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Abstract The investigation and development of the

cancer stem cell (CSC) model has received much focus

during these years. CSC is characterized as a small

fraction of cancer cells that have an indefinite ability for

self-renewal and pluripotency and are responsible for

initiating and sustaining of the bulk of cancer. So,

whether current treatment strategies, most of which

target the rapid division of cancer cells, could interfere

with the slow-cycling CSCs is broadly questioned.

Meanwhile, however, the new understanding of tumor-

igenesis has led to the development of new drug

screening strategies. Both stem cells and mesenchymal

stem cells have been vigorously used in pre-clinical

studies of their anti-tumor potential, mainly due to their

inherent tumoritropic migratory properties and their

ability to carry anti-tumor transgenes. Here, based on the

tumorigenic and tumoritropic characteristics of CSCs,

we proposed two hypotheses exploring possible usage of

CSCs as novel anti-tumor agents and potential sources

for tissue regeneration. Further experimental validation

of these hypotheses may unravel some new research

topics.
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Evil enters like a needle and spreads like an oak

tree. - by Proverb, Ethiopian

Introduction

Hierarchical organization of human acute myeloid

leukemia (AML) was proposed first by John Dick and

colleagues in 1994 and since then similar models were

identified for many solid tumors (Lapidot et al. 1994;

Visvader and Lindeman 2008). Central to the heter-

ogeneity of human malignancies is the existence of

cancer stem cells (CSCs), a rare fraction of slow-

cycling cancer cells that have the ability of self-

renewal, pluripotency and chemo-resistance. In the

presumptive CSC model, only the CSCs are tumori-

genic and can produce all of the cells necessary to

repopulate a tumor, whereas the bulk of the tumor is

comprised of cells that are differentiated and have lost

tumorigenic potential. The conceptual similarity

S. Zheng � A. Liang � Y. Fu (&)

Key Laboratory of Chemical Biology and Molecular

Engineering of Ministry of Education, Institute of

Biotechnology, Shanxi University, Taiyuan 030006,

People’s Republic of China

e-mail: yjfu@sxu.edu.cn

S. Zheng

University of Miami Miller School of Medicine, Miami,

FL 33136, USA

L. Xin

School of Agriculture and Forest Science,

Hebei North University, Zhangjiakou 075000,

People’s Republic of China

123

Cytotechnology (2013) 65:505–512

DOI 10.1007/s10616-012-9517-3



between normal tissue-specific stem cells and CSCs

implicates that a tumor is an abnormal organ composed

of multiple cell types and maintained by pluripotent

stem cells (Shackleton 2010; Reya et al. 2001). The

existence of CSCs has substantial therapeutic implica-

tions, since it well explains why conventional chemo-

and radio-therapy, most of which target the rapid

division of cancer cells, cannot eradicate tumors and are

frequently accompanied by lethal recurrence as shown

in Fig. 1a (Jordan et al. 2006). So, there is a recent surge

in developing ways to eliminate the CSCs. It was

reported recently that dysfunctional proliferation and

differentiation of CSCs required the dysregulation of

evolutionally conserved mechanisms that were

required for the self-renewal and pluripotency of

embryonic stem cells (Takebe et al. 2011). This fact

has significant therapeutic implications, since a tar-

geted therapy against CSCs may also be hostile to

normal tissue stem cells and interfere with homeostatic

maintenance of organs and tissues (Bonnett and Dick

1997). Evil enters like a needle and spreads like an oak

tree. This proverb well depicts the tumorigenic process

as implicated by the CSC model.

In the CSC model, the bulk of a tumor could be

regarded as an abnormal organ that expanded

constantly. Then, could we also destroy the abnormal

‘organ’ with a spreading ‘evil needle’ as CSCs do to

normal organs? Recently, the strategy of stem cell

based drug delivery vehicles was proven more effica-

cious and with lower cytotoxicity, compared with

traditional systematic delivery of drug or gene therapy.

Theoretically, stem cells migrate towards and engraft

into the tumor sites that provide the micro-environ-

ment amenable for them to survive. However,

controversies and concerns remain regarding the

applicability of this treatment method. In this mini-

review, we discussed the basic scenario of the CSC

model and its implication for future stem cell based

cancer treatment. Based on the initial understanding of

CSCs’ character, we hypothesize/propose two novel

yet promising strategies that might shed some light on

future anti-tumor research.

