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ABSTRACT

Introduction: The burden of breast cancer across the globe is rising and is
anticipated to cross almost 2 million by 2030. Tumour markers estrogen
receptor (ER), progesterone receptor (PR), and human epidermal growth
factor receptor 2 (HER2)/neu along with cancer stem cells expression
of CD24 and CD44 are crucial in predicting therapy resistance and
prognosis.

Aim: This study was conducted to examine the expression of CD44/ CD24
and to compare and correlate the expression of ER, PR and HER2/neu
with the expression of CD44/ 24, applied immunohistochemical markers
on sectioned wax-embedded blocks of proven cases of carcinoma of
the breast.

Materials and Method: The study spanned a duration of 3 years in a
tertiary care centre and all histologically confirmed radical mastectomy
cases were included. Immunohistochemical staining for ER, PR, HER2/
neu, CD44 and CD24 was performed in formalin-fixed, paraffin wax-
embedded tissue sections.

Results: Seventy participants were enrolled in the study based on
inclusion and exclusion criteria. All cases involved females, averaging
an age of 56.2 years. Histologically majority of participants were of
infiltrating ductal carcinoma. Most cases were of Triple Negative Breast
Cancer (TNBC) type (40%) followed by Luminal A type (30.9%). Among
Infiltrating Ductal carcinoma, 27 were of CD44+/ CD24+ type and 17
were of CD44-/ CD24+ type.

Conclusion: Our study results indicate a correlation between the
CD44+/ CD24- phenotype and molecular subtypes, with the highest
expression noted in the HER2 subtype. We hereby emphasise that
early detection and better management of these cases through a
multimodality approach of markers could help in improved survival.

Keywords: TNBC, CD24/ 44, Cancer Stem Cells, ER PR HER2/neu,
Prognosis
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Introduction

With an estimated 2.3 million new cases globally, breast
cancer incidence in 2020 has surpassed lung cancer. By
the year 2030, epidemiological studies indicate that breast
cancer incidence globally will cross almost 2 million.*=

In breast cancer, CD44 and CD24 are expressed and are
linked to stem cells in both healthy & malignant breast
tissues. Cancer stem cells are crucial as they are the origin
of cells that can be resistant to chemotherapeutic agents,
thereby contributing to complications like recurrence
and spread of cancer. Additionally, tumour markers like
Estrogen Receptor (ER), Human Epidermal growth factor
receptor 2 (HER2), and Progesterone Receptor (PR) are
prognostic tumour markers routinely used in breast cancer
management.*®

In breast tumours, a small, distinct group of cancer stem cells
may be responsible for initiating tumour formation, driving
tumour progression and contributing to chemotherapy
and radiation resistance, ultimately playing a key role in
treatment failure and disease relapse. Analysing CD44/
24 expression to identify and track breast cancer stem
cells could be crucial for predicting therapy resistance
and prognosis, thereby, providing a novel target to cure
breast cancer.®

This study aimed to evaluate the expression of CD44/
CD24 & to compare and correlate the expression of ER, PR
and HER2/neu with the expression of CD44/ 24, applied
immunohistochemical (IHC) markers on sectioned wax-
embedded blocks of confirmed breast carcinoma cases.

Aim & Objectives

e Tostudy the CD44/ CD24 expression in histopatholog-
ically proven cases of carcinoma breast

e To compare and correlate ER, PR and HER2/neu ex-
pression with the expression of CD44/ CD24

Materials & Method

This study was conducted between August 2019 and
September 2022 (3 years) in a tertiary care centre located
in South India and all surgical specimens of suspected/
confirmed malignant tumours were included in the study.
This was both a retrospective and a prospective study.
Study included 55 cases of histologically proven carcinoma
of breast and informed consent was obtained from all the
participants.

Histologically confirmed cases of carcinoma breast were
selected and tumour sections from these cases were selected,
sectioned and stained using monoclonal antibodies for ER.
These were correlated with tumour size and grade.

