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ABSTRACT

BACKGROUND: The molecular subtyping of breast cancer is related to estrogen receptor (ER), progesterone receptor (PR), and human
epidermal growth factor receptor 2 (HER2). The present study aimed to systematically analyze the expression, function, and prognostic
value of ER, PR, HER2, and their prevalence in different ethnic groups and among Bangladeshi breast cancer (BC) patients.

METHOD: This study included 25 BC patients and 25 healthy controls, aged between 25 and 70years. The study characteristics were com-
pared using the ANOVA and Chi-square tests. Also, the multi-Omics dataset of 775 BC patients from TCGA was analyzed for ER, PR, and
HER2 in breast cancer subtypes and compared among different ethnicities.

RESULTS: For most BD breast cancer cases, the age at diagnosis was =40years, had only a histopathological diagnosis (P-value .004), and
no history of mammography or other pathological tests. For treatment, had only chemotherapy (P-value .004) and no hormone therapy (P-value
<.001). The majority of patients (>60%) were of stage-Il cancer and TNBC (40%) subtype. The BC ethnicity-stratified data of ER, PR, and HER2
indicated a strong correlation across all ethnicities (P-value 4.99e-35; P-value 3.79e-18). The subtypes stratified data indicated a higher per-
centage of Luminal A (568.3%) in Caucasians whereas Luminal B (24.3%) and HER2 (25.2%) subtypes were found higher in Asians and TNBC
(36.0%) were found in Africans. However, a significantly higher frequency of TNBC (52.2%) compared to Asians (14.8%) was found in BD
patients (P-value <.001). The overall survival analysis of BC subtypes demonstrated that Luminal B (P-value .005) and HER2 enriched (P-value
.015) were significantly more aggressive and were dominant in the Asian population.

CONCLUSION: A significant association was found between BC subtypes with different ethnicities and Bangladeshi women and these find-
ings might aid in the prevention, management, and raising of awareness against risk factors in the near future.
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Background

Breast cancer is the most prevalent cancer in women and is a
leading cause of death, worldwide. In 2020, there were 2.3 mil-
lion women diagnosed with breast cancer and 685,000 deaths
occurred globally.? Almost half of the incidence (45.4%) and
mortality (50.6%) cases were observed in Asia.3* Breast cancer
is not a transmissible disease. The female gender is the strong-
est risk factor in association with breast cancer. In almost half
of breast cancer incidences, women have no other potential risk
factor other than gender (female) and age (over 40years). Some
other factors like obesity, alcohol consumption, family history
of breast cancer, radiation exposure, reproductive history, such
as age that menstrual periods began and age at first pregnancy,
tobacco use, and postmenopausal hormone therapy increase
the risk of breast cancer.>11

Most breast cancer arises in the epithelium cells of the ducts
(85%) or lobules (15%) tissues in the breast. If the cancerous
growth remains confined to the duct or lobule causes no symp-
toms and has minimal potential for spreading (metastasis).
However, if, over time, the cancers spread and invade the sur-
rounding breast tissue (invasive breast cancer), and then pro-
gress to the lymph nodes (regional metastasis) or other organs
in the body (distant metastasis), could be life-threatening.
Most of the women who die from breast cancer are because of
widespread metastasis.>®’ Breast cancer treatment can be
highly effective, with survival probabilities of 90% or higher,
especially when the disease is identified early. Treatment
generally consists of a combination of surgery, radiation ther-
apy, and anti-cancer medication (endocrine hormonal therapy,
chemotherapy, and/or targeted biologic therapy, antibodies) to
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control, treat and/or reduce the risk of cancer spreading
(metastasis).>>6

Medical treatments for breast cancer are based on the
molecular subtyping of the cancers: depending on the expres-
sion (+) or not (=) of the 3 essential receptor proteins: estro-
gen receptor (ER), progesterone receptor (PR), and human
epidermal growth factor receptor 2 (HER2).2? Cancer that
expresses the ER and/or PR, is likely to respond to hormone
therapies. Breast cancers may independently overexpress the
HER?2 oncogene. These HER2-enriched cancers are amena-
ble to treatment with targeted biological agents. The major
subtypes based on hormonal receptors and progressions are
Luminal A, Luminal B, HER2 positive, and Basal type or
Triple-Negative Breast Cancer (INBC).2121> As the treat-
ment process relies heavily on these molecular subtypes of
breast cancer, the prevalence of the hormonal receptors in
various ethnic groups across the globe may indicate or reveal
which subtypes of breast cancer are more prevalent in a spe-
cific ethnic community. Such studies had been conducted
before for different races.’>!8 The hormone receptors are used
clinically for diagnosis and treatment and the prevalence may
vary for every race.!8-21

