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2,3,5,4'-Tetrahydroxystilbene-2-O-f-D-glycoside attenuates the
apoptotic responses of hypoxia/reoxygenation injury in
bronchial epithelial cells through MAPK, HIF-1a and p53 pathway
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Abstract: This study was designed to investigate the effect of 2,3,5,4'-tetrahydroxystilbene-2- O-f-D-glycoside
(TSG) on hypoxia/reoxygenation (H/R)-induced oxidative stress injury and its potential mechanism in human
bronchial epithelial cell (BEAS-2B) cells. BEAS-2B cells were exposed to H/R treatment. Level of intracellular
ROS was detected using DCFH-DA probe and fluorescence microplate reader. Production of MDA and activity
of SOD were evaluated with MDA and SOD kits. Nucleus was shaped by DAPI staining. Translocation of
Bax to mitochondria was observed in MCF-7/GFP-Bax cells. Change in mitochondrial membrane potential was
detected by JC-1 staining. Release of cytochrome C from mitochondria was detected by immunofluorescence.

Expressions of mitochondrial/cytoplasmic Bax and cytochrome C, caspase-9, caspase-3, phosphorylated MAPK,
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HIF-1a and phosphorylated p53 (p-p53) were determined by Western blotting. TSG significantly improved
cell viability and reduced H/R-induced ROS production in BEAS-2B cells, while significantly decreased MDA

production.

It inhibited Bax translocation and nucleus fracture, reversed the decrease in mitochondrial

membrane potential and inhibited the release of cytochrome C and following activation of caspase-9/caspase-3.
Simultaneously, TSG down-regulated the signals of SAPK JNK1/2 and p38 MAPK without an impact in ERK1/2.
It attenuated expression of HIF-1a and phosphorylation of p53. This study suggests that TSG could protect
BEAS-2B against H/R-induced apoptosis, perhaps through the MAPK, HIF-1 o and p53 pathways.
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Figure 1 Chemical structures of RES, Vam-3 and TSG

MR5RE

MHE TSG (BR4 B TEE R R, 4ifE=98%)
F o T B 2B 2 e 24 W B 9 P kA T SR 36 25 6 e S
SE LA (BEAS-2B &) T ATCC A . AR
FEAIH (MCF-7 % K H: GFP-Bax £ %€ # 44 f{] MCE-7/
GFP-Bax R) fiiff TASSLIG % VY FHSEMEME S (thiazolyl
blue tetrazolium bromide, MTT) J#-F Sigma-Aldrich
N PR Bax. Bel-2. 4B C. p38 MAPK.
SAPK/INK1/2. ERK1/2. p-p38 MAPK . p-SAPK/
JNK1/2. p-ERK1/2. HIF-1a- p53 1 p-p53 (Ser 15) —
YT Abcam A H]; H3EE p-actin, COX IV.GAPDH.
caspase-3 Al caspase-9 — 41l T Cell Signaling Technology
NFE] kiR s 3R & W T Thermo Fisher Scientific
Ad. [ (malondialdehyde, MDA) A% {b4
L (superoxide dismutase, SOD) &7 &4 T
A 5 R AE VIR 7 T, DCFH-DA #R%1 . JC-1 8%+
W T B EE S R A HARAT PR 22 7] Hoechst 33258 4
BHET RSB (Hig) AIRAF,; zVAD-fimk



© 1124 - 227223} Acta Pharmaceutica Sinica 2017, 52 (7): 1122 -1132

T b g AL TAABRA =], FITC. HPR 5 418
T A A2 S A H AR A PR 4 A ELISA i &Y
T BioLegend 2 wl; HARK . &7 T A A A .

YMAEIEZE  BEAS-2B.MCF-7 1 MCF-7/GFP-Bax
PLRE R T 37 'C. 5% CO, 1 [& 4500 mg-L™" D-7j
AHE R DMEM £ 373%, 10% a2 M3 (FBS)]. 4K
Y] 80%Fh AR 102 /X (BEAS-2B #% 1.5 K,
MCF-7 5 MCF-7/GFP-Bax )4 1 K), A 5 4 fef
Rigedt . BUOSHUE KM BEAS-2B 4 i3k 1T 5246,
96 FLAR I 24 FLER Rl 40 A 50 1x10° F1 5x10°
AL, BRI SRESEIRET 1 h, FEfL S YA
FUIMAA R EE R TSGo AR ZH A2 o B n N
&R DMSO.

