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[HWE] a6 HWiTHEKE 5S8R0 90 (cytokine-induced killer cell, CIK 4l fd) /0 A IL-21(AIL-21) £ [ i) % &
W R T AT, F ok MBI RIL-21.CopGFP & 4 ik pDC759-RIL-21, pDC759-CopGFP 343 5 pAds,
pAd5F35 Ht5 e HEK293 4l ifd , £1 %€ 3k hIL-21,CopGFP HE F Y Ad5,AdSF35 R 3, 4r 85 7 3% CIK 40 M FF 2 i A K il 4
P CopGFP JEHAY Ad5, AdSF35 375 LA [ MOT (0,1.,5,10,50,100,1 000) &Y CTK £ i s K¢ #5745 hT1-21 ZEF A Ad5
Ad5F35 35 LA TR MOI (0,1.5,10,20,50) /8% SMMC-7721 40 48 h J5 & hIL-21 & [ B9 Rk K 84 hll-21 N K
Ad5F35 5 # LA R MOT (0,1,5,10,50,100) /&% CIK 401 48 h JE A hIL-21 & H M RK, T ES SMMC-7721 40 i £
M BB L LR AA hIL-21 B9 CIK ARy MRl L IE M sk, &R ROWEI T Ad5 . AdSF35 95 75 1Y R ; 1 22 19 it
B pAd5 pAdSF35 I BS54 e HEK293 4 , 2% Hh 3k hIL-21 & CopGFP HE H M Ad5,AdSF35 Fi#E, #4r CopGFP
FHEA A5 AASF35 84T CIK 20 9 J e 52 58 32 0 AdSF35 BR o 75 BOJL S 00 i s B4 W I1-21 ZE KA Ad5 . AdSF35 9% 7 %t
SMMC-7721 4 i i & Gt S 30 R B hIL-21 k1w 22 5 UGt 2 B 3 #50 hIL-21 BRI AY AdSF35 # 3¢ LL 50 MOI &3¢ CIK 4
FfL )5 hIL-21 335 8 s sh W S0 Be 1143 7 0 B 265K hIL-21 B9 CIK 40 fa o far 980 #R BT 200 . 48 4 hiL-21 5 CIK 4f
0 7 A 98 /0N B N B B R4 e AR
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Effect of cytokine-induced Killer cells expressing hIL-21 on hepatocellular carcinoma in nude mice
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[Abstract] Objective To investigate the feasibility of using cytokine-induced killer (CIK) cells as targeted vehicle to
deliver hIL-21 gene for hepatocellular carcinoma (HCC) treatment. Methods We constructed pDC759-A1L-21 and pDC759-
CopGFP for cotransfection of HEK293 cells with pAd5 and pAd5F35 which can express hIL-21 and CopGFP proteins for viral
packaging. We isolated CIK cells and plotted the growth curve. Then Ad5/AAV-CopGFP and Ad5F35/AAV-CopGFP of
different MOIs (0,1,5,10,50,100, and 1 000) were used to infect CIK cells; Ad5/AAV-hIL-21 and Ad5F35/AAV-hIL-21 of
different MOIs (0,1,5,10,20, and 50) were used to infect SMMC-7721 cells and the hIL-21 protein levels were examined by
ELISA assay 48 h after infection. Ad5F35/AAV- hIL-21 of different MOIs (0, 1, 5, 10, 50, and 100) was used to infect CIK
cells and hIL-21 protein levels were also examined 48 h after infection. SMMC-7721 cells were subcutaneously injected to nude
mice for tumor forming, and then the tumor-bearing mice were treated with CIK cells carrying hIL-21 and the therapeutic
effects were observed. Results Plasmids for viral packaging were constructed. After cotransfection of HEK293 cells, Ad5 and
Ad5F35 which can express hIL-21 and CopGFP proteins were successfully packaged. Ad5 and Ad5F35 which can express
CopGFP were used in this study. It was found that Ad5F35 was superior to Ad5 in CIK infection, with the suitable MOI being
50. Ad5/AAV-hIL-21 and Ad5F35/AAV-hIL-21 had similar effect on IL.-21 expression in SMMC-7721 cells. Results of animal
study showed that mice in group CIK/hIL-21 had a better curative effect. Conclusion hIL.-21 and CIK cells have synergistic

