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Advances and Challenges of CAR-T Therapy in the Treatment of Prostate Cancer
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Abstract CAR-T (chimeric antigen receptor T-cell) therapy, an immune cell-based treatment technology
that genetically modified T cells to enhance their tumor-specific cytotoxic capabilities, has achieved significant ef-
ficacy in the treatment of hematological malignancies. However, its application in solid tumors such as prostate
cancer faces with challenges including physical barriers, an immunosuppressive microenvironment, and insufficient
T-cell infiltration, etc. This review briefly describes the developmental history and structural optimization of CAR-T
technology, highlights prostate cancer-specific target antigens with clinical translation potentials. It also introduces
other promising immune cells treatment technology and discusses the main challenges faced by CAR-T therapy in
prostate cancer treatment, as well as prospects for future applications.
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ic castration resistant prostate cancer, mCRPC). 2010
o, SE[E FDARLIHE 78 S IR 41 H 28 1 sipuleucel-TH
T mCRPCHIGYT , XA &5 1 41 e e s A e o7
BEN TR 5o SR A 21 s A& — A v g, L
REAIE A e TN 358 PN bk EEL 4 PRI A B, 92 4
SRR 2 7 S R, BA R 4 AR G %
JER A B, 3 A A H 2 40 LT VR AE 1T A1 e R T
T Ml 7 22 Bk i o

kA PR 224K (chimeric antigen receptor, CAR)
TR SE — Tl 3 58 T A5 37 12 2% 05 4 Y 1) 2 4 i
BITHIR . CARMI L BRI, Al T ML 2%
PUAARTE g X 455 4044 7] A% DX el i 55 1710 B3 ) T4 i 52
A& (T cell receptor, TeR)EELK], 7544 ¥ T4 _F R IA
ThREME B R & TN A2 4, 18 TANMRENS Seid - 2220
LU MR A 1K (major histocompatibility complex,
MHC) I BR 1 B, S T H A TR 00 4 7 M Bt S5 i) /g
71, FREME A BOWAL I AE T DABGE T, $AT LR
LT RE, fi e PO PN 9% 7). CAR-TE
ZERONIRIT A MR AR G e i B T B, I AE
YU, AR, e A S AR IR I PR 1
AT TR R . A ERRfE FH CAR-TY AR
I H 51 e ) STt

1 CAR-THIfE M
1.1 CAR-THYZE#

CARFZ HIYFER 4 H - (1) ZHML AR R
B, XA X B 2 R ] AR X (single-chain
variable fragment, scFV)ZH ik, H 3= E DhgE &4 7 14
U 8 A X PUER (tumor-associated antigen, TAA);
(2) BHE X, F58E 42 40 B 20 0 R ) 48 5 5 i 4 1
WS, KX CAR-TA B ThRE A B B 5 ;
(3) 15 AR, XS DX 3 2 R AR EE FICD3 CD4
CD8. CD28u FceRIZL K, 1 5115 CAREH & ££ 4 il
& b, FF SN G 5% S A WAER; 4) 4R
WAS 5 i PRI, X2 H AT CAR-TH 52 T I
gy, BEX IRt CD3CRTA ) e S AR R U R ik
% % ¥ (immunoreceptor tyrosine-based activation
motif, ITAM)EGE TRl
1.2 CAR-THAWARIZIE

