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BE  TollFEsZ{K (Toll-like receptors, TLRs) FEJCRGEIERG R 23k, e R$2 2400 (antigen presenting
cells, APC) 31 A0 2B MBI T3 T A fiysifb . SRR & B, TLR WA e TRk, JFnl4ed A APC 1
TEOL T B0 TR S TIRE. AR T TLRAF XS ANIR] T 40 M A A G Dh e i B4 =1E T, S T4iil

S-S BEAE B 1 B S S P 1 TR A AR L TR S

K8 TollREAZIR, THuML, Thfe, i
FESES R392.1, Q4934

Toll #: 32 {& (Toll-like receptors, TLRs) J& T
PR 3Z 4K (pattern recognition receptor, PRR)
K, ARG Z AR AR G TR (pathogen-
associated molecular patterns, PAMP) F145t 173 41 ¢
7 F B 3 (damage-related molecular patterns,
DAMP), S [EA Gy 518 W e Z Rt
TLR G215 W A AN AT LA E 95 S 1A R e, HLAE
Z 5 0E X A B R SRR R R A R e P B
#IN A TLR & 2 i do Jit $2 2 40 I8 (antigen
presenting cells, APC), HNEWEANAE . A4 5 HR 4l
(dendritic cells, DC) ZEFik, T 7E X L 41 fifg
TLR 5 A4 i AH B AT A TR 422 S B0 1 Pk fe g2
YR HOE T AR A IETS o IR RO FE 2R T
TLR 7E [E 47 G 28 240 M v i Dy fig A FHAILR], %o H:
FEIE WP S 20 A T Y D RERIFFE AL D, SR JLAR
MIRIFFE AN, AN[R T 4T AE A& & R0 M B
W3R8 TLR, ‘EATA] LU 098 2 B 420
TR TIRE .

T 4 R AE 18 PR 2 By 25 v R #E S 2 R
B T3 3 53 240 L DR 8 A R 4 R A L R A Bt
FURe, HER . e Lgem 58 5 2
Ko MHRERZ RFRGE, RER GRS LA
A rgThae, HEUER T 40 gty el As 5 Ho g
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N TLRI~TLR13, TLRZJGZE MM PRR, 1
HRESRE I, HE S a R E TS HMIAR X
A5 B o WERE 1Y) 195 JEE X LA Mt A Toll A9 Jifd J5z IX
Toll- H 4 & -1 Z AR ZE5 K 3 (Toll/IL-1R resistance,
TIR) #i . TLRJ Z AL DC. E Wl
L. BARZARMD . TAHA . PR Anp . A A
22 i A0 95 A L LA B — S P B 4 R B 4T 4 4
el RO T A R T AN A L Py, i TLR1
TLR2. TLR4. TLR5. TLR6. TLR10. TLRI11 A
TLRI12 7E 40 2R TH R i 3k, 32 2R A W e
gy, PlanfgE . ARE A . IEBKSE . T TLR3,
TLR7. TLR8. TLR9. TLRI3fi FHIiEX =, W
MBI . A BRI, A AR AR
fig 7, X8 TLR K% 43 FHUMAH R A, B0
Wefm i il , AR RO, R 4n .
AR 77 Az, TR [T G R M S e iy 25 vh &
FEEEMEH .
1.2 TLRIESi&ERK

2 PAMP HI DAMP 5 AH N A TLR 2545, Al 58
i #EFE 4k IR 88 (myeloid differentiation factor
88, MyD88) MK sl AR K BR AL AT R 55 = .
R TLR3 41, TLR ZMH A 575 T (4 94T S i AR
M H T MyD88., MyDS88 #84 1% IL-1 52 {A kH 56 I fiff
(IL-1 receptor-associated kinase, IRAK) F1/i{J& IR
B F 2 R A1 5& I F 6 (tumor necrosis factor
receptor-associated factor 6, TRAF6) , JE i
MyD88-IRAKs-TRAF6 & &%), %35 G IxB H i
(IkB kinase, IKK) & &S 822560 E A
P4 (mitogen-activated protein kinase, MAPK) A
NF-«kB FUEE , DA 2 0 240 B PR 7 A A R
A o T My D88 AR AR 43 428 4o YT Toll A
Z A TR K 7> T (Tol/IL-1R domain-
containing adaptor-inducing IFN-beta, TRIF) Fi
TRIF #H 3¢ 42 3k 4> F (TRIF associated connector
molecules, TRAM), FHUIKK /TANK £ F#H 1
(TANK-binding kinase 1, TBK1) (54, FHIG
NF-«kB M MAPK {5 i %, 5 4 A 774 s

