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Abstract

Renal Cell Carcinoma (RCC) is a common malignant tumor worldwide, with increasing incidence and
mortality rates. Surgical treatment shows good efficacy in localized RCC, but traditional therapies for
advanced or metastatic RCC face significant challenges. In recent years, immunotherapy has made re-
markable progress in RCC treatment. This review deeply explores the immune microenvironment of
RCC and immunotherapeutic strategies. Multiple immune cells infiltrate RCC tissues, and their dis-
tribution and functional status significantly impact RCC progression and prognosis. RCC cells evade
immunity through various mechanisms, including altering cell surface antigen expression and se-
creting immunosuppressive cytokines. The PD-1/PD-L1 pathway is aberrantly activated in RCC, reg-
ulated by diverse mechanisms. High PD-L1 expression inhibits T cell function and promotes tumor
immune escape. PD-1/PD-L1 Immune Checkpoint Inhibitors (ICIs) block this pathway, restore T cell
function, and activate immune memory responses. However, challenges remain, such as the lack of
effective predictive biomarkers and immune-mediated toxicities. Antiangiogenic Tyrosine Kinase
Inhibitors (TKIs) exhibitimmunomodulatory effects, enhancing the efficacy of anti-PD-1 therapy.
Combination immunotherapy regimens have shown superior efficacy to standard first-line VEGFR-
targeted therapy in metastatic clear cell RCC, emerging as potential new standards. Novel immuno-
therapies, including immune-restoring CAR-T cells and the PD-L1 antibody H1A, have also achieved
preliminary breakthroughs. Future research should focus on deciphering the complexity of the RCC
immune microenvironment, developing effective predictive biomarkers, implementing precision
personalized therapy, evaluating the long-term efficacy and safety of immunotherapies, optimizing
combination regimens, and overcoming immune resistance to improve patient survival and quality
of life.
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1. 5]

B BRI N W 2 —, HORRRAGE TR BEE IS, EEohigit, 2k
SRR R R 40 Ji45), A iFE B 41 R 40 g (Clear Cell Renal Cell Carcinoma, ccRCC)/2 5 5 L
PR, A7 EE 2 80% [1]. REFRIGITTE AR ccRCC B3 R HUS T HUF AR, 5 A 7R HIT 80%,
EXT TR S B, AR EERK, A2 50% (2], XKW, REFARGITERIEE PSR EE,
LERS SRR C IRy A= g P 25 M= N R AT N7 S R

AR, RERITEMRRIT IS T RS, BOME G TT O B R . a7 iE i
TEEOE IR B SRR REURBGE MR, BAARERMES . BIER NSRS E2 PR E
H IR T AU 174 NBE H SR, B a3 /NI S (4] o S e 2 AR (ICD Y H B,
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S R A PR R Ok TR IS S ], (EEPREVRYT R, AT I E B H A R . AT s
i B 1) SR B R G R GRS R AN, AR A e VR T R R H R T RO TE (R TS
UIXENE

U FARIGITAE SR BRYE B R IS T B UF AR, B T B e v B, A G iaT iR T I
R W, BRI A 2R, HEERNNIGTORE R LS, TR A R sk
TRIT RN o WORSERNS [ A OSSR T, I B e I RO S5 15 S e VR 7 P A 5 T AT IR NPT, LA
NIRRT IR NS S 5 5% .

2. FEFUA
2.1. XEERRIE

AREERGINIF 39 Fs kYK H PubMed. Embase. Web of Science M Cochrane Library ¥4 7 (162
AL 2025 4 5 H), FEZRIWA SN “(renal cell carcinoma OR RCC) AND (immune microenvironment
OR PD-1 OR PD-L1 OR immunotherapy)” . #AAFrifE: O FAEEE RIZEMIAEIE PD-1/PD-L1 #6597
FERN SR . G IRHETE R arik s @ B¥R e B S50 I I R 98 SOk FEBRAR1E: © JEERAH S 7T
@ EEREIHR.

