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Research progress on traditional Chinese medicine remodeling the immune microenvironment in ischemic
stroke by regulating HIF-1a-mediated glycolytic reprogramming

DU Jiayu"*?, WANG Senyu'?, BAI Chen', HAO Yingxu'*, LIU Xiangzhe' * (1. Encephalopathy Center of The
First Affiliated Hospital of Henan University of Chinese Medicine, Zhengzhou 450099, China; 2. The First
Clinical Medical College of Henan University of Chinese Medicine, Zhengzhou 450046, China; 3. Collaborative
Innovation Center of Prevention and Treatment of Major Diseases by Chinese and Western Medicine, Zhengzhou
450099, China)

ABSTRACT

can induce metabolic reprogramming of cellular glycolysis. Hypoxia-inducible factor-lae (HIF-1a) serves as the core transcription

Ischemic stroke (IS) is a serious cerebrovascular disease with high clinical incidence. Cerebral ischemia and hypoxia

factor in the hypoxic response. This article systematically reviews the molecular mechanisms of HIF-la -mediated glycolytic
reprogramming, elaborates on the effects of this metabolic alteration on the functional status of different immune cells, and
summarizes the research progress of traditional Chinese medicine (TCM) interventions in this pathological process. HIF-1la reshapes
glucose metabolic flux and shifts cellular metabolism toward glycolysis by regulating the transcription of key genes, including
glucose transporters, glycolytic rate-limiting enzymes, and mitochondrial oxidative inhibitors. This metabolic disturbance can
regulate the activation status, phenotypic differentiation, and functional remodeling of microglia, astrocytes, and peripherally
infiltrated immune cells, thereby participating in the mediation of neuroinflammatory responses after IS. Moreover, multiple
signaling pathways and the metabolite of glycolysis lactate can exert feedback regulation on this metabolic-immune process. Various

active components of TCM and herbal formulas, such as
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astragaloside IV , salvianolic acid C, Ginkgo biloba extract,
and Mailuo shutong pills, can inhibit abnormal glycolysis,
reduce lactate accumulation, and restore the homeostasis of

glucose oxidative metabolism by regulating signaling pathways
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including AMP-activated protein kinase/mammalian target of
rapamycin/HIF-1a, HIF-la/pyruvate kinase M2, and HIF-lo/
lactate dehydrogenase A. Consequently, they effectively
alleviate neuroimmune inflammation and attenuate ischemic

brain injury.
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B4 5 T 1a (hypoxia-inducible factor-1a, HIF-
Lo ) JEA T SR AAUF 5 T B IR £ Qi i P e 1 P T ]
P Ko HIF-1oo A0 o 142 W T e PR S g N B im AR
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IS S 350114 fife 1 g5 A AT R AL LA 20 2 g i A, 412
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2 1 24 22 FH. , 76 #L R i & ¥ (lactate dehydrogenase,
LDH) A T b S5 L™ . iz A e A2 AU Bl T4
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FLER K T-Z: 5 Jmy S G2 SR I 144 < W R g 0 1 ) el 2 T
SEMA/INB BT A BRI I B A T i Ak S 2R
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1.2 HIF-lo 9t SR 10 X 28 LR VA B A% B AR A2 RO AIL )

FEIS T 50T, HIF-1au & A S R S0 280 SOWH T fie o
SRR Y E B SRS N T WAESRME T HIF-la 220l
Bt $:4L B (prolyl hydroxylases , PHDs ) & 1 i R 1 [ i ;
eI S T PHDs (935 M, & HIF-1o B2 2 FRER I K
RN . ARG Y HIF-1a 5 HIF-18 & 5 5 62 A
Yy, 38 3 455 B EURONE TO A, AR TN T i A DG R [
AR

FE1S A B AR Hh  HIF- 1o 8 1 845 GLUTI  HK2
S PDK1 35 SRS R A 5 i, A3 A A Qe 1 119
BOTTC , SR A L ) W I AR L A, R R AR O
I, HIF- 1o 38 33k I ) 4 25 Wl % 32 25 1 (glucose trans-
porter 1, GLUT1) Y 3 ik , $& T 1) %5 W (1% 125 J8E & i 2k
A0 TN T A DG Sl R 25 T, HIF- 1ol oL b
P 2 (hexokinase 2, HK2) | 6-f iR R 1 -2- 13 il SR -2,
6- . 1% IR i§ 3 (6-phosphofructo-2-kinase/fructose-2, 6-
bisphosphatase 3, PFKFB3) 45 1 [ ff #H 5C 43 ¥, 34 5 Al
R i 35 P e A1, TR R TR T3 7 M2 BB (pyruvate kinase
M2, PKM2) AL AZ HIF-1o 5% s 45, 30 7T e 62 A% T
KA SRS VE T, 5 HIF-1o B BE S 15 30
E— 20 R T OE A OCSE R (R SO FETN IR AR
7T, HIF-Lou 38 52 90 PN R e S AR 1 (pyruvate
dehydrogenase kinase 1, PDK1 )11l PR il i Aid S0 (pyru-
vate dehydrogenase, PDH ) i 1 , DT 9 /b P T 2 ik A =
BRERPEFA 36 0] T LDHA 33k , fe i PR i PR 1) L
FREE AL
2 ARMMEEBDIEEMERENREZIAEER
2.1 /MERFRZE AR

