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Clinical implications of Ezrin and CD44
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Abstract. The aim of the present study was to investigate the
expression status and clinical implications of the stem cell genes
Ezrin and CD44 in breast cancers. Expression of the Ezrin
protein in CD44*/CD24"* tumor cells (CSCs) was detected
by western blotting. The resulting expression status and the
relationship between Ezrin and CD44 were determined in
726 breast cancers using immunohistochemistry staining and
immunofluorescence double staining. Subsequently, the rela-
tionship between Ezrin and CD44 protein co-expression and
clinicopathological parameters and prognosis was determined.
The Ezrin protein was expressed at a higher level in CSCs
when compared to that in the control cells and was related to
the resistance of CSCs to chemotherapy. The Ezrin and CD44
proteins were co-expressed in the co-immunoprecipitation
(Co-IP) test. Ezrin and CD44 co-expression was observed
in 235 (32.37%) of the 726 cases examined. After universal
analysis and multivariate analysis, histological type, lymph
node metastasis, triple-negative breast cancer, TNM stage
and distant metastasis were verified as related to Ezrin and
CD44 co-expression (P=0.011, 0.006, 0.001, 0.011 and 0.001,
respectively). A survival analysis revealed that Ezrin and
CD44 co-expression was associated with a poorer prognosis
(36.91 vs. 81.54%, P=0.001). After running Cox regression, the
factors of age, tumor size, lymph node metastasis, triple-nega-
tive tumor status, TNM stage, distant metastasis and Ezrin and
CD44 co-expression were shown to be independent prognostic
factors of breast cancer. The co-expression of Ezrin and CD44
may be a new biomarker for evaluating the progression and
chemotherapy sensitivity of breast cancer.

Introduction

Breast cancer is the most common type of malignancy in
women and is the second leading cause of cancer-related
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mortality in women worldwide (1). Although a variety of ther-
apeutic strategies have been developed to fight breast cancers
in recent years, more than 40% of patients with breast cancer
experience tumor recurrence after comprehensive antitumor
treatments (2). Breast cancer stem cells are a small group of
tumor cells with the capacity to self-renew and a strong ability
to form solid breast tumors. This small group of tumor cells
can also differentiate to a relatively quiescent primitive group
of cancer cells that are considered the underlying factor for
tumor recurrence and the main reason breast cancers resist
therapy (3.4).

With a better understanding of cancer stem cell theory, stem
cell-related genes in malignant tumors have gained increased
research attention. In 2003, Al-Hajj et al (5) identified and
isolated tumorigenic cells named CD44*/CD24”°%/Lineage” in
8 of 9 patients using a model in which human breast cancer
cells were grown in immunocompromised mice. CD44 is a
cell-surface glycoprotein involved in cell-cell interactions,
cell adhesion, and migration and has been considered to be
a promising potential target that may lead to more effective
therapies (6).

Recent studies have reported that Ezrin may be a prog-
nostic factor and may predict potential lung metastasis in
osteosarcoma and could also possibly be used as a new
therapeutic target (7,8). Boldrini et al (9) reported, however,
that neither CD44 nor Ezrin immunoexpression predicts the
prognosis of patients with osteosarcoma. Data from in vitro
experiments revealed the direct molecular interactions of
Ezrin with molecules related to metastatic functions such as
CD44, merlin and Lamp-1. This is consistent with its role in
forming phagocytic vacuoles, vesicular sorting, and the migra-
tion capacities of melanoma cells. Currently, the relationship
between Ezrin and CD44 expression in breast cancer and the
clinical implications in breast cancer are still unclear. In the
present study, we sorted and identified breast cancer stem
cells (CSCs) and investigated the expression status of Ezrin
and CD44 in breast CSCs. We then examined the clinical
implications of our inquiry in breast cancer in order to lay a
foundation for managing breast cancer.

