© 2622 -

2% %4 Acta Pharmaceutica Sinica 2022, 57(9): 2622 —2641

R EE R MIAEE S R R N EN SRR

FHED, 'O

(1. " R R i 290 50 0T, B 2500 70 18 5K B st a2, Bifg 201203; 2. A ERFE B KA, dEAT 100009)

T [T %y e 5 AR R I AR Re 5 B A R, A UAARHRA S A AR N AR 5 — B B 2k o [T S 3 1 e
2 I8 25 Ay AR o R G TR TR T I R e PR AR B I S, AT S 8 AT PR G 28 I8 5 o ) I i 1
T WL A bR G B 7 AR AU o I SR AOBIE T A R, 200 A A £ B A 2 5 v R B R A
E T, A S0 A2 P80 A 15 A o P W 8 08 0 e A, T T 2 A O B 52 2 ) AT R AT [ B, 3L T8 B VR T T AL
S0 ARSCREE T [EA G g% AN I A U U 2 AT 1 SR 1 S, MR TR T L SRR I AZ R AR 1) SRR A R A R 4
A 3% R T AL, R 590 ST T e AP 155 28 T o D) B T8 — S 2 2 A L S ML, B E R AR
P T AT G328 L BOLAI AR, A3 I T AR B ) G 2 T T S s SR AL IR AR

SRR PR MR B WA S s S s AR AR et T

FE 525 R966 RRFRINAED: A X EHRS: 0513-4870(2022)09-2622-20

Metabolic regulation of innate immunity in cancer
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Abstract: Innate immune system, a non-specific defense system formed after birth, is body's first line of
defense against pathogens. Innate immunity also plays a key role in the tumor immunosurveillance. With the clinical
success of cancer immunotherapy, the regulatory mechanism of innate immune cells in antitumor response has
begun to draw increasing attention. Recently, it has been recognized that metabolic regulation plays a vital role in
innate immunity, in particular in the tumor microenvironment where the metabolic reprogramming in cancer
increases the complexity of immunometabolism yet also provides therapeutic vulnerabilities. This review summa-
rizes the recent progress in understanding the metabolic regulation of the innate immune response. We discuss how
metabolites of glucose, amino acids, lipid and nucleotide metabolism regulate the function of innate immune cells.
We pay the special attention to the metabolic crosstalk between immune cells or tumor-immune cells in the tumor
microenvironment. With the review, we hope to get a better understanding of metabolic regulation of antitumor
immunity and provide basis for metabolism-targeted immunotherapy.
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JERE, dEFE G R A Thae . [EIEE, AR5 ik
VERAE 541, BELHER i [ A 5 9% 40 i 1) AH G155 il
%o (EARE RIS, R A2, IR O 5% X phRE
AR R T S 22 40 B 5 0 2 4 L 3 A L B R AR R
fiE; 5 b E B, T 7 TR e BB IR T
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W] A 4o % 2 G5 2 P 40 B A Ak, B9 B A i
(macrophage) ¥ ZEIR 41} (dendritic cell, DC). H 2R %
37 (nature killer, NK) /055 . &7 G 9% 48 Mo xF T 447
PEARAE MR RN AR R PR AR . o, B4l
Ji 38 ik Toll £ 32 44 (Toll-like receptor, TLR) /B %1 Jig %
B (lipopolysaccharide, LPS) %597 it & #H 5 73 7 8 X
(pathogen-associated molecular patterns, PAMP), ¥ i
NF-«B (nuclear factor kappa B) 15 ‘5 il %, {2t M1 7
o M1 BB R GH B AR I H R R R AL, W R 1B
(interleukin 18, IL18). i /8 4K 5E Al ¥~ o (tumor necrosis
factor o, TNFa) R XA ¥, LI FSFH—HNUEAE
fi (inducible nitric oxide synthase, iNOS) 7= A& 7% 1 4
#i% (reactive oxygen species, ROS) it i % 5iF e B, FF 18
R AR AE R B SRR SZ 4 A0 . DC 4l e g
il TLR 32 7R850 PAMP, 7R L H0E £ . s S
1) DC 4 g B 1 Be 4 WA {2 48 IR+ BASb, Be il ad i i 52
X R {EH (antigen cross presentation) % it B T4 4
J% (adaptive immunity). {EiZid 2, DC 20 i i $HL
g, m TPt E S HEMAEZEY (major
histocompatibility complex, MHC)~ #TJ51 1% &£ 73§ CD80
5. CD86 JE R &), 3L T4 M1, B T 40 iR

NK 20 A 8% F i NKG2D 25 %45 40 B 305 52 48 (killer
activated receptor, KAR) & ik , il i B¢ 50 1 Hi B 2%
(granzyme) F1 % fL 2 (perforin) %1% i K e 4i g . It
41, NK 21 1 §E 53 WA Tt 2 y (interferon y, IFNy) 541
JLER 7, TS e % T RE

] A 5 B W 1R v SB A, ARV B SR A I 2
A5, RE 0% B2 I JE 3 A m) 1 15 B, 8 s B2 ) S
FER% . EWEAN L 23 1 M2 B AL, @5 0 WA IL 10 B
tb 4 K K 7 B (transforming growth factor 5, TGFp) %
MR T, AR ZBRET 1 (arginase 1, ARG1) R 1E
&, KAE AR AH D RE; R, 20 h g N R AR KR
(vascular endothelial growth factor, VEGF) &5 it #f in %
LHAMMEE . DC UM AL 7E TGFAIL10 251 %8 [
FAE R #2252 7 DC 41 g (tolerogenic DC), 43
WA TL10 5 4H 1 A 1 40 ] S 28 B0 - NIK 40 Jifd U 2
TGEB &5t & -1 IR R, il NKG2D #1IFNy (1)
15, PR 20 B s D Re™ o e Ak, i il SR Y 0 1) 14 48
il (myeloid-derived suppressor cell, MDSC) A& — 5
WGk 240 e A1 DC 240 i RO 1A 200 M, 4 3o 7 £ TL 10
VEGF &4t R R, RAIE e i fH 28 Z e
WL RN, [ A % N R AR AR T R R A %2
WA & e s H LB R Thie (B 1A).
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DR I 968 G 38 I 5 1) B LAY, [ g% B 7
R B R AR R e R R R A AR . EEMRE K
A, PR A g S R B R A SO A R % 4 I .
P 4 Y 38 o R I TNFo 55 MR DR 7 BB A, 15 B
R A . NK 4 i i« % 2 B 3R LI, B RE 6%
PRI 2R 3 B AS 2R 38 MHCI (1) Jib 988 41 g, 43 i S il
M2 FLER S A0 75 40 1 o 00 b e 4 L, DR R IF Ny
PR JORE o VT ) i 98 4 LR 0 H 1) Mk 9 AH 5% Bt SR
(tumor associated antigen), B¢ 1% # DC 41 g i L I i
B, WOEIE N %, RIEDUMIREER

