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Table 1 Common activating and inhibitory receptors on the surface of NK cells

BAVIES 24k [IRES ERBYS
CD226 NECTIN2 [19]
CD244 CD48 [20]
NKG2C(KLRC2) HLA-E [21]
NKG2D(KLRK1) H60A, MICA, MICB, ULBPs [22,23]
NKARs NKp46(NCR1) HS GAGs, CFP, ecto-CRT [23~25]
NKp44(NCR2) HS GAGs, MLLS5, NKp44L, PCNA, BAT3, PDGF-DD, Nidogen-1 [23,25,26]
NKp30(NCR3) HS GAGs, B7-H6, Galectin-3 [23,25,27]
Nkp65 Keratinocyte-associated C-type lectin [23,25,28]
CD16(FCGR3A) Fe-y [23]
CDY96 NECTIN2, PVR(CD155) [29,30]
KIR2DL1 HLA-B, HLA-C [23,31]
KIR2DL2 HLA-A, HLA-C [23]
NKIRs KIR2DL3 HLA-C [23]
KIR2DL4 HLA-G [23]
KLRCI(NKG2A) HLA-E, H2-T23 [23]
PD-1 PD-L1 [32]
TIGIT PVR(CD155), NECTIN2 [23,33]
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Figure 1 NK cells inhibit the multi-step metastatic cascade. A: NK cells inhibit tumor metastasis by regulating epithelial-mesenchymal transition.
EMT down-regulates E-cadherin on tumor cells, up-regulates CADM1, and activates CRTAM on NK cells, resulting in tumor cell killing. B: NK cells
target and kill CTCs to inhibit the hematogenous metastasis process. NK cells induce tumor cell death through perforin, granzyme, and IFN-y
secretion, CD16-mediated ADCC, and death ligands (FASL and TRAIL). C: NK cells target CSCs to suppress metastasis formation, primarily via

IFN-y, perforin, and granzyme
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Figure 2 The inhibitory effect of cells in the tumor microenvironment on NK cells. Left: Immunosuppressive cells in the tumor microenvironment—
Tregs, TAMs, and MDSCs—inhibit NK cells by downregulating NKAR expression and impairing the production of IFN-y, perforin, and granzymes,
largely via secretion of TGF-f, IDO, PGE2, IL-10, and NO. Right: Non-immune cell-mediated inhibition of NK cells in the tumor microenvironment.
CAFs suppress NK cytotoxicity via TGF-f, IL-6, IDO, and PGE2. Platelets inhibit NK function both by forming tumor cell complexes through

adhesion (disrupting immune surveillance) and through direct suppression via TGF-p and degranulation
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Figure 3 Advances in traditional Chinese medicine for reshaping the tumor microenvironment and enhancing NK cell activity. Left: The TME
contains immunosuppressive cells (such as TAMs, Tregs, and MDSCs) and related factors (e.g., TGF-f and IL-10) that impair the immune
surveillance and killing functions of NK cells. Chinese herbal monomers, mixtures, and compound prescriptions can restore the normal immune
function of NK cells by suppressing the TME. Right: Chinese herbal monomers, mixtures, and compound prescriptions can also directly increase NK

cell numbers, enhance the expression of activating receptors, and promote the secretion of killing substances
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The process of tumor metastasis is highly dependent on the immunosuppressive tumor microenvironment (TME). Natural killer (NK)
cells play an important inhibitory role at all stages of tumor metastasis due to their non-specific immune killing characteristics. The
quantity and functional activity of NK cells are negatively correlated with tumor metastasis, and NK cell-based immunotherapy has
shown preliminary efficacy in various solid tumors. However, the tumor microenvironment (TME) harbors various
immunosuppressive components. These include cells such as regulatory T cells (Tregs), tumor-associated macrophages (TAMs),
and myeloid-derived suppressor cells (MDSCs), as well as non-immune components like cancer-associated fibroblasts (CAFs). The
combined effect of these factors, along with others such as platelets and metabolic disorders, significantly weakens the infiltration and
effector functions of NK cells, thereby restricting their ability to resist tumor metastasis. At present, most anti-tumor treatment
strategies targeting NK cells mainly focus on enhancing their activity, but neglect the systemic inhibition of the TME, resulting in
unsatisfactory clinical efficacy. Therefore, this article systematically reviews the inhibitory effect of NK cells in tumor metastasis and
its molecular mechanism, deeply analyzes how TME jointly restricts the function of NK cells through immune cells, stromal cells, and
metabolic characteristics, and proposes a bidirectional therapeutic strategy of “enhancing NK cell activity and relieving TME
inhibition”. Provide new theoretical basis and therapeutic strategies for NK cell-mediated anti-tumor metastasis immunotherapy.
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