The evolving concept of the cancer stem cell model

Despite the clonal origin of many cancers, primary

tumors are heterogeneous comprised by multiple

distinct cell types that arise from a sub-population

of pluripotent cancer cells named CSCs or

Fig. 1 Schematic representation of possible ways to cure

cancer. a The CSC model pointed out that tumors are

heterogeneous and are regarded as perturbed versions of the

normal tissue, containing a small fraction of drug-resistant CSCs

that are responsible for high frequency of relapse after

chemotherapy. b Stem cells and in particular MSCs have been

experimentally used and clinically explored for efficient

delivery of therapeutic transgenes. However, conflicting reports

showed that in some cases these cells could promote the

metastasis and growth of a tumor. The therapeutic uncertainty of

this treatment strategy stalls its clinical application. Our

hypothesis is illustrated in c. In this treatment strategy, the

stem-like cells transplanted resemble the ‘cancer cells’ of the

abnormal tissue–the tumor. In the presence of the drug one,

which acts as an environmental pressure favoring the self-

renewal of the transplanted cells over that of CSCs, transplanted

cells gradually take over the CSC niche. Then, the drug two,

which could induce the expression of the incorporated suicide

genes in the stem-like cells, kills the progenies of those seeded

cells. Since in our model CSCs are replaced by other stem-like

cells rather than killed by environmentally hostile agents to kill

cancer cells, this strategy may circumvent the shortcomings of

treatment methods as illustrated in a and b
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tumor-initiating cells. However, given some intrinsic

unresolved issues of the CSC hypothesis, the validity

of this model remains a topic of considerable contro-

versy (Rosen and Jordan 2009). For one thing, the

precise identification or definition of CSCs is not clear.

According to a consensus definition, CSCs can only be

defined experimentally by their ability to recapitulate

the generation of a continuously growing tumor

(Clarke et al. 2006). The concomitant problem of this

definition is that the empirically tumorigenic potential

of serial transplantation in animal models is also

affected by factors such as the tissue site of xeno-

transplantation and the immune status of the tumor

host mice (Cho and Clarke 2008). So, it is possible that

a subpopulation of cancer cells is tumorigenic but

cannot form xenografts due to inappropriate micro-

environment, rendering the frequency of CSCs in

tumor tissue highly variable depending on the specific

protocols used and procedures undertaken. Of note,

the proportion of CSCs in the tumor mass varied

remarkably among patients and CSC-rich was

believed to be associated with aggressive tumor

progression and poor prognosis (Ailles and Weissman

2007; Quintana et al. 2008). A more operational

definition of CSC and a more standardized way to

identify them are pivotal for future tumor diagnosis

and treatment. For this, CSC-specific surface bio-

markers that allow antibody-directed cell sorting

constitute a promising candidate. However, at present,

CSC biomarkers for most cancer cell lines remain

largely elusive and no universal biomarker for CSC

has yet been identified (Visvader and Lindeman 2008).

It was reported that AML cells with CD34?CD38-

surface antigens were highly tumorigenic when trans-

planted into nonobese diabetic severe combined

immunodeficiency disease (NOD/SCID) mice. In a

breast cancer model, however, cells with CD44?

CD24-lineage negative phenotype were believed

as CSCs (Bonnett and Dick 1997; Al-Hajj et al.

2003). More recently, CD44? and CD133? were

identified on the surface of gastric and lung CSCs,

respectively (Eramo et al. 2008; Takaishi et al. 2009).

It is difficult to find a universal CSC marker for tumors

derived from different tissues or even from the same

tissue, which implicates that different lineages of

CSCs may have host-specific tumorigenic mecha-

nisms. The variability in CSC properties introduces

problems when developing new anti-tumor drugs

(Hwang-Verslues et al. 2009). Another major issue

of the CSC model is the origin of these stem-like cells.

So, it was proposed that CSCs might have originated

from normal stem cells, early stem cell progenitors or

normal differentiated cells in a unidirectional manner

(Bjerkvig et al. 2005). However, an unexpected new

origin of CSCs was identified recently by Chaffer et al.

(2011). They found that transformed human CD44lo

cancerous mammary epithelial cells could spontane-

ously dedifferentiate into CD44hi-CSCs in vivo, indi-

cating the existence of bidirectional inter-conversions

between CSC and non-CSC cancer cells. This seminal

finding implicates that tumors may regenerate CSCs

under the treatment that exclusively target CSCs,

compromising the therapeutic significance of CSC

specific agents that have been screened (Gupta et al.

2009). The CSC model for tumor progression is

illustrated in Fig. 2. Mainly due to the issues outlined

above, criticisms concerning the proper conceptuali-

zation and nomination of CSCs exist (Maenhaut et al.

