- 716 - 2% %4 Acta Pharmaceutica Sinica 2026, 61(3): 716-726

CD4' T WK IH ERIZF FHEE D LIEEN R URNERRE
BT REEIT R R

THRE' Mg R & 0 EEY
(1. ZHEPERA R 22 B, 2B BIE 230012, 2. ZHEUEWEIERA - W E S %, 280 AL 230012)

WE: CD4™ T 4 A 5 10 5o 9% JE [ N AE Bl Jik 96 K i 1L (atherosclerosis, AS) & 2E K JE Ry 5 EE M .
CD4" TAHRETT 204k 2 b2, andie 46 ¥ Th1/Th17 40 B AT 28 1t Th2/Treg 40 g, iX L& 37 28 2 18] [ AP 1 e 2 & AS
B3t FEE D TR o BRICER 22 B FT SR B, CDAT T 41 M AR U 2 4 A2 5 5 AR 2 A3 1k, o o AR 85 S RE K BE RS R
PE, TR AS R 42 R I8 . A58 0% B S8 CD4' T 40 AR S 4w A2 A S 1040 i 1k DhaE 8k 5 AS RAE R
JEIIE R, LR HE IR CD4" T 40N K AS TR T SIS, I B BT A'S I8 28 E R A= AL SR AR A0, I AR F- 4R B 8
AS HEHHAE S A T iR S %

KR CD4" T A AR H 25 40870 14; Th17; Treg; SHIKHFERE{L

FE 52 S R66 XHRFRIRAS: A CEHS: 0513-4870(2026)03-0716-11

Advances in the study of the role of CD4" T cell metabolic
reprogramming in inducing cell differentiation for atherosclerosis
and its therapeutic strategy
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Abstract: CD4" T cell-mediated immune inflammatory responses play a significant role in the development
and progression of atherosclerosis (AS). CD4" T cells can differentiate into multiple subtypes, such as pro-
inflammatory Th1/Th17 cells and anti-inflammatory Th2/Treg cells, and the imbalance between these subtypes
determines the direction of progression of AS. Increasingly, studies have shown that metabolic reprogramming of
CD4" T cells induces their pro-inflammatory differentiation, exacerbates vascular microenvironmental
inflammation and plaque instability, and thus promotes the development of AS. In this review, we shall focus on
the relationship between CD4™ T cell metabolic reprogramming-mediated cellular differentiation, functional
alterations, and the onset and progression of AS. We shall also examine therapeutic strategies targeting CD4" T cell
metabolism in AS. This will provide evidence for elucidating the mechanisms underlying vascular inflammation in
AS and offer guidance for identifying novel targets and approaches for the prevention and treatment of AS in
clinical practice.
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K FEIELL (atherosclerosis, AS) #% I\ A& —Ff
EH 928 e A 3 (A8 1 S ORE PR, 7 S 11 SR % R
SNEAE AS 3EFE b R HE OB AE Y, (8 H Al R AL 2 4
R A B . DAAEOCT AS I 98 fE AL it 72 2
AR LR LB N R AT AR B W 4 L, 9K T R R 2 ) IE
52 W] CDA" T 41 B/ 43R4 VG B A0 JRE S I 1) 5%
BREE, 3 T AS KAEMKED . CD4' T4HRED
A RAN TR ) T 46 B 2, S B 1t T 48 B 1 (helper T
cell 1, Th1) A B4 T 40 17 (helper T cell 17, Th17)
F I A 28 2N, T il B 1% T 48 B 2 (helper T cell 2,
Th2) FIIA 5 M T 405 (regulatory T cells, Treg) M| 5% B
HAT AR RO BT B, (R A A BT 2 R 2 T8 1
i, 5 3] 7& Th17/Treg 2 18] (147, 1R 7E T AS HIK &
Fi 1,

