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%A TFE#ESIENERRAE A549
B T HOHL IR 5T

RER', BEXR, ERA, AR’
(1. AHERAFEMEER TR AR, W BN 646000 ; 2. P EARMHE
RAMERX EER FHRANE, W # 610083)

WE . BYN #TEeF (GA) sk maifJE AS49 e e Y 2 ALh . ik ¥ AS49 wm
PR AU A 3t PR LA Fo R FLR B GA L, 5 A 46 F 7 3 R R B R FIR A GAREIR 6 ~ 48 ho ek L &35 MTT )
Al m R E Fy R X A I R T, SRR R R Z A B RS (qQRT-PCR ) M & Zm e F B ZUBR LB 1
(JAK1), 12543 A4 FGFR T 3 (STAT3), BB aMeE 2 B (Bel-2) A Bd-248% X &9 (Bax)
mRNA &k ; Western blot #- 28 #F Bcl-2, Bax. JAK1. STAT3. BEBAALESRBIMH 1 (p—JAKL ), BEERILAZ
SHFREFIHEERT 3 (p-STAT3) t9&RGRA, 4R 12 ~ 28pg/ml GA A A549 AR B AE, 5
TIRLAAIL, GA tLam i A B & AR (P <0.05), Sl =F 3w (P<0.05), 7L GA REME I, TR
K, Exbanfa ey £ RApH AR TFFAENZEER, RN, 5ABALE, GA AT Bax mRNA Z& G
ik B ¥ (P <0.05), p—JAK1, p—STAT3. Bcl-2 #% & & ik & Bcl-2 mRNA &k & #H AR (P <0.05);
H M GA R Egm, Hsbamfid Bax, Bcl-2. p—JAK1., p—STAT3 % & &k 69if ¥ B4 5%, {2t
Je ¥ JAK1, STAT3 mRNA R &G & XkRFALH @ (P>005), 56 GA ZRHE . B RIS F A549 48
AT, AR, R TEES b el JAKT, STAT3 #9BBLEE, #MmiAY Bax, Bd-2 #&

TR . RRTFER ; B mAeAE 5 AS40 e
FESES : R7342 XEAARIRED - A

Gallic acid induces apoptosis of non-small cell lung cancer A549
cells via JAK/STAT3 pathway

Ting-xiu Zhang', Li-jie Ma’, Xian-ming Fan', Zhen-liang Xiao'
(1. Department of Respiratory Diseases, the Affiliated Hospital of Southwest Medical University, Luzhou,
Sichuan 646000, China; 2. Department of Respiratory Diseases, Chengdu Military General Hospital,
Chengdu, Sichuan 610083, China)

Abstract: Objective To investigate the effect of gallic acid (GA) on proliferation and apoptosis of non-small
cell lung cancer A549 cells and the underlying mechanisms. Methods AS549 cells were randomly divided into a
normal control group and three GA groups. The normal control group was regularly cultured while the GA groups
were cultured with different concentrations of GA (12, 20 and 28 pg/ml) for 6-48 h, respectively. The viability of
AS549 cells was analyzed by MTT assay. Apoptosis induction was detected by flow cytometry. qRT-PCR was used
to examine the mRNA expressions of Bax, Bcl-2, JAK1 and STAT3. The protein expressions of Bcl-2, Bax, JAKI,
STAT3, p-JAK1 and p-STAT3 were determined by Western blot. Results The viability of the cells in the GA
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groups was significantly lower than that in the normal control group after 6-48 h culture (P < 0.05), additionally, the

percentages of the apoptotic cells in the GA groups were significantly higher than that in the control group after 24 h

(P < 0.05). Furthermore, the growth inhibitory effect and the apoptosis induction effect of GA became more and more

dramatic with the prolongation of incubation time and increase of GA concentration. It was also found that GA up-

regulated Bax mRNA and protein expressions and down-regulated Bcl-2, p-JAK1 and p-STAT3 protein expressions

as well as Bcl-2 mRNA level compared with the control group (P < 0.05), however, the mRNA or protein expressions
of JAK1 and STAT3 showed no significant differences (P > 0.05). Conclusions GA inhibits viability and induces
apoptosis of A549 cells in a dose- and time-dependent manner via blocking the phosphorylation of JAK1 and STAT3

followed by decreased Bcl-2 and increased Bax expressions.