anti-tumor effect in nude mice bearing HCC.,
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JHF 98 S — il VR R B s L TR 25 000 R
H T 23097 T BOF A RE AR AS | 238 J1F e 8 & 1Y
WG . B R T R — MR R IR 9T T BT IR
BT R 93BT . A 3R (T 7 G 28 1o 24 F I 55
R B B R AE L b TL-21 F ARG CD4
T 20 M 3 W6, BE G SR %00 T 40 M A& A iy B AR Rt
(NKO 20 i 1) Ty BE » DT A 2503 5 AL A 1 361 A 4 92 LA
T S G B N xR LA — 2 BIR T Rk
RS A R i S 0 A 05 4 Ceytokine-induced
killer cell, CIK 4iifif) & — 7 NK HE4E F 2 A L%
" & & K (major histocompatibility complex,
MHC) BR ) 14 40 i, [ i 5 BT 40 3 /9 A 98 75 .
AR IR £ B A 2 T 40 B 3% 78 B g 1 T %
TL-21 B PR, R 5 25 #8547 1% 56 X 3 L CIK 40 i
RV TR s T SR IR AT IR T RO

1 #MRITE

1.1 ## AN IL-21(hIL-21).CopGFP 3 KR
ki pDC318-h1L21 ,pKCDNA-EF1-GFP , # A& 5 hi
pDC759, I 9 5 B 2R T AL pAd5., pAd5SF35, B2 &
KIHFFBE DH5 o 35 2 & K22 R 7 BF AR AL 2
Bt JE DR 2 VA 9T S5 99 % M AR f£ . Lipofectamine
2000 e gL i) & A0 M5 37 1LV L 15 IR T Gibeo
T AR A0 HEK 293, T 98 40 il SMMC-7721
P B 78 BE R 2 AR 7 T IR AR B B B 3k IR0 B IR T
SEHG AR AE 45 s hIL-21 ELISA # I 38 %) & 6 T
eBioscience 23 ) ; 4] 45 Ab B ) Ab 5 i 20 i B AR
FEBE R e KM BE B B R R, 4~ 6 S i 1
BALB/c # B T i[5 R 2 B 52 55 3 ) thao (314
HHBIUES :2007000522139)

1.2 #EAERE#HE LK pDC318-AIL21,
pKCDNA-EF1-GFP N # #t 4 5 3¢ B hIL-21,
CopGFP 3,518 F . hIL-21 L#F514 5'-ACG
CGT CGA CAC CAT GAG ATC CAG TCC TGG
C-3', FiF51¥ 5'-CGC GGA TCC CTA GGA ATC
TTC ACT TCC-3'; CopGFP LI ¥ 51 % 5'-CGC
GAA TTC ACC ATG GAG AGC GAC GAG AGC-
3, FiE5I% 5'-GCG TCG ACT TAG CGA GAT
CCG GTG GAG C-3', Xt pDC759 F hIL-21 347
Sal 15 BamH 1 BV b, LK B 6 260 bp Fl
489 bp B R B A80%E 2 )W s X pDC759 F1 CopGFP
4T EcoR T 5 Sal T B&EYI KB, HLUK M 6 254 bp
759 bp B v B RN, EHEKRERAE

interleukin-21; cytokine-induced killer cell; adenovirus; liver neoplasms

[Acad J Sec Mil Med Univ,2012,33(10) :1045-1050]

P HCBH P v B il B PR AT Tl U S8 L S8 TE R Y
kL% AE 3 7S A AR K FE A BR A /1 I T 5 i 44 1 fff
B ki N pDC759-hIL-21.pDC759-CopGEP,

