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ABSTRACT Objective: To observe the HA Nanoparticles mediated transfection of hGM-CSF gene in HepG2 cells in vitro anti-tu-
mor effect of the vaccine for the hGM-CSF gene-modified vaccine HepG2 cells provide the basis for clinical application. Methods: HA
nanoparticles mediated gene transfer hGM-CSF preparation of HepG2 cells HepG2 cells transfected GMCSF gene vaccine. Density gra-
dient centrifugation were PBMC, in vitro induction of human PBMC. WST-1 method PBMC proliferation activity and killing effect on
HepG2 cells, flow cytometry analysis of CD4 + and CD8+ positive expression rates, ELISA determination of INF-y secretion. Results:
WST-1 showed that transgenic HepG2 group of vaccine induced PBMC proliferation, the proliferation rate than wild-type vaccine (p <0.
05). The PBMC of the HepG2 induced high anti-vaccine groups in the wild type and the control group (p <0.05). FCM results showed
that transgenic HepG2 PBMC in the vaccine group CD4 + and CDS8 + expression was higher than the wild-type vaccine group and con-
trol group (p <0.05). ELISA results showed that the transgenic group PBMC supernatants of IFN-y content was 1989.76 + 254.21 pg/
ml, higher than the wild-type vaccine group and control group (p <0.05). Conclusion: HA nanoparticles mediated transfection of
hGM-CSF gene can increase the immunogenicity of the vaccine HepG2 cells, transfected HepG2 cells in hGM-CSF gene vaccine can
effectively induce PBMC proliferation, differentiation, increased INF-y secretion, increase its HepG2 cells in vitro.
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AT RAEW A R4 TARABRA A, WST-1
N AR R FE A DU S T 48 = KA H]
1.2 A&
1.2.1 HA 9K BRI/ S48 hGM-CSF EE Y HepG2 48
MEEHIESEE

HA G UL E AR A 5% ¢ hGM-CSF ZE[F 1) HepG2 4
JIE0, A LRI A 8 HepG2 41t 4051 28 W 3P0 i 4 i 28
() DT JI8 S5 ) o 4 1 % GMICSF i [R1 11) HepG2 i 1 T B A 72
HepG2 P£ 1 . RT-PCR % HE i /5 43 R 25 1 hGMCSF-mRNA
eIk AL G EA T 5508  ELISA 20 2 55 75 h hGMCSF 1)
I3 T AF B ]
122 APBMC 5=

23 WEJCTR A5 T S IR A T A1 T e A, %88 A
DSBS N PBMC i A& 10%FBS (1) 1640 55424555 3L i
YRR, AN o 1% 10E6/ml, B A CO, i i s% 5744
(37°C 5% CO,.95 % IRJE 514 T )5 .
1.2.3 HepG2 #fZ E %S PBMC HEFE R B W 22

Vo BRI (1955 BE TR HepG2 92 1 AN BR U FS (19 8F2 ) HepG2
PET & 15%FBS 1Y 1640 B 5L L 1640 B35 509047 40
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2.1 HA gR B E 1/ S45 4 hGM-CSF EE i HepG2 4 AR
BEHEER

AL 45 %% hGM-CSF & [H HepG2 %1 F1 87 4: 1 HepG2
PEWT . RT-PCR Z5 5L mIY 1 410bp AT RIS NS,
25 60Co [1] BT BT (197 B (K] Hep G2 20 i AN R 28 FRtSi 1) 2 e 1A
HepG2 4fiJfi 3 T 41§ th 260bp /e A7 i Fe S vk 4, RIA
hGM-CSF mRNA %% 3% . 1fii ££ 25 60Co [i1] Wi 1 55 1) 5 1= 781
HepG2 4l it Fi ok £ 60Co [] W MG 1Y A Hh B A% 554 260bp 4%
M (18 1), ELISA K il 2% 5 /R 22 60Co (8] W7 18 5 1 5% A
hGM-SF 3 [H] 1) HepG2 Jid &£ a2 /3 i hGMCSF, /3 il
197.28+ 38.53ng/10E6cells 4 24 h.,
2.2 HepG2 B & iFS A PBMC HItEHELE R

