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Background:  Apoptosis of lung structural cells contributes to the proces of lung
damage and remodeling in chronic obstructive pulmonary disase (COPD). Our previous
studies demonstrated that exogenous hydrogen sul de (HS) can reduce the lung tissue
pathology score, anti-in ammation and anti-oxidation efécts in COPD, but the effect of
H>S in regulating cigarette smoke (CS) induced bronchial epielial cell apoptosis and
the underlying mechanisms are not clear.

Objectives:  To investigate the effect of HS on CS induced endoplasmic reticulum
stress (ERS) and bronchial epithelial cell apoptosis.

Methods: Male Sprague—Dawley rats randomly divided into four groupfor treatment:

control, CS, NaHSC CS, and propargylglycine (PPGE CS. The rats in the CS group
were exposed to CS generated from 20 commercial un ltered ajarettes for 4 h/day, 7

days/week for 4 months. Since the beginning of the third mortt, freshly prepared NaHS
(14mmol/kg) and PPG (37.5mg/kg) were intraperitoneally admistiered 30 min before

CS-exposure in the NaHS and PPG groups. 16HBE cells were pregated with Taurine
(20 mM), 5 mmol/L 4-phenylbutyric acid (4-PBA) or NaHS (10®00, and 400 mM) for 30

min, and then cells were exposed to 40mmol/L nicotine for 72 h. ERS markers (GRP94,
GRP78) and ERS-mediated apoptosis markers 4-C/EBP homolaaus protein (CHOP),
caspase-3 and caspase-12 were assessed in rat lung tissues rad human bronchial

epithelial cells. The apoptotic bronchial epithelial cslivere detected by Hoechst staining
in vitroand TUNEL stainingin vivo.

Results: In CS exposed rats, peritoneal injection of NaHS signi cay inhibited CS
induced overexpression ERS-mediated apoptosis markers ahupregulation of apoptotic
rate in rat lungs, and inhibiting the endogenous H2S produdn by peritoneal injection
of PPG exacerbated these effects. In the nicotine-exposed fonchial epithelial cells,
appropriate concentration of NaHS and ERS inhibitors taure and 4-PBA inhibited
nicotine-induced upregulation of apoptotic rate and overgpression of ERS-mediated
apoptosis markers.
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Conclusion:  H,S inhibited lung tissue damage by attenuating CS induced ER#
rat lung and exogenous BS attenuated nicotine induced ERS-mediated apoptosis in
bronchial epithelial cells.

Keywords: hydrogen sul de, chronic obstructive pulmonary d isease, bronchial epithelial cell, apoptosis,
endoplasmic reticulum stress

KEY MESSAGES increased in the lungs of COPD patients. And cigarette smoke
(CS) can induce ERS and ERS-mediated apoptosis in the human
What is the key question? lung cells Kelsen et al., 2008; Geraghty et al., 2011; Somborac-

Does hydrogen sul de (KS) inhibits bronchial epithelial cell Bacura et al., 20)3Therefore, it is logical to speculate that
apoptosis, and if so, do endogenousHinhibits bronchial inhibiting CS-induced ERS may be a novel therapeutic strategy

epithelial cell apoptosis through regulating endoplasmid® Preventand ameliorate apoptosis and lung damage.

reticulum stress (ERS)? Hydrogen sulde (HS) is commonly considered as an
environmental contaminant. However, studies show thatSH
What is the bottom line? plays a pivotal role as an important endogenous modulator

This study is the rst to demonstrate that 4 can inhibit (Paul and Snyder, 2015; Szabo, 301n the respiratory
cigarette smoke induced ERS mediated apoptosis, especiallyliict, €ndogenous & has been shown to participate in

bronchial epithelial cells. the regulation of important functions such as airway tone,
pulmonary circulation, cell proliferation or apoptosis, briss
Why read on? oxidative stress, in ammation and antiviral defens@sathanov