Materials and methods

Patients and tissue specimens. A total of 726 patients with
histologically confirmed breast cancer who underwent radical
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operations at the First Affiliated Hospital of Harbin Medical
University, between January 2001 and January 2006 were
enrolled for immunohistochemical and immunofluorescence
double staining and prognostic analysis. The First Affiliated
Hospital of Harbin Medical University approved the study
protocol.

Cell culture and separation of CSCs from non-stem cancer
cells (NSCCs). Breast cancer cell line MDA-MB-231 was
grown in Dulbecco's modified Eagle's medium (DMEM),
10% fetal bovine serum (FBS), and penicillin-streptomycin.
To separate CSCs from NSCCs, flow cytometric cell sorting
was performed on single-cell suspensions that were stained
with the CD44 antibody (FITC-conjugated) (555478) and with
the CD24 antibody (PE-conjugated) (555428) (both from BD
Biosciences, Franklin Lakes, NJ, USA). As used throughout
this study, CSCs are defined by the minority CD44"eh/CD24'o™
population, whereas NSCCs are defined by the majority
CD44°¥/CD24"e" Mammospheres were generated by
placing CSCs in suspension (1,000 cells/ml) in serum-free
DMEM/F12 media, supplemented with B27 (1:50; Invitrogen
Life Technologies), 0.4% BSA, 20 ng/ml EGF, and 4 mg/ml
insulin (10). After 6 days of incubation, mammospheres were
typically >75 mM in size with ~97% being CD44"e"/CD24',
For serial passaging, 6-day-old mammospheres were harvested
using a 70-pm cell strainer, whereupon they were dissociated
to single cells with trypsin, and then regrown in suspension
for 6 days.

Cell transfection. For siRNA experiments, CSCs or 6-day-old
mammospheres were transfected with 100 nM of siRNAs
(Ambion, Inc.) against Ezrin, and negative control (AM4611),
using siPORT NeoFX transfection agent. The resulting cells
were assayed 24 or 48 h post transfection.

Treatments with chemotherapeutic agents and assessment
of cell viability. The sensitivities of the above cells to three
chemotherapeutic drugs were examined using the Cell
Counting Kit-8 (CCK-8) technique. Cells were plated at a
density of 5x10*/ml cells/well into ultra-low adhering 96-well
plates containing 100 pl Complete MammoCult medium and
treated with concentrations of cisplatin (DDP), epirubicin
(EPI) and docetaxel (DTX) as follows: 0, 0.05, 0.1, 0.25, 0.3,
0.35 and 0.4 mM. Forty-eight hours after treatment, CCK-8
reagent was added to each well and incubated for 2 h before
reading at a wavelength of 450 nm.

Co-immunoprecipitation and western blotting. Cell lysate
preparation, immunoprecipitation, and western blotting were
performed as described previously (11). For inhibition of
proteasomal degradation, cells were treated with 10 yuM of
MGI132 (Sigma-Aldrich, St. Louis, MO, USA) for 4 h. Briefly,
cells were lysed with a buffer of 0.1% SDS, 50 mmol/l Tris-HCl
(pH 7.6), 1% NP-40, 150 mmol/l NaCl, 2 mg/ml aprotinin,
2 mg/ml leupeptin and 7 mg/ml PMSF. Protein concentrations
were determined using the BCA protein assay kit (Pierce
Biotechnology, Inc., Rockford, IL, USA). Thirty micrograms
of protein was separated on 10% SDS-PAGE gels and trans-
ferred to a PVDF membrane. After blocking, the membrane
was incubated with the primary antibody at 4°C overnight
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(Ezrin, ab40839; CD44, ab51037; Abcam). After washing,
the membrane was incubated with a secondary antibody at a
dilution 1:2,000 at room temperature for 1 h. Proteins were
detected using an ECL kit (Varsal Instruments, Beijing,
China), and anti-pB-actin antibody (Sigma-Aldrich) was used as
the loading control. Densitometry was performed by Gel-Pro
Analyzer software (Media Cybernetics, Silver Spring, MD,
USA).

