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ABSTRACT

Background: The concentration of sFlt-1, a mgor anti-angiogenic protein in maternal
circulation has been seen to be raised in preeclamptic pregnancies. Endoplasmic reticulum (ER)
stress represents one of the three (immunological, oxidative and ER stress) mgjor stresses which
placenta undergoes during pregnancies. The present study is designed to investigate the role of
sHIt-1 ininduction of ER stress in trophoblast cells.

Materials and Methods: Maternal serum levels of anti-angiogenic protein sHt-1 and central
regulator of unfolded protein response GRP78 was measured using sandwich ELISA. The
expression of various ER stress markers (GRP78, elF2a, XBP1, ATF6 and apoptotic protein
CHOP) were analyzed depending on various treatments given to the trophoblast cells using
Immunofluorescence, western blot and g-RT PCR.

Results: Increased expression of ER stress markers (GRP78, elF2a, XBP1 ATF6 and apoptotic
protein CHOP) was detected in the placental trophoblast cells treated with raised concentration
of sHlt-1.

Conclusion: Significant upregulated expression of ER stress markers in trophoblast cells
exposed with increased concentration of sFlt-1 suggested that it may be one of the anti-
angiogenic factors present in maternal sera which not only contributes to oxidative stress but also
may cause endoplasmic reticulum stress.

Keywords: Preeclampsia (PE), sHt-1(sVEGFR1), Endoplasmic reticulum (ER) stress, Unfolded
protein response (UPR)
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I ntroduction

Hypertensive disorders of pregnancy are second to acute obstetric hemorrhage as a direct cause
of maternal mortality and morbidity* Preeclampsia (PE), the great obstetrical syndromez'3 stands
outs as a maor subset of hypertensive disorders affecting every tenth’ pregnancy in the
contemporary world in otherwise healthy pregnant women2. Placental malfunction has long
been implicated in the pathogenesis of preeclampsia. A variety of proangiogenic (VEGF, PIGF)
and antiangiogenic factors (sFlt-1, sEng) are elaborated by the developing placenta, and the
balance among these factors is vital for normal placental developments. Increased production of

anti- angiogenic factors disturbs this balance and results in the manifestation of the syndromeS.
The entity of distinguished anti-angiogenic molecule sFIt1 (soluble -fms like tyrosin kinase-1) /
(SVEGFR1) is a very conversant fact in preeclamptic pregnancies. sHt-1, a spliced variant of
receptor VEGFR1, is apotent circulating® antagonist of VEGF and PIGF2. It is released from the
placenta under a variety of “stress” conditions and is strongly implicated in the maternal
syndrome of preeclampsia’. The increase in sHt-1 concentration also occurs in normal
pregnancies but, during the later parts of gestation whereas in preeclampsia this raised
concentration is abnormal and happens too early in gestation, the underlying pathophysiology is
still not discernible. The preeclamptic placenta experiences stress which has been variously

categorized as immunological, oxidative and endoplasmic reticulum stress . Amongst aforesaid,
the underlay for endoplasmic reticulum (ER) and oxidative stress is ischaemia/hypoxia—

reperfus on" . Endoplasmic reticulum (ER), in eukaryotic cells, is a specialized organelle that

orchestrates the synthesis, folding and transport of one-third of the proteinslz. Altered ER
proteostasis |eads to agglomeration of unfolded and/or mis-folded proteinsin the ER lumen which
activates the unfolded protein response (UPR)® comprised of three highly conserved signaling
pathways: The PERK—elF2a pathway, which attenuates nonessential protein synthesis; ATF6 and
IRE1-XBP1 pathways, increasing folding capacity by upregulation of the molecular chaperones
GRP78 and GRP94 and phospholipid biosynthesism. Increasing evidence has indicated altered
morphology of ER including dilation of the ER cisternae within the syncytiotrophoblast in
preeclamptic patients *°. Also the loss of ER homeostasis along with ER stress-induced
trophoblastic apoptosis may play role in placental pathophysiology leading to
preeclampsia®*’***°. The circulating levels of SVEGFRL/sHt-1 in preeclamptic women may
influence multiple endothelial endpoints, many of which have been previously shown to be
dysregulated in preeclampsia but its effect on endoplasmic reticulum stress markers has not been
explored so far. It is in this background we planned this study to find out whether the sFit-
1/sVEGFR1 can set to ER stress and how does it equipoise between homeostatic and apoptotic
signaling during the ER stressin vitro.

