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Abstract: Hypoxia is a common cause of pulmonary vascular remodeling and endoplasmic reticulum stress (ERS).
Upon ER stress, the unfolded protein response (UPR) which activates the IRE1«, PERK and ATF6 signaling pathways
is activated to cope with ERS in mammalian cells; however, the role of the three UPR arms in pulmonary vascular re-
modeling has not been defined. The present study showed that GRP78, a marker of ERS, was upregulated in hypoxic
pulmonary artery smooth muscle cells (PASMCs). Among the three arms of the UPR, the IRE1a pathway was notice-
ably upregulated in hypoxic PASMCs. An inhibitor of IRE1a/XBP1 pathway, 4u8c, inhibited hypoxia-induced cell pro-
liferation and migration and increased cell apoptosis by downregulating PCNA and MMP9 and activating mitochon-
drial apoptosis by enhancing the expression of BAX, activating caspase-9 and caspase-3, and eventually cleaving
PARP. Quercetin affects ERS in many cell types and was shown to relieve hypoxic pulmonary hypertension (HPH) in
our previous study. We demonstrated that quercetin evoked excessive GRP78 expression in hypoxic PASMCs com-
pared with hypoxia alone by evaluating the expression of GRP78. The expression of IRE1a and XBP1s, a cleavage
form of XBP1u, was upregulated by quercetin in a dose-dependent manner. Pretreatment with 4u8c reversed the
apoptosis-promoting effect of quercetin by inhibiting mitochondrial apoptosis. However, 4u8c amplified the effect of
quercetin on proliferation and migration in hypoxic PASMCs. In conclusion, the study demonstrated that the IRE1a-
XBP1 pathway is involved in the process of hypoxia-induced pulmonary vascular remodeling; 4u8c could restrain
hypoxia-induced cell proliferation and migration and reverse the hypoxia-induced apoptosis arrest, while quercetin
excited excessive ERS and the IRE1a pathway in hypoxic PASMCs and promoted apoptosis. Our data suggest that
intervening the IRELa-XBP1 pathway may be useful for hypoxia-induced pulmonary arterial hypertension therapy.
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Introduction no effective targeted therapies exist to restrain

) ) ) . and reverse pulmonary arterial remodeling.
Pulmonary arterial hypertension (PAH) is a dis-

ease of the distal small pulmonary arteries,
and its processes are influenced by genetic
predisposition and diverse endogenous and
exogenous stimuli [1]. Vascular proliferation
and remodeling are the hallmarks of PAH pa-
thogenesis. The process of pulmonary vascu-
lar remodeling involves all layers of the vessel
wall. The increased proliferation, metastasis
and resistance to apoptosis of pulmonary ar-
tery smooth muscle cells (PASMCs) play central
roles in the diverse forms of PAH [2]. However,

Three proteins, protein kinase RNA (PKR)-like
ER kinase (PERK), inositol-requiring enzyme 1o
(IRE1x) and activating transcription factor 6
(ATF6), in endoplasmic reticulum membrane
sense stresses such as an excess or limitat-
ion of nutrients, dysregulated calcium levels or
redox homeostasis, inflammatory challenges,
and hypoxia. When cells are activated by stress
stimuli, misfolded or unfolded proteins accumu-
late in the endoplasmic reticulum (ER), a pro-
cess known as endoplasmic reticulum stress
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(ERS), which evokes the unfolded protein res-
ponse (UPR). The UPR is initially an adaptive
response, but if unresolved, it could lead to cell
death. Recent studies have shown that ERS
plays an important role in the development of
PAH. ATF6 signaling leads to PAH via disruption
of the mitochondria-ER unit in vascular smooth
muscle cells [3]. However, changes in the IRE1a
and PERK branches of the UPR and their roles
in PAH remain unclear. Knockdown of each UPR
branch sensor activated other branches and
promoted the proliferation of PASMCs stimu-
lated by platelet-derived growth factor-BB [4].
Additionally, 4-phenylbutyric acid (4-PBA), a
chemical chaperone, prevents and reverses
pulmonary hypertension in mice and rats [3].
Salubrinal, a small molecule, can prevent and
partially reverse well-established PAH and right
ventricular remodeling [5]. However, the molec-
ular mechanisms of the UPR-mediated patho-
genesis of hypoxic pulmonary hypertension
(HPH) are largely undefined. Understanding the
role of UPR during hypoxia may provide new
therapeutic targets in HPH.

