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Impact of Arctigenin on Chemoresistance of Melanoma Cells by Regulating Hippo
Signal Pathway
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Abstract: Objective To explore the impact of arctigenin (ARG) on chemoresistance of melanoma cells and its regulation
mechanism on Hippo signaling pathway in this process. Methods The drug resistant melanoma cell line A375/VEM was
obtained by continuously culturing A375 cells with different concentrations of vemurafenib (VEM). CCK-8 was applied to
detect the proliferative activity of VEM at different concentrations on A375 and A375/VEM cells, and the toxicity of ARG
at different concentrations on A375/VEM cells. A375/VEM cells were grouped into control group, VEM group, ARG group,
ARG+VEM group, and ARG+VEM-+Hippo inhibitor group, CCK-8 method was applied to detect the survival rate of A375/
VEM cells in each group, clone formation experiment was applied to detect the proliferation of A375/VEM cells in each group,
flow cytometry was applied to detect the apoptosis of A375/VEM cells in each group. Western blot was applied to detect
the expression of Cyclin D1, ERK1/2, p-ERK1/2, AKT, p-AKT, and Hippo pathway related proteins of cells in each group,
the transplantation model of drug-resistant melanoma in mice was established, and the tumor growth was observed. Results
Compared with the control group, the survival rate of A375/VEM cells, clone formation quantity, the expression of Cyclin
DI, p-ERK1/2, p-AKT, and Yes-associated protein in the VEM group, ARG group, and ARG+VEM group reduced (P<<0.05),
and the ARG+VEM group were lower than the VEM group and ARG group (P<<0.05), the apoptosis rate, and the levels of
LATSI and p-YAP increased (P<<0.05), and the ARG+VEM group were higher than the VEM group and ARG group (P<<0.05).
Compared with the ARG+VEM group, the survival rate of A375/VEM cells, clone formation quantity, the expression of Cyclin
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D1, p-ERK1/2, p-AKT, and YAP in the ARG+VEM-+Hippo inhibitor group increased (P<<0.05), the apoptosis rate, and the
levels of LATS1 and p-YAP decreased (P<<0.05). In vivo experiments on nude mice transplanted with tumor cells showed that
the tumor weight and volume in the ARG+VEM group were obviously lower than those in the VEM and ARG groups (P<<0.05).
Further addition of Hippo pathway inhibitors revealed that the inhibitory effect of ARG on drug resistance in A375/VEM cells

was reversed (P<<0.05). Conclusion ARG may inhibit the chemoresistance of melanoma cells by activating Hippo pathway.
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1.1 ZhWA4NiE: SPFZBALB/c NudetR iR, WEME, 64
W, (18+2) g, MH LI YEE R LS S H ARG R
AT, YFAMIFES: SCXK (51) 2021-0011, 44867510
24°C~26°C, @RE60%MFRT G HVERFRLIE o T 2B
FIANNA3TEI H D S A S RHCA TR A F]

11,2 RZEAFIRGES: 4380 (4. HPLC=98%)
W E YN B4 B EMRHE AR AR 4E5RE i G
240ZZ 50/ 1), EZGHETHI20170124; CCK-84H 3% /55
PERTI R £ SRR A R AR, 52 5KTC011001;
Annexin V-FITC/PTXU L4 M T 46 0850 & 0 B _E g 9k oo
MR BR AT, $85FY600003; Cyclin DI. ERK1/2.
p—ERK1/2. LATS1. YAP. p-YAP#®ii ZAKT. p-AKTHZHill
H¥iEabcan AT, $%5abl34175. abl184699. ab278538.
ab243656. ab52771. ab76252. ab8805. ab38449; BT %
WIEEFRIC L 2 H % leC (HYL) W E A28 AR AR
HIRAF, $85AP31L014. SpectraMax Gemini EMZYGHEGHR
BOEH FEEA S FIEERAR: BRI CKX53 /5 & &
FEDE E _EOCHE L E R IR AR BD FACS Canto 11
AR OUE R AE R IR A A .

