
Introduction

Breast cancer is a complex and heterogeneous disease,
consisting of different entities, with variable clinical pic-
tures, histopathological and genetic characteristics, biolog-
ical behavior, and therapy response [1]. Recent research
provides information regarding the presence of stem cell
populations within normal and neoplastic breast epithelia,
with certain properties that are related to therapy outcome
[2] and the tendency for tumor relapse in certain breast car-
cinomas [3-5].

Stem cells in normal tissues are long-lasting forms that
remain in the body for long periods of time and accumulate
mutations involved in the transformation of a normal cell
into a cell with potential for neoplastic transformation [6,
7]. A large proportion of normal stem cells are found in
transient forms, which have an even longer-lifespan and a
slow rate of division, showing in certain cases the capacity
to multiply indefinitely. These properties are regulated by
their immediate microenvironment and are preserved after
their neoplastic transformation [7, 8]. There is evidence that
a small population of these stem cells survive chemother-
apy and are responsible for the 40% recurrence rate of
breast carcinomas [2, 9, 10].

Stem cells have been identified in various organs (breast,
ovary) and respective tumors by specific receptors located
on the cellular surface [5, 7, 11].

The stem cell markers extensively investigated by breast
cell cultures and immunohistological methods are the
CD44 and CD24 molecules, connected to adhesion
molecules [2, 4, 12, 13], the CD133 protein, observed in
hemopoietic stem cells [4] and the ALDH-1 enzyme, es-
sential in normal growth and embryogenesis [14-16].

The aim of this study was to evaluate the expression of
these markers by immunohistochemical method, in a se-
lected group of infiltrating ductal breast carcinomas and to
investigate the correlation with clinical and pathological
parameters, such as stage of tumor, degree of differentia-
tion, and hormone receptor status.

Materials and Methods
One hundred and four specimens of invasive ductal breast can-

cer (NOS) at the Laboratory of Histopathology of University Hos-
pital during a five-year period, with a minimum three-year
follow-up available for all cases. All cases were selected among
250 cases of breast cancer studied during this period in total, based
on the following criteria: all were solitary tumors of invasive non-
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otherwise specified tumor. Multifocal, bilateral, and various spe-
cific type tumors were excluded. Cases were classified according 
to the histological degree of differentiation, into grade I (well-dif-
ferentiated), grade II (moderately differentiated), and grade III 
(poorly differentiated) and staged according to TNM staging sys-
tem. All cases of breast cancer were evaluated at the time of pri-
mary examination for the expression of ER and PR receptor 
status, the ki-67 proliferation index, and the expression of C-
erbB2. Additional clinical data, therapeutic management, and fol-
low-up data of these cases were available from the archives of the 
corresponding Department of clinical Oncology, where all these 
patients were treated at. This research was granted permission by 
the Hospital Research and Ethics Committee -No B-
35/27.02.2014, and all cases were coded moreover to ensure pa-
tient anonymity.

Additional sections from the archived formalin-fixed paraffin-
embedded tissues were examined for the expression of stem cells. 
A semi-automatic Ventana immunohistochemical method was 
used, according to manufacturer’s guidelines, with anti-CD133, 
anti-mouse CD24 and CD44, anti-ALDH1 antibodies, Positive 
and negative controls were examined as well, provided by the 
manufactures. The evaluation of the staining was done by a 
semi-quantitative method, by two observers (VD and KA) and 
was characterized as negative (−) when < 10% of the cells were 
positive, positive (+) when > 10%of the cells were positive, and 
strongly positive (++) when > 30%of the cells showed 
immunoreaction. The location of the stain on the cell membrane 
or in the cytoplasm was recorded separately. Clinical data 
(patient’s age, location, and size of tumor) were recorded as 
well. 

A software was used for the statistical analysis. The 
correlation between categorical parameters (stem-cell mark-
ers, grade, stage, and receptor expression) was assessed by chi-
square, with p-value of less than 0.05 considered to be sig-
nificant. 