1.3 mEOLE F¥AEE  FH Lipolectamine
2000 ¥4 JFkL pDC759-hIL-21,pDC759-CopGEP 5 [l
T H AR pAd5 . pAdSF35 JEHE e HEK293 41 i, 3%
B R aE WL, F Qiangen DNA Kit #2808 24 I# 9%
B DNAL X #E 3L R 4 4T PCR %028 L BHH: % B8 i
Hi pDC759-hIL-21 . pDC759-CopGFP Fil Ad35-RC, %
B I B () 25 41 9% 5 il o 4 0 AdS/AAV-RIL-21,
Ad5F35/AAV-hIL-21; Ad5/AAV-CopGEP, Ad5F35/
AAV-CopGFP, WY H4lifb )5, R H TCIDs, CF: 5L
ZH 2R 7 TR R ) VR I e T

1.4 CIK @3B Ak e%s 50 ml 4
I V24 228 9K T2 200 L 53 25 W (Ficoll T 1) 43 25 48 15
AhJE I B A% 40 B (peripheral blood mononuclear
cells, PBMCs) J5 T 2% i 4+ 1L 7% (fetal bovine se-
rum, FBS) i GT-T551 555w b 85 55, 76 IL-2. %t
CD3 H e Bk  fIEN-y L 4E 3B A S M T
PR CIK # i, HFEZESE 4 R A GT-
T610 A3 R4 b 5 5% FE AR5 1506 1 d XF CIK 41
I K5 30 A el R VAR A Y A B AR KRR
A IL-2 ff & ¥ BE R 500 TU/ml, SMMC-7721,
HEK293 #i a3k FIE 0 10 %4 FBS # DMEM #5 57
W TR, AT 37°C 5% CO B4 h 85 5%, i
SREAS I A M R AR IR TR 2 BOF 2 | CIK
Y RS NS

1.5 mERFEFLER M AdSF35/AAV-CopGFP.
Ad5/AAV-CopGFP e CIK 4l it X b 9 #5 J8k G 54
R, MRS 7~9 d 9 CIK 400, #E s e 031
. M GT-T551 55 3% 00R 15 240 A %% B . 0 4] i g fL
MR R R 200 (1o 1X 100 /L4 6 FLAR . B J5 422 Jk
Y42 B (multiplicity of infection, MOID 1.5.10.50,
100.1 000 4351 28 A7 B e, YLK R YL 2 h )5 . & FL g
2% FBS GT-T551 H Rl ELARFN 3 ml, %
B 1R SR YL 48,96 h B AU TR

1.6 ELISA #F#& 0 hIL-21 B o ey kx40 H
RPMI 1640 ¥53% .G T-T551 £ g 55 5% W % 35 Jk e
Ja ) SMMC-7721 4 A1 CIK 40 % %, A 1107/
Lol 24 LA, 200 pl/fL; AASF35/AAV-RIL-21,
Ad5/AAV-hIL-21 43 5 & J¢ SMMC-7721 4i g,
MOI 43514 0,1.5.10,20.50; Ad5F35/AAV-hIL-
21 &Y CIK 4 g, MOI 40451k 0,1.5.10,50,100;
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BAHK 3 MEAL, TFERA;37°C 5% CO WA 1
3% 2 h J5, SMMC-7721 4 fg #h il 5% FBS RPMI
1640 # W , CIK 40 i #bn & 2% FBS #) GT-T551
R B ALLMFAN 1 ml;37°C 5% CO. WA 15
F% ., THiFR 48 h W E Vg ELISA %4 h1L-21 &
EESE SN

