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[Abstract] The breakthrough of immunotherapy in tumor treatment has significantly changed the traditional ideas and methods of cancer
therapy. The efficacy of immunotherapy relies on the synergistic effect of various metabolic mechanisms and nutrient sensing mechanisms
in the body, which fully stimulate the tumor-killing potential of immune cells by accurately responding to their material needs. However,
tumor cells and various immune cells collectively shape a nutrient-deficient, hypoacidic, and hypoxic tumor microenvironment (TME)
through secreting biological signals such as cytokines and metabolites. This immunosuppressive microenvironment can induce metabolic
dysfunction of immune cells, leading to impaired anti-tumor immune effects. To adapt to the dynamic changes of TME and meet their own
growth needs, immune cells achieve functional transformation of anti-tumor or pro-tumor development through metabolic reprogramming.
Therefore, in-depth analysis of the metabolic basis and metabolic heterogeneity of different subtypes of immune cells, together with targeted
metabolic regulation, can provide key support for significantly enhancing anti-tumor immune responses. This article systematically reviews
the research progress and cutting-edge trends of immune cell metabolism during cancer development, aiming to provide a theoretical basis
for the basic research and clinical transformation of metabolic intervention in tumor immunotherapy.

[Key words] immune cell; cell metabolism; tumor treatment; immunotherapy; tumor microenvironment; metabolic reprogramming

2013 4F, AxBkE AR A AW HIFRIE A BpT Cipilimumab ) A ET, S 3 5 R 23 2
R RGERE, 5 BIHLAORS R - et b e 240

s - Mo, BHEIEKMBALALN ., FREERE EaT i
B S, ARR B BABFICHRIRA . FHE R %
o o SR 2 PO AL R B S S AR R L 6
**SEEIEE. W, 2EPHT 1) 30 AR 34 30 % 1% 22 B AR FH R BRI e 144
TEETTI . SesiRaft, 2500 7 65 25 4 547 B 36 R R AR 52 MRS, YETTOR 3 b & A % e M. s gn pofE
E-mail: 475912811@qq.com Jp B i 5% (tumor microenvironment, TME ) 1

phTLA

" Prog Pharm Sci Dec.2025 Vol 49  No. 12 PPS ‘f?'?ii& 2025412 #49% #1224

C




HFd AhooosEi2A maor 12

BRI 51, HAEAFRE 1 5 e 00 D Rg ) 45
.5 20 L [ AU A 2 TR OG . il i TME 1952
ZRAEAY, S AN A R . AR fh
(oxidative phosphorylation, OXPHOS ) 25 Fh{Ciff
W REIRER, NAMEIGHE . i SO St e
AT, S IHREE REUIRE

BB A AR AR Sy e i T i BT B
ARSI SRR SR 3 IR A B R, B2 BT
BARM SN B, ZRUBERGEMN ke o K,
] 8 5 AR AT IR S8 10 25 RE ) Ik 2 i i
Jo PRI T SR A R R ORI R, PG A
925 240 LA A G T R SRR AR A A, ST N D
RIL, Mg AW, e A T oA o R R
FAY; TR IR I, S A b 1 A i B A
SRy, Mo 3G 58 o 72 v TME 20 B0 o3 1 3 385
A, RTS8 A ) A B0 R AN TR R E 1 3
FEAEH . —J5 T, TME o 240 e i 56 4 P T #E
BRI, T E TP s A A 5 —
MRk, IR, BFRE =0 TME F¢E, 45 e 4 i
N7 EACE R . AN, SRR AR R SR
TR T R R AR B 2 25 5, XA Qi mT 98
PEE— LA R A S Re s P, Hk, hsemk
AR E SRR 0 S ], e T i 4 1) 2
AACERAE, B XTI RO A . SRR i AR
FAR =, 3 AT I SR BT R SR
o AR SCHE F2 0 B TR ) S5 A 30 X IR S AR e
Jed T S 20 L D BETE PR B R FE L], A AR A
SR PERIT IR RS %

1 FuihiE S 20 AR A0 R AHHE

1.1 ¥R T 40 AR4X it

AN TR 20 2 B AL [R5 T TME H AR 2% 9 928
VAL, o T 240 78 g A5 0 1) SR8 1 24 Th
KIEAER . #in T Al R Bk, £
WA 2R A& OXPHOS 4 7Ll A= fin i 8. &bl
RIS, W0 0R T 40 M 534k R 8500 T 4 ( effector
T cell, Tercell) , JF&AMIFELERE, £HIM
OXPHOS %% [u] A7 S W ¢ i, =[] I b= 5k 2 25 AR
W S LSS SON g FEbat R, e A AR
i A 1% 1 ) 1 S SO AR R T, T 2L
PR B I i BB 0t 0855, —WERR R (adenosine
triphosphate, ATP) K AR [E] 7= A: A 2, 2
FHEZECDS' T MM fekEus. [AHS, TME 7
B Z T RIS = WA 1, 6- IR S5 BE IR
ZRENERRKE, SIS EInEREEN R

A% 1 ( mammalian target of rapamycin complex 1,

PPS

mTORC1) (P, T4k Ter 4005310 B0 BLA,
=R (tricarboxylic acid, TCA ) 1§ ¥ v Wr 7] i@
BRIV E ] TR AR R A, U S A AR
WS IRE, AR BENE e kiR, BIan, BT
R A B AT IR I S 2, R oA Y R

(o-ketoglutarate, o-KG ) ¥4k BRI D-2- 7
FEIC TR, Ak A ) 2L S T BELA AT R R )
FLERE: ML, $THE CD8' T 4il iy P ik R L 1 -F-fiy 1,
IR IR, R PR PR L Tew 20 LA A 5
T [ H) S5 LA R Th g, DR N Tew 48 6L 1) 21 25
WS, O R AL A, A B TEAL T
2 L IR 8O0 A A ROA N

ZUFSEUESS, BRI T SIS b1 58 )
BUE TR . A E A Sy S 40 M A I 2
W A EEIR, FI3E i #b FE TCA T8 P8 A Bl I S 4 T
MMITIRE. T A0S S, A2 Wi s 5 e
HIRZKE 1 52 5 (solute carrier family 1 member 5,
SLC1AS) W3 1, S BEAE SRR N A A iL
(¥ a-KG FIfEHN TCA TEERIEIAMIESY) , il 2 CDS' T
AIE A R R B TR ST A B, HAb S SRR )
FETE T 4 J e 7 D RE 45 rh & 45 4E . TME Hit
GBI Z S5 HIBCIPIE Se e S L, 4 kG 2 AR K
SRR T A AC 7 =X AR A# 4% ] OXPHOS,
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Mo 5 M1 EREAIMAN R, 2 BRACHE T o-KG
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