1 3 RIKRFRITFRES SRS, W23 (xR PBMC 1 A {53

Rk 0.398% 0.008 F1 0.375+ 0.010, B4 025 R TG 125 L
(P>0.05), 220 20 U/mL [ IL-2 ASRERAML5 S PBMC Ha%4 .
TEV5 T 40 A (Inducer , 1) AL 41 (Effector, E) Fu i (1: E) 43-1)
F71:40.1:10.1:20.1:5 iF, ZEHM A IL-2(20 U/mL) iy 5514 F
% H: N HepG2 i 1 A B £E ) HepG2 i i il I8 41 B 75 =
PBMC 4TI AR AT (£ 1D (K 2) .

600
GAPDH

hGM-CSF

1 R[5 HepG2 #AAfIEY hGMCSF EF %34 H RT-PCR 4347
Figure 1 HepG2 cells hGMCSF different gene expression RT-PCR analysis
M: DNA maker (600bp); 1. Co60 interrupted by the irradiated transgenic
HepG2; 2. Without intermittent exposure to 60Co transgenic HepG2; 3. By
Co60 irradiation of wild-type HepG2 cells. 4. Co60 irradiation without the
wild-type HepG2 cells

% | HepG2 ikl PBMC M5 FEME (Xt S,n=5)
Table 1 HepG2 determination of vaccine to stimulate PBMC proliferation( X+ S,n=5)

SI
group
1:40 1:20 1:10 1:5
transgenic HepG2 group of vaccine 2.90% 0.10%* 3.24% 0.06* 3.16% 0.05* 3.03% 0.04*
wild-type HepG2 group of vaccine 2.19+ 0.07 2.94% 0.06 2.84% 0.08 2.66% 0.10

* With wild-type HepG2 group of vaccine, P <0.05
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Figure 2 HepG2 vaccine stimulated PBMC proliferation curve
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% A hGMCSF JE[H J5 HepG2 i v Ho yi2 I P 4 o, HOA &
PBMC HASH AR S8 . 76 1 E{H°4 1:20 B, #%3EH HepG2
PE VT FETFAE AL HepG2 JE 1T 5 PBMC 4B 1Y BE 1135 Fe KAk
N, W A DA & 412 11755 PBMC 1R L.

2.3 HepG2 & #xf PBMC H1 CD4 %1 CDS8 PRIEFR AR HISM0

T 3 KA IR RGO, 2037 AN AR ST, 45 (0
2 A FIZS AN IRZE B Y CD4A+ 4 1 40 Le 430k (32.07+
2.53)%. (30.44+ 2.02)% ,CD8+ 4l fifd 7 43 He 2 5 Jy (23.25+
2.11)%. (23.03% 2.48)% 3 P>0.05, %85 20 U/mL ffy IL-2 K
AEFINIE S PBMC f CD4+ 4l Fn CD8+ A & 4 LbAs fb . 5%
FLRGE A . BRI 2 AL BFAE RIS 41 B B PBMC
CDA4+ Z0JE 4> Fb x5k (58.72% 2.55)% . (43.43+ 2.29)% .
(50.07+ 3.20)% ,CD8+ 4ii i B 4 tb 43 5 (35.14% 2.05)% .
(29.41% 1.73)%.(32.17% 1.58)%, H 5 43 L3495 T-25 ) B 4
A AR AT L], ¥ P<0.05. HA%E LS 4] PBMC
rF CDA+ 20 B LU A CD8+ 240 g BH 2 L 2 5 T 1 A TR 8 i
41 A FIEFARUZE V20 B AR R A0 B9 L ], 24 P<<0.05 (3 2)
(3,
2.4 HepG2 B #i%S PBMC [FXF INFy 4B 220