CD4" T 241 f AU B 4 #2275 CD4™ T 20 M £ 4 )%
EAVAUR L i i PO R G R AW B 6P STIVEZN S AT
FFH GG A A D RE K #5 . JEE, CD4” T 40 Mo /2 3
SRS TR H AL B8 B2 10 (oxidative phosphorylation,
OXPHOS) #&HEREE:, (H 4 AT RS I, @i it
TR OGS, 7 1) WE % RIS 107 B8 & 7% (fatty acid synthesis,
FAS) % o X P AR 2 g 12 2 A 2 40 R B 3 53 A2 4K, |
PAT A R S B B A2 . R, B 5T R 7 CD4”
T 28 f AR U 22 G A2 i 2E 5, 20 B B 22 b ) {2 48 36 1Y 4%
b, FT R BE LR AR 28 FH BT 98 I . 22 8] 1) 11, Jin i
AS RIEREM,

AR FE CDA” THIML 6 5 AS KAE R JR IR
R, R CD4' TZH AR E e S 5 AS ML, FHxF
AH DG T8 A5 I I6 T B0 SUR T TSR B AT SRR A AT
CD4" T 40 i€ AS 1 1 /E H e MLl B i SC R 48, A
W09 AS TR IR T HE .

1 RERERERNES5ASKRERRK
1.1 ASEZHEZRIIIEP & MR RAER B

1999 £F, Ross 1 1= 5 X3 Y AS K A2 K J& 1 #AE
2, HoE 22 PRA 5T 50 F 18 i 9] 2R - B AR
(interleukin, IL)-1/ B8 % 35 Jak /D> /0 10585 544, A IE 28 0
16 AS HIEURIZ O A B, AS & —Fi S M 985 %
I, SR g% R G KBS 7 AS AR i R v R
O AE Y. (%% % HE & 1 (low-density lipoprotein,
LDL) 7E I A BN TTRUE Ak i AR 2 Tl B e
(oxidized low-density lipoprotein, ox-LDL) FJ, £ ¥ i%
PN 7 2 R0 IS A P 5 B 53 F--1 (vascular cell adhesion
molecule-1, VCAM-1). 41 ifd [1] % B 4 F-1 (intercellular
cell adhesion molecule-1, I[CAM-1) 283 [ 737, [F] iR
JB 98 3K BE IR - o (tumor necrosis factor-a, TNF-a)-
IL-15+ B AZ 41 B #a 40 [K1 F-1 (monocyte chemoattractant

protein-1, MCP-1) %542 %¢ [A ¥, il #% A F--xB (nuclear
factor kappa-B, NF-xB) i % i K %8 5iE [ B2, W 5] A4
LA B AN 5 CD4™ T 4 ik N I BE . B A% 4l
JfLE N LA BE J5 AT 43 A0 AR 4 1 MY I 4 i A4
RNEM2 B E R, $0 28 1 M2 AL B R 4 i n] e i gy
WA 8 R TL-4 D58 280 S B, T AR 8 1t M1 2 g
2T D0 368 3 7 W ox-LDL T Gt R A0, 7] i e i B %2
it 2 Bl 7 JF 30 NOD M 2 A v R B 45 i IR A 3
(NOD-like receptor thermal protein domain-containing
protein 3, NLRP3) #& P4 /N, o 4 b 40 o 0 e 5ok A 4
L4 O P 4h Be B (neutrophil extracellular traps, NETs)
AR AR B0 AR (B 1),

PAAE G T AS I SAEHL I B 0F 98 2 4 b A2 L
SV LA M« P R 240 i e 4 L, 2R T 7B R B 2 P
P52 W] CD4" T 48 i A D9 3R 45 1k G 5 A0 JE S 1Y) 5%
SRR, HEB) AS RAERJES. ASTERALH) CD4' T
0 Ff 53 46 9 Th1 A1 Th17 4 0, 5] B 25 906 F 48 % -y
(interferon-y, IFN-y)IL-17 ZE 4 f 5 ¥-. Th1 @it 53 i
IFN-y Al TNF-a, $i6 N B 40 B0 19 0 &6 B 2 7
VCAM-1/ICAM-1 31k, {3k 542 40 /1 05 4 if) 5 4R
S HAR 9 R, R AE B0 ik N S0 E R 4 L, I
B A A A Dy ML R A N R SE SN 5 BE R AN
FeE M, N AS B R MY, Th17 73 WA R IL-17 W] i
5 P9 20 e R ISP LA R AR TL-6 IL-8 45 4
PR 7, ML A5 1~ Vi JUL 40 B E AE 4H L BT - SR ok 4
A, JE 1R N TR 7 AR R, TR I A R < e R g
(matrix metalloproteinases, MMPs) 7 fif, Hil 55 2T 4E i 45
M, AR ERE WA, F K LEFE
A (E ).
1.2 THRZASERRERNNEESSE
12,1 THRRRY S 2EAThEE  HLHE 40 2 1 7 A i
ANTE, T 40 f 7] 43 v CD4™ T 41 i A1 CDS8™ T 41 g »
CDA4™ T 401 7] 73 4 JUAN Y BE, A0 45 JE V0 56 B T 41 i
(follicular helper T cell, Tth) % Bh 14 T 41 fg 4 Thl.
Th2.Th9.Th17.Th22 % L\ & Tregs; CD8" T 41 ffd 0 &
i 75 P T 40 M A2 1 T 400