it 5 e g ) kR, Tk e A i 3 i 22 BB ) B T
PR DA v 1 AT S R 4 (] 1B a8 4 AR T
[ EE 7% 11 IR F 1 (colony stimulating factor 1, CSF1)+
TGFB-IL10-1L4 55 48 ffa K -1, 93 55 i 83 AH O Wi 2
(tumor associated macrophage, TAM) 1 DC 4H 1 /] $t
JilgRg D RE o R B, i g 20 R THGE A0 R 1 CXCL2 46 5%
HhJE MDSC 1T # 2 i I8 S 52, IR IORL 48 fild - B
2 4 ¥ B B B T (granulocyte macrophage-colony
stimulation factor, GM-CSF), {&& # MDSC % % % 7% 41
il D) RE o i BT 4H i 58 FE 5 R I TGFB T 1 NK R ik
NKG2D F1TFNy, FR i) NK 2 i () 40 it 2% 45 0 F

Jie 23 44 i A0 1 % A N, AE 1 B B R R D



- 2624 - 222224 Acta Pharmaceutica Sinica 2022, 57(9): 2622 2641

91 [ B, TAM.DCMDSC %541 fflif fg % i@ it %2 Fh 7
O E FAE T 8 4 o B At S e 4 A, — 20 1 o
Jie 38 4T A P S PR AL R Y T A 2 4 P 2EL 4 I TR A2 i e
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Ko T M1 2Y [ W5 A B vy B ARG T AR I e, T M2 28 )
I H A TR T R A 4L (fatty acid oxidation, FAO) Al
AL BERR 1L (OXPHOS) HIARCSHEFED,
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H S AME 5@ M. R, AR5 78 fE 2 W 3 41 i
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JH T AR U R AR 9 52 2 %, I B e T R A A Ak
HEFE B TT WA N, o PRI I, TR A 5 e LA A 5 4 g
B ThBE R I L 72 ) O & 51 T Mk 59, MR
WEFL OV ¥ T BIREAR T L 20 5 R A R0 g A 5 4% 2%
AR, A3 R S R AL I R (R 1),
2.1 PEERRR

HIRFE R i B RE R . — N, [EE
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YA Th e 4ERE . 7E [ 4G e 02 20 B 1) LB,
4T NK 20 DC 4 i 25 22 Fof [8] 7 928 4T Mt w0 1 e
FH AR 1 il 2> 2658 O, B0 [ AT G 58 41 B 0TS
I R i 5 T A A TR B P B . KRBT SR,
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Innate immune cells and their interaction with cancer cells in innate immunity. A: Functions of innate immune cells in the

immune response; B: Cancer cells reprogram innate immune cells to promote the pro-tumorigenic phenotype in tumor microenvironment.

DC: Dendritic cells; NK cells: Natural killer cells; MSDC: Myeloid-derived suppressor cells; LPS: Lipopolysaccharide; iNOS: Inducible nitric

oxide synthase; TNFa: Tumor necrosis factor a; IFNy: Interferon y; IL: Interleukin; ARG1: Arginase 1; MHCII: Major histocompatibility
complex II; IL10: Interleukin 10; IDO1: Indoleamine 2,3-dioxygenase 1; TGEf: Transforming growth factor f; GZMB: Granzyme; CSF1:
Colony-stimulating factor 1; VEGF: Vascular endothelial growth factor; EGF: Endothelial growth factor; CXCL2: C-X-C motif ligand 2;

GM-CSF: Granulocyte macrophage colony stimulating factor
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Table 1 The summary of metabolic inhibitors with the potential
of regulating innate immunity. FAO: Fatty acid oxidation; HK:
Hexokinase; LDHA: Lactic dehydrogenase; GLS: Glutaminase;
ODC: Ornithine decarboxylase; FATP2: Fatty acid transporter pro-
tein 2; FASN: Fatty acid synthase; ACC1: Acetyl-CoA carboxylase
1; COX2: Cyclooxygenase 2; A2AR: Adenosine receptor; NAMPT:

Nicotinamide phosphoribosyltransferase

Pathway Target Representative drug
Glycolysis HK 2-DG
LDHA NCI-737
NCI-007
Glutamine metabolism  GLS CB839
BPTES
Glutamine analogue JHUO083
DON
Tryptophan metabolism  IDO Epacadostat
Indoximod
Navoximod
Arginine metabolism ARG CBI1158
ODC DFMO
FAO CAPTla Etomoxir
Fatty acid transporter CD36 ABT-511
FATP2 Lipofermata
Fatty acid synthesis FASN TVB2640
ACCl TOFA
PGE, metabolism COx2 Celecoxib
Adenosine pathway CD73 Oleclumab
A2AR AZDA4635
CD39 SRF617
CD38 Daratumumab
NAD' metabolism NAMPT FK866

HK) %%, 68 T U 2 Fh [E A 5% 40 i 16 2 RE, 6036 vk 55
M1 B E SR A4, B TL18 323E1,; 1155 LPS % &
19 DC 41 (¥ Be s acts 52 6 ™5 1 RE ek /> NI 4t i 4
TFNy Jf: 90 1) JEL 25k 7 Th ™) [ A 9 728 400 JH oy ] v 2
PRHG T FE A2 H Wi O BE 7 A A, 7E [ S 2 20 M s
0 S0, [ G 72 A R A L T W T AR RO 7 A AT, DA
b G 28 5 (1 R B T R0, S — T T, B AR
T RE I ] P24 e 28 PR AL, IX e AR A v] LR
2RSS 5 R R N (B2).

