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Abstract: CD4" T cells exert dual regulatory roles in the colorectal cancer (CRC) immune microenvironment, capable of
promoting anti-tumor immunity while also contributing to immunosuppression, making them critical determinants of
immunotherapy efficacy. This review systematically summarizes the differentiation characteristics, regulatory mechanisms,
and complex functions of CD4" T cell subsets in CRC, including Th1, Th2, Th9, Th17, Treg, and Tth cells. Th1 and Tth cells
promote CD8" T cell and B cell functions by secreting cytokines such as IFN-y and IL-21, thereby enhancing anti-tumor
responses, which are closely associated with favorable patient prognosis and sensitivity to immune checkpoint inhibitors. In
contrast, Th2, Th17, and Treg cells exhibit pro-tumor properties in specific microenvironments, such as inducing
immunosuppression, promoting angiogenesis, and facilitating epithelial-mesenchymal transition, correlating with immune
resistance in microsatellite stable (MSS) CRC patients. This review further summarizes the mechanisms and clinical
application progress of CD4" T cells in immune checkpoint blockade, cancer vaccines, and CAR-T cell therapy. For instance,
the combination of nivolumab and ipilimumab has shown significant efficacy in MSI-H CRC; personalized neoantigen
vaccines and mRNA vaccines demonstrate the potential to activate the helper functions of CD4" T cells; in CAR-T cell
therapy, CD4" T cells can enhance therapeutic efficacy and prolong the duration of immune responses. Despite important
advances, challenges remain, including the limited response of MSS CRC to immunotherapy, the high heterogeneity of CD4*
T cells, and the need to balance safety and efficacy in combination therapies. Future research should focus on precisely
regulating CD4" T cell differentiation, reversing immune resistance, optimizing engineered T cell design, and strengthening
clinical translational studies, so as to achieve the transition from "understanding the microenvironment” to "remodeling the
microenvironment", ultimately providing more effective immunotherapy strategies for CRC patients.
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B8 3HIPD-1/PD-L 1 AT L 5 8T T4 e f 240
JIEERE 1975 2 R T IR , BELIBTPD-1/PD-L 13 1
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W E A FRYT ZRE . ACT, Dlits
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B 15 b Je A0 & PR (tumor-associated
antigens, TAAs) FE 57 ECD4™ TG, X TR N 4T
RO T E 2T FECRCARPE MRS,
ZEMR A0 it (dendritic cells, DCs) i #k TAAs)5 , il i
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TG AT v B B A A3k TR R B CD4 ™ T
AMLTERE S (1) . ANM o RS R AR KRR I
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20 PR B, [ ot 32 380 TR B A2 A R e 3 D R
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FHBE STAT U5 538 [, B 58 T-bet LR (1) 3k , A
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Table 1 Major subsets of CD4" T cells
TANHEIAF Wefednig -1 K e A1 LYo ioleS i
Thi IL-12 .IFN-y T-bet IFN-y . TNF-a.,IL-2
Th2 IL-4 GATA3 IL-4.1L-5.1L-13
Th9 IL-4 . TGF-B PU.1 IL-9
Th17 IL-6.IL-1B.TGF-B RORyt IL-17.IL-22
Treg TGF-B.IL-2 FOXP3 TGF-B
Tth IL-6.IL-21 BCL6 IL-21
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dMMR ) (Y CRC &5 v {35 5 B, HL 3 8 £ 3 i
Xof B ARG A A FRI6 T B R R, A B D R4
TS , X AT A8 5 Th1 41 A 5% K T i D e 2
PR [19:22,35,36]
1.2.2 JREFHE ST

Tth & A (14 3 FL A T 1L-2 1 HITL - 633 19 7 4 i
DA B MRV T e A S 8 STAT 347 53 i
XTHIMECDA" TAIMIHEAT I i SIHAMEDS P, 1
A, Bk ELRI 68 1 (B cell lymphoma 6,BCL-6)
VE T 53 A T 5 ) A S P S PR, oA HE
SRR o R RS O T I Y TL -
215 A -, ik ‘?Bfﬁiﬂﬁﬂéﬁ}iwéﬁ%,ﬁiﬁB
AN AN A A x5 iR =
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1.3.1 Th24mAa

