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Peroxisome Proliferator-Activated Receptor Gamma Coactivator-1
Alpha Play a Role in PM2.5 and Hypoxia-Induced Simultaneously
Oxidative Damage in Human Bronchial Epithelial Cells
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un Papel en PM25 y en el Dafio Oxidativo Simultaneo Inducido por Hipoxia en Células
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SUMMARY: Peroxisome proliferator activated recept@o-activator &t (PGC-Ir) plays an important role in antioxidative stress.
The aim of this study is to investigate the role of P@Q@athe oxidative damage of BEAS-2B cells exposed to PM2.5 and hypoxia simultaneously
and in the anti-oxidative effect of N-acetyl-L-cysteine (NAC). The P@@aRNA level in human bronchial epithelial BEAS-2B cells exposed
to PM2.5, hypoxia and PM2.5 combined with hypoxia were evaluated. The cells were treated for 12 h in the presence or RlkeBce of
combined with hypoxia and in the presence or absence of NAC. The cell viability after intervention with NAC was assessedvd3GC-1
knocked down by siRNA to investigate the protective mechanism of NAC. The expression levels af B&CPPAR were determined at
both the mRNA and protein levels. The expression okBp65, malondialdehyde (MDA) and superoxide dismutase (SOD) were detected at
the protein level. PM2.5 combined with hypoxia reduced the expression of #@uPPARy (P<0.01), increased the protein levels of NF-
KBp65 (P<0.01) and MDA(P<0.05), and decreased the SOD activity (P<0.05) compared to the normal control group, and NAGiaheeliorate
damage(P < 0.05). PGQ@LiRNA blocked the protective effect of NAC. PM2.5 combined with hypoxia can cause oxidative damage to BEAS-
2B cells, and PGCel may play an important role in the anti-oxidative effect of NAC. The results of this study suggest for the first time that
PGC-1n might play an important role in regulation of oxidative damage induced by PM21.5 and hypoxia simultaneously in human bronchial
epithelial cells, which provides potential ideas for the treatment of PM2.5-induced respiratory diseases.

KEY WORDS: PM2.5; Hypoxia; Peroxisome proliferator-activated receptor gamma coactivator-1 alpha; N-acetyl-L-cysteine;
Oxidative damage.

INTRODUCTION

Human bronchial epithelial cells are a type of epithelic Respiratory epithelium
cell that lines the airways of the lung, specifically the broncl
(Fig. 1). They play a crucial role in the respiratory systen
serving as a barrier and participating in various physiologic
and immune functions. Oxidative damage in human bronchi |
epithelial cells is a significant concern, particularly in the
context of respiratory diseases such as chronic obstructi [
pulmonary disease, asthma, and lung cancer. This damag ‘
primarily caused by reactive oxygen species that can all |
cellular components and functions. Similarly, hypoxia, .

Mucus lining CFTR

e e

Club cell Tuft cell

condition characterized by reduced oxygen availability, cc  Ciiated Gopletcell  pagal
induce oxidative damage in human bronchial epithelial cell cell Progenitor  1onocyte  Neuroendocrine cell
This paradoxical phenomenon occurs because hypoxia ¢ cell

enhance the production of reactive oxygen species, leadingiig. 1. Schematic view of cells of the respiratory epithelium.
cellular damage despite the low oxygen environment &ig. (CFTR: Cystic fibrosis transmembrane conductance regulator).
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i : sirtuin 3, manganese superoxide dismutase (SOD2), and
OXIdatIVG stress peroxisomal membrane protein 70 kDa, via interactions with
a broad range of transcription factors including peroxisome
proliferator-activated receptors (PPARSs), nuclear factor-
kappa B (NF«B), estrogen related receptor a, and nuclear
respiratory factor-1 (Yet al, 2016a), which in turn reduces
intracellular oxidative stress. In a hypoxia-induced
pulmonary hypertension rat model, PG&-€ixpression has

