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Research progress of glucose metabolic reprogramming in microglia

polarization
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Abstract: Resting-state or M2 phenotype microglia are mainly energized by oxidative phosphorylation of glucose, and M1
proinflammatory microglia under pathological conditions are preferentially used for glycolysis to generate large amounts of lactate
even under oxygen-sufficient conditions, and the tricarboxylic acid cycle is inhibited. The serine/threonine kinase (Akt) and AMP-
dependent protein kinase (AMPK)/mammalian target of rapamycin (mTOR)/hypoxia-inducible factor-lo (HIF-la) signaling
pathway plays an important role in regulating glycolysis and inflammatory responses. Glycolysis in microglia is restricted to
inflammation. Inhibition of glucose metabolism reprogramming can intervene the polarization state of M1 inflammatory phenotype
in microglia, which can be used as a drug target to inhibit neuroinflammation and provide new ideas for the research and
development of degenerative diseases, cerebral ischemia and other related drugs.

Key words: microglia; glycolysis; metabolic reprogramming; inhibit neuroinflammation; drug target

ZINFSE J T AR S R R B B TR G 4, X Ak
TR BT R OO B FE R T B, B S B
Je R G5 FIIRAT g8, W R T R AR A48 R Gu IV 28 —
RN AR, R IR AR A R B S N IR
5T 240 B A 5 23 6 ) DR T 2 D REIR S SE A R 0] 43 R
M1 g R BA M2 5t RAEE A M1 B /N B 5T 4
it RE 8 B 1 40 A K- 1B IL-1P) 25— R HI AL 4
AR, FEE T T — SR 7 3Rk 1 3 n
Zxk— B N JORE AT i M2 AL /N R T 41
BAPR A AL T EIRPER, vT 5 bR 40 i

Yris HER: 2022-10-27

PR LA R N JI50 A ) g e A 400 6 T R 4 e
2270, 30 AT (R BE A 22 T 0 ) R af XGRS

/I B2 T 4 4 S S IR S ) AR B AN T
HAAUHE R, X — I REAR 2 9 R 4
REST. AR B g 2 ) BF £ e i USRI 2 L A T AL
Ik S5 BEL W7 8 5 G A5 vl A S0 1 T 0 P 1) e 5 3K
— R T AR g AR R R A AR
L 2 A A /I IS 4 L P PR R IR 0 B 5T 4R T
W HIHLEIA TR B0 YR T A B g A T R A
Bl A A 28 JOAE 1R AT 0T B 0 i 22 3R AT PR O I

EGWE b =107 B R o 45 2 R BT A1 AR 77 11 41 (TD13-5050)
FE—1EE: BOAWF(1999—) , 2, il AE 3L, B 7877 17 A h 25967 M 22 A . E-mail : duancy19990514@163.com
FBASVEE : LA, JER, WL AT JC A ST BF JC 77 R A T 25 7R 97 1 22 48E . E-mail : wangshaoxial @163.com



F46% F4H 2023F48 %K"‘iﬂ'{ﬂ‘ti Drug Evaluation Research

Vol. 46 No. 4 April 2023 - 891 -

AR 22 R P R A S 0 4D e LT B A
TERY . AR ACH HE g R OISR T FE WA R,
TR R ERIR AR WL R 3 o AR STt /)N e Joia 4 i AR 16
2 T HP R AR 1R AR A 5 /0 1 J5 41 R 3R Y T 2 T
(199G &, 72 A AR 1k Hh BT 8 % (0 A S I AR Ak
PR B T B 1) 8 S B (AL K AMP 4% 1) 25
W CAMPKO /Wil FL 304 55 WA 25 2 2 28 - (mTOR)/
B IAE SR - 1a(HIF- 10015 5B B3 T 2508, B 12
JIBAT VRS ik R 0L 5 0 3 4R TR A Ak ) 25
PR AT (0 SR B B0 SCRE, A R Bt kA
PR -
1 RIS BB RIIERE
1.1 EERESTHRERKS

IEFEO N, AR R EN G E T ERE T
BEE G W7 I B A A E TR R o i A, Hep
7 B 1) B AL B R 1k (OXPHOS) A2 fix 2 B 1 7= fig
IR AN R S i BE R RIS R, TE OB
Filg CHIKO) B 150 SR 0 IR - 1 (PFIK- 1) 45 J1 v S5 G 1)
HEACAE SR i AR . (E TGRSR N, AR
it SR CLDHD AR F T~ 73 I 2 2B i FLIR (LA 5 LR
PR BREE . AR EKM T, NHER S T 22 h
IR = AE LB A, 2 5 = RIRIGIR , Fk—
A OXPHOS, = 4E KERER . /M 4 FH L A s i
o Tl TR IR 34 A2 L B AR A AR B IR R T PR A R
iR 2R IO e P e — A% A PR W B (NADPHD , 4 i iy
1% B JIEL ] I 1) A ) A L TR, X FLRR T RS
PEptREEAMY A — N EEE .
1.2 BERS TR ERE

