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e & dk: el Rt S 8 i S 40 85 9% DCL 20 FHC A ) AN TA B AFP LUK (B ) HepG2 40 il 244 .( C)
HepG2 20 535 B AR A tumor exosome, T-exo ) ( D )AFP 37 5 i B8 2 IR AH 525 25 recombinant adeno-associated virus express-
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Comparison of cotytoxic effects against liver cancer HepG2 cells by DCs loaded
with AFP antigen in different ways
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[ Abstract ] Objective:To evaluate the cytotoxic effects of the cytotoxic T lymphocytes ( CTLs ) induced by dendritic
cells ( DCs ) loaded with alpha-fetoprotein ( AFP ) in different approaches. Methods: Peripheral blood monocytes were
isolated from healthy donors. The adhesive precursor DCs were cultured in the presence of rhGM-CSF and rhIL4 for 6 d.
The cytokine-treated DCs were then left untreated as a control, infected with recombinant AFP-carrying adeno-associated
viral vector ( rAAV/AFP ), or loaded respectively with AFP peptide, HepG2 cell lysate, and HepG2-derived exosomes
( T-exo ). Changes in CD83, CD86, ICAM-1,CD58 And CD 40 in DCs before and after AFP loading were assessed by
Western botting Autologous T cells were co-cultured with the various AFP-loaded DCs loaded at a ratio of 10: 1 for 48 h.
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The proliferative activity and cytotoxicity against HepG2 cells of DC-induced T cells were assessed by flow cytometry. Re-
sults: AFP antigen induced maturation of DCs. The expression of surface molecules CD83,CD86, ICAM-1,CD58 and
CD40 in DCs infected with the rAAV/AFP vector was significantly increased compared with the naive DCs ( P <0.05 ).
AFP-loaded DCs increased the proliferation of T cells. The cytotoxic activity against HepG2 cells was ( 41.40 +2.87 )% ,
(44.9+4.12)% , (28.42 +3.29 )% , and ( 24.28 +1.79 )% for T cells after induction by T-exo-loaded DCs, rAAV/
AFP-infected DCs, AFP peptide-loaded DCs and HepG2 lysate-treated DCs respectively ( P <0.05 ). Conclusions: AFP

and T-exsome are capable of increasing the proliferative activity of DCs and the cytotoxic activity of CTL against HepG2

cells. Our finding may have significant implications in the development of DC-based vaccines for liver cancer.
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dritic cell,DC A GEEIRY 7L 5 E R R BT I Y
TR A BRI L 40 eytotoxic T lympho-
cyte, CTL ), ™ Sk 4 20 4RF B4 DI B P 17T Sy A 9 1)
AP R A alpha fetoprotein, AFP )& Ji & V£ i
R R R SRR T W, R 2/3 19 HCC [ 1L
IR AFP, BCH SR I S e in T TR ZERE i b
FAPUR AT S AR5 4 5 PR MR S g2 B 22 R 5
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1.1 @miatkl £ 235

JF IR HepG2 WA LI = - 17 . AFP157-
166 Bt JF IR GenSeript 23 )& 1( HPLC 43 A H 46
¥ >95% ,DMSO ¥, —20 CAETE ), rAAV/AFP g
H R RIS s F L ARG 35 i RPMI 1640 . DMEM
I Cell Trace™ CFSE Cell Proliferation Kit 4 [ Gibco
Invitrogen 2% ], IL4, GM-CSF., LPS X Jifi 4~ Ifi 75
( FBS )W) H PeproTech /A &, 7-ADD/CFSE Cell-Me-
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diated Cytotoxicity Assay Kit 4 H 3&[E Cayman A &,
TR EL 4B 43 5 Ficoll 1. 077 g/ml )W H K I F
BT, —$t( B4T AFP.CD9 . CD63 ¥4 ) Abcam
N, AR AL FACS Canto 11 35 E BD A #)
PR BT RLAR  H ST AR
1.2 FFoEamiaZ ih &) &

