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Cancer stem cells, metabolism, and therapeutic significance
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Abstract Cancer stem cells (CSCs) have attracted much at-
tention of the research community in the recent years. Due to
their highly tumorigenic and drug-resistant properties, CSCs
represent important targets for developing novel anticancer
agents and therapeutic strategies. CSCs were first described
in hematopoietic malignancies and subsequently identified in
various types of solid tumors including brain, breast, lung,
colon, melanoma, and ovarian cancer. CSCs possess special
biological properties including long-term self-renewal capac-
ity, multi-lineage differentiation, and resistance to convention-
al chemotherapy and radiotherapy. As such, CSCs are consid-
ered as a major source of residual disease after therapy leading
to disease occurrence. Thus, it is very important to understand
the cellular survival mechanisms specific to CSCs and accord-
ingly develop effective therapeutic approaches to eliminate
this subpopulation of cancer cells in order to improve the
treatment outcome of cancer patients. Possible therapeutic
strategies against CSCs include targeting the self-renewal
pathways of CSCs, interrupting the interaction between
CSCs and their microenvironment, and exploiting the unique
metabolic properties of CSCs. In this review article, we will

provide an overview of the biological characteristics of CSCs,
with a particular focus on their metabolic properties and po-
tential therapeutic strategies to eliminate CSCs.
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Introduction

Cancer stem cells (CSCs) are a small subgroup of special
cancer cells capable of long-term self-renewal with the poten-
tial to differentiate into multiple cell lineages. Since the con-
cept of CSCs was put forward decades ago, a growing body of
studies suggests that the heterogeneous cancers could indeed
be derived from a small fraction of special cancer cells with
stem cell properties [1–4]. Such CSCs could be isolated using
flow cytometry based on their specific cell-surface markers or
their ability to exclude certain compounds including the
DNA-binding dye Hoechst 33342 [5, 6]. The high expression
of ATP-dependent efflux pump ABCG2 in CSCs confers
them the ability to effectively export Hoechst 33342 out of
the cells and leads to a low retention of the fluorescent signal
in these cells, so they just appear at the low-left corner in flow
cytometry analysis and thus are known as Bside population^
or SP cells [1, 7]. CSCs play a very important role in sustain-
ing tumor growth and mediating tumor metastasis [1]. The
subpopulation of cancer cells with such biological properties
is rare in tumor tissues. In long-term cultured cancer cell lines,
the fraction of these special cells may be in the range of no
more than 0.1–2 % [8].

The high ability of CSCs to survive and resist conventional
chemotherapy and radiotherapy has been observed in various
cancer types. For instance, Kang et al. showed that only a
small proportion of human glioblastoma cells survived and
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proliferated after they were exposed to lethal doses of 1,3-
bis(2-chlorethyl)-1-nitrosourea (BCNU). The residual cells
expressed CD133, CD117, CD90, CD71, and CD45 surface
markers and could initiate tumors when transplanted
orthotopically into severe combined immunodeficient mouse.
They described these BCNU resistant cells as stem-like cancer
cells [9]. This subset of cancer cells often exhibits the follow-
ing main characteristics: (1) tumorigenic capacity; (2) specific
molecular markers; (3) responsible for the maintenance of
tumor’s growth; and (4) resistant to chemo- or radiation ther-
apy [10]. Investigations of CSCs’ biologic behaviors and dis-
tinct metabolic features are of high clinical importance.

Conventional anticancer drugs are able to kill the bulk of
Bregular^ cancer cells in the tumor mass and induce tumor
shrinkage, but seem unable to kill CSCs, which are thought
to be responsible for the persistence of residual disease, drug
resistance, and eventually therapeutic failure. In addition to
the above characteristics, CSCs seem to exhibit the metabolic
alterations. Recent studies suggest that certain types of CSCs
exhibit low mitochondrial respiration and high glycolytic ac-
tivity, and such metabolic properties may render CSC more
sensitive to glycolytic inhibitors [11, 12]. Since cancer stem
cells play a major role in metastasis and drug resistance, it is
essential to fully understand their biological properties and
develop new therapies capable of effectively targeting the
CSC subpopulation, leading to their elimination and potential-
ly cure the malignant diseases.