Results

The clinical and pathological results are as follows:
Group A: 21 cases of infiltrating ductal breast carcinomas
were Grade 1. The age of patients ranged from 43 to 82
years with an average age of 58 years. The neoplasm was
localized mainly at the left breast in 13/21 (62%) cases. The
greatest tumor diameter ranged from 0.7 to 6 (mean diam-
eter: 2.2) cm. Positive lymph nodes were observed in 9/21
cases (42%). Nine out of 21 (42%) cases were Stage 1,
7/21, (33%) were Stage 2, and 5/21 (24%) were Stage 3.

In 7/21 (33%) cases, a positive CD44 (+) immunoreac-
tion, localized on the cell membrane of the tumor cells, was
observed.In 2/21 cases a focal and faint staining of the cy-
toplasm was observed as well. In 6/21 cases (28%), a pos-
itive CD24 (+) immunoreaction, located on the tumor cell
membrane, was observed. The CD133 marker was positive
(+) in 4/21 (19%) cases localized on the cell membrane.
Normal epithelial cells were negative for these markers.
The ALDH-1 marker was positive (+) in 7/21 (33%) cases
located in the cytoplasm of neoplastic cells. Normal ep-
ithelial cells showed a faint and local immunoreaction.
Group B: 45 cases of infiltrating breast carcinomas were

Grade 2. Patient’s age ranged from 26 to 84 years with an
average age of 44 years. The neoplasm was localized
mainly in the right breast in 23/45 (51%) cases. The great-
est tumor diameter ranged from 0.8 to 4 (average diame-
ter: 3.8) cm. Positive lymph nodes were observed in 22/45
(49%) of the cases. Fifteen out of 45 (33%) cases were
Stage 1, 20/45 (45%) were Stage 2, and 9/45 (20%) (45%)
were stage 3.

The CD44 marker was positive (+) in 20/45 (44%) of the
cases. CD24 was positive (+) in 12/45 (27%) cases. CD133
was positive (+) in 13/45 (29%) cases. The immunostain-
ing was localized on the cell membrane. No normal ep-
ithelia were stained. The ALDH-1 marker was positive (+)
in 14/45 (31%) cases, and the immunostaining was located
in the cytoplasm. Very few normal epithelial cells showed
a faint membrane immunoreaction. Group C: 38 cases of
infiltrating breast carcinomas were Grade 3. The age of pa-
tients ranged from 39 to 84 years, with an average age 64
years. The neoplasm was located mainly at the right breast
in 20/38 (53%) cases. The diameter range from 1.0 to 7 (av-
erage diameter: 2.7) cm. Infiltrated lymph nodes were ob-
served in 18/38 (47%) cases. Eleven out of 38 (29%) of
cases were Stage 1,18/38 (47%) were Stage 2,  and 9/38
(24%) cases were Stage 3.

CD44 positive (+) immunoreaction was observed in
20/38 (53%) of the cases. CD24 positive (+) immunoreac-
tion was observed in 4/38 (11%) of the cases. CD133 pos-
itive (+) immunoreaction was observed in 5/38 (13%) of
the cases. Immunostaining in all cases was located on the
cell membrane. ALDH-1 positive (+) immunoreaction was
observed in 10/38 (26%) cases, located mainly in the cyto-
plasm. Normal epithelial cells were negative for all mark-
ers. The findings are presented collectively in Figure 1.

There were 35 cases of breast carcinomas in Stage 1.
CD44 marker was positive (+) in 8/35 (23%) cases. CD24
was positive (+) in 3/35 (9%) cases. CD133 marker was
positive (+) in 6/35 (17%) cases. ALDH-1 marker is posi-
tive (+) in 6/35 (17%) cases.

