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i (FBS) . X #T (Penicillin-Streptomycin) | fifi £ F i
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1.3.2 e Bom ARG AN IS 35 B 06 9 15
TN IR EL 10% 11 FBS FIRFLZ 4 1% 11 3L
Pt 4 5 9 DMEM (= W 85 55 2, A & T 37 C 1Y
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JEEEXIR S pum, KU1 R 05T 8035 5 Lk TR R, 3R
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13.8 St F R AL EEE LN 3 KFAT
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(a) Expression structure of two plasmids

B16F10+Ad-hAFPm B16F10
skokoskok
hAFP/HSP70 |— — J 134 kDa ok
08
B-Tubulin |-— ——— -] 55 kDa 0.6
& 0.4 .
BI6F10+Ad-hNYm BI6F10 © 0
NY-ESO-1/HSP70 |m —I 92 kD 0
a \6\‘\\;\?‘2“;%4@
S-Tubulin |—-———' R— | 55 kDa QEP%XN"
%\6?\\?,\@3

(b) Western Blot for the expression of hAFP/HSP70 or
NY-ESO-1/HSP70 fusion protein of Ad-hAFPm or

Ad-hNYm in B16F10 cells

(c) ELISA for the expression of
GM-CSF of Ad-hAFPm or
Ad-hNYm in B16F10 cells

(SR ENEEE =N b &Sy S B il

Fig. 1 Two vectors construct and expression level detection
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B 5T 3 B B16F10 4 A X A b P Al 3 141 7
1R AN YL sz 86 . Kl Western Blot 46 Il 40 fitd A
hAFP/HSP70 fil & 2 14 fl NY-ESO-1/HSP70 fil &4 H
s, 25K 1(b) i . 7E/& YL Ad-hAFPm FlI
Ad-hNYm 5 5 9 B16F10 4 fit vh 7] B & 46 ) )
hAFP/HSP70 it 7 £ [ (Fie K /N K 134 kDa) Fil NY-
ESO-1/HSP70 il & % (M (HLig K/~ 92 kDa) ) 3
Ik, R A B G A 0 IR AN i h e Rk o A Hf F
ELISA i 40 Jfd - 7% v GM-CSF & 1 1Y 3%, i

OD,5, %75 (OD,5, 4 ELISA 5256 TMB R4 115
1 450 nm MR AW EE ) o 45 5R WK, B16F10 %5
F1 21 OD,s, {4 0.107£0.003, Ad-hAFPm % 75 JEk L
ZH 1) ODyso fE M 0.348+0.015, Ad-hNYm %5 27 /& 4L 20
B9 OD,s50 {H 4 0.722+0.012, 5% B4 HH HL 3447 354k
T 1(c), P<0.0001)
2.2 BI16F10-AFP, LLC-AFP B & &

H T B UE Ad-hAFPm i 3 I VA I7 R0, A5
76 79 b BRI 48 i 2R (B16F10 41 B Fl LLC 44 ity ) v fife
FH 12955 22 46 £ T BEAS AE 3R 3K hAFP 8 [ 0 /e 240 it
%, U B16F10-AFP, LLC-AFP, &5 R und 2. & 3 fif
INo SRR R R R ARG R 1~2 UG, Tl
J A K B16F10-AFP 1 LLC-AFP 41l fits & ' GFP %%
FeHE A . 458 5N, BI6F10-AFP 4 fifd v 35 3k

SSC-A

SSC-A

. B16F10: All events B16F10: P1
3x10 600 Fyir VIR(0)
2x100 |
< = 400
Q =
172) o
“ 1x100 o 200
. 0
0 2x100  4x10° 102 103 10* 10° 10° 107
FSC-A B525-FITC-A
BIGF10-AFP: All events B16F10-AFP: P1
3x10 3><106 FVIL VIR(98.43%)|
(1.57%)
2x100 b 6|
< ‘EZX]O
S 2
“ 1x100 | lelof).
P L 0L
0 2x100  4x10° 102 103 10* 10° 10° 107
FSC-A B525-FITC-A