Quercetin, a well-known natural flavonoid,
exerts significant antioxidant, anti-inflammato-
ry and anti-cancer effects [6]. Increasing evi-
dence confirms that quercetin can modulate
ERS, such as ERS provoked by calcium dynamic
dysregulation in intestinal epithelial cells [7]
and tunicamycin-induced ERS in endothelial
cells [8]. Our previous studies demonstrated
that quercetin could partially reverse hypoxia-
induced PAH by inducing apoptosis and inhibit-
ing the proliferation of PASMCs [9, 10]. Whether
or not quercetin can affect the proliferation and
apoptosis of hypoxic PASMCs by modulating
ERS is unknown. This process requires more
study to provide evidence for quercetin in clini-
cal applications.

Materials and methods
Ethics statement

All experiments were approved by the Huazhong
University of Science and Technology Com-
mittee and the Tongji Medical College Ethics
Committee, Tongji Hospital and were per-
formed in compliance with the Guide for the
Care and Use of Laboratory Animals of the
National Institutes of Health.

Reagents
Quercetin, and thapsigargin were purchased

from Sigma (USA). The chemical 4u8c was pur-
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chased from Selleck. Polyclonal antibodies
against PCNA, BAX, GRP78, ATF6, PARP, cas-
pase-3, caspase-9 and B-Actin were from Pro-
teintech Group (USA); aSMA was from Boster
(China); anti-IRE1 and p-IRE1 antibodies were
from Abcam; anti-PERK and p-PERK antibodies
were from CST. Crystal violet was from Bioyear,
and RNase and propidium iodide (PI) were from
Promoter. The BCA protein assay reagent kit
and enhanced chemiluminescent (ECL) plus
reagent kit were obtained from Pierce (Pierce
Biotech, USA).

Animals

Adult male Sprague-Dawley rats were obtained
from the Laboratory Animal Services Centre,
Tongji Medical College. The chronic hypoxia-
induced rats with pulmonary arterial hyperten-
sion were described previously [9-11].

Immunohistochemistry

All immunohistochemical experiments were
performed on paraffin-embedded serial slides
(4 mm) using a Quick kit (Biyuntian, China). The
paraffin-embedded lung sections were stain-
ed with anti-IRE1 and p-IRE1 antibodies (Ab)
(1:200 dilution). Negative controls were pre-
pared by omitting the primary antibody.

Cell culture and experiments

PASMCs from SD rats weighing 100 to 120 g
were cultured using a method from our previ-
ous study [9]. Hypoxia was achieved by placing
cells in an airtight chamber (Billups-Rothberg)
gassed with 5% CO, and 90% or 92% or 94%
N, to achieve 5% O, or 3% O, or 1% O, concen-
tration. The normoxic control plates were pla-
ced in a CO, incubator at 37°C.

Cell viability assay

Cells (approximately 3000 cells/well) were
seeded into 96-well plates and treated with
either vehicle control (DMSO) or increasing
concentrations of 4u8c before exposure to
hypoxia. After hypoxic exposure for 24 h, cell
counting kit-8 (CCK-8) solution was added fol-
lowing the manufacturer’s instructions (Dojindo
Laboratories, Tokyo, Japan).

