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KUY A I 240 B 115 s Western blotting yEA IR T-AH G AL B B k240 A58 -2 (Bel-2). cleaved caspase-3 BA K& JAK/STAT
TR AL JAK2 (p-JAK2). STAT3 (p-STAT3) HHEKIANI. &R BAiE A 25, 50, 10.0 umol/L 44 HepG2/ADM
YT 38 5 52 B R AN, 2 AR AE DS (P<<0.05). SXtIRA4IAHEL, BFAHE A 2.5, 5.0, 10.0 umol/L 41 HepG2/ADM
YU SR A A% R AERE A 4R, TORIRERK, AT B AT REZE TR (P<0.05), cleaved caspase-3 & 3%
KT REFm (P<0.05), Bel-2. p-JAK2. p-STAT3 HEHFEB/KTREFK (P<0.05). 25ie Wiz A {2k NS
i 25 £l HepG2/ADM T, HALHITT A 5 #H] JAK/STAT BER 1L, R T & A2k & LR T E A £k g %,
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Effect of withaferin A on apoptosis of HepG2/ADM cells through JAK/STAT pathway

ZHANG Yang', ZHAO Ke-xin?, ZHANG Lei®

1. Department of Gastroenterology, Luohe Central Hospital, Luohe 462000, China
2. Department of General Medicine, Luohe Central Hospital, Luohe 462000, China
3. Department of Oncology, Luohe Central Hospital, Luohe 462000, China

Abstract: Objective To study the effect of withaferin A on apoptosis of HepG2/ADM cells through Janus kinase (JAK)/signal
transducer and activator of transcription (STAT) pathway, and to explore the possible mechanism of JAK/STAT pathway. Methods
HepG2/ADM cells were cultured in vitro and divided into control group, withaferin A 2.5, 5.0, and 10.0 pmol/L groups. CCK-8 method
was used to detect cell proliferation; Hoechst33342 staining was used to observe the morphological changes; Annexin V-FITC/PI
double staining was used to detect apoptosis; and Western blotting was used to detect the expressions of apoptosis related protein
b-lymphoma-2 (Bcl-2), cleared caspase-3, and phosphorylated JAK2, STAT3 in JAK/STAT pathway. Results The proliferation of
HepG2/ADM cells in the withaferin A 2.5, 5.0, and 10.0 pmol/L groups was significantly inhibited in a time and dose-dependent
manner (P < 0.05). Compared with the control group, some nucleus of HepG2/ADM cells in the withaferin A 2.5, 5.0, and 10.0 pmol/L
groups had fragmentation and pyknosis, and the fluorescence intensity increased. Compared with the control group, apoptosis index
and apoptosis rate in the withaferin A 2.5, 5.0, and 10.0 pmol/L groups increased significantly (P < 0.05), and the expression level of
cleaved caspase-3 was significantly increased (P < 0.05), but the expressions of Bcl-2, p-JAK2, and p-STAT3 proteins decreased
significantly (P < 0.05). Conclusions Withaferin A can promote the apoptosis of drug-resistant human hepatoma cells HepG2/ADM
cells, and its mechanism may be related to the inhibition of JAK/STAT pathway activation, down-regulation of apoptotic protein
expression and up-regulation of apoptotic protein expression.
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RRAPIRHE A BRA 75 Bz AR 53 80=99%)-
T HZETHK (DMSO). Annexin V-FITC/PI -1
MRF & (F85 APOAF-20TST) I H % [E Sigma
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Counting Kit-8 (CCK-8) i## (&5 E606335)
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B b Tt A K IR HepG2/ADM 4 i, H
RPMI-1640 3% FE R 1X10* N mL (140 i &
W, HRPT 96 FLARH, 53R 24h 5, K4l R
SRR A & . SRR, Zibe
I, XPREAFIEEA IR A K. . mEE S
AR A, 2R 53174 0.2.5.5.0,10.0 pmol/L.
WEAE A B IR S IR AR S SR R AT s
U
1.4 CCK-8 %4 HepG2/ADM 4HpfHIIETE 1E 5