LLC: All events LLC: P1
3x10°
V1L(99.99%) VIR(0.01%)
6x10°
2x10° B
§ 4x100
1x10° ©
2x10°
t 0 . . .
0 2x100  4x10° 102 103 10* 10° 10° 107
FSC-A B525-FITC-A
p LLC-AFP: All events LLC-AFP: P1
3 x 1 0 4 VIL VIR(92.40%)
(7.60%)
2)(106 l 4><106 F
g
2
1x106 b ©2x100 b
; . 0
0 2x100  4x10° 102 103 10* 10° 10° 107
FSC-A B525-FITC-A

(a) GFP fluorescence ratio of BI6F10-AFP with
B16F10 as negative control

(b) GFP fluorescence ratio of LLC-AFP with
LLC as negative control

2 R T GFP 9¢GHE 1 L)

Fig. 2 GFP fluorescence ratio of cell lines
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(a) ELISA for the expression of hAFP protein in
the supernatant of B16F10-AFP cells
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(b) ELISA for the expression of hAFP protein in
the supernatant of LLC-AFP cells

F€ 3 ELISA ¥Rzl A0 i h hAFP 2 1 &5
Fig. 3 ELISA for expression of hAFP protein in the supernatant of cells
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GFP % % () 40 Jf1 Lk 1 o 98.43%(&] 2(a) ), LLC-
AFP 40 i v 68 He 451 K 92.40% (8] 2(b) ) o ik — 5
FH ELISA VA Kz | 34 W3 4 41 Bt b7 W hAFP 85 H
(B, (1] ODyso R 455 278 B16F10-AFP,
LLC-AFP Zififdf) hAFP 25 [ (92 1A /K- 15 H XL (R X6
HEAN AL He A B 4R TH(P < 0.0001) . IEPHAENSFA E
Ik hAFP & [ 19 52 5% 4 iz & B16F10-AFP. LLC-
AFP B Mg i .
23 MREREDAFPE THHEBEIENEIR

Ad-hAFPm 7w E 5 EIE
2.3.1 Ad-hAFPmy& # 7& i3 & ZhAFP#B16F1048 il i
THAEBER TGN O~ T % iE Ad-hAFPm
I3 B FE AR PO KT hAFP 23 BH M 17 i 28 240 it 7y 3 ) %
Bk e, ¥ 2x10° 4~ B16F10-AFP 41 ffl 50 T 6~7 J&
1% e CSTIWT /NI A MR T B2, 55 i 2
TR (n=7) . (EANIRREAE S IO5E 2 d TP LR
TR T, I ARBUNR I (K 4(a) ) o

Ad-hAFPm 4 /)N BRI B2 R Jogg (A B 4 24 T3¢
AT, i Az 4 3 B 22 1%, it DA I 42 )5 265 14
FFh, Ad-hNYm 410 PBS 41 /)N BRI it sd 241 01 0 3%
Bk, 5 PBS 41f1 Ad-hNYm AH L, Ad-hAFPm 5 5
A8 0 5. 3 100 ) Aee 1 A K (] 4(b), P < 0.05)

F 7 2 AR BE/IN B, BRUIRE 4120 L /N BUML TS I 0 S
S g PR R R 6 o MR AR B 43 BT, Ad-hAFPm
ZH B FANT PBS ZHF1 Ad-hNYm 2H (&l 4(c), P<0.05).
A i 987 B B 4 T, Ad-hAFPm 4 & % ik T PBS 20
(&l 4(d), P<0.001), {H5 Ad-hNYm 2 A b, 4R
Ad-hAFPm 41 /)N FUMRE 28 i o 2 (0 Y(E /N, (HA T
FEG T 2E 25 (] 4(d), P=0.2922) . a1 Wi /N f)
WIRE, KA AU/ NRRERE, K4 W Bk
(B 4(e)) o ZiG M A K ARG/ il 15, Ad-hAFPm
S B0 T IR A S PRI SCR, T Ad-hNYm, £
P AFP (18 ] 0 FH

