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CD133: to be or not to be, is this the real question?
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Abstract: CD133 (prominin-1) is a member of the transmembrane glycoprotein family and was initially described as 
a specific marker to select human hematopoietic progenitor cells. Later it was recognised as an important marker 
to identify and isolate the specific cell subpopulation termed “cancer stem cells” (CSCs). Many studies showed that 
CD133+ cells have stemness properties such as self-renewal, differentiation ability, high proliferation and they are 
also able to form tumors in xenografts. Moreover it has been demonstrated that CD133+ cells are more resistant 
to radiation and standard chemotherapy than CD133- cells. Despite this other investigations demonstrated that 
also CD133- cells can show the same characteristics as those positive for CD133+. Hence, some inconsistencies 
among published data on CD133 function can be ascribed to different causes questioning the main role as spe-
cific marker of cancer stem cells. In fact, many authors indicate that CD133 is expressed both in differentiated 
and undifferentiated cells, and CD133- cancer cells can also initiate tumors. Indeed, it is still a matter of debate 
whether CD133+ cells truly represent the ultimate tumorigenic population. However, the belief that CD133 may act 
as a universal marker of CSCs has been met with a high degree of controversy in the research community. In this 
review there is an attempt to highlight: i) the role and function of CD133, with an overview of the current stage of 
knowledge regarding this molecule, ii) the difficulty often encountered in its identification iii) the utility of CD133 
expression as a prognostic marker.
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Introduction

Prominin-1 (CD133) was the first protein identi-
fied as “Prominin”; it originates from the Latin 
word “prominere” meaning to protrude. It is a 
member of the pentaspan transmembrane 
(5-TM) glycoprotein family. In humans, the gene 
of Prominin-1 is placed on chromosome 4p15 
and encodes a transmembrane glycoprotein of 
120 kD [1, 2].

A structural model of CD133 proposed by 
Miraglia et al. showed that this protein is char-
acterized by: an extracellular N-terminus, a 
cytoplasmic C-terminus, 2 small cysteine rich 
cytoplasmic loops and 2 very large extracellular 
loops each containing 4 potential sites for 
N-linked glycosylation [1, 2] (Figure 1).

It is regulated by five alternative promoters (P1-
P5) during embryonic development, and also 
presents numerous splice variants [3-5].

Unfortunately at the moment neither ligands 
nor the functions of CD133 are yet fully known 
but they have a distinct and restricted expres-
sion in the context of production of the plasma 
membrane, such as in the epithelial microvilli. 
In fact as recently reported by Marzesco in the 
book by D. Corbeil “Biochemically, the prom-
inin-1 directly interacts with plasma membrane 
cholesterol within a distinct cholesterol-based 
membrane microdomain. It is specifically con-
centrated in plasma membrane protrusion as 
at the apical plasma membrane of neural can-
cer stem cells (NSCs) and other epithelial cell 
types.” [6].

As a consequence many authors attribute a 
functional role to CD133 as an “organizer” of 
the plasma membrane topology [7-9]. In addi-
tion, the interaction with cholesterol in a spe-
cific new micro-domain suggests that CD133 
may also be important in maintaining an appro-
priate lipid composition within the plasma 
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membrane. Initially, it has been described as a 
surface antigen specific expressed by human 
hematopoietic stem cells [1, 10] and as a mark-
er expressed by murine neuroepithelial cells 
and several other embryonic epithelia [11]. 

Yin et al. in 1997, [10] succeeded in obtaining a 
new monoclonal antibody that was able to rec-
ognize the AC133 epitope of CD133. This 
epitope had a restricted expression in popula-
tions of CD34+ progenitors, in bone marrow and 
in the adult blood and fetal liver cells. It was for 
this reason that CD133 was proposed as mark-
er of progenitor hematopoietic cells [9, 12]. 
Clearly identifying the antigen AC133 does not 
mean identifying the CD133, as AC133 mono-
clonal antibody binds only to glycosylated 
epitope of CD133.

Subsequently FloreK et al. [13] defined an 
antibody that recognized human CD133 
independently of glycosylation (αhE2); it 
permitted the detection of CD133 on the 
apical membrane of the proximal tubules 
of the adult kidney and mammary gland.

In the meantime Fargeas et al. [14] cloned 
prominin-2, a second member of the 
prominin family. Prominin-2 shared many 
similarities with prominin-1 including simi-
lar structural topology and restricted 
expression within plasmalemmal protru-
sions. Prominin-2 mRNA was found in 
human kidney, digestive tract, prostate, 
trachea, salivary gland, thyroid gland, 
mammary gland, and placenta, and in 
tumours of the human lung and nervous 
system [14].

Figure 1. Schematic representation of transmembrane glyco-
protein, CD133. A structure model of CD133 proposed by Mi-
raglia et al. This protein has an extracellular N-terminus, a cy-
toplasmic C-terminus, 2 small cysteine rich cytoplasmic loops 
and 2 very large extracellular loops each containing 4 potential 
sites for N-linked glycosylation. 

Table 1. CD133 identification in human solid 
cancer
Tumor Type References
Brain Singh, 2003; Liu, 2006
Melanoma Fang, 2005
Sarcoma Tirino, 2008, 2011
Prostate Collins, 2005; Miki, 2007
Lung Eramo, 2007; Tirino, 2009
Colon Ricci-Vitiani, 2007
Skin Monzani, 2007
Pancreas Olempska, 2007
Liver Ma, 2002; Yin, 2007
Ovary Ferrandina, 2007; Baba, 2009

Furthermore the molecule prominin-1, as 
reported by many authors, was found on 
endothelial [15], lymphangiogenic [16] and 
myoangiogenic [17] progenitors. 