CD8" T 4H g 7T B 5“1l 7% 7 4 B SR % 1) 40 D bl
e 240 0 s A A, e R T 5 L 3R R RN Il 15 5 4
JRLU T2, 110 CDA™ T 40 i ) 2 “ F 45 AR A7, B i S0 &%
G 1) BEAR AR R, e R AR S A (BEE
Wik 4 B PR 4 LB 4 i AT CD8” T 4 i) 1 v 1,
2 5% REY . CD4™ TY41RAF MR R A R
A 40 e D e O Th gt = E 2 5 gt A d .0 B
B PR A7 3 0GB RN 2 ) e e, I SRR AR BE 0 IR
H; @ Thi 40 AT 43 90 ) TEN-p AT TL-2, 34035 206 41



. 718 - 252453 Acta Pharmaceutica Sinica 2026, 61(3): 716-726

Figure 1

Inflammatory response of each cell during the development of AS. AS: Atherosclerosis; IL: Interleukin; IFN-y: Interferon-y;

LDL: Low-density lipoprotein; MCP-1: Monocyte chemoattractant protein-1; MMPs: Matrix metalloproteinases; NETs: Neutrophil

extracellular traps; ox-LDL: Oxidized low-density lipoprotein; TGF-f: Transforming growth factor-f; Th: Helper T cell; Treg: Regulatory T

cells; TNF-a: Tumor necrosis factor-a

FICD8" T 4H Mg, 0 i % 40 I A 9 Ji7 B 52 453 20 2 103
W, ARG A 5% G A S IRGIR P D1 28 AN P 7
TR R A2 R B) TL-5 /2 Th2 40 ks A 1 40 i R 7,
TR Tl AR T O R A 4 1 9 Ak B B R AR T BR A AR R,
B4k, Th2 41 B 43 94 (4 TL-4 AT 4041 Th 408 1 & J&, M
I 4E+F Th1/Th2 “F4i7; @ LLJ3 i IL-9 JRFAE 1) Th9 48
Ji1 2> 5 20 i b A A e b9 O I BT AE IR RS R
B 52 AR % B @ Thl7 4 n] 43 IL-17
AIIL-22, B TR 28 40 i PR -1 T TL-8, W 51 PR 4 i
S 498 5 25 I i, R M T R O 5 S S AT % R i
PV 5 I 9% FOAR S (1 R A R © Th22 4 i th 7 b
IL-22, A5 Th17 4 A A 1) =2, & AN 50 i IL-17, Hon]
ISR T bR A (R Rk i 3 A5 R E S 4 i
(P JULE ) 905 20 B ) 384 0 L R 58 @ Treg
S PRE S 43 WA 98 240 M R - 2 TL-10 G A 2R KRB
(transforming growth factor-f, TGF-8), PR il %% f B 35
S A) 50 R, dE R G,
1.2.2 CD4' THRERI D LIBIE ASi#HEE CD4' T4Hji
TE AS H D) e A 2 7 THI IR, Bk T4 I % S AR 7
B DR 43 A AR 2, B T E A PT Ok AR AS IR AR K
JeU, ASBEHth CD4' THIM & &+ T, BA S
ThHl Treg RELIAE ), 5 AS B 2 A5,
CD4" T 21 a1l {2 9% 40 M 43 A6 A2 30F AS R AR
J& o Th17 20 i (1 45 11F 2 308 % 3% TR 7 4 R AR DG AN
JUAZ %247 yt (retinoid-related orphan nuclear receptor pt,
RORyt), i i 43 4 TL-17A IL-6 F1 TL-23 25 48 i R T2
HERORE SN, IR AS FUEERE . b IL-17A W] g

