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ABSTRACT: A total of 167 surgically resected primary invasive breast carcinomas and 63 metastatic lymph node lesions were analyzed for
immunohistochemical (IHC) localization of the CD44*CD24-°" breast cancer stem cell (CSC) markers, epithelial to mesenchymal transition (EMT)
markers, and telomerase activity by double-staining IHC technique, in formalin-fixed, paraffin-embedded tissue, the results were validated by double-
staining immunofluorescent and flow cytometry techniques. The results showed that CSCs with CD44*CD247°" phenotype were significantly increased
in node-positive tumors, high-grade tumors, and ductal carcinoma in situ (DCIS). There was a high incidence of telomerase expression in metastatic lymph
node lesion. There were considerably high number of tumor cells with EMT expression in metastatic lymph node lesion, and triple-negative tumor. The
occurrence of EMT phenomena was usually accompanied by the co-existence of CSCs of CD44*CD247°" phenotype. There was no association between
the existence of CSCs and detection of telomerase activity in tumor cells. Increased numbers of both CSCs of CD44*CD24-¥ phenotype and cells under-
went EMT in DCIS lesion might be an initial step in the stromal invasion and propagation of breast cancer, and occurrence of EMT in the breast tumor

associated with high prevalence of CSCs, promoting tumor invasiveness and metastasis.
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Introduction

Breast carcinoma is the most common malignant tumor and
the leading cause of carcinoma death in women, with more than
1,000,000 cases occurring worldwide annually. Human breast
cancer is a truly complex disease with a large inter-tumoral
and intra-tumoral heterogeneity resulting in highly variable
clinical behavior and response to therapy. The maintenance of
the heterogeneity of cells within a tumor is not fully under-
stood. Possibly, every cell within a tumor may have a capacity
to proliferate and form new tumors, although the likelihood
for each cell is very low. Alternatively, only a small subset of
cells with distinct characteristics has the capacity to maintain

tumor growth,! called cancer stem cells (CSCs), which are
capable of both initiating tumor and sustaining tumor growth.
Three novel concepts have emerged in breast cancer biology:
the role of CSCs in tumor initiation and the involvement of an
epithelial to mesenchymal transition (EMT) in the metastatic
dissemination of cancer cells, along with the telomerase role
in keeping the CSCs immortal, and avoiding senescence. The
clinicopathologic significance of these three novel concepts
in primary and metastatic breast carcinoma, and correlation
among each other are the leading purpose of this research.
Cancer stem cells. Breast CSCs are a subset of tumor
cells possessing distinct immunological markers; they have
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CD44+*CD247*" phenotype, and they have been demonstrated
by Al-Hajj et al.? to have tumor-initiating properties in breast
cancer. This tumorigenic phenotype has been associated with
stem cell-like characteristics,® with enhanced invasive prop-
erties,* and radiation resistance.’ The concept of CSCs has led
to new hypotheses about tumor growth. CSCs share similar
properties with normal stem cells in terms of their capacity
for self-renewal. They can self-renew and cause tumorigenesis,
recurrence, and metastasis. Moreover, they can divide asym-
metrically to generate differentiated cancer cells. Within the
population of cancer cells, CSCs are the ones that can form
new tumors, and their asymmetric division contributes to the
heterogeneity.® The CSC hypothesis posits that this minority
cell population can fuel and drive tumor growth and remain
in patients after conventional chemotherapy, which eradicates
the rapidly growing nontumorigenic cells that constitute the
major bulk of the tumor, and then it is unlikely to be curative
and relapses would be expected. The hypothesis predicts that
effective tumor eradication will require obtaining agents
that can target CSCs while sparing normal stem cells. This
explains why the CSC hypothesis is at the center of a rapidly
evolving field that may play a pivotal role in changing how
basic cancer researchers, clinical investigators, physicians, and
cancer patients view cancer” CD44*CD247" cell-surface
expression has been proposed as a marker for breast CSCs.2
A correlation of the CSCs to specific breast cancer subtypes
has not yet been reported in human breast carcinoma. In the
present study, we try to analyze these CSCs (CD44+CD24-v)
in different variants of primary human breast carcinoma using
double-staining immunohistochemistry (IHC) and immu-
nofluorescence (IF) and to correlate the presence of CSCs in
associated metastatic tumors. The prospective identification
of these CSCs should allow the identification of molecules
expressed in these cells that could be targeted to eliminate this
crucial population of cancer cells, leading to more effective
cancer therapies.?

Telomerase activity. Telomerase is the intracellular
reverse transcriptase responsible for the elongation of chro-
mosomal telomere after each cell division. Human chro-
mosomes contain repeated TTAGGG DNA sequences at
their ends called “Telomeres” that provide genomic stabil-
ity. Human telomeres progressively shorten with ongoing
cell division until they reach a critical length that induces
senescence. Telomerase activity is required for lengthening
of telomeres. Telomerase is an enzyme complex consisting of
a human telomerase reverse transcriptase catalytic subunit
(hTERT) and human telomerase RNA component for add-
ing TTAGGG repeats to the end of the chromosome to
maintain the length of the telomere. In normal body tis-
sue, telomerase is detectable in proliferative germline cells,
testicular seminiferous tubules, proliferating hematopoietic
stem-like cells, activated lymphocytes, proliferative pre-
menopausal endometrial cells, basal layer of cells in the
epidermis, and in the crypts of the intestine. For detecting

telomerase activity in a tissue specimen, the telomeric repeat
amplification protocol (TRAP) assay is a relatively sensitive
and specific method, but it can be used only on fresh tissue
extracts and offers no information at the single-cell level.
IHC allows detecting h\TERT protein expression at an indi-
vidual-cell level in human tissues. By polymerase chain reac-
tion—based assay and TRAP, telomerase activity is detected
in approximately 85%—-90% of human cancer specimens and
the levels of telomerase activity estimated by the TRAP
assay vary among cancer tissues. These results suggest that
human cancer cells in vivo do not always have, or absolutely
require, telomerase reactivation.® The hTERT protein can
reliably be detected by IHC in formalin-fixed human tissues,
but the choice of the antibody and tissue processing con-
ditions are crucial hTERT protein localized in the nuclei,
notably in the nucleoli of dividing cells. Telomerase-positive
tumors showed significant heterogeneity of h\TERT protein
expression.” It is noteworthy that telomerase activity has
been detected in about 75%—90% of breast carcinoma in situ
lesions, 88%—94% of invasive breast carcinoma, 5%-14% of
tissues adjacent to breast cancer, and none of normal breast
tissue. Studies from the University of Malaya'® show find-
ings consistent with the above trend. In addition, mean
telomere lengths of non-neoplastic breast tissues, fibroade-
nomas, and invasive breast carcinomas have been found to be
3.1, 1.9, and 1.0 kbp, respectively, supporting the concept of
a crisis level of telomere shortening that triggers telomerase
activation. As the average telomere length in breast cancer
cells is substantially shorter than normal tissues, the prob-
ability that telomerase inhibitors could lead to arrest and
death of cancer cells without adverse effects on normal tis-
sues poses an attractive therapeutic approach.!® Triggering
of telomerase activity along with stabilization of telomeres is
consistent with the hypothesis that telomere maintenance is
essential for attainment of immortality in CSCs and may be
a rate-limiting step in cancer progression.!! Recent findings
suggest that isolated CSC populations of CD44*CD24-ov
phenotype also exhibit telomerase activity and short telom-
ere lengths similar to the parental cancer cell line.? These
results suggest that the cancer-initiating cells may be prime
targets for telomerase inhibitor treatment as part of the ther-
apeutic regimen for cancer.!?