Inclusion Criteria: All mastectomy cases with histologically
proven carcinoma breast and markers study
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Exclusion Criteria:Trucut biopsies and lumpectomy
specimens, or mastectomy cases without markers study

The institutional ethical committee approved the study.

Data collected during the study included age, sex, tumour
size, tumour site, histological type, histological grade (using
Modified Bloom Richardson System), number of lymph
nodes, and lymph node size.

For the immunohistochemistry study (IHC), five sections,
each of 3-micron thickness from each block were cut and
mounted on positively charged slides. Routine haematoxylin
and eosin staining was performed. Antigen retrieval
was performed by Pressure Technique—Multi Epitope
Retrieval System (MERS). Tris—EDTA at pH 9.0 was used.
IHC was performed using the visualisation system PolyExcel
(Micropolymer detection kit) of ER, PR, HER2/neu, CD44
(PATHINSITU, USA) and CD24 (Abclonal, USA). IHC staining
for ER, PR, HER2/neu, CD44 and CD24 was conducted on
tissue sections preserved in formalin, and embedded in
paraffin wax. The staining procedure was followed as per
the guidelines of the manufacturer.

All the IHC markers were classified as either positive or
negative. Negative cases were defined as those with no
staining or staining in fewer than 10% of tumour cells, while
positive cases were those with staining in more than 10%
of tumour cells. When at least 10% of tumour cells were
evaluated on a scale of 0—3+, positivity was considered if
ER and PR showed strong nuclear staining (3+). Similarly, in
HER2/neu immunostaining, positivity was considered when
strong membranous staining (3+) was noted in a minimum
of 10% of tumour cells. Markers were considered negative
when staining intensity scores were 0—1+.

Results

The study included a total of seventy patients who had a
modified radical mastectomy for breast carcinoma in our
institution during the study period of three years (August
2019 — September 2022). Based on inclusion criteria, the
study included 55 cases, and amongst them, 50 were
invasive ductal carcinoma, 2 medullary carcinomas, 2
mucinous carcinomas & one lobular carcinoma.

The average age of patients was 56.2 years (range: 30—80
years). All were females without any breast cancer family
history.

The average age at the time of breast carcinoma diagnosis
was 56.2 years. The majority of them (70.9%) were 50 years
of age or older (Tables 1 & 2). 1.8% of the cases belonged
to the age group of less than 35 years, whereas 5.45% of
the cases belonged to the age group of less than 40 years.

Of the total 55 cases, 81.8% were more than 5 cm in size
and lymph node involvement was found to be positive
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for 69.1% of cases. The majority of the cases i.e. 47.3%
were of histological grade Il followed by 45.5% cases of

histological grade |. The majority of the cases (92.7%) were
of histological type invasive ductal carcinoma (Tables 1 & 2).

Table |.Descriptive Statistics of Characteristics of Tumour with ER, PR, HER2/neu

Luminal A Luminal B HER2 +ve TNBC
Characteristics All Cases HR+/ HER2- | HR+/ HER2+ | HR-/ HER2+ | HR-/ HER2-
N=55 n=17(30.9%) | n=5(9%) | n=11(20%) | n=22(40%) P Value
Age characteristics
Mean age years (SD) | 56.2 (10.3) 61(10.7) 57.4 (8.96) 55 (7.01) 52.8(10.6) | 0.090
Age groups >50 39(70.9) 13 (23.6) 4(7.3) 9(16.4) 13 (23.6) a6t
(vears) <50 16 (29.1) 4(7.3) 1(1.8) 2(3.6) 9(16.4)
Tumour histopathology
Tumour size >5 10 (18.2) 1(1.8) 0 (0.0) 4(7.3) 5(9.1) 0133
(cm) <5 45 (81.8) 16 (29.1) 5(9.1) 7 (12.7) 17 (30.9)
Lymph node | Positive | 38(69.1) 13 (23.6) 5(9.1) 8 (14.5) 12 (21.8) 0178
involvement | Negative | 17 (30.9) 4(7.3) 0 (0.0) 3(5.5) 10 (18.2)
Grade1 | 25(45.5) 10 (18.2) 1(1.8) 5(9.1) 9(16.4)
His;:;iica' Grade2 | 26(47.3) 6 (10.9) 2 (3.6) 6 (10.9) 12 (21.8) 0.093
Grade 3 4(7.3) 1(1.8) 2(3.6) 0 (0.0) 1(1.8)
Histological types
Intra Ductal CA 51(92.7) 17 (30.9) 5(9.1) 10 (18.2) 19 (34.5)
Lobular CA 1(1.8) 0(0.0) 0(0.0) 0(0.0) 1(1.8)
Medullary CA 1(1.8) 0(0.0) 0(0.0) 0(0.0) 1(1.8) 0836
Mucinous CA 2(3.6) 0(0.0) 0(0.0) 1(1.8) 1(1.8)