2.2. RIZFRESIERRHTE

K bR AEAL T BLVTAY 39 55 SOk R Bl ML R EE R A JADAD 143 (>3 20 N &), FAFIE 5
K NOS HE43 (6 7 A E B E), 48R AMSTAR 370 (>8 70 N i), o moi &850k 26 B (5
66.7%). UWEHEZ 1 Z% GRADE #4150 %: O m(FEALN IR R R LZER); @ A (BAFIHF 52 5L 1]
XHEHEIT): O (RCHEBIHR BRI SEIR) . ARLERE R m . HLRESE, AR BN IESE S AE B
7

3. BRSENMIRESRERITH=BSHE
3.0. EREE: EEREMARES REAMFHE

3.1.1. REAMRRES ST

B R R A AE 2 Fh e dH BRI, BLHE T 40 B 48 B Al B 28 R A A ML (NK 40 )55, 1X 264
32 T I 140 7 AT R T BEBR A ot s 1)k R R TG B B RN (7] TR ORI, 80 % K DA b A A R
G A 5% (Tumor Immune Microenvironment, TIME)5 80 X U\ F & #F E R EE . LEBE P PRE B
(Granzyme B, GZMB)#& ik kb, Bt CD8+ T 4 g Al NK 4 ffd /K ~F-#41K; PD-L1 FH 4 /Mg e A o 2>
I G 2 K6 7 05 90 75 (Immune Checkpoint Inhibitors, ICIs)7 2%[8]. — M A, G 40 iR I8 K F 5 <
T R AN 1 /KK PD-L1 BRIE S H U1 ICT N AH G H 24 B TIME MR RRIE S 1CT &
LA TE] o AP FEAR 28 o3 1 0 G S8 BB BE KR B VR T i . Wk B 4H R 1 2% £ 4L ¥ (Novel Histone
Deacetylase Inhibitors, HDAC)#Ifi| 7] OBP-801, FE&}4 3% ccRCC H* MHCI 2£4rF3RI1A, (3% PD-1 [
HEIT R . OBP-801 i fif 98 i A 1 (Tumor Microenvironment, TME)A FRM 20 . b 4% 5 (A B4 7
AL LMP2 KA, 958 ccRCC ML MHC I 2877 1K 35, BUE CD8+ T 48 /M ccRCC #E
Y e R R T 40 AR EEBI[9]. 7E ' 41 iU JiE (Renal Cell Carcinoma, RCC)HF 7T, il J& il 41 23 (peri-
tumoral tissue) 3% F<VE o 5 iE AH 32 3 4T 4E 41 il (Cancer-Associated Fibroblasts, CAFs)7E i 83 J& 22 21 Lk
i e A B B WL, 5 /AR Y R A B A B 4 -1 B CD8+ T 4fiffd(Platelet Endothelial Cell Adhesion
Molecule 1 Positive CD8+ T Cells, PECAM-1 + CD8+ T Cell) & it ¢, A REYH T T 41iuiL# . PECAM-
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1 /£ CD8+ T Al rh R IA & T CD4+ T 20/, 5B FE . YR, Ihs 7 WA 73 906 5% . RCC Mg,
CD8+ T 40 /s 3 Zi8 1T Fas fiC {4 (Fas Ligand, FasL) R I EFIEAE R, CD4+ T 4R fk#i CD107a. Jifd
INFE R ¥ #H 5 8 7275 5 it 2 (Tumor Necrosis Factor-Related Apoptosis-Inducing Ligand, TRAIL) ! Fas 5%
PRAE LG = I RS v T AN L, T RS R OA B B e BN 5. PD-L1 £ CD4+A1 CD8+
pTILs KL & T TILs, dEE4HALES 5 PD-L1 RIAEAK, Fy% #6581l 68 b1 12 PR B s 0 JF PD-L1
B S E AN I T 40 M5 20500080 SR L TILs F1 pTILs S a8, b A1 Bl T 40 i o &4 8
S 5w R BR[10].