TE bS8 SR 355 o, (1A G 8 200 L S5 7S K AS TR 7
I HEARHRRAE . CD11b i 2 40 i K 2 #4852 30 W 1
AR 38 4% ) T PR 9 R AR IE, A0 R S 9 40 ) 4 )
MDSC #1 TAM"". £ 2 B G 5 {8 42 (1) /)N B J8g A 24
HRIE 52, T TR B 7 i 5 i i 98 A A 1% Hh MIDSC Al
TAM 1D RE . QR FH 21 45 0% 20l 2- Bt 48 -D- 7 & 0
(2-deoxy-D-glucose, 2-DG) 1 ¥ 1% fi# e 0% 98 55 TAM
) A1 i 8 28087, HE 2% B € 3R 1) AR K % R e T
UL 2-DG L RE 9 /0 iR S 85 o MDSC i) 3,
SE 2% FL s gk F o A R e AR o AR R R AR B
Wi 4 il GLUT1 5 [R5 F GLUT1 #0161 771 WZB117,

8 4% 101 i) TAM [0 02 Ji 988 A FH, AT IR ot Jisk it e s
JEPO T IR S S5 R, N2 PR I A A O R
FEIKR N, FEBEAE IFNy 736 52 2 FR 1) [F10F, 5% 5 22 40
KA R R IL B, IFHEHEE TGFR I ™= A 1E . T
TOUBE S A= PR O B 2R BE -1,6- — % BZ B 1 (frutose-1, 6-
bisphosphatase 1, FBP1), F L& F+ NK 4 Jifd (1) 4 1% fi#
K, FFR R T Re

IR TSRS, R TR S5 e [ A G 4 )
FBEACU R LA Y 25 00 S M o AT T e A
CD11b" i 28 40 J 470 /i J68 D 6E f4 [F] I, T RE 23 BRIl NK
SRR RSN D RE o DRIk, T FOORE R A 1) B0 5 VR T SRS,
IS0 AN [ Ji g T Ok #4254 FH IR [ A A 9% A R
i 20 b 5 A FCARURRAE, 7 B8 S0 I M SC B YR 7 3R &
211 FLER  FLIR W TR AR 1 2 i AU 7 ), W TR A
WG AT R B AR R B A . FLIR 2 i 32 3
RAVEMIHEACHE =2 — o TE MR A B b, iR 41 A
2 FLIR 1Y) 5 L TTERE, YR T Rg 4 i L P B
RS R (Warburg effect)™ {5 [a] - A &4 151 46 72 B
AR LR o R A i P LR T DA S o £ R
R R #% 38 18 4 (monocarboxylate transporter 4, MCT4)
AP HE LR I NI BE v, 6 T R ) [ A e 95 A4 i e A
SO o PR () LR RE 0 BELREE F T [ A S % 4 i
JIE b S2 AR 0OE R E Sl s, RRE s s R AN K
R R EAER

52 4 6 2 T 110) L R 52 A 2 e o T M AL o ek
AR, RIS PR R A S e A . A
TR 52 AR AR R S B A R TH Y G 2R ARG A2
& 65 (G protein-couple receptor 65, GPR65), ‘& HE /i
FIBRCER B R SRS R BE, BN EE T AE A B IR
(cyclic adenosine monophosphate, cAMP) & i, Ji& # B¢
E U cAMP 2R TE A &5 45 8 H ICER &35 I fie ik 2 4%
SR T, JR I R 2 R I S F R Th e [FR, FLER
38 BE 8 LU SRS 1 R BE AR ATL ) 0T 2 i 3 T
11 G & FH B 52 4K 132 (G protein-couple receptor 132,
GPR132) A1 GPR81 & F (M . A WU R I, LMK £ g
Wil GPR132, fie itk ELE4H 1 %35 GM-CSF 2 G 2 411 il
Iy, FEAEREE NS B IR, (H BAR R
BLHI 1 AS B A 25200 AR L3, LIRS #h T BAI0OE GPRSI,
IS NI N cAMP KB, R3] 01 I A5 B T,
NG T AL 3 SRR 5, ] DC 48 B Y Bt S i
SRR IL12 KK . Horb, 85 B8 - 4] 15 1 foh 22 1 1R
B (calcineurin phosphatase, CALN) /3115 51% T3
ok T AN, FIA GPR ZARTE A [F 4
1) 22 S AR KF AT Re g T FLERA A (5] [ A7 4 2 20 i
() 25, 22 7, (LA IR N B T o
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Figure 2 Glycolysis and innate immune response. Glucose imported by GLUTs is mainly catabolized via glycolysis and the intermediate

metabolites are branched into multiple related pathways to support the function of the immune cells in the innate immune response. Lactate,

the ultimate metabolite of glycolysis, activates intracellular signaling cascades by binding to proteins or affecting intracellular pH. Extracel-

lular lactate in the tumor microenvironment could also activate intracellular signaling via binding to membrane GPCRs. GLUTs: Glucose

transporters; G-6-P: Glucose-6-phosphate; F-6-P: Fructose-6-phosphate; 3-PG: Phosphoglycerate; PEP: Phosphoenolpyruvate; SAM: S-

Adenosylmethionine; MCTs: Monocarboxylate transporters; GPR132: G protein coupled receptor 132; GPR65: G protein coupled receptor
65; GPR81: G protein coupled receptor 81; NFAT: Nuclear factor of activated T cells; PHD2: Prolyhydroxylase 2; HIF 1a: Hypoxia-induced

factor la; ICER: Inducible cAMP early repressor; IL2R: Interleukin-2 receptor; ROS: Reactive oxygen species; CALN: Calcineurin phos-

phatase

R T EBBOE A B2 AR, LR e e [ A e
2 0 2% 1H £ 32 A MCT S 0CPL R PE NI, A4 S v
WEEAER . —J7 1, FLRRBUE 51 R R N AR,
N VAL T 48 A% X ¥ (nuclear factor of activated T
cells, NFAT) 1A /K-, 41l NFAT £ 3 i) NK 41 i /)
IFNy } F A % 2 52 ¥ (interleukin 2 receptor, IL2R) ]
ik, M55 NK 0808 D e A, AR thae %
HESEARS G, s 5. LREWESE
L E H c-JUN, #ii] c-JUN 5 E3 72 3 % 2 B FBW7 ()
SEr, ] c-JUN B, R 3 c-JUN AL B fr S T i
K% %, $2 7+ MDSC % 1 g 70 shab, FLRRES
I8 o 00 1 R =G F2 AL TR 2 (prolyhydroxylase 2, PHD2)
(¥ s, N U PHD2 f 46 1) HIF-1a 25 (1R B4 B 1,
HETA BELAS T #5234k HIF-1o 48 55 E3 12 3 % 3% i VHL
(Von Hippel-Lindau) ) i #£5", #8 il HIF-1a 85 (A £ &
PE, #4598 TAM S M Dhae™ . B 7 5EARE A,
FUR B HaZS 5 E A BRI B . Rl AT
FOR M, FLRR AL 34 A K A AR AL (lactylation) 2