FHAMMZ 25 B JS RN 37 °C 5% CO, 41
Mukss=fam, AR E 6 MEEIL, RN R
INEEFRM 2 FFL, o lEEsR 24, 48, 72h, K5FR
iR, M CCK-8 R4k ai sk 4 h, HELE
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AURTIETEINH R = (A wm—Asm) | (A gu—A 510)
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1.7 Western blotting ;%1 HepG2/ADM #HA&
Bcl-2. cleaved caspase-3. p-JAK2, p-STAT3 &H
ik

g A T 0 B A U £ 5 ZEL A B e A T 8 IR O
H, T 37 C. 5% CO, it sk ekt 7% 48 h
&, FEEIGFRM, PBS Yk 2 G, &I T4M, 4
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W 5E TR EE , SRR A A RE A BRI &
FH M SDS-PAGE #tfiz FFEFLHHEAT HJk, HIIKES
Wa BB R %% %) PVDF i L, #ESERET 5%
ARG Wk s h = A 2 h, FEE SR —T
(Bcl-2. cleaved caspase-3. p-JAK2. p-STAT3.
GAPDH fiifk) 4 CE%, M0l in AR 4L
Yol (L ~E BT R B 19G fEV — 410, =R E 2 h,
Vel ECL 0, S5 TR AR BCh#ale, 45
£ Image LabTM #AFIE4T K BE 43 #7 o
1.8 ZItFESH

AW TR 5 TR SPSS 22.0 Giit#k A,
HEZRLL xts R, ZANRBESRAREKEEKT

ZEOY M, HE— D LUK ] SNK-q A
2 R
2.1 E#EHE A X HepG2/ADM 2RI 5E AY 2200

BEE 2P FR (A IE K, A E A 2.5, 5.0,
10.0 pmol/L 4. HepG2/ADM 2 ifd 154 5 1 11] 2 32 7 T
&, RSN (P<<0.05). 7E[F—KE A, 5
XA L, BEAiE A 25. 5.0, 10.0 pmol/L 4
HepG2/ADM AHRIEFAINGI AN B =, ZRE 5T
FEN (P<0.05), HEHFHEZWIREERGIN, 415
HhfEETI R, EAEAM M (P<0.05). WK 1.
2.2 BEFhE A Xt HepG2/ADM 4RO 7SS AT
EisE Al

Hoechst33342 4Ltz IR, X HepG2/
ADM #liffiiz e, SR NELSE I AT (0RO
A% A 25, 5.0, 10.0 umol/L 41 HepG2/ADM 4
MUARZ SRS, o AR R A Ak T4, K
JEHREEIE K. SXTHRAARLL, B A 25, 5.0,
10.0 pmol/L 41 HepG2/ADM 4 g T &% W & 7
B, EZREYEE L (P<0.05), JREZabiE
WREERIN, AU TR EORWIE L, B AR S
(P<<0.05). DL 1% 2.

*1 BEfhE A X HepG2/ADM {HAEETERIEN ( X +s, n=6)
Table 1 Effect of withaferin A on HepG2/ADM cell proliferation ( X &s,n=6)

. . YT 184 T 1 2R /%
ZHA) 55/ (umol- L)
24 h 48 h 72h
o} R — 0 0 0
i A 25 7.63+0.62* 10.62+0.85™ 13.79+1.03"*
5.0 12.21+0.84** 15.34+0.97"* 24.13+1.627%4
10.0 19.74+1.65*"% 26.45+2.36 4% 31.62+3.29"44&

S 240 b P<005; 54148 N Hedk: *P<<0.05; SIEIIA AIRLLELEL: AP<0.05; 5 RINH AL SR ZE A 2.5 umol L 4LELEL: “P<<0.05;

5 R 1] A 2 A 5.0 pmol LT 4LLLE:: $P<0.05

"P < 0.05 vs 24 h between the same group; *P < 0.05 vs 48 h between the same group; 4P < 0.05 vs control group at the same time; “P < 0.05 vs withaferin

A 2.5 umol-L™" group at the same time; &p < 0.05 vs withaferin A 5.0 umol-L™" group at the same time

boy T2 A 2.5 pmol- L™

% A5.0 pmol-L ™

T2 A 10.0 pmol L™

1 B5nE A X HepG2/ADM 4RREAZZSFHIFNT (50 pm)
Fig. 1 Effect of withaferin A on morphology of HepG2/ADM cells (50 pm)



* 644 - PN XY 3 Drugs & Clinic HE3HE FI4MW 20204 4 H

2.3 [EAhZE A Xt HepG2/ADM HHREA =AM X (P<<0.05), JFFREZYpACFRMREESE N, ZHf
xR, BESiE A 2.5, 5.04 10.0 pmol/L {HEK ZEHE R, BB (P<0.05). L&
/H HepG2/ADM 4 T- R B, ZRA4%it 3. K2,