Keywords: gallic acid; non-small cell lung cancer; A549 cell

i A R AR G A L R 2 —, R
BT RIS R MR b s E A, bk
fiili 5% ( non—small cell lung cancer, NSCLC ) 5 Bl e
1R 85% VAL, i e WLy M, B NSCLC
FARHLENE 2%, mICHRIAY k. HHT, NSCLC flik
RIS FBERAE TR 0T, 7. Iissr
5, BHUST —&STAL {0 NSCLC 5 AFAE AR RAE T
15%", HARZ & ANBEIMT 2 oyt sk i 2 mIVE T,
(] o X B ) 25 ) P AR T 2 B . R 2 I T AR R
SRPIIT, X ARBIRIVERIN, ZEBUIE Iy i & e gt
MAERE., BETHR (gallic acid, GA ) & ZHFHET
LR WA TP R R Z B E Y, TR
ik YU, PURTE . PUMRESE TR Z AR
RN ARk, HAUMEE R C A S . R
fs | T S R A 22 RS B A el 4 e A 3
HESE X NSCLC B9 FI B AL ARG R £/
ABESE HTE THRIT GA X NSCLC A549 2 it 4 7= 114
SO SCHAT RERY 3L, BT IRV HT T NSCLC
HRYTHRHE AT SERY IR .

1 RS

S RSEIEES
A549 4ifE ( RS AERHEABRA ), Tt
TH AN FARAF 3756 (RPMI 1640 ) K B (i (55
Hyclone A ] ), B %R 55 2 SR A4 s (32
Gibeo AT ), Annexinv—FITC/PT J&f T4 32k 771 &
MTT 41 i 354 B K 40 A B Pk A U0 & . 3 fb = &
G (R REERHEARA R ), B TR (4
B >98% ) ( gt AR A BR/A ] ), qRT-PCR
19 CNERERHERRAE YR A R AE] ), B —actin
WEIR TR S FR L 1 (p-JAK1) Pk (B HmE:
EVIRHCARA R ), BN 1 (JAKD), B kL
41 B JRE 2 B K (Bel-2 ), Bel-2 A 56 X 2 1 (Bax ).

1.1

BERRALAS 5 5 5 s N F 3 (p-STAT3) Hifk
SRR it F AL BEpRiC BT TG (R DU -84 R
BAWRAA), 1555 S 552G K F 3 (STAT3)
Ptk (£E Omnimabs AH] ), WEHTAES (FNEHE
BRHEARGRAT ), ZEACHRKE TR BRI (3£
[ Thermo A F] ), WAL (& Tecpar 247 ), 4=
H shEE ST 258 (SEE UVP A F] ).
1.2 ZHRELESE

A549 A S 10% fR4- 105 (100 w/ml HEER .
100 w g/ml 555 2 (1) RPMI 1640 K537 3T 5% — 44k
e, 37°C. WA RN ETR, B2 ~ 3 dHE
EDTA [ 0.25% JB8E ABHE L, %1 @ 24548, B
BRI T 50
1.3 MTT &l GA 3t A549 4 a8 58 9 22 M

K RPM 1640 5¢ 42 15 95 SR BE A549 4 i %%
2 1x10° 4 /ml, AL 200 w1 3EFT 96 fLbH, 24
AR K 2 70% B R BRI IR, BEML X R4S
ANFEHREE GA 4, GA HBALAAIIMA GA KR EEH
12, 20 F1 28 wg/ml (315 7 5L 200 w15 Xf B 45 AL
A 200 plseadisidt, BH 3R, 724 h
Jo, ZBRERREL, BEFLINA 90 w1 IEW R 10wl
MTT ¥, ARELIE5% 4 h 5 BBRIGFRR, BfLmAZ
FALEAR 110 w1, FEIK FAREYRE: 10 min, BEARUKS
I 492 nm &ALWSEEE (OD ), dIA7ER = (2544
OD fH / XHER4L OD {5 ) x 100%, VL ESEHEE 3 K.
1.4 XA A AT

