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Abstract

The capability of cancer cells including tumor initiation, maintenance, and extension is associated with cancer stem cells. The sub-
stantial features of CSCs are self - renewal and pluripotency. Therapeutic resistance of CSCs can result in cancer recurrence and
failure of cancer treatment. Isolation and characterization of CSCs are required for targeted cancer therapies. CSCs can be distin-
guished and separated by surface markers. In this review, after definition of CSC hypothesis, different markers of CSC are introduced.
The information about CSC markers provides promise for better isolation and more effective CSC-targeting therapeutic in future.
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1. Context

In 1937, researchers found that every cell in tumors
doesn’t have the ability of tumor generation, exception of
cancer stem cells. Based on CSC hypothesis, the small popu-
lation of tumors, cancer stem cells, is a cause of generation
and propagation of tumors, cancer recurrence and drug re-
sistance. CSCs are immortal and pluripotent cells with ca-
pability of tumor initiation. They can be generated from
transformation of stem cells, progenitor cells or differenti-
ated cells by mutation.

One of the general characteristics of cancer stem cells
is the ability to self-renewal: this ability is uncontrollable,
unlike normal stem cell. The cancer stem cells division, like
normal stem cells, is asymmetric and one CSC can produce
one cancer stem cell and one differentiated cell, differenti-
ated cells encompass the bulk of tumor cells.

Other CSCs characteristic is slow proliferation or in-
active state. These states make the cancer stem cells less
responsive to treatment. Thus, the re-activation of inac-
tive cancer stem cells can cause cancer recurrence even
decades after complete treatment.

CSCs have key roles in tumor genesis, invasion, drug
resistance and cancer relapse. In this regard, for erad-

ication of these cells, CSCs targeted therapy along with
chemotherapy can be useful. Isolation of CSCs is vital pre-
requisite for this aim. Now the most common method to
detect CSCs is the technique of fluorescence - activated cell
sorting (FACS) based on identification of specific markers.
Several specific surface biomarkers distinguishing CSCs
from other tumor cells or normal stem cells are detected.
In addition to its role in cell interactions, these markers do-
nate unique characteristics to CSCs.

Another method of isolation is Magnetic Cell Sorting
(MACS), a standard method for cell separation. According
to this method, cells are separated based on expressing
specific markers, like CD133 marker for stem cells isolation.
At first, cellular markers are labeled using specific mono-
clonal antibody or microbead. After labeling of the cells
magnetic separation is performed. The best way for sep-
arating targeted cells from the cell suspension is positive
selection (1).

Despite the numerous methods of separation, there
are many limitations in using them. So it is vital to develop
methods for separating CSCs (2). In this review, some of sur-
face markers used to identify CSCs are introduced and their
role in growth of tumors, drug resistance and metastasis
are explained.
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2. Results

2.1. Epithelial Cell Adhesion Molecule (EpCAM) or Epithelial
Specific Antigen (ESA) or TROP1

Epithelial cell adhesion molecule (EpCAM) is expressed
on some normal and most neoplastic epithelial cells. This
molecule is a 39 - 42 kDa transmembrane glycoprotein with
314 amino acids, a hemophilic cell - cell adhesion molecule.
It was found in cells initiating colon, breast, pancreas and
prostate carcinomas (3, 4). EpCAM first described in 1979 as
a dominant surface antigen on human colon carcinoma.
EpCAM usually overexpress in cancers of epithelial origin
but not in non-epithelial tumors (e.g. melanomas, sarco-
mas, lymphomas). Furthermore, this Ca2+ - independent
transmembrane glycoprotein plays different roles in cell
signaling, migration, proliferation and differentiation tu-
morigenesis and metastasis of carcinomas (5). The EpCAM
has different domains including extracellular domain, an
epidermal growth factor (EGF) - like domain, and a thy-
roglobulin (TY) domain, and a short cytoplasmic tail (6)
(Figure 1).

Figure 1. Diagram of EpCAM Protein at the Cell Membrane with the Extracellular
N-terminus (N) and the Intracellular C-terminus (C) (6)

It was demonstrated that anti - EpCAM antibodies like
EBA-1, AUA-1, and 9C4, can be used to detect and isolate cir-
culating tumor cells (CTCs) (7).

