
This article is originally published by ProBiologist LLC., and is freely available at probiologists.com

J Cancer Biol. 2023;4(1):3-16. 3

Research Article

Beyene et al., J Cancer Biol. 
2023;4(1):3-16.Journal of Cancer Biology

1Howard University Cancer Center, 
Washington, DC 20060, U.S.A.
2Pathology Department, Howard 
University Hospital, Washington, DC 
20060, U.S.A.
3Department of Pharmacotherapy 
and Translational Research, College 
of Medicine, University of Florida, 
Gainesville, FL 32610, U.S.A.
4Department of Pathology, The 
Ohio State Wexner Medical Center, 
Columbus, OH 43210, U.S.A
5Department of Microbiology, Howard 
University College of Medicine, 
Washington, DC 20059, U.S.A.
6Department of Biochemistry and 
Molecular Biology, Howard University, 
College of Medicine, Washington, DC 
20059, U.S.A.
7Division of Trauma, Critical Care and 
Acute Care Surgery, Department of 
Surgery, Oregon Health & Science 
University, Portland, OR 97239, U.S.A.
8Department of Pharmacology, 
Howard University College of Medicine, 
Washington, DC 20059, U.S.A.

*Author for correspondence: 
Email: ymkanaan@howard.edu

Received date: February 02, 2023
Accepted date: February 13, 2023

Copyright: © 2023 Beyene D, et al. This 
is an open-access article distributed 
under the terms of the Creative 
Commons Attribution License, which 
permits unrestricted use, distribution, 
and reproduction in any medium, 
provided the original author and 
source are credited.

Cyclin A2 and Ki-67 proliferation markers 
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Introduction

Invasive breast carcinoma is the most diagnosed cancer in women in all racial groups in the United 
States [1]. It is estimated that about 287,850 new cases of invasive breast cancer will be diagnosed 
in women during 2022 [2]. Breast carcinoma is the leading cause of cancer mortality in African 
American women [3]. Over the last decades, a paradoxical correlation has been observed among 
African American women in terms of higher breast cancer mortality rates despite a lower incidence 
of breast cancer diagnoses compared with Caucasian women [4-6]. A greater proportion of breast 
cancers are diagnosed in African American women of younger age groups compared with Caucasian 
women (33% of African American women age<50 years vs 25% of Caucasian women) [7,8]. Invasive 
breast carcinomas diagnosed in African American patients are described as more aggressive compared 
with those in Caucasian patients and diagnosed at later stages of the disease with higher grade tumors 
[9,10]. Furthermore, African American women are more likely to have hormone receptive-negative 
breast cancers than Hispanic women, non-Hispanic White women, and Asian women [11,12]. 
Moreover, African American cancer patients have shorter survival compared to White women [13].
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The recent trend toward improvement in breast cancer 
mortality rate is due to increased diagnosis of early-stage diseases. 
Newly developed techniques such as DNA microarrays and Serial 
Analysis of Gene Expression (SAGE) have helped to analyze 
molecular differences between normal and cancer cells [14-16]. 
These approaches have enabled us to classify breast cancer at a 
molecular level and identify molecular signatures that correlate 
with metastatic behavior and clinical outcome. Genomic analyses 
of breast cancer phenotypes have sub-classified breast cancers into 
four important categories, each with different clinical behavior [17-
19]. These include the luminal A [Estrogen-positive (ER+) and/
or Progesterone-positive (PR+), Human Epidermal Growth Factor 
Receptor 2-negative (HER-2-)]; Luminal B (ER+, and/or PR+, HER-
2+ ); HER-2 enriched [ER-negative (ER-), PR-negative (PR-), HER-
2-positive (HER-2+)]; and Basal-like (ER-, PR-, HER-2-, Cytokeratin 
5/6+ (CK5/6), and/or HER-1+) phenotypes. On the other hand, 
recent DNA microarray profiling studies on breast tumors have 
identified five distinct subtypes of breast carcinomas [16,17,20-22]: 
Basal-like [triple-negative (ER-, PR-, HER-2-), CK5/6+ and/or HER-
1+]; Basal-like/ luminal B (HER-2+, ER-, PR-); Luminal B (HER-
2+, ER+ and/or PR+); Luminal A (HER-2- , ER+ and/or PR+); and 
unclassified subtype (tumors that are negative for ER, PR, HER-2, 
HER-1, and CK5/6). 

Several investigators have used tissue microarrays [TMAs] 
to study the expression of different proteins in breast tissue and 
other tissues [23-25]. TMAs also has been used to identify and/
or validate molecular signatures in breast cancer [26-28]. TMA 
immunohistochemistry [IHC] is less expensive, time saving and 
routinely used in clinical laboratories. Many researchers have used 
data from TMA of breast cancer samples to correlate with prognosis 
[21,25,29-33]. TMA identifies the signature profiles of multiple 
proteins that are useful for early detection of the primary cancer 
and recurrence, prediction of survival, identification of tumor 
subtypes, and drug design. Different scoring systems exist for semi-
quantitative evaluation of immunohistochemical staining of breast 
cancer tissue. Most widely used systems to determine the levels of 
nuclear, cytoplasmic, and membrane staining in different proteins 
are the Diallo score [34], Alfred score [35], Histochemical score 
(H-score) [36] and Quick score [37]. Despite advances in breast 
cancer systemic treatment, new prognostic and predictive factors 
are still needed; and the correlation of protein biomarkers with 
breast cancer subtypes in African Americans could lead to a better 
understanding of the factors that may be contributing to mortality, 
prognosis, treatment, and targets for therapy. Therefore, the purpose 
of this study was to characterize protein markers in African American 
breast tumors that correspond to different subtypes, recurrence, and 
survival. 