VAL AS49 I E = 2% 10° 4> /ml, FEFIT 6
FLB, AL 2 ml, 3555 EAUMK RS 70% B 255k
Bk, BENLAT Rxt BRAE SORRIHREE GA 41, GA 414y
FIMA GA ZHE ] 12 ~ 28 pg/ml HIREFRIE 2 ml,
SR ANASER G FE R 2 ml, 1537 24 h Je A 40
4CTABERRERZ AT (PBS) VeV . B0, W
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Jfl, #ET 1 xBlinding Buffer i, JHR IR E 2=
2x10° 4> /ml, B 100w GHAEERIMA 5 w1 Annexin
V-FITC ¥&%], ZiRHOCIFE 10 min, FIIAS plPI
TR, ZEURECIET 5 min, 7 BV 220 ARG I 4
P T O

1.5 Western blot # il 48 A1 &1 JAK1, STAT3.
p—-JAK1, p-STAT3. Bax K Bcl-2 EAFKI%

WA TR 35 R 5 R TRMR B GA T 24 h J5 (1)
A549 i, Fee P RBGAR SRR E N, IS
BCA & il G T E R, # g s
AR 1 0 5 BIEA, 100°C/KE 10 min fH5E
HFEs e, YRR E mA AR, %5 B
W], SDS-PAGE #EMZHLIK, HLUKJG I R MIRAT 4R
L, 5% BEARTIR Sl AR v AR F 3 2 h, A —
PR 4 CF B R, B, VR, “PiMBRER
A Lh, PRI, ot & e, 4 A shEE K
1A HT RGN FLUK AR KRR 3
1.6 gRT-PCR #illZHAa+ JAK1. STAT3. Bax.
Bcl-2 mRNA ByF&Ri%

%5 T A549 40 Mo A [A] ke BE GA T Tt 24 h ),
Trizol 1 $ B4 41 40 i 5 RNA, F3% %% 5% &y ¢DNA,
L GAPDH i N 2, R Al qRT-PCR % il  JAK1,
STAT3 . Bax. Bcl-2 mRNA ikt . GAPDH 5|51
1E] : 5'-ACTTTGGTATCGTGGAAGGACTCAT-3', S
] : 5'-GTTTTTCTAGACGGCAGGTCAGG-3', STAT3
S1YIFFNIE : 5'-ACCAAGCGAGGACTGAGCATC-3',
B2l :5'-CAGCCAGACCCAGAAGGAGAA-3', JAK1 5]
YIRS IER : 5'-ACCAGGATGCGGATAAATAATG-3',
K ] : 5'-GTTTCCAAGGTAGCCAAGTATTT-3', Bax
SIYIFSNIER « 5'-TTTTGCTTCAGGGTTTCATCCA-3',
1 51 ¥ A 5'-TGCCACTCGGAAAAAGACCTC-3',
Bel-2 51 ¥ )7 %) 1E ] : 5'-ATCGCCCTGTGGATGACT
GA-3', JIf] : 5'-GAGACAGCCAGGAGAAATCAAAC-
3", FSERAIRE B (27°%) T SRR Rk,
1.7 Hit=FH*E

BRI MR SPSS 19.0 S 4k, iRk
B = brifEE (xxs) Fon, HIHTIESHRY, £
LHIRIREA IR LU BCHTA T I 25 5P MERG ey, 2R IR 3580 b e
SRR 2 2250, 2L IR0 LU R LSD— K6,
P <0.05 hEFA GRS