As cigarette smoke is an independent risk factor for chroni€t @, 201). Our previous studies demonstrated that exogenous
obstructive pulmonary disease (COPD) and ERS is a cruciil2S can degrade airway reactivity, reduce the lung tissue
process in the pathogenesis of COPD, our ndings suggegathology score, anti-in ammation and anti-oxidation e exin

that HS has potential therapeutic value in the treatment of-OPD (Chen etal., 20)1However, the mechanisms underlying
respiratory diseases such as COPD. the protective e ect of HS against COPD are not completely

understood. Recent studies have demonstrated th& idhibits
ERS-mediated apoptosis in many organgei et al. (2014)
INTRODUCTION indicates that HS inhibits homocysteine-induced ERS and
neuronal apoptosis in rat hippocampuisi et al. (2015)found
Chronic obstructive pulmonary disease (COPD) is charagteti H2S protects against myocardial ischemia/reperfusion injury
by persistent air ow limitation that is usually progressivaca in rats by inhibiting ERS. In addition, b5 can attenuate 6-
associated with an enhanced chronic in ammatory response iftydroxydopamine-induced ERS in SH-SY5Y cell lines(et al.,
the airways and the lung to noxious particles or gases. Apaptost019. And HzS decreased the expression of ERS-mediated
of lung structural cells, the proteinase-antiproteinase higpsis, ~apoptosis marker 4-C/EBP homologous protein (CHOP) and
oxidant-antioxidant balance, in ammation and immunity er cardiomyocytic injury induced by hyperhomocysteinemiai
believed to contribute to the process of lung damage anétal., 201}
remodeling in COPD Chung and Adcock, 2008; Vijayan, 2013 We therefore assess ERS and apoptosis markers in lung tissues
Emerging evidence indicates that endoplasmic reticulumsstre from chronic CS exposed rats and nicotine-exposed bronchial
(ERS), which is characterized by an abnormal formation ofPpithelial cell model, and investigate whethesS+can suppress
inclusion bodies and aggregation of misfolded proteingn(  Pronchial epithelial cell apoptosis through regulating ERS.
et al., 2011; Ribeiro and O'Neal, 2012; Wei et al., P61/ play
an important role in the development or pathology of COPD.MATERIALS AND METHODS
In endoplasmic reticulum, glucose regulated protein 78 (GRP78
binds to transmembrane sensor protein PKR-like endoplasmi@dnimal Model
reticulum Kinase (PERK), activating transcription factor 6All procedure relating to animal care and treatments strictly
(ATF6), and inositol-requiring enzyme 1 (IRE1), maintaigin adhered to the ethical procedures and policies approved by
each in its inactive stateOiorio et al., 2013 During ERS, Animal Care and Use Committee of National Research Center.
GRP78 interacts with these nascent proteins and is released Male Sprague—Dawley rats weighing 200-250 g were supplied
from these transmembrane sensors, these proteins then act by the Animal Center, Health Science Center, Peking Unitgrsi
maintain homeostasis and normal functioninga(jore et al., and randomly divided into four groups (each D 8) for
2012; Marciniak, 2007 However, when these mechanisms fail treatment: control, CS, Sodium hydrosul de (NaHS, a3
apoptotic cell death can occutif et al., 200R Apoptosis of donor)C CS and propargylglycine (PPG, which is a cystathionine
lung structural cells caused by ERS-mediated apoptosis may plgatyase inhibitor can inhibit the endogenous,8 production)
a role in the pathogenesis of COPD. MiMin et al.,, 201} C CS. The rats in the CS group were exposed to whole-
demonstrated the expression of ERS-mediated apoptosis markewdy mainstream CS generated from 20 commercial un ltered
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cigarettes in a dynamic smoke exposure box for 4 h/day, @vernight, then secondary antibody (horseradish peroxdas
days/week. Since the beginning of the third month, freshlyconjugated anti-goat or anti-rabbit IgG) for 1 h. The reacti
prepared NaHS (1#4mol/kg) and PPG (37.5mg/kg) were was visualized by enhanced chemiluminescence. Protetectan
intraperitoneally administered 30 min before CS-exposuréagn  were normalized to that ofb-actin or glyceraldehyde-3-
NaHS and PPG groups. Rats were anesthetized by intraperltongdnosphate dehydrogenase (GAPDH).

