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Research Progress of Tim-3 in Autoimmune Diseases

WU lJialong, HUANG Biao, ZHOU Xiumei*
(College of Life Sciences and Medicine, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract

Autoimmune diseases are a series of diseases caused by the immune system mistakenly attack-

ing its own tissues or organs, which are related to the excessive activation of immune cells. Tim-3 (T cell immuno-

globulin and mucin domain-containing protein-3) is an immune checkpoint molecule. It can regulate the function

of immune cells by binding to different ligands, and play an immunomodulatory role in autoimmune diseases. This

review summarizes the structure and biological function of Tim-3, the interaction between Tim-3 and different li-

gands, and the research progress of Tim-3 in autoimmune diseases. The prospect of Tim-3 as a target for immuno-

therapy is discussed, which provides new ideas for the application of Tim-3 in autoimmune diseases.
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protein-3, Tim-3){E A S ta & i1, IS E
TE724E T30 & -y(interferon-y, IFN-y)[fJCD4 fICD8'T
YA 2RIk, B S AE 2 A S g [ RS YT
Jfd (regulatory T cell, Treg). #8 RANME. HIARLAH
JEATAE KA B ] A A I 2 Tim-3 ) &34 M, Tim-338
o 54N [ B EC AR 45 R Y e d R T, AR
B e Vi R R T IE R . ASCERIR T
Tim-3 ) G A AEY) 2 DRE . Tim-35 A5 [RIBC 4 [A] (1)
FEAEH . Tim-37E H 5 %8 Y5 Hh i 78 1 g
LUK Tim-34F 4L 5 5 B I6 T AT 5%, O Tim-37E B
G5 15 HH () L FH 2 (it SR
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1 Tim-3EEFEY)FTNEE

Tim-32& MU EEE, H— R4 H—1
AR () S BR B A S IR — ARG B A5
. AR, —AMEAN XA ERTEER
52, ML X b 5N DR AT B 2 R Tk ik (1Y) R A AE TS 4
ML AE S id g ke 2 OCH EE R D, Rl 2 Tyr256
M Tyr263. 4 Tim-33%A 5 LIRS & N5, A
4t i BAH G 54 3(human leukocyte antigen B-
associated transcript 3, BAT3)&5 & I N X I, ZEE HA
AR B FREEELCK, DMEETim-3 R i#H)
FEEAS 5 B0, A5 BI4ERFTAN I BB RS M,
4 Tim-3-5 HACAARSE G IV, B2 0l TTK fid % it
WX _ETyr256F1 Tyr263 K& 1L, FEBAT3 M Tim-3 |-
RS, RAEAIHIE S 2R fE B S Z i s R,
BAT3HE Rl b (1) TAH LA 5244 1) s 7K -~F- 34 m
RHX P R R 2 Ed BAT3 3T P

Tim-3AMXAFAE LS5 & 20, ik g AAT i MR X
TEAE . WA METim-3(soluble Tim-3, sTim-3)AH%¢ T &
S5G8 Tim-3, S0 H GRS X . sTim-3
A] DL I ff 4G 2 4 )8 B B (a disintegrin and me-
talloprotease, ADAM)10/1 7] #4545 2 Tim-3 1M
He 1, sTim-330 A # 73 AU T A M, A5 5 58 & 30
sTim-3 mRNA T Z1E AN 1A, HAE 0 Ho i
W JE, sTim-3 mRNAMIE AR E BT, Hil, &
AR 2 SCHR B sTim-3 7] LU 9 22 Pl i A= Y0 hs
B, FATHAE R BT BN CZ0E W] sTim-3 7] LAE
9 B TR BT A A8 T PR AR s S A
SR H BT AN 2E sTim-31 i ) Dhge . #EM sTim-3
AR —NE AR, 5EES G A Tim-3 3L [F 55 4
5 Tim-3RCAR 45 &, TR 4SS 6 8 Tim-3 K 1%
HAMHIDIRE . SR A RSN S258 R, sTim-3 7] LUK
/b THR ™ A 1 40 Bl 2R (interleukin, IL)-2M7, 58
sTim-3 [\ E W5 DR A fp itk — 20 It 7

H AT F AW A AN Tim-3 & — Fh AL i) 5244
SR T 98 UE B 78 55 3 T4 52 44 (T cell receptor,
TCRYFIE T, Tim-37E4R S Jurkat4H itl_F 1) 767 ik
AT LM TCRIG 55 5. Tim-3[0&i5 5 AKT-5H
A %% 25 ML FE 25 [ (mechanistic target of rapamycin,
mTOR){5 5 B 3G A 5%, XA N2 Tim-33L ]
W bR E W FEEEZ D BB (M. tuberculosis) &G
AR, Tim-30FEAXEEN, BT T Galec-
tin-Q U 5 240 it L0 1) 200 L PN A B o1, TR S

] T Tim-3" RN TR R M . B2 /5 Btk — P i
BIF FU K ) B Tim-3 7E S % 40 0 D e 3 75 v e A D 3t
| S AR IR A . LRI, Tim-3 %
FLAC AR S5 G I AW A R A AN R 2 TA) B 25 4E (]
— IR AN B P T RE S 2

2 Tim35EAHEEER

Tim-3-5 HFC A A BLAE FH DA IE [3) B 45 5 7
RS AN F RS, WIS 5175 B & e rtR
i M PERRGAEE K e SN (B DY BT, K
I Tim-347 DL N 4FPECAA: 2 FUBEELE 3R -9(Galectin-9,
Gal-9). =L f % [1B1(high mobility group box
1 protein, HMGB1). /5 Bt 22 % & (phosphatidylser-
ine, PtdSer). Ji Pt 5 AH S A H b B 73+ 1(carcino-
embryonic antigen-related cell adhesion molecule 1,
CEACAMI), IXEEfiAA 5 Tim-345 5 5 A AN F I 1E H
PR D).
2.1 Gal-9

Gal-9J& —Fi VA TE CHRUBHEE 3, HI 2 it 1 4
)iz RIS, e SR N & E BB iRk AL
YIS . Gal-9RE 5 Tim-3 G2 BREE 1 45 1)k
A GV EEF 4G, IS Tim-3 A4 % 1 |
SO, LT Tim-3/d A X ) Tyr256 1 Tyr263 1
FRAt . XNt FERE SR BAT3 M Tim-3 1 g Y X R,
B Tim-3 T4 IAS B T N IR A sE T " Tim-
3 Tregti e 5 Tim-3 Treg4H ffi AH Lt AT 2 B 5 [ 4170 i
ThRE, PHIT Tim-3-Gal-93& 12 FEAIK 1 Treg 4 1L 411 i
ey B4, Ah, Tim-3 7] DL i FE A AL F i
Gal-9fI3RiE, 78 TARI AL 2R IE Tim-3 e R RN B
1, CD11b" il 2 R A F0 5 4H L 25E Gal-9 1) Bl i
FHMP, Tim-3H1 Gal-9AH BAE HIASHS 2 51 5%
ThRe R, ) e 45 4% 70 BORT v RGeS a] , fifr oy
CD4 T4H i 1 CD8 T4 fifd #( % 1% Tim-3, filliX L5 T4
Ji 68 5 75 40 i % TH 2R 1A Gal-911) 5 M40 i AH BAEF
T A T G B B P
2.2 HMGBI1