3.1.2. SRR EN BB R A IR ERE L

WK, BRmALH CD8+ T Ui RIE/K 5 B S % VA 11]. @HEEN T, SiRiEK
P CD8+ T A 55U TG AH G, BRI S i Be i B2 00 IR 40 i, 184 570 b8 S8 S BE[12]
B 20 F1 NK 40 IERE KPR S B BUG A OC . B 4l i 7= AE SUR RS B T 40 JE s, S8 om il
Go B8 IV, X P Iee 1) G 2 W AR B ELA B EEE o N 4 st R AT R A0 AR A e, R 4% B B e g
WERRTIRE o 3K L5 G2 240 0 PR 322 11 7K T R )y R bR A& 56 VB i P 3 e R 90 f LA B 5 [ 13 ]

AR, — SO ) DR R AR A 1 R TA 5 B 1) S B A BN TR AH 5 . N, BIFFE B0 NF2 2
Rl AR 5 Z P MR I R A2 5%, AFE RCCo fERFFTH, 2 BIBEHIRR I UM & & 14 W% A (Succinate Dehy-
drogenase Complex Subunit A, SDHA)# = Y RCC 6 NF2 JEF AR, X Lefopg R I S g, iBIR
TR AR MR, PTREX RIEIR TR R R I H AR T V-set Ig S50 E 4 (V-Set Immuno-
globulin Domain Containing 4, VSIG4)7E ccRCC FIER, LA H an e id i fie idF M2 7Y g 4t i A =15 4
T ZHJf(Tregs) IFR K% 3 BN WOA L. BEFURIL, VSIGA £ ccRCC H 3% i, JF5ARTUS
Ko VSIG4 £ ccRCC T e e 2k T M2 BUMOE [ 14]. B T8 25 & 40 i 2 21 5 s F D R s e,
BRI T VSIGA {E N2 16 7B HE s 77, 8 ccRCC g 1R 4L T A RERHHAIT i 5 . TF9C RN, VSIG4
£ ccRCC 23 L], I H5ARMGH K. VSIGS 1£ ccRCC I e R R I8 T M2 B R A G E
65 41 B (Tumor-Associated Macrophages, TAMs). ‘i MU SR 41 2 (conventional Dendritic Cells 2, cDC2)
MG BEREAR A, I 5 Ipilimumab/Nivolumab iR Y7 IR 25 PR B VI <. BEAh, VSIG4 {2t T M2
RUE WA . AT PE T 40P (Tregs) M ¢DC2 7E ccRCC AL (323, 31X Lo 410 ffg IV 784 ] B 55 4 2 4100 1) A4
%[15].

W R, WA SOULRE RCC 20 FALMI, 850 50 7 B B2 - (8] 78 51 %% 1k (Epithelial-
Mesenchymal Transition, EMT)f e A 55 (12840 . EMT J& —Fi )it #2, oA b i 40 Mo 3R A5 ) 78 5
M BRAAE, X I R MR R R R R i S S . AR PRI IR SUULRE RCC 1, EMT B3
S MR R B AR Ge 1B VIR G . AR A iR, XM E L T TGFAL 15 5@ B A
JE ] Myc 3880 (1) 2 R R IERHE, XA Re S BAT TR B HEMEEFERE G k. LI TT 1, X L8R i
HRINGPERAER, FABGSK PD-L1 £ik, JEH CD8+T 4. M1 HL E R ANE AL I NK 41 A
RIEEE N, XA RE EATDA PD-1/PD-L1 #HI G ST SOV RAFH R R o 4> 184L 2 Z 1, X e iopg B Jh
FREE E2E, G 1py 9p. 10q. 17p SEGLRIX BBl 2k, DA K EZH2 BRI 41, IX L8028 w] i 5
T AR 2R VE RN AL BE 0 A 5% IR B8 73 1 BLI B 78 0T AR BOVR T g SR it 1 PR FEA, 5 1) 2 PD-1/PD-
L1 At 55142 3 6 Jie e v 110 J 35 7 RUCRT R 5 a1 S BE IO B AR A1 5 DA 5[ 12]

