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[Abstract] Hepatocellular carcinoma is a kind of disease that seriously threatens human survival. The
mortality of hepatocellular carcinoma in China is the third in the world. Because there are no specific symptoms in
the early stage of hepatocellular carcinoma, and the treatment scheme in the late stage has various disadvantages
such as high recurrence rate, it is urgent to find effective new treatment methods. Adoptive cell therapy is a kind of
cellular immunotherapy. In the diversified and complex immune microenvironment of the liver, adoptive cell therapy
gradually plays an advantage in the treatment of hepatocellular carcinoma by combining tumor specific antigen or
non—specific regulation of immune balance. In this review, we describe the morphological structures and signaling
pathways of common biomarkers for targeted therapy of hepatocellular carcinoma, and discusses and summarizes the
research methods and clinical effects of adoptive cell therapy for hepatocellular carcinoma in recent years, and looks
forward to the next research direction.

[Key words] Hepatocellular carcinoma  Biomarker ~Natural killer cell T cell receptor  Chimeric antigen
receptor T cell

First—author's address: Department of Oncology, the People's Hospital of Liaoning Province,
Shenyang 110013, China

doi: 10.3969/j.issn.1674-4985.2024.09.039

AR (HCC) 253 Bl N 5 — 8 UL IR 3L ]ﬁ H AT x5 DL B R S R 9 HCC #R A W5
SRR PR, TERBRVEEN AR 2 ETHEH TZAB Rk Y, & WL HCC IR
EFRE, HCC A BIERIIET- %503 5 2t 58 ;ﬁﬁ%ﬁﬁmﬁmﬁﬁm,mwwﬁ\%ﬁ\ﬁ@
(1 50% LA L, SETRJEE A =07, S,  MEGIRIT; WiEMERT R, Hling S8 sk
HCC B3 5 AN 18%, KR G FTA IR RIFR%ER (TACE), & BIFEMRFEY, &
FEPRE R 90% . SR, HCC BYRIRMASRIR WA TEIRYT I AFTE S A& KUK o ) B, TR I,
PRI, PR SO R A R SRR R P I BT HCC AR ST 5 SR TT &2 BB 5 s it b 8 24
WAL s AR, IR (HCV), 280 8 Speyrik A48 0 DR T e IR T BB
JFR¥EE (HBV) 450 HCC B EZHEE P, 48 R0, (AR, ey I RIS A i A
*HEBIH « 2020 4EEEVRL TR AR TR - AL TENRE LW H (20-205-4-012)

OIL T NRERMER 127 W 110013
QUL B A I AR QT FE B FRAH 105 IR 100196
QLA IRYT TR APEE O RAR 7 LM 100196
WEES: ERIR
-173 -



& & Zongshu

CrP EBEEA ) 45 21 4 55 9 ) (A 651 1) 2024 4E 3 /1

AR TR SR 2RI SR A
HCC 8 A by & — P o2 J5L v g ™), Bt HCC
PR e w2 s, VEE T ZEM . BEIR A 40 B D
TR T AR Y, Kk, PUAARGIGRA
O RIBRE K, B PSPk IREgT, 4k
LT A HCC B — Rl BLA Y7 J7 210 32 3 5%
TEo LB 2k AT V5 F B i A PRS2 R T
(CAR-T) #HMfd. AL (NK) 4. T 4052
& (TCR) MAHMEA SRR 400 (CIK), R
ZERANA - ANAE 75 0 R 41 ( DC-CIK ),

HMEHW, ORI T ZFHE HCC F IR
SURYT T R EAE W AE bR Y, A SO A 4
TH AR EY I Z5H & HCC A {5 3 1
FFHE IS HCC 33 4k 240 M7 vk i i 52 3R LG 97
SR, FEXE A G R Ak A B S O AT TR
GERRE,
1 EREWRED

GPC3 FER T X Yefafhk, J&h 580 2 ki
PR O M A2 GPC3 %0 25 K I f A
ZE R RS 8 9] [P Dally #E2EH (Dlp ) AL, &2
B — o BIELS K, HEM T DLP HA B
Mgk ", GPC3 #E HCC. A= B4 40 M fihigs . SR,
Rt ek, EAERRA A0 . IH AR e R MR
WYV, 5 A & A TS % DA o 12
UbAk, GPC3 1 P & A i R B Be sk, A nl ik
fifi HCC AT o T e ™ HIREE . (AFP)
JEor N 69~70 kDa B—FOHEEE 1, F 590 T4
FRRA AL ™, JE HCC F) 2R A Ybr B 2
—, BRI HGE R HCC B T 2 20% 1% 1)
Kl AR E] AFP 43 ),
2 HCCHxHIES@EK