ZINJSZ J5 44T B A B0 S D RS R A U 1%
ik R R AR T a4 1R B AL R AT AR ) R 1) 3
Fio AR B L v ROBE AT I AQ U A
FEFRARUR AR , Fo A B AR g AR 2 A O A

9o B % AR R I ML 28 28 /0N 2 ot 40 Mg 5 e 4
b 45 G % 4 PR, RIS FE SR 78 2 R T ) B
SRS TR R AR A BOR 2 FLIR , =R IRTE IR
52 ) $0 ], 5 e 20 i R ) “Warburg RO AHALSY
/IS T 4T PR 5 B S ML B s R AT I A Ak L
FIETE S5 Bl , 75 B e BINLEh B A 4 E SR 1 3
AN EZH 20 B R 1) 43 A 5, A5 ML 2R /N 2 Joit 4
AT e R Z RS W T RER M T SRR T ES
AT M2 BY B 540 B B Dy it dE o R B
OXPHOS FiI % fife 1) (1L BB A% L, IO W % g 7= A= =
Tl 8 i HF CATP) (1) 250 %K T OXPHOS, X i 4% 4k B
SRPUR T PR RE R (ERE R A TT DUAE MBS SR A 1)

/I T 5 40 B H B bl R A ATP, SR A2 S A E R
o7 34 441 M 6 39 P o R B ) K T SR R P AR A
PR 7 A0S 1 S (ROSO™ 12T, i e EOIR 28 J2 M2 Bt %
16 55 3R B 1) /)N J2 o 248 i U] 5 S o 2 e Ak 4 AR OK
AT FE A BE & DL SCRE IEH 1 AR A& 30

/N T IR 40 M AE A Ak o ML R i R e, 22 R AR
A S Bl ) SO UE B T BB E AR A AE . B
A R I Sy ) W T o AR T R g R A & b
VA5 I £ BE B 7 A AR PR A 3G N . 9 L 7E
JIg 22 B CLPS) 38 i M1 B /N B BV-2 /)N i J5 200 it ke
Hh W A OC BRI, T R DO T % B -6- T R i
fitf (G6PDH) LA J iR 1 fif LDH ) 2 14 3% 14 34
& B 12 R A 1 (GLUTD) & R0k, Bl R A 1) & 2
FEP)FLBR R ISR Y. Hoh S 3R I8 GLUTI 22 3
AR B, T2 E RS S
iz, 1 hnobE R E =Y. S A, LPS BB BV-2 41
JiL R 1R 28 B 41 B2 Ak R (ECAR) J% %] % W 5% HX (1) 1
T, B Dy B R U B TR B AR O AR B R D R
A b, R B R AR I R e L AR e 2 B
7= 4 i NADPH #] DL i NADPH 4 ALl 2E 1% F £
) ROS, NADPH it A fi i3t JIg 1 FE (FAs) & B » B 4%
3k M1 B B 48 i 23 Akt A RDE 4% 1R 1
LPS F3UE AR /N 5 53 40 B, 1R RE R L ECAR F i
BREAR Eh 000 7 B 10, B I I AR e (i gk L

B 7 BRSNS, ELPS B R WE 2 EE
BES Y (ASCD KB, 5IRF AR A A b, 11
ZFL K BRI P 70 52 I 240 L o T AR A DG T M2 R T
PR W (PKM2) GLUT1 J LW B 2 ff) 2k iH 8
Th e, B A 52 B A2 3 5 07 %5 0 -6- B 1R 2 SR -6-
MR 1Y 7= 3 %2, H = R R 1 34 52 3 FELAS 2 {5 v (7]
AR = VB B A0S SRR AE AR N R 52 A
ABLFR A2 A Rl 57 A BARS # A B 65 (PND)CS7BL/6 /)
BRABE Y o, 2ol R H YRl 7 7L TR 5 W T At 7 W R TS
%, T ATP M Bk i Ji V2 v — 4% 1 i (NADD RS 2
[ = N S NI R N i B R e
BE— 0 JJ MR B T SRE /N R 5T 48 B A AE AE AR
HFE

AR U G AR 119 R AR A AN A 8 T W 1 i i 45
B AR 33k , OXPHOS 3 4% 45 410 i 19 22 B 2L 11 45 Bl 50
Iy o RRIAR BN F15 BoR LPS KL B0 R G T i/
2 I 4 L JFG R AR 45 ) AR T A, 3 B R AR
RS %, BRI OR A Ay ARG, S I 2R A E
i B AR 40 i €8 2R C AU AL AN 3% E R I S0 (SDHD 1)
TP S T R A TR RN BE T R AR BEL M =R



