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[ Abstract |  The activating receptor natural killer group 2 member D (NKG2D) and its
ligands, the UL16-binding protein (ULBP), play pivotal roles in autoimmune diseases,
characterized by multidimensional regulatory features. This review employs a three-
dimensional framework of “ligand supply-ligand fate-receptor regulation” to analyze
the research progress of the ULBP-NKG2D axis in autoimmune diseases, including systemic
lupus erythematosus, rheumatoid arthritis, type 1 diabetes, multiple sclerosis, and Crohn
disease. In systemic lupus erythematosus, the axis involves both peripheral immune
suppression (driven by receptor internalization) and local tissue immune attack, collectively
shaping the complex pathology. In rheumatoid arthritis, the core pathological dysre-
gulation of the axis is concentrated in the inflammatory synovial microenvironment:
membrane-bound ligands derived from synovial fibroblasts directly drive the cytotoxicity
of local effector cells, exacerbating joint inflammatory damage, while these ligands may be
cleaved by a disintegrin and metalloprotease 10 (ADAM10) into soluble forms that enter
the circulation and mediate peripheral immunosuppression. In type 1 diabetes, pancreatic 3
cells directly trigger NKG2D-mediated immune killing by upregulating membrane-
bound ULBP proteins. In multiple sclerosis, astrocyte-derived ULBP4, in both membrane-
bound and soluble forms, enhances the migration and pro-inflammatory capacity of effector
cells. In Crohn disease, endoplasmic reticulum stress induces widespread ULBP expression
in intestinal epithelial and endothelial cells, collectively mediating immune cell recruitment
and amplifying local inflammation. This review also summarizes the current status of
innovative drugs targeting the NKG2D receptor and their clinical translation progress,
aiming to provide a reference for unraveling the complex immunopathology and developing

precision immunotherapy strategies.
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[ 45R&1E | B & & 15 48 82 (natural killer cell, NK 8 e ) ; NK 28 J2 K 5% 2 (natural
killer group 2,NKG2) ; UL16 4 4% & (UL16-binding protein, ULBP) ; £ %4142 48
2 M 8 A4 1 & (major histocompatibility complex class 1, MHC-1) ; MHC-1 %
BKA8 % A %) (MHC-1 polypeptide-related sequence, MIC) ; 4L 4% /& (cluster of differen-
tiation, CD) ; CCAAT/¥ 3% F 45 &% & a(CCAAT/enhancer-binding protein o, C/EBPa) ;
1% 4% RNA (messenger RNA ,mRNA ) ; & BEH A KB F 2 mRNA 2 4% & 3(insulin
like growth factor 2 mRNA binding protein 3, IMP3) ; B B & & Ao & 5 % & By
(a disintegrin and metalloprotease, ADAM ) ; DNAX #8 5% & & (DNAX-associated protein,
DAP) ; 5% Iig Bt IL B 3 3% B4 (phosphoinositide 3-kinase, PI3K) ; SH2 %5 # 3%, 4~ & 409 it
& & 76(SH2 domain-containing leukocyte protein of 76 kDa, SLP76) ; %k g B C v2



-+ 354 - WHT R 2F2E 1 (24 /) Journal of Zhejiang University(Medical Sciences)

(phospholipase C vy2,PLCY2) ; % J& & ¥ B& & BR 47 %] A& A& (immunoreceptor tyrosine
based inhibitory motif, ITIM ) ; 4 &4t & & #& (chimeric antigen receptor, CAR)
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Table 2 Subcellular localization and expression regulatory characteristics of the ULBP
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Figure 1 Downstream signaling pathways of the NKG2D axis
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Figure 2 Intra-axis feedback mechanisms and inter-axis crosstalk of the

NKG2D axis
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Table 3 Weights of the three-dimensional ULBP-NKG2D axis across autoimmune diseases
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