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Study on the Effect and Its Mechanism of Bromophenylcurcumin on Apoptosis, Migration and Invasion of
Cholangiocarcinoma Cells

ZHAO Ji’ an', MA Yanrong’, NIE Wenjia’, DONG Liang’, LIU Wencong', GU Jingfeng' (1. Dept. of General
Surgery, the First Hospital of Hebei Medical University, Shijiazhuang 050013, China; 2. Dept. of Emergency,
the First Hospital of Hebei Medical University, Shijiazhuang 050013, China; 3. Dept. of Medical Service, the
First Hospital of Hebei Medical University, Shijiazhuang 050013, China; 4. Dept. of Ultrasonography, the First
Hospital of Hebei Medical University, Shijiazhuang 050013, China)

ABSTRACT OBJECTIVE: To study the effects of bromophenylcurcumin (GL63) on the apoptosis, migration and invasion of
human cholangiocarcinoma RBE cells, and to investigate its mechanism based on JAK/STAT signaling pathway. METHODS: MTT
assay was used to detect the effects of different concentrations of GL63 [0(blank control, similarly hereinafter), 1.25, 2.5, 5, 10,
20, 40 pmol/L] on the proliferation of RBE cells after 48 h treatment; the ICs; was calculated. The effects of different
concentrations of GL63 (0, 5, 10, 20 pmol/L) on colony formation were detected by crystal violet staining after 48 h treatment.
Flow cytometry, Hoechst 33342 staining, cell scratch test and Transwell chamber invasion test were used to detect the effects of
different concentrations of GL63 (0, 5, 10, 20 umol/L) on cell cycle distribution, apoptosis, migration and invasion ability after
24 h treatment. Western blotting assay was adopted to detect the effects of different concentration of GL63 (0, 5, 10, 20 pmol/L)
on the expression of JAK2/STAT3 signal pathway associated proteins. RESULTS: The proliferation inhibition rates of RBE cells in
different concentrations of GL63 groups (1.25-40 umol/L) were significantly increased, compared with blank control group (P<<

A SERIE AL B Rl UP R 5 F (No.20190485)

* R AR, A BESE 5 1) R R A S I R . R - 0311-
85917439, E-mail:zhaoji-an-88@163.com

#OAG R B AT BRI, WA S0, . R Il R
SERE. I 0311-85917092, E-mail: 530309776@qq.com

TEZES 2021 4 328 4 1

0.01) , and showed a dose-dependent trend, with ICs of
(8.46 + 1.30) pmol/L. Compared with blank control group,
of RBE cell
significantly decreased in different concentrations (5, 10, 20
pumol/L) of GL63 groups (P<<0.01). The percentage of RBE

inhibition rates colony formation were
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cells at Go/G, phase increased significantly, while that at S phase decreased significantly (P<<0.01). The apoptotic rate increased
significantly (P<<0.01), and the nucleus showed dense pyknosis and apoptotic bodies. The rate of cell migration and healing was
significantly decreased (P<<0.01), and the number of invasive cells through basement membrane was significantly decreased (P<<
0.01). The protein expression of p-JAK2, p-STAT3, Bcl-2, MMP-2, MMP-9, Pro-caspase-9 and Pro-caspase-3 were
down-regulated significantly while the expression of Bax, Cyt-c, Cleaved-caspase-9 and Cleaved-caspase-3 were up-regulated
significantly (P<<0.01). CONCLUSIONS: GL63 may inhibit the proliferation, migration and invasion of RBE cells and promote its
apoptosis by inhibiting JAK2/STAT3 signal pathway.

KEYWORDS  Bromophenylcurcumin; Cholangiocarcinoma; RBE cell; JAKZ2/STAT3 signal pathway; Migration; Invasion;