- 892 - F46% F 48 2023F418 ‘ﬁﬁ-#ﬁﬁti Drug Evaluation Research

Vol. 46 No.4 April 2023

FRAG A, 1t 7 (¥ 3% B8R DK 2 = ) L ¥ %32 (RET) BA
PR I B 2R A ROS™ . JEA/INE R AR B BV-2
Y1 B PR 7E B LPS 50 305 41 i FE 5% (OCR) T B2
T FEIE I, , F 2 RiAR 73 2440 1] 75 Mdivi-1 4 2 LPS
O R S A /N B2 J5 4 A, FE IR AR £ A1 ROS ] B {2
D T 207 Ak o S H 67 Pk 5 1E 5, ECAR I 35 [%
Ik \OCR &35 7t i, 1% 1 B AU S g A2

5 M1 B/ i o 20 B ) 4 AR IR S AR, 7
M2 R 7Y B JEL 2 1) /0N 5T 40 A« R A e 4 g
2 B R T O R A 55, 3 el A B 0
OXPHOS 4 A #i fit g 820 24 /)N I Joi 41 g 45 )
i 1L-4 J2 LPS+IFN-y ¥ 24 h J5 , IL-4 5 B /N i
5 20 0 AE 5 T X6 R 2H K LPS + TFN-y il 85 45 1) /) Jie
JRANM, GLUT1 ) mRNA K H & A RE & F %, it
Bl WP f2 ATP 1A 7= 2 N 55 184 01, 50 B A T o ot e
0], OXPHOS i F2 15 B e [FIFE 1) 45 SR AE i
RN R AR A3 2] 13— P 50, IL-4 J 24 h
Jei V0 JEEAR /0 FR2 I 240 5 2 1 6o B 2 B B, A Do
AR Je ATP (17 8 2 25 T
2 Akt %2 AMPK/mTOR/HIF-1a {5 S & % 15 S #&
FER 5 /)N IR R 4R R AR AL

W T2 Ao o 6 2 o L 1 U 1 AE B AN AR
Z 5 5B 3 FF, Hop Akt & AMPK/mTOR/
HIF-1 o {5 5 38 6 76 U8 75 5 19 A 5 9 0E J 2 i 2 o
RIE T EEEH.
2.1 HIF-1a

HIF-1o 72 1 55 M1/M2 /N5 53 40 B A 11 25 2 72
Ay R Y IR OB RN 43 112 o AR ARSI IE B L i
AL HIF- 1o 7 B G2/ N s 48 {2 5 HIF- 1o
FIKJG » R ILBE 1% fif A OCBE PKM2.GLUT1.HK2 [
Tk BT E S R 28 5E K F 1L-6 . IL-17 I8 ¥R 3L (K]
T~ (TNF-o) R O 3G ™) T 224 /08 Jie Joit 48 g
HIF-1ou )3 15 0 BR U 15 28 -1 H0 IS 03 7 fe A
KW GLUT1. HK2. ff Bg H ¥ B2 Bl 1 (PGK 1) Al
LDH (314 52 2140, B )5 5 2R A7 G I — A0 5
& HEGNOS) A A B 2(COX2) L IL-6 f TNF-o. [f]
Fook B PRAK, #) T AE I AR, $EE HIF-1a
R A% 388 e R VR T O ) SO R R . A
i 50 8 7R, HIF-1a 5 28 81 1 28 14 % 5% IR 7 1% 1A
¥ -xB (NF-xB) B3 1% AH 5% , 75 BV-2 /N IR 52 4 A
o, 24 fd /N T30 RNA (siRNA) f# HIF-1a [ %55 %
FFNHI G, 2 ' 25 g A 15 5 DR ) 285 5L \2 7% NF-xB
1) 5% e 5 B Tt 2 BAAEG , 32 718 NF-xB 113805 i 72 52 3l
BHAS2, HAh, HIF- 108 5 Nod #5242 (4 3(NLRP3)

(136 PE A ¢, HIF-1a AE 85 fili & I NLRP3 4 5E /MA A
TR DT TS /) J2 J5T 240 A 5% ) 980 Je
FE 0 EE A0 455 18 G 453455 CTBD , 44 4 S5 5 75, TBL /)
BRAH TR T R 4L RO 2 B B HIF-1a
NLRP3 (1) £ [ 3 & & 1 0, 1 & HIF-1a #1741 5
LWe6 b B J5 , Fik i B BRI & G, H 5K
0 R 0 2 2 o A SC SRR B T B B A R
RGBT RAR 1%L 45 ALK LI P /3 3] T
EIAIE o B Ak, 2 /08 i o 4 B B LPS/ATP 33E )i »
IL-1B. IL-18 Al LDH ¥ % ik /K ~F F+ & » 245 8 H
siIRNA T # HIF-1o 1) 32 1 J5 31X 28 58 i K - 16 FF 1
S BT A