Materials and Methods 

Breast tissue samples

A total of 166 formalin-fixed paraffin-embedded (FFPE) breast 
tissue blocks were retrieved from the Pathology Department at 
Howard University Hospital with the approval of Howard University 
Institutional Review Board (IRB) that correspond to different tumor 
subtypes, recurrence, and survival to characterize protein markers 
in African American breast cancer tumors. The African American 
breast cancer patients were diagnosed with an invasive breast ductal 
carcinomas (IDC) at Howard University Hospital between 2002 and 
2009. 

Tissue microarrays (TMAs) construction

Triplicate TMAs were constructed in our lab as described by 
Jacquemier Jocelyne [32], Diallo-Dane Brock [34], and Hewitt 
SM [38]. Five-micron sections were cut from the archived FFPE 
blocks, and float mounted on super frost plus micro slides. Slides 
were stained with hematoxylin-eosin (H&E) and representative areas 
with IDC were identified and marked on the H&E slides by the 
pathologist. The individual marked slides were placed on top of each 
donor block (archived/original FFPE block) and carefully aligned 
to locate the corresponding tumor sites where the core samples are 
to be collected. Three separate 1.0 mm tissue cores were obtained 
from each FFPE donor block and mounted in triplicate recipient 
TMA blocks using Automated Tissue Arrayer ATA-27 (Beecher 
Instruments Inc., Pathological Devices, Wisconsin, USA). Spacing 
between adjacent cores in the recipient TMA blocks was 3 mm. 
The TMA blocks with core samples were tempered by incubation 
overnight at 37 0C. Using a microtome, 5-µm sections were cut from 
the TMA blocks and mounted on Superfrost Plus microscope slides 
(Thermo Fisher Scientific, MA, USA) for IHC staining. 

Immunohistochemical (IHC) staining

The IHC markers were selected based on those known to 
differentiate breast cancer subtypes with cDNA microarrays, TMA, 
and protein staining [20,31,36-38]. TMA sections were immune-
stained with monoclonal antibodies specific for ER, PR, HER-2, 
CK5, Vimentin, B-cell lymphoma 2 (Bcl2), Cyclin A2 and Ki-67 
(Table 1). The TMA slides were deparaffinized in xylene twice for 
5 minutes each, rehydrated with a graded series of alcohol 100%, 
95% and 70% ethanol [vol/vol] in deionized water for 5 minutes 
each. Antigen retrieval for the above selected markers was performed 
by incubating the slides in Invitrogen 0.01 M citrate buffer (pH 
6.0) in a 100°C vegetable steamer (Oster, Sunbeam Products Inc., 
Boca Raton, Florida, USA) for 20 minutes. Slides were rinsed with 
phosphate buffer saline (PBS, pH 7.5) at the end of each step in 
the procedure. Endogenous peroxidase activity was quenched by 
incubation in 3% hydrogen peroxide solution with shaking for 
15 minutes at room temperature. Sections were then incubated in 
unlabeled blocking 1.0% normal goat serum (Vector Laboratories, 
Burlingame, CA, USA) for 30 minutes at room temperature. After 
that, the slides were incubated at 4°C overnight in a humidified 
chamber with one of the monoclonal antibodies as described in Table 
1. The dilution of each antibody was established based on negative 
and positive controls and staining with a range of dilutions (Table 
1). The slides were incubated with the appropriate primary antibody 
and then washed with PBS (pH 7.0) containing 0.1% triton and 
0.1% bovine serum albumin. After 30 minutes of incubation at 
room temperature with a biotinylated goat anti-mouse IgG (0.5%)/
streptavidin complex (VWR, PA, USA), and the positive reaction 
was visualized using the Avidin Biotin Complex method (ABC 
kit, Vector Lab). The chromogen substrate was diaminobenzidine 
(DAB kit, Invitrogen, Waltham, MA, USA). Stained slides were 
counterstained with hematoxylin (Invitrogen) and finally treated 
with 70%, 95% and 100% ethanol and xylene. Slides were cover 
slipped with an automatic unit (Tissue-Tek SCA, Thermo Fisher 
Scientific) and observed under the light microscope. 