Indeed, CD133 alone or in a combination with 
other markers is currently used for the isolation 
of normal stem cells from several tissues, such 
as bone marrow [1, 10], brain [18, 19], kidney 
[20] prostate [21], liver [22], pancreas [23, 24], 
sarcoma [25, 26] and skin [27].

It is also used for the identification and isola-
tion of a putative cancer stem cell population 
from malignant tumors of brain [28, 29], pros-
tate [30], liver [31, 32], pancreas [33], lung [34, 
35], colon [36-38], ovary [39] as indicated in 
Table 1.

Several studies indicated the difficulty in isolat-
ing CSC pure population [40] and in addition 
there is profound controversy and debate 
regarding antibody for use of CSC identification; 
especially for CD133 that nowadays is the main 
marker used to identify this rare subpopulation 
of cells. In this context, different questions 
could be taken into consideration.

Most probably, the difference in the recognition 
by the different antibodies resides in the differ-
ential affinity to various glycosylated forms of 
CD133. In fact as affirmed by Kemper et al. 
“CD133 could be probably differentially folded 
as a result of differential glycosylation that 
masks specific epitopes” [4]. 
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Another cause of different expression of CD133 
could be attributed to a change in both promot-
er activity and splice variant expression of 
gene. In fact as recently reported by Grosse-
Gehling et al. “the two large extracellular 
domains of human CD133 may be affected by 
alternative splicing, with possible consequenc-
es on the presence of specific epitopes” [5].

It is for all these reasons that many questions 
are still present about the real role of CD133, in 
fact nowadays many researchers believe that 
the fraction CD133 acts like CD133+ but it is 
rather likely that the CD133 is present and can-
not be seen because it is masked by glyco- 
sylation. 

In this scenario, the purpose of this review is to 
focus on and debate with a critical eye every-
thing that has been reported about the role of 
CD133 that remains still enigmatic.

CD133 as marker of normal and cancer stem 
cells

Stem cells are unspecialized primitive cells and 
have the capacity to develop into different cell 
types of the body through a process called cell 
differentiation. They are characterized by their 
ability to self-renew and undergo multilineage 
differentiation.

Given that CD133 was originally discovered to 
identify to CD34+ population of hematopoietic 
stem cells [10], interest has been directed 
towards the potential role of CD133 as cell sur-
face marker of adult stem cells. 

In human haematopoietic lines, CD133 antigen 
expression is restricted to CD34+ cells, while it 
was observed in many other human cell lines 
and differentiated cells. In this context it is 
interesting to note that the cells AC133+/CD34+ 
cells have a high clonogenic capacity compared 
to those AC133-/CD34+ [8-13]. AC133 clone 
being expressed only in stem and progenitor 
cells, while CD133 is also expressed in differ-
entiated cells it is for this reason that AC133 is 
the most promising marker of stem cells.

In this context, this epitope appears to be use-
ful to better characterize samples in allogenic 
hematopoietic stem cell transplantation, using 
CD133+ and CD34+. 

CD133+ cells were isolated by some human 
organs, for example the kidney, and character-

ized for their potential of self-renewal and dif-
ferentiation in vitro and in vivo and found to be 
able to contribute to tissue regeneration and 
differentiation both in epithelial and endotheli-
al lines.

As already mentioned in the introduction 
CD133 alone or in a combination with other 
markers is actually used for the isolation of nor-
mal stem cells from several tissues such as 
bone marrow [1, 10], brain [18, 19], kidney [20] 
prostate [21], liver [22], pancreas [23, 24], sar-
coma [25, 26] and skin [27].

In conclusion, the data in the literature show a 
significant role of this marker in the processes 
involving normal activity of adult stem cell [10, 
41]. In particular CD133/AC133 clone seems 
to be a marker of stem cells with the capacity of 
addressing mature lines and differentiate to 
form functional non-haematopoietic adult line-
ages and this could be used in tissue regenera-
tion and in the therapy of many pathologies [9] 
as Duchenne’s dystrophy [42].

Moreover the interest for CD133 has grown sig-
nificantly in reference models of carcinogene-
sis that, with different variations, propose that 
tumors are formed in normal adult stem cells or 
in early progenitor cells preserving the proper-
ties of self-renewal and differentiation even 
when they form tumor heterogeneous masses, 
perpetuating their presence, as a fraction 
minority, capable of producing recurrences and 
metastases. 

Nowadays tumors are viewed as heterogene-
ous aberrant tissues containing a hierarchy of 
cells that originate from a single cancer stem 
cell (CSC). One of the major problems related to 
tumor progression is the formation of metasta-
ses that are the leading cause of death by can-
cer; in fact they are responsible for more than 
90% of cancer associated mortality.

The CSC hypothesis postulates that a small 
subpopulation of cancer cells drives tumor 
growth and metastasis (Figure 2). In fact accu-
mulating evidence suggests that a subpopula-
tion of tumor cells with distinct stem-like prop-
erties is responsible for tumor initiation, inva-
sive growth, and possibly dissemination to dis-
tant organ sites [43].

Two basic topics underlie the hypothesis that 
CSCs may originate from normal tissue stem 
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cells. First, CSCs share many features with nor-
mal stem cells, including self-renewal, differen-
tiation, drug resistance, and migration capaci-
ty. Second, the longevity of stem cells makes 
them susceptible to accumulation of genetic 
and epigenetic damage in such a way as to 
make them good candidates for the emergence 
of the neoplastic transformation.