2 TLRXTHRETHEE & L8t B9 85 0m

2.1 TZHREFTLRERIE
H Hi A % TLR B9 58 K 2800 4 T HAE
APC H/EH . TLR 3435 T #4585 APC A PTJEHE 5

ERT, LR F2eik, it fe Ky R0
PEPE TN 2% (HHORR Z A AFFTIEE, T
90 A Bt 3R 38 TLR. WF58 & B, /D RWI 46
CD4' T 4 Jifd % 1k TLR3, TLR4., TLRS5 Fl TLRO f#)
mRNA "', Fukata 25 " 3 i3 I = 40 A AR 78 /N i)
CD4" CD45Rb™" T 4f fifd I & | 2] TLR2, TLR3,
TLR4 Fil TLRO # [ ; Cottalorda %5 ') 7£ /)N &
CD8" T 4f Mg L= b £ ) £ TLR1, TLR2. TLR6,
TLR7 F1 TLRY Ay ik . LAk, 78 @ Eaifb iy A
CD4" T 4 Jifd 1 CD8" T 4fi ifg rf o & I £] TLR1,
TLR2. TLR3. TLR4. TLR5. TLR7. TLR9 Fl
TLR10 Ay B X e f (1 T &3k ™, JF H & 3
CD4" T 4 /it [k CD8" T 4t Jif &35 B = 7K ~F- (19 TLR1 .
TLR4 FI TLRY, ifij CD8 T % ik ¥ & /K F 1)
TLR3 ", XSEPL IR, TANM LAY TLR (55 Al
B ELPE S T AN S e DI RE

FHRAYE, T4 TLR A9 3500 32 3 T 411
PiESZAK (T cell antigen receptor, TCR) 1% A1)
. WSS, /DR naive T 40283k TLR2, {H
HATEDT CD3 HUAR S 5 A AT LA I 21 40 At 5% 1
M TLR2 AR ™ WA R, /INRAIMEErET
W 40 B (cytotoxic T lymphocytes, CTL) ¥
TLR2 JE H & 38 /K F 20 I8 & T BRAA T
CDS'T 4 f "', 36 AL )5 1)/ B W) iR CD4 T 41 fi
TLR3 F TLRO & (A £ i5 7K F- o B & b JF 0
Komai-Koma %5 "' (Y58 P & B, A CD4" T4l
it R AE OGS RASTS AT A 20 i 3R T ) £
TLR2 fI TLR4 ik, X545 R 45, TLREZET
YA IR AT i 5 IS IR G

TERL L ROE M H S i, T 40 55 %
b, M7EXISEE A T 4t & 88 TLR 3k 0 i |
(R, 2). SEEXTIRAAHE, B /NERE %R
H TN - TLR2 3235 BiH 7, M@ g
P PET A (regulatory T cells, Treg) H ik
F KA TLR2 WY BB I8 R AR A B3 A MR
Ifl. CD4' TLR2/4", CD8' TLR2/4" T 41t A He 451 A 5
T IE & A M2, Jf & B CD8'T 41 f |- TLR2,
TLR4 Rk B Bl . 2R MEEILIE (multiple
sclerosis, MS) £ & 1 CD4'T #1 CDS'T 4 jiti |
TLR2, TLR4 MITLRY FikH m . 28V
B CD4" T HICDS' T 4iiJif o TLR4 215 BH @ 34 i,
ISP F AR M AHLT R | EREARLT
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RERIEMK ), XSH LR, T ETLR
() 575 3k T BB IE L AR T A0S fL AN I = 5 it s
RN S B PR SR I K A K e
2.2 TLREGEX T BRI R0

