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Clinicopathological analysis of CD44 and CD24
expression in invasive breast cancer
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Abstract. A subpopulation of breast cancer cells with cluster
of differentiation (CD)44-positive and CD24-negative expres-
sion has been reported to have stem cell properties and to have
a higher tumorigenic capacity than other cells. However, the
clinicopathological characteristics of this subpopulation are
not fully understood. In this study, we aimed to identify the
correlations between the expression of CD44 and CD24 and
clinicopathological parameters and overall survival. We studied
specimens from 262 patients with invasive breast cancer.
Immunohistochemical staining for CD44 and CD24 was
performed using tissue microarrays. The clinicopathological
factors were evaluated from the patients' medical records.
In correlation analysis, CD44 expression was significantly
associated with human epidermal growth factor receptor 2
(HER?2)-negative status (P<0.001). Conversely, CD24 expres-
sion was significantly associated with HER2-positive status
(P<0.001). CD44 and CD24 expression did not demonstrate
any correlation with the age, tumor size, axillary lymph node
metastasis status, tumor stage, histological grade, estrogen
receptor status and progesterone receptor status of patients.
Upon survival analysis, there was no statistical difference
in overall survival according to the expression of CD44 and
CD24. The results from this study suggest that CD44 and
CD24 are clinically significant markers associated with breast
tumorigenesis, but not sufficient factors in determining the
prognosis of invasive breast cancer.

Introduction

It was previously demonstrated that in solid tumors only
a minority of cancer cells have the capacity to proliferate
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extensively and form new tumors. The so-called cancer stem
cells are defined by common properties: the capability of
self-renewal and the ability of differentiation (1,2). For cancer
to develop, a population of continuously proliferating cells
must arise (3). These have to be transformed and survive by
altering the pathway of cancer cell differentiation and prolif-
eration over the lifetime of the host. This new implication of
the cancer stem cell model has been suggested to account
for potential differences in drug sensitivity and may identify
individual risk of metastasis. An improved understanding of
cancer stem cells could improve our ability to regulate target
therapy (1).

In 2003, Al-Hajj et al suggested the ability to distinguish
tumorigenic (tumor-initiating) cells from non-tumorigenic
cancer cells based on the expression of cell surface markers
including cluster of differentiation (CD)24 and CD44 (4). This
group proposed that CD44*/CD24"° breast cancer cells were
capable of forming a small number of tumors in immunocom-
promised mice. The cells gave rise to phenotypically diverse
cancer cells, which they may be similar to stem cells.

The CD44 protein is involved in multiple distinct cellular
functions, including proliferation, adhesion and migration (5).
It has been associated with stem cells in normal and malig-
nant breast tissues (6). CD24 protein is considered to be a
molecule having the functions of adhesion, development and
progression (7,8).

However, the molecular characteristics and clinical signifi-
cance of CD44 and CD24 are unclear. In this study, we assessed
the clinical implications of CD44 and CD24 as markers of
breast cancer stem cells by identifying their correlation with
clinicopathological factors of invasive breast cancer.

Materials and methods

Patients and clinicopathological data. The present study was
approved by the institutional review board (IRB) of Konkuk
University Hospital (Seoul, Korea; IRB number KUH1210036),
and patient's informed consent was waived.

A total of 262 patients with invasive breast cancer
underwent surgery at Hanyang University Medical Center,
Seoul, Korea, from 1989 to 1999. None of the patients had a
history of previous therapies with anticancer drugs or radia-
tion therapy. All patients received routine chemotherapy or
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endocrine therapy following surgery. In the present study, we
retrospectively analyzed the clinical and pathological data of
the patients.

The evaluation variables were age, tumor size, axillary
lymph node metastasis status, tumor stage, histological grade,
estrogen receptor (ER) status, progesterone receptor (PR)
status and human epidermal growth factor receptor 2 (HER?2)
status. We also analyzed the survival time of patients. The
median follow-up time was 91.9 months.