injection of 20% (w/v) urethane (5 mL/kg) 24 h after 4-month

exposure. Hematoxylin and Eosin (HE) Staining
Rat lungs were excised and xed, embedded and cut into
16HBE Cell Culture and Treatment 5mm thick sections, stained with hematoxylin for 15 min and

The human bronchial epithelial cell line 16HBE was purchasewith eosin for 3 min, underwent ethanol dehydration, xylene
from Shanghai Bogoo Biotechnology.Co., Ltd. 16HBE celkansparency, and neutral gum mounting, and observed under
were maintained in complete growth medium (RPMI 1640)a microscope.

supplemented with 10% fetal bovine serum (FBS, Gibco), 2 mM

L-glutamine, 100 U/ml penicillin, and 100 mg/ml streptomycin a Statistical Analysis

37 C in a humidi ed atmosphere with 5% C©O Di erent drugs  Graphpad software (GraphPad Prism v5.00 for Windows;
were tested on the 16HBE cells. The Taurine, 4-phenylbutyriGraphPad Software Inc., San Diego, CA, USA) was used
acid (4-PBA) and NaHS were dissolved in PBS, nicotine (5, 18r analyzing data, which were expressed as mearSD.

20, 40, and 8MM) was prepared in DMSO. DMSO was addedComparisons among more than 2 groups were analyzed by one-
to the control and to the samples when necessary. 16HBE cellsy analysis of variance followed by Student-Newman-Keuls
were pretreated with Taurine (10 mM), 4-PBA(5 mM) or NaHStest.P < 0.05 was considered statistically signi cant.

(100, 200, and 400M) for 30 min, and then cells were exposed
to 40nmol/L nicotine for 72 h.

RESULTS

Hoechst Staining Assay H>S Alleviated Cs Induced Lung Tissue
16HBE cells were cultured in 6-well cell culture plates, mediDamage and Cell Apoptosis
was removed from the wells and the sca olds along with cellgjE staining showed in ammatory cells in Itration, destructn
were washed twice with PBS solution and xed with 2.5%f alveolar walls and enlargement of airspaces were observed
glutaraldehyde overnight at 4 C. Cells were then stained in lung tissue of passive smoking rats. Peritoneal injectibn
with 10mg/ml of Hoechst 33342. Changes in morphologyNaHS signi cantly reduced these lung pathological damages
were detected by uorescence microscopy using a lter forcompared with CS alone. Meanwhile, peritoneal injection of PPG
Hoechst 33342 (365 nm). After Hoechst staining, apoptotiexacerbated these lung pathological damages compared with CS
nuclei appear condensed (pyknotic) and bright bluédo, 199).  alone Figure 1).
For quanti cation of Hoechst 33342 staining, the percentafle  Compared with control group, apoptotic rate (the percent of
apoptotic nuclei per optical eld (atleast 50 elds) was counted. the number of colocalization nuclei) was increased by 11264

(P < 0.0001) in the CS group and increased by 2601.P% (
TUNEL Staining Assay < 0.0001) in the PPG group. Compared with the CS group,
The apoptotic cells in rat lung were identied by TUNEL apoptotic rate was decreased by 69.6% (0.001) in the NaHS
staining (Roche Applied Science). Briey, depara nized andgroup. On the contrary, compared with the CS group, apoptotic
xed sections were immersed in 20 mg/ml proteinase K for 15ate was increased by 45.78 € 0.05) in the PPG group
min. After re xation and equilibration, sections were insated  (Figures 2A,B.
with 50 m of TUNEL reaction mixture at 37C for 1 h. Sections
were also stained with Hoechst. Images were viewed under &1, S Inhibits ERS and ERS-Mediated
inverted microscope (Leica DMI3000B, Wetzlar, Germany). Thdpoptosis in Rat Lung Induced By CS
airways of 2mm and less in diameter were pictured. For apoptotigyestern blot results showed that the expression of apoptosis
cells, we examined positive uorescent apoptotic nuclei in®®@ | marker cleaved caspase-3 in the lung tissues of CS group
power elds/slide at 10 magni cation 40 elds per sectionwere jncreased by 138.39% « 0.01) compared with control group.
randomly manually selected by a single observer who wasétin - compared with CS group, the expression of cleaved caspase-3 in