2010). However, no one would doubt that the concept

of CSCs is a giant leap towards a mechanistic

understanding of human malignancies and may lead

to a new era of anti-tumor therapy.

Homeostatic tissue maintenance and tissue regen-

eration after injury depend on the delicate balance

between the two cardinal characteristics of stem cells

that are to differentiate, or to produce specialized cells

that comprise the tissue, and to self-renew, or to make

more stem cells. The existence of a physiological

micro-environment or a niche that could maintain

stem cell stemness and sequester them away from

differentiation and apoptotic stimuli while protecting

the host from excessive stem-cell proliferation was

envisaged. Although the existence of stem cell niches

has been identified in multiple mammalian tissues, we

Fig. 2 Possible origins of cancer stem cells. The cancer stem

cell might be derived from normal stem cells, early stem cell

progenitors or differentiated cells (Bjerkvig et al. 2005). Most

recent studies showed differentiated cancer cells could dedif-

ferentiate spontaneously into cancer stem cells (Chaffer et al.

2011)
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have little affirmative information about how signal-

ing pathways/bio-factors mediate the interactions

between stem cells and the niche (Voog and Jones

2010). However, given that the CSC is intimately

associated with its micro-environment, targeting this

niche may become a desirable therapeutic target. Anti-

angiogenic drugs like thalidomide, bevacizumab and

the protease inhibitor bortezomib were proposed to

exert their anti-tumor effect by modulating the micro-

environment (Burness and Sipkins 2010).

We hypothesize/propose here two potential thera-

peutic and/or experimental methodologies that might

hold some therapeutic significance.

Proposal 1. Cure cancer by replacing CSCs

with implanted stem-like cells?

At present, tissue derived stem cells have been largely

used in pre-clinical studies of their anti-tumor

potential, since these stem cells or mesenchymal stem

cells (MSC) can act as vehicles for targeted delivery

and releasing of anti-tumor factors, such as anti-

angiogenic, cytotoxic and immunostimulatory factors

(Shah 2012). However, the major hurdle that thwarts

the clinical application of this strategy is the inherent

uncertainty after the injection of these stem cells or

MSCs. For example, the hostile anti-tumor com-

pounds might also unpredictably harm normal organs,

and interleukin-6 (IL-6) and chemokine (C–C motif)

ligand 5 (CCL5) endogenously expressed by MSCs

were reported to promote the proliferation and metas-

tasis of breast cancer cells (Karnoub et al. 2007;

Albarenque et al. 2011). Also, MCSs were reported to

promote formation of colorectal tumors (Tsai et al.

2011). Moreover, given the fact that non-CSCs can

spontaneously dedifferentiate into CSCs, it is even

more difficult to eradicate CSCs by killing them

(Gupta et al. 2009). The bidirectional inter-conver-

sions between CSCs and non-CSCs may enable

tumors to maintain a relatively constant number of

CSCs under treatment (Fig. 2).

Potentially, stem cells derived from the patients’

own tissue would not provoke the immune system.

However, most recent pre-clinical studies showed

contradictory results. Zhao et al. (2011) found that

induced pluripotent stem (iPS) cells could trigger

severe immune reactions after injection into the

recipient from whom the iPSCs were derived. This

finding seriously limits cell types that could be

engineered as vehicles for transgenes and we catego-

rized possible limitations of this strategy in Fig. 1b.

Considering all these limitations that seriously limit

the applicability of the strategy of using stem cells as

drug delivery vehicles, we proposed an alternative

strategy as illustrated in Fig. 1c. In this treatment

strategy, the replacement of CSCs by the seeded stem-

like cells is induced by the presence of environmental

stress i.e. ‘drug one’. Technically, it is accomplishable

to favor the growth of one cell line while killing other

cell lines. For example, we can incorporate the tetR

gene into the genome of the seeding cells and at the

presence of tetracycline, which is used clinically in

treating infections, the seeded stem-like cells may

overgrow the CSCs (Speer et al. 1992; Matthess et al.

2005). Subsequently, after successfully replacement,

the seeded stem-like cells could be eradicated by

adding ‘drug two’ which would activate the suicide

genes incorporated before seeding. One possible

system fits this scenario was developed by Dong

et al. (2004). They found that the solid tumor mass

formed by the breast cancer cells, which were

genetically modified to incorporate the Grp78 pro-

moter driven HSV-tk suicide gene, could be com-

pletely eradicated with the treatment of drug

ganciclovir (GCV), which is in clinical use for treating

cytomegalovirus (CMV) infections. To make sure that

all the progenies of the seed cells could be killed upon

induction, multiple suicide genes, flanked by strong

controllable promoters, should be recombined into the

genome of these stem-like cells before transplantation.