Identification and isolation of CSCs

Cancer cells with stem-like properties have been found in a
large cohort of malignancies with different tissue origins.
Currently, the commonly recognized features or characteris-
tics of CSCs include the ability to self-renew for long-term, to
form tumor in vivo, and to differentiate and generate down-
stream progenitor cells of multi-lineages. As such, CSCs can
regenerate heterogeneous tumor cells when serially
transplanted into recipients. However, it is still unknown
whether CSCs come from normal stem cells or more differen-
tiated cells [13]. CSCs are often isolated by their expression of
specific molecular markers, especially surface markers such as
CD133, CD34, CD24, CD44, CD166, and epithelial cell ad-
hesion molecule (EpCAM), which are also used to identify
corresponding normal stem cells [14]. For example, Dou J et
al. used cell-surface markers CD133+, CD44+, and CD24+ to
identify cancer stem-like cells in the murine melanoma
B16F10 cells. They also showed that CD44+CD133+CD24+

cells exhibited biological properties of cancer stem-like cells
and behaved similarly to CSCs [15]. CD133 is also a popular
CSC marker for gastrointestinal tract (GIT) cancer and hepa-
tocellular carcinoma (HCC) [16, 17]. CD133+ HCC cells ex-
hibited an increase in tumorigenicity in xenografted mice [16].

Interestingly, some CSCs do not express the typical stem cell
markers. Besides, certain membrane proteins and receptors
have been identified as potential markers for CSCs of certain
tumors [18].

Although the commonly accepted CSC cell-surface
markers can be used to identify and purify CSCs using proper
assays such as flow cytometry and special beads coated with
antibodies specific for CSC surface markers, these methods
may not be able to detect/isolate certain CSCs that do not
express such specific markers. The SP analysis is another
method to identify and isolate CSCs based on their ability to
exclude the fluorescent dye Hoechst 33342 via the membrane-
bond proteins of ATP-binding cassette (ABC) transporter fam-
ily. ABC transporters can efflux various endogenous and ex-
ogenous compounds including xenobiotics and also the fluo-
rescent dye Hoechst 33342 out of the cells. This efflux process
is an energy-driven process using ATP to drive the pump.
CSCs express high levels of ABC transporters especially
ABCG2, which actively exclude the dye out of the cell so
the dim Btail^ with low fluorescent signal is considered as
CSCs. Goodell et al. developed this functional assay for
enriching CSCs from mouse bone marrow cells in 1996.
Since then, the SP analysis technique has been commonly
used to determine and quantify stem-like cells in different
types of cancers. In many cases, SP cells have been shown
to possess high capacity of self-renewal with expression of
stem cell markers and have high ability to form tumors when
transplanted into immunocompromised mice [1, 19].

CSCs share a variety of biological properties with normal
stem cells such as self-renewal, multi-lineage differentiation
and ability to form sphere-like cell clusters. Colony or sphere
formation assay is another method to assay CSCs on the basis of
their functional properties. Under proper culture conditions,
stem cells with differentiating capacity could proliferate and
form clonogenic spheres. As such, cancer cells capable of
sphere formation are sometimes considered as tumorigenic cells.
Tang et al. has utilized this strategy to isolate prostate cancer
cells and confirmed their ability to form tumor in mice [8].

CSCs can also be identified and isolated based on their
expression of functional aldehyde dehydrogenase (ALDH)
[20]. ALDH is positively associated with cell proliferation
and differentiation as it can catalyze retinaldehyde irreversibly
to retinoic acid [18]. Cancer stem cells isolated based on high
ALDH activity has been reported in various tumors. Ginestier
et al. isolated cells with high ALDH activity from human
breast normal tissues and showed that these tumor cells had
the characteristics of CSCs. Increased ALDH activity was ob-
served in breast CSCs, and this increased activity was associ-
ated with enhanced capacity of self-renewal and tumorigene-
sis. Fewer ALDH1-positive cells than CD44+/CD24− tumor
cells were needed to initiate breast cancer in immunodeficient
mice, suggesting that this functional assay based on ALDH
activity could be used to isolate highly tumorigenic CSCs [21].
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Characteristics of CSCs

