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Ji Ry AT A IR ( castration-resistant prostate cancer, CRPC) . CRPCHEH (i F I — EART24F, Ir4pEkil
BT — SR R, BEAEAERA e, (LRGSR ZE . IR SR 1Ry il o Ik ol LR Y e s R4
AT R I A . AR, BRI HE A G RIS T e & e, I BR R VR TrIE 1, BUREEFAR | T .
AI7 . BERYT IS 0 5 — R A SR IR IR T T B AR, IR YTXTCRPCE A R s, I, CRPCHY M S e il Fh
5% (tumor immune microenvironment, TIME ) £ MEZ¥H 1K ML, CRPCHMGIERIE—E L, A
AHXTHE o 0 G e P PR SR B, ATk L 2 M IR T RN M LU AR, L R Rk 45 Al G e Ikl IR 7, 4 i s Tk £
A FEPTIES (cytotoxic T lymphocyte-associated antigen-4, CTLA-4) | FEFMEPET: [ & ] -1 (programmed death-1,
PD-1) /AFPEFET: [ B ] Bifk-1 (programmed death ligand-1, PD-L1) 2§, iAW RtmE By %" Wi, BT H S
M RZEHIALE, CRPCIAA & E M E Rk &AL, ANl e re g uidE v, s Btk 3R IR S e I e e S, DA i ekt
GPERGP . T CRPCFRER M G2 I il PE R AR, SR UGB IR YT AR A AN I3 A I IR YT 7
FRON TR CRPCEFIRIT AR M, AT RS, T CRPCEFE TIMEH G 4 i VE AL, DA S S ys A o5 4100 il 5] 3
HADTIRYT . 4T . Sipuleucel-THREREN . XS PURZIE-T (chimeric antigen receptor-T, CAR-T ) 4HAEIAYT . AN T
TRYT . B R A I A AL T2 RS PR SRR PRI R . SRR AL G [ poly(ADP-ribose)
polymerase, PARP ] i3 S5A Y7 Tk rh e 4 M A Fh A i R PR EA/E G R . B2, CRPCHYTIMEIRH Z 4%, 1
PERIT AR I G VT 2k . (BREE BAR RIS, — S SR IR YT T R IEAENFTE T, AHAE AR s a6y T & 45
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[ Abstract ] With the rapid development of cancer immunology, more and more research focuses on the role of immune cells and
signaling molecules in the tumor microenvironment. Prostate cancer is the second most common malignant tumor in men globally.

With the increase in our population ages and screening rates, the incidence of prostate cancer in China is increasing. Androgen
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deprivation therapy (ADT) is a primary treatment for late-stage prostate cancer. However, most patients eventually progress to
castration-resistant prostate cancer (CRPC) after ADT treatment. The median survival of CRPC patients has been less than two years.
Although new treatment methods have emerged in recent years, and patient survival has improved, however, the overall prognosis
still remains poor. Tumor immunotherapy works by stimulating or rebuilding the body's immune system to control and kill tumor
cells. In recent years, immunotherapy has entered clinical research and rapidly developed into an effective tumor-treatment approach
following surgery, radiotherapy, chemotherapy and targeted therapy. However, the effect of immunotherapy on CRPC patients is
usually very poor. Therefore, the tumor microenvironment of CRPC has attracted many scholars' attention. Previous studies have
suggested that CRPC generally has less immune infiltration, a relatively high immunosuppressive tumor microenvironment, such as
low infiltration and activity of T cells, and high expressions of various immunosuppressive factors, such as cytotoxic T lymphocyte-
associated antigen-4 (CTLA-4), programmed death-1 (PD-1)/programmed death ligand-1 (PD-L1), etc., which is considered as an
immune "cold" tumor. In addition to its own immune-inhibitory mechanisms, CRPC has complex immune evasion mechanisms
that suppress immune cell activity or selectively express low immunogenic antigen to evade immune system recognition. Due to
the particular immunosuppressive tumor microenvironment of CRPC, the effect of immunotherapy alone is often unsatisfactory.
Therefore, the selection of appropriate immunotherapy strategies has become the key to improving the treatment effect of CRPC
patients. This review summarized the mechanisms underlying immune cells in the immune microenvironment of CRPC tumors and
their interactions with various cytokines in the context of immune checkpoint inhibitor therapy combined with ADT, chemotherapy,
Sipuleucel-T tumor vaccines, chimeric antigen receptor-T (CAR-T) cell therapy, oncolytic virus therapy, or in combination with
chemokine receptor antagonists, tyrosine kinase inhibitors, poly (ADP-ribose) polymerase (PARP) inhibitors and other treatments.
In conclusion, the tumor immune microenvironment of CRPC is highly complex, and immunotherapy still faces many challenges.
However, with the progress of technological advancements and research, some new immunotherapy options are being studied, and it
is believed that tumor immunotherapy will bring better therapeutic effects to patients with CRPC in the future.
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MRELEANM ( tumor-associated macrophage,
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AR ( dendritic cell, DC) . JRiAH
PRI (tumor-associated neutrophil, TAN) |
BEVRPEAT I 40 ( myeloid-derived suppressor
cell, MDSC) 7, LA [E]JSt4nfs . K4
JI U AL . &4t A7 T AR 5 2 A AR B N A 5
SHPEANE A T B TR, XEARR R
Z A A ELAE IS e R B 2B A L R DL St e



