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LAY ABSTRACT 

Breast cancer (BCa) is a leading cause of cancer-related death in women worldwide. 

Although Caucasian women are diagnosed with BCa more than women of African ancestry 

(WAA), more WAA unfortunately die from BCa. The reasons for this disparity are 

currently unknown, however, a higher proportion of WAA are diagnosed with an 

aggressive type of BCa called triple negative breast cancer (TNBC). This might partially 

explain the high cancer death rate in WAA. To understand this disparity in BCa incidence 

and outcomes, we investigated TNBC disease trends across the African continent and in 

Barbados (a Caribbean island with predominantly African ancestry) and found a high 

proportion of TNBC diagnoses in Barbados and West African countries. We also 

discovered a novel genetic profile within these groups that may be useful to develop new 

cancer therapies that would decrease TNBC aggressiveness and death in these populations.  
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ABSTRACT 

Breast cancer (BCa) is a leading cause of cancer-related female deaths worldwide and is a 

complex disease consisting of many different subtypes with varying clinical course and 

outcomes. Triple negative breast cancer (TNBC), an aggressive and highly metastatic 

subtype, is most prevalent in women of African ancestry (WAA) but the causes of this 

disparity are not fully understood. The goal of this study was to investigate the 

epidemiological and genetic profiles in ancestrally-related WAA in Barbados and Nigeria 

to advance knowledge and lay the foundation for development of improved or novel BCa 

therapeutics.  

To gain insight about TNBC across the African continent, a systematic review and 

meta-analysis was conducted. TNBC frequencies on average across Africa were estimated 

at 26.8% but were highest in West African countries (46.0%). We also sought to identify 

the epidemiological profile of BCa in Barbados—a Caribbean island with significant West 

African ancestry. We reviewed pathological reports for BCa from the sole public hospital 

in Barbados and compared those data with USA population-based data. We found a high 

prevalence of high prevalence of TNBC amongst women diagnosed with breast cancer in 

Barbados (25%), compared to 21% in non-Hispanic Black and 10% in non-Hispanic White 

women in the USA for the 2010-2016 period.  

We also investigated the somatic mutational profile of WAA with TNBC in 

Barbados and Nigeria using whole exome sequencing (WES) of formalin-fixed paraffin- 

embedded TNBC tissues. This investigation revealed novel and pathogenic variants in 

well-known cancer-associated genes such as TP53, BRCA1 and MDC1. The somatic 
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mutation signature in Nigerian tissues correlated with aflatoxin signature, implying a role 

for environmental factors influencing the genomics profile in this cohort. Copy number 

variants were revealed at high frequencies for PIK3CA, FGFR2 and HIF1AN genes. 

Collectively, these findings uncovered novel epidemiological and genetic trends in WAA 

with high prevalence of the aggressive TNBC subtype.  
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CHAPTER 1: INTRODUCTION 

1.1 OVERVIEW 

Breast cancer (BCa) is a leading cause of death in women worldwide, second only to lung 

cancer in developed countries (Bray et al., 2018; Siegel et al., 2017). Intriguingly, while 

BCa incidence for women of European ancestry (WEA) is higher than the incidence for 

women of African ancestry (WAA), mortality rates show the opposite trend (DeSantis et 

al., 2019; Moller et al., 2016). Emerging evidence suggests that environmental factors such 

as diet, exercise, socioeconomic status (SES) and BCa screening (e.g., mammography) may 

play important roles in BCa aetiology and outcomes (Gordon, 2003; Halmin et al., 2008; 

Linnenbringer et al., 2017). However, other population-based studies that have adjusted for 

BCa screening rates, SES and other lifestyle factors between WAA and WEA, still found 

that WAA had a higher mortality rate than WEA (DeSantis et al., 2016; Newman et al., 

2006; Wyatt et al., 2017), implying that other factors (e.g., biological factors) are driving 

this disparity. Notably, racial disparities are not unique to BCa – as other complex 

pathologies (e.g. prostate cancer, diabetes, cardiovascular disease, hypertension) also have 

racial disparities attributed to a combination of lifestyle and genetic risk factors (Nead et 

al., 2015; Reddon et al., 2016). This study sought to investigate the epidemiological and 

genetic profiles of WAA with TNBC in Nigeria and Barbados to elucidate potential risk 

factors responsible for TNBC aggressiveness in this group and to determine potential 

therapeutic and diagnostic measures for WAA with TNBC.  
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1.2 BREAST CANCER (BCA) EPIDEMIOLOGY AND HISTORY 

Cancer is broadly characterised by site-specific uncontrolled cell proliferation and invasion 

of normal tissues (Hanahan & Weinberg, 2011). It is an increasing public health concern 

as incidence rates are projected to escalate exponentially over the next decade (Fidler et al., 

2018; Torre et al., 2016). Growing global cancer incidence rates could be attributed to 

longer life expectancy as well as the rise in cancer-associated risk factors such as smoking, 

diet and other environmental factors (Bray et al., 2018). Higher incidence could also be a 

result of more surveillance, the establishment of cancer registries, and other public health 

measures that promote cancer awareness and screening (Marcus & National Cancer 

Institute (U.S.), 2019). Globally, there has also been a surge in cancer-associated mortality 

with the top five leading causes of cancer-related deaths worldwide being lung, colorectal, 

liver, stomach and female breast cancers (Sung et al., 2021). Recent estimates suggest that 

cancer is the first or second leading cause of premature deaths in 91 out of 172 countries 

globally with low- and middle- income countries (LMICs) contributing a substantial 

proportion of those 91 countries (Fidler et al., 2018). This however was not always the case 

— in 1990, cancer was ranked the 7th cause of death in LMICs compared to 2019 estimates 

suggesting that cancer is now the 2nd cause of death in these countries (IHME, 2020). This 

shift in cancer mortality in LMICs has surpassed cancer-specific mortality in higher income 

countries, e.g., the estimated cumulative risk of dying from cancer among women in 2018 

was higher in East Africa (11.4%) than the risks estimated in North America (8.6%) (Ferlay 

et al., 2019; Fidler et al., 2018). Specifically in women, BCa is the leading cause of cancer-

related deaths worldwide even in countries within the low/middle human development 
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index (HDI) which is a measure of a country’s levels of social and economic development 

(Fidler et al., 2018). The highest mortality rates from female BCa were estimated to be 

from Melanesia, Western Africa, Micronesia/Polynesia and the Caribbean where Barbados 

had the highest estimated mortality worldwide (Sung et al., 2021). While the cause(s) for 

increased mortality among these countries are not easily identifiable, it could be due to the 

complex interplay of epidemiological, environmental, and biological factors. It is no 

surprise that SES and environmental factors have been found to be associated with a higher 

mortality rate for BCa, as these factors play critical roles in cancer onset and treatment. It 

has recently been found that women in the USA with lower socioeconomic status (SES) 

are less likely to have post-breast conservation surgery radiation, adjuvant chemotherapy 

and axillary surgery (all of which can significantly impact survival rates) compared to 

women with higher SES (Dreyer et al., 2018). A similar trend was also seen across Europe, 

where SES showed a positive correlation with BCa incidence but had an inverse 

relationship with BCa mortality (Lundqvist et al., 2016). These associations lay the 

foundation for explaining mortality rate but cannot fully explain the disparities observed in 

BCa aggressiveness and therefore biological factors implicated in the classification of BCa 

should also be considered and examined in greater detail. 

1.3 CLINICAL AND MOLECULAR CLASSIFICATION OF BREAST CANCER AND 

TREATMENT OPTIONS 

Breast cancer and its aetiology have been extensively studied and recorded for centuries in 

ancient civilizations. Dating back to ~ 2400 B.C., BCa was described in the Edwin Smith 

Papyrus ancient Egyptian text as a “bulging tumor on the breast with no treatment” 
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(Breasted, 1930). Until the 19th century, various treatment options involving salts and 

Egyptian ointments were used to manage BCa (Hajdu, 2011). Presently, BCa management 

techniques have evolved from these methods and the first documented introduction of 

mastectomy in the 1880s (Zurrida & Veronesi, 2015) to include more advanced surgical 

methods, chemotherapy, radiation therapy, and most recently targeted therapy.   

At the onset of BCa, normal tissues accumulate genomic abnormalities such as 

mutations and progress to ductal hyperplasia then ductal carcinoma in situ (DCIS) which 

can then develop to invasive ductal carcinoma (IDC) (Shackney & Silverman, 2003). This 

progression can take place over an undefined period and women diagnosed with 

hyperplastic lesions or DCIS have an increased relative risk of up to 10-fold for an invasive 

carcinoma to develop (Allred et al., 2001; Dupont & Page, 1989). Additionally, the relative 

risk for developing an invasive carcinoma increases with age at diagnosis of hyperplastic 

lesion. However, the progression is highly correlated to the proliferative capacity of the 

DCIS, largely understood as the grade of the tumour — i.e. high grade DCIS lesions are 

likely to progress to high grade IDC lesions (Simpson et al., 2005).  Dating back to as early 

as 1928, tumours were morphologically assessed for features such as tubule formation, 

nuclei size and hyperchromatism as prognostic factors (Patey & Scarff, 1928). Currently, 

the most commonly used system to assess for grade is the Elston/Nottingham modification 

of Bloom-Richardson system (Elston & Ellis, 1991) which allows pathologists to determine 

the proliferative ability of tumour cells and has been found to predict the rate of tumour 

growth and hence prognosis. Lower grade (grade 1) is associated with low proliferative 

ability, thus with a better prognosis, whereas high and intermediate tumour grades (grade 
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2 and 3) are associated with higher proliferative ability and thus worse prognosis (Rakha et 

al., 2010). In addition to the assessment for grading tumour specimens, pathological and 

clinical staging is routinely conducted which further adds prognostic and anatomical value.  

The most accepted and gold standard American Joint Committee on Cancer 

(AJCC) staging assessment is based on the size of the tumour (T), lymph node involvement 

(N) and secondary sites where the tumour could have migrated to (M), henceforth deemed 

as metastases (Amin et al., 2017). The first edition was published in 1977 on the basis of 

TNM staging and has since evolved to the eighth and latest edition published in 2017 which 

also takes other prognostic markers (e.g., histological grade) and molecular markers into 

consideration for staging in an effort to transition from a population-based approach to a 

more personalized approach . This level of staging takes into account the expression of 

three recognized and accepted biomarkers – Estrogen Receptor (ER), Progesterone 

Receptor (PR), and Human Epidermal Growth Factor Receptor 2 (HER2) – via 

immunohistochemistry (IHC) and in situ hybridization where necessary. In addition to 

these three markers, Ki-67 expression is also assessed as well as the mutation frequency in 

multigene panel tests (Amin et al., 2017). These panels assess genomic variations for 

common genetic BCa markers such as BRCA1, BRCA2 and TP53 (Sabatier et al., 2014). 

These three markers have been associated with the aggressive nature of BCa and are thus 

of clinical importance for cancer staging and appropriate treatment options with a genomics 

approach. The development and widespread access to cutting-edge tools such as 

mammographic imaging, IHC, genomic sequencing, and open access genomics data has 

greatly improved the screening, diagnosis, and treatment of BCa.  
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1.4 GENOMICS AND PROGNOSTIC VALUE IN BCA  

With the decrease in costs associated with high throughput sequencing of the human 

genome, there has been a sharp uptake in the number of sequencing projects with the goal 

to offer personalized/precision medicine for a range of diseases and disorders (Carrasco-

Ramiro et al., 2017).  Though personalized medicine is still in the early stages for BCa, 

there have been considerable advances in this field. Color diagnostics was developed to 

sequence DNA obtained from saliva samples for hereditary/germline variants and has been 

used globally by physicians and genetic counsellors to conduct multi-gene testing on ~30 

genes and assess risks for developing breast and ovarian cancer (Adedokun et al., 2020; 

Crawford et al., 2017). There are also more commercial genomics tests such as 23andme 

that can be used without physician recommendation to assess variants in genomic DNA 

(gDNA) obtained from saliva. Tools like these have contributed significantly to our 

understanding of the genetic profile of BCa and have aided in identifying mutations in other 

genes apart from the traditional BRCA1 and BRCA2 mutations. In addition to these tools 

that assess germline variants and pre-tumour onset genomic profiles, clinicians have 

embarked on incorporating results from multi-gene panels for somatic profile assessment 

using either formalin-fixed paraffin-embedded (FFPE) or fresh frozen tumour samples. It 

is now mandated in North America by the AJCC’s recently released guidelines for cancer 

staging, to include molecular profiling and the use of multi-gene panels such as 

Mammaprint, EndoPredict and Oncotype Dx to appropriately stage the progression of BCa 

(Amin et al., 2017). For example, Mammaprint uses DNA microarray and qRT-PCR 

technology on fresh frozen tissue for interrogation of variants in up to 70 genes in BCa 
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patients, regardless of hormone receptor (HR) status and generates predictive results for 

risk of relapse, response and benefit of neoadjuvant and adjuvant chemotherapy 

respectively (Sabatier et al., 2014).  There is also now a stronger focus on patients with low 

frequency mutations (5-10% frequency), that when combined, may affect specific 

molecular pathways that have significant therapeutic potential (Lusito et al., 2019; Sabatier 

et al., 2014). For instance, though defects in CDH1 are well documented in breast and other 

cancers, there is a lower frequency of these mutations in BCa when compared to the 

mutation frequency of BRCA1, TP53 and PIK3CA. Recently, preclinical synthetic 

lethality—which is the combined lethal effect of defects or variations in two genes that 

would otherwise not be lethal if these variations occurred independently—was achieved in 

vitro, in vivo and ex vivo in tumours with CDH1 defects when ROS1 inhibitors (such as 

crizotinib and foretinib) were used (Bajrami et al., 2018). Additionally, using TNBC mice 

models, whole exome sequencing (WES) and RNA sequencing (RNA-Seq), tumours with 

Fgfr2 fusion accompanied by Brca1 mutation showed better response to combination 

therapies that targeted both genes compared to tumours treated solely with only one (i.e. 

FGFR2 inhibitor and PARP inhibitor) (Liu et al., 2018). Thus, identification of variants in 

novel genes and understudied pathways may be important keys to unlocking therapeutic 

agents. Also, combination of novel potential biomarkers or genomic variants in large 

repositories online or otherwise will greatly aid in development of therapeutic agents.  

1.4.1 Breast Cancer Subtypes, Heterogeneity and Classification  

Recent advancements within the field of BCa diagnostics have increased awareness about 

various BCa subtypes and hold promise to aid in more advanced therapeutic options for 
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patients. Using a combination of IHC and gene expression profiling, BCa can be classified 

into six subtypes (Prat & Perou, 2011). These include the less aggressive luminal A and B 

subtypes, the highly aggressive HER2-enriched, claudin-low and basal-like BCa subtypes 

(Prat & Perou, 2011) and the normal-like subtype (Figure 1.1).  Luminal A and B BCa are 

typically referred to as HR-positive BCa due to the presence of ER and/or PR (Yanagawa 

et al., 2012). Claudin-low and basal-like BCa subtypes are synonymously referred to as 

triple-negative BCa (TNBC) due to the likely absence of ER, PR and HER2 (Alluri & 

Newman, 2014) and their high-grade tumour status. In addition to gene-based 

classification, IHC-based classification of select markers (ER, PR, HER2 and Ki-67) has 

also been adopted by the St. Gallen International Expert Consensus for the aforementioned 

BCa subtypes and show high concordance with prognosis and potential for various 

therapeutic options for BCa patients (Goldhirsch et al., 2013; Goldhirsch, Wood, Coates, 

Gelber, Thürlimann, et al., 2011).   
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Figure 1.1: Molecular and therapeutic landscapes of (A) intrinsic breast cancer 

subtypes and (B) TNBC subtypes. (A) There is considerable molecular heterogeneity for 

BCa subtypes in the context of ER, PR and HER2 expression. Luminal A tumours are HR-

positive (ER and PR positive), HER2-negative, and express low levels of the proliferation 

marker Ki-67. These tumours can be treated with Tamoxifen, an ER-targeted therapy that 

prevents ER-mediated BCa growth. Luminal B tumours are HR and HER2 positive or 

negative, and express low levels of Ki-67. Tamoxifen and Herceptin (HER2-targeted 

therapy for HER2-positive Luminal B cases) can be used with this Luminal B subtype; 

however, there is poorer disease-free survival (DFS) than Luminal A tumours. HER2 

enriched tumours are HR-negative but HER2 positive with high levels of Ki-67 expression. 

These tumours can be effectively treated with Herceptin which has led to a significant 

increase in DFS for HER2-enriched tumours after its introduction as a BCa therapy. (B) 

TNBC tumours are negative for HR and HER2, with high frequency of BRCA1/2 mutations. 

TNBC can be further divided into at least six different subtypes (Basal-like 1 & 2, 

Immunomodulatory, Mesenchymal, Mesenchymal Stem Like, and Luminal Androgen 

Receptor) with enrichment for varying pathways and differential responses to available 

treatment options. Created with BioRender.com  
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1.2.1.1 Luminal A subtype 

It is predicted that between 40-50% of diagnosed breast tumours are of the Luminal A 

subtype (Gao & Swain, 2018). This subtype is molecularly characterized by the 

overexpression of ER/PR, low or no expression of HER2 and low (<14%) Ki-67 expression 

(Goldhirsch, Wood, Coates, Gelber, Thurlimann, et al., 2011). The proliferative marker Ki-

67 has recently been found to significantly correlate with histological grade in a large cohort 

of patients regardless of BCa subtyping (Liang et al., 2020) and low Ki-67 expression 

predicts a favourable prognosis. Luminal A BCa also has a favourable prognosis because 

of targeted endocrine therapies such as Tamoxifen, which are typically administered to treat 

ER-positive tumours. Tamoxifen was discovered in the 1960s and was clinically approved 

in 1985 as this was a promising therapy for ER-positive tumours (Tremont et al., 2017). 

Tamoxifen works by competitively binding to ER and preventing estrogens from binding 

to ER thus inhibiting tumour proliferation (Krauss & Stickeler, 2020).  

The Luminal A subtype has a 25-year distant recurrence-free interval (DRFI) rate 

of up to 87% with Tamoxifen treatment (Yu et al., 2019).  Luminal A tumours also have 

the highest frequency of PIK3CA mutations (~45%), MAP3K1 (~13%), CDH1 (~9%) 

compared to other BCa subtypes and clinical trials focused on this genomics profile are 

currently being conducted (Santarpia et al., 2016). The normal-like subtype is similar to 

the Luminal A subtype via IHC (ER/PR overexpression, low HER2 and low Ki-67) and 

was discovered due to its high similarity with normal breast tissue and low tumour 

cellularity (<50%) (Prat & Perou, 2011). Though data are limited since the normal-like 
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subtype was defined with a small number of tissues, the Luminal A subtype has a better 

prognosis than normal-like tumors (Prat & Perou, 2011).  

1.2.1.2 Luminal B subtype 

Luminal B BCa is also characterised by the overexpression of ER and can be either HER2 

positive or negative; however, the 25-year DRFI is 70% for patients diagnosed with 

Luminal B BCa compared to 87% for Luminal A tumours treated with Tamoxifen (Yu et 

al., 2019). Other studies have also found that Luminal B BCa has an overall poorer disease-

free survival rate compared to Luminal A, has a predisposition to relapse in bone and 

pleural tissue and also has a tendency to be insensitive to endocrine therapy (compared with 

Luminal A subtype) and chemotherapy (compared to basal-like and HER2 enriched 

subtypes) (Tran & Bedard, 2011). This BCa subtype has lower expression of luminal-

related proteins PR, FOXA1 but not ER (Prat et al., 2015). Additionally, Luminal B 

tumours are typically more proliferative than Luminal A tumours since there is higher 

expression of proliferation markers Ki-67 when compared with Luminal A tumours. High 

Ki-67 expression, proliferative ability and poorer survival are thus hallmarks that 

distinguish Luminal B tumours from Luminal A tumours.  

