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Precise mechanisms by which TIM-3 regulates immune response
HAN Gencheng(Institute of Basic Medical Sciences, Academic of Military Medical Sciences, Beijing, 100850, China)

[Abstract] Dynamic change and spatial characteristics of immune response is one of the fundamental theories of precision
medical treatment. One certain immune regulator may have totally different functions under different temporal and spatial
distribution. T cell immunoglobulin domain and mucin domain protein-3 (TIM-3) is a recently identified immune
checkpoint inhibitor. Like PD-1 and CTLA-4, TIM-3 contributes to immune homeostasis. Recently, TIM-3 has attracted
much attention as its dysregulated over-expression was approved to be associated with tumors and chronic viral infections.
Strategies targeting immune checkpoints are now showing therapeutic prospect. However, the low efficiency rate, therapy
resistance and even side effects still exist, which call for precise mechanisms investigation. Most of the research indicates
the immune inhibitory effect of TIM-3; still, there are some reports on opposite conclusion. TIM-3 has multiple ligands,
and the intra-cellular signaling mechanism is still unclear. In addition, the function and clinical significance of soluble
TIM-3 protein in plasma remain unclear. If TIM-3 acquired multiple functions following the evolution of immune system,
clarify the mechanisms by which TIM-3 regulates immune response will provided much important information for its
further investigation.
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GEAMA R RARENE O FETR
Bt W EEAH . HFk, B EEHRHUE R
T R IE T R BUR T A AR FEW R, &
o R AR B R B8 ) P e g R | 4 T 49 PD-1.CTLA-
4B R IR T K, REZIBT RERFT —
S R, B E TGRSR RFHE UK E
L RITIETERNEEFTEE R, 4 e
B REETOEEEREMN TR, EF A &
WL TIEA RIZIEIT SR, E LI KmF
B 4B T R B B A £ LR, (1D R R R IR
AFHEBRGGEELTFENOTE LR RED TH
REBNRREHFERZEZRID— LR FHES
TREANSKLZW, EMBE L ZTFHBTET 25
SEmkL WREX LS TEEZAMBEUNRE X,
MroBREyT LRI THEIRE A XZMFA?
(4B T PD-1,CTLA-4 5, B\ H b G R R 5 4 T 40 T
M e EKE AR EEG S T-3(T cell immunolob-
ulin and mucin—containing protein 3,TIM-3) %
B 2 R A 1 A oK an R B R 2 Y X R R
TR 1F A B REFE 4 T 8 T I8 % &z 90 &l
RIAW RIZIET? R, AR R EELS TREN
WENFNENARARAEEEZNRFEL . AX
K LLTIM=-3 4 1, #R 1 20 20 (0 R S AL 1 B B 58 2 R
B e B PR o

1 TIM-3 3 FRIEH R B

TIM-3ETTHR-fEREE-FHEIRKT
cell Immunoglobin mucin, TIM) & R, &4 4 £
BT #EREZEOBER k. ZERKEEFET 2001 4 %
P, EEE S S H RRRFERE
AT R — R, B E e e RFAR
H K E DR TIME ik & FH %% A TIM-1~TIM-8 &
B, WA TIME 2 FH %A TIM-1 . TIM-3. TIM-4 =
MEBA. FTETIMEENRERIELRY. H
TIM-3NRIA ¥ 52 M M X R mw g &%
FEREURE B 2R AERRETTEX,
F A R AL BB R B T R A R R TE

TIM-3Z B KA EME LT, WA ERE A
FEThES. DROERER TIMN-3 & 281 M&
EBRAR, TAERLRTIN-3 4 F A4 301 A E
R BRZATIM3ET —RFENIAEZG, B4
& % % 3K & @ X 4, (Immunologlobulin vaiable
region, IgV) . # £ 09 %5 & & % 4 3 (mucin do-
main) X \FERX XA R BEE K. TgVEMEBas 6t
EHRABRAL, HMERERAREZH R _Fidt,
7 34 B9 FG F1 CC” loops £ — BB 1E A T R — AT

AR, TIM-3M A B A6 MR FHER
BR 7 25, 7 U A SH. (sre homology 2) %5 & 45 4 35, &
TIM-3 15 5P R ERBERATY,