Considerable evidence correlated the acquisi-
tion of CSC traits with the epithelial to mesen-
chymal transition (EMT) transdifferentiation 
program (Figure 3). EMT is an embryonic key 
developmental physiological program that is 
often activated during cancer invasion and 
metastasis [44]. It is a process by which trans-
formed epithelial cells can acquire the mesen-
chymal phenotype as well as the ability to 
migrate, to invade, to resist apoptosis, and to 
disseminate [45]. A set of pleiotropic transcrip-
tional factors, including Snail, Slug, Twist, and 
Zeb1/2, orchestrates the EMT and related 

migratory processes during embryogenesis. 
These transcriptional regulators are expressed 
in various combinations in some malignant 
tumor types and have been shown to be caus-
ally important for programming invasion in 
experimental models of carcinoma formation; 
some of them have been found to elicit metas-
tasis when ectopically over-expressed [46]. 
Induction of this program in certain model sys-
tems can induce many features of stem cells, 
including self-renewal ability and the antigenic 
phenotypes associated with both normal cells 
and CSCs. 

In particular, EMT is characterized by altered 
cell surface marker expression, increased 
tumor formation and is thought to endow can-
cer cells with migratory and invasive proper-
ties. A wide variety of solid tumours that express 
stem/progenitor cell marker such as CD133 
have been reported to have more aggressive 
biological behaviour, poor prognosis and high 

Figure 2. A model of the origin of the cancer stem cells. Mutations in stem cells, progenitors cells or differentiated 
cells might give rise to cancer stem cells. The resultant cancer stem cell has lost the ability to regulate its own cell 
division. These cells represent a rare population responsible for tumor initiation, invasive growth and possibly dis-
semination in distant organs.
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recurrence [26, 35]. At the same time EMT, 
closely related invasion, has been suggested to 
generate CSCs [44]. In this scenario it is possi-
ble to consider the CD133 expression as a 
prognostic factor for high grade tumors [47]. 

The most widely used methods for the isolation 
of CSC from the tumor is based on the distinc-
tion of this population according to 1) the 
expression of markers of stem cell such as: 
CD24 [48, 49], CD29 [49], CD44 [50, 51], 
CD133 [37, 52], ALDH1 [53, 54]; 2) the expres-
sion of nuclear proteins that regulate the efflux 
of some dyes from the core, the Hoechst 33342 
[55, 56] identifies a subpopulation chemore-
sistant (the so-called side population) and 3) 
the ability to grow in anchorage independence, 
defined in vitro by the formation of “spheroids” 
in serum-free and enriched with growth factors 
[57-59]. This method, described by some recent 
studies, is based on the existence of a minority 
subpopulation of cells, both isolated from biop-
sies of patients and from cell lines with the 
property of “self-renewal” and capable of form-
ing spherical colonies that grow in suspension 
[60, 61]. However, the appropriateness of these 
markers is an ongoing discussion.

Numerous studies have clearly pointed to the 
possible role of CD133 as a marker of these 
cells, also in combination with other markers.

In fact, cells that express this marker retain the 
ability to self-renewal, proliferation and differ-
entiation both in vitro and in vivo with a process 
that seems to unite and rebuild the tumor origi-

nal phenotype. Experimental evidence 
supports the growing importance of 
CD133 as a marker in the central pheno-
type of CSCs and it can be used for target 
therapy. Currently CD133 is used for 
detection of CSCs in several malignant 
tumors as reported in Table 1.

In this context, it is important to keep in 
mind that in most of the studies cited 
CD133 was revealed through the glyco-
sylated epitope, AC133, which turns out to 
be the most reliable marker of CSCs. In 
fact currently the most commonly used 
antibodies to identify CD133 are: AC133 
(CD133/1) and 293C/AC141 (CD133/2), 
which recognizes distinct epitopes [62]. 
AC133 is frequently used to isolate CSCs 
and is suggested to recognize a glyco-
sylated epitope on CD133 [1], which con-

Figure 3. Epithelial cell plasticity. In response to extracellular 
signals, epithelial cells undergo epithelial-mesenchymal tran-
sition (EMT) are characterized by loss of epithelial marker and 
acquisition of fibroblast-like phenotype. EMT has been closely 
associated with the acquisition of aggressive traits by carci-
noma cells; infect epithelial cells loose their polarity and cell-
cell adhesion and gain migratory and invasive properties to 
become mesenchymal cells.

tains eight putative N-linked glycosylation sites. 
AC141 recognizes the same antigen as AC133 
but a different epitope [1].

As reported by Kemper et al. [4] the use of 
CD133 as a marker to identify, isolate and 
characterize CSCs is controversial because its 
expression pattern is debated. In fact different 
groups showed that AC133+ cells sorted from 
primary carcinomas can form tumors in immu-
nodeficient mice (compared to AC133-) with 
same morphology of the original tumour 
[36-38].

CD133+ and CD133- cell fractions display sim-
ilar stemness and differentiation capabilities

To elucidate the molecular function of CD133, 
many investigators have analyzed CD133 posi-
tive and negative subpopulations of different 
cell lines.

One of the most common methods used to ana-
lyze the CD133+ cell fraction is to perform a cell 
sorting to separate the negative fraction from 
that enriched with CD133. For example Tirino 
et al. isolated CD133+ from CD133- cells in 
A549 cell line. For CD133 staining, cells were 
stained with mouse anti-human CD133 PE 
(Miltenyi Biotec, Calderara di Reno, Bologna, 
Italy). The antibody was incubated for 30 min at 
4°C in the dark. After incubation, the samples 
were washed with PBS and analysed by 
FACSAriaII (Becton Dickinson, Franklin Lakes, 
NJ, USA). They found that the mean expression 
level of CD133 were about 4%. The enrichment 
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of CD133+ cells was obtained after cell sorting 
with an increase from 4% to 40% (Figure 4) 
[63].