: " been found to be suppressed in vascular endothelial cells,
The free radicals More severe oxidative . . . .
Normal cell that damege all componenis #hsos ot o0 ol conk leading to enhancement of oxidative stress. Re;toranon of
, o L .. PGC-In expression reduces the formation of reactive oxygen
Fig. .2. Schematic view of oxidative stress formation in th@pecies (ROS) (Yet al, 2016b), suggesting antioxidant
respiratory cell. properties of PGC-d. However, whether PGCel
contributes to PM2.5 and hypoxia-induced simultaneously

Fine particulate matter with aerodynamic diameters aiidative damage is poorly understood.
2.5um or less (PM2.5) is a complex containing inorganic,
organic, and biological components that can be easily inhaled In the present study, we hypothesized that PG @3y
into the airway and deposit in the alveoli, which may caug#ay a regulatory role in oxidative damage induced
deterioration of lung structure and function (tal, 2022). simultaneously by PM2.5 and hypoxia in human bronchial
Epidemiologic studies have demonstrated that PM2epithelial BEAS-2B cells. The alterations in expression of
exposure is closely related to the morbidity and mortality @fnportant genes in the PG@rkignaling and the oxidative
various respiratory diseases, such as chronic bronchitimage status were examined in BEAS-2B cells exposed to
asthma, and lung cancer (Vinikoor-Imkfral, 2011; Tsai PM2.5 and hypoxia with an intervention with N-acetyl-L-
et al, 2014; Fanget al, 2016; Goncalvest al, 2023). cysteine (NAC), which has been found to have antioxidant
Inflammation- and oxidative stress-triggered immuneffect (Laiet al, 2017). Aloss-of-function assay using small
dysfunction (Otet al, 2011), DNA damage (Jet al, 2023), interfering RNA of PGC-& (siPGC-I) was carried out to
and calcium homeostasis disequilibriumétal, 2015) are explore the role of PGCellin NAC-rendered protection
the main mechanisms underlying PM2.5-induced pulmonaagainst PM2.5 and hypoxia-induced simultaneously
damage. Accumulative evidence indicates that increasexidative damage in BEAS-2B cells.

PM2.5 exposure is associated with decreased oxygen

saturation (hypoxemia), especially in elderly patients witMATERIAL AND METHOD

chronic obstructive pulmonary disease (DeMeal., 2004;

Gong Jr.et al, 2005; Luttmann-Gibsoet al, 2014), Cell culture. Human Bronchial Epithelioid cells BEAS-2B
suggesting that lung tissues are simultaneously exposedétls (CRL-9609) authenticated by STR were purchased from
PM2.5 and hypoxia. Thus, it is logical and indispensable tbe American Type Culture Collection (Manassas, VA, USA)
establish a model exposed to PM2.5 and hypoxia and maintained in bronchial epithelial cell medium BEpiCM
combination to explore the underlying mechanism of PM2.§3211, Sciencell, California, USA) with 10 % FBS (P30-
induced pulmonary damage. Previous studies have sho@802, PAN-Biotech, Germany) in a humidified atmosphere
that, when investigated separately, both PM2.5 and hypoxid5 % CQ at 37°C. When cells reach 80 % confluency,
may induce oxidative stress in alveolar epithelial cells (Faifisey were passaged using TrypLE Express (12604013, Life
et al, 2013; Liuet al, 2023), suggesting that targetingTechnologies, California, USA) and were seeded on
oxidative damage might be a potential therapeutic stratefigronectin-coated flasks or plates (JET BIOFIL, Guangzhou,
against PM2.5- or hypoxia-induced lung injury. HoweverChina). Mycoplasma testing showed negative.We have
the oxidative damage in airway epithelial cells icommunicated with our ethics committee and have been
simultaneous response to PM2.5 and hypoxia remaiagempted.

unknown.