/N R R A [ H 3 F BE Y O TIM-3
HeEkEa,ZEaReR gV-HEMB A&,
BOEEER. FEXY., EATIM-E FRLIEM
Bt BB A B, (B A ME A B 4 B RE
FHETRNTERETIIM-3E AN, f#F+ %
TIM3EEWAENFHRHEMHEAT2FE, A
AT HEITTIM-30 6k, #l & T B TIM-3 RSB S
IgG F1 F B @A KL TIM-3-1gf4 & E. B Z
B BN RE L HL AR BA A, BRI DAFELMT TIM-3 5 2 S 4Kk
B A, NI A TIM-3 F S R BT %, iR X
HEHANTIM-3RAE G REGHERIIV-FRETH
FHEE Y, ERERWE, NRESEEBER
FRB R TIM-3 & & ok I TR A 8 3% % 0 T 1T
FTIN-3 5 HE Bk ey 2h &6, KRR X T 40 B v b
BT R o AT A R M R B0 T VR 1 TIM-3
EEHE KW TIM-3-Tgm A& & P EXT TIM-3
WA B R F, AT R FE B e, #
TULH, ANERFTEMETIM-3E GRIETHME L
TIM-3 By it ¥ . ¥4 & A i 7% o B v M TIM-3 By Il R
BXAXEXRE, XA MK+ T EETIM-3 AT S
HIV % & 2 B IE 48 % 1 5 CD4'T 40 f el it 3k s %,
AT ABEETIM-3HWRER . # T #—F Kt
1 vE R B R A TIM-3 B 3h B, A RN
B E O E AT B, IR RTINS E
87 e F L7 W TN 2 IR/ A S o O P /o
Hansen % "2 #f 57 % 3., & 14 GVHD & 4 Bl 10 7 + 7] &
MRS TIM-3 A& 7, G L4 8 5GVHD W
FFEREKEN.

R, TIM-3 2 THREAKTIN-3 EFHH
BT TIN-3 R ONFD AR E R B 7T
BHTIM-3ZE B URELARANTIM-3-1ghtA & ESF
WHTRHEE. STAEFANTIN-3F aEd T
AERARLAE . ZOBHAAEEZFHARN
ek, H b A A& M R TIM-3 T g X T 2
BANRZLS THEBERFERXREFTHLEN,

A Z I TIM-3 k35 T 24k J& 89 Th1 . Th17. Tcl
S T 3N 28 B DL R Treg 20 B, Th2 48 FiL 1~ & 3£ TIM-
3. MILERELIATIM-3WERALIR T LERT A
H, B v 48 jf1, . DCNK 28 B, Mast 28 fi DL R b B 20 f &
HERIKTIM-3 4 F, & B 452 B8 TIM-3 B 1R
EHHEEEELIME-9(galectin-9), ZhuE" %
M ,galectin-9 &5 TIM-3 By 4 AR 8 T 1oV X By 4 £
f.,galectin-9 fE 4% 1 T WA 455 F W% F Thl &
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R 40 8B T, & AR EAE /N R B9 % 1§ . 1Tk Kang &
&, galectin-9 7 1% F ¥ 5§ 32 JE CD8'T 40 H #y A
T, S MWE % . % 5B 2 2 8 (phosphatidyl
serine,PtdSer) & —f 4 A B BE fE , EH H LT
G AT R A, A 2 R R T R 4 B R 4
i, Cao %™ % H,TIM-3 7 LA % 4 PtdSer. & % ik
TIM-3 &1 DC % 4 PtdSer /5 ¥ 1% ¥t J8 1 40 i B9 3R 5L,
NERENXXREY, 5IBEKREHAB1
(high-mobility group box—1 protein, HMGB-1) &
F I3 MWL E B TIM-3 B 4K . HMGBI A& % 4t ¢4 DNA
%6 G, fE 40 MR % 44 T HMGBL =] DURE Ak Bl 48
Ko, 45 J5 @ i 5 TLR % R A X R 4 6 80E KA
G B2, 2012 45, Chiba & " X HLTIM-3 T UL 5
DNA 4 F % 4 Mk % A 1IMGB1 4 F , #7 %/ HMGB1-DNA &£
A 145 B9 DC & 4L, AT 47 %) DC B9 40 b 8 %%
%, 2015 4, Huang %" & FL & FE 0 R AH X 26 P 4 T
(CEACAM-1) & TIM-3 &y 7 — M4k - F,CEACAM-1 &
TIM-3ERATTHRAEEFAEMEER,URZ
RARW 7 AAN-F T AW %, B TIM-3 87 %% 37 | 1F
JI 7 T CEACAM-1 9 7 /£ . 3R B R K B, TIM-3 ]
BALFEWRAKLELERR, REEFH LR
T E E A o TR 4R e, 5 S H A
AFNEHRENAELRE, EEHENT RS ESE
EFLREFBETREFHN, ZRCHEERL R AY
fefk, T E ML % Rz B A8 EE Fleh A & Al 5 5
HENFFEMH T 2ER,