ER — Estrogen receptor, PR — Progesterone receptor, Her2/neu — Human epidermal growth factor receptor 2/neu, HR —hormone receptor,
CA — carcinoma, TNBC — Triple negative breast cancer

Table 2.Descriptive Statistics of Characteristics of Tumour with CD44/ 24 Expression

o All Cases | CD44+/ CD24+ | CD44+/ CD24- | CD44-/ CD24+ | CD44-/ CD24- p
Characteristics
N =55 n=29(52.7%) | n=4(7.3%) | n=17(31%) n=5(9%) | Value
Age characteristics

Mean age years (SD) | 56.2(10.3) | 55.8 (11.4) 56.5 (6.56) 56 (10.3) 58.6(6.91) | 0.959

Age groups 250 39 (70.9) 19 (34.5) 3(5.5) 12 (21.8) 5(9.1%) 0.477
(vears) <50 16 (29.1) 10 (18.2) 1(1.8) 5(9.1) 0(0.0)

Tumour histopathology

Tumour size >5 10 (18.2) 5(9.1) 1(1.8) 4(7.3) 0(0.0) 0.664

(cm) <5 45 (81.8) 24 (43.6) 3 (5.5) 13 (23.6) 5(9.1)
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Lymph node | Positive | 38 (69.1) 18 (32.7) 2(3.6) 15 (27.3) 3(5.5) 0.216
involvement | Negative | 17 (30.9) 11 (20.0) 2(3.6) 2 (3.6) 2(3.6)
Grade1 | 25 (45.5) 10 (18.2) 2(3.6) 12 (21.8) 1(1.8)

His;‘;:(’jg;ca' Grade2 | 26 (47.3) 16 (29.1) 2 (3.6) 5(9.1) 3(5.5) 0.198
Grade3 | 4(7.3) 3(5.5) 0(0.0) 0(0.0) 1(1.8)

Histological types

Intra ductal CA 51(92.7) 27 (49.1) 3(5.5) 17 (30.9) 4(7.3)

Lobular CA 1(1.8) 0(0.0) 1(1.8) 0(0.0) 0(0.0) 0.031
Medullary CA 1(1.8) 1(1.8) 0(0.0) 0(0.0) 0(0.0)
Mucinous CA 2 (3.6) 1(1.8) 0(0.0) 0(0.0) 1(1.8)

CD — cluster of differentiation, CA - carcioma

Table 3.Statistical Analysis of Biomarker Expression in Correlation with Types of Tumours

Biomarker | CD44+/CD24+(n=29) | CD44+/ CD24- (n=4) | CDA44-/ CD24+ (n=17) | CDA44-/ CD24- (n = 5)
Luminal A (n =17)
Positive 10 0 7 0
Negative 19 4 10 5
Sensitivity (%) 58.8 0.0 41.2 0.0
Specificity (%) 50.0 89.5 73.7 86.8
Kappa value 0.0738 -0.133 -0.149 -0.133
Agreement Slight Nil Nil Nil
Luminal B (n = 5)
Positive 3 0 1 1
Negative 26 4 16 4
Sensitivity (%) 60 48 20 20
Specificity (%) 0 92 68 92
Kappa value 0.0253 -0.088 -0.0577 0.120
Agreement Slight Nil Nil Slight
HER2 +ve (n = 11)