TEEBA AR R IIEN T, BV B8R
HIF- 1o, #1549 HIF- 1o B8 % 00 5 2 A 22 R 12 34
7 fife 3ok 5 Sk 745 B 400 MRS 7 S L B 85, S I R 7E e
T8 20 Mt 2 B T AE SRR N A R 4%
PR AR 2 R G052 B A5« P IR TR R
A= 40 P U e T e I e P 493 4 25 R BB,
41 A B/ sz 5 40 P PN A RE 5 AR 2R HIF-1a, H 25 5 1
5 GLUTI F1 X Ath 4 192 it G B g 40 2 0% 03 1 AN
LDHAA 3R IA , 33k 17 8 45 74 ) i 2B pie 3 200, 3
I HIF-1a 88 E 1 58 9% € 2F B Q5 5 4 B2, HIF-1a
(1 Fe e M5 mROS MIIEHIRR A ¢, {12 48 R AL (1 /N i
O 4 Hp 2 I e ) R B 3 i AN E e 8 {2 A o
i 1 12 Ca-KGO AU HE N = FRFRTE I , 3 g s (i fi
ZRBIEAN 5 — DB ——y-2 3 TR (GABA)
(73 03 Y, 3K 2 ANl FE AR AE A5 R F R P B3
A B H R A0 mROS W] 3 i ok A A R R AL
fitg (PHD ) ¥ P4 A HIF-100F2 € , {72 {540 2 A i 22 110 3%
I, b B 2 B BT Ak (R RS FRON IR PR SREECIR S, 1X
1) B TSR TE R IR AS T B 4 A s i S5 41
(1) AU 3% A28 T ) T R P AR ) L B 20
2.2 mTOR

mTOR /& 22 28 IR/ 77 Z IR B , S A HMERE
H 4 1 (mTORCD MIE M % R E 54 2(mTORC2)
PR Ak, HoAE 9 HIF-1o 89 B9 4E I o, 76
SHEAR W AR | (aE JORE (Y AR Ok R Hp A Vi B
f . HIF-1o £ € YE R 7 52 mROS 3% I 1R (1)
SZE A1, mTOR 7 4 307 J5 tH B2 98 1F 171 {2 1 HIF-1a.
(1) mRNA % 5% FH 3 A8 [ A20E , 28 11 18 0 0 19 A
RKOE R F RO DY . E B 4 i itk A
T (BAFPF) Jll ¥ 11 /I8 J52 53 400 P Ak b 98 ohiE A 5L 3iF
552, 24 mTOR (13 14 52 A5 3 14 41 1) 570 e 8 2 41
il B, HIF-1o 25 (9 B 88 40 (R 0tk 52 2 B S, BE 2 #



F46% F4H 2023F48 %K"‘iﬂ'{ﬁti Drug Evaluation Research

Vol. 46 No. 4 April 2023 - 893 -

Pt P LRI P B ek b, 89 PR ¥ TNF-o0 F IL-6 )
R AZ 2] T Y. BR T 5 HIF-100 38 [F) & 4% 1
TAE 4N, mTOR I& W] UL B B4 H T Wi, 5+ 2 5
VAT JORE SN » BE % L 42 1R 2 T A o< B T HKL F)
FEIR TG A /AN (NLRP3) [ B 5 2 3E 258 K1
IL-1B A IL-18 [ 324 R0 73 3k o 24 mTOR1/2 1 5%
G401 77 Torin1 ALK mTORC1 5 HK 1 ) %3k )5
LPS 3 /) Jie 53 4 B 5 2500 NLRP3 (1) 30% 1 #2852
FIH0A], B T mTORC % 5 iORH B A A2 2 /M
BT BT L2 B
2.3 Akt,AMPK

mTOR ¥ 1 152 B 47 F 3 _F i i 4E FH Je i Akt
HTAMPK P17, Akt 5 B8 A4 1E 14 U4 55 mTOR i 14,
Ifii AMPK % 8 A4, BE 32 67 1% 1 15 mTOR y& P

T BR A0 117 Akt AT LI mTORC1 , & 4/ R i
R RN, MK 2 R aE RE TS
Akt G, Akt TS PERE 3615 53X FoxO1 3
PERE 0, 35 7 mTOR (135 PEBE 30, 28R Kl F TNF-a
KT HIRR 2 B, (PGE,) [ 31 & PR