By 2040, the incidence and mortality of breast cancer
patients will increase globally, dominantly in Asia and
Bangladesh.?? The molecular understanding of breast cancer
requires characterizing its genetic alterations like mutations,
copy number variations, and structural changes in tumor
DNA that might cause changes in transcription, protein
activity, and epigenetic regulations. The present study aimed
to systematically analyze the expression, function, and prog-
nostic value of ER, PR, and HER?2 in different breast cancer
subtypes. The main objective was to assess the prevalence of
the hormone receptors (ER, PR), and epidermal growth fac-
tor receptor (HER2) in Bangladeshi BC patients by follow-
ing through with treatment, diagnosis, demographic, and
clinical data analysis. To compare the breast cancer subtypes
in different races (Caucasian, African, and Asian) multi-
omics data were retrieved from TCGA (The Cancer Genome
Atlas) and cBioPortal-21:23-26 and evaluated through bioin-
formatics analysis using various tools and databases like cBio-
Portal, GEPIA2, GISTIC, HPA, PDB, etc. Also, conducting
an in-detailed evaluation of the hormone receptors ER, PR,
and epidermal growth factor receptor HER2 (levels of
mRNA, protein, mRNA vs protein expression, and mutual
exclusivity analysis) for the Asian population. The goal was to
interrelate genomic subtype data with clinical features to
understand how these might affect clinically relevant pheno-
types such as survival. In particular, assessing the link between
survival and expression of the ER, PR, and HER2 receptors
in breast cancer to validate their prognostic relevance in over-
all survival in different ethnicity. This study is also an attempt
to facilitate better management, diagnosis and treatment for
Bangladeshi women.

Methods

Patients and healthy controls: This study included 25 random
breast cancer patients and 25 healthy controls between 25 and
70years of age by random sampling. The breast cancer patient
samples were collected from the National Institute of Cancer
Research and Hospital (NICRH), Mohakhali, Dhaka, during
the period from December 2021 to February 2022. Breast can-
cer was confirmed by the histopathological evaluation. The
inclusion criteria for this study were: females between 25 and
70years of age, confirmed breast cancer patients (based on
medical reports), not pregnant, had no major comorbidities
and willingly agreed to participate. The clinicopathological
characteristics of breast cancer patients including the molecu-
lar subtyping, histopathological type, grade, stage of the dis-
ease, and the expression of reproductive hormones ER, PR, and
the epidermal growth receptor HER2 were obtained from the
patient’s medical records. The study was approved by the Ethics
Committee of the National Institute of Cancer Research and
Hospital (NICRH) and written informed consent was obtained
from all study participants.

Data collection: A semi-structured questionnaire was used to
collect data from the study participants. Information was col-
lected through interviews and data about the disease, diagnosis
and treatment of breast cancer patients were taken from their
medical records. Sociodemographic data and participants’ per-
sonal information like menstrual history, menarche age, food
habits, lifestyle, family history of the disease, and medical his-
tory of the study participants were collected. Breast cancer
stage, type, and hormonal status were also collected from their
medical records. All collected data were stored both digitally
and manually in different record files. Anthropometric data of
the study participants such as weight were measured using a
digital balance, and height, the circumference of the hip, and
the waist were measured using a standard measuring tape.
Then, body mass index (BMI), and waist-to-hip ratio (WHR)
were calculated through standard formula. BMI= 30 was con-
sidered obese and WHR = 0.85 was considered above the nor-
mal range.”” The study participants’ blood pressure was
measured using a digital sphygmomanometer (Normal range
for systolic: <120mmHg, for diastolic: <80mmHg). The
study was conducted fully, ensuring the participants’ privacy
and anonymity and following the Declaration of Helsinki
guidelines throughout the process.

Clinicopathological tests: The study participants’ blood sam-
ples were collected into BD Vacutainer® tubes by trained
authorized personnel. All biochemical analysis of the blood
samples was conducted at the Department of Biochemistry
and Molecular Biology, Bangabandhu Sheikh Mujib Medical
University (BSMMU), and their reference values were used to
evaluate the study characteristics.

Ethical Approval: The protocol for this study was approved
and ethical clearance was provided by the Institutional review
board (IRB) of the National Institute of Cancer Research and
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Hospital (NICRH) (Reference: NICRH/Ethics/2021/323).
All participants were properly informed about the procedures
of the study and their verbal and written consents were taken
before inclusion in the study.