The baseline characteristics of the patients are summarized
in Table I. Tumor size and axillary nodal status were
categorized according to the tumor-node-metastasis (TNM)
system criteria from the American Joint Committee on Cancer
classification. The tumor histological grade was classified as 1,
2 or 3 according to the guidance of Elston and Ellis (9).

Tissue microarray construction. For tissue microarray (TMA)
construction, hematoxylin and eosin-stained sections of each
tumor were examined. Representative areas of tumors were
selected and marked on the corresponding paraffin block.
The TMAs were assembled using a tissue-array instrument
(AccuMac Arrayer, ISU ABXIS Co. Ltd, Seoul, Korea)
consisting of thin-walled stainless steel punches and stylets
used to empty and transfer the needle content. The selected
area in the corresponding paraffin block was punched out
and embedded in microarray blocks. Two 3-mm cores of the
selected area in the corresponding paraffin block from each
case were arrayed.

Immunohistochemical assessment of hormone receptor and
HER?2. Table II lists the primary antibodies against ER (Lab
Vision/Neomarkers, Fremont, CA, USA), PR (Lab Vision/
Neomarkers), HER2 (Dako, Glostrup, Denmark), CD44 (Lab
Vision/Neomarkers) and CD24 (Lab Vision/Neomarkers), their
dilutions, and the pretreatment conditions. Bound secondary
antibiotics were visualized by standard avidin-biotin-peroxi-
dase techniques using diaminobenzidine as a chromogen. ER
and PR status were determined by immunohistochemistry
using ASCO/CAP guidelines (10). In general, tumors with
>1% positively stained tumor cells were classified as positive
for ER and PR.

HER?2 status was also determined by immunohis-
tochemistry. HER2-positive tumors were defined as 3+
and HER2-negative tumors were defined as O or 1+, using
the American Society of Clinical Oncology/College of
American Pathologists (ASCO/CAP) guidelines as the
criteria for immunohistochemical staining (11). For tumors
with equivocal immunoreactivity (2+), we performed silver
in situ hybridization (SISH) of the HER2 gene to determine
an accurate HER? status.

Silver in situ hybridization for assessment of HER2 status.
For the determination of HER?2 status in 2+ cases of HER2
immunohistochemistry, HER2 SISH was performed on an
automated Ventana Benchmark instrument (Roche Diag-
nostics GmbH, Mannheim, Germany), according to the
manufacturer's instructions for the INFORM HER?2 Dual
ISH DNA Probe cocktail. The evaluation of HER2 gene
amplification status was performed in a blind manner using
the updated 2013 ASCO/CAP guidelines (11). HER2/CEP17
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Table I. Patient characteristics.

Characteristics No. of patients (%)
All patients 262
Age, years

<50 156 (59.5)

=50 106 (40.5)
Tumor size, cm

<2 115 (43.9)

>2-5 127 (48.5)

>5 20 (7.6)
Lymph node metastasis

Yes 129 (49.2)

No 133 (50.8)
Stage

I 52 (19.8)

I 150 (57.3)

I 60 (22.9)
Histological grade®

1 25(11.4)

2 116 (52.7)

3 79 (35.9)
Estrogen receptor®

Positive 144 (55.6)

Negative 115 (44 4)
Progesterone receptor”

Positive 142 (54.8)

Negative 117 (45.2)
HER?2¢

Positive 73 (28.5)

Negative 183 (71.5)

“Evaluation of histological grade was performed only in 220 cases.
*Immunohistochemical staining of estrogen and progesterone recep-
tors was performed in only 259 cases due to tissue loss of tissue
microarray blocks. ‘HER2 status was assessed in only 256 cases due
to tissue loss or inappropriate hybridization . HER2, human epidermal
growth factor receptor 2.

SISH signals were selected and 20 non-overlapping nuclei
were analyzed. Amplification was defined by first examining
the HER2/CEP17 ratio followed by the average HER2 copy
number. A ratio of =2.0 indicated amplification of the gene
regardless of the average HER2 copy number. A ratio of <2.0
with an average HER2 copy number between 4.0 and <6.0
was defined as equivocal. For the equivocal cases, signals
from 20 further tumor nuclei were counted in a second target
area and a new ratio was calculated. A ratio of <2.0 with an
average HER2 copy number <4.0 was defined as having no
amplification.

