A E R A iR Y 24 http: //www. biother. org
Chin J Cancer Biother, Apr. 2017, Vol. 24, No. 4

- 404 -
DOI:10. 3872/j. issn. 1007-385X. 2017. 04. 012 - Kok At -
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[ E] 84 FEEKN AT R0 KOS WL bevacizuma )X A HepG2 21 A4 14 P &ML i 38 75 4 K
HAERIBLH . 2ok o BRIUE R i 25 0 R i A SR 40 PBMC ), A 22 Fh 4 i B 702 1 CIK 40 i, 76 7 40 i Ay |
AT CIK HHARAY e A5 4T, CIK 2655 DUER RS0 B0 sl G54 FH T HepG2 4l S , I CCK-8 Ml 2 FXT HepG2 41 {4
HMEFHE PRS2 5 R P28 /N 2 ( Transwell ) 1R R S5 56 0 52 H4F HepG2 41 i 4= 283 B 16 14 A 5% W ; Western blotting 45
HepG2 4fid Akt A1 Exk {5538 A OCHE AR FRIL A8k, HEST HepG2 40 A B T RS R A, IF BENL /> 4 L B K 4]
CIK 21 DU Hbid] B CIK AR D AR b, 45245 28 d Ja AbBERR B, FIBUR A, e ALk 4141 CD31 & Ki67 &
k. £ % REUERE A PBMC %S 14 d J5, CIK 4IR30 B8 CD3* CD56* 4l 19 1K( 36.33 £2.58 )% . 5 8
VAT L A 2T HepG2 20 L () Be A 968 438 7 176 1 Bk 2 3458 ( P < 0. 05 )5 CIK 41 B Fn D A% 470 795 25 056 - L B 7 4 245 4 %
HepG2 ZHMII#R 780 (75.6 £9.53 ) vs (304.8 £45.73 ) (359.8 +38.10 )4, P <0.01 JFIFER[ (29.35 +8.14 )% vs (55.07 +
6.27 )% ( 60.50 +9.73 )% ,P <0.05 JHE 7 A4 558 ; CIK 41 i A1 DL AR b w0 24 SR J D6 A AR BB i) Ake A1 Exk PBETR 1L 5
CIK A DGR 2H AT 30 5 300 A% AR A LA I BB A 0 20 207 15 1L 4 % B N K67 2R3k, 55 Ay o7 T vT MR A At L Lb e 2
HEFE (P <0.05), £ CIK BA DR AR AR AN HepG2 ANNIEAE 1228 BRSS9 A IHIE AT, BALT sahia
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Anti-tumor activity of cytokine-induced killer cells combined with bevacizumab
against hepatocellular carcinoma HepG2 cells in vitro and in vivo

ZHAO Jianfu, ZHAO Fengzhi, CHEN Wenhui, QUAN Qiang, FAN Jing, CHEN Biyun, ZHANG Ding, XU Meng
( Department of Oncology, The First Affiliated Hospital of Jinan University, Guangzhou 510632, Guangdong, China )

[ Abstract ] Objective:To investigate the antitumor activity and the mechanism of cytokine-induced killer ( CIK ) cells
combined with bevacizumab against hepatocellular carcinoma HepG2 cells in vitro and in vivo. Methods: Peripheral blood
mononuclear cells ( PBMCs ) from healthy blood donors were isolated and cultured in the presence of different cytokines to
promote the maturation of CIK cells; and the immune phenotypes of CIK cells were analyzed by flow cytometry. The inhib-
itory effect on HepG2 cells of CIK cells combining with or without bevacizumab were analyzed by CCK-8 assay. Cell mi-
gration and invasion of HepG2 cells were detected by scratch assay and transwell assay. The phosphorylation levels of Erk/
Akt signaling pathway related proteins were detected by Western blotting. HepG2 cell xenograft tumor model was estab-
lished in nude mice. Tumor bearing mice were divided into normal saline control group, CIK group, bevacizumab group
and CIK + bevacizumab group. On the 28" day after drug administration, the mice were sacrificed and tumors were isola-
ted. Immunohistochemical staining was used to analyze the expressions of CD31 and Ki67. Results: Human PBMCs were
stimulated for 14 days, and the CIK cell phenotype analysis showed that the amplification of CD3 " CD56 " CIK cells
reached ( 36.33 +2.58 )% . The inhibition rate of CIK cells combined with bevacizumab was significantly enhanced by