Statistical analysis: All data were analyzed using SPSS
Statistics 20 (Version 27.0. Armonk, NY: IBM Corp.2020),
and Microsoft Excel (2013). The number of participants was
presented as a whole number, percentage, and average *
standard deviation. Chi-square and ANOVA tests were
performed and a P-value less than .05 was considered statisti-
cally significant.

Cancer informatics analysis

The cBio Cancer Genomics Portal (cBioPortal), an online
platform for cancer genomics data (http://www.cbioportal.org)
was used to retrieve and analyze multi-omics data from The
Cancer Genome Atlas (TCGA, Pan-Cancer).20:21,23-26,2829 A
total of 24 datasets of Breast cancer (BC) from cBioPortal were
screened for inclusion based on the following criteria: female,
presence of race/ethnicity data, information about cancer sub-
types based on estrogen receptor (ER), progesterone receptor
(PR), and human epidermal growth factor receptor 2 status
(HER?2). After screening, the cBioPortal breast invasive carci-
noma dataset (TCGA, Pan-Cancer Atlas) containing 1084
samples was selected for further investigation.30-36

Data source: The z-score-transformed expression data of
1084 samples (n=1084; publicly available cases) of breast inva-
sive carcinoma (TCGA, Pan-Cancer Atlas) were downloaded
for further bioinformatics analysis from the cBioPortal (https://
www.cbioportal.org). In this study, the 1084 dataset was
screened for up-regulation, with a minimum of 2-fold higher
expression values of the cancer subtypes based on estrogen
(ER, ESR1 gene), progesterone (PR, PGR gene), and human
epidermal growth factor receptor 2 status (HER2, ERBB2
gene). The genomic data of ER, PR, and HER2 containing
mutations, putative copy-number alterations, with an mRNA
expression z-scores (RNASeq V2 RSEM) threshold *+2.0
were retrieved from GISTIC (Genomic Identification of
Significant Targets in Cancer). After screening for BC sub-
types, RNAseq data of 149 TNBC (Triple Negative or Basal
BC) samples, 561 Luminal BC (Luminal A or Luminal B
breast cancer) samples, and 65 HER2 positive BC samples and
their corresponding clinical information were downloaded
from the National Cancer Institute Genome Data Sharing
web portal TCGA for further analysis (Supplemental File S1).
All gene expression data were normalized by log2 transforma-
tion. Comparison between normal tissue and cancer tissue
used 2 sets of #-tests; P-value <.05 indicated the statistical
significance. The cBioPortal for Cancer Genomics database
was used to analyze the frequency of gene alterations (includ-
ing mutations, deletions, copy number gains, and amplifica-
tions) in breast cancer, and the “Plots tab” was used to perform

correlation analysis between genomics data (copy number
alteration and gene expression), and proteomics (RPPA, and
mass spectrometry-based) data, where mutation and copy
number data were overlaid onto the correlation plots. The
Kaplan-Meier curve, log-rank test, and Cox proportional haz-
ard regression model were used for all survival analyses in this
study. The correlation analysis between the 2 variables used
Spearman’s or Pearson’s test; P-value <.05 were considered sig-
nificant. All analyses were conducted according to the cBio-
Portal guidelines.

Patient population analysis: For the BC patient population
analysis, information on patients’ age, sex, tumor stage, breast
cancer subtype, and race were evaluated using the OncoPrint in
cBioPortal. Co-expression of ER, PR, and HER2 to BC was
conducted using the GTEx and TCGA data in GEPIA2.57 In
cBioPortal, co-expression analysis for ER, PR, and HER2
genes, Pearson’s and Spearman’s correlation coefficients were
calculated against all other genes in the selected gene expres-
sion profile, and the P-value <.05 indicated the statistical sig-
nificance. Also, in cBioPortal mutual exclusivity analyses were
conducted for ER, PR, and HER2, where Fisher’s exact test
was used to analyze whether alterations are significantly mutu-
ally exclusive or co-occurring between every pair of query
genes, and a P-value <.05 was considered significant.

Survival analysis: In this study, survival analysis was con-
ducted using the Kaplan-Meier estimators for overall survival
(OS), disease-specific survival (DSS), progression-free survival
(PFS), and disease-free survival (DFS) on the Breast Invasive
Carcinoma dataset (TCGA, Pan-Cancer Atlas) from cBioPor-
tal.30-36 The dataset was filtrated by the immune histochemis-
try (IHC) status of estrogen receptor (ER), progesterone
receptor (PR), and human epidermal growth factor receptor 2
(HER2), and survival analyses were compared between BC
subtypes. The statistical significance between the survival
curves was analyzed using the log-rank test, and a P-value
<.05 was considered statistically significant.

