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Research progress on the mechanism of traditional Chinese medicine regulating metabolic reprogramming
to improve breast cancer
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Oncology, Henan Provincial Hospital of Chinese Medicine/the Second Affiliated Hospital of Henan University of
Chinese Medicine, Zhengzhou 450002, China; 2. The Second Clinical Medical College, Henan University of
Chinese Medicine, Zhengzhou 450046, China)

ABSTRACT Metabolic reprogramming, as one of the core hallmarks of malignant tumors, plays a key role in the occurrence,
development and treatment of breast cancer (BC). Abnormal changes in glucose metabolism, amino acid metabolism, lipid
metabolism, as well as the tricarboxylic acid (TCA) cycle and oxidative phosphorylation (OXPHOS) pathways significantly
influence the pathogenesis and progression of BC. Studies have shown that various active components of traditional Chinese
medicine (TCM) (such as berberine, matrine, quercetin, curcumin, etc.) and their compound formulations (e.g. Xihuang pill,
Danzhi xiaoyao powder, Yanghe decoction, etc.) can inhibit the proliferation and migration of BC cells and induce apoptosis by
regulating key metabolic pathways such as glycolysis, lipid synthesis, and amino acid metabolism. TCM demonstrates multi-target
and holistic regulatory advantages in intervening in BC metabolic reprogramming, showing significant potential in modulating key
molecules like hypoxia inducible factor-la, hexokinase-2, pyruvate kinase M2, lactate dehydrogenase A, glucose transporter-1,
fatty acid synthase, and signaling pathways such as AKT/mTOR. However, current researches still focus predominantly on glucose
metabolism, with insufficient mechanistic studies on lipid metabolism, amino acid metabolism, the TCA cycle, and OXPHOS. The
precise targets, molecular mechanisms, and clinical translation value of these interventions require further validation and
clarification through more high-quality experimental studies and clinical trials.
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WFFEHEA> AR T I e IR A BIB9S T LA
2.2 HHEFHHIF

ViZ 28 7 peiE o A g Rk M i BC Y ik
o P LA A A0 B2 AL AR TP 25 4T,
FUATVE AR 7 T IS 1 DR, ki 22 B LA B4
o REESETRI, V9 8L T W5 , BC RN R 3K
T R KT S R T, B R P AL T i 3 2ok BH
BC 21 Xt H 2R 1 W SR A, R AR AT PN 1) 06 7 2
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HIF-1a A 3 35, 30 BC /1N R R o b 15 £ O ek il
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PR C . () FEIEE 2 RLAR AR5 108 8% 5 T, HIF- Lo

{5 38 S R 45 Warburg B O AX AL, 218 2 v 24576

PR 1 2[RV P A5 W I ik OC B il HK 2 \PKM2 |

LDHA  GLUT-1 F i Jit 75 Ji 5 B 1l FAS 2 W58 e )™

2 WIVE FH AR A5 ; AMPK/mTOR FiIl AKT {553 iy 5

FERACE R MK AL, 8 b 24 0 1 o0 i R kB

A L ORI B AR TR AT S b 25 A R 5 B A

TF 2200 s AT O

25 b ORI BLHE— L TRABISE 255060 T Bt

A Z R EHRAR B0 , 8 75 AR Mg A0 i S e

H i EAARLE T, OF RGEIFFEAR [FAL S0 SO R 25 PE 1Y

T 243 P A R R B AR ZUE IR A TCA R R4

PR A ) R4 0 M A RO R S G TR s

WA TLEY - BOR IR R RS 4 e A

I % 2 TR DGR s B 5 H 2 e S AR LR IR &R

RO AR T30 B AR T 2SR oy Mo 52

J5 VR e A G R () B S B S EAE T L AE

SEMRACH S B BFE T o RIS S AR iEAL Y 5250 Ty

EAPFH AR bR , P2 A [T 45 R0 e B SG E , I

TR RAIFST , Btk v 2535 Mk o3 S I 7 BT ROR 2 4

P, 253007 BC S4BT IR SRR 2R

S 30k

[1] HIS M,GUNTER M J, KESKI-RAHKONEN P, et al. Ap-
plication of metabolomics to epidemiologic studies of
breast cancer: new perspectives for etiology and preven-
tion[J]. J Clin Oncol, 2024 ,42(1):103-115.

