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Abstract: Background: CD44*CD247"°* phenotypes are associated with poor outcome of triple-negative breast can-
cer (TNBC); however, the role of the CD44*CD247° phenotype in lymph node metastasis and survival has not been
fully understood in TNBC. Methods: A total of 51 TNBC patients were included. CD44 and CD24 expression was
determined using immunohistochemistry by which CD44 and CD24 were double-immunostained. Overall survival
(OS) and disease-free survival (DFS) were estimated using the Kaplan-Meier method. Results: The proportion of
the CD44*CD247"* phenotype was 33.3% in TNBC specimens without lymph node metastases and 69.0% in those
with lymph node metastases. In addition, the CD44*CD247"°* phenotype correlated significantly with tumor size,
histologic classification, TNM stage, and lymph node metastasis (P < 0.05). The CD44*CD247/"°* phenotype was
detected in 69.0% of TNBC patients with lymph node metastases, and 51.7% of TNBC patients without lymph node
metastases. In TNBC patients without lymph node metastases, the median DFS and OS were 18.2 and 28 months
in cases with a CD44*CD24”"* phenotype and 26.5 and 42.5 months in those without a CD44*CD247"°* phenotype
(P < 0.05), and in TNBC patients with lymph node metastases, the median DFS and OS were 17.2 and 25.7 months
in cases with a CD44*CD247°* phenotype and 24.5 and 39.3 months in those without a CD44*CD247"* phenotype,
respectively (P < 0.05). Conclusions: CD44 and CD24 are independent prognostic markers for patients with TNBC.
The CD44*CD247"°" phenotype correlates with more aggressive clinicopathologic features and is strongly associated
with poor prognosis in patients with TNBC.
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Introduction growth factor receptor 2 (HER2) expression,
which represents 15% to 20% of all breast

Breast cancer is the second most common cancer [3]. TNBC, which is characterized by

cancer and the fifth leading cause of cancer
death worldwide, and in females, breast can-
cer is the most commonly diagnosed cancer
and causes the greatest number of cancer-
related deaths [1]. In 2018, 2.09 million cases
were estimated to have newly diagnosed bre-
ast cancer, and 627,000 women died from
breast cancer across the world [2]. Triple-
negative breast cancer (TNBC) is a heteroge-
neous subtype of breast cancer that is defin-
ed as absence of oestrogen receptor (ER), pro-
gesterone receptor (PR) and human epidermal

high invasion, rapid progression and low sur-
vival, is accepted to have a poorer outcome
relative to other breast cancer subtypes [4].
More importantly, there is currently no effe-
ctive treatment for TNBC [5-7]. Development of
novel treatment options to improve the prog-
nosis and survival is therefore given a high
priority.

Cancer stem cells (CSCs) are a small popula-
tion of tumor cells that exhibit the capability to
sustain self-renewal, proliferation and differen-
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tiation, which have been proven to contribute to
tumorigenesis, metastasis and resistance to
chemotherapy [8-11]. Breast cancer stem cells
(BCSCs) are a small population of cells in bre-
ast cancer, identified based on the phenotype
of CD44*CD247"°¥ expression [12]. This pheno-
type is strongly linked to poor prognosis and
other prognostic factors, such as hormone
receptor status, tumor histologic grade, and
proliferation index [13, 14]. In addition, the
subpopulation of CD44*CD247"°" cells, which
has shown a tumor-initiating capability in hu-
man breast, is associated with relapse and
metastasis of breast cancer [15, 16]. Previous
studies have demonstrated that CD44*CD247
v phenotypes are more abundant in TNBC
than in other breast cancer subtypes, and are
associated with poor outcomes [17-19]; how-
ever, the role of the CD44*CD247"°* phenotype
in lymph node metastasis and survival has not
been fully understood in TNBC. The present
study was therefore designed to investigate
the association of the CD44 and CD24 pheno-
type with the lymph node metastasis and sur-
vival of TNBC.

Materials and methods
Ethical statement

This study was approved by the Ethics Review
Committee of the First Affiliated Hospital of
Bengbu Medical College. Written informed con-
sent was obtained from all participants follow-
ing a detailed description of the purpose of
the study. All experiments described in this
study were performed in accordance with
the Declaration of Helsinki, international and
national guidelines, laws and regulations.