TLR 7E A T 40 A I 9 22 57 338 K TLR {5 5
MG 2 T A DR (R 1, KD, KER
WFFEUESE, T A0AEH TLRAE 5 vl fE AL+ &
VS5 TGk, Salerno 2% 2 #HfgEH, Hea
AT CD3 BUARSIAR L, TLR2 Bl A i 3 3o =k
W TP IFN-y (U T4 A 20 He, I H &
TLR2 BB S, 4 M PR 7 A ik SF- 541 CD28
AR AT BB ARIUKF, #2785 TLR2 W] LI 2] 5
CD28 {5 5 AR LR AR . 7205 — I ss vh &
L, TLR2 AP0S4 v ARG S5 /N CD8™ T 40 ffd 1) 4
PESAENE, LA CD25 3k, FH5E CDS' T 4l
ROV IEE . TLR2 {5 S nl #5842 CD8' T 4f
JH ) 385 58 DA B TFN-y 772 A= 127 TLR2 e A4 5 3 i
CD4 T4, W 3EHE5E T IFN-y, IL-2 MR RsE
T a (tumor necrosis factor o, TNF-a) =
A AR, TLR2 & v 4958 Th17 (T helper
cells 17) 4iffasrfk, F2F Th17 45 L K 1L-17
FEAE P, N CD4TT 4 i TLR3 {5 5 7] 155 7 IL-
17A FIIL-21 774 7, TLR3 F1 TLRO B A i i 25 mf
H45R CD4" T A7 1% . FEIA APC B9 15 Il
T, HAEZ B (lipopolysaccharide, LPS) i)
CD4" CD25" Treg 4 ig i TLR4 {555 1T LA B 4% 15
Treg 20 A0S , 1 8 40 it 36 I 35 AL A% 24 CD69
CD44 . CD38%ik . TLR4IH WAl M8 CD4™ T
2 L P 3 R RV SIS 3 2, BRI R AR T 4
WOEER TP 7, TLR5, TLR7 A TLRS fYC
3% CD4" T40M, #f b8 IFN-y K7 2 %
HLCD3 HUARAELE T, TLR7{E 5 M B0E fe {3k /N B
JiL Pk Ve B 4 Ak B9 CD8'T 41 Jifd b CD25. CD44,
CD69 LA J % 5% [ ¥ T-bet Fl Eomes 163k ), %5
SN BFSEARE , — 2 TLR {55 B930S o a] LU
IS ] T 40 B A 25, TLR7 BOAR gkl 7 A%
KoNELTh17 4R 34k, JFREAR T 77 A2 IL-17 A 48
MO A IL-17 mRNA &k KF 2, TLR8fF %
O T A A0 % Treg AN RGP ZhEE ' AL
R, T TLRAF 5 1T L4208 T 40
WAk, b K TiEE, X AT RE S AR T A5
MIREENE, M EZFRmEESEE (382),

WO R B, TESE 5 T B B A g R ik AR
(experimental autoimmune encephalomyelitis, EAE)
BRI, CD4" T 4ififd i TLR2 14 il 2 7] fgh 25 ok 38
EAE % "o TE18 ME N BT 2 rh, TLR2 g {4
(Pam3Csk4) FHIBLE5E Treg 40 RGN HI S EE, 1H
WA Treg 55 Th17 40AEAY LLA 0 SRTT, 55—
FoE &8, Pam3Csk4 BRI Al T 18 Foxp3™ Treg
BRI T RE , [l HE oR R r e E A f REE T
UhI 2L 440 R 1 40 L 2 P Ofe K A2 R B S e 9% i
(severe combined immunodeficiency, SCID) /] i
(40 MR8 B 9% S R, At SCID /)N BR A i Jeg 45 L) 5%
fig ', TLR2, TLR4 1 TLRY BC{& Al 1314 5 MS
& CD4" T Ml CD8" T 41 i 7= A= TL-1B. IL-6 Fll
IL-17 S 400 T, I H Pam3Cskd #7519 MS 3%
CD4" T 217 2= 14 TL- 17 FURL 20 0 15 40 A 45 7
# X ¥ (granulocyte macrophage colony stimulating
factor, GM-CSF) 7KV~ 5 955 1 8l B 45 AH 5 20,
TLR2 il TLR4 ¢ {4 1] i€ 1 4L i 225 6 2 1% A e i
(neuromyelitis optic spectrum disorder, NMOSD)
FB A CDA4™ T 20 f i) 15 8 DA S A Pk 4t e PR+ 1L-6
IL-17. IL-21 B4, IS Th7, uEIEH )
PET MY (follicular helper T cells, Tfh) 5 Treg 4l
Ji ST B 14 2% 47 20 TLR3 BC A& Poly (1: C) #0I
TLRO Bt {& CpG ] LL3 S Thl 40 S is v &, If
REAE PR TGP . 28 BERTiR, TLRAF % H¥%
ST T AEML S . oAk ROV T RE, WS
ANTA] T 20 A TLR A S5-38  n D ae 5 4/ E
FERETEAF L 1 T ANME A AP A L, Il
R RYA ST B AT i SR S A
2.3 TLREGEXI TSR NE

Ok IEE R, Re s U T S 4
Mok E KIiGe, TAMACH S DIaeZ RIfEAE R
WIERFR o B ECIRAS T B T 200 B Ao o 25 4