2 #R

GA ##) A549 ZRAfRYIL5E
SEEH T LUE R R . ARWREE GA T A549
YMfE 24 h J5, MTT LK D40 i 2E A2, 25 BUR,
12 ~ 28 wg/ml GA YEHH] 24 h Ji5, AHXTFXHHRZH, GA 4H
t AS49 20 i A A7 R 0 AR 2 (80.49£0.17) %,
(66.57+0.38) % F1 (51.81 £3.04) %, &J72250¥7, 2
SAGIT2EE L (P <0.05), #2758 GA BEAMH] A549 41
Muass, dE—2 PR, 12 weg/ml 45 20w g/ml
A28 wg/ml 4 HLHR, 2 1SD-+ K56, 2R A 4% 1T
B Y (1 =4.164 F1 6910, P =0.014 1 0.002); i
W] GA BB AS49 4 iU 58, HBEE GA Wk I3y
fn, X AS49 28 g A R S AR T g R (LR
1) Bb4h, Aak— M GA T At E Xt A549 41
R B, 44T AS40 4 28 wg/mlGA T T 6 ~
48 h, AR Eox, BEE T EPIER, AS549 4
HEAFRBWREAR, &I 200, 2RAGITFEX
(P<0.05), #F—LPM L, OhdH5 6 h 43, 6h
ZH A AR AR (1 =7.878, P =0.001); 6 h 45
24 h HILES, MIEAAFARTRE (1=5.329, P=0.006);
6 h 415 48 h 4 1L, 48 h 4Hrh g e gk—LF
% (1=7.630, P=0.002) (W3 2), &458%EMH, GA &
WREE . IR AR A549 Al A+ .

2.2 GAREREHES A549 HUAT

Y51 AS549 HIRIEH B IR . ORI GA T
24 h, WA YHMIAR Annexin V=FITC XX 4% 3% 46 0 44 fifd
AT (WE1A), g55ER, XA h
(8.06+0.48) %, 12 ~ 28 pg/m GA 4N TR
WH (9.77+0.11) %, (13.89+0.47) % FIl (20.56 +
0.51) %, 45 225001, 26 R A Gt L (F=118.689,
P =0.000), JE—LWPHEES, 12 wg/ml GA 415 % R

2.1

Fz1 AERE GA T AS49 dlifa 24 h f5

ZHEMMEFRILE (%, xzs)
415 AHAAFR
XFHRZH 100.00 = 0.00
12 pg/ml GA 21 80.49 +0.17
20 wg/ml GA 41 66.57 + 0.38
28 wg/ml GA 41 51.81+3.04
FAH 489.203
P1H 0.000
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&2 28upg/mlGA FHARMEESHBMEFELE

(%, xxs)
415 YA AERR
Oh#l 100.00 + 0.00
6h4l 64.45 +2.56
24h 4l 51.81 +3.04
48 h 4 48.50 + 1.85
FA4 94.809
P{H 0.000

s, RGBS (1 =-1.667, P=0.171);
20 we/ml GA 2 5 %F 08 41 bbd, 40 M I 1o R
fn (5.83+£0.45) % (t =-7.867, P =0.001); 28 pg/
ml GA 205 20 wg/ml GA £H HL o, 40 Mo I T S 88
(6.67+0.49) % (1=-9.150, P=0.001), 258K, GA
LU E UM S AS49 dEMIIH T, WIE 1B,
2.3 GA X & 4 4 B & JAK1. STAT3. Bax.
Bcl-2 mRNA FRiZkK-F R0

25T A549 AR IE R RS IR 12 ~ 28 pg/ml GA
T-1i 24 h J5, qRT-PCR £ I 4 jfd v JAK1, STAT3.
Bax. Bel-2 mRNA %3k, 458078, 12 pog/ml GA 415