Evaluation of immunohistochemical staining

Stained TMA slides were evaluated based on proportion score 
(%) and relative staining intensity by two pathologists as described 
by Diallo-Dane Brock [34] and Aaltonen et al. [39]. Slide scores on 
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the bases of proportion of cells stained (extent) and relative staining 
intensity in the invasive tumor cells present in the tissue core were 
recorded in Excel file. The Diallo score [34] was used to determine 
the levels of staining for ER, PR, HER-2, Cyclin A2, Bcl2, CK5, 
and Vimentin markers. The Diallo scoring system used is as follows: 
Extent of % stained cells – 0 = no cells stained positive; 1 = <25% 
positive; 2 = 26-50% positive; 3 = 51-75% positive; and 4 = >75% 
positive. Intensity of stained cells: 0 = negative, 1 = weak staining; 
2 = moderate staining; and 3 = strong staining. The intensity and 
proportion (extent) scores were multiplied to give a final score 
ranging from 0 to 12. A sample was judged to be negative with a 
score of 0 to 3 and positive with score of 4 to 12. The scoring system 
developed by Cheong et al. [40] and Veronese et al. [41] was used for 
Ki-67; Ki-67 was interpreted as being increased when >14% of cells 
show nuclear expression. Membranous IHC staining of +3 or greater 
for HER-2 was considered positive; +2 scores were re-evaluated by 
fluorescence in situ hybridization (FISH). Tissue cores that did not 
adhere to the slide, had no invasive carcinoma, or were otherwise un-
interpretable were excluded from scoring and data analysis. 

Statistical analyses

Eight markers (ER, PR, HER-2, Cyclin A2, CK5, Vimentin, 
Bcl2 and Ki-67) were evaluated for identifying breast cancer 
subtypes in African American women using TMA and IHC. The 
TMA results were analyzed by both supervised and unsupervised 
clustering methods. For the unsupervised method, hierarchical 
clustering of the proteins and their distribution among the 166 
FFPE samples were constructed using Cluster 3.0 and Java TreeView 
software Version 20 [42]. Hierarchical clustering, using complete 
linkage as cluster method and Euclidean as distance measure [43], 
was employed to classify samples based on all eight proteins. The 
NCSS software [44] was used to construct the dendrogram and to 
show the protein expression profile among the 166 tested breast 
cancer tumors. 

For the supervised method, multinomial logistic regression 
analysis [45,46] was conducted using an empirically classified 
training data set. The empirical classification was based on previously 
published cDNA microarrays, reverse transcription-quantitative 
polymerase chain reaction (RT-qPCR), TMA, and protein studies 
[20,32,34,47,48]. The predictive clusters for the supervised and 
unsupervised methods were compared for agreement with the 
empirical classification. Kappa values [49] were used to determine 

the overall percent correct clusters and agreement between specific 
clusters. For high values of Kappa, the lower limit of the confidence 
interval was used for verification. Chi-square statistics [50] was used 
to examine the association between hierarchical and multinomial 
logistic clustering methods. 

Results 

TMA construction and IHC staining

TMA have been constructed, prepared and stained for proteins 
markers (Figure 1) (ER, PR, HER-2, Cyclin A2, CK5, Vimentin, 
Bcl2, and Ki-67) that would distinguish 5 tumor subtypes: luminal 
A (ER+and/or PR+, HER-2-); luminal B (ER+and/or PR+ , HER-2-, 
Cyclin A2+ and/or Ki-67+); luminal B HER-2+ (ER+, and/or PR+, 
HER-2+); HER-2+ (ER-, PR-, HER-2+), and triple-negative (ER-

, PR-, HER-2-). These subtypes are known to be associated with 
different relapse-free survival and overall survival. 

Biomarkers expression

Forty-nine percent were stained positive for cyclin A2, 39.2% 
positive for Ki-67, 55% positive for Bcl2, and 37% positive for both 
Cyclin A2 and Ki-67 (Table 2). 

The distribution of the 166 breast cancer tumors among the 
different clusters is shown in Table 3. Most of the tumors belonged 
to luminal A (30.7%) and triple-negative (29.5%) clusters. The 
highest frequency of positive immuno-reactivity for Cyclin A2 and 
Ki-67 was observed in the luminal B and triple-negative subtypes 
(Figure 2). The lowest activity of these two markers was in luminal 
A. Whereas, the expression of Bcl2 was higher in luminal A than 
luminal B tumors. Therefore, prognostic role of Bcl2 expression 
in breast cancer is subtype-specific, and Bcl2 expression differs 
according to the molecular subtype and is a good prognostic marker 
for only luminal A breast cancer.

Influence of age on the classification of the breast cancer 
subtypes

The age of patients was analyzed using one-factor ANOVA model 
and did not show any significant effect whether five (p-value= 0.576) 
or eight (p-value= 0.605) biomarkers were used, indicating that age 
did not have any influence on the classification of the subtypes. 
Thirty-one percent of the patients were less than 50 years old, 30% 
between 50 to 60 years and 39% older than 60 years (Figure 3). 

Table 1. List of the investigated markers and characteristics of the corresponding dilution of the specific anti-human antibody used in 
immunohistochemistry study. Staining characteristic: expression location in the cell (nuclear, membranous, cytoplasmic). ER: Estrogen; PR: 
Progesterone; HER-2: Human epidermal growth factor receptor 2; Bcl2: B-cell lymphoma 2; CK5: Cytokine 5.