32. HFEE: BESERIZIES PD-1/PD-L1 #EEE2FHlH)

3.2.1. EEAR AR FHUH
T B 5 23 % Bl S M AL T, W16 462 K T (Transforming Growth Factor-f,
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TGF-) Al A4 s % - 10 (Interleukin-10, IL-10), X L5 40 i P A 400 h] G 22 A M i, (0230 feo e 92 16
W% . TGF-g el T 40 MF NK 408 09 358 538 P, 10 TL-10 D) 68 40 ) 5 20 o 1 7 i D) e DA & T 4
MLFIEAG . 7 ccRCC H, 5P 8 & 1 B 45 #4381 (Ovarian Tumor Domain-Containing 1, OTUD1)& %
B R E R IE T IRON RSB K S A A AR O . B ST G R /N R S gl il s 36 R B, OTUDI
FHAR 2 FRAK PD-1 PUARIA T 20, JE40H] CD4+A1 CD8+ T kL4 iR i . iX F W OTUD1 7E I 3 i
T I K E AR, @ 6] PD-L1 Rk, $E9R T 400055 DhRE, 2Em 4R T iR I7 2L
R16].

7t Renca B 404, W FE N 52 KB B2m (4fi MHC 1 2551 G B 4H 7 )l AtgS (H WEAH OG5
IR 25 2 S 25 B 1 IR e 2 TR 97 I BBURPE . B2m B REE MHC 1 389 1R Em/D, 8 40 i %k
WEGE R G0N s T AtgS 25 R IUASE IR 40 BT TEN-y SRR, 140 S e i B vs 1 o X P FP IR (R 25 2%
M NK 4 AT CD8+ T 4k 58 %% [ S, 487~ T Renca JI& G2 06 3% I AURE LA [17]

A I B S S A A 0, R T 4B Tregs) RIS M 70448 M (Myeloid-Derived
Suppressor Cells, MDSCs). Tregs R i izt 73 G 32 400 1) 4 48 e DR ¥~ R0 LB 400 T 248 PR vl P R 48 S % 1A 1 4
H, T MDSCs W@ ] T 40580 NK s e, (2 s fee kit . RCC VBN — Bl WS e,
HRA R e Z P 220y FHLH] . 4K, N6-H &R F (N6-Methyladenosine, m6A)E i 7E I id & A &
Fe AR FH 452 KVE . mOA B AT ARG S, b Rg Tl 58 R B 28 s I 552 22 7 Tl 42 B A e o e o e
Bt 2T 23 A m6A TR FAE 893 AN EF A A K A I, 7R T moA BT AL 1 41
Ji g R TR L AL RO IR A B[R] B TR &R o BFT R I, ANIR] meA B AL AR A 45 IR . 4
A REHOK L S B A IR DS S e A i R R S5 T AT AE B35 Z R (18] BhAh, T m6A MHRZERE
IRFEIR R 1K) mOA V53 R, REAT RPN B 4t it Joes 28 55 (1) F0J5 AN S 2 ¥R 9T OB, I PRVR T HR 4L 18T
AR E A AE VR TT B R

3.2.2. PD-1/PD-L1 BB ERIER 57 FRE

FER T, PD-L1 MR H & mw L, HREHHIERE R, 7RI, PD-L1 £ M8 40 i (1)
FIE AR —/ A I AE bR £, 1 EGFR RASNHAEatb[19]. FEFY 142 8 PD-L1 RKiAHY
TN H WALE] 2 —, PD-L1 ZEH 9] B 38 mRNA FIE HKCF I R Fs t& PD-L1 &
A A EENUR], 2 MR T a0 STAT3. NF-«B %5 m[ il 454 PD-L1 K15 8 7 X 8, fEdkHE%
Ko UbAh, AT MEHE M PD-L1 RIS EER F, FLo 8 ARG a0 R A B 1 AL v] it
K PD-L1 8 M2, AT 0 e 20 B 2 1 1 ik