FE LPS 2 M W0 i A /N i ot 28 i o, 6- 22 3
RS LU S AH DG 1) 77 A i) AkmTOR F & 4,
B8 5 79 R 7 IL-6 IL-1B f 3 3% 7 PR AR, X
54| Akt &2 mTOR RE I #)11) IKK s {2 15 kB (135
PRI SR, TS T NF-xB 8 RS B, B
T IR Akt/mTOR BEXT 98 A 1) Ak 7= A 52w 4b , 78
M1 2= AL i B 4 B P, Akt 38 B8 % 38 3 85 i HK2 .
Tl TR R R U 1 (PFK1D) Je GLUT 1 45 i 1) 3 14 B 82
TR RETE R

P — AN E A AMPK B R Ak S 1k I
mTOR % P , H GE 0% 18 i B 82 1k mTORC1 %00 4
43 Raptor EL32 0| mTORCI , F38 i 3 3% fi 987 400 41
¥ TSC2 [8] £ #1 ] mTORC1™ . 5 56 4F B 7£
CDC2 FE¥E 1 (CLK 1) [ B8 T 21005 5 o 248 i h
AMPK )35 V£ 32 2 4941 , 35 58 T mTOR/HIF-1a 1
ROS/HIF-1o A5 538 2% [ 20k , 15 0 1% i o 12 304 ot
FEHETT T B 7 mRNA Rk nt.
3 RN RARRL REBERIPOAE
SR

/INJRE T 24 R B T A S R AR AE R 2 R R, 30
LW A U 2 2 R0 T T/0N JR 5 4 L ML 8 o 3R Y
WACIRES o
3.1 XBRUBIEAAYERER

TE GRS S5 TR R 32 %) /0N I J5 4 R 48 o A Y
HEAT TG 22 9l A D00 P i S 1t B, HKTHK2 J

PKM?2 [f] mRNA # ik & % L, 5 R 7 m
SiRNA 4 YL 21| /N 52 [ 41 ffa R 01 PKM2 Je HK T )%
IE IS BE A ) B AT E0T CD 11 (132 535 39 Al /s
2 o 4 B T 7 2% B AR Ak, AR ) HK2 7 T
REBIPLRAE R, FEAE B AR /N ot 41 B A e i3k — 2D F
St JG 8K F HK2 #7513 J6 1A B A 3-Br- 14 i 52
R — P B0 AIF HK2 764 48 4 RE A 1 R B X 4
Tl 00 k1) 750 B % S 3 ek /D> 2 Tl e ) A 2R P b
HECTRAGE R, T ES T CBE 2 & 3 H3\H4
HIL-1B B8 TR &, S EIL-1B H2E Bk, 9
g CESE AT (REN

7E H ABL-42 41 T /1N B 53 20 i A4 A 98 RE A Y o
1 FH HK2-shRNA 1275 2 8% 4% BV-2 41 #1145 S0 h
T fife 1R OB I HK2 R IA S, 2 2k 5P 980 AH K
) 38 4% 21 TNF {5 530 4 IL-17 45 5 38 1% 25 52 3] 40
il B J5 280 S8 AH 96 7 57 3k K] Cxcel2 A1 EphA2 ()
TN EE T Rk g B [ i At SR
BN AE LPS 15 5 1 AR/ JI J5 48 Jf 288 SR 452 28 o, 24
15 FH W 9% 7k B T80 T 0 B0 i 00 o) R0 2- Bt 4 R
B (2-DG) 4b L J5 , NF-«B [ 54 55 30 i 2 52 21 40
1], /I B 5 4 AR T ) NO L IL-6 TNF-o B 3O I8
A, J5 BB AT I Sh AR TR AE AR S 06 e 3k — B IF R T
2-DG RE & & SCE I S AR /D BUAT sk a4
] T R 3 el 2 A 260 P RS (PNID) 65 784 4 5 0 0 5 2-
DG J& » $2EU/IN A 2 208 ik 3t 204 i AR I 5 ok B
M1(CD86°CD206 ) 54 /N I Jiit 41 . 1 4 2 i 25 ik />
FEH0H] T BB M) IL-6 AT IL-1p IR 3E, B T R
JE NI RE R BE

B 7 HK2 Ak, 75 /)N B 53 4 B Ak 1Y) e B 40 i Pk
B6M7 AR AR /)N Jise 53 4 i o 48 GLUTL 1 410 1) 551
STF31, BEM% 41| LPS + TFN-y H 385 25 /) 12 ot 48
Jd P /) TNF-o IL-1B+IL-6.ROS.iNOS il # 1k [K] T
CCL2 W3RIA , 1% S50 3t — 30 45 6 175 5 A0 I AR
149 /05 BRORSE Y Hp il ok B s 33 B STF31, K B STF31 ¥4
T4 T OGBS A A0 2R Rk D T /N IR Joi 4
FOPR AR
3.2 Akt % AMPK/mTOR/HIF-1a E S B KIER
HYMERE S