H A GROSSH P15 — 4 Hh A i B i SR
SV 1) H e BR B 1 TN MY 52 A ik A 40 7 16 T4 B LA
*x, i JLHERRE, CAR-TEE R EH AR, 5

—fRCAR-TH AU B BERRES I DL 4t
55X 3N ARG AE . — CAR-TIX
HREE CD3CHERMAU TCRIZ T4 T, fEIRAK K R
T HE S B RE 0 A RN Jf M ORI Bk A, 33U
IRIT A EAR I 28 — AR CAR-THE S — A LAl |
BN T — N3RS F (costimulatory molecule), H
4% FDASLHER CAR-T™ it b e WAL o3 172
CD2854-1BB, H AL /) T8 450X40. CD27
FI1CoS™, 2 — X CAR-T/2 H i FZLEIG IR LT
(7=, H AT FDACE M T 64 CARM™ i, AT B
A (077 it AR oA ER AR CAR S5 M, 28 = AR
CAR-TTES AR EERY EF8g 0 17— MLy 7,
T2 PR e B — T 73 1 SR 1) TH B BOE A 72 4
[y I 1) SR, —ARAR BRI 72 BT o i
JEIR T TR AR I A T AR )7 R 1, — LE
TR A CD2845 M3 1 255 — AR CARELES I 1
4-1BB", OX40"9f) 55 =4C CARI LI H B Lf 1T
SR . X ] e AR BT AR CARF 5 23 )30
TR R, 1S I S 2 i BE A T R AR TR A
SHI4HMAE T (activation-induced cell death, AICD).
Nt — SR R PR R CARSUIM
FEAMEA R R e 7722 DU A PR s oA 5 45
] B, NATTIFRHS T 565 DUAR™ i, AR 72 R Tl 855
i (tumor microenvironment, TME)3 52 CARJT 2L A~
() 637 ey UL, w] UK B s (1) 38 FH 4t i B A
AR 2 7 TAH (T cells redirected for universal
cytokine-mediated killings, TRUCKSs), L2400 n] 7
CARUE J5 175 3 M 70 ARy 7€ 40 i EX ¥~ (IL-2+ IL-7.
IL-15%%)21; (2) % CAR-T(armored CAR-T), H
108 3o I PR 500 R 8 SR B B R 1T - P R A
JRORE T B 22 15 43 IR BIURR R B2 42T DL 5 T4
HABE RE I FIPURIVE 1 5 (3) 538! CAR(inducible
CAR), CARIk £ 3Rk 52 8 A M A5 5 e S A0 i
S PR 1 227, Gl i a2 4 145 1T (A0 SynNoteh
AR SIS AF I (4) TR RICARSE 5 &
4 (ON-and OFF-controllable CAR signaling), 7] DLl
2 AMRAE 5 RS A CARVETE (B12). &2,
VA CARIE A Rk g a8l 1. #E&fbA 5. PD-1/
PD-L1pufk 2 DL K % CAR I 3RIA 5 Thig B4y
ORI 9 CAR-TEH BT R I fE /1, {35 44K CAR-T
(R PR S FH A EATS B RF AR R
LR B, SR CAR-TAH L) 7 VAT 98 2 AE A4 A1
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Fig.1 Structures of first 3 CAR generations
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Fig.2 Approaches to enhancing efficacy in 4th-generation CAR-T

P18 RIE T B H E 5 0S5 R G B R Ry
PETANM, 285 ¥ B AT E B B F — Bk N, X
e AR . BN WIEANME R T, B
i, FDA CHEHER CAR-T/ §h (0 “Kymriah” 5§

“Yescarta™) X} AL E 2 IIE T & 2 4208 10077 5%
TGP, HATCAR-T™ it AR 7= R R A 75 2 A, 72
pits ) ) 5% T B2 AT RN b 2 i ) XU B30, g T
A TE] 22 7K, I RIS H AR 77 CAR-TIR 7 3% A
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7], CAR-Till1d T 26 Tl PR VA T 250 5 11 52 W) S v
PEAN B BRI, A B AR AR ) @) 28 FL4R CAR-
T*“i# F| CAR-T(universal CAR-T, UCAR-T)” % %2 K
1, UCAR-TAE A i [F) A 5 A4 T2 i S 58 T £ e {3t
F, AT R g DLk S B8 R P TE 00 (graft-
versus-host disease, GVHD)FIHE % < .o UCAR-TH]
DL A= 7= ) RS 32 =y CAR-TAH ™= i 1 — 25k
HEER MR, HEicA A BiE M R4 CAR-T
2 6L Y R I PR R I PR K6 o

2 FATFCAR-T/ATTEE R HURT S AR HE %
R

PR R IE M TAASE CAR-TI TV I FE A B
3K, PR, 973G e 1 R iR R e P 5 (tumor special
antigen, TSA)XfCAR-THM 2 G E, DUR A% 1
F Rl 28 5 T 10 41 A CAR-TVA YT I AR 1R 56 ()
R(ED.
2.1 KLK2

