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Abstract

According to cancer stem cell hypothesis, cancer stem cells with unlimited self-renewal and multi-
differentiation properties such as adult stem cells are the root cause of cancer initiation and progression, and
targeted therapy to cancer stem cells is to become the most efficient therapy of cancer. However, specific markers
should be discovered to define cancer stem cells accurately before targeted therapy. Therefore, we propose a
model of specific markers of cancer stem cells and how to search these markers.
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Introduction Table 1. Cancer stem cells with specific markers
Cancer is a type of tissue with different differentiatedTyPe of cancer Specific markers _Reference
stage malignant cells which is termed heterogeneity(DickaML CD34+CD38-Lin-  (Bonnet and Dick, 1997)
2008). The traditional model of heterogeneity is theAML CD34+CD38-CD71-HLA-DR-CD90-CD117-
stochastic model which defines each cancer cell with the CD123+ (Jordan, 2002)

IBreast CD24-CD44+Lin- (Al-Hajj et al., 2003;

otential of initiation and progression of cancer. Anothe
P brog Bauerschmitz et al., 2008)

contrary one is the intrinsic model which defines cancep ...

. o . ALDH1+ (Ginestier et al., 2007)
stem cell with unlimited self-renewal and multi- g,,i CD133+ (Galli et al., 2004;
differentiation property such as adult stem cell is the root Singh et al., 2003; Singh et al., 2004)
cause of cancer initiation and progression(Dalerba et alProstate  a2_1hiCD133+ (Collins et al., 2005)
2007a). The second model is supported by more and mokeng SP-C+CCA+ (Kim et al., 2005)
experimental evidence from 1997(Bonnet and DickLung CD133+ (Eramo et al., 2008)

1997). It shows good prospective in cancer early diagnos|4€lanoma CD20+MCAM+ (Fang et al., 2005)
) 9 prosp ydiag Melanoma CD133+ABCG2+ (Monzani et al., 2007)

and tgrgeted therapy to cancer stem ceIIs.. Therefore, it Relanoma MDR1+ (Keshet et al., 2008)
very important to understand signaling network,yialanoma ABCG5+ (Schatton et al., 2008)
microenvironment, specific markers and other fields ofcolon CD133+ (LaBarge and Bissell,
cancer stem cells. In this paper, we mainly collect some 2008; O'Brien et al., 2007; Ricci-Vitiani et al.,
literature about cancer stem cell markers and propose a 2007; Shmelkov et al., 2008)
model of specific markers of cancer stem cells. Colon Lgr5+ (Barker et al., 2007)
Colon IL-4+ (Todaro et al., 2007; 2008)
. Colorectal CD44+ESAhICD166+(Dalerba et al., 2007b)
Cancer Stem Cells with Markers Intestinal  Lgr5+ (Barker et al., 2009)
. Intestinal CD133+ (Zhu et al., 2009)
In 1997, Dick reported that CD34+CD38- cancer cellspancreatic CD44+CD24+ESA+ (Li et al., 2007)
define stem cells present in leukemia patients. Since 200Bancreatic CD133+ (Hermann et al., 2007)
studies have shown that cancer stem cells with specifidNSCC ~ CD44+ (Prince et al., 2007)

markers are present in solid tumors of the breast, braif;Pre ALL CD34+CD38+ CD19+; CD34+CD38-CD19+

rostate, pancreas, colon, lung, liver, renal, ovary cancer (Kong et al., 2008)
P P 9 y varian CD44+CD117+ (Zhang et al., 2008)

and melanoma (Table 1). The cancer stem cell hypothe arian OD133+ (Baba et al., 2009)

is supported by more and more experimental evidencg;, o, CD90+ (Yang et al., ’2008)
Cancer stem cells with specific markers present in cancgfyer CD133+ (Suetsugu et al., 2006)
are believed to be real by many cancer research scientistnal CD105+ (Bussolati et al., 2008)

AML: acute myeloid leukaemia; ALDH: aldehyde dehydrogenase; SP-
CD133 and other markers C: surfactant protein C; CCA: also known as CC10 or CCSP; MCAM:
melanoma cell adhesion molecule; ABCG: ATP-binding cassette