1.2.1.3 HER2 subtype 

The HER2-enriched BCa subtype is characterised by overexpression of the HER2/neu 

oncogene. HER2/neu encodes a tyrosine kinase that when overexpressed, activates 

signaling pathways involved in cell proliferation and invasiveness (e.g. PI3K/AKT and 

Ras/Raf/MEK/MAPK), ultimately leading to an overall aggressive tumour (Hou et al., 



Ph.D. Thesis- S. M. Hercules     McMaster University- Biology 

 

 13 

2020; Slamon et al., 1987). This BCa subtype had one of the worst prognoses of the BCa 

subtypes before the introduction of HER2-targeted therapy. Trastuzumab (Herceptin) is a 

monoclonal antibody that binds to HER2 to prevent activation of downstream signalling 

pathways that promote tumour proliferation and differentiation (Baselga et al., 1998). Since 

FDA approval of Herceptin in 1998 there has been a gradual decrease in mortality rates for 

patients diagnosed with this HER2-enriched BCa subtype. (Patel et al., 2020). Recent data 

after 11-year follow-up from the landmark HERceptin Adjuvant (HERA) clinical trial 

(NCT00045032) show that one year administration of Herceptin to patients with HER2-

positive early BCa, significantly reduced risk of death and increased disease-free survival 

(DFS) by ~25% and ~24% respectively compared to patients that did not receive Herceptin 

(Cameron et al., 2017). Establishment of this therapy and others currently being 

investigated will largely help reduce the mortality rate from this aggressive BCa subtype 

that affects ~ 20% of BCa cases and typically associates with metastases to the brain which 

is often fatal (Patel et al., 2020).  

1.2.1.4 Claudin-low subtype 

The Claudin-low subtype is a recently discovered subtype added to the intrinsic BCa 

subtypes due to distinct molecular profiling. This subtype is mostly ER, PR and HER2 

negative and is characterised by high metastatic activity and has low expression of tight 

junction and cell-cell adhesion proteins such as E-Cadherin and Claudin-3, -4, and -7 (Prat 

& Perou, 2011). Another hallmark of this BCa subtype is immune and stromal cell 

infiltration (Fougner et al., 2020). Through hierarchal clustering, the Claudin-low subtype 

overlaps substantially with the basal-like subtype; however, there is a lower signature for 
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proliferation associated with this subtype (low Ki-67 expression) compared to the basal-

like group (Fougner et al., 2020; Prat & Perou, 2011). These tumours are highly 

heterogenous, have considerable overlap with the other intrinsic subtypes and have 

significantly less TP53 mutations when compared with basal-like, Luminal A and normal-

like subtypes (Fougner et al., 2020). The claudin-low subtype may benefit from inhibition 

of transforming growth factor beta (TGFb) signalling since this subtype has been 

associated with a stem-cell like phenotype that is induced by TGFb in claudin-low cell lines 

(Garrido-Castro et al., 2019). Breast tumours with high activation of TGFb signalling are 

highly proliferative and have a high propensity to metastasize through EMT (Adorno et al., 

2009; Pang et al., 2016; Xie et al., 2018). The TGFb signalling pathway has been 

established as one of the major pathways influencing the aggressive nature of BCa. 

Claudin-low tumours also have high expression of immune markers such as programmed 

death ligand 1 (PD-L1), suggesting that these tumours may be eligible candidates for PD-

L1 therapy. Approximately 30% of BCa samples express PD-L1 which decreases T-cell 

proliferation and increases T-cell apoptosis in BCa cells (Mittendorf et al., 2014). 

Expression of this T-cell inhibitory molecule has been implicated in allowing tumour cells 

to evade the host immune system (Mittendorf et al., 2014). Indeed, therapeutic agents for 

PD-L1 such as atezolizumab have recently proven to be beneficial for patients with 

metastatic breast cancer (Kagihara et al., 2020; Kang & Syed, 2020) and thus are of clinical 

importance for this subset of patients and potentially for Claudin-low tumours that express 

PD-L1. 
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1.5 TRIPLE NEGATIVE BREAST CANCER (TNBC) 

TNBC represents ~15% of all BCa cases and is an operational term that refers to a 

heterogeneous collection of breast cancers (largely overlapping with claudin-low and basal-

like BCa) (Alluri & Newman, 2014; Gordon, 2003; Prat & Perou, 2011). The basal-like 

subtype, commonly referred to as triple-negative, is also characterised by low to no 

expression of ER, PR and HER2. However, it is highly proliferative with high Ki-67 

expression and genomic instability. Though a majority of basal-like tumours are HR and 

HER2 negative, ~ 10% of basal-like tumours are HR positive (Prat & Perou, 2011). Unlike 

ER and HER2 positive tumors for which there are targeted therapies such as Tamoxifen 

and Herceptin respectively, there are no established targeted therapies for TNBC which 

lack expression of these targeted receptors (Hurvitz & Mead, 2016). Thus, patients with 

early stage TNBC are generally treated with conventional chemotherapies such as 

platinum-salts (e.g. Cisplatin), docetaxel, and paclitaxel in combination with more specific 

chemotherapeutics like Bevacizumab (Lehmann et al., 2016; Miles et al., 2010; Miller et 

al., 2007). Compared to other subtypes, TNBC tumours intriguingly have a higher 

pathological complete response (pCR) rate – which is a measure of the absence of 

invasive/in situ cancer in the breast and/or axillary nodes – but lower 3-year progression 

free and overall survival (Biswas et al., 2019; Liedtke et al., 2008).  Although some patients 

with TNBC are sensitive to chemotherapy treatment (O'Reilly et al., 2015), most TNBC 

tumors are typically resistant to these treatments and often have high recurrence resulting 

in a poor prognosis (Clark et al., 2014; Kassam et al., 2009).  
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Since TNBC is often associated with BRCA1 mutations and “BRCAness”, 

researchers have investigated how these mutations can sensitize TNBC tumours to various 

forms of chemotherapeutic agents (Chen, Wu, et al., 2018). It was recently found that a 

subset of TNBC patients with deleterious BRCA1/2 germline mutations responded 

significantly better to carboplatin (platinum-based therapy) than docetaxel (taxane-based 

therapy) (Tutt et al., 2018). Tumour cells deficient for BRCA1/2 cells are particularly 

sensitive to platinum-based therapies due to the fact that inter-strand cross-links formed by 

these therapies can only be adequately repaired by homologous recombination DNA repair 

(HRR) (Turner & Tutt, 2012). Since BRCA1 and BRCA2 are required for HRR, cells with 

mutations in BRCA1/2-altering protein function will undergo cell death (Turner & Tutt, 

2012). Taxane-based therapies were also found to be beneficial for TNBC patients with 

BRCA1/2 germline mutations (Bignon et al., 2018). However, this type of therapy may lead 

to increased risk of chemotherapy-related gastrointestinal toxicities, specifically in BRCA2 

mutation carriers (Bayraktar et al., 2020). Additionally, poly (ADP-ribose) polymerase 

(PARP) inhibitors have been shown to be an effective treatment for TNBC, especially those 

with BRCA1/2 mutations (Figure 1.2) (Papadimitriou et al., 2018; Sharma, 2017). The 

combination of PARP inhibition and inactive BRCA1/2, creates an environment for 

synthetic lethality of tumour cells (Lord & Ashworth, 2017; O'Neil et al., 2017). These 

polymerases, specifically PARP1 and PARP2 are critical in response to single-stranded 

DNA breaks (SSB) as they recruit other proteins such as XRCC1 to the site of the SSB to 

assemble repair factors at the break (Lord & Ashworth, 2017). In cells with PARP 

inhibition and BRCA1/2 mutations, HRR cannot occur to maintain cell viability and the 



Ph.D. Thesis- S. M. Hercules     McMaster University- Biology 

 

 17 

tumour cell undergoes cell death (Figure 1.2) (Beniey et al., 2019). Thus, PARP inhibitors 

are a type of targeted therapy that has led to considerable improvements in TNBC patients 

with BRCA1/2 defects (Geenen et al., 2018). Ongoing studies combining PARP inhibitors 

with other inhibitors such as EGFR inhibitors and other chemotherapeutics to enhance their 

cytotoxic effects are currently underway (Stringer-Reasor et al., 2021). Most recently, on 

July 26th 2021, the U.S. Food & Drug Administration (FDA) approved pembrolizumab in 

combination with chemotherapy for high-risk early stage TNBC patients as well as for 

patients with locally recurrent or metastatic TNBC with PD-L1 expression 

(NCT03036488). This recent therapy further highlights that consistent investigation into 

the molecular profiles of breast tumours is crucial for uncovering novel therapies, 

especially for the difficult to treat TNBC subtype. 
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Figure 1.2: Synthetic lethality in breast cancer through BRCA1 and PARP. Tumour 

cells treated with platinum-based therapies such as cisplatin undergo single-strand DNA 

breaks. In the presence of PARP inhibitors, PARPs are not recruited to the site of the single-

strand breaks for DNA repair and thus double strand breaks (DSB) are created. If cells have 

functional BRCA1/2, DSBs can be repaired through homologous recombination DNA 

repair and tumour cells survive and proliferate. However, cell death is initiated for cells 

without functional BRCA1/2. Created with and adapted from BioRender.com  
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1.5.1 TNBC Heterogeneity and Genetic Signatures 

Although all TNBC tumours share receptor negative status for ER, PR and HER2, there is 

substantial genomic and pathological heterogeneity within this subtype. Original 

classification by Lehmann and colleagues suggested that there were at least six different 

molecular subtypes of TNBC tumors (Figure 1.1) (Lehmann et al., 2011). These subtypes 

as defined by Lehmann et al. included two basal-like (BL1 and BL2), an 

immunomodulatory (IM), a mesenchymal (M), a mesenchymal stem-like (MSL) and a 

luminal androgen receptor (LAR) subtype (Figure 1.1) (Lehmann et al., 2011). However, 

after taking tumor microenvironment into consideration, further analyses by this group 

narrowed the subtypes to four main groups – M, LAR, BL1 and BL2 (Palma et al., 2015). 

Transcript levels from immune and normal stromal cells showed that the IM and MSL 

subtypes represent tumours with substantial infiltrating lymphocytes and tumour-

associated mesenchymal cells, respectively (Palma et al., 2015), which suggests that these 

subtypes may be candidates for various forms of immunotherapeutic agents. Furthermore, 

additional characterization of TNBC tumours further grouped them into LAR, 

mesenchymal (MES), basal-like immunosuppressed (BLIS) and basal-like immune-

activated (BLIA) groups that differ by biomarker expression and potential targets of 

treatment for each subtype (Burstein et al., 2015). In general, TNBC classification is based 

on gene expression and DNA profiling, and is important as each subtype responds 

differently to various forms of chemotherapy/treatment options and have varying clinical 

courses (Lehmann et al., 2016; Palma et al., 2015). Though no significant differences were 

found by Lehmann and colleagues between these subtypes for overall and distant relapse-
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free survival, pCR rates were significantly higher in patients with BL1 subtype (49%) 

compared to all other subtypes (31%) (Lehmann et al., 2016). Indeed, in vitro studies have 

shown that cell lines of the basal-like subtype (BL1 & BL2) respond significantly better to 

cisplatin (platinum-based therapy) compared to bicalutamide (Androgen receptor (AR) 

inhibitor) whereas the LAR subtype responds significantly better to bicalutamide, and the 

mesenchymal-like responds better to cisplatin or PI3K/mTOR dual inhibitor NVP-BEZ235 

(Lehmann et al., 2011).  The BL1 and BL2 response to platinum-based therapies could be 

due to the high mutation rate in BRCA1/2 within this subtype. Conversely, the LAR subtype 

is not typically enriched for BRCA1/2 mutations, and are characterized by the presence of 

AR, a luminal pattern of gene expression (e.g. high FOXA1, GATA3) despite ER-

negativity and mutations in PIK3CA and KMT2C (Garrido-Castro et al., 2019). In addition 

to the clinical use of AR antagonists like bicalutimide, a clinical trial is currently being 

conducted to determine the efficacy of combining enzalutamide (another AR antagonist) 

with alpelisib (a PI3K inhibitor) in patients that have no PTEN expression (NCT03207529). 

Therefore, having tumours appropriately subtyped and having a more comprehensive 

understanding of the molecular profile at the genomic, transcriptomic and proteomic levels 

will lead to more effective therapeutic choices and is now an emerging field of personalized 

medicine.  

Biomarker discovery for TNBC is crucial as further discovery will help to reveal 

novel diagnostic, prognostic, and therapeutic agents for this aggressive subtype. Currently, 

TNBC biomarkers are separated into three main groups (i) BRCA1/BRCA2 and DNA repair 

genes, (ii) immune checkpoint inhibitors and (iii) PI3KCA and PTEN as predictive markers 
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(Cocco et al., 2020). The recent discovery of PARP inhibitors in TNBC patients with 

defective BRCA1/2 has unveiled multiple types of PARP inhibitors from various 

pharmaceutical technology with varying degrees of efficacy in TNBC  (Cocco et al., 2020). 

Additionally, other recent TNBC biomarkers of interest include the transcription factor 

(TF) Kaiso that has been implicated in TNBC proliferation, invasion, metastasis and 

chemoresistance (Bassey-Archibong et al., 2016; Bassey-Archibong, Rayner, et al., 2017; 

Vermeulen et al., 2012). 

1.6 THE TRANSCRIPTION FACTOR KAISO AND TNBC 

1.5.1 Kaiso and its role in biological processes  

Recently, the poxvirus and zinc finger (POZ-ZF) transcription factor Kaiso was reported to 

be highly expressed in TNBC (Bassey-Archibong et al., 2016; Jones et al., 2014; 

Vermeulen et al., 2012). Kaiso was discovered over two decades ago in association with 

the cell adhesion Armadillo protein p120-catenin (p120ctn) (Daniel & Reynolds, 1999). 

Unlike many other POZ-ZF transcription factors, Kaiso has the unique ability to recognise 

and bind to DNA via the sequence specific Kaiso binding site (KBS; TCCTGCNA), the 

palindromic TCTCGCGAGA sequence, and at methylated CpG (meCpG) islands (Blattler 

et al., 2013; Daniel & Reynolds, 1999; Daniel et al., 2002; Prokhortchouk et al., 2001; 

Raghav et al., 2012). Remarkably, Kaiso has the ability to act as a repressor or activator in 

a context-dependent manner, unlike many other POZ-ZF transcription factors that mainly 

act as repressors (Kelly & Daniel, 2006).  

In cancer, Kaiso has been implicated in several tumour-related processes such as 

epithelial to mesenchymal transition (EMT), cell proliferation, apoptosis, inflammation, 
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and hypoxia as extensively reviewed (Pierre et al., 2019, Chapter 6). Clinically, Kaiso 

expression and localisation has been linked to poor prognosis in breast, prostate, colorectal 

and lung cancers (Dai et al., 2009; Jones et al., 2012; Lopes et al., 2008; Vermeulen et al., 

2012). For example, higher Kaiso expression was observed in primary & metastatic tumor 

biopsies compared to normal colon tissues in the context of colorectal cancer (Pierre et al., 

2015). Furthermore, nuclear Kaiso expression correlated significantly with higher 

histological grade in prostate and breast cancer, along with invasive ductal carcinoma (IDC) 

diagnoses, and ER negativity (Jones et al., 2012). Notably, Kaiso interacts with the tumor 

suppressor p53 to activate transcription of pro-apoptotic genes, but when Kaiso interacts 

with mutant p53, it represses transcription of pro-apoptotic genes (Bassey-Archibong, 

Rayner, et al., 2017; Koh et al., 2015). While these data are promising for establishing 

Kaiso as a biomarker for BCa, especially in TNBC with high TP53 mutation rate, further 

investigation is warranted to fully elucidate Kaiso’s role in various cancers.  
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Figure 1.3. Kaiso roles in tumorigenesis. Kaiso activates tumour cell invasion and 

metastasis via regulation of TGFβ signalling, miR-200 and E-cadherin expression. In Kaiso 

depleted TNBC cells, TGFb signalling pathway was reduced as well as decreased 

expression of EMT proteins such as E-Cadherin (Bassey-Archibong et al., 2016). In 

prostate cancer cells, Kaiso regulates EMT through mimR-200 family (Abisoye-Ogunniyan 

et al., 2018). In several mouse models, Kaiso promotes intestinal inflammation. Kaiso 

sustains proliferative signalling through Cyclin-D1, Myc, and Ki-67. Kaiso is implicated 

in chemoresistance and BCa overall survival through its interaction with BRCA1. Kaiso is 

also implicated in racial disparities in multiple cancer types. Created with BioRender.com 

and adapted from Chapter 6, Figure 2.  
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1.5.2 Kaiso and TNBC 

Several studies from our group and others have implicated Kaiso in the progression of 

TNBC. High Kaiso expression correlates with the poor overall survival of African 

American BCa patients compared to their Caucasian counterparts (Jones et al., 2014), 

which suggests a role for high Kaiso expression in the racial disparity affiliated with BCa 

mortality rates in WAA. In support of these previous findings, we found that Kaiso is highly 

expressed in WAA TNBC tissues compared to Caucasian TNBC tissues, with high Kaiso 

nuclear localisation and staining intensity associated with increasing percentage of African 

ancestry (Bassey-Archibong et al., 2017; Appendix Chapter 4). Additionally, high Kaiso 

and BRCA1 expression together were found to correlate with poor overall survival in breast 

cancer patients (Bassey-Archibong, Rayner, et al., 2017). Functionally, Kaiso expression 

was found to be essential for the proliferation, survival and metastasis of TNBC as Kaiso 

depletion increased the apoptosis and reduced the proliferation and metastases of TNBC 

cells to secondary organs in mouse models (Bassey-Archibong, Rayner, et al., 2017). 

Concomitant with these changes in cell function, Kaiso-depleted TNBC cells exhibited 

decreased expression of key EMT markers such as Vimentin, Slug and Zeb1 (Bassey-

Archibong et al., 2016). In vivo, Kaiso-depleted TNBC xenografts had delayed tumor onset 

and reduced metastatic ability to secondary organs (Bassey-Archibong et al., 2016; Bassey-

Archibong, Rayner, et al., 2017). Furthermore, Kaiso depletion resulted in increased 

sensitivity of TNBC cells to the chemotherapeutic agent Cisplatin (Bassey-Archibong, 

Rayner, et al., 2017). These studies provided key insights about Kaiso’s biological roles in 

TNBC and suggest that Kaiso may be a potential biomarker for TNBC aggressiveness. 
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Together, these findings raise the possibility that: 1) Kaiso plays a crucial role in TNBC 

aggressiveness; 2) WAA diagnosed with TNBC have a predisposition to increased Kaiso 

expression; and 3) Kaiso plays a role in the racial disparity in TNBC prevalence and 

outcome in WAA.  

1.7 TNBC AND RACIAL DISPARITIES  

In addition to genetic factors such as Kaiso possibly contributing to the racial disparity in 

BCa incidence and outcomes, multiple studies across the USA are pointing towards the 

“weathering hypothesis” proposed by Linnenbringer and colleagues to “explain the roles 

of the dynamic interplay among psychosocial stressors, physiological & behavioral 

responses, and genomic pathways [and how they] contribute to the increased risk of 

hormone receptor (HR)- breast cancer among Black women” (Linnenbringer et al., 2017). 

