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Abstract

A quarter of a century has passed since the expected realization of “Conquering cancer in
the 21st century’ due to advances in pharmaceuticals and medical technology. However, the
effectiveness of treatments for malignant tumors, especially refractory cancers, remains
inadequate and is difficult to achieve with conventional treatment methods alone. For example,
there are high rates of metastasis and residual recurrence following surgical treatment, while
chemotherapy and radiotherapy all too quickly lead to disease resistance, and their side effects
significantly reduce patients’ quality of life. Under such circumstances, gene therapy products
targeting cancer are some of the most highly desired therapies worldwide. The advantages of
these innovative treatments are their clear mechanism of action and clinical efficacy based on
molecular pathology. Several gene therapies have been approved for hematologic tumors and
have shown dramatic therapeutic effects. On the other hand, the efficacy of gene therapies
against solid tumors remains limited and improving their therapeutic efficacy remains a major
challenge. In this review, we report the background and current status of gene therapy for
cancer. In addition, oncolytic virus therapy and CAR-T cell therapy, which have the potential
to be curative and are undergoing research and development, will be introduced in detail.
(AARERFRFZE A SMERS 2023; 19: 235-241)
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1. BICHT 2 BIEFAEOES

FEH T 2@ E TR0 RN <, SRS A IR
P A Vv 29 (oncolytic virotherapy) 484813 20
AL DI F TH#M A, 1950 FAUTIE T TITFE IR
stUET 7 F U8k GERIRT 72 F 7)) REERY 4L
AATTFIIA4NVA) ZObDEMACIZEEI DI
Tz, LA LLE, fbREradicihLc&7:
— i TR R R 2 MDA SN D DA DR
ATz, 72720, 2ol b5 TAwE - Bin 1T
EDOFE - PR 2 RS A OV AR - AL -
KRBT (2D W T ORFZEIEAEAR, 1989 4F 12 )& THE
PR AE B E O TNF B8 AR Y ~ /85K
DO¥GI TN L &2 FEY DI, KREZFLIIHEA
BT 5 BB THEIARK G Sz, AR
TdH 1998 41T HHURFZERH AW FERT © GM-CSF #
BT % W72 BHE 2 A O @ Am T IEREERITZE 2T b
N7z, 4H, BIEFHRBEOBREIED 350 2130A
BEEZWNRIZLIZNEICR > Twh. £ LT oncolytic
virotherapy (Z22W T3 1991 4£ & b glioma (2%t 5 Jif
BEIYE Y 4 Vv ADFREDFE R S, 1997 SE LT
FIIANVA - FRIBET A VA - KIBYELINZEY £V A
(VSV) - LA o A VA - HifliA L2 4L A
(HSV) « &> ¥4 7 4 VA% ER 4 BRI £ L 2
HN—RA LT DEBEREY A VAR AL LD
BRIRFFZEDS T D, DWIZIRFIRGE & 15 72 B A8
T5HETIC otz 72, CAR-THIEHEEIZOWTIE
1987 4EICAF L ) CARD I v 27 bt HE % A0
ZEMRAY, Z LT CAR HRIZ 1993 4124 AT TV D
TNV—TIZEDIZ LD THE S5 1998 412135 2
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12 2090% @ CAGR (AEP¥R ) 2R, 2028
EFTICA459260 K FIVIZET S ETFHIhTW
5. F7z, RO CAR-T ML#eE ol B 2022
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1 oncolytic virus DfHlA  FERES: Vol.38, No.2, 156-162 X 1 & ) et

(1) FEBEHEEY 1V ZXEX

JEGEIRYE Y 4 VA L ERR T 72 I EIETIRES R
oA NVAT, EEHBRCREDOEREZ5 252 %
 REBLHLKR N T B LI - Pk U BESG R 2 i
THIANVASTHY (K1), ZhE vz EEEiR
PE™7 A OV ZAFEEEI A ANTKTT B in vivo BAET-THEHE (K
WICEZ TR EHREATS) 158 EN5. £ on
AHINETIE ™ AV ARG RT3 2 B R ASE e b L
TWh 720, IFEALDY ANV AFIEFMREL D Dk
% &G L3 W AR 7 A v R 1325 AR
MICID AAE NS ERIEFEMICHOHEHBL, ToBfT
TEF & o 7o AR AR L S 5. IS TR
WKEDBH LI A NVABITDBAPUED TSNS &
ZNHDT A WAL B JE PO D AL O ERIZM
Z, HEEM/NREE (TME) 250 €57 Y 7 ENT £
ARV A M AA Y OFEL TR B RIEVED A5 —
FEREBEINSL. 2L T, oI 20 Ttk
AL U 7200 B f 0k T iR AR ~i2 18 L A% A i %
WS 5 L2 5NTWAEYS, RIFTOREEEREY
4V ADIFEIZ bbb ORFLE 7 IV — 7 O 5T
K- BEEK BN KL EATHSV R— 2 12H#ED T W
BN, FILKRERBRIET T/ 74 VA, PRk
Ft A4V IINKRIZZ YT A VAR L,
BIFFEE DM & D7 A4 IV A DI % THEH L7-HFFeh3 7
EINTnW5.
HSVZHWBZE DA v M &2 320#MAT5HE, 1
D HIkk A iR IL T 2 MAOAD IR EOK

