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Research progress on the effect of metabolic reprogramming
on macrophage polarization

SHAO Jiangtao, QI Junyu, HAN Zexu, GUO Xueling, QI Yike, WANG Yingze
(College of Food Science and Biology, Hebei University of Science and Technology, Shijiazhuang, Hebei 050018, China)

Abstract: The pathogenesis of inflammatory diseases involves complex cellular cascades within tissues, where macrophages
play a pivotal role. These cells exhibit remarkable phenotypic plasticity and can polarize into M1 or M2 types depending on the
stage of inflammation to adapt to the microenvironment. Environmental adaptability changes prompt macrophages to undergo
metabolic reprogramming, providing necessary energy support for cells to effectively participate in anti-inflammatory responses
and regulate inflammatory processes. However, research on metabolic reprogramming in anti-inflammatory therapy remains
insufficient. This review systematically described the mechanism of macrophages in inflammation process and the latest
research progress on metabolic reprogramming. It pointed out the challenges faced by metabolic reprogramming in treating
inflammatory diseases and suggests that future research on macrophage metabolic reprogramming should focus on the following

areas: 1) exploring the mechanism by which metabolic reprogramming products affect the production of inflammatory
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cytokines by macrophages; 2) conducting an in-depth analysis of the molecular mechanism of metabolic reprogramming in
regulating macrophages; 3) exploring the effects of individual differences on the regulation of macrophage metabolic pathways