Epithelial to mesenchymal transition. The loss of epi-
thelial differentiation and gain of the mesenchymal phenotype
is called EMT. It was first recognized as a feature of embryo-
genesis, which is vital for morphogenesis during embryonic
development. EMT can be induced by disassembly of cell-
cell junctions, including the downregulation and relocation
of E-cadherin.!® This transition can also be triggered by a
diverse range of stimuli including growth factor signaling,
tumor—stromal interactions, and hypoxia. Recently, it has also
been implicated in the progression of early-stage tumors into
invasive malignancies.! Vimentin is a marker of mesenchy-

mal phenotype, while E-cadherin is the epithelial marker. The
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dissociation of the E-cadherin-mediated adherens junction is
an initial step in EM'T and may occur early or late in the grow-
ing carcinoma as a first step toward stromal invasion, lympho-
vascular permeation, and distant metastasis.”> EMT enhances
tumor invasion metastasis by promoting loss of contact inhi-
bition and increased cell motility.!® Increasing evidence sug-
gests that tumor progression is critically involved with the
acquisition of an EMT phenotype, which allows these cells to
infiltrate surrounding tissues and promote distant metastasis.
Progression of most carcinomas from stage to stage is associ-
ated with the acquisition of mesenchymal phenotype (vimen-
tin expression), accompanied by the loss of epithelial marker
expression (E-cadherin), leading to increased cell motility and
invasion.!® Prospective identification of molecular characters
of these tumor cells will allow the development of new thera-
peutic agents to eradicate the tumor completely, giving a new
hope to improve the overall patient survival.

EMT and CSCs. Morel et al.'” demonstrated that
CD44*CD247" breast CSC signatures could be generated
from CD44°vCD24* nontumorigenic mammary epithelial
cells. Further, they also found that CD44*CD247" cells
displayed an EMT phenotype as characterized by the loss
of E-cadherin expression and gain of vimentin expression.
Mani et al.’® further demonstrated that the induction of non-
tumorigenic, immortalized human mammary epithelial cells
into EMT phenotype resulted in the loss of epithelial marker
and the gain of mesenchymal markers concomitant with
the acquisition of CD44*CD24" expression pattern and
increased mammosphere-forming ability as well as tumor-
initiating capacity. Whereas, isolated CD44*CD24" stem-
like cells from normal and neoplastic human mammary cells
exhibited a mesenchymal morphology and expressed mesen-
chymal markers such as vimentin and fibronectin. Santisteban
et al.’? observed that the induction of EMT by an immune
response against an epithelial breast cancer led to the out-
growth of tumor iz vive. Interestingly, the resulting mesen-
chymal tumor cells had a CD44*CD24"" phenotype with
the ability to reestablish an epithelial tumor. More recently,
Gupta et al.?0 also found that the induction of EMT in trans-
formed HMLER breast cancer cells by shRNA-mediated
knock-down of E-cadherin expression displayed an increased
population of CD44*CD24"", and these cells exhibited a
~100-fold enhanced mammosphere-forming ability com-
pared to their epithelial phenotypic cells. Ultimately, these
studies strongly suggest that the induction of EMT could
generate cells of stem-like characteristic; however, the molec-
ular process and changes responsible for such processes are
not fully understood.’® It seems that the EMT help tumor
cells in obtaining the ability to detach from the tumor mass,
infiltrating into the adjacent stroma. This might also be the
initial step for tumor spread and promoting its capability of
invasion and distance metastasis. Metastatic tumor cells with
a mesenchymal phenotype are believed to undergo reverse
transition, ie, mesenchymal-to-epithelial transition (MET) at

the site of metastasis. Its looks that this process is a crucial
step by which metastatic tumor cells grow at the secondary
site to form the metastatic growth.’ In conclusion, the ini-
tiation and recurrence of tumors is believed to be strongly
linked with the biology of CSCs, while stromal invasion and
distant metastasis may be related to EMT phenotypic tumor
cell, and accumulating evidence has shown that cells with an
EMT phenotype induced by different factors are rich sources
for cancer stem-like cells, suggesting the biological similari-
ties between CSCs and EMT-phenotypic cells.!

The purpose of this study is to analyze and determine
the prevalence and significance of CSCs, telomerase activity,
and EMT, in primary breast cancers and their associated axil-
lary lymph node metastases, and the association between the
two. We are going to evaluate the expression of their markers
by using IHC study and IF technique, to be validated by flow
cytometry analysis.

Materials and Methods

A total of 167 surgically resected primary invasive breast car-
cinomas and 63 surgically removed axillary lymph nodes hav-
ing secondary metastasis, for patients aged 28-92 years, were
selected from the daily workflow of the Anatomical Pathology
Unit of Queen Elizabeth Hospital, Kota Kinabalu, Sabah,
Eastern Malaysia. This research was approved by the Insti-
tute for Medical Research of the Ministry of Health Malay-
sia, and was conducted in accordance with the principles of
the Declaration of Helsinki. Specimens were obtained from
patients who underwent surgery between January 2011 and
March 2013. All the patient medical records were reviewed
for clinical information, based on the request form sent by the
surgeon along with the specimen. The most relevant clinical
informations, including the type of surgery, age of the patient,
tumor size, and location of the tumor in the relative breast,
were stated according to the clinical information provided
by the clinician in the request form. Meanwhile, hormone
receptor status, Her2 status, nodal status, number of isolated
lymph nodes, and the number of positive lymph nodes have
been stated according to data provided in the patient’s origi-
nal pathologic report. All archival hematoxylin/eosin—stained
slides taken from the formalin-fixed parafin-embedded tis-
sue (FFPET) were reviewed, and diagnosis was confirmed.
Other morphological and pathologic findings with certain
clinicopathologic parameters, such as histological subtype,
histological grade, using a modified Bloom—Richardson clas-
sification, lymphovascular permeation, lymphocytic infiltrate,
tumor necrosis, and ER, PR, and Her2 status, were evaluated
separately and have been stated according to data provided in
the original patient report.

Immunohistochemistry. Five antibodies were used
in this study to demonstrate their corresponding antigens.
Table 1 shows their specification and optimal dilution factor.
They were tested to find the optimal staining conditions. CD44,
CD24, vimentin, and E-cadherin antigens were best retrieved
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Table 1. Primary antibodies used in the study.

S.N ANTIBODY DESCRIPTION CODE DILUTION

1. CD44 Dako, monoclonal mouse M 7081 1/100
antihuman

2. CD24 Abcam, rabbit Ab110448 1/100

monoclonal

3. Telomerase Abcam, mouse Ab5181 1/50
monoclonal
anti-telomerase reverse

transcriptase antibody

Dako, monoclonal mouse M 0725 1/100
anti-vimentin, clone V9.

4.  Vimentin

5. E-cadherin Dako, monoclonal mouse IR059 1/100
anti-human E-cadherin
clone NCH-38

by heat-induced Tris/EDTA (pH 9.0), at 95 °C for 20 minute,
while telomerase antigen was retrieved by heat-induced sodium
citrate 10 mM (pH 6.0), at 90 °C for 45 minute. Diluted CD44,
CD24, vimentin, and E-cadherin antibodies were incubated
for 20 minute at room temperature (RT), while telomerase
antibody was incubated for 2 hours at RT. The most appropri-
ate and representative paraffin block, from the archival paraf-
fin block storage, containing a wide scope of tumor tissue, has
been selected. From each paraffin block, we cut five sections,
to evaluate five antigens (CD44, CD24, vimentin, E-cadherin,
and telomerase). Four-micron-thick sections were obtained
using a microtome, transferred onto labeled adhesive slides, and
dried at 60 °C for 30 minutes in an oven, and the slides were
deparaffinized by xylen and rehydrated through dropping alco-
hol series. The specific antigens were retrieved accordingly, by
using Dako real Envision detection system, peroxidase/DAB*,
rabbit/mouse, Code K5007. The five antigens were screened in
all the selected cases. Paraffin sections of normal tonsillar tis-
sue were used as a positive control for CD44, CD24, vimentin,
E-cadherin, and telomerase. Mature, striated muscle tissue is
used as negative control for CD44, CD24, E-cadherin, and
telomerase, while appendix is used for vimentin. By using Dako
Envision G|2 Doublestain System, Rabbit/Mouse (DAB*/
Permanent Red), Code K5361, all cases that expressed CD44
were subjected for double-staining protocol to identify the
CSCs (CD44*CD247%) phenotype, while all the cases having
vimentin-positive tumor cells and E-cadherin—negative tumor
cells were subjected to double-staining protocol to identify the
EMT phenomena.