WHFFEIER], HCC #EFR TR c-Mye Y 3RIX,
1M c~Myc J& ML i Wit {5 515 500 B br, 17 S8
Wnt/ B —catenin /T ({55l i, w] LU HCC 4
K FE HCC B Bt fEh, K2 95% 11 &
# R Wt/ B —catenin 2% I i, B —catenin 5 ik
EL B35 K7 /T 40 R 7 ( LEF/TCF ) %% 5% I8 1%k
(A B ARG, BB 3 ) S 40 e S0 S0 2 AN 20 A
AL R 5k, e dhan i s 'Y, Hh {55 U1 B
it 22t HOC AR & ™ Hh {553 B
T H 541 E /1Y Patched & 119454, {fi Patched
X Smo MMHIRE S Z B, HCC RHEPRS
Hedgehog 14 B AEFHA £ M1, W55 Patched

- 174

554 Hedgehog 454, X} Hedgehog {57 5 F7 7£ 111
S P BR T Wat Fl Hedgehog 5 538 46, b Al
L3 28 5 240 B 4/ N I 1 22 o A S i) 440 B v
5, fU4% Hippo. HGF. IGF il FGF {55 >,
3 d4k4HpETTiEIRTTHCC
3.1 CAR-T 40jits

CAR-T 410y 7 28 T kL 4n s inifg ,
HLAT U B R A BE 1 1 F 1 M 1897 1 488 ) 41
FERIT P, Li AR PR T 3T hYPT A9 CAR-T
g M, 7r = bR A B0 A2 HCC /) B, CAR-
hYP7-T 4 i BEM% 714 s GPC3 PHA:bRi g, AL
A Al e R A0 Y Wt [5 546 5, SoiE
15 E LR AR SR AN T, CAR-T
Y ALF IR AR R AR AT N 472, Shi 5 P
# T 4% CAR-GPC3 T 4l ig (4-1BB) iRJ7 & &l
MEVA R HCC /NE A, 8550 13 Bl & P 1 AR A7
TG HN 42%, Hob 1 Bl FEE R Rs 2] 44.2 S H
Sun % PUIRIE T 1 BIE IR IR IS LT 2 K
fili %% 7 B HCC H 35 3% CAR-GPC3 T 4G I7 1Y)
I PRI, FEWREL AT BR 5 61T CAR-GPC3 T 4
M5 &P AR R BEAIATY, 450 WoR R E 36 S H
WEAY K, 1697 1240 H Z 558058 2 E MR,
A5 e BRI 24 N A N T IRk —
LIRS, Cao 45 PO IR I & H — o B SURE S
T 4 i%4 % CAR-T ( CAR-T-BiTE ), fii Hifeik
GPC3 ¢ 5% B[R] 43 WAt X B7-H3 [1) BiTE, 7F
AP 5256 B 7% GPC3-BiTE CAR-T %) T %35
GPC3/B7H3 )41 R M4t K T GPC3 CAR-T 4
A, IfHXFF GPC3 B4 SR AR EHHAHIVE ]

R, B FIEALR) CAR-T 4i il &R Ay
PEFETZ 324K 1 (PD-1), i Mol Je 240 L S L fHOA 5% g
iR PESE T Z KL A 1 (PD-L1) 1 PD-12,
PD-1 5ECARAISS & S0 T 4 s A, 1 s s
ki BN, ST SRR A e Ik, L AR Y T
TR S CAR, HEA BT PD-1 Hdk i Brnl A48
scFv F1PT GPC3 scFv B4 iAo iR ),  DLAS BY
CAR-T 4 it i1 51 GPC3 F HAKHT PD-1 Wil {5 5,
S 2 R R AUHE S CAR-T 20 i %) GPC3 1 ik
() HuH-7 20 ff 32 20 1 5 5 1 T BRVE T, O ELX &
ik PD-L1 () HuH7 A0S0 . BESS 1 s 1)
NOD/SCID /)~ FRU e A 4 o BE BRAIG, 7305 B[] dnd 25
HEK

R TRk PD-1 KBRS A0 CAR-T DfE



(BRI ) 55 21 % 55 03 (R 651 H9) 2024 4631 4R

i& Zongshu

ORI, Li 45 Pl T — 24 il & VNAR
W T AR SO 40 B Bt PD-L1 BAdsidiidk (B2), 7E
LR B 58 5 GPC3 Fl B2 1895 1 ik S 4E 7 3L
FES5PE CAR-T 402, Hep3B 2l #EPEIREE s,
RS SPE CAR-T 20 At 0 200 it 75 1 8 35 o8 TAT A —
P BRLRE 57 E CAR-T 4L, {HJZ7E Hep3B AP FSAH
ANEUBERLrp S ORI S BURE S CAR-T 41 i
BV R B g, FLASCR LU AR S CAR-T 4

Mi2%. m LB RN MR PD-1 31 /E H i 58 18

H T CAR-T 4 L 7 ¥ 78 LLAE 09 BF 50 vh IR
TR MRS, HIk, £ X CAR-T 8 [ 34
57, BREFAT T REMIIGE . AU EH UL 5
GPC3 M, BMEHRT (202345 A 17 H ) 7E£H
Bl 37 1A e I A 46 A A b 0 B I Y CAR-T 4
L7 vk R S5 LR 1,