16 3 R FR R R, Was (0] g PBMC #5355 I
W IFN-y 9 & & 757.25+ 131.91pgml Hl 692.87 +
129.24pg/ml,P>0.05, Wi W2 R A GiH=E L, &Y 20
U/mL (¥ IL-2 ANRBEAME S PBMC 430 IFN-y M54 ZE P 02
AL B AR AR A A BPAE LR 2 B o PBMC 153% Bl
IFN-y 4 & 4% % & 1947.10 + 133.69 pg/ml.1032.66 *
104.79pg/ml . 1334.41+ 159.03 pg/ml, %5341 PBMC 15
FE LW IFNy S P AR A BPABIRE 4 A A
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AL P 4 B, #4 P<<0.05(3 3) (E 4) .
2.5 HepG2 & #1155 PBMC BHIRG1EA

165 RIFEFR S FREE T, &30 L (B T B 43 511k 12.5:
1,251 F1 50 1 W 5L B 40 PBMC %) HepG2 4l i 22405
RANIH 56.26% 4.56,62.74+ 4.82,79.29+ 4.68, HAMikES

5000 AN AR B IE AR O, 8 A G R B A AL AL A
HIEF A RUE W41 B (YRR, 3 P<0.05, 22 A Geit2# s L.
WA= AUE P AL B X HepG2 4t 1) 28 475 % i3 B9 A= AR v 2
A A P>0.05, 2R IA G E L (F 4) (F 5),

£ 2 &4 PBMC 1 CD4 #0 CD8 ByPHIERIEZE( %, xt s)
Table 2 PBMC of each group in the CD4 and CDS positive expression rate( %, xt s)

54

CD4+

CD8+

transgenic HepG2 group of vaccine

wild-type HepG2 group of vaccine A

58.72+ 2.55 % A~
4334+ 229 * 4

35.14+ 2.05% 44
2941+ 1.73 %4

wild-type HepG2 group of vaccine B 50.07+ 3.20 * 3217+ 1.58 *
control group A 32.07+ 2.53 23.25+ 2.11
control group B 30.44+ 2.02 23.03+ 2.48

* comparison with the control group A, P <0.05
A comparison with the wild-type HepG2 group of vaccine A, P <0.05
A comparison with the wild-type HepG2 group of vaccine B, P <0.05

%3 &40 HepG2 B#HS PBMC &5 IFN-y  H94EM (pg/ml,x s)
Table 3 PBMC of each group HepG2 synthetic vaccine induced the role of IFN-y (pg/ml,x+ s)

Group

The secretion of IFN-y

transgenic HepG2 group of vaccine
wild-type HepG2 group of vaccine A
.wild-type HepG2 group of vaccine B
control group A

control group B

1947.10 £ 133.69%A4

1032.66 £ 104.79* ~

133441 £ 159.03*
75725+ 131.91
692.87+ 129.24

* comparison with the control group A, P <0.05
A comparison with the wild-type HepG2 group of vaccine A, P <0.05
A comparison with the wild-type HepG2 group of vaccine B, P <0.05
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1.transgenic HepG2 group of vaccine
2.wild-type HepG2 group of vaccine A
3.wild-type HepG2 group of vaccine B
4.control group A
5. control group B
3 &40 PBMC d1 CD4 #1 CDS HIPHIERIZZ( %, xt )
Figure 3 PBMC of each group in the CD4 and CDS positive expression

rate( %, Xt s)

2000 T l [ The secretion of IFN-y
1500 - T
1
1000 A -
1 i
500
0
1 2 3 4 5

1.transgenic HepG2 group of vaccine

2.wild-type HepG2 group of vaccine A

3.wild-type HepG2 group of vaccine B

4.control group A

5. control group B
H 4 %4 HepG2 B #ES PBMC & IFN-y HI{ER (pg/ml,xt s)
Figure 4 HepG2 vaccine induced PBMC of each group synthesis role of

IFN-y
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% 4 &AIFSH PBMC 3t HepG2 ZHRERIFE( %, x£ s)
Table 4 groups on the HepG2 cells induced killing rate of PBMC( %,X% s)