2 TIM-3 53 FHIFRIA AT K IhEE

2.1 ARHEIUT TIM-3 89 & A8 A5 ke

A E LT, TIM-3 4 s ULV 3 19 77 &
FEATTHME AR EZ AR LA L. Naive
T 20 B A~ & 15 TIM-3, T 48 JiLvE 1L 5 TIM-3 & 1% £,
5 H K galectin-9 % A J& ¥ % § Th1.CTL 40 fg 19
B, AT E 5 R % ", Naive B B " 40 f X NK
90 B A, T 3R 3K B R 34 TIM-3, T & 240 Ji & L 6 TIM-
3Fkik b, & Rk TIM-3 Kt 5k 3041 4 0% 40 i iy
ek, BT EREL, TIM-3 W8N A E— NS
AR, MAEFS— LA, wEZHAME L
TIM-3 A R M & Rk iE, £ 4 i Tol 1 %R BE £ ZH
B 5 TIM-3 A M IL-12 23 F+ &, 42 R TIM-3 &
naive WA T2 EEFEZAMABAY, FREFLXR
BR, A B E LT TIM-3 BL 7] A7 10 3k 38 o %0 0% 40 i 1y v
WX HTEEL, KE—MAEESNER,
2 & A FE (brake) 18 1 *, DL % 0% 40 fe B9
RA,
2.2 JHIIE LT TIM-3 89 & A A A5 fie

AT 3 AR &, o B R ARSI T 4 F CTLA-4,
PD-1%—#, BB TTIN3 kK &R, FEHE
RUEH LKL, FRERINENRIE FEN xR
B, TIM-3RAKBNIFE T AFRE, Tk 50
VERESE S UF ol

TIM-3 % T 40§ NK 20 g &8 %, 0% 40 . - o & k34
g FomE R AR WAL T AMIMNZ S F AL
FRI S XkE. TIM-3EPD-1 6T % & F bk
rFPREMRET TIM-38 N AFLNES . B4
T 40 f A 5 & CD8'CTL 40 A £ 470 B & B 30 RY 3+ %, 7%
ok E X4 1EF . Linedale % ® 8 % £ 3, 8%k
2 FiL e # A% 4 S R E AR B 4B B P, TIM-3 72 CD8'T
MR E R R R FE S T4 E ey CD8'T 48 A ; Pau-
line %" # L L 3., 5 5 B CD8'T 4 i A8 . , i€ o 1
AT 98 4 432 JE B CDS'T 28 1 %7 & 3& TIM-3, H TIM-3
ME kLG THR T HEE T RIARK.ERK55 &
BHamsfE ., EEERLEFWHIVREES P,
HIV#L R 45 -t CD8'T 40 A E TIM-3 By & Rk ik 5 41 Jie
AERE FREABRK . AHREAREGEABERET
146 3, FE AR 4 B 40 A TIM-3 44K (clone  2E2) [ Bt
TIM-3 #97E ¥ ¥ 2 16 4 CDS'T 20 FfL #y A Uk B 48 A
EEWEY, BT THHM, & Schwartz £ H % &
I TIM-3 & HIV & # % pDC o 8 £ 38 19 — M7 T, 7
P 77 pDC #* TFN- a By &34, EAL#| 7] &8 4 TIM-3 i@
¢ 72 4 M1 FE P 48 TLRO B9 34 8 , ] Bt 25 £ IRF7 &
p85 B EE R NN & fE A X o WA TIN-3 45 5T
NK 20 i % % it 2 9% F o Wang £ XX, B &
BHENCAfE FTIN-3 R A®, EA KA ATS
EiFE P EA #, TallericoE™ WM R LH, 2&
EHEENCHEM ETIM-3 Rk SR meh AR K
4§58 K, R AN 525 & BA TIM-3 470 4K 7 DA #% NK 48 f
W R B IR At . LR B RAEEH T TIM-3 £ fFJE &
YT R Y T XS T A, B TIM-3 BN 2 4 B R
A K AT Y