to the intervention. the lung tissues of NaHS group decreased by 37F% 0.05),
_ and the expression of cleaved caspase-3 in the lung tissuB€of P
Western Blot Analysis group increased by 11.19% D 0.5313Figures 3A,B.

Protein extracts from lung tissues and the 16HBE cells Compared with control group, the expression of ERS
were resolved by 10% SDS-PAGE and then transferred toraarkers GRP94 and apoptosis markers CHOP and cleaved
nitrocellulose membrane. Then the nitrocellulose membraas caspase-12 in the lung tissues of CS group increased
incubated with the primary antibodies anti-CHOP (1:1000)tia by 126.5, 186.2, and 355.1%, respectively Rak 0.05).
GRP94 (1:3000), anti-GRP78 (1:3000), anti-cleaved caspas€tinpared with CS group, the expression of GRP94, CHOP,
(1:500), anti-precaspasel?2 (1:500) or &ndietin (1:3000) and cleaved caspase-12 in the lung tissues of NaHS group
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Control CS CS+NaHS CS+PPG

FIGURE 1 | Changes in lung pathology and small airway brosis in rats. Lng tissue were stained with hematoxylin and eosin and examéu on light microscopy.
HE 100, 400.

decreased by 45.8, 56.3, and 72.8%, respectivelp €alD.05; (P < 0.01). Compared with the 48mol/L nicotine group, the

Figures 3C,D. protein expression of GRP78, CHOP, and cleaved caspase-12
in the 200mmol/L NaHSC nicotine group were signi cantly
H>S Inhibits Nicotine-Induced decreased by 40.7% € 0.05), 66.2%K < 0.05), and 99.8%(

Moroholoaical Chan fFA tosis in < 0.01), respectively. In the 4@®nol/L NaHSC nicotine group,
B orp I‘? olgEC"’.‘ hCI'aI (g:eﬁ 0 . E)/Op OSIS they were decreased by 40.09<( 0.05), 56.3%K < 0.05), and
ronchia ; plt elial Ce In Vitro . 92.3% P < 0.01). In the taurineC nicotine group, they were
Hoechst staining results showed that an even and diusg.reased by 58.6%¢ 0.05), 56.3%F< 0.05), and 80.49%P(
blue uorescence appears in 16HBE cell nuclei in controb_m) Figures 6A,B. Similarly, In the 4-PBAC nicotine group,

group. Typical morphological changes of apoptosis SsuChhey \yere decreased by 62.25, 71.18, and 90.91%<a0.001;
as a thick mass, high concentration uorescence ancﬁigures?A B.

the nucleus chromatin pieces appears in the 16HBE

cells treated with 46mol/L nicotine for 72 h. Pre-

exposure 16HBE cells to 26@nol/L NaHS or 10 mmol/L DISCUSSION
taurine for 30 min signicantly alleviated the apoptotic
nuclei morphological changes, suggesting that NaHS m
alleviate nicotine induced bronchial epithelial cell apojgos
(Figure 4A).

Our ndings revealed that ERS was induced in the lung tissues
B CS-exposed rats and endogenousSHinhibited ERS and
ERS-mediated apoptosis in the lung tissues of CS-exposed rats.
. . H2S protected against nicotine-induced bronchial epithelel c
Compared with control group, apoptotic rate (the percent Ofapoptosis’n vitro, at least in part through regulating ERS. These

Hoec.hstjposmve nuclei) was |n(':reased'by .647'9% 0.01) in . ndings may reveal the mechanism through which-8l protects
the nicotine group. Compared with the nicotine group, apoptot|cagainst COPD

rate was decreased by 85.494<( 0.01) in the NaHSC nicotine
group, and apoptotic rate was decreased by 80B% 0.01) in
the taurineC nicotine group Figure 4B).