and customizing individualized treatment plans based on these differences.
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A F-AL-A) (AN F-13(IL-13) A FE-10(1L-10) i E W 46 it 5 % R 3# K F (macrophage colony-stimula-
ting factor, M-CSF) S84 48 13016 . M2 RY 05 48 Jf 7% 28 0 52 7 e 399 B B R 4 A . B AR A LR S
1A A A A B AR AN (R 2R S R 2 R T BT . M2 R I A0 B 43 AT 6 A0 A PR, A TL-10,
AL A K F F-B(transforming growth factor-8, TGF-B) M g #F 40 24U & 19 A= & R F 55, B8 I 5% 48 4E 2 Wi Al
e LUER . A R, M2 B 20 5 SR AR 22 30 7, 3 S I R A O SN N 41 SUE & v 4 T
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Fs , EE S 5 AORE AL g4 208 2 s M2d BB I 20 i 0 B 28 Toll 32K (toll-like receptor antago-
nist, TLR) . 11L-6 IR 80 . g #F TL-10 Al 8 N B2 4 K A F (vascular endothelial growth factor, VEGF)
Fk AR R B R LS A AR A S I CFLIR R AR B B/ RNA B AT ST 4
i R 5 I A0 P AR P AN D RE L I 0 i R T AR B AR A O ORI AT B A R R AR S Y
T A A 1 W A0 AN AN B AT ST R D A | IR s A 2 245 A G T RS AR 4 SR S Y ¢ 1k DA
PRI AR TR S P
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FIE 7 AATXT M1 AY g A A A% £k A2 B8 Hy Ab 5t J5 AR 3K 3 i) [ A7 AR, A BF 98 R B, % H F-kappa B
(nuclear factor kappa B, NF-«B) . 1% 2 -1 (activator protein, AP-1) 5+ & #8475 A -3 (interferon reg-
ulatory factor-3, IRF-3) 45 §% 53¢ K 1 76 F W20 M A Ak o 78 rp 2 45 6 AR T, SR X 20 4% 5 X 1 248 RE
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ARG A 1 AR o 200 L G 7T 17 A DR A . R A A A 2 ) O 0 A Ak R B0 B S A L R Y AT R
PO S AIE 9T 18 SRS . G 2 AT A A I R SR S T LGB B B 1921 A L AR FE N B3 AEAF 5 i 988 4 i B e ok & R
XIS TR S0 2 4 25 W BUG on Ie  RAE B  E FLIR & I8, LB R 1k (oxidative phosphoryla-
tion, OXPHOS) 7K - & AIX . 12 5k 2 S5 K 52 S Warburg 20" 5 e W58 97 J& T X — i &% . FREEMER-
MAN %550 % 51 ML 5 I 40 390 S e A 52 7 8 3 (L5 0k ] EF 40 M 40 B B T B . SOUZA %55 11y
WFFE R, ML Y [5G 20 i 32 S0 T W 8% ik A 98 192 IO 7 2 (pentose phosphate pathway , PPP) ki /&2 B 11X
ATP By 752K i = R IRE PR (tricarboxylic acid eycle, TCA) E A AE K& A2 2252 B 48, 41 . OXPHOS FlJig [
fiR sk (fatty acid oxidation, FAO) 7E Mt FErp o, 5 M1 AY g 40 M AH S, 78 M2 BY 05 200 B HbOR 2 i 4
B R AL B ] TCA B35 5 4%, HAR IS P45 25 78 T FAO 1 OXPHOS R I8 | 0 R i X
R M2 B A AR 4R R A AR S TR S E I BB b i = e i 55 R (WKL 2) . it BRI A Ak 5 R 58 A
B L A AT DL A g A 4 ) I 0 R S IR R AR 2
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Fig. 2 Relationship between macrophage polarization and metabolism
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o RE RN 1Y R AR AN WERE R Ly PPP B0 SR Y L 7 A 5B T i R I RS AT TR B R (reduced
form of nicotinamide-adenine dinucleotide phosphate, NADPH) Ffl & #i-5-##2 . NADPH 0] #% £ g {f /|
JEHJE NADPH ALl . E A A NADPH 42 ROS KA SEHR JEUA L I 7 B0 20 0 S 17 b A # A% . 30
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Fig. 3 Glycolysis and lipid metabolism in macrophage polarization
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ATP, 20 Jf 1% Sl 42 At B A fig 1 A (ULIRT 3) . H RSl I K - TCA A6 IR A Bl % A ok 72 1) 1 i 428 1 L 78
A A IAEE T8 A AR D A0 R R R RE R R . FEESE AR T L TCA TR Z 2], 3L AR,
i HUT %5 F B R R AR g B IR L 48 78 7 — A3 00 A - LR vl 9 8 AL i TCA A6 R RN il A Y
F AR, HFL R T g o 2R 0L st A% ML S a0 2 A 1 2 i SR A L FLRR 0 4E ] DL K B AL A e AR L R AT E
W 240 B AR Tl M2 B BT I 9 NN R TG SR A 1R TR P A LR 0 AR I AR I T B R L 4 T AT
TCA 1§ ¥ 75 Rt AR b BT & #0E F 0 % e B, 30 B B T ZPLIRR 7 15 W 2 A Ak b i FE . 6 ML L I 40
Ji v M I A i 7 3 i e TCA A PRI 55 hy G B R AIE , 3k 28 AR b A (O b (8] 7= ) & A 2 BB o 75 SR Al o E 2,
X HE 9 RE Sy R ARG A SC B . #E M1 Y B W 20 B b, TCA 6 07 4746 1R A T . o T I3 — 15 06 & T 22 3% 30
i 1ot T A5 T LA G5t i 32 30 BEL T , A FQ O 7 W A 8 R ik L DR AR R FAC R R 4 SRR, I SR - W R G
PRTRAE RN IIPE . A Z T M2 AU W 4 A 0 e AT 58 48 8 TCA B, 3 X T /2 ATP F7 oK 2 ¢ H
B, JHA S50 i AT AU 5 T b B B0 9 265 B A48 s T 988 I I A B A A 0 AR B Bl S T M2
RUM AL 28 56 T B 2 S 6 < 48 G2 Tk e AF DS AT UDP-N- 2. 1 5 7 25 0 e B% . itk 4h, TCA P EF 8 E AR
W7 ) B Ay R RN AT S B TR o TR S R L BRAE B0 M1 Y 4 RS Ak (3 4 A AR R AR
IRAEARHE M2 7 5 g 0 i % Ak R B PR AE Y L X R BRI B T M2 B v 40 ] 1 o 5
) TCA M3 7= A K g i . HLHE7s AT« a8 55 A 5 7 A 4 58 AR 7= 9 B4 7= A= o] A8 0008 45 1 I 4 ity
WAl ast B . 3K — SR W Sk JF B ) S BE T YR YY T AR T AT RE
2.2.2 TCA 75205 g T2 8 42 B W 240 A% Ak