TUTKORE T8l AH O JIK I8 2 (kallikrein-related pep-

tidase 2, KLK2)HH KLK25: K4, J& T2 2R 5 A
Bl oK T o 18R 3 AT A B AOIR b R 4G
2R IK 2 e R % 4K (androgen receptor, AR)E 5
R, H S H080 e 7 %P5 (prostate-specific
antigen, PSA/KLK3) B A PpFIF AR . KLK21] 4>
WA 2 A0 PR A R HE B, S e o I T Ik LI
(glycosylphosphatidylinositol, GPI)%#i & 5 -5 At 5
EASEEMN T AT HRERN. HEFERE,
KLK27E 7 51 B4 23 v B2 IR 205 S vk ok ok, LA
R 2 3 AR R R 51 i 40 23 rh R R IR KT 35 R
2T H A O T L 230 Bl Janssen Research
& DevelopmentJF & T INJ-7522941487, —Fi i r)
KLK2{JCAR-T/* il o HIII PRI E6:(NCT05022849)
CAH 156 mCRPCHEE, H AT IEAL T8 TH R P B
(dose escalation phase), A& A 45 R K AR .
22 EpCAM

b R A B 4 T (epithelial cell adhesion
molecule, EpCAM) & —M IR FSEIEE 1, HT &
AR R E AR, DR BB Bk i 77 2 40 i 2 T e i

&1 CAR-THRETEIATTRIFBRE VIR
Table 1 Clinical studies of CAR-T cell therapy in prostate cancer

NCT %i EEAN A=W WHTEkT B LN

NCT ID Target antigen  Biological Research phase Disease application
NCT03013712 EpCAM EpCAM-CAR positive T cells Phase I/II PCa, gastric cancer, colon cancer
NCT05022849 KLK2 INJ-75229414 Phase I mCRPC

NCT06094842 L1ICAM L1CAM-CAR positive T cells Phase I SCNPC

NCT05805371 PSCA Anti-PSCA-CAR-4-1BB/TCRzeta-CD19t-express-  Phase | CRPC, mPCa

ing T-lymphocytes
NCT02744287 BPX-601 Phase I/II mCRPC
NCT03873805 Anti-PSCA-CAR-4-1BB/TCRzeta-CD19t-express- ~ Phase [ mCRPC

ing T-lymphocytes
NCT04249947 PSMA P-PSMA-101 CAR-T Phase I mCRPC
NCT06046040 TmPSMA-02 CAR-T cells Phase 1 mCRPC
NCT05354375 PSMA-CAR positive T cells Phase | CRPC
NCT06228404 Enhanced autologous PSMA-CAR-T Phase | CRPC
NCTO01140373 PSMA-CAR positive T cells Phase | mCRPC
NCT05489991 TmPSMA-02 Phase I/II mCRPC
NCT04429451 4SCAR-PSMAT cells Phase I/I1 PSMA positive tumors
NCT03089203 CAR-T-PSMA-TGFp RDN cells Phase I CRPC
NCT04227275 CAR-T-PSMA-TGFf RDN cells Phase | mCRPC
NCT04633148 UniCARO2-T-pPSMA, UniCARO2-T (IMP) Phase | PCa
NCT04768608 PD1-PSMA-CART cells Phase [ CRPC
NCT05732948 PSMA/PSCA  PD-1 silent PSMA/PSCA targeted CAR-T Phase I PCa
NCT06236139 STEAPI Anti-STEAP1 CAR-T cells Phase /I mPCa, CRPC
NCT06267729 STEAP2 AZDO0754 Phase I/II mPCa




T4 CAR-TYT AL A 1 e v 7 v 3 g 5 bk

2661

1(trophoblast cell surface antigen 1, TROP1), ‘E7E{5
5 % 37 TH ) D B AL 45 BOE EGF 52 4 L H: T il 1)
ERKAHI AKT{E 5 ¥, EpCAMAE £ Fh b 5 5 1 g
(anfides . dhladm . Wl FLRIEATET ) R ) s
JEFRIE P, DENGEEH I T fe S L 1 EpCAMIT)
CAR-T, 7] EAFEAR NS4 8 AL PCIMER fifd (— Ff
15 EpCAMI4A L 2 ), JF HAE PC34HJL (lRFR1E
EpCAM A 22 ) 5% 7% T ¥/ BRUBEZRY 0 Sl HH R B
TR RBOR
2.3 STEAP1/2