Apoptosis
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T 55 A I 0 & AR AR DR TR, AR TR A )
IRAMIF 5T EE GL63 AE T A H A 96 20 I 5% 240 Ji 9
T2 GERB AR ZEA T M2, [R) i) i 2 JAK2/STAT3 5 %
0 % e A DG 2R PR 2R AT REAIL AR, LASDI A AR A9 1436
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sion 23 F] 5 0.25 % I 7 B0 A YHARAT PR Al
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B AL T R TAR AR o R R 502 0 20 i 1T 355 3 L
J 1x10°4~/mL, #% 100 pL/FLEEFI T 96 FLAR H , BT 1557
FAHPURSERT IR 12 hFR AN RE J5 | 35 A RE R IE . KA
SIS B & A AR BE GLE3[ 24k ¥ Ry 0( %8
X AR, R IH]) (1.25.2.5.5,10,20,40 umol/L; 7| #3 4i%
SCHK[3 — 5] S A% AR 2 iy 490 703X 245 2R 14 & 1) RPMIT
1640 55375 (55 0.19% —FHILWAN) , AR BE3 M fL. B
7% 48 hJi , BFLIMA MTT i (5 mg/mL )20 pL, kEG4%
ZL3ER 4 he BEFRERIE R T 450 nm K T
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W25 FL 1 658 B (OD ) (B335 40 i 334 410 ) o6 . 448
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LYK , B 5 % % % PVDF B L 5 FH 5% BAg 4= 053t A1 )
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MMP-2, MMP-9, Cyt-c, Pro-caspase-9, Cleaved-cas-
pase-9 ., Pro-caspase-3 , Cleaved-caspase-3 #1 GAPDH —3
(FRREEESA A 1:1000) ,4 CTFEE 4 ; LA TBST £
TRUEIE A — T (RN 1:500) , = FIFH 2 h; LA
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B A% 53 W FR e RAE R . SR Image J 5.0 #4443 #t
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2.7 FitFEFIE
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IEI-3'8
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Bl 25 )Tk B v T R T R A R LI 1, &80t
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(5.10.20 pmol/L ) 4 i 45 5 %% B 3543 B/, JLAE VK
T 1) 2 4% 5y (64.88 + 3.45)% . (34.70 + 2.57)% .
(15.10 £ 1.78) % , #: 25 11 %F B 40 (100% ) ¥4 f. 2 [ A%
(P<<0.01), HA Bl 250k B Tt v 1 120 i I ) R
TEILE 2,

100 - wx
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80
70 t
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50 F
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20 | *%
10k *k

0

BEFHANHIE, %

0 14‘25 2‘.5 l5 1‘0 2‘0 4‘:0
GL63V& . , pmol/L
TE: 528 O IR A, P<<0.01
Note: vs. blank control group, **P<<0.01
1 ARERE GL63 3t RBE 4 Mt 50 H = i 50
Fig 1 Effects of different concentrations of GL63 on
inhibition rate of RBE cell proliferation

A2 IR R B. 5 umol/L GL63 4]

C. 10 pmol/L GL6341 D. 20 umol/L GL63 41
B2 AERE GL63X RBE 4R EE KB I 2200
Fig 2 Effects of different concentrations of GL63 on
colony formation of RBE cells

3.3 GL63 %} RBE 2 A E #A R 220

IR BN, 525 IR B He g, AN TRV B GL63 4
(5.10.20 umol/L) Go/G A2t JfL 7 L1 45 Jb 25 T i, S W4t
J o5 F 3 B R (P<<0.01) , ELYIA Bl % 245 W ik i T}
o I o /TR O 8 P A TR DL IR 3 R 1
3.4 GL63X} RBE HAET-AI 2200

T2 B AT I 25 R o | 528 O BR L, R
[ B GL63 4H1(5.10.20 pumol/L) i i 1= 334 g & T+
1 (P<<0.01) , HA Bl & 2590k B T g i (0 a3, 1
4.3 1,

Hoechst 33342 YLtk g R w25 I BRAL 4 A%
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Fig 3 Flow cytometries of the effects of different con-

centrations of GL63 on the distribution of RBE

cell cycle

*®1 AEKEGL63%I RBE A AT RN
M (x+s,n=3,%)
Tab 1 Effects of different concentrations of GL63 on
cell cycle distribution and apoptosis rate of
RBE cells(x+s,n=3,% )

RIS e
Gy/GH s4 GMB TABIEA Hoechst 33342 02k

AN A 58109 4451+107 20915071 1324030 3354094
5 wmol/LGLEYA 40791357 3619+ 1427 23024153 92040707 152242.56"
10 pmol/L GLO3#] 5126+045°" 2645+1.05° 22294127 2842+440°  3437+487°
20 pmol/L GLE34L 68.69+0.85° 143610.60°* 1695£0.79 6455660 61741660

e Has IR g, ** P<<0.01

Note: vs. blank control group, **P<<0.01
S PLVREOS ST IR B 1 0O, dH MR e B H g a3y
5], ANEVEE GL63 2H (5.10.,20 umol/L )4 1] Ui 35 25 1k
LR T AR, 2 I A% G 0 0T [ A TR AR R i
DGR EEHE R A S By SRR TR, F 0] WA T/
A HLH T R s o R 2 T (P<<0.01), HAT
Bl 250k FE T s R A TR ILIE 5 KR 1
3.5 GL63%% RBE AT =& 1=