HMGB 152 —Ffr i B LR 57 (AR 4L 8 I DNASS &
WA, TEAAE TN, (BEREE LT
PR AT DU 3z 30240 i o s 4 g A7 4l #hHMGBI
65 T LA AR T DNA LS &, 3l Toll#: 32 445 (toll-
like receptors, TLRs)JiE7EA% FR IS , Wi B 24t o A1
HoAth S e A, I 945405 A0 5G4 F AR (damage-



2096 k-

(A) ( B ) Tumour cell/APC

Apoptotic/Dying cell ( C)

Nucleic acids

Anti-Tim3
antibodies

Glycan-
C.EA.CAM] - binging site
binging side |

FG-CC
cleft

| ~ <
Tyr263 @ Tyr263 @ Tyr263 @

« Phosphatase recruitment -

« Immune synapse disruption Restoration of

*  Apoptosis LCK recruitment

¢ Reduce nucleic acids
immunogenicity

LCK recruitment

T cell/NK cell/myeloid cell

Ar R SRS G IR, Tim-3 5BAT3AH A.AEF I8 SR LCKCRE R Se 2 A TG 14 . B: Gal-9 T LAZS& S8 41 i ) 22 T8I, 7T A
PR MM i 3t T A A T 230, B PR R A Tim-3 (R0 DA 3 WA (5 s o FLRRAK AL B P IR0 A5 R SR 2 5 3 Tim-3 L 1)
AN . Gal-9BAT I BRI SR S5 MK, IF ELWT AR Tim-3 ¥ 32 2R Ak, ATV 76 (2 3 2L A Tim-3- L A2 2 4 ¥ W CEACAM1-Tim-3
FITE R BEAh, MYA T 4R PtdSer AT A4S & Tim-3_E (IFG-CC* 4% 45 & 10 . #F 5 Gal-98CEACAMI 45 &, Tim-3f N X _E [ Tyr256
HITyr263 4 BEFR 10, ITTRETRBAT3 . 1K B IR G0 R AT oM 52 AR BRI . B 2%, AN A8 A5 O S PR BRI T2, 3/ Fh 4 i Y S R A 2
HMGB1 5 Tim-3%45 & K R TESLANNL KL IR IEADCs, FEARAZIR I S B i, SR T BRI 2 & A B ANE R . C: HiTim-35i /K18 A Tim-3 5
Tim-3 AL L A, TN 4E3FTim-3-BAT3AH LA HI SR LCK 4 R S e M IR AL

A: in the absence of binding to its ligand, Tim-3 interacts with BAT3 and maintains immune cell activation by recruiting LCK. B: Gal-9 can be
bound to the surface of tumor cells, secreted by tumor cells, antigen-presenting cells, and other cells, or secreted in an autocrine manner by Tim-
3-expressing cells. Its carbohydrate recognition domain binds to the glycan binding site on Tim-3. Gal-9 possesses two carbohydrate recognition
domains and can promote the oligomerization of Tim-3, thereby potentially facilitating the formation of other Tim-3-ligand complexes such as
CEACAMI1-Tim-3. In addition, PtdSer released from apoptotic cells can bind the FG-CC’cleft binding site on Tim-3. In combination with the Gal-9
or CEACAMI, Tyr256 and Tyr263 in the Tim-3 intracellular region are phosphorylated to release BAT3. This would disrupt immune synapse for-
mation and recruitment of phosphatases. In the end, the cells become reactive or apoptosis, which is mediated by intracellular calcium release. The
binding of HMGB1 and Tim-3 will interfere with the nucleic acid of dying cells into DCs and reduce the immunogenicity of nucleic acid, however,
the specific binding site is not clear. C: anti-Tim-3 antibodies maintain the Tim-3-BAT3 interaction and recruit LCK to maintain immune cell activa-
tion by interfering with Tim-3 binding to its ligands.

El Tim-35HEFBEERMRRARTESE T2
Fig.1 Model of the interaction of Tim-3 with its ligand (modified from reference [1])

associated molecular pattern, DAMP)®!, HMGB17] LA
H PR A 73 6, FE BB A S R, Tim-3 77 DAE
HMGBI1 73 T H et , BELAS RZ B 3E W SRR 4
(dendritic cells, DCs), MM PR 6 a3 40 B RS TR
A% TR 1) G B TR, 001 et Sk P9 400 L 14D 2 R B 928 I
ST, 3] e A R I DN A B A AL ST XG9I )
AR Z —. HATHMGB1 Tim-345 & 1 A
AL SAANE 2, (H HMGB15 Tim-3 (/A0 EAE
AN T At Tim-3 IR BC A4
2.3 PtdSer

PtdSers& —Fi{E Jy i T2 40 Mg 22 [ br 5 1 [ 28
WG, 3SR T EAZ A B Y . LRI A
TR G I AR b, 403 T ) PtdSers 78 24 A R 4
NS AR BOFIAE 5, IO AR S 8P PtdSer4h
& 3 Tim-3 S B ERE 1 45 #9350 FGAT CC 3R R

IS L B9 590 [ S FE IR Asn11941 Asp 1201 Fic
RrAB 4542, PtdSer 5 Tim-3 45 & A4 S5 T4
FWERET- YR, 1HX Tim-3"DCs IR T X iR 5
OO 5 A I T R I, IR P AR R i (natural
killer, NK)4H g H Tim-3 R IE K B Z 8, 53
INKAH i (%) 248 P 25 A FH A 0761, PtdSer 5 Tim-3 ) AH H.
& FH4%) R % AKT/mTORC 113 5 # S F145 3 NKZH
LA 1 R 4 T e R
2.4 CEACAMI1

CEACAM L —F ik () VRS IR A 11, = EE
NAMAME SR R A KIEER Y. CEACAMI
[Tz RIE T 2R AR, B TANM . 2
A AR EEAE. CEACAMILIERE
o N-3ify 85 #4800 Tim-3 L FCHI CC’ 3 5 Tim-3 7
St T RAAE AW . Tim-3-CEACAM 14 i i 3k
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Table 1 Structural features and mechanism of action of Tim-3 and its ligands
ZARIC A SRR AL iy E LA 225 3R
Acceptor/ligands  Structural features Binding site Mechanisms of action References
Tim-3 A type I transmembrane protein composed ~ — The main molecular mechanism of action is [2,14]
of a variable immunoglobulin structural direct inhibition of Th1 cells activation after
domain, an extracellular mucin structural binding to ligands
domain, a transmembrane region, and an
intracellular region
Gal-9 Two N-terminal carbohydrate-recognizing  Carbohydrate =~ Binding leads to phosphorylation of Tyr256 [15-16]
regions and a C-terminal tail region linked ~— motifs and Tyr263 located on the cytoplasmic tail
by a linker peptide in a two-structure region of Tim-3, contributing to the release
domain protein of BAT3, leading to calcium in-flow and cell
death in Tim-3"T cells and mediating the
inhibitory function of Tim-3
HMGBI A single-chain polypeptide containing 215 Not clear yet Binding to Tim-3 hinders the entry of nucleic [17-18]
amino acid residues, rich in lysine at the acids into DCs, thereby reducing the immu-
N-terminus and aspartate and glutamate at nogenicity of nucleic acids released by dying
the C-terminus, with an HMG-box struc- tumor cells and inhibiting the innate immune
tural domain response against tumor cells
PtdSer A phospholipid molecule comprising a FG-CC’ cleft Binding to Tim-3 to promote antigen cross-pre-  [19-21]
phosphate group, a serine residue and a sentation in DCs cells and facilitates clearance
glycerol backbone of apoptotic cells in vivo
CEACAMI1 Transmembrane protein with an N-termi- FG-CC’ cleft Binding to Tim-3 leads to phosphorylation of [22-23]
nal V-type Ig-like structural domain, three Tyr256 and Tyr263 located on the cytoplas-
C2-type Ig-like structural domains, an mic tail region of Tim-3, contributing to the
ITIM motif, and a calmodulin binding site release of BAT3, which inhibits cis- or trans-
in the cytoplasmic region immunoreactivity of T cells and myeloid cells,
thus mediating the inhibitory function of Tim-3
SRR E.