Materials and M ethods

I'n vitro experiments were carried out to analyze the effect of sFIt1-1 on induction of ER stress
in trophoblast cells (BeWo cells).

The human choriocarcinoma cdl line (BeWo) was procured from American Type Culture
Callection (ATCC) and maintained in F-12 HAM’S nutrient medium supplemented with 10%
fetal bovine serum, 100 U/ml pencillin, 100ug/ml Streptomycin. Cells were passaged with
0.025% trypsin and 0.01% EDTA.
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The study was divided into five experimental groups depending on various treatments given to BeWo
cells[normotensive (NT) serum- Groupl; normotensive (NT) serum + recombinant sFit-1 (re-sHt-1)-
Group2; recombinant sFit-1 (re-sFlt-1)- Group3; tunicamycin treatment- Group4 and no treatment-
Group5].

For this, normotensive, non-proteinuric pregnant women (n=10) without any other medical
complications were enrolled from the antenatal clinic and the inpatient ward of the Department
of Obstetrics and Gynaecology, All India Institute of Medical Science, New Delhi, India.
Protocol of the study was approved by the ingtitute ethics committee and written informed
consent was obtained from al the enrolled women. 5 ml of venous blood was collected,
centrifuged at 1200 RPM for 4 minutes, serum was separated and stored in aliquots at -80°C. The
serum samples were stored for the ELISA and cell culture experiments.

The levels of sFlt-1 and GRP78 were estimated in the serum of normotensive, non-proteinuric
(control) pregnant women by sandwich ELISA (sHt-1 ELISA kit: R&D Systems Inc.,
Minneapolis, MN, U.S.A., GRP 78: Enzo Life Sciences, Inc.).

After the various treatments, activation of ER stress markers (GRP78, elF2a, XBP1, ATF6 and
CHOP) were assessed at various time points (8h, 14h, 24h) at protein (Immunofluorescence,
Western blot) and gene level (QRT-PCR).

I mmunofluor escence Microscopy: BeWo Cells were trypsinized, seeded, allowed to grow on
coverdlips in multiple well chamber and incubated at 37°C in 5% CO,. After 8h, 14 h and 24 h,
cells were taken out from incubator and washed with PBS, fixed in 4% PFA for 15 min at room
temperature. Cells were washed with PBS and permeabilized with PBS + 0.1% Triton X-100
followed by PBS washing. Nonspecific blocking was done using 5% normal goat serum in PBS
and Triton X. Cells were incubated for 12 hours a 4°C in primary antibodies (anti GRP78
antibody (1:1000), anti el F20, antibody (1:200), anti XBP1 antibody (1:200), anti ATF6 antibody
(1:1000) and anti DDIT3/CHOP antibody (1:500). Cells were washed with PBSTx and thereafter
incubated in secondary antibody in 1:500 dilution for 1 hour at room temperature in dark room.
Cells were washed in PBS and mounted with flouroshield mounting media with DAPI on the
slide and observed under the fluorescence microscope (Nikon Eclipse Ti-S elements using NiS-
AR software).

Western blot analysis: Cells were lysed in SDS-PAGE sample buffer [2% SDS, 60 mM Tris-
HCI (pH 6.8), 10% glycerol, 0.001% bromphenol blue, 0.33% mercaptoethanol] and boiled for 5
min. The lysates were analyzed by immunoblotting using 1:1000 of anti GRP78, 1:500 of anti
elF2a, anti XBP1, and 1:1000 of anti ATF6, anti CHOP (Abcam) for 12 h at 4°C. The blots were
then incubated in secondary antibody (HRP conjugated) for 2 hours. The blots were visualized
by treating the membranes in DAB, Tetrahydrochloride and H,O,. B-actin was used as protein
loading control. The blots were then scanned in a gel documentation system, using Quantity 1
software (Bio-Rad, Hercules, CA, USA) for densitometric analysis.

gRT-PCR (quantitative Real Time-Polymerase Chain Reaction): RNA extraction was done
from treated cells via Ambion (Invitrogen) kit followed by c-DNA conversion by Thermo revert
aid H-minus reverse transcriptase kit. cDNA was amplified by quantitative RT-PCR for
determining MRNA expression of GRP78, elF2a, XBP1, ATF6 and CHOP against gene of
interest with an internal control (B actin and GAPDH).