JINJE AR 2 AR P 28 R G R A S e AN, TR
IRFE S T e 2 B BHRE g AR 45 . 7R IS 2k,
Fatb A FHER T 1 (chemokine-like factor 1, CKLF1) @1t
0] AMP 3 Ak 19 &5 FH BT ( AMP-activated protein ki-
nase , AMPK) - W 7L ) 77 A 5 R #E A 1 (mamma-
lian target of rapamycin, mTOR)/HIF-1a {5 518 i# , 4K 5l
AN AR AR i OXPHOS [ A I A A ke , R A2 4 [
TR, B F B AR RE T 5 RRSLAY CKLF 1 B0 AT i
AT RE R AT 5 i 57, S ECE DI RE T RN
PRZEIERE Aot 10574, 32 400 2H S URS IR 453 403 A ¢
o F A2 ] BE 3 1 Toll £ 37 44 (Toll-like receptor, TLR)
15538 B% , 175 T /N e o 4t A 5 3k 003 Wb 22 H 2R 1 SR b
(serglycin, SRGN) ; SRGN 15 /)N i ot 41 ity 5 11 431k 7% 44
ZARGEA I, Al 0 2% I F kB (nuclear factor-kappa B,
NF-«B) {5 5 1 ##% I {2 1k p65 A% e {7, Bk 1M _L- 4 HIF-1a
FEAk Ve S0 A T 2 AR L 9K Bl /0N SO 20 i 1) £ 4% R Y
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PEFLIR AT IO HIF-1o, I T i C-C PP kR 7 1E
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T %, DATR AV 2 /N IS T 240 S 1) 7 2 SR PR AR Ak 5 41 ) HIF-
la B R 2H CCLT A AT % BRSO . SicF"BiE5E
RIS SR/ INEE BT 20 A A N RNA-125a-5p 2k
b J ) 22 R RS A AR I R D TR 1
I3 PDK 3 Fik B AIC PDH {64 , SiE 141 it OXPHOS
[ 3 P i AU 22 s FLRRME AR — 2 & T A I H3
55 9 (o BR FLIR AL B4 , fi2 i/F LDHA 5 HIF- 1o f 5%
SR TR A Qi o 4 P2 - LR AR B 1 ) T B f5t , Ak
HENEBTAN M R R RN AL . BRI IRIR  FLIRAS
JINJISE J5 200 YL 2 A 2 L P 45 A AT BB PRI i BRI 7L
PR AN 6] A7 AE 22 57 < RO T P SN SE A MR EFL R 7]
LS HIF- 1o JF 40| CCL7/NF-kB {5 538 %, e /s
JIE I3 200 ) 0 2 3 T e A 5 T e 1 P30 N D5 LR AR
R n] o 24l A LR ML, It — {22t LDHA AT HIF-
Lo F3k I AR SRR A FIAE S ALY TE B 15t
2.2 ERRRHAMR

