublin expression, * p < 0.05, ** p < 0.01.

4. Discussion

PE is a serious pregnancy complication with an inci-
dence of approximately 2%~8% of all pregnancies and may
result in maternal and fetal death [19]. Currently, the etiol-
ogy and pathogenesis of PE are unclear, and iatrogenic ter-
mination is the only treatment for PE [20]. Existing studies
have shown that in the early stages of pregnancy, embry-
onic development and placental formation take place under
relatively hypoxic conditions, and trophoblast blockage of
the uterine spiral artery causes a hypoxic environment that
can promote vascular recasting and trophoblast differenti-
ation and invasion, thus ensuring normal pregnancy; how-
ever, when hypoxia is excessive, it causes chronic ischemia
and hypoxia in the placenta in late pregnancy, leading to PE,
fetal growth restriction, miscarriage, stillbirth, and other
adverse pregnancy outcome [21–23]. During early preg-
nancy, trophoblast cells infiltrate into the maternal uterus to
form the placenta through tumor-like properties (high pro-
liferation and high infiltration). However, the mechanisms
by which hypoxia regulates the physiological function of
placental trophoblast cells are not known [24], and placen-
tal trophoblast apoptosis may be a key factor in the patho-
genesis of PE.

RNA motif binding proteins recognize and bind to
RNA and play an important role in RNA translation, shear-
ing and maintaining RNA stability. In addition, it was
found that RBM-related proteins are also closely associ-
ated with tumor development and prognosis, and RBM10
is associated with the expression of apoptotic genes such
as caspase-3 and Bax, which are key regulators of apopto-
sis [17]. In this study, we used a cellular hypoxic cham-
ber device to simulate a PE hypoxic environment and con-
structed an RBM10 overexpression system to observe the

effects of overexpression of RBM10 and hypoxia on the
proliferation and invasion capacity, endoplasmic reticulum
stress, apoptosis and autophagy of HTR8 cells. We found
that hypoxia inhibited the proliferation and invasion ability
of HTR-8 cells, and led to a significant increase in apopto-
sis. In addition, we found that overexpression of RBM10
further inhibited the growth and migration of HTR-8 cells
and further promoted hypoxia-induced apoptosis in HTR-8
cells.

Endoplasmic reticulum stress is a prevalent stress-
defense mechanism in eukaryotic cells [25], and in the ERS
state, cells initiate the Unfolded Protein Response (UPR)
to enhance the folding of unfolded proteins and the degra-
dation of misfolded proteins to restore the normal physio-
logical function of the endoplasmic reticulum [26]. Some
stimuli that trigger ERS also induce cellular autophagy. Au-
tophagy, as a conserved degradation mechanism in eukary-
otic cells, can reduce ERS levels by accelerating the degra-
dation of misfolded proteins and is another important role
in helping the endoplasmic reticulum to restore homeosta-
sis following UPR [27]. However, prolonged UPR activa-
tion, which may trigger terminal UPR, leads to apoptosis
[28,29]. And it is still unclear whether pre-eclamptic tro-
phoblast apoptosis is caused by inducing endoplasmic retic-
ulum stress. changes in the expression of CHOP and ERN-
1, which are key regulatory molecules of endoplasmic retic-
ulum stress, are often used as markers of endoplasmic retic-
ulum stress.

It has been shown that hypoxia causes the accumu-
lation of non-normally folded proteins in the endoplas-
mic reticulum, which inhibits the synthesis of normal pro-
teins and eventually triggers endoplasmic reticulum stress.
When ERS occurs, the dynamic balance of Ca2+ is dis-
rupted, leading to cellular calcium overload, which in turn
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leads to the activation of the mitochondrial apoptotic path-
way, an important mechanism of ischemic-hypoxic injury
[30,31]. To verify whether endoplasmic reticulum stress is
associated with RBM10-induced apoptosis in trophoblast
cells, we examined the changes in apoptosis levels by flow
cytometry and Western blot, as well as the changes in the
levels of CHOP and ERN-1, marker proteins associated
with endoplasmic reticulum stress, and LC-3, Beclin-1, and
P62, marker proteins associated with cellular autophagy,
and the results showed that the level of apoptosis was sig-
nificantly upregulated, while the expression levels of endo-
plasmic reticulum stress-related proteins CHOP and ERN-
1 were upregulated and the level of autophagy was further
activated. These results suggest that RBM10 induces apop-
tosis in HTR-8 cells and regulates endoplasmic reticulum
stress, and that RBM10 regulates HTR-8 cell injury through
endoplasmic reticulum stress and is an important regulatory
protein in the regulation of embryonic trophoblast injury.
The above findings help us to clarify the function andmech-
anism of RBM10 in embryonic trophoblast cells, and pro-
vide new targets and directions for the diagnosis and treat-
ment of PE.

