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ABSTRACT Malignant pleural effusion (MPE) is a common complication in patients with advanced
malignant tumors, which not only significantly reduces their quality of life but also shortens their survival

duration. Despite the widespread use of traditional treatment methods such as thoracentesis and pleurodesis,
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their efficacy is limited accompanied by high recurrence rates. Therefore, exploring novel therapeutic
strategies becomes particularly urgent. In recent years, immunotherapy has attracted extensive attention for
its potential in cancer treatment. This article systematically reviews the roles of CD4+T cell subsets,
T helper cell (Th) 17, Th9, and Th22 cells, within the

immunosuppressive microenvironment of MPE. These cell subsets are involved in the formation of the

including regulatory T cells (Treg) ,

immunosuppressive state of MPE through various mechanisms and play key roles in the occurrence and
development of the disease. In addition, the article discusses in detail the role of immune checkpoint
PD-1 ligand (PD-L1), and cytotoxic T-

lymphocyte-associated protein 4 (CTILA-4), in the immune evasion of MPE. The abnormal expressions of

molecules, such as programmed death protein 1 (PD-1),
these molecules provide opportunity for tumor cells to evade immune system surveillance. At the same
time, this article also summarizes the application prospects of novel immunotherapy strategies, such as
adoptive cell therapy (ACT) and chimeric antigen receptor T cell (CAR-T) therapy, in the treatment of
MPE. These innovative therapies offer possibilities for improving the prognosis of MPE patients through

activating and enhancing the anti-tumor immune response.
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RET 22 RS T Treg 40 M 38 32 43 W6 Fo 32 410 41 40 i
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ligand LLL)zzﬁ»ﬁﬁgmo ADDALA 4§ 19 %
M. MPE it CCL22 7K Vi & F 1 i o CCL22 /K
o MLV Y Treg 40 ML AR TAON T 400, K
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6L 14 7 7 B 9% it o SR ek i (AL T B S

1.2 Thl7 @@ e st MPE P &) &l e X £ 0
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Ji MPE (835 1Y b o7 2B A7 i) R 300 ¢ . S48 MPE

o Treg F1 Th17 40 i i) %= 234, {0 Treg 4 iy
() 160 R KT Th17 40 Y. 55 i | & i,

MPE 3 LW Treg/Th17 LR EAK, F W Thl7
5 Treg 41 Z 18] W] REAEAE B S MM ELAEFH 0 M
JE Treg 2 Al ¢ ik Sre #HE15 #2 25 11 (Sre-like adaptor
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RE/ANRAATE R, Tho 4 5 Thl7 40 %k
EEAMIKELER, W Tho i EE 5 Treg 4 i 41
HEIEMICK R, Tho 45 i 55 k2 Treg 44 i il
it B SR PUL 1A GA DL SLAP MR 7 XA
P, FRUER AR K . TGF-8J2 Th9 Ml Thl7
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ARy bR AE A, & W] IL-9-STAT3 & IFN-v/
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SEHG YIRS . MPE RIS 3% 09 4R 3R LV WA
AT LA S ThO 4 f i #% . Jf H 4T CCL20 mAb AJ
W 4 400 ) MPE B¢ 3 ORI ThO 20 i #a 1k 1) g
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5 o 1L-22 2 SR KR il 68 A0 M e TR T, X R E
of STAT3 ¥ & M4 Mo 4 98 15 & [ B
(extracellular regulated protein kinase, ERK) 1/2
KRG SLEW " 78 5 — T gE T ok U % #
IL-22 % AS49 4 g 4 T- A A 52, {H IL-22 58 4 FH
1E TEN-y % 5 /9 AS549 40 g 7 1~ . MPE 1L-22 ¥&
PMCs |5 W 9 3006 T 35 AS49 4 Ml i # ,
T W REE Th22 4 B T 5 7E i 40 M i % 2] MPE i A
FHRSE5 18 o T IFN-y G2 12 2 0 i A549 40 i 19 1 %% o
P b R R ok R v ) — A A R U R 400 L R
F PMCs,

T S R g v, e R 00 L e R ) B
f 4 fEZG B S F SRy . ICAM-1 Fl VCAM-1 7
PMCs J A549 4 | 5 ik, 1L-22 Fl IFN-y 7] LA
i FE ICAM-1, VCAM-1 H1 [ 40 i 2 fig A ¢
¥t JH 1 (Leukocyte function associated antigen-1,
LFA-1) Byik, U] AS49 41t 5 PMCs (1
FiB . BARWEIE R . Th22 40 jd F 1L-22 © 87
PNEY o G N R R R e e G A s
YEH o
2.6 B#miefe MPE % 2+ ThlF= Thl7 %5 it 64 38 &
A A MPE H 9] 46 B 40 il 2 32 2210 B 40 i 0 ¥
JF HILAE MPE A9 22 35 K °F B 8 /& 1 40 ) 1 v Fn
JIBE Y TR A M, AF i) 2 AE CD8O. CD86 .
CD44. CD69 F1PD-L1 %4> F 33k . #Ihs B4
JL A 35 AR 2S5 CDAHT 40 it 1 431 33 5 55 %% A
5, T CDA+T 4 i 76 MPE B & Ji& rp 375 i %5 ¢
€. MPE BYJE AL 6 ¥ & 290 46 B 40 i % Thl
A Th17 408 5 R /I8 VR 27, X — BRI 1Y
PRI R,
2.7 1L-10 £ MPE ¥ st Thl #= Th17 % J& &5 8 4
R B Thl7 4005k, ydT17 40 7E MPE % J&& v
W BRI, TL-10 7] U MPE Hh y8T17
A0 R B . TL-10 ) Thl 40 i 4 ik, I 38 2
CXCR3-CXCLIOAF S Thl A1 Th17 44 1] g 5
] B2 % 3z i, AT A 2E /) B MIPE B & 88 O i i
MPE M S&36 1> . Rk ffFsR g RE W . 1L-10 K