IL-438 32 33005 STAT 64 518 B 412 #E Th2 41 i 1%
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Th1 748 M (AL & 7E TGF-B  IL-6 LA K IL-23%5:
MR FHRIBCE , B0E STAT3 (5 5, {2 #ETh1 754 %4
5 R F——2E H R A KL AZ M4yt (retinoic acid-
related orphan receptor yt, ROryt) Y755 & LE 48]
Th1 720 A7 3 T F2 4E (microsatellite stable, MSS)
AU B I e 4R X R 25 R AT R S MSS R A X
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A RFFE R B, Th 748 38 3xF 53 b Jie g S K PR -4
T35 5 5] (tumor necrosis factor-like weak
inducer of apoptosis, TWEAK ) , -5 I8 21 Jitg 4 11 (1) 1
21 A0 A A K PR 75 AT RO 2R 1 14 (fibroblast
growth factor-inducible 14,Fn14)%54, fil & [ {2 -[8]
Ji#% 4k (epithelial-mesenchymal transition, EMT) , {i¢
HECRCHINFE:H , #37 1 Th1 740 Bd e Brivdeg 2F J v i
e (oS

A A2, Th1 740 M eI 4 %0 {2 i
S, HAE R AR ] R BT v 7, A9
FEWIReS . CAPIEUESE,, CRCH ) Th1 740
JHL 38 323 73 WA TL-8 8 ST e vh R 2, 43 ACCLS
FICCL20 K 38T PN Bz 4 7 [) 42 318 55 v 4 e o 1
CDS8" T4, ki & BRI VR A
1.3.3 ET TR

Tregje—fF-EA G2 M50 I T4H M, FOXP3
[l ek J2 Treg 4N I Y B ARE 3, Tregii it 43
o BEAM A PE AN T, N TGF-BAITL-10, L Je K35
TR A 500 T, WCTLA-4HIPD-1, 15800 T4H
R iR, 58 e g A R i 4 B GE 9
7T AE CRCAY TME H & #5322 1 S I il
i, HCRCAS R WU AR,
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2.1 EZRERETSENETEEENMNCDY T

il

B R ASAT p BH BT (immune checkpoint blockade,
ICB ) & J7 38 1o 0 1 # 38 30 ) P 52 4k, i PD-1 |
CTLA-41 7 M, 35855 T 20 it T ik %8 20 Jia %) e o i
H FEICBIAI R R R, S B G Th
TEhRHAE S, LA A B 40 3 R R AiE A9 Th1 3
B EHE SREWRIFMEAHIG, —J T, X LETH
A AT LASE APCs , I R AR AL AT A5 5 S 4
M A5 5, NI 300G CD 8 T 4N B 7 M T 40 il
(cytotoxic T lymphocytes,CTLs) ; %3 —J5 i ,CD4"
TThH Bk AT {2 S BAHR SR, 2B iR L s 2
BV L 7 2 B S S s, s 1) 98 40 i R T

AR 34,

ICB7ECRCHI N 4R BUS T AR H L 1097
o EHMICheckMate SHWHTFR 45 R F 00, ghal A
JEERAIR A P PE AR BT AE VR YT MST-H/AMMR#% 75
PECRCHEH I, fE LMl &M, B B 3%
A B (124 F 2440 H fn3e4~ H i Jo ik g A= 47
BB HT6%  T1%F68% 5 & W 2% fifk N
T1%) 1500, SRT K ZHUM TR R A BB 42 58 8
(microsatellite stable/mismatch repair proficient,
MSS/pMMR ) BICRC i & XS 5 46 A s J0 1 70 52 i
ME, XA g 5 MSS/pMMRE CRCHFHIF , ik 58
ARG AR RETFE A 5 45 R R AR 5 T8
I, it DR SR W e 348 T J 2k et I3 i e i R 40
WO B R IA YT MSS/pMMR B CRC Y A 47 77 1] .
PE4E , ZEMSS/pMMRAEICRC .3 7, 1 FHPD- 11
W IR G A R A B VR YT 33.3% 1 S S T
PHSE G, 48% M R TR B T I IR 58 252, HLIK
BRTT T S AN O ik 2 A S e A PR ), BB 3 it
LR, BRPD- 1 IR & SR BA YT
Ab, HAWER A 7 L R i . 7EMSS/pMMRIR
HICRCH, I CAPability-0 13056 (NCT04724239) i
7, PD- 1T 3 ) BB IR & HD A CHI il ) P A A%
e FIPTVEGF DA ER Bt 1) =156 7 58, F 18 J8 e ik
A AER PR 2 64.0% , K WL %44.0% , Toil Jg
AT 3N BB ER T WUARA (458
21.7%.13.0% . 1.5/~ 7 )10
2.2 BEREEREHATEEENNCDY THE