F2 BEnE AxHepG2/ADM SHRUAT- 15 H AR X +s, *3 EnE A Xt HepG2/ADM RBET-ZRAIFNE ( X s,

n=6) n=6)
Table 2 Effect of withaferin A on apoptosis index of Table 3 Effect of withaferin A on apoptosis rate of
HepG2/ADM cells ( X +s, n=6) HepG2/ADM cells ( X s, n=6)
ZH FE/(umol-L™Y) 0 T 4R B % 2H 51 F & /(umol-L™Y) T2 1%
Pugiel — 2.52+0.46 Pugit — 5.32+1.15
A A 25 486+0.71* WA E A 25 17.65+1.42*
5.0 9.95+1.244° 5.0 24.92+1.63*"
10.0 14.37+1.45%°¢ 10.0 35.85+2.464"%
gL *P<0.05; HEEHi%E A 2.5 pmol L™ 41Ek#%: “P<0.05; UL LA 4P <<0.05; SHEE A 2.5 umol- L™ 4 HA%: “P<<0.05;
SWHE A5.0 pmol- L 411 #P<0.05 5% A5.0 pmol- L 4L #P<0.05
4P < 0.05 vs control group; “P < 0.05 vs withaferin A 2.5 pmol-L™" P <0.05 vs control group; “P < 0.05 vs withaferin A 2.5 pmol-L”™'
group; &p < 0.05 vs withaferin A 5.0 umol-L™" group group; &p < 0.05 vs withaferin A 5.0 umol-L™" group
10* 10* 10* 10* |
10° 3 10° 3 10° 3 10° §
107 ok 10% 3 107 ..558 - 10%
10t =7 10" 4 10" 10" 4
10° ﬁ %4 _ 10° 1. = = 100 1B . . 10° 1 _2FFT _ :
10° 100 10> 10° 10* 10° 100 102 10° 10* 10° 100 102 10° 10* 10° 100 102 10° 10*
Annexin V-FITC Annexin V-FITC Annexin V-FITC Annexin V-FITC
i A% A2.5 pmol L™ %% A5.0 pmol L * A% A10.0 pmol-L?

El2 BfnE A 3T HepG2/ADM BRI TR AFNE
Fig. 2 Effect of withaferin A on apoptosis rate of HepG2/ADM cells

2.4 [EFZE A XF HepG2/ADM 4Apfl Bel-2, cleaved %4 BEAE A Xt HepG2/ADM 4EAf Bel-2, cleaved
caspase-3 & HHIF2 N caspase-3 EAMFM ( X +s, n=6)
ntHRZAARLL, B E A 2.5, 5.0, 10.0 pmol/L Table 4 Effect of withaferin A on Bcl-2 and cleared caspase-3
25 HepG2/ADM 4118 Bel-2 2 [ 714 /K T Bl 5. 441, protein in HepG2/ADM cells ( x %s, n=6)
EZRAG R X (P<0.05), cleaved caspase-3 & 415 &/ (umol- L) Bcl-2 cleaved caspase-3
HRIEKTFHET &, #2575 EHHE (P<0.05), g — 081+0.13  0.32+0.09
DL 3 F1 4., W& A 25 0.64+0.12*  0.41+0.12

5.0 0.484+0.11** 0.56+0.09*"
10.0 0.314+0.08*"% 0.6940.10*"¢
LA AP<0.05; S ZE A 2.5 pmol L 4L EGAR: “P<<0.05:

| — oD o9 e | 5% A50 pmol L 4LH B $P<0.05
A A . . -
P < 0.05 vs control group; ~ P < 0.05 vs withaferin A 2.5 umol-L
GAPDH %418 2.5 5.0 100 group "

2 Al(umol-L ™Y

Bcl-2

|o----|

cleaved caspase-3

group; &p < 0.05 vs withaferin A 5.0 umol-L™" group

i : 4 -
3 EFEE A X HepGZADM 4RI Bol-2. cleaved 25 MEmmE A Esn‘ HepG2/ADM #Hffl p-JAK2.
caspase-3 & B IS p-STAT3 &BEHIF M
Fig.3 Effect of withaferin A on Bcl-2 and cleared caspase-3 EXHEAIAILE, iR A 2.5, 5.04 10.0 umol/L
protein in HepG2/ADM cells 2H HepG2/ADM 4fififl p-JAK2. p-STAT3 & [ FKIA /K