1.2 Hik

121 4UMksoR: FEASTSAN BT 25 L0% 6 4 My 1%
HH RS RS MINDEMERE F &b, B E3TC,

5%CO,MIRE FRM R %, A3 dife— RIIFARAR, BEE N T
SRAZVEMI 245 1 AR M ARAST5/VEM, J4A3T540M 2 LA1 X 10"
Y/ 2 T 25 FE A ZE 60 mm B FR b, A1 w MR JE )
VEMAL SR A6, 453 dAbFE—IR, SRJE K VEMBIIR FE R N &=
2uM, [FFERES dAbERANAE— IR, FRE:6JH LIRS 25 VE A1
FRA3T5/VEM. HEAE WG VEMPIR EERSINZE5 u M, 4 4 Ab 3 41 g
P LR R 25 . A3T5/VEMYH AL 3% 357 77 38 5 A37541 i
AT, A3 FH 2 3R kA7 J B2 5 56

1.2.2 CCK-8H&IVEMNTA3T5FIA375,/VEMEZH A 1 184 5 vif 4 -

W A3T5RIA3TS/VEMAR A 43 ] et 2296 LA f (1 X 10" 41/
L), ARIERIKREENO. 1. 0.5, 1. 5. 10, 20 u MJVEMALBE
A3TSAHHAIA3TS/ VEMAHARE, FFL100 1 1o [FIEF#A7 AR FHVEMAL
PSR, 24 hfig, FFLIAL0 v 1ICCK-8¥MAE3TC N
REEEE 4 h, 8 EEFROORI490 nmAb B CODED

FETH S AN I AT I 26 J PR R BE1C50. HAFIE 2R (%) =
(ODVEMALFEZH-0DZ I 4H) / (ODXFIRZH-0DAS FA4H) X 100%.

1.2.3 CCK-8GMARGHTA375/VEMAN L FEME: FA375/VEM
MR 96 FLI T (1 X 10N /L) - Bl R A AR
B (1. 2.5, 5. 10, 20. 40 mg/L) [HARG ™ b P4, [
FEGE B R MATATAFL A IR, 24 hE %R 1. 2. 2/ 5256
VRS A 5 28 T UM I B2 150,

1.2.4 A375/VEMAN I 420 S AbFE K5 A375/VEMAH il 53 %t
WEZH . VEMZL. ARGZL. ARG+VEMZL. ARG+VEM+Hippodfidh ]
ZH.. VEMZHAHM 1 w MAVEMES 3%, ARGZH4H T 20 mg /LY
ARGH: 5%, ARGH+VEMZH 40 M2 f5 K i 20 mg/LIFIARGHIL nM
PIVEMEAT HL 85 7%, ARG+VEM+Hippo il 77 2. 48 itd ¢ FHippo
I XMU-MP—1 4L 30 min', 4R J5 BN A20 mg/L  ARGA
1uM VEMHFATIEFR. 48 WG &1, 2. 200 7 vk kel & 2HA375/
VEMZH (1) 735 5

1.2.5 FOREA RS2 A M 25 21 A3 75,/ VEMAH it ) 3 FE 75 100 -

FGA3T5/VEMAI AR R fE6 FLAR T (1 X 10° /41 /5L) , BA
L2 A5y HERSR4MML, 14 dJF, FERFRM, M4%EZEH
P SE AN, FERH0. 1%4 ik ds . 1 h)o, PBSBEM4NNE,

TE S A T W5 25 2H 4T B ) e B T B O SR e o T
AT

1.2.6 JaHnp ARG I & 41A375/ VEMZN A 1 98 T 15 I -

FGA3T5/VEMAI AR 2 Fh 6 FLAR T (1 X 10°/N 41 /5D , BA
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1. 2. A5y 855748 h)a, AR A i FH Tv4 (o PBS gk I
IXGEEWHES, RERIKIIMAS 11 Annexin V-FITC
M5l PIFEZRIE F#CIE & 15 min, AN Hr
NPT, R AT TR

1.2.7 Western blotAull & 2HANAEFCyclin DI ERKL/2.

p-ERK1/2. AKT. p-AKT Hippoi® AR HMEE: ik
$21. 2. 43 R 3748 hJE HIA3TS/VEMAI G, PBSYER: S A
AR E A, FABCAKINEWRE . KM G
B A(E10% SDS-PAGEHR HLFK 43 5, JF44% ZIPVDFR .

A IEAE 5% AR 2R Wy R AL h, TBSTHSBe/E 5 —¥H1 (Cyclin
D1. ERK1/2. p—-ERK1/2. YAP. p-YAPELH1 : 10 000,

AKT. p-AKTELHI1 @ 500, LATSIEEHI1 @ 1000) #E4°CUkAH
i R S BRI S R AR 10 0 Ll SR S R bk
(1:3000) fEEIETEEE L h, TBSTHERS S HIECLIAFEY
% E 10 min, 55 S ETUER RS R SR I TR IA RN
M, i H Image JHEUIHXEER R BE AR AT 20 b7 o

1.2.8 FRR/N RN B 2. 45 HEEFR48 hiG
A375/VEMZH g B 2 I M = 3 N2 X 10N i/ Z Tt

BN BN A0 I 2H . VEMZL . ARGZL. ARG+VEMZL.