Although for the most part in the scientific lit-
erature the idea is referred to that the CD133+ 
cells are those capable of giving greater tumori-
genicity, many researchers contemplate the 
hypothesis that is the fraction of CD133- to 
have greater invasive or similar capacity. 

These contradictory data have generated con-
fusion regarding the precise expression pattern 
of CD133 in the adult tissues and the hierarchy 
of tumor-initiating cells. However, the enigmatic 
role of CD133 opens a series of debates that 
culminated in the thought whether: is CD133 
the true marker to identify CSCs?

The following are among the various hypothe-
ses that different research groups have 
advanced about the role of CD133 in various 
solid tumors.

In 2007 two distinctive groups O’Brien et al. 
[36] et Ricci Vitiani et al. [38] found that in 
colon cancer CD133+ cell was able to initiate 
tumor growth compared to CD133- that did not 
show ability to form tumors. In this way they 
supported the idea that CD133+ cells could pro-
duce tumours with preserved self-renewal and 
differentiation capabilities.

This data was also confirmed in 2008 by 
Shmelkov et al. [64]; in fact the authors showed 
that in colon cancer CD133+ tumor cells might 
give rise to the more aggressive CD133- sub-
set, which is also capable of tumor initiation in 
NOD/SCID mice. Also Chao et al. [65], a few 
years later, have indicated that in colorectal 
cancer CD133+ cells enhanced tumorigenic 
potential compared with CD133-.

Regarding lung cancer in 2009 Tirino et al. [35] 
analysed the presence of CD133 antigen both 
in fresh human NSCLC specimens and in stabi-
lised cell line. The authors isolated a population 
of CD133+ cells from NSCLC that was able to 
give rise to spheres that can act as tumour-ini-
tiating cells and represent the cancer-initiating 
cells capable of giving rise to primary tumour 
growth, invasion and spread as distant meta- 
stases. 

In the same year, in contrast with Tirino, Meng 
et al. [66] isolated CD133+ and CD133- cells 
from two different lung cancer cell lines (A549 
and H446); they found that the two subpopula-
tions of CD133 displayed similar abilities of 
colony formation, self-renewal, proliferation, 
differentiation, and invasion, as well as resist-
ance to chemotherapy drugs. In this way they 
concluded that CD133 could not be used as a 
stem cell marker.

Concerning sarcoma in 2011 Tirino et al. [25] 
selected a CD133+ subpopulation from sarco-
ma stabilized cell lines that displayed the 
capacity to grow as sarcospheres. Their find-
ings showed the existence of cancer stem cells 
in bone sarcomas and highlight CD133 as a 
pivotal marker for identification of these cells. 
In 2012, Kimura et al. [67] analyzed CD133+ 
and CD133- subpopulations of synovial sarco-
ma (SS) cell lines and found that CD133- sub-
population exhibited high cell proliferation and 
tumorigenicity associated with AKT hyperphos-
phorylation. Their results suggested that CD- 
133 has negative effect on the growth of cells 
through AKT-dependent signalling pathway.

Rocco et al. [68] in 2012 evaluated the expres-
sion of CD133 and CD44 in primary gastric 
cancer (GC). Although CD133+ and CD44+ were 

Figure 4. Cytometric analyses for CD133. Expression level of CD133 was about 4%. The enrichment of CD133+ cells 
was obtained after cell sorting with an increase from 4% to 40%.
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detectable in human primary GCs, they did not 
express stem-like properties and they did not 
exhibit tumor-initiating properties by xenograft 
transplantation experiments. In contrast with 
the study of Rocco et al., in 2013 the group of 
Cai [69] analyzed the expression of CD133 in 
gastric cancer using KATO III cell line. They 
found that CD133+ cells in primary lesion of GC 
correlated with higher invasion ability which 
may promote the metastasis of gastric cancer 
via up-regulation of EMT related factors.

Tirino el al. [63] demonstrated, starting from 
non small lung cancer cell line, that CD133+ 

cells (identified by us as CSCs) showed higher 
motility and tumorigenicity compared with 
CD133- (identified by us as non-CSCs).

In this context and in the light of all the works 
cited, it seems that not only the fraction of 
CD133+ cells (identified as CSCs) posses tumo-
rigenic and invasive capacity, but also CD133- 
cells may have these potentialities. Often the 
CD133 molecule is masked and this can distort 
the effect of CD133- that appear to show the 
same effect of CD133+. This difficulty in its 
identification could be due to: i) differential gly-
cosylation, ii) epigenetic modifications iii) tumor 
microenvironment.

Differential glycosylation of CD133

The glycosylation is an enzymatic process by 
which glycans bind to proteins, lipids, or other 
organic molecules and is a form of co/post-
translational modification. 

Recent evidence showed that differences of 
CD133 expression detected using antibodies 
against CD133 could to be due to differences 
in recognition of levels of CD133 glycosylation 
or masking of glycosylated epitope [4, 70-72]. 