Apoptosis is involved in the development of COPD and it
has been demonstrated that there is an increase in apoptotic
alveolar epithelial and endothelial cells in the lungs of COPD
. . . . patients Demedts et al., 2006Since this is not counterbalanced
H2S Inhibits Human Bronchial Epithelial by an increase in proliferation of these structural cells, the
Cell Apoptosis via Regulating ERS  in Vitro net result is destruction of lung tissue and the development
Nicotine concentration and time dependently increased thef emphysema. Caspase-3, Bcl-2 family, vascular endothelial
expression of CHOP in 16HBE celBigures 5A-D. Compared growth factor and so on have been de ned to be involved in
with the control group, the expression of CHOP in the grouplung epithelial cell apoptosis, thus causing lung damage and
with 40mmol/L nicotine treated for 72 h signi cantly increased emphysema/oshiba et al., 2003; Demedts et al., 2006; Mouded
by 244.4%R < 0.05;Figure 5D). et al., 2009; Zeng et al., 201ERS-mediated apoptosis of lung

Compared with the control group, the protein expressionstructural cells may play a role in the pathogenesis of COPD.
of GRP78, CHOP and cleaved caspase-12 in nicotine grolgin (Min et al., 201} demonstrated the expression of ERS-
increased by 106.29% & 0.05), 132.2%R(< 0.05), and 201.4% mediated apoptosis markers increased in the lungs of subjects
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A Control CS CS+NaHS CS+PPG

400 i 100 prm 00 v

50 pm 50 pm

*k%k

o o o
n @ B

Apoptotic rate (%)

©
—

o
C.’

FIGURE 2 | Endogenous H,S alleviated CS induced lung structure cell apoptosis(A) Red: TUNEL-positive nuclei; Blue: Hoechst33258 which staed nucleus and
the colocalization (white arrow) was shown with TUNEL at tig. The airways of 2 mm and less in diameter were pictured. Aloechst-positive nuclei as well as
TUNEL-positive nuclei were visualized under an inverted anoscope (Leica DMI3000B, Wetzlar, Germany)B) The number of colocalization nuclei was counted in 10
random high-power (HP) elds in at least 6 lung tissue slidesiieach group. Values are expressed as mean SEM. **P < 0.001 vs. control group and” P < 0.05
and ## P < 0.001 vs. CS group.

with COPD. Cigarette smoking as the most common risk factoccaspase-12 in human bronchial epithelial cells. Our previous
of respiratory diseases has been con rmed to induce ERS arsudy found serum HS levels were signi cantly lower in smokers
ERS-mediated apoptosis markers in the human lung délissen  than nonsmokers, and were signi cantly lower in smokers
et al., 2008; Geraghty et al., 2011; Somborac-Bacura20®), with acute exacerbation of COPD than healthy smokers and
Most of the activity of the CS condensate was in basic frastiorsmokers with stable COPD. Serum$llevels in all patients with
and in a weakly acidic fractionK(er et al., 1974; Hutton and COPD and healthy control subjects correlated positively with
Hackney, 1975 Nicotine as the most important basic fraction pulmonary function Chen et al., 2005 H>S can signi cantly