WA 5 2E K3 HepG2 40, BT - 80 °C il
37 CRE VR, B mrE, B0 EIE W, £20.22
Y08 IR U8 VE by 9 4 B 24 e g, TR e R AT AR
L R L
1.3 PP & 2m Ae 9k 3k ( tumor exosome, T-exo )& 4~
Bh%E
1.3.1 2%  EHITECE KB HepG2 41, In A
JCILIH ) DMEM 1555 12 h J5 48 3% His,
300 x g B4 °C )10 min Z=FRAM,800 x g K=
£ 30 min 255 40 9 E H-, 10 000 x g ¥ 25 .0 30
min BCEVE W, BB IEE LA 1 000 x g &0 30
min W4, I 30 o/ L AYREREHE K E AR WA PBS
DL 3:3: 419 FL IR IO A O H L, LA 100 000 x g,
4 CHBE L 60 min, B K Exo MR/ HE K
ZZ BT 100 kD MWCO ME B4 1000 x g
#9030 min, F PBS PE %513 2 /Y T-ex0,0.22 pm
TENR I BEBR T L R ] BCA 5 2 T-exo I HEH,
- 80 CIRAFH .
1.3.2 FHEHEWE T-exo HA  HL20 pl T-exo
B T B ™ L, IR ERE 1 min, 0 2% B
IR pH 7.0 )FE IR GG 1 min, APIT FHE TG, B
SEEE T WS IR
1.3.3 Western blotting 3% £ Il T-exo [ #7& 2 F
CD63 .CD9 % fiFJ# 40 & AFP By %3k  T-exo ZHiH
Weop S, SR BCA 355 2 W, B 30
ng, 17 10% SDS-PAGE 435, 184 % PVDF JiE, %l
B 1 h, 25A CD63 .CD9  AFP( FLUEM: , #413% 1
21 000 5B )FI GAPDH( 1: 10 000 )—4i,4 CIHFH
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%t ), Ficoll 435 PBMC, 2l BE 4845 DC Hi /A0,
FAE thGM-CSF 1 thIL4 By 52435355, 45 6 K
WA IF2 7 2k AFP (R [E 7 =04 5 41 A, A
TA W AFP 5 R( 10 ng/ml ); B, HepG2 4 Jifg %4
#4100 pe/ ml);C, HepG2 0053 A T-exol 25
pg/ml );D, rAAV/AFP( 1 x 10" Vg/ml ); E, FK %
U DC AR R XA
1.5 AR @R n rAAV/AFP 55 7 B F 09 2k &
B & DC kA

e rAAV JRGEES 6 KU D 21 DC FH:Ah 45 41
DC, 45/ A €CD83.CD209( ICAM-3 ) ,CDla.CDS80 .
CD86 .CD54( ICAM-1 ) .CD58( LFA-3 ) ,CD11a( LFA-
la).CCR7.HLA-ABC ,HLA-DR . CD40 45 %% 64510
P AR I A R BB TR 5 5 = iR R
30 min, PBS 2 i e , Uit 3 4 M AR A I L 3R 43
Ty 25 LA K& rAAV B DC R Sk (575 6 8
( GFP )Rk,
1.6 CTL zafethis5

LR BB 5004385 PBMC, 37 °C 5% CO,
BEFEFAMEE 3 h, LRI RE LML, )4 2 Dk R 441 i 235
H1x10°/ml, WERFESHE 8 R =t 2k
PUIAY DC £ B AR SRS TR BN DC VRl
YA, AL E R 1 x 10°/ml, A 22455 % C 25
wg/ ml,37 CIHFHE 45 min, PBS ¥k 3 I, 5L E
%, SRR VERY CD3 T SRS 4H I fRIFRBIEA T ik
CUARA, 1 x 10° A/ L) 1210 B ELBRR A, &
37 C 5% CO,EFFILIFE 48 he
1.7 AKX ARAERN DC #F -S4 T W e i)
i g

PLIE A bR e ) F 35 G R SR Eh 35
BRIV AR( 5,6- carboxyfluorescein diacetate succinimi-
dyl ester, CFSE )24 FE /S ER 9, ICEERT 4R T Ik L2
ST L A B IR P B R 1 x 10°/ml,
ml ZHHE A 2 wl CFSE WEAEW, LA R 10 wmol/
L, 37 °C %8 30 min, A 5 fERFRE B 738, &
1EGea, vk FIF R 5 min, BLOUITELNND, Brif i35k
PE3 K. ¥ 4 BN DC F Hxt IR DC 43515

