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W OE E=58K: @Rz HTESE . XS IRIT Y, R EE R —F | g R,
HZTmE 58 300, S R 1 ] 4 435 98 A PN 1 22 ek g A0 B 10 A 4 o AR R 8 A6 A S 200 it 5 565 5 g 988 R
BEAY b — 25 W58 G 0T 88 I RV B 5 AR G &R
Tk AR EE A9 & MEC 0,25 .50 pmol/L )IRSMEH] T i Huh7 40 IS, FH MTT 1548 00 248 Jfd 1% 385 58 1 2
¥ 75 HABR B T #2h Huh7 40 g 7 e 4R SRR MR BB J5 | BEAILI 50 3 4, TRl 7 d( 398 U )
A3 SIS A PR K (X IRAL ) | 25 mg/kg M (GRS ) | 50 me/kg 500 (7Sl ) |
VIR /d, #2230 do HARNE SRR A MR AE R IGO0, SLIES AT, WEBRIERA, 50 H e d iy
Western blot AR AEIE N B BEAR G 1 (LC3. p62) MIFRIK,

ZER. MTT AINZE R B, 53R A (0 pmol/L) , PI-ASHEE Sk 24 68 B BN T Huh7 401
WagE, SRR RN (34 P<0.05) o BUSTRL 0 3R e S v A Mo A K 2 xt
FEC B S, L R AR e G ] IR e S L e A K B B R B R (3 P<0.05) 5 fsEdife
Western blot &5 5 xS F B G 40 MR 41 20 1L.C3 . p62 MY R IR K25 %) Il M W FH i, HL
700 ek SR 2 1) T R KT I B R TR i 2 (48 P<0.05)

g5 AVEIRSN S UK YRR TR 20 M A AR 4G, AR ML AT 68 15 08 Y | Wi O A 1 iy 2k A il
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Effect of chloroquine on growth of liver cancer cells and its
relationship with autophagy

HU Ruobing, YANG Yuxiu, LI Xiuling, DING Hui, HAN Shuangyin, DING Songze, SUN Suofeng
(Department of Gastroenterology, People's Hospital of Zhengzhou University, Zhengzhou 450003, China)

Abstract Background and Aims: Chloroquine is a widely used agent for the treatment of malaria and rheumatoid
disorders, and it is also an autophagy inhibitor. Moreover, several studies have demonstrated that chloroquine
exerts inhibitory effect on a variety of cancer cells, including the liver cancer cells. This study was designed to
further observe the inhibitory effect of chloroquine on liver cancer cells in vitro and in tumor-bearing mice, and

the connection with autophagy.
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Methods: Liver cancer Huh7 cells were exposed to different concentrations of chloroquine (0, 25 and 50 pmol/L)
in vitro, and then the cell proliferation was determined by MTT assay. Tumor xenograft models were established
in 7S5 nude mice by subcutaneous inoculation of Huh7 cells, and then the mice were equally randomized into
3 groups, and at 7 d after inoculation (tumor formation established), were intraperitoneally administrated with
saline (control group), 25 mg/kg chloroquine (low-dose chloroquine group) and 50 mg/kg chloroquine (high-
dose chloroquine group) respectively, once per day for 30 d. The tumor growth in each group was recorded. The
xenografts were harvested at end of the experiment, and the expressions of autophagy-related proteins (LC3, p62)
were determined by immunochemical staining and Western blot, respectively.

Results: The results of M'TT assay showed that the proliferation of Huh7 cells was significantly inhibited by either
concentration of chloroquine compared with control (0 pmol/L), with a time- and concentration-dependent
manner (all P<0.05). In the tumor-bearing mice, the xenograft growths in both chloroquine treated groups
were significantly suppressed compared with control group, and the tumor growth suppression in high-dose
chloroquine group was more evident than that in low-dose chloroquine group (all P<0.05); the results of
immunohistochemical staining and Western blot showed that the expression levels of LC3 and p62 in the
tumor tissues in both chloroquine treated groups were significantly increased compared with control group, and
the increasing amplitudes in high-dose chloroquine group were greater than those in low-dose chloroquine group
(all P<0.05).

Conclusion: Chloroquine can inhibit the growth of liver cancer cells both in vitro and in vivo, and the mechanism
may be related to its regulating the expressions of autophagy-related proteins and then inhibiting the autophagy of
the liver cancer cells.