comparing with CIK/bevacizumab alone groups ( all P <0.05 ). CIK cells combined with bevacizumab showed a more in-
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tensive inhibition on cell migration( [75.6+9.53 J s [ 304.8 +45.73 ], [359.8 £38.10 ], P <0.01 ) and invasion
([29.35+8.14 1% vs[ 55.07 +6.27 1% , [ 60.50 +9.73 1% , P <0.05 | by comparing with those two single treatment
groups; CIK cell treatment, bevacizumab treatment and the combined treatment could all decrease the phosphorylation lev-
el of Erk and Akt; the combined treatment significantly inhibited the tumor growth, mean vessel density ( MVD ) and Ki67
expression , which had statistical significance when compared with the other groups ( P <0.05 ). Conclusion: The current

study suggested that CIK cells combined with bevacizumab inhibited HepG2 cells proliferation, invasion and migration

both in vitro and in vivo, which significantly precede the treatment efficacy of single treatment groups.
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1.1 B 2 %X

HEPE BALB/c nu #REUE B T R4 BE 22 S0 50 3l
Pyrfls s HepG2 4RI H 5 ATCC 41 i g ; CCK-8
W & H Promega 28 7l 5 WAKFAHTIE A Roche 2
], Akt, p-Akt, Erk, p-Erk 1 Ki67 HTRIA F Cell Sig-
naling Technology INECD31 HLARIE 3 R&D A H);
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R & T HOMN 38 = RAEDH AR A PR s DAB
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ISEAE

1.2 CIK e ) & B & 2 i)

SR AR fd I A R A1 A Il T I BT, 48 Ficoll
0 A B 5 0 AR A1 JE] I B4 A% 4 L PBMC ), %
I T 10% FBS HYJ RPMI 1640 1535, 7£37 C |
5% CO, RiFA TR F: 2 he WA R IF UM, V345 40
M HE R 2 x 10°/ml, A 1000 TU/ml TFN-y 15 3%,
24 h J5 A 150 ng/ml /) EAE A CD3 #4. 1500
IU/ml IL-2 #1100 U/ml IL-1o, 2kZE 5 BB 5. UK
FEREFR A 1.7 M 14 KA CIK 4HH, 4350 A 4wl
POEEAMCHY BPT A CD3.CD4 ,CD8 .CD56 M [ !
XF R TGl By e BEHUAbRIC T , FH I A B AR A T
B g2 IR
1.3 CCK-8 &It CIK Z8hek W A% 3 3 34 Jk X,
BA- A st HepG2 4 fleL ¥ 78 64 F9 4]

POV ECAE K HepG2 40 9, I8 22 41 ffg LL 2 x
10*/ml (% BEEz R0 T 96 FLAR, 4L 200 pl, T 5%
CO, .37 °C WA rh 35 5%, £ 4 LW BE J5 43 Oy : CIK
A VR BAHTIB T 45 CIK 41 ; VAR B4 4 ; 2k 3k
K20 (NS 41 ); CIK ZH R L ok 40: 1, DLAR AT
LHHE N 10 pg/ml. 3 NESL, QkLERFR48 h
JEMA CCK-8 ¥ 10 pl/9L,37 CHFH 2 h. JHEE
IR AR A BT ARG 4 FLAE 450 nm KA 19 )6 25
BECD A TR A MBS 2, 15 A R - 4
i3 % ) =( D _Dassay/Dxﬂa =Dy ) x 100%

1.4 RPEEIM CIK 29505 N AR S 30 8k 3 5
& A 3} HepG2 2m L E 45 45 ) 4 % o)

B8 A2 K 3 HepG2 20 Jifd, 4 2 40 g ) 3 x
10*/ml A% FEFEAN T 6 FLAR, B5FL 2 ml, T 5% CO, .
37 C WEAR R . FRANMNGEE S F 200 wl M3k 4%
BRAEMRAL R 22 IR, FH RPMI 1640 JE IfiL i
BE SRR AR I A M T A T A AN 2, 25 53 4R
CIK BX A& DR B HTIAR YT 45 CIK 415 DA A4l 5 NS
40 ; CIK 20BN DRI BER] 1.3 #8430 7E 5%
CO,,37 C, MFNEEE R FRAf h AR 2L 35 55 48 ho HUAH
W35 SRR AR AR B ¢ W U T WS R I I XF
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AR M ) R A KR L. MR A A% ( % ) =
( WO-W48 )/W0 x 100% , WO }y 0 h £ %JE 5 5,
W48 K 48 h J5 & AR Y B B
1.5 Transwell 523 CIK @ i k5 M 4% 32 47 3 kS, 3R
& 2+ HepG2 4m ez 22 7k 77 6 % v