Markers Antibodies Clone Dilution Source Expression

ER Rabbit monoclonal SP-1 1:100 Dako Nuclear 

PR Mouse monoclonal PgR636 1:500 Dako Nuclear 

HER-2 Rabbit polyclonal e-erb-2 1:200 Dako Membranous

Cyclin A2 Mouse monoclonal 6E6 1:50 Novacastra Nuclear

Bcl2 Mouse monoclonal 124 1:100 Dako Cytoplasmic

CK5 Mouse monoclonal XM26 1:150 Novacastra Cytoplasmic

Ki-67 Mouse monoclonal MIB-1 1:100 Dako Nuclear 

Vimentin Mouse monoclonal V9 1:100 Dako Cytoplasmic
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Figure 1. Representative immunostaining for the protein biomarkers [Estrogen receptor (ER), Progesterone receptor (PR), Human epidermal growth 
factor receptor 2 (HER2), Cyclin A2, Cytokeratin 5, Vimentin, Bcl2, and Ki-67] in African American breast tumors. Positive staining (rows 1 and 3) 
demonstrates strong staining of primary antibody. Negative staining (rows 2 and 4). Magnification is at 40X.

Table 2. Descriptive statistical analysis showing the number of patients (N) with positive and negative expressions for the tested 8 biomarkers. 
The mean age differences with standard deviation (SD) and 95% confidence intervals (CI) are only included since age did not show any significant 
effect on the expression of the 8 biomarkers.

Biomarkers
expression N Mean (age) SD (age) Minimum (age) Maximum (age) 95% CI

Mean (age)

ER

Negative 76 55.62 12.77 32 96 [52.70,58.53]

Positive 90 59.2 14.09 29 96 [56.25,62.15]
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PR

Negative 100 56.68 12.89 32 96 [54.12,59.23]

Positive 66 58.89 14.56 29 86 [55.31,62.47

HER-2

Negative 126 57.81 13.91 29 86 [55.36,60.26]

Positive 40 56.78 12.64 32 96 [52.73,60.81]

Cyclin A2

Negative 85 58.29 13.85 29 96 [55.28,61.30]

Positive 81 56.79 13.225 32 86 [53.87,59.71]

Bcl2

Negative 74 55.73 12.667 32 85 [52.79,58.66]

Positive 92 59.03 14.17 29 96 [56.09,61.97]

CK5

Negative 121 58.23 12.953 34 86 [55.89,60.56]

Positive 45 55.76 15.151 29 96 [51.20,60.31]

Vimentin

Negative 129 58.65 13.369 29 96 [56.32,60.98]

Positive 37 53.76 13.813 32 85 [49.15,58.36]

Ki-67

Negative 101 58.08 13.611 29 96 [55.39,60.77]

Positive 65 56.75 13.602 33 86 [53.38,60.12]

Table 3. Distribution of the166 patient samples among clusters based on hierarchical clustering and multinomial regression.

Multinomial logistic regression

Cluster Empirical Hierarchical 8 markers 5 markers

Subtype number (%) number (%) number (%) number (%)

Luminal A 51 (30.7) 46 (27.7) 51 (30.7) 49 (29.5)

Luminal B 27 (16.3) 34 (20.5) 28 (16.9) 28 (16.9)

Luminal B (HER-2+) 16 (9.6) 13 (7.8) 13 (7.8) 15 (9.0)

HER-2 23 (13.9) 24 (14.5) 25 (15.1) 25 (15.1)

Triple-negative 49 (29.5) 49 (29.5) 49 (29.5) 49 (29.5)
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Figure 2. Predicted frequency of positively stained tumors within each subtype. The highest frequency of positive immune-reactivity for Cyclin 
A2 and Ki-67 was observed in the luminal B and triple-negative breast cancer subtypes. Whereas the lowest activity of these two biomarkers was 
in luminal A. 2a. Predicted frequency according to multinomial logistic regression.  2b. Predicted frequency according to hierarchical clustering. 
X-axis represents the 5 breast cancer subtypes. Y-axis represents the frequency of each of the 8 tested biomarkers in each breast cancer subtype. 
LA: Luminal A; LB: Luminal B; LB/HER-2: Luminal B/ Human Epidermal growth factor Receptor 2; HER-2: Human Epidermal growth factor Receptor 
2; TNBC: Triple Negative Breast Cancer; ER: Estrogen Receptor; PR: Progesterone Receptor; CyA2: Cyclin A2; Bcl2: B-cell lymphoma-2; Vim: Vimentin. 

Figure 3. Distribution of patients according to age group within the breast cancer subtypes. LA: Luminal A; LB: Luminal B; LB/HER-2: Luminal B/
Human Epidermal growth factor Receptor 2; HER-2: Human Epidermal growth factor Receptor 2; TNBC: Triple Negative Breast Cancer. It40: age < 40; 
ge40to50: age > 40 to 50; gt50to60: age > 50 to 60; ge60: age >60.
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Overall survival and relapse-free survival

Six-year overall survival was better for luminal A tumors (76%) 
than luminal B tumors (50%). Likewise, six-year relapse-free survival 
was better for luminal A tumors (76%) than luminal B tumors 
(29%) (Figure 4). 