ERERNE,TIM-3RT XA T REHM, 4
HABTEXRLTHEMEHMRE. 2010 4 ,Kikushige
SEWE I, TIM-3 k£ T A M8 G )7 (acute my—
eloid leukemia,AML) 8y T 48 f2 & (leukemic stem
cells,LSCs), TIM=3"#7 A AML 48 8 85 & % J% Bk [ /1
FUE 2 AML, 7 TIM-3 B9 A AML 28 A U gk . B R 4t
B TIM-3 B9 301K (ATIK2a) 8645 B 2 & /0 & 1 % 48
%% & (burden) . ¥ % AML &9 75 4 . M4, Zhuang & "
F g E A 77 R S TIM-3 Rk TR @i, H &
kLB ERWMNTNEH % . Shang £ % & A
W7 R R R LTINS Rk T 5 W8 & 09 b g 4
B b, RN H o 885 b % 2 R e 18] JRE 5% Ak (EMT)
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HR. TIF3EMBEMTHETHRAFE—F
B

3 TIM-3 53F 3 S & 4R REIE L AORE R IL VBT

3.1 TIM-3 %) &% tm e E a9 15 5

B4 TIM-3 4 F e W B 7478 91 B 09 30 &)t 5
B 7 F A5 5% 40 B T RE AT ) B AL A AT
MRFETIEN— k. R BT, TIM-3 B N B4
H 6 AR F B AR Tk, X e A B AR A T AR
SH, 45 & 4 7 317, 1% 45 4 87T (R 6 TIM-3 35 % & SH.
MM ELEAWSIBE, N3 ETES BN,
SH,—45 A 45 4538 ) B &% 7% 2 o B R AL 0 B 2 Y256,
Y263 A B &L A Src e Y B ITK 5 B 5% 5L 1L
Ja , T B SH- 4 A I R B A k&
B & AR ME . 2012 4 Kuchroo ™8 % % I,
HLA-B-associated transcript 3 (Bat3) & TIM-3
FL A B B SH, 45 A 45 38 4 A&, 7T FELIbT TIM-3 #1412
EWE®E., EFRA W galectin-9 & A IFNLT,
Y256.Y263 (i B & BL & £ 8 B AL, Bat3 it B TIM-3 &Y
SH, %5 & 45 M 48,  W J5 TIM-3 B SH2 4 - S5 84 A 8
# SH, 89 Src # B , /-5 /5 £ %F TCR & 9 307 %) o /6.
B W, Bat3 & £ — f# 3K il “safety catch” 89 3 ¢ .
2016 FEHFN LI, EESHMEF TIM-3T US4
H SH 4645 38 4 STATL 2 F 4 4, [ 1L STAT1 89 &% %% fr
# T B 1k STAT1-miR155-S0CS1 12 5 # B /- S o E v
ZH A E ML BB E B A R K L, TIM-3 7
DL TR HENrf2 B2 & IR AR R eI B 40
X2 AF H R A RO T 88 Y. 41 F R, Kuchroo
HBHRAAY LI, TIN-3 5 4 MK X T H
CEACAML 4 F4H B 1 Fil, 5 & 18 X £ Z AR A- 7 TIM-3
MEEESHEE,
3.2 TIM-3 £ 455 FR3T A 9% 4 iR 64 7& A AE A