WA 22 TEIMLTE 15 7R VLR 24 h 1 HepG2 4L,
PAAEAHMILL 1 x 10"/ mL 1% B2 4270 T Fl G Matrigel
WEHY) Transwell /N, 7E/NE N EAIA 600 wl FAA
[ 254 19 RPMI-1640 35523, 254 7324 : CIK B
A VUK BAPTIARIT A CIK 40 DUARBABTZH NS 4. T
5% CO0,.37°C WF4E 1557 48 h J5, BUH Transwell
AN ARSI L2 /INE PURG R 4, A
4% LB R IR GE 15 min, SR FHZE YL,
FEFIE PO TS IR A NE R
22 A0 B H o LB R A AR 2 A
100% , iHEAMEZE R, REF =( HiikAA R
ZEH BT BR A 42 2850 ) x 100% o
1.6 Western blotting ¥ CIK %8 AL 5 W 4% 3 37 3¢
MBIES B A M HepG2 20 i W Akt F= Erk 42 % i@
T B A 6 v

25 Ab I HepG2 20 AL RIPA 24 IR AL LGB
M, % LR 40 peg/fL4 SDS-PAGE 70 55, F5 B0 &
PVDF JI€,5% BSA #f14] 1 h, il A 5% BSA Fikefl—
Pi( Akt,p-Akt, Erk, p-Erk 1 Ki67 ik ), 1M E 1
h, VRIS A TR B ) 0, SRR 1 he
ECL fb2: &G, F 15 == vh A T 3R 15 2 1
1.7 HRAFAE 5= CIK 20l WX S 4
Tk R IEA SR 3T HepG2 4 f A5 A1 & K 69 %5 vh

W4 4b T 0B A K 916 HepG2 4R L5 4L, 1] PBS
TR 2 o, IR AN A 1 x 107/ml, A BALB/
nu HEPERR R FEEFP 0.2 ml, ARPEEERKEZE 70 ~ 100
mm® I, 8 ERLEAIL 20 A FEER K 6 BB 4H | CIK B4 DL
HREAPTA (CIK A DR B PIR YT 4L, Rl 6 L, 43
2 B S 2590, CIK 40 100 wl, ¥ 11 x
107/ml, DUAR AT 5 me/kg,4 d —IK, H4525 4 J.
BT IR R R 4 d — WS - RO AR BRI 1Y
RPR( a) B die KAEAR( b ), WLE o A K 19 1
WL IIRATR = 0.5 x a x b, 55 28 KPR BLAb
BE., B b Rg 412, Bkl o, TS R i . b
HIEC % ) = (1 — SEYGZH - Y98 o e/ o HE 4 -2
T ) x 100% . SCIZE WS, Kb AE AR R, 3 5598
Pt 4% 25 B
1.7.1 BHEBEARERFE LN L EEHMN
ST F K I A s A3, A 500 AL

VIBUREER 4 wm # 5 T 2088 7 b, B 5 #o5
ARZEAL( H-E )G a0 & 47T H-E e fh
1.7.2 BHGA B %545 ERN Bhg A b
Yl A pH6. 0 MFF IR LR vh A TPL R E )5 ,
B CD31 1 Ki67 —Pi Ml =40, %5058 4 44k 27 3R,
bl kot ER R R S B e el Y E S D = €
BRI AR T BB 25 (. Micro ves-
sel density, MVD )HI Ki67 PHIR( % ).
1.8 %itFE o

K H GraphpadS. 0 4448 i1 B 8, oir A ik
Kz HE 3B v 2 s Foon, BN AR
e K56, P <0.05 BRERHRITEE L,

2 &% B

2.1 CIK Zafe &R a4

53 BS1) PBMC ZEARSMFH Z i 248 Jif PR - [m] 355 5%
14 d, 24 Bl & 28 (&1 ), CD3* 4 iy
B L M( 85.21 +4.74 )% ,CD3 * CD4 * 4l L 451 Ky
(30.08 +£3.09 )% ,CD3* CD8 " 40 b {51 ~( 42.5 +
2.30 )%, CD3* CD56* 4 s It 1] K ( 36. 33 =
2.58)% (% 1), 454 CIK dHffE e KA

<5 4
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s b A
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1 RXABAEN CIK A s RE
Fig.1 Immunophenotype of CIK cells
checked by flow cytometry

2.2 CIK a8t & WAX 24027 A & HepG2 2m oY
¥ 78 37 B AE A

DUAR BT | CIK 21 K 5 35 1656 FH 20 240 e 47 ol i
St HepG2 40 AY 14 58 . CIK BeA DL AR PRS2 19 40
i HE FE A R R 5 T CIK 4 RN DL AR B 2H] (71,12 =
1.23)% vs(132.22 +2.34% ), (27.86 +1.40 )%,
P <0.05. H.PZ5IH] A% 20 B 15 5 400 o 4 e T o



B, 45 CIK MU A D AP AR HepG2 ARMLEG UK P SMELRI 6 HE 107 -

4L A IC P <0.05 ).