KR SEE0 45 R W, 525 PO BT LA, AN Rk

GL634H(5.10.20 pmol/L ) At Aty ) i BRI 125 16 4k
EBAAFDEHIR(P<0.01), HAKEE 259k T
FRARAYREH, TEILIE 6 .2 2, Transwell NEAZZESLEG2E
R, 5 I R 8, ANl EE GL63 41(5.10.,20
pmol/L) ZF 1 FEIC AL A 222 4N i B30 it 3k (P<<0.01) ,
HARE 250k B R s e R LI 7 2R 2,
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Fig 4 Flow cytometries of the effects of different con-

& 4

centrations of GL63 on the apoptosis of RBE
cells
3.6 GL63 %I RBE 40 il h JAK2/STATS {5 5 18 2% B &8
BXEBRENRIT
R EoR, 55 XA T, AN )R GL63 4
(5.10,20 pmol/L) 4 ffg ' p-JAK2 . p-STAT3 . Bel-2
MMP-2 , MMP-9 , Pro-caspase-9 , Pro-caspase-3 £ [ 32 15
TR i & A, Bax . Cyt-c . Cleaved-caspase-9 , Cleaved-
caspase-3 1 [1 R kK 2 2 7H = (P<<0.01) , HI AT
W5 2 e 2 T ve T R ARG T v RS 35 JAK 2 STATS £
FI 2R K K- 12 45 L 2 1) 22 S B e 3t 8 (P>
0.05), FEULKI 8 1819 .33 % 4.
4 g
PRI TE RIS , 22 B AE AN AT BEL T FIEL 200 L A% r) 20
BRI, i A s A P, T BT A B 5 A

A2 IR R B. 5 umol/L GL63 21

D. 20 pmol/L GL63 41

Bl5 R[EiRE GL63%t RBE MALA T F AR KL
E#E (Hoechst 33342 & , x200)

Fig 5 Fluorescence staining micrographs of the ef-

C. 10 umol/L GL63 4

fects of different concentrations of GL63 on
the apoptosis of RBE cells (Hoechst 33342 stai-
ning, x200)

=0, H T AR E N 32 B, R A e
T T o L A P O T - RS 4y, BT IR A R T 22 B
EI RSP GL63, AN (1E,4E)-1, 5- XL (2-1RAFSE)
-1, 4- 05 -3-T" . BF5ER W], GL63 ANMUAEIARSN A
i A AR P AN IR TG, 1T ELAE R AR B L2
BRI 322 A A IR RY], GL63 XA
JH-i HepG2 240 i 1 S W 958 CNE2 240 i 9 7 P A 2
BEF P9 J5 I i 35 A T 5 5 1Y) 4 4 5 T L
GL63 1228 AR5 IR H AR T, X 2B GL63
WA R EEE, 5REREM N, AR,
GL63 41 A R4 RBE 4l i 78 FAE v T i B 1A
Wi 5 24 ) Vi B T i T 1 58 174 85 345 GL63 41 il RBE 4

Jif 384 B 14 1Cs0 by (8.46 £ 1.30) pmol/L, 5 32 # & ICs

A2 IR B. 5 umol/L GL63 41

6 7[R E GL63 %t RBE 4HAfE
Micrographs of the effects of different concentrations of GL63 on the migration of RBE cells (scratch test,

Fig 6
x200)

TEZES 2021 4 328 4 1

/Ih ----

C. 10 pmol/L GL63 4 D. 20 umol/L GL63 41

MY 2R E (RIRSEEE , x200)

China Pharmacy 2021 Vol 32 No. 4 - 471 -



#2 AREREGL63% RBE IR A RNELRHE
R (x+s,n=3)
Tab 2 Effects of different concentrations of GL63 on
migration and healing rate of RBE cells and
number of invasive cells(x *s,n=3)

45 THARE, % 2R
Z FN R 76304643 1666+127
5 wmol/L GLE3 4L 4738+491" 937+£91°
10 pmol/L GLE3 4 3441340 60563
20 pmol/L GL634 20364243 317£28°

T 928 IO IR P, P<<0.01
Note: vs. blank control group, **P<<0.01

AZE IR R B. 5 umol/L GL63 £

C. 10 pmol/L GL63 41

B 7 FEiRE GL63 X RBE 4=

(Transwell/NE{RZ LG, x100)