F1  CAR-THIMF %R THCCHIG RIS

T H %5 R Bt AHNEL FHLEEARRR WL R AR P
NCT05620706  #Hi%E N/A 20 AR AN R JSXENFRE LR
NCT04121273 ES! Si—BrE 20 AR PR AL 1 SR B AR S (AFP) /81 i

CAR-T Z1fi i:

NCT05003895  #AZFH  S—FEL 38 GAMRR T SVELER 7 fe e A R v ESE|
NCT03084380 AKH BB 20 iy SRR | R A G|
NCT02395250 SEIK Hi—BirE 13 ENEE L G i
NCT04951141  #55h  H—E 10 AN RHF FIGERAE | A A i
NCT05070156  AZEHh  H—HrE 3 ENEE L CAR-T 4 sh )25 1 25580 | Toik A A7 i

W1 BAAE | BRI R
NCT05344664  WAASE  H—HE 12 AR & s
NCT02905188 SEHL Sk 9 T B SE RGBT DL R | FEANE g
NCT03198546 FERL, Si—BrE 30 T BRI R SE AL R S DL R | FEANE e
NCT05103631  #i%h Bkt 27 T BRI 2R SE AR R | A eS|
NCT03980288 FERL, S 6 B AR 52 YA / AR R 7 JCHk R AEAE] 1 P

PR A] 7 A AE 1 et e

NCT03884751 e B 9 AP 32 1k 2B | AN R O R A 9% i

e IR A] 7 AR R
NCT02715362  #f5Fh  SHRE 30 LA Ji9gE SR /CAR-T ZHAEAL / 103 20 R 7K - ERlES|
NCT03146234 SEI, N/A 7 Gk Y PR A [ G|
NCT03130712 KH gt 1S 10 e N R i g s NE /L A A P K LR

H: N/A FR T,
3.2 NK 4

NK 20 g2 S R Pk R4 (TLC) i — 5,
TLC J& T2 G Re R n A A, X6 1 =8 5 460 04 7301 B
BERAZ RS MERrA B CEZEMER ™. 1Le ]
DIFEAT DU R S e 2 AR B 0 T R 45 5 CD4” il
Bhénfi (Th) 1 CD8* 40 e 5 14 T 4 it AH B F %k
A F e s

NK 40 o] LASE 2o i ZE LR IAE IR, oA R
KU e, MR AA7E S 2 7 RIR 40
Jio 5 P 2 4K I NKP46, KG2D, CD16 1 KIRs, HJ
Sk i 2 B AR B R N R B AR Y N B R
T OKs NK 20 Jf 55 A i i R 3 R A ARG R e,
Arulanandam %5 P I A= 77 DU Ay Z2 D RE BT AR 41 i 42
&8I0 FLEX-NKTM ‘&, W& T —AENSa A
55 NKpd6 Ak 158 B IR AL NKp46 254 5 FiTA

JiAk GPC3 25 G5 3R S 2 D REPLR CYT-303,
PIA5 NK 41X HCC A95E M R_ o I WFFE 45 53 i
785 B e GPC3 B NKp46mAb A1, CYT-303
FITEPETE B, X ENUE T NKpd6 Fil GPC3 f B FIfE
FHBENE ;= oy 2 i, FRAE T NK A0 4 %o kg &4t
it & AT RE

FAE -12 (1L-12) J&— 28R a500 2 4 41 A
PRI, 6 5 200 B %o 98 4 6 19 52 7 P B A8 412 i
BRI YT R RS B B R, 8
N IL-12 &5 H B E RN, T X —
(A5, Luo 45 ™ | FH synNotch A W2 Ak # 1 g%
SE A GPC3 1 M0 1Y NKO2 40 fif, ok 1% J5 1 GPC3-
Syn—IL-12-NK92 REHETE g S8 e o0 TL-12,
NKO2 i g AH b F T bkt 40 Bt 5 d i, DRI &8 4
PET o TEARSM L5 h & BLF GPC3-Syn—11-12-

-175-



& & Zongshu

CrP EBEEA ) 45 21 4 55 9 ) (A 651 1) 2024 4E 3 /1

NK92 2 ffifit /5 CAR-T 45 GPC3 [HE 40 ff 3 4%
FElF, SPAEEEZN y THRE (IFN-vy ) AL
JREIRIER T — o (TNF-a ), SFRPESAERE NSG /) R
IGITIE 45 d AT LRSS RN/ ERURE (A RR I 8 /)N

T AP PD-1 e H LA 45 A i 3 i AE
Chen %5 "% PD-L1 728 {& (L3C7c-Fc) 5 GPC3-
CAR-NK 4iffi#H45 &, #E T #m GPC3 1) GPC3-
CAR-NK 4ififl, 255 %/~ L3C7¢-GPC3-CAR-NK A~
% PD-L1 M /E 52 me, 3498 T CAR-NK ZH ML 1Y
TRITRCR