CFSE Yt fyoiih T RELANME 1: 10 FeBNR &3 &
48 h Je WCHE A M, K Bl b £ 20 A 2 18 Sy xof R, 2
YA 488 nm A CAE I A0 3G E . [ APl AE S
DC 4 ILIEE 48 h 1Y T kLA, I PBS YE
Y2 I, H 4 °C BA ) 70% CBEEFEE 12 h PTG
o Ja A B ARSI A0 S5 . SEER A 3 K
1.8 CFSE/7-AAD( PI )% % iz X, 4a fiL K 4o ) & 2
DC % % CTL %+ HepG2 ALt 745 2 &

#i2 CellTrace™ CFSE Cell Proliferation Kit 255
U KRN HepG2 4 4 T CFSE Yifi H, %%
A 1 x10°/ml, 53 AR 25 A0 41 400 x ¢ 25
5 min, PERERON LR A 5 x 10° 4~/mlo ZCHE
A 25: 1IRA,37 °C 5% CO, 51 FiFE 4 h( BF
A ),400 x g B0 5 min J5 I B, B EST
0.5~1 ml 7-AAD J4i&1R %), 4 CEEOLIER 15 min,
400 x g #5025 min, H 0.5 ~1 ml Assay Buffer B E:4f
M. a4 FLL 38 i A CFSE A9 658
FL3 JHIEAR 7-AAD AY5E58 B, CFSE 1 7-AAD U
FRic R AR FET - AL AR, K0 CFSE 1 7-AAD 3X
FRICAIN A 4 He T R A A AR A T
1.9 %itsam

SKH SPSS 19.0 it it E AR H » £5 FR,
ZA ] LR HIER K 3 7 2253 HT( One-Way ANOVA ),
LSD K561 Dunnett( XN )RS 564 720 18] R 99 EL %, DA
P <0.05 3§ P <0.05 F/RZEF A G

2 # R

2.1 T-exo 897 AL EARESF CD9.CD63 ZAT
AR AFP 5 F 84 KA KT

U S (K 1) B, HepG2 9 4
MR IRAY T-exo A ELAZAT 30 ~ 100 nm A9 B
T, 52 BB BT | 1 N A AR H 2 3 4, 1
TEOT AT R WA, Western blotting #5045 5 ( 4]
2) 7R, T-exo FRIk B AR &R 7+ CD63.CD9 I
PUE ¥ AFP 3Rk 40 (0. 64 £0.26 ).
(0.84 +0.67 )FI(0.58 £0.39 ),

2.2 rAAV/AFP % B 4« 0 sk &

PN BB ZE SR B 3) Wow, A AFP 1Y
rAAV BIEYE DCL, 85T DC RES 96, il
A I IR ROR IR F) 89.3%

2.3 REZF X fi & AFP 5 DC 2 & 49 %

B IL4, GM-CSF %5 DC 43k 1458
DI 7 8 40 5 7 2% DC I, LPS A2 His sk, 46 7
RIS DC 40 L, It =20 LA R I 235 2R ( % 1)
FH] rAAV/AFP J& 2t DC J5 CD83. CD86. CD54 .
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CD58 .CD40 43 F ik /K F- Bl & =y T X R A1 ( P <
0.05 ), M AA R 7 = 24l Z (% A B & 2 5,
¥Rl it DC B ARG/ F R IK .
2.4 REFX A AFP 49 DC *F4148 T & m i
Y& 78 49 3% v

5 40 DC 433150046 T 4AC 1:10 )HLHFE 48 h,
CFSE/7-AAD( PL)BUAL A B AAG DN 45 5 14 4 ) i
/N, DC FEH AT 5 TR B B 5 N, CFSE Y .58
T /3 CFSE ™ )RRG5, 441 CFSE ™ | 43
AR A F(70.92 £2.02 )% B H( 66.08 +1.36 )
% C K(67.44 +3.12 )% D H(77.26 +3.02 )% Fl
E }(54.86 +1.89 )% , 34 4 25 5 T A4k L A 4 F
(22.24+2.82)% (P <0.05 ), b5 1 #2500 4G
T 2 G 58 250 e, Bk 2 8 T C PR gk DC 4H( P <
0.05 ). rAAV/AFP &t DC 415 HoAth 7 X8 DC 4
AHEL BB T AU Ass st aE W 350 P <0.05 ).