Molecular classification of breast cancer subtypes

There was a significant overall agreement (95.8%) between the 
hierarchical clustering and multinomial logistic regression for the 
five different breast cancer subtypes (Table 4). The Kappa value 
of 0.95 and confidence interval (0.93, 0.99) indicate that the two 

tests gave comparable results. The p-value for the Chi-square test 
was 7.06e-103. The model with five biomarkers is a better model 
compared to the one with all biomarkers because they have the same 
overall percent correct clusters (95%) and Kappa value (0.932). The 
p-values for the Chi-square analysis are all less than 0.05, indicating 
that there is a high correlation between the predicted multinomial 
and hierarchical clustering and empirical classification. However, 
there was no significant difference in the distribution of samples 
within the five subtypes whether five (ER, PR, HER-2, Cyclin A2, 
Ki-67) or eight (ER, PR, HER-2, Cyclin A2, Ki-67, Bcl2, CK5, 
Vimentin) biomarkers were used for classification.

Figure 4. Heat map of the biomarkers expression that correspond to different breast tumor subtypes, recurrence, and survival. Five breast tumor 
subtypes were determined by immunostaining of the 8 protein biomarkers (ER, PR, HER-2, Cyclin A2, Ki-67, Bcl2, CK5, Vimentin).  (4a) Luminal A 
(ER-positive and/or PR-positive, HER2-negative); Luminal B (ER-positive and/or PR-positive, HER2-negative, Cyclin A2-positive and/or Ki-67-positive). 
(4b) Luminal B HER2-positive (ER-positive and/or PR-positive, HER2-positive); HER2-positive (ER-negative, PR-negative, HER2-positive). (4c) Triple 
negative (ER-negative, PR-negative, HER2-negative). These subtypes are known to be associated with different relapse-free survival (RF) and overall 
survival (OS).  Each column represents a sample, and each row represents the expression of one of the biomarkers. The expression is shown in 
different colors (color code).
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Dendrogram and sequential hierarchical clustering

The expression profile of the eight biomarkers in the tested breast 
cancer tissues is shown in Figure 5. Based on the dendrogram, five 
distinct protein expression profiles are observed: Group 1 consisting 
of Cyclin A2 and Ki-67; Group 2 consisting of CK5 and Vimentin; 
Group 3 and Group 4 consisting of HER-2 and Bcl2, respectively; 

Group 5 consisting of ER and PR. This classification is consistent 
with the function of the proteins.

The sequential hierarchical clustering shown on the dendrogram 
in Figure 6 classifies the patient tumors into two Classes 1 and 2 
based on ER and PR. Hierarchical clustering using HER-2, Cyclin 
A2 and Ki-67 classifies Class 1 into clusters 1, 2 and 3; HER-2 by 

Table 4. Test of agreement between the hierarchical clustering and multinomial regression for the different subtypes using five markers. The 
percent agreement between using five and eight biomarkers was 95.8%.

Subtypes
Empirical 
Vs
hierarchical

Empirical
Vs 
multinomial

Hierarchical
Vs
multinomial

Luminal A 0.91 0.93 0.97

Luminal B 0.82 0.86 0.90

Luminal B HER-2+ 0.9 0.95 0.86

HER 0.97 0.97 0.98

Triple-negative 1.0 1.0 1.0

Kappa 0.91 0.93 0.95

Overall Percent correct 93% 95% 95.8%

CI of Overall Percent correct 0.95 level [0.89,0.98] [0.91,0.99] [0.93,0.99]

Chi-square (p-value) 1.04 e-84 1.73 e-87 7.06 e-103

Figure 5. Dendrogram showing the expression profile of eight protein biomarkers based on immunohistochemistry. Five distinct protein expression 
profiles are observed: Group 1 consisting of Cyclin A2 and Ki-67; Group 2 consisting of CK5 and Vimentin; Group 3 and Group 4 consisting of HER-2 
and Bcl2, respectively; Group 5 consisting of ER and PR. This classification is consistent with the functions of the proteins. Rows: Breast cancer tumors; 
Columns: Biomarkers proteins. In the dendrogram, the length of branch between two elements reflects their degree of relatedness. Red bars indicate 
a higher score in activation. Black bars indicate a lower score (less activation of the corresponding protein). ER: Estrogen Receptor; PR: Progesterone 
Receptor; HER-2: Human Epidermal growth factor Receptor 2; CK5: Cytokine 5; Bcl2: B-cell lymphoma 2. 
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itself classifies Class 2 into clusters 4 and 5. The effect of each of 
the proteins within the five clusters is also shown in Figure 5. The 
significant effect of ER frequency is exhibited in clusters 1, 2 and 3. 
The effect of Cyclin A2 frequency is shown in cluster 1 while that 
of Ki-67 is shown in clusters 1 and 2. A significant effect of HER-2 
frequency is shown for clusters 3 and 4. 