(bP@BAESZ) 2023553355 101

947

2 TIMEZECRPCXYE. XKEHHIER

CRPCHA IR TIME, ZFh e il 7>+
AHLHIAFITEAIEAE ], A i i es 200 i £ i b itk
FECHTH MR [ CRPCHERE . A g Hea AL 7T B
A2 g R T A T AR L A0 i A 41 sl FE s, NK
208 JE P 00 ) 0 G 0 ) 1 ) 3, Ay
PETHIMY (regulatory T cell, Treg) . M2-TAM,
MDSC. DC. [a]B4 i FIfG T 404 i i %1
20 MR I 200 A 75 1 T A L 4 LA P PR e v
92 A ML BT TS MR, SO AR RIA YT CRPCIY B
FEI7 1]
2.1 TAM

FoRTUESE 2B, TAMAEMIE R . ik
R AR v A OCEEE T . TAMBRSE I I &
G £ ST YR D5 1)/ A PR R e W = A P e
CXCJ& LR FRLfA (CXC chemokine ligand,
CXCL) 2. H4li/r = (interleukin, IL) -6,
A A K F-B (transforming growth factor-
beta, TGF-p) . IL-8 (CXCL8) . CXCL12, #b
{&5a ( complement component 5a, C5a) %, X
SR AR R AR IRIE A E R AR,
HBRMEBRESHEARAX . TAMATLIS)
A A AR A A A T M1 B AR HE e A K M2
B, CRPCHIELE I TAM K ZHUEM2 7, H M
IEHAIFIRAL A BEFICRPCH, TAMEY
BT m, AMUM2 RN, B s
B Guan® T BRI TAMIE
CXCLI12/CXCE I F 3144 (CXC chemokine
receptor 4, CXCR4 ) AW ¢, FEHCRPCX
Z VG FEMmT 2 . PRt ) Ak DR s 3 BH DR
CXCLI12/CXCRAEY) =24, 7l fESECRPCIAYT Y
B
2.2 M@ ARK R e (cancer—associated
fibroblast, CAF )

CAF A AT R g i i . 1228 . H#%;
W ELA T 25 9 5 O 28 40 i 1) i g 4 2L 2 IR
T, T AR BB I ORI . RS

L, CRPC-CAFHAMRMEMIRZEN:, CXCLI2TE
CAFMRFIZFR A, ATLISES LR -I i, e
HERS 9 19 CRPCH4 4k . CRPC-CAFit A A7 W]
W, RO T TGF-B/SmadfF
SRR, ART RS, IR 1
(' secreted phosphoprotein 1, SPP1) #ECRPCH!
1215, SPP Ll SPP1-ERK 55 /3 i 5 54
i B BRI, TGF-BARIE A LIBEKCAF
F AL AMEF 5 W (extracellular signal-
regulated kinase, ERK ) 5%%, P&k CRPCX}ADT
PR . R, BERKAWE 550 AT AR 1k e 52
% UV MEEZ 24 (androgen receptor, AR) |
FEi4 R E AN ( matrix metalloproteinase 11,
MMP-11) | 70 kDa#W & 11A (heatshock-70
kDa-protein-1A, HSPA1A ) 7ECRPC-CAFH ikl
w5, ARSI R 8RBT T . CAFZMIHIE
P58 1 (neuregulin 1, NRG1) #IFHER3 5%
AT U PE A AR G e Skt . R,
PHMHICAFR LA . FHWTCAF 5 5313 B al
AU mINRG1 5589 RIS B I ADTIRY T Al e
SUGEMIHCRPCEH IR T4 )
2.3 MDSC