Results and Discussion

Anthropometric and clinicopathological data analysis of Bangladeshi
patients: The results of ANOVA analysis data of Bangladeshi
(BD) breast cancer patients indicated that the risk factors like
age (=45years; P-value <.001), height (<1.5m; P-value
<.001), and blood pressure (systolic >120mmHg, P-value
.030; diastolic >80mmHg; P-value .006) were significantly
associated with breast cancer (Table 1). Among the included
study participants a significantly higher number of breast can-
cer cases were with =45years of age (60%), <1.5m in height
(60%), systolic blood pressure >120mmHg (44%), and dias-
tolic blood pressure >80mmHg (44%) compared to their
respective controls (Table 1). No significant associations were
found between breast cancer progression and weight, BMI,
waist circumference, WHR, RBS, HbA1c, and creatinine levels
(Table 1).
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Table 1. Anthropometric and clinicopathological characteristics data of the Bangladeshi study participants.

VARIABLES REFERENCE VALUE CASE N (%) CONTROL N (%) P-VALUE

Age (y) 46.12+10.22 36.49 + 11.11 <.001
=45 15 (60) 06 (24) .01
<45 10 (40) 19 (76)

Height (m) 01.50 +00.08 01.57 +0.07 <.001
=15 10 (40) 20 (80)
<15 15 (60) 05 (20) .004

Weight (kg) 57.55+ 12.34 61.84 +08.87 076
~59 11 (44) 15 (60) .258
<59 14 (56) 10 (40)

Body mass index (BMI) 25.45 + 04.97 25.19+03.14 766

(kg/m2)
=30 04 (16) 01 (04) 157
<30 21 (84) 24 (96)

Waist-to-hip ratio (WHR) 00.94 = 00.08 00.90 = 00.05 -259
=085 22 (88) 23 (92) 637
<0.85 03 (12) 02 (08)

Waist circumference (cm) 84.66 +09.87 87.95+ 12.57 .361
=80 18 (72) 19 (76) 747
<80 07 (28) 06 (24)

Blood pressure (Systolic) 119.16 +21.97 113.45+09.89 -030

(mmHg)
~120 11 (44) 03 (12) .012
<120 14 (56) 22 (88)

Blood pressure 81.32+15.97 74.05+ 07.64 -006

(Diastolic) (mmHg)
>80 11 (44) 02 (08) 004
<80 14 (56) 23 (92)

Random blood glucose 05.87 + 01.21 05.32 +01.49 108

(RBS) (mmol/dL)
=78 01 (04) 02 (08) 552
<7.8 24 (96) 23 (92)

HbAtc (%) 05.90 +00.67 05.81 +00.87 638
~6.3 07 (28) 04 (16) .306
<63 18 (72) 21 (84)

Creatinine (mg/dL) 00.69 +00.15 00.75+00.16 096
<0.6 & >1.2 06 (24) 04 (16) 479
0.6-1.2 19 (76) 21 (84)

Data are expressed as number (%), mean = standard deviation (SD). P-value was determined by the Chi-square test and ANOVA where appropriate. P-value <.05 is
considered significant and marked in bold.
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Table 2. Study characteristics of Bangladeshi breast cancer patients’ data.

VARIABLE CATEGORIES
Age at diagnosis
<40
=40
Cancer stage Il
1
Cancer type TNBC

Invasive ductal cell carcinoma

Ductal cell carcinoma

Diagnosis
Physical Yes
No
Mammography Yes
No
FNAC Yes
No
Pathology Yes
No
Histopathology Yes
No
Treatment
Oral Yes
No
Hormone Yes
No
Radiotherapy Yes
No
Chemotherapy Yes
No
Surgery Yes
No

CASE N (%) P-VALUE
45.25 + 08.66

06 (25)

18 (75) .014
11 (61) .346
07 (39)

09 (41) 216
06 (27)

07 (32)

11 (46)

13 (54) 683
05 (21)

19 (79) .004
11 (46)

13 (54) 683
07 (29)

17 (71) .041
19 (79) .004
05 (21)

16 (67) 102
08 (33)

00 (00)

24 (100) <.001
08 (33)

16 (67) 102
19 (79) .004
05 (21)

05 (20)

20 (80) .003

Data are expressed as number (%), mean = standard deviation (SD). P-value was determined by the Chi-square test. P-value <.05 is considered significant and marked

in bold. The zero was adjusted.