Discussion

The existence of clinically distinct breast cancer subtypes 
has been established based on the protein level by using TMA 
technology [25,31,36,51]. Previous protein expression profiling 
studies have reported two to six different numbers of clusters. 
This variation may be due to the selected marker proteins, the 
number of breast cancer samples, and the type of used statistical 
method. Sorlie et al. [15,16] and Diallo-Dane Brock et al. [34] had 
identified five distinct subtypes of breast tumor that are associated 
with different clinical outcomes. T﻿he  invasive breast carcinomas 
in our study were  subclassified based on the clinicopathological 
surrogate definitions of subtypes as proposed by the 13th St. Gallen 
International Breast Cancer Conference (2013) Expert Panel, and 
based on immunohistochemical measurements of ER, PR, HER2, 
and Ki-67 with HER-2 in situ hybridization confirmation where 
appropriate [52]. Breast cancer subtypes were also classified [53] 
according to immunohistochemical profile as follows: luminal A 
[Hormone receptors (HR)-positive, HER-2 negative, Ki-67<14%], 
luminal B (HR-positive, HER-2 negative, Ki-67≥14%), luminal B/
HER-2 (HR-positive and HER-2 positive), HER-2 enriched (HR-
negative and HER-2 positive), and TNBC (HR- and HER-negative).

In the present study, we have identified five subtypes of breast 
tumors (Luminal A, Luminal B, Luminal B HER-2+, HER-2, and 
triple-negative) with distinct protein expression patterns among 166 
African American women. 

Most studies have applied unsupervised hierarchical clustering 
method to analyze the IHC scoring data [54-57]. In our study, we 
used both the supervised and unsupervised clustering methods and 
classified the tumor subtypes into ER+ and ER- as well as the highly 
proliferative subgroups. ER and PR clustered together indicating 
similar function in breast tumor development. The association 
between ER and PR expression was statistically significant. This 
significant association between ER and PR in the TMA has also been 
reported in Danish patients by Henriksen et al. [58] using semi-
quantitative IHC analyses. Cyclin A2 and Ki-67 clustered together 
as proliferation markers. This proliferation cluster is remarkably like 
that identified by Callogy [47], Korsching [59], and Ameh-Mensah 
[60] in British, German, and Ghanaian patients; respectively.

Our results have identified five different subtypes with a greater 
proportion of the patients (60%) belonging to luminal A and 
triple-negative subtypes. Li et al. [61] found a highest percentage of 
luminal A (35.6%), followed by luminal B (22.5%), HER2-positive 
luminal B (13.1%), triple negative (15.2%), and non-luminal 
HER2-positive (13.7%) tumors from Chinese patients. Van Leered 
et al. [62] found a significant higher fraction of inflammatory breast 
cancer in Norwegian patients belongs to the HER-2 and basal-
like subtype. Cheang et al. [40] also identified 59% as Luminal A, 
33% as Luminal B tumors, and 9% as Luminal B HER-2+ tumors 

Figure 6. The sequential hierarchical clustering classifies the patients breast tumors into two Classes 1 and 2 based on ER and PR (using Ki-67 and 
Cyclin A2 to discriminate between luminal A and luminal B and rather only using HER-2 status). Hierarchical clustering using HER-2, Cyclin A2 and 
Ki-67 classifies Class 1 into clusters 1, 2 and 3; HER-2 by itself classifies Class 2 into clusters 4 and 5. The effect of each of the proteins within the five 
clusters is also shown in Figure 5.  The significant effect of ER frequency is exhibited in clusters 1, 2 and 3. The effect of Cyclin A2 frequency is shown 
in cluster 1 while that of Ki-67 is shown in clusters 1 and 2. A significant effect of HER-2 frequency is shown for clusters 3 and 4. Cluster 1 - Luminal A: 
ER+ and/or PR+, HER-2-; Cluster 2 - Luminal B: ER+ and/or PR+, HER-2- ; Cluster 3 - Luminal B HER-2: ER+ and/or PR+, HER-2+; Cluster 4 - HER-2 enriched: 
ER-, PR-, HER-2+; Cluster 5 - Triple-negative: ER-, PR-, HER-2-.
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from British patients. Zhou [63] found out 186 Swedish patients 
of those classified as ductal carcinoma in situ (DCIS) were Luminal 
A (48.8%), 33 Luminal B/HER-2- (8.7%), 74 Luminal B/HER-2+ 
(17.4%), 61 HER-2+/ER- (16.0%) and 27 triple negative (7.1%). 
Similarly, in our study of 94% hormone receptor positive tumors, 
55% were luminal A, 30% were luminal B and 15% were luminal B 
HER-2+. In Cheang study, only 21% of the Luminal B carcinomas 
were luminal B HER-2+ whereas in our study 32% of luminal B 
tumors are luminal B HER-2+. Gene expression microarray studies 
demonstrated that about 30% of the luminal B tumors are ER+ and/
or PR+/HER-2+; whereas 70% of the luminal B carcinomas have the 
same ER+ and/or PR+, HER-2- profile as luminal A tumors in African 
American [3]. It is worth noting that 68% of the carcinomas in the 
luminal B subtype in our study had the same profile as luminal A 
tumors. Since both luminal A and luminal B tumors are ER+ and/
or PR+/ HER-2-, differentiating between luminal A and luminal B 
subtypes is particularly important in terms of treatment and survival 
because luminal A patients are known to have a better survival than 
luminal B tumors and all other subtypes [40,64]. African American 
patients presented with advanced stage tumors and higher histologic 
and nuclear grade than Caucasian patients; and less ER positivity 
but significantly higher Ki-67 and p53 expression than Caucasian 
patients with all stages of disease [11].