I, T SR AR S AN A . B R A ) FLIRR
i e HEALEE B H3 5 18 L IR FLIR AL i i, L
ARG & M2 R ALAH S B DR AR 2385

FL A, T b8 el A 58 rh LR 1 OV 1 IR AR R
M B TR o A0 ) R AR P A LR S (lactic
dehydrogenase, LDHA) /b 7L 7= 2E, # I\ il fig &
— T O A G B OR SR . EARE R, i
Je AW 85 v v R MR RORE I A 19 CD11b" 8 A% 48 i W] g
RN EH . AU LPS R M1 B E
WGk 240 7 A= 1) LR RE LA B 7 6 ) 7 sUUE GPRS8, 410
il M1 B AR AL, S8 7 iR oA 52 b ) CD 11" B 22 41
it ] B A7 AE AR BL o R, A H LDHA #0157 g
i [ I 400 1) b e 4 L 5 AR e 2 L ) LR 7 A,
55 G 2 H R AR BB 1 7 AR . (AR ORI R, BT
W, Rk LDHA J& , NK 40 il (1 470 i e 71 32 240 1,
$27% 7 LDHA XJ T NK 2 i ¥ 24 52 D fig -+ 75 8 220
PRt ] LDHA X O S BE oA 527 AR 2 i B
PRI, 75 2 5 R 48 4R 78 LDHA 0] 551 655 A [A) e %
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YR sZ R, DA B LDHA #6157 7T & 51697 38 28
2.1.2 PEEFERREE Y SARAE, BT
o | ) 5 B B A I 22 2% 00 SR S AREAR N ) TCA
TEIN B2 e, TR G AR HE A2 40 PN TR AR 1) 2R
A, X — R T E =P Re /R A R 2 5 — AR
8 At AU B R, 0T T 40 BRI T e T 4% LA S B AR
F o LRI, X 300 P A b B A 7 2 e 3 4 [ AT S
S22 H 60 1 Dy B RN IR 32 B SRR T S AR % . 4
R T WA T B ) 6~ Tt T T W A N I A S S
% 1 R TR B# 32 12 (pentose phosphate pathway, PPP), fig
i 7 A A TR R A T i SRR PR P A% H R % R (nicotin-
amide adenine dinucleotide phosphate, NADPH), 4
M1 B B A A i S AR R P . B R I Re it — P
Pbes — AR, 2E RS-l H B2 R (S-adenosylmethio-
nine, SAM). SAM s 2 i P9 FH S A0 AZ 15 1 HH 2 R 4 o
2 AU A IR R 4R H3 I 36 A i R T AR
b, EIAIL1A %R 2 FE I A, {2k M1 Y [ 0 28 i )
el o 5 EIR N S ALL, A I %) v 1) 7 47 3- W IR H
TR IS 22 R & R g, RE % S 5 — AR, @it
5 20 B A2 3 ML Y G A A OG 3 TR I
B WEBEMR O 5y — R A ) 6- IR R BE S 5 OB
it 4= W) 4 B i& 42 (hexosamine biosynthesis pathway,
HBP), 4 R 5- B BR-N- L 2 5 #i i (uridine 5'-
diphopho-N-acetylglucosamine, UDP-GlcNAc), £ 3 M2
RURH G 40 B R 5 R B R Ak, X T 4+ W 4 i M2 B
WA A BB RE . AL, A 5T T B IR 44 1 X
WIBHER (phosphoenolpyruvate, PEP) BES1E APt ALY
Jii, B 1k MDSC 52 | ROS 51k 5 451 B fig 1) &
A m E] AN T T A S 4 L IR D e A B TR AR
F, FEAN [F) S 7 1) [ A 4 2 40 i o o 75 A7 72 2R AL i AR
FH, B3k S AU 4 5% i 4 % Ty e 1) 43 T WL 55— 2R 5
WA, H AT AS BT . b Ah, 78 R O B, b TR
3 S % O6F ]G % 4 R T RE TR SE IR, R R 2 R G
PEINIR.
2.2 TCAfEIR

TCA TR AE 2 LA h kA2, 3% H 20 i & e A
R f AR U ] 1 B IR ZECY . TCA PRI AN N A
P A0 L $R A BE = AR K oy 1A BUT R B R, TCA
a8 P2 Y0 40 -l 1 R (a-ketoglutarate, a-KG)-
2- 2 A & — R (2-hydroxyglutarate, 2-HG)~ I% ¥1 &
(succinate) X g (itaconate)- & & g (fumarate) %5,
i e AN R T AR B AL, X T [ A G 4 T
REF= AR LR . X e AR A A % o s A PR R
R 5 A5 1 5 T X e 40 R P 5 5 38 I R R LA 1,
WREAR NG 540+, B0 20 B R 1T S 44, k4%

G TER (E3).
221 a-KG 0a-KG & TCA i ¥4 (1) 5 2 o (8] ;= 47), i
SEAT I PR i & B (isocitrate dehydrogenase, IDH) f# 14
AT R B R AE . AN, a-KG A8 A &%
R =k, a-KGEE R YRe 2 — —RIENREMES
57 XU A B R BRI R, X — T g RE % 1 4% B H
AL TIRE . W0 a-KG {22t DNA 2 F Z: AL g IMID3
IR A H3 28 27 A R 5 AR e i, il
E i ARG1.CD206 5 J [F] 2 7 {2 2 M2 L 41 i 4%
tho a-KGiEfefE it PHD /T 2 Fh & B 10 2 240 &
i o i@ i i 3 kappa B #1 PA ¥ BB (inhibitor of
kappa B kinase, IKKf) ¥4k, #1114 NF-«B i i, [}
il M1 2 [0 40 AR A i o (2 B3 HIF e (2 5 4L,
R L R A, T U M ZY AR A 1R A O B R e 0. it
A, a-KG 2 VF 2 7 2 S B B R A= 1. 3R,
0-KGZ 5 AT RE T BA RE R D6,
T 1 A B AT
222 2-HG 2-HGHYEHAAL} A L-2-HG F1 D-2-HG.
Horp, L-2-HG 7 DL H1 37 R 1% it 2086 (malate dehydroge-
nase, MDH) 1k a-KG 7=, {H & H A AL S0CR i (% T
2 A AR AL SR (B S SR IR AR I ELEE TR 1
RA i D-2-HG 3 % i1 4% 1) IDH i 46 A2 A
B, 8 IR H O A G 40 i Hh AR R B 2-HG #Y
TEHAEFI.

