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i E HM KR ETNRLE(CSL) M Rmmaa 5 #rn, J7ik KA AAHE B (Len) #1325 AN/ 40 2 Huh7/Len, 5~ A
xt B84, CSLAK . F . & 20 (1.2.5.5 wmol/L) , CSL &3 Z +7Zn27[ 46 % 5E:4 B (FAK ) it 7& #1128 (5 wmol/L CSL+2 nmol/L Zn27),
BE FE AN I, Am dm g 7 (AR ) Fe U Re A VA TR AR S A E AR i R (ROS) KT Ae B ER AL
FAK (p-FAK) BB AL 22 2L RS & 3L 85 B (p-MEK) B B2 AL I 91MZ 598 3 338 (p-ERK) \B @0 ALtk &% 2(Bcl-2) \Bel-2 48 %
X% ¥ (Bax) K& & B 3(caspase-3) & & ik, G5R SafmBAnrbii, CSLAK P | Sk 40 s ML e RO B b3k A3 2 3 T 4%
i Fe p-FAK ,p-MEK \.p-ERK ,Bcl-2 & & A8 3¢ & 38 239 B & BAK, 0 J ) = & \ROS /K -F#= Bax ,caspase-3 & & #93+ & ik 34 2 &4
&, B 2R EAR B (P<0.05) 55 CSL &R E 484, CSL F R BE+Zn27 40 4m o o LR $5 47 AL B %4 4 (P<0.05), £ig
CSL #8383 AL ik, ALk 2m B 08 o=, 497 h) AT S 20 B T b 0 J A Al 7T ot 25 1 | LU =T A8 55 4774 FAK/MEK/ERK AZ 538 88 4 X
XgR TR E AT FAK/MEK/ERK 42 538 %5 Bobk ot & it 25 14

Effects of celastrol on drug resistance of liver cancer cells through FAK/MEK/ERK signaling pathway

LUO Xiaoming', ZENG Xianmin', CAI Liangren', ZHENG Xin’ (1. Dept. of Hepatobiliary Pancreatic Surgery,
Hubei Third People’ s Hospital, Wuhan 430033, China; 2. Dept. of General Surgery, Wuhan Third Hospital,
Wuhan 430060, China)

ABSTRACT OBJECTIVE To investigate the effects of celastrol (CSL) on drug resistance of liver cancer cells. METHODS
Human liver cancer lenvatinib (Len)-resistant cells Huh7/Len were constructed and divided into control group, CSL low-, medium-
and high-concentration groups (1, 2.5, 5 wmol/L), and CSL high-concentration+Zn27 [focal adhesion kinase (FAK) inhibitor]
group (5 pmol/L CSL+2 nmol/L Zn27) , with 6 holes in each group. The proliferation (by absorbance) and cloning ability,
apoptotic rate, the number of invasion cells and migration cells, the level of reactive oxygen species (ROS) as well as the protein
expressions of phosphorylated FAK (p-FAK) , phosphorylated mitogen-activated protein kinase kinase (p-MEK) , phosphorylated
extracellular signal-regulated kinase (p-ERK), B-cell lymphoma-2 (Bcl-2), Bcl-2 associated X protein (Bax) and caspase-3 were
detected. RESULTS Compared with control group, cell absorbance, clone count, invasion count and migration count , and the
protein expressions of p-FAK, p-MEK, p-ERK and Bcl-2 were significantly reduced in the CSL low- , medium- , high-
concentration groups; the apoptosis rate, ROS level, and protein expressions of Bax and caspase-3 were significantly increased, in
a concentration-dependent manner (P<<0.05). Compared with CSL high-concentration group, the changes of above indexes were all
reversed significantly in CSL high-concentration+Zn27 group (P<<0.05). CONCLUSIONS CSL can enhance oxidative stress,
promote cell apoptosis, inhibit malignant progression and chemotherapy resistance of liver cancer cells, and its mechanism may be
related to the inhibition of the FAK/MEK/ERK signaling pathway.