Immunohistochemistry experimental procedures. Thin slices
of tumor tissue from all cases received at our histopathology
unit were fixed in 4% formaldehyde solution (pH 7.0) for periods
not exceeding 24 h. The tissues were processed routinely for
paraffin embedding, and 4-um sections were cut and placed
on glass slides coated with (3-aminopropyl)-triethoxysilane
for immunohistochemistry. Tissue samples were stained with
hematoxylin and eosin to determine the histological type and
the grade of the tumors.

Briefly, breast tumor tissues were cut at a thickness of
4 pm using a cryostat. The sections were mounted on micro-
scope slides, air-dried, and then fixed in a mixture of 50%
acetone and 50% methanol. The sections were then de-waxed
with xylene, gradually hydrated with gradient alcohol, and
washed with PBS. Sections were incubated for 60 min with
the primary antibody (Ezrin, ab40839; CD44, ab51037).
Following washings with PBS, sections were incubated for
30 min in the secondary biotinylated antibody (Multilink
swine anti-goat/mouse/rabbit immunoglobulin; Dako, Inc.).
Following washings, avidin-biotin complex (1:1,000 dilu-
tion; Vector Laboratories, Burlingame, CA, USA) was then
applied to the sections for 30-60 min at room temperature.
The immunoreactive products were visualized by catalysis of
3,3'-diaminobenzidine (DAB) using horseradish peroxidase in
the presence of H,0,, following extensive washings. Sections
were then counterstained in Gill's hematoxylin and dehydrated
in ascending grades of methanol before clearing in xylene and
mounting under a coverslip.

Evaluation of immunohistochemical reaction intensities. The
intensities of the immunohistochemical reactions were esti-
mated independently by 2 pathologists. In order to evaluate
the expression of the proteins analyzed, a semi-quantitative
scale of the immunoreactive score (IRS), with the authors' own
modifications, was applied (12) in which the intensity of the
color reaction (no reaction, 0; weak color reaction, 1; moderate
intensity, 2; intense reaction, 3) and the percentage of posi-
tive cells (no positive cells, 0; <25% positive cells, 1; 25-50%
positive cells, 2; 51-75% positive cells, 3; >75% positive cells,
4) were both taken into account. The final, integrated scores
ranged from O to 12. Cases with expression scores ranging
between 0 and 2 in the IRS scale were considered negative.

Double immunofluorescence staining. Surgical resected breast
cancer tissues were fixed and cut at a thickness of 4 ym. The
specimens were stained with control IgG, mouse anti-human
Ezrin (1:50 dilution), rabbit anti-human CD44 polyclonal
antibodies (1:50 dilution) (both from BD Biosciences) at
4°C for 12 h. After being washed, the cells were incubated
with biotinylated goat anti-mouse IgG secondary antibodies
(1:1,000 dilution) in PBS for 30 min at room temperature. The
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bound antibodies were detected with PE and FITC, followed
by mounting with DAPI medium (Vector Laboratories). The
expression of CD44 and Ezrin was examined under a fluo-
rescence microscope. The cell staining was observed under
fluorescence microscopy.

Statistical analysis. All data were analyzed with SPSS
Statistics software (version 13.0; Chicago, IL, USA). The rela-
tionships between Ezrin and other parameters were studied
using the Chi-square test, Fisher's exact test, or independent
t-tests. Disease-specific survival was analyzed using the
Kaplan-Meier method. The log-rank test was used to analyze
differences in survival. Multivariate analysis was performed
using the Cox proportional hazards model selected in forward
stepwise. A P-value of <0.05 was considered to indicate a
statistically significant result.