1.7 0 J Mg sy /N S R g
ML, 7 d J5 BRSO, B e R /N BRUBE AL 4r D 5 4
CIK+hIL-2141 5 K, HAR A 4 H, (1) PBS X
4. B EHIKIE ST PBS W5 (2)CIK 41 . B ## ki 4 CIK
A, 107/ 25 (3) AdS/AAV-RIL-21 4. A
T, M & 2 X 10° pfu/ 2 (4) CIK + hIL-21
4. RFIK ST CIK 4, 575 107/ 5, 98 9 it
Ad5/AAV-RIL-21, 55 K 2 X 10° pfu/H; (5) CIK-
RIL-21 #H. R # Bk ¥ 9 AdSF35/AAV-hIL-21
(MOI=50) &%t 2 h Ay CIK 40, 5 &~ 107/ -,
PIIAITIRIRG 1 d, 9097 5 WG IRY7 Ja B8 1 il
SRR AAC AR, THE R R R aE s 8 A B .
() B s /Iy BRUZE A7 85000 . S 30 45 RIS 42 o b e 48

HESINEew 2 o Tl S I A gy Qi R N AE L E/AE 2
(aXb®) J2f B o ARKER .0 ARMEHR) .
iR AR AL S em®, THE IR A R R A o
R R (V) = O B ZH g PR B K 25 8 X IR 7
S IR AR FR B S B B0 /) T 21 i e 1 BR B P B
1B X100 26 s 1097 56 IR 1530 A i 48 < 38, A i 8 K
H (V) = GRYT L1 X A= A7 I ] — Xof B P 1 A= 47
IR 8] /5% AR ZH - 2 R A7 I ) X100 %6 .

1.8 weatFam  ZitAL BN A SPSS 18. 0 4Eit
AL 52 L SR ] J5 22 03 B R AT 4L 1) 22 S5 PR 4G 5 L I
/N2 (LSD) ¢ K 3 4T I L35, A 36 7K F ()
4 0.05,

2 &F R

2.1 REEZER Ik REY pDC759-AIL-21
2¢ EcoRI, Xmal . Nhel+ Ncol \Agel + Pst] . Agel + Ncol
A3 B 25 KN IERR (| 1A) . pDC759-CopG-
FP 2 Pst], Xmal . Ncol . K pnl. Xhol 53 M B Y] J5 25 %
KN IERE (B 1B) .

bp

1 000 — ==

500——

B 1 FRRE )k E

Fig 1
A pDC759-RIL-21 restriction enzyme digestion; B; pDC759-CopGFP restriction enzyme digestion. M; Marker; 1'; Digested by EcoR [ (429
bp+6 329 bp); 2': Digested by Xma I (11 bp+261 bp+3 027 bp+3 448 bp); 3': Digested by Nhe I +Nco T (1091 bp+5 667 bp); 4': Di-
gested by Age | +Pst T (1811 bp+4 997 bp); 5';: Digested by Age I +Nco [ (1 085 bp+5 673 bp); 1: Digested by Pst I (1 501 bp+5 521
bp); 2. Digested by Xma [ (11 bp+261 bp+3 291 bp+3 446 bp); 3. Digested by Nco I (30 bp+423 bp+900 bp+5 669 bp); 4. Digested
by Kpn1 (637 bp+1 539 bp+4 846 bp); 5. Digested by Xho I (2 885 bp+4 137 bp)

2.2 smaEAMNEER KEIEHMN AdS/AAV-
RIL-21. Ad5F35/AAV-hIL-21. Ad5/AAV-CopGEP,
Ad5F35/AAV-CopGFP # HEK293 4fi ffl 1 Je &2 4 14
4lifk . TCID;, ¥ DN 7 55 55 1% B2 43 3 4 1. 05 X 10",
2.65X10" .5.15X10°.7.1X10° pfu/ml,

2.3 CIK@fA kg HH S5 NIEH AA~E)
(4 1 20 L 4T PBMCs 43 2 35 5% , 23 il CIK 40 i 2F
K2k (& 2), 7] WL CIK 4B ZE R #1958 10 KLU