Analysis of cell proliferation by CFSE dilution

Cells were harvested and diluted to 1 x 10°-5
x 1068 cells per ml in 1 ml of carboxyfluorescein
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Figure 1. GRP78 is upregulated in hypoxic rat PASMCs. A. The purity of PASMCs was identified by aSMA immuno-
fluorescence staining (magnification, x 200). B. GRP78 protein expression in PASMCs treated with different oxygen
concentrations. C. GRP78 protein expression in PASMCs treated with the indicated times of hypoxia. D. Immuno-
fluorescence staining of GRP78 visually verified ERS changes under hypoxia and normoxia. Data are shown as the
mean + SEM; n = 3. *P < 0.05, **P < 0.01. *compared with the normoxia group or O h time point; O h was consid-
ered to be a control point, which was compared with all of the other time points.
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diacetate succinimidyl ester (CFSE) stain solu-
tion (1x) and stained with an equal volume of
CFSE stock solution (2x) for 10 min at 37°C.
The staining was stopped by the addition of 10
ml of complete DMEM F12 medium, and the
cells were washed twice with complete medi-
um. Then, the cells were plated in 6-well plates
at a density of 1 x 105 cells per well, and 1 x
10° cells were left alone as a positive control.
After treatment for 48 h, cells were harvested,
and excitation at 488 nm was measured using
a flow cytometer (BD Biosciences, San Jose,
CA, USA) and analyzed with BD FACSDiva 6.1.

Cell apoptosis analyzed by Annexin V,/Pl assay

Cell apoptosis was quantified using an Annexin
V/propidium iodide (PI) detection kit (Beyotime,
Shanghai, China) and analyzed by flow cytome-
try (BD Biosciences, San Jose, CA, USA) as
described previously [12].

Cell migration assay

Transwell migration was performed in 24-well
Transwell chambers with an 8 um pore size
(Transwell; Corning). The migrated cells were
fixed with 4% paraformaldehyde and stained
with 0.1% crystal violet. Quantification was per-
formed by counting the number of cells in eight
randomly chosen fields using a light micro-
scope (Zeiss, Oberkochen, Germany).

Real-time PCR

Total RNA was extracted from PASMCs using
Trizol reagent (Takara, Dalian, China). Assess-
ment of cellular mMRNA expression was perfor-
med using a reverse transcription polymerase
chain reaction (RT-PCR) kit (Takara). Then, the
products were electrophoresed on a 5% aga-
rose gel; the size difference between the
spliced and unspliced XBP1 is 26 nucleotides.
The sequences of the primers are as follows:
B-Actin, forward 5-CGTAAAGACCTCTATGCCAA-
CA-3’ and reverse 5-CGGACTCATCGTACTCCT-
GCT-3’; XBP1, forward 5-AGAGTCCAAGGGGA-
ATGGAGT-3" and reverse 5-ATGTTCTGGGGAG-
GTGACAAC-3'.

Western blot studies

Cells treated with 4u8c, DMSO or quercetin
under hypoxia were lysed in ice-cold RIPA lysis
buffer. The lysates were centrifuged at 12,000
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rpm for 10 min, and the supernatant was boiled
with an addition of 5X loading buffer. Protein
samples were electrophoresed in SDS-PAGE
and transferred to a 0.22-uym pore size polyvi-
nylidene fluoride (PVDF) membrane. Protein
bands were detected using an enhanced che-
miluminescence detection system (Bio-Rad,
Hercules, USA). Densitometry of Western blots
was quantified using ImageJ software.

Immunofluorescence

Cells that were seeded on glass cover slips
were washed with PBS three times, fixed, per-
meabilized with 0.1% Triton X-100, blocked in
10% goat serum and incubated with antibodies
against aSMA or GRP78 (1:200) overnight at
4°C. After incubating with a fluorescence-con-
jugated secondary antibody and DAPI, the
slides were washed three times with PBS, cov-
ered with DABCO (Sigma-Aldrich) and observed
under a fluorescence microscope (Olympus,
Japan).