Scoring and interpretation of staining. Using light
microscopy, stained tissue sections were reviewed. All unclear
cases were discussed with another pathologist, the scoring and
staining interpretation of each marker has been evaluated as
follows:

1. CD44 staining
CD44 showed membranous staining; the staining
expression 1is considered positive when it is complete

circumferential staining, regardless of the intensity of
staining, while incomplete circumferential staining is
considered as negative.
"This immunohistochemical evaluation was modified

from Honeth et al method.!

2. CD24 staining
CD24 showed membranous and/or cytoplasmic staining.
The staining index positivity was evaluated as follows:
i.  Negative, no staining detected
ii. Negative (low), incomplete circumferential, mild

cytoplasmic stain.

iii. Positive, moderate staining
iv.  Positive, strong staining

3. CSC staining
CSCs, as determined by the phenotypic expression of
CD44+*CD247% cells, show membranous circumfer-
ential permanent red staining of CD44 positivity, with
negative or low brown staining of cell membrane and
cytoplasm of CD24 (Fig. 1).

4. Telomerase staining
To evaluate telomerase activity as determined by anti-
hTERT IHC staining, the proportion of immunoposi-
tive cells of interest is estimated, which show fine brown
DAB nuclear staining accentuated in cell exhibiting
active division (mitosis), which is considered as positive
(Fig. 2).

5. Vimentin staining
Vimentin-positive cells show cytoplasmic, perinuclear
staining considered as positive.

6. E-cadherin staining
E-cadherin stains the cell membrane in a complete cir-
cumferential pattern.

7.  EMT staining
This phenomenon is demonstrated in epithelial tumor by
the presence of tumor cells, determined by the phenotypic

Figure 1. CSC double-staining, membranous circumferential permanent
red staining of CD44, with negative or low brown staining of cell
membrane and cytoplasm of CD24 (magnification x200).

4 l CLINICAL MEDICINE INSIGHTS: PATHOLOGY 2015:8


http://www.la-press.com
http://www.la-press.com/journal-clinical-medicine-insights-pathology-j54

ﬁ Breast cancer stem cells, epithelial to mesenchymal transition, and telomerase activity

Figure 2. Telomerase-positive ductal cells (nuclear brown staining)
(magnification x200).

expression of vimentin*/E-cadherin™, which lose their

E-cadherin positivity and gain vimentin positivity. They

do not exhibit membranous circumferential red staining

of E-cadherin expression but show brown cytoplasmic

staining of vimentin positivity (Fig. 3).

The proportion of immunopositive cells of interest
for all the markers is estimated as follows:

i.  Negative (0%)

ii.  Positive (1%-10%)

iii. Positive (11%—40%)

iv.  Positive (41%-70%)

v.  Positive (>70%)

IF technique. To evaluate and control the reliabil-
ity of the immunohistochemical double staining of CSCs
(CD44*CD247), IF double-staining with the same pri-
mary antibodies was performed in 10% of all cases. The
double-staining protocol was run simultaneously. Detection
of CD44 mouse antibodies was done by using goat polyclonal
secondary antibody to mouse IgG (H+L) conjugated with

Figure 3. EMT, loss of E-cadherin red membranous staining with gain of
brown cytoplasmic staining (magnification x200).

blue fluorescent (FITC) Code (ab7086), which will stain the
cell membrane green color, while detection of CD24 rabbit
antibodies is done by using goat polyclonal secondary anti-
body to rabbit IgG (H+L) conjugated with green fluorescent
(AMCA) Code (ab47052), which will stain the cytoplasm
green color. CSCs, as determined by the phenotypic expression
of CD44*CD247% cells, show membranous circumferential
green staining of CD44 positivity, with negative or low orange
staining of cell membrane and cytoplasm of CD24 (Fig. 4).

Flow cytometry analysis. Although the best flow cyto-
metric histograms are obtained from fresh or frozen tissue
samples, Hedley and coworkers?! developed a technique that
permitted flow cytometry to be performed on FFPET sec-
tions. In order to sort tumor cells with CD44 and CD24
expression and measure CSCs with CD447CD247°" using
the flow cytometry from FFPET, single-cell suspensions need
to be prepared. Various methods were described for dewax-
ing, rehydration, and disaggregation of FFPETS. A modi-
fied method (Hedley et al.?!) to prepare single-cell suspension
from FFPES was carried out as follows:

1. Two or more 50-lm sections were cut using a microtome,
depending on the number of tumor cells in the tumor
section.

2. Dewaxing: The sections were placed in 10-mL glass cen-
trifuge tubes and dewaxed using two changes of xylene,
3 mL for 10 minutes at RT.

3. Rehydration: The sections were rehydrated in a descend-
ing ethanol range, a sequence of 3 mL of 100, 95%, 70%,
and 50% ethanol for 10 minutes each, at RT.

4. Washing twice in distilled water.

5. Lysis of tissue section: The sections were minced by sharp
seizer and incubated in 1 mL of 0.5% pepsin (0.5 mg
pepsin/1 mL of 0.9% NaCl, adjusted to pH 1.5 with 2 N
HCI). The tubes were placed in a water bath at 37 °C

Figure 4. CSC IF double staining, membranous circumferential green
staining of CD44, with negative or low orange staining of cell membrane
and cytoplasm of CD24 (magnification x100).
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for 60 minutes, with intermittent vortex mixing each
10 minutes, and mincing with a pipette tip was needed.

6. Filtration: The resulting digest was filtered through a
70-mm nylon mesh, using Cell strainer 70 um white
(Code LAB352350).

7. Washing: The pepsin was washed out by centrifugation
at 400 g two times for 2 minutes using PBS, and the
pellet was resuspended in Tris-buffered saline, pH 7.6,
or PBS.

8. Cells counting: Cell counts were then made using a
hemocytometer provided that more than 105 cells/mL
were present. Single-cell suspension is now ready for
staining using the following antibodies and reagent to be
run in flow cytometry:

i.  PMG anti-human CD44 PE (Code M AB555479)

ii. PE-labeled mouse IgG2b, KAPPA isotype CTL
(Code MAB555743)

iii. Anti-human CD24 FITC (Code PMG555427)

iv.  FITC-labeled mouse IgG2a, KAPPA isotype (Code
MAB553456)

v.  Stain buffer, fetal bovine serum (Code M AB554656).

To evaluate and control the reliability of the CD44 and
CD24 single staining, and immunohistochemical double
staining of CSCs, a flow cytometric analysis with the same
primary antibodies was performed in more than 10% of all
cases, including 16 positive cases comprising CD44+*CD24-ov
phenotypic tumor cells showing variable proportion of CSCs
(CD44*CD247" phenotype) and 4 negative cases devoid of
any CSCs expressing CD44*CD247" phenotype. Samples
were analyzed on a BD FACSAria flow cytometer with filter
configuration for the FITC/PE dye combination. The qual-
ity of the data depends on careful preparation of samples,
instrument calibration, and exclusion of sources of artifact
during data analysis. Combinations of fluorochrome-conju-
gated monoclonal antibodies against human CD44 (PE) and
CD24 (FITC) or their respective isotype controls were added
to the single-cell suspension at concentrations recommended
by the manufacturer and incubated at 4 °C in the dark for
30—40 minutes. The labeled cells were analyzed on BD FACSAria.

After we have defined our classifier population
(CD44*CD247v), we measured variables that provide infor-
mation about the state and proportion of CD44*CD24-w
phenotype CSCs. In these examples we are examining expres-
sion of the CSC markers CD44 and CD24. Flow cytometric
analysis allows us to detect the CSC populations according to
different levels of the surface CSC markers CD44 and CD24.

Statistical analysis. To study the significant association
between the variables, chi-square tests were employed. Under
certain conditions, when it is not valid, Fisher’s exact test will
be used to find out if there is any association between the
variable. All statistical analysis was done using SPSS version
17.0 statistical software. In this study, significance level of 5%

was considered statistically significant, that is, the statistical
significance is set at P < 0.05.