10°

XTHELL . 28 pg/ml GA 4HEbES, Bl#E GA YREEHGN, GA
2 1 Bax mRNA Rk B Wi F 5 (¢ =-4.721 Fi1 -7.149,
P =0.002 1 0.000 ), Bel-2 mRNA ik B W% (¢ =
3.641 1 7.715, P =0.007 £10.000 ), {H %% 41 40 iy
JAK1 STAT3 mRNA £ikZ 5 TG X (F=1.012
F10.081, P =0.436 10.968 ). ULI& 2.
2.4 GA X} A549 flfh JAK1, STAT3. p-JAKi,
p—-STAT3 & Bax. Bcl-2 EAFRIEMFMN

iH i Western blot Kl AN [F]¥ B2 GA T 24 h Xf
A549 g4I JAKL . STAT3 M Hohma (b1 Pk =X A
T-HISCE A Bax., Bel-2 FEiKMs2m, #57 H A
Bl 505, BEE GAMREEMIEIN, 12 p g/ml GA
HEXTIRAL . 28w g/ml GA A FLHE, GA WRFEMRHI LR
R4 p-JAK1(t =2.978 1 8.212, P =0.041 F10.001 )
K Bel-2 £ H # 1k (¢ =7.520 F12.932, P =0.002 Al
0.043), H4J Bax F 1735 (1=-2.901 fl -4.647, P=
0.044 1 0.010 ) ; AN, 12 wg/ml GA 2 5 X} BB 40 [t
B, p-STAT3 ik ZEF G- E L (1=0.728, P =
0.507 ), {H20 weg/ml GA 415X R4, 28 wg/ml GA
ZH LA, p-STAT3 AR EHTREL (1 =6.907 Fi1 4.874,
P =0.002 1 0.008 ), WK 3. 4,

{o1 Q2 01 02
0.220% 7 0.223% -6:30:
10" | ’ A 10° | ’
10 10' 257 2)
B el
10° 20 10" | - s 204
L {oa® S ® | 104 : M 1)
10" 81 Y 3.87% 107 |89. 3.58% E 15 1 o
_ rrr - - i 1 T T =
Q-‘ 1 0 1 2 3 1 0 1 2 3 g
100 100 100 10" 10 100 100 100 10° 10 =
Sy lMl
% i . i
10° Q1 . 10 Q1 Q2 Q . .
0.213% % 0.419% 10 e
B k¥ ’ o | u )
: -. 102 § Ll
1 2 3 4
10
. WETFRRMSE / ((pwg/ml)
loﬂ .__.
G 016% B: GA BEVRIZHOBIES T A549 2T
10* "
10" 100 100 100 10’
A: Annexin V-FITC
1: XFME4H; 2: 12 we/ml GAZH; 3: 20 we/ml GA ZH; 4: 28 pg/ml GAZH. 1) SXIRLA L, P <0.05, 2) 520 pg/ml 4H LA,
P <0.05
1 FHAMREATE
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T T — T
1 2 3 4 2 4
1.2 -
=) ; T
-
z : s
= " ~ ey
~ n .: :.
ll ll
1 2 3 4 1 2 4
1o XFHEAL 2: 12 pg/ml GA4; 3: 20 pg/ml GA 4L 4: 28 wg/ml GA 4. 43 B4 T AS49 IARIEH Ki 73 K 12 ~ 28 pg/ml GAREFR 24 h 5,
qRT-PCR Kl AN[RIZL 0 STAT3 . JAKL, Bax. Bel-2 mRNA ik, 1) S5XTREAILEL, P<0.05; 2) 5 12 pg/ml GA 41HEE, P <0.05

E 2 &KEMIEFR STAT3. JAK1. Bax. Bcl-2 mRNA F&Rix

Bax . ‘ . 17 kD

2.5 + 5 -
2)
20 4 T
=
£ 15 - g
b o8 1)2)
a I
|
ER 3 s
05 . 1) e
e EE i
0 '
1 2 3 4 2 4
1. XHHRZ; 20 12 wog/ml GA 4H; 3: 20 we/ml GA 4H; 4: 28 we/ml GA 4. 1) S5XHRA LA, P<0.05, 2) 5 12 wg/ml GA 44,
P <0.05

3 AEIKE GA X A549 ZlfEH Bax.
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, G5 BRI SR/ DRI A549 4 MJE T RIHLEI DR