Statistical Analysis

Data was analyzed by Microsoft Office Excel Version 2013 and Graph Pad Prism. For mRNA
expression by gRT-PCR, relative quantification cycles of gene of interest (ACq) was calculated
by ACg = Cq (target) - Cq (reference). Relative mRNA expression with respect to internal
control gene was calculated by 2°% Data was presented in mean+SD/median (Range) as
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appropriate. Average level of the variable between the two groups was compared by paired t-
test/Wilcoxon signed rank test. For comparing more than two groups, ANOVA with
Bonferroni’s multiple comparison test/Kruskal Wallis with Dunn’s multiple comparison test
were used. p value<0.05 was considered statistically significant.

Results

The mean systolic and diastolic blood pressures were 117.8 £ 7.34 mm Hg (mean + SD) and
74.2 £ 6.39 mm Hg (mean + SD) respectively. The body mass index was 23.67 + 3.59 (mean +
SD). Urine protein was analyzed by urine dipstick method and was found either in trace or nil.

Levels of sFlt-1 and GRP78 in normotensive non-proteinuric pregnant women: The levels
of sFlt-1 and GRP78 in the maternal serum were found to be 2187.67 + 92.64 pg/ml and 970.75
+ 107.78 ng/ml respectively.

In Vitro Experiments:

Weaker expresson of GRP78, elF2a, XBP1, ATF6 and CHOP was observed in
normotensive sera (NT) treated BeWo cells [Figure 2a-c]: Immunofluorescence microscopy
revealed no significant expression of ER stress markers at different time points [Figure 2a]
However time kinetics studies using immunoblot demonstrated higher expression of GRP78 and
elF2a at 14 h as compared to 8 h and 24 h whereas XBP1, ATF6 and CHOP expressions were
found more at 24 h as compared to 8h and 14 h [Figure 2b]. mMRNA levels of GRP78, elF2aq,
XBP1, ATF6 and CHOP were found to be higher at 14 h as compared to 8 h and 24 h [Figure
2c].

Significantly increased expresson of GRP78, elF2a, XBPl, ATF6 and CHOP in
normotensive sera along with resFlt-1 treated BeWo cells [Figure 3a-c]:
Immunofluorescence microscopy revealed significant expression of GRP 78 at 8 hours, elF2aq,
XBP1, ATF6 at 14 hours and CHOP at 24 hours. Characteristic stress granules in case of elF2a
were observed at 14 hours [Figure 3a]. The expression of GRP78, elF2a and XBP1 proteins
were found to be higher at 14 h as compared to 8 h and 24 h time points. ATF6 expression was
found to be higher at 8 and 24 h time points as compared to 14 h. Maximum expression of
CHOP was found at 24 h [Figure 3b]. mRNA levels of GRP78, elF20 and XBP1 were found to
be higher at 14 h whereas ATF6 and CHOP mRNA levels were found to be higher at 24 h
[Figure 3c].

Expresson of GRP78, elF2a, XBP1, ATF6 and CHOP) was raised in re-sFlt-1 treated
BeWo cells [Figure 4a-c]: Significant expression of XBP1, ATF6 and CHOP was observed at
14 hours with 12 ng/ml concentration of re-sHlt-1 as compared to 9 ng/ml. Characteristic stress
granules in case of elF2a were also seen at 14 hours [Figure 4a]. Immunoblot revealed higher
expressions of GRP78 and elF2a at 14 h with 12 ng/ml concentration (c2) of recombinant sHt-1
as compared to 9 ng/ml concentration (cl). Expression of XBP1 was found to be higher a 24 h
with 12 ng/ml concentration (c2). ATF6 expression was found consistent at both time points (14
h and 24 h). CHOP expression was observed maximum at 24 h with 9 ng/ml (c1) concentration
of recombinant sHt-1 [Figure 4b]. GRP78 mRNA levels were found maximum at 14 h (c2)
whereas mMRNA levels of elF2a, XBP1, ATF6 and CHOP were found maximum at 24 h (c2)
[Figure 4c].
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Earmarked expression of GRP78, el F2a, XBP1, ATF6 and CHOP in Tunicamycin treated
BeWo cells [Figure 5a-c]: The expression of al the markers were observed more so with 5
pg/ml dose of tunicamycin as compared to its lower dose [Figure 5a]. Immunaoblot data revealed
higher expressions of GRP 78 and elF2a at 14h and 24 h as compared to 8 h. Expression was
even more when its concentration was increased. XBP1, ATF6 and CHOP expressions was
found to be higher with 5 pg/ml of tunicamycin as compared to 2.5 pug/ml of tunicamycin
[Figure 5b]. GRP78, elF2a, XBP1 and ATF6 mRNA levels were found to be higher at 14 h as
compared to 8 h and 24 h. CHOP mRNA levels were found maximum at 24 h [Figure 5c].