Results

CSC prevalence. We analyzed CD44 and CD24
expression to identify the CSC phenotype (CD44+*CD24-%)
in the invasive breast cancer tissues, carcinoma in situ, and
the metastatic lymph node lesion. CD44*CD247°" subpopu-
lation tumor cell was detected in the in situ carcinomas and
in the invasive tumor cells as well as in the metastatic lymph
node lesions and in the normal epithelium, when the latter
were observable in the examined sections. The CD44 stain-
ing was almost exclusively red membranous, with no or low
brown cytoplasmic staining of CD24 (Fig. 1). Ductal car-
cinoma in situ (DCIS) component was identified in 38.3%
(64/167). CSCs (as determined by the phenotypic expres-
sion of CD44*CD247v cell) were detected in 75% (48/64)
of cases, while they are negative in 25% (16/64) of the cases.
They were significantly more prevalent in high-grade DCIS
(P-0.002); also, the number of CSCs is higher than other his-
tological subtypes. Moreover, there was significant increase in
the number of CSCs within the DCIS component in con-
trast to its invasive counterpart (P-value 0.001). Overall, in
167 cases of invasive breast carcinoma, CD44+*CD24 % sub-
population tumor cells were expressed in 73.7% (123/167).
'The proportion of CSCs ranged from a few scattered cells to
more than 70% of tumor cells bulk mass. Table 2 shows that
the proportion of CSCs was 1%-10%, 11%-40%, 41%-70%,
and over 70% of tumor cells in 34.14% (42/123), 39.83%
(49/123), 18.7% (23/123), and 7.31 (9/123), respectively. How-
ever, there is no specific distinct morphological feature for the
CSCs. In high-grade tumors containing numerous, pleomor-
phic, bizarre-looking tumor cells, the CSC subpopulation was
included among normal-looking tumor cells. Neither the loca-
tion of CSCs within the tumor tissue nor the arrangement of
these cells among other tumor cells has any specific character
or manner. Among the 123 cases in which we demonstrate the
CSCs, 77.2% (95/123) were invasive ductal carcinoma NOS,
4.9% (6/123) were invasive lobular carcinomas (ILC), and
24.4% (30/123) were other histological subtypes. No signifi-
cant differences were observed in the prevalence or percentage
of CSCs in different breast cancer histological subgroups as
shown in Table 2. The association between the CSC preva-
lence and classic prognostic factors, or independent variable
and other clinicopathologic breast cancer parameters show
that the CSC phenotype CD44+*CD24-" is significantly cor-
related with tumor size. It was more prevalent in T4 subgroup
(T4 any tumor size but associated with loco-regional invasion),
P-0.049. The CSC phenotype CD44*CD247" was signifi-
cantly increased in node-positive tumors (P < 0.0001). There
was significant correlation observed between tumor grade and
CSC prevalence. They are more expressed in high-grade (I1I)
tumors (P < 0.0001); also, these subpopulations of tumor
cells are significantly more expressed in ER- and PR-negative
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Table 2. CSC proportion in each histological subtype.

HISTOLOGICAL SUBTYPES

CSCS% NO.167  IDC 131 N1 P-VALUE
0% N=44 36 1 1 1 4 1 0 0 0 0 0 0 0 0.526
26.3%
1%-10% N=42 33 3 1 0 2 1 1 0 0 0 0 0 1
26.1%
1%-40% N=49 41 1 0 1 1 0 1 0 2 1 0 1 0
29.3%
41%-70%  N=23 17 1 0 0 0 1 0 1 0 1 0 2 0
13.8%
Above N=9 4 1 0 1 0 0 1 1 0 0 1 0 0
70% 5.3%

Abbreviations: No, total number of cases; C, cribriform; A, apocrine; M, mucinous; T, tubular; P, papillary; S, secretory; MP, micropapillary; ME, medullary; AD,

adenoid cystic; SQ, squamous; N, neuroendocrine.

tumors. But there was no significant correlation observed
between CSC prevalence and lymphovascular permeation,
Her2 status, and skin or nipple involvement. CSCs, as deter-
mined by the phenotypic expression of CD44*CD24-%, were
detected in 63 instances of primary invasive breast cancer and
their metastatic lymph node lesions from the same patient.
CSCs were significantly more expressed in metastatic lymph
node lesions (P < 0.000) in contrast to their primary tumors,
as 74.6% (47/63) of the primary tumors only comprised the
CSCs, while 79.4% (50/63) of the metastatic lymph node
lesions comprised the CSCs as well as their proportion or
percentage among the bulk of tumor cells, in which there
was considerable and significant increase in the number of
CSCs in metastatic lesion (P < 0.000). Table 3 shows that the
CSCs were significantly associated with breast cancer classi-
fied according to hormonal receptors (P < 0.029). Most of the
triple-negative tumors (88.5%, 23/26) were classified as CSC
positive.

Telomeraseactivity prevalence. The expression of telom-
erase activity, as determined by the phenotypic expression of
anti-hTER, was analyzed in all invasive breast cancer cases.
Overall, in 167 cases of invasive breast carcinoma, telomerase

activity was expressed in 68.3% (114/167). The proportion of
tumor cells expressing telomerase ranged between a few scat-
tered cells to more than 70% of tumor cells bulk mass. Among
the 114 cases in which we detected the telomerase activity in
tumor cells, 74.6% (85/114) were invasive ductal carcinoma,
6.1% (7/114) were ILC, and 25.4% (29/114) were other his-
tological subtypes. All the cases of ILC expressed telomerase
activity, so there were significant differences observed in the
expression of telomerase activity between IDC and ILC, but
there was no significant difference detected between histolog-
ical subgroups of invasive ductal carcinoma (P < 0.526).
Telomerase was expressed in 59.4% (38/64) of the DCIS
cases, while it was negative in 40.6% (26/64). The P-value was
0.757 indicating no significant association between DCIS
grade and telomerase activity prevalence and proportion.
Telomerase was expressed more frequently in invasive lesion
compared to its DCIS component. There was significant cor-
relation (P-value 0.001) in the expression of telomerase activ-
ity between the invasive tumor component 64% (41/64) and
its DCIS lesion 57.8% (37/64). Moreover, there was signifi-
cant increase in the number of tumor cells expressing telom-
erase activity within the invasive component in contrast to its

Table 3. CSC prevalence versus hormonal receptor status.

HORMONAL RECEPTOR EXPRESSION TOTAL NO CSC EXPRESSION/167
NEGATIVE (N = 44) POSITIVE (N = 123) P-VALUE
Luminal A ER*, PR*, Her2- =53 ER*, PR, Her2 =5 59 18 41
ER-, PR*, Her2-=1
Luminal B ER*, PR*, Her2* = 51 66 18 48
ER*, PR, Her2-=13
ER-, PR, Her2-=2
ER-, PR, Her2* 16 5 11
(Her2 overexpression )
ER-, PR, Her2- 26 3 23 0.029*
Basal like (triple negative)

Note: *Indicates significant association at 5% level of significance.
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DCIS counterpart (P-value 0.001). There was no significant
correlation observed between telomerase activity and tumor
grade, size, lymphovascular permeation, and skin or nipple
involvement, and no significant association between telom-
erase activity with breast cancer classified according to hor-
monal receptors and Her2 status (P-0.633).

Telomerase was expressed in 63 primary invasive breast
cancer and their metastatic lymph node lesions from the same
patient. Telomerase was significantly more expressed in meta-
static lymph node lesions (P < 0.001), as 73% (46/63) of the
primary tumors only expressed the telomerase activity, while
74.6% (47/63) of the metastatic lymph node lesions exhibited
telomerase activity, and there was considerable and significant
increase in the number of cells expressing telomerase in meta-
static lesion (P < 0.002).