Carcinogenic role of EPCAM is demonstrated by EpCAM
upregulation that associate with the co-expression of EP-
CAM with proliferation markers such as Ki-67 and increas-
ing dysplastic grade of carcinoma (5). Adhesions induced
by classical cadherins are affected by the negative regula-
tion of adhesion formation mediated by Ep-CAM. Growth
and differentiation of epithelial cells is affected by clas-
sic cadherins. Expression of Ep-CAM is correlated with de-
creasing of cell differentiation and Increasing of epithelial
proliferation (8).

Moreover, it has been suggested that a deletion exis-
tence in the 3’part of Ep-CAM gene can be cause of pro-
moter region hypermethylation and epigenetic inactiva-
tion of MSH2 gene, MSH2 defect could lead to Lynch syn-
drome (9).

2.2. CD133 (Prominin 1)

PROM1 encode a cholesterol - interacting pentaspan (5-
TM) transmembrane glycoprotein called CD133 (prominin-
1). This glycoprotein has 842 (for mouse) or 865 (for hu-
man) amino acid residues with variable molecular weights
depending on the length of splice variants and their gly-
cosylation levels and it was described separately by three
groups in 1997 (10).

CD133 was preliminary identified as a hematopoietic
stem cell (11), progenitor cells and bone marrow - de-
rived circulating endothelial progenitors surface protein
marker (3). It was identified in various human normal tis-
sues as well as on CSCs of solid tumors. In differentiated
cells the expression of CD133 was down-regulated ,how-
ever, CD133+ CSCs has been found in melanoma prostate
cancer, osteosarcoma, laryngeal carcinoma (12), osteosar-
coma, ovarian cancer, pancreatic cancer, breast cancer hep-
atocellular carcinoma and osteosarcoma. A study by Singh
et al. Showed that only cells isolated from the CD133+ brain
tumor are able to start the tumor in NOD - SCID (non-
obese diabetic, severe combined immunodeficient) mouse
brains by using a xenograft assay (13). Primary glioblas-
tomas in contrast with secondary tumors contain a signif-
icant subpopulation of CD133+ cells. In that study, primary
glioblastomas cells that were Cultured demonstrated a sig-
nificant proliferation and differentiation to neural cells
(14).

Different studies have shown that this macromolecule
plays a role in tumorigenesis and stemness of tumor. How-
ever, several studies had suggested that CD133- cells could
regenerate heterogeneous brain tumors in vivo (15).

In 2007, Ricci - Vitiani et al. and O’Brien et al. recog-
nized CD133 on stem cells of colorectal cancer. They showed
CD133+ CSCs can induce tumorigenesis more stronger
than unsorted cancer cell populations in tumor xenografts
which showed histologically original tumor features (3).

Immunocompromised mice that were injected by lung
cancer CD133+ cells generate tumor identical to the orig-
inal one. This study suggests that small population of
undifferentiated cells that express CD133, are tumorigenic
cells (16).

2.3. Aldehyde Dehydrogenase

Interestingly, it has been reported that ALDH1A1 may
serve as an SC marker in somatic SCs but recent studies
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have reported that other ALDHs (i.e., ALDH1A2, ALDH1A3,
ALDH1A7, ALDH2*2, ALDH3A1, ALDH4A1, ALDH5A1, ALDH6A1,
and ALDH9A1 (17) have also activity and characteristic fea-
ture of primitive human hematopoietic stem cells.

A high ALDH activity is reported in human hematopoi-
etic and neural stem and progenitor cells (18). Further-
more, in multiple myeloma and acute myeloid leukemia
(AML), the activity of stem cell populations have increased
(19). For detecting and isolating malignant and normal
mammary stem cells, as well as predicting for hardly de-
tectable human breast cancer, the expression of ALDH can
be contemplated as a strong marker (20).

The study by Jiang et al. in 2009, indicated a positive
correlation between expression of ALDH1 and the stage or
grade of lung tumor (21). In addition, in a study by Chen et
al., immunocompromised mice was injected by head and
neck squamous cancer (HNSCC) cells that characterized as
ALDH1+ cells and represent a capability to produce a new
tumor composed of result of HNSCC cells (22). Addition-
ally, in multiple human solid cancers including prostate,
pancreatic and bladder cancers, ALDH1 positive tumor cells
may be considered as a new prognostic marker. Regarding
this, ALDH1 activity may be appropriate to be used as a com-
mon marker for malignant stem cell populations (23).