There were 46 breast carcinomas in Stage 2. CD44
marker immunoreaction was positive (+) in 21/46 (46%)
cases. CD24 was positive (+) in 8/46 (17%) cases. CD133
marker was positive (+) in 11/46 (24%) cases. ALDH-1
marker was positive (+) in 9/46 (19%) cases.

There were 23 cases of breast carcinomas in Stage 3.
CD44 score was positive (+) in 18/23 (78%) cases. CD24
marker was positive (+) in 11/23 (48%) cases. CD133
marker was positive (+) in 5/23 (22%) cases. ALDH-1
marker was positive (+) in 17/23 (74%) cases. The findings
are presented collectively in Figure 2.

Eighteen out of 104 (17%) examined cases presented
characteristics of triple negative breast cancers (estrogen
receptor, progesterone receptor, and C-erbB2 negative). Im-
munohistochemical study showed that, in 17/18 (94%)
cases, CD44 (+) immunoreaction was observed, in 7/18
(39%) cases. CD24 (+) reaction was observed in 10/18
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Discussion

Breast cancer is a complex and heterogeneous disease to
such an extent that it is considered not to be one but vari-
ous entities, demonstrating different clinical pictures,
histopathological and genetic characteristics, response to
treatment, degree of relapse risk, and generally different bi-
ological behavior [1-3]. Despite this variety, breast cancer
cases are classified based on histopathological features such
as tumor size, degree of differentiation, lymph node metas-
tasis, and lymphatic infiltration [1]. Pertinent information is
collected according to well-established guidelines and used
in algorithms, in order to design appropriate treatment for
patients.

The complexity and variety of the disease and the neces-
sity for individualized therapy is well-established by the
application of high resolution molecular biology tech-
niques, where the presence, absence, and/or amplification
of many genes expression in breast cancer is investigated.

According to the molecular classification of breast can-
cer, the cases are grouped into tumors expressing the gene
of estrogen receptor, characterized as luminal cell tumors
and are distinguished in type A and type B. [1] Type A
strongly expresses the gene estrogen receptor and, to a
lesser extent, the Ki-67 cellular proliferation index. Type B
tumors express in lesser degree the estrogen receptor gene
and a high Ki-67 proliferation index. The luminal type A
tumors, are associated with tubular carcinoma, papillary
carcinoma, invasive ductal non-further specified carcinoma
(NOS), and lobular carcinoma. Type B tumors are related

Figure 1. — Immunohistochemical expression of stem cells ac-
cording to degree of differentiation.

Figure 2. — Immunohistochemical expression of stem cell mark-
ers according to (TNM) stage.

(55.55%) cases. CD133 (+) and ALDH-1 (+) 
immunoreaction was observed. No strongly positive 
reaction (++) was noted in cases of the present study. The 
findings are presented collectively in Figure 3.

Statistical analysis of the immunohistochemical results 
showed that CD44, CD24, and ALDH-1 positive immuno-
reaction showed significant correlation (p value 
0.001-0.002) with Stage 3 of the disease. CD133 
was not significantly correlated with Stage (p value 
0.180). No significant correlation was observed between 
the markers and tumor grade, ER(+) status, ki-67 
proliferation index, or other clinical parameters, such as 
the tumor size (TNM staging) or the patient’s age. There 
was a significant inverse correlation between stem markers 
(+) immunoreaction with negative ER(-) status (p value < 
0.005).

Figure 3. — Immunohistochemical expression of CD44, CD24, 
CD133, and ALDH1 in triple negative cancers. 
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to invasive ductal carcinoma (NOS). 
Tumors that do not express the ER marker include three

groups: The first includes what are described as basal-like
tumors, negative for C-erbB2 marker, expressing charac-
teristics of basal/myoepithelial cells of the normal breast
(p63 and keratin 5/6(-) immunoreaction). These tumors are
histologically classified as high-grade carcinomas (NOS)
and metaplastic carcinomas. The second group consists of
HER-2 positive tumors, and the third group comprises tu-
mors characterized as “normal breast type”.