MDSC 1 3 B s B A B0 1 e g2 40
TR, SRR . BEAERRST L R,
CRPCHEETIMEHMDSC/K V-t E T, AT LA
HHINK 20 M A7 5 Treglihh . MDSCIk ] LAl
IL-23, ] ARG ARG S4% s 0, i v
JCHTA g £ # kBT, TR -a (interferon-a,
IFN-a ) 0] LAgi/MDSC £ il i ae, %
STYTEE . ik, BRIBTIL-23 8% FHIFN-a
117 CRPCIZ:— TR A FITidR (14 s
2.4 Treg

Treg/e— RPN HIHETAN ML, 2 I fe g
Tt 52 1306 358 14 O B B 7 =2 — o BREERRST 1 &
W, AERhE etk e, CRPCEENEH
I TAR LR D, (HTreg/B¥G AT, Tregim RikHY
HIZ B dea B 45 5y i e I CRPC,  HIRTE TR L
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H5BE)E R IEAHK, Tregifilid /b TGF-B .
IL-10F1IL-35, MHIDCHLE L3 ACDA HHEIT
Yifie (helper T cell, Th) BYLIRE, HEXIIL-33/
ST2. PI3K. Hippo5Wnt/B-catenin{ 544 18 %
RO, BT I 2RI . (R
o DL, $fsFE/S Treg il GE 23 CRPCHY
s .
2.5 NKZaje

NK 2 A B T A AT b8 1) 28— B B 42
NKA A DI RES 15 5 5% 2 S s 1 (signal
transducer and activator of transcription, STAT ) K
WA B2 ), STAT I HENK 20 M 4 2
I, STAT3 Al LU NK 20 470 A D BE
YR A R 5 4% 3 7 (suppressor of cytokine
signaling, SOCS ) fZJAK/STAT/F 5% T 1Y
TR, RV 4",
FEAMIGTE . ATk . TEIERAiirh, JAK/
STAT{ 5% 33 [ SOCS F R At s il 5 1
FERRE AN, JAK/STATS 5 % 5 s gl ad i
B, SOCS1/3MILER 17 . FEIL-68 4 %
B TAK/STAT3- P #EsET [ 851 ] FoiA-1
( programmed death ligand-1, PD-L1) {5555
M EEHE LI, AT 30T CRPC MANK A L o 602
Witk 3 T7SOCS3 AJ ZE K CRPC HNKGH Y A 7E 175 i
(], DA T4 5 N K A8 i ) 470 g 0 1, 7R JAKY
STAT{F 5 4% 18 B ) 591 1% 5 PD-L 1 il 551 v
HE TR NK A0 0 B4R 5 I CRPCA LAY B, 31X
R B CRPCH i oy B b o8 A0 S8 BRI G o7
A
3 MEEr X CRPCREMIMERI M
31 ADT#% 7

ADTIRYT 25 R« MR BT 9 B AT
SrO7 =, A AR N R R K Pk B G2 A IR
P HE, RMADTX TCRPCIFAUCA R . 7fEADT
25 PERLRIBESE S R B, ARJECDS T HifH
TR T ADTIAJT AT LLSUE CRPCHITIME,
fECDS TR W E 44N, CDS8 T4 Ml i i iR

o1 e 96 240 it 9 T R S PR P BRR T 28 2 A 4UA
BHEEY ( major histocompatibility complex,

MHC ) KX M4 "' . Gankyrin X F%
PSMDI10, P LM THEALR, fErZmEa
ArhimRis, SR . M. RZEB A
X, BRgE M R H 5 CRPCHIADT 25/
—ERRFR . Gankyrinili it FIHAEPOUZEH )
INBIRLEHE T (NONO ) SEARFEZ LN,

fish & = AL R A 1 (high mobility group box
1 protein, HMGB1 ) #%5% | Rk, {2k
TAMZEEFLE . TAMJMBIL-6, i STAT3{E
PERTH I8 R CRPCHE AL . ADTTi 2 fllgankyring
ik, MME il gankyrin/NONO/AR/HMGB 1/IL-6/
STAT3IE [ A5t5 5 7% S i . E N FIL-6 7] LA
A [F R HLH S BADT 25, {HJAK-STAT3
{555 S m K A  E B . B LA e AR 2 6 e
it 25 B CRPC .34 1 CD 8 T4H At B i />, M2
BITAMFIMDSC . ZH, PD-L1Kik EiM,