Immunohistochemical assessment of CD44 and CD24.
Four-micrometer sections were made from the formalin-fixed,
paraffin-embedded blocks, which were then deparaffinized in
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Table II. Antibodies and antigen retrieval techniques used.
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Antibody Clone Source Antigen retrieval Dilution
ER Spl Lab Vision/Neomarkers Benchmark XT protocol 1:600
PR Sp2 Lab Vision/Neomarkers Benchmark XT protocol 1:600
HER2 Polyclonal Dako Benchmark XT protocol 1:100
CD44 156-3C11 Lab Vision/Neomarkers Citrate/autoclave 1:300
CD24 SN3 Lab Vision/Neomarkers Citrate/autoclave 1:100

ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2; CD, cluster of differentiation.
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Figure 1. Immunohistochemical staining pattern of invasive breast cancer. (A) CD44-positive expression; (B) CD24-positive expression. Magnification, x400.

CD, cluster of differentiation.

xylene and rehydrated in a graded series of alcohol solutions.
For antigen retrieval, paraffin tissue sections were cooked with
10 mM sodium citrate buffer, pH 6.0, at a sub-boiling tempera-
ture for 15 min and cooled for 20 min at room temperature.
The sections were washed twice with Tris-buffered saline for
10 min.

The antibody incubations were carried out at room
temperature for 1 h. CD44 and CD24 were detected with
standard avidin-biotin-peroxidase techniques using diami-
nobenzidine as the chromogen. Afterwards, the slides were
briefly counterstained with hematoxylin, dehydrated and
mounted.

Immunostained samples were evaluated by two patholo-
gists. The expression of CD44 and CD24 was graded in
terms of the percentage of cytoplasmic membrane staining
in each block as well as the intensity of staining. However,
there is no common cut-off value on the patterns of staining.
In this study, the grade was designated according to the
following criteria: 0, no staining; 1, staining in less than 50%;
and 2, staining in more than 50% of tumor cells. The grades
were classified into two groups: (-), grade 0; (+), grade 1 and
grade 2 (Fig. 1).

Statistical analysis. The Statistical Package for the Social
Sciences (IBM SPSS, Armonk, NY, USA) for Windows
version 19.0 was used for all the analyses. The Pearson's y?
test was used to examine statistically significant differences
between the expression of CD44 and CD24 and clinico-
pathological parameters. P<0.05 was considered to indicate

a statistically significant difference. The overall survival was
estimated using the Kaplan-Meier analysis.

Results

Clinicopathological characteristics. All 262 cases had
invasive breast cancer. The median age of the patients was
47 years (range, 26-78). A total of 156 cases (59.5%) were
younger than 50 years and 106 cases (40.5%) were 50 years or
older. A total of 115 cases (43.9%) had a tumor size of 2 cm or
less, 127 cases (48.5%) had tumors between 2 and 5 cm, and
20 cases (7.6%) had a tumor size greater than 5 cm. A total of
133 cases (50.8%) demonstrated negative axillary lymph node
metastasis and 129 cases (49.2%) demonstrated positive axil-
lary lymph node metastasis. A total of 52 cases (19.8%) were
stage I, 150 cases (57.3%) were stage 11, and 60 cases (22.9%)
were stage I1I (Table I).