In all these procedures, it is not necessary for the

seeded cells to secrete hostile anti-tumor substances

and consequently, it may reduce therapeutic uncer-

tainty. This strategy may be advantageous given that it

incorporates the benefits of both traditional chemo-

therapy and the most recent stem cell based drug

delivery system.

We hypothesize that this strategy has higher tumor

specificity and lower cytotoxicity. Empirically, the

seeded cells could be regarded as the ‘needle’ that

enters the abnormal ‘organ’ and kill the ‘organ’ by

replacing and depriving its initiating cells. The key to

the success of this proposal/hypothesis is whether

those injected stem-like cells could actually seed in the

tumor mass and then replace CSCs in the presence of

drug one, which we believe offers survival advantage

for injected stem-like cells over the original CSCs

(Fig. 1). Recent studies by Kim et al. (2009) showed
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that mainly mediated by tumor-derived attractants IL-6,

IL-8 and proteins matrix metalloproteinase-1 (MMP-1)

and fascin-1, circulating tumor cells (CTCs) can re-seed

their tumors of origin. The process of tumor-self

seeding was believed a process that may select more

aggressive cancer cells for the tumor colonization and

breeding of more metastatic cancer cell progenies (Kim

et al. 2009; Hahnfeldt 2010; Dondossola et al. 2012).

Given the tumor formation ability of CTCs and the fact

that CSCs may constitute the majority of CTCs, it is

reasonable to believe that the re-infiltrated CTCs may

have some stem-like properties (Toloudi et al. 2011).

However, the amount of stem-like cells is limited by the

availability of the niche that provides essential signals

maintaining the self-renewal and pluripotency ability of

these stem-like cells. Then, some sort of competition

may exist between the more aggressive re-seeding

CTCs and the original residing CSCs for the limited

niche, as what happens between CTCs and the hema-

topoietic stem cells (HSCs) when CTCs try to establish

footholds in bone marrow (Shiozawa et al. 2011). This

kind of competition for the limited stem cell niche

constitutes the major foundation of our hypothesis and

we reasonably hold that in the presence of drug one that

favors the out-growth of the engineered stem-like cells,

injected stem-like cells may finally replace the original

CSCs in the niche, as depicted in Fig. 1.

Proposal 2. Manipulate the CSCs to our advantage:

creating functional organs from CSCs?

In the last decade, conceptual progresses in cancer

biology highlighted another emerging hallmark of

human malignancies-their ability to evade immune

destruction (Hanahan and Weinberg 2011). In this

case, the so-called donor-related malignancy, in which

immunosuppressed organ transplant recipients could

potentially develop donor derived cancers, indicating

that in immunocompetent donors the cancer cells were

held in a dormant state by a fully functional immune

system, whereas in the immunosuppressed recipients

these cancer cells could be reactivated and progress

(Strauss and Thomas 2010). Theoretically, cancer

cells paralyze anti-tumor immune surveillance by

secreting immunosuppressive factors like TGF-b and

chemokine ligand (CCL21), by recruiting inflam-

matory cells like regulatory T cells (Tregs) and mye-

loid-derived suppressor cells or by evading the

evolutionally deprived immune system of the host

(Hanahan and Weinberg 2011; Ostrand-Rosenberg

and Sinha 2009; Mougiakakos et al. 2010; Shields

et al. 2010; Yang et al. 2010).

Although not well understood, recent studies sug-

gested that CSCs possessed the functional and pheno-

typic characteristics that helped cancer cells evade

host antitumor immunity. For example, a novel type of

CSCs, ABCB5? malignant melanoma initiating cells

(MMIC) were reported refractory to current immuno-

therapeutic treatment strategies (Schatton and Frank

2009). And interestingly, CSCs derived from glio-

blastoma multiform patients could suppress immune

responses by impeding T-cell proliferation and acti-

vation, inducing T-cell apoptosis and inhibiting the

phagocytosis ability of MUs/microglia (Wei et al.

2010a, b; Wu et al. 2010).

Two hallmarks of CSCs are revealed here: CSCs are

pluripotent stem-like cells with self-renewal ability and

they are immune suppressive. The ideal combination of

these two characteristics promises significant thera-

peutic implications beyond cancer therapy and we

propose/hypothesize here that CSCs could be poten-

tially engineered to create functional tissues and organs

for transplantation (Fig. 3). Ideally, these organs are

immune-tolerated by universal recipients. Here we

tried to define the word ‘universal’ as ‘a group of

individuals of the same species’. This definition

constitutes the major highlight of this proposal.