Carcinoma, Hepatocellular; Chloroquine; Autophagy; Xenograft Model Antitumor Assays

CLC number: R735.7

4% (hepatocellular carcinoma,
HCC, PUF AR AT ) 2 T 5050 F o DL 2 1 i
WZ—, A NEMEen, RARIE. BBk
SRR S, HOR AR AT B e A, ™
AT Az A B0 A 3 B i R D AR 2 Y
( World Health Organization, WHO ) %il, 20124F
A — DL R R A AR R R AR,
TG RAE R AR, #0i2  2 808RH B ik b i
W, VIBREAEE30%, WERESE L, 07
Gyt e 2, S EUNE UG BORE 2, 54 A
FEAFRARE 109%™ B, BT & A HL
IFFHRA RO B IR A& S
BmHER, WhEZMyTHESEKS Y. A8
( chloroquine ) JE—FEITIE B . ERUR ME R
RIZ5%y, RS2 BB (autophagy ) I, 7]
IH o 3O 5 A1 o) 200 M R e T R % B S 4
Ml g, SHEAMEIET-" ST LU i miR-
26b [ P P Mel- 1K i 5 T 40 i Hep G2 44
T, G R AT D T 421G/ G 30T 40 i R B 4
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Wi, 5 S DNARUIR AR HE 40 i 98 T 20 AR
BEAAL A3 . W, R, 2Bk,
TEANM A . AR TR P IESE T, S 5410
AW R o AR SRV O T 200 U AT A ) B
fe Ui TR AT, (R A 5 SR X i L 4 [ Y
WESEARGE #/, ABE 5 i i T8 40 L Huh 7 7 b 52
56 LA K ST FF R Huh 783 U R B2, R0 G e )
JFF i B 400 o) A P LB R RS R, g Il R
I Ir &, RIS H K.

1 RS

1.1 SEIgwrat

SPF & 52 50 AT AR B (b a0 4k @ I 4R 52 56 3)
WA RAF ) , AR EARHuh 7 A $E R
Fhe (L), AMEEEABMAEHCER]
RBE3-T/ A MRS HBUE A S E A 1R EE3-1
( microtubule-associated protein 1 light chain 3,

LC3-1I/LC3-1) . p62*5ﬁ ( Thermo Fisher) ,
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LC3 (Sigma) . p62 (MBL) .

1.2 XWHZE

1.21 #Hh4¥Eih SPFRALHAHMR 75 X (WA
Je i i@ F e S m sh W A IR R ), MR A,
6~8 JEY, TR 18~22 o, T & (20.8 +
1.5) go BT A BRI W IR T SPF R FE RGN
W3R & IRE 22~26 °C, HXIEE 40%~60%,
ST RRE R R 7K RO A5 34 28 I B K T
LB iR

1.2.2 miedzs  AIEAME Huh? 1 A b ER
e (L), KiFET & 10% 64107 ) DMEM
Wi (%1% F8%5 %) , 37 C, 5% CO,JH
TR A PR IR LR FR AN K 2 107 P2k,
PBS YUk, BEEENIL, 46 M EY 6 IF BAE R
BG4 >90% , AR 1.5 mL EP

1.2.3 MTT &l wfniEh T AR [E ik s
S X 2 ML TR D R e, R AR K A X RO ) Huh?
JF 968 40 B LA %8 B N 5 x 10%/mL 4% FF T 96 FL i,
0.2 mL/ fL, WidE3E 24 h, 430 3 4, H414% 3 1L,
ol S W e AW FE 43 0 0L 25, 50 pmol/L,
Sy TR SR 6. 12, 24 h B A 20 pL/ L MTT
(5 mg/mL) , FERFEE, A 150 pL/ L DMSO,
AT, BRSO DU A FLAT I AE 570 nm i1 4 &b
(W B (absorbance, A) {H, T 40 M 77 1% &
Ll B - FEIm 2 .

1.2.4 Huh7 R THHBERGEL S »m HK4E
K8 B A Huh7 400 %% 2 2.0 x 10°/mL, 435
H0.1 mL 408 #2001 75 A BUA i S i B2
T, 6 dJE#EE FRIAT K RS F 75 H s
BB B A S X BRZE . SR & Mo R AL,
4525 Hoo G b B2 A B T B S A 7 R
28 16 s T S ( Selleck 23 7] )25 .50 mg/( kg+d ),
Xof R A ) e S S AR R AR B R K, S AL FE 30 d
It % UV UL AR B A2 06 RS . 30 d 5 BT A RR BRI
51 0.8% R ELHZ (60 me/kg) , FEARERLR 2
HPUGAEAE, Mg AR A I 25 o I i 45 2 P og
L, R AR AR RO g K48 (a ) L A2 (b)),
g R AL = (ab®) /2,

