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Abstract

Breast carcinomas can be divided in at least four subtypes according to
their molecular profile: Luminal A (ER+/HER2-), luminal B (ER+/HER2+),
HER2 overexpressing (ER-/HER2+) and basal like (ER-/HER2-). In breast
tissues, progenitor’s cells MUC1+/CD10-/ESA+ can differentiate in luminal
cells; progenitor’s cells MUC1-/CD10+/ESA- can differentiate in myoepithelial
(basal) cells, and progenitors cells MUC1-/CD10+/ESA+ can originate
both lineages. The role of these progenitors’ immunophenotypes in breast
carcinoma pathogenesis, and its relation with molecular subtypes, still merits
further investigation. An immunohistochemical study was performed in a tissue
microarray containing 86 samples of breast cancer. We found that the MUC1+/
CD10-/ESA+ immunophenotype is the more frequent progenitor cells phenotype

in breast carcinomas, and it correlates with the luminal subtypes.
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Abbreviations

a-SMA express: a-Smooth Muscle Actin; CD: Cluster of
Differentiation; CISH: Chromogenic in Situ Hybridization; CK:
Cytokeratin; DAB: Diaminobenzidine; ER: Estrogen Receptor; ESA:
Epithelial Specific Antigen; GRB7: Growth factor Receptor Bound
Protein 7; H&E: Hematoxylin and Eosin; HER2: Human Epidermal
growth factor Receptor 2; MUCI: Mucin 1; PR: Progesterone
Receptor; TMA: Tissue Microarray; TP53: Tumor Protein p53

Introduction

Molecular subtypes of breast cancer

Breast carcinomas can be divided in at least four subtypes
according to their molecular profiles: luminal A, luminal B, HER-2
overexpressing and basal-like (triple negative phenotype) [1-3]. This
classification is a result of molecular characteristics of breast cancer
disease. Breast disease progress is a multiple genomic and epigenomic
steps. In accordance with Korkola and Gray, breast cancer genomes
are deregulated through mutational process and the number of genes
deregulated via mutations is less than through other mechanisms
[4]. These genetic alterations are, in most part, an amplification of
a number of oncogenes and an inactivation of a number of tumor
suppressor genes [5].

Luminal phenotype is the most common molecular profile
and it is characterized by positivity for estrogen receptors. These
carcinomas express cytokeratins 7, 8, 18 and 19 besides some genes
related with estrogen receptors activation such as cyclin D1 [1].
Luminal immunophenotype carcinomas can be divided in at least
two subtypes: luminal A and luminal B. The subtype luminal A is
associated to a larger variety of genes related to estrogen receptor
and fewer proliferative genes than subtype B [2]. On the other hand,
luminal B carcinomas are more often with high histological grade,

high proliferation grade and worst prognostic than luminal A [6].
HER2 phenotype is mainly characterized by HER2/neu, GRB7,
and TRAP100 gene expressions. These tumors show high mutation
grade on TP53 gene and usually are associated with poor prognosis,
independent of grade. Besides, HER2 immunophenotype shows
increased mitotic activity, high degree of nuclear pleomorphism and
lymph node positivity [7]. The basal phenotype is characterized by
cytokeratins with high molecular weight such as cytokeratins 5 and 17
(CKS5 and CK17) [8]. Usually, these tumors are negative for estrogen
and progesterone receptors and are related with p53, P-cadherin and
epithelial growth factor receptor [6]. Basal tumors have a high mitotic
grade and pronounced nuclear pleomorphism, resulting in a high
Nottingham grade [9]. This kind of tumors represent 17- 37% of all
breast carcinomas [10].