Diagnosis, treatment, of BD breast cancer subtype: The Chi-
square test results on the collected data indicated that for most
of the BD breast cancer (BC) cases the age at diagnosis was
=40years (P-value .014), had a histopathological diagnosis
(P-value .004) but had no records/history of mammography
(P-value .004) or other pathological tests (P-value .041)

(Table 2). For treatment, most of the BC patients had chemo-

therapy (P-value .004),and had not undergone surgery (P-value
.003) or had hormone therapy (P-value <.001) (Table 2).
Moreover, the analysis of Bangladeshi breast cancer patients’
data demonstrated that more than 60% of study participants

were of stage II cancer and about 40% were of TNBC. The
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Breast Cancer Data mining
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+ Patients detailed data
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¢ Genomic data
¢ Clinical data
* Proteomic data

Total records identified through data mining
24 datasets comprising (N = 11253 samples)

¢ Multi Omics data

Complete TCGA records after screening
4 datasets comprising (N =3835 samples)

Full TCGA Pan-Cancer Atlas datasets assessed
for eligibility 1 dataset (N = 1085 samples)

Total N =775 samples of Breast Invasive Carcinoma
included; comprising of Caucasian (585 samples),
African (137 samples), and Asian (53 samples)

Figure 1. Flow chart of the data screening, selection, and retrieval of breast invasive carcinoma from TCGA, Pan-Cancer Atlas.

frequency of cases who were diagnosed by physical examina-
tion, mammography, FNAC, pathological and histopathologi-
cal tests were as 46%, 21%, 46%, 29%, and 79% respectively.
The percentage of patients who took medication orally, radio-
therapy, chemotherapy, and surgery were as 67%, 33%, 79%,
and 20% respectively. None of the BC study participants had
any history of hormone therapy (Table 2).

Cancer informatics analysis: For cancer bioinformatics, multi-
omics data analysis was performed on the TCGA Pan-Cancer
dataset after screening and filtering various datasets from
TCGA, and cBioPortal (Figure 1). Finally, a dataset compris-
ing 775 samples of breast invasive carcinoma patients based on
subtypes, and race (n=775; TCGA, Pan-Cancer Atlas) was
included for further analysis (Figure 1). The included dataset
comprised of 3 different ethnicities/race categories: Caucasians
(n=585); Africans (n=137) and Asians (n=>53) (Figure 1). The
Caucasian BC subtypes included samples Luminal A (n=343),
Luminal B (n=112), HER2 (n=35), and Basal/Triple
Negative (TNBC) (n=95). Similarly for the African BC

subtype samples of Luminal A (n=50), Luminal B (n=24),
HER2 (n=15), TNBC (n=48); and the Asian BC subtype
samples of Luminal A(n=18), Luminal B (n=14), HER2
(n=15) and TNBC (n=6) included for further analysis
(Supplemental File S1).

Fraction genome alteration and mutation count

analysis of the BC subtypes in different races

The mRNA expression data from cBioPortal of Breast Invasive
Carcinoma (n=775), stratified by different ethnicity/race cat-
egories, were analyzed for frequency of gene alterations
(including mutations, deletions, copy number gains, and ampli-
fications) in the hormone receptor genes of ER (ESRI), PR
(PGR), and the epidermal growth factor receptor gene HER2
(ERBB2). The scattered plot of the Spearman’s and Pearson’s
correlation analyzed data indicated significant fractions of
genomes alteration for the ER, PR, and HER2 genes
(Spearman’s P-value 4.99e-35; Pearson’s P-value 3.79¢-18)
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correlation plot. (B) Bar plot of alteration event frequency (%) for the genetic subtypes of ER, PR, and HER2 receptors in different races. (C) Putative copy

number alterations from GISTIC.

across all ethnicity (Figure 2A). The Chi-squared analysis of
the sample-level enriched data of ER, PR, and HER2 recep-
tors suggested a strong correlation between mutation count
and fraction genome alteration in the race category. Moreover,
the bar plot of alteration event frequency in hormone receptors
for different races and results of alteration event frequency for
genetic subtype data of ER, PR, and HER2—receptors
showed that the alteration event frequency (%) of HER2 was
significantly higher in BC across all races than in ER and PR
(Figure 2B). Comparing across different races, the HER2 data
indicated significantly higher alteration frequency in Asians
(P-value 2.97¢-6) than in Caucasians or Africans (Figure 2B).
Alterations in ER and PR were also higher in Asian than in
other races but was not significant (Figure 2B). Also, the box
plot of copy number alterations (CNAs), versus mRNA expres-
sion for hormone receptors among different races analyzed
data indicated amplification/mutation events in these genes.
The CNAs for hormone receptors from GISTIC indicated
higher amplification of HER2 in BC across all races than ER
and PR (Figure 2C). For these 3 receptors, diploid and shallow
deletion were most common for ER (ESRI), and PR (PGR)
whereas HER2 (ERBB2) had more gain or amplification in
BC samples (Figure 2C).