T AL B0 15 I 240 i e e A R g A AT EE BT R R ATP 975k, W B B 28 T TCA G 36 v ] 44, 4 5 A 1k
B AR T A . ZHU 00 i 5y K B, 48 R SE R RS il SMIY D3 il s (] i 8 9 4 1 i A TR A
i . 3% HA R I U 52 6 W W R C RN D I 152 2 A I 1) e S P L U0 TCA TR R, A2 1F ML AU [ I 4 ifd 1) M2 A
Al PR R AR . X — K Bl ad JA P TCA R 3R 5K S BT R AR AR T3 0 45 . BAILEY %7 1
BHHE SR T INOS f74: 1 NO FEH ST TCA 16 5 06 75 X0 9 #7465 2 3 0 B8 31 R £k LA B 48 i A B A 3¢ iR
FIAE R iR 52 T 42 R 5 200 M AR08 B 98 RN 40 I DR 1 7 A . IR R R Ll A IR TCA L i = 6,
Ak TCA G ER . 1T AR08 55 0 40 Jig vh 0 R F 19 7 A4 . ZHAO S5 5% 2 B0, A G 1t e a8 o ik 20
KRR =4 19 NO IHBIERE A4k TCA E3F, BE 6 LPS i 3110 M1 KM Ak 5 W 40 5% 4k M2 AU, x gk
KI5 A A e g A R T Dy e T B8 v a9 A% AR T JF A A SR N TCA AR g R AR EE A SR
P o 250 A FLHI SR 708 . 3 A RN B 5 I 00 3 3 A R Ol i B AR RE AR 5, AT TEORS B MR T
FTF 2 B G S 1 9 97 3 o I S TR T AR RE M
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I i Tt R T O S T A R R P T A Ry o B 3G 1R L B PR AR 72 TCA I B Hh i) & AR 08 o fal L T o
il 13 TR Wl S R M R A A AT R R SR . R ST 4 SR S W T A G T e A R D A R R v A 4
PRI A BT TR B X — A R A2 A PR FE L] % TR R IR T R A L, RORMER T
B — 2D TR R AT Sk A 34 7 1) EL AR BIL ] LA R 0 T A S50 o 3 6 3 AR DR TR YT A DG .
2.3.2  JRACISEE 4 R VA 45 W AN A Ak

B 2 40 1R AR I T G R 0T 9T R AR AR IR S RN T AR s R A B L L, RS
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Wik 240 i A 1 55 4Rk MK 85 B8 AR AR 1 AR 8 U0 R OGO LA Bl ik ok A A Ak A5 5% e b S B0 TR Ak 40 L Y OB
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WA FDIE L G . R BB 58 S R R N R 1 M I e Ak 3 7 A Vg R D R RIR B . BIANCO
AL AR o T 5 B W A0 v s A TR PR B I T (lysosomal acid lipase, LAL) %2 K 35 3k B fG 2 S 3018 it
OB R BRI M B v 20 i s ot R AR S BOR PP R A VR g

BT 0 40 2o R b ) SRR . LS SR . I 0 M i TR U A Sk A A g L ]
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(1 8 B K A E RS . HONG S5 S A FH K 4R i A1 2 3% 2 0 8 22 v 40 o I e 40w 4 70 0 8 . g
ISR 5% SN I N L e A S =3 = W i S S I i A = e o R R R o Y P R e = A
T T SRAE SN o AE I R b 3 g R RKCE o R AR AT gm AR T LPS U5 S B R AE A BT IL-6 . TNF-
a Al NO 7K (3G i, I 380 2o B0 FE AU it A ORI RS2 MR ) ROS A5 B, R LPS HB A Bk 48 it 4 b 1k
AL IIRE .

M2 #5105 4 7E A AE T 18 i 7 vh A G B AT BT B A IR B & T oK JF B T R T R A Ak
SRS T REME R AR IR 55 . Mo F AL &, M2 B B v 40 i b 4 A FE 3 0 306 2 38 1 1 Tk W AR
BT W) T 2 MR-y (PPARY) K 38 56 W) 1% A2 AR JL 06 IR 18 >R 553y . PPARy AT LUEHI AR D7 R 19 7% &t
I FLAE I ER AN TL-4 3T A5 M2 BUARAE 3 6 st . NELSON 45" SE M) PPARY 7E B 1k R J I 2
B A A s AE R S BH Lk ARRE 3 B A, O Al 1 A I e A A HEAE T . 8 H R B AR M2 AU
A0S A 7 T B T — PR L H FAO 1 OXPHOS W] 5 M2 Y 5 W 40 i i s 36 B9 AL B AR
IR ANHTEHT I RIRANIIIR . ARV H KR X LA R 5 M2 B H 20 D) 6e = 4] i 5k &% L 4
7 AR PR R B v ML 8V TP AE R .

2.4 SEBREEREIEEMAMRLNEID
2.4.1 EAERRACH

8 R 1) 7 2R TR 0 S AR A0 AR TR A AN SR B A R [ L R R A % T g R T T A 40
AE AN AR A I R S A AW A A SC B A R oG E B, Hvl, 2 ST Mg A Sy A i 8 59 R 95 B 7 ) R
FEW R X T B W AN R 4 S RE P (U TN JTL-1 TL-6) 4 J o 5 K 7 W/ ) 28 e s 4 4 It g )
P M2 AR NEEAL Z K CD206 3Rk R IEHTRAE . e Ah s 2 R A8t 78 L i 40 i B 1k b 3 i
A0 KRR 1 (arginase 1, ARGD T M2 BIE W40 br B (W% 1D, BAS AWM ZEN
BN SR W AE B0 40 b i /E FLED . A8 B 7 &8 WA S0IR YT 7 28 O R SR I R o HH BE i 1 S 1 B e
HeAilr

A1 RABARM A E K m AT

Tab.1 Effect of amino acid metabolism on macrophage polarization
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