Results

Ezrin is co-expressed with CD44 in CSCs. CSCs (10%) were
sorted from the MDA-MB-231 cell line, and the serum-free
suspension was cultured. After 6 days of culture, single-cell
suspensions of CSCs separated from the cell line produced
viable mammospheres (20-100 xm), which could be passaged
further. Double immunofluorescence staining showed that the
Ezrin protein was co-expressed with CD44 in CSCs. Moreover,
the co-immunoprecipitation test also showed that the Ezrin
protein was co-precipitated with the CD44 protein (Fig. 1).

Downregulation of Ezrin protein level by siRNA. By replacing
the serum culture medium at 6 h after siRNA transfection, we
observed that the successfully transfected CSCs appeared as
green fluorescence using fluorescence microscopy. The posi-
tive rate of transfected cells was 66.12+18.46% in the CSCs.
The expression of Ezrin was examined by western blotting
at 48 h after siRNA transfection (Fig. 1). Efficiency reached
>85% at the protein level in CSCs.

Ezrin downregulation sensitizes CSCs to chemotherapy drugs.
To investigate whether downregulation of Ezrin expression has
the potential to sensitize CSCs to chemotherapy, a combination
treatment of Ezrin-specific siRNA with chemotherapy drugs
was performed. Twenty-four hours after transfection with
siRNA, cells were treated with DDP, EPI and DTX at concen-
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Figure 1. Co-immunoprecipitation test indicates that (A) Ezrin protein was
co-precipitated with the CD44 protein, and (B) Ezrin was downregulated at
48 h after siRNA transfection.

trations of 0,0.05,0.1,0.25,0.3,0.35 and 0.4 mM for 48 h. The
IC4, value was determined by CCK-8 assay. The cells exposed
to the Ezrin siRNA showed a significant decrease in ICs, for
the 3 drugs compared with the control siRNA (P<0.05, Fig. 2).

Expression status of Ezrin and CD44 and the relationship
between their co-expression and clinicopathological char-
acteristics. Immunohistochemical examination showed that
Ezrin and CD44 were localized in the membrane ruffles and
cytoplasm (Fig. 3). The majority of patients (71.35%, 518/726)
were Ezrin-positive in the cytoplasm and membrane; half of
the patients (52.20%, 379/726) were CD44-positive, predomi-
nantly in the cytoplasm. It was observed that the Ezrin protein
expression was correlated with CD44 expression (r=0.285,
P<0.001).

Double immunofluorescence staining showed that Ezrin
and CD44 were co-expressed in several cases (Fig. 4). Of
the 726 enrolled cases, 235 (32.37%) were determined as
co-expressing Ezrin and CD44 protein (Table I). Univariate
analysis showed that tumor size, histological type, lymph node
metastasis, triple-negative breast cancer, TNM stage, and
distant metastasis were observed to be related to Ezrin and
CD44 protein co-expression (P=0.001, 0.001, 0.001, 0.001,
0.027 and 0.001, respectively; Table I). Spearman's correlation
analysis showed that Ezrin and CD44 protein co-expression had
a linear correlation with tumor size, histological type, lymph
node metastasis, triple-negative breast cancer, TNM stage,
and distant metastasis (P=0.001, 0.001, 0.001, 0.001, 0.010 and
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Figure 2. Growth inhibition of cells treated with free DDP, EPI or DTX for 48 h, was evaluated by the CCK-8 assay and was expressed as a percentage of
the untreated cells. Data are reported as the means of 3 independent experiments + SD. P-value was compared for the ICs, value between the 2 groups. DDP,

cisplatin; EPI, epirubicin; DTX, docetaxel.
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Figure 4. Double immunofluorescence staining indicates that Ezrin and CD44 are co-expressed in breast cancer cases. (A) Rabbit anti-human Ezrin antibody
with FITC-conjugated secondary antibody. (B) Rabbit anti-human CD44 antibody with APC-conjugated secondary antibody. (C) DAPI was used to detect

nuclei. (D) An overlay of A, B and C is shown. Scale bar, 50 pm.