Statistical analysis

All experiments were repeated at least four
times, and the data are presented as the mean
+ SEM. Statistical analysis was performed in
Graph Pad Prism (version 5.0), and statistical
significance was determined using one-way
analysis of variance (ANOVA). P < 0.05 was con-
sidered to be statistically significant.

Results

Hypoxia triggered endoplasmic reticulum
stress in PASMCs

PASMCs cultured by the tissue-sticking method
at passage one were stained with aSMA (Figure
1A). The purity of PASMCs was greater than
90%, and passages two to five were used for
further experiments. GRP78 protein expres-
sion, a marker of ERS, was significantly upregu-
lated in 5% oxygen concentration compared
with 1% and 3% oxygen concentrations (Figure
1B). Thus, we chose 5% oxygen concentration
for the following hypoxia experiments. GRP78
expression in PASMCs exposed to hypoxia for
different lengths was tested to investigate the
changes in ERS. GRP78 protein expression was
increased within 6 h of exposure to hypoxia,
returned to basal levels after 12 h of exposure,
and increased and peaked at 48 h (Figure 1C).
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The level of ERS triggered by hypoxia was also
evaluated by immunofluorescence staining of
GRP78 (Figure 1D).

The IRE1 pathway is the main UPR pathway
evoked by hypoxia

To evaluate UPR sensors activated by hypoxia,
we evaluated the protein levels of PERK, IRE1q,
ATF6. IRE1x and p-IRE1ax were strongly upregu-
lated with the extension of hypoxia time, espe-
cially after 48 h of hypoxia. PERK expression
reached a peak after 48 h of hypoxia and
returned to basal levels after 72 h of hypoxia.
The protein level of p-PERK increased slightly
after hypoxia treatment. ATF6 expression was
increased after 6 h of hypoxia and peaked at
48 h of hypoxia, but the difference was not sta-
tistically significant (Figure 2A, 2B). The upreg-
ulation of p-IREla and IREla protein levels
observed in PASMCs agreed with the results of
pulmonary arteries stained by p-IRE1a and
IRE1lx antibodies between normal SD rats and
rats treated with hypoxia for 4 weeks (Figure
2C).
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Figure 2. Changes in the three UPR
sensors in hypoxic rat PASMCs. A,
B. Representative Western blots for
three UPR sensors in PASMCs ex-
posed to hypoxia for different times,
and densitometry of bands was ana-
lyzed by using Imagel software. C.
Lung tissue sections from normal
and hypoxia-induced pulmonary ar-
tery hypertension rats were stained
immunohistochemically for the UPR
sensors: IRE1a and p-IRELa (magni-
fication, x 400). Data are shown as

the mean + SEM; n = 4, *P < 0.05,
! **P < 0.01 compared with O h.

Inhibition of the IRE1x pathway promoted
PASMC apoptosis

An IRE1a pathway inhibitor was used to evalu-
ate its possible roles in PASMC biological
behavior under hypoxia. The inhibitor, 8-formyl-
7-hydroxy-4-methylcoumarin (4u8c), which blo-
cks substrate access to the active site of IRE1x
and selectively inactivates both XBP1 splicing
and IRE1-mediated mRNA degradation [13,
14], significantly inhibited hypoxia-induced
splicing of XBP-1 mRNA at a low dose from 500
nM in PASMCs (Figure 3A). However, 4-PBA,
which downregulates the expression of ATF6
[3], did not change XBP1 splicing obviously. The
pro-apoptotic effect of 4u8c was determined
by Annexin V/PI analysis, and 4u8c increased
apoptosis in a dose-dependent manner (Figure
3B, 3C). The pro-apoptotic effect of 4u8c was
further verified by Western blot analysis. The
expression of mitochondrial apoptosis proteins
cleaved caspase-3, caspase-9 and PARP were
increased after 4u8c treatment (Figure 3D,
3E).