AR 7 208, FEKs Hp PR 20 i A0 G A i 5 A 3 %
I 20 25BN B 2RE [ RM . Thl 40 L 7E AS B B o
IR W, 5 Th17 46 0 2540, Thi 20 B 23 12 2k 58 0 1)
K& . Thl 40 i 0 4F £ R 1K T-box FK ik % sk R 1
(T-box transcription factor, T-bet), 3 i 43 WA 4 21 it [A]
T ELHE IFN-y ATIL-2, 4% 5 Bh 40 i S 2 Th RE, Tni% AS
B (B12). Mk, IL-2 7] DUE i CD4" T 4 i 3G 58, ¥4
T AR A5 40 M (natural killer cell, NKs), 38 1411
) EEPE, I H SR ZU AR 2R
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Figure 2 Differentiation of CD4" T cells regulate AS processes.
Foxp3: Forkhead box protein 3; GATA3: GATA binding protein 3;
RORyt: Retinoid-related orphan nuclear receptor yt; T-bet: T-box

transcription factor

CD4" T 2 fitd [7) 417 58 14 48 i 53 A 25038 AS R A K
. Treg 4 a2 175 CD4™ T 40 B A 5 1 9 028 s v 1)
B, LI KR R R AR S R T XK HE B P3
(forkhead box protein 3, Foxp3), i i 43 ¥ 41 j [F F
IL-10 F1 TGF- SR 1] 98 A S B - 15 8 4T . K
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TR W], Treg 20 I T RE 5 Bl B & /> 5 AS
KU, Treg 4 il 43 W () TL-10 £ TGF- 2540 % K ¥ 7]
N A A0 B I 2 T ICAM-1/VCAM-1 /%
i, SRR B D) Re RS, B0 R I IR S BT U0 R )R
A, [F) I B G SR A/ ik 200 e ) 55 4, AT Dk 2 - B AS
FME RN, 54, Treg 4 HE 43 WA (1) TGF-B 3¢ 1ML
- LA WA TR L, DA 1 JR S ) 4T 4E i 45 44, [ I
] MMPs B & B85 11 5 R B A, 19 5 AS Bt B B 3 €
PEPY. Treg 20 A ] 1Y 9 Wk 240 AR 1) 7 Wk g 77, dd it 3
o 98 T 41 Mg, #05) NLRP3 28 i /)N 44 A7 0 oK 48 B T2 e,
Uk 5 9 0 S B ASP. Th2 41 M 3% ik ¥
GATA 454 % 11 3 (GATA binding protein 3, GATA3), B
A0 R AR E, AT LUE I 43 WA TL-4 TL-5 F1 TL-13 45 40 g
TR HE B 4 ) 3G 5 AN o Ak, P B AR R e, A8 2%
AS R EM . Bk Ah, Th i il 4y W6 1L-4 . 1L-5 F1 1L-13,
FJ A Th/Th17 28 69 02 2 75, (22 M2 2 0 240
PRRR AL, S 258 SR, TR AS i 222! (18]2).
2 CD4' TR EZRHIRE
2.1 BAEEAH