Currently, the use of CD133 as stemness mark-
er in solid tumors is the subject of great debate 
because it is its same expression pattern to be 
controversial. In fact, many research groups 
have demonstrated that CD133 positive and 
not negative cells were able to regenerate new 
tumors in immunocompromised mice resem-
bling the histological characteristics of original 
tumor [28, 36] but, at the same time and on the 
contrary, CD133 mRNA expression was found 
also in cells not defined as stem cells [64, 73, 
74]. Therefore, during differentiation, it was 
possible to observe a decrease of levels of 

AC133, without altering the CD133 mRNA lev-
els. These studies highlight clearly that there is 
a contradiction among AC133 as stemness 
marker and the broad CD133 mRNA and pro-
tein expression. Consequently, it seems that 
CD133 expression is not restricted to stem cell 
fraction but it is also expressed by differentiat-
ed cells [4, 75]. In parallel, it is also important 
to understand how differential glycosylation 
can affect the differentiation, and the mecha-
nisms involved in tumor progression. 

As resulted from several studies [5, 76-79], 
sialylation and alterations in post-translational 
modification of CD133 seems to be significant-
ly involved in cancer progression playing a spe-
cific role in invasiveness and metastasis. In 
fact, they may influence antibody binding, both 
in terms of the nature of epitope and the epit-
ope’s accessibility. Miraglia and colleagues [1] 
showed that human AC133 epitope was sus-
ceptible to glycosylation modification. This con-
sideration arose from fact that AC133 antibody 
binding was abolished after tunicamycin treat-
ment affecting both the CD133 stability and its 
transport to cell membrane [80]. Other studies 
have demonstrated that glycosylation and con-
formational modifications of CD133 may lead 
to the loss of the AC133 epitope recognition in 
tissue samples and that CD133 glycosylation 
may change on the basis of the tissue consid-
ered and stage of differentiation [13, 81]. 

In this context, Kemper et al. [4] showed that 
AC133 epitope decreased during differentia-
tion of CSCs correlating with the loss of clono-
genicity. But this did not correlate with modifi-
cations of CD133 promoter activity, mRNA 
level, splicing, protein expression and finally 
CD133 surface expression. On the other hand, 
they observed that CD133 glycosylation 
changed during CSCs differentiation. In particu-
lar, a reduction of glycosylation that correlated 
with a decrease of AC133 was found. But this 
reduction was not due to decrease or loss of 
glycosylated epitopes as evidenced both by 
immunoblotting assay and using unglycosylat-
ed bacterially expressed CD133 protein, but 
may be due to masking of CD133 epitopes. In 
fact, the authors demonstrated also that differ-
entially glycosylated CD133 may be detected 
on differentiated tumor cells. They concluded 
that CD133 is detectable both on stem and dif-
ferentiated cells. The differences of CD133 
expression derived from epitope masking that 
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may be due to differential folding of the protein 
as a result of differential glycosylation. More- 
over, they suggested that AC133 can be used 
to identify CSCs, but prudence and caution are 
necessary in interpreting the data obtained. 
Another important contribution in studying 
CD133 glycosylation derived from work of Taïeb 
et al. and Donovan et al.

Taïeb et al. [71] demonstrated that the extracel-
lular N-terminal domain of the CD133 protein 
may undergo conformational modifications due 
to membranous gangliosides, that could mask 
the AC133 epitope. The studies above men-
tioned highlight that the different expression of 
CD133 detected during differentiation is not 
attributable to transcriptional or translational 
changes, but post-translational changes and 
depends on the structure assumed by the 
CD133 with the change of glycosylation that 
very probably hides the epitope to antibody. 

Already Donovan et al. [72] demonstrated that 
in IN699 pediatric glioblastoma cells, the gan-
glioside GD3 did not affect the biological behav-
iour of CD133, being GD3 overexpressed both 
in CD133+ and CD133- cell subpopulations. 
But, in this context, the authors hypothesized 
that glycosylation of CD133 may be modulated 
by GD3. They suggested that glycosylated 
AC133 may sequester the GD3 antigen to the 
N-terminal of the protein, causing de-N-glyco-
sylation of the CD133. 

Epigenetic regulation of CD133 

Another important topic regards “epigenetic 
modifications” that may influence the transcrip-
tion of CD133 gene. This is controlled in a tis-
sue-specific manner by five alternative promot-
ers (P1-P5) leading to at least 16 alternative 
splicing patterns of the 5’-UTR of CD133 tran-
scripts as widely reported by Shmelkov et al. 
[82] and Tabu et al. [83]. 

In particular, promoters P1-P3 are situated in a 
CpG island. Therefore, DNA methylation may 
occur in these promoters leading to a possible 
epigenetic regulation of CD133. It is well known 
that hypermethylation of CpG islands repress-
es gene expression blocking its transcription, 
while hypomethylation leads to increase of 
gene expression [84-86]. The methylation sta-
tus of the PROM1 promoters and the effect of 
demethylating agents on CD133 expression 