“~ indicates that it is not applicable here.

BAT3 (PR #0 TZH B A S 2% 240 A i Xl e =X
Fa i SN, A5 Tim-3 30 Thfg , B TCRAS
SR, A T R HE S 0 2. CEACAMI
WA IR AE 20 i N 454 Tim-3, 1X P %) Tim-3
AR BB, RORE/NR S R, BhZ Rk
CEACAMI ) TZH I 30t Tim-3 1) K35 /K F FE1IK,
2 CEACAMI 3R IA J5 Tim-3 [ R IA /K P 2
WA 2, CEACAMI 5 Tim-3 #9052k B AF % 5%
1 R Tim-3 76 40 Jf 2 1 A AR 1, 5 Tim-3 I
Az A ELAE FH 38 A 5 Tim-3 40 il 7 0

3 Tim-37%E B SR EMERFPHMR

H A7 Tim-3 3 L AR 4R 5 B G M T Fe 4
%2, 53 RIS % (theumatoid arthritis, RA)«
ARG VEAPEIRIE (systemic lupus erythematosus,
SLE). Z R MMEAAE (multiple sclerosis, MS)Fl 48 i
1799 (inflammatory bowel disease, IBD), W 5 /1 flf

i AT P 1R B = B DL =R — &g
AMETIm-3 A ECAAR, AT IS S8 Tim-30C 44, — =2
BT Tim-3 544K BH BT Tim-3 52 445 HoAd BC A4 (8] i AH B
PEHT; = A sIRNASRANHI Tim-3 10 %14 (%2). T
THPR & AR Tim-37E AN [F] H B G 14 5 0 H it
Fo
3.1 Tim-37E IR M XTI KIS
RA S — P DAV FEE 24 16 384 B F0 98 i 2% 4% 9 e A1
(RN 4 B 1t 98 i PR , T3 BOAN AT 30 A O T
N, RATDIRER R FRIEPD . S5 500 KA FNE R
PR G A SRS RA R A AR T 8 e S B, Tim-3 0]
Ae I I 5 S s A M Th e /E RAIEFR k2 fEH . LEE
SR IR A S5 A1 A If BN 1% 21 Bl (peripheral blood
mononuclear cell, PBMC)f] 7im-3 mRNAZ L 55
15BN TE4328(disease activity score 28, DAS28) 2 1t
FHIG . LIUSE BRI 5 {g B AL AR LE , RASRE I
CD4'T. CD8'T. NKT#i/fl. FAZ4H I Tim-3/
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Table 2 Tim-3 in autoimmune diseases

R T it i [REN BEFER I EEPUN
Diseases  Interventions Cells Ligand Research findings References
RA — PBMC, Treg — Tim-3 mRNA expression and percentage of Tim-3" cells [33-34,36]
in PBMC negatively correlate with DAS28. Decreased
Tim-3 expression in Treg cells exacerbates inflammation
Inject exogenous Gal-9 Osteoclast Gal-9 Gal-9 significantly inhibits osteoclastogenesis and mark- [37]
edly inhibits bone destruction
— Neutrophil CEACAM1 CEACAMLI is highly expressed on peripheral blood neu-  [38]
trophils and is associated with rheumatoid inflammation
Inhibition of Tim-3 FLS — Tim-3 silencing decreases the viability of FLS and at- [39]
expression using siRNA tenuates the LPS-induced inflammatory reaction
Add neutralizing Tim-3 — — sTim-3 levels are elevated and correlate with pro-inflam- [41-45]
antibody matory markers and disease activity; add neutralizing
Tim-3 antibody promotes IFN-y and MCP-1 secretion
SLE — PBMC Gal-9 The mRNA expression level of Gal-9 is increased in [48]
PBMC of SLE patients
Add anti-human Gal-9 Thl, Th2, Gal-9 Significantly inhibited the release of Th1, Th2, and Th17-  [49]
antibody Th17 derived cytokines in SLE patients
— monocyte, — Tim-3 expression was increased on T cells, monocytes, [50-52,54]
NK, CD4'T, and NK cells and correlated with anti-dsDNA antibody
Treg levels and SLEDAL. Significant reduction of Tim-3 ex-
pression in CD4°T and Treg ameliorates lupus nephritis
Experiments using Gal-9 ~ Macrophage Gal-9 Gal-9 is required for the induction and development of [53]
gene-deficient mice lupus nephritis and arthritis
Add reorganized sTim-3 ~ — PtdSer sTim-3 levels were significantly elevated, and sTim- [55-58]
3 levels were positively correlated with anti-dsDNA
antibody and SLEDALI, and negatively correlated with C3
and C4; add sTim-3 significantly inhibited efferocytosis
MS — PBMC, — Tim-3 mRNA activity is associated with high expression [62,68]
macrophage, of IFN-y and TNF-o. Tim-3 inhibits CD4'T cell activa-
CD4'T tion by affecting autoantigen presentation
Inhibition of Tim-3 T — Promotes T cell proliferation and IFN-y production [63]
expression using siRNA
Add anti-human Tim-3 T, CD4'T Gal-9 Reduces T cell apoptosis and promotes [FN-y and IL-17 [64-65]
monoclonal antibody release
— CDA4'T, CEACAM1 Decreased Tim-3 and CEACAMI1 expression leads to [66-67]
CD8'T increased autoreactive T cells and CNS inflammation
Add anti-IL-6 antibody CD4'T, — Increased Tim-3 expression on CD4'T, CD8'T and in- [69]
CD8'T creased peripheral immunosuppressive response
IBD — Treg, Thl7, Gal-9 The downregulation of Tim-3 and Gal-9 is associated [73]
Thl with enhanced inflammation in Th17 effector cells and
reduced Treg cell function, and the reactivity of Thl cells
is significantly reduced
— PBMC, Th, — Tim-3 expression was significantly reduced, and the [74-75,77-78]
macrophage response to exogenous Gal-9 was reduced. Tim-3 on
macrophages inhibits neutrophil recruitment and necrotic
apoptosis and promotes intestinal homeostasis
Add recombinant mouse ~ CD4'T — Increased Tim-3 expression on CD4"T cells and de- [76]
Tim-3 extracellular struc- creased Treg cells exacerbated colitis
tural domains
Transplantation of stem — — Tim-3 is barely expressed on immune cells in the intes- [79]

cells with mutations in
the 7im-3 gene

tinal mucosa of patients who have received transplants,
leading to the development of fulminant IBD

RA: FEMIRBMEICHT 485 SLE: REMELLBEIIRIE; MS: 2 R MERILAE; IBD: SAETEIA; DAS28: FimidE sl MELT/328; FLS: BT k4 ke 18 1 20 ft;
SLEDAL RSV BIRIEZRIE SN HEHG ONS: PIRMA KRG RN H AR S A IEH]

RA: rheumatoid arthritis; SLE: systemic lupus erythematosus; MS: multiple sclerosis; IBD: inflammatory bowel disease; DAS28: disease activity score

28; FLS: fibroblast-like synoviocytes; SLEDALI: systemic lupus erythematosus disease activity index; CNS: central nervous system.

is not addressed here or is not applicable.