®1 CIK ARG RRETN(xs5,%)
Tab.1 The change of immunophenotypes of CIK cells

(x+5,%)
Immune Time ( t/d)
phenotypes 1 7 14
CcD3* 62.24 +3.45 72.63 £5.35% 85.21 £4.74"
CD3*CD4* 40.60 +1.69 35.88 +2.86* 30.08 +3.09"
CD3*CD8* 20.24+2.05 34.02+2.36* 42.5%2.30"
CD3*CD56* 2.17+0.45 8.4x1.7°  36.33 £2.58"

"P <0.05 vs Day 1

2.3 CIK @Bt b AR S 40 55 BT 9% HepG2 4@ i it
B I HAE A

R AL A L g B o, DR APl S CIK 4
HepG2 2 Jfl 1 Rl JE A & % 73 5 4 ( 60. 50 =
9.73)% .( 55. 07 +6.27 )% ,NS H A& EN
(180.79 +9.41 )% ,CIK K DU RAHTIR G H 254 ()
HAFEN(29.35 £8. 14 )% . L5 R KA 254
HepG2 40 i i # B8 J1 (KT NS 4, Bk & 254
HepG2 4L iE R RE J7 B B AR T NS 41 K Wiz
(P<0.05),

2.4 CIK B4 N AR AR5 IF R HepG2 4m i A3 2 47
HAE R

N 2, Transwell 12785256245 3 87, CIK 41 iy
B4 bevacizumab 41 ZF i+ Matrigel & K Transwell Ji&
o/ NFLAARAER (75.6 £9.53 )4 1B B/ T I fR R
P (1359.8 +38. 10 ) | 2 CIK 41[ (304. 8 =
45.73)4,P <0.01 . H.W 25 2] 28 2o 40 e 500 F
NS 4 (521.6 £66.7 )1~ ],P <0.05,

B2 CIK g8 ma ik & 0L S Hixd AFE HepG2 AR RMFMA %200 )
Fig.2 Effect of CIK cells combined with or without bevacizumab on HepG2 cells migration ( x 200 )

2.5 CIK ZmfeBe b M AR 40 % @ AT 5 HepG2 155
WP Frkl/2 Fo Akt BB A KT

Western blotting 5% 55 45 5 i 7, CIK 4 il F1 D1
R BAGTERBEIN I Erk1/2 A1 Ake ROBSRR AL , 170 5 5 6
ARG 4R B kg am #3 ),

2.6 CIK 0Bk & N AR 40 2T AT A RO T B AL
I8 09 Fp B A A

DUARERT W] Y18 B8 AR IR A2 (P < 0. 05 ), CIK
AR AR AR K s (M2 R TR G E
SC; CIK BRA DUER BT 465 245 20 % B8 A g vy 410 il 7
TR T H B2 RCR (B 4),

ARG AR BRAA 25 05 55 28 RARSE, SR 5 43 5l
KGOS P g Bk E . S TR G 4L 0 R AR R e NS 4 H
(1.34+0.16) g;CIK Z1°8( 0.89 +0.08 ) g; VI f&H
P H(0.78 £0.10) g; CIK + DAL BT 20
(0.50£0.18) go AMAYTLHZ BRI E A 1]
225, 45 2 A AR LI T 5 0T R AR Ll P O

CIK HRA DU A AT 20 o o i M ol e 3%

CIK+Bev CIK Bev NS

B-actin

3 CIK ZEiafn % B4 8 s F B S %) HepG2 48AE
Akt #1 Erk BEERIL K FHI 2200
Fig.3 Effect of CIK cells combined with or without
bevacizumab on phosphorylation of Akt and Erk
in HepG2 cells was determined by Western blotting
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REFESEBNEKH L
Fig.4 Growth curve of HepG2 cell xenografts in nude mice

treated with CIK combined with or without bevacizumab

2.7  CIK Bk DU xf i R SRS A 08 2H 21
MVD J Ki67 f52 0

SR B 5, 3 2 ) ion, A B ER K 41
JeA T LA R AE I, 2% 2 25 4 5 A BRER K ZH A
e MVD 350800 1 CIK B DR BAT 24 78 2 41
Hiy MVD 8/ fi L AR BIER K 2H 1 1 0 R L
Ki67 5, 25 45 25 241 5 AR 3R OK 41 AH [L Ki67 A%
R/ T CIK B DA PB4 20 21 Y Ki67 FH
PER DR (B 6,%2).