In recent years, studies based on the concept of CSCs have
provided plausible explanations for tumor initiation, prolifer-
ation, metastasis, and tumor heterogeneity. According to the
CSC theory, tumors are originated from cancer stem cells,
which produce the down-stream progeny cancer cells to pro-
liferate and generate the bulk of the tumors. The ability of
CSCs to differentiate into multi cell lineages further provides
the capacity to generate heterogeneous cells within a tumor
mass. In 1971, Park and his colleagues established that a single
myeloma cell from a mouse tumor could initiate a new tumor
in a recipient mouse [22]. Subsequently, CSCs have been iden-
tified in leukemia and multiple solid tumors and believed to be
a common feature in oncogenesis. The presence of cancer
stem cells were first demonstrated in human hematopoietic
cancers about 20 years ago by Dick and colleagues. They
found that the human acute myeloid leukemia (AML) cells
with CD34+CD38- antigen profile could initiate AML in
NOD/SCID mice. These cells were considered as leukemic
stem cells with high capacity of proliferation and long-term
self-renewal. Since then, CSCs have been found in many solid
tumors including glioma, prostate cancer, colon cancer, liver
cancer, gastric cancer, and many other malignant tumors [16,
23–25]. The term cancer stem cell is used to describe cancer
cells capable of self-renewal and differentiation. Like normal
stem cells, only a small subset of undifferentiated cells can
generate tumors and maintain their growth. For example, one
million human melanoma cells may only contain one cancer-
initiating cell that could generate tumor in NOD/SCID mice
[26]. However, another report by Quintana et al. revealed that
the number of cells with tumorigenic potential in human can-
cers seems more common than previously thought if more
careful optimization of xenotransplantation assays were used.
Interestingly, the authors showed that a single human melano-
ma cell could be sufficient to initiate melanoma in vivo [27].

With the advance in CSCs research, increasing evidence
suggests that cancer stem cells may play a key role not only
in the tumor initiation but also in the invasiveness, progression,
and metastasis. Researchers showed that cancer metastatic
ability was closely associated with cancer stem cell phenotype,
especially the process known as epithelial-mesenchymal tran-
sition (EMT) [28, 29]. Interestingly, Hermann et al. demon-
strated that CD133+CXCR4+ cancer stem cells were necessary
for tumor metastasis in pancreatic cancer. CXCR4, as the spe-
cific receptor of stromal cell-derived factor 1 (SDF-1), is a vital
mediator during cell migration. They found that CD133+ cells
which were considered as cancer stem cells in the invasive
front strongly expressed CXCR4 [30]. Thus, new strategies
aiming at regulating the SDF-1/CXCR4 axis may have poten-
tial applications in clinical treatment of the highly aggressive
and therapy-resistant pancreatic cancer. In view of that CSCs
are highly associated with metastasis, there is evidence

suggesting that more aggressive tumors may contain a relative-
ly higher percentage of CSCs [25]. Thus, elimination of this
subpopulation of migrating CSC would be an important strat-
egy to abrogate the metastatic activity of malignant tumors.

Resistance to therapy and mechanisms

Resistance of CSCs to standard chemotherapy or radiotherapy
may lead persistence of residual diseases and cancer recur-
rence and thus constitutes a major challenge in clinical treat-
ment of cancer. CSCs often exhibit resistance to many con-
ventional chemotherapeutic agents due to multiple mecha-
nisms. Hermann et al. uncovered that CSCs expressing
CD133 in human pancreatic cancer tissue were highly resis-
tant to standard chemotherapy and that new strategies such as
multimodal treatment seemed to be more effective in elimi-
nating CSCs, resulting in a better therapeutic outcome in mice
bearing pancreatic cancer xenografts [31]. It is now clear that
the failure of standard therapeutic regiments to kill cancer
stem cells is a major problem in cancer treatment since the
regrowth of the residual CSCs would lead to tumor recurrence
[32, 33].

However, the exact mechanisms by which CSCs resist che-
motherapy and radiotherapy are not fully understood. Recent
studies suggest that multiple mechanisms are likely involved.
CSCs seem able to preferentially activate the DNA damage
checkpoint in response to DNA damage induced by either
radiation or DNA-damaging drugs and thus increase their
ability to repair DNA. Indeed, Bao et al. discovered that radi-
ated CD133+ glioma cells activated the DNA damage check-
point and repaired radiation-induced DNA damage more effi-
ciently than the CD133- counterparts. Interestingly, specific
inhibitors of cell cycle checkpoint kinase 1 (Chk1) and cell
cycle checkpoint kinase 2 (Chk2) could partially reverse the
radiation-resistance phenotype in stem-like glioma cells [6].