Am J Transl Res 2019;11(2):641-654
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Figure 3. Selective targeting of the IREL1a pathway by 4u8c promoted PASMC apoptosis. A. XBP-1 splicing in hypoxic
PASMCs treated with 4u8c (XBP1U, unspliced form; XBP1S, spliced form). B, C. Annexin-V/Pl assays were performed
to assess cell apoptosis, and quantitation data of flow cytometry experiments are shown. D. Protein expression of
mitochondrial apoptosis pathway members was evaluated by western blots. E. Quantification analysis of protein ex-
pression is shown. Data are shown as the mean + SEM; n = 4. #P < 0.05, #P < 0.01 compared with hypoxia-treated

PASMCs.

Inhibition of the IRE1a branch inhibited the
migration and proliferation of PASMCs under
hypoxia

CCK-8 tests were performed to determine
PASMC viability after exposure to different con-
centrations of 4u8c. Under hypoxia conditions,
4u8c significantly inhibited cell viability concen-
tration-dependently, especially 50 mM concen-
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tration (Figure 4A). PCNA expression was down-
regulated significantly by 4u8c (Figure 4B, 4C).
The results of CFSE staining indicated that
4u8c also inhibited PASMC proliferation in
dose-dependent manner (Figure 4D, 4E). Tran-
swell assays were performed to evaluate the
role of 4u8c on PASMCs migration, and the
results indicated that 4u8c significantly inhibit-
ed the migration of hypoxia-treated PASMCs

Am J Transl Res 2019;11(2):641-654
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were analyzed. B, C. Expression of proteins related to proliferation and migration was evaluated. D, E. CFSE dilution analysis of PASMCs after CFSE labeling. F. Crystal
violet staining of PASMCs in a transwell assay (original x 100, scale bars: 100 uym). G. The number of migrated cells was counted and analyzed. Data are shown as
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Figure 5. Quercetin elicited obvious ERS and selectively activated the IRE1a branch in hypoxic rat PASMCs. A. Im-
munofluorescence staining was performed to analyze the expression of GRP78 after quercetin treatment. B, C. The
levels of UPR sensors were quantified by Western blots in PASMCs treated with quercetin and hypoxia for 48 h, the
representative bands and protein quantifications are shown. Qu, quercetin. Data are shown as the mean + SEM; n
=4, *P < 0.05, **P < 0.01 compared with normoxia group; *P < 0.05, #*P < 0.01 compared with hypoxia.

(Figure 4F, 4G), and the migration-related pro-
tein MMP9 was downregulated by 4u8c (Figure
4B, 4C).

Quercetin evoked excessive ERS of PASMCs
compared with the hypoxic group and mainly
activated the IRE1a pathway among the three
UPR pathways

In ovarian cancer, quercetin elicited obvious
endoplasmic reticulum stress (ERS) and acti-
vated all three branches of UPR, and quercetin
pretreatment potentiates the antitumor effects
of platinum drugs in ovarian cancer [15]. Thus,
we explored the role of quercetin in ERS in
hypoxic PASMCs. By exposing PASMCs to differ-
ent doses (10 mM, 30 mM, and 60 mM) of
quercetin, the GRP78 and UPR pathway pro-
teins were analyzed. The results of immunofluo-
rescence staining of GRP78 demonstrated that
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quercetin upregulated GRP78 expression in a
dose-dependent manner compared with hypox-
ia alone in PASMCs (Figure 5A). Western blot-
ting was performed to test the expression of
GRP78, PERK, ATF6, and IRE1a. We found that
quercetin significantly upregulated the protein
expression of GRP78 and IRElx; however,
quercetin decreased p-elF2a in a dose depen-
dent manner (Figure 5B, 5C). From the results
of agarose gel electrophoresis (Figure 3A), we
found quercetin could also inhibit the cleavage
of XBP1 in a dose-dependent manner.