Evidence regarding the development of breast cancer
supports the theory of breast epithelial stem cell existence,
which demonstrate functional disorders that are an impor-
tant step in their malignant transformation. The stem cell

neoplastic transformation is caused directly or indirectly by 
suppressing the defensive mechanisms [2-5, 16]. Expres-
sion of these stem cells is the object of various studies, aim-
ing in the development of new breast cancer therapies [9, 
10, 16, 17].

The normal mammary gland shows a continuous regen-
eration of its tissues through controlled cell proliferation A 
small number of breast epithelial stem cells are recorded as 
well that proliferate at a slow rate and among them a num-
ber of cells are observed that grow rapidly and are called 
transit amplifying cells [2, 3, 9, 16, 18]. Stem cells have 
been identified in various organs, primarily in hematopoi-
etic cells, by surface receptors such as CD44, CD24, 
CD133, ALDH-, and in various combinations of expres-
sion [5-7, 17].

The CD44 marker is a family of glycoproteins located on 
the cell surface of various organs of the body. It consists of 
an extracellular epitope, a transmembrane domain bound 
to stromal elements, and a cytoplasmic domain. The cyto-
plasmic domain is linked to the cell frame. The extracellu-
lar domain is linked to the extracellular ground substance, 
in particular to fibronectin, laminin, collagen fibers, and 
hyaluronic acid. CD44 is not expressed in normal mam-
mary epithelium and this is in accordance to the present 
findings. In experimental studies, CD44 has been found to 
participate in the development of tumors and their metas-
tases as it is shown in Figure 4 [10, 15, 19]. In the present 
study, CD44 expression showed statistically significant 
correlation with the disease in Stage 3, characterized by 
lymph node metastases.It also presents significant 
correlation with the cell proliferation index Ki-67 and 
inverse correlation with estrogen receptor expression. In 
the group of triple negative tumors studied separately, 
CD44 immunoreaction was expressed in a significantly 
high proportion (94%). No significant correlation with 
tumor grade was observed.

CD24 marker is a mucus-type protein molecule with sur-
face cell localization, initially identified in hematopoietic 
elements of the white line and in hematological neoplasms 
and various cancers, (lung, pancreatic, ovarian cancer, etc.)
[7, 17, 20, 21] This molecule has binding site with P-se-
lectin, which belongs to the cellular cohesion molecules 
necessary for the coherence of neighboring cells. CD24 is 
stored in intracellular granules and when is activated is 
carried on the surface of the epithelial cells. CD24 is not 
expressed in adult normal tissues, but in neoplastic cells 
and this is in accordance to the findings of its study. 
Increased expression of CD24 suggests higher metastatic 
potential, possibly through augmented cell mobility and 
disorder of neoplastic cell coherence and epithelial-
stromal cohesion [18, 20, 21].

In the present study, a statistically significant correlation 
was found between the stage of the disease, with its high-
est expression at an advanced Stage 3 and in the presence 
of lymph node metastases. The present authors also ob-
served an inverse correlation with positive expression of

Figure 4. — CD44+ membrane immunoexpression in breast can-
cer glandular formation (immunostaining ×300).

Figure 5. — CD+24 immunoexpression with membrane and cy-
toplasmic location in breast cancer glands (immunostaining
×240).
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estrogen receptors. In triple negative tumors, CD 24+ im-
mune-expression was found in 39% of cases. No signifi-
cant correlation was found with degree of differentiation 
or cell proliferation marker. The findings of this study are 
consistent with the findings of a lung cancer study where it 
is a poor prognosis indicator associated with metastatic 
disease and advanced stage. [20, 21, 22]

The CD24 expression was not exclusively in the mem-
brane of the cells of the invasive carcinoma, but in more 
than 50% of the positive cells it also showed cytoplasmic 
expression (Figure 5). There are already suggestions for 
this finding to be considered as a predictor of worst 
outcome and a tumor with strong positive expression 
could be an indication for more aggressive treatment [20, 
23].