@

indicates that it
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FEIE KT8 0, PBMCH Tim-3 "4 il /5 4> Eb S5 DAS28
AR R BE K F--o(tumor necrosis factor-o, TNF-a)7K
SR ARG, FEXRIT A N1 B R, CD3 T4
- Tim-3 1) RIB 7K — 238 . 1 0 T4
2o E A JE ot A G Tim-3 3 0A KT B, gk —
BT R B, RAZE 1) CD4'CD25 Foxp3' TregZHl
JflH Tim-3 338 7K FAIR, H DD Re I T (i HExT REZH 1)
TregZiifif, SFEPBMC43#4 & £ H IFN-y A1 TNF-o, JIl
HIOREMBALPY, X HIR Tim-3 7] G818 i %) 2 FhT4H
MOERE R PR T 2 5 RAI R AE K FE .
MORIYAMA % B7% 8 Tim-3 78 44 A AR S B
YA RIE, RIS R -9 BB
S 75 3 (1 T R R BRI, AR Gal-9 % 35
OB R A L A, R B R I B A . 1K
FWTE L 5 Tim-3/Gal-9 2 45 7] LA 240 2 25 K
T 9 IR JORE T B R . MATSUMOTOS P8Ik
B 55 { BT IR LA L, RA B 4 i v Pk 4
CEACAMI)3IA /KT 85y, 5 RAKGE ™ H AR ELAH
K, X HEIR T Tim-3 P04 32 RS 40 a1 22
R T 2 B Tim-3 %1k 7K F & 5 RAJE
B RAR A O, HE RSN, WU PTR LS
fg REXT HEZH AR EE , RA KR 1) T 44 24 PR D P 4
(fibroblast-like synoviocytes, FLS)H Tim-338 1A /K
W, Tim-35:RIUTBR BRI T FLSHIEYE, JHmEs 1
LPS5 5 1 44 SN, 6 B Tim-37E A [7] 41 i Hh i 2
RA & BIHLHIA—FE.
H 7 & K& SRR IE sTim-37F RA B F1 F+
i UL sTim-37K - i 540 8 ACPAIRTS T
RA B AR 2 bR BRI 3 30 B AH O Y. SKE-
JOEZE MK B RA B () sTim-3/K V- TH i 5 I RA
HIEE IS Eh AR C , NN Tim-3 TP AHUAA AT LIE 3 RA
) SEMC 23 WA IEN-y A MCP-1, hn & B RIE R
R, 88 Tim-37E RASE 1 iR, HAE DLAEH] %8
iE o BROHT IRE 90 K IR AE RA LIRS 14 i 15 1 o
(non-alcoholic fatty liver disease, NAFLD)& ¥+, IfiL
1 Gal-9 M1 sTim-3 (17K~ T} 15 H. 5 NAFLD™ #H f£ /&
S IEM MY, sTim-37] DLE N VEAT RAFI I 3l 1%
FE R AEYIbR £, A K Tim-35 H AR 15 508
PEALE RA KL B A AN [F] 254036 97 1)
JRSLIE T 5 (A T
3.2 Tim-3ZE ARG M ABIRBFAR
SLEZ—Fi LR KESZNREGE. 2T

181 B B S MR U9, 3 B R L35 BAN
THH M 5 BOE , FECE S PRI B AR
R ARTTA . Hom B AR R S R Rk IR
i 52 PR 2%, Wk EL A S i A, 280 IR AN B0
H S PR KW BEAR SLERIIFE KA I AL H] i
AR TE Az B, AH AN H s F 9 3L IR 2 2 41 i A
FR R G P 1) 25 L, DA T4 A Y 35 2 RE i 1
)R 8 1 28 FE T

ST IG R W 5% 4 75 7F SLE & 34 1 PBMCH &
L GaL-9 mRNAFRIE KV I U8, B J5 (A 0 0E
SECDA' T4 . CDS T4l CD56'T4HE I Tim-3
A1 Gal-9 1) R IE KV 35 i T4 FEM BE4H , Tim-3 1
Gal-9[ R IE K5 R G 1 20 BEIR I 1507 15 3 48 £
(systemic lupus erythematosus disease activity index,
SLEDAD)IF 4 % PIAH < ™1, 1Ak, Gal-9FH Wi f4 &
Z: 4 SLE &8 3 b4 Bt T4 (helper T cells, Th)l
A4 f IR F-(IL-2+ TFN-yFITNF-o0). Th2f74=40 ffl
[AF (IL-4. IL-10). Th17#74A 400K F (IL-17A)LL
JeAie 98 Rl F-(IL-6) RS T, % B Tim-3-Gal-918 i 1] R
257 SLEMIRAE SR E. SONGE PR BLIES) I
SLE & # CD3 CD4 T4 LL ik T e WISLE&E 2,
IMCD3"CD4 " Tim-3" T4 g b5l i= T Fa i HISLE &
IX U BRI TZH b Tim-3 1 2638 K F A ) T3k
SLEFIR GBI . B 7 T LLAh, Tim-3188 i 78
Hoh e At F3RE k2 5SLEM K J& . MIKOLA-
JCZYKZ PR IUTE SLE & M HAZ Al e, Tim-311
RIB KT BFES N, R AR AR CD16" 5 A% 20 i . 3
W, Tim-37E SR b (1) 3Rk /K34 nml 58 5 SLE
B RN ) TE Br H BBRAS A OC, X AT RE 3 EL
RAE RN B G N IG5 . Ak, SLESR
AMJE I A Tim-3"PD-1'NKZH i 5. #4 % | Tim-3"PD-
I'NKZH T+ 510, CRP. $tdsDNAPIfA. SLE
PR G B FR B e PREFAEAH O, SLERRE &IRIT )G
Tim-3"PD-1"NK4H g &7 & 302,

WIEVEE % & SLERI ™ H IF KE, & SLEK W
RMAT RN EEKS KR . ZEGGARS PRI
Gal-9/2& SLE/)N RS AL HOARIEPE B 2 FOCHT R W5
FIUR R FT 6 75 1, Gal-9 e 38 ok #8135 11 1 5 41
WA 28 1697 SLEHF IE RFI T 96 . GAOSE Y
RIAE FH B A2 R AR/ B, CD4 T4HMd Fl Treg
4 H A Tim-3 (1) FRIA 7K P i 35 P44, CTLA-4. IL-10.
TGF-BLIZRIE AT, AT el 3% MRL/Ipr/)s FRASE
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S AT DR R IRIE IR R IR IT B A, IS TR IR
N FPIRE SR o8] B G R AL

H A & A K& 5T &K SLE &34 1135 sTim-3
KT I 2 e T R IR A 1557 S B3 SLE R
& sTim-37KF 5 &, sTim-37K°F- 551 dsDNA P .
SLEDAIVFSr. Myt JREEHZIEMXK, 5C3HM
C4EAHKPT . ZHAOZEPYEGIIE | Tim-31F JyPtdSer
)2 AR B T A B B0, FH sTim-3 40 21 5 3%
07 Tim-3 )5 3 B 75 W o 4n iR B4R . AR,
sTim-37ESLEH [ ELARAE FIATS AN B, X8 oA ARk
T8 B R
3.3 Tim-37EZ & MHEUEPRIAR

