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Abstract

Cancer cell nuclei have undergone chromatin structure condensation and changes in shape, nucleolus volume and staining properties.
Nevertheless, it has been suggested that cancer stem cells are responsible for resistance to anticancer treatment and tumour recurrence.
The aim of the study was to evaluate morphological differences and distribution of DNA amount in luminal and triple negative breast
cancer cell populations using various biological markers and the Feulgen method. Multiple cell surface antigens like CD44 (the cluster of
differentiation 44), CD24 (the cluster of differentiation 24), aldehyde dehydrogenase (ALDH) and nucleus antigens like embryonic stem
cell marker (Oct3/4) can be used to identify cancer stem cells. Strong expression of antibody CD44 and ALDH and positive expression of
CD24 and Oct3/4 were seen in both breast cancer groups among morphologically different cells. Amount of DNA indicated variability of
cells. The study showed similarity between development and behaviour of microcells and polyploid cells, and we suggest that polyploid
cells are in a later phase of development after anticancer treatment.
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Abbreviations: ALDH, aldehyde dehydrogenase; CD24, the cluster of differentiation 24; CD44, the cluster of differentiation 44; ER,
oestrogen receptor; HER2, human epidermal growth factor receptor; IOD, integrated optical density; Ki67, cell proliferation marker;
Oct3/4, homodomain transcription factor of the POU family, expressed in embryonic stem cells and germ cells; OD, optical density;

PgR, progesterone receptor.
Introduction

Breast cancer is the most common oncological disease
among women. Positive oestrogen, progesterone and HER2
(human epithelial growth factor) receptors are markers
of luminal breast cancer (Nishimura et al. 2011). Patients
with luminal breast cancer have a relatively good treatment
prognosis, because of high survival and low relapse (Reddy
2011). On the other hand, triple negative breast cancer is
associated with no oestrogen, progesterone and HER2
receptors (Nawloga et al. 2010). Women with triple negative
breast cancer have poor prognosis and do not respond
to chemotherapy (William et al. 2010). Improvement in
treatment efficiency is a major priority. It is known that
after surgical resection cancer relapses and become more
aggressive. Cancer stem cells could be the reason for these
phenomena, due to self-renewal, non-controlled division
and resistance against traditional anticancer treatment.
There are three hypotheses of how a cancer stem cell may
arise: (1) a stem cell undergoes a mutation, (2) a progenitor
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cell undergoes two or more mutations, or (3) a fully
differentiated cell undergoes several mutations that drive it
back to a stem-like state. In all three scenarios, the resultant
cancer stem cell has lost the ability to regulate its own cell
division (Goldthwaite 2006).

Cancer stem cells constitute a small part of the cell
population and their identification and marker options are
currently limited. Cancer stem cells express specific antigens
on their cell surface. For example, cell surface CD44%*/
CD24"¥ are thought to be markers for breast cancer stem
cells (Colabeda et al. 2008). The biological marker CD44 is a
protein, adhesion molecule of cell surface and it is involved
in cell-cell and cell-cell matrix interaction (Goodison et al.
1999). There is a known connection between CD44 and
metastasis, but CD44 alone could not enable the metastasis
(Goodison et al. 1999). CD24 is a small glycosylated
mucine-like glycosyl-phosphatidylinositol-associated
cell-surface protein (Crispe, Bevan 1987), and most
studies have shown that CD24 may be involved in signal
transduction (Magnaldo, Barrandon 1996). Interestingly,
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some studies revealed enrichment of the CD44*/CD24”
v and CD44/CD24" cell populations in basal-like and
luminal breast cancer cell lines, respectively, CD44 being
positively associated with stem cell-like characteristics and
CD24 expression related to differentiated epithelial features
(Cobaleda et al. 2008; Ricardo et al. 2011).

Aldehyde dehydrogenase (ALDH) activity is an
important parameter, being responsible for oxidation of
aldehyde within cells (Ricardo etal.2011). The detoxification
enzyme ALDH is responsible for intracellular ALDH
oxidation; thereby it acts as a mediator to self - defence and
resistance to the alkylating agent and is used in anti-cancer
therapy (Prasmickaite et al. 2010). A positive ALDH is
significantly correlated with poor prognosis in mammalian
gland and lung cancers. ALDH and its isoform ALDH-
1 are being used as functional markers to identify high
tumourigenesis and metastatic potential, and also to detect
resistance in various epithelial tumours (Prasmickaite et al.
2010).