E:T

group
12.5:1

25:1 50:1

transgenic HepG2 group of vaccine 46.26% 4.56%4%

wild-type HepG2 group of vaccine A 36.78+ 3.49 *
wild-type HepG2 group of vaccine B 38.67+ 3.15%
control group A 26.06+ 4.34
control group B 24.49% 2.97

52.74% 4.82 *A4 69.29+ 4.68%4~

41.42% 2.09 * 46.88+ 3.48 *
42.63+ 4.76 * 51.34% 3.00*
29.45% 4.55 33.66% 3.98
28.13% 2.60 32.80% 4.14

* comparison with the control group A, P <0.05
A comparison with the wild-type HepG2 group of vaccine A, P <0.05
/\comparison with the wild-type HepG2 group of vaccine B, P <0.05

80 -
12501
=3 2561
= 5011
60
w
g l
& 40 h
2
20 -
o o o s
1 2 3 4 5

1.transgenic HepG2 group of vaccine
2.wild-type HepG2 group of vaccine A
3.wild-type HepG2 group of vaccine B
4.control group A
5. control group B
5 &HFEFH PBMC 3F HepG2 MR % (%, x2 )
Figure 5 in each group of HepG2 cells induced killing rate of PBMC
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IR, B8 e e ) G i ) 5 5 2014 B TR 2 1 A SR BENR 7 119 O
Bt iR R DN TR e R T FE BRSO AN R AR A
20 R F BRI 4 MHC-T 2R B34 45 5 A 1T, I
11T A Jr RSP S B PR, 8 SR Dt S R O R R A S5 T 240
ML i GM-CSF W22 4o 1T i 33 5L =4
THE IR i i —A~ M. GM-CSF A —FA 5 2 B 5
JHAT I RERI MR T, 25 GM-CSF R 8 i (1 240 it ] < st i) 2
15 GMCSF, AJ LAME 5 | A A 70 i S 128 A0 22 3 v 16, ik
AR B AR " R A " S R ST, I E GM-CSF
BIVEFIT 204l AL A FF i AT A i 25 T Ik LS 200
R HERERS AR AR YIS AL T R LL4H ™. GM-CSF 2%
DRI 1 e 8 22 v 1 S 6 3R ) AT A T8 R
S5 (1 2 36 R PR 5 v S 7R T 9 R B I R L AN R (E
GM-CSF JE PR 14 JF-J38 5 ¥ 1 R DLAH DA

FRATTLE RT3 1 S mh b HA 9K URL 2114 A 55 Y
hGM-CSF J& [ s Uy il £ e S D9 HepG2 M7 1 , it i (RN
S ASNE I AT PBMC, WEEH7 55 PBMC (3458 /)
L2 % HepG2 20 ML 9 A iRV . ISR SRARF , ek
HepG2 40T 1 AT L ik PBMC 3458, [ CD4+ F1 CD8+ 4
R R3K B INF-y - (97344, $ 2 O HepG2 il i i 3% 13
RN, HARPE RN AR T Bl ) B A= B HepG2 i i 4H 145
FIXTHRL, i ELOG T E5 A= B e FIAH 24 75) & 9 hGM-CSF {5
4, 75 hGM-CSF JE[N 19 HepG2 200 i 75 S UM UM 1Y
BEINER T 5 GM-CSF 73 WA Jmy w8 AR F A1, id ] BE 5 5% A
hGM-CSF & [K] Ji5 47t i 45 F4) 1) 24 28 BOfli H S g8 Jt ik vy 189 fm A7
Ko FRATRHE B P B A TE S SR 0, (H T IR AR
Wae e PRI X, AR SR BB R PR AR S5 s A SN L 5 (R, (R4 R 2R
SRR N PR AT 22500 . PR PP 2 e X
HEAT BE— AP B R AN S E I

M HA 9K EARA T4 Y« hGM-CSF 3L K 1) HepG2 4l
FE eI MRS T R T R SR, AT B AR T
Wipl HCC HeAs S A i isie .
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