0.001, respectively; Table II). Finally, multivariate analysis
showed that histological type, lymph node metastasis, triple-
negative breast cancer, TNM stage and distant metastasis were
related to Ezrin and CD44 co-expression (P=0.011, 0.006,
0.001, 0.011 and 0.001, respectively; Table III).

Association between Ezrin and CD44 protein co-expression
and chemotherapeutic resistance.In the present study, patients
exhibiting Ezrin and CD44 protein co-expression exhibited a

significantly higher distant metastasis rate. Of the 235 cases
with Ezrin and CD44 protein co-expression, 115 (48.94%)
developed 5-year, post-operative distant metastasis, whereas
only 88 (17.92%) of cases without Ezrin and CD44 protein
co-expression developed 5-year post-operative distant metas-
tasis (P=0.001).

We further studied the relationship between Ezrin and
CD44 protein co-expression and chemotherapeutic sensitivity
in 102 breast cancer cases with neoadjuvant chemotherapy.
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and clinicopathological factors (n=726).
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Table III. Multivariate analysis of the factors related to Ezrin
and CD44 co-expression.

Characteristics n  Ezrin/CD44* y*> P-value  Characteristics OR  95% CIfor OR P-value
Age (years) 0.012 0914 Age 1449  0.861-2.438 0.163
<35 122 40 Tumor size 0.684  0.425-1.102 0.494
>35 604 195 Histological type 1.603 1.114-2.307 0011
Tumor size 18.881 0.001 Lymph node metastasis ~ 1.664 1.009-2.744 0.006
T1 131 61 Triple-negative 0367  0.229-0.587 0.001
™ 550 167 breast cancer
T3 45 7 TNM stage 0.743  0.440-1.253 0.011
Di i 13.02 .935-21.371 001
Histological type 33843 0.001 istant metastasis 3.023 7.935-21.37 0.00
[ 50 10 CI, confidence interval.
II 484 131
I 192 94
Lymph nod tastasi 33992 0.001
ymp. fode metastasts Table IV. Correlations between Ezrin and CD44 protein co-
Positive 353 151 . . .
Neeati 373 84 expression and chemotherapeutic resistance of breast cancers
egative [n=102; n (%)].
Triple-negative 17.855 0.001
breast cancer Response n  Ezrin*/CD44* y*value P-value
Yes 182 82
No 544 153 Complete response 12 2 (16.67) 9533 0.024
Partial response 47 13 (27.66)
TNM st 7221 0.027
R " 2 Stable disease 24 9(37.50)
I 517 156 Progressive disease 19 12 (63.16)
I 161 66
Distant metastasis 174430 0.001
Negative 524 95 Table V. Cox model regression analysis of the breast cancer
Positive 202 140 prognostic factors.

Table II. Spearman's correlation analysis between clinicopath-

ological features, and Ezrin and CD44 protein co-expression.

Clinicopathological
features

Ezrin and CD44 co-expression

P-value (Spearman's correlation)

Age

Tumor size
Histological type
Lymph node metastasis

Triple-negative breast cancer

TNM stage
Distant metastasis

0.914 (0.004)
0.001 (0.161)
0.001 (0.211)
0.001 (0.216)
0.001 (0.096)
0.010 (0.074)
0.001 (0.490)

Ezrin and CD44 protein were co-expressed in 16.67, 27.66,
37.50 and 63.16% of patients with complete response, partial
response, stable disease, and progressive disease (P=0.024),

respectively (Table IV).

Prognostic analysis. In the prognostic analysis, Ezrin and
CD44 protein co-expression along with age, histological type,
lymph node metastasis, TNM stage, triple-negative breast

Characteristics OR  95% CIfor OR P-value
Age 0512 0.353-0.741 0.001
Tumor size 0.659 0.452-0.960 0.030
Histological type 0.737 0.513-1.059 0.099
Lymph node metastasis  2.007 1.215-3.314 0.006
Triple-negative 1.315 1.117-1.622 0.010
breast cancer