Tacovelli Z5[20]%} 75 % K677 W67 1% ' 40 o & (Metastatic Renal Cell Carcinoma, mRCC) & FF i
FRE 2 JHIm RIS, 45 TR 4k S ERPTECG B B R VRTT, 36 JEUE XA IR I S AT BT e, B R
Y& PHUAERRIR T R Gk R o 25 RO, TR B JE I Ak S8 FH Rl 4k S BRI AT 4ERR IR YT = AT AT I .
IXFPYR T SRS AN B 8 3 PRARIR T AR R R A2, T HAE4ERRA T BCR T R I . 4R
M, FAEWFRKI, {EHL PD-1/PD-L1 ¥897 K5, 1§ nivolumab-ipilimumab Bt &iA771EN RCC 1%
ROBYT RN HIE A R BE A AL 21]. Bb4h, WL KB ICTs FEML ] RCC iRYT H I See /  3 1k
SN e FERPIRTT S5 BRI, 9RIR T BESE ICIs MBS YTVAAE mRCC i IR R g, BV H B0 A 2 AH DG AN
RFAF, ICIs 1697 a b KT RS, TREIGST VP AN B 5 20E R OCH EE(22]. [FI, BTt R IAN A Ak
] PD-L1 #5077 75 7E mRCC FEFE M JR % I 57 J& (Metastatic Urothelial Carcinoma, mUC) A FIAS Il — 25,
AU I PRI IT 1R (2523

PD-L1 7B M I =R IAXT T A shae /=44 W EZ I /EH . PD-L1 5 T AR Y PD-1 45
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G, SAEBRMEIEES, SFECT MRPIGERE 2 2306, SR A: T 4MFES . esh, PD-L1 1)
T IR AR AT FE SR A A AR, A T 40 (Tregs) Fl MDSCs, #5858 G B I A 53, (232t fh
I8 1) o e kR [24]

WL KB, IR RNA circGRAMDA4 £ RCC H il H 5 UG A RHK . Bilid 5 RNA 454K
&% 1 4 (RNA Binding Motif Protein 4, RBM4) £ [ AH B{F 42 € NBR1 mRNA, f£i# NBR1 HW cargo 52
{A&(NBR1 Autophagy Cargo Receptor, NBR1)# ik, #Ei-FE MHC-I 4> 1@ id B WIS f2 M, sl RCC 48
Mo H ) MHC-T 7KF o X — 3 RS0 R 0 R 236 A0 CD8+ T 4 sheE, S8 CDS+ T 4ifkess, (it
Pk [25]. L5 ERR, ) circGRAMD4 5 %% 1 7 r BH 7 57)(Immune Checkpoint Blockers, ICB)BX &
FH AT DA AR G e 40k 1 M A B8, 325 ICB YR IT IR, 2 RCC e i T S48 1 8 8 s R 7R 1
BIT I

3.3. J&5TEME: PD-1/PD-L1 RE&TEE

3.3.1. REEE LSINHIFIAMER RE

PD-1/PD-L1 %26 25 s 40 53 L BT PD-1 5 PD-L1 (454, YR T 4 X it 88 20 B (6 3R 50 A ik
ik} . XELHMHIFIEFEDT PD-1 850 BRI pembrolizumab. nivolumab)F147i PD-L1 F 5a B4 (N
atezolizumab. durvalumab). #EFHKT PD-1/PD-L1 8, T 4HAAEHE EHrisaS, kS HGT ks 4 i i) 40
drRE Ty, AT AR (0 A KA R [26]

IEWIE R KB, TFEB ¥ 3 B 4IRS (RCC)F PD-L1 FIRIEECNH W, X— KB N PD-L1 4
HIFPRAE T B HL A . 7E— IR A, —47 48 X RS B TFEB ¥ 3810 B, JR/E{E A PD-L1 2
FYRIT IS, WS T KIS R MR127]. X— Wi, [l PD-1/PD-L1 JEE& TPk S T 4 X fith 23 44 i
(IR RN A5 68 F7, H0I IR A= K NGRS o {H PD-1/PD-L1 S A 2 4 70 76 1B Jes 4k By o7 vh A7y T i ik
ZHRAR . WM RIERT T, B SATA AR L PD-L1 28320 0R 25 I i) 1 7 Bk B 04, 3588 PD-L1
Tk K I AR P E IR TT BRI — R [ 28]

B T BEEEKE T 4UM B RSP AR, PD-1/PD-L1 e A6 2 x40 77030 AT 30 S R 4077 A4 % id
1R P o FPEACAL IR PR P RGN MG J5, BRI B IZ40M, X 281047 40 M 78 FF E 2|
HAH TR B S5 T 8 0 SR e 2 G SN o B W S B T N, B A e 1) 7 i 8 B R P g
PRE, By ik iR 52 R AR #2291 [30].