HIFI R 7S 5 i b 57 5t )57 1/2(six-transmembrane
epithelial antigen of the prostate 1/2, STEAP1/2)[]J&
T MEREREMEE, FESS5%ET7IE)E L
AP, FEnTReds S H A 20 B B Cin i oA S5 15
G, BIRSTEAPL MR AME, H T
AU AR EN SIS IG5 . 3 R AR 28t
A RS, EAE IEH RS IRH AP ARk, 5
FERGHI IR, STEAPL. STEAP2MIZRIE K14
F LR, i T R T g M R T DA AE R S iR
JEHRE 1%, STEAP12# & CAR-TYT VA 75 4E
Mo JINGEWIG | —Fh#E [ STEAPTY 25 —fR CAR-
T, KM 4-1BBIEAILRIEIR . X FHCAR-TAEMASM LTS
A K R R R R A BT 51 e /) RS v 25 e L L R
ZHPUMRNETE . HAh, AR K T TGF-pIT K%
& (transforming growth factor B-switch receptor, TGF-B-
SwR), i T4 MI7E & & TGF-BIIM LT %t TGF-p/r &
H o B A P AR AT D, IS 98 T CAR-TAH M 4™ 3
RE I ANGU R E ). BHATIAZE P& T 53 4h—Fh
FH 4-1BBALHI 4 T 15 CD28IE IREE 8 ) CAR-T, ‘&
FEZZIE NVRTE STEAP B AVE Al 51 Bt /) BRSBTS h
JEBLH T B E ] A e AP IL-125 CAR-T
WA IR YT PTG SR BT ROR , HALHI AT e 5 IL-1221
SRR A B R A R . SR E N TS 2ihe
PARBOE e A R G, ML BER ALY HE (epitope
spreading, ES)H K. ZANVITSE PUJF K 1 —F#fi )
STEAP2 (1) H CAR-T/ it ——AZDO0754, %™ ih i
4 7132 1X (dominant negative, DN) TGF-B 5244 |
FE TGF-P& & F & WM BT, 78 s i B A A 78
4= )2 ¥ (complete response, CR) I EAIL T A i 2 44 11
FABALF e HET, —IAZDO754 257597 ¥4
F& 1 1T 51 B B3 10 /TR PRAE 5T (NCT06267729)
IEfES B

2.4 L1CAM

L1400 i B 4>+ (L1 cell adhesion molecule,
L1CAM) R % BR 8 8 o Ik 1) 5 5531, FHIH T
REWH G TCMAER . TR IR R
KA, 5 LT R I LICAMAE 2 i g 25
Bep B, HidERAS FENBE. BERE.
B 96 R 2 R 1 Je e 3t R N6 RE A B9, SUNG
S U 70 & B L1CAMAE J& BR 4 117 51 e o LT
BARIE, SIEEBAREAREER, BIEEHBEE
R 51 s £ 2 10375 1 L1CAMAE 17K F & TR
A ATAIE B L1CAMIY R0 5 N 1T 51 B 41 1) 4 4%
REJ1B VA O, I B e TR R0 51 B 20 P HR 1 R R 0
Bl TIEAE R . 1R ARAN TR A DA S TR /N
U PN 6 RS, LICAMBR /2 I6T 7 51 i B A5 1)
RFEHE S . A, B9 RIS CRPCHILL , #h& N 4y
WAHT %) JI#98 (neuroendocrine prostate cancer, NEPC)
HFHLICAMFEIA &R ETE . LICAMIRIEEIL
550 51 i 17 NEPCE R A OGS, FETS 52, Fred
Hutchinson$&# iE 100 & T — T [ LICAMT) H &
CAR-TYRYT J5 Hls B B AIAS o] U] bR 54 £ 1 /N4 g 4o
22N 43 WA HT A1 e 1 LI PRAE 75 (NCT06094842),
BRI 91X — MR T H 51 B SR AT VR T SR g 1,
2.5 PSCA