Another potentially important mechanism contributing to
drug resistance in CSCs is the high expression of ABC trans-
porters, the ATP-binding cassettes capable of exporting cer-
tain chemicals and drugs out of the cells leading to multidrug
resistance [34, 35]. Liu and colleagues recently found that the
expression of ABCG2 in SP cells was higher than that in the
non-SP cells, and the glucose in the microenvironment could
further up-regulate the expression of ABCG2 [19]. Since high
expression of ABC transporters would enable the cells to ef-
fectively pump traditional chemotherapeutic drugs out of the
cells, the high level of ABCG2 in SP cells would render them
resistance to multiple chemotherapeutic agents. As such, inhi-
bition of ABC pump function would be a potential strategy to
overcome drug resistance in cancer stem cells. Interestingly,
Xu et al. showed that depletion of cellular ATP by inhibition
of glycolysis could overcome drug resistance due to over ex-
pression of the multidrug resistant molecules [36].
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CSCs seem to have a lower level of ROS due in part to the
higher expression of free radical-scavenging molecules such
as glutathione (GSH). The increase in cellular GSH may pro-
vide another mechanism of drug resistance, since GSH is in-
volved in cellular detoxification by conjugation with toxic
chemicals and certain chemotherapeutic agents such as cis-
platin and promote their export from the cells. Indeed, Diehn
et al. showed that breast CSCs are more resistant to radiation,
and such radioresistance was closely associated with the in-
creased capacity of breast CSCs to synthesize glutathione
(GSH) [37]. Importantly, the same study showed that inhibi-
tion of GSH synthesis by a chemical inhibitor buthionine
sulfoximine (BSO) significantly suppressed the clonogenic
potential of breast CSCs and enhanced their sensitivity to
radiotherapy.

Another factor that contributes to the drug-resistant pheno-
type of CSCs is their relatively quiescent or dormant state.
Recent studies revealed the presence of prostate cancer stem
cells as subsets of slow-cycling and long-term BrdU-retaining
cells [8, 38]. Since many chemotherapeutic drugs and radiation
preferentially kill fast-growing cells which are active in DNA
replication and thus highly sensitive to DNA-damaging agents,
the relatively dormant or slow-cycling CSCs would be less vul-
nerable to DNA-damaging agents for the reason that the DNA
damage induced in non-cycling cells is unlikely to cause cata-
strophic events without DNA replication. This situation would
allow CSCs more time to repair the DNA damage and stay
viable. Indeed, recent studies suggest that after radiation killed
the bulk of cycling cancer cells, the residual CSCs were able to
re-enter the cell cycle leading to tumor recurrence [39, 40].

Other mechanisms were also involved in chemo- and
radioresistance of CSCs. Previous studies reported that the
preferential expression of the survival proteins involved in
the Akt/PKB and Bcl-2 pathway in CD133+ HCC CSCs ren-
dered them to resistant to doxorubicin and 5-fluorouracil or to
radiation therapy [41, 42]. In addition, a recent study reported
that CD133+ HCC CSCs exhibited a resistance to IFN-γ-
induced autophagy, which might be an important immune-
resistant mechanism of CSCs [43].

Taken together, CSCs are relatively insensitive to standard
chemotherapy and radiotherapy due to multiple mechanisms,
including high capacity in DNA damage repair and drug ex-
port, high antioxidant and detoxification capacity, and quies-
cent or slow-cycling state. It is important to develop new ther-
apeutic strategies and agents capable of effective killing CSCs
based on their special characteristics.

Metabolic alterations in CSCs and therapeutic
implications

More than 80 years ago, Warburg first observed that cancer
cells exhibited an increase in glycolytic activity, even in the

presence of abundant oxygen [44]. This phenomenon (aerobic
glycolysis in cancer cells) is known as the Warburg effect,
which is subsequently observed in many cancer types [45].
Recent studies suggest that compared to the bulk of Bregular^
cancer cells, CSCs seem to exhibit a lower rate of mitochon-
drial respiration, are highly active in glycolysis, and largely
depend on this metabolic pathway to generate ATP for surviv-
al (Fig. 1).

Zhou et al. isolated highly tumorigenic cancer cells from
the tumor xenografts of human glioblastoma U87 cells in
mice. These cells exhibited stem-like properties, low mito-
chondrial respiration, increased glycolysis for ATP genera-
tion, and preference for hypoxia to maintain their stemness
[11]. Vincent et al. performed metabolome analysis of colon
cancer and reported that compared with CD133- cells,
CD133+ colon cancer colo205 cells displayed a significant
down regulation of protein synthesis with a decrease of some
nucleotides like acetyl-CoA, cholesterol, and glucose-
dependent lipid synthesis. This unique metabolic profile in
colon CSCs endowed them with a quiescent or slow-cycling
nature which was responsible for chemo- and radioresistance
[46].