IL-6H LKt W] kg © > 20 A, $0g
2 BH Wt gankyrin/NONO/AR/HMGB 1/IL-6/STAT3
{55 s, ARSI HIADT 25, [F)
FHTL-6-t8 7] LTI AD TR YT AR . Fop iF
g8 PR, fEARREIAYT I BT, PD-L1E KA
FCD8 TN 4= 5 FICRPCE £ K 1) Bk 5
Pt (atezolizumab ) BKA& A& BB YT Al 3145 5T
KAIPFS, X N ek A S il k5 ADTIR T
PEAE TR, ARZKSEARL T B2 S e R 7 U

DAY DG
32 AL

I ZCRPCHE EMIAYT ik Zz —, birey
Yy 38 1o BEL VBT 248 A A 5, DT 3k 380 4000 ) e 22 240 B

AR ER . ZVHMIEE AR CRPCE#H
PR UE—ZAIT 259, TRV S . IS HI S
BREESFYESUE (prostate-specific antigen, PSA )
KV AT B LS AEAE] (overall survival,
0S) Jri s iRk s >t . P gEn
fEBECRPCATAI IR, AR | CRPCHH
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M BEE R Y1 (lectin-like transcript 1,
LLT1) ByEiE, fEIENKIANTCRPCAI LAY AR
L RN MG b A s {= B
( programmed death-1, PD-1) /PD-L1AJFJE,
X R 22 VG A FE A 0 n] AR B e 7R T CRPCHE
M7 IS . GuanE U7 & R TAMIE 1 0%
CXCL12/CXCR4%l, 53 CRPCXf £ P4 {ih F¢ ffif
2y, MFRCXCRAM] LMK Z P4 b 28X CRPCHIHL
T

33 &

ST AT AR S B e A OG0 I R ) 15 S
AR, FFIREACDS TR AN, 2t Jmi
TIME, AT fish & 3 B0 7 AL g TR . — 0
DR ABOT ST OO R, BT RA
J&i, CRPCAHZIFH[ILCD3", CD4", CD8 T4ij
W2, PD-L1Fk08E B . APy /N BRLSK
SRR, e AR T AT LG A 1 A e v A ik
BRI . U5 MDSCEE AL KA Kl CRPCHY 14
K 7 EFRHE O IU AT R i CD4 T L 4R i I
W, X NS PSR TIRE T EIE S YL i
TG IR YT CRPCE AR YT Y — A5 ),
KA T S5 T 22 ) S B A s
3.4 RIRETT

B BE IR YT 2 — i DL 4H B EE R T 9k 12 4
XA )4 (cytotoxic T lymphocyte-associated
antigen-4, CTLA-4) . PD-13{PD-L1}# &,
A Aok TR BT T 40 A R 3 o g S RS 1R
Jror a0 BIHRT M Ak, SRR A
(immune checkpoint inhibitor, ICI) 7EIFZ LK
R ER s i T RAFRIRITROCR , {HZECRPCH
AN B ERIKK S, EERRZ— 2
HIPETIME . CRPCHJTIMEH P it /b HLA i fid g
TEPER RPN, AnCDS TIbR I 4 it FITNK 4 it
&, IO e —Fh s By %" E. B
Hi I RIS (E AR 9T 2 a7 7 UG A s
X, BAREIHEL D T 2 s+, (HeReinyT
AR IR AEAT IIRE Y