Though this is a relatively new research field, more researchers are now examining the 

interplay of these factors and how they impact BCa onset. Notably, HR positive BCa is 

more frequently diagnosed in WEA, while TNBC is diagnosed at a higher rate in young 

WAA (Moller et al., 2016; Stark et al., 2010). This observation is corroborated by a recent 

population-based report in the USA that found non-Hispanic Black (NHB) women and 

Hispanic women had higher odds of TNBC diagnosis (over 2-fold for NHB) compared to 

non-Hispanic White (NHW) women (Scott et al., 2019). This study and others have shown 

that in addition to higher TNBC prevalence rates, WAA experience a more aggressive 

clinical course of TNBC compared to women of other ethnicities (Brewster et al., 2014; 

Dietze et al., 2015; Stark et al., 2010). Specifically, TNBC patients of African ancestry 

were diagnosed at a younger age and had larger and higher-grade tumors compared with 
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Caucasian women (Brewster et al., 2014; Stark et al., 2010). Moreover, beyond the TNBC 

diagnosis, it was found that, WAA with TNBC had higher mortality rates than Caucasian 

women with TNBC (Dietze et al., 2015). To explain this, investigations into what drives 

this disparity, from an environmental perspective were done. One population-based study 

of Californian women found that Black women living in neighbourhoods with more Black 

residents had significantly lower odds of being diagnosed with TNBC relative to the 

HR+/HER2− subtype (Linnenbringer et al., 2020). This perhaps is associated with the 

perceived psychosocial stressors of living in a more segregated neighbourhood compared 

to living in a neighbourhood where residents are more comfortable with their fellow 

neighbours. In this study, they also found that living in areas with higher neighborhood 

median household incomes was associated with lower odds of TNBC relative to the 

HR+/HER− subtype in both Black and White women. Another population-based study 

from the USA found a higher risk associated with ER- breast cancer in Black women born 

in Jim Crow states (e.g. Alabama, Mississippi) compared to Black women born in other 

states. Notably, this association was not found in White women across these two 

comparator groups (Krieger et al., 2017). Jim Crow states are those 21 states and the 

District of Columbia in the USA that practiced legal racial discrimination until it was 

outlawed by the US Civil Rights Act in 1946 (Murray, 1950). Supporting these studies, it 

was recently found that Black women residing in low SES neighbourhoods, particularly 

those with lower density of Black residents, had a greater relative risk of TNBC (Qin et al., 

2020). While these findings are correlations and do not show causal associations, they 

provide evidence of how social isolation can impact tumorigenesis. In murine models, it 
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has been documented that social isolation leads to younger onset of mammary tumours as 

well as increased rates of mammary tumour growth and size (McClintock et al., 2005; 

Williams et al., 2009).  TNBC onset can therefore not simply be defined by genomic 

aberrations and alterations alone. The interplay of SES, social stressors, behavioural 

patterns, and genetic variations should also be strongly taken into consideration when trying 

to determine why these disparities exist.  

While it was initially postulated that SES and access to health care alone were key 

factors underlying the high BCa mortality rates in WAA, these factors do not fully explain 

the racial disparity associated with TNBC prevalence and outcome in young WAA and 

suggest other factors, including biological factors, as key causes of this disparity (Iqbal et 

al., 2015). Recently, a high frequency of pathogenic and likely pathogenic variants for 

cancer-associated genes such as BRCA1, BRCA2 and PALB2 was highlighted in Caribbean 

women with breast and ovarian cancer (George et al., 2021). Additionally, a higher TP53 

mutation rate was observed in Nigerian (62%) and African American women (46%) 

compared with Caucasian women with breast cancer (29%) (Pitt et al., 2018). Notably, Pitt 

et al. used data collected from The Cancer Genome Atlas (TCGA), which was created to 

profile and analyze genomics data at the DNA, RNA, protein, and epigenetics levels for a 

variety of cancers. This rich dataset has enabled researchers to investigate genetic 

alterations that could form the basis for novel therapies and progressing to a more 

personalized approach to therapy. However, the TCGA database and others collecting such 

data lack representation of cancer cases from diverse ethnic populations.  
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Currently, across all cancer types within the TCGA, there is an estimated 80% 

representation of European American cases whereas only 9% of African American samples 

were included (Yuan et al., 2018). Thus, there has been an increased focus of genomics 

studies to include representation of minoritized groups from other ancestries, such as people 

of African ancestry. Genotyping studies have revealed that alleles such as the Duffy-null 

allele are associated with TNBC risk in a cohort enriched with African ancestry participants 

(Martini et al., 2021). This study also revealed that the frequency of a protective variant for 

ANKLE1 was lower in Ghanaian TNBC participants compared to European American 

TNBC participants which was intriguing as ANKLE1 has been previously associated with 

DNA repair and has been used as a candidate for non-small cell lung cancer therapeutics 

(Whitehurst et al., 2007). Further genotyping efforts have identified various loci associated 

with African ancestry and TNBC within the introns and/or near to previously known 

cancer-associated genes such as KCNK2 and genes not previously associated with cancer 

such as C5orf56 (Adedokun et al., 2021). Though not much is understood about KCNK2 in 

BCa, one study highlighted decreased mRNA expression in invasive breast tissue 

(Williams et al., 2013). Additionally, C5orf56 is long non-coding RNA (lncRNA) gene 

with little known about function and/or regulatory pathways. There is now an expansion of 

functional validation of these genetic signatures in WAA as well as how environmental 

factors also play a role in these genetic signatures found in WAA with TNBC.  

RATIONALE & RESEARCH GOALS 

The high prevalence and poor prognosis of TNBC in WAA emphasizes the importance of 

unravelling the genetic, molecular, and epidemiological factors that may be involved in 
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driving the early onset of TNBC in young women of African ancestry. Currently, the exact 

causes for high prevalence and poor outcomes have not been investigated widely and thus 

remain unknown. Recent studies have found that TNBC prevalence is highest among WAA 

across the diaspora with the highest TNBC prevalence reported in West-African 

populations (e.g., Nigeria 50%, Ghana 82%), which are the founder population of most 

WAA in North America and the Caribbean (Mannix, 1962; Stark et al., 2010). To date, 

there have been no comprehensive systematic reviews and meta-analyses investigating the 

frequency and prevalence of TNBC across Africa to fully understand the variation of BCa 

aggressiveness across the continent. Additionally, little is known about BCa subtypes and 

aggressiveness in the Caribbean where there is a higher percentage of African ancestry 

compared to North America.  This study thus utilized ancestrally-related West African 

(Nigerian) and Caribbean (Barbadian) TNBC cohorts to investigate the epidemiological 

trends and molecular genetic profile in WAA. As most cancer genomics research to date 

have low inclusion of African and other diverse populations, potential therapeutic targets 

and diagnostic biomarkers in WAA might be overlooked. This work aims to investigate the 

genetic profile of DNA extracted from TNBC tissues obtained from both Nigerian and 

Barbadian women using WES to determine if there are any somatic mutations and/or 

genetic signatures that may be specific to TNBC in these WAA.  
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Figure 1.4: Conceptual framework for understanding TNBC in WAA. WAA have a 

high prevalence of TNBC and may have specific genomic and molecular patterns that 

contribute to tumour aggressiveness and TNBC prevalence in WAA. However, several 

unknown variables remain regarding the cause of TNBC prevalence in WAA namely (i) 

BCa epidemiology in Barbadian WAA—a population with a high percentage West African 

ancestry and the highest BCa incidence/mortality in the Caribbean, (ii) TNBC 

epidemiology across the African continent and (iii) specific genomic and molecular profile 

of ancestrally-related Barbadian and Nigerian WAA with TNBC. Model diagram created 

with BioRender.com
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HYPOTHESIS AND OBJECTIVES  

 

WAA diagnosed with TNBC share common genetic signatures and epidemiological 

trends that could lead to targeted interventions for effective treatments. 

 

1. Compare the BCa epidemiological profile of women with a high African ancestry 

in Barbados with non-Hispanic white and non-Hispanic Black women in the USA. 

2. Investigate TNBC frequency across African countries. 

3. Investigate the genomic profile of WAA diagnosed with TNBC. 

4. Investigate the expression profile of Kaiso and other BCa biomarkers in a tissue 

microarray (TMA) comprised of Nigerian and Barbadian TNBC tissues.  
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CHAPTER 2: MATERIALS AND METHODS 

Search Strategy and Selection Criteria 

We used Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

guidelines (Moher et al., 2009) as well as Meta-analysis of Observational Studies in 

Epidemiology (MOOSE) guidelines (Stroup et al., 2000) as frameworks for our systematic 

review and meta-analysis (Chapter 4). On April 25th 2021, we searched PubMed, 

EMBASE, African Journals Online and Web of Science for relevant articles without date 

or language restrictions. Start date of the search was from inception of each database. A 

detailed version of our search strategy used in PubMed was modified for other databases. 

The search strategy and these modifications can be found in Table S1. All search terms 

were Medical Subject Heading terms, including TNBC terms (“TNBC”, “triple-negative*”, 

“triple negative”) and terms for African countries (“Africa”, “African” and names of all 54 

African countries) and outcome variables (“rate*”, “prevalence”, “epidemiology”). We 

included all studies that met the following inclusion criteria (i) studies that use breast cancer 

tissue samples from indigenous African women of any age, in any care setting (clinical, 

community, etc.) and at any geographic location (ii) sample size of eligible participants ≥ 

40 (as slightly more stringent criteria since normal distribution could be assumed at n= 30 

(Krithikadatta, 2014)) (iii) studies that demonstrate at least one of the following: report on 

receptor status of breast tumours including ER, PR, and HER2 (iv) any primary study 

including but not limited to observational studies, cohort and case-control studies, cross-

sectional studies, etc.  
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We excluded the follow types of publications: editorials, single case reports, case series, 

and commentaries, studies that assessed diagnostic measures and treatment options for 

women with TNBC in the absence of assessment of its prevalence, studies conducted in 

non-African nations without assessment of indigenous African TNBC rates or that of first-

generation African immigrants. Study selection began by screening titles and abstracts of 

articles collected after employing the search strategy. The full text of these articles was then 

reviewed to assess inclusion. Two data abstractors independently reviewed articles at both 

the title/abstract and full text review stages. When there were discrepancies, a consensus 

was made in consultation with a third reviewer. The protocol for this review was not 

registered. Non-English studies (French) were included after translation through Google 

Translate followed by verification of translation by a French speaker.  

Quality Assessment 

Studies which passed full text review (Table S2) were evaluated for risk of bias using a tool 

developed by Hoy and colleagues specifically intended for prevalence-studies (Hoy et al., 

2012). Each study was assessed according to ten items assessing internal validity (Table 

S3) and assigned to have either low (score of 1) or high (score of 0) risk of bias for each 

question by two independent reviewers. A third reviewer mediated discrepancy and a final 

score per question was agreed upon. Studies were then classified based on the total score 

for all questions in the quality assessment tool as having a high (<=5), moderate (6-8), or 

low (>= 8) risk of bias. 
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Data Analysis  

After reviewing full-text articles, a heat map was constructed with the number of studies, 

TNBC frequency and number of participants per country across African populations for 

unique studies using Google Sheets. All meta-analyses, meta-regressions and sensitivity 

analyses were completed using R (version 4.0.2) (R Core Team, 2020). Using the metaprop 

package in R, we conducted a meta-analysis of TNBC frequency among indigenous African 

women with breast cancer, stratified by country, region, risk of bias assessment, year of 

publication and the use of a validated tool for assessing receptor status. Freeman-Tukey 

double-arcsine transformation was used to stabilize the variances (Borges Migliavaca et 

al., 2020) and a random effects model for our meta-analyses. Pooled TNBC frequency was 

estimated separately per country and per region as two studies included data from more 

than one region. When studies investigated African and non-African participants, only data 

from African participants were included in meta-analyses. Heterogeneity between studies 

was assessed with Cochran’s Q, I², and H statistics.  Meta-regression was done to explore 

heterogeneity using metareg package. We used Egger’s test to investigate publication bias 

and small study effects using the metabias package.  The full code can be found here: 

https://github.com/daniel-lab-mcmaster/Shawn_Rcodes/blob/main/full_penul.R. 

Systematic review and meta-analysis findings are reported in Chapter 4 

Study Patient Populations 

Case reports from the Pathology Department at the Queen Elizabeth Hospital (QEH) in 

Barbados were examined between January 2007 and December 2017. Data were extracted 
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and cases were selected from all histologically confirmed BC cases during this time. A total 

of 2,136 breast cancer cases were identified. Data were also extracted from the Surveillance 

of Epidemiology and End Results (SEER) database for non-Hispanic Black (NHB) and 

non-Hispanic White (NHW) BCa cases in the USA with receptor status data (2010-2016). 

Archived formalin-fixed and paraffin-embedded (FFPE) tumor tissue blocks of Nigerian 

TNBC patients diagnosed at the Lagos University Teaching Hospital (LUTH), Abia State 

University Teaching Hospital (ABSUTH), University of Calabar Teaching Hospital 

(UCTH), University of Port Harcourt Teaching Hospital (UPTH), and FOMAS Hospital in 

Nigeria from 2011 – 2017, and Barbadian TNBC patients diagnosed at the Queen Elizabeth 

Hospital (QEH), Barbados from 2002 – 2017 respectively, were obtained from the 

Pathology Department at the respective hospitals after approval by each Ethics Committee. 

The FFPE tissue blocks for the TMA construction were then shipped to the Developmental 

Histology Lab at the Yale Pathological Tissue Services (YPTS), Yale University 

(Connecticut, New Haven, USA), where tissue sections of each block were hematoxylin & 

eosin (H&E) stained for histological confirmation. Representative tumor areas of each 

Nigerian and Barbadian FFPE specimens were then selected for the construction of a pilot 

tissue microarray (TMA). ER, PR and HER2 status of samples was confirmed at each 

institution by immunohistochemistry (IHC). Any tissue specimen with less than 1% 

staining for ER and PR was scored as negative. Similarly, 0 or +1 scoring for HER2 was 

considered negative. Available clinico-pathological information including age, tumor 

grade, tumor stage and lymph node involvement were retrieved from pathology reports and 

physician notes at these institutions. TNBC tissue samples of African American (AA) and 
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Caucasian American (CA) patients diagnosed at the Yale-New Haven Hospital, 

Connecticut, New Haven, USA from 1996 – 2004, were obtained by purchasing the Yale 

Tissue Microarray 347 (YTMA-347) that was generated at the Developmental Histology 

Lab, (YPTS, Yale University, USA). The ER, PR and HER2 status of these tissues was 

determined by IHC at the Developmental Histology Lab. The clinical-pathological features 

of all patients utilized in these studies are reported in Chapters 3 and Appendix Chapters 

2 and 3.  

Immunohistochemistry 

Prior to staining with primary antibodies, FFPE TNBC tissues were de-waxed by warming 

on a slide warmer at 60°C for 20 minutes, followed by de-paraffinization in xylenes 3 times 

for 5 minutes each, and rehydrated in a decreasing ethanol gradient (100%, 95% and 70%). 

Antigen retrieval was achieved by boiling slides at 98°C for 40 minutes in a low pH buffer 

(pH 6.0) solution or high pH buffer (pH 9.0) solution (DAKO, Glostrup, Denmark) for the 

Nigerian, Barbadian, AA and CA TNBC tissues used in Appendix Chapters 1, 2 and 3. 

Endogenous peroxidase activity was quenched by treatment with 3% hydrogen peroxide in 

1X phosphate buffer saline (PBS), while non-specific staining was blocked by incubating 

tissues in a blocking solution comprised of 1X PBS and 5% normal donkey or goat serum 

(depending on the species the secondary antibody was raised in) for 1 hour at room 

temperature. Endogenous biotin, biotin receptors, and avidin binding sites on tissues were 

blocked using the Avidin/Biotin blocking kit (Vector Labs, CA, USA) preceding primary 

antibody incubations. Tissues were then incubated overnight at 4°C with the following 



Ph.D. Thesis- S. M. Hercules     McMaster University- Biology 

 

 40 

antibodies: mouse anti-Kaiso monoclonal 6F (1:1000; gift from Dr. Reynolds), mouse anti-

p120 monoclonal 15D2 (1:500; BD Biosciences 610133), rabbit anti-WASF3 polyclonal 

(1:75; Sigma-Aldrich SAB4500164), and diluted in a solution containing 1X PBS and 1% 

normal donkey or goat serum depending on the antibody. Tissues were subsequently 

washed two times for 10 minutes each in 1X PBS solution containing 0.05% Tween-20 

(PBS-T) and once for 10 minutes each in 1X PBS. Secondary antibody incubations were 

performed at room temperature for 2 hours with biotinylated goat anti-mouse, donkey anti-

mouse or donkey anti-rabbit antibody at a dilution of 1:1000. Washes were performed as 

described above with PBS and PBS-T. To visualize immunostaining, tissues were 

incubated in Vectastain (Vector Labs) for 30 minutes and diaminobenzidine (DAB) (Vector 

Labs) for 2 - 10 minutes (depending on time taken to achieve adequate colour 

development). Tissues were subsequently counterstained with Harris hematoxylin (Sigma), 

differentiated in acid ethanol (0.3% HCl in 70% ethanol) and blued in Scott’s tap water 

substitute. Dehydration of tissues was achieved by incubating slides in an ascending ethanol 

gradient (70%, 95% and 100%). Tissues were then dried in xylenes two times for 5 minutes 

each and mounted using Polymount (Polysciences Inc., Warrington, PA, USA). Negative 

controls were attained by excluding primary antibody. Positive controls were attained by 

staining mouse tissues of varying organs. IHC-stained images were acquired using the 

Aperio Slide scanner (Leica Biosystems, ON, Canada). The TMAs were scored blindly by 

two pathologists, and their scores averaged to give a final mean score value that was used 

for all subsequent analyses in Appendix Chapters 1, 2 and 3. The staining intensity scores 

for each stained tissue was then calculated using the formula for the modified histochemical 
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score (H-score) system which is 3x (percentage of cells with maximum/marked intensity 

staining) + 2x (percentage of cells with moderate intensity staining) + 1x (percentage of 

cells with mild intensity staining) to give a final score value ranging from 0 – 300.  

DNA Isolation 

Ten microns (µM) thick FFPE tissue sections on twenty slides were scraped and placed in 

NAVY RINO tubes (Next Advance, Troy, NY) with stainless steel beads and 160 µL of 

deparaffinization solution (Qiagen, Hilden, Germany) and homogenized using the Bullet 

Blender (Next Advance) for 5 minutes at speed 12. The tubes were then incubated for 3 

minutes at 56˚C. The deparaffinization solution + DNA was then transferred to a tube with 

55 µL of RNase-free water, 25 µL Fetch Target Buffer (FTB) Buffer, and 20 µL Proteinase 

K. The solution was then incubated for 1 hour at 56˚C, shaking at 900 rpm. The tubes were 

then transferred to a 90˚C block for 1 hour to de-crosslink the DNA before centrifugation. 

The lower clear phase was then transferred to a new microcentrifuge tube with 115 µL of 

RNase-free water. 35 µL of Uracil-N-Glycosylase (UNG) was added to the solution and 

incubated for 1 hour at 50˚C. After an hour, the solution was centrifuged followed by 

addition of 2 µL of RNase A and incubated at room temperature for 2 minutes. The sample 

solution was purified utilizing QIAamp MinElute Column (Qiagen) and eluted into Tris-

HCl (10 mM). 