1113 T FE A TR 11 Mg J5E 2 A% 1o A v Fhy

miR-7116-5p {1 77 R AR 2 G 2R A 166 2 1
55 (G protein-coupled receptor 55, GPR55) [
iko AR, IL-10 L ERK A5 53 # 4< d fr) 7 204 il
GPR55 9 Th1 M9 4, SEMPEN®E .
3 MPE B & &8 7 5K i

B i S e T R I 2GR, IR s o A
g A VT MRS . AT R X i T A
SR RN, TV IR R T A AR R e
il 20 R0 20 M PR, R R T R Y RO A 2%
MPEJ& T “%7 Mg mians, Wik, K “%” i
oA 5L AR Sy R Mg S R Ik R S IR T R BT R
mg o A Ak e BE NIy % (adoptive cell therapy,
ACT) 2 — 7l DA R85 A P SR 46 i g S vy 7 bk L2 4
Jfl, FERSN G RE SRS, PR R AR TR T
B J7 s i 2, RO PE T 4 A RE % 38 ak R
FEE ) b 983 AH O P S (tumor-associated antigen,
TAA) SRR MR, M ™ A= 5k 21004 b 988 4 95 S
B o ACT & i AR N H fe iU IR Y7 iUz —,
i & b Z & T 40 Mg 97 % (chimeric antigen
receptor T-cell immunotherapy, CAR-T) A9 FH
13 74 N EIRIT RO . BETIEE 4 0R & P5
ZREHAEENRNFIE T M (nuclear factor of
activated T cells, NFATs), REWSES KEAMEA T
(TL-12, TL-9 MTL-22) #9774, LAJE S MPE fif 8
PR BT o S s i 98 R S R N L R
W, I e fe 95 A A sl 40 ) (immune
checkpoint inhibitors, TCIs) . %5 40 Ml 36 J7 Al 6o 5
FEHIP kA 2 K. ICHIRYT W R TP At T2
& 1 (programmed cell death protein 1, PD-1) /#&
FPEFET- ML /A 1 (programmed cell death-ligand 1,
PD-L1) 140 ffg 2 ¥ T ik 2 40 i 48 5C Bt B 4
(cytotoxic T lymphocyte-associated — antigen-4,
CTLA-4) W25 ", W Bk N 90 PD-1 858
PR TT BEAE MPE M5 A8 R T A %0, 7T 3 5
P o R N O R O 1 D T N B U ]
JEJE N TR ST PD-1 259, X — 26355 {51 G FR AR 19 37
ISP o TE I i P FH RS 9 AR 200 i 92 s R ik 9 v 31
T U A8 AT BB A A R MPE . i Jis 9 o H 25 IR
o5 B A0 5 1 B Al R 2 i T MBS (adenovirus-
mediated herpes simplex virus thymidine kinase,
ADV/TK) & PRY7 kR B R AF 0 ROCR FIH 32 1
MPE 8 & g #2850k 710 . CTLA-4 /2 —
IR g N T I N 5 M N1 R A A O E 1 ol 7 = e
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MPE #f, 4 CTLA-4 M\ 4 Ml 5t ) 5 1) T 40 Jifg 3% i
A, H 5P 28 40 (antigen-presenting cells,
APCs) E 321k CD8O fl CD86 45 & . Hi,
P AR BB (Ipilimumab) 2 3 [ £l 1 25 ) 4 2
J&) (Food and Drug Administration, FDA) It #E )
ME——Fh Tt CTLA-4BTME 254 . 4 PD-1 5 H i
R PD-L1 A1 PD-L2 &5 & I, 24 5 vk Mooy T 40 i
Z A& (T cell receptor, TCR) # o Je i 4 F 1%
BT, W T 4R A7 T35 - 30 1 T 40 i 35 58 F01 TF N-y |
TNF-a J IL-2 7 4 "0 PD-140{& (nivolumab
Fl pembrolizumab) A1 2 # PD-L14$T{& (atezolizumab
Al durvalumab) © H TG 97AE /N A i 8 MPE .

MZ, RIEEIRIT IETE NN MPE R YT Hh B 2
R F B, AR ACT FM i N R iGIr TEN I 2
FhBF Y Ik, IETE N MPE 8838 45 K 3 36 97 % B2
FBERE . R IA YT 7 a] 3l A T RN SR LR 9 4T
Jif g8 58 RN, Sk M0 MIPE B85 B B B2 43R T
Al BEE .

4 FHEMRE

ICIs @ it R T ML Dy fig, T G 7 30 il ik 9o
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