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Research Progress on Cholesterol in Triple Negative Breast Can-

cer Based on Metabonomics
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(1. Guangdong Medical Uniwersity, Zhanjiang 524002, China; 2. Shunde Women and Children Hospi-
tal of Guangdong Medical University, Foshan 528300, China)

Abstract: Recent studies have revealed that triple negative breast cancer(TNBC) has unique genetic
and metabolic characteristics, and the synthesis and metabolism of cholesterol in TNBC are enhanced.
However, the large amount of cholesterol synthesized by TNBC cells was not accumulated, but in-
crease metabolites to promote tumor growth. The key molecular mechanisms affecting the microenviron-
ment of TNBC during cholesterol anabolism are summarized in this article. The glutaminase inhibitors
and PI3K inhibitors have achieved optimistic results in pre-clinical studies and are now undergoing
clinical trials. Schmosine kinase inhibitor, mTOR inhibitor, STAT3 inhibitors and ROR<y antagonists
are potential candidates for developing new anti-TNBC drugs. In conclusion, it is very promising to ex-
plore precise treatment for different metabolic subtypes of TNBC.

Subject words: triple negative breast cancer; cholesterol; metabolism; accurate treatment
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Notes: Acetyl-CoA in the cytoplasm syntheses cholesterol through MP,and HMGCR is its main rate-limiting enzyme. Excessive cholesterol will
be converted into cholesterol ester under the action of ACAT. Activation of proto-oncogenes such as MYC leads to activation of MP and up-regu-
lation of miR-33b expression,and increases MYC expression through positive feedback. In addition to MP synthesis, cholesterol can be ingested
from the circulation through LDLR mediated endocytosis. SREBP-2 and LXR are regulatory factors that control cholesterol homeostasis. SREBP-
2 mainly up-regulated cholesterol by inhibiting ABC family and activating LDLR receptor,while LXR down-regulated cholesterol by activating
ABC family and inhibiting SREBP-2. Activation of receptor tyrosine kinase-associated RTK/AKT/mTOR or RTK/RAS oncogenic pathways up-
regulates SREBP-2 function,while AKT activation also leads to cholesterol ester accumulation. Oxosterols are elevated cholesterol metabolites in
the tumor microenvironment. Although they activate LXR and thus down-regulate cholesterol levels,one oxosterol 27-HC has been shown to pro-
mote tumor growth. The wild-type tumor suppressor gene p53 upregulates the cholesterol outflow transporter ABCAL. In TNBC cell lines, RORy
can up-regulate SREBP-2 at chromatin level ,and ENSA can promote SREBP-2 expression by activating STAT3

Figure 1 Possible regulatory mechanism of cholesterol in triple negative breast cancer

25 | BEE X TNBC WFIEASWHR A 958 40 i 69 X [2] Gong Y,Ji P,Yang YS,et al. Metabolic-pathway-based
P 22 B BF 5T 00 T 45 R VR T SR T S L subtyping of triple-negative breast cancer reveals potential
4 mTOR 41 31 70 7 A 7 vk 34 I 37 3 1o 3F 7 T therapeutic targets|J]. Cell Metab,2021,33(1):51-64.e9.

s . N T [3] Xiao Y,Ma D,Yang YS,et al. Comprehensive metabolo-
TNBC., /23 St e i 40 i 7)1 PISKC 0 0 i DA i S5 mics expands precision medicine for triple-negative breast
WEARE RAFY A, IR TR TNBC 7E A 1l cancer{J]. Cell Res,2022,32(5):477-490.
IR 5T s ot 25 B 2 TS SR U0 761 3R L STATT3 9100 il 5] A1 [4]  Ripoll C,Roldan M,Ruedas-Rama MJ, et al. Breast cancer
RORYy YU A T BE B TNBC Hr 245 F 1] 7Y 3 cell subtypes display different metabolic phenotypes that
il a4y T4 AR I & WA 4 2% & 3 TNBC 1 correlate with their clinical classification[J]. Biology(Basel),
BT AR 2021,10(12):1267.
[5]  Koundouros N,Karali E,Tripp A, et al. Metabolic finger-
printing links oncogenic PIK3CA with enhanced arachi-
%%j{ ﬁjﬁ : donic acid-derived eicosanoids[J]. Cell,2020,181(7):1596—
[1]  Denkert C,Liedtke C,Tutt A,et al. Molecular alterations 1611,e27.
in triple-negative breast cancer-the road to new treatment [6] Acharya S,Yao J,Li P,et al. Sphingosine kinase 1 signal-
strategies|]]. Lancet,2017,389(10087):2430-2442. ing promotes metastasis of triple-negative breast cancer|]].
728 Jib B % 207 2022 £ 4 28 % 9



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Cancer Res,2019,79(16):4211-4226.
Grinde MT,Hilmarsdottir B, Tunset HM et al. Glutamine
to proline conversion is associated with response to glu-
taminase inhibition in breast cancer|J]. Breast Cancer Res,
2019,21(1):61.

Nguyen T,Kirsch BJ,Asaka R, et al. Uncovering the role
of N-acetyl-aspartyl-glutamate as a glutamate reservoir in
cancer]J]. Cell Rep,2019,27(2):491-501,€6.

Lee HH,Wang YN,Xia W,et al. Removal of N-linked
glycosylation enhances PD-L1 detection and predicts anti-
PD-1/PD-L1 therapeutic efficacy[J]. Cancer Cell ,2019,36
(2):168-178, e4.