[2] BRAY F,LAVERSANNE M, SUNG H, et al. Global can-
cer statistics 2022: GLOBOCAN estimates of incidence
and mortality worldwide for 36 cancers in 185 countries
[J]. CA Cancer J Clin,2024,74(3) :229-263.

[3] LOIBLS, ANDRE F, BACHELOT T, et al. Early breast
cancer: ESMO clinical practice guideline for diagnosis,
treatment and follow-up[J]. Ann Oncol, 2024, 35 (2) :
159-182.

hEZG B 2026 4E55 37 45 2 11



[4]

(5]

(7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

GANDHI N, DAS G M. Metabolic reprogramming in
breast cancer and its therapeutic implications[J]. Cells,
2019,8(2):89.

NONG S Q,HAN X Y, XIANG Y, et al. Metabolic repro-
gramming in cancer: mechanisms and therapeutics[J].
MedComm(2020),2023,4(2) :e218.

WU S G, HE L, WANG Q Z, et al. An ancient Chinese
wisdom for metabolic engineering: Yin-Yang[J]. Microb
Cell Fact,2015,14:39.

AU, E3e, 25500, 458 . N HUARSZ - LR -1k 2
FELZ& -2 190 2 2 B M R AL 2 v B sl 2 38 A2 i R D).
g 2740, 2020, 35(8) :4097-4100.

WRAS et 222, 25 iRt 9 ML B o A8 T 20
REAR SR [J]. o B P R 2515 B A, 2025, 32(3) -
29-33.

WANG S,FU J L,HAO H F, et al. Metabolic reprogram-
ming by traditional Chinese medicine and its role in effec-
tive cancer therapy[J]. Pharmacol Res,2021,170:105728.
TAYYARI F, NAGANA GOWDA G A,OLOPADE O F,
et al. Metabolic profiles of triple-negative and luminal A
breast cancer subtypes in African-American identify key
metabolic differences[J]. Oncotarget, 2018,9(14) : 11677-
11690.

TANG Z W, YE W R, CHEN H T, et al. Role of purines
in regulation of metabolic reprogramming[J]. Purinergic
Signal ,2019,15(4):423-438.

WANG D, WANG F Y, KONG X B, et al. The role of
metabolic reprogramming in cancer metastasis and poten-
tial mechanism of traditional Chinese medicine interven-
tion[J]. Biomed Pharmacother,2022,153:113376.
LIBERTI M V, LOCASALE J W. The Warburg effect:
how does it benefit cancer cells?[J]. Trends Biochem Sci,
2016,41(3):211-218.

AZAD G K, TAYLOR B P,GREEN A, et al. Prediction of
therapy response in bone-predominant metastatic breast
cancer: comparison of [“F] fluorodeoxyglucose and [“F]-
fluoride PET/CT with whole-body MRI with diffusion-
weighted imaging[J]. Eur J Nucl Med Mol Imaging, 2019,
46(4):821-830.

LI X P, SUN J, XU Q H, et al. Oxymatrine inhibits
colorectal cancer metastasis via attenuating PKMZ2-me-
diated aerobic glycolysis[J]. Cancer Manag Res, 2020,12:
9503-9513.

LEI L, HONG L L, LING Z N, et al. A potential onco-
genic role for PFKFB3 overexpression in gastric cancer
progression[J]. Clin Transl Gastroenterol, 2021, 12 (7) :
e00377.

GARCIA S N, GUEDES R C, MATILDE MARQUES M.
Unlocking the potential of HK2 in cancer metabolism and
therapeutics[J]. Curr Med Chem, 2019, 26 (41) : 7285-
7322.

TEZD; 2026 455 37 5 2

(18]

[19]

(20]

[21]

[22]

(23]

[24]

[25]

(26]

[27]

(28]

[29]

(30]

[31]

PATRA K C, WANG Q, BHASKAR P T, et al. Hexoki-
nase 2 is required for tumor initiation and maintenance
and its systemic deletion is therapeutic in mouse models
of cancer[J]. Cancer Cell,2013,24(2) :213-228.

WANG G N, XU Z L, WANG C H, et al. Differential
phosphofructokinase-1 isoenzyme patterns associated with
glycolytic efficiency in human breast cancer and paracan-
cer tissues[J]. Oncol Lett,2013,6(6):1701-1706.

YANG Y M, WU K, LIU Y L, et al. Prognostic signifi-
cance of metabolic enzyme pyruvate kinase M2 in breast
cancer : a meta-analysis[J]. Medicine (Baltimore ) ,2017,96
(46) :€8690.