CD133 (PROMININ-1) is known to be a protein found 
on the cytoplasmic membrane of the cells and present in 
five transmembrane loci. Its activity remains largely un-
known. This protein was first detected in normal human 
hematopoietic stem cells of many different organs and it is 
considered to be the marker of cancer stem cells [4]. 
There is evidence in studies on various cancers, that the 
expression of CD133 defines presence of clones of 
neoplastic cells with increased resistance to chemotherapy 
[4, 16, 26]. In neoplastic cells cultures, CD133 was 
observed on the cellular membrane and in the lumen of 
glandular formations, and there is evidence that it is 
implicated in the onset of carcinoma transformation and 
tumor recurrence.

In the present study there was no statistically significant 
correlation between the expression of CD133 and the degree 
of tumor differentiation, the disease stage or in the cell 
proliferation index, and this is in agreement with other 
studies [14, 16]. Moreover a significant inverse correlation 
between expression of estrogen receptors was found 
regardless of degree of differentiation and was observed in 
56% of triple negative tumors examined.

A recent experimental study has shown that using pacli-
taxel nanoparticles against CD133 + cells inhibited the re-
lapse or also tumors growth in cell cultures of glandular 
cancer cells, (CD133-targeted nanoparticles CD133NPs 
method). This method may also be useful in the future 
treatment of breast cancer [24-26].

The ALDH-1 marker is an enzyme responsible for the 
oxidative conversion of retinol to retinoic acid. This sub-
stance is important for the normal growth and homeostasis 
of tissues of various organs and essential for embryogene-
sis. Disorders of ALDH-1 expression are considered as pro-
moters of neoplastic transformation of cell groups into 
various organs (pancreas, large intestine, mammary, and 
brain cells. These cell groups present stem cell features 
and form “cellular orbs” [14, 28]. In mammary cell 
cultures, this marker is expressed by cellular orbs showing 
neoplastic transformation [6, 10, 11].

In this study there was no statistically significant corre-
lation between ALDH-1 expression and the degree of tumor 
differentiation or the stage of disease. There was an 
inverse

correlation with ER expression and it was expressed in
55.55% of cases of triple negative cancers.

Cancer stem cells are considered one of the most impor-
tant causes of breast cancer recurrence [2, 6]. Radiation
therapy and chemotherapy treatments [17, 19, 24] have
good results in the elimination of a large proportion of
breast tumor cells, but appear to fail significantly to elimi-
nate cancer stem cells, probably because of deregulation of
genome repair mechanisms [18, 23, 27]. The study of stem
cancer cells in breast [9, 21] as well as other organs [11,
12, 16] provide valuable information for targeted therapies,
used already in certain cancers [19, 28].

Conclusion

The CD44 marker has a statistically significant correla-
tion with a greater disease stage (78.3%) and presence of
lymph node metastases. Greater is the negative expression
of estrogen receptors, especially in triple negative cancers
it is expressed in an extremely high percentage (94%). The
CD24 marker has a statistically significant correlation with
more and advanced stage of the disease, the greater the neg-
ative expression of estrogen receptors; in triple negative
cancers it is expressed in 39% of cases.

The CD133 marker is not significantly related to stage of
the disease. It is correlated with negative expression of es-
trogen receptors, and is greater in triple negative cancers,
expressed in 55.55% of cases.

The ALDH-1 marker is not related to disease stage and in
triple negative cancers is expressed in 55.55% of cases. No
statistically significant correlation with the degree of tumor
differentiation was observed (p>0.005) for the stem cell
markers examined.

In conclusion, immunohistochemical investigation of
CD44, CD24, CD133, and ALDH-1 markers of stem can-
cer cells considered responsible for the metastatic potential
of tumors, provides valuable information on their progno-
sis, their metastatic potential, and future treatment.