R VG G S5 2 L P R e o 2 AR ) E 2 5 IS R 1 48
JiE SV SR 351405 . Borbor S5 ST K B, A e fiL P
TEAI e, BRI B2 M N A5 5 S B e S A 3
(signal transducer and activator of transcription 3, STAT3)
TARTE R A AZ S AL, A A O AT Pl i 1) 2o A4 S AL )
FHEG m FLRR A L, TR RHZ AR T RESZ 40 o 12 AR i G
AT HE— DA AR T AR B LA 28T R SR AT, 3L
HRIRBER ML o Pk STAT3 Al i % L ab AR =%
FU R S fidsi 0, 3 HLHAORS VR 5 R TR 5 o 240 A it
fitt 35 BRI A e —— 2 AE FLAb B IOl it 25 )5 L 1S I
(5 fil iR AR W AHRIES . rT AL B, STAT3 1] 5
HIF-1o 2 [6] 2 5 T it A i) 5 s 45— 7R B A B
FERCT , 1% LAY STAT3 AT {2 #F HIF-1o % 5%, AT AE 40
UL N 5 HIF- 1o e 55261 SR EHE AR DG HE L
fIIK™ Chen S5 WIFFE & B, (EFRIETE A4, BB B
JECAR I TPS3 75 3 WA e A A1 0 7918 45 I 5 (TP5 3-in-
duced glycolysis and apoptosis regulator, TIGAR ) 32 ik I
A, T S A DA I i R 1 R R A BRI O R
12, FEAR J=) 35 15 M 48 (reactive oxygen species, ROS) 7K
-, T NF-kB {5 53 H 6 A S A2 58 A R 7 i 2%
IKFIREIR . TR0 TP bt 85 1 1 (specificity pro-
tein 1, Spl) 7 fiE/5 TIGAR 5 HIF-1 22 [a] () 5 8K &
TG4 EY Spl 1T 5 HIF-1 F1 p300 & afs s 2 &4, IR 2
HE R SE R 3R Spl i ] 454 TIGAR JE A ) 2 7 If:
e HE 0
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Ik PR A G A AT , S0 ) Gy 20 B 1) W T A o
G FE L2 5 1S J5 WY SAE SV 5 i) . Dhanesha 25"
WFFE I, e S A UMBURE 1) 2 1S AR5 AP Rl vh MERL 4
PN PKM2 (14 3R 7K1 5 25 25 5 /0N Bt o P08 SR
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RS A AT o EE R 0 P S ) IS SERE SN, RN Ry
PSR LU e R P 2T 24 2 1R Il R TORR S in B At
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PKM2 1255 I W] 9% 1R Sk A 4/ MR AE AR R
BEE RPN IRE . Yan S5 HTSR B, TE IS AW,
Hii 22 & U590 i 41 B2 (myeloid-derived suppressor cells,
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PR VE T . SR, Bl SR 15 28 E BN B, MD-
SCs & A A i B 2w B2, 2 P00 PFKFB3 35 L M FL
Mz & B FLURE A WO L S R S R R E N A
1 (mammalian target of rapamycin complex 1, mTORC1)
{5530 % , fiE i MDSCs [ {2 & RAVELAL , JF it — 2D A it
HEBIVE T 400 17(T helper 17 cell, Th17)F1 Th1 401415
A5 434, DT o i 5t 1 4 il 458 43 5 90 ) PEKEFB3 375 1
AT mTORCL {5 ‘5 id #% , rI il MDSCs HUfiE 58541k,
I 2 457 H R L e e RS o HLI BT R W,
mTORC1 ] fig #f HIF-1o i FE € FIARER , JE 1070 588 H T
TP HEIE R AR s

HIF- Lo S 55 B T it B 2 P B O IS i TR 58
PRI LI 1,
3 HHARBEBEERREXIS REAENTM
EH

BRI IV 2 i ) E 2GR 2 —  BRTERTSY
T S5 A A e 1P 40 0 rh A B 8 S s DR A
FH™, Li SEUUBIE Y K B, AR 7K A M RN 8l ik A 2E
(middle cerebral artery occlusion, MCAO) K FRAR A |
BT IV AT IR S (i /N o 240 i Pl 2 48 1 ML R AR i)
I M2 KRR HL b FEAR R TR - BRS
FIREY BV 2 /N o A A A v & R, o Y IV 5 i
I AMPK, #f [fii 9 il mTOR/HIF- Lo {55 538 % , I T Vi Hif
i fift G 4 B HK2 . PFKFB3, PKM2 K A% i 5% 12 2 1
GLUT1,MCT1 Ml MCT4 (93 ik ; 7E BV2 4 g, imA
AMPK I AT #5310 4 Bk 2, SR s e IV iR
2/ 1B J5T 240 S A Ak T BEAR S T AMPK A5 14 X35
Ty

FHBR C & 25 P20 F 2 /P Z — . Shen
GG RN, TENR 2R TR R -y 5 2 BV2 /NI
AHRRL R, PHBR C R M1 28R AL , J /D g SRS
“F a(tumor necrosis factor-oc, TNF-a0) . F 4 EA % 1B
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B, IN3 ] B HK 2 F1 =R FRAG A O B B A A R 15 Tl 179
FEIBIKOF, I M1 AR A B R AE N 5 TP R C 5
IN3 A A B 7= A — 25 (0 B IO, 3 P19 R C
A /0N e 5 40 L ML R Ak RN AR RE B2 R G VR R AT fE
PKM2 A 3¢ WH I fift oL #2 45 ¢ o 0 T HIF-la 2/t &
PKM2 BHEE SAZFE A 1) e Lyt 7, SO e C ml g
T8 35 PR HIF- Lo/ (0 MR T2 A e Pt 2 4% LR E T