WY BTk , Akt 2 AMPK/mTOR/HIF-10 15 5 il
P TENE T AR 5 90RE S B[R] S B M 22, i A5
5 R R A 9 SR

TEAR AP BG Hh, = G0AE RE A% 300 0N 1 T3 40
M1 R R IE{EBEWE B MR, 75 1A 2610 2448 F Akt
) 400 1] 751 1y294002 F1 mTOR ) 301 1] 571 55 11 5 & )5



- 894 - F46% F 48 2023F418 "éﬁ-i‘ﬁﬁti Drug Evaluation Research

Vol. 46 No.4 April 2023

KB HE K F IL-1B IL-6 J2 TNF-a I F A fE I F
B, 9 0E S B2 B4 A SCHE 4 Torinl 7] LA
T 4 PRI mTOR1/2 3 1, o mT DI /)8 fie Joit 48
JfL X LPS & ATP Jill 38 5 S50 fe W T o ookt 6 e ik
itk % T2 At Tk 23 1 v, R4 7 ROSTNF-a, IL-1B
ZE P HE N F 1 mRNA k1,

A AR 1, 75 26 3 45 4 B 28 K B ip HIF-1a
a1 770 2- FE AR HE R S  HK2 R PKIM2 1) B 75 14
I FLBR RE TR A , FEFEBE A INOS [ 8 H R ik
NP, B AT R0 HIF- Lo il P FRAR S SO0 B2 AR 2 4
i SN Ik FE 350 49k 40 ], i s s ek e K P i i 5
e (14 A O R0 28 T 6 453 4 10 7 B R P HEAT VR A R
IR, 2- FH AR R T 0T Ok S A ) I 35 BRI, A 453
15159 B 47 3, X e 55 LR T 5 18 % 1 I B 1
AT B8 22 BN A SR VR T 1Y) B LA T
4 LHIE

I HE P R 2% 51 S /0 2 5 A4 B A AR S el
SR L8 9 E A2 22 PP g 1Y) B S LA, AN [R) A
TR B 1 /)5 J J53 248 L PN 1 420 o AR ZS AN [, G
DABEAR ARk o 3, R BN RE RS F AR
AR BB S 3G 0, AR E IR A £ . WA
W FEBIRON B AU 3 g R A 28 RE 1A 15 o B4R FH OB
T 52 B AW, v 22 T 3 B I I 0 o T A O B AR
g A2 AH 5% 1) Akt 2 AMPK/mTOR/HIF-1a {5 5 il
% R R OB AR g R, (2 /N R 4 L i M1 SR
T i) M2 2 B0 2 Ak SR 4 i b 28 980 s 87 5 3k 17 00 )
PR ) A R e IR RT RE . H AT S 2 H0E i
oA 2 G Bl ok oK S R DR R B 11 9 R A ) Bl i
PEEAS 5@ B8, B3R T IR IR AN BLSE , PRtk , 2
IS 7AW T EWU B 25 et &5 0 AR
W5 VLA AR S S R, W SR W T i O
ity S A ORAS S B BE TR L T &, PR B A AL 7
PRI 7] /1N 73 245 ) 72 vk 5 fife 4R 1D 1) R

MBHR AL FAREEA R

SE Ik

[1] Lawson L J, Perry V H, Dri P, et al. Heterogeneity in the
distribution and morphology of microglia in the normal
adult mouse brain [J]. 1990, 39(1):
151-170.

[2] Lan X, Han X, Li Q, et al. Modulators of microglial

activation  and

Neuroscience,

polarization  after  intracerebral
haemorrhage [J]. Nat Rev Neurol, 2017, 13(7): 420-433.
[3] Xue Y, Nie D, Wang L J, et al. Microglial polarization:

Novel therapeutic strategy against ischemic stroke [J].

(4]

(5]

(7]

(8]

(9]

[10]

[11]

[12]

[14]

Aging Dis, 2021, 12(2): 466-479.

Lyu J, Xie D, Bhatia T N, et al. Microglial/macrophage
polarization and function in brain injury and repair after
stroke [J]. CNS Neurosci Ther, 2021, 27(5): 515-527.

Sun L, Suo C, Li S T, et al. Metabolic reprogramming for
cancer cells and their microenvironment: Beyond the
Warburg effect [J]. Biochim Biophys Acta Rev Cancer,
2018, 1870(1): 51-66.

Mehla K, Singh P K. Metabolic regulation of macrophage
polarization in cancer [J]. Trends Cancer, 2019, 5(12):
822-834.

Yang S, Qin C, Hu Z W, et al. Microglia reprogram
metabolic profiles for phenotype and function changes in
central nervous system [J]. Neurobiol Dis, 2021, 152:
105290.

Takeda H, Yamaguchi T, Yano H, et al. Microglial
disturbances and neuroinflammation in
cerebral infarction [J]. J Pharmacol Sci, 2021, 145(1):
130-139.