KEYWORDS celastrol; liver cancer; FAK/MEK/ERK kinase pathway; malignant progression; drug resistance
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PR IR IEREEVER , el i 5 5 LC I ik 55 2
A o 9 20 if A= B3 P 4 (reactive oxygen species, ROS)
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oEH A KY, 22 2% A6 3 E B0 TS (mitogen-
activated protein kinase kinase , MEK )/M84Mz 5117 it
(extracellular signal-regulated kinase, ERK) # 41 5 41 Jity
P B AR A 5 S48 T, DARa L R R 1k 20 i S 30
A REFANEIE T, S SRR R ARG,
FAK \MEK/ERK F A7 XA il Fp [ 1 F 4 i ek fig
AT RICA ] i TeE 24 A3 B, A e A L T, R R
Jed VA M PR AE Y. e, AR B9 2 T FAK/MEK/
ERK {5538 %85 1 CSL Xt LC 4 A i 25 P ) 52 i, LA
WIh LC iRy it =2

1
L1 EEMUH

WS T AL AL FE Apogee ABO U i =LA g
X .FLUOstar OPTIMA Jiff 54 ()~ M 2R} 5t 2 B A7 B
/3 H)) s Corning"Axygen " BE I A% 52 58 (I35 i 57
FR 2N F]) 5 Mini Spin % 5.0 #/1 (72 & Eppendorf 24 F] ) ;
XPR204S/AC B H, 1 FAF- [ Mg i) -6 2 (5 s 52 5 ( |
V) A5 BRZA 115 1X 73 B i B ( H AR Olympus 23 7)) 45
1.2 EFEHmEIRF

CSL (#t5 jesj01830, 4li i =98%) . DMEM 5 53 3k
(4it+ 0D20230627) . &tk JE (lenvatinib, Len) (L5
N77227, 2 fBE =99%) . MTT 48 g 1 58 i 7] & (4t 5
A78381) .BCA & (L5 A80223) #4Iy F il ML 4lisL
b A FR 2N Al 5 FAK 38036 577 ZINC40099027 (Zn27) (it 5
464101) W F iR L EFERM B A BR A | B 1V
(Annexin V)- 58 SR <G R (FITC)/BUAL A IE (P1) X
& (L5 997103) W FVL 958 2 4% AL W B A FRA FD
ROS {7 & (L5 20231226) W F g S A4 T2 A
PR Al 5 e IR B2 1k FAK (phosphorylated FAK, p-FAK) |
B 4 itk E49%8 2 (B-cell lymphoma-2, Bel-2) \Bel-2 #H5¢ X
# M (Bcl-2 associated X protein, Bax) . # iX {t MEK
(phosphorylated MEK, p-MEK) . # 2 1t ERK (phos-
phorylated ERK,, p-ERK) | it X & 1 i 3 (caspase-3) |
TH1 S -3- W% iR A & 1§ (glyceraldehyde-3-phosphate dehy-
drogenase, GAPDH) 4 & ( #lt %5 43 J| 2 ab81298,
ab194583 , ab263897 . ab4750 ., ab201015 ., ab13847 , ab9485)
FILEHL S 1gG —HT (35 ab97080) 1y T3 [ Abcam
ZNEIS
1.3 4HAa

A LC 4k Huh7 (525 CL-0120) ) F a2l i% 25 3%
YR A R A
2 FHik
2.1 ZHREEESR

W% 75 52 95 J5 1Y Huh7 44 it , Ffl DMEM 85 557 3% 1
37 °C 5% CO s i iR % , OSSR KD ) Huh7 48
JL 58 AL AR RIS 22525
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2.2 THZhZEBERIaE

B 0T BCHE A% Huh7 40, 5% 1.24 wmol/L Len
35 IR LA TR IR, B H 4 — R A 2y 15 97 3 5 FR A e
W RERe B A K (Zy 2~3 8D & , AR N2 A 15 2 2 15 7%
3~5 dFFURIEAR SRS B N Len Ve T 2 T iRHRAE,
BEURIEN 0.4 wmol/L, ¥4 i 22 ¥k, Fe 8557 120 d, | & 45
FI7F 5 10.4 wmol/L Len A 1% 375 s A K (W Tt 24 41
J#k Huh7/Len™,
2.3 RSB S5%H

# Huh7/Len 4053 Jy Xf B4, CSLAK P Rk 4
(1.2.5.5 wmol/L CSL)™, CSL =k FF+Zn27 £H (5 pmol/L
CSL+2 nmol/L Zn27)", HHH ¥ E 6 2 fL.
2.4 YHREIETERE ER