Inhibition of the IRE1a pathway partially al-
leviated the apoptosis-promoting activity of
quercetin

As demonstrated by our previous data [10],
quercetin reversed the excessive proliferation
and apoptotic resistance of PASMCs under

Am J Transl Res 2019;11(2):641-654
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with the normoxia group, *P < 0.05, #P < 0.01 compared with hypoxia-treated PASMCs, ¢P < 0.05, %P < 0.01 compared with quercetin-treated PASMCs.
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hypoxia. In our study, quercetin highly evoked
the IRE1a pathway under hypoxia. The IRE1x
pathway may be responsible for the quercetin-
mediated reversal of hypoxia-induced apopto-
sis resistance, proliferation and migration pro-
motion. To verify this hypothesis, we added
4u8c 30 min before quercetin treatment. After
pretreatment with 4u8c, the apoptosis promo-
tion of quercetin was partially antagonized
(Figure 6A). The results of apoptosis-related
proteins verified that IRE1la pathway partici-
pates in the process of apoptosis promotion of
quercetin (Figure 6B, 6C).

Inhibiting the IRE1a pathway played additive
roles on the proliferation and migration inhibi-
tion of quercetin

CFSE staining indicated that quercetin inhibit-
ed the proliferation of PASMCs in hypoxia, and
4u8c (50 mM) did not alleviate the proliferation
inhibition of quercetin but increased quercetin-
induced apoptosis (Figure 7A, 7B). The expres-
sion of PCNA demonstrated that 4u8c had an
additive effect on the proliferation inhibition
of quercetin (Figure 7C, 7D). Transwell assays
were performed to evaluate the effect of 4u8c
on migration repression of quercetin. The re-
sults indicated that 4u8c (mM) slightly alleviat-
ed migration inhibition of quercetin in a hypoxic
environment, but the effect was slight; 4u8c
(50 mM) strongly enhanced the migration inhi-
bition of quercetin (Figure 7E, 7F).

Discussion

In the current study, we found that hypoxia acti-
vated ERS in PASMCs, and among the three
UPR pathways, the IRE1a pathway was signifi-
cantly upregulated in hypoxia. An inhibitor of
the IRE1a pathway, 4u8c, promoted apoptosis
and repressed cell proliferation and migration
of PASMCs. Combined with a study of querce-
tin, we found that quercetin activated exces-
sive ERS in a dose-dependent manner com-
pared with the hypoxia group and selectively
evoked the IREla pathway among the three
UPR pathways. Quercetin induced the apopto-
sis of PASMCs, and the effect could be partially
reversed by 4u8c. However, 4u8c had an addi-
tive effects on the inhibition of proliferation and
migration of quercetin. The study suggested
that inhibition of the IRE1a pathway may be a
method to relieve HPH, but this hypothesis
needs further verification using an animal
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experiment. The IRE1a pathway also played a
role in quercetin-induced apoptosis, and this
finding provided more support for the use of
quercetin in clinical tests for HPH in future.

Altered changes in the environment, such as
inflammation, nutrient deprivation or hypoxia,
leads to the accumulation of unfolded or mis-
folded proteins in the ER lumen, known as ERS,
which activates UPR. UPR activation can pro-
mote cell survival [3] or cell death [16] if the
ERS is chronic or severe. In our study, we dem-
onstrated that hypoxia promoted PASMC prolif-
eration and inhibited apoptosis by activating
ERS.