Electrophoretogram of plasmid restriction enzyme digestion products

FE U DL T L A0 MRS R 3 B AT A
M4 R 20 d LUG 9 i g B 8 K A5, DU I
AL AT B
2.4 Ad5F35/AAV-CopGFEP #2 Ad5/AAV-CopG-
FP »f CIK @ peeg & 4t h & 3 oI W Ad5F35/
AAV-CopGFP % CIK 40 M i) & Y g Jy i K F
Ad5/AAV-CopGFP Xf CIK 40 i i JE& YL g J1, bl
#F MOI {H (3 fin, Ad5F35/AAV-CopGFP %f CIK
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20 L ) JRR L i ) 38 1 5 L O R BE A TR B L MO
K50 B & F AdSF35/AAV-CopGFP % CIK 4
2.5 ELISA & #a RE MOI 2 % %0 fe )5 hi1lL-21
Za ey kik  AdS/AAV-RIL-21, Ad5F35/AAV-
RIL-21 %F SMMC-7721 20 ftk 0 e e 1 22 57 L 40
T2 LA MOIL R 20 BF hIL-21 85 [ 1 28 2
(K 4A), AdSF35/AAV-RIL-21 J&Ye CIK 40 i
BF B 2 MOT [ 38 02 35 =B i 78 24 MO 2l 50
Af. hIL-21 fE AR EE & (B 4B),

AdSF35/AAV-CopGFP Ad5/AAV-CopGFP

48h .. .
96 h
A

Cell count (x10'")

8 10 12 14 16 18 20 22 24 26
Time #/d

2 CIK {4 m 2

Fig 2 CIK cell growth curves
A-E indicate CIK cells from five different individuals

AdSF35/AAV-CopGFP AdS/AAV-CopGFP

3 Ad5F35 K Ad5/AAV-CopGFP B3 CIK i IR BRI (A) SAME (B) B XfLE
Fig 3 Comparison of green fluorescent images (A) and bright-field images(B)
between AdSF35 and Ad5/AAV-CopGFP in CIK cell infection
MOI=50; MOI. Multiplicity of infection. Original magnification: X 200

350000 g ags/aav-nrz21 group

Expression py/(pg-ml™)

30 000 W AdSF35/AAV-hIL-21 group
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r:ll‘ﬁl_r_lll_‘ . B

5 10 50 100
AdSF35/AAV-hIL-21 MOI

4 ELISA = # A E MOI T SMMC-7721(A) 1 CIK (B) 2R vh hIL-21 EAMRIEZE
Fig 4 ELISA assay of hIL-21 protein levels in SMMC-7721(A) and CIK (B) cells at different MOIs
MOI. Multiplicity of infection. * P<Z0. 05 vs MOI=0,1,5 or 10 groups; n=2, x=+s
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2.6 CIK-hIL-21 s+ B R a6 7 R MRk
BUERK HZ WL SALEE 8 JAEEE 1 8 i A R in by
{E43 )} . PBS X BB 40 (1. 77040. 147) em®, CIK
0 (1. 598 £ 0. 012) em’, Ad5/AAV-hIL-21 4]
(0.56140. 055) cm’., CIK + AIL-21 41 (0. 516 &=
0.045) em’ ,CIK-RIL-21 41 (0. 284 £ 0. 237) cm’,
Giit oML 5 HES AL FE L (P<0.05),

VLRI I 2L N ATL-21 BRYF 415 CIK 41, PBS
YAH L B SR Y MR I I BE . AR A A BN AR
AR, 5 A2 REEH T FE L (P<
0.05,F 5B), [A PBS 21 M b 4536 97 4134 68 48 K 4=
AW A A K R, CIK 4 22. 6% . Ad5/AAV-
RIL-21 4 5. 0%, CIK + hIL-21 #H 13. 4%, CIK-
hIL-21 #139.0% ,CIK-hIL-21 4 AR08 0 &,

100 L

—o— PBS group (n=4)
—t— AdS/AAV-hIL-21 group(n=4)
—e— CIK group (n=4)

Survival percent (%)
n
f=}

—— CIK+hIL-21 group (n=5) s A
—a— CIK-hIL-21 group (n=4)
0 . . s B
50 100 150
Time /d

B 5 MEEKHMEZASEREFHSH(B)

Fig 5  Analysis of tumor growth curve (A) and survival of nude mice (B)