Library Preparation 

The quality and quantity of isolated DNA was measured using the Genomic DNA Screen 

Tape Assay (Agilent Technologies, Santa Clara, CA). The concentration of genomic DNA 
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(gDNA) larger than 200 bp was then calculated, and at least 200 ng of DNA greater than 

200 bp in size was sheared in 50 µL of nuclease-free water with the Covaris E220 using 

the 96 microTUBE Plate (Covaris, Woburn, MA) with the following conditions: Step one, 

peak power 175, duty factor 10, cycles per burst 200, average power 17.5, and time 360 s. 

Then step two, peak power 2.5, duty factor 0.1, cycles per burst 50, average power 0, and 

time 1.0 s.  After the shearing protocol, the DNA was quantified using the High Sensitivity 

D1000 Screen Tape Assay (Agilent Technologies). 100-500 ng of sheared DNA was placed 

into 50 µL of nuclease-free water and the library was prepared using the KAPA Hyper Prep 

Kit (Roche, Basel, Switzerland). Dual-indexed adapters were ligated to end-prepped and 

A-tailed DNA for 1 hour and 10 cycles of PCR were performed on the libraries. The 

prepared libraries were then quantified using Agilent’s D1000 Screen Tape Assay. 200-

1000 ng of adapter-ligated libraries was placed into the exome capture reaction, using 

Agilent’s SureSelect XT Low-Input Reagent Kit and the V6 + CUSTOM capture library 

with additional probe content that included: (1) 44,000 evenly spaced probes for more 

informative copy number analysis, (2) probes that tile completely across 20 known tumor 

suppressor genes to capture potential inactivating structural events, and (3) probes that tile 

across 20 specific non-coding regions known to be involved in cancer translocations. 

Integrated DNA Technologies (IDT) xGen Universal Blocking Oligos TS i5 and i7 

(Integrated DNA Technologies, Coralville, IA) were used in addition to the blocking oligo 

mix included in the SureSelect XT-LI reagent kit. After exome capture, the libraries were 

quantified using Agilent’s High Sensitivity D1000 Screen Tape Assay. Each library was 
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normalized to 5 nM pool and sequenced on Illumina’s NovaSeq 6000, using the NovaSeq 

S2 flow cell V1 chemistry 300 cycles kit at 150x150 (Illumina, San Diego, CA). 

General Pipeline Methods  

Best practices were adhered to for each tool mentioned within this section and the next 

section of this chapter unless otherwise stated. Whole-exome sequences were aligned by 

Burrows Wheeler Alignment (BWA) (v0.7.17) to GRCh38. Quality score errors were 

detected by Genome Analysis Toolkit (GATK's) Base Recalibrator (v4.0.10.1). Picard 

Tools (v1.128) was used to merge aligned binary alignment maps (BAMs) and mark 

duplicate reads. Germline Variant Call Format (VCF) of BAM were obtained by GATK's 

Haplotype Caller using GATK best practices, Samtools MPileUp together with BCFtools 

(v1.2), and Freebayes (v1.1.0-6-gf069ec6). Somatic variant calling was performed by 

MuTect2 (Cibulskis et al., 2013) to ensure compatible comparison with TCGA. MuTect2 

somatic variant calling files (VCF) for each patient in this study were converted to MAF 

files using the vcf2maf v1.6.19 tool (Kandoth et al.). Data from TCGA were downloaded 

from: https://portal.gdc.cancer.gov/projects/TCGA-BRCA. The TNBC subtypes were 

extracted and divided into self-reported Caucasian/European American (EA) and African 

American (AA) race. Each variant was validated using IGV (v2.7.2) (Robinson et al., 

2011). Validation included viewing each respective variant for each participant using IGV 

to validate that the stated variant from our variant calling pipeline was visually observed in 

IGV for each type of mutation except splice site mutations. 
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Downstream Bioinformatics Methods 

Gene frequencies in our WES data were performed by Unified Optimal Sequence Kernal 

Association testing in R. Visualization of somatic variants was performed using 

maftools (v2.6.05) (Mayakonda et al., 2018) and R packages pheatmap (v1.0.12), 

ggplot2 (v3.3.3), VennDiagram (v1.6.20), and ggrepel (v0.9.1). Mutation signature from 

WES data was computed using Mutational Signature in Cancer (MuSiCa) (Díaz-Gay et al., 

2018) and Catalogue Of Somatic Mutations In Cancer (COSMIC) (v2) release for somatic 

mutational signatures. Copy number analysis was performed utilizing Nexus Copy Number 

v10 (Biodiscovery) and focal analysis was performed by GISTIC (v2.0) (Mermel et al., 

2011). CNV heatmap was plotted using the oncoprint function in the R package 

ComplexHeatmap (v2.6.2) and pheatmap. To deduce ancestry information from tumor 

DNA, 1000 Genomes Project phase 3 VCF release was used as our reference population 

(Auton et al., 2015). Data were transformed to numeric genotypes by using PLINK 

(v1.90b6.7). Principle component analysis (PCA) was performed using the R v3.6.0 

function prcomp to establish ancestry distributions mapped by the anchor population.  

Statistical Analyses 

Crude incidence rate per 100,000 years was calculated by dividing the number of 

incident cases by the number of women in the Barbados population and multiplying by 

100,000. Age-specific incidence rates were then calculated in 18 age groups with respect 

to the population for each age group as recorded in the census data for that time period. 

Standard unpaired Student’s t-test with Welch’s correction was used for pairwise 
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comparison of means. Chi square analysis was used to assess the difference in clinico-

pathological features between the Nigerian, Barbadian, AA, and CA cohorts. Data are 

presented as mean ± SEM where applicable. For all statistical tests, p values <0.05 denote 

statistical significance. For the sequencing project, Type I error (α) and type II error (β) 

were set at 0.05 and 0.1 respectively. Chi-square test and paired student t-test, as 

appropriate, were used to examine bivariate association of somatic differences between two 

cohorts. Benjamini-Hochberg was used for multiple tests. For statistical analysis and 

visualization, GraphPad Prism 8 was implemented (GraphPad Software, Inc.) and Rv3.6.0 

packages: circlize (0.4.6), ComplexHeatmap (1.99.7), dplyr (0.8.0.1), ggplot2 (3.1.1), 

ggpubr (0.2), maftools (2.0.05), plyr (1.8.4), png (0.1-7), qvalue (2.16.0), reshape2 (1.4.3), 

stringr (1.4.0), TCGAbiolinks (2.12.6), tidyr (0.8.3), and tools (3.6.0) were utilized. All R 

codes used within this thesis and supplementary data for Chapter 5 can be found here: 

https://github.com/daniel-lab-mcmaster/Shawn_Rcodes 
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CHAPTER 3: HIGH TRIPLE NEGATIVE BREAST CANCER PREVALENCE 

AND AGGRESSIVE PROGSOSTIC FACTORS IN BARBADIAN WOMEN WITH 

BREAST CANCER 

 

Preface  

This chapter consists of the published article entitled: “High triple negative breast cancer 

prevalence and aggressive prognostic factors in Barbadian women with breast cancer” 

by Hercules SM, Hercules JC, Ansari A, Date SAJ, Skeete DHA, Smith Connell SP, Pond 

GR and Daniel JM. (Cancer. 2020; 126(10), 2217-2224. doi: 10.1002/cncr.32771) in its 

original form. This is an open-access article. 

In this manuscript, we investigated BCa prevalence over the 2007-2016 period in Barbados 

with an emphasis on receptor status. We collected these data from pathological reports 

during this time period and also collected data representing non-Hispanic Black (NHB) and 

non-Hispanic White (NHW) women in the USA using the SEER database. We found that 

there was an estimated 25% TNBC prevalence in Barbados for the 2010-2016 time period, 

compared to a 21% and 10% prevalence reported for NHB and NHW women respectively 

(p < 0.001) for which receptor status was readily available from the SEER database. We 

also found that age-specific incidence rates were higher among Barbadian women (15-59) 

in younger age groups compared to those in the USA.  

Contributions: SM Hercules wrote the manuscript, collected and analysed data 

represented in all figures and tables. JC Hercules, A Ansari, Dr. SAJ Date, Dr. DHA Skeete 

and Dr. SP Smith Connell assisted with data collection from the Queen Elizabeth Hospital. 
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Dr. JM Daniel and SM Hercules conceived the study and co-wrote the manuscript. Dr. JM 

Daniel and Dr. GR Pond also provided significant intellectual guidance throughout the 

study. All other co-authors assisted with editing the manuscript text. Dr. JM Daniel 

provided funding for the project.  
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High Triple-Negative Breast Cancer Prevalence and Aggressive 
Prognostic Factors in Barbadian Women with Breast Cancer

Shawn M. Hercules, BSc, MPH 1,2; Jevon C. Hercules, BSc3; Amna Ansari, BSc1; Stephanie A. J. Date, MBBS2,4;  

Desiree H. A. Skeete, MBBS2,4,5; Suzanne P. Smith Connell, MD4,6; Gregory R. Pond, PhD7,8; and Juliet M. Daniel, PhD1,2

BACKGROUND: Women of African ancestry (WAA) are disproportionately affected by triple-negative breast cancer (TNBC), which 

remains one of the most clinically challenging breast cancer (BCa) subtypes. This study investigated the prevalence of TNBC and epide-

miological trends for BCa in Barbados, a Caribbean island with a high percentage of African ancestry. METHODS: Pathology reports for 

all BCa cases between 2007 and 2016 were collected from the sole hospital in Barbados and reviewed. The clinicopathological data col-

lected included age, tumor grade, lymph node status, and hormone receptor status as determined by immunohistochemistry. BCa data 

for non-Hispanic white (NHW) and non-Hispanic black (NHB) American populations were accessed from the Surveillance, Epidemiology, 

and End Results database. RESULTS: There were 1997 BCa cases in Barbados between 2007 and 2016 for an estimated incidence rate 

of 135.1 per 100,000 women in Barbados (standardized to the US population, where the standardized incidence rates for NHBs and 

NHWs were 141.4 and 152.6 per 100,000, respectively). Age-specific incidence rates in Barbados for this period were consistently higher 

in younger age groups (15-59 years) in comparison with NHWs and NHBs. Between 2010 and 2016 in Barbados, a TNBC prevalence of 

25% was observed, whereas TNBC prevalences of 21% and 10% were observed in NHBs and NHWs, respectively. CONCLUSIONS: The 

BCa incidence was higher in younger Barbadian women than NHWs and NHBs, and the TNBC prevalence was ~2.5 times higher than the 

prevalence in NHWs. This hints at a possible genetic predisposition and other socioeconomic factors that could explain the high TNBC 

prevalence and aggressive clinical course in WAA globally. Cancer 2020;126:2217-2224. © 2020 American Cancer Society. 

KEYWORDS: Barbados, breast cancer (BCa), epidemiology, racial disparities, triple-negative breast cancer (TNBC).

INTRODUCTION
Breast cancer (BCa) is the most frequently diagnosed cancer in women and a leading cause of cancer-related deaths in 
women worldwide.1 Intriguingly, in the United States, BCa incidence rates for non-Hispanic white (NHW) women have 
historically been higher than those for non-Hispanic black (NHB) women, but recently, the rates have started to con-
verge.2-4 Nonetheless, NHB women continue to have higher mortality rates than NHW women.2-4 NHB women are also 
diagnosed with BCa at younger ages and exhibit a more aggressive clinical course in comparison with NHW women.2,5,6 
The causes of these racial disparities in BCa incidence and outcomes are currently unknown, but they could in part be 
due to the interplay of socioeconomic status and psychosocial, environmental, and genetic factors.7

NHBs have a high prevalence of the very aggressive and clinically challenging BCa subtype called triple-negative breast 
cancer (TNBC), which is characterized by the absence of 3 therapeutically relevant BCa biomarkers: estrogen receptor 
(ER), progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2).2,8 Currently, TNBC patients are 
treated with a combination of nontargeted chemotherapies, radiotherapy, and surgery.9 Although a subset of TNBC tumors 
are sensitive to taxane- and anthracycline-based chemotherapies,10 5-year survival rates for TNBC patients are still signifi-
cantly lower than those for non-TNBC patients across any stage at diagnosis even after adjustments for race, age, and other  
covariates.11 Because of the lack of targeted treatment options for TNBC and the high propensity of triple-negative tumors to 
metastasize to vital organs such as the lungs and brain,12 TNBC is associated with lower survival in comparison with the other 
BCa subtypes.13,14 This aggressive subtype has been shown to have prevalence rates ranging between 27% and 82% across 
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sub-Saharan Africa15 and as high as 17% in Puerto Rico 
and 14% in Guadeloupe across the Caribbean,16 although 
there is a vast dearth of knowledge on TNBC prevalence 
in that region. These observations compel us to understand 
and identify the key factors contributing to the increased 
prevalence of this often fatal BCa subtype across various 
populations of women of African ancestry (WAA).

In the Caribbean, Barbados has the second highest 
age-standardized incidence rate and third highest mortal-
ity rate of BCa behind the Bahamas, which has the high-
est BCa incidence and mortality rates in the Caribbean.16 
Barbados is a small Caribbean island with an estimated 
population of ~280,000; approximately 92% identify as 
black.17 The island has a single public hospital, Queen 
Elizabeth Hospital (QEH), and a publicly funded health 
care system.17 Although ongoing research seeks to eluci-
date the causes of the racial disparities of TNBC in the 
United States, little research has been done on other pop-
ulations with high African ancestry, such as Caribbean 
populations. This study sought to determine the epidemi-
ology of BCa and the prevalence of TNBC in Barbados in 
comparison with the United States over a 10-year period 
(2007-2016). We also sought to compare clinicopath-
ological variables of Barbadian BCa patients with and 
without TNBC. We hypothesized that Barbadian women 
would have a higher TNBC prevalence, worse disease at 
diagnosis, and poorer prognostic factors in comparison 
with NHB or NHW women in the United States.

MATERIALS AND METHODS

Study Population
Case reports for the period between January 2007 and 
December 2016 were collected from the Pathology 
Department at QEH in Barbados, and clinicopathological  
data were extracted from the case reports of all histologi-
cally confirmed BCa cases during this time period. A total 
of 1997 BCa cases were identified. The study was approved 
by the institutional review boards at McMaster University,  
the University of the West Indies at Cave Hill, and the QEH.  
Data for the comparators (NHB and NHW American 
women) were extracted from the November 2018 re-
lease of the National Cancer Institute’s 2018 Surveillance, 
Epidemiology, and End Results (SEER) database.

BCa Subtype Classification
BCa cases were subclassified on the basis of immunohis-
tochemistry (IHC) staining to determine the expression 
levels of ER, PR, and HER2 in breast tumor tissues as 
per routine pathology testing at QEH. The primary anti-
bodies used at QEH were anti-ER (1D5; Dako), anti-PR 

(A0098; Dako), and anti-Her2 (HercepTest; Dako). To 
determine the estrogen and progesterone hormone recep-
tor (HR) status in invasive breast carcinomas, the threshold 
for positivity was immunoreactivity in at least 1% of the 
tumor cell nuclei, whereas carcinomas with <1% tumor 
cell immunoreactivity were considered HR–. HER2 
positivity was scored according to the American Society 
of Clinical Oncology/College of American Pathologists 
guidelines.18 IHC results were obtained from pathology 
reports, and in lieu of molecular testing, IHC was used to 
subtype histologically confirmed cases. Tumors that were 
HR+ (ER+ and/or PR+) and HER2– were classified as 
luminal A, HR+/HER2+ tumors were classified as lumi-
nal B, HR–/HER2+ tumors (or HER2-enriched) were 
classified as HER2+, and HR–/HER2– tumors were  
classified as TNBC. For the US SEER data, the receptor 
status was available only between 2010 and 2016.

Statistical Analyses
The crude incidence rate per 100,000 years was calcu-
lated by the division of the number of incident cases 
by the number of women in each population and mul-
tiplication by 100,000. Age-specific incidence rates 
were then calculated in 18 age groups (0-4, 5-9, 10-14,  
15-19, 20-24, 25-29, 30-34, 35-39, 40-44, 45-49, 50-54,  
55-59, 60-64, 65-59, 70-74, 75-79, 80-84, and 
≥85 years) with respect to the population for each age 
group as recorded in the census data for that time pe-
riod. Age-standardized incidence rates were calculated 
via the direct method. The number of BCa cases for 
each age group was divided by the population within 
that age group to give the age-specific incidence rates, 
which were then multiplied by the age distribution for 
the US population and subsequently summed. Standard 
unpaired Student t tests with Welch’s correction were 
used for pairwise comparisons of means. Chi-square 
tests were used to assess the differences in clinicopatho-
logical features between luminal A, luminal B, HER2+, 
and TNBC groups. Data are presented as means and 
standard deviations where applicable. For all statisti-
cal tests, P values <.05 denote statistical significance, 
and all tests were 2-sided. Missing data are common in 
this patient population and other developing nations. 
Because missing data may have been due to systematic 
issues (eg, the types of surgical specimens collected  
[biopsies vs mastectomies] and pathological reports not 
being fully updated) and not due to reasons related to 
disease severity, we assumed that data were missing at 
random. We then repeated our analyses with only cases 
that had recorded lymph node (LN) involvement (579 
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of 1997 cases) and cases that had the receptor status 
recorded for all 3 receptors (n = 842) versus those that 
did not (n = 1056) to validate the significance of our 
findings. Consequently, all descriptive outcomes are 
presented with the number of cases with information 
available used as the denominator.

RESULTS

Barbadian Epidemiological Overview
The total estimated resident population for Barbados in 
2010 was 277,821 with 144,803 females (52%).17 A total 
of 1997 BCa cases were identified at the  QEH between 
January 2007 and December 2016, and the total number 
of annual BCa cases ranged between 160 and 251 cases over 
this period. The crude incidence rate for BCa over this 10-
year period was 135.1 per 100,000. The lowest (110.5 per 
100,000) and highest incidence rates (171.9 per 100,000) 
were reported in 2015 and 2008, respectively. For the  
patients with available data, the mean age at diagnosis was 
57.9 ± 14.2 years, with 629 patients being diagnosed with 
grade 2 carcinomas and 608 being diagnosed with grade 
3 carcinomas (47% and 45%, respectively, of the 1342  
patients with known grade information; Table 1). Three hun-
dred and forty-one patients (59% of the 579 patients with 
available data) had positive LN involvement, whereas 238 
patients (41%) had no LN involvement (Table 1).

Barbadian WAA Have a High TNBC 
Prevalence and an Aggressive Clinical Course
Overall, 209 patients (25% of the 842 patients with data 
available for all receptors) were identified as triple-negative 
(ER–/PR–/HER2–). The mean age at the time of diagnosis 
for TNBC patients was 55.5 ± 13.1 years, whereas it was 
57.9 ± 14.3 years for non-TNBC patients (P = .029; Fig. 1).  
The mean age at the time of diagnosis for luminal A patients 
was significantly higher (58.3 ± 14.2 years) than the mean 
ages of TNBC patients (55.5 ± 13.1 years) and luminal B 
patients (53.6 ± 14.1 years; P = .014; Fig. 1 and Table 2). 
Among 176 TNBC patients, 126 of the tumors (72%) were 
recorded as grade 3 carcinomas, whereas for non-TNBC  
patients, only 166 of the cases (39%) were grade 3 carci-
nomas (P  <  .0001; Fig. 1). HER2-enriched and TNBC 
patients had the highest percentages of grade 3 carcino-
mas recorded (67% and 79%, respectively; P  <  .0001). 
Surprisingly, although there were no significant differences 
in LN status after stratification by BCa subtypes, LN posi-
tivity was observed in 58% of non-TNBC patients and in 
65% of TNBC patients (Fig. 2C). Further stratification by 
subtype revealed that luminal A, luminal B, and HER2+ 
enriched groups had the highest percentages of cases with 

LN involvement within their respective groupings. To fur-
ther validate these findings, we repeated all analyses with 
only cases that had recorded LN involvement (579 of 
1997 cases). An analysis of this smaller data set validated 
our findings with the larger data set (Supporting Fig. 1 and 
Supporting Tables 1 and 2). We also investigated clinico-
pathological variables between cases that had the receptor 
status recorded for all 3 receptors (n = 842) and cases that 
did not have the receptor status recorded for these receptors 
(n = 1056), and we found that there was no significance 
between the 2 groups for any of the variables examined 
(Supporting Fig. 2 and Supporting Table 3).