RE % B MA RAESL T TIM-3 % % 7% 48 A & 1k
ATHIER AT —SRENE ST TEME
Ro LeeFWRAESH2EAE R FASTIN-34 68
GSLEAWELE G, £ % 1 Src # B K ik 1 Fyn.
Lek 2 FETIM-3FAEAMEER, HS 57 TIMN-3 i
NEBEABRWBERLAY., ZRAAHFAR NN, EF
TCR A #% 89 % JL T, TIM-3 5 Fyn .P815 #y 48 & 1 A
[ 1% # TCR—PLC-r1—NFAT/AP—1—NF-kB xt T 48 jff
WEAER TR IL- 120 £, EBEEW
B, P RERZETFTIN-3 RIAWER, ZRALH
Bl Bt &2, £ A s AR IR TIM-3 LT,
TIM-3 #1 X H FL 4 Thl 48 A B9 30 %] zh 66 & b, A1
& /&g ik A, “while expression of TIM-3 on T

cells can initially augment T-cell activa-

tion, crosslinking of the protein, at least
under these conditions, leads to rapid inhi-
bition of T-cell activation”. *tF o fq & &%
R Z IR TIM-3 % T 40 A 89 R 87 bk i & DA A&
W B A B, A /N AR NA Y s (DTIN-3 F # 1R
P 4 TE AL, B A TR LA R R R M S AR R AT x
HEHEW KA (DOTIM-3 ] B E A M A g8, B A
WMEDRE, BATIANEZARELER. RTE
IR AL R Jurkat 40 B SEAT WO R B o8, TIM-3 {2
CD3/CD28 45 ¥ Jurkat 28 B 4 b IL-2, 77 TIM-3 #7
#| PMA/PHA /- 5 # Jurkat 48 B 4 b IL-2, & R £ T
FlHfE 5@+ TIM-3 Y fefERA TR MELES,
T KA B W3 6t

Gorman %™ Fl ZH R W H AT R E A F KX
I, TIM-3 B B 14 § Z CDS'T 4 Bl xt RS B AT K BB
WRRL B A7 B 55 L TFN-y B & 38 K L PR 1R, IR
AN A TIM-3 % FCDS' THM B Y ENREFE
B o AT TIM-3 £ A£38 1 T 40 f & @ & 147 %) M &b
e, LA R /NN A X T B8 5 B RN R
BRI\ SR AR R %, £ B W IR RIS T TIM-3 £
FERHATHRENNER, MEFENTRAETT
2 FLHT 3h B8 K A AR 3R TIM-3 R 45 R Wl E A . i
RN ,CD8THRES REAEBNELTERE X
HERIEF ST A AL E L, B TIM-3
5 EHE R BT, BT T 40 75 a0 R 5
1€ A, 275 2007 48 Kurchroo &k 1% % LA " B9 7 52 T
o, fE galectin—9 | ¥ T, TIM-3 ¥ LA 3T F i DC #
NF- x BEGAFAR 3 INF-a ERENFWBK. X5
T % #E HY TIM-3 38 33 45 4 HMGB1 417 %) DC 471 fiF J& 78
MR E AR, RANEER — L
TIM-3 P e ™ o FE . o AN — MR
A4 2012 4 438 Y, TIM-3 78 NK-92 28 A By & & 34
W8 & IFN-a 4 3 K F B9 7+ & 5 4R S0 A TIM-3 89 S 4R
galectin-9 E BRI WAL R FHERTIM-3 & Kki& T
NK-92 28 g, T A~ & K % 34 3 7~ & 34 TIM-3 B89 NK-92
HHH IFN-y I bk F . XREREGM BRI
TIM-3 %7 %] NK 28 ff1 3 66 09 45 6 48 R =, 8 R 5 DC —
#, TIM-3 % NK 48 fig 09 18 il 77 1] Bk T B AR iy B =5 3R
B, CBRTUEN—NEURELr FTEALZA
B E AL, T DUAE T B R IA YRR UL T AT I NK 45 Rk
2 LR o BT