Preparation of PM2.5 sample.PM2.5 particles were
Peroxisome proliferator-activated receptor gammeollected as previously described (Zleaal, 2012). Briefly,
coactivator-tr (PGC-In) plays an important role in the a medium volume air sampler (Qingdao Laoshan Institute
regulation of mitochondrial biosynthesis and oxidativef Applied Technology, Qingdao, China) was placed on the
metabolism by transcriptionally upregulating the expressidop of a 6-storey building located in the center of
of important antioxidative genes (St-Piesgt@l, 2006; Kong Shijiazhuang, China. A glass fiber filter (Ji LuTaiShan
et al, 2010; Luet al, 2010; Huanget al, 2017), such as Technology, Shandong, China) with a diameter of 80 mm
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was used for PM2.5 collection and continuous sampling WEBAAAUGAGGGCAAUCCGUC dTdT) or negativeontrol
conducted 23.5 h per day for 30 days in August arsiRNAtarget sequence: TTCTCCGAACGTGTCACGT,
September 2016, except for the rainy days. A total of 1®ense (5'-3'): UUCUCCGAACGUGUCACGU dTdT;
samples were obtained. The filter containing PM2.5 wantisense (5'-3");: ACGUGACACGUUCGGAGAA dTdT)
wrapped with aluminum foil and stored at “ZDuntil use. (RiboBio, Guangzhou, China) per well following the
For PM2.5 extraction, the filter membrane was cut into smathanufacturer’s instruction. Cells transfected 24 h with 50
pieces (1 cnmx 1 cm) and placed in sterile water, followedpmol of CONTROL siRNAwvere used as control. After
by ultrasonic vibration for 20 min 3 times. After being culturing in a normoxic incubator for 35 h, the BEAS-2B
filtered with 6 layers of sterile gauze, the filtrate wagells or cells transfected witAGC-1a siRNA, CONTROL
collected, dried, and weighed. PM2.5 stock solution (4 mgiIRNA were treated with Jug/ml NAC solution to
ml) was prepared with sterile saline and stored at’€0 continuously culture for 1 h, then exposed top&@mL
until use. PM2.5 and cultured in a hypoxic incubator for 12 h as
PM2.5+hypoxia+NAC groups, PM2.5+hypoxR&C-1a
PM2.5 and hypoxia exposureThe cells were seeded ontosiRNA-NAC groups and PM2.5+hypoxi€&@ONTROL
6-well plates at 1P cells/well and cultured in a normoxic sSiRNA-NAC groups.
incubator for 30 h, 36 h, and 48 h as the normal control
groups. After culturing in a normoxic incubator for 24 h, th&uantitative real-time PCR (qRT-PCR). Total RNA was
cells were treated with 25, 50 and 100 mg/mL PM2.5 andolated from BEAS-2B cells using TRIzol reagent
cultured in a normoxic incubator (37 , 21 % 6% CQ)  (Invitrogen, California, USA) and reversely transcribed for
for 6 h, 12 h and 24 h, respectively, as the PM2.5 interventioDNA synthesis using a reverse transcription kit (Promega
groups. The cells unexposed to PM2.5 were cultured inGorporation, Wisconsin, USA) following the manufacturer’s
hypoxic incubator (37C, 3% Q, and 5% CQ) for 6 h, 12 instruction. qRT-PCR was performed using a PCR kit
h, and 24 h, as the hypoxia intervention groups. The ce(Bromega) and primers (Table |) on a 7500 Real Time PCR
exposed to 5qug/mL PM2.5 were cultured in a hypoxic instrument (Applied Biosystems, California, USA). GAPDH
incubator for 6 h, 12 h, and 24 h as the PM2.5+hypoxisas used as an housekeeping gene. The relative mRNA
groups. In each group, there were three samples and text@gression was quantified using th&’2 method.
in triplicate.