Feeble expresson of GRP78, elF2a, XBP1, ATF6 and CHOP in untreated BeWo cdls
[Figure 6a-c]: Weak expression of GRP78 at 8 hours and elF20, at 14 hours was observed.
However, no expression of XBP1, ATF6 and CHOP was observed at different time points
[Figure 6a]. Western blot analysis did show some expression of GRP78, elF2a and XBP1 at 14 h
as compared to 8 h and 24 h. ATF6 and CHOP expressions were found maximum at 24 h [Figure
6b]. GRP78, elF20 and ATF6 mRNA levels were found maximum at 14 h however XBP1 and
CHOP mRNA levels were found to be higher at 24 h [Figure 6¢]. However the levels of these
markers were lower as compared to tunicamycin, NT, NT+re-sHlt-1 and re-sFlt-1 alone treated
BeWo cells.

Comparison of normalized protein values and mRNA levels of ER stress markers between
NT seraand NT sera + re- sFlt-1 treated BeWo cells[Figure 7a-j]: At 8 h, expressions of all
ER stress markers were found to be higher in NT+ re-sHlt-1 treated BeWo cells as compared to
NT sera and the difference was found to be statistically significant [GRP78 (p<0.0001), elF2a.
(p<0.0001), XBP1 (p<0.0001), ATF6 (p<0.0001) and CHOP (p<0.0001)] [Figure 7a-€]. At 14 h,
GRP78, elF2a, XBP1 and CHOP expressions were also higher in NT+ re-sHt-1 treated BeWo
cells as compared to NT sera and the difference was statistically significant [GRP78 (p<0.0001),
elF2a (p<0.0001), XBP1 (p<0.0001) and CHOP (p<0.0001)] [Figure 7a-€]. At 24 h, expressions
of al ER stress markers were found to be higher in NT+ re-sFlt-1 treated BeWo cells as
compared to NT sera treated BeWo cells and the difference was statistically significant. GRP78
(p<0.0001), elF2a (p=0.0002), XBP1 (p=0.0129), ATF6 (p=0.0001) and CHOP (p<0.0001)
[Figure 7a-€]. At 8, 14 and 24 h, GRP 78, elF20, XBP1, ATF6 and CHOP mRNA levels were
found to be higher in NT+ re-sFlt-1 treated BeWo cells as compared to NT seratreated cells and
the difference was found to be statistically significant [GRP78 (p<0.0001), elF2a. (p<0.0001),
XBP1 (p<0.0001), ATF6 (p<0.0001) and CHOP (p<0.0001)] [Figure 7f-j].