Zhao %5 VM BN TREH ARME T =44
S [) 50 5 S IX BB GPC3—-CAR-NK 4 Jifg, 4%
REREA CD8 o HHE X Fl 4-1BB 5 I 45 44 45 1)
GPC3-04-CAR-NK AR 80 5 51, 5 HepG2 4il g
LA LG W B TR WS Y IFN- y 3Rk
HIE, WIIE T GPC3-04-CAR-NK IR GVER

AT AR SR T NK 41 A 0 B 75 26 Bk REA% 76 58 B
AR F B O T A MR &, 4R
T FIRFEAEVE 2 I i, 5 e A B )
P, X —4EPERE BT 1k NK 203 245 2 A7 7 4 B ]
i, e TR, (HEWE &P R
ik [ e g RS, R B — Nl B 2 A ],

U NK 20 A 43R S DUAERs S B 2R, XA
NK 21 J A GEAGHE R AUE ] T A 4y, R, 7F
Il PRATE 52 K NK 40 i A H At 16 77 T BEIBE 18 2
TR IG PRI B, B A A CHIFFE 4 R o
HRHIE T AT E R, AR 2 HCC BE
SR T
3.3 TCR-T 4ty

VAR, Blepe R BISad gk 407 301 & AN ]
FIRIT B, Hod TCR Bes i T 40 AE g 1697 40
B2 R T e, TCR AL DUAME R T35
SIS T 0 CD3 ZRKEE, TCR MIRERRICIEHN
FRER LA N RIR S A4 B, Refigamad iR s 5
PEBTR AR A TR S = ZE A U AR AR R
Tl PR E AL ) Ao 4t i

T o 4 2% 9 [ [ 7 AR B A A 1 e A e
W3k %2 30, EH AT R FH TCR BE (9 T 4 i T BOGR T
HCC 1Y Ilh R B 5% 32 22 [l 58 25 %1 % HBV AH ¢ HCC
BH B HBV-TCR HE W] T 4R 77 2 AFP FE554E
T 402454 5 T 4, #RE HRTHSCHIR ) 14 31,
FEAETE ., KE. BT, 4R AT
AT —BrBE, FEIE TCR B T 40284k
Fm 2P, W 2,

F2 TCR-THMT&RTTHCCHII AKX

bRt T H 45 PR BB ALK FELERAERR UL AR bR ER
HBV NCT03899415 A% HH—FBt 10 ANRFEM T EARFE RER SR | B IE R i
WZZ % | Toik iy
HBV NCT04745403 %5 SF—HrB 10 ARVEVIAS 1 R oA AR wh ﬁfﬁ#i ;ngiﬁﬂﬁ SHTME
HBV NCT02686372  BE5EM,  F—Hrkk 13 Gk TeiE AT 1 SRR | RN R Gl
HBV NCT05339321  #%d  SE—KrEt 36 AR/ A2 BTG 7 PUe TG G|
HBV NCT02719782  #f%Ed  SH—KrEt 10 s T AMIAFAERS[R] / RAEAMI Tk e P
AFP NCT04368182 KA H—WE 3 A SRfHAR | PR | G e Gl
MRS R | A S
AFP  NCT03971747 KM KBt 9 BAtE RREER | SL IS GlE

HBV NCT05195294  ARFHZE 55

HBV NCT04677088 KA BB 7

HBV NCT05417932  fHZ5h S5 Bk 46

AFP NCT03132792 {5 1F4H2% 5—KrBt 45

DR5 NCT03941626 KA EBE 50
ESO NCT01967823  E58/ 2 ik 11
DR5 NCT03638206 KA EBE 73

ENCE LRSS =S

LSRN 321 /B S B

SRR

JCREREAEATIY) | A
TCiJRAATIA 1 TR Sy
W) /S W RN ] / S A7
SRR R ok A A el
S
PR POREEEE 1 25584 K[
SRR RS I
SEREM TR | U K[
LIS IR] / B ST FEEIN [6] 7 R fif e
INFTE] / JCHEREAAAI /A A