T RESSE T 5 TR SRS X R P I A e S v e
SN, FE BRI FHTA A s FP I8 47 5 P Bt R (tumor-
specific antigens, TSAs ) i B 5 (10 frgis 245101
J 2 AT LA e R B R b B AT ™ EE AN R S 1) 2R XL
02630 MR AT I IR IR SRS B (47 5 4%
SR VU2« 4 L E B L RE RE L E RN R R E
B T, KRR WA A TG R AT ST A
I RIS B B LY . CD4™ THHMIAERE i AT h R 15
KA BIVE R, 4l 438 , BEA% IR B & C D8 ™A
CD4" T A S J07 A i 928 P 38 7 LE Sl 75 :CD] ™
T IS 25 P28 1 B S A f e AR i R 6 ]
REA Z R0 RR 055 DCsHYBE e oA F B 0] ) 43
L0067 CD4" THIMIXFCDS" T4 A HL MR DI RE Y
S5 27080 UK TME A AR it A A8 Ak AT fig
BT St i 4
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FEEPE P ECRCIAYT A i 5¢, FAE201H 22
SOAEMHE O & A Bl 2= Z A R IE 2 1 1T CRCIAR
57 ) GRANITE(GRT-C901/GRT-R902) &
GritstoneZs 7l ¥ & B — AR Fr b e i , il i
JI I B 2K (GRT-C901) A1 " H#mRNA (GRT-
R902) 75545 A B TN M N B30 , 9555 [ & dh A2y
Y48 B R % T UIE G RS, IR T MSS B
CRC. HT,Gritstone/Z\ 7] 1FEFF lE—Iii2/3 5%,
LI GRANITESE M HT2 WiMSS-CRC & & 4E 7R
ST EARNE. eah, AT BRI & T —Fhr
EImRNAJEIERE 1697 CRC, ‘& i IR i 44 K ik
13 1% 4 iz A4 H TR FTmRIN A 38 177 308 v 14 266 s 2
SN, ELAE 3 B 0TS T4 g 1 ] B i 5 Bl U B A7
PRI 23k, S A I A B T AN B H A Wil ) 4
KB T XFCRCIIAS TR,

2.3 EZCAR-THTEREERHNAICDS THA

CAR-THA M7 & — sk 4V 20 i S e 77 ik
Bl 5L N TR R A ST, (R
WA PR AZ A, 3t i 6 ke 240 it i TR B RR A e
FET CAR T i = A S HE T AR Ak, RO Ak
SERS B LSRRI N AR, Ho B A S
WA B v BRI PR T AR R B, B ST O A
BREE PR, RIS IG5 A — B BCHE X,
TR R E B A MR S5 A RN B R A5 A4 3 A
1 DR C ARTE 240 Ji0 2 11 A AU M RN DI e 5 1o S 45 4y 4
A B 0 CARZ A1 A B A1 R 5 I P 435 4 3k g )
TSI RN 5 e T 25 R S 2 B, o 2+ 3 e
B A 2 LA K i T 20 MY 10 38 AN 5, i A 5
SEERYE N T Z R TCR/CD3EE , & A )% %
PR Z R 15 4k L ¥ (immunoreceptor tyrosine-based
activation motifs, ITAMs) M i Ji5 25 T4H I 1 5005 f2
IO, A TR 2 4 e g 2 s SR e b
g, CD8” TAN LB IA K JECAR-TY T IA Y F 2
BN I, TCDA™ T 3 2 AL 50 5 57 %L
fit . —J7 1l , CD4OLAE i i CAR-TZH At ] i {12 9 P
Th1 2 ffd K () 38 58 A5 6, B4R IL-2 IFN-y 45, 3
AEAT IR S S BE ™4 5 55 —J7 T, CD4™ CAR-TH i
B TE HA B AR P 2L R] X 0T e A Bl T7E
Jieb o2z R A 25 00 bR L 435 Hp A B 8 O, DT AL
g 5 U 34