2.4. CD90 (THY1)

A 25 - 37 kDa glycophosphatidylinositol (GPI) is called
Thymocyte differentiation antigen 1 (THY1) or CD90 (Clus-
ter of Differentiation 90). Many cell types including T
cells, thymocytes, neurons, endothelial cells, fibroblasts as
well as mesenchymal and hepatic stem cells (24) express a
single V-like immunoglobulin domain that capable to an-
chored into cell surface. Thy-1 has important roles in nerve
regeneration, metastasis, inflammation, and fibrosis and
can regulate cell - cell and cell - matrix interactions (25).
Besides its expression on certain normal cell types, CD90
has been described as a CSC marker in various malignan-
cies more commonly used to isolate and characterize stem
cells (26).

Bone marrow - derived mesenchymal stem cells (24) as
well as hematopoietic stem cells could be identified by Thy-
1 as a marker. In a study by Yang et al., cancer stem cells
(CSCs) were characterized in tumor specimens, blood sam-
ples, and cell lines of hepatocellular carcinoma (HCC) (27).
A study by Yamazaki et al. showed that for the isolation
of CSCs in some cases of T-acute lymphoblastic leukemia,
CD90/CD110 are helpful positive-selection markers (28). He
et al. suggested that in a GBM - derived stem - like neuro-
sphere line the level of expression for CD90 is higher than
in three traditional adherent GBM cell lines (29).

In their study an increased capability to initiate tu-
morigenesis in vivo and the ability to re-establish the cel-

lular hierarchy of tumors from single - cell implantation,
appeared in CD90+ cells owing to their self-renewal prop-
erties. Jintang et al. by using tissue microarrays corrobo-
rated that CD90 could be consider as a high specific and
sensitive marker, with medium or high level of expression
in all the high - grade glioma tissues but hardly detectable
in normal brains and low - grade gliomas. Thus, it seemed
that CD90 could be considered as a hopeful prognostic
marker for gliomas. A study in 2011, illuminate the role of
CD90 as a specific factor for early detection of lung diseases
as well as lung neoplastic and/or cancer stem cell marker.
In another study, ten different markers of stem cell in hu-
man breast cancer cell lines were analyzed by Lobba et al.
and suggested CD90 as a potential marker for breast CSCs,
by cause of more than 90% of the Hs578-T cell line was
CD90+ cells and represent a direct correlation with high
tumorigenicity and metastatic potential of them (30).

Contrarily, although in various studies on different tu-
mor cells CD90 was known as a cancer promoter, there are
evidences that show CD90 can act as a tumor suppressor
in ovarian cancer and nasopharyngeal carcinoma (NPC).
Abeysinghe, H.R study showed that in an ovarian cancer
cell line TSP-1 and fibronectin levels up-regulated by Thy-1
expression. This up-regulation prevents tumor angiogene-
sis and metastasis (31). Thy-1 expression plays a critical role
in tumor suppression in nasopharyngeal carcinoma and
ovarian cancer because it may inhibit proliferation (32).

In a study by Yamashita et al. in 2013, CD90 suggested
as a mesenchymal and vascular endothelial metastatic
CSC marker that occurence along with chemosensitivity to
imatinib mesylate and expression of c-Kit (33). In addition,
their study demonstrated that a risk for distant metastasis
in liver cancer is abundant CD90+ cells in a tumor (26).

2.5. CD44 (PGP1)

The CD44 antigen is a cell - surface glycoprotein and in-
volved in various cell mechanisms including cell prolifera-
tion, cell - cell interactions, cell differentiation, cell migra-
tion and adhesion, angiogenesis, inflammation, wound
healing, bone metabolism, presentation of chemokines,
cytokines, and growth factors corresponding with their re-
ceptors, and signaling for cell survival as well as docking
of proteases at the cell membrane (34). Protein size di-
versity ranging from 80 to 200 kDa is mainly due to alter-
native splicing, post-transcriptional regulations and pro-
tein modifications. Alternative splicing during cancer pro-
gression can be regulated by oncogenic pathways like the
Ras-MAPK cascade and Environment - specific factors (35).
Hyaluronic acid (HA) is the principal ligand of CD44, a ma-
jor component of the ECM (extracellular matrix), and a
coreceptor for many growth factors and cytokines. Other
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CD44 ligands include the ECM components such as col-
lagen, laminin, fibronectin and chondroitin sulfate. Cell
growth, differentiation and survival influenced by changes
in the extracellular matrix that monitored by CD44 and its
associated partner proteins (36).

CD44 has many various isoforms, up to 1000, due to
splicing of 10 alternative exons and various post - transla-
tional modifications (36).