Stem cells and progenitors cells

Stem cells are cells able to self-renew and to generate daughter
cells that can generate different cell lineages. Self-renewal and
differentiation are recognized features of cancer stem cells, as well
as high migration capacity and drug resistance [11]. In a mature
tissue, these cells have asymmetric divisions in which one or both of
the daughter cells are stem cells that retain the same developmental
potential as the mother cell [12]. The cells in the intermediate state
between stem cell and the terminally differentiated cell are called
progenitors or transient cells. The most traditional theory about
cancer pathogenesis is that cancer is originated from a single cell that
acquires the capacity to propagate indefinitely. Some of these cells
share some features with normal adult stem cells, so they are called
tumoral stem cells [13]. Because of clonal expansion, most of these cells
can be differentiated into other cellular types, and they lose their stem
cell abilities. Despite that, a part of these cells remains in their original
state, and some authors believe that are these cells that sustain the
tumoral growth and determine the therapeutic resistance [14]. One
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of the major challenges in current oncology is to identify and to study
these tumoral stem cells [15]. Some human mammary stem cells have
already been identified, and it had led to the hypothesis that these cells
may be the origin of breast cancer [13]. Tumoral cells with stem cells
features have already been identified in several cancers such as brain,
prostate and skin [16,17]. In breast cancer, the most studied neoplastic
cells with stem cells features are those with strong CD44 expression
and CD24 low or missing (CD44+ CD24- immunophenotype) [18].
These cells are one hundred more tumorigenic than cells without this
immunophenotype [16]. In addition, are many markers related to
stem progenitor’s cells of the breast, such as MUCI, CD10, and ESA
[19]. MUCl isa protein membrane of mucin family that sometimes, in
breast cancer, can be finded in aberrant intracellular localization with
glycosylation changes and can be associated with breast carcinoma
development [20]. MUCI aberrant expression or overexpression
term, is characterized by accumulate of this glycoprotein in the hole
cell membrane, cytoplasm and sometimes in the nucleus [21]. Though
this overexpression is associated with poor prognosis and amplified
risk of metastasis [22]. Common acute lymphoblastic leukemia
antigen (CD10) is a zinc-dependent cell-surface metallopeptidase that
can be founded in higher expression in some kind of cancers such as
metastatic breast carcinoma and melanoma [23]. CD10 is involved in
mammary gland growth and also it can be expressed by normal cells
such as fetal liver, bone marrow, spleen, and brain [24-26]. In solid
tumors, including breast, CD10 expression is correlated with poor
prognosis (mainly if this was located in stroma) [27].

Epithelial Specific Antigen (ESA) has been considered a tumor
cell marker in breast, prostate and pancreas carcinoma [19,28]. ESA
is a transmembrane protein that is mainly expressed in the basolateral
domain of epithelial cell membranes. It belongs to type 1 membrane
glycoprotein family [29]. Its over-expression has been reported in
breast cancer and retinoblastoma [30]. ESA is involved in metastasis
of adenocarcinomas, including breast cancer, and can play an
essential role in oncogenic signaling pathways through its proteolysis
and intracellular domain translocation into the nucleus [31].

The association with these 3 markers (MUCI1, CD10 and ESA) is
very important in progenitor cells study in breast cancer. In breast,
progenitors cells MUC1+/CD10-/ESA+ can differentiate in luminal
cells (that express ESA and some other antigens types); progenitors
cells MUC1-/CD10+/ESA- can differentiate in myoepithelial cells
(that express a- smooth muscle actin (a-SMA), vimentin and a6
integrin), and progenitors cells MUC1-/CD10+/ESA+, can originate
both lineages [28].

The role of these progenitors immunophenotypes in breast
carcinoma pathogenesis still merits further investigation. In the
present study, we verified these immunophenotypes expression
(MUC1+/CD10-/ESA+, MUC1-/CD10+/ESA- and MUC1-/CD10+/
ESA+) in breast carcinomas and we correlated their expressions
with luminal A, luminal B, HER2+ and basal immunophenotypes.
Moreover, we correlated these immunophenotypes with classical
prognostics factors in breast pathology.

Materials and Methods

Patients
The protocol used in this study followed the ethical guidelines

of the 1975 Declaration of Helsinki, and the local Ethics Committee
approved it. Eighty-six samples of invasive breast ductal carcinomas
diagnosed between 1990 and 2004 were retrieved from the files
of the Department of Pathology of Ribeirao Preto Medical School.
The following information was extracted from the medical files: age,
menopausal status, tumor size, metastasis to regional lymph nodes,
recurrence, distant metastasis, death. The local Ethics Committee
authorized the retrieval of these clinical data. The patients selection
was based on the histopathologic diagnosis. For each case, all available
Hematoxylin and Eosin (H&E) stained sections were reviewed to
confirm the diagnosis of invasive ductal carcinoma and to select a
representative area for performing Tissue Microarray (TMA) block.
The cases were graded according to the current guidelines of the
Scarff-Bloom & Richardson grading system modified by Elston &
Ellis [32]. None of the patients had received any treatment before the
diagnostic biopsy procedure.

Tissue Microarray (TMA)

The H&E slides were reviewed by an experienced pathologist to
delimit the most significant tumor area in each donor paraffin block.
This region was then selected to construct a Tissue Microarray (TMA)
paraffin block. For TMA block construction, core biopsies (diameter,
3 mm) were punched from the selected regions of each of the 86 donor
paraffin blocks and arrayed into a new recipient paraffin block using a
Manual Tissue Arrayed I (Beecher Instruments, Silver Spring, USA).
Five-um thick sections were cut from TMA paraffin block using the
Paraffin tape-transfer system (Instrumedics, Saint Louis, USA). One
section was stained with H&E to confirm the presence of the tumor
by light microscopy.