BN LR 1 E AL = A ATP,  DAERFHIE # 1A=
PGS Y WA, T 40 R TIRE H 5E O R RN
Tiee, il R RE R TR, HA R 5 A
PR A ARG N, e LA Pt AT Ay 20 P s 4
PEHPEP T A A WG R B PR EE, T 40
RO B2 5 200 A ¢, R C T &
(rheumatoid arthritis, RA) 3% CD4'T 4ff fifg 5kt =
6- T 1R SR W% -2- T iR B -2, 6- — W IR I8 3 (6-pho-
sphofructo-2-kinase/fructose-2, 6-bisphosphatase 3,
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PFKFB3), fifi 4 25 b5k o) SOME B R ik 12, 31X
FRAR I A A 5 T R E R E A L ™. Ho
S5 DO SR R, A AR Z Sl R v CD4T T
AMHE AT IR R o X BELE R, T 4N i n]
feE R HA N IhRE, S 5PORME A KR
AP R A AR Z A58 B89 T TLR {55 %) 5 I 241
M AT DC AR sE M, (HZRIAAE T 4 1 A9 TLR /2
T RS YT LA K Anal 85 AN TR) T 4 I A AR 47
ARG . ARSCEREE TR A L TLR 5 % H#%
W T 4l S R pEsY (R . PR AR, H
TLR1/TLR2 B AR H38% Treg 0T, AJ LA 3 1 5l
JE43E PI3BK-AKT-mTORC1 {5 5% 5, i@l i
Wi iE#E 11 1 (glucose transporter 1, Glutl) Fl
CHHEME 2 (hexokinase 2, HK2) fyFeik, HigmH:
WETREAR 7, AR RGE, BOE TLR2 5 57T i
CD8' T 41l H A= Wy e i AR A G SE R Y 83k, 3
e R A RN 5 e R AR, AT B2 0% CD8' T
44 ffg %, TLR2 Fl TLR7 {5 5 A 384 7% £ 12 1 B
CDS'T 40 ffd 7= 4 IFN-y, 0] UL # §iF PI3K-AKT-

mTOR {55, SRR AR 2 7 PR P i 3 it e
A JERERE R ', BT CD3 PRl CDS T 4,
A LA mTOR @R k1G58, [R]AF TLR7 {55 AT
et it — 1 CD8" T 4l fifl ' mTOR Fl Akt [ 7KF-
DA KM e e A G L PR B 2658, IRl 38 2L g i 4=
B2 R R R, A Treg 1 TLRS 5511
PG 1 U Glut DL R R P B R A 1) S SR 2
P Treg 4 1 £5 B 24 15 FIOBE B% A, DT 306 4%
Treg 4 M M DI RE ' pbah, 7F 2R €0 2R it gk
PET A0 A PR R, TLR8 {5 5/ 1Y Treg 4 ity
BEAC S DL K 2y g i el A8 T DL S 5 AR N i e i R
g

T 40 A AR PT ELEE e Ak S & PR T RE
KT T AR A 2 F IR ML T 2 — SRR,
WFFE N L& 3 TLR {55 7T DL B #2908 45 T 20 M AR
11 IR (E N = s 14115 Y i RS Gl 231 08 AW R |
o PP HESE TLRAS S XA T 4iahE . A5, &
FERR AR B EAAR WL o Mid . B B g
I SE IR ) TR SR TR R AR o

Table 1 Effects of activation of TLRs on T cell function and metabolism

FR1 TLRsHEGEX T BE R R 5T RI 220

TLRs Fhj@ 40w THf TheesE ARz EE PN

TLR1 R  CD4'T Treg WEE T . Bk Thig | Glutl T\ HK2 T . FHE#f# T [37]

TLR2 A CD4T — IFN-y 1. IL-2 7. [13]

TNF-a 1

A CD4'T Thi71 IL-17 T H4%E 1 [24]

L. CD4'T Treg ) Glutl T HK2 T BEEA7 T [37]

M CD8'T  —  MEET. R T . RThEE T . cD2st [12]

B CD8'T — Bos BEREARE T o A2 AC St 1 [38]

R cD8'T  — WHE T . TFN-y T [23]

TLR3 A CD4'T — IL-17A T . TL-211 [23]

B CDA'T  — e [i1]

TLR4 AN CD4'T Treg W%, CD69 T\ [25]

CD44 1. CD381

B CD4'T — WEE T, T [26]

TLR5 A CD4'T — IFN-y 1 [28]

TLR7 A CD4T — IFN-y 1 [28]