of CS condensates has been veri ed to induce ERS#éne- alleviate the lung function and the lung tissue pathology
Collazo et al., 2014; Wong et al., 2015, J0@6this study, score, anti-in ammation and anti-oxidation e ects in COPD
we showed that CS increased the expression of ERS-media(gthen et al., 2011 In this study we con rmed intraperitoneal
apoptosis markers CHOP and cleaved caspase-12 in rat lungsjection of NaHS in rat model of passive inhalation of CS
and nicotine increased the expression of CHOP and cleave®versed the lung tissue damage and apoptosis in lung, whereas
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FIGURE 3 | Endogenous H, S inhibits ERS-mediated apoptosis in rat lung induced by CSA,B) Changes in cleaved caspase-3 protein expression levels imé lung
homogenates of rats.(C,D) Changes in GRP94, CHOP and cleaved caspase-12 protein expssion levels in the lung homogenates of rats. Results are psented for
n D 8 mice per group and of 3 independent experimentsr{ D 3). Values are expressed as mean SEM. *P < 0.05, **P < 0.01 vs. control group and” P < 0.05 vs.
CS group.
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FIGURE 4 | H,S inhibits nicotine-induced morphological changes of apofwsis in bronchial epithelial celin vitro. (A) Hoechst 33258, a DNA-speci ¢ dye, was used to
detect morphologic apoptosis in bronchial epithelial cedl After Hoechst staining, apoptotic nuclei appear condensd (pyknotic) and bright blue ( 400). A: the control
group; B: the 40 mmol/L nicotine group; C: the 200mmol/L NaHS C 40 mmol/L nicotine group; D: the 10 mmol/L taurineC 40 mmol/L nicotine group. (B) The
percentage of apoptotic nuclei (white arrow) per optical @ was counted. Values are expressed as mean SEM. *P < 0.01 vs. control group and® P < 0.01vs.
nicotine group.

intraperitoneal injection of endogenous o8 inhibitor PPG also found out ERS nonspeci ¢ inhibitors taurine and 4-PBA
exacerbated these e ects caused by CS. Intraperitoneatiorjec inhibited nicotine-induced morphological changes of apojzos
of NaHS also inhibited CS induced upregulation of ERSin bronchial epithelial cell and upregulation of ERS-mediated
mediated apoptosis markers CHOP and cleaved caspase-&apoptosis markers. The e ect could be mimicked by appropriate
On the contrary, Intraperitoneal injection of PPG enhancedconcentration of NaHS. All these results suggest thg$ fhay
the CS induced upregulation of CHOP, and cleaved caspasigthibit bronchial epithelial cell apoptosis through regulajin
12. These results suggest that endogenoyS khhibited CS ERS. Recent studies have demonstrated the8 Hhibits ERS-
induced ERS-mediated apoptosis in rat lunig. vitro, we mediated apoptosis in many organ&ei et al. (2014)ndicated

Frontiers in Pharmacology | www.frontiersin.org 7 September 2017 | Volume 8 | Article 675


http://www.frontiersin.org/Pharmacology
http://www.frontiersin.org
http://www.frontiersin.org/Pharmacology/archive

Lin et al. H>S, Apoptosis and ERS

FIGURE 5 | Nicotine concentration and time dependently increased thexpression of CHOP in 16HBE cells(A,B) With the increase of nicotine concentration, CHOP
protein expression increased gradually(C,D) With the increase of reaction time, CHOP protein expressiomcreased gradually. Results are presented by 3
independent experiments i D 3). Values are expressed as meanSEM. *P < 0.05, **P < 0.01 vs. 0mmol/L nicotine group.
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FIGURE 6 | H»S and ERS inhibitor taurine suppressed nicotine induced ER&n1d ERS-mediated apoptosis in 16HBE cells(A) 16HBE cells were pretreated with
Taurine (10 mM) or NaHS (100, 200, and 40&nM) for 30 min, and then cells were exposed to 40mmol/L nicotine for 72 h.(B) Results are presented of 3 independent
experiments ( D 3). Values are expressed as mean SEM. *P < 0.05, **P < 0.001 vs. DMSO group.” P < 0.05, 7 P < 0.01, % P <0.001 vs. nicotine group.