[l B, B F hAFP & 10l 20 i, HC AT SCHkE B
AFP 25 [ 7% 5 5 s /N 2 05 AH 5G, R 8g
AFP 25 43 ib il 221290 PR i 1 ELISA 32 Wil /s
FRZE Ji R 26 K 2 B 1L 35 P hAFP 85 A R AR
b B 5% 28 A s /N BRUIL ¥ h hAFP 2 1 & &,
OD,s) %/ o 45 £ B, Ad-hAFPm #1 /> B IfiL 35 P
hAFP & & IR 24 TRARKE, HEA —E M
e %, Ad-hNYm 21 F01 PBS 26 0 £ 40 g 32 b J 48
10 d FF 4, 1% H hAFP & % & e b F+, H PBS
ZH 1 T B A bR, X Ui HH Ad-hAFPm 5 35 BE i 35 )

il hAFP BH 1 b J82 40 B 18 A= 4 (8] 4(F), P < 0.05) .

) s.C. Collecting
‘%\ /é& /&\ L4 /&\ & tumor tissue
A L 1 I 1 I J
0 2d 9d 10d 14d 16d
C57TWT B16F10- Orbital blood
AFP extraction

(a) Experimental flow chart of Ad-hAFPm virus efficacy study in BI16F10-AFP model

1000 1500 sokoksk sk 2.5
. 800 o— PBS - i
g Ad-hAFPm =t ° &0 2.0
£ 600f . Ad-hNYm £1000 s
‘g 400 ‘g g
KKKk
Z 200 AA 2 500 \:« 1.0
<0 ' e ' N . 0.5
ol 5 10 1520 o 0
7d o0 S
RGNS
(b) Tumor growth curve of BI6F10-AFP P& e

model mice (c) Mouse endpoint tumor volume (d) Mouse endpoint tumor mass
nl PBS o5l 1
o0 Ad-hAFPm Ad-hAFPm :
B 21t .+ Ad-hNYm o 27 + Ad-hNYm 220
=1 N NS 4
Eo 20 8 otk 8 1.3
< 19 1 1.0
58 -1 ] " 0.5
17 —

10 15
t/d
(e) Mass curves of mice

5

(f) Changes of hAFP protein levels
in mice serum

10

0 S o (B
D” T JF
t/d N § >

N ?&3&\
(g) Content of hAFP protein in mice
serum at tumor endpoint

4  Ad-hAFPm Ji £ 7E B16F10-AFP /)N BRUBEAY h (1) 245804 58
Fig. 4 Pharmacological exploration of Ad-hAFPm virus in B16F10-AFP model
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245 B, Ad-hAFPm 41 /)y B IL 35 Y hAFP 2& [ 7K % FLF(E 5(a). (b). (¢), P<0.05), H Ad-hAFPm 41

/0, WEKT PBS 41f Ad-hNYm 41 (F 4(g), P<
0.05) . ZZERG LRI RS R — 3, FEF R4
R Ad-hAFPm 20 /s BRI JRE AR R & /N, GiE B Ad-
hAFPm % & % i Jed 09 410 i 250K S i, ELXT hAFP 3%
K BRI B4 e A i B — o R