VAZQUEZ-ARREGUIN K, MADDOX J,KANG J, et al.
BRCA1 through its E3 ligase activity regulates the trans-
cription factor Octl and carbohydrate metabolism[J]. Mol
Cancer Res,2018,16(3) :439-452.

SEMENZA G L. Hypoxia-inducible factors: coupling glu-
cose metabolism and redox regulation with induction of
the breast cancer stem cell phenotype[J]. EMBO I, 2017,
36(3):252-259.

YANG L,HOU Y X, YUAN J, et al. Twist promotes re-
programming of glucose metabolism in breast cancer cells
through PISK/AKT and p53 signaling pathways[J]. Onco-
target,2015,6(28) : 25755-25769.

HENSLEY C T, WASTI A T, DEBERARDINIS R J. Glu-
tamine and cancer: cell biology, physiology, and clinical
opportunities[J]. J Clin Invest,2013,123(9) : 3678-3684.
KIM S,KIM D H,JUNG W H,et al. Expression of gluta-
mine metabolism-related proteins according to molecular
subtype of breast cancer[J]. Endocr Relat Cancer, 2013, 20
(3):339-348.

YANG M, VOUSDEN K H. Serine and one-carbon me-
tabolism in cancer[J]. Nat Rev Cancer, 2016, 16 (10) :
650-662.

FAN J, TENG X, LIU L, et al. Human phosphoglycerate
dehydrogenase produces the oncometabolite D-2-hydroxy-
glutarate[J]. ACS Chem Biol,2015,10(2):510-516.
CHENG C M, GENG F, CHENG X, et al. Lipid metabo-
lism reprogramming and its potential targets in cancer[J].
Cancer Commun(Lond),2018,38(1):27.

BALABAN S,LEE L S, VARNEY B, et al. Heterogeneity
of fatty acid metabolism in breast cancer cells underlies
differential sensitivity to palmitate-induced apoptosis[J].
Mol Oncol,2018,12(9): 1623-1638.

SCHUG Z T, PECK B, JONES D T, et al. Acetyl-CoA
synthetase 2 promotes acetate utilization and maintains
cancer cell growth under metabolic stress[J]. Cancer Cell,
2015,27(1):57-71.

JIN Q R, YUAN L X, BOULBES D, et al. Fatty acid syn-
thase phosphorylation: a novel therapeutic target in HER2-

overexpressing breast cancer cells[J]. Breast Cancer Res,

China Pharmacy 2026 Vol. 37 No. 2 + 255 ¢



[32]

[34]

[35]

[36]

[37]

[38]

[39]

(40]

[41]

[42]

[45]

- 256 -

2010,12(6) :R96.

ENIAFE J, JIANG S. The functional roles of TCA cycle
metabolites in cancer[J]. Oncogene, 2021,40(19) : 3351-
3363.

FEELEY K P,BRAY A W, WESTBROOK D G, et al. Mi-
tochondrial genetics regulate breast cancer tumorigenicity
and metastatic potential[J]. Cancer Res, 2015, 75 (20) :
4429-4436.

SUTENDRA G, KINNAIRD A, DROMPARIS P, et al. A
nuclear pyruvate dehydrogenase complex is important for
the generation of acetyl-CoA and histone acetylation[J].
Cell,2014,158(1):84-97.

PARK S,JEON J H,MIN B K, et al. Role of the pyruvate
dehydrogenase complex in metabolic remodeling: diffe-
rential pyruvate dehydrogenase complex functions in me-
tabolism[J]. Diabetes Metab J,2018,42(4) :270-281.
EASTLACK S C,DONG S L,IVAN C, et al. Suppression
of PDHX by microRNA-27b deregulates cell metabolism
and promotes growth in breast cancer[J]. Mol Cancer,
2018,17(1):100.

KRG XUZF, B2, A N TERR G T R A L
BRIl SR YT D). JE et BE 2 R 2224k, 2025: 48(5)
711-716.

TAN W, ZHONG Z F, WANG S P, et al. Berberine regu-
lated lipid metabolism in the presence of C75, compound
C, and TOFA in breast cancer cell line MCF-7[J]. Evid
Based Complement Alternat Med, 2015,2015:396035.
XIAO Y,MA D C, WANG H L, et al. Matrine suppresses
the ER-positive MCF cells by regulating energy metabo-
lism and endoplasmic reticulum stress signaling pathway
[J]. Phytother Res, 2017,31(4):671-679.