There are some studies in which the embryonic stem
cell marker Oct3/4 has been associated with pluripotency
of a cell. Nevertheless, a low level of Oct3/4 characterizes
decrease of pluripotency (De Jong, Looijenga 2006).
Pluripotency is considered a sign of embryonic stem cells
(De Jong, Looijenga 2006).

The Feulgen method has been used for qualitative
DNA detection in the cell nucleus. This staining is directly
proportional to the amount of DNA in a sample (Chieco
et al. 1999). Differences in the amount of DNA shows cell
variability and differences between cells with diploidic or
haploidic DNA. In our research we studied histological
samples of two types of breast cancer. The aim of the
study was to evaluate morphological differences of the
cell population and the distribution of DNA amounts in
luminal and triple negative breast cancer cell population
using various biological markers and the Feulgen method.
Amount of DNA was determined using the Feulgen
method.

Materials and methods

Subjects

Permission for this study was received from the Research
Ethics Commission of the Riga East University Hospital
Oncology Centre and Experimental and Clinical Medicine
Institute, University of Latvia. Primary surgical material of
women’s breast cancer was collected from September 2011
till February 2012. There were two groups of breast cancers
— luminal (32 histological samples) and triple negative
breast cancer (11 histological samples). Mean patient
age in the luminal breast cancer group was 59 years, and
in the triple negative breast cancer group - 52 years. The
material was prepared for sectioning in paraffin blocs. For
each sample, six cuts (1.5 pm) of the paraffin section were
performed using a microtome, at the Pathology Centre of
the Riga East University hospital.
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Immunohistochemical staining

Nuclei were counterstained with haematoxylin. For both
groups of breast cancer, slide samples were stained with
haematoxylin-eosin.

The primary antibodies against CD44 (the cluster
of differentiation 44, clone: DF1485, mouse monoclonal
antibody, Novocastra™, Leica Biosystems Newcastle, United
Kingdom), CD24 (the cluster of differentiation 24, clone:
ML5, mouse monoclonal antibody, BioSite, Finland), Oct3/4
(homodomain transcription factor of the POU family,
expressed in embryonic stem cells and germ cells, clone:
N1NK, mouse monoclonal antibody, Novocastra™, Leica
Biosystems Newcastle, United Kingdom) and polyclonal
antibody against ALDH (aldehyde dehydrogenase,
ALDHIAI, clone: 5A11, mouse monoclonal antibody,
BioSite, Finland) were used to differentiate cancer cell
populations. The slides were immunohistochemically
stained following the manufacturer’s recommendations.

For each biological marker, one slide was analysed under
a microscope and 16 images were taken for each sample.

Feulgen method

The Feulgen method was used to determine breast cancer
cell population heterogeneity, integrated optical density
(IOD), mean optical density of cell nuclei, and size of cell
nuclear area. The breast cancer histological sections were
subjected to hydrolysis for 50 min at 37 °C in 3N HCl and
rinsed in 1N HCI. Then, samples were transferred to Schiff’s
reagent (pH 3.5 to 4.0) for 1h at 37 °C in a hermetically
sealed container.

Microscopy and image capture

A Leica DM1000B (Leica Microsystems) microscope
with 63 x objective (apochromatic, aperture 1.40) was
used for sample visualization and a Leica DFC400 (Leica
Microsystems) digital camera was used for image capture.

Data evaluation

Biological marker (CD44, CD24, ALDH, Oct3/4)
expression was detected by semi-quantitative method,
where 0, expression was not detected; 1, low expression; 2,
expression was detected in average level; 3, high expression,
but not in a whole sample; 4, strong expression in the entire
sample.

In addition, both types of cancer histological samples
were stained by the Feulgen method to estimate DNA
amount in the nuclei of cancer cells. The integrated optical
density, proportional to the amount of DNA, and mean
optical density, proportional to the concentration of DNA of
nucleus, were measured using ImagePro Plus 6.0 software.
Optical density (OD) detection and analyses allows for a
variety of measurements. OD detection is a method using
light absorption to detect amount of a substance in a sample
(Farrel 2009).