CD3. CD4 Fil CD8 43 ¥ J2& itk = 4ff i 2% 11 bt )it
Ih U 440 = 5 17 B3 400 i A e, B AR BT A Y
PR R G REMIAEH . CD3™ T 42 Bk T ik
ELZ A, R AL A0 B S D) ek &S . CD4' T 4ii i
SERHEIE T UM, PTAE U M P s , O At A
JEAN TR B CD8™ T AL A 4t giE . CD8" T
2 A 2 4 B R T A A, S AR S Y LA R
e O 2 S o OB L RS B A NS
3 2ok 4G /S B RE ZH 4 CD3T T, CD4' T, CD8' T
20 i 1) 2 SR 0 73 BT Ad-hAFPm ik 25 X0 T80 A /)N B
RTS8 el RT-qPCR A
/NER PR 2140 CD3* T, CD4 T, CDS8* T 4 il 114 43
FRIEKF. 5L, Ad-hAFPm 2 /) BLAY i ed 40
41rh CD3* T, CD4" T, CD8" T 4l it i) 2 5 /K - 14 it

251 15 ¢

R/ NEUYE P CD3* T, CDS* T 4iidi45: T PBS 4.
R EEUEBH Ad-hAFPm 35 2% E % i 7K - 3035 /)N B
RPN T 48 S SN, 7= A o i S e A R .
M TR O i B R R0 2 CD8' T 4 i 1)
TR K-, 3K 2 200 0 928 die A PR 7 A A T
T 4, B, A0 58 AL 45 PBS 20 #1 Ad-hAFPm
A% 5 N ER B g 4 2R 64T U0 R G i e e e
o, IEE FI3RIK 2 1 20 I e 240 CD8* T 4i e 1y
G REI TGN . 25 R KW, Ad-hAFPm 41/ FRU R 241
4l CD8' T 4l it i) FHAE 286 (5 5 1 1 &5 T PBS 41
(K 5(d). (e), P<0.0001), %5 H 5 RT-gPCR 14
P —F, UEW] Ad-hAFPm %% 7 AE 05 175 S 9k 21 1Y S 8
J5 g T AU e AR K
2.3.2 Ad-hAFPmy% # & i$ & AhAFPALLCa il )L T
A AR A P 89 2 ZOR M B 3x10° ) LLC-AFP 4fl
B Rl T 6~7 IS . MM CST/WT ZNER B A5
KR, 7 T B AR AR (n=6) . TEAHIIAS A
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Fig. 5 Expression levels of various immune indexes in tumor tissues of mice vaccinated and unvaccinated with Ad-hAFPm virus
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Immunotherapy for Hepatocellular Carcinoma Based on
AFP Antigen
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(1. School of Bioengineering; 2. School of Pharmacy, East China University of Science and Technology,
Shanghai 200237, China)

Abstract: Alpha-fetoprotein (AFP) is expressed in approximately 70% to 80% of hepatocellular carcinoma (HCC)
patients, serving as a target for immunotherapy. However, the clinical trial results of most AFP-based tumor vaccines
have been unsatisfactory, so there is an urgent need to develop a more effective therapeutic tumor vaccine based on
AFP antigen. This paper constructed an immunotherapy vector, namely Ad-hAFPm, using a replication-defective
adenovirus as the vector. This vector aimed to achieve specific targeting of the AFP antigen by expressing a fusion
protein of AFP and heat shock protein 70 (HSP70), along with granulocyte-macrophage colony-stimulating factor (GM-
CSF). Both HSP70 and GM-CSF served as adjuvants to enhance the immunogenicity of tumor antigens. The
therapeutic efficacy of the Ad-hAFPm vector was evaluated in xenograft models of two human AFP-overexpressing
cell lines, with a non-targeted vector, Ad-hNYm, employed as a control. The results demonstrated significant tumor
suppression in the Ad-hAFPm treatment group across both xenograft models. Specifically, there was a notable
reduction in tumor growth rate, a decrease in tumor volume at the experimental endpoint, and a decline in serum hAFP
protein secretion. These observations indicated the specific cytotoxic effects of Ad-hAFPm virus against AFP-positive
tumor cells. Furthermore, enhanced infiltration of immune cells, particularly CD8" T cells, was observed in the tumor
tissues of the Ad-hAFPm group, suggesting that Ad-hAFPm virus could elicit an immune response against tumor cells.
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