Cell counting kit-8 (CCK-8) viability assay.NAC powder Table |. Primer s.equence for al,l genes.
(H20057334) purchased from Zhejiang Jinhua Kangenbtg;!ene Primer quence (5-3)
Biological Pharmaceutical Co. LTD, Zhejiang, China WasGAPDH F:_ CAATGA CCCCTTCATTGA CC
dissolved in sterile water followed by filter sterilization to PGC-I E_‘ CT;S: :?CTATCGCGCA,\SA i?é Z(T:; AC$
prepare a 60 mg/ml stock solution. BEAS-2B cells were ‘
seeded in 24-well plates at a density xI® cells/well and RATCTACTGCCTG GAGACCTT
allowed to adhere under a normoxic condition for 24 h. WellEPARY F: GGCTTC ATG ACA AGG GAG TTTC
without cells were used as blank control. NAC solution was R AACTCAAAC TTG GGC TCC ATA AAG
added into each well at a final concentration of 0, 1, 5, 10,
20, or 3qug/ml. The experiment was performed in triplicatéNestern blot assayBEAS-2B cells were lysed with RIPA
for each concentration. The medium was refreshed at 1dbffer and the cell lysates were collected after the
post-treatment and cells were incubated withl5f CCK8  centrifugation. Protein samples were quantified using BCA
solution (Beyotime Biotechnology, Shanghai, China) in eaateagent (Generay Biotech, Shanghai, China). After
well at 37°C for 4 h. The absorbance at a wavelength of 45fenaturation, the proteins were subjected to sodium dodecyl
nm was measured using a microplate reader (BioTekilfate—polyacrylamide gel electrophoresis and then
Instruments, Vermont, USA). transferred onto polyvinylidene difluoride membranes. The
membranes were blocked with 5 % nonfat dry milk for 2 h
siRNA transfection and intervention group. BEAS-2B  and then incubated with the primary antibody against PGC-
cells were seeded in 6-well plates akB® cells/well, la (Abcam ab191838), PPARAbcam ab209350), NkB
cultured in a normoxic incubator for 24 h (cells confluencp65 (Proteintech 10745-1-AP) @ractin (Cell Signaling
80 %-90 % of the plate), and then transfected 24 h wifechnology 4970) at 4C overnight. The dilution ratio of
Lipofectamine 3000 transfection reagent (L300015@rimary antibody is 1:1000. After being washed with tris-
Invitrogen, USA) with 50 pmol oPGC-1a siRNA(target buffered saline (TBS) for 5 mir 3 times, the membranes
sequence: GACGGATTGCCCTCATTTG; Sense (5'-3"\were incubated with horseradish peroxidase-conjugated
GACGGAUUGCCCUCAUUUG dTdT; Antisense (5'-3'): secondary goat anti-rabbit IgG (Bio-Swamp PAB160011)
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at room temperature for 1 h. The dilution ratio of secondappndition. As shown in Figure 3A, 12- or 24-h treatment
antibody is 1:10000. After additional 3 washes with TBSyith PM2.5 had no significant dose-response effe&t@6-
The chemiluminescent signals were detected using the mRNAexpression, as 6-h treatment (P<0.01 when 25
Odyssey infrared imaging system (LI-COR, Nebraska, USAg/ml/6-h PM2.5vs. 100ug/ml/6-h PM2.5 , 5Qug/ml/6-h
and quantified using Image Studio Ver 4.0 Software (LIPM2.5vs 100ug/ml/6-h PM2.5), which suggests tiRasC-
COR, Nebraska, USA). These indicators in the mediuid mRNAexpression was inhibited to the greatest degree
supernatant or cell pellets are not measured. as early as 12 h after PM2.5 treatment. In addition, treatment
for 12 h with 10Qug/mL PM2.5 did not further inhibRGC-
Enzyme-linked immunosorbent assay (ELISA)Post- 1laexpression regardless of the duration of PM2.5 treatment,
lysate supernatant of cells in different conditions wersuggesting an overdose effect of 1@fml PM2.5. Taken
collected. The SOD activity and malondialdehyde (MDAJjogether, treatment with 5/mL PM2.5 for 12 h was an
level were determined using ELISA kits for SOD activityoptimal condition for generating the maximum inhibitory
(SOD-1-Y, Comin Biotechnology, Suzhou, China) an@ffect onPGC-1a mRNAexpression. The following
MDA content (MDA-1-Y, Comin Biotechnology, Suzhou, experiments were performed under this condition.
China), respectively, following the manufacturer’s
instructions. SOD activity was detected at 560 nm by ELISA  Human bronchial epithelial BEAS-2B cells were
instrument (Bio Tek Synergy H1, USA) . MDA contentsseeded in 6-well plates at a density of 2 cells/well
were detected at 532 nm and 600 nm by ELISA instrumeand were cultured under a normoxic condition (21 Y60
(Bio Tek Synergy H1, USA) and calculated by differencéo CQ,) at 37°C for 24 h. For the control group, cells were
value. cultured under a normoxic condition for additional 6, 12,
or 24 h. For the PM2.5 intervention group, cells were treated
Statistical analysis.All experiments were independentlywith various concentrations of PM2.5 (25, 50, or L0
repeated at least three times. The results were expresseahasfor 6, 12, or 24 h (A). For the hypoxia intervention
the meant standard deviation. Statistical analyses wergroup, cells were cultured under hypoxic condition (3 %
carried out using SPSS 21.0 software (SPSS, Chicago, @,, 5 % CQ) in the absence of PM2.5 for 6, 12, or 24 h
USA). Comparison among multiple groups was performegd). For the PM2.5+hypoxia group, cells were treated with
using two-way analysis of variance (ANOVA) with Tukey’s50ug/mL PM2.5 and cultured under hypoxic condition for
test. Comparison between two samples was conducted ugindgl2, or 24 h (B). mRNA expression BfC-1a was
t test. A value ofP < 0.05 was considered statisticallydetermined by quantitative real-time RT-PCR (gqRT-PCR).