O %04 K %) Huh7/Len 20, 4% “2.37 0 K )74
Syl %k REZH A 52 4 85 3 CT [6)) o Bl 40 B kA
LA A5 A 40 L P 5 A 2859 B R T ) ) il i 240 i
B, LA LX10° AL P 2 96 FLAR H , A54L 200 L, 43
SRR 24,48 .72 h, BEFREHS BEALINA MTT %
W20 pL, 4EEE 557 4 h, 3 LIE W, A LK 150
pL, FHEEFR AT 490 nm P AN I 2 WG . W B
K, FORIE AR 2 | P2 20 i A b b . SO0 R
23K,
2.5 HBEFERE I EER

W B “2.47 30 R 434 150 24 h B 20 0, A 40
W, LA 700 A/FLEERN 2 6 FLA T, FRLEE 3% 10 d, 1) 45
B 3 dHe— IR FR I . FORETE S (LASE 74 40 i St i
50 MERA R e ) , IR EE 2% ph il Ve, LA 4% R H
T 1 0. 1% 25 it 5% 11 5 G 0, il 2o S G B 41 HEO 2%, &2
TH5 2L A e R
2.6 ARAT &N

W B “2.47 5 R 3 2H T 10 24 b6 40 9, )k 4 i
W, LA TX10AAFLIERD 2 6 LR, FR ARG BE S | I
P Ab I I BE 2= 25048 P, LA Binding Buffer %5 300
pL FE, FEIIA Annexin V-FITC 5 pL #6444 15 min,
JIAPL 5 WL 442 5 min, 38 2 3 240 iS00 e 20 A o 1
IR T- % (%) =47 L4 BR[(Annexin V-FITC)"/PI']
TR+ 4 4 BR[(Annexin V-FITC)/PI” [ T-%, 52
WA 3
2.7 HERZERENER

WA “2.47 3R 434 T 150 24 h B 20 0, i A 40
W, VR LS Ry 1 X 10°/mL, B 200 L il A Transwell
INE B 2XI0AAL) 5 FENIA R 10% G4 35 155
FEHET50 pL; REKFRERME S MG — 2 I . H RS
7% 24 h, WA ZE A0 I, Pk A S T 4% R I [ 2 30
min, £ 0.1% 25§48 G4 5 15 min, 76 B T, BEALE
BB A A0 U 5% 2 40 0 38 1f Tmage T 3RS0 T4

REEHL
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2.8 HpmiTREaE 2R

SEYG IR IR 2. 77 I BN AL L R, e T A AT
2.9 ZHAETH ROS 7K F4& i)

W “2.47 TR 4341 150 24 h A 40 L, 1 Al 40 R
W, LA LX10°AN/FLIERD 2 6 FLAR T, R 40BN B T, P I
it 1 Fb I WSO 15 77 R, 4 BRI & 1 A B 4524, FH b
AT 450 nm A AN R WGBS SE R S AR R 4R LR
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2.10 AR FAK/MEK/ERK 5 S @B M ATHEE
B

SR E B R AG I o Wi B “2.47 T 434 i 24
h B 40 B R R, D 1 X 10PN /AL 3 RR & 6 FL AR
o T AN BE IS, FH I A I W SE 4 Y, RIPA W
Z46# 15 min, R H BCA N B & i, VR .
BUAR M J5 9 B A RE s e, LK RS, FH 5% MR 4
Wh3tEA 2 h, A p-FAK (R B L 1:1 000) . p-MEK (i
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FE L5 1: 500) . GAPDH (i B L 51] 1: 2 500) HL 4, T
4 °CHF R IR0 s VR, A —Ht (R BELL 5] 1:5 000) , il
W% 1 hs HHECL W AT AL J5 , A FHBERE 2R 48 A%, i i
Image J 4534, L H B8 15 W2 (GAPDH) 1Y 454
JREEAA AT B 8 A AR 3R A o
211 FitFEFHE

K SPSS 26.00 FAFHAT 4011, B x + s R,
Z2 20 W) LR B IR 28 5 25 00 A, itF— 20 P T Lok
SNK-g k%, Rr3a7K#fE =0.05,
3 &R
3.1 CSLXI¢HAaigsE epEae KRBT ENF N
50 RAH b, CSLAI L v e R 32 2H A L 35 5% 24

I e

AT B. CSLAILVR 40

48 .72 h B RE FNES 37 10 d A4 ST RN B AR, 40
JiL R T AR 2 T (P<<0.05) , HLAS MR FEMR I (P<
0.05) ;15 CSL ik B 41 A, CSL i ¥k B +Zn27 21 4 it
Bi % 24 .48 .72 h AW BE A 37 10 d A9 ve RS 1
Then , A0 TR E AR (P<<0.05) . Z5RILFE 1A
1.2,