EMT prevalence. We analyzed vimentin and E-cadherin
expression to identify the EMT phenotype (vimentin*/E-
cadherin™) tumor cells in the invasive breast cancer tissues,
DCIS, and the metastatic lymph node lesion. The subpopu-
lation of tumor cells that have undergone EMT, as deter-
mined by the expression of vimentin and loss of E-cadherin
(vimentin®/E-cadherin™), was detected in the in situ carcino-
mas and in the invasive tumor cells, as well as in the metastatic
lymph node lesion. Vimentin staining was almost exclusively
brown cytoplasmic (perinuclear), while E-cadherin predomi-
nantly stained the cell membrane a red color (Fig. 3).

Opverall, in 167 cases of invasive breast carcinoma, EMT
was expressed in 27.54% (46/167). The proportion of tumor
cells that underwent EMT ranged between a few scattered
cells to 20% of tumor cells bulk mass; in the majority of
positive cases, they constituted less than 10% of tumor cells.
There are no specific distinct morphological features for the
tumor cells with EMT phenotype; however, they were more
prevalent at the periphery of tumors as single spindled cells or
within small clusters of tumor cells. Among the 46 cases in
which we demonstrated the tumor cells that have undergone
EMT, 69.5% (32/46) were invasive ductal carcinoma NOS,
4.2% (2/46) ILC, and 26% (12/46) other histological subtype.
There were no significant differences observed between the
expression of EMT in tumor cells of IDC (NOS), other his-
tological subtypes, and ILC.

Table 4 shows the prevalence of tumor cells that have
undergone EMT, as determined by vimentin®/E-cadherin™
phenotype in DCIS component related to its grade in details.
EMT was observed in 35.9% (23/64) of cases. It was more
expressed in high-grade DCIS. The P-value was 0.002,
indicating significant association between DCIS grade and
EMT expression. There was significant correlation (P-value
0.000) in the prevalence of tumor cells that underwent EMT,
between the invasive tumor and its DCIS component. EM'T
was expressed more frequently in DCIS component in con-
trast to its invasive counterpart (Fig. 5).

Tables 5 and 6 compared the prevalence and proportion
of tumor cells of an EMT phenotype (vimentin®/E-cadherin”)

Table 4. EMT prevalence in DCIS component in relation to its grade.

N=64 DCIS GRADE P-VALUE
LOW  INTERMEDIATE HIGH
(N=12) (N=19) (N=33)
EMT in DCIS 0.002*
0% 4 11 11 19
(64.1%)
1%-10% 16 1 7 8
(25.0%)
11%-40% 5 0 1 4
(7.8%)
41%-70% 2 0 0 2
(3.1%)
Above 70% 0 (0%) O 0 0

Notes: *Indicates significant association at 5% level of significance. FIndicates
P-value reported according to Fisher’s exact test.

Figure 5. EMT tumor cell in DCIS component (magnification x200).

and tumor cells with vimentin*/E-cadherin® expression in
different histological subtypes of breast cancer. It seemed to
us that the incidence and proportion of tumor cells express-
ing vimentin were more than the incidence and proportion
of EMT phenotypic cells in all types of breast cancer; that is,
EMT phenotypic tumor cells constitute a part of vimentin-
positive tumor cells. In other words, not all the tumor cells
that expressed vimentin had lost their E-cadherin expression.
The association between the incidence of EMT expression
and classic prognostic factors, or independent variable and
other clinicopathologic breast cancer parameters, show that
EMT expression was significantly more frequent in ER™, PR,
Her2™ (P-0.01, P-0.003, P-0.006, respectively). There was no
significant correlation observed between EMT expression and
tumor grade, size, lymphovascular permeation, and skin or
nipple involvement. There was significant association between
EMT expression and breast cancer classified according to
hormonal receptors and Her2 status. The frequency of tumor
cells exhibiting EMT expression was significantly related to
triple-negative subtype (P-0.000). The EMT was observed
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Table 5. EMT expression versus vimentin expression.

HISTOLOGICAL NUMBER EMT VIMENTIN'/E-CADHERIN™ VIMENTINVMENTIN'/E-CADHERIN*
SUBTYPE OF CASES POSITIVE NEGATIVE POSITIVE NEGATIVE
IDC (NOS) 131 32 99 36 95

ILC 7 2 5 2 5

Others 29 12 17 17 12

Total number 167 46 121 55 112

Table 6. Proportion of cells expressed EMT versus vimentin.

CELL PROPORTION EMTVIMENTINY VIMENTINV/MENTIN'
E-CADHERIN™ E-CADHERIN'

0% 121 112

1%-10% 29 21

11%—40% 17 13

4M%-70% 0 8

Above 70% 0 13

Total number of cases 167 167

more frequently in triple-negative subtype, 69% (18/26), while
Luminal B (ER*, PR*, and Her2") subtype showed the low-
est prevalence rate, 21.4% (9/42) of EMT expression. There
was significantly higher incidence of tumor cells that have
undergone EMT in metastatic lymph node lesions compared
to the primary invasive tumor lesions (P-0.001). The num-
ber of tumor cells exhibiting EMT was considerably higher
in metastatic lymph node lesion in contrast to their primary
counterpart.

Correlation between CSC and telomerase activity. Over-
all, in the cases of invasive tumors that comprised CSCs
(123/167), only 81 cases show co-expression with telomerase,
while 33 cases from those cases of invasive tumor, which did
not show CSC (44/167) expressed telomerase activity. This
indicates that there was no association or significant correla-
tion between the existence of CSCs and detection of telom-
erase activity in tumor cells (P-0.250).

Correlation between CSCs and EMT. It appeared that 91.4%
(42/46) of the cases of invasive tumor that expressed EMT
changes coincided with CSCs of CD44*CD247°" phenotype,
but only 349%(42/123) of cases that showed CSCs co-expressed
EMT changes, indicating that the occurrence of EMT phe-
nomena was usually accompanied by the co-existence of CSCs
of CD44*CD247" phenotype.

Correlation between telomerase activity and EMT. Overall,
of the cases of invasive tumor that comprised EMT changes
(46/167), only 31 cases show co-expression with telomerase,
while 83 cases from those cases of invasive tumor, which
did not show EMT changes (121/167) expressed telomerase
activity, indicating there was no association or significant
correlation between the existence of EMT changes and
detection of telomerase activity in tumor cells (P-0.255).

IF staining results. The IHC double staining of CSCs was
validated by IF double-staining, which was performed on 10%
of tumors that expressed CSCs (12/123). The results from
both techniques were exactly the same (Table 7).

Flow cytometry analysis results. ‘The single staining of
CD44 and CD24 antigens along with IHC double staining
of CSCs (CD44*CD247" phenotype) was validated by flow
cytometric analysis of 20 samples including a full scope of
positive and negative cases. The results from both techniques
were exactly compatible in terms of incidence of CD44 and
CD24 expression and frequency of CSC occurrence, while the
proportion of CSCs (CD44*CD247°¥ phenotype) detected by
this technique is not concordant with the number of CSCs
highlighted by IHC technique. The results obtained from
running of negative cases (cases not showing CSCs) by this

technique support the IHC findings (Figs. 6, 7, and 8.)

Discussion

Cancer stem cells. Breast tumors are well known to be
composed of phenotypically diverse groups of cells; however, it
is clear now which of these cell types contribute to tumor devel-
opment. They are a small subpopulation of cells within tumors
that initiate the tumor and renew by themselves, as well as
giving rise to a large population of differentiated progeny that

Table 7. Percentages of CSCs detected by IHC versus percentage of
CSCs highlighted by IF.