I
K/

/S e ARk H
LEEREEES CD3" 4 T 42 (AT 43 Lt PN
bk IR (AR A 1 Hh [l

-176



CPEBE2AE) 4521 % oW (HEE 651 1)) 2024430 43

i& Zongshu

£ & E, HBV ] 3¢ HCC 5 HCC 9/ #l /Y
75%~80%, [, HHE ] HBV #f 5 TCR-T 4i
H13AIF HCC BIBFFEH T T, Meng 25 M R T
F35 HBV B4 TCR T 4, #bk[H4i597 8 41
HBV M¢ HCC 3. S5 R BoniiEm A 1 o8
W BN R A IRl . R AR A
Folg AT E T, X BB 7R E K TCR-T %
IRy 80 d KB IEHR . 4arhiGIrIn 7 WlBFIEHR
I FF % Z2 T 05 HBV DNA 7K IRk el e e
1161 £ 355 SR I e 4 82 27.7 A H 346 /0N, 3 iR
R A BBk R A R R AR AR . AT 4
UESE T HBV HE5% TCR-T 407 2 —Fh R |
AT B Z2riayy ik, I HAEM HBV AH5C HCC
AP EA IR T E. BLAl, Morteza 55 38
ISAIF T HBV HE5ME TCR-T 403697 IR 45 HCC
BRWET, R Z 0 s 299 m, i
738 i H 25 FL AR mRNA 2877 CnB Al IMPDH R f
£ HBV $¢5 1% TCR-T 40l i) 2 Dheetd, (R A s
HeF i KU 855 B i697 IR P M JS HOC B &
S MBI AFP 7Kk 251 H 30 e 1 38 1416 PR
TRAE, AN RS 35 25 5 B 7% CnB Al IMPDH (1) 58 4%
AR IR N 5t 2% 35 RE RS AT IR T S 2 100k 265 W ) 1
M, AHZZH T mRNA HL 2R Lk Rk A Y 5842 T A
RERFERIAE, PRIEXHI IR T R BB 4ERF 3~5 d.
Yang % " il i+ mRNA HLZE L3545 HBV Rttt
WFODREYE T A0fL, 7EFRAG B HCC B & B IR
PRIV AP EL 2R B0 UE T HLAT R O A2 4

KRtz 4h, AFP )2 TCR-T 4R 58 98 T40
MZ—, Liu % "R THLM AFP13 i HLA-A*02
LKA TCRm, X 6 FlH[i2 iG] HCC 1 & ik
P vEIATT, B WS B I i AU AS B 35k 4
LR F R L A AE, b 191 B3 A D % 2 B g
it o TR T AR o
3.4 IR s s A

CIK RSN 38 (1) S PR TR A bk L 4N i, B
335 CD3*. CD56" Fll NK 4 i 57 45 15 5@ 2+ 4
Ji DR R A R A A T8 9% 2~4 SRS, ks
MMEREHEY M Ik 1000 %, MITERASHIARAS A LY
Y T 5 Z2 78T . Yang 55 06 A2 CIK % J7
20 B IR RN BRGHEA TR T 5, 5 R S S P
TR A W 85 PR e RE AR DGR A 1
(MUCL ) F1 GPC-3 (A 551 T 4l ) CD3 Hit
WAL 2B, TR BB CIK A XU S,

HAERF 2 il HCC A WG IRIGIT b, 45K BoR
TRIT A REMB A — BT Rl e i R e, b ad a4
PD-1 HUIAIARYT AT B G M. X PR EPIE T 38
I BH. BT PD—1/PD~L1 3 i M iy BHL Wy G 528 417+l 3 1%,
AR CIK (e g v 0,

Haber %5 " X 28 fe B0 55 . S0 @l sl FAR
VIBRJ5 1) 230 #i] HCC B & i ] CIK $EF 7 e inyy,
BETLELEAIERE 1440 H, BAEFIEL,
TR EARN RS, BRI SO & B CIK
EE 0w NS L i SR ) S RSP v O
Wk 116 B)5 & P HCC B3 7 4L, 58 fl A
BT SHRRE AR (RF) F TACE 3497, 58 Hl& 7
RFA fl TACE /Y7 3Ll LA #E1T CIK 3697, 1397
Ji RFA-TACE-CIK 41 2 {A N CD3*. CD4", NK
YRR 2 T, SRR A AR 5 AR AR A7
KT RFA-TACE ¥ . T RKEZHFIEBHE A
P T AR AT RE A, 1T CIK JAYT BRI i i
(X PP E I PR, BRAH BLAYT F B T CIK
TRYT PTG R e TIRE X HCC Y73k 2

REZARANME (DC) FTLAREHR , in TR 5t 3 Mg
BB, 0 e 4 e e ki BV, B S ) A
T AIAEE ST, RER BRRPE BT SR R 2,
K AFFTAESE, DC RENE 1S 5R CIK 13 P K 3 5
A 1, 75 o0 b o g R A A0 B PR A T2
IFN-y 25 Bt DC—CIK 57 L pFE 1%
AFF T, FESAE ik A 40 LT V5 DC-CIK Y7l o
P T —E 2z, Xu % P93t 36 G2 ARG TEVIRR A
Ja W& PE HCC 35 64T T DC/CIK-CD24 %8 ih
I7, R 4 WGRIT I BRE M L T3 2 UGRIT IR
F, AR FTR 52.6%, RIS R GESE
HELHMI, BFEIME T CD3™, CD4", CD56'T 4
WA BN, %45 R AR T DC-CIK J7 B8 HLA
B TEIRE T, BRA T ARG R E AR AR
fig 7= B R T, Zhou 25 PS4 71 491 i 3 HCC
BE S WAL, Hop 35 flEFEN ORI AR R
7, 36 Bl D iRRNEEE B [FEI R T DC-CIK R
J7, 45K DC-CIK BEARPAE e &ML T
IR SR e 1 B T T ReAS B Ak, s
SRR 138 N H ETFE 186 M H, RIT 6 4
HWAERCRM 16.7% LF R 51.4%, IEIRIKZE R H
41.9% FF2 88.6%:

H T FARVIBR S T B e 5 & i, H
R T VRS I AR N g Yifig, CIK J& DC-CIK

-177 -



& & Zongshu

CrP EBEEA ) 45 21 4 55 9 ) (A 651 1) 2024 4E 3 /1

SPGBl R R, AR AT B
(R B Al 1B S CIK 5% DC—CIK 3497 Al L34
T 2 B R NK 40 6 i 550, k2 AL AAR 1) B 33 - 4
7 A K ELAT B R 3 P B 4N R R i e R A
FH L M ZE K B () A A7, e s At i 97
AR T DB
4 ZitERZE

H 5 BIR T FRACR AR, )ik
W HCC JRY7 BIFIE i 22— b 4k diiyr ik
VER—Fp o 403697 T B, B3 A s PRI 5 B 4
KL, SRR A —Fh &S rh 36T F-BE, a4k 4n sy
BAYF HCC I RAF 5 26 R A0 7 ik 755 — v B
AL T TR B, IR EEEE RIS R T A
R PR et kAT IR A i e, I
XN 2 3R R S A A 1) — 8 4 e g A BV E AN K
[V ) 3 777 T 40 0308 3 AN 28 0 A0 S e R 5 ofe sl
HYIVERINTE L, Xk & TIRIT AR I/
TR TR — B, HE T RIS N i R
JE 2T S Tk, LR IR LA T Y
e, DAERX s 20 21 AS F ki S S A T —
Sy IEs A e sl b kR IS . RIS, A2 A4 TR g
GG B A B AL R S e I 245 P 1 fi PR 2> 5 i)
RN T RL, BT RX S R, R L —
ST, N PD-1 5 FCAR 0 45 G 210 i fo 52 240
MGk, ARG b —Bge, KEBHW PD-1 K H:
BC A B AT IEZE TR, (EA A

2 % 3 #

[1] LLOVET J M, ROSSI J Z, PIKARSKY E, et al.Hepatocellular
carcinomalJ].Nat Rev Dis Prim, 2016, 2: 16018.

[2] OGEL A, MEYER T, SAPISOCHIN G, et al.Hepatocellular
carcinomalJ].Lancet, 2022, 400 ( 10360 ) : 1345-1362.

[3] TZARTZEVA K, OBI J, RICH N E, et al.Surveillance
imaging and alpha fetoprotein for early detection of hepatocellular
carcinoma in patients with cirrhosis: a meta—analysis[]J].
Gastroenterology, 2018, 154: 1706-1718.

[4] ITO T, NGUYEN M H.Perspectives on the underlying etiology
of HCC and its effects on treatment outcomes|[]J|.J Hepatocell
Carcinoma, 2023, 10: 413-428.

[5] YANG Y Q, WENZ Y, LIU X Y, et al.Current status and
prospect of treatments for recurrent hepatocellular carcinomal]].
World J Hepatol, 2023, 15 (2): 129-150.

[6] MOSSENTA M, BUSATO D, BO M D, et al.Novel
nanotechnology approaches to overcome drug resistance in the

treatment of hepatocellular carcinoma: glypican 3 as a useful

-178

target for innovative therapies[J].Int J Mol Sci, 2022, 23 (17):
10038.

[7] MURCIANO-GOROFF Y R, WARNER A B, WOLCHOK ] D,
et al.The future of cancer immunotherapy: microenvironment—
targeting combinations[J].Cell Res, 2020, 30 (6): 507-519.

[8] KUBES P, JENNE C.Immune responses in the liver[J].Rev
Immunol, 2018, 36: 247-277.

[9] SHI J H, LIGY, LIUL L, et al.Establishment and validation
of exhausted CD8" T cell feature as a prognostic model of HCC[J].
Front Immuno, 2023, 14: 1166052.

[10] LI N, SPETZ M R, HO M.The role of glypicans in cancer
progression and therapy[J].J Histochem Cytochem, 2020, 68
(12): 841-862.

[11] AKKERMANS O, BOURGEOIS C D, PEREGRINA C.GPC3-
Unc5 receptor complex structure and role in cell migration[]J].
Cell, 2022, 185 (21): 3931-3949.

[12] NING J, JIANG S, Li X, et al.GPC3 affects the prognosis of
lung adenocarcinoma and lung squamous cell carcinomalJ].BMC
Pulm Med, 2021, 21: 199.

[13] YAO M, WANG L, FANG M, et al.Advances in the study
of oncofetal antigen glypican-3 expression in HBV-related
hepatocellular carcinomalJ].Biosci Trends, 2016, 10: 337-343.

[14] CIEMNY J G, SZYMANSKI M, KUSZERSKA A, et al.The
role of alpha—fetoprotein (AFP) in contemporary oncology: the
path from a diagnostic biomarker to an anticancer drug[J].Int J
Mol Sci, 2023, 24 (3):2539.

[15] OZDEMIR F, BASKIRAN A.The importance of AFP in liver
transplantation for HCC[J].J Gastrointest Cancer, 2020, 51:
1127-1132.