MSS & — it LA H R 1 28 22 5 i i 0 A R AGE 1)
S, KR R B AR AL
B, ARSI T . BARMS R AR ) B AR R R AT
AERE AR = M AL 2 SR R R
() SR R, MIS B2 B I8 VR s & Th 1R Th1 748 i,
RE MW KA 2 A F U TFN-y. IL-1F1IL-17, $#7R
Th148fRIRBN ) RAESE T A4 R 51 i
SR, Tim-3/E 318 T Th1 40 i b 1) S 2k
R, A HILDIRERERS , FECE B SN M T M i B2
RIE R, 7] fE2 T EMSH R A,

FHARE 503K B0 Th140 88 Tim-3 [ 3h RE A5
3 T MSHIRIESR A, 15 33 MS 235 x5 (cere-
bral spinal fluid, CSF) PBMCH Tim-3 mRNA 3% 1
5 IFN-y A TNF-a ) 5 2208 %5 U1 AH R, 3X 32 7R Tim-
3 mRNA ] LLAE A MS I 1% sh P A fg 1 A= 40
Fr&EW . KOGUCHIZE 9k B MS 2 3 CSF A 1) T4
4 1) TEN -y 55 25 1y T 0 BB AL, 77 Tim-3 8k 7K
PR BAR T X RR L, {4 A sIRNAFIHI Tim-3 38 E 7]
PE 3 T I FE AN IFN-y (1) 72 A2 o 53—t 9 A
Pt Tim-3FHTBH W CSFH CD4 T4H A | 1) Tim-352
A, AT DA 2 1 5 A R AZ AR 1 IFN-y 2, (HAE R
29097 I MS B A BUR , IER] T MSHE CSF
(T2 A A Tim-3 10 G B8 R 15 D) BBAFAEBRBREY . X%
B FH 19697 MSH 51 0] B 40 id i Pk & Tim-3 5%
VT Dy Re TR .

SARESELLAZE 1% il T4 i b Tim-3F1 Gal-9
ZRIBKPAE R MS R H BN, T 7 5 it e 2
MS &35 sk o R S 1 S BHLIBT Tim-3 5 Gal-9
(RAH ELAE AT AR TR T, FFRAR R 28 R+

MS¥G ) & J& . PIANCONEZE 1561 % 3 Ji % 1 Jig 724
MS & A1 & il CD4 T4l A1 CD8 T4H fid H Tim-3 411
CEACAM-1 )31k /K-F T [, T BAT3 R IA K11
Ie X PR AT RE S 53 E & RBE TR E T
WD, TR AR RGIAE. BR TETAR R
FEAE A, Tim-3-CEACAM-1#lit n] Gl it 175 5 20
B4 ALK S 5 XA 4 RS0 4 MR A 7R 7
CEACAMI Ly MS R AL A 11 PR b v 8 5 i
FIHE &, HONIRITMSTERE T TR IT I8 1% .

SEIGVE F B G 1 I8 28 (experimental auto-
immune encephalomyelitis, EAE)/)™ i /2 i/ 7T MS#) E
BLSLIS AN YIRS | AT LA B R R I B e M 3R T
R BIIETT SIS . TANGE: R BLEAE /N il AR 2
Tim-338# 3 STATI/CHTA A2 4 MHC-II{E E Rz 41 1
Ik, AT HIH] MHC-TIA S B 5 Hi 5 2 386 50
CD4 T4 354k, 1875 Tim-3-MHC-11{5 S8 i G 2 N
MSHEITIRAEH I T 2. kA, DEMA%E CIFE
EAE/)N & A8 F BrIL-6 U AR BH T IL-6/5 5 7 5, KIN
A0 JE G e FN I N2 48 0, CD4 T4 AT CD8 T4 g
b Tim-3 2 IEKFHE I, AR IL-64Mi 751 ] LAE A
MS (a7 8 A . Tim-3 WA 5200 MS 535 (A
IT R Rt — 2D 7
3.4 Tim-3 FERFEMFRF AR

IBD & — 18P 2 e M, 5 20 W Al 2%
L oz MESE B % (ulcerative colitis, UC) A7 27 B
(Crohn’s disease, CD)"\. UCF I M I 2E i 52
SE R O B I B2 28 9, CDAT LS I 3NV A,
RIS i kR MR A2 U, IBD I S e R A 2
2 A FHIE L G R G0 5 ROBL 45 R 72, g
K S TRl RS 5IBDI R AE 5 R JE

SHIZE PIFE UC B #4221 Tim-3 F Gal-93% 1%
/D, 5 Th1 720N 40 58 0 i S 38 558 A1 Treg 4t 2
RESRSS A 0, JF HTh1 40 i s B I 35 B AR . LR ATF,
UC 835 1) FA% 2 PR 22 AL HE B ) Tim-3 3898 DL K6
HMIEE Gal-9 M) [ 2 FEAIG, FF HL UC & 1 2 (8 41 B
AT DL 2 0] A% 41 I Tim-3 1 %75 7. MORIMO-
TO%E V) 3L CD G A B 20 23 143 25 (%) Th4 A
A PBMC |1 Tim-37 15 7K1 B A T g Bexf R 41
X ] BE AR 98 M A OC 28 RE T IR P L LR 2R .

TE/IN RS i R A AL A BH T Tim-338 2% 5 2 Tim-
3'CD4 THHMUIE N, Treguis/ >, E 7554, &£
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 Tim-338 8% 51 ¥ 2 5 IBD 7RSS, #E— S 7R
RIL, Tim-315 55 SH0H] IRF3 BRI, IRF3 AT DL
VAT A A Ak, DT U] S 4 B P MR A
it T g WipE s, shah, B4 B
Tim-3 38 5 $0 ] - RN A R B2 AE AR ZEPE TR T2, M
T ORAF 1 280 L I o 4 15 425 1 % 1) 8 9 A s el

i BALDRICH: VMR | — {51 7 2[R 1 4
MFEME RS, T TR A h Tim-35E N RAE | 1%
BHE MR A L)L AR IL Tim-3, S35
HoRAT HRRIEIBD. XU g Fdk— Do 7
Tim-37E 4 H5 [ 18 G P2 -4 0TI 98 R 14 B o o 1)
HEME,

4 Tim-3{EA SN GREATTAIR

T IR R T HUA B B B R ThRe kG
ST, BT Tim-31F A S f 25 5507 2 IR S
BIT &2 . CAFFSUESE T st FHKT Tim-338
SR SR /N AN TS A 7 e 8 28 1D T A B0
SR BIF 8 R DA it e /) B o BELIBT PD- 15 HoAth 42
PERLA A0 (48 Tim-3) ik KF_ B iR B, ixaf
REAE —PIAMENLE, $EN B — G A A s 3 S5 1
FOR W REAEE. B AT 15 2 0 2 A AN R G
R SRSk T IR, 2 R P PD- 15
PUBCA PLTIm-3 B PTHZ . WFFE B, [T HE ) Tim-3
FPD-1 LA EE AT — IR R A R W Pt
5 B s BEBUA RS 1R YT HA M R SR A, (EPEA
BLEIASTE o XURF S PR B AR AT LSS & W Fp BT IR I3
PUIIRT RO B3 H A QRN R s . R
(52, BT Tim-37E 2 Fh G2 40 M b 238 7 7E G A
W R EASF R, DR 75 96 37 Tim-3 5 70 [
PUAAE VR Y7 505 1 AR H (0 88 o) e 0 B 2R