S.N NUMBER OF CD44+CD24--°" DETECTED

IHC TECHNIQUE IF TECHNIQUE
1. Negative Negative
2. 0—-10% of tumor cells 0—10% of tumor cells
3. 0-10% of tumor cells 0-10% of tumor cells
4. 11%—-40% of tumor cells 11%—-40% of tumor cells
5. 11%—40% of tumor cells 11%—40% of tumor cells
6. 11%—40% of tumor cells 11%—-40% of tumor cells
7. 41%—70% of tumor cells 41%—70% of tumor cells
8. 41%—70% of tumor cells 41%—70% of tumor cells
9. 41%—70% of tumor cells 41%—70% of tumor cells
10. Above 70% of tumor cells Above 70% of tumor cells
1. Above 70% of tumor cells Above 70% of tumor cells
12. Above 70% of tumor cells Above 70% of tumor cells
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Figure 6. Flow cytometric analysis of the expression of CD44 in four
samples, in addition to unstained sample (negative control) and isotype
control sample. CD44*CD24~ cells were detected in all samples. Average
percentage of cells is shown in each quadrant gated.

constitute the bulk of the tumor mass but lack tumorigenic
potential.?? In contrast to this notion, a previous hypothesis
claimed that all tumor cell populations have the capacity to
become tumorigenic through accumulation of mutations.
Multiple studies indicate that breast CSCs have distinct
immunological phenotype of CD44+/CD24ow,1.15:23,24 gince
Al-Hajj et al.? identified and isolated these cells, which had
the capacity to form tumors in immunocompromised mice.
In the present study, we have explored the dual expression
of CD44 and CD24 in a sample of 167 cases of invasive breast
cancer and 63 associated metastatic lymph node lesions, with
specific regard to breast cancer histological subtypes. On
the basis of this work, positivity for the cell-surface receptor
CD44 staining was almost exclusively membranous, which is
concordant with prior literature,! and no or only low expres-
sion of the membrane/cytoplasmic protein CD24, which was
predominantly stained in the cytoplasm in this study. Earlier
publications have shown either membranous and/or cytoplas-
mic CD24 staining.>>?¢ Intracytoplasmic CD24 expression

500 = m

400
= 300_' FITC-A subset
3 3007 86.2
o R

L
] t i
200
100 7
0- Y'T"“'I "'['ll'q Ll
-10° 108 104 108
0 FITC

Sample name Subset name | Count

D Breast osc_unstained_001.fcs SCS cell 11063
Breast csc_isotype 1_002.fcs CD24* 2373
: Breast csc_sample 1_005.fcs CD24* 2289
D Breast csc_sample 2_010.fcs Ch24* 1950
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Figure 7. Flow cytometric analysis of the expression of CD24 in four
samples, in addition to unstained sample (negative control) and isotype
control sample. CD44*CD24" cells were detected in all samples. Average
percentage of cells is shown in each quadrant gated.

has been suggested to reflect overexpression of the protein or
disturbance of the protein distribution or degradation in neo-
plastic cells.?” So it is reasonable to suspect expression of CD24
on the cell membrane in addition to cytoplasmic staining.
Overall, we saw a large heterogeneity of CSC expres-
sion patterns and prevalence between tumor subtypes, and also
within the same tumor where the CSCs varied considerably
in terms of proportion, location, and pattern of distribution,
which was concordant with the findings of Honeth et al.! This
may be because of the diversity of the origin of the CSCs; in
other words, if the CSCs were derived from multipotent tissue
stem cells, they will give rise to more undifferentiated hetero-
geneous tumors of high CSC prevalence, but if the CSCs orig-
inated from more difterentiated tissue stem cells, they will give
rise to more differentiated tumors with less number of CSCs.
This hypothesis is supported by Dontu et al.?® who proposed

that mammary carcinogenesis results from the transformation
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Figure 8. Identification of CD44*CD24~'°" subpopulation in seven samples of breast cancer by flow cytometry. Cells in R correspond to CD44*CD24- cells.

of multiple stem cells and/or progenitor cells, and thus results
in cellular heterogeneity within tumors.?®

The present study demonstrates that the prevalence of
breast CSC phenotype CD44*CD247°" was 73.7% (123/167)
of all the tumors; in concordance with a previous study,
Honeth et al.! recorded 69% (165/240), but on the contrary to
the findings of Al-Hajj et al.? demonstrating the CSC pheno-
type CD44*CD247" in all their breast cancer samples. This
discordance could be because they depend mainly on metastatic
tissues. Metastatic breast tumor cells have more number of
breast CSCs as proved by our study (see later discussion).

To explore the significance of identifying breast CSCs

on the patient clinical outcome, does CSC expression pattern

as CD44*CD247" and should its prevalence correlate with
poor prognosis and metastasis?

'The results from this clinical study showed that the breast
CSC CD44*CD247 " expression pattern was associated with
high-grade tumors, T4 tumor size, triple-negative tumors,
and more expressed in node-positive tumors; that is, the
expression of CSCs is associated with poor prognosis and pre-
dict lymph node metastasis; thus, the CSC is an independent,
negative prognostic factor; ie, its absence indicates a favor-
able outcome, while its expression is a bad prognostic sign.
There is a minor discordance with previous findings; however,
analysis of the number of putative breast CSCs identified by
THC as CD44*CD247" cells failed to identify a statistically

CLINICAL MEDICINE INSIGHTS: PATHOLOGY 2015:8 l 11


http://www.la-press.com
http://www.la-press.com/journal-clinical-medicine-insights-pathology-j54

Makki et al

Z,

significant association.?” Abraham et al.?* reported that
CD44*CD247 % breast cancer was not associated with clinical
outcome,?*3% while Ricardo et al.?3 and Honeth et al.! found
that the poor prognosis of basal-like breast tumors, which are
high-grade breast tumors, contained the higher percentage
of CSCs. This controversy or discrepancy may result, in part,
from technical errors, including usage of different antibodies
and conditions for IHC staining and sample size variation. In
other parts, it may result from impurity of CSCs.3%3

Accumulating evidence supports the concept of CSCs and
its role in tumor initiation, progression, and sustaining tumor
growth.3? Breast cancer cells with CD44*CD247°" subpopula-
tions express higher levels of proinvasive genes and have highly
invasive properties.* In the current study, we noticed that
breast CSCs were more prevalent and in significant numbers
in DCIS compared to their invasive counterpart; moreover,
the proportion and prevalence of CSCs was higher in high-
grade DCIS. It seemed reasonable, therefore, to hypothesize
that more tumor cells with stem cell phenotype are involved
in DCIS lesions compared to invasive lesions. It is noteworthy
to say that increased numbers of CSCs in DCIS lesions might
be an initial step in tumor dissemination and invasion. Based
on this finding, we arrive at the conclusion that these cells are
crucial for tumor initiation, invasiveness, and propagation.

Does CSC prevalence have a significant correlation with
tumor progression? Our finding did not support the tumor
progression potential of these cells; in other words, CSC
prevalence has no significant correlation with tumor pro-
gression from DCIS to IDC to increase tumor size. Tumor
progression is independent of the prevalence of cancer stem
tumor cells, in concordance with the finding of Abraham
et al.?* who reported that there was no significant correlation
between CD44*CD247°" tumor cell prevalence and tumor
progression.?*

The current study did not show any significant correla-
tion between breast CSC prevalence and histological sub-
types. In accordance with Abraham et al’s.? report, there are
no significant differences in the percentage of CSCs in breast
cancer subgroups stratified by histopathologic characteris-
tics and prognostic factors. Meanwhile, in our study, CSCs
showed considerably high prevalence in triple-negative tumor,
concordant with the findings of Ricardo et al.?> who showed
significant association of breast CSC prevalence with basal-
like tumor and vimentin-positive breast tumors, which usually
have a triple-negative hormonal expression.

One purpose of this study was to evaluate if breast CSCs
differed in the primary tumor and the metastatic lesions from
the same patients. Pandit et al (2009) found a high propor-
tion of breast CSCs with CD44*CD247°% expression in a
model with high lymphatic metastatic ability. The expres-
sion of CD44*CD247° cells showed significant difference in
these sites. There was considerably high incidence of breast
CSC expression in metastatic lymph node lesions compared
to its primary tumor, in concordance with Abraham et al.?*

who found high percentages of CD44*CD247" tumor cells
in metastatic and recurrent lesion. Moreover, Wei et al.®
conclude that detection of CD44+*CD247% CSCs in lymph
node sections might help clinicians to determine the presence
of lymph node metastasis. On the other hand, Guler et al.’®
reported that the frequency of breast CSC phenotype does not
differ in metastases relative to the primary breast cancer.