Acknowledgements

The study was funded by ‘THALIS Research Grant’ MS
377177’ provided by University of Athens, Greece (UOA). 

References
[1] “WHO Classification of Tumors of the Breast”. (eds.) Lakhani S.R.,

Ellis I.O., Schnitt S.J., Tan P.H., van de Vijver M.J. Lyon: IARC
Press, 2012, 4th ed, vol. 4.

[2] Fillmore C.M., Kuperwasser C.: “Human breast cancer cell lines
con tain stem-like cells that self-renew, give rise to phenotypically
di verse progeny and survive chemotherapy”. Breast Cancer Res.,
2008, 10, R25

[3] Ponti D., Costa A., Zaffaroni N., Pratesi G., Petrangolini G., Cora-
dini D., et al.: “Isolation and in vitro propagation of tumorigenic
breast cancer cells with stem/progenitor cell proper ties”. Cancer
Res., 2005, 65, 5506.



D. Korfias, J. Contis, M. Frangou-Plemenou, K. Gennatas, A. Kondis, D. Vlachodimitropoulos41

[4] Wright M.H., Calcagno A.M., Salcido C.D., Carlson M.D., Ambud-
kar S.V., Varticovski L.: “Brca1 breast tumors contain distinct
CD44+/CD24- and CD133+ cells with cancer stem cell characteris-
tics”. Breast Cancer Res., 2008, 10, R10.

[5] Corti S., Locatelli F., Papadimitriou D., Donadoni C., Salani S., Del
Bo R., et al.: “Identification of a primitive brain- derived neural stem
cell population based on aldehyde dehydroge nase activity”. Stem
Cells, 2006, 24, 975.

[6] Slamon D.J., Clark G.M., Wong S.G., Levin W.J., Ullrich A.,
McGuire W.L.: “Human breast cancer: correlation of relapse and sur-
vival with am plification of the HER-2/neu oncogene”. Science, 1987,
235, 177.

[7] Wicha M.S., Liu S., Dontu G.: “Cancer stem cells: an old idea-a
para digm shift”. Cancer Res., 2006, 66, 1883.

[8] Bourguignon L.Y., Peyrollier K., Xia W., Gilad E.: “Hyaluronan-
CD44 interaction activates stem cell marker Nanog, Stat-3-mediated
MDR1 gene expression, and ankyrin-regulated multidrug efflux in
breast and ovarian tumor cells”. J. Biol. Chem., 2008, 283, 17635.

[9] Lacerda L., Pusztai L., Woodward W.A.: “The role of tumor initiat-
ing cells in drug resistance of breast cancer: implications for future
therapeutic approaches”. Drug Resist. Updat., 2010, 13, 99.

[10] Croker A.K., Goodale D., Chu J., Postenka C., Hedley B.D., Hess
D.A., et al.: “High aldehyde dehydrogenase and expression of can-
cer stem cell markers selects for breast cancer cells with enhanced
malignant and metastatic ability”. J. Cell. Mol. Med., 2009, 13, 2236.

[11] Bourguignon L.Y., Gilad E., Peyrollier K.: “Heregulin-mediated
ErbB2- ERK signaling activates hyaluronan synthases leading to
CD44- dependent ovarian tumor cell growth and migration”. J. Bio.
Chem., 2007, 282, 19426.

[12] Sheridan C., Kishimoto H., Fuchs R.K., Mehrotra S., Bhat-Naksha-
tri P., Turner C.H., et al.: “CD44+/CD24- breast cancer cells exhibit
enhanced invasive properties: an early step necessary for metasta-
sis”. Breast Cancer Res., 2006, 8, R59.

[13] Abraham B.K., Fritz P., McClellan M., Hauptvogel P., Athelogou
M., Brauch H.: “Prevalence of CD44+/CD24-/low cells in breast
cancer may not be associated with clinical outcome but may favor
distant metastasis”. Clin. Cancer Res., 2005, 11, 1154.