ARGHVEM+Hippo il 74, 46 . SRJ5 1%/ 4 At
1 m L £ 2297 25 T Hi B SR A AT DA B P RS A g

TR R VLEE IR A K AF B, R A A - RO e 88 A2
(a) F%fE (b) , GFEMEIR, FHHEMEER D,

V (mm®) = (ab®) /2. 3G, HHTA N B 1% B LG22
(30 mg/kg) JRIEE G WishiAbAE, HUH BRI AR

1.3 it %> #71: Graphpad prism 8. 0%/ %t %4 4t it
AT, HEVIRILIRR, WALLLECRA R, AL
BRAREERT Z5N, W% EILECRATukey” sk
. P<0.05KmEFEGLIHE L.

2 R

2.1 AR[EMKREVEMAGTASTSRIASTS/ VEMAH M BG4 (K 20 . 0. 1.

0.5. 1. 5. 10, 20 M VEMALFE S FRIA3T 540 A7 AL T
RALFEZE (P<<0.05) , 1. 5. 10, 20 M VEMALFJSA375/
VEMZH I AE 3% AR TR A P4 (P<<0.05) , HEFE-—KETF
(AT S A7 3% SR W B AR T-A375/VEMZI L (P<<0.05) ;

A375/VEMAHHLAIIC50 (56. 76 uM) B & &= F-A37T54H L 1C50
(1,40 u M) o HAFVEMIREE 91 MRS XFA375/VEMAN A A ¢ /s

VEMZHL

&1

ARGEH.

AMHIAER, DG S £ 1 u MIFIVEM, LR 1.

R FEIREVEMXTA375F1A375/ VEMZBRATEE REVEME (n=3, xts)
HIRAFIE 2 /%

W/ uM

A375 A375/VEM
A 100. 00+ 1. 42 100. 00+1. 56
0.1 83.63+3. 57" 97.5442. 68
0.5 67.6443. 71" 92.69+3. 64
1 52.87+3.21" 85.32+3. 52°
5 36. 6342, 54* 78.9443. 84°
10 21.91+2. 24° 70.91+3.17°
20 8.16+1. 25" 62.37+2. 68°
1C50/ uM 1.40 56. 76

i AT HASARAEAE, P<0.05; "AFEHA3TS/VEMA L A
phdz, P<0.05,

2.2 AFEEARGKTA3TS/VEMANJEIEFE 152 m . S5 oR A FEZH
ML, 2.5, 5. 10, 20. 40 mg/L ARGANFEJF (KA375/VEM4H
HA7 % R BRI (P<0.05) ; HARGALEEA375/VEMZNAEAS h)5
F11C50°420. 05 mg/L. [k, ASLIGEPEIRE N20 mg/LIE
NI B ARGRE FRAN A I B AR IR FE, W32,

%22 ANELIREARGXTAS75/VEMRRETEERMLLE  (n=3, x*s)

W/ (mg/L) MO AT 3 2./ %
KA 100. 00+ 1. 39

1 96. 6543. 68
2.5 85. 4243, 71"
5 74.57+3. 247
10 67.6342. 96
20 53.9142, 73"
40 31. 162, 28"
1C50/ (mg/L) 20. 05

E: CRTEH R, P<0.05.

2.3 ARGXT % ZHA375/VEMAH M A7 1% 2 I v B W 1 e 77 I 5%
W SXPHEAHAREL, VEMZH. ARGZHFIARGHVEMEZH 2 il (1) 773
AT R BRI AL (P<0.05) , ELARG+HVEMZL4H i
AE I AN T B T RIS TVEMZHLFIARGH. (P<<0.05) ; 5
ARG+VEMALAHEL,  ARGH+VEM+H1 ppo i il 771 L 20 I 14 77 375 2 A0
TR TS (P<<0.05) , WLEIL. #3.