Immuno histochemistry

All tissue samples had been fixed in 4% neutral formalin and
embedded in paraffin. Immunohistochemical staining was performed
using the Biocare Medical Mach 4 Universal Polymer Detection
(Concord, California, USA). The protocol used was described
elsewhere [33]. The dilution and source of the primary antibodies
used in this study were: MUCI (1:50, clone 695, Biocare Medical,
Concord, California, USA); CD10 (1:50, clone 56C6, Santa Cruz);
ESA (1:50, clone H-90, Santa Cruz), estrogen receptor (ER) (1:100
clone 6F11, Novocastra, Newcastle upon Tyne, UK), progesterone
receptor (PR) (1:100, clone 16, Novocastra, Newcastle upon Tyne,
UK), Ki67 (1:100, clone MM1, Novocastra, Newcastle upon Tyne,
UK), C-erbB2 (1:100, clone CB11, Novocastra, Newcastle upon Tyne,
UK), and p53 (1:50, clone DO-7, Novocastra, Newcastle upon Tyne,
UK). Dilutions for these antibodies were determined for 5 pm thick
sections. The reaction was developed with Diaminobenzidine (DAB)
followed by hematoxylin counterstaining.

According to the literature, the immuno histochemistry study
was evaluated as follows: the cases in which > 20% of neoplastic cells
stained for Ki67 (nuclear staining) were considered highly proliferative
[34]; the cases were interpreted as ER, PR and p53 positives if more
than 10% of the neoplastic cells showed nuclear staining [32]. For
immuno histochemistry positive control for MUC1, CD10 and ESA
we used healthy breast tissue. Normal expression of MUCI is in
apical membrane, ESA is founded in basolateral surface and CD10 is
founded in stroma and lateral membrane of myoepithelial cells. Cases
of invasive ductal carcinoma previously known to be positive for
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Table 1: Molecular profiles with progenitor cells: MUC1+/CD10-/ESA+, MUC1-/
CD10+/ESA- and MUC1-/CD10+/ESA+ profiles.

MUC1+/CD10-/ | MUC1-/CD10+/ | MUC1-/CD10+/
ESA+ ESA- ESA+ P
Mole(.:ular 0,001
profiles
Basal 3 2 1
Luminal A 27 11 1
Luminal B 14 1 1
HER2 3 4 1
Total n 47 18 4

Ki67, ER, PR, p53, C-erbB2, were used as positive controls. Negative
controls for immunostaining were done by omission of the primary
antibody. Cut-off for MUCI analysis was the following: negative
score when the positive cells for MUC1 were 0 to 5%; weakly positive
(1+) when the positive cells were 5 to 10%; medium positive (2+)
when the positive cells were 10 to 50% with cytoplasmic expressions,
and diffusely positive or superexpression (3+) when the cells stained
were more than 50% with cytoplasmic and nucleus expressions
[35]. For CD10 cut-off we considered: negative when there were not
stained cells, weakly positive when there were less than 30% stained
cells and strongly positive when we visualized more than 30% of
immunostaining cells [27]. ESA cut-off used was as follows: score 0
for negative staining in all cells; score 1+ for weakly positive or focally
positive membrane staining in less than 10% of the cells; score 2+ for
moderately positive staining in 10% to 50% of the cells; and score 3+
for strongly positive staining above 50% of the cells [36].

CISH “Chromogenic In Situ Hybridization”

HER-2 immuno expression was scored according to American
Society of Clinical Oncology/ College of American Pathologists
guideline. For statistical purposes, carcinomas with score 0 or 1+
were considered negative; and carcinomas with score 3+ were
considered positive. Cases with HER2scored as 2+ were submitted to
Chromogenic in Situ Hybridization (CISH) with ZytoDot 2C SPEC
HER2/CEN 17 probe kit (Zytovision, Bremerhaven, Germany).
HER2 was considered amplified when the HER2/CEN 17 ratio was >
two on average for 60 cells [34,35,37].

Figure 1: Immunohistochemical assay of breast carcinoma cells for positive
ESA, the magnification of 400 X.

Statistical analysis

Statistical analyses and tests were performed with the
commercially available PASW Statistics 17.0 software (Chicago,
IL, USA). The relations between MUCI1/CDI10/ESA expression,
immunohistochemical findings, and clinicopathologic features were
tested with cross tables applying the x* (three or more variables) or
Fisher tests (two variables), and all tests were 2-tailed. A p-value of
<0.05 was considered significant.

