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Abstract: The purpose of the present study was to determine the effects of resveratrol on hypoxia-induced oxidative stress and prolif-
eration in pulmonary artery smooth muscle cells (PASMCs) and the underlying mechanism. Primary rat PASMCs were isolated and
cultured in vitro and pretreated with different concentrations of resveratrol (10, 20, and 40 pmol/L) or the NADPH oxidase (NOX)
inhibitor VAS2870 (10 umol/L) for 0.5 h. The cells were then cultured under normoxia (21% O,, 5% CO,) or hypoxia (2% O,, 5%
CO,) for 24 h. The proliferation of cells was measured using the CCK-8 method and the expression of proliferating cell nuclear antigen
(PCNA). The production of reactive oxygen species (ROS) was detected by DCFH-DA. The expression of rat NOX1, NOX4 and
hypoxia inducible factor 1o (HIF-1a) was detected by real-time RT-PCR and Western blotting assays. The related signaling pathways
were determined using the small interference RNAs (siRNAs) specifically targeting Hif-1a and Nox4. The results showed that resver-
atrol and VAS2870 significantly inhibited hypoxia-induced cell proliferation and ROS production in rat PASMCs. Resveratrol also effec-
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tively prevented hypoxia-induced increase of HIF-1a protein levels and NOX4 up-regulation, but had little effect on NOX1. After the

knocking down of Hif-1o or Nox4 with siRNAs, hypoxia-induced cell proliferation and ROS accumulation were significantly decreased,

and both were further inhibited by resveratrol treatment. These results suggest that resveratrol inhibits hypoxia-induced oxidative
stress and cell proliferation in rat PASMCs possibly through blocking the HIF-1a/NOX4/ROS pathway.
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Jeit B DA R A P2 PR B ZE 1 2 (chronic obstructive
pulmonary disease, COPD). [H] Jii 4 fifi 5 95 55 12 PE AR
S T B 3 R 4B il 30 ik & . (pulmonary arterial
hypertension, PAH), %2254 LR RIFRAS
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WA OB LG, I 0] PASMCs 38 5 B,
X AT RS HPUE A B L ORI E A oG, (H AR
oy TAERBLE] AR 58 2] T .
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DNA. HHAMYMIAESE ), MBI,
R TNIFME SRS, g4 RGE R JEX,
Wi, T, JEREAITRERERS M, HATICN, NADPH
4 1t 1 (nicotinamide adenine dinucleotide phosphate
oxidases, NOXs) & fili Ifil. & F1.Cr IfiL 3 £ 4t 7 ROS 1)
FERIE N, H5 PAH BT PIAR G Y NOXs
FIAFE-LRRAIPR : NOX1, NOX2, NOX3., NOX4,
NOXS5. DUOXI F1 DUOX2, ‘B AiTHA5 AN (140
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P LRI R F 2 75 1 AN 7] NOXs S Aok
SEIEATE R, BARRE T AR 1. A sl
7 B KRR AR PASMCs, fRAMICE SR IR, BHFL A
2 0 AN 1] NOXs S d i I Rk Az ALE 5
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1.1 [RXKER PASMCs B4 B EIMETE ZNEES
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WEAH I . MR A AR R
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FRHLE RNA. BRI 1 pg &0 RNA, H iScript
cDNA 4 k7 & (Bio-Rad) 4/ cDNA. 1diJf] SsoFast
EvaGreen SuperMix (Bio-Rad) 5 CFX96 =i PCR
M A %t (Bio-Rad) #E 4T SEIN & & PCR. 514741
T RKRAKEA T SR 7 -la (Hif-1o) 514« 1EA] -
5-GACTTCGGCAGCGATGACAC-3’, X[l : 5-CCAGT-
GACTGGGGCTTGACTC-3" ; Nox1 : 1F [fi] : 5°-AGAT-
GGACGAATTAGGCAAACC-3’, J%[f] 5°-ACTCATTG-
CCCATTGGTCTC-3" ; Nox4 : 1F A : 5°-TTCTGG-
ACCTTTGTGCCTATAC-3’, [ 5’-ATCTGAGGG-
ATGATTGATTACTG-3’ ; B-actin : IF[f] : 5’-CCTCAT-
GAAGATCCTGACCGAG-3’, Jx [f] : 5-ACCGCT-
CATTGCCGATAGTG-3’. M 41t : 95 °C Bg s
30s, 95°C A5t 5s, 60 °C Bk /I 55, 340
MEH. wE15 3 Ct{E, LLp-actin AN Z, H
2RI % mRNA A RIA K
1.7 Western blot 53t 24 50 mmol/L Tris-HC.
150 mmol/L NaCl. 1% NP-40. 0.5% Ji % JIH 1 4.

2 mmol/L NaF. 2 mmol/L EDTA. 0.1% SDS & 4
Pt 1001 771 8 & F7 77 (Roche Applied Science, E[H )
R P AT A R AR . R BCA EHH & &k
# & (ThermoFisher, J%[H ) f & IR E . SAMFF
i 8 A B 20 ng, 7E 10% SDS- X5 I
I i gt e by B, SR JE B R2 B AL A2 N 0.45 pm
PVDF fii = (Millipore, &[] ). —#Hiffi H$1T HIF-1a
Z A (1:1 000, CST, #EH). i NOXI £ 71
FEPiAR (1:1 000, Sigma, ZE[EH ). $i NOX4 G oy
F% Pt 4k (1:3 000, Epitomics, %[ ). #i PCNA Fl
B-actin LA (1:2 000, IEREAY), H#R), 5 PVDF
JEAE 4 °C WA ISR . il BRI AL Y br i
Bl 2P 1gG (1:5 000, CST, [ ), 5 PVDF Jj#
EEIR FIFE 2 he RAMWZFROGERINE 5, LA
A B-actin NN Z1HE & 8 E HIADN R IE K.