significant. GAPDHwas used as an internal control. Data are expressed
as the meant standard deviation (SD). *P < 0.08 the
RESULTS control for 6 h, **P < 0.0&s. the control for 12 WP <

0.01vs the control for 24 tA P < 0.0k 25pug/ml/6-h
Effects of PM2.5/hypoxia on PGC-ft transcription in ~ PM2.5¥P <0.05vs 50ug/ml/6-h PM2.5P < 0.01vs
BEAS-2B cells.In order to identify the optimal dosage andLOOug/ml/6-h PM2.52P < 0.05vs 6-h PM2.5+hypoxia;
timing for PM2.5/hypoxia treatment to induce the P < 0.01lvs 6-h PM2.5+hypoxiaA P < 0.01lvs. 12-h
suppression of PGCealexpression in BEAS-2B cells, we PM2.5+hypoxia;ll P < 0.0k 24-h PM2.5+hypoxia. n =
examined the time-course and dose-response effects30fPGC-1i, peroxisome proliferator activated recepyor
PM2.5 onPGC-1o mRNAexpression under normoxic co-activator &r; PM, PM2.5.
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Fig. 3. Effects of PM2.5/hypoxia on mRNA expression of peroxisome proliferator activated regceptactivator i
(PGC-In) in BEAS-2B cells.
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Similarly, hypoxia also significantly decreade@C-1la  The PGC-Ia signaling may contribute to NAC-mediated
mRNAexpression in a generally time-dependent mannarhibition of cellular oxidative damage in response to
compared with normoxia (Fig. 3B, P<0.05). However, n®M2.5 plus hypoxa. We next sought to determine whether
significant change was observed between 12 h and 2ANWC has an effect on PM2.5 plus hypoxia-induced
exposure durations (Fig. 3B, P>0.05), suggesting that 12 hsafppression of PGCelexpression. As shown in Figure 5A,
hypoxia was sufficient to induce maximal suppressid?@E- NAC dramatically restored PM2.5 plus hypoxia-suppressed
1la mRNAexpression in BEAS-2B cells. In addition, morePGC-1la mRNAexpression(P<0.05), suggesting that NAC
potent inhibition oPGC-1a mRNAexpression was observedmay antagonize the effect of PM2.5 plus hypoxia on the
in response to PM2.5 (3@/ml) plus hypoxia (Fig. 3B, P<0.05 PGC-X signaling. Indeed, NAC reversed the negative effect
vscontrol), suggesting a synergy between hypoxia and PM26 PM2.5 plus hypoxia on mRNA expression of PRAR
in inhibiting PGC-Ir expression. This synergy was furtherdirect downstream target of PG@-{Fig. 5B, P<0.05). The
confirmed by the findings that a combination of PM2.5 (58imilar trends were also observed in protein expression of
ug/ml) and hypoxia had a greater suppressive effeB@@- PGC-In and PPAR (Fig. 5C-5E, P<0.05). Consistently,
1la mRNAexpression than PM2.5 (5@/ml) or hypoxia alone PGC-In, as a negative upstream regulator of k-
(Fig. 3B, P<0.05). Accordingly, 5Qg/ml PM2.5 plus 12-h significantly inhibited PM2.5 plus hypoxia-induced MB-
hypoxia were used for the following experiments. p65 protein expression (Fig. 5C and 5F, P<0.05). In addition,