Discussion

The peculiarity of human placentation is egregiously concerned with the physiological
remodelling of maternal spiral arteries through invading trophoblast to produce a low resistance
and high capacitance uterine circulation®. Inaccuracy in this very event places the placenta at
increased risk of ischemia—reperfusion type insult, a powerful stimulus for the generation of
oxidative stress™ which leads to adverse obstetric outcomes; preeclampsia is one amongst
them?. Defective placentation leads to release of a mixture of proteins that stimulate maternal
endothelium and result in manifestation of the symptoms of disease. One such protein is the
soluble form of the receptor, vascular endothelial growth factor receptor-1 (sVEGFR-1/sFlt1-1),
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which is produced in excess by the placenta of preeclamptic women in first trimester of ongoing
pregnancy”. The binding of sFIt1-1 to VEGF reduces concentrations of free VEGF in early
gestation which is essential for effective vasculogenesis, angiogenesis, trophoblast cell
proliferation and thereby affecting the normal placental development®. The resultant subsidence
in bioavailability of VEGF makes placenta more prone to oxidative cell damage®. Thus,
whenever serum levels of sHlt-1 increase, their binding with VEGF may reduce the circulating
(free) VEGF levels below a critica threshold thereby adversely affecting the placental
development and in turn, pregnancy®?*#’. In the patients of Indian origin, our group for the first
time reported the alterations in the levels of anti-angiogenic (sFIt-1) and pro-angiogenic (VEGF,
PIGF) factors in sera and PIGF in the urine of PE patients™. The sera of pregnant women (NT
and PE) were later used for in vitro experiments. The BeéWo cells subjected to treatment with
preeclamptic sera showed increased amount of ER stress as compared to NT sera (unpublished
results). There may be many factors differing in the two sera which could result in varying ER
stress responses, so in the present study, we aimed to explore the role of sHt-1 in inciting
endoplasmic reticulum (ER) stress, in trophoblast cells (choriocarcinoma cells of placental
origin- BeWo cells). We estimated the levels of sHt-1 and GRP78 (central regulator of ER
stress) in serum of 10 healthy pregnant women (normotensive, non proteinuric). The serum sFlt-
1 levels in normotensive, non-proteinuric pregnant women were 2187.67 + 92.64 pg/ml. The
BeWo cells (human choriocarcinoma cell line of placental origin which mimics in vivo
syncytialisation of placental villous trophoblast) were subjected to various concentrations of
sHIt-1 starting from lower concentrations as in normotensive sera, followed by normotensive sera
along with re-sHt-1 and administration of two dosages of recombinant sFlt-1; 9 and 12 ng/ml
independently. The expression of ER stress markers (GRP78, elF2a, XBP1, ATF6 and CHOP)
were analyzed using immunofluorescence, western blot and quantitative real time PCR at
different time points (8 h, 14 h and 24 h) after the various treatments. Placental ER stress
reported in preeclamptic women and studies in the past few couple of years indicated that the
oxidative and ER stresses are closely linked events in cell homeostasis and apoptosis™*’. UPR
comes into role before the induction of ER stress to sustain proteostasis of cellular ambience.
The master regulator of UPR (GRP78) normally (in the absence of stress) binds to N-terminus of
ER stress sensors (PERK, IRE1 and ATF6) of ER**%®, However in case, when threshold of
stimulus can’t be coped up, the GRP78 gets dissociated and binds preferentially with misfolded
proteins®. Dissociation of GRP78 activates all the three arms (PERK, IRE1 and ATF6) of ER
stress pathway following simultaneous autophosphorylation and oligomerization of IRE1L and
PERK, and mobilization of ATF6 to the Golgi for activation®. In the present study expression of
GRP78 protein was detected as early as 8 h, reached the peak at 14 h and it started diminishing
after 14 h when BeWo cells were exposed to sera having low sFIt-1 (normotensive sera)
concentration (Figure: 2a,2b). Its expression was however, further upregulated when BeéWo cells
were administered with normotensive sera along with re-sHt-1 as compared to NT sera alone at
al the time points (8 h, 14 h, 24 h) (Figure 7a). Protein expression of GRP78 was further
validated by gRT-PCR and we found similar trend of GRP78 expression at transcription level as
well (Figure 2c¢,3c,7f). Thus the pattern of GRP78 expression at both protein and mRNA levels
suggested an important role which may be played by sFlIt-1 in the induction of ER stress.
Emerging evidences indicate that the amplitude and kinetics of UPR signaling are tightly
regulated at different levels, which has a direct impact on cell fate decisions®. Analysis of the
signaling kinetics of all the three ER stress sensors (PERK, IREland ATF6) has substantiated
that the activation of each branch can vary depending on the nature of the stimulus used to
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perturb ER function®®*". Activation of PERK branch of ER stress pathway results in the
phosphorylation of eukaryotic translation initiation factor 2 subunit o (elF2 o), thereby blocking
protein translation and reducing the protein overload within the ER®. Adaptive response goes as