Higher TNBC Prevalence and Poorer Prognosis 
in Barbadian WAA in Comparison With 
NHBs and NHWs
According to the available data, there was an estimated 
BCa incidence rate of  135.1 per 100,000 women in 
Barbados (standardized to the US population, where 

TABLE 1. Breast Cancer Epidemiological and 
Clinicopathological Profile in Barbados (2007-2016)

Characteristic
Breast Cancer 

Cases (n = 1997)

Age, mean (SD), y 57.9 (14.2)
Age, No. (%)  

<50 y 578 (29)
≥50 y 1378 (71)
Missing 41

Grade, No. (%)  
1 105 (8)
2 629 (47)
3 608 (45)
Not assessed 655

Lymph node involvement, No. (%)  
Yes 341 (59)
No 238 (41)
Not assessed 1418

ER status, No. (%)  
Positive 601 (64)
Negative 332 (36)
Not available 1064

PR status, No. (%)  
Positive 384 (41)
Negative 541 (59)
Not available 1072

HER2 status, No. (%)  
Positive 138 (16)
Negative 711 (84)
Not available 1144

Breast cancer subtype, No. (%)  
Luminal A 496 (59)
Luminal B 60 (7)
HER2+ 78 (9)
TNBC 209 (25)

Abbreviations: ER, estrogen receptor; HER2, human epidermal growth factor 
receptor 2; PR, progesterone receptor; SD, standard deviation; TNBC, triple-
negative breast cancer.
Age was missing for 41 cases. Grade, lymph node involvement, ER status, PR 
status, and HER2 status were not assessed for 655, 1418, 1064, 1072, and 
1144 cases, respectively. For HER2 status, 34 of 1144 cases were equivocal.
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the standardized incidence rates for NHBs and NHWs 
were 141.4 and 152.6 per 100,000, respectively) 
where  Barbadian and NHB cases had higher percent-
ages of grade 3 tumors (45% and 47%, respectively) than 
NHW BCa cases (30%; P < .0001), who had more low-
grade (grade 1) tumors (24%) than NHB and Barbadian 

women (14% and 8%, respectively; Fig. 2B). We ob-
served a higher percentage of Barbadian cases with LN 
positivity (59%) in comparison with NHB (33%) and 
NHW cases (24%; P  <  .0001). NHW women had a 
higher percentage of cases diagnosed locally to the breast 
with no regional LN involvement (76%) in comparison 

Figure 1. Biomarker status associated with clinicopathological variables. (A) TNBC patients were diagnosed at significantly younger 
ages than non-TNBC patients (P < .05). (B) TNBC patients were diagnosed with higher grade tumors than non-TNBC patients  
(P < .0001). (C) Non-TNBC patients exhibited a trend toward more LN-positive tumors than TNBC patients (P = .24). (D) TNBC 
and Lum. B patients were diagnosed at significantly younger ages than Lum. A patients (P < .014). (E) TNBC and HER2+ patients 
were diagnosed with higher grade tumors than Lum. A and Lum. B patients (P < .0001). (F) HER2+, Lum. A, and Lum. B patients 
exhibited a trend toward more LN-positive tumors than TNBC patients (P = .567). Error bars represent standard errors of the mean. 
HER2 indicates human epidermal growth factor receptor 2; LN, lymph node; Lum., luminal; TN, triple-negative; TNBC, triple-negative 
breast cancer. *indicates P < .0001 to < .05.
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TABLE 2. Clinicopathological Differences Between Breast Cancer Subtypes in Barbadian Women

Characteristic Missing Cases (n = 1997)

Breast Cancer Subtypes

PLuminal A Luminal B HER2+ TNBC

Age, mean (SD), y 41 57.9 (14.2) 58.3 (14.2) 53.6 (14.1) 56.7 (13.1) 55.5 (13.1) .014
Grade, No. (%) 655           <.0001

1   105 41 (11) 2 (4) 1 (2) 3 (2)  
2   629 232 (63) 21 (40) 18 (33) 47 (27)
3   608 93 (25) 29 (56) 36 (65) 126 (71)

Lymph node involvement, No. (%) 1418           .788
Yes   97 60 (65) 7 (67) 11 (71) 19 (58)  
No   54 30 (35) 3 (33) 5 (29) 16 (42)

Abbreviations: HER2, human epidermal growth factor receptor 2; SD, standard deviation; TNBC, triple-negative breast cancer.
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with NHB (67%) and Barbadian women (41%; Fig. 2B). 
Between 2010 and 2016, there was a higher prevalence 
of TNBC in Barbadian women (25%) in comparison 

with NHB (21%) and NHW American women (10%; 
P  <  .0001; Fig. 2C). Ranging from 1.06 to 318.8 per 
100,000 women, age-specific incidence rates were higher 
for Barbadian women at younger ages (within the 15- to 
59-year subgroups) in comparison with NHB and NHW 
American women for the same age group (0.29-279.1 
and 0.11-281.3 per 100,000 women, respectively; Fig. 3). 
Similarly, the peak BCa incidence for Barbadian women 
occurred between the ages of 65 and 69 years, whereas 
the highest BCa incidence for NHW and NHB American 
women was recorded in the 75- to 79-year age group  
according to SEER data.

DISCUSSION
Although the 5-year BCa survival rates have increased 
globally with the advent of new therapies, diagnostics, and 
increased awareness, BCa is still a major public health prob-
lem globally, especially in low- to middle-income countries 
and small island developing states such as Barbados. The 
last published study on BCa incidence for this popula-
tion reported a crude incidence rate of 78.6 per 100,000  
between 2002 and 2006.19 In our study, we found that 
there was a crude incidence rate of 135.1 per 100,000 be-
tween 2007 and 2016. This increased BCa incidence rate in 
Barbados is in agreement with findings from a global study 
estimating that age-standardized incidence rates for BCa 
globally increased by 12% between 2005 and 2015 with 
an even larger increase (~26%) in countries with a lower 
overall socioeconomic status.20 Within the Barbadian con-
text, this stark increase could also be due to increased BCa 
awareness and increased screening across the island.

In comparison with NHB and NHW American 
women, among whom incidence rates were highest at 
older ages (60-85+ years), we found that age-specific 
incidence rates were consistently higher among younger 
Barbadian women (across the 15 to 59-year age groups). 
In addition, BCa incidence in Barbadian women was 
highest in the 65 to 69-year age group, which is 10 years 
younger than that reported for both NHB and NHW 
American women, who exhibited the highest incidence 
in the 75 to 79-year age group according to data collected 
from the SEER data set (2007-2016 time period). Recent 
population-based studies from Trinidad and Tobago also 
found increased BCa incidence among Afro-Trinidadians 
within the 45 to 54-year age group,21,22 whereas similar 
studies in Nigeria reported the highest BCa incidence 
rates within the 55 to 64-year age group.23

In addition to early-onset BCa, we found that 
Barbadian and NHB women presented with high per-
centages of grade 2 and 3 carcinomas and more LN 

Figure 2. Barbadian and NHB women with breast cancer are 
diagnosed with a more aggressive clinical profile. (A) There 
was a higher percentage  of TNBC in Barbadian and NHB 
women (25% and 21%, respectively) compared to NHW women 
(10%; P < .0001). (B) Higher percentages of Barbadian and 
NHB patients were diagnosed with grade 3 carcinoma (45% 
and 47%, respectively) compared to  NHW patients (30%), 
who had a higher percentage of grade 1 carcinoma (24%) 
than Barbadian and NHB women (7% and 14%, respectively; 
P <  .0001). (C) Barbadian and NHB patients had higher LN 
involvement (59% and 33%, respectively) compared to NHW 
women (25%), most of whom were LN-negative (P < .0001). 
HER2 indicates human epidermal growth factor receptor 2; 
LN, lymph node; Lum., luminal; NHB, non-Hispanic black; NHW, 
non-Hispanic white; TNBC, triple-negative breast cancer.
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involvement at diagnosis in comparison with NHW 
women. Interestingly, although TNBC patients were  
diagnosed with more grade 3 tumors and a lower fre-
quency of LN positivity than the non-TNBC patient 
group, further stratification of non-TNBC patients re-
vealed that the luminal B, luminal A, and HER2+ groups 
had the highest percentages of LN involvement at diag-
nosis, and this suggested a greater likelihood of metastasis. 
This is consistent with the findings of Loibl and Gianni,24 
who found a correlation with HER2+ positivity and 
brain metastases in up to 50% of patients diagnosed. We 
also found that more WAA in our study cohort presented 
with the aggressive TNBC disease at diagnosis in com-
parison with NHW American women. The prevalence of 
TNBC in the United States has been reported previously 
as ~11% for NHWs and 22% for NHBs.25 Our analysis 
of the SEER data set revealed similar results with rates of 
~10% and 21%, respectively. The TNBC prevalence rate 
of ~25% for this period in Barbados is thus only slightly 
higher than the NHB rate of ~21%.

These younger BCa incidence rates in WAA (Barbadian 
and NHB women) across distinct but ancestrally- 
related populations are striking and hint at a possible ge-
netic predisposition to early-onset BCa. Furthermore, an 
early age of BCa onset has also been associated with higher 
grades, high recurrence rates, contralateral BCa disease, 

and triple-negative and HER2-enriched subtypes.26 This 
evidence strongly suggests genetic components contribut-
ing to the higher age-specific incidence rates and aggressive 
nature of BCa in younger Barbadian women because socio-
economic status alone is unlikely to explain clinical factors 
such as age at diagnosis, TNBC at diagnosis, and tumor 
grade. Indeed, it has also been previously shown that a fam-
ily history of BCa and a history of benign breast disease 
increase BCa risk approximately 3 times more in cases ver-
sus controls in the Barbadian population, and this further 
hints at a genetic component for BCa in this population.27

One potentially relevant gene that has been identi-
fied as a BCa biomarker and is widely used for genetic 
testing is BRCA1. Across the African continent, research-
ers have identified BRCA1 mutation rates as high as 18% 
in African women with BCa.28 After analysis of a panel 
of 10 BCa-related genes in the genomes of 258 women, a 
recent study found that germline mutations for BRCA1/2 
genes were the most common in North American 
WAA.29 This is in agreement with studies that identi-
fied founder mutations in BRCA1 in ~23% and ~12.5% 
of Bahamian30 and Jamaican BCa cases,31 respectively. 
Another independent study using data from The Cancer 
Genome Atlas identified TP53 as being more highly  
mutated in black women in comparison with white 
women with BCa.32 They further found that CRYBB2 

Figure 3. Age-specific breast cancer incidence rates between 2010 and 2016 for Barbados and for NHB and NHW American women. 
The highest breast cancer incidence rates were recorded among Barbadian women aged 54-59 and 65-69  years, whereas the 
highest breast cancer incidence rates in both NHB and NHW American women were recorded in the 75-79 years age group. NHB 
indicates non-Hispanic black; NHW, non-Hispanic white.
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was more highly expressed in tumors of black women 
than tumors of white women, and this was further strat-
ified by receptor status (ie, TNBC tumors expressed 
more CRYBB2).32 This could be another potential can-
didate biomarker implicated in the aggressive nature of 
TNBC prevalence and outcomes in WAA. In addition 
to these candidates, another potentially relevant gene 
that has been found to be overexpressed in TNBC and 
aggressiveness is the transcription factor Kaiso, which 
has been associated with poorer overall survival and  
aggressive clinical outcomes in BCa and other cancers.33 
Studies from our laboratory and others have reported 
higher Kaiso expression in TNBC samples from WAA in 
comparison with white women.34,35 Interestingly, high 
Kaiso expression also correlates with poor survival out-
comes in African American men diagnosed with prostate 
cancer.36

Although our study provides a better under-
standing of the incidence of BCa and the distribution 
of BCa-associated clinical factors in Barbados, it was 
limited by the information reported in the pathology 
reports, many of which did not include data for LN 
involvement and receptor status. The lack of some data 
can be partially explained by the fact that LN involve-
ment is typically reported for lumpectomy or mastec-
tomy cases but not for core or needle biopsy cases, in 
which LNs are not surgically removed. For the years 
in which the surgery type was investigated (2013 and 
2016), 47% of the reports were pending reports with 
no type of surgery noted, 32% noted mastectomies, 
and 21% noted core biopsies. The LN status was not 
noted in these pending reports or reports of core biop-
sies and was noted for only 65% of patients with larger 
surgical specimens such as mastectomy specimens (data 
not shown). Although health care is publicly funded 
in Barbados and breast tumor classification by IHC is 
standard of care in Barbados, some patients may have 
received BCa surgery and follow-up outside Barbados, 
and those clinical reports would not have been captured 
within this study. This would affect the number of BCa 
cases and the TNBC prevalence noted in the study. 
Notwithstanding these limitations, we have demon-
strated for the first time the clinical profile of BCa cases 
in Barbados with a high percentage of African ances-
try (estimated to be ~92%).17 The high incidence of 
early-onset and premenopausal BCa in the Caribbean 
region warrants additional work to identify the genetic 
profile and relevant associations that can be lever-
aged for improved therapies, prognostic markers, and  
increased screening practices in this population.
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Supplementary Figures: 

 
 
Figure S1: Biomarker status associated with clinicopathological variables. (a) No difference 
reported between age at diagnosis and TNBC status (p = 0.720). (b) TNBC patients were 
diagnosed with higher grade tumors than non-TNBC patients (p < 0.0001). (c) Non-TNBC 
patients exhibited a trend towards more LN-positive tumors than TNBC patients (p = 0.453). (d) 
Luminal B patients were diagnosed at significantly younger ages than Luminal A (p < 0.05) and 
TNBC patients (p < 0.05) (e) There was a higher trend of Lum. B, TNBC and HER2+ patients 
with higher grade tumors than Luminal A patients. (f) HER2+, Luminal A and Luminal B 
patients exhibited a trend towards more LN-positive tumors than TNBC patients (p = 0.788). 
Error bars represent standard error of the mean. 
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Figure S2: Known vs. unknown receptor status is not associated with clinicopathological 
variables. a) No difference reported between age at diagnosis and known receptor status (p = 
0.446). (b) No difference reported between histological grade at diagnosis and known receptor 
status (p = 0.320). (c) No difference reported between lymph node status and known receptor status 
(p = 0.134). Error bars represent standard error of the mean. 
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Supplementary Tables: 

Table S1: Breast Cancer Epidemiological and Clinicopathological Profile in Barbados 
(2007- 2016) with Lymph Node Status Recorded 
 
Characteristic Breast cancer diagnoses  

N=579, (n %) 
Mean age, years (SD) 56.0 (13.1) 
Age, years 
 <50 
 ≥50 
 Missing 

  
184 (32) 
386 (68) 
9 

Grade 
 1 
 2 
 3 
 Not assessed 

  
29 (7) 
174 (44) 
196 (49) 
180 

Lymph node involvement 
 Yes 
 No 
 Not assessed 

  
341 (59) 
238 (41) 
0 

ER status 
 Positive 
 Negative 
 Not available 

 
117 (61)  
73 (39) 
389 

PR status 
 Positive 
 Negative 
 Not available 

 
70 (37) 
117 (63) 
392 

HER2 status 
 Positive 
 Negative 
 Not available 

 
29 (17) 
144 (83) 
406 

BCa Subtypes 
 Lum. A 
 Lum. B 
 HER2+ 
 TNBC 

 
104 (61) 
12 (7) 
17 (10) 
38 (22) 
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Table S2: Clinicopathological Differences Between BCa Subtypes in Barbadian Women 
with Lymph Node Status Recorded 
 
Characteristic Breast Cancer Subtypes, n (%) 

N 
Not 
assessed 

Number  
of cases 
N= 550 

Luminal 
A 

Luminal 
B 

HER2+ TNBC P 

Mean age, y 
(SD) 

9 56.0  
(12.9) 

58.3  
(13.4) 

49.6 
(7.7) 

56.1  
(9.9) 

56.2 
(13.2) 

0.153 

Grade 
 1 
 2 
 3 

180 
 

  
22 
165 
188 

  
10 (11) 
50 (57) 
27 (31) 

 
0 (0) 
4 (50) 
4 (50) 

 
0 (0) 
5 (38) 
8 (61) 

 
0 (0) 
7 (19) 
29 (81) 

- 

Lymph node 
involvement 
 Yes 
 No 

0   
97 
54 

 
60 (65) 
30 (35) 

 
7 (67) 
3 (33) 

 
11 (71) 
5 (29) 

 
19 (58) 
16 (42) 

0.7880 

 
Table S3: Clinicopathological Differences Between Barbadian Women with Known vs. 
Unknown Receptor Status 
 
Characteristic Breast Cancer Subtypes, n (%) 

Known 
receptor 
status 

Unknown 
receptor 
status 

P 

Mean age, y 
(SD) 

57.5 (13.4) 58.0 (14.3) 0.446 

Grade 
 1 
 2 
 3 

 
47 (7) 
317 (49) 
283 (44) 

 
47 (7) 
284 (45) 
302 (48) 

0.320 

Lymph node 
involvement 
 Yes 
 No 

 
 
109 (64) 
61 (36) 

 
 
221 (57) 
167 (43) 

0.134 
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CHAPTER 4: PREVALENCE OF TRIPLE NEGATIVE BREAST CANCER 

ACROSS AFRICA: A SYSTEMATIC REVIEW AND META-ANALYSIS 

 

Preface  

This chapter consists of the submitted manuscript entitled “Triple Negative Breast Cancer 

Prevalence in Africa: a Systematic Review and Meta-analysis” by Hercules SM, Alnajar 

M, Chen C, Mladjenovic SM, Shipeolu A, Perkovic O, Pond GR, Mbuagbaw L, Blenman 

KRM and Daniel JM which has been submitted to BMJ Open in its original form and is 

under review. In this manuscript, we investigate the distribution of, and research progress 

made related to TNBC across Africa. The paucity of data and information on TNBC in 

Africa highlighted the need of a systematic review and meta-analysis of TNBC frequency 

across the African continent. Our search strategy identified a total of 67 articles 

representing 20 countries across the continent. Our meta-analysis revealed that pooled 

TNBC estimates were highest across West African populations (46.0%) compared to North 

(24.3%), East (22.6%), Southern (16.1%) and Central African regions (14.9%). This study 

also revealed that there is a dearth of research on breast cancer receptor status across the 

continent and a lack of population-based data. Improved understanding of BCa in 

continental Africa can inform strategies for disease detection and management for WAA 

across the world.   