—ERRRP L RS, FEHA
Z A Rb, Rg .Rd .Re fll =L ¥ RO, A BLR
A 2R E S, Gao S5 IIFFE & B, 78 64 24305
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FEIZH 21 HIF-1a . PKM2 K B2 fk STAT3/STAT3 /K-
Fhas, I AN B 5T 4 L PRM2 1A% 23k, 21
0380 /0 T 440 R ) 35 A & TL-18  TNF-o Y 3k . X i
7~ =B BV AT e T JH HIF-1o0/PKM2/STAT3 {57 %5
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ik &4 7 38 AL R B RS AR AL R R R
L5 MIE SRAT I K SR SRR R T, B
A G IR ALFE L R E ™, Guan %™
WF9E & B, 7F MCAO FHE 7 /N R R e | Jik 4% T 38 AL
i /N BUR 4148 R HK R HK (9 23k, IF B JH TR
% I S0 E 1 2H 43 ool V55 \ PDHB FIBY FA LG A 1% 322
fitf GDP JE iU o U SE 223K, FR A PN B R i#E A — IR R 1E
vl i 20 2 e () ZLAR 5 B [WIRE, NLRP3 Y5R35
R, IR REBE B P AL 45 A G 4 F 1 X IL-18 . TNF-a.,
IL-6 7K P REAIR , B2 ik 2% &7 488 AU TT fig i ook 2 iE A R 25
BLIF I NLRP3 4 i /M Ak, Wol 428 /8 58 5 248 Jf A G
MRAE . T HIF-1o 243 HK2 Bl S 6 1 ¢
ST Ui DR bk s AT A AL T RE R I I HIF-1a /5
PRV BT A T G 2 4 REH

iy SR 2 T A5 A6 TR B 2R T 2T P
G300 AR A b LR (R A i S p 2B Y
W41, Liao Z 5T KB, 1E MCAO K R Kz S20p ]
ZFi75 T 0 D AR TR o A A A v s SR 4 RT 4
HIF-1o/LDHA {5 5 i [ A 5 09 % % g 06 1%, T~ F
GLUTI1 .PFKFB3 ,PKM2 Fl LDHA S5 A [ i AH 5 25 1 /Y
FIk IR TR RIS B ANt AL B ) A2 FUQES , DA
AR P22 SRE TR I BORR 18 52

FA R VI 25 FR b A B A 200 (AR B,
HA YR ELZFAD G, Sang S0 5% & B, 78
MCAO /) FUBE R K /N B CDA T 28 AR S A A5 50 v
FRE A VI H mTORC {558 BG4k, b & AR
TP T 40 M (regulatory T cell, Treg) Al Th17 Ak 515 F
CD4* T 4 (447 T it AKF- , I 38 i 4ok i ROS A= 1l
PRSI B AL A i Treg/Th17 -1 5] Treg i #% , If-4i
il Th17 F1Th1 (4 0 P9 ¥R, DA 980 6 1 28 458 i 0 i 454
i o % mTORCL B ) vl 08 5% b3k of 72, $27R
mTORC 45 (1) T 20 Jf W% 17 A 75 2 2 1] B 2 & 15
PP VEFI EEHLH . BT mTORCI J&41 5 HIF-1a B
PR I I S5 1 30 PR, SR R T VI AT B 2ot
P84 mTORC1/HIF-1o {553 % 55 ¥ SRR 1 T 40 i
B TA

RS I U A A B A A BT 2R AR ) R
JEPVEE, TR A 1S B YA R R U H R R T R
5, Hui 25" iR 58 & B, £ MCAO /N B AR ANFE S 4
L JEAS CD4*CD62L " T 41 i, #R AT i S B v] T o
HIF-1a FlIHK2 B35, 0] Treg 434k it 2 i R e,
FE{EE CDA* T A1 Treg 731k S IL-10 Fe3k /K- T 5 o
PR SESS R AR B U AT 2 5 MCAO /N U 3 I
Wk EL 25 TR A Treg H 9 F#AR Th17/Treg HUAE , T4 ki
FU T 25 IR 1) S A J2 Iy K ik e ot PV 483473 o

China Pharmacy 2026 Vol. 37 No. 17 + 2335 ¢



4 HiE

IS J&7 HIF- Lo /i3 A WE T i o G A2 55 38 ARE I N
SEPIARDG , = EHLRI T T 98 =71« (1) HIF-1o 2 Bl
USRS R T o L A R ) OB SR IR o e R
AT AR U HIF-1o £ BRI IF K AR A G 4o, T 1 9
GLUTI.HK2 PFKFB3.PKM2.PDKI1 } LDHA %5 b %
Fif R DG A1 R R IR, 4 8 T 20 A 16 SBCRIDWH FE At 05 2, 2
EFLIR A B, D TN AR A =R FRYE R . (2) HIF-1a
AT W T e o S A T 0 5 e /N B A L R T TR o
41 i K A1 ] G2 A ) 6 A R BUFIDIREIR S, 2 5 1S
S B Y3 JONE S W B R AR o 22 AR 3 T e o o Y
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S i 7 B A () 240 Jf 22 784 v ] i AT A (W) 5 22 A0 B 11
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X HIF-1o AR AT 3224040 LT {55 A8 At A T4l
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