5. Conclusions
In conclusion, the results of this study show that over-

expression of RBM10 induces apoptosis in trophoblast cells
and reduces the proliferation capacity of trophoblast cells,
and its mechanism of apoptosis induction may be related
to the endoplasmic reticulum stress pathway. The findings
provide a new perspective for understanding the etiology
and pathogenesis of PE, and provide a new breakthrough
for the early prediction and diagnosis of PE.

Author Contributions
XC—extraction and drafting of the manuscript; XC,

JD, LYC, LLW and GX—analysis of data, manuscript re-
vision; GX—design and revision, statistical analysis. All
authors read and approved the final manuscript.

Ethics Approval and Consent to Participate
The Ethics approval has been exempted by the Re-

search ethics committee of the Second Hospital of Shan-
dong university.

Acknowledgment
Wewould like to express our gratitude to all those who

helped us during the writing of this manuscript. Thanks to
all the peer reviewers for their opinions and suggestions.

Funding
This research received no external funding.

Conflict of Interest
The authors declare no conflict of interest.

References

[1] Tycko B, Ashkenas J. Epigenetics and its role in disease. Journal
of Clinical Investigation. 2000; 105: 245–246.

[2] DeChiara TM, Robertson EJ, Efstratiadis A. Parental imprinting
of the mouse insulin-like growth factor II gene. Cell. 1991; 64:
849–859.

[3] Brown CJ, Ballabio A, Rupert JL, Lafreniere RG, Grompe M,
Tonlorenzi R, et al. A gene from the region of the human X in-
activation centre is expressed exclusively from the inactive X
chromosome. Nature. 1991; 349: 38–44.

[4] Kaufmann P, Black S, Huppertz B. Endovascular Trophoblast
Invasion: Implications for the Pathogenesis of Intrauterine
Growth Retardation and Preeclampsia. Biology of Reproduc-
tion. 2003; 69: 1–7.

[5] Shulman JP,Weng C,Wilkes J, Greene T, Hartnett ME. Associa-
tion of maternal preeclampsia with infant risk of premature birth
and retinopathy of prematurity. JAMA Ophthalmology. 2017;
135: 947–953.

[6] Zhang M, Wan P, Ng K, Singh K, Cheng TH, Velickovic I, et
al. Preeclampsia among African American PregnantWomen: an
Update on Prevalence, Complications, Etiology, and Biomark-
ers. Obstetrical and Gynecological Survey. 2020; 75: 111–120.

[7] Askelund KJ, Chamley LW. Trophoblast deportation part I: Re-
view of the evidence demonstrating trophoblast shedding and
deportation during human pregnancy. Placenta. 2011; 32: 716–
723.

[8] Quitterer U, Fu X, Pohl A, Bayoumy KM, Langer A, AbdAlla
S. Beta-Arrestin1 Prevents Preeclampsia by Downregulation
of Mechanosensitive at1-B2 Receptor Heteromers. Cell. 2019;
176: 318–333.e19.

[9] Constant F, Guillomot M, Heyman Y, Vignon X, Laigre P,
Servely JL, et al. Large Offspring or Large Placenta Syndrome?
Morphometric Analysis of Late Gestation Bovine Placentomes
fromSomaticNuclear Transfer Pregnancies Complicated byHy-
drallantois. Biology of Reproduction. 2006; 75: 122–130.

[10] Burton GJ, Yung H. Endoplasmic reticulum stress in the patho-
genesis of early-onset pre-eclampsia. Pregnancy Hypertension.
2011; 1: 72–78.

[11] LinWC, Chuang YC, Chang YS, Lai MD, Teng YN, Su IJ, et al.
Endoplasmic reticulum stress stimulates p53 expression through
NF-κB activation. PLoS ONE. 2012; 7: e39120.

[12] Saleem MZ, Nisar MA, Alshwmi M, Din SRU, Gamallat Y,
Khan M, et al. Brevilin A inhibits STAT3 signaling and induces
ROS-dependent apoptosis, mitochondrial stress and endoplas-
mic reticulum stress in MCF-7 breast cancer cells. OncoTargets
and Therapy. 2020; 13: 435–450.

[13] Bechara E, Sebestyén E, Bernardis I, Eyras E, Valcárcel J.
RBM5, 6, and 10 Differentially Regulate NUMB Alternative
Splicing to Control Cancer Cell Proliferation. Molecular Cell.
2013; 52: 720–733.

[14] Wang K, Bacon ML, Tessier JJ, Rintala-Maki ND, Tang V,
Sutherland LC. RBM10 Modulates Apoptosis and Influences
TNF-α Gene Expression. Journal of Cell Death. 2012; 5: 1–19.