Contributions: SM Hercules conceptualized and designed the study, conducted the 

literature search, data collection, data analysis, data interpretation and writing the original 

manuscript draft, reviewing and editing. M Alnajar conducted the literature search, data 
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collection, writing of the original draft, review and editing. C Chen and SM Mladjenovic 

conducted the literature search, data collection, data analysis and writing of the original 

draft, review and editing. A Shipeolu assisted with the conceptualisation, study design and 

writing the original draft, reviewing, and editing. O Perkovic assisted with search strategy. 

Dr. G Pond assisted with data analyses, data interpretation reviewing and editing the 

manuscript. Dr. L. Mbuagbaw assisted with data interpretation, reviewing, and editing the 

manuscript. Dr. KRM Blenman assisted with data interpretation, reviewing, and editing the 

manuscript. Dr. JM Daniel also conceptualized and designed the study, assisted with data 

interpretation and writing the original draft, reviewing, and editing and funding acquisition. 
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Word count: 3039 words 

 

Abstract: 

Objective: To investigate frequency of triple negative breast cancer (TNBC) across continental 

Africa. 

Study Design and Setting: For this systematic review and meta-analysis, PubMed, EMBASE, 

African Journals Online and Web of Science were searched for studies on TNBC frequency. All 

studies reporting TNBC frequencies among African women were included. Editorials, single case 

reports, and studies conducted in non-African nations without assessment of TNBC frequency were 

excluded. Screening and data abstraction were completed independently by two reviewers and a 

random-effects meta-analysis was performed to obtain the pooled frequency of TNBC in African 

populations.  

Results: 1808 potentially eligible studies were identified of which 67 were included in the 

systematic review and 60 were included in the meta-analysis. Pooled frequency of TNBC was 

highest across West Africa, 46.0% [n= 15, 95% CI 38.8-53.3, I2= 92%] and lowest in Central Africa, 

14.9% [n= 1, 95% CI 8.1-23.3]. TNBC estimates were higher for studies that used Allred guidelines 

for ER/PR status compared to ASCO/CAP guidelines, and for studies that used older versions of 

ASCO/CAP guidelines for assessing HER2 status.  
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Conclusion: TNBC frequency was variable with the highest frequency reported in West Africa. 

Greater emphasis should be placed on establishing protocols for assessing receptor status due to the 

variability among studies.  

What is new: 

§ Estimates for the aggressive and difficult to treat triple negative breast cancer (TNBC) are 

variable across the African continent where highest pooled estimates were found in West 

African nations (~46% TNBC frequency). 

§ Methods used to assess receptor status are not consistent across the African continent and 

TNBC estimates were higher in studies that used less stringent cut-offs. 

§ Poor prognostic clinical factors (e.g., young age at diagnosis, high grade, and lymph node 

involvement) were observed in most studies done across Africa and highlights the need for 

early detection across the continent. 

Keywords 

Triple negative breast cancer, TNBC, Africa, breast cancer, women of African ancestry 
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INTRODUCTION 

Breast cancer (BCa) mortality rates have markedly increased across Africa where estimated 

age-standardized rates in 2020 ranged from 20 deaths per 100,000 women across Northern Africa 

to 27 deaths per 100,000 women in Western Africa [1-3]. BCa has thus been dubbed an emerging 

epidemic in Africa [4]. Women of African ancestry (WAA) across the globe and indigenous African 

women are more likely to receive a poorer BCa prognosis compared to women of other ancestries 

[5]. Multiple studies often posit poorer prognosis is a result of healthcare systems across Africa, 

where there is limited capacity and health infrastructure, e.g. inadequate screening and diagnostic 

services [6]. However, BCa prevalence by subtype, as defined by receptor status, is strikingly 

different for indigenous African women compared to the BCa prevalence profile of Western 

countries and is not simply explained by limited access to healthcare [5].  
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Immunohistochemistry (IHC) is routinely used to classify BCa into molecular subtypes 

according to the presence or absence of the estrogen (ER) and progesterone (PR) hormone receptors 

and the human epidermal growth factor receptor 2 (HER2). Triple negative breast cancer (TNBC) 

is characterized by the lack of expression of all three biomarkers (ER, PR, HER2), which makes 

TNBC untreatable with targeted therapies such as Tamoxifen and Herceptin [7, 8]. TNBC is often 

associated with earlier disease-onset, advanced-stage tumors and aggressive disease progression 

when compared with other BCa subtypes [9, 10]. TNBC has also been shown to disproportionately 

affect African women, and younger WAA and Hispanic women in North America [10], where the 

prevalence of TNBC in WAA has been estimated to be more than twice the prevalence in non-

Hispanic White women [11]. WAA also have a higher mortality rate from TNBC and more 

advanced stage at diagnosis [12]. Thus, it is important to investigate what seems to be an ancestral 

predisposition to TNBC since the reasons for this racial disparity in TNBC prevalence and outcomes 

are not fully understood. Studies to date have not compiled adequate information on TNBC 

frequency or considered reported frequency and routine practices associated with diagnosis and 

treatment across the African continent.  

This systematic review and meta-analysis aims to increase understanding and knowledge 

regarding the frequency of TNBC across the African continent. The paucity of data and information 

on TNBC in Africa underscores the importance and urgency of such a review. A previous review 

reported higher ER-negativity among West African countries compared to East African countries 

[5] and a previous meta-analysis investigated ER-positivity across Africa [13] but no review or 

meta-analysis has been solely focused on the frequency of TNBC cases across the African 

continent. This review complements current biomedical research on TNBC and provides context 

for areas where TNBC research continues to expand. Improved understanding of TNBC frequency 

in continental Africa can further inform strategies for BCa detection and management for WAA 
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globally. Due to shared ancestry between North American WAA and indigenous West African 

women [14], we hypothesize that there will be higher TNBC prevalence rates in countries across 

West Africa compared to other regions (North, East, Central, Southern) across Africa.   

METHODS 

Search Strategy and Selection Criteria 

We used Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

guidelines as a framework for our systematic review and meta-analysis [15] as well as Meta-

analysis of Observational Studies in Epidemiology (MOOSE) guidelines [16]. On April 25th 2021, 

we searched PubMed, EMBASE, African Journals Online and Web of Science for relevant articles 

without date or language restrictions. Start date of the search was from inception of each database. 

A detailed version of our search strategy used in PubMed was modified for other databases. Search 

strategy and these modifications can be found in Table S1. Briefly, all search terms were Medical 

Subject Heading terms, including TNBC terms (“TNBC”, “triple-negative*”, “triple negative”) and 

terms for African countries (“Africa”, “African” and names of all 54 African countries) and 

outcome variables (“rate*”, “prevalence”, “epidemiology”). We included all studies that met the 

inclusion criteria. The inclusion criteria were as follows: studies that use breast cancer tissue 

samples from indigenous African women of any age, in any care setting (clinical, community, etc.) 

and at any geographic location; sample size of eligible participants ≥ 40 (as slightly more stringent 

criteria since normal distribution could be assumed at n= 30 [17]); studies that demonstrate at least 

one of the following: report on receptor status of breast tumours including ER, PR, and HER2; any 

primary study including but not limited to observational studies, cohort and case-control studies, 

cross-sectional studies, etc.  
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We excluded: editorials, single case reports, case series, and commentaries; studies that 

assessed diagnostic measures and treatment options for women with TNBC in the absence of 

assessment of its prevalence; studies conducted in non-African nations without assessment of 

indigenous African TNBC rates or that of first-generation African immigrants. Study selection 

began by screening titles and abstracts of articles collected after employing the search strategy. The 

full text of these articles was then reviewed to assess inclusion. Two data abstractors independently 

reviewed articles at both the title/abstract and full text review stages. When there were 

discrepancies, a consensus was made in consultation with a third reviewer. The protocol for this 

review was not registered. Non-English studies were included after translation through Google 

Translate followed by verification of translation by a French speaker.  

Quality Assessment 

Studies which passed full text review (Table S2) were evaluated for risk of bias using a tool 

developed by Hoy and colleagues specifically intended for prevalence-studies [18]. Each study was 

assessed according to ten items assessing internal validity (Table S3) and assigned to have either 

low (score of 1) or high (score of 0) risk of bias for each question by two independent reviewers. A 

third reviewer mediated discrepancy and a final score per question was agreed upon. Studies were 

then classified based on the total score for all questions in the quality assessment tool as having a 

high (<=5), moderate (6-8), or low (>= 8) risk of bias. 

Data Analysis  

After reviewing full-text articles, a heat map was constructed with the number of studies, TNBC 

frequency and number of participants per country across African populations for unique studies 

using Google Sheets. All meta-analyses, meta-regressions and sensitivity analyses were completed 

using R (version 4.0.2) [19]. Using the metaprop package in R, we conducted a meta-analysis of 
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TNBC frequency among indigenous African women with breast cancer, stratified by country, 

region, risk of bias assessment, year of publication and the use of a validated tool for assessing 

receptor status. Freeman-Tukey double-arcsine transformation was used to stabilize the variances 

[20] and a random effects model for our meta-analyses. Pooled TNBC frequency was estimated 

separately per country and per region as two studies included data from more than one region. When 

studies investigated African and non-African participants, only data from African participants were 

included in meta-analyses. Heterogeneity between studies was assessed with Cochran’s Q, I², and 

H statistics.  Meta-regression was done to explore heterogeneity using metareg package. We used 

Egger’s test to investigate publication bias and small study effects using the metabias package.  

RESULTS 

Of the 1808 records identified, 1032 remained after removing duplicates from the various 

databases. After screening titles and abstracts, 932 records were excluded due to irrelevance. The 

full text for the remaining 109 records were screened and an additional 42 studies were excluded 

because they did not meet eligibility criteria, leaving 67 relevant studies for inclusion (Figure 1). 

Our search strategy identified eligible studies from 20 countries across continental Africa. Nigeria 

and Tunisia had the highest number of eligible studies (8 studies each), followed by Morocco (7 

studies), Algeria, Egypt, and South Africa (6 studies each), Ghana and Kenya (4 studies each) and 

South Africa (3 studies); there were only two studies from Uganda and only one study each from 

Botswana, Democratic Republic of Congo, Ethiopia, Guinea, Malawi, Mali, Mozambique, Rwanda, 

Senegal, and Sudan (Table S2). Five studies included data from multiple countries and regions 

across the continent (East and West Africa, Algeria, Egypt, Ethiopia, Ghana, Morocco, Namibia, 

Senegal, South Africa, and Tunisia). Five studies were translated from French to English and were 

all based in North Africa. Summary of clinical data can be found in Table 1 and Table S2. 
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Figure 1: PRISMA flowchart of all articles included in the systematic review analysis 
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Table 1: Summary of study variables for included studies across Africa and by Region 

 

Study variables All studies 
(n= 67) 

North African 
studies  
(n= 29)  

East African 
studies  
(n= 10) 

Southern 
African 
studies (n= 8) 

Central 
African 
study (n= 1) 

West African 
studies  
(n= 17) 

West and East 
African 
studies (n= 2) 

Mean age 30.62- 60.80 
(n= 43) 

30.62- 58.30  
(n= 18) 

43.00- 54.00  
(n= 7) 

53.60- 60.80  
(n= 5) 

50.00  
(n= 1) 

43.07- 52.05  
(n= 12) 

not 
investigated 

Median age 36.00- 60.00 
(n= 19) 

36.00- 52.00  
(n= 10)   

48.00- 50.00  
(n= 4)  

54.00- 60.00  
(n=3)  

49.00  
(n=1)  

not 
investigated  

56.00 
(n= 1) 

Min-max age 
recorded 

13.00- 
105.00  
(n= 43) 

17.00-105.00 
(n= 26) 

13.00-87.00  
(n= 7)  

27.00- 96.00  
(n= 2) 

29.00- 82.00 
(n= 1) 

20.00- 96.00  
(n= 8) 

14.00- 95.00  
(n= 1) 

Grade 1 
tumors 

0.00%-
60.64%  
(n= 53) 

0.00%-22.00% 
(n= 24) 

3.33%-25.00% 
(n= 8) 

6.03%- 
60.64%  
(n= 6) 

1.15%  
(n= 1) 

1.50%- 27.87% 
(n= 13) 

9.56% [W], 
15.25% [E]  
(n= 1) 

Grade 2 
tumors 

18.18%- 
82.29%  
(n= 54) 

26.66%- 
82.29%  
(n= 24) 

35.00%-
51.11%  
(n= 8) 

29.79%- 
53.22%  
(n= 7) 

51.72%  
(n= 1) 

18.18%- 
63.53%  
(n= 13) 

33.52% [W], 
30.81% [E]  
(n= 1) 

Grade 3 
tumors 

9.57%- 
78.18%  
(n= 59) 

13.94%- 
73.33%  
(n= 28) 

31.25%- 
53.51%  
(n= 8) 

8.40%- 
62.07%  
(n= 7) 

47.13%  
(n= 1) 

36.83%- 
78.18%  
(n= 14) 

56.92% [W],  
43.95% [E]  
(n= 1) 

Positive lymph 
node status 

12.10%- 
99.20%  
(n= 42) 

21.40%- 
95.00%  
(n= 23) 

49.00%- 
77.19%  
(n= 6) 

12.10%- 
68.10%  
(n= 3) 

not 
investigated 

41.90%- 
99.20%  
(n= 10) 

not 
investigated 

Premenopausal 29.10%- 
73.0%  
(n= 30) 

30.00%- 
67.50% 
(n= 13) 

34.00%- 
64.56%  
(n= 5) 

37.10%  
(n= 1) 

60.92%  
(n= 1) 

29.10%- 
73.00%  
(n= 7) 

not 
investigated 

TNBC 
frequency 

5.60%- 
82.0%  
(n= 67) 

6.00%- 66.25%  
(n= 29) 

17.00%- 
37.70%  
(n=10) 

5.60%- 
22.50%  
(n= 8) 

14.94%  
(n= 1) 

25.90%- 
82.20%  
(n= 17) 

24.10%- 
32.80% (n= 2) 

* two studies investigated both West and East African populations in their respective manuscripts, [W]- West African participants, [E]- East African participants
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All 67 studies reported TNBC frequency from specific hospital/health facility settings, 34 of which 

were conducted via academic and academic/university teaching hospitals. Fourteen studies were 

prospective whereas the others (n= 53) were retrospective studies. Additionally, 20 studies included 

some form of biased sampling (e.g., all metastatic cases, tissue microarrays, age cut-offs) whereas 

the remaining studies included were either random sampling or population based. Of the included 

studies, eight (12%), thirty-seven (55%) and twenty-two (33%) were classified as low, moderate 

and high risk of bias, respectively, (Figure 2, Figure S1, Figure S2, Table S4) after using the risk of 

bias assessment tool for prevalence studies by Hoy et al. [18]. Most studies were scored as high 

risk of bias due to data acquisition (e.g., study population). However, according to criteria set by 

the Hoy et al. risk of bias tool, data were interpreted appropriately for most studies (e.g., having a 

clear definition of TNBC, appropriate numerator/denominator for frequencies). The eight studies 

that were low risk of bias, were based in Algeria (n= 1), Botswana (n= 1), Malawi (n= 1), Rwanda 

(n= 1), South Africa (n= 2) or multiple countries (n= 2).  
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After identifying unique study populations per country (n= 60, Figure 1), TNBC estimates from the 

meta-analysis, number of studies and participants per country were highlighted (Figure 3). Pooled 

TNBC frequency estimates per country (Table S5) ranged from 13.5% in South Africa (95% CI: 

8.8%-19.1%, I2 = 78%) to 55.3% in Ghana (95% CI: 45.1%-65.2%, I2 = 83%). When investigating 

estimates per region (Figure 4), TNBC frequency was lowest in Central Africa (n=1, 14.9%; 95% 

CI 8.1%-23.3%) and highest in West Africa (n=15, 46.0%; 95%CI: 38.8%-29.3%, I2 = 92%). For 

these two analyses with pooled estimates per country and per region, heterogeneity (I2) was 

estimated at 94%, indicative of high between study variability. Pooled TNBC estimates were also 

stratified by use of validated tool for receptor status testing. Pooled TNBC frequency was higher 

(n= 25, 30.5%; 95%CI: 26.3%-34.9%, I2 = 95%) in studies that reported the use of a validated tool 

for assessing receptor expression, when compared to studies that did not (n= 35, 24.8%; 95%CI: 

Figure 2: Risk of bias (ROB) assessment per question for all articles included in systematic review. High risk of 
bias was noted specifically for questions on data acquisition

0 20 40 60 80 100

10

9

8

7

6

5

4

3

2

1

Percentage

R
O

B
 Q

ue
st

io
n

Low High

Data interpretation

Data acquisition



Ph.D. Thesis- S. M. Hercules     McMaster University- Biology 

 

 74 

21.9%-27.9%, I2 = 93%) (Figure S3). Between study heterogeneity was high (I2= 94%) and meta-

regression showed that these estimates were different (Figure S4A, P = 0.032, b coefficient= 0.061). 

When investigating TNBC estimates by the tool used for ER/PR and HER2 cut-offs, pooled TNBC 

frequency was higher in studies that used Allred 1998 for ER/PR cut-offs and in older versions of 

ASCO/CAP guidelines when compared to more recent versions for HER2 status (Figures 5, 6). 

There was also an association between publication year and TNBC estimates where meta-regression 

showed a decrease in effect size with increasing publication year (Figure S4B, P < 0.001, b 

coefficient= -0.017). When investigating the effect of risk of bias on study estimates, none was 

observed. Influence analyses showed that heterogeneity was not largely impacted by single studies. 

However, after conducting Egger’s test, publication bias was identified (Figure S5, P < 0.001).   

  



Ph.D. Thesis- S. M. Hercules     McMaster University- Biology 

 

 75 

 

  

Kenya
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4 studies
364 participants
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Figure 3: Pooled TNBC frequencies out of all BCa subtypes from studies done across African countries. Data 
represent pooled TNBC frequencies among all BCa subtypes reported in unique studies done in populations from stated 
countries. Pooled frequencies were calculated if the country had more than one study as stated within the meta-analysis. 
Estimates do not account for heterogeneity, IHC cut-offs and size of the respective populations
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Figure 4: Pooled TNBC frequency in Africa by region. Cases are defined as participants in a study that were identified as 
triple negative, and total is the number of breast cancer participants with known receptor status in the study.
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Figure 5: Pooled TNBC frequency in Africa by tool used for ER/PR status. Cases are defined as participants in a study 
that were identified as triple negative, and total is the number of breast cancer participants with known receptor status in the
study.
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Figure 6: Pooled TNBC frequency in Africa by tool used for HER2 status. Cases are defined as participants in a study 
that were identified as triple negative, and total is the number of breast cancer participants with known receptor status in the
study.
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DISCUSSION 

In this systematic review and meta-analysis of 67 studies on African women with BCa, we 

found that there was a high frequency of TNBC (27.1%) in cases reported across Africa although 

it varied depending on country and region. TNBC frequency was highest in West African 

populations (46.0%) compared to other regions across continental Africa (14.9%-22.9%). This is 

consistent with increased TNBC/ER-negative prevalence observed in populations with high West 

African ancestry [14, 21, 22] in the Caribbean [23, 24] and in North America [25]. In a USA 

population-based study (2010-2014), TNBC prevalence in non-Hispanic White women was 

estimated to be ~ 8% whereas it was ~15% in non-Hispanic Black women [22]. Additionally, TNBC 

prevalence was estimated to be ~8% and ~25% in White and Black women respectively in a UK 

cancer registry-based population in London [26]. These high frequencies of TNBC across Africa 

and the African diaspora are concerning as triple negative breast tumors have a greater propensity 

to metastasize to vital organs such as the brain [27] and are typically more aggressive due to lack 

of targeted therapies.  