have been widely studied. Gregory CA et al. [87] 
as well as Meregalli et al. [88] showed that 
CD133 mRNA levels were inversely correlated 
to the DNA methylation status of the CpG sites 
in various cancer cell lines. An interesting study 
has been conducted by Baba et al. [89] that 
showed CD133 expression and its role in ovar-
ian cancer. They identified a cell subpopulation 
expressing CD133 marker starting from ovari-
an stabilized and primary cancer cell lines, and 
ascetic fluid of ovarian cancer patients. They 
sorted CD133 positive and negative cells and 
characterized them. CD133+ ovarian cancer 
cells were able to generate CD133+ and CD133- 
daughter cells, and to form tumours greater 
than CD133- cells when implanted in immuno-
compromised mice. Moreover, CD133+ ovarian 
cancer cells resulted be more resistance to cis-
platin treatment than CD133- cells. Having 
defined the characteristics of CD133+ cells, 
Baba et al. [89] focused their attention on epi-
genetic modifications occurring at level of 
CD133 gene. They found that both histone 
modifications and promoter methylation were 
associated to CD133 transcription. In particu-
lar, they observed that, when CD133- ovarian 
cancer cells were treated with DNA methyl-
transferase and histone deacetylase inhibitors, 
a synergistic increase in cell surface CD133 
expression was obtained. In addition, DNA 
methylation of active P2 promoter led to a inhi-
bition of CD133 transcription. They showed 
also that promoter methylation increased in 
CD133- progeny of CD133+ cells, with CD133+ 
cells maintaining a loss of methylated or 
unmethylated state. The study of Baba et al. 
[89] highlights that CD133 promoter methyla-
tion may explain the loss of surface expression 
of CD133 in differentiated cells being cell dif-
ferentiation affected also by epigenetic chang-
es [90-92] and may be generally representative 
of epigenetic repression. Consequently, CD133 
promoter methylation could be used as poten-
tial biomarker providing important and relevant 
information for prognosis and treatment. Baba 
et al. [89] concluded hypothesizing that the bio-
logical behaviour of ovarian cancer cells may 
be epigenetically detected and such cells might 
be used as potential chemotherapeutic tar- 
gets.

Another epigenetic regulation studied is his-
tone modification such as histone acetylation 
and deacetylation. In particular, acetylation is 
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associated with transcriptional activation, whe- 
reas deacetylation leads to gene repression 
[93]. 

Histone modifications may be affected also by 
DNA hypermethylation and by various inhibitors 
that are used to epigenetically regulate the 
PROM1 gene [94]. In this perspective, Yi et al. 
[95] studied the role both of Histone H3 specifi-
cally di-methylated at position Lys 4 (H3K4me2) 
associated usually con active genes and 
Histone H3 specifically tri-methylated at posi-
tion Lys 27 (H3K27me3) placed in low expres-
sion genes [96] in the promoter region of 
CD133 in colorectal cancer cell lines. They 
found that many genes associated with DNA 
methylation showed a bivalent chromatin with 
the presence of mark H3K27me3 but, in paral-
lel, balanced by the contemporary presence of 

the mark H3K4me. The same profile has been 
evidenced for CD133 expression with a biva-
lent chromatin in which a balance between 
H3K27me3 and H3K4me was observed. 
Therefore, Yi et al. [95] demonstrated that his-
tone modification may explain the discordance 
of DNA methylation status with CD133 expres-
sion in these cells. What mechanisms are 
involved in generating different 5’-UTRs that 
may affect coding sequence and CD133 
expression are also unknown. 

Expression of CD133 in hypoxic oxygen condi-
tion

Due to poor and abnormal vascular develop-
ment, the majority of solid tumors presents 
median levels of pO2 lower than those of the 
tissue of origin; in addition, the hypoxic areas 

Figure 5. Schematic representation of the hypoxia inducible factor pathway. In normoxia HIFα subunit is hydroxy-
lated by proline hydroxylase (PHD). The hydroxylated (OH) HIFα is recognised by a product of the von Hippel-Lindau 
tumour suppressor gene (VHL) which tags the HIFα-OH with polyubiquitin for subsequent degradation by the ubiquit-
in-proteosome pathway. In hypoxia HIFα and HIFβ subunits dimerize, then translocate in the nucleus where subunits 
interact with hypoxia regulatory elements (HREs), recruiting the transcriptional co-activator p300, activating the full 
transcription of downstream genes which regulate cell survival, motility, metabolism and angiogenesis.
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are characterized by low levels of pH and 
glucose. 

Has been demonstrated the ability of the stem 
cell to live in a state of hypoxia, these cells are 
able to create the energy they require making 
the most of anaerobic glycolysis. Hypoxia is 
needed for stem cells to maintain their isolated 
“niche” and to force the differentiated cell 
daughters to walk away if they do not want to 
die and then allowing them to go on to colonize 
the tissue. This ability to resist hypoxia has 
been demonstrated also for neoplastic 
stemness. A stem cell under hypoxic conditions 
remains in a quiescent state (G0 phase) to 
maintain the highest integrity of the enclosure 
(only a few undergo cell division), and this also 
applies to cancer stem cells.

Furthermore, through stabilization of the tran-
scription factors HIF-1α (hypoxia inducible fac-
tor 1α), hypoxia results in an increase in the 
expression of proteins related to angiogenesis, 
such as VEGF (vascular endothelial growth fac-
tor) and its receptor VEGFR, the glycolytic 
metabolism and adaptation to oxidative stress 
[97]. In this way HIFs are crucial for the adap-
tive response to oxygen tension (Figure 5). 

In 2009 Soeda et al. [98] analyzed the correla-
tion between CD133 and HIF-1α in glioma stem 
cells.

The authors showed that hypoxia promoted 
self-renewal capacity of CD133+ glioma stem 
cells, preceded by upregulation of HIF-1α. The 
effect was abolished when HIF-1α was knock-
down. Their findings suggested that response 
to hypoxia by CSCs involves the activation of 
HIF-1α to enhance the self-renewal activity of 
CD133-positive cells and to inhibit the induc-
tion of CSC differentiation.