P<C0. 05 among the 5 groups

2571
—— PBS group (n=4)
—o— Ad5/AAV-hIL-21 group(n=4)
20 —— CIK group (n=4)
- —o— CIK+hIL-21 group (n=5)
=} —e— CIK-hIL-21 group (n=4)
3
= 15F
o
g
=2 10r
o
>
0.5
0 - ' . A
1 3 5 7 14 2128 35 42 49 56
Time #/d
304 8

Ak L Bl X TL B AR AR IR ABF 5T, A
ITABAE IL KEMARZ W0, 1L-15  1L-21  1L-7 4§
RE 8% e 21— 2 P BRI AR FE S 1015 AR g T
2 PR B B S 17 REAEAEFE T 40 kL 1
PREFICACHE A T 40 0 38 5 4 ) b ke 31 i 224
AT BATX TL-21 BB 7 A 3 £ L 1121
RE A% 0 SOAS TR 0T 0% B 40 J L T 400 B L NTK 40 ) 34
B LA HE TFN-y R 550 . AT A 380 XoF fieb 988 400 G 1) % 403
PERIE ) SR, 1L-21 5 1L-2 B4 & i )
K S R N = RS R I W R e R RO R (B
FHPY, CIK 402 —Fh NK RE I 28405 40 2, 40 it
PRI 1 S 98 X A7 P e AL o A 8 AR . AR R T
SEPRIT R VR, CIK 40 36 7 BT R 96 47 Ok 18 4= 77 1)
FEK P AR e

A A AL T A hIL-21 J CopG-
FP 3 H /) B 9% % Bk pDC759-A1L-21, pDC759-
CopGFP il it #4 CopGFP RNy Ad5, Ad5F35
R EEX CIK 4 A 1 % gy, & B AdSF35 9 1 4 CIK
AR ARG GE Ty SE s A RIL-21 R
Ad5,Ad5F35 9% # Y SMMC-7721 41 g, h1L-21
Ik 22 5 T %2 L., W 204 )
SMMC-7721 2 Jfd 7% A8 %88 55 3 v L 36 T #8547 h1L-21
L AdS e B AT 3R R YT A AIL-21

KL AdSF35 9k 75 L (1 CIK 4 Ml ( CIK-hIL-
2D TR .

B SMMC-7721 241 i 7% A 90 552 390 o 98 A FR A=
KA 25 R R, CIK-RIL-21 A SR B, i
AT A KA B PBS X IR 4, HORk o CIK 41,
Ad5/AAV-RIL-21 4 . CIK + hIL-21 4 . CIK-hIL-
21 4. CIK-RIL-21 4 e A= KA X Ay 4 e
FL B Ay R N BRI R VIR AR 4, CIK-RIL-21 A
RO B CIK+AIL-2141 5% , /] BB J2& hIL-21 7£ CIK 4
Jil 2% 3k I CIK Y458, 6 & JF 9 98 CIK 2% 13 b I
i, CIK +rIL-21 H AR AdS/AAV-RIL-21
A UL I R AR 9T SR B A, AdS/AAV-RIL-21
HBORBE CIK 47, 7T RE A2 Jm) 1 0 [ 58 R VR o7 i) 4
FFY S 05 R A0 L R S CTK 41 B 7 v IR Jf, T8 7 34°
B3k B A7 B L b CIK 40 i % 3 A BRS 2o7 &
5.

i Az < i 4k 5 AR AE i 2k R PBS X R4 AR
FEARAR AR, A o B B A 9 /D BUSE T2, AdS/
AAV-RIL-21 A7 3 7E 7 ) bhogg 24 K B achr B4R
AE AT AR L S Y IR T R R A RS 2 R T
LR AN R AN SIS N s o e o S N R T
ARl 2 5 A A R I s 0 A IR T R DR A e
#, Bl Ad5F35/AAV-hIL-21 Lk 50 MOIT Jg&& 3¢ %)
CIK 4 14 36 97 5 28 XoF oJeg 78 K A B 5 1% 410+ 1B
FH 5 00 ) B 2 T i R R B AR AT DL R T
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