Immunohistochemistry. Among the 262 cases, only 259 were
assessed for expression of ER and PR. A total of 144 cases
(55.6%) were ER-positive and 115 cases (44.4%) were
ER-negative. A total of 142 cases (54.8%) were PR-positive and
117 cases (45.2%) were PR-negative. HER?2 status was evalu-
ated in 256 cases. A total of 73 cases (28.5%) demonstrated
HER?2 positivity and 183 cases (71.5%) were HER2-negative
(Table I). Among the 262 cases, 259 cases were assessed for
the expression of CD44 and CD24 protein. A total of 165 cases
(63.7%) were CD44 protein-positive, whereas 94 cases (36.3%)
were CD44 protein-negative. A total of 188 cases (71.7%)
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Table III. Correlation between expression of CD44, CD24 and clinicopathological variables.
CDh44 CD24
Characteristics Positive (%) Negative (%) P-value Positive (%) Negative (%) P-value
All cases 165 (63.7) 94 (36.3) 188 (71.7) 74 (28.3)
Age, years 0.276 0.057
<50 101 (61.2) 51(54.3) 107 (56.9) 49 (66.2)
=50 64 (38.8) 43 (45.7) 81 (43.1) 25 (33.8)
Tumor size, cm 0.056 0.854
<2 79 (47.9) 35 (36.6) 84 (44.7) 31 (41.9)
>2 78 (47.3) 49 (52.7) 89 (47.3) 38(51.4)
>5 8 (4.8) 10 (10.7) 15 (8.0) 5(6.7)
LN metastasis 0413 0.137
Yes 86 (52.1) 44 (46.8) 98 (52.1) 31 (41.9)
No 79 (47.9) 50 (53.2) 90 (47.9) 43 (58.1)
Stage 0.393 0.746
I 36 (21.8) 18 (18.0) 37 (19.7) 15 (20.3)
I 90 (54.5) 52 (57.0) 107 (56.9) 43 (58.1)
11 39 (23.7) 24 (25.8) 44 (23.4) 16 (21.6)
Histological grade® 0.181 0.256
1 20 (14.7) 5(6.3) 1509.7) 10 (154)
2 68 (50.0) 43 (54.4) 82 (52.9) 34 (52.3)
3 48 (35.3) 31(39.3) 58 (374) 21(32.3)
Estrogen receptor” 0.857 0.661
Positive 93 (56.7) 51(554) 105 (56.5) 39 (534)
Negative 72 (43.3) 41 (44.6) 81 (43.5) 34 (46.6)
Progesterone receptor” 0.556 0.095
Positive 90 (54.9) 54 (58.7) 108 (58.1) 34 (46.6)
Negative 74 (45.1) 38 (41.3) 78 (41.9) 39 (534)
HER2¢ <0.001 <0.001
Positive 33(20.5) 39 (42.4) 65 (35.3) 8 (11.1)
Negative 128 (79.5) 53 (57.6) 119 (64.7) 64 (88.9)

“Bvaluation of histological grade was performed only in 220 cases. "Immunohistochemical staining of estrogen and progesterone receptors was
performed in only 259 cases due to tissue loss of tissue microarray blocks. ‘HER?2 status was assessed in only 256 cases due to tissue loss or
inappropriate hybridization. LN, lymph node; HER2, human epidermal growth factor receptor 2; CD, cluster of differentiation.

were CD24 protein-positive, whereas 74 cases (28.3%) were
CD24 protein-negative (Table III).

Correlation between CD44 and CD24 and clinicopatho-
logical variables. Table II1 shows the correlations between
the expression of CD44 and CD24 and clinicopathological
factors. HER2-negative status was associated with positive
CD44, and HER2-positive status was associated with posi-
tive CD24 (P<0.001 and P<0.001, respectively). There was no
correlation between the expression of CD44 and CD24 and
other clinicopathological factors, including age, tumor size,
axillary lymph node metastasis status, stage, histological
grade or hormonal status.

The median follow-up time was 91.9 months. The
Kaplan-Meier method was used to identify the prognostic
significance of CD44 and CD24. There was no significant

difference between overall survival and the expression of
CD44 or CD24 (P=0.437, P=0.976, respectively).

Discussion

Cancer stem cells have the common ability to self-renew,
differentiate, acquire drug resistance, survive and migrate.
Breast cancer stem cells are a small population of cells which
have classic features of cancer stem cells, and become tumori-
genic cells through the accumulation of mutations (12). The
initial identification of breast cancer stem cells was based
on a combination of CD44 and CD24; in particular, the
CD44*/CD247°" phenotype has been reported to have stem
cell properties (4).