Also Iida et al in 2011 [99] analyzed the correla-
tion between CD133 and hypoxia inducible fac-
tors. The authors found that in three different 
lung cancer cell lines the CD133 expression 
level was increased under hypoxic cultivation. 
Given that P1 promoter was associated with 
hypoxia-induced promoter activity of CD133; 
they found a direct connection between P1 pro-
moter with OCT4 and SOX2. In hypoxic condi-
tion, the hypoxia inducible factors increased 
the expression of OCT4 and SOX2 and through 
their connection with P1 they increased the 

expression of CD133. The effect was abolished 
with knockdown of both OCT4 and SOX2.

A very interesting study is that of Donovan et al. 
[72]. In the manuscript the authors, starting 
from pediatric glioblastoma, hypothesized not 
only that the presence of CD133 could be the 
source of tumor resistance but also that main-
tenance of this molecule by hypoxia dictates 
cellular and molecular behaviour. The authors 
demonstrated that with decreasing oxygen ten-
sion there was an increase of CD133 expres-
sion; so they found a direct link between 
decreasing oxygen tension and CD133 expres-
sion. Moreover HIF-2α has been seen to 
increase in hypoxic conditions along with the 
increasing expression of CD133. This may be 
implicated in the regulation of the stem cell 
phenotype with decreasing oxygen tension. 
Their results also suggested plasticity in CD133 
expression. “Spontaneous” formation of the 
CD133 phenotype and microenvironmental 
influence suggest that CD133 is not a definitive 
brain tumor CSC marker. Its presence in pediat-
ric GB may, however, significantly define biolog-
ic behaviour and subsequent clinical outcome. 

Because of the apparent complexity of the 
microenvironment, plus additional factors that 
can seemingly affect the expression of the 
CD133 epitope, it is not surprising that there 
are contradictory reports in the literature 
regarding the functional properties and expres-
sion of CD133.

To conclude, diverse microenvironmental fac-
tors have been shown to have an impact on 
CD133 expression, but it remains a matter of 
debate.

Relation between CD133 and circulating tu-
mor cells

As reported by Franco et al “Recently, circulat-
ing tumour cells (CTCs) have aroused much 
interest in cancer research, representing 
potential prognostic biomarkers and a reliable 
mean to predict metastasis development. The 
presence of CTCs are a pre-requisite to develop 
distant metastasis” [100]. In fact circulating 
tumor cells (CTCs) are a potential aggressive 
population, able to generate a metastasis. 
Therefore, identifying this population may be 
determinant in order to address therapy. 
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Always according Franco et al. “In several clini-
cal studies, CTCs enumeration has been used 
as biomarker in the prognostic stratification 
and in the evaluation of disease response dur-
ing therapy. In addition, CTCs number could be 
useful for prognostication in early stage of dis-
ease, for identification of patients requiring 
adjuvant therapy, or during follow-up in order to 
detect relapses” [100]. In fact the presence of 
CTCs in peripheral blood of patients affected by 
some types of tumors, such as breast cancer 
could be used to address or control the thera-
py, being CTCs enumeration being important 
also in early stage of disease because it may 
identify patients needing an appropriate adju-
vant therapy. 

Two concepts could be linked to CTCs: CSCs 
and EMT-program. EMT is a process by which 
the cells undergo a switch from epithelial to 
mesenchymal phenotype. Consequently, EMT 
cells acquire mobility and are able to move 
towards other sites to metastasize. Therefore, 
CTCs could undergo EMT program. In fact, 
according to recent findings, more invasive 
CTCs may lose their epithelial antigens by the 
EMT process, acquiring stemness characteris-
tics, thus suggesting that their identification 
cannot be based only on the expression of epi-
thelial-specific transcripts, such as cytokera-
tins. It has been also proposed that CTCs repre-
sent a highly heterogeneous population, since 
most of them die during migration, and very few 
are able to grow into clinically evident metasta-
ses [101]. It has been also suggested that more 
aggressive CTCs may share similar geno typic 
and phenotypic characteristics with the CSCs 
[102]. This could potentially explain the even-
tual relapse of disease in patients previ ously 
considered to be cured by primary therapy. 
Unfortunately, few reports have described cor-
relation between CTCs and CD133 CSCs. Three 
recent papers have investigated the putative 
correlation between CD133 and CTCs.

First, Giordano et al. [103] focused their atten-
tion on HER2+ metastatic breast cancer and 
demonstrated that CD326-CD45- cell fraction 
over-expressing SNAIL and ZEB1 showed a 
higher percentage of cells positive for CD133 
than those with normal level of SNAIL and 
ZEB1. The authors concluded that the patients 
affected by HER2+ metastatic breast cancer 
have EMT-CTCs. 

Shimada and colleagues [104] studied CTCs in 
patients affected by colorectal cancer. They 
demonstrated that CEA/CK/CD133 mRNA 
detection may be considered as biomarker to 
identify patients affect by colon cancer at high 
risk with Dukes’ stage B and C. 

Nadal et al. [105] showed that CTCs derived 
from non metastatic breast cancer patients 
expressed CD133. In particular, when the 
authors performed a stratification on basis of 
therapy, they found that 65% of patients had 
CTCs identified as cells positive for CD133 and 
CK at baseline, whereas after systemic therapy 
only 47.8% of patients had CD133+CK+ CTCs. 
Before any treatment, CD133+CK+ CTCs were 
detected, in particular, in patients affected by 
luminal breast cancer. Nadal et al. [105] con-
cluded their research stating that CD133 could 
be used as marker of chemoresistance. 