H R 705 £ (0 /& D-2-HG, £ R IDH 2848
(9 Ji TR M o A0 A TR S M e S MR R AT A 1
S5 2 Bl iR o 3 47 75 IDH =A%, 3 d SE449% DL IDH I
RAFNF . RAR N IDHL/2 5T A4 A IDH K — R
WIRFEAE L, AL 0-KG ¥ 48y D-2-HG. D-2-HG A A
PR3k R R AR R R IIRE D, 72 o s AR, 43 310
I R TR I, D-2-HG B T4 T e
S0 E B, R R B MR O B . R B
D-2-HG Bt [ S e 40 i B, K54 s R AR
o G B W40 3 B A D-2-HG fef L v R FE R
#1214 1 (large amino acid transporter 1, LAT1) )3 iA
K, IF Hif S R R-2,3- XU i 40 2 (tryptophan 2,3-
dioxygenase 2, TDO2) & FJE, MM 12 (20 2 1) 3%
B Je 4y i AR 2R R IR & B2 (kynurenine, KYN).
KYN 5 E W 48 i fi 53 (1) 55 & %2 4% (aryl hydrocarbon
receptor, AHR) 45 &, € i7F AHR # A7 3t N4l f % 5 5=
P5 2B e BTG A XRE &5 B B0 s 2 Gk, Fesk B
IL10. TGFB B3R iA, #F i K f g s sl . thah,
D-2-HG Fe % 001 i J5 J5 988 20 P 2% o 1 77 ik Ab 3 11 /)
JB2 J5 48 i 7 TNFa IL6 55 ik Rl ) 3k, 573 -7 ML
AN X — RIS T D-2-HG g% 1 1 [#
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Figure 3 Regulation of innate immunity by TCA-related intermediate metabolites. A: a-KG, as a co-substrate of dioxygenases such as

PHD and JMJDs, is required for their catalyzed enzymatic reactions; B-D: TCA-related intermediate metabolites, including succinate and

D-2-HG, can competitively inhibit the enzymatic activity of dioxygenases due to structural similarity with a-KG. Some metabolites, such as

fumarate and itaconate, also affect various signal molecules via direct binding proteins or forming post-translational modifications. KDMS5:

Lysine demethylase 5; GSDMD: Gasdermin D; NF-xB: Nuclear factor kappa-B; SDH: Succinate dehydrogenase; KEAP1: Kelch like ECH-

associated protein 1; Nrf2: NF-E2-related factor 2; TET: Ten-eleven translocation enzymes; NLRP3: NOD-like receptor thermal protein

domain 3; JAKI: Janus kinase 1; JMJDs: Jumonji C domain-containing protein 3; a-KG: a-Ketoglutarate; 2-HG: 2-Hydroxyglutarate;

SUCNRI: Succinate receptor 1

A G LA ) Th e, (52
MR

HASVE R, D-2-HG 7 E b 40 g v (/8 F B
ABRT- 5 FLAE B8 4 i R I LR AS R AR [E] . 7 IDH 28748
Jigg P, D-2-HG 32 2238 i 57 4 PE 1] a-K G A i 1 30
TN 5 R AR, L 45 DNA 2 F 3L VA &R A
Z ARG RSSO R S Al R, D-2-HG 1Bl
-S4 ) T 3B o-KG 5 G BRI 7 20K FE R AR
Yihag, HIX e R LR A 0] B8 7E IDH AR A5
Y1 it H G A7 RS BOB B LR B, D-2-HG 7F IDH
R i 8 RN S5 4T B R A FE AL S [RD, AR T RE
Y R D-2-HG FHR 22 5 ™.l TR 5 40 i
P D-2-HG 7K T 52 5638 1 1) i 32 3R BT B, 40 i
P B D-2-HG /Kl T IDH 2248 s 5 & 7= A2 1
D-2-HG KV, i ik B 5 o-KG B Re G ik B,
IXAH AR 55 40 I B X ) D-2-HG 7] BE 5 R 3 LL o-K G
s G AR 7 ORFEAEH
2.2.3 FEIAER  BEHAMR 02 TCA 538 i AU £ 1)
FEARI Y. H AT BEETER X A G A HLE AR 3=

HARH 7> THLHAA it — 25

LRAETEWRMN. A0, LPS #UH B W40
J&, TCATEH 2 R A B8, LA s, Joh—A
“Ir 117 A2 IDH ()R8 R, - HL A BE I Sk 18 1 52 1
IRG1 (immune response gene 1) [I3&iE AU, J5#
PR e AT AR PR B A AR BRI, AK R IR 3 ik 5 4 11 411 1
SDH i, JERUE /Wi i, S EIRHIRR I A,
BRHRL 1) 2 AR e IR B R AN i M1 B R Ak, AR OR
FIHLE) = B2 K LR 7T O RO 85 48 AR AL, 28
FRE) 3R FH R BE 08 55 5+ 11 400 1] - K G R 8L AR XU 42 I 1
BTG . AnBE I AR AL A0 1) PHD Mg 352, 3k 17 4111 PHD 46
U HIF Lo 2 38 A6 B i, {2 32 HIF 1a /3 (10 IL1S 3%
BV BRIRR [F) 1t B 5 S PRI 40 2 1 2 F R AL
JMID B, 2 REAR 28 B 7 1 3 5B @ 3R 3R R e il
ik B 43 AN 55 4y i i 7 SO0 B R 40 A 3R T Y 5% E
FR 52 {4 1 (succinate receptor 1, SUCNRI1), i IL18 3
kP, SUCNRI & — 2% GPCR 2 &, 8 i B0E T it 1)
5T TR AT R R A . LE ) — TR AL R U,
SUCNRI "I~ Jife 8 i 300 1 Re A2 12F DC 41 i i 7% R 7 A
P g 2R 7, O AR Y S BT T Y,



25 Gy AR IR OS5 1A G 88 I 5 L T 7 3 e -+ 2629 -

$27% T SUCNRI W0E £5 5 1 4 i 1 A 26 {5 53 % ]
Re TR T LR R A A . % JE B SUCNRI £ £ il ]
A G 5 A B SR THI 350 A7 20, TR A IR 0T HL A [ A 4 9% 4
M AT B A s2 e, {H E TR R WA S HRIE

TE Ji 98 S o B e, iR 4 e Sk 95 1 35 2 TR % T ]
A g oire e KIEREEN . EROFRE.
Jiiti 9 55 22 Fh o b 2 R A2 SDH 2847, 5 3040 il 9 11 3%
MR SRR, FEH B BRI IR BRI . A W FUIIESE,
TAM [ 32 & SUCNRI BB AN A 55 KR IATR, J5
I O HIF 1o 38 2%, (2 328 B 248 B v 83 il 24 858
1R AR TL6 7= A TL6 S K e A F T i gg 4 A 2
R A M B ¥, TR T BREA R A 5 1 e R — e 2 4
AN AR R B AE AP Ak, iR kA 55 R A B
HR Be 75 45 8] A5 5 9% 48 B A 5 X, J8 i SUCNRT HEAK
HR 7 2R D RE, A fridE— PR R
224 RERER AHEIR I F RS2 S Pt 2 AR
Y. RERRIFAE TCA [ (e 4CH Y, T2 TCA i3
[A] AR B W I 3k B2 4 IRGL AR P2 26 . B F A0 R 0
LPS 53380 1 Wk 200 it 0% 5% fif 0F TCA i PR i ik 45
R i IRG RIS, 77 KR IR R .