H>S inhibit homocysteine-induced ERS and neuronal apoptosisiduced by hyperhomocysteinemidVgi et al., 201 In this

in rat hippocampusLi et al. (2015found H,S protects against study we also con rmed endogenous$§lcan inhibit CS induced
myocardial ischemia/reperfusion injury in rats by inhiliity ERS-mediated apoptosis, and giving appropriate concentration
ERS. In addition, HS can attenuate 6-hydroxydopamine- of H>S doner inhibited nicotine induced ERS-mediated apoptosis
induced ERS in SH-SY5Y cell lingi¢ et al., 2012 And H2S in human bronchial epithelial cell. On the other hand, high
decreased ERS-mediated apoptosis and cardiomyocytic injucpncentrations of HS have been reported to promote apoptosis
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FIGURE 7 | H,S and ERS inhibitor 4-PBA suppressed nicotine induced ERS ahERS-mediated apoptosis in 16HBE cells(A) 16HBE cells were pretreated with
4-PBA (5mM) or NaHS (100, 200, and 400nM) for 30 min, and then cells were exposed to 4@rmol/L nicotine for 72 h.(B) Results are presented of 3 independent
experiments @ D 3). Values are expressed as mean SEM. P < 0.05, **P < 0.01, **P < 0.001 vs. DMSO group.” P < 0.05, # p<0.01,*# P< 0.00Lvs.
nicotine group.

of pancreatic beta-cell&éng et al., 20Q7Liu et al. (2015glso  extent, 400nM NaHS can not e ectively inhibit nicotine-induced
use high concentrations of$ (NaHS at 56mol/Kg) and found ERS, this result also supported the concentration-dependeait du
out H>S could promote alveolar epithelial cell ERS in rats withe ect on cell death of HS.

acute lung injury. So Like NO, 8 may have a concentration- ERS can activate many signal pathways, PERKaefiF4
dependent dual e ect on cell death. In this research, we fountd o signaling pathway He et al., 2015 PI3K-Akt-NOS pathway
200mM NaHS can inhibit nicotine-induced ERS to the greatesi{Alexaki et al., 2004 PERK-elF2-CHOP signaling Gu et al.,
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2017, IRE]a-ASK1-IJNK pathway Kong et al., 201)7 and signals of oxidative stress and ERS, taurine can protect stgain

IRE1a-ASK1-P38 pathway Kong et al., 201)7 have been ERSinduced by oxidative stre§s( et al., 200 0however, it also

con rmed to be involved in ERS mediated apoptosis. And Nrf2,can inhibit oxidative stress by ameliorating ER®(aka et al.,

plays an important role in oxidative stress, also involvedRSE  200). In our study, we just veri ed HS can inhibit ERS induced

mediated apoptosisZhang et al., 2016; Wang et al., 2D1H>S by nicotine, we had not detected how,8 inhibits ERS. Dose

has been con rmed to inhibit oxidative stress and in ammati,  H»>S directly interactions with ERS markers or indirectly regal

and relevant signal pathways have crosstalk with these aboE&S? Thus, the speci ¢ signal pathway eB-bn ERS may be an

signals. The speci ¢ signal pathway ob® on ERS-mediated important target of the protective e ect of 8.

apoptosis may be an important target of the protective e ect of In summary, this is the rst study to demonstrate that

H»S. H»>S inhibited lung tissue damage by attenuating CS induced
Several limitations of our study must be taken into accountERS in rat lung and exogenous 8 attenuated nicotine

First, we used nicotine to induce ERS in 16HBE chillyitro induced ERS-mediated apoptosis in bronchial epithelial

because it is di cult to guarantee the accuracy and consisje cells. As CS is an independent risk factor for COPD and

of the concentration of CS extract, although nicotine asrttest ERS is a crucial process in the pathogenesis of COPD,

important basic fraction of CS condensates has been veri edur ndings suggest that HS has potential therapeutic

to induce ERS %eoane-Collazo et al., 2014; Wong et al., 201value in the treatment of respiratory diseases, such as

2019, nicotine still cannot represent CS extract. Second, PPGOPD.

only inhibits endogenous k5 production from cystathionine

g-lyase, maybe more $ synthesis inhibitors should be used AUTHOR CONTRIBUTIONS

to con rm that cystathionineg-lyase or cystathioniné-lyase

play the most important role in the protective e ect of23 in  FL, optimized techniques and performed the experiments and
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chemical of ERS inhibitor. Taurine maintains homeostascsets

through antioxide activety, menbrane stability and regalg  This study was supported by National Nature Science Foundatio
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