T L AAS I 210 A F 10, 25 R C 18 5 ) o, 5
PAAEIR UL A EL , 4541 DC BT S WA G,/M
SHARLEA W34 NC P <0.05 ), 1 rAAV/AFP 4R 5 DC-
AFP/Peptide ZH S AL b 3 o g8 27 5 LA P >
0.05 ), 5 H A A 20 LA A 22 7 P <0.05 ).
2.5 AR F XA B AFP ¢ DC 4K 5hiFF CTL »+
HepG2 2m il # 4% 20 5

FERHEEE R 25 145 F 4541 CTL 5 HepG2 JiF
FRAMREILEE 3% 4 h )5, WS40 ARG CFSE/7-
AAD BARCHI T 20 b, 45 51 K 6 ) R, 4 AFP
RS DC B30 CTL X A 240 oA B 55 0% 20 Jfd
FAEH, BE &S T F.G XL P <0.05), rAAV/
AFP J&YL DC 415 T-exo B DC 414 AFP FHYER)

HepG2 JTFR4NME A B am ) A0 VE T, 23405 253 51
A(41.40 +2.87 )% FI(44.92 +4.12 )% , B B &= T
HAbLH( P <0.05 ).

1 HepG2 FARIEIRA T-exo B TE&#( x 150 000 )
Fig. 1 Electron micrograph of T-exo
derived from HepG2 cells ( x 150 000 )

AFP CD9 CD63 GAPDH

&2 Western blotting #ifl] T-exo Bt AFP.CD9 #1 CD63 HIZRi%
Fig. 2 Western blotting analysis of AFP, CD9 and
CD63 in HepG2-derived T-exo

GFP subset
89.3%

107 10 107 10° 10° 10°

B3 rAAV/AFP B DC HIBZE( x40)
Fig. 3 Flow cytometric analysis of rAAV/AFP
infection in DC ( x40 )

F1 RAAEARLHEHEDC RES FHRIA x 5)

Tab.1 Expression of surface markers in DCs by flow cytometry( x =5 )

Group Control DC + AFP/Peptide DC + rAAV/AFP DC + HepG2-lysate DC + HepG2-Exo
CDla 27.36 £13.09 32.24 £11.71 37.04 £7.53 31.48 £7.53 33.02 £8.68
CD83 66.62 +10.33 74.62 +11.13 86.24 £5.47" 82.08 +4.39 74.68 +10.27
CD209 81.76 £6.68 85.92 £4.02 94.08 £2.10 84.68 £4.03 83.13 £5.00
CD80 53.24 +6.74 65.74 £21.93 69.04 £33.73 62.12 +12.91 56.94 £13.23
CD86 76.78 £9.03 86.58 +5.68 94.84 £1.93" 88.74 +2.63 80.64 £3.38
CD54 68.16 £8.97 80.68 +4.57" 89.96 +7.57" 78.82 +3.53" 81.56 +6.55"
CD58 79.00 £7.83 85.23 £9.61 88.69 £10.46" 82.20 +8.38 82.90 +11.37
CD11a 82.7 +4.87 82.08 +3.63 84.36 +13.15 81.42 +10.98 87.84 £6.62
CCR7 46.18 £17.12 54.46 £27.1 58.16 £37.28 59.3 £29.78 57.56 £26.17
HLA-ABC 97.54 £0.98 98.08 £1.52 99.7 £0.17 98.6 £0.44 99.38 £0.26
HLA-DR 93.12+3.24 96.9 +1.39 98.7 £0.72 97.16 +1.04 96.56 £1.55
CD40 74.88 +£5.08 77.18 £16.77 87.68 £6.27" 80.55+7.71 74.90 £10.92

