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Fig.1 Polyamine metabolic pathway
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Fig.2 Polyamine metabolism inhibits t cell activation signaling
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molecule-1, ICAM-1) %54, HINAPCHTYIZ R4S &,

PRHHEIEAR S5, MHC: FEALZUARTEL A1 (major histocompatibility

complex); CD80/86: 4rkik, NFRIIMIEPUER (cluster of differentiation); TCR: TZHMISZIA (T cell receptor); LFA-1: #kEL4HILNfE
MEPLJE-1 (lymphocyte function-associated antigen 1) ; ICAM-1: 3T 20 i [A] 35 B 7 F-1 (intercellular cell adhesion molecule 1) ; CD11a/

CDI18: FEHEKKEF (integrin),
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Fig.3 Polyamines in the TME promote the expression of PD-L1 in tumor cells
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HEYPD-L1ZE FAN-BEIL LB, 52588 PD-1/PD-L U I TAU M S 16 . AKT: 25 (3B (protein kinase B); B-catenin: BIKZE[T;
STT3A: N-ZEMEEERL G E G WML FEA (STT3 oligosaccharyltransferase complex catalytic subunit A); MHC: = E 4 A A E &%

(major histocompatibility complex) ;

PD-L1: ¥ PEE T Z K -H & 1 (programmed death-ligand 1) ; CD80/86: 43 1k #% (cluster of

differentiation) ; TCR: THIMI3Z{A (T cell receptor); PD-1: /¥ 1EFET-Z{K-1 (programmed death-1); CTLA-4: 4HMEFEPETIREL4HARAH G

E -4 (cytotoxic T-lymphocyte-associated protein 4) .
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Table 1 Risks and solutions of polyamine blockade therapy
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Fig.4 Polyamine blockade therapy improves tumor immune microenvironment
B4 SERMEEYT AN EMERRMIMNE
SLC3A2: ¥ B E 3 512 (solute carrier family 3 member 2) ; APTI3A3: £ i %18 ATP i 13A3 (polyamine-transporting ATPase
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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
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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-I), 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, CD8*

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.
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