ARG+VEM+H i ppoffi i 57 25

ARG+VEMZL

£ AA375/VENLE AR 55 R TS AR 1B 5
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xof 4 ARGZL

J M 1/

ARG+VEMZL ARGH+VEM+H1 ppoisii 77 21

E2 SRR & LEAI75/ VEMBBEEVET-1E R

3  FLHAITS/VEMMBRTFER IR ELLE  (h=3, Xt
45 S R AR/ % o MR/ A
X e 2H 100. 00+ 1. 65 93, 54+4. 47
VEMAL 84,2944, 15° 75.84+3. 617
ARGHL 52.98+3. 21" 57.63%2. 717
ARG+VEM4L 38.67+1. 54" 42.25+2. 38"

ARG+VEM+Hippo il FIZHE  92. 53+4. 28% 84.3944. 26%
E: R SR, P<0.05; "TRFHVEMALELAR, P<0.05; ‘&
THARGLAILER, P<0.05; *&75ARC+VEMZALLER, P<0. 05,

2.4 ARGXT #-2HA375/VEMAH ML JH T (W sgm . 5% BEZHAH L,
VEMZH . ARGZLFIARGH+VEMZH AN TR T i (P<<0.05)
L ARG+VEMZH 40 f 8 T % 5 T VEMZLFIARGHL (P<<0.05) ;
5ARGHVEMZLAH b, ARG+VEM+H{ ppo il 771 2H 441 i 97 1 2 %
& (P<0.05) , WLE2. 4.

4 BUEA3T5/VEMMABAT R AL (n=3, v+s)
2857 AU T2 2/%
XFHEZE 2.7440. 63
VEMZL 8. 1540. 84
ARGZL 19.68+1.23%
ARG+VEMZL 32.5341. 79"

ARG+VEM+H 1 ppo il 71 2H. 5.26+0. 68%
E: AT G BAiR, P<0.05; TAFHVEMALAR, P<0.05; ‘&
T5ARCLA LA, P<0.05; “A=5ARG+VEMAL kAR, P<0. 05,

2.5 ARGXT % ZHA375/VEM4HME F1Cyclin DIAIERKL/2. AKT
M HAERRA R A RIR s m . S REZIARLL, VEMZL. ARG
ZHFIARGHVEMZH#H I8 1 Cyclin D1, p-ERK1/2. p-AKTZKiA¥)
PG (P<<0.05) , HARG+VEMZICyclin D1. p—ERKI1/2.
p-AKTF IA MK T VEMAL AIARGZE. (P<<0.05) ; 5ARG+VEM
LML, ARGHVEM+Hippodil FIZHAN 1 Cyclin D1,
p-ERK1/2. p-AKTREH I (P<0.05) , K3, &5,

2.6 ARGXI #-2HA375/VEM4H il 1 Hippo ik 48 4H G B [ R IA 1)
. S5 IRAIAEL, VEM4L. ARGZLAIARG+VEMZH i
LATS1. p-YAPF ATl i, YAPEIXFEIL (P<<0.05) , H
ARG+VEMZHLATS1. p-YAPZRIA = T VEMZ FIARGEH, YAPER
TEAG T VEMZLFIARGAL (P<<0.05) ; S5ARG+HVEMZLAHEE,
ARG+VEM+H 1 ppo il I ZH 41 fis R LATS 1. p-YAPERIX [,

Cyclin D1
p-ERK1/2
ERK1/2
p—AKT
AKT

GAPDH

A B C D E

jE: A APEB4E; B.VEMZE; C.ARGZL; D. ARG+VEMZE; E. ARG+VEM+Hippo
) A 4
B3 &4HA375/VEMZRREHCyc|in DIFNERK1/2, AKT R BB AFRIL

F5 ZLAA375/VEMZBREHCyclin D1FAERKT /2, AKT R ELEABAILE 48

FRIBBHELER (n=3, X*s)
ik Cyclin DI p-ERK1/2/ERK1/2 p-AKT/AKT
it AR AL 0.9840.07  0.854+0.06  0.9240.07
VEMZH 0.7540.05"  0.68+0.04"  0.78%0.05"
ARGZL 0.53+0.04%  0.45+0.03%  0.59+0.03"

ARG+VEMZEL 0.3840. 02" 0.3240.02%" 0.4340. 02"
ARG+VEM+Hi ppodifil 720 0. 860. 06%
E: RTHATRAEL, P<0.05; "TRFHVEMALILAR, P<0.05; ‘&
T5ARGLEILESL, P<0.05; “&F5ARG+VEMZRILEL, P<0. 05,

0.784+0.06% 0.8740.06%

YAPFIAFHE (P<<0.05) , VLE4. 36,

LATS1
p-YAP
YAP

GAPDH

A B C D E
VE: A SFREZA; B. VEMZR; C. ARGZE; D. ARG+VEMZH; E. ARG+VEM+Hippo
Fp ) 70

E4 &LAA375/VENLRAEFHippoit ZHEXE R FRIA

2.7 ARGXTFEAEIR /)N B I 2B KAB DL G52 . 5 5% R AL AR
[t, VEMZH. ARGZHAUARG+VEMZH /BRI MRLHLAE & A
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6 ELHA375/VEMZHRE FHi ppoiR £ X T HAEXT R EAILLEL