In contrast, other studies have revealed that the prevalence
of CD44%/CD247¥ cells was not significantly associated with
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breast tumor progression or patient survival (13,14). Further
studies demonstrated that the CD44*/CD24"¥ cells were
transit progenitors; however, they did not determine either the
molecular subtype or clinical parameters in breast cancer (15).

CD44 is a type I transmembrane glycoprotein receptor
that binds primarily to the extracellular glycosaminoglycan
hyaluronan. This protein is also known as a cellular adhesion
molecule and has been linked to diverse effects including
cellular adhesion, migration and invasion, which are signifi-
cant in cancer progression (16,17).

CD24 is a glycosylphosphatidylinositol-anchored
membrane protein that is also known as a cell surface mole-
cule, and represents small membrane microdomains endowed
with cell adhesion and cell signaling properties (18,19).

The aim of this study was to investigate the clinical signifi-
cance of CD44 and CD24 expression in paraffin-embedded
sections of breast cancer. We examined the correlation between
expression of the markers and clinicopathological parameters.

According to Horiguchi et al, higher CD44 expression was
significantly correlated with smaller tumor size, negative axil-
lary lymph node metastasis and lower stage (20). In this study,
we did not observe any correlation between CD44 expression
and clinicopathological factors, with the exception of HER2
status. Our data revealed that the expression of CD44 was
significantly correlated with HER2-negative status (P<0.001).
HER2-negative is part of the basal phenotype. Bankfalvi et al
indicated that myoepithelial cells expressed CD44 in normal
breast epithelium, and that this is implicated in the early stage
of breast carcinogenesis (21). Herrera-Gayol et al observed that
CD44 expression was involved in two of the three steps of the
invasive cascade and could not be confidently used as a reliable
prognostic indicator (22). Sanchez et al revealed a deregula-
tion in the CD44 expression pattern in malignant tumors, but
did not identify a correlation between this deregulation and
clinicopathological factors (23). Conversely, Bankfalvi et al
observed that increased levels of CD44 expression were corre-
lated with poor prognosis and metastatic involvement of the
axillary lymph nodes in breast cancer (21). Looi et al revealed
that CD44 played a role in the progression of breast cancer (24).

According to Horiguchi et al, higher CD24 expression was
significantly correlated with larger tumor size, positive axil-
lary lymph node metastasis and higher stage (20). In this study,
we did not observe a correlation between CD24 expression
and clinicopathological factors, with the exception of HER2
status. Our data revealed that the expression of CD24 was
significantly correlated with HER2-positive status (P<0.001).
The HER2-positive tumor is generally considered an aggres-
sive form of breast cancer. It has been associated with rapid
tumor growth through angiogenesis and invasion in breast
tumorigenesis. Honeth er al indicated that HER2-positive
groups highly expressed CD24 (25). Baumann et al revealed
that CD 24 expression increased tumor cell metastasis in vivo,
proliferation and spreading, and induced cell motility and
invasion (26). Athanassiadou er al revealed that CD24 expres-
sion was correlated with adverse prognostic parameters,
including increased stage, tumor grade 3, positive lymph nodes
and increased tumor size (27). Conversely, Schindelmann ez al
observed that CD24 was significantly downregulated in inva-
sive cell lines, and this downregulation might be associated
with a more aggressive behavior of the tumor (28).
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In conclusion, our results demonstrate that CD44 expres-
sion is significantly correlated with HER2-negative status
in invasive breast cancer cells. This finding suggests that
CD44 is correlated with tumorigenesis in HER2-negative
breast cancer. Conversely, CD24 expression is significantly
correlated with HER2-positive status. This finding suggests
that CD24 is associated with the aggressive phenotype of
breast cancer cells. However, there is no difference in clinical
outcome and survival with respect to CD44 and CD24 expres-
sion. Therefore, we may conclude that CD44 and CD24 are
markers associated with tumorigenesis in breast cancer, but
not sufficient factors to determine the prognosis of invasive
breast cancer.
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