AR 3 4 5t A Drugs & Clinic

FEBHE Fi4H 20204 4 H « 645 -

FRHERHK, SR EMHME, ERYERITEE X
(P<<0.05), UL 4 fn5% 5.

p-JAK2 GED TSP G e
p-STAT3 D e -
GAPDH Db T T T

XfHE 2.5 5.0 10.0
52 Al(umol- LY

4 FEARE A X HepG2/ADM 4HAf p-JAK2, p-STAT3 &
S[:pEA)

Fig. 4 Effect of WFA on p-jak2 and p-STAT3 protein in
HepG2/ADM cells

%5 BEFME A X HepG2/ADM 4Affl p-JAK2, p-STAT3 &
B ( x +s, n=6)
Table 5 Effect of WFA on p-jak2 and p-STAT3 protein of
HepG2/ADM cells ( X s, n=6 )

A5 FlE/(umol- LY p-JAK2 p-STAT3

it iR — 1.1840.12 1.02+0.13

i A 2.5 1.02+0.10* 0.81+0.11*
5.0 0.7840.09*"  0.6740.08*"

10.0 0.594+0.11**% 0.384+0.07*"%

XA L AP <<0.05; A% A2.5 umol L LHLE: “P<0.05;
SEHE A5.0 pmol L 4L H 4. %P<0.05
4P <0.05 vs control group; “P < 0.05 vs withaferin A 2.5 umol-L™!

group; &p < 0.05 vs withaferin A 5.0 umol-L™" group

3 ifig

JHHRE ARy — M R Bar AR R,
B NFAERR, IRk BRI, T H R
Lew v o T WL AN e il 28 o IR 22 25T 25 1k
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St 2 P LA S HE, (EXE R 2 24T 24540
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TR I DL S B i 8 22 245 225 48 e A 4 AL 1 o
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A SRR, SR 2B U MR ) kA
RIBSREEDIMI, FNERBYT 7 SmMmiaIT
AR AR . Xia SN R DU A 2 A T
i ROS IR B b A D) BE B RS 175 5 N i 4 L 17
TZo Hahm Z5USIRF 70 2 BB 25 A BESSH0H] A\ SLIR
FEAN MG A S HE T, A ROREL, HXIRA
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M 8 70 A A IR A s (46, SOt REEIE K,
ARG TEADE R R B TR EE TS, BE
FlEASE, PR A25. 5.0, 10.0 umol/L 4H
et B35 1] HepG2/ADM 4HA 45 , H% S HIET,
W FL R B4R TR A N R AR — RVIE T
AR MBI, ok AR5 % 2 PP T R 0
Fik, HA TS S R T R
fERM. Bel-2 S AAEMIAT: & 5 Bel-2. Bel-XL
PR AR I T2 1 Bax 55 22 P 5 4 M 3 T2 2 DIAH Q1Y)
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LR s TR, g b Bax B A BhLk
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FT- A, cai M R IR A ATEE R
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AN S ZH Rh, BB H S HepG2/
ADM 4l il % 24 i 245 14 (1) /E AL W] e 5 0 =
Bax/Bcl-2 {5 Sl B4 50, ARk, S5xt IRl
FIEE, A A 2.5.5.0.10.0 pmol/L 41 HepG2/ADM
4 B Bel-2 | A R IE KT B # K. cleaved
caspase-3 & I RKIAKFEE S m, HEHEMEK
P, POREEIIZE A il FRIME T EARIE. b
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VAT B A X, fikdE HepG2/ADM 4 & A= T
TF 75 22 B JAK/STAT 885 [ied i A R 2%
YIRS, FFTTRENIAIT IR I S O, kb
PRI IR AE 25 ATRTT I DL S Bt I Jed 22 245 it 245 240 1)
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JAK/STAT v&EHE, HiET & A #AH ¥, Choi 2
W R B 2 A @R IE STAT3 BG4l
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ffl p-JAK2. p-STAT3 & HFRIAKI- W& FG, HE
FIRAHCNE, R A TTRsE ] JAK2,
STAT3 b FiL, [HHS JAK/STAT @Gk, it
M55 HepG2/ADM 4 T2, RKIEHUMIREIE
gi LT, WMok A FTREE TS JAK2,
STAT3 W1k F Ik FHINT JAK/STAT JBER{5 S5 %,
TRPET-EARE, BEGETERARE, M
755 HepG2/ADM 4 LR T2, RIEDUMIRAIE .
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