At present several markers such as CD24 CD345uperfamin G member; MDR: multi-drug resistance protein; ESA:
’ ! epithelial specific antigen; HNSCC: head and neck squamous cell

CD38, CD44, CD90, CD105, CD117, CD133, CI:)]-66’carcinoma; ALL: acute lymphocytic leukaemia
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ABCGS5, Lgr5, IL-4, MDR1, ALDH1 and ESA are specific o
markers of cancer stem cells or cancer initiating cells, b
these markers are also expressed in normal stem cells
in several organs such as breast, brain, prostate, pancr
colon, lung, liver, renal, ovary and skin. Given thes:
considerations, these candidate markers are not enot
specific markers of cancer stem cells or cancer initiatir
cells.

Taken the marker CD133 for example, Yin reportel
that the CD133 surface antigen was originally discovere
as the target of a monoclonal antibody, AC133, which we
generated to bind the CD34+ population of hematopoiet T
stem cells and progenitors(Yin et al., 1997). After thg =™ == gl TLenéns

discovery, interest has been directed towards the potentlefgure 1. A Model of Ideal Specific Markers of Colon

:Jbe|ZD113_3 as ? cell sur'{/?ce nl;larlt«arl Of;ggg Stelefe”Stﬁ]seéancer Stem Cellsldeal specific markers of colon cancer
E.l € 1 in reference( !z_ra et al, . ))'_ ollow estem cells should meet three criteria: stemness, cancer
discovery of CD133 positive subpopulation with stem CelEpecificness and colon specificness. Stemness, which means that

properties, the use of CD133 as markers for cancer stk specific markers are correlated with the ability of self-renewal
cells in tumor has been actively investigated. So for CD13@nd multi-differentiation, is to distinguish stem cells from non-

positive subpopulation with cancer stem-like propertiestem cells; Cancer specificness, which means that the specific
are discovered in many types of tumor (see Table 2 aharkers are only expressed in cancer tissues, is to distinguish
reference (Bidlingmaier et al., 2008)) cancer from normal tissues; Colon specificness, which means
Given these considerations, CD133 is a star marker ifjat the specific markers are only expressed in colon, is to
defining adult stem cells and cancer stem cells, but it iglstmgwsh colon from other tissues. If a marker meets both colon
. . ' specificness and cancer specificness, it is an ideal specific marker
unlike to be an ideal marker of adult stem cells or cancec;]O

lls. Firstly. it di . ré colon cancer; if a marker meets both colon specificness and
stem cells. Firstly, it Is expressed in too many tissues a emness, it is an ideal specific marker of colon stem cell; if a

lack of tissue specificness to distinguish one tissue frofharker meets both stemness and cancer specificness, it is an
another tissue. Secondly, it is both expressed in manyeal specific marker of cancer stem cells.

cancer tissues and normal tissues and lack of cancer
specificness to distinguish cancer from normal tissuediuman body, including normal stem cells and cancer stem
Thirdly, some study show that it is expressed in non-cancerlls, has a unique signaling network architecture that is
stem cells and lack of stemness(Bidlingmaier et al., 2008naintained by cell-specific transcriptional regulatory
Therefore, it is improper to purify CD133 positive cancerstates; this results in cell-specific expression of genes
cells as cancer stem cells and anti-CD133 targeted therapy
will have many side effects. For example, the most B
important one is that harm will occur to normal stem cells C F
of prostate, pancreas, intestinal, lung, liver, renal, ovary,
skin and may make these normal stem cells mutate to
cancer initiating cells.

A D G
A Model of Ideal Specific Markers

L H

In our opinion, ideal specific markers of cancer stem

cells should meet three criteria. First, stemness, whiclgigure 2. Genomes of Non-adult Stem Cells (non-

means that the specific markers are correlated with thESCs) Adult Stem cells (ASCs), Non-cancerous Stem
ability of self-renewal and multi-differentiation, is to , '