Herst P M, Grasso C, Berridge M V. Metabolic
reprogramming of mitochondrial respiration in metastatic
cancer [J]. Cancer Metastasis Rev, 2018, 37(4): 643-653.

Brusco J, Haas K. Interactions between mitochondria and

metabolic

the transcription factor myocyte enhancer factor 2
structural and functional
plasticity and metaplasticity [J]. J Physiol, 2015, 593(16):
3471-3481.

Gimeno-Bayon J, Lopez-Lopez A, Rodriguez M J, et al.

(MEF2) regulate neuronal

Glucose pathways adaptation supports acquisition of
activated microglia phenotype [J]. J Neurosci Res, 2014,
92(6): 723-731.

Tannahill G M, Curtis A M, Adamik J, et al. Succinate is
an inflammatory signal that induces IL-1f through HIF-
lo [J]. Nature, 2013, 496(7444): 238-242.

Wang L, Pavlou S, Du X, et al. Glucose transporter 1
critically  controls  microglial activation through
facilitating glycolysis [J]. Mol Neurodegener, 2019, 14
(1): 1-15.

Meng F, Yu W, Duan W, et al. Dexmedetomidine
LPS-mediated BV2
inflammation via inhibition of glycolysis [J].
Clin Pharmacol, 2020, 34(3): 313-320.

Gaber T, Strehl C, Buttgereit F. Metabolic regulation of
inflammation [J]. Nat Rev Rheumatol, 2017, 13(5):
267-279.

Benito A, Hajji N, O'neill K, et al. p-Hydroxybutyrate

attenuates microglia  cells

Fundam

oxidation promotes the accumulation of

immunometabolites in activated microglia cells [J].
Metabolites, 2020, 10(9): 346.



F46% F4H 2023F48 %K"‘iﬂ'{ﬁti Drug Evaluation Research

Vol. 46 No. 4 April 2023 - 895 -

[17]

[18]

[19]

(20]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

Rubio-Araiz A, Finucane O M, Keogh S, et al. Anti-
TLR2 antibody triggers oxidative phosphorylation in
microglia and increases phagocytosis of f-amyloid [J]. J
Neuroinflam, 2018, 15(1): 1-13.

Nair S, Sobotka K S, Joshi P, et al. Lipopolysaccharide-
induced alteration of mitochondrial morphology induces
a metabolic shift in microglia modulating the
inflammatory response in vitro and in vivo [J]. Glia,
2019, 67(6): 1047-1061.

Ni S, Yang B, Xia L, et al. EZH2 mediates miR-146a-5p/
HIF-1a to alleviate inflammation and glycolysis after
acute spinal cord injury [J]. Mediators Inflamm, 2021,
2021: 1-14.

Luo G, Wang X, Cui Y, et al. Metabolic reprogramming
mediates hippocampal microglial M1 polarization in
response to surgical trauma causing perioperative
neurocognitive disorders [J]. J Neuroinflam, 2021, 18(1):
1-16.

Katoh M, Wu B, Nguyen H B, et al. Polymorphic
regulation of mitochondrial fission and fusion modifies
phenotypes of microglia in neuroinflammation [J]. Sci
Rep, 2017, 7(1): 1-14.

Jha A K, Huang S C, Sergushichev A, et al. Network
integration of parallel metabolic and transcriptional data
reveals metabolic modules that regulate macrophage
polarization [J]. Immunity, 2015, 42(3): 419-430.
Chouchani E T, Pell V R, Gaude E, et al. Ischaemic
accumulation of succinate controls reperfusion injury
through mitochondrial ROS[J]. Nature, 2014, 515(7527):
431-435.

Orihuela R, Mcpherson C A, Harry G J. Microglial M1/
M2 polarization and metabolic states [J]. Br J Pharmacol,
2016, 173(4): 649-665.

Holland R, Mcintosh A L, Finucane O M, et al
Inflammatory microglia are glycolytic and iron retentive
and typify the microglia in APP/PS1 mice [J]. Brain
Behav Immun, 2018, 68: 183-196.

Wei Y, Chen J, Cai G E, et al. Rosmarinic acid regulates
microglial M1/M2 polarization via the PDPK1/Akt/HIF
pathway under conditions of neuroinflammation [J].
Inflammation, 2021, 44(1): 129-147.

Gu R, Zhang F, Chen G, et al. Clk1 deficiency promotes
neuroinflammation and subsequent dopaminergic cell
death
reprogramming [J]. Brain Behav Immun, 2017, 60:
206-219.

Yuan D, Guan S, Wang Z, et al. HIF-lo aggravated
NLRP3

mediated pyroptosis and activation of microglia [J]. J

through regulation of microglial metabolic

traumatic brain injury by inflammasome-

[29]

[30]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Chem Neuroanat, 2021, 116: 101994.