Telomerase activity. Telomerase has emerged as a near-
universal marker of malignancy and has thus become an obvi-
ous diagnostic and therapeutic target. Significantly, a majority
of human cancer cell lines and 85% of human cancers, encom-
passing a broad range of cancer types, possess telomerase
activity.3*

In the present study, we have explored the expression of
telomerase activity, determined by the expression of hTERT
in a sample of 167 cases of invasive breast cancer and 63 associ-
ated lymph node metastatic lesions. The anti-hTERT staining
was detected in 68.3% (114/167) of the cases, almost exclu-
sively nuclear, more strongly in the nucleolus, which is concor-
dant with prior literature;’ however, Panizo et al.>>observed
cytoplasmic staining also.

The results from this study showed that there was no
significant correlation observed between telomerase activity
and tumor grade, size, lymphovascular permeation, ER, PR,
Her2, and skin or nipple involvement. These findings, how-
ever, are not in accordance with the report of Poremba et al.3
who reported that telomerase is associated with lower overall
survival and it was an independent prognostic factor associ-
ated with worse prognosis.>®

Whereas normal mammary tissue lacks significant telom-
erase activity, telomerase is expressed more frequently in invasive
lesion compared to DCIS component.3* According to our study,
telomerase activity was expressed in 64% (41/64) of the inva-
sive tumor lesions and 57.8% (37/64) of its DCIS component,
concordant with prior literature.’” Moreover, our study showed
higher proportion of tumor cells exhibiting telomerase activity
in invasive lesions compared to its DCIS component, in accor-
dance with the finding of Yashima et al.3® who detected a pro-
gressive increase in the mean telomerase levels with the severity
of histopathologic change: 14% in benign breast diseases, 92% in
carcinoma in situ lesions, and 94% in invasive breast cancers. It is
wise to say that these findings in addition to our further findings
(discussed later) showed that telomerase activity was expressed
more in metastatic lesions compared to primary tumors, making
telomerase expression a marker of disease progression.

One purpose of this study was to evaluate if telomerase
activity differed in the primary tumor and its counterpart
metastatic lesions from the same patients. The expression of
telomerase activity showed significant differences in these
sites, and there was considerably high incidence of telomerase
expression in metastatic lymph node lesions; moreover, a high
number of tumor cells expressing telomerase was detected
in later sites also. This finding is supported by Hiyama and
Hiyama,* who found that the level of telomerase activity
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observed in metastatic lesion was equivalent to or higher than
those observed in analyzed primary lesion.

Telomerase expression was significantly associated
with ILC rather than IDC or other histological subtypes. It
seemed reasonable, therefore, to hypothesize that more tumor
cells expressing telomerase activity are involved in ILC. This
notion is supported by the findings of this study, in which the
prevalence of telomerase activity in ILC was much higher
than in IDC.

According to this study there was no association or sig-
nificant correlation between the existence of breast CSCs
(CD44*CD247°" phenotype) and the detection of telomerase
activity in both the invasive and lymph node metastatic lesion.

Epithelial to mesenchymal transition. EMT is a com-
plex cellular process by which epithelial cells undergo signifi-
cant morphological changes characterized by a transition from
an epithelial “cobblestone” appearance to a more elongated,
mesenchymal phenotype.*® EMT involves loss of cell—cell
adhesion, actin cytoskeleton reorganization, and the acquisi-
tion of mesenchymal features such as motility, invasiveness,
and increased resistance to apoptosis.*!

To demonstrate this phenomenon, we have applied a
novel approach, using the double-staining IHC, to explore the
dual expression of vimentin and E-cadherin in a sample of 167
cases of invasive breast cancer and 63 lymph node metastatic
lesions. On the basis of this work, positivity for the vimen-
tin staining was almost exclusively cytoplasmic and loss of
expression of the membrane protein E-cadherin, which pre-
dominantly stained the cell membrane. Both staining patterns
were concordant with prior literature.*>#

The current study did not show any significant correla-
tion between the prevalence of tumor cells that have undergone
EMT and histological subtypes of breast cancers, although the
mesenchymal marker (vimentin) was more expressed in special
subtypes of invasive carcinoma compared to IDC (NOS).

The results from this study showed that the EMT expres-
sion pattern vimentin®/E-cadherin™ was associated with hor-
monal receptor and Her2 status and that the incidence of
EMT was more in triple-negative tumor, whereas there was
no association detected between EMT expression and tumor
size, grade, lymphovascular invasion, and skin and nipple
involvement.

Increasing evidence suggests that tumor progression is
critically involved with the acquisition of an EMT phenotype,
which allows tumor cells to acquire the capacity to infiltrate sur-
rounding tissues.** Progression of most carcinomas is asso-
ciated with the acquisition of mesenchymal phenotype, which
is accompanied by the loss of epithelial marker expression and
upregulation of mesenchymal molecular markers, leading to
increased cell motility and invasion.** Our findings, however,
related to this hypothesis, reflected by the data obtained from
this study, were that EMT expression was more prevalent in
DCIS lesion relative to its invasive component; moreover, the
number of tumor cells that have undergone EMT in DCIS

components was higher than its invasive lesion. It is wise to say
thatincreased numbers of tumor cells that have undergone EM'T
in DCIS lesion are regarded as an initial step in the stromal
invasion and propagation of breast cancer. Most of these tumor
cells probably might undergo reversible MET that can convert
the mesenchymal cancer cells back to epithelial phenotype to
sustain tumor growth and heterogeneity,*’ coming to the con-
clusion that the process of EMT is a vitally reversible process
playing an important role in cancer invasiveness and metastasis,
which is concordant with the prior literatures.***

One purpose of this study was to evaluate if EMT
expression differed in the primary tumor and the metastatic
lesions from the same patients. The prevalence of EMT tumor
cell (vimentin*/E-cadherin™) along with the prevalence of
tumor cells with mesenchymal marker (vimentin) expres-
sion (vimentin*/E-cadherin*) showed significant difference in
these sites. There were considerably high number of tumor cells
with EMT expression and vimentin expression in metastatic
lymph node lesions. This finding is in accordance with the

results reported by Guler et al.1®

that vimentin was expressed
more frequently in lymph node metastatic lesions and distant
and locoregional metastases versus the primary site.

Vimentin expressionisarather rare finding in invasive breast
cancer. A hypothesis proposes that vimentin-expressing breast
carcinomas may derive from breast progenitor cells with bilinear
(glandular and myoepithelial) differentiation potential.* We
found that vimentin was expressed in 32.93% (55/167) of the
cases, while EM'T was expressed in 29.3% (46/167) of the cases,
that is, vimentin expression was not totally related to EMT.
In other words, there was considerable number of tumor cells
expressing both vimentin and E-cadherin, ie, some of the tumor
cells still retained epithelial marker (E-cadherin) in addition
to their expression of mesenchymal markers (vimentin). We
hypothesize that vimentin expression in breast carcinoma may
be due to one of the following:

1. Cancer cells that have undergone EMT.

2. Cancer cells derived from myoepithelial cell progenitors.

3. Tumor derived from basal cell progenitor, which expresses
both vimentin and E-cadherin and has the ability to dif-
ferentiate to epithelial luminal cells and myoepithelial cells.
In this study, we hypothesize that vimentin expression was
either due to EMT or the tumor cells derived from basal
cell progenitors, which can express both vimentin and
E-cadherin, supported by the facts from the current study
elucidating that not all the tumor cells expressing vimen-
tin lose their E-cadherin (undergo EMT), but on the
contrary, most tumor cells expressing vimentin do express
E-cadherin also, leading to the conclusion that tumor cells
that have undergone EMT constitute a minor percentage
of the vimentin-positive tumor cells.