U ICTs TEVRYT TR EUR T B R, (0 H AT Z A 200 TN A= Vs PSR i s R 8 22 254 A ICs
R T Rk E . WFFURE, PD-L1 IHC 7EJREE I 57 & (Urothelial Carcinoma, UC)H I FRIIAN (B AFAE S+ 15, 1
fE RCC ¥R ICI #huEFH e . IR 98248 471 17 (Tumor Mutation Burden, TMB)#E UC 1 5477 2 N AH
*, {HYE RCC o RBE. T2 AFa 2 M (Microsatellite Instability, MSI)7E UC 1 RCC F#BIRZFE .. fE#H
JHJ8 DNA (Circulating Tumor DNA, c¢tDNA){E UC W] {E NI EMbr &4, T C-J N H I 3h &3
AT ICT Y897 B BE[3 10 AR IRIF T2 . B8 2 b D3 e 4 A% RV TG A IR 0BT, DABE HERf bR 51 1CT
BTN . A, BFFE R IR Belzutifan (—#f HIF-2a $0#177) 5 Cabozantinib (— 22 ¥ ki 1% 22 iR i 1
NI E B VAT E 2 BT Ee 52 1 G2 Va7 (1) 5 32 B AN e A8 2 b o A A SR I P R g 1, Hoze AT
2, RAKE PRI R4 T iKIE[32].

3.3.2. BERITSHMBGRRIATTFE

WEFCRIL, M JE FNET B B T2 3 P Fh e 008 A= R 1) T 220 B2 i g 410111 551 (Tyrosine Kinase Inhibitors,
TKIs)7E RCC b, A& 404 RCC 4HMEiEYE, %5 PD-L1 Ris ik PD-L1 B, JCHAE PD-
L1 B RIA IR A R R B, (A2 T 4 MBos A& 40 M K7 (40 IFN-y) =42, HISS T 20ThRg.
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ik, & TKIs 425 R RCC 41 5 40 & I 5.4 1% 40 g (Peripheral Blood Mononuclear Cells, PBMCs)3t: 5%
FRRF, PUPD-1 PURRERE W T 4UMIThag, 35t bR 40 A Bt . /N BRBEZS o, rmdey JE F0
e B e ¥ 5P PD-1 VR T S RE R E MR AR, BORM Y, BRSCEME M it CD4+AIl CD8+ T
AL, (HA )R> MDSCs #a%, HIG 0 & 4 i R %32 8 E 1 (Transporter Associated with Antigen
Processing 1, TAP1)KiE, FIT g4 bt )i £ MM T WEZ01(Cytotoxic T Lymphocyte,
CTL)HI[33]. IXLLsE LR, MHweiy e FIE7 )8 & JB7E RCC G H A AR S R 5 28, I HL#RE
B9 5 ST PD-1 VRIT T AL, AR RCC HITEYT Sl S At 1 5 1 s 30

TEZ I RIS AT, CD8+AI CD4+ GZMK+3UNACAZ T 4 A4 R -5 i A Jeg i 2 2R A0 45 o w02
WBIT 5 R HIAIT RN E A % . BIVARE K (Granzyme K, GZMK)E A—MbRic, 2 BIx S i B A Hii s
(44 6 7 PR AKORL TR, AT IR G M AR AN A0 B R v D T R B G RRAE F, Re S BV BRI A . X
SERENACHZ T AR B ZEEAE T, B AT AT DB e A A5 sS40 77 (G PD-1/PD-L1 il 5y 52 L Thie,
N T 358 5 T i 9 ) S8 SR BE[34 ] o 5 BRI, IL-17 7242 1) CD8+ T 4l ffi(IL-17-producing CD8+ T cells, Tc17)
PR AR5 GBI AR N A S I T A I AR 2R B . RS Tel7 4 e g S A AR AT A7 AE 4
W HOHFREB, Tcl7 MRnTaefe it g, 580 CD8+ T 4UMu e . 75/ R, BHT
Tcl7 40 n] LLJg/> CD8+ T 4 ke, ffilppR A&, G PD-1 %3G )7 IR, 1X— R IR
T Tel7 HRAE S i 7 H BT T FEAE I [35] .