NAC/ PM2.5 plus hypoxia markedly regulated cellular
Cytotoxic effect of NAC on BEAS-2B cellSNAC has been oxidative damage as evidenced by NAC-induced reversal
found to play a protective role against PM2.5-inducedf the MDA level and SOD activity in PM2.5 plus hypoxia-
oxidative stress in rats (Yargg al, 2018), and thus may treated BEAS-2B cells (Fig. 5G and 5H, P<0.05). These data
counteract the adverse effects of PM2.5 on BEAS-2B cellsirther suggest a possible involvement of the P@GC-1
However, it remains unknown whether NAC itself issignaling in regulation of cellular oxidative damage by NAC/
cytotoxic to BEAS-2B cells. By performing CCK-8 assayhypoxia plus PM2.5.
we found that NAC significantly reduced BEAS-2B cell
viability at a dose of up to J8g/ml, compared with Qg/ml BEAS-2B cells were divided into 3 groups: control group
group (Fig. 4, P<0.05). Thereforeu§/ml NAC was used (48-h normoxia), PM+hypoxia group (36-h normoxia, and
to treat BEAS-2B cells as the dose under study. then 12-h PM2.5 (50 pg/ml)+hypoxia), and
PM-+hypoxia+NAC group (35-h normoxia, 1-h NAC§/
1.5+ ml), followed by 12-h PM2.5 (5ag/ml)+hypoxia). mMRNA
(A and B) and protein (C) expression of PG {leroxisome
proliferator-activated receptor gamma (PP@Rand nuclear
L * factor kappa B (NB) p65 were determined using gRT-
PCR and Western blot assay, respectively. (D-F)
Quantification of (C). The malondialdehyde (MDA) content
(G) and superoxide dismutase (SOD) activity (H) in BEAS-
2B cells were measured using enzyme-linked
immunosorbent assay (ELISA). Data are expressed as the
meant SD. *P < 0.05vs the control groufA P < 0.05
PM-+hypoxia group. n = 3. PGQx1peroxisome proliferator
1 5.') 10 activated receptoy co-activator &r; PM, PM2.5; PPARy
. peroxisome proliferator-activated receptor gammaxiBi-
Concentration of NAC(ug/ml) nuclear factor kappa B; MDA, malondialdehyde; SOD,
Fig. 4. Cytotoxic effect of N-acetyl-L-cysteine (NAC) onsyperoxide dismutase; NAC, N-acetyl-L-cysteine.
BEAS-2B cell viability.

g

A450nm value

PGC-1a is essential for NAC-mediated inhibition of

BEAS-2B cells were cultured under a normoximxidative damage induced by PM2.5 plus hypoxialo
condition for 24 h and then treated with variougurther investigate the role of the PG@G-dignaling in the
concentrations of NAC (0, 1, 5, 10, 20, or]89ml) for 12 regulation of cellular oxidative damage by NAC/PM2.5
h. 50ul of CCK8 solution was added into each well followedplus hypoxia, a loss-of-function assay was performed. As
by incubation at 37C for 4 h. The absorbance at ashown in Figure 6A, 6C and 6D (P<0.05)PGC-lo
wavelength of 450 nm was measured using a microplat@nsfection significantly decreased both mRNA and
reader. Data are expressed as the meBD. *P < 0.05/s protein expression of PGCal compared with
untreated cells. n = 3. NAC, N-acetyl-L-cysteine. siCONTROL. confirming the high efficiency of PGGal
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Fig. 5. The PGC- signaling in NAC-mediated inhibition of cellular oxidative stress in response to PM2.5
plus hypoxia.

knockdown by siPGC-d. In addition, PGC-& which suggests that PG@ tontributes to suppression of
knockdown led to downregulation of PPARand cellular oxidative damage. Collectively, our data
upregulation of NFB p65, respectively (Fig. 6B, 6C, 6E demonstrate that NAC PGQGxidependently protects
and 6F, P<0.05). Importantly, the SOD activity and MDABEAS-2B cells against PM2.5 plus hypoxia-induced
level were positively and negatively regulated in PGQaxidative damage, suggesting an important role of PGC-
la-deficient cells, respectively (Fig. 6G and 6H, P<0.05)La in oxidative damage protection.
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Fig. 6. PGC-11 is required for NAC inhibition of oxidative stress.