& &, 220 HIZHN 2 PiEEAGEYETH 5. HSV i 150 kb
Vi bE® 2 K8 DNA 249 2 KB D7 £ )V 2T 10 kb
VU EOBETOWANWETDH Y, FLIFTTTO
AR 2 B C & BEBHARRN R AT & ) FE YD
5. ZLT32HIZ, HEEMREY AV AXEROD
HAA & 3o TIEHHNIZ I EHED 72 OREEH IR &
AERBOBCY, T—AERRH;FEL TS HSVIZ
EHY AV AE (Aciclovir) 253 TISAFEL TWD &
W) ZETREWIPHRENTVE I L THA.

JRES e HSV 3 BiAE, S=MAE THEDIEA
T, BARMICIEE—MA 0 1 AT oEE 22 5R
SRPES CRIICHIECTE 2 X )12 L72d o, F
A HWRETOBMET2UET LI LTI W Eek
Zmoizbo, HEAA  IRRICLERIBRER T %
BALVIESE S REEED-b 0L SN b, 201546121
BEVEREE 0 LoRE, e TR T8 AR A
f#PE HSV @ Imlygic (talimogene laherparepvec ; M
o T-Vec) 2% Firstin-Class [R3Edh & L CTAE S
722 T-Vec & 4 IV A D HY AMBLEE S 22 395812 X 5
HHOPERE R A, SeEBRECEH O H 2 Bk
~rua7vy—yao=——jl#KT (GM-CSF) #ix
T 2T 5 2 & THIEEIENERE N TS, £
L CTARIRT D DWIZ 2021 4F, AR IR 1R L SEER
T RS E B EE DI E % 2 THSs S - 55 = A
BB MAYEHSV @51 ¥ 7 b (teserpaturev ; B4 :
GATA) D BUERE S N72P. GATA X HSV @ 3D D
B 2% Z S, FMLTo Y £ v 2 BG6E & PuE
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2 CAR ORI (HF—HA~EIAR) H4 v Y= PR SEH X ) Sk

FIEAHR SN T WD, F 72 GATA [N RE 5 )
DIR IL12 AR T 2 B LB 2% 2 51250
72 T-hIL12 O /I MR B b b5, —
F, BEBERKFTRAINY I 551 AR5 % #
BT & 72 HIRERA O IEEA R HSV Td % C-REV
(Canerpaturev ; B4 : TB-1401, IH#s : HF10) &,
KET 2009 4E20 S5 T, 2014 4E20° 5 45 11 AHERR R
BrAs, EINTH 2017 4E 20 5 55 AR R ABR 25 E i S
n7z* 2oy, EIAFUEHMN 2 v TS A
THRIEME 7 X7 AW HT 5 & 5 REAL (armed)
L 72 8B A 4 )V A ORISR, HRIBUADL S Dk
B LW, WA EOHHLELTRMEL VA ¥ O
A7 LRI L 72D F TV 3 I RICHEAE
L, W7 —~& LTHOREBINTH D™,

(2) CAR-T #pasE%

CAR-T Mlilfg & 1Z A BEH 2 SR 72 T M2,
¥ X I HUE 524K CAR (Chimeric Antigen Receptor)
FRITEALLELDTH LM Z L TRV TOR 2
HE oMM 2R CTE 72 CART MR Z A BHE
NG T A LT, PAPUREZRH#RL N EENE
L T - 1539 5 CAR-T Mg 13 ex vivo B 1n T
HHEE (RIS B R T 2 | A LTS
T5) IZHEHEINL® CAR M /3T IHF R I
WETHMEREGNAL Y E VI RAAL Vb D
MRa A eI, CAR Z Bl ISR E LY &7 FREiks
7 F v & RN MEE T AR Bl as, T Mo
HHALICEEF 532 MM N 2 4 > & ¥ 7 F I nE
R XA 255 7% BHIBHHEBD 3 D07 SHEK S
nTwns,