A : Cells (non-CSCs) and Cancer Stem Cells (CSCs)
distinguish stem cells from non-stem cells (Glinsky, 2008)5..,ome of ASCs (C+D+F+G); Genome of non-CSCs (A+D+E)

second, specificness of cancer, which means that thg.ome of CSCs (D+E+G+H); Genome of non-ASCs (B+C+D)
specific markers are only expressed in cancer tissues, denome A containing all mutated genes with no association with
to distinguish cancer from normal tissues; third,stemness only belongs to non-CSCs; Genome B containing
specificness of tissue, which means that the specifigormal genes with no association with stemness only belongs to
markers are only expressed in one tissue like colon, is ®Pn-ASCs; Genome C containing normal genes with no

distinguish colon from other tissues of body (Figure 1). @ssociation with stemness belongs to ASCs and non-ASCs;
Genome D containing normal genes with no association with

stemness belongs to all cells; Genome E containing mutated

p enes with no association with stemness belongs to non-CSCs

How to Search for Ideal SpeC|f|c Markers gnd CSCs; Genome F containing normal genes \?vith association
with stemness only belongs to ASCs; Genome G containing

Does this kind of ideal specific marker exist in canceiormal genes with association with stemness belongs to ASCs
stem cells? According to current limited literature, thereand CSCs; Genome H containing all mutated genes with

is no research report discovering one ideal marker meetirggsociation with stemness only belongs to CSCs. Therefore, only

all three criteria. Davidson said that each cell type in théhe genome H is ideal specific marker of cancer stem cells.
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have potentially many common mechanisms for
governing their populations (Reya et al., 2001). Such as
adult stem cells, cancer stem cells have their own
hierarchy: cancer stem cells (CSCs), cancer progenitor
cells and cancer differentiated cells. Furthermore, Gao
said “the CSC hypothesis covers the developing process
of tumour-initiating cells (TICs), precancerous stem cells
(pCSCs), migrating cancer stem cell (nCSCs), a cellular
process that should parallel the histological process of
hyperplasia (TICs) , precancerous lesions (pCSCs),
malignant cancer (CSCs) and metastasis (mCSCs)”
(Brabletz et al., 2005; Chen et al., 2007; Gao, 2008; Jung
et al., 2006; Shen et al., 2008). TICs, pCSCs, CSCs and
mCSCs have their own specific genes, transcripts and
Figure 3. Central Dogma of Molecular Biology and proteins, because each cell type in the human body has a
Candidate Database of Ideal Markers for Cancer Stem  unique signaling network architecture(Davidson, 2006).
Cells.According to central dogma of molecular biology, mutatedThe mutated stemness genomes, transcriptomes and
stemness transcriptome is the set of all messenger RNA (mRN/Nroteomes of pCSC, CSC and mCSC may be also
molecules, or "transcripts,” produced by the mut_ated stemnegffierent. The approach of genomics, transcriptomics and
genome; mutated stemness proteome Is the entire complem%teomics is greatly progressing, but it still has some

of proteins translated by the mutated stemness transcriptom&)ttlenecks(Ghosh and Poisson, 2009; Polychronakos

The mutated stemness genome, transcriptome and proteome 2?08 Theref h ¢ h th tated st
candidate database of ideal markers for cancer stem cells, al ). erefore, how 1o searc € mutated stemness

each gene, transcript and protein in the database is likely @€N0Me, transcriptqme and proteome is an enormous
become an ideal marker for cancer stem cells. project. However, with the development of technology

the approach of genomics, transcritptomics and
(Davidson, 2006). The genomes of cancer cells and normBroteomics will have great progression and ideal specific
cells are similar except for a few mutations in cancer cellgnarkers will be discovered more and more in the future.
so these mutated genes are only present in cancer cells
and not in normal cells. However, not all mutated gene€onclusions
are associated with stemness, defined as the ability to self-
renew and differentiate. Most mutated genes, which have Recently, many studies showed cancer stem cells or
no relationship with stem cells, are only present in noneancer initiating cells with specific markers are present
cancerous stem cells and disappear after several cell cycigsmany types of cancer. These markers are not specific
(referred to as maturation arrest)(Sell, 2005, 2006). Onlgnough according to our ideal marker criteria. Therefore,
a few mutated genes present in cancer cells correlate wiiie propose a model and a candidate database of ideal
stemness are ideal specific markers of cancer stem ceBpecific markers for cancer stem cells. We wish the model
(Figure 2). These genes collection is termed mutatedill be useful to search specific markers of cancer stem
stemness genome here. cells, although a lot of hard work still needs to be done.

According to central dogma of molecular biology, the
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