BEAS-2B cells were seeded in 6-well plates at a densityere determined using gRT-PCR and Western blot assay,
of 5x1( cells/well and cultured in a normoxic incubator forespectively. (D—F) Quantification of (C). The SOD activity
24 h, followed by transfection with 50 pmol of small(G) and MAD content (H) in BEAS-2B cells were measured
interfering RNA of PGC-t (siPGC-1n) orsiCONTROLper using ELISA. Data are expressed as the me&D. *P <
well using Lipofectamine 3000. After 4 h of incubation, cell).05vs. SICONTROLn = 3. PGC-i, peroxisome proliferator
were refreshed with pig/ml NAC-containing media and activated receptoy co-activator &; PM, PM2.5; PPARg
incubated in normoxia for additional 1 h, followed by exposurperoxisome proliferator-activated receptor gamma;kiBE-
to 50ug/mL PM2.5+hypoxia for 12 h. mRNA (A and B) andnuclear factor kappa B; MDA, malondialdehyde; SOD,
protein (C) expression of PGQx1PPARY, and NFkB p65 superoxide dismutase; NAC, &tetyl-L-cysteine.
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DISCUSSION 2012; Kadleeet al., 2016). Our findings suggest a synergy
between hypoxia and PM2.5 in inducing cellular antioxidant
The results of the present study demonstrated that®nzymes through downregulating the expression of PGC-
human BEAS-2B bronchial epithelial cells, oxidativela and its downstream target genes. It has reported that PGC-
damage resulted from PM2.5 plus hypoxia exposure waa can modulate ROS scavenging enzymes, including SOD1
associated with the suppression of the P@Gsifnaling. and SOD2g¢tc. (Marmolinoet al, 2010). We will continue
NAC-induced reversal could be suppressed by knockdowm explore whether PM2.5 and hypoxia exposure cause
of PGC-In, suggesting that PGGxIplays an essential role changes in SOD1 or SOD2 through PGl subsequent
in the regulation of PM2.5 plus hypoxia-induced oxidativetudies.
damage in BEAS-2B cells.
PPARy is one of the downstream transcription factors
Fuentes-Mattegt al (2010) exposed BEAS-2B cells that are coactivated by PG@-and has been found to inhibit
to different concentrations of PM2.5 (1, 5, 10, 25, 50, artie NFkB pathway to reduce inflammation and stimulate
100 ug/ml) to assess cytotoxicity, levels of cytokines anthe nuclear factor E2-related factor 2/antioxidant responsive
relative gene expression. In addition, they studied BEA®lement axis to neutralize oxidative stress @fal, 2018).
2B cells exposed to hypoxia (0.5-3 %) Gompared with Indeed, our data showed that the expression of both PGC-
normoxia (21 % Q) (Linderet al, 2003). In a study, they la and PPAR were downregulated whereas the expression
exposed guinea pigs to CS smoke (four cigarettes/dayp8NF-kKB p65, a subunit of NkB, was upregulated in
months) and to chronic hypoxia (12 % @5 days) alone or BEAS-2B cells exposed to PM2.5 plus hypoxia, which
in combination and evaluated airways remodeling aniddicate that oxidative stress and inflammation may both be
resistance (Oleat al, 2011). Based on the above researclenhanced. This is consistent with a previous study showing
we designed to expose BEAS-2B cells to PM2.5(25, 50 atitht mMRNA expression of a decrease of PRARd an
100 pg/mL), hypoxia(3 % Q) and PM2.5 plus hypoxia increase of interleukin 6 in human adipocytes in response to
respectively and conducted experimental research. hypoxia (Olli et al, 2013). Similarly, exposure to PM2.5
could inhibit the expression of PPARNd PPAR in the
Oxidative stress is used to describe various detrimentaler of mice, which initiates the inflammatory response
processes caused by the imbalance between the formatiomugh c-Jun N-terminal kinase, NdB, and toll-like re-
and elimination of ROS and/or reactive nitrogen specieeptor 4 (Zhenget al, 2013). Furthermore, our results