HRTTE B & s P sk, K 2 Bk IR
FEHE R AE R Tim-340F AL W0hr B RV Ak 150 1)
TS RE AN, (HRFH Tim-34F 58 VR 7 #E 5
I I FE AR 2D o R Tim-31E #0267 H &
B P8 PR 95 1 8 A S 2 1 56 B B 98 Tim-3 5 Hd
PRIIE S, SUB ML P G DL S F00T B & PR 1)
MR 52 1 o 3 AT DLE I 38 50 Tim-3 8l 3 Fe A4 () 223 Kk
S FEASCEHUATE N RIE WG R, v L@
ADAMI10/1 7401 7 >4 SE L Tim-3 75 % % 40 i 1)
LasKEHE . K9 ADAMI10/1 730417 7 BABK 1F
Tim-3 A SR THBL7% , T30 T Tim-37E40 i %

TP IK B4, 38 AT DLIE 3k ¥ 5 Tim-3 FR FC A Ok 38 52
Tim-3/ S RIE I RE . Gal-9fATT PELS 245 7T LTS
Blhiay7 SLE®L, {EFI AT T 1+ 1 Y1 ADAM10/1740 il 7
—FE, XA Tim-3 (@ %, B fE s 5H
b A5 5 T8 i, DR B G v T 8 2 Hh L 4D SR A Y
B2, R Tim-31F AL S I6TT B & G P 75 2
B A T AL AP 0 B 22 DR i A5, A I R L
FH 4t 1% S L it o

5 RE5RE

Tim-31E A —Fp R & S0 1, CHHESEEL
Rl 2 20 (T2 . NKAIH . fE R4 ) Rk
H Al 2 &8 Tim-345 LR 4R gk . Gal-9. HMGBI .
PtdSerfl CEACAMI1 . fE5HEAL )5, Tim-3id@
Tk PN DX R R A s S fik i 1R Y 5 £ L ) B
TS S 845 . Tim-3-BCARHE L 5 &M T
S B R 2 R S s AR PR SE P, fE— R B
PEPEBIRUTRA L SLE. MSAHIIBD & WL g
ER . Tim-3 & HEK(E 557 A M Rz Dihen
2 B AN [F) 05 R A AVE 97 SR 5200, ARHE Tim-3
(1) LI MR IR T 7 R A R T B E
Tifs. HAjKEDFEE P Tim-31E 8 s £
SKVEAG B B G % M (1 7 B A2 P A TS, (HR
Tim-31E N B & G e P50 136 T7 B8 5 T N 7t
o R G T Tim-37E /S [7] 41 24 LR Hh &
FE/E I ERATD 75 20T 78, H Tim-31E N 2 Bl N 28 9%
T3 25 B R (V098 D gk S ot AR i — 2D
i

S EHK (References)

[1]  WOLF Y, ANDERSON A C, KUCHROO V K. TIM3 comes of
age as an inhibitory receptor [J]. Nat Rev Immunol, 2020, 20(3):
173-85.

[2] MEYERS J H, SABATOS C A, CHAKRAVARTI S, et al. The
TIM gene family regulates autoimmune and allergic diseases [J].
Trends Mol Med, 2005, 11(8): 362-9.

[3] CHEN H, ZHA J, TANG R, et al. T-cell immunoglobulin and
mucin-domain containing-3 (TIM-3): solving a key puzzle in
autoimmune diseases [J]. Int Immunopharmacol, 2023, 121:
110418.

[4] TANG R, RANGACHARI M, KUCHROO V K. Tim-3: a co-
receptor with diverse roles in T cell exhaustion and tolerance [J].
Semin Immunol, 2019, 42: 101302.

[5] RANGACHARI M, ZHU C, SAKUISHI K, et al. Bat3 promotes
T cell responses and autoimmunity by repressing Tim-3-mediated
cell death and exhaustion [J]. Nat Med, 2012, 18(9): 1394-400.



2102

(6]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

MOLLER-HACKBARTH K, DEWITZ C, SCHWEIGERT O, et
al. A disintegrin and metalloprotease (ADAM) 10 and ADAM17
are major sheddases of T cell immunoglobulin and mucin domain
3 (Tim-3) [J]. J Biol Chem, 2013, 288(48): 34529-44.

GENG H, ZHANG G M, LI D, et al. Soluble form of T cell Ig
mucin 3 is an inhibitory molecule in T cell-mediated immune
response [J]. J Immunol, 2006, 176(3): 1411-20.

CHEN L, HONG J, HU R, et al. Clinical value of combined de-
tection of serum sTim-3 and pepsinogen for gastric cancer diag-
nosis [J]. Cancer Manag Res, 2021, 13: 7759-69.

CHEN L, QINY, LIN B, et al. Clinical value of the sTim-3 level
in chronic kidney disease [J]. Exp Ther Med, 2022, 24(4): 606.
CHEN L, YU X, LU C, et al. Increase in serum soluble Tim-3
level is related to the progression of diseases after hepatitis virus
infection [J]. Front Med, 2022, 9: 880909.

GONCALVES SILVA I, YASINSKA I M, SAKHNEVYCH S
S, et al. The Tim-3-galectin-9 secretory pathway is involved in
the immune escape of human acute myeloid leukemia cells [J].
EBioMedicine, 2017, 22: 44-57.

LEE J, SU E W, ZHU C, et al. Phosphotyrosine-dependent cou-
pling of Tim-3 to T-cell receptor signaling pathways [J]. Mol Cell
Biol, 2011, 31(19): 3963-74.

AVERY L, FILDERMAN J, SZYMCZAK-WORKMAN A L,
et al. Tim-3 co-stimulation promotes short-lived effector T cells,
restricts memory precursors, and is dispensable for T cell exhaus-
tion [J]. Proc Natl Acad Sci USA, 2018, 115(10): 2455-60.
HANSEN J A, HANASH S M, TABELLINI L, et al. A novel
soluble form of Tim-3 associated with severe graft-versus-host
disease [J]. Biol Blood Marrow Transplant, 2013, 19(9): 1323-
30.

TRONCOSO M F, ELOLA M T, CROCI D O, et al. Integrating
structure and function of ‘tandem-repeat’ galectins [J]. Front
Biosci, 2012, 4(3): 864-87.

ZHU C, ANDERSON A C, SCHUBART A, et al. The Tim-3 li-
gand galectin-9 negatively regulates T helper type | immunity [J].
Nat Immunol, 2005, 6(12): 1245-52.

CHEN R, KANG R, TANG D. The mechanism of HMGBI se-
cretion and release [J]. Exp Mol Med, 2022, 54(2): 91-102.
CHIBA S, BAGHDADI M, AKIBA H, et al. Tumor-infiltrating
DCs suppress nucleic acid-mediated innate immune responses
through interactions between the receptor TIM-3 and the alarmin
HMGBI [J]. Nat Immunol, 2012, 13(9): 832-42.

DEKRUYFF R H, BU X, BALLESTEROS A, et al. T cell/trans-
membrane, Ig, and mucin-3 allelic variants differentially recog-
nize phosphatidylserine and mediate phagocytosis of apoptotic
cells [J]. J Immunol, 2010, 184(4): 1918-30.

NAKAYAMA M, AKIBA H, TAKEDA K, et al. Tim-3 mediates
phagocytosis of apoptotic cells and cross-presentation [J]. Blood,
2009, 113(16): 3821-30.

SAKURAGI T, NAGATA S. Regulation of phospholipid distribu-
tion in the lipid bilayer by flippases and scramblases [J]. Nat Rev
Mol Cell Biol, 2023, 24(8): 576-96.