Integrated optical density (IOD) is used in microscopy
and cell research for DNA quantification in cells. IOD is



obtained by deducting background pixel value of a certain
field of interest from the value of a single pixel. IOD is
produced from a grayscale image (Farrel 2009).

Results

Luminal and triple negative breast cancer

Histochemical samples stained with haematoxylin-eosin
were used to evaluate cancer histology. Luminal breast
cancer samples were relatively similar to normal breast
histological samples. Luminal breast cancer sections had
similar structure to that of triple negative breast cancer.

In triple negative breast cancer samples stained with
haematoxylin-eosin histological structure was changed in
comparison to normal samples. Large cells with intensive
stained nucleus and clearly detectable nucleoli, large size
cells with modified nucleus shape, and small cells (micro-
cells) with condensed chromatin were identified in the
samples. Structures (alveoli, ductus lactiferi etc.) with nor-
mal appearance were rare in triple negative breast cancer.
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Morphological differences of breast cancer cells

Luminal and triple negative breast cancer and biological
markers

In both breast cancer groups, expression of antigens CD44
and ALDH was observed in large cells with rounded
nucleus, in large cells with non-symmetrical nucleus and
in small rounded cells. Expression intensity of CD24
was lower than that of CD44 and ALDH. Antigen CD24
expression was observed in cells of specific morphology,
small rounded cells and large, oval or rounded cells. Cancer
stem cell antigen CD44 and ALDH expression was strong
in cells of variable morphology and in mammary gland
alveoli (photographs not shown). Biological marker CD24
(Fig. 1) was seen mostly in two types of cells: large size cells
(Fig. 1, B) and microcells (Fig. 1, A.), and the expression of
CD24 (Fig.1, D, F) was seen in different cells within both
breast cancer groups.

Expression of embryonic stem cell antigen Oct3/4
and cell surface antigen CD24 (Fig. 1) was pronounced
in microcells (Fig. 1 D) and in large size cells (Fig. 1 F).
Additionally, we observed microcells without CD24 (Fig. 1
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Fig. 1. Antigen CD 24 expression in luminal and triple negative breast cancer histological samples. Triple negative breast cancer
histological samples, immunocytochemicaly stained against CD24, counterstained with haematoxylin: A, small size cells with CD24
expression; B, large size cells with CD24 expression; C, small size cells, where CD24 expression not detected. Luminal breast cancer
histological samples, stained against CD24, counterstained with haematoxylin: D, CD24 expressing in small size cells; E, small cells
without CD24 expression; F, CD24 expression in large size cells.
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E) and Oct3/4 expression.

Biological marker (CD44, CD24, ALDH and Oct3/4)
expression in triple negative breast cancer was observed
in morphologically variable cells. For example, CD44 and
ALDH had very strong expression throughout samples
and in morphologically different cells, whereas semi-
quantitative histological section evaluation showed that
expression of CD44, ALDH (Fig. 2 A and B), CD24 and
Oct3/4 (Fig. 2 C and D) antigens was stronger in the triple
negative breast cancer group, compared to the luminal
breast cancer group. Both luminal and triple negative
breast cancer group histological samples that were
immunohistochemically stained against CD44 and ALDH
showed strong expression, whereas CD24 expression was
low. We determined that CD44, CD24, Oct3/4 and ALDH
expression in triple negative breast cancer was stronger
than in luminal breast cancer (p < 0.05; Fig. 2).

Amount of DNA

The microcell population of the luminal breast cancer
contained cells with low and high DNA concentration while
large cells exhibited only low DNA concentration (Fig. 3 B).
In the triple negative breast cancer cell population, polyploid
cells and microcells contained high and low concentration
of DNA, respectively (Fig. 3 A). Cell population with a
larger nucleus area and lower average optical density was
dominant in luminal breast cancer samples. In contrast,
the triple negative breast cancer cell population showed
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cells with smaller nucleus area and higher average optical
density (Fig. 3 A and B).