JAKI1 133 kD

|

T e e ey e

2.0 9

1.5 A

1.0 4 2)

p-JAK1/JAKL

0.5 A

0

1 2 3 4

o
iy
sraty — ‘ — -_- - 3+ kD
B
1.0 A
0.8 A o
o :
=
E : 1)
S 04 =
Iy 2)
0.2 A
1 2 3 4

1: XJHEZH; 2. 12 pg/ml GA 4H; 3: 20 we/ml GA #H; 4. 28 weg/ml GA 4, 1) SXFHRA L, P <0.05, 2) 43515 12, 20 wg/ml GA

AL, P<0.05

B4 ARERE GA X A549 4R JAKT, p-JAK1, STAT3. p-STAT3 EHFRIEHZM

3 itig
YIAET A 2 Fhikis, OWREREESET, BIIRAE ;
QAEFIPESET, BPIAT . AT R AT — e A
T A Bt SR YeE iR R, B shE R A
J R (B T IR A & R TS
T, MHMAMEEmMANE, WAETAEET .
JirEE B R FE AN S A I B B A AL S A O, S
YRR SR T A G, BRI, 5 R A R Tt
VFZPUMIE 258 EZAERMLE ™70 AR5 R A MTT
2 B A M A SR AN [V B GA T Hil A549 4 igAS
[EIEHRDX AS49 4UAEIGEE . JHT-M5em ., 25 Bon, R
F GA MR, T W RIAER, AS49 HHHLfFE
RBWIREAL, AT RZWHE I, H GA 5 A549 4l
FETE R AT R Z AR . BRI C R, 576
Ha e Y AR —2, DL SRR, GA i@
AS49 4o sE . S R T SC BT ME R, (AR
LA Rt — 25T

IR i kA R E . ZHLHS SR, W
KB — R YME5 8 A, 41 MAPK. PI3K/AKT/
mTOR . JAK/STAT3 Z5{5 530 8% . 7E GA HilhsgfE
FHRIAR GG, LIANG™ . HEY %2 ESE, GA it
T PI3K. MAPK %515 5 38 P& & 5 =AU /e A 5
EH AR GA TEME AN JAK/STAT3 {5518 i s 4
(A AH AR 2 8

JAK/STAT3 {551 s £ 2 JAK 25 B & R ik
it (JAK ) Jef5 556 3 55 R BTG A 3 (STAT3 ) 4L,
MR Z R S AR A AR 6 (11-6) H#
FAKET (EGFR) SF45G R, A2 (R Fs s R
JAK BiRAL, HETTRERA P STAT3 Bk, % STAT3
PARRE p-JAK 0 5 &4 R4k, JEA p-STAT3, &
J& SE R AR AAZ N T DG SE R ik, T4
YfTE . o3k, TTORE Y FEIEF M, STAT3
B EEEMROE, w4 STAT3 2 P19k
FREePhias , DARDE IR 4 A A= K L 388 i 4n
Mg ", BeAh, HAFE AL, NSCLC ZHfE Z ik
FEFE STAT3 MOUATE,  H G 20 234 1 AR T, &
I 55% 1) NSCLC A ZUhFA7E STAT3 s ™, %M
STAT3 BG5S NSCLC Bk EH O, Tl STAT3 (1)
YT T RELOT BRI AR rh STAT3 (S 558, Rifr £
BE PR IR ik

AT R qRT-PCR } Western blot He 0 2 B rp
STAT3 {5 538 A G SE R RN (A I ik . 45 R R,
B GA ¥ FE RN, AS49 4 JAK1, STAT3 A
FSR R AR AR L, 0 GA SRR
] STAT3 {55l JAK1 . STAT3 & (A OB 1L,
HET AP STAT3 {5538 # 0#0%, FIRPLRT-EE
Bel-2, EIAMEET- 8 1 Bax (3L 5L 5% LR KA,
AR SR T R, R AT
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PRSI M AR N SR S Y SR
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