KIMRE/ER (H/R) BAERAET AL
Z W H AR A B2 IR A SRR 7R VR 2 AR Ak
H/R AR A20 B14% 95 0 5 (vv) IR S HEIESR N,
H CO,, SRJEIBAN—AN R S50 40 i 1) % P &1,
HWN R AR TE G A B, [ I B 6 85 % Ak
ZACHE . AR MLIE BRI B4 35 % — € N 8] )5 7 L 40
M, TEHCOAIE R B IR AT IR B R R R A A
KA 4 h (& 1000 mg-L™" D-7 %) % ) DMEM 5 3%
%, 2.5% FBS), H AN KA 6h (& 4500 mg-L™" D-7j
A FER) DMEM K53%3E, 10% FBS). A% —41F 37 C.
5% CO, FREE N 15 tE Bl RE 720 N2 xS

MTT #0 % E TSG ZKKJE N 3.13~100
umol-L™", f5FHke, —3 7 MK, 37 °C. 5% CO,
WE 1h, 2547 H/R EBHEAE. =L H/R bR
Ao RE R, P e ) B IR I UG 2 5 A B e IR
1) TSG 8UAR . 58 TE M H/R AF 5, FFLnA
0.5% MTT ¥ 40 pL, 37 C. 5% CO, 0¥ H 4 ho
f 3%, I\ DMSO 200 pL, #%/8E 5 min, iR
PR IEE], ME ODsrpo MMAFTEHR (%)= (0D swma —
OD #5¢) / (OD s pixma —OD i) X 1000

KR DCFH-DA #l ROS  HUBEAS-2B 4t
fufe T 2 EE 96 FLAR Y, $5FRIER . TSG &IKEH
12.5~100 pmol-L™", f5FFik, —It 4 MR, [Fik
H/R ¥ )5, 2GR & U 45, A DCFH-DA %
JEIREL 37 CHEFRFE BT E 30 min, H GG ES
TR PG 3 IR, ROGEE R RN (ORI K
488 nm, AT K 525 nm).

RFNEHRNE SOD JEHEF MDA &£/ 4
ZiA H/R A FL S, 2 HRGR) Eul B AR, A4t
T A SOD & 1t LA AR 4t i 3% 45 Il MDA

=N
[= ==

R BMIEWE MCF-7/GFP-Bax # 4% 7S
BRI K Bax EERIRRIEEAL  4HARMZG A1 H/R 4t
HJ5, PBS VRN 2 IR, R 3~5 min. 212 AT
A 4% Z KR, EIREE 15 min. PBS 3234
L 2 ko IR R E N 10 ng-mL™" Hoechst 33258
P, 37 CHREOLIEE 30 min. B 6 F, WER Hoechst
33258 YLtiif, PBS IE eI 2 ¥k, FEIK 3~5 min, fI
NOBHETC IS DMEM 85753, 2800 W ss ~ Sm BRI
825 SEG AL 4 BIBEALE 3 AMLEF, TR EIELH (%
R 358 nm, KEHHK 461 nm) WMEGRZILE,
TS AN TE 5 40 A 1 4 B BT o P B A b
TR EEEH (BRMK 488 nm, KEHH K 525 nm)
) A5 WL 5 310 5 AN I 7 400 . R A 4 8 IR 96
J6 Rl (GFP-Bax A7 I A T Abifk) 4, 5
A IR w5 A0 B A S O E A L

RKIERE JC-1 MR IAPREBEAL (dpM) 4
M fh T HEE 96 FLARH, TSG &R N 12.5~100
umol- L™, f5F-Hikk, —3t 4 MREE. BAMEXTIRAL.
ZFAXIRAT 37 C. 5% CO, 355 N IEH FLpE 5 9%,
Fr e &2 BRI AL H/R A3 . BAME B2
NUREE 10 wmol- L AR 1) 1k 5 LAk ) S i
(carbonyl cyanide m-chlorophenyl hydrazone, CCCP) b
HRYHAE 20 min f5, FIFERESH —EHF LR, %17
VLTI JC-1 485 (R BURIREE 10 pg-mL ™)
Pk EE IR AL, T 37 CHEEFRA LT E 30 min 5
W Bk EIE . PBS BRI 2 Ik, MK IR, LG
BRI, ) T A P 51 L 2 Ol S A B L % (U B
488 nm, KK 525 nm MGG RAIER, Wk
WK 540 nm, KEFIEK 590 nm WAL SWITER).