Discussion

As a rule, relation between CD44 and CD24 expression
is used to detect breast cancer stem cells. Generally, the
proportion of cells having CD44'/CD24  phenotype
(expression of CD44 and no CD24 expression) increased
after chemotherapy (Lu et al. 2009; Freivalds et al. 2011).
As described in literature, to identify breast cancer
stem cells researchers have used mainly three biological
markers: CD44, CD24 and ALDH. In this study, breast
cancer histological samples were used to identify different
cell populations: large size cells with phenotype CD44*,
ALDH*, CD24" and CD44*, ALDH*, CD24"; and microcells
with phenotype CD44*, ALDH*, CD24* and CD44*,
ALDH*, CD24". We suggest that the cell phenotype with
high CD44*, CD24" and ALDH* expression levels might
represent cancer stem cells. Also, Ricardo (2011) found
that in breast cancer cell lines, CD44*/CD24~"* and ALDH
positive (ALDH*) expression could be used to identify
cancer stem cells with various differentiation levels.
Comparing the two breast cancer groups, literature
indicates that the expression of CD44 and ALDH is higher
in the triple negative breast cancer group (prognostic
adverse case with higher cancer stem cell number). In
concordance with Balic et al. (2013), in breast cancer cell
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Fig. 2. Average antigen expression in luminal and triple negative breast cancer histological samples. CD44 (A), ALDH (B), Oct3/4 (C)

and CD24 (D).
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lines, primary cancer tissues of triple negative breast cancer
had higher frequency of ALDH* and CD44* CD24" cells.
In our study, comparing the two breast cancer groups,
antigen (CD44, CD24 and ALDH) expression was higher
in the triple negative group. Similar results were obtained
by Kristiansen et al. (2003) in study of a primary breast
carcinoma cell line. They concluded that CD24 expression
indicated tumour malignancy. In a previous study, they also
concluded that CD24 expression indicates ovary cancer,
non-small cell lung cancer and prostate cancer (Ulbright
2005). Liu et al. (2014) found that each marker (CD24,
CD44 and ALDH) identified a different cell sub-population
in breast cancer stem cells.

Embryonic stem cell marker Oct3/4 expression in
both breast cancer groups was similar to CD24. Oct3/4
expression was present in two cell types: large size cells and
microcells. Antibody against Oct3/4 was used as a marker
against embryonic carcinoma and germinoma (Ulbright
2005). In this study we showed that higher expression
of Oct3/4 was detected in triple negative breast cancer
compared to the luminal breast cancer group. In research
with bone marrow cells, Oct3/4 was associated with cell
plasticity or a subgroup of passive stem cells, whereas cells
with subtype Oct3/4* can make conglomerates and can
spontaneously result in differentiated cells in vitro outside
of bone marrow (Pallante et al. 2007).

There was a tendency thatthere were more small cells
within the luminal breast cancer cell population with low
and high concentration of DNA as well as large cells with
low DNA concentration. In contrast, the triple negative
breast cancer cell population included large and small cells
both with high and low concentration of DNA. Also Oct3/4
expression in triple negative breast cancer cell populations
occurred both in large and small cells. In addition, the
luminal breast cancer cell population was dominated
by small cells that expressed Oct3/4. Intra-tumour
heterogeneity denotes the coexistence of sub-populations
of cancer cells that differ in their genetic, phenotypic or
behavioural characteristics within the primary tumour, and

Morphological differences of breast cancer cells
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Fig. 2. Integrated optical density versus nucleus mean optical density and nucleus area in cancer cell population. A, in triple negative
breast cancer histological samples; B, in luminal breast cancer histological samples.

between the primary tumour and its metastasis (Martelotto
et al. 2014). Many medical failures can be caused to
the outgrowth of clones that have specific resistance
mechanisms and were present before the origin of therapy
due to intra-tumour genetic heterogeneity (Martelotto et al.
2014).

Conclusions

For identification of cancer stem cells the following
biological markers were used: CD44, CD24, ALDH and
Oct3/4. However, it is difficult to correctly identify cancer
stem cells with these biological markers. Results of this study
suggest that microcells and polyploid cells have similar
properties, but polyploid cells could become microcells in
further development stage. Polyploid cell behaviour seems
to be identical with microcells in the conditions defined in
this work. Increased presence of microcells and polyploidy
cells in cancer cell population could be bad anticancer
therapy efficiency indicator.

Consequently, our study suggested that both microcells
and polyploid cells with high concentration of DNA
could be responsible for resistance. However, it seems that
only microcells could be the progenitors of resistant cell
population.

It would be necessary to perform research in cell
population heterogeneity using flow cytometry for cell
sorting, as a continuation of this study.
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