* P <0.05 vs Control
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Fig.4 Proliferation of native T lymphocyte induced by AFP antigen loaded-DCs in different ways with CFSE
A: Lymphocyte + DC-AFP/Peptide ; B : Lymphocyte + DC-HepG2 lysate ; C: Lymphocyte + DC-HepG2-Exo;
D:Lymphocyte + DC-rAAV/AFP; E:Lymphocyte + DC Control; F : Lymphocyte
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Fig. 5 Proliferation cycle of native T lymphocyte induced by AFP antigen loaded-DCs in different ways
A:Lymphocyte + DC-AFP/Peptide; B: Lymphocyte + DC-HepG2-lysate ; C: Lymphocyte + DC-HepG2-Exo;
D:Lymphocyte + DC-rAAV/AFP;E: Lymphocyte + DC-Control ; F : Lymphocyte
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Fig.6 Cytotoxic effect of CTLs induced by different DCs against HepG2 cells
A: AFP/Peptide-DC + CTL + HepG2 ;B: HepG2-lysate-DC + CTL + HepG2 ; C: HepG2-exo-DC + CTL + HepG2;
D: rAAV/AFP-DC + CTL + HepG2; E: Control-DC + CTL + HepG2; F: Lym + HepG2; G: HepG2
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KIN,DC i F ik Hr & 4> F CDla.CD83,CD209
(ICAM-3 ), 3L 3% 4 F CD80. CD86, % Mt 43 +
CD54( ICAM-1 ). CD58( LFA-3 ), iT#% 4> T CDlla
( LFA-la ). CCR7, ¥t Jii #2 &2 43 ¥ HLA-ABC, HLA-
DR, {5 55T T CDA0 45, FifiE DC 4 g hl 2x 2
S FRIRACE B Z 3 = o 6 R g i3 e TR N
DC Hoi /b B B I R T RIBA R, 5
LA SR 52 o PR IE, (RSN 38 B3 DC, 3
58 DC A 1 Ik L 40 i3 5 23 b BB T 2 g G e vR T
f— R ge, e " EIESE, L DC ALY
PE T R R AR A TS WS RE VR T T B, A Bl
B IR A5 B L AR 7 S Bl DO, 9F 5 S CTL
AN R IR 2 VA T T e A R ) G B ] A

FLAT, % UL B9 R 1 2% DC 40 i F B+ 4
5 :CHTHF A BTERR (2) 7 A 0 55 R vk
JRRBC I 5 ( 3 )Y T 0 Ao 200 16 5 C 4 ) 4 o9 4 i 224 i
P1;(5)DC 5 g 4 sl 5 5 ( 6 ) BE B AR S Bl
FER YL DC( 7 )BREUY IR exosomes Wil DC 5,
AW XA A 7 B 3 AFP U DC Ry ZRAY
Al TR HERT G T M EL A 5 05 S CTL X

S A0 HepG2 A4 FI I L3, BT AR ) 7 =X i
TN DC 2 HIHTIIE S RU

ARWFFREERF, SR MR DC A, 7t
X AFP HURIM K DC DIREM &0 TR BTH i, ik
BELdR e, NTIESE T AFP $i 5 LI A 6] 07 =X 17 2%
DC ¥ 5 DC B b MAE BT DC %
2, FI I B SR A S PR R B DC 4 M i
71 DRI JE 0 %) SRS 1 e P B e R o
Podeo TS TR 2H R 59 09 BIF 9 B R At 2 5 1 i
PRI, AAV X DC B PAOR > 85% HoAEHY
B DC bR CD83.CD86 . CD54 ,CD58 . CD40 43
T-FIEKF, T E38 DC B93hRE, 16 DC Hil %t 72
WP R G A B, Y L rAAV/AFP B
DC Jio, T 4G 89 % () DC W Zh 33k AFP
P, SCIBUREAE B LT g . FE R G )5 &
RZ DC Y R, AR S 25 3 7, rAAV/ AFP 8%
YL DC, 5 6 K H 4 MBI B i3 DC T2, R ik
Z A DC R R, R rAAV LT DC Y
BTG 5

SR R IE , AR DC ORE E o B4 fih a4
WIRETEA N 55 A S CTL 403 7l , £ ik
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