41 B T-4H ffl 470 5L (prostate stem cell antigen,
PSCA) & — Ffr i i b 2 5 A5 Ik UL (GPD) B T4
MR MFEE A, PSCAYE ERHAR P FEEET
AT SRR 0 3 4 i, EfR AT AL b DB R
k. 80%LL EHIHTFI M HA PSCAMIE BERIL, I
FEAR /N A At 37 BH AN A AN M . R A
Z PP E Pt 23] T PSCARIE Y LY, PSCA
YE N CAR-TITVEIIHE L, B R AE R 6 97 A3 31
Jo FH BY, 177 5 HILLERDALZS B4 8 1 ¥ ] PSCA FF
£ 5 CD28. OX-40HM1CD3(E S 1 =L CAR-T, iX
e CAR-THH M 7E /) BRURE B o Jj B HE I8 3 1 e g
WM. PRICEMANZ BUR L, £ CAR-T# 11+ K H
4-1BBAE AL T, 5 CD28HH L, X w70 5 6 ey
(1) TR 22 30 L B v ) R R, R IS T SR
JigE A& AT B RE T, TUN R /> . X T
B R 2 AHPUE AT A1 iR, FRIELINGSEPY4E H
A1 F # [] PSCA K] Vy9 V2 Tibk B 4 i (yS T4 )AL
Bl gr I 2 1 aB TR, MR B R (zole-
dronic acid, ZOL)## Bhia 7 DA & #% 7 98 B oA
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855, AHEL T o T2 M, yST4H AR W] LAFIFHZOLR YT BT ifs
T B RSOSSN A FE IR (isopente-
nyl pyrophosphate, IPP), i HAT G 6E /7. PR fE
JIv RRERES KBRS 2] 78R T, —
T EAS PSCA A (¥ CAR-TAH IR £ mCRPC 23 1)
LA MR AE YIS PE R) TR R GG 45 R R A, 7R
LA CAR-TIRIT I 144 %, 7N T PSA
KPR, Ho4 NIIPSA N B EES BI30% A F, 18
F1 500 mg/m* A P i 12 47 7k B2 40 B 375 Ak () 24 b
T 2B ARG IS DR 28, T AE e R B IR i 1) 77 B DA
500 mg/m*[FAEEI300 mg/m? i, A2 A AR 0 %2 2155
2 Rl V£ 75 P% (dose-limit toxicity, DLT)®, 73—l
W RS AL T #E 1A PSCA . #7& MyD88/CD40
TFIE A A CAR-THH I & H# 5 71 Rimducidia 7
¥ R M 5 ARG AT 51 B (mCRPC) Y7 2 %
AV, 92 1R T I mCRPCHE & 47 5 A PSAKF
T EE>50%, BRI, DR e 77 A A b R A A5
DLTHIP GG ST AHIRIE T, B AU Al £ 1E69,
2.6 PSMA

I 51 IR PR IS 70 S5 (prostate-specific membrane
antigen, PSMA)& H R /K it i 1% [#] (folate hydrolase
1, FOLHI)4mts i) s fpi e 8, oA MR K G FIFR
IREG ) Thae , X AR i EEAERT SR B H SR
T AL, PSMA H B2 52 I R AT S50
i R 75 DR R 5 21 Jles R S A B . — I PR 139
RIS L [ PSMA I CAR-TAH B TE A 25 hi Mg 77
T, IR NI AR ZE RS (central nervous system,
CNS). B EECHAB AL TR RN, 3X 2 CAR-THIAR
BN T RIS, ST AR 1S RIS IL-26 B
T CAR-TAN TR a8 /1 Yo 55— ITHE e K
HUPE A oA 2T S5 40577 (PD-1L/PD1FH M7 )t n]
LABE 5% PSMA-CAR -TZH i #1972 *. KLOSS%
TR FPIHE 7] PSMA FF i 14 171 238 TGF-B3Z2 44 (dnTGF-
BRYFI I CAR-THANE , it BHIWT TGF-B(5 5, #E
PRATHE T R B 1 bU BT A R 240 i 5 o ) 48 4 e
J1 FEBAIR I DRIEPR RS, B2ifT 0 1300 2K
B ANPSATKF N [E>30%, Horb AL 17 19477
R, FE2A T I, FE1RYT RIS TR LGS HE R
R T 25T 3R IIAS RSN, T £E BAE 77 B2 (lethal
dose, LD)ZH WL 3 244 S L 1 3R A A 1 X2
(cytokine release syndrome, CRS), H:H— A\ JFf K G
28N 7% A0 A 2 28 55 14 25 A {iF (immune effector