N/ CD4'T Thl7l IL-17 ] [24]

B CD8'T — CD251. CD44 7 . mTOR 1. Akt T . BEBEMEARCHEIN T FLBRA AL T [29]

CD69 T T-bet T .
Eomes T

TLR§ A CD4'T — IFN-y 1 [28]
AN CD4'T Treg A g Glut | « HIZTFEHIC | FEREAR | [30, 40]

TLR9 & CD4'T — 17 1 [11]
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Table 2 Relationship between differential expression of TLRs on T cells and disease

R2 THELITLRsMERRIESERIXER

P Yif  WHE  TLRs ¥R FR E= BTN
BNERE 2 CD3'T — TLR2T — [17]
TR R DT —  TLR2T — [19]
CDS8'T TLR4 1
B R CD4'T — TLR4T TLRAKTFHMFEMLER, B RS LIEAX [21]
CD8'T
/N EAEREA! CD4'T —  TLR2 TLR2EATINFEEAE [31]
MM R CD4'T Treg TLR2T TLRFAAHIHIN I Treg I MAMHITIAE, (MR Treg SThI7ANMMLLE]  [18]
NREERA B CD4'T Treg  TLR2  TLR2FEAAHIBTT T A TregdU M MH0HI TR, HERCTL AN ZE 1 [32]
(SCID) #7Y CD8'T CTL
ZRVERELIE (MS)  CD4'T  —  TLR2T FAEHBES FIL-1B. IL-6RIL-175540 K 17~ IL-17/072E R [19-20]
CD8'T TLR4 T GM-CSF/KF5 507 3 BB AH ¢
TLRY 1
MM ERER G R/BERG  CD4A'T Thl7  TLR2  FECAATI{RE4n s & 2 RN FIL-6 IL-17. IL-217%4E, JFifS [24]
(NMOSD) Tfh  TLR4 Th17. TthTreg i 0 1l
Treg

Fig. 1 The effect of TLR signal on T cell function and metabolism
E1 TLRESXTHMINEER KGN
IL-2: %25 TNF-a: MEIRIER Fo; IFN-y: THREy; IL-17: ANE-17; IL-17A: AR FRLT-A; IL21: A0 FK-21; HK2: CHEY
fifi2; Glutl: H&FEZHE1; mTOR: WFLaWHEMBEZLEN; Akt FEARE M. Z KR IEBioRender.com Wil HE UL 2 51 44
231l
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3 REERE

TLR7ERAE . [ B Sy di LA e AR 5 sz 4
Wbz Rk, S HEREERRE, KB
e, X TLR A5 40 4 v T JHOGT [ 0 928 448 L i)
ZRPER, 4246 B IRAE o2ak SRk R P4
oS O e O N 1] 173 el o - - 3
Z B UEE R, TLR FCARW AT DL EH/EH T T4
Jfg, TLR W74 T 4 A il sz i, 35 20 i
T, R RIS S AAG . i4h, TLRIAW]
DL3E A 895 T 4H A A9 A8 T2 i A5 Dy g, IF
SIRZEREVIME . TRA T f# TLR7E T 4 Dy hg
KA P oy e, A BT e S 5 S ieis
PR HEBITARTT RS

2 % X #
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The Effect of Toll-like Receptors on T Cell Function and Metabolism”

BAI Zi-Ran, LIN Qian, YU Yu-Di, YE Xiao-Kang, YANG Chen, LI Xia, WANG Guan™

(Department of Immunology, College of Basic Medical Science, Dalian Medical University, Dalian 116044, China)

Abstract  Toll-like receptors (TLRs) belong to the pattern recognition receptor (PRR) family which can
recognize multiple pathogen-associated molecular patterns (PAMP) and damage-related molecular patterns
(DAMP). TLRs are widely expressed in the innate immune system, and link up the innate and adaptive immunity
through indirectly lead to T cell activation by promoting the expression of costimulatory molecules on antigen
presenting cells (APC) when binding to their ligands. Previous studies mainly expound the function and
mechanism of TLRs in activating the innate immune cells, but few studies on its function in adaptive immune
cells. However, it has now become evident that TLRs are also expressed in T cells, and can directly regulate the
metabolism and function of T cells in the form of costimulatory molecules without APCs. It has been reported that
TLRs can regulate the function of different T cell subsets via directly regulating their metabolism. The present
review attempts to summarize the direct regulation of TLR signaling in metabolism and immune function of
different T cell subsets, which provides a new idea for the prevention and treatment of T cell-mediated diseases
such as cancer, inflammation and autoimmune diseases.
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