1.2.5 Sz AEASR AR S ESY)
e T3 A L, 50 CHUA LT h 5, W2
100% 2. . 95% .. 80% W I 75% £ Pk
W AT kAL, ZEBKRE 3R, KRG E THBER
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VTR 2 K, AR 8 min, PBS ¥R 3K,
3%H,0, % W 1 ¥ 10 min, PBS ¥E% 3K G, T
LC3 Fl P62 HLiAF B, 4 CFH K. PBST
Ve 3 WG YR _PEIRMWE 1 h, PBST ¥k
W3, DABR® (TEEWH) , ALY,
0.1%HCl 434k, W4k, BEEWIRE B K T4, —
BB, R L e Ak A R G A R
Lol s B2 N BRI AT H 2, BR8] b
BLIE B 8 A RLEF, £ 4 BH M Al it 4 1 25 (o e i
WA HATI . HPHEARE: 555 —%H
045, REM 14, FHEEA20, W63 45; M
PEYN ML AT A b BN 0 43, <25% M 1 4%,
25%~50% HF 2 4%, 51%~75 F 3 4%, >75% H 4 4%,
W 01 3fe BN B 24459 43
1.2.6 Western blot &l 43 JHC 4% 2H # 5R Jifr Jd
H41100 g, A 300 L 2H 21 2 f# Wi 55 o 2L i
40 min J5, 14 000 r/min & 0> 10 min, B IE
A 5 x SDS FAEZE Mg IF Tl K & 15 min,
HLVK SRR 2 oS, 5% MBS 4 =B 1 h,
Ay S 1:1 000 Fis Be il LC3 X P62 Hiik 4 CIEH
i, YK H PBST PEME 3 ¥k, 85 H 1:5 000 # &
PR ZPUE R A 2 h J5 PBST YR 3 1K,
ECL B3,
1.3 GEitFabiE

K HISPSS 17.0G8 3T 5 3F AT ge it 4 i
TR R 8 + brifE2E (xxs) BB E
N, ZH R HAE R 2000, 4lE vt
BORLSD-t3: 5 BB R IR (%) k3R,
B AR X PR 5 AS ) s ] 5 45 4L 40 484 5 43 A
K E M7 220010 K 37K fE a =0.05,

2.1 SEEXT Huh7 BT 40 Re 1 58 1 52 i

AN [El e S (25, 50 pmol/L) AbFEHuK7
J S AL, SR IMTT IR R s ab 6 . 12, 24 h
BFIG A 2, MTTIER I oK, 341 22 7 A
Biit# L (Fyy=1 912.094, P=0.000) , H
PIPH LA Geit 5 22 55 W 22 A G 7E X
( Fyp»=29.297, P=0.000) , B[] 55044 58
HAEH (Fuy=376.407, P=0.000) , /K]
PR3 0 AR B 73 2 0 AN [) i AS [m) 3 26 JR) PR P LG
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B 780 h, 3 ZER LG E XL (F=0.137,
P=0.873) , f£6. 12, 24 hél[a] 22 5 H G il
=Y (F=238.906. 1 120.115. 1 906.623,
P<0.001) ; HFER—mEL (6, 12, 24 h) ,
S TE] W LA A it L (P<0.001) o HF[H]
PR Lds: 24 h'50, 6, 12 hibEBZ R H ST
27 Y (P<0.001) , 12 h'56 hibi % % H %1t
#E S (P=0.021) , 6 h'50 hiLE £ %A% i1
B (P=0.028) . GEit s R B, 5XFRAH
(0 pmol/L) He#, G ms ib 32 40 i A7 16 % 34 3
WEEAL (¥P<0.05) , S UREE | B [a) 4P
(E1) (F1),

429 %
2501
KL
[l < P
200 e £ L
=
~ i T
5 ¥ 3
& $ z &
g 1004 T I -2
S L et
F - 3 ]
501 1
ol — : ; ;
0 6 12 24

A Ch)

Bl 1 &4 Huh7 @Es £ i L
Figure 1 The growth curves of each groups of Huh7 cells

F 1 &HHuh7 ERBEIMHI R (F+s, %)
Table 1 Comparison of the inhibitory rates among the three groups of Huh?7 cells (x+s, %)