Fig 7 Micrographs of the effects of different concen-

trations of GLG3 on the invasion of RBE cells
(Transwell chamber invasion test, x100)

(21.5 pmol/L)"AH FL B B FEAIR . iXSbgs R, W R
A4k &9 GL63 A BB I & A R 24 s Bl b i

21 it 5] 3R 455 e AR 25 A8 T 2 ek R 4 5 27 340
il B = BERRAE™ . A SE R B, A L IR He A, Bl
% GL63 VEFHHE iY9 TH i , RBE 40 7E Go/G Y 5 L
FT G S B AT s 40 A Y € SR R [ 4 e
A5 RS T OO LR B SE H ORI ST ML T B
YA T L E T . X —AHIESE T GL63 Al
il RBE 4 i () 34 58 .

JAK2/STAT3 5538 [ A0 5 I 14 e A g ik
TR A, ELRE AL U e A B o o) ELOR T, mT O
WG K AR AR BRI RE VAR AR RS AP T
(Bel-x1.Bel-2) 2 T2 11 (Bax) R R4 Jo T3k A2 40
4 (Cyt-c .Caspase-3 .Caspase-9)™, FE AT, JIG
() JAK 2/STAT 3 {55 53 i L 9k |12 B iy A2 M
PR RL >R, AFSY SE T JAK2/STAT3 15 -3 [
Jiga AH G B 112685 1 GL63 % A JIH 95 RBE 4 M i i
YER, FFIESE GL63 Al A 25 il JAK2 1 STAT3 & [ 13
b CEPBEmR AL ) , AT 0 ) 200 e 33 5 3175 S A L 0 5 [

D. 20 pmol/L GL63 41
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130 kDa

p-STAT |. - L

Bel-2 26 kDa

22 kDa

MMP-9 78 kDa

25 % R

5 umol/L
GL6341

8 A[E K E GL63 Xt RBE £H it ff JAK2  p-JAK2,
STAT3 ,p-STAT3 ,Bcl-2 . Bax MMP-2 MMP-9 &
B Rk MY ik

Fig 8 Electrophoretogram of the effects of different

10 pmol/L

20 pmol/L
GL63 4

GL63 41

concentrations of GL63 on the protein expres-
sion of JAK2, p-JAK2, STAT3, p-STATS3,
Bcel-2, Bax, MMP-2 and MMP-9 in RBE cells

G | = — — - 15 kDa

Pro-caspase-9 ”'— _ 45 kDa

Cleaved-caspase-9

G R e (07D

Pro-caspase-3 - - A s 2 kDo

T — — — | 17 kDa

5 pmol/L 10 pmol/L 20 pmol/L
GL634 GL634 GL6341

Cleaved-caspase-3

B9 A[ERE GL63 Xt RBE 4l g H Cyt-c . Pro-cas-
pase-9. Cleaved-caspase-9 . Pro-caspase-3. Cleaved-
caspase-3 & B FRiL NI i BB ik B

Fig 9 Electrophoretogram of the effects of different

concentrations of GL63 on the protein expres-
sion of Cyt-c, Pro-caspase-9, Cleaved-caspase-9,
Pro-caspase-3 and Cleaved-caspase-3 in RBE cells
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%3 A ERE GL63 X RBE 4At th JAK2 . p-JAK2 . STAT3 ,p-STAT3 . Bcl-2 . Bax . MMP-2 MMP-9 & 5 & ik 7k F

M (x+s,n=3)

Tab 3 Effects of different concentrations of GL63 on the protein expression of JAK2, p-JAK2, STAT3,
p-STAT3, Bcel-2, Bax, MMP-2 and MMP-9 in RBE cells(xts,n=3)

415 JAK2/GAPDH p-JAK2/GAPDH STAT3/GAPDH p-STAT3/GAPDH Bcl-2/GAPDH Bax/GAPDH MMP-2/GAPDH ~ MMP-9/GAPDH
7S FIXT R 1.09£0.02 124£0.19 0.90£0.01 121£0.25 0.64£0.04 0.21£0.05 1222028 0.50+0.08

5 pmol/L GLO3 41 1.09£0.01 0.65£0.17° 0.90£0.01 0.84£0.26" 046+0.08" 0.3410.05™" 0645017 0.23£0.05"

10 pmol/L GL634 1.09£0.01 045£0.14™ 090£0.02 048£024™ 03520097 045+0.047 049£0.08""  0.19£0.02

20 pmol/L GLO3 4 1.09£0.01 0.08£0.04 091£0.01 0.17£0.03"" 0.18£0.03" 0.52+0.05™" 025£002°"  0.17£0.00