T 25 B A K 22 B L 0 W A R 1) SRR R A .
I %) OBE @ 1 A & B % 02 B 1 (glucose transporter,
GLUT) % id i B 3F N 40 )5, < 86 C Bl 3 i
(hexokinase, HK) 3 [2 {4, 4 %] %] H -6- 1 2 (glucose-6-
phosphate, G6P). G6P HJ 7t % %j B -6- B & JIit &
(glucose-6-phosphate dehydrogenase, G6PDH) 1] 1 14,
{E R 3 N IR 1K i& 12 (pentose phosphate pathway,
PPP), A= it L M ol TR R A1 i 20 J0F Tk e Jot M 4> — A%
T2 1% FR (nicotinamide adenine dinucleotide phosphate,
NADPH)"". [ T #E N PPP & Jl % 1 IR 5l % A i )i
4k, GOP i3t — 2 7£ M2 AL A i 2 B I (pyruvate kinase
M2, PKM2) #I1E F R 73 i A N B R, A8 ) il i =
IR IF (tricarboxylic acid cycle, TCA) 1 OXPHOS
SEREM R, FEAER R KR AR . SR E R
AERM T EERAAON IR, X — 1 P B ARy
AN I A, B Warburg R8BIV PA R 5 1 28 K A
] R a8k A4 E N 2R A4, 7E T4 A R il Z B (pyruvate
dehydrogenase, PDH) 1 H T ¥ 44  Z IE 4l A (acetyl
coenzyme A, acetyl-CoA), FHit— i@ FLFR I EEE (lactate
dehydrogenase, LDH) ¥4t A FLER ML #2"Y (4 3).

CD4* T 2 i 11788 25 bl A 70 L J0s 38 5 DA B 7y
PN A R AL (W1 Th1Th2.Th17.Treg) H /& 1% % ik
FIFEIE o BRI AN SR i e i, S JE a5 A
FEYIFIME 5 I8 %, 9% CD4T T 4 M i 734k
2.2 FEAAERARIS

JIE 7 1% o 2 L A AR 1) P2 ), R D e AT RE T H

TR 5T B BORT R 1 B A, AT G Bk i - AR
FBEAR AP A Re i . BRI BRI 2 (W B 78 K U, FAS
G 5 BR 464k (fatty acid oxidation, FAO) 1 A 4H j #r
PR AR HR At e 5, 78 Uk U2 4 M 7 AR o . o 5 H 4y v
EHEEMEO . FAS KA MR H, acetyl-CoA #1A
N FE FAS I BRI/ . acetyl-CoA 7E acetyl-CoA 21k
fitf (acetyl-CoA carboxylase, ACC) fI{E F N # 1L N A
Tt -CoA, JIg U7 % & B (fatty acid synthase, FASN)
7 NADPH Wy /E I F, 3t — 20 # acetyl-CoA F1 5 —
I -CoA 45 & LR B R i+ )\ Je IR JF itk — B & i &
FHINE, & PR (phospholipid, PL). — Mt H i i
(diacylglycerol, DAG) F1 = & H i E§ (triacylglycerol,
TAG)™ . FAO J& 3 i R < B Mg 1 75 2ok i oh 73 i,
B PRI 8 B #% F5 B 1A (carnitine palmitoyltransferase
1A, CPT1A) 72 K FRIE N, FAO JE 1T A= sl K i ATP Al
NADPH 4ERF 8 18 H 45 A1) e 2 Dh e (K 3).

JIE 5 B A 7 CDA* T 41 B 1 73 A 3 2 A k2
FEARFE7 VR o ASIR 0 i 17 2 A B A1 2 2 35 52 T
CD4* T 40 g & 153 7] 42 ¢ 7' Th1/Th17 20 g 5 S 40
il 14 Treg 40 i 734k, -

23 REBNIH

IR 2 ((NH,) R % (-COOH) —A™ a-Hi H
O S MEE (REE) AL, &M B B ot BB AC sy, e ah
RGBS 2 5 H AL MO R e 40 R D Re . E
W R B R W) I AR AR P i — 8 A R, G o
T2 (a-ketoglutaric acid, a-KG) 4 A 2 BR Bk O R
AR FROR AR TR R A R TR 2 R 5, 22 B0 R il
AR . BEEHRBAEREZAMNIERT, KA
FNE IR 2 o- MR, AU 2 5 /AR
IR, SRR 4y M 8 e M 2URE I NH,” (il i
PREAEIA ) T A BB ZE R R . ek 48
HEN TCA B A2 B A4 A8 B 4%, 3K B RE 2 A
HOE AR . T R TR Y &R A (glutamate
dehydrogenase, GDH) FI1E F T A4 Bo7s 2 ik, 4 2 15k
fié i 2 (glutaminase 2, GLS2) F- i3k — 5 B 45 & W i AR
N a-KG HBEHUNH,", a-KG #E TCA N4 FE it fig
=2 (E3).