long as the level of stressis below threshold, however in case of prolonged stress, el F2a-ATF4-
CHOP pathway gets activated, and subsequently cells move toward apoptotic pathway *°. In the
PERK arm of ER stress pathway, we reported maximum expression of elF2a protein at 14 h
when BeWo cells were exposed to low sFlt-1 concentration (normotensive sera) (Figure 2a,2b).
Addition of re-sHt-1 to NT sera further enhanced the expression of elF2a and the difference
between NT sera and NT + re-sFlt-1 treated cells was statistically significant at all the time
points (Figure 3a,3b,7b). MRNA expression of elF2 o coincided with protein expression (Figure
2¢,3c,7g). ER dress activates all UPR signaling pathways, thereby simultaneously producing
antagonistic outputs®. Thus in order to address this paradox, we examined the molecular
behavior of all cell fate regulators of the UPR. The opposing effects of PERK and IRE1
determine whether ER stressed cells will live or die™. Our study also demonstrated that although
al three branches were activated upon induction of ER stress yet the behavior of individual
signaling pathways varied markedly with time after the onset of stress. Upon ER stress, IRE1
RNase is activated through conformational change, autophosphorylation, and higher order
oligomerization****. IRE1 initiates diverse downstream signaling of the UPR either through
unconventional splicing of the transcription factor XBP-1 or through post transcriptional
modifications via Regulated IRE1-Dependent Decay (RIDD) of multiple substrates®™*47#8, |n
the present study, expression of XBP1 was maximum at 24 h in BeWo cells exposed to NT sera
(Figure 2a,2b). Expression of XBP1 in our study matched with the study by Lin et al., 2007, (Lin
et al., 2007)* in terms of the adaptive or apoptotic path chosen when BeWo cells were exposed
to increased amount of sFlt-1 as in case of NT sera + re- sFlt-1 treatment; which further
enhanced the expression of XBP1 (Figure 5a,5b). The difference between NT seraand NT sera +
re-sFlt-1 treated BeWo cells was found datistically significant at al the time points (Figure 7c).
Protein expression of XBP1 was further validated at mMRNA levels and results were found to be
consistent (Figure 2c¢,3c,7h). ATF6, another regulator of ER stress signaling is the type Il ER
transmembrane transcription factor, has two isoforms, ATF6a and ATF6B*. Out of these two,
ATF6a has been extensively studied in the context of ER Stress. ATF6a transits to the Golgi on
the progression of ER stress, where it is cleaved by site 1 (sl) and site 2 (2) proteases,
generating an activated b-ZIP factor™. The processed form of ATF6a translocates to the nucleus
to activate UPR genes involved in protein folding, processing, and degradation”*?. In the
present study, we reported maximum expression of ATF6 at 24 h when the BeWo cells were
exposed to NT sera (Figure 2a,2b). Addition of re-sFlt-1 to NT sera further enhanced the
expression of ATF6 and the difference between NT sera and NT sera + re-sHt-1 treated BeWo
cels was datistically significant (Figure 3a,3b,7d). The mRNA levels were found consstent
with protein expression (Figure 2c,3c,7i). If the various UPR induced mechanisms fail to
aleviate ER dress, both the intrinsic and extrinsic pathways for apoptosis come into role. The
major player involved in the cell death response include PERK/el F2a-dependent induction of the
pro-apoptotic transcriptional factor CHOP. CHOP (CCAAT- enhancer-binding protein
homologous protein) has been shown to be involved in ER stress-induced apoptosis both in vitro
and in vivo. CHOP was shown to downregulate transcription of anti-apoptotic BCL-2°". Another
study has shown that it can transcriptionally upregulate expression of pro-apoptotic BH3-only
protein Bim>* which is a mediator of ER stress-induced apoptosisin several cell types®™. In the
present study, CHOP expression was maximum at 24 h in BeWo cells exposed to NT sera
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(Figure 2a,2b). Addition of re-sHit-1 to NT sera further enhanced the expression of CHOP
(Figure 3a,3b). The difference between only NT seratreated cells and NT sera + re-sFlt-1 treated
cells was statistically significant at al the time points (Figure 7€). mRNA levels were found
consistent with the protein expression (Figure 2c¢,3c,7j). In the present study, BeWo cells, when
treated with two independent concentrations of recombinant sFlt-1 (re-sFlt-1), no significant
expression of ER stress markers were seen either at protein or mRNA levels at 8 h. At 14 h,
upregulation of all the ER stress markers except ATF6 and CHOP were noticed with 12ng/ml.
On the other hand, expression of CHOP protein was maximum at 24 h indicating increased
apoptosis with progression of time. Our results are in concurrence with that of Miyake et al.,
2016 who examined the direct effect of sFlt-1 on two ovarian cancer cell lines™. This group
studied the mechanism of cell injury induced by two different types of sHt-1 administrationsi.e.
by exogenous administration of re-sHlt-1 to culture mediain four cell lines and by transfection of
LV-sFlt-1 into cells. They observed that both approaches effectively damaged the tumor cells
and also had anti-angiogenic effects. The reduction in tumor volume in mice mode was
correlated positively to the dose of re-sFit-1.