Xu H,Zhou S,Tang Q,et al. Cholesterol metabolism:new
functions and therapeutic approaches in cancer[J]. Biochim
Biophys Acta Rev Cancer,2020,1874(1):188394.

Chimento A, Casaburi I, Avena P,et al. Cholesterol and its
metabolites in tumor growth:therapeutic potential of statins in
cancer treatment]J]. Front Endocrinol(Lausanne),2019,9.807.
Ding X,Zhang W,Li S,et al. The role of cholesterol
metabolism in cancer[J]. Am ] Cancer Res,2019,9(2):
219-227.

Mayengbam SS,Singh A,Pillai AD,et al. Influence of
cholesterol on cancer progression and therapy[J]. Transl
Oncol 2021, 14(6): 101043.

Van Wyhe RD,Rahal OM,Woodward WA. Effect of
statins on breast cancer recurrence and mortality: a review
[J]. Breast Cancer (Dove Med Press), 2017,9:559-565.
Touvier M, Fassier P,His M,et al. Cholesterol and breast
cancer risk: a systematic review and meta-analysis of
prospective studies|J]|. Br J Nutr,2015,114(3):347-357.
Islam MM, Yang HC,Nguyen PA ,et al. Exploring associa-
tion between statin use and breast cancer risk: an updated
meta-analysis [J]. Arch Gynecol Obstet,2017,296 (6):
1043-1053.

Finlay-Schultz J,Sartorius CA. Steroid hormones, steroid
receptors,and breast cancer stem cells [J]. J] Mammary
Gland Biol Neoplasia,2015,20(1-2):39-50.
Ehmsen S,Pedersen MH,Wang G,et al.

cholesterol biosynthesis is a key characteristic of breast can-

Increased

cer stem cells influencing patient outcome|J]. Cell Rep,2019,
27(13):3927-3938,, 6.

Nelson ER,Wardell SE,Jasper JS,et al. 27-Hydroxyc-
holesterol links hypercholesterolemia and breast cancer
pathophysiology[J]. Science,2013,342(6162):1094-1098.
Baek AE,Yu YA,He S,et al. The cholesterol metabolite
27 hydroxycholesterol facilitates breast cancer metastasis
through its actions on immune cells[J]. Nat Commun,2017,
8(1):864.

Yuan Y,Pan K,Mortimer J,et al. Metabolic syndrome risk

M2 2022 £ 4 28 A% 9 H

[22]

(23]

[24]

[25]

[27]

(28]

[29]

[31]

[32]

(33]

[34]

[35]

components and mortality after triple-negative breast can-
cer diagnosis in postmenopausal women in the Women’s
Health Initiative[J]. Cancer,2021,127(10):1658-1667.
Cai D,Wang J,Gao B,et al. RORgamma is a targetable
master regulator of cholesterol biosynthesis in a cancer
subtype[J]. Nat Commun,2019,10(1).:4621.

Huang B,Song BL,Xu C. Cholesterol metabolism in cancer:
mechanisms and therapeutic opportunities[J]. Nat Metab,
2020,2(2):132-141.

Mullen PJ,Yu R,Longo J,et al. The interplay between
cell signalling and the mevalonate pathway in cancer[]J].
Nat Rev Cancer,2016,16(11):718-731.

Wang X,Huang Z,Wu Q,et al. MYC-regulated mevalonate
metabolism maintains brain tumor-initiating cells|[J]. Can-
cer Res,2017,77(18):4947-4960.

Wang YJ,Bian Y,Luo J,et al. Cholesterol and fatty acids
regulate cysteine ubiquitylation of ACAT2 through com-
petitive oxidation|J]. Nat Cell Biol,2017,19(7).808-819.
Haskins JW,Zhang S,Means RE,et al. Neuregulin-acti-
vated ERBB4 induces the SREBP-2 cholesterol biosyn-
thetic pathway and increases low-density lipoprotein up-
take[J]. Sei Signal ,2015,8(401):ralll.

Chen YY,Ge JY,Zhu SY ,et al. Copy number amplifica-
tion of ENSA promotes the progression of triple-negative
breast cancer via cholesterol biosynthesis[J]. Nat Com-
mun,2022,13(1):791.

Kaymak I,Maier CR,Schmitz W ,et al. Mevalonate path-
way provides ubiquinone to maintain pyrimidine synthesis
and survival in p53-deficient cancer cells exposed to
metabolic stress|[J]. Cancer Res,2020,80(2).189-203.
Kloudova A,Guengerich FP,Soucek P. The role of oxys-
terols in human cancer[J]. Trends Endocrinol Metab,2017,
28(7):485-496.

Villa GR,Hulce JJ,Zanca C,et al. An LXR-cholesterol
axis creates a metabolic co-dependency for brain cancers
[J]. Cancer Cell ,2016,30(5):683—-693.

Wang B, Tontonoz P. Liver X receptors in lipid signalling
and membrane homeostasis[J]. Nat Rev Endocrinol, 2018,
14(8):452-463.

Lianto P, Hutchinson SA ,Moore JB,et al. Characterization
and prognostic value of LXR splice variants in triple-nega-
tive breast cancer|]]. iScience,2021,24(10):103212.
Marti JLG,Beckwitt CH,Clark AM et al. Atorvastatin fa-
cilitates chemotherapy effects in metastatic triple-negative
breast cancer|]]. Br J Cancer,2021 125(9):1285-1298.
Ghanbari F, Fortier AM,Park M, et al. Cholesterol-induced
metabolic reprogramming in breast cancer cells is mediated

viathe ERRa pathwaylJ]. Cancers (Basel),2021,13(11):2605.

729