Positive 2 0 6 3
Negative 27 4 11 2
Sensitivity (%) 18.2 0.0 54.5 27.3
Specificity (%) 38.6 90.9 75.0 95.5
Kappa value -0.268 -0.020 0.245 0.286
Agreement Nil Nil Fair Fair

TNBC (n = 22)
Positive 14 4 3 1
Negative 15 0 14 4
Sensitivity (%) 63.6 18.2 13.6 4.5
Specificity (%) 54.5 100.0 57.6 87.9
Kappa value 0.173 0.211 -0.299 -0.0870
Agreement Slight Fair Nil Nil

CD — cluster of differentiation, Her2/neu — Human epidermal growth factor receptor 2/neu, TNBC — Triple negative breast cancer
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Molecular subtyping of breast cancer showed that most
histopathologically confirmed cases were of Triple Negative
Breast Cancer (TNBC) type (40%) followed by Luminal A
type (30.9%). Lymph node involvement was found to be
positive for 13 of the Luminal A molecular subtype followed
by 12 cases belonging to the TNBC molecular subtype of
breast carcinoma. The histological grading revealed 12
cases of TNBC histological grade Il, which was the major
subcategory. Among the cases of histological type invasive
ductal carcinoma, 19 were of TNBC molecular subtype and
17 were of Luminal A molecular subtype (Table 1).

CD44, CD24 expression analysis in breast cancer tissues
revealed that the majority of histopathologically confirmed
cases were of CD44+/ CD24+type (52.7%) followed by CD44-
/ CD24+ type (31%). Lymph node involvement was found
to be positive for 18 of the CD44+/ CD24+ type followed
by 15 cases belonging to the CD44-/ CD24+ type. The
histological grading revealed 16 cases of CD44-/ CD24+ type
and histological grade I, which is the major subcategory.
Among the cases of histological type infiltrating ductal
carcinoma, 27 were of CD44+/ CD24+ type and 17 were
of CD44-/ CD24+ type (Table 2).

The expression of biomarkers in correlation with the types
of tumours was statistically determined by the level of
agreement. The agreement between the TNBC molecular
subtype and CD44+/ CD24- expression in the breast cancer
tissues was found to be fair with Cohen’s kappa value of
0.211. Also, the highest specificity of 100% was observed for
CD44+/ CD24- expression in the TNBC molecular subtype.
The agreement between HER2 +ve molecular subtype and
CD44-/ CD24+ and CD44-/ CD24- expressions were also
found to be fair with Cohen’s kappa value of 0.245 and
0.286, respectively (Table 3).

Discussion

The prognostic factors for breast carcinoma clinically
considered are age, morphological features i.e. tumour
size, histologic grade, lymph node status, tumour stage,
lymphovascular invasion and ER, PR, and HER2/neu receptor
expression status. The novel cluster of differentiation (CD)
markers like CD44/ CD24 are also found to have prognostic
implications towards patient survival.t®

The average patient age in the current study was 56.2 years
which coincides with the age group of carcinoma breast
incidences among Indian women.?In a systematic review
of TNBC cases over a decade, the average age was 46.2
years, while another meta-analysis reported an average
age of 50 years.®®

Grade 3 was the most common histologic grade (Modified
Bloom Richardson) in the Korean study,® and similar data
was also found in other Indian studies. However, in our
study, Grade 2 was the most common histologic grade.