[16] KOLLURI A, HO M.The role of glypican-3 in regulating Wnt,
YAP, and hedgehog in liver cancer[J].Front Oncol, 2019, 9:
708.

[17] WAGHMARE I, McCAW A P. Regulation of Wnt distribution and
function by Drosophila glypicans[J]. J Cell Sci, 2022, 135 (3):
jes259405.

[18] ZHANG L B, ADU I K, ZHANG H F, et al.The WNT/
3 —catenin system in chronic kidney disease—mineral bone
disorder syndrome[J].Int Urol Nephrol, 2023, 5 (10): 2527~
2538.

[19] CHOW K M, YAU W L, NG L.Novel molecular targets in
hepatocellular carcinoma[J].World J Clin Oncol, 2020, 11 (8):
589-605.

[20] WU A, TURNER K A, WOOLFSON A, et al.The hedgehog
pathway as a therapeutic target in chronic myeloid leukemialJ].
Pharmaceutics, 2023, 15 (3): 958.

[21] FLEMING B D, HO M.Development of Glypican-3 targeting
immunotoxins for the treatment of liver cancer: an update[J].

Biomolecules, 2020, 10 (6): 934.



ChEBEZERE ) 5521 5 55 9 1 (5 651 1) 2024 4E 3 A

& & Zongshu

[22] LI X H, ZHOU J, ZHANG W W, et al.Pan—cancer analysis
identifies tumor cell surface targets for CAR-T cell therapies and
antibody drug conjugates|J].Cancers (Basel), 2022, 14 (22):
5674.

[23] LI D, LI N, ZHANG Y F, et al.Persistent polyfunctional
chimeric antigen receptor T cells that target glypican 3 eliminate
orthotopic hepatocellular carcinomas in mice[J].Gastroenterology,
2020, 158 (8): 2250-2265.

[24] SHI D H, SHI Y P, KASEB A O, et al.Chimeric antigen
receptor—glypican—3 T—cell therapy for advanced hepatocellular
carcinoma: results of phase | trials[J].Clin Cancer Res, 2020,
26 (15) : 3979-3989.

[25] SUN H W, XING CY, JIANG S F, et al.Long term complete
response of advanced hepatocellular carcinoma to glypican-3
specific chimeric antigen receptor T—cells plus sorafenib, a case
report[J].Front Immunol, 2022, 13: 963031.

[26] CAO G Z, ZHANG G Z, LIU M X, et al.GPC3-targeted
CAR-T cells secreting B7H3-targeted BiTE exhibit potent
cytotoxicity activity against hepatocellular carcinoma cell in the in
vitro assay|J|.Biochem Biophys Rep, 2022, 31: 101324.

[27] LEMOINE J, RUELLA M, HOUOT R, et al.Born to survive:
how cancer cells resist CAR T cell therapy[J].J Hematol Oncol,
2021, 14: 199.

[28] LID Z, QINJ, ZHOU T, et al.Bispecific GPC3/PD-1 CAR-T
cells for the treatment of HCC[J].Int J Oncol, 2023, 62 (4):
53.

[29] LI D, ENGLISH H J, HONG J.A novel PD-L1-targeted shark
VNAR single—domain—based CAR-T cell strategy for treating
breast cancer and liver cancer[J].Mol Ther Oncolytics, 2022,
24 849-863.

[30] MARIOTTI F R, SUPINO D, LANDOLINA N, et al.IL-1R8: a
molecular brake of anti—tumor and anti-viral activity of NK cells
and ILC[J].Semin Immunol, 2023, 66: 101712.

[31] VIVIER E, ARTIS D, COLONNA M, et al.Innate lymphoid
cells: 10 years on[J].Cell, 2018, 174: 1054-1066.

[32] SABETKAM S, KALARESTAGHI H, MAZLOUMI Z, et al.
The dysfunction of natural killer cells is essential for the
development of type 1 diabetes|[J].Pathol Res Pract, 2023, 247:
154556.

[33] ARULANANDAM A, LIN L, CHANG H M, et al.Derivation
and preclinical characterization of CYT-303, a novel NKp46-NK
Cell Engager Targeting GPC3[J].Cells, 2023, 12 (7): 996.

[34] TRINCHIERI G.Interleukin—12 and the regulation of innate
resistance and adaptive immunity[J].Nat Rev Immunol, 2003, 3:
133-146.

[35] LUO H, WU X Q, SUN R X, et al.Target—-dependent
expression of IL12 by synNotch receptor—engineered NK92 cells
increases the antitumor activities of CAR-T cells[J].Front Oncol,

2019, 9: 1448.

[36] CHEN L, LIU S'Y, ADAH D.Soluble programmed death
ligand—1-induced immunosuppressive effects on chimeric
antigen receptor—natural killer cells targeting Glypican-3 in
hepatocellular carcinomalJ].Immunology, 2023, 169 (2 ) :
204-218.