ZA FRI LRI, TIM-3 7 LLE i 4 5 7 18 Bt
ME| e R AN EENEFRERE, RIEARE
PER T T R, AR AE B S B M SO RBCT L TIM-3
e RAHHEERZEHR AR REE LKA
B B, o b A 6 RT DAFEL BT TIM-3 B9 15 5 AT 2 %%
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WA % 4R T B o X O i TIM-3 By 76T 1R 4
TEMRE,ELYRTETMT TI-3WH 2%
Hheh”, Nm# kB ER. TIM-3 R TET T EW
SR AR ELEENTT TRBEEE I E
B, REEM M AT EFRETIN-3 G M EE T
R,MEZN FLERTHEAENIF L FHF FTAR
AM,RE WA RERS, AR EELNA
BIENF S A FE N AR E R L.

4 TIM-3#E[E 4489 %

EFTIN-3EMEREMZ PHNEEER, 2K
B R AL R 25 B IE A LR B L ¥ 1 TIM-3 B9 36
JTHAUR . TESARO /2 & 5 AnaptysBio &1 £ F " 5L
T 4 40 Bk E R R 3K, M ABEL XX i i Bl 4T A
TIM-3 HL4k, FF F 4R b R & i B A (somatic hy-
permutation,SHMD 3 5 EE 4 1. & REHZIHE
(TSR-022) 7E MLR * fE 38 52 1L-2 B9 B Ak, 5 PD-1 #u 4k
HHRBHHEER, ¥ F 8 R & T 7 & Biolegend)
B A TIM-3 B #0430 4K (2E2) . 7EMC38 ¥ # Al o | %
AR IR (FL /D B PD-1 4k B A/ R TIN-3 48O B o
I E TR g R 3 . 2016 45 A 10 H, TESARO /&
AEATHEERR LR UEEERFMRRT
TSR-022 Hi & #9 37 2 I /R 1K 30 (IND) & i, % A 8 8
EAAEKENEHAREEAS Y., B2, H
WLH 2 ZH RN EAEZA T TIM-3 % 1 25 4 el
&

5 TIM-3 9 F R EMEEL AT RAPEE

HESEERERLEFTIN-3NERLARE A
FHB e E, B2 FHRAN—MBEH
FIF T T B . I L4 2 15 PD-1 B9 % 9% 76 97 5K % X
BIAANFHENBRR A —NEBENT 2RIET
B¢ & TIM-3 #04K (TSR-022) 44, E, 1] FDA = i# s JK 52
o, APD-1ETHZEFF XA TIM-3MEL AR
B, ER T T AN TIM-3 R ARl &, &
Ew , TIM-3 R BT EE N — LI HEN &
W A RS-SRS, BRERE: (D
TIM-3/ ZRkKT4M A ZBHURERZHE, B
HEANTERERSF, AN EZERESN T
] B 3h BE ¥ 1+ 4 0F 25 (2O TIM-3 72 [/ — 48 f B 1~
Bl awEENHBEITREER TN, £ — %4
IZ 20 P VE Ak B B HA W B, TIM-3 A AXAR AT 48 9% 48 B Y
TE AT A ¥ B A 0E 40 R HY S G B R R 5 (3D
H TIM-3 89 M 7 BL 3R 48, TIM-3 4% # 12 5 B AL & %
BEEFENHIANGFANELT,TIN-3 2 &
BEEERENELEONTN ARG TE

H— B B, %% 5 AR B B A5 T A A A A IR TIM-3
HEEALF R ERENENERRE; DENSH R
FERELS T, TIM-3 T 4 T RAERI B4 £ 5 K
b, % 5% BT 4 AR B A2

Rz, 881 % 3 0 F R I6 9T SR th B 45
FIEARRRIAHIBEITHRT I FE. FHARX
ReBREES FHARNE, URRFENT X
HBEEFREAERNE B RRBES FERT
K ME B AR 2 (8] B % RS R R AL, 0% i
KRG R RERAL LR, A XTI
TTIN-3 4 FERR IR FE G — Lk, X
EHAEENG M EFFTERENE . R TIM-3
EEMREFTHRBT S TR AZES 6, A
WA | 77 5 B % BE M WL S0 3 ok B R R B 5
REHHHH B,

[& £ 3 #]
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