*2 NKEBHABKS CIK HE3HEREAELS MVD

KK Ki67 B0 n =4 )

Tab.2 Effect of CIK combining with or without

bevacizumab on MVD and Ki67 of implanted tumor( n =4 )

Group MVD Ki67( % )
NC 21.93 £3.12 77.14 £6.35
Bevacizumab 16.42 +2.57" " 58.32+5.41""
CIK 18.43 +3.42" 69.71 £3.49"

Bevacizumab + CIK 9.15+2.62*** 42.30 +5.53 "

*P<0.05,"*P<0.01 vs NC group;*P <0.01 vs

Bevacizumab group

3 3t i

JE R 2R IS T BR Byt e (BT 35Ty
BEN EIRARIG 5 441N 24% ~50% ,
WP AE ARG 5 AEATE RWALN 47% ~61% " 4
AR FEAR SRR YT M ) 8 B8 8 ek O =G (R AT R
REMl W GE R . Rk, FRBmiaIr r £ 5A

* HH#

FHEIGIRE Lo B HT M AR WL SCH R E CIK A D
B BAHTIR ST I B9, A BIFFE 20 R ] 38 Bk & 45
7% HepG2 4HML, & BRI Z5 %) HepG2 2 A ELAT HIp[w] 41
HilVEH] o

A: CIK + Bevacizumab; B: Bevacizumab; C: CIK; D: NS
BS5 BSRAZBAEMN MVD REM3 AEMR x200)
Fig.5 MYVD in combination group was lower
than that in the other 3 groups ( x200 )

A: CIK + Bevacizumab; B: Bevacizumab; C: CIK; D: NS
El6 B&RAZAER Ki67 FAMLEEERE( x200)
Fig.6 Positive staining of Ki67 in combination group

was more significant ( x200 )

B S IR T A IR 1 5% AR T Hh R 1 AR
RV BT R AT S B, 7 5 S R
Bk CIK AU AT DL B AR 5% AR T 4
T HL AT DL 3k 43 06 4R A 40 g PR 1L-2 . 1L-6 Fil IFN
AT R e T A 2 R R 46 4 i
98 T 20 B R A R WS 19 B 22 R 22—, CIK 4
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R BYCE N B A8 RH OG0 I R BB E Y T e AR AT
KT DC-CIK B4 TACE 1A 97 I A 118 F
TACE Bigyr . FFHE IR ARG # B CIK £ 9
I AT LA A TS

Bevacizumab s&—28 NI AL 5T VEGF HL3¢ [
P, TR BB VEGF 5 VEGFR 454, e #r
A AN RZK PN B AR A B L B A T
ZENH I, A R 38 A0, Bl 2= 6L A i
T, BELAS 24 W 26 e e e A0 R A S0 7% . i 200 ik
51U VEGF 75 S8 AR VA2 i, HAE BE AN S8 | 35 30
P, AL e R IR T A5 F. BT VEGF 1RYT
T DA RBARC T A I A A a2 BEL AR 20 i A
SEECHT A A BN IR U RV R R M B
BEAIH CIK 20 M0 bR 8 12 DL AR B 2 ik
i I IE A, DA AR JR R R AR O, DR R
TREFIFEAE, T CIK 400 % ™. A, bev-
acizumab T FEAI a3 20 25 1 i 76 280 15, BELASH JHF 9 4
oSl I T U F = 2 T AR

BZ  ASWF 38 3E 52 bevacizumab 5 CIK BE4& M
FHATA M 6 988 20 HepG2 1y AE 4K, A i
YEF KT bevacizumab 5 CIK BAZ591/EFH . CIK Hl
bevacizumab ] A5 &5 4110 il JH-J6 240 B 164 78 K3 A= i 4
AL GERB AR T, G R CIK BRG 4 FH
G Y AR N —RhB G I 7 S80S A i S8
. HRETAWIFY CIK B A bevacizumab 117 il JH-9 1
{URTEA M S A RSOR . HEARES VR HIAL
il el AT R4, A8 R R 1 Bt R i R 22 vl SE S F
TR
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