A R TR W 425 [ G H 9% B AL, B AT AR
FEERERA T . — 77 H A2 A FE B AN BE R J
o-KG B A 25 FEE, Ref8 & A Se 4 M. dnAk R
PR 5% 4+ 1 $ 1 SDH 75 4, SDH /& 2R Rith & &4 111
MR 5y, DTk 7 ROS 742 o AR it #)1i SDH
Ae M M1 2 5 A0 i ROS (1772 AR KRR R I R
W5 a-KG 5% 4+ P 45 & DNA XU i TET2, PR i
TET2 B, 0 LPS 75 5 (1 A ¢ B (R R kB 55— 7
THI, A< R IR R 38 i 8 1% S5 A2 10 0 A DR IS 5 4 T I D
R EL#E = A . (O KRR fe fi 5t KEAP1 (Kelch
like ECH-associated protein 1) & [ [ 2 /N7 55 1) 2 it
RAMRIREL, P KEAPT 50 % 5 A - NRF2 (NF-E2-
related factor 2) [f)45 4. NRF2 5 KEAP1f# & J5, & 4
7 NRF2 [¥F& M, fefl st DEPT A E R, 1k
Bt M1 G40 i b IL 18 R IFNS ik R P, @ 4%
T2 Jot e 4K 3-8 TR T 3 8 Jlt U (glyceraldehyde-3-phos-
phate dehydrogenase, GAPDH) 1] 22 17 2 it & 1%, FR ]
GAPDH ¥ i 77 , #00 i 4 B fide, PR il M1 L W 40 i Al
FEBN: (B A R IE fit e 3L 4K, Tanus W 1 (Janus kinase
1, JAK1) 2B IR ik 2L, F JAK E 5% 5 &
S 0% 2 A 6 (signal transducer and activator of tran-
scription 6, STAT6) 1 3 i) M2 A4 B 4k AH 5% 11 2 [K] %%
K @ AR BERIE i 5 & NLRP3 f) 548 fr 2 ot & e
A “dicarboxypropylated” & 1ffi, Fi #ill NLRP3 5 NIMA #H
KBl 7 (NIMA related kinase 7, NEK7) 4 B./F H,

i) NLRP3 A5 19 2 Ve /NS Ak, 3001 0 20 B R 73k
IL1A™ . Ak, 47 30 3 38 rl B IRG 1 RE % 3 5% DC 41
J PR S 3k 5 e 0, AL ] e S A R R 4 il DC 48
Ji1 (1) OXPHOS #H 2%, {H B AR ML 1A~ B 1

H AT — 2R B R IE, R T A RERR A e
T HINER o« 75/ 5 6 3298 0 O S50 11 52 6% g
R R I, TAM P2 A48 R EAK IR, KRR dt T
TAM H OXPHOS 17K ¥ F1 ROS 7= 4E, - iE 7 22. 3¢
J5 & 4k R B (mitogen-activated protein kinase,
MAPK) i## . T3t TAM 1 IRG1 ) % ik /K F 7] LR
) 50 P e aX — R I 5 AR RE R 1 il SDH
Bt i% 72 A2 ROS I HLHI AN [8], 7T R A2 BT 78 iR (o 452
R A PR A A OB A AR
225 ELEE W SERAET tBRIH IR 2 SDH AL
&, WREER G AR AR =Y. 8 SR
F: SRR i I B S B 1 B A AR 1) 7 g B
W20 P D) RE . ANl B £E T OB AT 43 F GSDMD (gas-
dermin-D) AEBZHY caspase 1 V)%, VIE 5 GSDMD g
SERAAE A M FT AL, R HER 48 ¥ IL18 B RE TSI
BRAMMWAET . & LRATEY (= HFEE SIR) 6
i 12 3k GSDMD Z& [ (155 191 47 = o 22 % 3% F1 R g 15
i, BRI GSDMD # caspase 1 V)%, $ il 41 ffu £z 1211,
B LR a-KG B A g5 M AL, BB S 5 iR 6 48 41
1l a-K G AR 0% R0 4 Bl 3 1, e ok 0 ) L 2 2t
F A AL Bilf KDMS (lysine demethylase 5), i€ #F 21 & H
H3 55 4 (7 e WP Ak, (2 3k g 40 i L i TNFo £
IL6 FRIA™, BhAk, & R IA g i NF-«B 18 47 1)
75 20, 1 DC 48 () bt Ji7 38 52 T e, (H B A4 i pL )
g AN BH BT o

H T, MR A B s R I e g% Y 45 A TR
B EEBNG A MR, B AR E SRS
fi (fumarate hydratase, FH) R (15 O, &7~ 7 M8
U P AT AR s SR 0 R A (HRE SRR S X u
JIe e 248 AR TS I+ 2 Wi e g A 5 v ) [ A B 2 A
SR TN

TCA H[a] 7= 4 0f T [ A % 9% 248 i ¥ Tl R 1 42 K
S FALEICAE TA DR, 2, BT 3 2R
FET B, H I8 [E A R MRk 2R, A
AN TR B 248 i 1) B 92 Dy e AR AU 5 A7 AR ORI 22 7 o
BRI, TCA A [1) 72 4 2 A A JFG A [ A 4 28 400 i
R A, VDR e 2t — B AR . IbAh, IhE
HFELE TCA AH AR B RAZ (45 DL, $278 1 7EIX 2L )i
IRl A AT BEAEAE TCA WA =i B0, B4, &
RS REMEAE NS 5 R e T8 4 i 0 [ e 2 4
MO A2 ., H T s = BRI
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2.3 FEBAH

IR L G B RO, RE S A Dy H Al AR
3 % ) SR U 4 [ AT S B 4 AR B I R . Ak,
Bk 2 M TR, AR B AR MR 5 T RS (E
SR, S EE A ThRE . BN, FEE R
(100 Jier 88 Ak P 58 o, LA 28 24 A R % e o R B R X
R <F R 8 R, e HL A A MR D RE . T
i AU R 425 e 8 A ER B [ S D Re, H AT L L
MR AL AR B AU ARG A BR A Y
231 ASBERE AEBE SRR E N
FERRYT . (B e P A M E T R R 2 R IR R
J& 1A 2 (alanine-serine-cystine transporter 2, ASCT2) $%
A A 2 Wt i o 33F N 20 PRI 75 B i 2 B
AN (glutaminase, GLS) /K NB R IR, Ifitt—
A2 &2 i &0 (glutamate dehydrogenase, GDH) %54t
N a-KG, #E NSRRI 1 40 i F W e g, (7] 42
PENACINE B A A . GLS A5 (14 = B & A Q!
T B A AR Ak B A HEAE R . R GLS
i 771 BPTES, RE % & 25 40 1] B W 20 il M2 B AR AL .
FOWLHI 2 2 W e AU 2 )5, o-KG & =D, 52
M 2H 8 11 25 B AL IMID3 A T R MAS I AE F, A
M #0#1) 7 ARG1. H &5 ¥ %2 48 1 (mannose receptor 1,
MRC1) & M2 BAH G HE K ) 187