CAR-THH Y7 7ECRCIAYT b TR K R
B Bt o %97 TR oG B N, B FE E M TR

(carcinoembryonic antigen, CEA) , ZFRIFMELEFC
(guanylyl cyclase C,GUCY2CEGCC) [z &
(mesothelin, MSLN) . |- & 4l fifd 5 Bt 43 (epithelial
cell adhesion molecule, EpCAM) 145555 1117
(cadherin 17,CDH17)%7) —35i 3 FCoupledCAR
-G H AT K A CD19FIGCCHUE 2 I CAR-THH i
JPEMESY , il #E e CD193E A9 B CAR-TAH L,
Bifi J 8 oL 0 ) GCC (R EAE M B M rh Rk ny 52
T TEF R PECRC AR A Hh s BE DR B, T 7E Ho A 2H 21
P FRIEA ), 51 5 CAR-T 40 M 5 55 1k o 2405
CRCAMAE , FLIlfG RO 45 2 o ) R A7 A7 0R 4
A, HBBICRCEF R THIA TR, 5
AL CD155MCAR-TLH ML AR5 R , 71 A
CD1557E 1ML R GeMigd rhom U H ¥ 5 b 33k (HAE
IEH A AU AR B IA ) DT e 4 A2 28 e 2%
ke )1, e IH AL R G ((245 CRC) MG R ATBFFE
Hh R Y R T

3 REERE

CRCHRPEMIR LN R 4%, Horh CD4™ T4 M
I H e e 5 Ao gg () RCER T RE , TR R0 1) A
KRR R s B XRHEEMIEM . 7ECRC
HZE ORI R [RICDA™ T2 T R 0L 22064k
B PR AE K AEFAML o Th L 20 6 38 5 b 41 e P
FUNTFN-yFIIL-2, {2 JECD8" TN Y S0 , 3 Ho ]
R L4230 2o Ok A 2 L2 S R 0 e n e, oA
MSI-H/AMMRAEICRCHE#H H 18 5 5 5, 5 RE X R
JEEAG AT AT TR ST A SRR B R4 TS 5 DDA
%o TR i = A TL-2 1 S 4R A R 7, A2 HEBAH
JHL A R R AR B R AR AR, A B T = Gk T A A
ML L, 55 CRC AR A e R &5 R4 15 AH
X, A R BESR ZECDS™ TN Mk A o s, A
FITF B0 I8 e 28 SO & A o Th2 240 i 3 Ao K g
FHOC B W 20 Al Ak Ry S B il R 48 (M2) , DA S ™
A= PTL-4 55 20 B IR, 55008 Jirbgd A/ FH RN B gz 41 il A7
XK. Thl740MI7EMSSAICRC #3 AY ied b & 4k, e
FEAE AR R ANIL-17 (IL-22% A B T S s
TUAREE R RAE , SR g A RN S e ], 1A B E
1175 T LA A B I s 200 A 3 R 2 e g
K, B 4 W TWEAK 5 i 48 il 22 T () Fn 14
ZRLGES i R EMT, {2 JECRCHI AT s (1511 =
(A2 , Th17 0] DL R 4310 200 B PR -4 5 b Mobr 40 g
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K CDS" THIM L EGUMIEVER . Tregt HLi i 431
B RE N 4 R F (AN TGF-BAITL-10) A K 3k
B R A 55T (WICTLA-4FIPD-1) , I 3400 T2
Ly RE , 5t O g i R E R, 5 CRCIAR R
ToUfG B E A 2

TERPEIRYTAEL, CDA™ THHMINT Z AT T-B
(AR RO A kg g . B Ao e o BEL KT 7 3 et )
Tl G TR AU ) A2 A A 5 e 444 5 T 40 X e 40 i
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