3.4.1 PD-1F1PD-L14iI7)

PD-1J& —MTHEMMEFREEH, TS
PD-LIAHE AR, 2 Tibk L 40 i % 6 0 3 61 5
5. KEYNOTE-028 HIKEYNOTE- 1991l K i 4
R R, MAMEAERFRST (pembrolizumab ) Hi
IRIT B PECRPCRITROIA 3, RAEDEL
DNAZERCE 2 B ( deficient mismatch repair,
dMMR ) il T2 FEATRE (microsatellite
instability-high, MSI-H) B P 3k, "HER
Tk THEZHHUR U L AT Y SRt
CRPCHffiH, T4L%E-y (interferon-y, IFN-y)
i IHIAK/STATAR 5 5% 38 B 5UNF -« Bf5 5
% 38 K5 FPD-L13R 1A, 1fTPD-L1 X 0] LI il
NK 4 i 11 210 B 75 1 Tk 0 200 Jf ) 335 5 Fn D g
SETHE MM T . IL-618 33 1% JAK/STAT3
fF 55 3, P75 CRPCAI I Y PD-L1FINK
Yfi2D (NK 2D ) FfA/KF, i FCRPCHIIXT
NKAN MR A HE T, Pk, FHIBTIAK/STAT .
NF-«BfF & 5 5l f sl f M IFN-y . IL-6 7] LA
PR CRPCAREEIRITRCR o T ICHR YT RUA
fE, AMZRICHR G HAL AT ik . B R IK
it 100 41 70— B TR BRI B 25, vl i
22 FIL T 42 /o5 S gie 285, Qo o 4 o A PN
H: K HI-F (vascular endothelial growth factor,
VEGF ) T i 4 4 s, VEGFil IR ffiDC
BUARERS, TS 3 ek i% s 1 VEGFH il 71
AT AR/ MDSC M Treg A, 177 41 B 25 1E Tk
B 200 e TN 40 i 3 s > . — T T b
WA I RIS (COSMIC-021) w, KiiF)e
( cabozantinib ) ¥tfratezolizumab i /s H T B 4F
R
3.42 CTLA-4HHIF

CTLA-4J& A7 T Tk [0 40 it A 20 i B b 1) 32
A, TR AR B2 SRR, MHZ 5
SRS S BUT I T 20 M Tl B Bl A R . 22 TG IR
Wy 0 g R, CD T L 4H i T A
INF-y7i 28 56 PECRPC,  BARPHIL A Bdip
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(ipilimumab ) JGY7EIANOSEA I B3k, H
E3EZ )G, JLHREE A BB EHE T, OS
2 ~3M%, Mk, CD8 T MINF-yAl GE &
ipilimumabfYS7 LT IMAE bR AT 7 4
N, FEZCTLA-43 5 ipilimumabifyy ) CRPC
FrA, CD4", CD8 FICD6S [ E4N i PD-1
FIVISTAZR L B EH M, [FH, fEipilimumabif
ST VISTAR] LIME R — MR AR E B, Kok
FTRE A —Fh o IR VEZE TN 245 3472
3.43  CTLA-4HIFIEE A PD- 14015
CTLA-41 577 7T U2 #F CRPC P Ttk 12 48
iz, (B[R %1% F TIMEN PD-1#1PD-L1
W R, AT S B — 25 W36 7 B 3 N P
H&Ht. SubudhiZs CHUBFSEEM], CTLA-440H
FIK A PD- 1 il 770 T LA 3 5 Al sk o 32 17 44 1
o Ipilimumab FIZ4 i F) JCHHT (nivolumab )
TEAR-V7FHERCRPC WA P kAT T8
R R, “HXFRIBEAR-VTIHCRPCH — &
SR, R IR IR AT dAM MR 5 fith 98 98 75 1
( tumor mutation burden, TMB ) [¥JE3# . Ahern
4 DOV RS R B, NF-kBRECRSZ (A DA 74 i
# 5 PD- 14017 S CTLA-43 5 5S4 1697 1 =
YT kAT LAKG I R A9 CD4” . CD8 Tilk L 4
LA L), X SEBFIE RN R S iy SR kAR T iR
BET A S
3.5 & 97 MR IE IZ ¥ Sipuleucel =T
Sipuleucel-T/& MR T ICHE R SRR
BRI CRPC B H 1Y PRI T IE MR e 1, 3
SRR B E RN, KA S SRTS AR R
PEWERREE ( prostatic acid phosphatase, PAP ) #T
JR4ES, ARG EFIE AR E RN, 1 R BT ik
EXL 40 e 2 e AT LA A B ) S e v 1, PO RN R
KEGHL ) Sipuleucel-TiAY7 5 7] 5L TIME
s, SEUME RS e A BB, &
BEIE T b EL 40 G A 14 5 RS b, 3R R PR T
%Y . IMPACT 2 — T4k Sipuleucel-TXf JosiE