Molecular profiles

Luminal A subtype were considered the cases ER positive and
HER2 negative, luminal B subtype were the cases ER positive and
HER?2 positive [9]. HER2 subtype was considered the cases HER2
positive, and ER were negative [9,38]. The basal subtype were the
cases negative for both ER and HER2 [39,40].

Results

Molecular profiles and progenitors cells

Among the 86 previously selected patients, we were able to
determine the molecular profiles in 69 of them. We had 06 patients
with basal phenotype (7.0%), 39 with luminal A phenotype (45.3%),
16 with luminal B subtype (18.6%), 08 patients with the HER-2 profile
(9.3%) and 17 patients in which we were unable to determine the
molecular profile for technical reasons (19.8%). In accordance with
profiles for progenitor cells MUC1+/CD10-/ESA+, MUC1-/CD10+/
ESA- and MUCI1-/CD10+/ESA+ we found 47 patients with MUC1+/
CD10-/ESA+ immunophenotype (54.6%), 18 cases for MUCI1-/
CD10+/ESA- (20,9%) and finally, 04 cases for MUCI-/CD10+/
ESA+ (4,6%). As observed in (Table 1), the MUC1+/CD10-/ESA+
immunophenotype is the more frequent progenitor cells phenotype,
and it correlates with the luminal subtype. (Figures 1 and 2) show
an example of ESA and MUCI immuno histochemistry marker for
progenitor cells.

Progenitors cells and clinic-pathological features

Our study showed patients with a 55 median age (range 25- 85
years), 37 patients were less than 50 years, and 49 were more than
50 years. Thirty-two patients were premenopausal, and 54 were
posmenopausal. Tumors sizes ranging from 25- 180 mm. Sixteen
patients had tumors measuring less than 20 mm, while 40 patients had

|
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Figure 2: Immunohistochemical assay of breast carcinoma cells for positive
MUCH1, the magnification of 200X.
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Table 2: Progenitors cells profiles and classical clinical pathological factors.

Table 3: Immunohistochemistry founds and relation with progenitors cells.

MUC1+/CD10-/ | MUC1-/CD10+/ | MUC1-/CD10+/ MUC1+/CD10-/ | MUCI1-/CD10+/ | MUCI-/CD10+/
ESA+ ESA- ESA+ P ESA+ ESA- ESA+ P
Age (years) 0,305 ER 0,001
<50 19 17 1 Positive 41 12 2
>50 29 16 4 Negative 7 21 3
Menstrual 0,082 PR 0,05
status
Pre- 13 17 2 Positive 35 16 2
menopausal K
Pos- Negative 13 17 3
| 35 16 3
menopausal Ki67 0,274
Tumor size 0.245
(mm) ’ Positive 21 14 4
<20 1 4 1 Negative 27 19 1
20-50 19 20 1 HER2 0,112
>80 18 9 3 Positive 17 5 2
Tumoral
grade 0,721 Negative 37 28 3
I 17 12 3 p53 0,824
Il 24 18 2 Positive 33 24 8
1l 7 3 0 Negative 15 9 2
Lymph node 0,164 Total n 48 33 5
Positive 26 13 4
Negative 2 20 1 and immunohistochemical findings are shown in (Tables 2 and 3).
Staging o595  Discussion
! 5 2 0 The present study aimed to contribute to understanding the role of
lla 15 11 1 MUC1+/CD10-/ESA-and MUC1-/CD10+/ESA-immunophenotypes
b 6 3 5 in breast cancer. We applied immuno histochemistry technique for the
" 8 6 1 identification of these two immunophenotypes in paraffin-embedded
a . . . . .
tissue sections of patients with breast cancer to determine whether
llib 1 10 0 there is any relationship between molecular profiles (basal, luminal A,
Y 3 1 1 luminal B and HER?2) and classical immuno histochemistry markers
Recurrence 0101  as hormone receptors and regulators of cell cycle. The mammary
Ves 9 1 1 epithelium is composed of two lineages of epithelial cells in which
they are luminal and myoepitelial cells. Luminal and myoepithelial
No 39 82 4 cells can be identified by expression of specific proteins. For example,
Metastasis 0,876 luminal cells can be identified by their expression of ESA and some
Yes 13 10 1 cytokeratins 7, 8, 18 and 19 and myoepithelial cells express a-smooth
No 35 23 4 muscle actin (a-SMA), a6 integrin, vimentin and CD10 expressions
(among others markers). As mentioned before, in breast tissues,
Death 0.736 progenitors cells MUC1+/CD10-/ESA+ can differentiate in luminal
Yes 17 10 1 cells, progenitors cells MUC1-/CD10+/ESA- can differentiate in
No 31 23 4 myoepithelial cells and progenitors cells MUC1-/CD10+/ESA+, can
Total n 8 23 5 originate both lineages. We noticed there are a significant relation