WEFCIE R, RSP 2 25 T BN 5 BB 38 Tl 5 % V) AE G 1 S B 22 Rl (RARRES2, SOCS3, TNFSF14,
XCL1, GRN, CLDN4, RBP)IRE At E R . Hom X4 S o B H s R 400 . CD8+ T 41
M. ACIZE0E ) CDA+ T 400 S4B T 4 ATR T vE T 0 AR AT o IX Se i L ) 77 76 W] BE 5 fi
Jo8 OB 1) e 28 0 R A 8 SR ML 55 . B, CD8+ T 4L F) v i T BE 2 B Ji g8 AW A 438 Fh A e s 1)
T 7 0 S S N, BN B AT BEAZ B AT M T AN I P o T RURG 2E 1) B R O e i E AR
AAGANM . AL, M2 BUENEANAE . A SR A B AN 1 AR KR B IR K T [36]. X LR AN A I 1F
TE R Be3% B G5 ZRG0nt Iegd (1 B AR AN VR R 035, A Bh TSR RR G g% ISR STAE o

— R A ) S K 2 B CAR-T 4H(G36-PDLI1 IR CAR-T), fefsr k4 PD-L1 B e difk, T4
97 NIEAL 32 W20 A B A e /s SRABE Y o BF 9 JE s 73X R CAR-T 20 M 7E B P8 ¥i% 1 R 3 2 a2 ##fl #4 TMEE
I /1. G36-PDL1 CAR-T ZUAAEHS Y TME, It/ G 28 0k 40 M 3= 0, B St Firb g 28 S o
[@If, G36-PDL1 CAR-T Zfflyay7 34N 7 B 40 iiRiE, JF BIGsR 1 Tth-B 40RMAHEAER, X AR
BT HE iR RCR (371

UEAh, BRI —FPHT AL PD-L1 ik H1A 788 S8 h PR 8eR . sk, MatEEvIpA
Ja, B AN E LA AR E 1 R B2 41 (Cytotoxic Lymphocytes, CLs) ) I8 41 il R A RE 0 6 & 1, HO5 1838
R OV RS, CD8 T 4K AHOC . HIA $UisrEfEdt CLs w7 i T FDA #t#Ef¥) PD-1/PD-L1
7, AR B35 KT SR 2 A SR . HIA AR PBMCs F8 CDS T A1 NK 4H i & 4,
1M atezolizumab AL I FIFEA i G kI M 5 M T 40 /i & £ [38].

4. BETREHE

AL LN B WA 5 S PD-1/PD-L1 S BifyT BhA S H %, IR as AL 73 T =M= :
MR TR T 400 B 4HIAE S B 40 I AR B R UG BN s 7012 T K B e 0 L Y e
HLH S PD-1/PD-L1 JHE& {7 5 H0E s 1077 2 T A5 G Bl & n il Ff . BRAia )T 2O R T B o A
i, 2RI T AR AT EYAR S AP R R ISP, DURIR AT ROASE . TF R T bR
SERKTT I, RGEI T IZVURHT TR 5 K R AR LA 1),

DOI: 10.12677/acm.2025.1582381 1421 I IR 2= =23t e


https://doi.org/10.12677/acm.2025.1582381

FRAF 45

[ BOER: SEREHMIMES PD-1/PD-L1 A0z E1ER J

: ) I

HpEEm: SFEmE: AT =mE:
IS ET R
IEHEISE k=g el Sl BA&IaT
BeMESEINTE SHE PD-1/PD-L1 iBIREEEE FhESATTFER
RSPk :
= ERERN YIRS
FrEAENSSMHRM

SRIEMIZS RS ARR

HRFkITME:

RN RERENESE R
FRBIRNAED RS, SCMAMEETT
MUBRSIRT IR, RRBEMGRERPTH SRS
i

Figure 1. Interaction and research framework between renal cell carcinoma immune microenvironment and PD-1/PD-L1 im-
munotherapy
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