BT TCATRIR, 12 2Bt t it 25 HBP 46 2 MU
T B, XoF T [ A G 4 i Y T R BE SRR (B14A).
JL PN A I Jie e 2 I i 6- B IR SR P R B
% (glutamine fructose-6-phosphate amidotransferase,
GFAT) fHh 25 08 B A 08 2%, K ¥E s MIE1EH . IL4 15
T M2 A I 4 i OO 5 3 A S I e B A R
) 38 22, 0 <5 2 G I Y B A0 o 0 A 35 e 0% 0 55 [
2 g M2 B AR AR, $ IR T A STt I -HBP i #% 6 T
M2 B! E AR AR B B . A, IR R R B8
il NK 2 it 2 05 MRL B 3= M o4l R R E L B
BPTES J{ 1% ML, $27- Bk T GLS il i, 1% 2 it ik 2
50 JH A A 38 B %o [ A e 75 4 L ) D e R 45 B A
HER R, B PR R,

o T bR A PR 855 e [ 2 2 PR 2 I AR
W, B AT VGRS B D o I AT 3 B R A B
CD11b" i £ 21 M %) 75 Sk i 1 4 B e U7 B R 48
i 36 8% M) 1 LR B TL10 b 1R 25 & e & B (gluta-
mine synthetase, GS) &, 75 5 W5 41 g b 45 5 1
Fx GS e e itk TAM HiMfR Thie . Bk 45 Rl Reion
IR TAM il [ 16 e @B . b ah, J 5 88 4
Ji 5 NCH82 ) 5% 1 35 FR 2 At 5 L TAM R A &
iR~ bt & BRI [7) #4184 (glutamate cysteine antiporter,

xCT, X FR N SLCTAILL), SLCTALT it HE i A & R, 1%
HV b 2 B, T DR =R e % 4 R 40 A P 1) SR AL I8 TR P
171, {5 % TAM 11 SLCTATT R IA I A4 2% 5 Ui
ENLB

gr BRTIR, 25 S e 1 22 Bl A s 4 35 e 2
ARz ampYiae. ok, B2 BNZE & 2 Pl 2 B
JEEAD, 40 F e Ve & R R R, AAERF AN &=
BRI o H R, 75 S0 i A OC I i S A H ol 52
Wi [ G 5 A B 1R Dy R, 3 A it — 2P 7R o

A I Jrig A P 0 ) R0 A RIE R 42 32 B SR,
A G Tk i T 4 71 77 BPTES . CB839 K 4 Uk i 25 b 47
6- 5 A-5- A -L- IE 5 & R (L-6-diazo-5-oxonorleucine,
DON) J H i 4 JHUO83, 57 I R 51 A7 70 v e 30t R
U B0 g v P07, CB839 L& HEN T Il IR B 5T,
R0 HAE AL B AR A 3 B T R i i B 5 .
FAT, A %5 I PR AT B FE AR 1 2 20 i 41 1) 75 %
G BEDIRE AR o Wi AE I R AT B AL R B, DON
RE W 410 1) 22 A 4% 2 Wt g AH O Al %, BETEH T
MDSC fig T2 H I 775 5 H T 25 JTHUO83 I T/ Bl 7L
i e il S R A RV 9T, B 0% 1S 5 S 2 A A A R R
232 BEER AR - ROFAER, WIS
TIRAT . (VIR S A A I e T EH 2
A7 LA R . M2 B B4 A \MDSC fiif 52 7
DC 4 i TAM 45 [1] 47 428 240 0 2 325 FAO P51 WAe-2, 3 - 50N 4
B (indoleamine 2,3-dioxygenase 1, IDO1) f1 TDO2 fHEft
O R 7 E N-H B R JRE R (N-formylkynurenine).
IR (R AIE 7T R B, I 6 [ AT H % A I e AR 0A L Y
S FE IR A AL IL411 (interleukin 4-induced gene 1), ¥
g TR AR = AL I B -3- A B R« V- FH 6 R R 2 IR A
W] -3 - PR T i 357 e — 5 AR KYNTY,

JIe 988 A 53 (8] A e 2 24 R A € R R T e
BEREEEZENEH (F4B). MRHEAE: 4 1) TAM.
DC 41 Jfs \MDSC % [&] A % % 4 il §€ 5 CD8" T 41 JiEd
AR, FECDS T 4 T R i R A .
CDS" T 40 fiu N 4 & R fit 45 A 2 5 3504 B N Ui 5 1
tRNA 1§ 2, 1X 26 {RNA i i 5 GCN2 (general control
nonderepressible 2) & 454, WIS NliEi@EE, $3CDS"
T 20 B A2 F BB AR > [R) B, TAM 25 41 ffd 7= 46 1)
&R AR P2 ) KYN, J8 i J03E AHR, 17 4% £ Ff
Go 95 F 1) 56 R ) SR IR, B HE BARAR P RSB T SZ AR 1
(programmed cell death protein 1, PD1) Fi&{E#E CD8 T
N A AEE"; 75 T T 4HE (regulatory T cell, Treg)
34U TR R NK 41l p46 #H 5% 5 1 (natural killer cell
p46-related protein, NKp46) Fl NKG2D &5 5 14 #H 52 43
TRk, PR NK 40 A 0 40 i o5 0 78 R 2 33 DC
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41 L AN A B T Treg 1995 5 A8 0%, EASERN
&, KYN fig i i AHR A 75 2K, 8 28 i 40 B ok
BR BT WO 7R T 2 ESY $ROR T KYN BB 65 d i
AHR A1) 77 O FEAE L, B2 X — WL 2 7 7 [
B kA, HEmw A .