Summary and conclusion

In summary, we explored an interaction between anti-angiogenic factor sFlt-1 and sensors of ER
stress pathways including central regulator of unfolded protein response and shed light on the
molecular mechanism underlying this interaction with the help of BeWo cells mimicking
trophoblast cells. We extrapolated that when BeWo cells were treated with normotensive sera
(NT sera) whose sFIt-1 concentration was increased by addition of recombinant sFit-1
exogenously, the expression of ER stress markers (at both protein and mRNA levels) increased
as compared to normotensive sera alone treated cells. Thusit could be deciphered that sHt-1 may
be one of the anti-angiogenic factors present in maternal sera which not only contributes to
oxidative stress but also may cause endoplasmic reticulum stress. The GRP78 expression was
observed in the beginning (usually at 8 h time point) and started diminishing with time
progression in all the groups. However, CHOP expression appeared usually late (maximum at 24
h) as seen in cels of group2 (NT+re-sFlt-1), group3 (re-sFlt-1) and group4 (tunicamycin
treatment). However signals of CHOP protein were either feeble or undetectable in cells of
groupl (NT sera), and group 5 (untreated). The protein and mRNA levels of elF2a, XBP1 and
ATF6 could be visualized between 8 h and 24 h, i.e. the time point between GRP78 induction
and appearance of CHOP signals.
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Figure 1: ER stress pathway

Gene Forward primer Reverse primer

GRP78 5-TGTTCAACCAATTATCAGCAAACTC - 3 5 - TTCTGCTGTATCCTCTTCACCAGT - 3’
elF2a 5 - AAGCATGCAGTCTCAGACCC - 3' 5'- GTGGGGTCAAGCGCCTATTA - 3’
XBP1 5 - TGGCCGGGTCTGCTGAGTCCG- 3° 5 - ATCCATGGGGAGATGTTCTGG- 3’
ATF6 5 - CCACTAGTAGTATCAGCAGGAACTC- 3 | 5" - CCTTCTGCGGATGGCTTCAA- 3’
CHOP 5 - AGAACCAGGAAACGGAAACAGA - 3' 5 - TCTCCTTCATGCGCTGCTTT - 3’
GAPDH 5" - AGCCGAGCCACATC - 3 5 - TGAGGCTGTTGTCATACTTCTC - 3’
B-Actin 5 - GAGCACAGAGCCTCGCCTTT - 3’ 5 - TCATCATCCATGGTGAGCTGG - 3’

Table 1: Primers: Designed by NCBI
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Figure 2a: Representative immunofluorescence staining pattern of anti-GRP78 antibody positive BeWo cells following 8 h, anti-
elF2q, anti-XBP1, anti-ATF6 antibody positive BeWo cells following 14 h and anti- DDIT3 (CHOP) antibody positive BeWo
cells following 24 h treatment of NT sera; Figure 2b: Representative images of immunoblot showing the expression of ER stress
markers, GRP78, el F2a, XBP1, ATF6 and CHOP in BeWo cells. p-Actin was used as protein loading control. The Bar diagrams
represent the normalized values of the markers. Results are representative of 7 independent experiments. Data presented as mean
+ SD. Statistical analysis was done using one way ANOV A with Bonferroni’s post hoc; Figure 2c: Bar diagrams represent the
relative mRNA expression of GRP78, elF2a, XBP1, ATF6 and CHOP and was found maximum at 14 h. GAPDH was used as
positive control. Data presented as mean + SD. One way ANOVA with Bonferroni’s post hoc test was applied (p values
indicated on graph itself
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Figure 3a: Representative immunofluorescence staining pattern of anti-GRP78 antibody positive BeWo cells following 8 h, anti-
elF2qa, anti-XBP1, anti-ATF6 antibody positive BeWo cells following 14 h and anti- DDIT3 (CHOP) antibody positive BeWo
cells following 24 h treatment of NT sera + re- sFIt-1; Figure 3b: Representative images of immunoblot showing the expression
of ER stress markers, GRP78, elF20, XBP1, ATF6 and CHOP in BeWo cells. B-Actin was used as protein loading control. The
Bar diagrams represent the normalized values of the markers. Results are representative of 7 independent experiments. Data
presented as mean + SD. Statistical analysis was done using one way ANOVA with Bonferroni’s post hoc; Figure 3c: Bar
diagrams represent the relative mRNA expression of GRP78, elF2a, XBP1, ATF6 and CHOP. GAPDH was used as positive
control. Data presented as mean + SD. One way ANOVA with Bonferroni’s post hoc test was applied (p values indicated on