AR AU /E CD4* T 48 i 43 ik 72 v 93 38 55
ARG 5L A, ARG il B o i 5k
LI E T R R AIRES R IE F AR S S
HUHI 200 CD4* T 40 704k o B 98 R BN, ¥ o B K
B A 38 il I 1 (solute carrier family 38, member 1,
SLC38A1) fF 45 & Wt i i i A, Foaed 23 w] Bl 5
5 Ak R T O SR AR JIE UK (W N 2K CD4" T 48 i (1) 42 H
RT)RER . LAk, GLS2 ik = 2 4 il 48 S B I 1) 1 2 IR
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FIEAL, T R2 CD4" T 40 M i 3% AL N3 5
2.4 PEEEEAH

JOEL ] i o — o i 7K [T, AT B
WA, SCELAH M 0 R A 2 R A BAE B 5 i
FIIEE B s S R A T RE Y . 20 A 0 D50 o R[] e e D
TAEIA ¥ LDL UKL, 3 6 J0RE 1 A1 %5 B2 IR 25 1 52 4
(low-density lipoprotein receptor, LDLR) iR 5], b 4h, iH
[ P A% B W H 20 M o AE [ R A ) S R 1R
(cholesterol biosynthesis pathway, CBP) & ik . CBP HJ
FREANTIER, BFER R RIRIEE 5 E & A
MR @At B IIRIZLE L acetyl-CoA Nitd 5, FEF2
OB R Ok B A & A M (3-hydroxy-3-
methylglutaryl-coenzyme A synthase, HMGCS) 1)/ 1k
™ R B O R R OBt B A (3-hydroxy-3-
methylglutaryl-coenzyme A, HMG-CoA), ifi J5 /& HMG-
CoA 1t Ji [§ (3-hydroxy-3-methylglutaryl-coenzyme A
reductase, HMGCR) fI/E R A B 2R« N iif£E
T R 1 JE BE [ (farnesyl pyrophosphate, FPP) #& — Fh{if
T 5 D A IR AR N B I A 58 SR AL AR, BE TR
JE B AR A R AL, ] T A RO e . I A
B F& B A S I I 2R O I IR 45 = R Ui AR A 1Y
W, 85 G 4 B SE AH OC 1) 2 Rk S B A AR L
5 25- % F£ 1 [ B (25-hydroxycholesterol, 25-HC), Hi
UL [ 5 25-F¥2 AL [ (cholesterol 25-hydroxylase, Ch25h)
AR (E13).

£ CD4" T4 g, AH [ % (¥ S ORI CBP #1241 i
JE S J Py 6 75 o MEE BEAC I 5 CD4™ T 41 i /Y
A Ia A %, A 1 i H [ B 0T 3 58 CD4" T 48 f i
ST, AR A P e AR B o1 5 PN 5 DRI L 4 L D e
FIRE T .
3 CD4' THRKRWERZEEASKELRIIER

CD4" T 21 i 75 e % B 25 i 78 v 2 22 0 M B AR
A BNEN G 73 A AR, X B AR i FRAR KR JE
2B E A e . ARG g A 2 AN AR A [
TP S5 BRI TS, e e A o A R i . T BE
SRR, AR L Be B A A& U 5 oK, B E
EREHEES 53 7 CD4' T 48 M 1) A [F] D) g
TR (W1 Th1 . Th2.Th17 A1 Tregs ) 434k 1 iriz .,
30 ERPERZFSCDS THRERSLIME
ASHI{ER

CD4" T 2 it bl A1 St 5 i 3t 3 17 fie ¢ 4 i 2 Y
Ak . WU CD4T T 40 Mo 3= K Ji 28 ki 1A
OXPHOS 4E### SUIRES, 24 CD4™ T 20 i b i /i 23 1)
HE i GLUTI1/GLUT3 $2 e 1 4 B 16 W Ui, JF W0
HK.PKM2.LDH %5 5 i, fie 2t 41 i (i L OXPHOS