Specimens

A total of 346 female patients with breast can-
cer that underwent breast surgery in the First
Affiliated Hospital of Bengbu Medical College
(Bengbu, China) during the period between
May 2010 and March 2014 were recruited,
and all diagnoses were confirmed by intraoper-
ative or postoperative pathologic examina-
tions. Of these patients, there were 51 TNBC
cases, as revealed by the negative receptor
status in breast cancer specimens using immu-
nohistochemistry (IHC). Patients without TNBC
or with distant organ metastasis or at stage IV
based on prior surgery were excluded from this
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study. All demographic and clinical features
were captured from the medical and inpatient
records.

IHC

The expression of ER, PR, HER2, Ki-67, P53,
CD24, and CD44 was determined in breast
cancer specimens using IHC. Briefly, formalin-
fixed and paraffin-embedded sections were
deparaffinized in xylene, rehydrated in graded
alcohol solutions and incubated in 0.3%
hydrogen peroxide for 15 min to block the
endogenous peroxidase activity. Following
antigen retrieval in citrate buffer (10 mM; pH
6.0) at 98°C for 15 min, sections were blocked
with 10% goat serum in PBS (pH 6.0) for 10
min, and stained on a DAKO Autostainer Plus
(DAKO Corporation; Carpinteria, CA, USA) using
the DAKO LSAB + Peroxidase detection kit
(DAKO Corporation; Carpinteria, CA, USA). Then,
sections were incubated with the primary
rabbit anti-CD44 (1:100 dilution; ab51037;
Abcam; Cambridge, MA, USA) and mouse anti-
CD24 monoclonal antibodies (1:500 dilution;
ab31622; Abcam; Cambridge, MA, USA) at 4°C
overnight. Finally, antibody staining was visual-
ized with 3,3-diaminobenzidine (DAB) and
counterstained with haematoxylin.

Double-immunostaining

Double-immunostaining of CD44 and CD24
was performed using the EnVision G/2 Dou-
blestain System, Rabbit/Mouse DAB+/Per-
manent Red (DAKO Corporation; Carpinteria,
CA, USA) following the manufacturer’s instruc-
tions. Briefly, deparaffinization, rehydration
and antigen retrieval were done as described
above. The, sections were incubated with the
mixture of the primary rabbit anti-CD44 (1:100
dilution) and mouse anti-CD24 monoclonal
antibodies (1:500 dilution) at 37°C for 2 h.
After rinsing in PBS, sections were incubated in
a mixture of biotin-conjugated anti-rabbit and
anti-mouse secondary antibody at room tem-
perature for 20 min. CD44 staining was visual-
ized with DAB, and CD24 staining was visual-
ized with Permanent Red. The double-immuno-
staining accuracy was evaluated by comparing
with single immunostaining for CD44 and
CD24. The number of CD44*CD247"°" cancer
cells was counted semiquantitatively and sc-
ored in 5% increments.
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Survival analysis

Disease free survival (DFS) was defined as the
duration from the date of diagnosis to the
emergence of a local relapse or distant metas-
tasis. Overall survival (OS) was defined as
the duration from the date of diagnosis to the
death of the patient. Survival analysis was esti-
mated with the Kaplan-Meier method by
GraphPad Prism 7 (GraphPad Software, Inc.; La
Jolla, CA, USA).

Statistics

All data were managed using Microsoft Excel
2010 (Microsoft; Redmond, WA, USA), and all
statistical analyses were done using the
statistical software SPSS version 21 (SPSS,
Inc.; Chicago, IL, USA). Differences of propor-
tions were tested for statistical significance by
chi-square test, and a P value of < 0.05 was
considered significant.

Results
Demographic and clinical characteristics

The 51 TNBC patients had a median age of
50 years (range, 21 to 78 years) at enrollment.
All cases were followed up and 5 cases were
lost to follow-up. To date, there are 6 survival
cases and 40 deaths. Positive CD44 and
CD24 expression was detected in 39.2%
(20/51) and 9.8% (5/51) of the TNBC speci-
mens without lymph node metastases, and
in 69.0% (30/29) and 6.9% (2/29) of TNBC
specimens with lymph node metastases. The
proportion of the CD44'CD247"°" phenotype
was 33.3% (17/51) in TNBC specimens with-
out lymph node metastases and 69.0% (20/
29) in those with lymph node metastases. In
addition, the CD44*CD247"°¥ phenotype corre-
lated with tumor size, histology classification,
TNM stage, and lymph node metastasis (P <
0.05) (Table 1).