SRR (umol/L) 0 h 12 h 24 h
0 102.13 £8.12 120.36 £ 8.61 15421 £ 831 201.60 +9.32
25 100.84 + 8.8 96.32 +7.53" 90.23 +6.12" 82.36 +7.65"
50 10021 + 8.5 81.10 +7.52"? 6521 +621"? 5102 +621"7
F 0.137 238.906 1120.115 1906.623
P 0873 0.000 0.000

e 1) SXRAIE, P<0.05; 2) SRS L, P<0.05

Note: 1) P<0.0S vs. control group; 2) P<0.05 vs. low-dose chloroquine group

2.2 SEMNFERFEBEBEKNZI

38 5 K U S Hah 7 i 40 6 8 57 s AR LR
AL, I O R i e R AT T30 d, WE A A
g AR KB L . S5 R BN, AR 2E RAE S5
e X (F=1 120.296, P=0.000) ., S5x M4
P, It S v 2 R e ) o S 2 AR BRI R A
KR s 2% (P=0.034, P=0.004) . 51K
I M LR, e ) A A A R A A K R
Wl N RE (P=0.015) o B[R] AT F 324 b 4
UL : 60 . 3. 6 dETEI &G L2 R LG5I
5 (P>0.05) ; 9, 12, 15, 18, 21, 24, 27, 30d
B AR 2 S WA SRR L (¥P<0.05) (K2)
(#£2) .
23 REAHACKNZHRERBEBHLELCS,

p62 7k F

BAHMBILC3 . p62 50 21 A A6 I Kz H e 4t )
Mres R En, SxPRAmt, KaeEamd. &
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FlEAMHLC3, p62/KFETE, 2R YHS T+
B (¥P<0.05) ; S, &
HAMALC3, p62/K i, ZRYAHRITEE
S (¥P<0.05) (K3) (F2) .

3000+
X AR4L
AP s 2 T
R .
—~ A
“= 2000 T S
E T T
& p N 2
= . NS
£ 10004 = I
& &I
- ¥ 5 WKk
01—

0 3 6 9 1215 18 21 24 27 30
il (d)

B2 HEARBHBEBRIERKEL
Figure2 The growth curves if the xenograft in each group of nude mice
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AR SV

o0 70 SV

3 fEANKINEHERRBEBAR D LC3, p62 HIFKIE ( x200)

Figure3 Immunohistochemical staining for LC3 and p62 expressions in the xenografts in in each group of nude mice (x200)

*2 BERRABALF LC3, p62 RiXIENILE (7+5)
Table 2 Comparison of the scores of LC3 and p62 expressions

among the three groups (x+s)

X HEZH 85.32 +8.14 12436 + 12.32
EFIESAEE 17825 £15.63" 198.37 + 17.52"
BRI 289.28 +18.69™? 312.14 +21.88"?
F 142217 85.895
P 0.000 0.000

T 1) SWIRHIEL, PO0S; 2) SIS, P<O0S
Note: 1) P<0.05 vs. control group; 2) P<0.0S vs. low-dose

chloroquine group

2.4 Western blot #ill & AR R B EFEHLR LC3-

lI/LC3-I, p62 7KF

Western bloth il 45 B W ox, 5% 4 g,
R A2l | R M LC3-11/LC3-1. p62
KT, ZRBAHRIT¥FEL (P<0.05) 5 5
IR i s 2 L B, e ) SMEZH LC3-11/LC3-1,
p62/KFTtm, EZRWAGITFE XL (¥P<0.05)
(El4) (%£3) .

© MR ITF EHHBNHFEIH

D PSS R 17l e e N B e L

S0 .
HID 1

QLD - - - - .

42 kD -.-.-. B -actin

E 4 Western blot #ll LC3-II/LC3-1, p62 ik
Figure 4 The expressions of LC3-II/LC3-I and p62 determined
by Western blot

*3 BERBRBEEALAF LCIILCI, pe2 RiABILE
(xxs)

Table 3 Comparison of the expression levels of LC3-1I/LC3-I

and p62 in the xenografts among the three groups of

nude mice (¥+s)

Xif e 0.35+0.12 049 £0.11
A2 0.89 +0.19" 1.20+0.23"
RS 1.37 £0.24"? 2.10 £ 0.29"?
F 21.680 39.298
P 0.002 0.000
1) S0 IR A, P<0.05; 2) 5G5S 4H Lk
P<0.05

Note: 1) P<0.05 vs. control group; 2) P<0.0S vs. low-dose

chloroquine group
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3.1 SEXEARERE D