Previous studies of African Americans at Howard University 
Hospital did not differentiate the luminal A tumors from the more 
aggressive luminal B tumors [65,66]. Results from our present 
showed that Cyclin A2 and Ki-67 clearly distinguished luminal A 
from luminal B. Of the 166 samples that stained with either Cyclin 
A2 or Ki-67 antibody, 49% were positive for Cyclin A2; 39.2 % 
positive for Ki-67 (>41%); and only 26% positive for both Cyclin 
A2 and Ki-67. Therefore, immunostaining of both Cyclin A2 and 
Ki-67 are recommended for immuno-histological identification of 
tumors with poor prognosis, which may aid physicians in treatment 
decisions. These two proliferation markers were common in the 
poor prognosis ER+/PR+/HER- tumors. Cheang et al. [40] and 
Hu et al. [67] used Ki-67 to distinguish luminal A from luminal 
B tumors with the same ER+/PR+/HER-2- profile. Differentiating 
between luminal A and luminal B subtypes is clinically important 
because luminal B tumors have a worse prognosis and often show a 
better response to treatment chemotherapy than luminal A [40,64]. 
Luminal B tumors are hormone-insensitive and chemo-insensitive 
with poor survival [68,69]. In our study, luminal B tumors also 
had worse overall survival (55%) than luminal A tumors (71%). 
Likewise, six-year relapse-free survival was better for luminal A 
tumors (76%) than luminal B tumors (29%). Our study shows that 
Bcl2 was higher in luminal A than luminal B tumors. Eom et al. 
[70] reported that the prognostic role of Bcl2 expression in breast 
cancer is subtype-specific; and Bcl2 expression differs according to 
the molecular subtype and is a good prognostic marker for only 
luminal A breast cancer in Korean patients. Previous studies have 
demonstrated that proliferation markers are associated with high 
histological grade and poor prognosis. In the Oncotype Dx test, 
proliferation markers Ki-67 and Cyclin B1, are major factors in 
calculating recurrence in hormone positive-node negative tumors 
[71]. Poikonen et al. [72] have observed that Cyclin A2 protein 
overexpression is a better marker for poor prognosis (risk ratio, first 
relapse time, survival) than Ki-67, histological grade, or mitotic count 
in breast cancer patients. Aaltonen et al. [39] have observed that 
Cyclin A2 protein was significantly detected in ER-/PR- high grade 
breast tumors and connected with worse metastasis-free survival in 

Finish patients. Soliman and colleagues [73] reported that Luminal 
A patients with Ki-67 less than 15% displayed better overall survival 
than luminal B with Ki-67 higher than 15%; and Ki-67 may be 
considered a valuable biomarker in breast cancer Egyptian patients. 
As for Ki-67 expression in breast cancer cells, the score increases 
with increase of tumor size, grade, premenopausal. Ki-67 expression 
in ER and PR receptor positive tumors showed lower values than 
ER and PR negative tumors, while higher Ki-67 expression was 
more frequently associated with HER2-positive [74]. Wajid et al. 
reported that expression of ER, PR, and HER-2 resembled that 
of Western countries with no differences between urban and rural 
centers of Egypt and most Egyptian cases were classified as Luminal 
A (44%), which offers the best prognosis of all the subtypes. Elevated 
Cyclin A2 stimulates oncogenesis by promoting G1/S and G2/M 
transitions in the cell cycle [75,76]. HER-2 enriched subtype in our 
study was only 15% of the total 166 patient samples. This subtype 
is hormone receptor weak/negative, Cyclin A2 positive and shows 
a high expression of basal type proteins CK5 and Vimentin. In 
our study, eighty percent (20/25) of the HER-2+/ER-/PR- tumors 
were positive for Cyclin A2 and/or Ki-67. According to Morris et 
al. [11] approximately 30% of breast cancers have an amplification 
of the HER-2/neu gene or overexpression of its protein product. 
Overexpression of this receptor in breast cancer is associated with 
increased disease recurrence and worse prognosis.

According to Pratt et al. [68] many triple-negative tumors were 
either basal-like (39% to 54%) or Claudin-low (25% to 39%). DNA 
microarray study by Prat & Peron [69] showed that triple-negative 
tumors consist of basal (50%), claudin-low (30%), HER-2+ (9%), 
luminal B (6%) and luminal A (5%) subtypes. The triple-negative 
group as defined by immunohistochemical staining consists for 
approximately 80% of basal-like breast cancers as defined by gene 
expression profiling [77]. Our triple-negative tumors have many 
of the characteristics of basal tumors: invasive ductal carcinoma, 
grade 3 tumors, CK5+, Vimentin+, highly proliferative markers 
(increased Ki-67+ and Cyclin A2+). Eighty-four percent (41/49) 
of the triple-negative (ER-/PR-/HER-2-) tumors were also positive 
for the proliferation markers Cyclin A2 and/or Ki-67. The basal 
markers CK5 and vimentin were also common in the triple-negative 
tumors, as expected. Seventy-five percent of the HER-2+/ER-/PR- 
tumors were positive for Cyclin A2 and/or Ki-67. The RASSF1A 
protein has been reported to inhibit the transcription of Cyclin A2 
[78]. Methylation of the CpG islands in the RASSF1A promoter 
is expected to decrease RASSF1A transcription and thereby 
increase Cyclin A2 transcription and protein levels. We observed 
significantly increased levels of RASSF1A methylation (%m) with 
African American triple-negative breast cancer tumors compared 
to mammoplasty samples (Figure 7). Increased Cyclin A2 protein 
staining correlated with increased RASSF1A methylation (Figure 7). 
These data suggest that methylation of RASSF1A is one mechanism 
by which Cyclin A2 protein levels are elevated in African American 
breast tumors. 