[15] Yamada Y, Watanabe H, Miura F, Soejima H, Uchiyama M,
Iwasaka T, et al. A Comprehensive Analysis of Allelic Methy-
lation Status of CpG Islands on Human Chromosome 21q.
Genome Research. 2004; 14: 247–266.

[16] Guo CY, Jiang SI, Qiu Y, Liao K, Hou P, Lu XJ, et al. Effects
of RNA-binding protein RBM38 expression on the proliferation,
migration, and invasion ability of glioma cells. Journal of Clin-
ical Neurosurgery. 2019; 16: 7.

[17] Sun X, Jia M, Sun W, Feng L, Gu C, Wu T. Functional role
of RBM10 in lung adenocarcinoma proliferation. International
Journal of Oncology. 2019; 54: 467–478.

[18] Yin H, Wu Q, Gao L, Zhang YY, Wang YH, Zhu YF, et al. Role

7

https://www.imrpress.com


of cyclic RNA circRBM39 in hypoxia-induced placental tro-
phoblast apoptosis and its molecular mechanism. Chinese Jour-
nal of Clinical Pharmacology. 2021; 37: 4.

[19] Gu Y, Luo M, Li Y, Su Z, Wang Y, Chen X, et al. Bcl6 knock-
down aggravates hypoxia injury in cardiomyocytes via the P38
pathway. Cell Biology International. 2019; 43: 108–116.

[20] Burton GJ, Redman CW, Roberts JM,Moffett A. Pre-eclampsia:
pathophysiology and clinical implications. BritishMedical Jour-
nal. 2019; 366: l2381.

[21] Onogi A, Naruse K, Sado T, Tsunemi T, Shigetomi H, Noguchi
T, et al. Hypoxia inhibits invasion of extravillous trophoblast
cells through reduction of matrix metalloproteinase (MMP)-2
activation in the early first trimester of human pregnancy. Pla-
centa. 2011; 32: 665–670.

[22] Gatford KL, Andraweera PH, Roberts CT, Care AS. Animal
Models of Preeclampsia: causes, consequences, and interven-
tions. Hypertension. 2020; 75: 1363–1381.

[23] Liu HS, Zhang HX. New advances in the etiology of preeclamp-
sia. Journal of Practical Medicine. 2006; 22: 2.

[24] Yang D. Effect of hypoxia on the biological clock and en-
doplasmic reticulum stress signaling pathway in goat placen-
tal trophoblast cells [Dissertation]. Northwest Agriculture and
Forestry University. 2018.

[25] Wang M, Kaufman RJ. Protein misfolding in the endoplasmic
reticulum as a conduit to human disease. Nature. 2016; 529:
326–335.

[26] Almanza A, Carlesso A, Chintha C, Creedican S, Doultsinos D,
Leuzzi B, et al. Endoplasmic reticulum stress signalling - from
basic mechanisms to clinical applications. The FEBS Journal.
2019; 286: 241–278.

[27] Smith M, Wilkinson S. ER homeostasis and autophagy. Essays
in Biochemistry. 2017; 61: 625–635.

[28] Hetz C, Papa FR. The Unfolded Protein Response and Cell Fate
Control. Molecular Cell. 2018; 69: 169–181.

[29] Tameire F, Verginadis II, Koumenis C. Cell intrinsic and extrin-
sic activators of the unfolded protein response in cancer: Mech-
anisms and targets for therapy. Seminars in Cancer Biology.
2015; 33: 3–15.

[30] Grotemeier A, Alers S, Pfisterer SG, Paasch F, Daubrawa M,
Dieterle A, et al. AMPK-independent induction of autophagy
by cytosolic Ca2+ increase. Cellular Signalling. 2010; 22: 914–
925.

[31] Michalak M, Robert Parker JM, Opas M. Ca2+ signaling and
calcium binding chaperones of the endoplasmic reticulum. Cell
Calcium. 2002; 32: 269–278.

8

https://www.imrpress.com

	1. Introduction
	2. Materials and Methods
	2.1 Cell Culture and Treatment
	2.2 Western Blot Assay
	2.3 Transwell Invasion Assays
	2.4 Cell Counting Kit-8 Assay
	2.5 Flow Cytometry for Apoptosis
	2.6 Statistical Analysis

	3. Results
	3.1 Effect of RBM10 on Proliferation and Migration Capacity of Embryonic Trophoblast Cells
	3.2 Effect of RBM10 on Endoplasmic Reticulum Stress in Embryonic Trophoblast Cells
	3.3 Effect of RBM10 on Apoptosis of Embryonic Trophoblast Cells
	3.4 Effect of RBM10 on Autophagy in Embryonic Trophoblast Cells

	4. Discussion
	5. Conclusions
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