0 U IR AR TR H 1 5 K 1) S e AR, 51
AT 6 T X S S R T R G e
IDO 1l 1) 1 B I B 3 BK o Il PR 1B 90 R B,
IDO 1 F1 i 751) B % 184 50 e 28 A 2 s 0 ) 5500 440 97 28, 43
Z /MR IDOT BRI #1571 (epacadostat.indoximod.
navoximod) S5 /5 HEN T ImPRES o I IR THH RS TR
Hi epacadostat 1 anti-PD1 # {& pembrolizumab B¢ A %
T A PR A BB R A A MBS 2RI R TSR, 4D
R B AR B T Bk {3 A pembrolizumab, epacadosta Al
pembrolizumab X & 8 A I A G A0 & & 3k — P 3k Ak .
BB, 1% — I R e 2 I 5L R, o ok A B B 45 1
Hoop—Fhn] fE &, TDO2 AT IL4I1 /4 IDOT (1) [A] 1.1,
AIREAREE T IDOT AR HL, AT -3 B IDOT #) 571) ) vi
7RI
233 HBEER AR RKOPELR7aER, i
Jfl AR BRE G BORE 2R, (H 2 AN 2 DAAIREE A8, DRIk
75 AN RS 2R LA 2 755K . RS R R AE [
G2 A P E A DL R AR 77 K (81 4A): O dlid
ARG 7 BN S, J5 & 18 5 SRR LB (ornithine
decarboxylase, ODC) R /EH, 25 2 K1 & %
@ L iINOS 73 iy — A AL (NO) AR -

i U BR AU XS T W 4 i 1) ) R TR A= ML ] PRI AT 7
BORRN o R IR AR O T E W40 B it A
HER/EM . M1 A E 408 INOS A8 =R,
FEAENO MR Z R . NO — J7 [ K ¥ 4 2 i3k 9 5E (1) 1F
R o5 — 77 T Re 18 s 2k AR 45477, #f) M1 Y 15 ik 4
L) M2 BUAR AL AR TR R Be % 5 JAK2 K A= 45
&, I JAK2-STAT1 {5 5 38 B, 95 59 M1 AR A6 AH 5C 5%
DRI P 2R, ) MU W &4 e ) i 98 4 . M2 Y
E g4 e ARG AR &R, =4 BRI, )5 #
S 55 M2 M, G IONA OIS IZ, 1R 3 A% B
P2 46 Al T SA (eukaryotic translation initiation factor
5A, elF5A) 2 T & 1&1fi (hypusination), &3 OXPHOs
FHIE BN 1, 4EHRF TCA R 0 FIH 4% 138 B 1) 52 ¢
P, IE A3 M2 B AR AL,

7 i 988 A 55 7, TAM . MDSC . i} 52 %! DC 41 g
#)Fik ARG1. XLEA 5 CD8" T 4 i A NK 48 il &2
JE RS E IR I % R, 32 CD8" T 40 i 1 NK 41 i 45
AR H = (B 4B). H IRk = A6 #1 mTOR i %
PRI, 7T 122368 B2 (%) 005 6T T CD8” T 4 i A1 NK 41

KA DU D e 28 O EET gt Ah, RS R B = L
BEBIE CD8” T4l Py GCN2 J@ %, 41 CD8" T 41l i ik
A0, R H ARG #1577 CB1158, 68 9% fift I
il A2 A0 B A S ], KR CD8™ T Al g AR = R
fRA] S e, 38 i LA Ao 2 R T I RBCRP . CBIIS8 Bk
anti-PD1 FT K6 97 SR8 H AT 1E 4 T 1im PR 1058
Fro BEAh, SR ODC # il 771 - — 980 5 & R (a-
difuoromethylornithine, DFMO) ¢ %% fi# % TAM #I
MDSC G e 0 D e, ki 4% T 41 fy7 72 (adoptive
T cell therapy, ACT) Hl anti-PD1 FJ &R,

IR H HTRIAT TR B R IR A AR R 4%
] A7 S e 4 ) 22 T T Dh g . HRBR T Bk 4 R
LR, At B AR SR 5 FR AR U 2 £ ] 52 W) [ A7 4 92 48
JL, H AN BB . A, FE T 22 W R AT 7T IR B,
T T A S B A0 ) S R R A, I A T RE, B
AU 7. (RS2, B AT 0 2 B A 4 ) 7
R BT . BB AN B A, KA R A
P AR X0 % 2 [A) AT BE A7 AE [ HLAb, [ A S e 4 i 2 15
AT I A B DA v a3 1 AU 0 o 7 B T T
5] 00 56 750 7R 28R AR — ) A, AT R = A R
W
2.4 BERAIH

Ji o A2 B BE B o, 2 AR ) I ) B A
oo AR A A R, R B AR AR R B, iE
A UMENE S5 7, s ThRe . H A0 AT 5 32 2
£ rh T B 7 TR A UL [ e
2.4.1 BRRGER  FAO J2 40 o I FH i s 2 7 A ) =2 %2
U4 . [ AT B 2% 20 L A 0% 8 i CD36 45 i 17 R e
i H A5 O IR O S b B i B 0 T R B
H (lipolysis) 7 i flid 22 F 7 A= H IR TR - B o v i)
JiE i R 7 HE Tk CoA & il (acyl CoA synthetase) [ /8
R 548 A LG, AR A, JF&E— P
IR 57 A8 Bk %% #2 B 1A (carnitine palmitoyl transferase
1A, CPTI1A) i A0 5% 3 9 IR THE A B B 75 PR oot o s
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Figure 5 The regulation of innate immune cells by lipid metabolism. A: Cancer cells promote FAO in myeloid cells to improve pro-tumori-

genic phenotype of myeloid cells; B: PGE, produced by COX2-positive myeloid cells promotes immune suppression via activating EP

signaling; C: Cancer cells upregulate cholesterol efflux into macrophage to enhance immunosuppressive phenotype. Cholesterol engages

pro-tumorigenic phenotype via affecting ER composition. FZD: Frizzled; IL4R: Interleukin 4 receptor; PAPR: Peroxisome proliferator

activated receptor gamma; EP: Prostaglandin E, receptors; PGE,: Prostaglandin E,; cAMP: Cyclic adenosine monophosphate adenosine;

PKA: Protein kinase A; ER: Endoplasmic reticulum; CSF1R: Colony-stimulating factor 1 receptor; ABCA1: ATP binding cassette subfamily

A member; Mincle: Macrophage-inducible C-type lectin; GlcCer: Glucosylceramides
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Figure 6 Nucleotide-related metabolites in innate immune response. A: NAD" produced by salvage pathway and de novo synthesis path-

way promotes M1 polarization via facilitating DNA repair and glycolysis. NAD" also promotes MDSC differentiation via SIRT l-regulated

transcription; B: Extracellular NAD" and ATP can be catabolized into adenosine, which activates A2AR signaling and reshapes immune

suppression phenotypes of multiple types of immune cells. NAD™: Nicotinamide adenine dinucleotide; SITR1: Sirturin 1; PARP: Poly(ADP-

ribose) polymerase; ADO: Adenosine; eADP: Extracellular adenosine diphosphate; ADPR: ADP-ribosylation; AMP: Adenosine monophos-

phate
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