Earlier studies at Howard University Hospital demonstrated 
that African American triple-negative tumors and HER-2+/ER-/
PR- carcinomas had the poorest breast cancer-specific survival [65]. 
Furthermore, triple-negative tumors in African American women 
at Howard University Hospital were significantly associated with a 
higher incidence of distant metastases [66]. Therefore, it appears that 
the proliferation proteins, Cyclin A2 and Ki-67, are associated with 
poor survival among African American breast cancer patients. 
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Conclusion

We identified five different subtypes with a greater proportion of 
the patients (60%) belongs to luminal A and triple-negative subtypes. 
Furthermore, our findings have shown that both Cyclin A2 and 
Ki-67 proliferation markers can be used for immune-histological 
identification of breast tumors with poor prognosis. This will aid 
physicians in making decisions on the treatment of the tumors. 
Previous studies have demonstrated that proliferation markers are 
associated with high histological grade and poor prognosis. Our 
findings are consistent with the previously reported data by other 
investigators. Therefore, discovery of molecular markers and subtypes 
that are most prevalent in African Americans could lead to a better 
understanding of the factors contributing to higher mortality in this 
group and to better treatment.

Contribution to the Field Statement 

It is well established that racial differences can influence breast 
cancer incidence and mortality. Diagnosed invasive breast carcinomas 
in African American patients are more aggressive compared with 
those in Caucasian patients and diagnosed at later stages of the 
disease with higher grade tumors. African American patients with 
breast carcinomas are more likely than Caucasian patients to present 
with tumors that are of a later stage and higher grade, with higher 
Ki-67 expression and more ER negativity [79].

Earlier studies at Howard University Hospital (HUH) 
demonstrated that African American triple-negative tumors and 
HER-2+/ER-/PR- carcinomas had the poorest breast cancer-specific 
survival. Furthermore, triple-negative tumors in African American 
women at HUH were significantly associated with a higher incidence 
of distant metastases. However, these studies did not differentiate 
the luminal A tumors from the more aggressive luminal B tumors. 
Results from our study showed that Cyclin A2 and Ki-67 clearly 
distinguished luminal A from luminal B. Also, our triple-negative 
tumors have many of the characteristics of basal tumors: invasive 
ductal carcinoma, grade 3 tumors, CK5+, Vimentin+, highly 

proliferative markers (increased Ki-67+ and Cyclin A2+). Eighty-
four percent of the triple-negative tumors were also positive for 
the proliferation markers Cyclin A2 and/or Ki-67. Furthermore, 
it appears that the proliferation proteins, Cyclin A2 and Ki-67, 
are associated with poor survival among African American breast 
cancer patients. Personalized medicine to decrease the adverse effects 
of chemotherapy is not only requires clinical, but also molecular 
characterization of tumors, which allows the use of more effective 
drugs for each patient.

Therefore, both Cyclin A2 and Ki-67 are recommended for 
immuno-histological identification of tumors with poor prognosis 
and thus aid physicians in treatment decisions. These data may 
heighten the need to employ these techs to increase detection rates 
in this high-risk population.

Limitations

The number of protein biomarkers and patients’ samples 
in the used TMAs for subclassifying tumors into clinically and 
biologically relevant subgroups were limited. For the study, based 
on the available resources, we choose to follow the expert panel 
recommendations and the prognostic significance of Cyclin A2 and 
Ki-64 in breast cancer mainly in African American women which 
needs evaluation in larger studies. PAM50 (Prediction Analysis of 
Microarray 50) molecular testing is not performed on our study 
population, and we will consider this in our future study to predict 
the chance of metastasis for some ER-positive, and HER2-negative 
breast cancers; and inclusion of CCNA2 immunohistochemistry for 
the identification of the luminal B subtype. 

Ethics Approval and Consent to Participants

Howard University Institutional Review Board (IRB) approved 
the study. The study was performed in accordance with the 
Declaration of Helsinki. Since the study was a retrospective study 
and anonymized archival pathology left-over material that does not 
interfere with patient care were used, no consent was required.

Figure 7. Direct relationship between RASSF1A methylation and Cyclin A2 protein staining in normal and ER-negative/PR-negative/HER2-negative 
samples. Methylation of the CpG islands in the RASSF1A promoter is expected to decrease RASSF1A transcription and thereby increase Cyclin A2 
transcription and protein levels. We observed significantly (p=0.039) increased levels of RASSF1A methylation (%m) in triple negative invasive ductal 
carcinoma compared to mammoplasty samples in African American (Figure 7, left). Increased Cyclin A2 protein staining correlated with increased 
RASSF1A methylation (Figure 7, right). These data suggest that methylation of RASSF1A is one mechanism by which Cyclin A2 protein levels are 
elevated in African American breast cancers. 
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