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Fig.1 Polyamine metabolic pathway
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Fig.2 Polyamine metabolism inhibits T cell activation signaling transduction
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(a) TMEHM2%!E W41 A A8 AL FEL-Arg &5 U, $iRICD3& AR CD3e R AEMETE UMCD3CE 363k, ATPHII TCRIIH (55
W#: 5. (b) LFA-1Z B TCRAENK(S SHE, M & B R0 P, Jf 5 APCR M 4NMIAIZFt 21 (Intercellular cell adhesion
molecule-1, ICAM-1) %54, WMAPCHTAIMZ ML E, IR S, MHC: FEALUHEM L 41K (major histocompatibility
complex); CD80/86: /™Mb, MFRHANIE/MEPUR (cluster of differentiation); TCR: THIMIAZIA (T cell receptor); LFA-1: Wk ANIEIIEE
AP (lymphocyte function-associated antigen 1) ; ICAM-1: % [l i fifd (8] i ¥t 4> 71 (intercellular cell adhesion molecule 1) ; CD1la/
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BT 4RO 52 B
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fsR AN M -8 PD-L1 &3k, IF5 T4k
[l PD-1 254, 4061 T 40 A 7% Ak ok i dik 56 92 W
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ik, > CD8+ T 4 Y i e JE IR e i . H:
ML 322290 B e 5 HCC 4 it 2% 1 45 Sk 32 4
(calcium sensing receptor, CaSR) %5 552 v 22 & iR
RESE, bk Cat N T, BE TS Ak
B-catenini@ %, i PD-L1 W335 7, 4o, Aky
B-catenin if 4% 1Y P 0 LR T N-SEREEE RS A
EWHHALEFE A (STT3 oligosaccharyltransferase
complex catalytic subunit A, STT3A) ik, T
STT3A £ 5 PD-L1 & 1 /1) N-BHEAL B i o B, X
— & i X PD-L1 & H 09 52 & 7 A 5 5k AE
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Fig.3 Polyamines in the TME promote the expression of PD-L1 in tumor cells
El3 TMEZ iZ{e it MEHMEPD-L1FRIE
KR T s AN M B 3 i ) S ARz A4, B PNAS B TR IETH i, 05 Akt/B-cateniniil 1 AR UEPD-L1E (&35, I LIASTTIAMZES, i
HEAYPD-L12E FAIN-BEELAL A, A2l il PD-1/PD-L UM I T M A S e TG M. AKT: BB (protein kinase B); B-catenin: BEXERM ;
STT3A: N-ZEWHL RS & A W1 5L A (STT3 oligosaccharyltransferase complex catalytic subunit A) ; MHC: F=Z 4 GUH &M &2 A1k
(major histocompatibility complex) ; PD-L1: F&J¥ ¥ 6 1752 f& - Bl & 1 (programmed death-ligand 1) ; CD80/86: 43 fk#% (cluster of
differentiation) ; TCR: THUMIZZ{A (T cell receptor); PD-1: FEFHESET-Z K1 (programmed death-1); CTLA-4: ZHAEEE: T 40 AH &

#H4 (cytotoxic T-lymphocyte-associated protein 4) .
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RPN, IFFERRIR TR T R Ty 7
LA AMD1 B IR AT 4 =4, H s —AR
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SAMA486A (CGP-48664) AR M 17 2 [a) Bl ik R
MAHZBE, e =48 AbeAdo M HAB N 547540 F
WEFEHT B 777 DEMO FE A il [ijyeg ik i . R i
JE8 I 85 DA K T Bl B 3 A A A 58] (immune
checkpoint inhibitors, ICIs) Y7 H I T &1
PUMRERCR o (BT, TR 40 2iE
AR 1 38 T 22 B A3 il RN 22 e SR B, Bk
DFMO JEANRETE B /S M N ) 2 i ™. g
R SR 2 id i R 2 e iz ATP i 13A3 R 5

PRI 2 i o il B 2 M s R A
77 CAMXT 1501) ] B S5 41 il 4o 25 - 441 fifa 28 40
MR A, RO IR E AR B R
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YR AR m (R, Wik, AL E
LA i B o 0 o R0 L e M S ) 22 e AR, DARAIR
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Table 1 Risks and solutions of polyamine blockade therapy
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R LA igp- R ST
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ik B9, WDFMOI R 155 TF R FAIRAR 1) 22 Jci il 77
[bEzfes ol 0 B R P 380 0 22 P il R0 2 i ig i 1 T WAy 2 42 ) 2 ARt 7]
BRI B R 0 2 A BT AR R L R e R, B L T B O T YR £ 7 2 T B T U £ TR T4

WOoKS B TE B BT BE 40 M 9% (glioblastoma
multiforme, GBM) /) B A b ig 25 75 . Kay
R, AMEPERN SRS REE 55 T TME H 40
W # kS SN, ELAR R B IR I CD8+ T
B8 /L . TEN-=y . TNF-o FIUURE Bl I A
[F] s Treg 2 M A9 LL B3 N . AHR , @R 2 B A K
PR3 ODC1 B I 236 CD8+ T 41 M i B it ATl fig
FFE K R AE . X 3R B GBM 41 Jifd 38 1 | 9
ODCI1 #ik, MRS e A, ATl T 4 A
HEE ML, et AR IR, GBMIWfk
IPITRAEAE AT B e, X 5 A orss
1) 5 B SR A RS B I DG . Rk, B BT 2
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TR R M T A0 I AR Y (CD86 4rF)
ek, MR T MG 1L 0 2 e n g
il 77 DFMO if REFEE T 401G 1k, 34 Jm CD8+ T 41
Jit H B TEN=y A1 TNF-o0 5 408 38403 IR 1 A g 2
I 18 1 9k /> TME " Foxp3™ Treg 41 M %) 43 16 M
MDSCs B4 4% S e il . DFMO 54t PD-1