FAVER S HA-AEEWMIAEW AN T 5 NG
Y, DR A R I AR R T A I AR
e BE R, MR LA A NE M, B RLE SE
RN, AMANETEER | etk R
I 7 TH LA BRI AR L i HLAE IR IR T o
W R SR A . Hu 25PN S &g nl LU i DL RH
Vi Y95 40 B 0 A B2 DN A B R LA 4 40 O T
AT 52 i g 2 40 AR L R SO 4 UV 5T IE SE R
W w43 gt A A0 R (eyelin E1) L 40
i S8 30 8 KR B ( CDK2 ) KSF, 3440 g
SR R P21, P27 & f, BH 4 M5 5 TG/
G301, DT 00 ] i 98 40 B A 549 K o AR 5T 45 AR
8 7% G 0 T L AR P90 2 I Huh 777 3% %, [ I 4
SRS L PR S 00 &5 SR W R G T DL R I R AR 1A
L, IR R AR A, e E RS Er ARG AL,
S s T B 2 3l I B e R AL SN R . JE T ok
Hl R A UE K. Lin U0 % B G v ) L i e
] BE PS5 438 5 200 6 9 T oA 40 ) IR T g A e A=
S TR R WO (RS E N 7 S TR N
A Y 20 B U T ke 0 o i e A M AS494E K . Gao
LRGP G s ] LU I TA CEWS S 10 40 i 1 e,
KEXSWTPTE, REgEET, Nma T
0o g A o F Ot S B A v o e 2H 24
A AR 2 3 o BEL VA B R T G o/ G Y, S e A i 3
B, ML A A EHEAfEAE 5 —FhAg I . &
M AT e 23 38 2 5 e PR 40 I E ok IR Y e 41
/&S5 N
3.2 SR AT IE 40 B B I B 5200

F G R B A0 M P F P T D A 4
A2 L PN T B R R AR A L R A BTSRRI A A
I, e SRS TE K A WER AR, IF R
WA, DLAEFR A i [ B Az 4 A ) i ik 4 38
o, 54k, ARKEE, 4288, iR
L DA K A T S L2 R g B AR A AL T
PUERCR A B, AT k[ Al PN B R AR A3 1 2 R
FH, DAERR AN 15 S S RE e IR, PR 4n g
WM, BEEAM T MWEMEES Y EE . B
PUE FRUE S R /1 R A0S e, Itk
il 55 BEL BT 11 s 2 B o J IR V6 7 RO

AW AT e X FHEIE KBS 5,
S R Y T A 1) 25, S T 3E A 9 ) 2 R AR
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IS 1, DT AR KR B R AR AR 2 A
R, 550 MR Y BTG T S AR R
NEN R NN AR N SRR G ol
—EAK . B, RASBIIEET, B
Rl EvERTE . e . 4
W g o AE /N 20 M il L 3L R S5 R Al i AE T
ARWFFTEE R B, b5 R AT R4 2 A
WEAH S FILC3-ITFMPO2EE AN SR EFE TS, A
WEARTE B0 K Z R S5, LC3J& A W 4 i [ 1
Wb EY 22—, LC3EHFLC3-TMLC3-11H FlE
X, LC3-T TR, LC3-TE g MR 3 58 3t
WAL A LC3-11, BET AR, [
WK S AR ZE A0, LC3-T S IG 3 E s,
LC3-THMKIHA: T A WE s B A I |, LC3-1T& & &
P g 5 A 3 B L OE P P2 & [ g AR
VERETE R M, AN AR A R SR Y. A
Wi g ], P62 b Ui % 1 4 9 58T Ui AR A 4k BEL BT 2
AR EP62 KEME, WL, P62/KFAI{ER AW
RIS ORUIUE E T N 1 RS (NI EE K S
A b B, G n] BB T A W AR LR
Wit /N A TE S AR I B, A AR R o
AL TR A, HoE A R R A E Y R
R =8, PRUE A B AATE . A S A S, b
Jed 4 Jf RT BB R T WE AR )RR AR S BOR W IR
R, PECTCIE N MR O, A AR
ZEMME . A, BB e I S A A
A7 25 ) 1 FH i 5 25 444 5 b Jgg 40 B XoF b 9T 25 9 1Y)
R, 3% I s T LA AT g 4L 2 40
AT 00 ) 92 4 ff A K o

g brad, AT LU P8 s R LCe3
P627KF, 1l JF 958 20 4L A AR 9 e, AT 9 o 2 40
iR S (SN 1 g T A g AP ol S R NP 1 ]
LSRN R LR ZG, KSR
A 7] 8 B DA R S0 it DR 1 FH 0] o 3 75 22 fF — 20 45
K505
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