In addition, Yuan and his colleagues also showed that glio-
blastoma stem cells exhibited a metabolic shift to more gly-
colytic phenotype. These stem-like glioblastoma cells were
highly resistant to standard drugs such as carmustine and tem-
ozolomide but highly sensitive to glycolytic inhibitor 3-BrOP.
The combination of glycolytic inhibitor with conventional
drug carmustine could effectively eradicate glioblastoma cells
through synergistic mechanisms by carmustine-mediated
DNA damage by 3-BrOP-induced rapid depletion of cellular
ATP that abolished ability of cells to repair DNA damage [12].
Consistently, Liu et al. showed that SP cells with stem-like
properties were more dependent on glucose compared with
non-SP cells [19]. The same study also demonstrated that
the glycolytic inhibitor 3-BrOP could significantly decrease
the percentage of SP cells in vitro and impair their ability to
form tumor in vivo. Several lines of evidence also showed that
metformin, a biguanide class of antidiabetic drugs, may selec-
tively kill CSCs through modulation of glucose homeostasis
[47, 48]. However, the detailed mechanism by which CSCs
are more sensitive tometformin has not been fully understood.
Researchers also confirmed that therapy combined metformin
with standard chemotherapeutic drug doxorubicin could
achieved a synergistic effect in breast cancer [49]. Together,
targeting glycolysis may be an effective strategy to eliminate
CSCs and thus may have significant implications in cancer
treatment (Fig. 2). Therefore, the potential metabolic targeting
strategies for eradicating CSCs could help to develop a more
effective therapeutic approach for cancer treatment. The pos-
sibility of combining specific CSC metabolism inhibitors
with existing therapeutic approaches could have profound
anticancer effects.
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As described previously, high expression of chemical ex-
porter ABCG2 in CSCs plays a major role in drug resistance.
Given the fact that the function of ABC transporter is highly
dependent on ATP and that glycolysis seems to be the main
metabolic pathway for ATP generation in CSCs, thus it is
possible to overcome drug resistance by inhibition of glycol-
ysis leading to depletion of cellular ATP and thus inactivation
of the ABC transporters. This therapeutic strategy, as illustrat-
ed in Fig. 3, is expected to restore drug sensitivity of CSCs,
especially in those with high expression of ABC transporters
such skin cancer stem cells [50]. Nakano et al. showed that

glycolysis inhibitor 3-BrPA could inactivate the ABC trans-
porters in SP cells isolated from RPMI8226. Such glycolytic
inhibition rendered the cancer cells unable to export Hoechst
33342, suggesting inhibition would significantly reduce the
ability of CSCs to export chemotherapeutic drugs. Similarly,
3-BrPA restored cytotoxic effects of daunorubicin and doxo-
rubicin on KG-1 and RPMI8226 cells and markedly sup-
pressed subcutaneous tumor growth when RPMI8226 cells
were implanted in mice [51]. Similarly hematopoietic stem
cells were shown to use aerobic glycolysis as a preferred path-
way to generate ATP [52]. Thus, combination of glycolytic
inhibition and conventional chemotherapeutic agents will
likely applicable to various cancer types. It should be noted
that since most non-stem cancer cells also exhibited higher
glycolytic activity compared to normal cells, this drug combi-
nation strategy could also be effective in causing a complete
destruction to the entire tumor.

In contrast to general cancer cells in which ROS levels are
increased, CSCs exhibited lower levels of ROS. The mainte-
nance of low ROS levels is essential to preserve CSC self-
renewal and stemness [37]. The lower ROS in CSCs com-
pared to non-tumorigenic cells seems due in part to high ex-
pression of ROS scavenging molecules such as GSH and to
high activity of pentose phosphate pathway where NADPH is
generated. Ishimoto et al. found that CD44+ gastrointestinal
CSCs showed an enhanced capacity of GSH synthesis and
defense against ROS by activation of cystine-glutamate ex-
change transporter [53]. These properties contribute to the
radioresistance of stem cells, since radiation exerts cytotoxic
effect through generation of free radicals and the critical me-
diator ROS is decreased in stem cells [54]. Low level of ROS
in CSCs appears to support cell viability. In contrast, an ex-
cessive increase in ROS level might reach a critical point or
threshold that triggers CSCs’ death. Therefore, the use of pro-