graph itself)
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Figure 4a. Representative immunofluorescence staining pattern of anti-el F2a, anti-XBP1, anti-ATF6 and anti- DDIT3 (CHOP)
antibody positive BeWo cells following 14 treatment of re- sHlt-1 (12ng/ml); Figure 4b: Representative images of immunoblot
showing the expression of ER stress markers, GRP78, elF2a, XBP1, ATF6 and CHOP in BeWo cells. B-Actin was used as
protein loading control. The Bar diagrams represent the normalized values of the markers. Results are representative of 7
independent experiments. Data presented as mean + SD. Statistical analysis was done using one way ANOV A with Bonferroni’s
post hoc; Figure 4c: Bar diagrams represent the relative mRNA expression of GRP78, elF20, XBP1, ATF6 and CHOP. GAPDH
was used as positive control. Data presented as mean = SD. One way ANOV A with Bonferroni’s post hoc test was applied (p
values indicated on graph itself)
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Figure 5a: Representative immunofluorescence staining pattern of anti-GRP78 antibody positive BeWo cells following 8 h, anti-el F2a,
anti-XBP1, anti-ATF6 antibody positive BeWo cells following 14 h and anti- DDIT3 (CHOP) antibody positive BeWo cells following
tunicamycin treatment (5pg/ml). Figure 5b: Representative images of immunoblot showing the expression of ER stress markers, GRP78,
elF2a, XBP1, ATF6 and CHOP in BeWo cells. B-Actin was used as protein loading control. The Bar diagrams represent the normalized
values of the markers. Results are representative of 7 independent experiments. Data presented as mean + SD. Statistical analysis was
done using one way ANOVA with Bonferroni’s post hoc; Figure 5c: Bar diagrams represent the relative mRNA expression of GRP78,
elF2a, XBP1, ATF6 and CHOP. GAPDH was used as positive control. Data presented as mean + SD. One way ANOVA with
Bonferroni’ s post hoc test was applied (p values indicated on graph itself)
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Figure 6a: Representative immunofluorescence staining pattern of anti-GRP78 antibody positive BeWo cells following 8 h and
anti-el F2a. antibody positive BeWo cells following no treatment. Figure 6b: Representative images of immunoblot showing the
expression of ER stress markers, GRP78, elF2a, XBP1, ATF6 and CHOP in BeWo cells. 3-Actin was used as protein loading
control. The Bar diagrams represent the normalized values of the markers. Results are representative of 7 independent
experiments. Data presented as mean + SD. Statistical analysis was done using one way ANOV A with Bonferroni’s post hoc;
Figure 6¢: Bar diagrams represent the relative mRNA expression of GRP78, elF2a, XBP1, ATF6 and CHOP. GAPDH was used
as positive control. Data presented as mean + SD. One way ANOV A with Bonferroni’s post hoc test was applied (p values

indicated on graph itself)
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Figure 7a-e. Comparison of normalized protein values of various ER stress markers between NT sera treated BeWo cells and
cells which received both NT sera + re-sFlt-1; Figure 7f-j: Comparison of relative mRNA expression of ER stress markers
between NT seratreated BeWo cells and cells which received both NT sera + re-sFlt-1. Statistical analysis was done using paired
ttest a al the indicated time points for all markers
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