S 5UAT . B R T Bl i PGC-1a/PPARa/CPTIA il =
FIPEFLAR R TR S84 [D]. G IE : RIERER S, 2022.
KHORSANDI L, ORAZIZADEH M, NIAZVAND F, et
al. Quercetin induces apoptosis and necroptosis in MCF-7
breast cancer cells[J]. Bratisl Lek Listy, 2017, 118 (2) :
123-128.

ZEBRAE 2R S, W O R R B 30 L e 4
AEEE AU AR/ I (). P R 2520, 2019,44(17)
3786-3791.

TR BEACH R g R TE S A FL R 4
PEAE T BV FIFILI AT FE (D], KA 35 AR, 2021
ZHENG Y F, LIU P X, WANG N, et al. Betulinic acid
suppresses breast cancer metastasis by targeting GRP78-
mediated glycolysis and ER stress apoptotic pathway[J].
Oxid Med Cell Longev,2019,2019:8781690.

AMARA S, ZHENG M, TIRIVEEDHI V. Oleanolic acid
inhibits high salt-induced exaggeration of Warburg-like

metabolism in breast cancer cells[J]. Cell Biochem Bio-

China Pharmacy 2026 Vol. 37 No. 2

[46]

[47]

(48]

(49]

[50]

[52]

(53]

[54]

[55]

[57]

phys,2016,74(3):427-434.
PAN Y H, WANG W, HUANG S, et al. Beta-elemene in-
hibits breast cancer metastasis through blocking pyruvate
kinase M2 dimerization and nuclear translocation[J]. J
Cell Mol Med, 2019,23(10) : 6846-6858.
SRR, T, 22O, A 22 B A A TR R g e
00 = 15T 4 L A ) R R B D). B R 2y
2023,43(6):109-117.
SINHA D, SARKAR N, BISWAS J, et al. Resveratrol for
breast cancer prevention and therapy: preclinical evidence
and molecular mechanisms[J]. Semin Cancer Biol, 2016,
40/41:209-232.
ZHANG J, WANG G,MAO Q, et al. Glutamate dehydro-
genase (GDH) regulates bioenergetics and redox homeo-
stasis in human glioma[J]. Oncotarget, 2016, 295 (10) :
799-800.
SUN F,XIE M L,ZHU L J, et al. Inhibitory eftect of os-
thole on alcohol-induced fatty liver in mice[J]. Dig Liver
Dis, 2009,41(2):127-133.
GUY,QICT,SUN X X, et al. Arctigenin preferentially
induces tumor cell death under glucose deprivation by in-
hibiting cellular energy metabolism[J]. Biochem Pharma-
col,2012,84(4) :468-476.
JIN J M, QIU S P, WANG P, et al. Cardamonin inhibits
breast cancer growth by repressing HIF-1a-dependent
metabolic reprogramming[J]. J Exp Clin Cancer Res,
2019,38(1):377.
WANG Z Y, WANG D M, HAN S W, et al. Bioactivity-
guided identification and cell signaling technology to de-
lineate the lactate dehydrogenase A inhibition effects of
Spatholobus suberectus on breast cancer[J]. PLoS One,
2013,8(2) :e56631.
CHAI X X,LE Y F, WANG J C, et al. Carpesium abro-
tanoides (L.) toot as a potential source of natural antican-
cer compounds: targeting glucose metabolism and PKMZ2/
HIF-1a axis of breast cancer cells[J]. J Food Sci, 2019, 84
(12):3825-3832.
TRER , RBE, AR 2%, 45 . P4 BILIE 2 H 2 R A
1l 2L g /0 B R A A B LRI S (0], v B 2 Rl
2018,24(11):16-20.
PRI, ZE0R  RISEPF . PV T 28 P 24 I 30 L s
MDA-MB-231 4l i A 5 £ 5 o 2 £ (1] 1] 52 46 )5 57
22, 2022,28(3) :8-14.
XSG , ZEIM0, S, 45 . 5L T I 2% 24 B2 L 8y 4 52
B RIFSE HIF- 1o {5 5 18 B8 42 W A PN AN T T
s i e A% B R AL [9]. T P 22, 2023, 48
(9):2352-2359.

(ki F 391 2025-06-19  f&[m1 H 35 : 2025-11-23)

(49 7K

hEZG B 2026 4E55 37 45 2 11



