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Metabolism of Cancer Stem Cells

XING Zheng-Cao"** | FAN Qiu-Ju®*, WU Hong-Mei" *
(V) Department of Cell Biology, Shaanxi Normal University, Xi‘an 710062, China;? Department of Biochemisiry and
Molecular Biology, Shanghai Jiao Tong University School of Medicine, Shanghai 200025, China)

Abstract Cancer stem cells (CSCs), also called tumor initiating cells (TICs), are cell populations
harboring stem cell-like properties of initiating tumorigenesis as well as self-renewal. They are essential for
tumorigenesis, tumor progression, and recurrence, which are highly resistant to chemotherapy. Cancer
stem cells are one of the main causes of tumor heterogeneity. Tumor metabolism is emerged play an
important role in tumorigenesis and progression. Although both differentiated tumor bulk cells and cancer
stem cells show adaptive metabolic reprogramming, the metabolic characteristics of cancer stem cells are
now considered specific to meet their survival demands and to maintain their stemness. To date,
consensus has not yet been reached on the metabolic characteristics on cancer stem cells. Some studies
have shown that cancer stem cells mainly rely on aerobic glycolysis for energy supply whereas some
studies have pointed out that mitochondrial metabolism is their main source of energy, either. In addition,
cancer stem cells can change their metabolic preference to better adaptation to tumor microenvironment.
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To explore the specific metabolic pathways in cancer stem cells may lay the foundation for tumor therapy.

Here we review the identification and isolation methods of cancer stem cells, especially focus on the

metabolic pathways, including glucose, fatty acid and amino acid metabolism, in cancer stem cells. We

also discuss the influence of microenvironment on cancer stem cell metabolism, and emphasize the

therapeutic strategies that target cancer stem cell metabolism combined with chemotherapeutic drugs,

which might help to find more efficient means of tumor treatment in the clinic.
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Table 1 Antineoplastic drugs or small molecular compounds in clinic trials

Drug Target Indication phase ORR (%) PFS( Month)
FT-2102 IDH Hepatobiliary tumors 1b/2

CB-839 Glutaminase 1 Non-small cell lung cancer 1/2

Aspirin 0(0).¢) Colorectal cancer 2 25

Osimertinib EGFR Non-small cell lung cancer 3 80 18.9
Napabucasin STAT3 Pancreatic cancer 59 6.0
Metformin+Gefitinib Glucose metabolism  Non-small cell lung cancer 2 71 13.1
Epacadostat+Keytruda ~ IDO Melanoma 172 55 12. 4
Indoximod+Keytruda IDO Melanoma 2 61 12.9

IDH: isocitrate dehydrogenase; IDO: indoleamine 2, 3-dioxygenase; COX2: cyclooxygenase 2; EGFR: epidermal growth factor

receptor; STAT3: signal transducer and activator of transcription 3; ORR: Objective Response Rate; PFS: Disease free survival

2 METHERERNFSEES

H A, %00 e 20 ) R | AR e
LR 5 R e A R S M ) T A L bR A A, T AR i
XEEARAEY) 53 B R T AR AR SR bR DT
HAFRN AR M T dnfdr i, 2445 CD133
CD44 .CD166 ,CD90 Nestin ,Sox2 F1 Nanog %5, H{J&

T AR YA I AR 2 8 R IS R T AR & YA
Bl SRS (H —Fh b 2 8 8 AN 2 DA S Mg
T4, Table 2 1t i+ 40 A A 45 R MEARIC )
flan, WET B, FUIRE T4l BR T Rk CD44 iR
BHRIK W ARG ALDH A ELA B 1% T 40 i 1
BRGS0 B g B R T 40 M 9 AR AR 2 CD133/
CD44"/ A2131"5) A fili i v, 38 4y 2 FH NN,
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Table 2 Specific markers of tumor stem cells

HA NIA A, CD166" 20 140 M4 s g . 1)

Tumor CD34 CD44 CD90 CD96

CD117 CD133

CD166 Lgr5 EpCAM ALDHI ABCG2  A2131

Leukemia + +
Breast cancer

Lung cancer + +
Pancreatic cancer

Brain cancer +
Colorectal cancer

Ovarian cancer +

Osteosarcoma +

+ o+ o+ o+ o+
+
+
+

+: positive

HAT, /B T A £ 2R LR ik 56 1
ol 2 ) T 200 2 1 1) 2 1A b o 0 B s SR T
o PEREIR 3 PR B X 2 5 55 2 ol 2 ) R 9 e O
YfiJid ( side population, SP) FJ5NE , HZ5 A DNA 9%¢
JEHEEL Hoechst33342 A0 FH 21 it , A1) FH 983 —+ 4 it mf
V- G S L 2006 0% 1 B O A e (e AR £ 1Y
MR A, By JRg T 200 6 355 3 ol D40 i 25 o
TETEAS ) P 4 B IR T A R e FEAE R A A
A I JRE AN R R 8 R TE A0 3R 5 (RIS
EGF .BFGF Ji 5% 2 F1 B27 %5 (4 TG 1L % DMEM/F12
B3k ) oAb ek, BE Ok iR 1 40 i K ( tumor
sphere ) ,,

3 METHERa RS

TSR SN, P 1 200 26 R Bk 1 2 L
PRIARZS AR 1%, h T LR A /N HAS A, Ak
TR B B, T B AR 3 2 KO b R

More increased OXPHOS
Increased fatty acid metabolism

Abnormally active amino acid metabolism 0P RR0ey

metabolic preference

Fatty acid <_’ Amino acid

Glycolysis |-ATP.

Pyruvate

Aerobic
Glycolysis |-ATP.

” Warburg Effect?

Fig.1 Main metabolic pathways of cancer stem cells
pathways for their energy production

_— T
Glucose

Warburg Effect or Reverse

(glycolysis ) T A J& A 1k Wi B2 L ( oxidative
phosphorylation, OXPHOS) #& it G &', {H &, i
SRR BRI ST A B, Bl e T A 5 0k 1 fioh 33 40 L —
FE AR T T GBI BR 09 4R R HF AT = 7R IR 11 24
(tricarboxylic acid cycle, TAC) Fg AR B %A AL (fatty
acid oxidation, FAO) %5, [A]if | H 2 JE MR AL A
TR ks, (H 2 AT I LR T 40
LA A 1D e 2 L i T 4 L O S 2 B B
HARETERI 225 Fig 1 A4 e T 4n i iy = 22
ACEIRAR o T SCORF A0 8 1 20 e ) 0% | IS N 2 i 1R
R AT TR 4
3.1 BB TARERSE =R

A 2 B b e A0 T ) R REEOR TR, 20 Th4]
#],0tto Warburg & 88, RMEE AR T R BB T,
i TEE 200 AR 1 H SR AT SR 1 A 1140 0 A o 2 M
Bl Warburg B ﬁ%ﬁf%,%%ﬁﬁﬁ%ﬁqjﬁéq:
BT LTS SR BT, I T A AR AR R

CSCs appear to be metabolically plastic and rely on multiple metabolic
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