T 52 X IR g, < P<<0.01
Note: vs. blank control group, ™ *P<<0.01
R4 A[ERE GL63 3 RBE 4 fl 1 Cyt-c. Pro-cas-
pase-9. Cleaved-caspase-9., Pro-caspase-3. Cleaved-
caspase-3 E B RIZKFEHZIN(x£s,n=3)

Tab 4 Effects of different concentrations of GL63 on
the protein expression of Cyt-c, Pro-caspase-9,
Cleaved-caspase-9, Pro-caspase-3 and Cleaved-
caspase-3 in RBE cells (x+s,n=3)

w3 Cyt-c/GAPDH Pro-caspase-9/  Cleaved-caspase-9/ Pro-caspase-3/ Cleaved-caspase-3/

GAPDH GAPDH GAPDH GAPDH
IR 0265007 0931007  0.19£004  110£026  0.11£0.03
5 wmol/LGLEY 0354005 074007 029£004°  080+008""  023+0.04"
10 pmol/L GLE34L  044£006™  056+006™ 038006  051£009""  028+0.06™
20 pmol/L GLE3EL  082+007  037+007  045+006™ 0412006  041+003"

52 X IR A, " P<<0.01
Note: vs. blank control group, **P<<0.01

AR, GL63 %) RBE 4 it i34 5 HLAT Sl VE A JEATL 6
A RE S 3 3] JAK 2/STAT3 {5 5 & A G219 o

Ik TR R A i s 2 1) D DR 2 S R A L ke A AR
ZETE A5 RS | Bir LAREAR IR AS S8 40 MR 3 7% IR 2818
TR HAL AL A 3 TF-Br . MMP 82 I RERS 7E it
T8 21 42 28 3 R rP B DR 2H 27 57 e 240 i 470 35 I ) 2 1 7Y
VI, MMP-2 Fil MMP-9 & 35 7K S (1) T 5 42 7 il 41
Mtz 28 5e 7 3558, D A i MMP 28 119 2R 88
VO 815 96 i 2 % 1) BB 0 AR 3 e ) R S
B85 1 Transwell /NEAZ 28525 & B, GL63 1] LAA R b il
il RBE 4 iER AR 28 . 5725 P BRAT LA, Tl ik
£ GL63 Zb ¥ J5 , RBE 4 Jifd  MMP-2 Fil MMP-9 4 [ )
FIRAKT-I4 i 2 RAIC, LA B 25 A v i R AT 1)
#F X PE/R GL63 A BEiE o #1) i MMP-2 F1 MMP-9 [
Fek T RBE ZH M AT RS AR 28

CA IR R, A F 25 % JAK2/STAT3 {5 5 %
B4 R T RT3 o TR R A iR AR 0 S i R T
Bel-2 25 1 23 % 2 40 I 8 1 0 9 v 5 T B R 3 IR 22
—  FEZORRA T B P TR R T3 e AR
FH , HAD 5 3008 T8 19 Bel-2 A5 S 08 -5 11 Bax 4
R PR AR 72 R 7E Bel-2 8 1 KR A
RERR S AL O = i1 R WL b SRS %
A H 1) Bel-2 F Bax B, 48 b7 44 (1% 15 38 378 14 5 & 2E AR
A0 B, 2R A Hh ) Cyt-c R 1 B ik 2 40 e 5 v, F
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T /2 8 Caspase-9 Fll Caspase-3 ¥ 1 1Ml 4% b M i MR S

(Cleaved-caspases) , g & FEAN AP T, LA i

OIS A AE T R bR R T Caspase-9 /- R T 5 555 5,

TG 19 Caspase-9 JUE V) H AT # Caspase-3, AR5 16 1L

) Caspase-3 2 R fiff 28 W R IR 1T AZ W 58 5 Tl , 1k i 5

HAME R T AP RN, GL63 A AT IR IR RBE

N JAK2 71 STAT3 8 FHABEFR LK, 5 % Bel-2 5 H

FIR TP AI Bax 2 1 3R35 R RIS, GL63 BEFt i Cyt-c

22 KK, i Pro-caspase-9 Al Pro-caspase-3 2 [1 £ iA T

I . Cleaved-caspase-9 Fll Cleaved-caspase-3 £ [1 % ik |-

VA, $& 78 Caspase-9 Fll Caspase-3 # i i o X L UE AH ,

GL63 AT [a] I i i ek AT 1 N Pk i 420K 1755 RBE

MM AT,
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