RERAGNMIEEER C B HOFEAE K
) BEAS-2B #iiffs, A4lfilu%y 5x10° /LR T2
R R AR B0 I R E T AR R I,
B IR [F)7% H/R A ERAH L fS , PBS 3 32506 2 IR
JE SR E Y T T . IIANEHE MitoTracker Red
CM-XRos (£ 9 100 nmol-L™") ZLkh i) 357 6 76 1.
75 DMEM £:373%, 37 CH & 30 min. " H L%, PBS
TRV 2 I TIPS 4% 22 58 W I = 3 [ 5 28 /20 min.
PBS #ZiE ¥ 2 ¥k, 0.5% Triton X-100 ] PBS ¥ =
TEEAAE 15 min, PBS 50E 2 K. L i = iR E
12 he i PBS Ve 2 X, MBI ER C o
BE—HT (1:200 #ikk), BT HREFCBEN 4 ChF
B . PBS L 3 ¥k, A FITC fRECH — 41, %=
T E 1 he PBSEVE 3 K, IS H DAPL (AJf &
WWEEN 10 pg-mL™") Gkl B & JC i 7E DMEM 1537



MRS IR AT B MAPK. HIF-1a F pS3 i@ Mk A2 s A/ S EBAH SR8 EEMMMET: - 1125 -

5,37 CH#E 15 min. Wi 13, PBS #3380k 2 IR, ZFHR

okt R AE RS L BIWEE, 1dxkgs R, 1 TSG /0 H/R 432 f5 89 BEAS-2B A Y 7578 %
M EAREAIR EEEQRIIEE IOk 25 H/R AbFEJ5, BEAS-2B 2 i AH 6 47 05 2%

ITAERL AL BR A PR, 55 235970, T4 (1) PBS 153t 2 E T (P<0.01). T fRTE 6.25 pmol-L™" I {8 A W
it o JRRREVE A A, BT BT, BRI TTE . L3 TSG WAL L 2 2% 42 =5 BEAS-2B 2 i AR X 4735
20 I CTE A N 5 R 1 A £ R B T IR A #(P<0.05) (K 2).
U & A 2, K EAE 40 min, £ 10 min B2 2 TSG @iZ &K ROS #1 MDA B4 # %] BEAS-2B
K. 4 °C. 12000 xg &0 20 min, 375 E A A =R AR A
HHE BT @S0 BB ) 7R A 2R R R I ) A 5 H/R Kb¥E 525 3 BEAS-2B 41fig ROS =4,
FARG ARG C, F IR 2o A7) 2 Bl G il W 454 1E45F TSG WAL HE )5, BEAS-2B 4 fitd {1 ROS 7= 4 #f
B, ZJa 22l O PR B B ER A . i R o REANH] (K 3a, b). MDA & 41 i A 5 i A AL I A=
Western blotting 10% SDS 5 P4 4 Bk & 5 Jie H
KB EA, REH P PVDF I E. 78 LEAMN
PVDF JEH TBST BCH 1 5% Mt g 00k i1 2 h
TBST ¥ 3 ifi. 4 ‘C T 5 TBST #ke i — i & %K.
F TBST ¥ 3 &, #8J5 7£ TBST i B i B S 404 il
R —fuh i E 2 h, F TBST ¥ 3 i, 7£ LAS-
4000 L2 K6 £ Y (Fujifilm, HA) K1, Imagel N : 3
1.8.0 4P BT 4 IR e
GrFTE RASETAT 3K, KR 3 AR Figure 2 TSG significantly improved cells viability.  The
FLo SIS R LIME £ brifE 2 (X +£5) Fow, H SPSS relative cells viability was determined by MTT assay. Mean
17.0 AT HARS T 2072 5 Al one-way ANOVA intensity of control group was normalized as 100%. Results are

e 2e 1, o - o presented as x +s from at least 3 independent experiments.
BEATGE ik 403, P<0.05 RAAA R E VL2 5T . #P<0.01 vs control; "P<0.05, *P<0.01 vs model

T

g

sk

%,

3
=
1

Relative cells viability / %

iz,

=

TSG / pmol-L!