Correlation between CSCs and EMT. Cancer cells that
have undergone EMT reportedly display the CD44*CD24 "
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phenotype.”® Accumulating evidence has shown that cells
with an EMT phenotype induced by different factors are rich
sources for cancer stem-like cells, suggesting the biological
similarities between breast CSCs and EMT phenotypic cells.
These reports strongly suggest that the induction of EMT
could generate stem-like cells.!3 Significantly, the induction
of EMT in normal or neoplastic epithelial cell populations
has been shown to result in the enrichment of cells with stem
cell-like properties.’® The findings of this study are concordant
with this hypothesis, showing that 91.3% (42/46) of the overall
cases that expressed EMT phenomena also comprised CSCs
of CD44*CD247°¥ phenotype, that is, induction of EMT in
the breast tumor is associated with high prevalence of CSCs,
promoting tumor invasiveness and propagation. Reversal of
the process (MET) seems to occur in distant metastasis*’ and
invasive primary lesion, because we detected lower numbers of
EMT tumor cells in the invasive primary lesion compared to
DCIS compartment.

In our study, we did not notice any specific location
within the tumor tissue to detect CSCs or EMT tumor cells,
while Pang and Argyle®! detected CSCs in adjacent stroma
surrounding the tumor tissue, and scattered EMT tumor cells
in stroma, suggesting that these findings illustrate a direct
link between the scattered CSCs in stroma and the EMT.

Correlation between CSCs and telomerase activity. Accord-
ing to this study, there was no association or significant cor-
relation between the existence of CSCs and detection of
telomerase activity in breast cancer tumor cells.

Correlation between EMT and telomerase activity. This
study did not show any association or significant correlation
between the existence of EMT changes and detection of
telomerase activity in breast cancer tumor cells.

Flow cytometric study. The result from flow cytometric
analysis shows compatible data with that obtained by IHC as
concerns CSC incidence. Meanwhile, the proportion of CSCs
(CD44*CD247" phenotype) detected by both the techniques

was discordant, which may be due to the following:

1. 'The single-cell suspension is prepared from more than
one paraffin section, which is also much thicker than the
section of IHC technique.

2. 'The single-cell suspension contained a variable number of
non-neoplastic CD44*CD247°% phenotypic cells, such
as normal ductal cells, histiocytes, and lymphocytes, in
which it is difficult to discriminate them from the neo-
plastic CD44*CD247" phenotypic cells using flow
cytometry.

3. During mechanical and enzymatic treatment of the tis-
sue section to prepare the single-cell suspension, plenti-
ful neoplastic cells underwent crush and lysis.

Flow cytometry is a powerful, highly sensitive technique
to detect the single CD44 and CD24 markers, but it is less
specific to detect CSCs of CD447CD247°¥ phenotype.

Conclusion

Identification and isolation of CSCs in breast cancer research
became one of the priorities in this field, since it is now well
accepted that these cells are driving the tumor and responsible
for tumor invasiveness, heterogeneity, metastatic capacity, and
therapy resistance. The present study aimed to evaluate the
diagnostic importance and laboratory feasibility of detect-
ing CSCs in the daily clinical anatomical pathology practice.
CD44*CD247" phenotype tumor cells seem to be related to
CSCs with certain levels of differentiation and are confined
to a distinct molecular subclass of breast cancer. Because we
failed to detect breast CSCs in about 30% (44/167) of the
cases, these findings suggest that tumor-initiating properties
are not wholly confined to CD44*CD247" cells and other
new biomarkers need to be identified. In order to translate the
concept of CSCs to clinical practice, we have to pay major
attention to the prospective identification of breast CSCs, to
recognize additional characteristics, and identify new tech-
niques. It is noteworthy to say that increased number of tumor
cells of CSCs and EMT phenotypes in DCIS lesions is an
initial step in tumor dissemination and propagation. Based
on this finding, we come to the conclusion that these cells
are crucial for tumor initiation, invasiveness, and propaga-
tion. We conclude that the expression of breast CSCs har-
boring CD44*CD247°% phenotype was associated with poor
prognosis and predict lymph node metastasis, so these CSCs
are independent, negative prognostic factors. Their absence
indicates a favorable outcome, while their expression is a bad
prognostic sign. It is worthy to suggest that breast CSCs of
CD44*CD247" phenotype should be included in future vali-
dation studies as a prognostic marker in breast cancer. Esti-
mating the frequency of breast CSCs in different variants of
breast cancer can predict the clinical course of the disease and
give prognostic clues for different variants of breast cancer.
The occurrence of high numbers of breast CSCs in lymph
node metastatic lesions supports the conclusion that the
greater expression of CSC markers in metastatic sites reflects
the importance of CSCs in tumor metastasis.

Telomerase is an attractive target for diagnosis and ther-
apy, since it is expressed in about 70%-90% of breast cancer.
In the current study, we detected a progressive increase in
the prevalence of telomerase activity with the progression of
tumor: 57.8% in carcinoma in situ lesions and 64% in invasive
breast cancers, in addition to its higher expression in meta-
static lesions compared to primary lesions, making telomerase
a marker of disease progression, associated with stepwise
breast tumor progression.

'The prospective assessment of telomerase within breast
cancer may lead to its use as a diagnostic marker and improve
the diagnostic accuracy. Estimation of the frequency of CSCs
and telomerase activity in different variants of breast cancer
can predict the clinical course of the disease and give prog-
nostic clues for different variants of breast cancer. The expres-
sion of telomerase activity in a wide range of breast cancers
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justifies the role of this nuclear enzyme in keeping cancer cells
immortal and representing an exciting therapeutic target by
telomerase inhibitors. Although telomerase was expressed
in all malignancies, its clinical significance in routine daily
practice requires more prospective clinical studies.

Based on our novel approach to explore EMT phenom-
enon, our results demonstrate a clear variation in the occur-
rence of EMT phenomena in different subtypes of breast
cancers, as well as in various stages of the disease. It was more
prevalent in DCIS lesions, triple-negative breast tumors, and
in metastatic lesions. According to these findings, EMT
phenomena may play an important role in stromal invasive-
ness and metastatic progression of tumor in addition to their
putative role in therapeutic refractoriness. Moreover, reversal
of the process (MET) seems to occur in the invasive com-
ponent and distant metastasis. Therefore, EMT-inducing
events offer a clinically important therapeutic target, whereby
inhibition of EMT may have a significant effect on disease
outcome.

According to our findings, EMT occurrence is always
co-existent with CSC subsistence, suggesting that EMT
phenotype induced by different factors are rich sources for
cancer stem-like cells, which raise the possibility of bio-
logical similarities between CSCs and EMT phenotypic
cells. Our findings suggest that the increased proportion
and prevalence of tumor cells with CD44*CD24-°" and
vimentin*/E-cadherin™ phenotype in DCIS and metastatic
lesions may play an important role in tumor invasiveness and
aggressiveness, in addition to being a higher metastatic risk
of the breast cancer. We conclude that inhibition of EMT
occurrence and CSC elimination may have a significant
effect on disease outcome, which could raise the possibility
that these cells will be new targets for antitumor agents and
breast cancer treatment.

Finally, we can conclude that the currently used mark-
ers and techniques to detect EMT and CSC tumor cells are
not enough to identify these subtypes of tumor cells, because
using these markers fails to detect breast CSCs in about 30%
of the cases and fails to detect the dissociated singly dispersed
CSCs and EMT cells in the stroma of the tumor. The clinical
relevance on prognosis and therapy response must be further
evaluated in a prospective trial.

Future study and recommendations. We recommend
turther future work to identify and detect the expression of
more proteins representing CSCs and EMT markers in pri-
mary and metastatic breast lesions and inventing a new tech-
nique to demonstrate these distinct tumor cells, since it is
difficult with the current markers and double-staining IHC
technique to identify the dissociated and isolated tumor cells
harboring the CSCs and EMT signature in FFPET, because
these dissociated tumor cells share the same IHC expression
with stromal histiocytes, endothelial cells, myofibroblasts, and
activated lymphocytes, increasing the need for new additional
particular markers for these tumor cells, in order to invent a

new therapeutic agent that could target tumor cells with CSC
and EMT phenotypes at various stages of differentiation,
sparing normal stem cells and reducing side effects.
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