Several studies have suggested that UPR sen-
sors may respond differently to various forms
of stimuli. An early report suggested that under
certain conditions, ATF6 may be activated first
before IRE1a and PERK [17]. Furthermore, a
systematic analysis of UPR signaling demon-
strated that UPR sensors actually have distinct
sensitivities to specific inducers of ERS [18].
The ATF6 pathway was reported to participate
in the process of PAH [3], but it did not illumi-
nate the role of the other two pathways in PAH.
Chronic stimulation of platelet-derived growth
factor-BB demonstrated that the knockdown
of each UPR branch sensor activated other
branches and promoted proliferation of
PASMCs [4], but these phenomena were not
demonstrated in hypoxia. In our study, we dis-
covered that hypoxia selectivity upregulated
the protein level of IRE1a and p-IRElx, and
their upregulation was obvious after long-term
exposure to hypoxia. We next verified the role of
the IRE1a pathway in hypoxia-induced prolifer-
ation, migration promotion and apoptosis inhi-
bition of PASMCs. The inhibitor of IRE1«x path-
way 4u8c promoted apoptosis and inhibited
the proliferation of PASMCs under hypoxia in a
dose-dependent manner. The effect of 4u8c on
hypoxic PASMCs suggested that the IREla
pathway may participate in the process of
hypoxic pulmonary vascular remodeling, and
inhibiting the IRE1a pathway may be a novel
strategy for HPH treatment.

Quercetin, which exists in nearly all plants, has
been studied as promising chemopreventative
agent in monocrotaline-induced [19] and hypo-
xia-induced [10] rat PAH models. An increasing
number of studies demonstrated that querce-
tin can affect ERS [20] and plays a role in
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enhancing [15] or alleviating ERS [8] depending
on different stimuli. We verified that quercetin
evoked excessive ERS in a dose-dependent
manner and alternatively upregulated IRElax
and p-IRE1a expression compared with hypox-
ia group in PASMCs. Quercetin promoted hypox-
ia-induced splicing of XBP1 mRNA in a dose-
dependent manner, and 4u8c pretreatment
counteracted the effect of quercetin on the
splicing of XBP1 mRNA.

The IRE1x pathway was upregulated distinctly
in response to quercetin treatment. Whether or
not the IRE1a pathway participates in the pro-
cess of quercetin-mediated changes in biologi-
cal behaviors of PASMCs is unknown. In our
study, we verified that 4u8c pretreatment alle-
viated the apoptosis promotion of quercetin.
This finding suggested that the IRE1a pathway
may participate in the process of quercetin alle-
viating PAH, but this hypothesis needs more
study. The inhibitory effect of quercetin on
migration and proliferation was enhanced by
the pretreatment of PASMCs with 4u8c.

The IRE1la pathway has a pro-survival or pro-
death role depending on the stimulus, such as
hypoxia or quercetin in hypoxic PASMCs. ERS
was reported to act as a double-edged sword in
deciding cell fate [21], and the IRE1a pathway
functions similarly [22]. The pro-death or pro-
survival function of the IRE1lx pathway may
depend on the stimulus and its intensity [23].
IRE1ac controls the initiation of several down-
stream signaling pathways in addition to pro-
cessing XBP1 mRNA. The cytosolic domain of
activated IRElx recruits the adaptor protein
TNFR-associated factor 2 (TRAF2), which then
activates the apoptosis signal-regulating kin-
ase 1 (ASK1) and JNK pathway [24]. The RNase
activity of IRE1a has recently been linked to
a process referred to as regulated IRE1-
dependent decay of mRNAs (RIDD). RIDD was
described to mediate the rapid decay of ER-
localized mRNAs [25]. RIDD has pro-survival
or pro-apoptotic roles depending on different
stimuli [26, 27]. Other reports indicate that
IRE1a may also initiate the activation of stress
pathways downstream of p38, ERK [28], and
NF-kB [29]. However, the possible impact of
these downstream UPR signaling branches in
the context of ERS is still not well defined. In our
study, hypoxia may be a moderate stress, and
ERS and the IRE1a pathway contribute to a pro-
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survival role. However, quercetin may be a
strong stress that evokes intense stress and
induces cell death.

In conclusion, our results indicate that the
IRE1a pathway participates in the process of
hypoxic pulmonary vascular remodeling and
provides for quercetin as a potentially effective
drug for alleviating clinical PAH by affecting the
IRE1a pathway.
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