cell-associated neurotoxicity syndrome, ICANS). 7E
A I e R ik b I FRAL B K LDAH P 52 3 1 —
%142 CRS(NCT03089203), SHAOZ: M PSMA
5 ) kA e R 7 5244 (inverted chimeric cyto-
kine receptor, ICR)}:3RIA | #215  PSMA-CAR-T4f
MR RE /o, B EOE S 40 B DL A R
& )1. HBEITE ClinicalTrials.gov A 102 5 &% it
(14T A [F B B LA PSMA R HE 55 ) CAR-TII A i
56, XSk 7 PSMAJZ H i i 3 55 BRI T 51 e
TSA.

3 CAR-TZERTFIBRFEIATT FHEIGAIHEAK

s CAR-TR T80 47| et XA SR g I, 4
T — 28 1 R ) G M DA 2 Y ) ) R8T, G v 383 2 H
T CAR-TYT I EH SR BRE, #8752 1 B 51 i 1)
R AE IS
3.1 HREETRE

FEFTA CAR-TIRYT 1, B WL IR BE 4 S 802 4
A+ X % (cytokine release syndrome, CRS). CRS
I HT R R AU B A e AN A R A K
BWOETFE . CAR-TZH AL MM A, i
T 4 B 0 L TR O B AT (A TL-1. IL-6+
IL-10. TNF-a. GM-CSF. IFN-yfINO), K %
R B R A S U, G it TR A AR IR LA S A
B AN =3 CRIVYY) b U I [ 12 N = W | e S
CRSHHRIC T EL AT e . DIEFRIT . 28 E 3
VB WG I 24 i 9 2 2 2R 40 B 1 22 iF (hemophago-
cytic lymphohistiocytosis, HLH)",
3.2 BRI RMAERHE SR AT

G 58 R0 N A% A A 5% A 8 3 1 4R A AE (im-
mune effector cell-associated neurotoxicity syndrome,
ICANS)Z CAR-THI ML yA T I 5H — K WA R HF,
% B 5 M6 T 7 22 35 1R (American Society for
Transplantation and Cellular Therapy Consensus, AST-
CT)H g SO Rl MR S IR TT Ja ¥ S ik
2 2GR B AR N RHIE BB , 12067 S BN TR
P BRI N FR) T R /B8 Al G2 250 4 i ) 80 B
Z: 5700 B ICANSHI R A2 3 0] fmik 64%Y, JLK
PERLA H RTEASIIHf, K 2 B BLICANS IR AR RFE
(8 BEAE A CRS, BEAh, PN B0 it A4 B JO0E
PR A 5 30 LA B# % (brain blood barrier, BBB)fA %))
fEIEA AR B PR+ F1 CAR-TAH R REBE 3 Nk Y, (R,
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CRSH[fig & ICANSIH “Ja sh = sl Bh R = 9, I
FER AT ARG RAEAE . IR AR . e
. BT R AR K e
33 RSB

FAEL PR S 1) 7T DR . 122 4R S M R T iR A e
R, MAEEENHRAPREEEEZARE, 52
CAR-TIRIT I F H2 ML CAR-TH f Wi R &
TSAMIER AZPBLG, X PGB RRA B2
(target-off tissue effects)”!'™), CAR-THH X} T 1E 4
LR 5 Bk £ S 8T MR T IR RO R &
FEAIH R T, S 51 CRSHfa L B . IXFh
I GAFAE T SEAR S AR SR iR A, B AT IE H K
o AT I A I TSAE & RE FIEW AL KM, A
W46 H EpCAM. PSCAIX P AN#E phi 2 A5 TB: 76 XU
[ 164 BAR H R8T CAR-TYT LA 7 1 51 e 5|
JBEBE N AN R SRR 5 AR 2D, (R IX e P 7 1 X
I 8L AT 2 PRI R 6 HR AT 75 O
34 R ERKRIR

CAR-TI7 W97 BT — & 1 ¥ e Jif Rk
DL R FHCAR-TIRYT Ja, IR R Fak K P8
AT 51 RS 25102 H BT 75 ZAR 0 . X — IR
7 I3 B 988 A YR T HR R E AL, AR RS 7R 2 Bk
EL40 e (9 I 7, CD19-CARIEIT G 16%~75% 4 K&
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