4001

Control Model TSG 12.5 pmol-L!

125 250 50.0 100

e -l
TSG/pmol-L TSG 25.0 pmol-L” TSG 50.0 ymol-L" TSG 100 pmol-L"

[T

/Urpg!

Concentration of MDA
nmol-L"!
=
h

Concentration of total SOD

& 125 250 500 100 & & 125 250 500 100

TSG/pmol-L! L TSG/pmol 1!

Figure 3 TSG inhibited the production of ROS and MDA in BEAS-2B cells. (a) The DCFH-DA fluorescence was read in a microplate
reader. Mean intensity of control group was normalized as 100%. (b) Representative images of the cells stained with DCFH-DA
probe were examined by using fluorescence microscope to detect the intensity of ROS fluorescence. (c) The concentration of MDA was
assayed with a reagent kit. (d) Total SOD was extracted and the content was assayed with a reagent kit. Results are presented as x £s
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from at least 3 independent experiments. #p< 0.01, ##p<0.001 vs control, P< 0.05, “p< 0.01, P<0.001 vs model
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Figure 4 TSG inhibited the translocation of Bax and nuclear deformation. GFP-Bax-stable MCF-7 cells were pretreated with TSG
for 2 h before challenged with 10-h H/R process. (a) The cells stained with Hoechst 33258 nuclear stain were examined by using
fluorescence microscope to detect the translocation of Bax (green channel). Cells with typical characteristics were marked with arrows
and enlarged in images al, a2. (b) GFP-Bax punctate cells and total green fluorescent cells were counted, then the content of punctate
cells was calculated. (c) The abnormal nuclei and total fluorescent nuclei (with condensate chromatin, crenation and fractionation) were
counted, then the content of abnormal nuclei was calculated. (d) Expressions of Bax separately in mitochondria and cytoplasm were
determined by Western blotting. Representative blot (up) and quantified protein levels (down) are shown. Results are presented as  x +
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s from at least 3 independent experiments. *P<0.05, "™ P<0.001 vs control; P< 0.05, p< 0.01, P<0.001 vs model
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Figure 5 TSG inhibited the expression of total Bax in BEAS-2B cells and decreased the Bax/Bcl-2 ratio.
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and Bcl-2 were determined by Western blotting. Representative blot (upper left), quantified protein levels (right) and calculated

Bax/Bcl-2 ratio (lower left) are shown.
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Figure 6 TSG inhibited the decline of BEAS-2B cells membrane potential ( 4pM).
microscopy. Representative merged images of green (monomeric JC-1) and red (aggregated JC-1) channels were shown.

Protein levels results are presented as x +s from at least 3 independent experiments.
#P<0.05 vs control; *P<0.05 vs model
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Figure 7 TSG inhibited release of cytochrome C and subsequent activation of cleaved caspase-9 and caspase-3.
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cytoplasm were determined by Western blotting. Representative
intensity of control group was normalized as 100%.

pendent experiments. #p< 0.01, #p<0.001 vs control; P< 0.05,

Released cytochrome C was marked with arrows.

(b) Expressions of cytochrome C separately in mitochondria and

blot (up) and quantified protein levels (down) are shown. Mean

(c, d) Relative expressions of caspase-9 and caspase-3 were determined by Western
blotting. Representative blot (up) and quantified protein levels (down) are shown.

Results are presented as x £s from at least 3 inde-

“P<0.01, ""P<0.001 vs model
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Figure 8 TSG inhibited MAPK signaling pathways. Total levels and phosphorylated forms of ERK, JNK and p38 in BEAS-2B cells
by H/R injury were detected by Western blotting analysis. Representative blot (left) and quantified protein levels (right) are shown.

Results are presented as X +s from at least 3 independent experiments.
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Figure 10 TSG is involved in the regulation of MAPK,

HIF-1a and p53 signaling pathway in H/R-induced cell apoptosis.
Solid arrow: Stimulatory modification or phosphorylating activa-
tion; Dashed arrow: Translocation; Bar-headed arrow: Inhibitory
modification
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