Expression of CD44,/CD24 immunophenotypes
in TNBC

Immunostaining of CD44 and CD24 was per-
formed in TNBC specimens with and without
lymph node metastases (Figure 1), and CSCs
were identified by the phenotype of the
CD44*CD247"" expression presenting with
positive CD44 expression and negative or low
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CD24 expression, as revealed by the im-
munostaining (Figure 2). The CD44*CD247'""
phenotype was detected in 69.0% (20/29) of
the TNBC patients with lymph node metasta-
ses, and 51.7% (15/29) of TNBC patients with-
out lymph node metastases, and the concor-
dance rate of the CD44'CD247"°% phenotype
was 51.7% between TNBC patients with and
without lymph node metastases (Table 2).

Survival analysis in TNBC patients with the
CD44+CD247"" phenotype

During the follow-up period, 5 TNBC patients
were lost to follow-up, including 3 cases with
lymph node metastasis, and a total of 46
cases were included for evaluating DFS and
0S. In TNBC patients without lymph node
metastases, the median DFS and OS were
18.2 and 28 months in cases with a
CD44*CD247"" phenotype and 26.5 and 42.5
months in those without a CD44'CD247"
phenotype (P = 0.018 for DFS and 0.0001
for 0S), and in TNBC patients with lymph
node metastases, the median DFS and OS
were 17.2 and 25.7 months in cases with a
CD44+*CD247"" phenotype and 24.5 and 39.3
months in those without a CD44'CD247"
phenotype (P = 0.0273 for DFS and 0.0194
for 0OS), respectively (Figure 3). Therefore,
there was a worse prognosis in TNBC patients
with a CD44'CD247"°% phenotype relative to
those without a CD44*CD247°" phenotype,
regardless of lymph node metastasis.

Discussion

TNBC is a unique subtype of breast cancer with
a poor prognosis and is characterized by high
malignancy, invasion, recurrence and metasta-
sis [3]. Relapse and metastasis are frequently
the important reasons for unfavorable progno-
ses [3-5]. Therefore, it is particularly important
to identify sensitive diagnostic and prognostic
markers for TNBC patients at the early stage.

CD24 is a cell adhesion molecule that has
been implicated in metastatic tumor progres-
sion of various solid tumors [20], and CD24 is
overexpressed in multiple human cancers [21-
24]. In addition, CD24 expression has been
identified as a prognostic factor in diverse
human malignant tumors [25-30]. In this study,
we found that low or negative expression of
CD24 was significantly correlated with poor
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Table 1. Associations of the CD44/CD24 phenotype with the clinicopathologic characteristics in triple-negative breast cancer

N (%) of CD44* N (%) of CD24* N (%) of CD44/CD24 phenotype
hersctenstes Positive  Negative  Positive  Negative CD’L(LO*/OSI;);m coﬂé?gglﬂow cgzt(jfl))cz)fzv c1)l\l4(z:éc)§;4'
Age (years) <35(n=2) 2(3.9%) 0(0.00%) 1(2.0%) 1(2.0%) 1(2.0%) 1 (2.0%) 0 (0.00%) 0 (0.00%)