CALINESCU A, TURCU G, NEDELCU R I, et al. On the dual
role of carcinoembryonic antigen-related cell adhesion molecule
1 (CEACAM1) in human malignancies [J]. J Immunol Res, 2018,
2018: 7169081.

HUANG Y H, ZHU C, KONDO Y, et al. CEACAMI regulates

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

TIM-3-mediated tolerance and exhaustion [J]. Nature, 2015,
517(7534): 386-90.

JU Y, SHANG X, LIU Z, et al. The Tim-3/galectin-9 pathway
involves in the homeostasis of hepatic Tregs in a mouse model of
concanavalin A-induced hepatitis [J]. Mol Immunol, 2014, 58(1):
85-91.

DARDALHON V, ANDERSON A C, KARMAN J, et al. Tim-3/
galectin-9 pathway: regulation of Thl immunity through pro-
motion of CD11b"Ly-6G™ myeloid cells [J]. J Immunol, 2010,
185(3): 1383-92.

JAYARAMAN P, SADA-OVALLE I, BELADI S, et al. Tim3
binding to galectin-9 stimulates antimicrobial immunity [J]. J
Exp Med, 2010, 207(11): 2343-54.

EVANKOVICH J, CHO S W, ZHANG R, et al. High mobility
group box 1 release from hepatocytes during ischemia and reper-
fusion injury is mediated by decreased histone deacetylase activ-
ity [J]. J Biol Chem, 2010, 285(51): 39888-97.

VAN DEN EIINDE S M, BOSHART L, BAEHRECKE E H, et
al. Cell surface exposure of phosphatidylserine during apoptosis
is phylogenetically conserved [J]. Apoptosis, 1998, 3(1): 9-16.
CAO E, ZANG X, RAMAGOPAL U A, et al. T cell immuno-
globulin mucin-3 crystal structure reveals a galectin-9-indepen-
dent ligand-binding surface [J]. Immunity, 2007, 26(3): 311-21.
TAN S, XU Y, WANG Z, et al. Tim-3 hampers tumor surveil-
lance of liver-resident and conventional NK cells by disrupting
PI3K signaling [J]. Cancer Res, 2020, 80(5): 1130-42.

KIM W M, HUANG Y H, GANDHI A, et al. CEACAMI struc-
ture and function in immunity and its therapeutic implications [J].
Semin Immunol, 2019, 42: 101296.

LI X, ZHAO Y Q, LI C W, et al. T cell immunoglobulin-3 as a
new therapeutic target for rheumatoid arthritis [J]. Expert Opin
Ther Targets, 2012, 16(12): 1145-9.

LEE J, OH J M, HWANG J W, et al. Expression of human TIM-3
and its correlation with disease activity in rheumatoid arthritis [J].
Scand J Rheumatol, 2011, 40(5): 334-40.

LIU Y, SHU Q, GAO L, et al. Increased Tim-3 expression on
peripheral lymphocytes from patients with rheumatoid arthritis
negatively correlates with disease activity [J]. Clin Immunol,
2010, 137(2): 288-95.

LI S, PENG D, HE Y, et al. Expression of TIM-3 on CD4" and
CDS8" T cells in the peripheral blood and synovial fluid of rheu-
matoid arthritis [J]. Apmis, 2014, 122(10): 899-904.

SUN H, GAO W, PAN W, et al. Tim3" Foxp3™ Treg cells are po-
tent inhibitors of effector T cells and are suppressed in rheuma-
toid arthritis [J]. Inflammation, 2017, 40(4): 1342-50.
MORIYAMA K, KUKITA A, LI'Y J, et al. Regulation of osteo-
clastogenesis through Tim-3: possible involvement of the Tim-3/
galectin-9 system in the modulation of inflammatory bone de-
struction [J]. Lab Invest, 2014, 94(11): 1200-11.

MATSUMOTO H, FUJITA Y, ONIZAWA M, et al. Increased
CEACAMI expression on peripheral blood neutrophils in pa-
tients with rheumatoid arthritis [J]. Front Immunol, 2022, 13:
978435.

WU R, LONG L, CHEN Q, et al. Effects of Tim-3 silencing on
the viability of fibroblast-like synoviocytes and lipopolysaccha-
ride-induced inflammatory reactions [J]. Exp Ther Med, 2017,
14(3): 2721-7.



REE: Tim-37E H B G vEm P IR 7 it

2103

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

FUJITA Y, ASANO T, MATSUMOTO H, et al. Elevated serum
levels of checkpoint molecules in patients with adult Still’s dis-
ease [J]. Arthritis Res Ther, 2020, 22(1): 174.

MATSUMOTO H, FUJITA'Y, ASANO T, et al. T cell immuno-
globulin and mucin domain-3 is associated with disease activity
and progressive joint damage in rheumatoid arthritis patients [J].
Medicine, 2020, 99(44): €22892.

MATSUMOTO H, FUJITA Y, ASANO T, et al. Association be-
tween inflammatory cytokines and immune-checkpoint molecule
in rtheumatoid arthritis [J]. PLoS One, 2021, 16(11): €0260254.
MATSUMOTO H, FUJITA Y, MATSUOKA N, et al. Serum
checkpoint molecules in patients with 1gG4-related disease
(IgG4-RD) [J]. Arthritis Res Ther, 2021, 23(1): 148.

SKEJOE C, HANSEN A S, STENGAARD-PEDERSEN K, et
al. T-cell immunoglobulin and mucin domain 3 is upregulated in
rheumatoid arthritis, but insufficient in controlling inflammation
[J]. Am J Clin Exp Immunol, 2022, 11(3): 34-44.

CHEN P K, HSU W F, PENG CY, et al. Significant association
of elevated serum galectin-9 levels with the development of non-
alcoholic fatty liver disease in patients with rheumatoid arthritis
[J]. Front Med, 2024, 11: 1347268.

PAN H F, ZHANG N, LI W X, et al. TIM-3 as a new therapeutic
target in systemic lupus erythematosus [J]. Mol Biol Rep, 2010,
37(1): 395-8.

KAUL A, GORDON C, CROW M K, et al. Systemic lupus ery-
thematosus [J]. Nat Rev Dis Primers, 2016, 2: 16039.

WANG Y, MENG J, WANG X, et al. Expression of human TIM-
1 and TIM-3 on lymphocytes from systemic lupus erythematosus
patients [J]. Scand J Immunol, 2008, 67(1): 63-70.

JIAO Q, QIAN Q, ZHAO Z, et al. Expression of human T cell
immunoglobulin domain and mucin-3 (TIM-3) and TIM-3 li-
gands in peripheral blood from patients with systemic lupus ery-
thematosus [J]. Arch Dermatol Res, 2016, 308(8): 553-61.
SONG L J, WANG X, WANG X P, et al. Increased Tim-3 expres-
sion on peripheral T lymphocyte subsets and association with
higher disease activity in systemic lupus erythematosus [J]. Di-
agn Pathol, 2015, 10: 71.

MIKOLAJCZYK T P, SKIBA D, BATKO B, et al. Character-
ization of the impairment of the uptake of apoptotic polymor-
phonuclear cells by monocyte subpopulations in systemic lupus
erythematosus [J]. Lupus, 2014, 23(13): 1358-69.

LUO Q, KONGY, FU B, et al. Increased TIM-3"PD-1" NK cells
are associated with the disease activity and severity of systemic
lupus erythematosus [J]. Clin Exp Med, 2022, 22(1): 47-56.
ZEGGAR S, WATANABE K S, TESHIGAWARA S, et al. Role
of Lgals9 deficiency in attenuating nephritis and arthritis in
BALB/c mice in a pristane-induced lupus model [J]. Arthritis
Rheumatol, 2018, 70(7): 1089-101.