[14] Charafe-Jauffret E., Ginestier C., lovino F., Tarpin C., Diebel M.,
EsterniB., et al.: “Aldehyde dehydrogenase 1-positive cancer stem
cells mediate metastasis and poor clinical outcome in inflammatory
breast cancer”. Clin. Cancer Res., 2010, 16, 45.

[15] Neumeister V., Agarwal S., Bordeaux J., Camp R.L., Rimm D.L.:
“In situ identification of putative cancer stem cells by multiplexing
ALDH1, CD44, and cytokeratin identifies breast cancer patients with
poor prognosis”. Am. J. Pathol., 2010, 176, 2131.

[16] Hermann P.C., Huber S.L., Herrler T., Aicher A., Ellwart J.W., Guba

M., et al.: “Distinct populations of cancer stem cells determine tumor
growth and metastatic activity in human pancreatic cancer”. Cell
Stem Cell, 2007, 1, 313.

[17] Jin L., Hope K.J., Zhai Q., Smadja-Joffe F., Dick J.E.: “Targeting of 
CD44 eradicates human acute myeloid leukemic stem cells”. Nat. 
Med., 2006, 12, 1167.

[18] Park S.O.Y., Lee H.E., Li H., Shipitsin M., Gelman R., Polyak K.: 
“Heterogeneity for stem cell-related markers according to tumor sub-
type and histologic stage in breast cancer”. Clin. Cancer Res., 2010, 
16, 876. 

[19] Platt V.M, Szoka F.C. Jr: “Anticancer therapeutics: targeting macro-
mol ecules and nanocarriers to hyaluronan or CD44, a hyaluronan re-
ceptor”. Mol. Pharm., 2008, 5, 474.

[20] Kristiansen G.: “CD24 expression is a new prognostic marker in 
breast cancer”. Clin. Cancer Res., 2003, 9, 4906.

[21] Kristiansen G.: “CD24 is an independent prognostic marker of sur-
vival in non small cell cancer patients”. Br. J. Cancer, 2003, 8, 231.

[22] Kristiansen G.: “CD24 is expressed in ovarian cancer”. Am. J. 
Pathol., 2002, 161, 1215.

[23] Baumann P., Cremers N., Kroese F., Orend G., Chiquet-Ehrisman 
R., Uede T., et al.: “CD24 expression causes the acquisition of mul-
tiple cellular properties associated with tumor growth and metasta-
sis”. Cancer Res., 2005, 65, 10783.

[24] LaBarge M.A., et Bissell M.J.: “Is CD133 a marker of metastatic 
colon cancer stem cells ?” J. Clin. Invest., 2008, 118, 2021.

[25] Wright M.H.: “BRCA1 breast tumors contain distinct CD44+/CD24-and 
CD133+ cells with cancer stem cell characteristics”. Breast Can-cer 
Res., 2008, 10, R10.

[26] Kim M.P., Fleming J.B., Wang H., Abbruzzese J.L., Choi W., Kopetz S., 
et al.: “ALDH activity selectively defines an enhanced tumor initiating 
cell population relative to CD 133 expression in human pancreatic ade-
nocarcinoma”. PLoS One, 2011, 6, e20636.

[27] Al-Hajj M., Wicha M.S., Benito-Hernandez A., Morrison S.J., Clarke
M.F.: “Prospective identification of tumorigenic breast cancer cells” 
Proc. Natl. Acad. Sci. U S A, 2003, 100, 3983.

[28] Ginestier C., Liu S., Diebel M.E., Korkaya H., Luo M., Brown M.: 
“CXCR1 blockade selectively targets human breast can cer stem cells 
in vitro and in xenografts”. J. Clin. Invest., 2010, 120, 485.

Corresponding Author:
D. KORFIAS, M.D.
Ionias 57
Alimos, Athens,17456 (Greece)
e-mail: dkorfias@gmail.com