F1 HAMPILHE RIERENRATEEE (x +5,n=06)
BHTRIOEE

ik o I o Pl O oy
WA L12£010 119013 154014 14104543 3714090
CSL{Hk AL 0854005 091£006 096006 10002475  27.22+105
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a: 5% IR A, P<<0.05;b: 5 CSLARMEE 4L HL i, P<<0.055¢: 5

CSLHW B4 L5, P<<0.05;d: S5 CSLETH A HeAs, P<<0.05,
3.2 CSLX4HREZE AEREE RN

50T HRZ LA, CSLAIG L v v VA B A 4 B AU AR 28 8K
T R 08 35 AR (P<<0.05) , HL 52 e B AR ai v (P<
0.05) ; 5 CSL e i 4l b 45, CSL i e i +Zn27 4141 i
) 4= 22 BOMT 2 8088 351 i (P<<0.05) o 45 2R L&
2. &3,

K2 HBEMWMMEBZE TBEENFIROSKELLRK (x+s,

C. CSLP iR
1 %%4H Huh7/Len RS fE R

n=06)
b M MEHRA ROS/(pg/niL.)
hopieel 112354773 138.72£795 1415153
CSL Ik 81141652 10591 £6.43¢ 2135165
CSL k4 56.02+4.83 T468:+451 35624170
CSL vkl 3341E317% 5044 £3.20% 4.071186™
CSL Eitkfi+202741 79174645 109.85 £ 6.10¢ 25.69% 169"
a: S, P<<0.053b: S CSLARIR AL L 4E , P<0.055¢: 55

CSLH R A He %, P<<0.05;d: S CSLm k4l He %, P<<0.05,

D. CSL =ik 4 E. CSL =i +Zn27 41

10°+

10*4

T

PI

01

—10° —10°4

10' 10* 10° —10" 0 10’

10" 10° 10

—10° 0 10° 10° —10° 0 10’ —10° 0 10° 10° —10° 0 10 10' 10°
Annexin V-FITC Annexin V-FITC Annexin V-FITC Annexin V-FITC Annexin V-FITC
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B. CSLARMR A

C. CSL ik 4 D. CSL i Ji5 4

B3 &ZHHuh7/Len fEEMIEIBHERER

3.3 CSL¥t£Af s ROS 7K FHIS M

57 REZH L, CSLAIG L L vk B ZH 4 i ROS 7K
S 2 TR (P<<0.05) , HAER MR AR #IPE (P<<0.05) 3 5
CSL =k B 40 L, CSL ik B +Zn27 41 i ffd b ROS 7K
B R (P<0.05) . Z5RILFE2,
3.4 CSLYt4ABH FAK/MEK/ERK {5 S i@ BB A T-18
XEAFRIEHFM

EjXT R L, CSLAK b Rk B 2 A i p-FAK
p-MEK. p-ERK | Bel-2 & [ #H X} 3% ik & 34 1t 25 AL,
Bax . caspase-3 £ [ A X} 1k 1 1 g 2 v (P<<0.05) ,
H R R EE AR (P<<0.05) 5 5 CSL Rk BE 4 L 8%, CSL
T vk E +Zn27 4 40l rh p-FAK . p-MEK . p-ERK . Bel-2 25
FFFGT 635 53 1 2 T 57, Bax | caspase-3 8 FUAH X% 55
BRI (P<<0.05). 25 ILFE3 K4,
R3 KA FAK/MEK/ERK {5 518 B FE T4

XEAHEMREELRE (x+5,n=6)

Eibl p-FAK pMEK  pERK Bax Bel2  caspase:3
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a: IR B, P<<0.053b: SCSLAGH 41 HoAe, P<0.055¢: 5
CSLAWRBEZH LA, P<<0.05:d: 5 CSLm e 20 LA, P<<0.05.,
4 iFig

LC AP FE 3 H 28, B P38 5 4R A
FFARB, H AT JCARA M7 28 L IR B R IR Bk
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3 TAR K EJE {0 LC B & MG TT F B Rk
FR™, PRI, PR LC R &L, S-4A 80k y7 LC 7
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EA T I, CSL AT LASE Jin ROS 7K, /- 484k
LI, 5 S TG AR 0 T B AR 20 R B R AR T 7 2 R
P R B A S BT AL AT T M L DR T ]
b, BEAT RS LC 4 S8 PR, CSL ik e 4%
LC 4l A W, 15 caspase M PR AL I8 T, AR LC 2
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