REEFPECRPCEE TR, 4558 WoRis it
Sipuleucel-TIGYT HEFE , IR (AL T G A%
ST A fn 7 34% 127 . Pachynski% "
W52 W, Sipuleucel-THE A IL-7i49FCRPCJT ,

CD4", CD8". CD56'NK4iJfi i ZHm, NS
BT T I,

3.6 &R A -T (chimeric antigen
receptor—T, CAR-T ) /&

CAR-TZ g 23 3 R A0 T FE A H Y [ 420
Mo, IR ATHE 4. [ CD-19/)
CAR-THHHIAEIRYT MLV R GE N R v i) ) hiz
I, sk T AR . CRPCEER
TIMET Tk 4R 1E . PD-L1RIAK D, RE
B PE A BR . CAR-THELE MR 20 40h = Ak
SPERPERONE, ARG IE R A, BRge P %
B, AFIHEE T A NK G2D-CAR-T4H i ] L) 3
TN i 3 I CAR-TZ0 il i, %K. CRPC
BFA0S; CAR-NKO24H IfiLds & A ik
AP BRE SRR ( prostate-specific membrane
antigen, PSMA ) FUCRPCHHMI, 750 ok 2
K 40 CAR-NK92B & PD-L 1Ml K677
PD-L1ZEIA WS, Wb E R 7 R
K, #id CAR-TAH AR AL I R R ER AR T TR
X, WHEMCHCRPCIATT A Hikes .

3.7 %A (oncolytic virus, OVS) 57 %

OV Sl 2 2 7% 20 it PR~ B4 15 R 47 92 200 ik b
L Z2 FIHIL I A BR il e il v g oAb . 78
OV SIS Ji5 1) Jifr I8 248 it v AT L2 SO 42 58] e 98 A O
PR Z R AFRALY AL, SRS R AR, I
W EA TR REE" RBH %7 Mg
AL N R TR AR AE LRI 1 37 i
o IR, MEAMEECRAEE CHBUR” R
M ME RGNS AW s " TIME,
T BB ot g S g ke 454 L RS OVS
IHITCRPCAIAL T A S B, H AR iy 1 F i 5%
THSRAEA AR o
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3.8 LMF_FBrBREER G [ poly(ADP-
ribose) polymerase, PARP | #7465

PARPH il 55 8 i 0 HI PARPRE Y T RE , 2L
DNAFMLTCIEWEE , mAEMREAMIET
11.8% M CRPCHEF HEDNAHI £ E (DNA
damage repair, DDR ) FEHR R RRAS, ficH UL
MR W FEBRCAL . BRCA2 . 3% 8T 40
MY KR4 (ataxia-telangiectasia mutated,
ATM ) FIKGAE 532 ( checkpoint kinase 2,
CHECK2) J:[H I, 33X — W7 35 X PAR PP il
R R R . BFgE 0 R, PARPHI I
MBI CRPCH L FPD-L1553k; HHAAMBE S
PD-L il 351 BE AR A JE 54T ( durvalumab ) 3597
ff, PD-L1RYFREEE L, [T LME#FDC
W, HEGRCD4A'T. CDS TR 4H M, M4
TIMETIFN-y7 25, S S P rai. ARk
5T AT DA RS WE R IR TT S, 97 KPARP
IR G, Jf PR IR RCR
4 RE

A BT F CRPCIRYT A IY B S 7E Tk
J7 . BERIRYT LG O R 25 SR, (H R
TIMEYECRPCIRIT NG EMMHE &5 & 16
FKEMNER . PF5EEEHIEH CRPCHEHTIME
()5 M SR YT RCR 1Y 25 SRS UIAR DG, Tk
5B TIMERIRYT SR IE il BE 2 32 M iR dT ORI &
B2z — FBRIEIT L . A TR 1) 254
I, XU AR AL T 2L R
H BYRFFE AT AR AT i TIME f4 26 i A AH B4
Pl , FCRPCHSIZEMHIAY “¥7 Mgl
RPEIRIT AR R I, P IREI K
BRI RS, PP AR IR R B R AT
e e

TR A fEE A A £
o
(& % X W)
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