Breast cancer molecular subtype analysis: The stacked bar plot
analysis of fraction genome altered data stratified by breast
cancer subtypes suggested a higher percentage of Luminal A
(58.3%) in the Caucasian population whereas Luminal B
(24.3%) and HER2 (25.2%) subtypes were more in the Asian
population and a higher frequency of TNBC (36.0%) was
found in the African population (Figure 3A) (Table 3A). Also,
the stacked bar plot analyzed data indicated that the highest
number of fraction genome alterations was found in basal/
TNBC subtype among all race groups, and predominantly
higher in Caucasian and African ethnicity based on the median
value. Similarly, the lowest fraction of genome alterations was
detected in the Luminal A breast cancer subtype patients of all
races and mostly in Caucasian ethnicity (Figure 3A)
(Supplemental File S2). However, the included Vietnamese
population analyzed data indicated a higher frequency of
Luminal A (32.5%) subtype and the Bangladeshi BC partici-
pants’ data in this present study showed a significantly higher
frequency of TNBC (52.2%) subtype (P-value <.001)
(Table 3A). When the BD population data were compared
with the Asian population, the results indicated significantly
higher Luminal A frequency in the Asians (P-value .001) than
in the Bangladeshi population. Further, the expression data of
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Figure 3. ER, PR, and HER2 expression analysis in TCGA Tumor/Normal GTEXx expression datasets. (A) Fraction genome altered in different races by
BC subtypes, (B) compared the expression status of ER, PR, and HER2 in the TCGA breast cancer (BC) dataset with the corresponding normal tissues of
the GTEx datasets, and (C) correlation analysis plot of ER, PR, and HER2 expression in TCGA. A P-value <.05 was considered significant.

BC subtypes of the Caucasian, African, and Asian races were
analyzed for mutual exclusivity based on hormone receptors
ER (ESRI), PR (PGR), and epidermal growth factor receptor
HER?2 (ERBB2). The summary statistics on mutual exclusivity
and co-occurrence of each pair of these receptors suggested
that ER had a greater tendency toward co-occurrence with
both PR and HER2 (ESR1/PGR: P-value .049 and ESR1/
ERBB2: P-value .052), while PR and HER2 were mutually

exclusive (Table 3B). This study’s breast cancer subtype analy-
sis results align line with the observations of previous similar
studies in different populations.38-4!

To get further insights into the up-regulated and amplified
genes, we compared and evaluated the expression data of ER,
PR, and HER2 between the cases and controls. The box plot of
tumor/normal expression analyses of the TCGA GTEx data-
set of the hormonal regulator genes ER (ESRI), PR (PGR),
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Figure 4. Survival analysis outcome in patients by breast cancer (BC) subtypes. (A) The stack bar plot of breast cancer (BC) subtypes expression data in
different races with P and q values. (B) Kaplan-Meier plots of overall survival (OS) difference in patients by cBioPortal. Note that the different survival
characteristics were of different datasets.

and the epidermal growth factor receptor HER2 (ERBB2)
between normal healthy breast tissue samples (controls,n=291)
and breast invasive carcinoma samples (cases, n=1084)

analyzed data indicated significant up-regulation of ER (ESR1,
P-value <.01) and HER2 (ERBB2, P-value <.01) in breast
cancer patients compared to the healthy controls (Figure 3B).
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Table 4. Survival analysis data of breast cancer subtypes by cBioPortal.