Fig. 1 Cancer stem cells exhibit a lower rate of mitochondrial respiration
and are highly active in glycolysis for ATP generation. HK hexokinase,
GAPDH glyceraldehyde-3-phosphate dehydrogenase, PEP
phosphoenolpyruvic acid

Fig. 2 Targeting glycolysis will
be a new strategy to eliminate
CSCs in cancer treatment. a The
persistence of viable stem-cell
like cancer cells after
conventional therapy is a major
reason for development of drug
resistance and disease recurrence.
b Based on the metabolic
alterations in CSCs, therapeutic
strategies using proper
combination of standard
chemotherapeutic agents and
glycolytic inhibitors that target
CSC preferentially target CSCs
will effectively eradicate both
cancer cells and CSCs and would
potentially improve the outcome
of clinical cancer treatment
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oxidant agents such as PEITC, which depletes GSH and in-
creases ROS in cancer cells, may be a potentially effective to
eliminate CSCs that are highly dependent on the antioxidant
system (Fig. 4) [55–57].

Conclusions

CSCs possess the ability to self-renew, differentiate to multi-
ple lineages of cancer cells, and initiate tumor formation in

vivo. This subpopulation of cancer cells also plays an impor-
tant role in cancer metastasis and resistance to chemotherapy
and radiotherapy. The current methods for identification and
enrichment of CSCs mainly based on stem cell markers or the
on the ability of CSCs to export Hoechst 33342. However,
each method has its shortcomings. Currently there is not an
accepted set of surface markers that can be used to definitely
isolate a pure population of CSCs [58]. The SP technique is
also imperfect due to the toxicity of nucleic acid binding dye
Hoechst 33342 and its inability to differentiate the function of

Fig. 4 Cancer stem cells are
highly dependent on antioxidant
system to maintain a low level of
cellular ROS. Under the normal
conditions, CSCs have a low level
of ROS compared with non-stem
cancer cells, due in part to the
increase of antioxidants GSH and
NADPH, which promote cell
survival and resistance to
chemotherapy/radiotherapy. Pro-
oxidants such as PEITC can
increase ROS in cancer cells and
would be effective in eliminating
CSCs. MRC mitochondrial
respiratory

Fig. 3 ATP generated from
glycolysis contributes to the
function of ABCG2. The ATP-
dependent drug transporter
ABCG2 is highly dependent on
ATP for proper function. The
ability of CSCs to export
anticancer drugs out of the cells
can be inhibited when the main
ATP-generating pathway
(glycolysis) is suppressed
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ABCG2 from other ABC transporters [59]. As such, develop-
ing more efficient methods to identify and isolate CSCs is in
urgent need. The ability of CSCs to resist conventional che-
motherapy and radiotherapy poses a great challenge to cancer
treatment. Thus, a promising anticancer therapy must target
not only the bulk tumor population but also the CSCs. The
recent findings that CSCs exhibit certain metabolic feature
such as highly active in glycolysis and dependent on this met-
abolic pathway provide a biochemical basis to develop prom-
ising new therapeutic strategies to effectively eliminate CSCs.
Combination of glycolysis inhibitors and standard chemother-
apeutics appears highly affective. However, recent studies also
show that certain CSCs seems highly active in mitochondrial
respiration and seem to depend on oxidative phosphorylation
for energy generation [12, 19]. Thus, it is important to inves-
tigate the underlying mechanisms responsible for active
OXPHOS in this subset of CSCs. Obviously, inhibition of
glycolysis would not be effective against this type of CSCs,
and different metabolic intervention strategies such as inhibi-
tion of mitochondrial respiratory chain function seem reason-
able therapeutic approaches to be tested in the future. Since
CSCs seem to require active synthesis of GSH to counteract
oxidative stress and maintain their stemness, this unique prop-
erty provide yet another possible way to preferentially impact
CSCs by modulation of ROS and redox states, aiming to se-
lectively kill CSCs or induce differentiation and ultimately
increase therapeutic activity and selectivity. To successfully
accomplish the goals of metabolic intervention, it is extremely
important to fully understand the metabolic properties of
CSCs and the underlying regulatory mechanisms. This would
enable us to design new strategies specifically targeting the
critical metabolic pathway in CSCs and to test their therapeu-
tic activity in vitro and in vivo and eventually translate the
new findings into clinical/therapeutic applications.
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