During the responses against invading microbes, naive
T lymphocytes activate and upregulate CD44. Protection
against re-infection mediated by elevated levels of CD44
that remains on the surface of memory T cells, thus selec-
tively regulates the survival of the Th1 subset of CD4 T cells
(37). CD44 organized signaling cascades due to association
with the actin cytoskeleton and established specific trans-
membrane complexes by participates in signal transduc-
tion processes (36). CD44 individually has been used for
the isolation of CSCs in oral, ovary, prostate, pancreatic,
small intestine, colon, liver, stomach, head and neck, blad-
der and breast malignancies. In addition, it has been used
in combination with other marker to identify these malig-
nancies (7).

A correlation between poor prognosis and high expres-
sion of CD44 was affirmed. In laryngeal tumors, high ex-
pression of CD44 appears to correlate more strongly with
a poor prognosis (38). Prince et al. showed that in a head
and neck squamous cell carcinoma tumor, only less than
ten present of CD44+ cancer cells, are capable to rise to new
tumors in vivo, although, the CD44- cancer cells express the
markers of differentiation (39). Furthermore, Takaishi et al.
applied CD44 to identified gastric cancer - initiating cells.
They demonstrated that CD44+ gastric cancer cells are able
to self - renew and have the ability for establishment of dif-
ferentiated progeny as the stem cell properties (7).

2.6. Prostate Stem Cell Antigen (PSCA)

Prostate stem cell antigen (PSCA) is a cell membrane
glycoprotein. PSCA is expressed in the bladder, stomach,
kidney, colon and placenta. It showed confined expression
in normal tissues, although, it highly expressed on the sur-
face of primary and metastatic Prostate Cancer (PCa) cells
(40). The gene of PSCA includes a polymorphism that re-
sults in an upstream start codon in some individuals.

In 2000, Gu et al. by usage of monoclonal antibod-
ies, characterized the PSCA protein expression (41). They
demonstrated that PSCA mRNA is overexpressed in a sub-
set of prostate cancers and PSCA protein may be appear in
basal pancreatic cells as well as secretory cells. They ap-
proved that PSCA protein have higher expression in bone
metastases and have correlated with tumor stage. In 2001,
PSCA overexpression in about two-thirds of the pancre-
atic cancers was approved by Argani et al. using RT-PCR,

immunohistochemical and online SAGE database analysis
(42). In a study by Amara et al. intense PSCA staining was
seen in transitional cell tumors that were poorly differ-
entiated and represented squamous features. Their study
suggested the association between squamous differenti-
ation and PSCA expression (43). They suggested the us-
age of PSCA detection on the surface of bone marrow and
blood circulating cells in micrometastases identification
for some cases of bladder cancer. In 2004, Zhigang et al.
showed that the increasing level of expression in PSCA, oc-
currence along with high Gleason grade (44). Moreover,
in situ hybridization and immunohistochemical analysis
represented a high degree of correlation between mRNA
upregulated transcription and PSCA protein. Wu et al.
conducted a GWAS study and found a missense variant
(rs2294008) in the PSCA gene associated with bladder can-
cer in European and US populations (45). This SNP change
the start codon, therefore, it can produce truncated pri-
mary PSCA translation product.

2.7. CD200 (OX2)

CD200 (Cluster of Differentiation 200) also named OX2
is a memberane glycoprotein. It has two immunoglobu-
lin - like domains and is a member of the immunoglobu-
lins superfamily. Animal studies have demonstrated that
myeloid activity may be regulated by CD200. In diverse
tissues, this protein can be considered as an inhibitory
component for the macrophage lineage (46). CD200 ex-
pression was detected in several cancer tissues or cell
lines, including head and neck carcinoma, ovarian, testic-
ular, melanoma, malignant mesothelioma, renal cell car-
cinoma, neuroblastoma, chronic lymphocytic leukemia,
colon, breast and prostate cancers. In acute myeloid
leukemia (AML) and multiple myeloma (MM) CD200 has
been considered as a prognostic factor. For a large array
of malignancies CD200 is a potential therapeutic target.
Kawasaki et al. recognized that the cancer stem cells avoid
the detection by the host immune system through a poten-
tial mechanism that conducted by co-expression of CD200
on a subpopulation of cancer stem cell (47).