1.8 siRNA#ES  fii [ HiPerFect # 441X 71 (Qiagen,
45 [E ) Nox4 siRNA. Hif-1a siRNA Bk B ¥4 %} H&
siRNA #: 43|k i1 J5E X PASMCs 1. 2§ HiPerFect
fsFH BB S, SR FH 2K B2 0 100 nmol/L /) siRNA
RARAE B TR P L 4 3 h, SR )5 #h 7B fif
BRERIEEAEEWRSIESR 21 h, HEFHIN40
umol/L [ BEFiALHE 0.5 h JE AT (R4 AL HE. siRNA
W4 Sigma AF], PP HMER : KR Nox4 siRNA :
SASI_Rn02 00266136 ; X i Hif-la siRNA : SASI_
Rn01_ 00053994 ; siRNA il Ff [ PEXE : SIC001.,
1.9 Zits#r P #dE Bl mean + SD %o, H
SPSS 16.0 #EAT GivH A e,  FH 5 DR 23R B R 25 07 22
AT G 0, ] Tukey’s HSD i3k 4T £ &
EbE. P<0.05 BN ZERA G2 E L.
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CCK-8 77l Sk I 45 2w, IR B2 1)
PASMCs 3458 1% M i A 41 R 2 38 0 (P < 0.05), in
A 20 A1 40 umol/L ] (1 %2 7 £ 8¢ 10 pmol/L NOXs
FI 77 VAS2870 J5, 2 i 3 5 v 14 5 K AR O I 2H.
FHECEH R FFE (39 P<0.05)( & 1B). fEARE M,
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Fig. 1. Resveratrol inhibited hypoxia-induced cell proliferation and intercellular oxidative stress in rat PASMCs. 4: Cell fluorescent

immunostaining with anti-a-smooth muscle actin (a-SMA; red) was performed to confirm the purity of the cells. Scale bar, 100 pm. B:

Cell proliferation measured using CCK-8 assay kit. C: Protein expression level of proliferating cell nuclear antigen (PCNA) detected
by Western blotting analysis. D: Intracellular ROS production measured using DCFH-DA. Mean + SD. n =5 (B, D); n =23 (C). "P<0.05
vs Normoxia; “P < 0.05 vs Hypoxia control; “P < 0.05 vs Hypoxia + 20 pmol/L Resveratrol. pM, pmol/L.
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Fig. 2. Effects of resveratrol on mRNA and protein levels of
HIF-1a, NOX1 and NOX4 in PASMCs exposed to hypoxia.
A: mRNA expression levels in rat primary PASMCs detected
by real-time quantitative RT-PCR. B: Protein expression levels
detected by Western blot. C: Statistical result of Western blot.
Mean + SD, n=3. P < 0.05 vs Normoxia; ‘P < 0.05 vs Hypoxia;
“pP < 0.05 vs Hypoxia + 20 umol/L Resveratrol. uM, pmol/L.
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B ONAR S AT J ] HIF-1o0 85 1 A0 S804 A5 B4 i 465
FJ358 (oxygen dependent degradation domain, ODD) fffi
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e HIF-1o 88 7z =40, H99R7Z K /26S &
BN LM, g, DR
1 30 3 2L A4 11 B TR 1 AT 5 M) HLIF- 1o 2 (3 () 89 1%
S P2k, SO ARTEUAE R, AN G
M A R 3 252 M fIC 4 S5 AF T PASMCs Ht Hif-1a [
e fa R .

PEANAHIE Fe 4 Tk iR, 2 EEAT NOXs 11
1771 VAS2780 34 f Y 2 Jk M4 51 ROS 774,
[ B5F VAS2780 11 % 2 2 4171 1] 1% 46,175 5 (1) PASMCs
I i 34 B R AR B, R IR R T NOXs &
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Fig. 3. After the knocking down of Hif-1a or Nox4 with siRNA, hypoxia-induced cell proliferation and ROS accumulation were significantly

decreased, and both were further inhibited by resveratrol treatment. 4: Effects of Nox4 siRNA and Hif-1a siRNA on protein levels of
HIF-1o and NOX4 detected by Western blot. B: Statistical result of Western blot. C: Effects of Nox4 siRNA, Hif-1a siRNA plus
resveratrol (40 umol/L) on intracellular ROS levels in rat PASMCs detected by DCFH-DA detection. D: Effects of Nox4 siRNA, HIF-1a
siRNA plus resveratrol (40 pmol/L) on cell proliferation of rat PASMCs detected by CCK-8 assay. siRNA-NC: non-targeting control
SiRNA. Mean + SD. n =3 (B); n =6 (C, D). "P < 0.05 vs siRNA-NC; P < 0.05 vs Hypoxia + siRNA-NC; “P < 0.05 vs Hypoxia + siRNA-

Hif-1a; *P < 0.05 vs Hypoxia + siRNA-Nox4.
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Fig. 4. Presumed schematic diagram displaying the mechanisms
of resveratrol’s inhibitory effects on hypoxia-induced oxidative
stress and cell proliferation in PASMCs. Under hypoxic condi-
tions, the transcription factor hypoxic inducible factor 1o (HIF-1cr)
is stabilized and activates the expression of NADPH oxidase
4 (NOX4), therefore promotes the production of intracellular
reactive oxygen species (ROS), and then the increased oxidative
stress may lead to further stabilization of HIF-1a in a positive
feedback loop. Resveratrol inhibits NADPH oxidase-mediated
production of ROS possibly by down-regulating the expression
of NOX4 directly or through destabilizing HIF-1a protein under
hypoxia in PASMCs, thus inhibiting hypoxia-induced cell prolif-

eration.
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