tumors between 20- 50 mm and 30 with larger than 50 mm. Forty-
three patients were lymph node negative, and 43 patients had positive
lymph nodes. The tumors were classified as grade I (32 [37.2%]),
grade IT (44 [51.2%]) and grade III (10 [11.6%]). In agreement with
Clinical Staging System, created by the American Joint Committee
on Cancer [39], Seven patients were stage I, 27 and 11 were stage
ITa and IIb respectively, 15 and 21 patients were stage IITa and
IIIb respectively and finally, 05 were stage IV. Distant metastasis
occurred in 24 patients, and we observed 28 deaths. Progenitors cells
profiles did not correlate with tumor size, pathological stage, age,
menstrual status, nodal status, and tumor grade. All of the clinical

of MUC1+/CD10-/ESA+ and MUC1-/CD10+/ESA- with hormone
receptors ER and PR. But there are more patients ER+ in MUC1+/
CD10-/ESA+ than in MUC1-/CD10+/ESA-. Usually ER is expressed
in 10% to 30% of luminal cells but not in myoepitelial ones [41].
Other point in this discussion is related with the localization of ER
in mammary gland. It is localized in luminal epithelial cells [19] and
maybe due to MUCI1+/CD10-/ESA+ differentiated in luminal cells
they express higher ER. Besides, there are more cases positive for p53
in MUC1+/CD10-/ESA+ even though, this result is not statistically
significant. P53 positivity in immuno histochemistry means that in
the samples, there is p53 inactive indicating some kind of problem
in cellular cycle. About the same kind of immunoprofile MUC1+/
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CD10-/ESA+ this one is most frequently seen in luminal (A and
B) profile and this kind of immuoprofile of progenitor cells may
appear with most frequency in women with more than 50 years, in
menopausal status. Also, recurrence, metastasis and death seem to be
less frequency in this kind of profile.

MUC1+/CD10-/ESA+ profile has an balanced distribution
among age, menstrual status, tumoral grade, metastasis and death,
but seems to be a better prognostic in relation with recurrence (there
are 32 cases with no recurrence against 1). Both immunoprofile
MUC1+/CD10-/ESA+and MUC1-/CD10+/ESA- are most frequency
than MUCI1-/CD10+/ESA+. In this patients samples we found a
high expression of luminal molecular subtype (specifically, luminal
A). Basal subtype had almost the same expression in both immuno
histochemistry profile while luminal molecular subtype seems to
show a better expression on MUC1+/CD10-/ESA+ profiles suggesting
a relation with this type of molecular subtype with this progenitor
differentiation (even though, luminal B seems to have no difference
in both immuno histochemistry profiles). As for HER2 subtype, we
cannot affirm whether this one has more or less expression in which
or those immuno histochemistry profiles due to a low quantity
of patients expressing this profile. Immuno histochemistry for
progenitor’s cells identification is a quick and efficient test to study
the possible role of tumoral progression in breast cancer. Our finds
show that luminal immunophenotype is commonly associated with
MUCI1+/CD10-/ESA+ progenitor phenotype. There are already some
studies in the literature indicating that MUCI positivity is associated
with ESA and our findings corroborate with these studies [28].

Conclusion

The understanding of breast cancer behavior and its subtypes has
been changed with the advent of widespread screening programs and
the systematic use of adjuvant hormonal therapy are resulting a major
impact in outcome and decreasing breast cancer mortality. Due to
this, studies like ours that show breast cancer behavior have been
considering an important tool to early diagnosis, classification of
the tumor and individualize patient’s treatment. Despite of genomic
technologies the most common assay used in diagnostic routine is
immuno histochemistry. With this article we show an easy and
functional way to correlate the diagnosis with poor prognosis and
histological subtype to help in diagnosis routine. Here we noticed that
MUCI1+/CD10-/ESA+ immuno histochemistry profile has several
characteristics that suggest some genetics alterations and this profile
is most frequency than MUC1-/CD10+/ESA-. Besides, we hope this
work may contribute to others studies with progenitors cells and
once we can understand what kind of influence that these cells may
be cause in tumors differentiation. Thereby, these studies will be use
in new therapies that prevent self-renewal of breast cancer cells.
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