NUMBER OF EVENTS N (%)

MEDIAN MONTHS OVERALL

SUBTYPES TOTAL NUMBER OF CASES,
N (%)

TNBC/Basal 149 (19.2)

HER2 enriched 65 (08.4)

Luminal A 411 (53.0)

Luminal B 150 (19.4)

In addition, the correlation analysis of these receptors’ ER, PR,
and HER2 expression was performed. The analyzed data indi-
cated a moderate positive correlation between ER and PR
(Spearman’s: R .59, P-value 4e-129; Pearson’s: R .27, P-value
0). However a moderate to low negative correlation was
observed between ER and HER2 (Spearman’s: R 0, P-value
4.8e-55; Pearson’s: R -.062, P-value .022) and between HER2
and PR (Spearman’s: R .23, P-value 7.1e-18; Pearson’s: R
-.068, P-value .012) (Figure 3C).

Prevalence of BC subtypes in different races and survival analy-
sis: The breast cancer subtype expression data of the TCGA,
Pan-Cancer Atlas dataset were analyzed and the stacked bar
plots of BC subtypes protein expression in different races with
the percentage of samples between subtypes data also indicated
that the Luminal A subtype (ER+, PR+, and HER2-) was
more prevalent in the Caucasian, whereas the Luminal B
(ER+, PR~ and HER2+/-) and HER2 enriched (ER-, PR-,
and HER2+) subtypes were more prevalent in the Asians
(Table 3A) (Figure 4A). The TNBC (ER-, PR-, and HER2-)
subtype was found more prevalent in Africans (Table 3A)
(Figure 4A). In addition, the comparison between breast cancer
subtypes data indicated that most of the pair comparisons
were significant P-values except for the pair (Luminal A vs
Luminal B) (Figure 4A).

Finally, to evaluate the clinical outcome with patient prog-
nosis, the Kaplan-Meier plots of survival analyses of overall
survival (OS) differences in patients of BC subtypes compared
with Luminal A indicated the lower median months (95% CI)
for patients with Luminal B [95% CI: 129.57 (81.63-NA),
log-rank P-value 4.713¢-3] and HER2 enriched [95% CI:
212.25 (100.70-NA), log-rank P-value .015] BC subtypes and
overall lower survival rate against Luminal A in log-rank test
(Figure 4B) (Table 4). Although the KM plot of TNBC did
not show significant change from Luminal A, the number of
events with median months (95% CI) indicated Luminal A
had a lower number of events (10.2%) than TNBC (12.1%),
Luminal B (18%), and HER2 (18.5%) (Table 4). Results indi-
cated that Luminal A with overall survival duration (months)
was significantly higher in comparison to other subtypes. The
median months of overall survival analysis were lowest for
Luminal B and then for HER2 which suggested that these
subtypes were more aggressive and dominant in the Asian pop-
ulation. These results support and are in line with the findings

(95% Cl)

18 (12.1) 245.09 (245.09-NA)
12 (18.5) 212.25 (100.70-NA)
42 (10.2) 216.75 (122.83-NA)
27 (18.0) 129.57 (81.63-NA)

of some previous studies.*>*** KM plot of univariate analysis for
OS showed significant differences in survival between the BC
molecular subtypes (log-rank P-value .0105) (Figure 4B).

Ewaluation of ER, PR, and HER2 receptor biomarkers in
Asian ethnicity: The vital information of each patient’s
clinical data was extracted from TCGA and cBioPortal.
Immunohistochemistry (IHC)-based receptor status, from
Cancer Digital Slide Archive® for BC patients indicated dif-
ferentiated expression pattern staining of Luminal A, Luminal
B, HER2 enriched, and TNBC (Figure 5A) (Supplemental
File 3). Further, the Asian patients’ data on hormone receptors
ER, PR, and the epidermal growth receptor HER2 were ana-
lyzed. The correlation analysis between mRNA versus protein
expression levels of ER, PR, and HER2 demonstrated a strong
correlation determined by the Spearman’s and Pearson’s corre-
lation coefficients [ER (Spearman’s: P-value 4.76e-22, R .92
Pearson’s: P-value 2.36e-21, R .92); PR (Spearman’s: P-value
4.98e-11, R .76; Pearson’s: P-value 4.41e-11, R .76); and
HER2 (Spearman’s: P-value 4.81e-16, R .86; Pearson’s: P-value
2.66e-17, R .87)] in breast cancer subtypes (Figure 5B). Also,
results revealed that protein expression and receptor status
were significantly correlated with PR (P-value 1.587¢-6) and
HER2 (P-value 5.885¢-3) (Supplemental File 4).