T2N1aMo (Stage IIA) was the most common disease stage
in our study population.?®

Most studies show the prevalence of luminal A as the
most common type, while in our study TNBC or basal-like
breast cancer was comparatively more common. In our
study prevalence of TNBC was 40%, while in other Indian
studies, it varied between 27-35% with an average of 31%.
In the Western world, the prevalence of TNBC is usually
between 12-17%. This high prevalence of TNBCis probably
contributing to the high fatality rate in patients due to
breast cancer in our country.?®

In our study, 25.4% of cases were positive for ER PR and
32.7% of cases showed HER2 positivity. The hormone
positivity of our population is less than that of other
similar study in south India (25.4% vs 41.5%) but we have
observed a similar rate of higher HER2 positivity (32.7% vs
35.4%). HER2/neu + have complicated management, high
recurrent rates and poor prognosis.?

In our study, a tumour size of more than 5 cm was noted
in 18% of cases. In Indian studies, it varies between 3—65%
with an average of 24%, which is within the standard range.
In 69% of the cases, lymph nodes showed the presence of
tumour cells, while it varied between 39% and 90% with
an average of 57% in other studies.’

Hormone receptor-positive cancers generally grow at
slower rates, when compared with hormone receptor-
negative cancers. Molecular subtyping of breast cancer,
in our study, revealed the majority of histopathologically
confirmed cases were of Triple Negative Breast Cancer
(TNBC) type (40%) followed by Luminal A type (30.9%).
Finding each specific type/ hormone receptor sensitivity
has a distinct response to cancer therapy including drug
resistance.%1314

In the present study, 32.4% of the patients had HER2+
which is present in other studies.”*®

Ahmed et al. and Mylona et al., in their study, reported that
CD44-/ CD24+ was associated with shorter metastasis-free
survival time and poor prognosis in the group of grade 2
tumours.®*' In our study, CD44-/ CD24+ expression was
observed mainly in grade 1 tumours.

In a study by Horiguchi et al., higher CD44+ expression was
related to smaller tumour size, negative axillary LN and
lower stage.’® In our study, higher expression of CD44+
was observed in 60% (35) of cases, with a majority in the
5th decade [66.7% (22)], and tumour size less than 5 cm
with lymph node positivity. Higher CD44 expression is
related to poor prognosis and metastatic involvement of
lymph nodes.?81°

In a study by Baumann et al., higher CD24+ expression
was related to increased tumour cell metastasis in vivo,
proliferation, spreading and invasion.?® In a study reported
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by Athanassiadou et al. higher CD24 expression correlated
with increased stage, tumour grade 3, and positive lymph
node.?! In our study, higher expression of CD24+ was
observed in 46 cases, with a majority in the 5th decade with
tumour size less than 2.5 cm and lymph node positivity.

Honeth et al. have identified that HER2-positive tumours
had high expression of CD24.22 Jang et al. identified that
expression of CD44 was significantly correlated with HER2
negative status. They also showed that the expression
of CD24 was significantly correlated with HER2-positive
status.? In our study also, HER2-positive tumours showed
higher expression of CD24, while HER2 negative status
was associated with expression of CD44. Wu et al. have
identified that the CD44+/ CD24- phenotype was significantly
associated with TNBC. CD24+/ CD44- phenotype was more
associated with the HER2-positive subtypes.? Similar data
was also found in our study regarding the association of
TNBC with CD44+/ CD24- and all four cases in our study
showing CD24+/ CD44- showed HER2 positive status.

Limitations

The participants were not followed up because of the
pandemic situation, so disease-free survival could not be
assessed which was one of the objectives. The sample size
was small due to logistic support.

Conclusion

Triple-negative breast cancer cases were more in our study.
They are considered a bad prognosis as it is recognised
to be less favourable to treatment. Our results showed
a correlation between the CD44+/ CD24- phenotype
and molecular subtypes, with the maximum expression
occurring in the HER2 subtype.

The stem cells causing cancer may contribute to treatment
resistance due to their capacity to endure chemotherapy
and radiotherapy. Identifying these cells using cancer
stem-cell markers could potentially lead to new treatment
strategies for breast cancer. We hereby emphasise that
early detection and better management of these cases
through a multimodality approach of markers could help
in improved survival.

Source of Funding: Vinayaka Missions University
Conflict of Interest: None
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