Technically, directed differentiation of normal

embryonic and iPS cells into specific organ cell types

is relatively well studied at least for certain tissues. For

instance, iPS cells had been engineered to differenti-

ate into liver hepatocytes and pancreatic endocrine

Fig. 3 Schematic representation illustrating proposal 2. Given

that cancer stem cells have characteristics of normal stem cells,

we hypothesize that we could possibly direct the differentiation

of CSCs to normal organs. Since cancer cells could efficiently

evade the immuno-surveillance of the host, we propose that the

functional organ might also be well tolerated by the recipients,

even though those CSCs are derived from other individuals

Cytotechnology (2013) 65:505–512 509
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(Cai et al. 2007; D’Amour et al. 2006; Song et al.

2009; Zhang et al. 2009). Moreover, a recent study

reported the successful directed differentiation of

human iPS cells into functional intestinal tissue

in vitro by manipulating a temporal series of growth

factors (Spence et al. 2011). CSCs could also be

differentiated into functional cells, since in glioblas-

toma multiforme and medulloblastoma, stem-like

neurosphere-forming glioma stem cells were manip-

ulated to give rise to neuronal and astroglial-like cells

(Hemmati et al. 2003; Singh et al. 2003). In this

context, the so-call differentiation therapy is now

widely studied. Retinoic acid (RA, Vitamin A), for

example, is one of the most thoroughly studied drugs

that are capable of inducing CSC differentiation (Sell

2004; Tang and Gudas 2011; Gudas and Wagner

2011). However, mainly due to retinoid resistance and

some serious side effects, the clinical outcome of RA

treatment is not satisfactory for many solid tumors

(Sell 2004). On another side, given their pluripotent

and immunosuppressive properties, it might be possi-

ble to produce CSCs into functional organs for clinical

transplantation. So, instead of killing them, we foresee

here a promising application of these novel stem-like

cells to the advantage of our healthcare.

Conclusion and prospects

Drugs that target CSCs implicate enormous therapeutic

potential for cancer therapy. However, this enthusiasm

needs to be tempered. The stark reality that drugable

signaling pathways, such as Wnt, Hedgehog, and

Notch, that are aberrantly modulated in CSCs are also

critical for normal adult stem cell maintenance calls for

re-evaluation of current drug-screening methods. How-

ever, it is becoming increasingly apparent that the

concept of CSCs in tumor progression highlights the

significance of stem cell based drug delivery system. In

spite of that, the nomination or even the validity of the

CSC hypothesis remains critically questioned, mainly

due to the problems discussed in this article, the concept

is a great leap forward on how to detect the process of

tumorigenesis, how to develop efficient therapies and

most importantly, if the tumor colonies are maintained

by the rare CSCs, and how to prevent their initiation in

the first place. The rarity of CSCs in the cancer cell

populations, their instability when cultured in vitro and

their similarity with normal tissue stem cells thwart the

identification and clinical application of CSC specific

agents. Meanwhile, the clinical applicability of the stem

cell based drug delivery system was seriously compro-

mised by its inherent therapeutic uncertainty.

Instead of killing CSCs by environmental hostile

agents, we proposed a novel stem cell based strategy in

proposal 1 in which CSCs were replaced by implanted

stem-like cells. By doing so, we could circumvent

undesirable disadvantages that come along with stem

cell based anti-tumor therapy. Moreover, can we

manipulate the CSCs to our advantage? Based on

pluripotent and immunosuppressive characteristics of

CSCs, we hypothesized a novel application of CSCs in

proposal 2. A rational question concerning the

relationship between the proposal 1 and 2 is that when

we know how to direct the differentiation of CSCs into

functional tissue cells, why don’t we use a similar

strategy to induce CSCs differentiation in vivo and

then cure the cancer? Presumably, the directed differ-

entiation of CSCs as highlighted in the proposal 2 is a

multiple-step process, happens in a spatial and tem-

poral manner, and consequently, and at least in the

actual state of knowledge and development, the

differentiation strategy may be inapplicable for cancer

treatment in vivo, although, hopefully, this may lead to

the development of other more potent drugs that are

suitable for the differentiation therapy.

According to our knowledge, the proposals we

provided here are not yet experimentally explored.

Here, with the help of the world renowned journal, we

provide these strategies for possible exploration.
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