Seeking for molecular mechanisms related to CD200
have been showed that MAPK/ERK (Ras/Raf/Mek/Erk) signal-
ing pathway regulated the CD200 mRNA and protein. In
most metastatic melanomas (MM), mutation of B-RAF or N-
RAS was recognized, so overexpression of CD200 is the out-
come of this occurrence. On the other hand, expression of
CD200 mRNA correlates with repression of primary T cell
activation by dendritic cells (DCs) and melanoma progres-
sion, however, when CD200 gene was knocked down by
shRNA, this immunosuppressive effect was abrogated (48).
Furthermore, p53 plays a role in CD200 regulation. CD200
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participate in apoptosis - associated immune tolerance, be-
cause in response to self - antigens, expression of CD200
on apoptotic DCs decrease pro-inflammatory cytokine pro-
duction (49).

2.8. CD24 (HSA)

CD24 is a 28 - 75 kDa protein that has a core consists
of 27 highly glycosylated amino acids (50). In mice, CD24
was found as a heat-stable antigen (HAS) (51). Several
studies have demonstrated that CD24 was expressed on
a variety of cell types such as pre B lymphocytes, neu-
trophils, and certain epithelial cells but not on normal T
cells, monocytes, and cells outside the blood system. It
was used as a biomarker for distinguishing B-cells from T-
cells (52). In addition, the expression of CD24 was recog-
nized on erythroleukemia, B-cell lymphomas and several
solid tumors including esophageal squamous cell carci-
noma, gliomas, hepatocellular carcinoma, pancreatic ade-
nocarcinoma, cholangiocarcinoma, urothelial carcinoma,
breast cancer, ovarian cancer, prostate carcinomas, pri-
mary neuroendocrine carcinomas, small cell lung cancer,
rhabdomyosarcoma, neuroblastoma (53) and renal cell
cancer.

In 2010, Lee et al. considered CD24 as a Metastasis -
associated protein and a new stem cell marker in the hu-
man neoplasm. The expression of CD24 in NSCLC is along
with adenocarcinoma histology and disease progression
as well as cancer - related death. CD24 play a role in cell
adhesion and metastatic tumor spread. In addition, poor
prognosis in human neoplasm has association with in-
creased level of CD24 expression. CD24 has recently been
considered as a new interested marker for cancer stem
cells. CD24 often associated with adhesion and/or migra-
tion molecules including CD29, CD44 and CD31 (platelet -
derived/endothelial cell adhesion molecule) (54).

2.9. CD24/CD44

CD24, CD44 and ALDH1 are the most utilized biomark-
ers for identification and characterization of breast cancer
stem cell (CSC) phenotype (51). Breast cancer stem - like
cells showed the expression of CD44 (a cell surface protein)
while they did not express CD24. CD44+ CD24- cells play
a critical role in tumor formation in prostate. pancreatic
cancer cells that expressed both CD44 and CD24 (CD44+
CD24+), showed cancer stem cell characters including self
- renewal, enhancement of sonic hedgehog expression and
production of differentiated progeny (55). The tumors or-
ganized by these cells were able to produce various cell
types as well as all stem cells (56).

3. Conclusions

Uncontrolled growth of CSCs with self - renewal ability
can lead to tumors. Studies show the importance of these
cells in maintaining tumors (2). CSCs are small population
of cancer cells with specific features that distinguish them
from other tumor cells (57). CSCs are distinguished from
other tumor cells by expressing surface proteins and some
cellular activity, like the release of Hoechst dye or activity
of aldehyde dehydrogenase. These markers are inducible
by exposure to anti - cancer substances. The findings not
only show the mobility of CSCs but also indicate the func-
tional roles of them (58). These markers are related to CSCs
features, including drug resistance, proliferation, self - re-
newal, and metastases. In this article we mentioned exam-
ples of the role and function of these markers. The ther-
apeutic resistance of CSCs may be the result of increasing
aldehyde dehydrogenase enzyme that destroys toxic inter-
mediates. Therefore, these markers can be useful in the di-
agnosis of invasive resistant population. As a result, iden-
tifying signaling pathways and cellular functions of these
markers help in finding better treatments (58).

In each cancer cell type, CSCs markers are special and
unique. Noted that CSCs markers still don’t fully under-
stood, all of CSCs don’t express these markers, and some
of other cells; non-CSCs may express these markers. That’s
why these markers can be used to detect CSCs rich popula-
tion. However, all CSCs can’t be distinguished from other
cells (2).

Scientific studies related to cancer stem cells have ex-
plosively increased over the current years. For exam-
ple, radiotherapy is indicated as a successful anti-cancer
approach. Krause et al. consider CSCs as strategies to
optimize anti - cancer treatments by their evaluation as
markers for patient classification to specific treatment
strategies as well as developing treatment approaches that
specifically target tumor cells expressing presumed CSC
markers (59).

Footnote
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