(RNS) (Poljsak & Fink, 2014). Under stress, the activity alemonstrated that knockdown of PG@&d to decreased
antioxidant enzymes, such as SOD, is inhibited, arfPARy and increased NKkB p65 expression respectively,
excessive ROS tends to attack the cell membrane to fowhich indicates that PPARAnd NFkB p65 expression are
MDA, which is a typical product of lipid peroxidation (LPO)dependent on PGGCalactivation in BEAS-2B cells. This
(Khoubnasabjafarét al,, 2015). A previous study showedagrees with a previous study showing that P@@ctivation
that the SOD activity in the lung tissue of Wistar ratghibits the transcriptional activity of NiB, which in turn
administered with PM2.5 via intratracheal instillation waseduces inflammation and oxidative stress (Eistlal.,
decreased whereas the MDA level was increased €¢tuo2013), although this experiment was done in skeletal muscle
al., 2014). Similar results were also observed in mice exposeells. Interestingly, it has been reported that the activation
to hypoxia: the MDA level of the lung tissue was increasedf NF-kB signaling in cardiac myocytes enhances the
while the SOD activity and total antioxidant capacity (Tphysical interaction between p65 and PGg-thereby
AOC) was decreased (Wamyg al, 2015). These findings downregulating the expression of PGE-(Alvarez-Guar-
indicate that individual administration of PM2.5 or hypoxialiaet al, 2010). Although the cells used in these studies are
may induce oxidative stress in lung tissues. Considering tt#ferent from BEAS-2B, it appears that there is a negative
association between PM2.5 exposure and declined oxyderdback loop between PG@G-and NFkB, which mediates
saturation (Luttmann-Gibsoet al, 2014), we established the interplay between oxidative damage and inflammation.
anin vitro model by exposing human bronchial epithelial
cells to PM2.5 and hypoxia in combination. Although we Because a recent study demonstrated that a potent
did not assess the direct effect of PM2.5 or hypoxia antioxidant NAC can reduce PM2.5-induced oxidative
intracellular MDA level and SOD activity, we did find thatdamage in the lung tissues of rats (Yamgl, 2018), to
PM2.5 plus hypoxia had a greater suppressive effect on PGQrther investigate the regulatory effect of PGl PM2.5
1la mRNA expression than PM2.5 or hypoxia alone. PG@lus hypoxia-induced damage, we used NAC to counteract
la plays an antioxidant role by recruiting nuclear receptothe effect of oxidative stress (8tial, 2017). We found that
or transcription factors to upregulate the transcription of tiéAC may protect the cells from oxidative damage induced
downstream genes involved in ROS scavenging (Girnuby PM2.5 plus hypoxia as evidenced by increased P&C-1
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and PPAR expression and SOD activity as well as reducetente en células epiteliales bronquiales humanas, lo que propor-

protein levels of NFkB p65 and MDA. Moreover, these ciona ideas potenciales para el tratamiento de enfermedades respi-

protective effects of NAC were suppressed in PGE-1 ratorias inducidas por PM2.5

deficient cells, which suggest that NAC can activate PGC- PALABRAS CLAVE: PM2.5: Hinoxia: Coactivador-1

1a and exert a protective role in BEAS-2B cells expose - PVle.9; Hipoxia, Loactivador:

PM2 5 and h ia simul v, Alth h NAC alfa del receptor gamma activado por proliferador de
; .an. prX|a simuftaneously. Althoug .Can a(Heroxisomas; N-acetil-L-cisteina; Dafio oxidativo.

as antioxidant, it also can promote GSH synthesis. NAC

supplementation might then increase the cellular GSH po EEERENCES
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