Summarizing, CTCs could be identified as cells 
that expressed also CD133 or EMT markers. 
Therefore, the open question remains the enu-
meration of CTCs with current protocols that 
usually involve only the use of epithelial mark-
ers and not stem or EMT markers. In fact, CTC 
analysis is generally based on numeration, 
which is considered to have a prognostic value, 
and the Cell Search System (Veridex, Raritan, 
NJ, USA) has been cleared by the U.S. Food and 
Drug Administration as an aid to monitor 
patients with metastatic breast, prostate, and 
colon cancer [106, 107]. This analytical meth-
od is able to predict free disease and overall 
survival, but cells arising from EMT often 
escape detection [108]. These findings may 
imply that current CTCs detection methods 
underestimate the most important subpopula-
tion of CTCs involved in cancer dissemination, 
which often share both EMT and stemness fea-
tures. This could explain why, through currently 
used methods, CTCs are undetected in 40% of 
patients with metastatic breast cancer. 
Therefore, there is an urgent need for optimiz-
ing CTC detection methods through the combi-
nation of EMT/CSC markers (such as CD133) 
with CTC phenotype.

CD133 as a prognostic value

CSCs as mentioned above are responsible for 
tumor iniation, invasive growth, dissemination 
to distant organs, radiotherapy and hemothera-
py resistance and given that CD133 is the main 



Enigmatic role of CD133

574 Am J Transl Res 2013;5(6):563-581

marker used to identify, it was thought that this 
molecule could have a prognostic value.

Some studies have correlated the expression 
of CD133 either survival, recurrence, metasta-
sis and therapy resistance. Currently, many 
researchers are also trying to correlate the lev-
els of expression of CD133 with clinical and his-
topathological parameters of patients such as 
age, tumor size, tumor stages, grading, preop-
eratory chemotherapy conditions.

In this context, one of the important aspects is 
definitely related to the technique used for the 
identification of CD133. Some studies per-
formed on lung cancer cell line showed that no 
significant expression of CD133 by either flow 
cytometry, polymerase chain reaction (PCR), 
immunohistochemistry (IHC) or immunoblotting 
was detectable. In this context Di Bonito and 
colleagues [109] found that the expression of 
CD133 was strikingly hyper expressed in tubu-
lar variant of breast cancer using three differ-
ent techniques with the same results (flow 
cytometry, IHC, RT-PCR).

However currently many authors relate the 
expression of CD133 with poor prognosis in 
cancer of the colon [110-113], brain [114, 
115], liver [116], stomach [117, 118], endome-
trium [119], ovary [120] and lung [121, 122]. 

Regarding colon cancer Horst et colleagues 
[113] supported the idea that CD133 expres-
sion is a marker with high prognostic impact in 
fact its levels strongly correlated with liver 
metastasis formation. Other authors like Choi 
et al. [123] and Kojima et al. [124] assessed 
that survival was not correlated to the expres-
sion of CD133.

Lei Wen et al. [118] evaluated the expression of 
CD133 in patients with primary gastric cancer. 
Although not with a high series they found that 
CD133 overexpression was associated with 
common clinopathological poor prognostic 
factor.

Ha Shin et al. [115] analyzed 67 patients with 
glioblastoma. The authors found a direct link 
between the overexpression of CD133 and 
poor survival. They concluded that high level of 
CD133 was a prognostic indicator of tumor 
recurrence and shorter survival.

Recently Pirozzi and colleagues [122] correlat-
ed the expression of CD133 with EMT-markers 
(CD90 and CD326) in patients with non small 
cell lung cancer. They found that CD133 was 
very closely associated with metastatic spread, 
in fact CD133 expression demonstrated a 
strong significant association with patients 
exhibiting progressive disease when compared 
to CD90/CD326 expression. 

Future perspective

Researchers around the world are constantly 
scrambling to understand the biological and 
molecular mechanisms that lead to tumor for-
mation and subsequent metastasis. 

In fact one of the major problems related to 
tumor progression is the formation of metasta-
ses. Metastasis is the leading cause of death 
by cancer and it is responsible for more than 
90% of cancer associated mortality. The pro-
cess of metastatic dissemination remains 
poorly understood due to its complexity. 

In this scenario, the “cancer stem cells” hypoth-
esis might explain some aspects of tumor 
progression. 

A matter of controversy remains the identifica-
tion of CSCs. The CD133 today is used as the 
main marker for the identification of cancer 
stem cells, often in combination with other 
markers. Unfortunately, the information availa-
ble today about the CD133 have not clarified 
yet the biological functions of this molecule and 
it is for this reason that its role is still enigmatic 
and controversial.

Although for the most part in the literature the 
idea is referred to that the CD133+ cells are 
those capable of giving greater tumorigenicity, 
many researchers contemplate the hypothesis 
that it is the fraction of CD133- to have greater 
invasive or similar capacity. 

Moreover as reported by Bidlingmaier “the anti-
CD133 antibodies typically used (AC133 and 
AC141 mAbs) recognize undefined glycosylated 
epitopes, the possibility remains that the glyco-
sylation status of CD133, rather than expres-
sion of the CD133 protein itself, can act as an 
indirect marker of the CSC phenotype. So the 
question that remains unanswered is whether 
CD133 or its glycosylation status could play a 
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direct role in regulating the CSC phenotype” 
[125].

Some researchers relate the CD133 to various 
clinical parameters and some evidence shows 
that CD133+ cells are equipped with resistance 
to radio-chemotherapy. This suggests a prog-
nostic role for this molecule.

Obviously further studies are required: to reveal 
the biological functions of CD133, to assess its 
correct use in the identification of CSCs and to 
assign definitively its prognostic role.

This may be of primary importance in the devel-
opment of new therapeutic strategies and new 
prognostic procedures against highly aggres-
sive and metastatic tumors.
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