GAO Y F, FAN X Z, LI R S, et al. Rapamycin relieves lupus ne-
phritis by regulating TIM-3 and CD4"CD25"Foxp3™ Treg cells in
an MRL/lpr mouse model [J]. Cent Eur J Immunol, 2022, 47(3):
206-17.

ASANO T, MATSUOKA N, FUJITA'Y, et al. Serum levels of t
cell immunoglobulin and mucin-domain containing molecule 3
in patients with systemic lupus erythematosus [J]. J Clin Med,
2020, 9(11): 3563.

JIN L, BAI R, ZHOU J, et al. Association of serum T cell immu-

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

noglobulin domain and mucin-3 and interleukin-17 with systemic
lupus erythematosus [J]. Med Sci Monit Basic Res, 2018, 24:
168-76.

ZHAO D, LI C, YANG X, et al. Elevated soluble Tim-3 corre-
lates with disease activity of systemic lupus erythematosus [J].
Autoimmunity, 2021, 54(2): 97-103.

ZHAO D, GUO M, LIU B, et al. Frontline science: Tim-3-me-
diated dysfunctional engulfment of apoptotic cells in SLE [J]. J
Leukoc Biol, 2017, 102(6): 1313-22.

SAWCER S, FRANKLIN R J, BAN M. Multiple sclerosis genet-
ics [J]. Lancet Neurol, 2014, 13(7): 700-9.

ALVERMANN S, HENNIG C, STUVE O, et al. Immunopheno-
typing of cerebrospinal fluid cells in multiple sclerosis: in search
of biomarkers [J]. JAMA Neurol, 2014, 71(7): 905-12.

JOLLER N, PETERS A, ANDERSON A C, et al. Immune check-
points in central nervous system autoimmunity [J]. Immunol Rev,
2012, 248(1): 122-39.

KHADEMI M, ILLES Z, GIELEN A W, et al. T cell Ig- and
mucin-domain-containing molecule-3 (TIM-3) and TIM-1 mol-
ecules are differentially expressed on human Thl and Th2 cells
and in cerebrospinal fluid-derived mononuclear cells in multiple
sclerosis [J]. J Immunol, 2004, 172(11): 7169-76.

KOGUCHI K, ANDERSON D E, YANG L, et al. Dysregulated
T cell expression of TIM3 in multiple sclerosis [J]. J Exp Med,
2006, 203(6): 1413-8.

YANG L, ANDERSON D E, KUCHROO ]J, et al. Lack of TIM-
3 immunoregulation in multiple sclerosis [J]. J Immunol, 2008,
180(7): 4409-14.

SARESELLA M, PIANCONE F, MARVENTANO I, et al. A role
for the TIM-3/GAL-9/BAT3 pathway in determining the clini-
cal phenotype of multiple sclerosis [J]. FASEB J, 2014, 28(11):
5000-9.

PIANCONE F, SARESELLA M, MARVENTANO I, et al. A def-
icit of CEACAM-1-expressing T lymphocytes supports inflam-
mation in primary progressive multiple sclerosis [J]. J Immunol,
2019, 203(1): 76-83.

ROVITUSO D M, SCHEFFLER L, WUNSCH M, et al.
CEACAMI mediates B cell aggregation in central nervous sys-
tem autoimmunity [J]. Sci Rep, 2016, 6: 29847.

TANG L, LI G, ZHENG Y, et al. Tim-3 relieves experimental
autoimmune encephalomyelitis by suppressing MHC-II [J]. Front
Immunol, 2021, 12: 770402.

DEMA M, EIXARCH H, CASTILLO M, et al. IL-6 inhibition as
a therapeutic target in aged experimental autoimmune encephalo-
myelitis [J]. Int J Mol Sci, 2024, 25(12): 6732.

HENDRICKSON B A, GOKHALE R, CHO J H. Clinical aspects
and pathophysiology of inflammatory bowel disease [J]. Clin Mi-
crobiol Rev, 2002, 15(1): 79-94.

BAUMGART D C, CARDING S R. Inflammatory bowel dis-
ease: cause and immunobiology [J]. Lancet, 2007, 369(9573):
1627-40.

SILVA F A, RODRIGUES B L, AYRIZONO M L, et al. The im-
munological basis of inflammatory bowel disease [J]. Gastroen-
terol Res Pract, 2016, 2016: 2097274.

SHI F, GUO X, JIANG X, et al. Dysregulated Tim-3 expression
and its correlation with imbalanced CD4 helper T cell function in
ulcerative colitis [J]. Clin Immunol, 2012, 145(3): 230-40.



2104 - LR -
[74] WANG S, LIU Y, YUAN X, et al. Fecal bacteria from ulcerative [80] DIXON K O, TABAKA M, SCHRAMM M A, et al. TIM-3
colitis patients downregulate Tim-3-mediated inhibitory effects restrains anti-tumour immunity by regulating inflammasome acti-
on monocytes in vitro [J]. Microb Pathog, 2019, 128: 147-52. vation [J]. Nature, 2021, 595(7865): 101-6.
[75] MORIMOTO K, HOSOMI S, YAMAGAMI H, et al. Dysregu- [81] KOYAMA S, AKBAY E A, LI Y'Y, et al. Adaptive resistance to
lated upregulation of T-cell immunoglobulin and mucin domain-3 therapeutic PD-1 blockade is associated with upregulation of al-
on mucosal T helper 1 cells in patients with Crohn’s disease [J]. ternative immune checkpoints [J]. Nat Commun, 2016, 7: 10501.
Scand J Gastroenterol, 2011, 46(6): 701-9. [82] ANDERSON A C. Tim-3: an emerging target in the cancer im-
[76] LI X, CHEN G, L1Y, et al. Involvement of T cell Ig Mucin-3 munotherapy landscape [J]. Cancer Immunol Res, 2014, 2(5):
(Tim-3) in the negative regulation of inflammatory bowel disease 393-8.
[J]. Clin Immunol, 2010, 134(2): 169-77. [83] FRIEDLAENDER A, ADDEO A, BANNA G. New emerging
[77] JIANG X, YU J, SHI Q, et al. Tim-3 promotes intestinal homeo- targets in cancer immunotherapy: the role of TIM3 [J]. ESMO
stasis in DSS colitis by inhibiting M1 polarization of macro- Open, 2019, 4(Suppl 3): €000497.
phages [J]. Clin Immunol, 2015, 160(2): 328-35. [84] CLAYTON K L, OSTROWSKI M M. Editorial: countering im-
[78] WANG F, ZHOU F, PENG J, et al. Macrophage Tim-3 maintains mune regulation: sTim-ulating SLE disease pathogenesis [J]. J
intestinal homeostasis in DSS-induced colitis by suppressing Leukoc Biol, 2017, 102(6): 1286-8.
neutrophil necroptosis [J]. Redox Biol, 2024, 70: 103072. [85] MORITOKI M, KADOWAKI T, NIKI T, et al. Galectin-9 ame-
[79] BALDRICH A, ALTHAUS D, MENTER T, et al. Post-transplant liorates clinical severity of MRL/Ipr lupus-prone mice by induc-

inflammatory bowel disease associated with donor-derived TIM-
3 deficiency [J]. J Clin Immunol, 2024, 44(3): 63.

ing plasma cell apoptosis independently of Tim-3 [J]. PLoS One,
2013, 8(4): ¢60807.