BRI PR IS AR, TN B2 A 77 e, A2 B ATP Al
AW BT AA, S FE Thi A Th17 25 24 S 40 A f bR ik 4
B 5 20 M R 10 43 9, 0 R B g A R NPT A,
CD4" TYIML% 4k J5, PPP & 43 [ i & th 2 39 i, 1 X6} 38
P FE R AN A il B R . TR R
TP T B, CD4” T 4l i 1) LA OXPHOS Sy 32 ZE A
REIBAE, HEHF Treg 4H M (1 S FHIAE FH, SCHFF ROAE A
IERIAZUE G,

TE AS BEHUHIR B (v 8] 45 0 5 s AL M) 4
PER, CD4* T 4 i i ik 33 5 478 197 A 1L 6, O 1 42 4% 1k
Th1/Th17 5304k, AN AS %8 5 35 & L B B 1 72 i Al
PEHC ) AR E B v T R e A B s B
GLUT1 [ ¥% e fift OC 5 Wy 4o 7L 1R Wi 20 5 A (lactate
dehydrogenase A, LDHA) £l PKM2, )& 5 “Warburg %%
77 7Y ) R T A, 494 5 LR AR K, (695 CD4* T 4l AR 5t
I3 A6 AR %6 1 Th1/Th17 240 M, K & 2 W IFN-y.
IL-17AIL-6 %5 48 i 40 i[5 1, {3 AS K 4B Kk JE!.
AW FCUE B, CD4* T 40 i () PKM2 /v 3 1 5 4R 64 22 4w
TR (R 10 AS BE B F f ¥ DG B, B0 /) PKIM2 ] 9k 42 0
2P (K 4).

3.2 ERHRREERIZES CD4 THRIER 7L
EASHMER

CD4" T 21 e A i B AR Wt 57 85 [0 2 33 40 g 1)
Th1/Th17 & B 4k . BOE G CD4" T 40 f ] | ifd
FAS i F& 1 (1) 5% 4 B 41 ACC1 Fl FASN (1) % ik,
acetyl-CoA & KA MR 7 B8 LA 4 Th1/Th17 48 B i)
PG, N A R VY, KBERITIRA CPT1 s
HEN LRI, 3E4T p-A Ak, 7242 ATP I NADPH, 3 #f
Treg 4 A 11 G0 22 4 ) Th RE A2 e P @I ACC 45 53 1%
0341 75 BELIET ACC 1 AT 0 Th17 40 B2 i 504k, Jek42 Th17
A T4 B S R, B2l Treg 40HE 1K 7>
B9, ghAh, E FAO JC8EEE CPT1 3G M m] 3 5 28 ki
PRARY, SCRFE Th2/Treg A H 73 (L AT REFR € - 1" FAO
WET, CD4" TH I E 5 e e R AL, A
1A 184 5 W) 05 524K y (peroxisome proliferator-activated
receptor gamma coactivator, PPAR-y) #& Th2/Treg 7 ft.
A% O % R, TR g I R AR w2, A3 Bh T4
[ AN