[37] ZHAO J F, LINLJ, LUO Y H, et al.Optimization of GPC3-
specific chimeric antigen receptor structure and its effect on
killing hepatocellular carcinoma cells[]J].Bioengineered, 2021,
12 (1) : 3674-3683.

[38] CHEN C, LIU X, CHANG CY, et al.The interplay between T
cells and cancer: the basis of immunotherapy[J].Genes (Basel),
2023, 14 (5): 1008.

[39] MANFREDI F, CIANCIOTTI B C, POTENZA A, et al.TCR
redirected T cells for cancer treatment: achievements, hurdles,
and goals[J].Front Immunol, 2020, 11: 1689.

[40] KULIK L, EL-SERAG H B.Epidemiology and management of
hepatocellular carcinoma(J].Gastroenterology, 2019, 156: 477-
491.

[41] MENG F P, ZHAO J F, TAN A T, et al.Immunotherapy of
HBV-related advanced hepatocellular carcinoma with short—term
HBV=-specific TCR expressed T cells: results of dose escalation,
phase | trial[J].Hepatol Int, 2021, 15 (6): 1402-1412.

[42] MORTEZA H, MEIYIN L, ADELINE C, et al.
Immunosuppressive drug-resistant armored T—-cell receptor T
cells for immune therapy of HCC in liver transplant patients[J].
Hepatology, 2021, 74 (1):200-213.

[43] YANG F, ZHENG X F, KOH S, et al.Messenger RNA
electroporated hepatitis B virus (HBV) antigen—specific T cell
receptor (TCR) redirected T cell therapy is well-tolerated in
patients with recurrent HBV-related hepatocellular carcinoma
post—liver transplantation: results from a phase | trial[J].Hepatol
Int, 2023, 17 (4): 850-859.

[44] LIU C, LIU H, DASGUPTA M, et al.Validation and
promise of a TCR mimic antibody for cancer immunotherapy of
hepatocellular carcinoma[J].Sci Rep, 2022, 12 (1) : 12068.

[45] SCHMIDT-WOLF I G, LEFTEROVA P, JOHNSTON V, et al.
Propagation of large numbers of T cells with natural killer cell
markers[J].British Journal of Haematology, 1994, 87 (3):
453-458.

[46] YANG C K, HUANG C H, HU C H, et al.Immunophenotype
and antitumor activity of cytokine—induced killer cells from
patients with hepatocellular carcinomalJ/OL].PLoS One, 2023,
18 (1) : e0280023.https://pubmed.nchi.nlm.nih.gov/36598909/.

[47] WU T, ZHANG L Z, ZENG Z, et al.Complete response to
PD-1 inhibitor in primary hepatocellular carcinoma patients
post—progression on Bi-specific antibody conjugated CIK cell
treatment: a report of two cases[J].Onco Targets Ther, 2021, 14:
5447-5453.

[48] DAI C, LIN F, GENG R, et al.Implication of combined

-179 -



& & Zongshu

CrP EBEEA ) 45 21 4 55 9 ) (A 651 1) 2024 4E 3 /1

PD-L1/PD-1 blockade with cytokine—induced killer cells as
a synergistic immunotherapy for gastrointestinal cancer[J].
Oncotarget, 2016, 7 (9): 10332-10344.

[49] HABER P K, PUIGVEH{ M, CASTET FLORIAN.Evidence—
based management of hepatocellular carcinoma: systematic review
and meta—analysis of randomized controlled trials (2002-2020)|J].
Gastroenterology, 2021, 161 (3): 879-898.

[501JIQ, FUY D, ZHU X W, et al.Effect of RFA and TACE
combined with postoperative cytokine—induced killer cell
immunotherapy in primary hepatocellular carcinomalJ].] BUON,
2021, 26 (1):235-242.

[51]LU D, LI'T, YANG Z Q, et al.DC-CIK combined with
chemotherapy on the efficacy, immune function, and life quality
in colorectal cancer patients after radical resection[J].Am J Trans|
Res, 2023, 15 (4):2793-2801.

[52] BRYANT C E, SUTHERLAND S, KONG B, et al.Dendritic

-180

cells as cancer therapeutics|J].Semin Cell Dev Biol, 2019, 86:
77-88.

[53] DONG M, ZHANG G Z, MENG J, et al.MMP9-associated
tumor stem cells, CCL1-silenced dendritic cells, and cytokine—
induced killer cells have a remarkable therapeutic efficacy for
acute myeloid leukemia by activating T cells[J].Stem Cells Int,
2023, 2023: 2490943.

[54] XU K'Y, MENG Z J, MU X X, et al.One single site clinical
study: to evaluate the safety and efficacy of immunotherapy
with autologous dendritic cells, cytokine—induced killer cells in
primary hepatocellular carcinoma patients|J].Front Oncol, 2020,
10: 581270.

[551 ZHOU Z, QIN H, WENG L X, et al.Clinical efficacy of DC—
CIK combined with sorafenib in the treatment of advanced
hepatocellular carcinomalJ].J BUON, 2019, 24 (2): 615-621.

(SR F YT 2023-08-04 ) (ASSCHwfd: B )