TNM stage 1.866 1.156-3.011 0.011
Distant metastasis 1.962 1.357-2.601 0.007
Ezrin and CD44 0.680 0.484-0.958 0.027

co-expression

CI, confidence interval.

cancer, and distant metastasis were shown to be associated
with a poor disease-specific survival (P=0.001, 0.035, 0.001,
0.010, 0.001, 0.001 and 0.001, respectively; Fig. 5). In the Cox
regression test, age, tumor size, lymph node metastasis, triple-
negative breast cancer, TNM stage, distant metastasis, and
Ezrin, and CD44 co-expression was detected as independent
prognostic factors (P=0.001, 0.030, 0.006, 0.010, 0.011, 0.007
and 0.027, respectively; Table V).
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Figure 5. Age, histological type, lymph node metastasis, tumor size, TNM stage, triple-negative breast cancer, distant metastasis, and Ezrin/CD44 co-expres-
sion were shown to be correlated with patient prognosis (P=0.001, 0.035, 0.001, 0.010, 0.001, 0.001 and 0.001, respectively).

Discussion

Recently, studies have confirmed that tumor stem cells are
the cells that initiate tumors and cause malignant tumor
drug resistance, relapse and metastasis (13,14). Hence,
it is important to explore the key factors that regulate the
self-renewal and multipotentiality of tumor cells, and show
that unregulated cell growth is due to disruptions in the

regulatory mechanism of stem cell renewal. Currently, the
studies addressing the function and specific mechanism of
stem cell-related genes in the biological behavior of breast
cancer are still sparse (15). In 2003, Al-Hajj et al (5) first
sorted and identified CD44*/CD24"°*/Lineage” tumor cells,
which showed higher tumorigenicity and cell microsphere
ability than other groups of cells. This greatly encouraged
us to further explore the characteristics of breast cancer stem
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cells to discover new methods of clinical treatment. Little is
known, however, about the relationship between the expres-
sion of stem cell-related genes and the clinicopathological
features of breast cancer.

Ezrin is a protein that is encoded by the EZR gene in
humans (16). As a member of the ERM protein family, Ezrin
works as an intermediary between the plasma membrane and
the actin cytoskeleton. CD44, the breast cancer CSC marker,
receives its anchor function by connecting to the cytoskeleton
via the Ezrin-Radixin-Moesin protein family (17). It has been
reported to play a key role in cell surface structure adhesion,
migration and organization. Ezrin has been shown to interact
with CD44 in osteosarcoma, salivary gland adenoid cystic
carcinoma, and in hematological neoplasias (18,19). The status
of Ezrin protein expression in breast CSCs and breast cancer,
however, is currently unknown. Moreover, the clinical impli-
cations of Ezrin and CD44 co-expression in breast cancer are
also unclear.

In the present study, we selected and identified breast cancer
stem cells based on clinical specimens. It was found that Ezrin
and CD44 were co-expressed in CSC tumor cells and were
related to CSC chemotherapy resistance. We further investi-
gated the clinical implications of Ezrin and CD44 expression
in breast cancer. Of the 726 breast cancer cases examined in
the present study, Ezrin and CD44 co-expression was observed
in 32.37% of cases. After universal and multivariate analysis,
histological type, lymph node metastasis, triple-negative
breast cancer, TNM stage, and distant metastasis were verified
as correlated with Ezrin and CD44 co-expression. Survival
analysis revealed that Ezrin and CD44 co-expression was also
associated with poorer prognosis. Finally, with Cox regression,
Ezrin and CD44 co-expression was shown to be independent
prognostic factors of breast cancer.

In conclusion, Ezrin and CD44 co-expression was highly
expressed in CSCs and may be a potential biomarker for initia-
tion, progression and differentiation of breast cancer tumors.
The underlying genetic mechanism of Ezrin and CD44
co-expression in breast cancer stem cells, however, remains
unclear. Hence, the relationship between Ezrin gene expres-
sion and the biological behavior of breast cancer stem cells
requires further investigation.
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