When investigating clinical factors, the reported mean and/or median age at diagnosis was 

under 50 in 35 out of the 47 studies reporting age. Young age at diagnosis (under age 40) has been 

previously reported to be associated with triple negative and HER2-positive cancers as well as more 

aggressive clinical outcome [28]. Indeed, this poor prognosis of TNBC patients was evident as most 

of the included studies reported a high percentage of grade 3 tumours, lymph node positivity and 

TNBC frequency. It must however be noted that a younger age at diagnosis is also routinely 

observed in lower- and middle-income countries as this is also reflective of the population structure 

[29]. Therefore, this observed lower age at diagnosis may be indicative of the population 
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distribution rather than the intrinsic aggressive biology of the tumors. To consider this possibility, 

we investigated associations with mean and median age at diagnosis and TNBC estimates and found 

no association (Figure S4C p= 0.230, b coefficient= -0.004, Figure S4D p= 0.320, b coefficient= -

0.008). More advanced stage tumors and lymph node involvement at presentation may also be 

attributable to poor infrastructure and lack of BCa awareness and screening. A recent study of BCa 

across sub-Saharan Africa found that the majority of cases diagnosed were late-stage, emphasizing 

the need for early diagnosis [30]. Two separate studies from Nigeria and Ghana both found that 

most of the information obtained about BCa was from mass media and there was a general poor 

knowledge of BCa-associated risk factors [31, 32]. The Ghanaian-based study also found that the 

rate of breast self-examination (BSE), and clinical breast examination (CBE) were higher than that 

of obtaining mammograms [32] which emphasizes the need to promote screening programs in a 

culturally-relevant setting. It should be noted however that mammography has been associated with 

a two times higher chance of detecting ER-positive BCa compared to ER-negative BCa [33] which 

might be contributing to the relatively higher TNBC frequency observed across West African 

countries when compared to Southern African countries where mammography is more accessible.  

Many studies were excluded on the account of not assessing ER, PR and HER2 status. With 

respect to receptor status, 30 out of the 67 studies used validated guidelines (ASCO/CAP [34-39], 

Allred [40] or Reiner’s Scale [41]) for receptor status cut-offs. Such variability in classifying 

receptor status (i.e., the use of other guidelines with different cut-offs) affects the resulting treatment 

for patients with a diagnosis and how TNBC frequencies are calculated in each study. After 

stratifying studies by use of ASCO-CAP guidelines which account for specimen fixation and cut-

offs for ER/PR expression at 1%, there was a decrease in pooled TNBC frequency (24.4%) 
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compared to those that used Allred or Reiner’s Scale (cutoff at 10%) resulting in TNBC frequency 

of 43.5% and 38.0% respectively (Figure 5).  A similar trend was observed for ASCO/CAP 

guidelines with respect to assessing HER2 status where more recent guidelines correlated with 

lower TNBC frequency compared to older guidelines (Figure 6). Thus, meta-regression with 

publication year was done and indeed there was an association (P < 0.001, b coefficient= -0.017, 

Figure S4). A similar trend was recently reported for East Africa- based studies conducted before 

and after 2013; ER/PR positivity was lower before 2013 compared to after 2013 [42]. The 

variability in how receptor status is assessed highlights a need for increased capacity to conduct 

immunohistochemical receptor status testing to further enhance BCa diagnoses and classification. 

It must be noted however, that IHC might not be feasible for many of the hospitals/health centers 

across Africa and international collaborations should be encouraged to assist with building such 

capacity. One Nigerian study noted cost to be a barrier – IHC was performed on only 31% of the 

reported cases [43]. Another Nigerian-based study stated that ASCO/CAP guidelines could not be 

adhered to for HER2 due to the high cost of fluorescence in situ hybridization in the case of an 

equivocal HER2 score [44]. In contrast, South Africa has an extensive healthcare system with a 

comprehensive standardized national public health system for routinely assessing breast cancer 

receptor status [45]. The disparity in access to diagnostic and therapeutic tools across the continent 

could also be contributing to the lack of receptor status data and higher BCa burden reported here.  

To our knowledge, this is the first systematic review and meta-analysis with an in-depth 

analysis on TNBC frequency across continental Africa. However, there are some limitations to be 

considered. IHC and specimen collection and processing are not equally accessible, and neither are 

they uniformly done across the African continent. Specimen fixation, storage time of the samples 



Ph.D. Thesis- S. M. Hercules     McMaster University- Biology 

 

 82 

and other pre-analytical IHC variables have been previously shown to impact accuracy of IHC 

results [46]. It was estimated that up to 20% of IHC results globally are inaccurate based off of 

these pre-analytical variables [47]. The true frequency of TNBC is therefore not ascertainable due 

to lack of population-based data. Additionally, there are no validated search strategies for 

observational studies thus, some studies may be missed. As expected, there was considerable 

heterogeneity. High heterogeneity could be due to the large number of studies, or the varying 

ethnicities across Africa.  However, given the available data, this is the best estimate of TNBC 

frequency.  

This study provides the closest estimate of TNBC frequency across the different regions of 

continental Africa. Considerations should be made at the country-level to address IHC protocols 

and adherence to ASCO-CAP guidelines wherever possible. There is a clear disparity across the 

continent with respect to diagnostic and therapeutic tools that needs to be effectively addressed to 

prevent BCa burden. Priority should also be given to implementing culturally relevant BCa 

awareness programs as these have been proven to increase cancer awareness knowledge and thus 

could decrease preventable deaths from BCa [48]. There is also a dearth of knowledge across the 

continent about BCa subtype prevalence in general. This should be addressed as soon as possible 

by the establishment of cancer registries before the burden of BCa and other chronic diseases 

drastically increase with the epidemiological transition that has already started to take place across 

Africa.  
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Table S2: Summary of data from included studies 

Author Population Region Mean age ± SD 

Median 
age  
(min-max) 

Grade 3 
tumors 

Positive 
Nodes 

Number of 
TNBC cases 

Participants 
studied with 
known 
receptor status 
(all 
participants) 

Frequency of 
TNBC  

Risk of Bias 
Assessment 

Adani-Ifè A, 2020 
[1] Togo West Africa 52.05 ±12.38 (30-85) 42.70% 41.90% 44 117 (312) 37.60% Moderate 

Adisa AO, 2011 
[2] Nigeria West Africa 45.90 (20-81) / / 30 64 (385) 46.88% High 

Agboola A, 2014 
[3] Nigeria West Africa / / 35.70% 99.20% 99 155 (199) 54.36% High 

Agboola A, 2014 
[4] Nigeria West Africa / / / 94.20% 55 100 (308) 55.00% Moderate 

Agboola A, 2013 
[5] Nigeria West Africa / / / 92.70% 81 149 (308)  63.87% High 

Agboola A, 2016 
[6] Nigeria West Africa / / 34.12% 91.76% 114 187 (255)  60.96% Moderate 

Agboola A, 2014 
[7] Nigeria West Africa / / 38.50% 92.20% 115 231 (231) 49.78% High 

Akinyi MO, 2019 
[8] Kenya East Africa 48.00 ±14.5  / / 71% 22 79 (79) 27.85% High 

Alshenawy HA, 
2012 [9] Egypt North Africa 58.30 ±10.1 / 20.00% / 48 150 (150) 26.67% Moderate 

Ayadi EZ, 2018 
[10] Tunisia North Africa 35.00 ±4.2  (17-40) 46.85% 64.10% 47 203 (238) 23.15% Moderate 

Babalanda JNP, 
2014 [11] Uganda East Africa 47 (13-87) 53.51% 77.19% 23 114 (114) 20.18% Moderate 
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Bahnassy A, 2015 
[12] Egypt North Africa 

TNBC: 51.91± 
12.34  
non-TNBC: 52.77 
± 12.13  
Controls:  
35 ± 13.94 

TNBC: 
(30-78)                                                                              
non-TNBC: 
(27-81) 
Controls: 
(22-64) 15.63% 72.91% 43 96 (96) 44.79% Moderate 

Bakkach J, 2017 
[13] Morocco North Africa / 36 (/) 40.20% 58.50% 19 82 (331) 23.00% High 

Bekkouche Z, 
2013 [14] Algeria North Africa 49.72 (30-84) 73.33% 35.83% 30 120 (120) 25.00% High 

Belhadj A, 2021 
[15] Algeria North Africa / 50 (21-88) 38.86% 64.70% 286 1066 (1140) 27.00% Moderate 

Ben Ayed-
Guerfali D, 2021 
[16] Tunisia North Africa / 

42.78 (27-
65) 26.78% 59.70% 26 110 (134) 23.60% High 

Ben Gacem R, 
2011 [17] Tunisia North Africa 48.70 47 (31-75) 43.62% 55.26% 28 94 (94) 29.79% Moderate 

Bhatia RK, 2019 
[18] Botswana 

Southern 
Africa / 54 (27-96) 25.76% / 45 211 (384) 21.30% Low 

Bogan D, 2017 
[19] Egypt North Africa 52.38 ±12.17  (27-81) 13.94% 66.67% 43 96 (96) 44.79% Moderate 

Brandão M, 2020 
[20] Mozambique  East Africa / 48 (/) 31.25% 61.43% 52 210 (262) 25.00% Moderate 

Chahbouni S, 
2017 [21] Morocco North Africa 48.00 (22-99) / / 53 371 (390) 13.59% High 

Cherbal F, 2015 
[22] Algeria North Africa / 

48.5 (22-
84) 31.30% / 627 3014 (3014) 20.80% Moderate 

Corsini C, 2017 
[23] 

Multiple 
(France, 
Algeria, Egypt, 
Morocco, 
Tunisia) North Africa / / 44.74% 42% 35 174 (456) 20.10% Moderate 

Cubasch H, 2018 
[24] South Africa 

Southern 
Africa 54.40 ±14.2  / 39.53% / 126 581 (602) 21.70% Low 
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Debouki-Joudi S, 
2016 [25] Tunisia North Africa 49.30 (24-80) 26.22% 55.20% 53 80 (91) 66.25% High 

Dickens C, 2014 
[26] 

Multiple (South 
Africa & 
Namibia) 

Southern 
Africa / / 33.87% / 1482 7246 (12361) 20.45% Low 

Ekpe E, 2019 [27] Kenya East Africa 47.00 ±12  (21-79) 50.00% / 24 120 (125) 20.00% Moderate 

El-Amir MI, 
2020  [28] Egypt North Africa 54.20 ±10.6  (32-77) 18.00% 72% 3 50 (50) 6.00% High 

Elidrissi Errahhali 
M, 2017 [29] Morocco North Africa 48.70 (19-105) 18.00% 64.80% 320 2260 (2406) 14.20% Moderate 

Fitzpatrick MB, 
2019 [30] Senegal West Africa 47.00 ±12.7  / 76.17% / 92 197 (522) 46.70% Moderate 

Fouhi ME, 2020 
[31] Morocco North Africa 51.60 (23-89) 32.60% 35.70% 87 568 (668) 15.30% High 

Gaceb H, 2017 
[32] Algeria North Africa 48.44 (22-84) 28.50% / 175 877 (877) 19.95% Low 

Groenewald C, 
2019 [33] South Africa 

Southern 
Africa 53.60 ±13.4  / / 68.10% 71 504 (505) 14.10% Moderate 

Guedouar Y, 2014 
[34] Algeria North Africa 47.00 (23-78) 24.58% 38.33% 60 240 (240) 25.00% High 

Hachana M, 2012 
[35] Tunisia North Africa / / 40.18% 21.40% 32 123 (123) 26.02% Moderate 

Hadgu E, 2020 
[36] Ethiopia  East Africa 43.00 ±14 50 (22-75) 50.00% / 25 110 (112) 23.00% Moderate 

Huo D, 2009 [37] 

Multiple 
(Nigeria & 
Senegal) West Africa 44.80 / 39.15% 72% 103 271 (378) 27.00% Low 

Hussein O, 2013 
[38] Egypt North Africa 53.00 ±11.6 52 17.39% / 50 263 (263) 19.00% High 
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Kakudji BK, 2021 
[39] South Africa 

Southern 
Africa 56.35 ±14.09  / 62.07% 64.66% 26 116 (116) 22.50% High 

Kallel-Bayoudh I, 
2011 [40] Tunisia North Africa 50.00 ±11 (27-75) 35.44% 65% 11 84 (84) 13.00% High 

Khalil AI, 2016 
[41] Morocco North Africa 50.20 ±11.34  (17-93) 35.48% 49.40% 146 889 (1277) 16.40% Moderate 

Luyey Mvila G, 
2015 [42] 

Democratic 
Republic of 
Congo    

Central 
Africa 50.00 49 (29-82) 47.13% / 13 87 (87) 14.94% Moderate 

Ly M, 2012 [43] Mali West Africa 46.00 (25-82) 78.18% 91% 53 114 (114) 46.00% Moderate 

Manai M, 2019 
[44] Tunisia North Africa / 42 (24-62) 42.20% 95% 49 194 (210) 25.00% Moderate 

McCormack VA, 
2013 [45] South Africa 

Southern 
Africa 55.30 / 42.34% / 209 1027 (1247) 20.40% Low 

Mehemmai C, 
2019 [46] Algeria North Africa / 

48.5 (21-
84) 26.99% / 243 1144 (1162) 21.24% Moderate 

Mejri N, 2020 
[47] Tunisia North Africa / 

48.5 IBCa 
49 non-
IBCa (/) 

46.20% IBCa 
36.10% non-
IBCa 50% 121 740 (740) 16.40% High 

Mouh FZ, 2020 
[48] Morocco North Africa / 47 (/) 34.92% 60.10% 85 500 (500) 17.00% High 

Newman LA, 
2019 [49] 

Multiple  
(Ghana, 
Ethiopia, United 
States) 

West and East 
Africa / 56 (14-95) / / 

 
Ghanaian: 142 
Ethiopian: 24 

Ghana: 292 
(618) 
Ethiopia: 144 
(252) 

Ghana: 
49.00% 
Ethiopia: 
17.00% High 

Ohene-Yeboah M, 
2012 [50] Ghana West Africa 49.10 ±15.3 (20-96) 53.70% / 23 54 (330) 42.70% Moderate 

Ramdas Y, 2020 
[51] South Africa 

Southern 
Africa 60.80 ±9.3 60 (43-86) 9.57% 12.10% 6 107 (107) 5.60% High 

Rayne S, 2019 
[52] South Africa 

Southern 
Africa / 56 51.10% / 31 223 (365) 14.00% Moderate 

Roy I, 2011 [53] Uganda East Africa / / 40.00% / 16 44 (64) 36.00% Moderate 
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Samaka RM, 2016 
[54] Egypt North Africa / (30-81) 44.44% 77.80% 19 81 (81) 23.50% Moderate 

Sawe RT, 2017 
[55] Kenya East Africa 51.90 

48.5 (16-
84) 42.22% / 18 49 (49) 36.70% Moderate 

Schwartz T, 2012 
[56] Ghana West Africa 49.00 ±13.4  / 52.52% / 58 103 (104) 56.30% Moderate 

Sengal AT, 2017 
[57] Sudan         North Africa 48.80  ±13.5 (20-90) 41.79% 52.70% 143 415 (560) 34.50% Moderate 

Seshie B, 2015 
[58] Ghana West Africa 52.50 ±12.1  (24-77) 31.58% 66.00% 77 156 (165) 49.40% Moderate 

Shaikh AJ, 2018 
[59] Kenya East Africa 54.00 (27-83) 33.33% 49% 21 116 (123) 17.00% Moderate 

Stark A, 2010 [60] Ghana West Africa 48.00 ±13.7   / 76.00% / 37 45 (75) 82.20% Moderate 

Sung H, 2019 [61] 

Multiple (USA, 
Caribbean, 
West Africa, 
East Africa) 

West and East 
Africa / / 

West Africa: 
56.92% 
East Africa: 
43.95% / 

 
West Africa: 
173 
East Africa: 51 

West Africa: 
717 (811)  
East Africa: 441 
(484) 

West Africa: 
24.10% East 
Africa: 
11.60% Moderate 

Tanimowo MO, 
2019 [62] Nigeria West Africa 43.07 ±11.19  (23-70) 29.51% / 38 61 (61) 62.30% High 

Traoré B, 2019 
[63] Guinea West Africa 48.20 ±10.9  (31-80) 36.21% 62.10% 15 58 (58) 25.90% Moderate 

Ukah CO, 2017 
[64] Nigeria West Africa 46.30 ±12.3  (24-85) 26.83% / 50 123 (397) 40.70% Moderate 

Uyisenga JP, 2020 
[65] Rwanda East Africa 49.70 ±12.98  (17-86) / 70.06% 52 138 (138) 37.70% Low 

Youngblood VM, 
2020 [66] Malawi East Africa / 49 (21-80) 37.00% 77% 25 100 (100) 25.00% Low 

Znati K, 2012 [67] Morocco North Africa 30.62 (18-35) 45.07% 51% 13 74 (74) 18.00% High 

/ data not stated 

IBCa- inflammatory breast cancer  
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Figure S1: Risk of bias assessment of all articles by (A) region, (B) country and (C) overall risk of bias 
assessment for all articles included. Southern Africa had the highest percentage of low risk of bias. Multiple denotes 
more than one country and/or region or was investigated within that particular study.
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1. Was the study’s target population a close representation of the national population in 
relation to relevant variables, e.g. age, sex, occupation?

2. Was the sampling frame a true or close representation of the target population?

3. Was some form of random selection used to select the sample, or was a census undertaken?

4. Was the likelihood of non-response bias minimal?

5. Were data collected directly from the subjects (as opposed to a proxy)?

6. Was an acceptable case definition used in the study? Was TNBC defined as ER, PR, HER2 
negative? (Or cited) I.e. were cutoffs used?

7. Was the study instrument that measured the parameter of interest (e.g. appropriate 
guidelines for cut-offs ASCO-CAP) shown to have reliability and validity?

8. Was the same mode of data collection used for all subjects? Was the information from each 
patient collected in the same way (e.g clinical referral appointment)?

9. Was there a shortest prevalence or incidence period identified?

10.Were the numerator(s) and denominator(s) for the parameter of interest appropriate?