CAR-T Mif2 (X BAE, EHAAR T TR EA TY

5. BARMIZIESE— A —AREHBUE scFv 12 CD3E &
HHEBF 208 87 B e LRSS T M,

AR - 1 CAR-T @ scFv & CD3{ o iz 3k
PR 2 4 >~ (CD28 or 4-1BB) ##iF7-d», H=
A il K 2 £ > 25 (CD28 and 4-1BB) % (¥
72bo, LTI G - AL - 2tz
=8 5 72 DI FALE Y T CAR OIS HEME 217 9
(switch CAR-T Milld)*, HHRREZMILT 572012
IL7% CCLI9 &2 L %2 3B &€ 5% (prime CAR-T
Ha)7, W= 3 A+ K D7D BE RO T Hilfig
TRELANY 7 PHLEEMEHTE S (2= =%
CARTD)®*ZE&hHironsd (K2). bhAalZIhFE
TR E ZF 72 CAR-T MBI 3R ik
RObDOTH 5. 20234 3 HBUE, AHTIIKRD 5D
OB ST - Tl voNE - SREERELR E 0
MwWERE I LRBI N TWSE FAYT
(Tisagenlecleucel, 20194F) - 4 = A H N %
(Axicabtagene ciloleucel, 20214 ) - 7 L ¥ » ¥
(Lisocabtagene maraleucel, 2021 4F) 1ZW3nd Bl
oD FEPLE TH 5 CD19 = ilak$ 5 scFv & & e
CARZHC THIRICIEIHE /2B DT, CD19 % 3H
9% BAMTE RS 2 55 S0 1 RREE L ORI B S 14 2
AT F ALY T O CAR I CD19 $itfhkd scFy, i
WorF 4-1BB, CD3L$HDH R ZH, A ZAH VT T
ST LTCD28, TLY I TR v YR
AL ELTIgGABHWSENRTWS, F2%21) 7 -

TLYXY Y VIECARDEBEAIZL VY FIALNVARYT F —
M, AZZAHINZEL FATALIVART =05
NTW3HY, B piggyBac b I Y ARV Vi LIk
7 ANV ABEFRE R 7z CART ORI D
fibhTwa. WIZ, CD19 A oA % 7 BEHRE O
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REDBHER, 727 < (Idecabtagene vicleucel, 2022
) £ —V¥ 27 54 (Ciltacabtagene autoleucel, 2022
1) 3L FEMEE MR O T M g R E M 1Ic o
AIEH L T3 BAEEAGE (BCMA) W& L
TWwb, TRZIIER CAR OHUEK A F AL v &
FIkk, FEHHB X OEHE25 %5 scFv 2L TWw5
DIZFL, H—Er7FAF2HEOY Y IV AL ¥
itk [ESPUAROWZ#E (VHH) 18 X 0 VHH2]
TR ENZBCMA AN AL V2FLTWA.

¥ 72 CAR-T Mg o, EEERTF F %
FERICEHT 5 Tz A4 (TCR) Bz T2 YA
WANRY & =7 T THRICEALZ TCRT Mgz
HWT, EIZERD AT A58 5E b A AT
NTHL?, SRBRIIEFNOAFHICE L /RET LI
BT LEIICRBLEEZLONTVS.

(3) BRELHRAAEAICOVT

22 % B EIE Y A v A & CAR-T il
FIZOWTIHRARTE 228, e oHIRITBW T
HUC OFFICETE AR AN T 2 HH RN R £ 72BRER
EEDLELRER. TOERE LT, HEESA
F 5N 2 3365 D RERE & 73 B %5 2o MHETS HCE BV o
AAE, SPEEIHEIYE TME 2 ERHIT oMb, 7272 L%
W Z LI, IhE TR L CE A IR R
BTICELTBY) W OrHMAHEDLEL I L
(combination therapy) TZN 5 %Ik T& % & WAk
ENTW5, flziE, bhbhos7v—7TLH%E%
HEDTVBLNELED, BEEERETA NV AOF Y YT
& LCHIZEREMNE (MSC) % v 5 2 & T~
DRIEMITHEETE B L) IS LIESEARZ M E S
7208, JEESRE Y A VA DEGZ X B TME D) &
71 >~ 2 (hot tumor) (Z& 0 CAR-T fBEDIEMHE - ¥
ot - BREDOBIRA YT 5 Z & T D EOEBERIHEA
BITE, BUEFERMEANOEMHHSHED STV DY F
72, R ~® MEKi+STAT3i #5725 TME # 1) €5
) Y7 LSEF = v 7 RA v b HER QYRR H )
U S MEBZ R GBRASB AR S 72 h3°, T v ik
TANABFIET v 7R ¥ EROBRD %
TR 590 2 L 2SRRI ZE TR EhTw
5. TN OB L PTG OHE R OB IR %
AEb¥s I L THREDEMTFHOERIIORNS L
EZbNb.
ZoMOFE L U TRIZFIEROLGE, R A b
HB L Z 1,000 J5H~2 51 & e TR MY
b5, RKETERFEEOEESMEH SN L HT
BIROF FCIidmmyzERE LTS 2 RetkEix
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v, BREER BT b OREERAHMIEITMZ T,
KM A S OFEFENEZ 7V 795 2 & HIFHICHE
THhh. ZORFMHEZBITX, bhvbhohf
ZERETIRLEI & D AAVRHSV AR Y ¥ — 0Bl T %
AL 782 HAQ, W OhDNT F—IZFL T
FE 70 b= )VOERIZH T L TW»B™,

BH)IC

FELZ S BRI 30 TR I JE D < DRk 2
VERBET & BRRARIRA &, RIS 1025 A th
HLoORANIEMO—2 L LTI T2, ko
WY, A MR EMEIRE L CTHREPIIRATIES 5
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