Semenza G L. Hydroxylation of HIF-1: oxygen sensing
at the molecular level [J]. Physiology (Bethesda), 2004,
19(4): 176-182.

LuZJ,YuQ, Zhou S H, et al. Construction of a GLUT-1
and HIF-lo gene knockout cell model in HEp-2 cells
using the CRISPR/Cas9 technique [J]. Cancer Manag
Res, 2019, 11: 2087-2096.

Geeraerts X, Bolli E, Fendt S M, et al. Macrophage
metabolism as  therapeutic  target for cancer,
atherosclerosis, and obesity [J]. Front Immunol, 2017, 8
(289): 1.

Lee G, Won H S, Lee Y M, et al. Oxidative dimerization
of PHD2 is
contributes to metabolic reprogramming via HIF-la
activation [J]. Sci Rep, 2016, 6(1): 1-12.

Shimobayashi M, Hall M N. Making new contacts: The
mTOR network in metabolism and signalling crosstalk
[J]. Nat Rev Mol Cell Biol, 2014, 15(3): 155-162.

Wang J, Yang C, Hou X, et al. Rapamycin modulates the

responsible for its inactivation and

proinflammatory memory-like response of microglia
induced by BAFF [J]. Front Immunol, 2021, 12: 639049.
Moon J S, Hisata S, Park M A, et al. mMTORC1-induced
HK1-dependent regulates NLRP3
inflammasome activation [J]. Cell Rep, 2015, 12(1):
102-115.

Zhang Y, Xiang Y, Wang X, et al. Cerebral dopamine

glycolysis

neurotrophic factor protects microglia by combining with
Akt and by regulating FoxO1/mTOR signaling during
neuroinflammation [J]. Biomed Pharmacother, 2019, 109:
2278-2284.

Liu Y, Deng S, Zhang Z, et al. 6-Gingerol attenuates
microglia-mediated neuroinflammation and ischemic
injuries through Akt-mTOR-STAT3
pathway [J]. Eur J Pharmacol, 2020, 883: 173294.
Senegas A, Gautheron J, Maurin A G, et al. IKK-related
genetic diseases: probing NF-«B functions in humans and
other matters [J]. Cell Mol Life Sci, 2015, 72(7): 1275-
1287.

Mor I, Cheung E C, Vousden K H. Control of glycolysis

brain signaling

through regulation of PFKI1: Old friends and recent
additions [J]. Cold Spring Harb Symp Quant Biol, 2011,
76:211-216.

Gwinn D M, Shackelford D B, Egan D F, et al. AMPK
phosphorylation  of
checkpoint [J]. Mol Cell, 2008, 30(2): 214-226.

Zhang L, Yang H, Zhang W, et al. Clk1-regulated aerobic
glycolysis is involved in glioma chemoresistance [J]. J
Neurochem, 2017, 142(4): 574-588.

raptor mediates a metabolic



- 896 - F46% F 48 2023F418 ﬁ!ﬁ-‘fﬁ'{ﬁti, Drug Evaluation Research  Vol. 46 No. 4 April 2023
[42] Li Y, Lu B, Sheng L, et al. Hexokinase 2-dependent activation [J]. J Neuroinflammation, 2021, 18(1): 129.

[43]

[44]

hyperglycolysis driving microglial activation contributes
to ischemic brain injury [J]. J Neurochem, 2018, 144(2):
186-200.

Bl . AB_(1-42) 5 5 A % i I % 38 3 EphA2/p38
MAPK 38 {2 38 /1N JB 53 40 J 9 AE I R [D]. A1 5K FE : 3]
JEEERE R, 2022

Ma X W. Promote microglial inflammatory reaction by
AB_ (1-42) induced aerobic glycolysis via EphA2/p38
MAPK signaling pathway [D].
Medical University, 2022.

Cheng J, Zhang R, Xu Z, et al. Early glycolytic

Shijiazhuang: Hebei

reprogramming  controls  microglial  inflammatory

[45]

[47]

Liu J, Feng R, Wang D, et al. Triclosan-induced
glycolysis drives inflammatory activation in microglia
via the Akt/mTOR/HIF 1la signaling pathway [J].
Ecotoxicol Environ Saf, 2021, 224: 112664.

Hu Y, Mai W, Chen L, et al. mMTOR-mediated metabolic
reprogramming shapes distinct microglia functions in
response to lipopolysaccharide and ATP [J]. Glia, 2020,
68(5): 1031-1045.

Sun X G, Chu X H, Godje Godje I S, et al. Aerobic
glycolysis induced by mTOR/HIF-lo promotes early
brain injury after subarachnoid hemorrhage via activating
M1 microglia [J]. Transl Stroke Res, 2022: 1-15.

[FTE%mHE  Fiaox]