(n=3, x+s)
2051 LATS1 p-YAP YAP
ot L2 0.91+0.06  0.95+0.07 0.99+0. 07
VEMZL 1.20+0.08" 1.25+0.09°  0.75+0. 06"
ARGHL 1.4940. 10 1.57£0.12"  0.58+0. 04
ARG+VEMZ 1.78+0. 14 1.88+0. 14 0.42+0. 02"

ARGHVEM+Hi ppodiil 74 1. 0940, 074 1.1240.09%  0.9340. 08%
i TR THABAiE, P<0.05; TRTHVEMALLAR, P<0.05; k&
THARCLEILES, P<0.05; “&F5ARGHVEMZL AL, P<0. 05,

Y/ (P<<0.05) , FLARGHVEMZL e 25 & FIAFR 1A /N F-VEMAE
FHARGZH (P<<0.05) ; SARGHVEMZHAHLL, ARGHVEM+Hippodfi)
FZARRE A E . AR (P<0.05) , WERT.

x7 HABEEDRMEANNESEMER (=6, vty)

A5 HH/g PRF/mm*
AL 0.85+0. 06 676.45128. 96
VEMZL 0.710. 05" 593. 67426. 38"
ARGZH. 0.5440.04"  415.18422. 417
ARG+VEMZL 0.31+0.02"  261.82+15. 97"

ARG+VEM+Hippof#IFIZH  0.800.06%  635. 15425, 724
i TR TLHaBakiy, P<0.05; "AT5VEMALLiL, P<0.05; k&
T HARGZLILEL, P<0.05; *“&T5ARG+VEMZEILER, P<0. 05,

3 e

MR IR S B = ER N, 5 RER
AR 2e, HARINEMILT B ET m . BRAFRAS B 3008
i B R R 50% A [, HVE00E S (5 70%~90% .
B A, BRAFHIHIFIVEMBEHE#E H T B &/ R)T, FEEy
LS ) VE00E S A8 (RIBRAF, 2o M BH S5 (1 BT )i Jd v
P, IR TBRAF V600EZR s M R s gz,
RUEVEMA A BRI 197 50 R AP R N 3R, (H K2 MR &
R HEAEIRITS ~ 9 A Ja L EL R i 245 0, PR T
BFRAEFMBUS . Bk, v IRBRAF I 77 i 24 11 f
PR BRI BT EE R . AR FHVEMER 42 5
AN BRI 25 40 MRA3 TS /VEM, il A [E K B 1
VEMZ) 5 AL FEAS TS5 RIA3T5/VEMZH Y, 45 5 &% L VEM AL 3 5
A3TSZHM I TC50 B LA T-A375/VEMZH L, 42 ~A375/VEM
S S VEM (0 SRS B A, VEMITTR 25 1 B8 2508 40 R A3 75/
VEM5 5 20

ATG2 A= 35 1) E LS MR 4y, CUBIE AT B 1 b
TEPE, SR AR TLE AR il RN 45 i e S e A
i v 75 S o 20RO AT 40 e B A S T
W70 R ATG W] 38 I 30 1 Wk >R 0 5 45 T VA e 0 it 245
20 i f) MR T B2 R A I T 24 4 1 R R
TR, RWAGERER, HXHAFMVEMAFL, ARG
A FEAZTS/VEMA I G A7 3 26 . T B Y A= PR AR, 48

WO T2 TF s, MARGAIVEMIL [7) &b B0 40 i 5 7E G 2. 70
B T 3B B AR T ARG, P T-H i TARGHL, R
ARGRE 0% $2 /i A375 / VEMTT 24 2 X VEM ) B 12, B 410
) 1S 24

PEARIE, BRAF &2 R FELE QMM (MAPK) &&F
et R, FEFTTAREE. o, TBAE TS
et . CAIMAPK/ 40 ML AME 5 B (BRKD SRR
IR LI 3 (PI3K) —AKT I A% ¥ P M0 2 BRAF I 1] 7]
il 25 8973 THLE0 . A A EDL (Cyelin D1) &
CCND 15 [K g fith 1) — b 22 ZE (10 41 it A MR 15 TR 7, T 78 s
Cyclin DI 321k v fE {f BRAF 2875 1) B4 228 201 i 5 VEM
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