1E R R IR 26 A1 N, PR CD4* T 4 i 22 i i 3
58 FAS £ G 1 P iy AU He 77 24 855 308 438 2 401 ) {12 58 3R
AL, ARG P9 R 4B, e AS R AR . e K B g
JIi BR 3R 15 o, CD4+ T 40 i b1 55 B2 il ACC1 1 5% FAS,
e fd CD4* T 41 ifd 171 {2 % £ Th1/Th17 41 i 5 fh 48 £,
AN Treg 40 M 73 A /b, TR 26 24 CD4* T 40 i 2 7
AS BEH IR AL, N 28R e Y (K 4) .
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Glucose &Glucose-&phosphate GOPDH_ pentose phosphate + NADPH _
PKM2
'OXPHOS Pyruvate
lPDH
PLIDAGITAG <NADPH pfajonyi-Co <ACGAcetyl-CoAl——LPH 5 [ actate (EORED) Cholesterol metabolism
FAS HMGCS
Long chain fatty acid HMG-CoAMDihydroxypentanoic acid MMevalonate-S-phosphate
| Acsts Aot LCoA FPPS Mevalonate pathway
Long-chain acyl-CoA Oxaloacetic acid FPP—s —> Rac isoprenylation
/RipH cs R sonentni
CPT1/2 Malic acid Citrate FDFTI ab isopentenylation
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Figure 3 Major metabolic pathways of CD4" T cells. OXPHOS, PPP, and glycolysis belong to sugar metabolism; FAO and FAS are fatty
acid metabolism; glutamine belongs to the amino acid metabolism; mevalonate pathway, isoprenylation pathway, and sterol pathway belong
to cholesterol metabolism. ACAD: Acyl-CoA dehydrogenase; ACC: Acetyl-CoA carboxylase; ACO: Aconitase; ACSL5: Long chain fatty
acid-CoA ligase 5; a-KG: a-Ketoglutaric acid; a-KGDH: a-Ketoglutarate dehydrogenase complex; Ch25h: Cholesterol 25-hydroxylase;
CPT1/2: Carnitine palmitoyltransferase 1/2; CS: Citrate synthase; CYP51A1: Sterol 14a-demethylase; DAG: Diacylglycerol; DHCR7: 7-
Dehydrocholesterol reductate; DHCR24: 24-Dehydrocholesterol reductate; ECH: Enoyl-CoA hydratase; FAO: Fatty acid oxidation; FAS:
Fatty acid synthesis; FDFT1: Farnesyl diphosphate farnesyltransferase 1; FH: Fumarate hydratase; FPP: Farnesyl pyrophosphate; FPPS:
Farnesyl-diphosphate synthase; GDH: Glutamate dehydrogenase; GLS2: Glutaminase 2; G6PDH: Glucose-6-phosphate dehydrogenase;
HAD: 3-Hydroxyacyl-CoA dehydrogenase; HK: Hexokinase; HMG-CoA: 3-Hydroxy-3-methylglutaryl-coenzyme A; HMGCS: 3-Hydroxy-
3-methylglutaryl-coenzyme A synthase; HMGCR: 3-Hydroxy-3-methylglutaryl-coenzyme A reductase; IDH: Isocitrate dehydrogenase;
LDH: Lactate dehydrogenase; LSS: Lanosterol synthase; MDH: Malate dehydrogenase; MVK: Mevalonate kinase; NADPH: Nicotinamide
adenine dinucleotide phosphate; OXPHOS: Oxidative phosphorylation; PDH: Pyruvate dehydrogenase; PKM2: Pyruvate kinase M2; PL:
Phospholipid; PPP: Pentose phosphate pathway; SCS: Succinyl-CoA synthetase; SDH: Succinate dehydrogenase; SQLE: Squalene
epoxidase; TAG: Triacylglycerol; TCA: Tricarboxylic acid cycle
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T 20 i fik 3 434k o Treg 40 M A 17 384 I TGF-p 19 43 3%,
DA J2 145 Th2 4 A 10 3 14 A0 56 0 R 1 DO REC; B0 )5
) CD4" T 21 o] & 3F 2% 2 e i (1 A 4, @ i 38
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IRCRT CBP $84x b i, [) ik 400 ) AEL ] 7 A0 VA, T 5 e
JIEL [ I R R M N S e R R A 5K . BT FE RN, CBP
Ei T 25-HC 16 2, (L3 CD4™ T 4 i 7] 42 % Thl/
Th17 40 f 22 5L 20 A6 . 7 e fIE ] 1 afi i /) B A 2 o
CD4" T 28 i A 3 (¥ 5 AE S S48 N, 2309 Th 4 g £
BTN, Treg 4 /b o BEAL, JH [ BE iR 4 A4 AR
1 25- ¥4 HE BH [ B, 2 RORyt 19 K SR L 1k, A8 % ¢ ik
Th17 fEA SR A 70 AE12

1 i ME T B R 5% R, CD4* T 41 i 4 JE [ AR R 5
FOLACU 3 5, B[ B2 Ah it 32 B, (2 CD4* T 41 i 17
fie M Th1/Th17 40 73 03 2, I FF B 10 2 1 Treg
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Figure 4 CD4' T cells metabolic reprogramming regulates the process of AS. ACC1: Acetyl-CoA carboxylase 1; GLUT1: Glucose

transporter 1
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Figure 5 Mechanisms by which metabolic reprogramming of

CD4" T cells regulates their differentiation. AMPK: AMP-activated

protein kinase; mTOR: Mammalian target of rapamycin
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