> 35 (n=49) 18 (35.3%) 31 (60.8%) 4 (7.8%) 45 (88.2%) 2 (3.9%) 16 (31.4%) 2(3.9%) 29 (56.9%)
Menopausal status Premenopausal (n=28) 9 (17.6%) 19 (37.3%) 3(10.7%) 25 (49.0%) 2 (3.9%) 7 (13.7%) 1(2.0%) 18 (35.3%)
Postmenopausal (n =23) 11 (21.6%) 12 (23.5%) 2(3.9%) 21 (41.2%) 1 (2.0%) 10 (19.6%) 1(2.0%) 11 (21.6%)
Tumor size (cm) <2(n=11) 0 (0.00%) 11(21.6%) 0(0.00%) 11(21.6%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 11 (21.6%)
>2,<5(n=32) 13 (25.5%) 19 (37.3%) 4 (7.8%) 28 (54.9%) 2 (3.9%) 10 (19.6%) 2(3.9%) 18 (35.3%)
>5(n=28) 7(13.7%) 1(2.0%)° 1(2.0%) 7 (13.7%) 1(2.0%) 7 (13.7%) 0 (0.00%) 0 (0.00%)°
Histologic grade land Il (n = 28) 6 (11.8%) 22(43.1%) 1(2.0%) 27 (52.9%) 0 (0.00%) 6 (11 8%) 1(2.0%) 21 (41.2%)
Il (n=23) 14 (27.5%) 9 (17.6%)° 4 (7.8%) 19 (37.3%) 3 (5.9%) 1(21.6%) 1(2.0%) 8 (15.7%)
pTNM stage land Il (n = 30) 6 (11.8%) 24 (47.1%) 1(2.0%) 29 (56.9%) 1(2.0%) 5 (9.8%) 2(3.9%) 22 (43.1%)
I(n=21) 14 (27.5%) 7 (13.7%)° 4 (7.8%) 17 (33.3%) 2 (3.9%) 12 (23.5%) 0(0.0%) 7 (13.7%)¢
Ki-67 (%) <20 (n=17) 5(9.8%) 12 (23.5%) 2 (3.9%) 15 (29.4%) 1 (2.0%) 4 (7.8%) 1(2.0%) 11 (21.6%)
>20(n=34) 15 (29.4%) 19 (37.3%) 3 (5.9%) 31(60.8%) 2 (3.9%) 13 (25.5%) 1(2.0%) 18(35.3%)
P53 Negative (n = 18) 4 (7.8%) 4(27.5%) 0(0.00%) 18(35.3%) 0 (0.00%) 4 (7.8%) 0 (0.00%) 14 (27.5%)
Positive (n = 33) 16 (31.4%) (33 3%) 5(9.8%) 28(54.9%) 3 (5.9%) 13 (25.5%) 2(3.9%) 15 (29.4%)
Lymph node metastasis Negative (n = 22) 3 (5.9%) 9 (37.3%) 1(2.0%) 21(41.2%) 0 (0.00%) 0 (0.00%) 2(2.0%) 20 (39.2%)
Positive (n = 29) 17 (33.3%) 12 (23.5%)d 4(7.8%) 25(49.0%) 0 (0.00%) 20 (39.2%) 0(0.0%) 9 (17.6%)"

ap = 0.000; °P = 0.004; °P = 0.001; °P = 0.001; °P = 0.000; ‘P = 0.007; &P = 0.003; "P = 0.003.
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Figure 1. Immunostaining of CD44 and CD24 in triple-negative breast can-
cer specimens with and without lymph node metastases. A1 and A3. Posi-
tive CD44 staining in triple-negative breast cancer specimens without lymph
node metastases; A2 and A4. Negative CD24 staining in triple-negative
breast cancer specimens without lymph node metastases; B1 and B3. Posi-
tive CD44 staining in triple-negative breast cancer specimens with lymph
node metastases; B2 and B4. Negative CD24 staining in triple-negative
breast cancer specimens with lymph node metastases. * indicates tumor
foci in triple-negative breast cancer specimens with and without lymph node
metastases, and the arrows show positive CD44 expression and negative
CD24 expression. A1, A2, B1 and B2. Magnification of x 10; A3, A4, B3 and
B4. Magpnification of x 40.
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prognosis in patients with
TNBC. CD44 is a transmem-
brane glycoprotein receptor
[31], and its expression is
upregulated in aggressive
cancers and is closely associ-
ated with cancer metastasis
and chemotherapy resistance
[32-34]. CD44 is involved in
tumor growth, differentiation,
adhesion, and survival [35],
and CD44 expression has
been identified as a predictor
of OS in human cancers [36-
38]. In this study, CD44 was
overexpressed in patients
with TNBC, notably in those
with lymph node metastases,
and the upregulation of CD44
expression was significantly
related to shorter DFS and
OS in TNBC patients, in ag-
reement with previous re-
ports [36-38]. Since CD24 or
CD44 expression, however,
was reported not to predict
DFS or OS in human cancers
[39], further large prospective
clinical trials are required to
investigate the clinical signifi-
cance of CD24 and CD44
expression as independent
prognostic factors in TNBC.

CSCs, the seed cells of tumor
metastasis, have important
roles in tumorigenesis, recur-
rence, metastasis and drug
resistance in cancers [10]. As
CSC surface markers [40],
CD24/CD44 expression is
classified into four subtypes
based on molecular charac-
teristics. However, the role of
these phenotypes has not
been fully understood in TN-
BC until now. Previous stu-
dies have demonstrated that
CD44*CD247"™" phenotype is
most common in TNBC [41-
43]; however, the correlation
between the CD44+*CD247'"
phenotype and prognosis in

Int J Clin Exp Pathol 2020;13(5):1008-1016



CD44/CD24 phenotype and TNBC metastasis and survival of TNBC

CD44*CD247"* profile and
prognosis in TNBC are war-
ranted.