Finally, we assessed the copy number alteration versus
mRNA expression for the ER, PR, and HER2 receptors, their
3D structure, and mutation/variation data (SNPs) in Asian
population samples from cBioPortal. The results of CNA ver-
sus mRNA expression of the BC subtype in the Asian popula-
tion indicated that the mRINA expression of ER and PR was
increased and showed shallow deletion while HER2 receptor
expression showed gain and amplification (Figure 6A). The 3D
structure of ER, PR, and HER2 with mutations and their sin-
gle nucleotide polymorphisms (SNPs) were evaluated to assess
amino acid changes in particular positions for hormone recep-
tors in BC patients (Figure 6B) (Supplemental File 5).

The overall implication of the results: Breast cancer is one of
the most occurring cancer types among women all over the
world. In this study, we evaluated that age, height, and blood
pressure were significant risk factors for breast cancer develop-
ment in Bangladeshi (BD) women (Table 1) and, most of the
BD breast cancer patients only had chemotherapy treatment
(Table 2). The BD breast cancer patients’ data demonstrated
that more than 60% of the study participants were of stage 11
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The immunohistochemistry (IHC) of BC subtypes
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Figure 5. (A) Tissue image differences in patients with different subtypes by immunohistochemistry (IHC). (B) Correlation analysis between mRNA
expression, RSEM and protein expression, RPPA data of ER, PR, and HER2 receptors in Asian ethnicity.

cancer and 40% were of TNBC. To provide a broader view of
the same among different ethnicities breast cancer datasets
from cBioportal were analyzed for BC subtypes. The fraction
genome alteration of ER (ESRI), PR (PGR), and HER2

(ERBB2) suggested a strong correlation between mutation
count and fraction genome alteration in different ethnicities
and significantly higher alteration frequency was observed in
the Asian population with HER2 subtype (Figure 2). The
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nucleotide polymorphisms (SNPs).

TCGA expression data confirmed significant up-regulation of
ER, and HER?2 in breast cancer patients in comparison to their
respective control (Figure 3B) and a significant positive corre-
lation was observed between (ER and PR). However, a signifi-
cant negative correlation was observed between (ER and
HER2), and (PR and HER2) (Figure 3C). The correlation
analysis between mRNA and Protein expression presented that
ER, PR, and HER?2 receptors had a strong correlation with
different breast cancer subtypes (Figure 5B). The CNA versus
mRNA expression analysis suggested that the HER2 receptor
gained or amplified markedly in the Asian population whereas
the ER and PR hormone receptors showed shallow deletion
(Figure 6A). Results from various bioinformatics and statistical
analysis revealed that the highest percentage of Luminal A, was
prevalent in Caucasians whereas Luminal B, and HER2
enriched subtypes were more prevalent in Asians and the
TNBC/basal subtype was found most prevalent in Africans.
However, in Bangladeshi women, the TNBC subtype was
found more prevalent (Table 3A). The KM plots of the overall
survival of different BC subtypes indicated that the Luminal A
subtype was significantly higher in comparison to other sub-
types (Figure 4B). The median months of overall survival were
lowest for Luminal B and HER2, the 2 most dominant

subtypes in Asians indicating more aggressive and dominant
subtypes. Thus, results from this study depicted the molecular
signature and functional importance of breast cancer subtypes
in different ethnicities and their implications for treatment and
diagnosis purposes.

Conclusion

In this study, we used a comprehensive computational approach,
to evaluate genomic alterations in tumor samples and assess
their functional importance in breast cancer subtypes. Results
from this study indicated a significant association between BC
subtypes and ethnicity. Taken together, all data from literature
mining, statistical, and cancer informatics analysis indicated
that Luminal B and HER2 enriched, the 2 more aggressive BC
subtypes were most prevalent in Asians compared to
Caucasians. However, the Bangladeshi BC patients’ data indi-
cated a significantly higher frequency of TNBC and lower
Luminal A subtypes in comparison to the Asian population.
This could be due to the small sample size and further investi-
gations with a larger dataset are crucial to validate breast cancer
subtype association. Nevertheless, the initial findings from this
study suggested a difference in the prevalence of BC subtypes
among Bangladeshi women. In the future, conducting more
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population-based studies of larger sample sizes would provide
turther insights into genetic risk factors and evidence regarding
BC subtypes in Asian and Bangladeshi women. Major global
improvements in breast cancer can result from implementing
what we already know will work. And early detection and treat-
ment have proven successful in high-income countries and
should be applied in countries with limited resources like
Bangladesh. Thus, by understanding the importance of early
detection and treatment, more women would be encouraged to
consult medical practitioners when breast cancer is first sus-
pected, and before any further cancer progression. We believe
results from this study might aid in the prevention, manage-
ment, and raising of awareness against the specific risk factors
among Bangladeshi women in near future.
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