TRYT IR G FH A E B R A2 AT R 53 e 4 LX)
CD8+ T 4t Jfd 1 S e 0 il , 398 s 0 b g 2k 21 2
Alexander %5 2 Fl| H DFMO il 2 Ji& i 3z A4 31 4l 55
(Trimer44NMe) LRIz, JFBCG 5T PD-1 4T
PR T X5t PD-1 F—7 ik 25 ) FLA R (4T1)
FRERRE (B16F10) /MR AIh, BFEE R B
7N, PBT AU &% 1 g %t 5t PD-1 97 v A i
25k, W EEK T/NRAEAES] JFH, PBTIR
J7 5 4T/ R M2-TAMSs B s /b, I3 i i il
MDSCs ¥ 5% ¥ STAT3 (3800 , A2k 1] 47t i e
Y9 M1 Y Bifd A OC B 4 (M1-polarized tumor-
associated macrophages, M1-TAMs) 41k, W4k,
T 3 A [ 3 1R 2 A 22 AR, e TRl A
AWRACUR . Wang 55 Y B T — Rk hi R
(Tadalafil, TA) FI3T PD-1 AR i ETHE 1 44 >k 24
o, HodoTA & — o5 B OBE R BR i
(phosphodiesterase type 5 inhibitor, PDE5) BEFEME
IR, BEfl Arg-1J<3E, M #lH] MDSCs 1 M2-
TAMs 4H a8 Z AR =, 2 g Rk 25 it
B2 k8 T HCC X ICTs M 2454, JF BRI/
Cu-Pic/HA NPs J& 812 F . ik (Piceatannol,
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Fig.4 Polyamine blockade therapy improves tumor immune microenvironment
B4 ZRRIART A EME SR MIME
Z N BHWr 7 A i MR 40AE . M2-TAMsFIMDSCs N E’JzﬂtAﬁﬁFﬂFE& Iy S R AR LA . BRI K TR G 5 AN 2

fig, HOMMI-TAMsEE, VKA PU IR L 40 i 40 R 2
APTI13A3:

(adenosylmethionine decarboxylase 1); CD86:

family 3 member 2) ;
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Abstract Tumor immunotherapy has emerged as the fourth major therapeutic modality, following surgery,
radiotherapy, and chemotherapy. Unlike traditional treatments that primarily target tumor cells directly,
immunotherapy harnesses the body’s immune system to recognize and eliminate cancer cells. Over the past
decade, various immunotherapeutic strategies have been developed, including immune checkpoint inhibitors
(ICIs), chimeric antigen receptor (CAR) T cell therapy, cancer vaccines, and cytokine-based therapies. However,
the immunosuppressive tumor microenvironment (TME) poses a significant obstacle to the effectiveness of these
treatments. Polyamines—including putrescine, spermidine, and spermine—are polycationic metabolites that often
accumulate abnormally in the TME and act as critical immunoregulatory molecules. T cells play a central role in
antitumor immunity, yet their function is frequently influenced by immunoregulatory factors within the TME.
Elevated polyamine levels in the TME have been implicated in dampening antitumor T cell responses, thereby
facilitating tumor immune evasion. Polyamines in the TME originate from both tumor cells and tumor-associated
immune cells. Tumor cells often overexpress the oncogene Myc, which drives the upregulation of polyamine
biosynthetic enzymes, resulting in excessive intracellular polyamine production. Additionally, M2-polarized
tumor-associated macrophages (M2-TAMs) contribute to polyamine accumulation by upregulating arginase-I
(Arg-1), an enzyme that catalyzes the conversion of arginine into ornithine—a key precursor in the polyamine
biosynthetic pathway. These combined sources lead to sustained polyamine enrichment in the TME, contributing
to immune dysfunction and supporting tumor progression. Moreover, polyamines indirectly affect T cell activity
by modulating macrophage polarization and directly suppress tumor cell apoptosis, further promoting an
immunosuppressive environment. This review highlights the multifaceted roles of polyamines in modulating
tumor-infiltrating T cell function, with a particular focus on their influence on CD4+ T cell differentiation,
CDS8+ T cell cytotoxicity, and immune checkpoint molecule expression. Recent studies suggest that polyamines
suppress CD4+ T cell activation and differentiation by modulating the MAPK/ERK signaling pathway.
Additionally, polyamines can impair T cell receptor (TCR) signaling and promote immune evasion through the
upregulation of PD-L1 expression on tumor cells. These effects collectively contribute to weakened antitumor T
cell responses. Polyamine blocking therapy (PBT), which primarily targets polyamine biosynthesis and transport,
has emerged as a novel adjunctive immunotherapeutic strategy in cancer treatment. By reducing polyamine levels
in the TME, PBT restores T cell effector functions and alleviates immunosuppression. Notably, studies have
demonstrated that combining PBT with ICIs produces synergistic antitumor effects and may overcome resistance
to ICI monotherapy. Although research has revealed the inhibitory effects of polyamines on T cell immune
function, the underlying regulatory mechanisms remain to be fully elucidated. Moreover, due to compensatory
mechanisms employed by tumor cells to maintain polyamine homeostasis, multi-targeted approaches may be
necessary to achieve safe and effective therapeutic outcomes. Future PBT strategies may benefit from the
integration of multi-omics technologies and the development of nanocarrier-based drug delivery systems, which
could collectively enhance their specificity, efficacy, and applicability in cancer immunotherapy. This review
systematically elucidates the immunomodulatory effects of polyamines on T cell function within the TME and

provides theoretical support and novel insights for the advancement of tumor immunotherapeutic strategies.

Key words polyamines, immunotherapy, tumor microenvironment, polyamine blockade therapy, immune
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