The CD44*CD247"°% pheno-
type has been linked to the
recurrence and metastasis
of breast cancer [15, 16],
and a high proportion of
CD44*CD247" cells are de-

Figure 2. Double immunostaining of CD44 and CD24 in triple-negative breast tected in metastatic and

cancer specimens with and without lymph node metastases (x 40). Circum-
ferential membranous staining (permanent brown staining) shows CD44 ex-
pression, and low (A) or negative CD24 staining (B) is found in the membrane

and cytoplasm.

Table 2. Positive rate and concordance rate of CD44/CD24 pheno-
types in TNBC specimens with and without lymph node metastases

recurrent lesions of breast
cancer [17]. In addition, the
frequency of CSC markers
was found not to differ
between primary breast can-
cer and metastatic lesions
[48]. Our data showed a

Positive rate (%)

Phenotype

Concordance rate between
No. lymph node Lymph node patients with and without
metastasis  metastasis lymph node metastasis (%)"

51.7% (15/29) frequency of
lymph node metastasis in
TNBC patients with the

CD44+CD247v 51.7 (15/29) 69 (20/29)

CD44CD24  48.3(14/29) 24.1(7/29)
CD44CD24* 0(0/29) 6.9 (2/29)
CD44*CD24* 0(0/29) 0(0/29)

51.7 (15/29)
24.1(7/29)
0(0/29)
0(0/29)

CD44*CD247"*" phenotype,
and a 69.0% (20/29) posi-
tive rate of CD44*CD247"°"
expression in TNBC patients

“Concordance rate is calculated as a combination of both positive and negative
cases in primary and lymph node metastasis, divided by total number of cases.

TNBC remains in dispute. The CD44*CD247"°v,
CD44CD24, and CD44CD24* phenotypes
are most likely to be associated with a worse
prognosis in TNBC patients [44-46]. In this
study, we examined, for the first time, the
prognosis of TNBC patients with and without
lymph node metastases who had diverse
CD44/CD24 expression, and we found that
the CD44*CD247"°" phenotype was the most
common subtype of TNBC compared with
other phenotypes. In addition, significantly
shorter OS and DFS were seen in TNBC pa-
tients with the CD44*CD247"" phenotype rela-
tive to those without the CD44*CD247"" ph-
enotypes. Our data indicate that the CD44*
CD247°" phenotype is strongly associated
with a poor prognosis in patients with TNBC,
which was consistent with the finding that a
CD44*CD247"v profile indicates a poor progno-
sis in breast cancer [17-19, 47]. However, the
CD44*CD247"" phenotype was also reported
not to be associated with clinical outcome and
survival in breast cancer [16]. Further studi-
es to examine the association between the
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with lymph node metasta-
ses, indicating that the fre-
quency of the CD44*CD24”
v phenotype is associated
with lymph node metastasis in TNBC. Previous
studies have shown that the CD44*CD247/'"o%
phenotype is significantly associated with the
ER/PR status, tumor size and tumor grade
[49]. In this study, we found that the
CD44*CD247"" phenotype was not associated
with age, menopausal status, Ki-67 or P53
expression, but correlated with tumor size,
histologic grade, TNM stage, and lymph node
metastasis in TNBC, which was in agreement
with previous reports found in breast can-
cer [47, 49]. These data demonstrate that
the CD44*CD247"°* phenotype correlates with
more aggressive clinicopathological features
of TNBC.

In summary, the results of the present study
demonstrate that CD44 and CD24 are inde-
pendent prognostic markers for patients with
TNBC, and the CD44*CD247"°* phenotype cor-
relates with more aggressive clinicopathologic
features in TNBC. In addition, the CD44*CD24”
' phenotype is strongly associated with a poor
prognosis in patients with TNBC. Our findings

Int J Clin Exp Pathol 2020;13(5):1008-1016
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Figure 3. Kaplan-Meier curves of disease-free survival and overall survival in triple-negative breast cancer patients.
A. Comparison of disease-free survival between patients without lymph node metastases positive and negative for
the CD44*CD247"°* phenotype; B. Comparison of overall survival between patients without lymph node metastases
positive and negative for the CD44+*CD247"°* phenotype; C. Comparison of disease-free survival between patients
with lymph node metastases positive and negative for the CD44*CD247"°" phenotype; D. Comparison of overall
survival between patients with lymph node metastases positive and negative for the CD44*CD247"* phenotype.

may provide new insights into the prognosis of
patients with TNBC.
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