Table S3: Questions for Risk of Bias Assessment, modified from Hoy et al., 2012
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Table S4: Raw Values for Risk of Bias Assessment for Included Studies 

Author Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 TOTAL Overall ROB 

Adani-Ifè A, 2020 [1] 0 0 0 0 1 1 1 1 1 1 6 Moderate 

Adisa AO, 2011 [2] 0 0 1 0 1 0 0 0 1 0 3 High 

Agboola A, 2014 [3] 0 0 0 0 1 1 1 1 1 0 5 High 

Agboola A, 2014 [4] 0 0 1 0 1 1 1 1 1 1 7 Moderate 

Agboola A, 2013 [5] 0 0 0 0 1 1 1 1 0 1 5 High 

Agboola A, 2016 [6] 0 0 0 1 1 0 1 1 1 1 6 Moderate 

Agboola A, 2014 [7] 0 0 0 0 1 0 1 1 1 1 5 High 

Akinyi MO, 2019 [8] 0 0 0 1 1 1 0 1 0 0 4 High 

Alshenawy HA, 2012 [9] 0 0 1 1 1 1 0 1 1 1 7 Moderate 

Ayadi EZ, 2018 [10] 0 0 0 1 1 1 1 1 1 1 7 Moderate 

Babalanda JNP, 2014 
[11] 0 0 1 1 1 1 1 1 1 1 8 Moderate 

Bahnassy A, 2015 [12] 0 0 1 1 1 1 0 1 1 1 7 Moderate 

Bakkach J, 2017 [13] 0 0 0 1 1 0 0 1 1 0 4 High 

Bekkouche Z, 2013 [14] 0 0 1 0 1 1 0 1 1 0 5 High 

Belhadj A, 2021 [15] 1 0 1 1 1 1 0 1 1 1 8 Moderate 

Ben Ayed-Guerfali D, 
2021 [16] 0 0 0 0 1 0 0 1 1 0 3 High 

Ben Gacem R, 2011 [17] 0 0 1 1 1 1 0 1 0 1 6 Moderate 

Bhatia RK, 2019 [18] 1 1 1 1 1 1 1 1 1 1 10 Low 

Bogan D, 2017 [19] 0 0 0 1 1 1 1 1 1 1 7 Moderate 

Brandão M, 2020 [20] 0 0 1 1 1 1 1 0 1 1 7 Moderate 

Chahbouni S, 2017 [21] 0 0 0 0 1 1 0 1 1 0 4 High 

Cherbal F, 2015 [22] 1 1 1 0 1 1 0 1 1 1 8 Moderate 

Corsini C, 2017 [23] 0 0 1 1 1 0 0 1 1 1 6 Moderate 

Cubasch H, 2018 [24] 1 1 1 1 1 1 0 1 1 1 9 Low 

Debouki-Joudi S, 2016 
[25] 0 0 0 0 1 1 0 1 0 1 4 High 

Dickens C, 2014 [26] 1 1 1 1 1 1 1 1 1 1 10 Low 

Ekpe E, 2019 [27] 0 0 0 0 1 1 1 1 1 1 6 Moderate 
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El-Amir MI, 2020  [28] 0 0 0 0 1 0 0 1 1 1 4 High 

Elidrissi Errahhali M, 
2017 [29] 0 1 1 0 1 1 0 1 1 1 7 Moderate 

Fitzpatrick MB, 2019 
[30] 0 0 0 0 1 1 1 1 1 1 6 Moderate 

Fouhi ME, 2020 [31] 0 1 0 0 1 0 0 1 1 0 4 High 

Gaceb H, 2017 [32] 1 1 1 0 1 1 1 1 1 1 9 Low 

Groenewald C, 2019 [33] 0 0 0 1 1 1 0 1 1 1 6 Moderate 

Guedouar Y, 2014 [34] 0 1 0 0 1 1 0 1 1 0 5 High 

Hachana M, 2012 [35] 0 0 1 1 1 1 0 1 1 1 7 Moderate 

Hadgu E, 2020 [36] 0 0 0 1 1 1 1 1 1 1 7 Moderate 

Huo D, 2009 [37] 0 1 1 1 1 1 1 1 1 1 9 Low 

Hussein O, 2013 [38] 0 0 1 0 1 0 0 1 1 1 5 High 

Kakudji BK, 2021 [39] 0 0 0 1 1 1 0 0 1 1 5 High 

Kallel-Bayoudh I, 2011 
[40] 0 0 0 0 1 1 0 1 1 1 5 High 

Khalil AI, 2016 [41] 0 1 1 0 1 1 0 1 1 1 7 Moderate 

Luyey Mvila G, 2015 
[42] 0 0 1 0 1 1 1 1 1 1 7 Moderate 

Ly M, 2012 [43] 0 0 1 1 1 1 1 1 1 1 8 Moderate 

Manai M, 2019 [44] 0 1 1 0 1 1 0 1 1 1 7 Moderate 

McCormack VA, 2013 
[45] 1 1 1 1 1 1 0 1 1 1 9 Low 

Mehemmai C, 2019 [46] 0 0 1 1 1 1 1 1 1 1 8 Moderate 

Mejri N, 2020 [47] 0 0 0 0 1 0 0 1 1 0 3 High 

Mouh FZ, 2020 [48] 0 0 0 0 1 1 0 1 1 1 5 High 

Newman LA, 2019 [49] 0 0 0 0 1 0 1 1 1 1 5 High 

Ohene-Yeboah M, 2012 
[50] 0 0 1 0 1 1 0 1 1 1 6 Moderate 

Ramdas Y, 2020 [51] 0 0 0 1 1 0 0 1 1 1 5 High 

Rayne S, 2019 [52] 0 0 1 0 1 1 1 0 1 1 6 Moderate 

Roy I, 2011 [53] 0 0 0 0 1 1 1 1 1 1 6 Moderate 

Samaka RM, 2016 [54] 0 0 0 1 1 1 1 1 1 1 7 Moderate 

Sawe RT, 2017 [55] 0 1 1 0 1 1 0 1 1 0 6 Moderate 
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Schwartz T, 2012 [56] 0 0 0 1 1 1 0 1 1 1 6 Moderate 

Sengal AT, 2017 [57] 0 0 1 1 1 1 1 1 1 1 8 Moderate 

Seshie B, 2015 [58] 0 1 1 1 1 1 0 1 1 0 7 Moderate 

Shaikh AJ, 2018 [59] 0 0 1 1 1 1 1 1 1 1 8 Moderate 

Stark A, 2010 [60] 0 0 1 0 1 1 1 1 1 0 6 Moderate 

Sung H, 2019 [61] 0 1 1 1 1 1 0 1 1 1 8 Moderate 

Tanimowo MO, 2019 
[62] 0 0 0 1 1 0 1 0 1 1 5 High 

Traoré B, 2019 [63] 0 1 1 0 1 1 0 1 1 0 6 Moderate 

Ukah CO, 2017 [64] 0 1 0 1 1 1 0 1 1 1 7 Moderate 

Uyisenga JP, 2020 [65] 0 1 1 1 1 1 1 1 1 1 9 Low 

Youngblood VM, 2020 
[66] 0 1 1 1 1 1 1 1 1 1 9 Low 

Znati K, 2012 [67] 0 0 0 0 1 0 0 1 1 0 3 High 
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Table S5: Pooled TNBC Frequcny in Africa by Country 

Country (no. of 
studies) 

Total 
participants 

Pooled TNBC 
Frequency, % 
[95% CI]  

Heterogeneity 
(I2), % 

Weight, 
% 

Algeria (n= 6) 6461 22.6 [20.3- 25.1] 76 12.0 
Botswana (n= 1) 211 21.3 [16.0- 27.1]   not applicable 1.9 
Democratic Republic 
of Congo (n= 1) 

87 14.9 [8.1- 23.3] not applicable 1.7 

Egypt (n= 5) 640 24.2 [14.0- 36.1] 90 8.8 
Ethiopia (n= 1) 110 22.7 [15.3- 31.1] not applicable 1.8 
Ghana (n= 4) 358 57.6 [43.1- 71.4] 86 6.6 
Guinea (n= 1) 58 25.9 [15.3- 38.0] not applicable 1.6 
Kenya (n= 4) 364 24.3 [17.3- 32.0] 62 6.8 
Malawi (n= 1) 100 25.0 [17.0- 34.0] not applicable 1.8 
Mali (n= 1) 114 46.5 [37.4- 55.7] not applicable 1.8 
Morocco (n= 7) 4744 15.5 [14.1- 16.9] 30 13.5 
Mozambique (n= 1) 210 24.8 [19.1- 30.8] not applicable 1.9 
Nigeria (n = 4) 479 49.2 [41.4- 57.1] 62 6.9 
Rwanda (n= 1) 138 37.7 [29.8- 45.9] not applicable 1.8 
Senegal (n= 1) 197 46.7 [39.8- 53.7] not applicable 1.9 
South Africa (n= 4) 950 13.5 [8.8- 19.1] 78 7.5 
Sudan (n= 1) 415 34.5 [30.0- 39.1] not applicable 2.0 
Togo (n= 1) 117 37.6 [29.0- 46.6] not applicable 1.8 
Tunisia (n= 8) 1628 26.8 [18.6- 35.9] 93 14.6 
Uganda (n= 2) 158 27.0 [12.7- 44.1] 76 3.2 
Total 17539 27.4 [24.5- 30.3] 94 100 
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Figure S2: Pooled TNBC frequency in Africa by risk of bias assessment. Cases are defined as participants in a study that 
were identified as triple negative, and total is the number of breast cancer participants with known receptor status in the 
study.
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Figure S3: Pooled TNBC frequency in Africa by use of validated tool for receptor status. Cases are defined as 
participants in a study that were identified as triple negative, and total is the number of breast cancer participants with 
known receptor status in the study.
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Figure S4: Meta-regression shows association with year of publication but not with age or use of validated tool 
for receptor status. The association of use of validated tool to assess receptor status (A), year of publication (B), 
mean age at diagnosis (C) and median age at diagnosis (D) on heterogeneity of treatment effects between studies was 
investigated by a meta-regression. P <0.05 indicates significant association.

A)

C)

P= 0.032

P= 0.230 P= 0.320

P < 0.001

D)

B)
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Figure S5: Egger’s test shows high publication bias. Publication bias between studies for TNBC frequency 
investigated using Egger’s test and a significant association was found, inferring significant publication bias. 
P <0.05 indicates significant association.

P= 0.0002
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CHAPTER 5: ANALYSIS OF THE GENOMIC LANDSCAPES OF BARBADIAN AND 

NIGERIAN WOMEN WITH TRIPLE NEGATIVE BREAST CANCER (TNBC) 

 

Preface This chapter consists of the submitted manuscript entitled “Analysis of the genomic 

landscapes of Barbadian and Nigerian women with High prevalence of triple negative breast 

cancer (TNBC)” by Hercules SM., Liu X., Bassey-Archibong BI., Skeete DHA., Smith Connell 

S., Daramola A, Banjo AA., Ekanem IA., Ebughe G, Agan T, Udosen J., Obiorah CC., Ojule AC., 

Misauno MA., Dauda AM., Egbujo EC., Xu Y, Jin Y., Chang S., Hercules JC., Ansari A., Brain 

I., MacColl C., Carpten JD., Bédard A., Pond GR., Blenman KRM., Manojlovic Z., Daniel JM 

submitted to Cancer Causes and Control and under review in its original form. In this manuscript, 

we investigated the genomic profile of Barbadian and Nigerian WAA with triple negative breast 

cancer.  

Contributions: SM Hercules and Dr. JM Daniel conceptualized and designed the study, SM 

Hercules collected TNBC tissues and associated clinical data from Barbados, clinical data from 

Nigeria, analysed data, interpreted data, wrote original draft, reviewed & edited the manuscript. X 

Liu analysed data and provided bioinformatics support with data interpretation assistance. Dr. BI 

Bassey-Archibong collected TNBC tissues from Nigeria and established collaborations with 

Nigerian Physicians and researchers. She also contributed intellectual input and feedback. Drs. 

DHA Skeete and S Smith Connell assisted with collection of TNBC tissues and associated clinical 

data in Barbados and interpreted pathological reports. Drs. A Daramola, AA Banjo, IA Ekanem, 

G Ebughe, T Agan, J Udosen, CC Obiorah, AC Ojule, MA Misauno, AM Dauda and EC Egbujo 

assisted with collection of Nigerian BCa tissues. Y Xu, Y Jin and S Chang assisted with 

bioinformatics support. Dr. JM Daniel, J Hercules and A Ansari assisted with collection of TNBC 
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tissues and associated clinical data from Barbados. Drs. I Brain and C MacColl provided 

pathological support. Dr. JD Carpten provided bioinformatics support. Dr. A Bédard provided 

supervision throughout the course of this project and edited the manuscript. Dr. GR Pond provided 

statistical support and edited the manuscript. Dr. KRM Blenman provided data interpretation 

support. Dr. Z Manojlovic provided bioinformatics support and supervision. Dr. JM Daniel 

provided significant guidance and intellectual input and funded the study. All authors edited the 

manuscript text. 
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Abstract 

Triple negative breast cancer (TNBC) is an aggressive breast cancer subtype that 

disproportionately affects women of African ancestry (WAA) and is often associated with high 

recurrence rates and metastasis. Although there is a high prevalence of TNBC across West Africa 

and in women of the African diaspora, there has been no comprehensive genomics study to 

investigate the mutational profile of ancestrally related women across the Caribbean and West 

Africa. This multisite cross-sectional study used 31 formalin-fixed paraffin-embedded (FFPE) 

samples obtained from Barbadian and Nigerian TNBC participants. High-resolution whole exome 

sequencing (WES) was performed on the Barbadian and Nigerian TNBC samples to identify their 

mutational profiles and comparisons were made to African American, European American and 

Asian American sequencing data obtained from The Cancer Genome Atlas (TCGA). Whole exome 

sequencing was conducted on tumors with an average of 382x coverage and 4335x coverage for 

pooled germline (n= 22) non-tumor samples. The most frequently mutated genes in our WAA 

cohorts were NBPF12, PLIN4, TP53 and BRCA1. In the TCGA TNBC cases, these genes had a 

lower mutation rate, except for TP53 (32% in our cohort; 63% in TCGA-African American; 67% 

in TCGA-European American; 63% in TCGA-Asian). For all altered genes, there were no 

differences in frequency of mutations between WAA TNBC groups including the TCGA-African 

American cohort.  For copy number variants, high frequency alterations were observed in PIK3CA, 

TP53, FGFR2 and HIF1AN genes. This study provides in-depth insights into the underlying 

genomic alterations in WAA-TNBC samples and shines light on the importance of inclusion of 

under-represented populations in cancer genomics and biomarker studies.  
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Author Summary 

Breast cancer (BCa) is a leading cause of cancer-related death in women worldwide. Surprisingly 

although less Black women in the USA are diagnosed with BCa on a yearly basis compared to 

White women, more Black women die from BCa. This may be due to the fact that a higher 

proportion of Black women in the USA are diagnosed with a very aggressive and difficult to treat 

BCa subtype called triple negative breast cancer (TNBC). Currently, little is known about 

mutations in Black women that could lead to TNBC so we collected DNA from 31 ancestrally-

related Barbadian and Nigerian BCa samples and sequenced their DNA. In comparison to 

mutations from Black and White women in the USA, our results revealed mutations in well-known 

cancer-driving genes such as BRCA1 and TP53 as well as in other genes not previously associated 

with breast cancer. We also found mutations that could be of therapeutic benefit. This study reports 

for the first time novel and common mutations between these ancestrally-related groups and shines 

light on the importance of inclusion of under-represented populations in cancer genomics studies.  

Word count: 3077 
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INTRODUCTION 

Breast cancer (BCa) is currently the second leading cause of cancer-related deaths in 

women worldwide [1] and is routinely categorized into different subtypes based on the 

amplification of human epidermal growth factor receptor 2 (HER2) and expression of estrogen 

receptor (ER) and progesterone receptor (PR) [2]. Tumors that lack expression for these three 

receptors are classified as triple negative breast cancer (TNBC). These tumors are typically more 

aggressive with advanced grade and stage at diagnosis and limited targeted therapies due to the 

absence of HER2, ER and PR [3]. Mounting evidence indicates a prevalence of TNBC in West-

African women and women of African ancestry (WAA) in the Caribbean (~25% in Barbados), 

the USA (~22%) and the UK (~22%) compared to non-Hispanic White women (11%) [4-6]. The 

reasons for this disparity are currently unknown; however, recent studies allude to an intricate 

interplay of environmental and genetic risk factors [7-9]. 

Due to the aggressive nature of TNBC, there has been an increased interest in 

investigating molecular biomarkers that could be relevant for therapeutics, diagnostics and 

prognostics. Recently, it was found that a subset of TNBC patients with deleterious BRCA1/2 

germline mutations responded significantly better to carboplatin (platinum-based therapy) than 

docetaxel (taxane-based therapy) [10]. In addition to the clinical utility of germline variants, the 

identification of novel somatic “driver” mutations has been shown to play critical roles in the 

development of targeted therapies in breast and other solid tumors [11, 12]. Therefore, 

identification of molecular targets and subsequent development of targeted therapies will be of 

great importance in improving the overall survival rates of TNBC patients. 
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Large cancer genomics databases, such as The Cancer Genome Atlas (TCGA), have been 

useful in understanding the genomics landscape of a variety of tumors. However, to date, most of 

the TCGA breast cancer biospecimens are from women of European ancestry (~80%) despite 

higher TNBC prevalence in women of African and Hispanic ancestry [13, 14]. Due to the low 

percentage of African ancestry cases within the TCGA and other similar repositories, researchers 

have embarked on conducting independent sequencing studies on these populations to explore 

and understand their unique genomics landscapes [15-20]. Herein, we have conducted whole 

exome sequencing (WES) of ancestrally-related WAA with TNBC in Nigeria and Barbados to 

further understand the genomics landscape of these groups. Previous genetic association studies 

have estimated a high percentage of West African (specifically Nigerian) ancestry in Barbadian 

cohorts, thus the rationale for these two groups [21-23]. Our findings were compared with the 

genomic signature of TNBC cases of African American (TCGA-AA) and European American 

(TCGA-EA) within the TCGA database. 

 

METHODS 

Patient population 

Formalin-fixed paraffin-embedded (FFPE) specimens with corresponding clinical data 

were collected from the Pathology Department at the Queen Elizabeth Hospital (QEH) in 

Barbados and Lagos University Teaching Hospital (LUTH), University of Calabar Teaching 

Hospital (UCTH), University of Port Harcourt Teaching Hospital (UPTH), and Jos University 

Teaching Hospital (JUTH) in Nigeria. Fifty-nine FFPE TNBC samples were selected at random 

for DNA extraction and WES, however only 31 samples passed quality control. Protocols for 

specimen collection as outlined within the respective institutional review boards were adhered to 
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and patients consented to give their samples. The study was approved by the institutional review 

boards at McMaster University, the University of the West Indies – Cave Hill, the QEH, LUTH, 

UCTH, UPTH and JUTH. Tissues were assessed for ER, PR and HER2 via IHC at their 

respective institutions and BCa subtype status was further confirmed in Canada. The Allred 

algorithm [47] was used to calculate the scores.  

 

Pathologic assessment and DNA isolation 

Hematoxylin and eosin (H&E) stained slides were made from FFPE samples for 

pathological interrogation of tumor enrichment. 10 µm FFPE tissue sections on slides were 

scraped and placed in NAVY RINO tubes (Next Advance, Troy, NY) with stainless steel beads 

and 160 µL of deparaffinization solution (Qiagen, Hilden, Germany). Samples were 

homogenized using the Bullet Blender (Next Advance) for 5 minutes at speed 12. Samples were 

incubated for 3 minutes at 56˚C and processed according to the manufacturer’s instructions. 

DNA was isolated from pathologically assessed tumor enriched regions and uninvolved 

“normal” sections. 

 

Whole-Exome Sequencing 

Quality and quantity of DNA was measured using the Genomic DNA Screen Tape Assay 

(Agilent Technologies, Santa Clara, CA) and Qubit. The concentration of genomic DNA 

(gDNA) larger than 200 bp was then calculated, and at least 200 ng of DNA greater than 200 bp 

was sheared in 50 µL of nuclease-free water with the Covaris E220 using the 96 microTUBE 

Plate (Covaris, Woburn, MA). Library was prepared using KAPA Hyper Prep Kit (Roche, Basel, 
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Switzerland) using 100-500 ng of sheared DNA according to the manufacturer’s instructions. 

Individual tumor adapter-ligated libraries were enriched into the exome capture reaction, and for 

germline each adapter-ligated library was pooled before proceeding to capture using Agilent’s 

SureSelect Human All Exon V6 + custom probes capture library kit [48]. Each library was 

pooled and sequenced on Illumina’s NovaSeq 6000 (Illumina, San Diego, CA) using 300 cycle 

kit. Raw FASTQs were generated using the industry standard BCL2FASTQ v1.8.4 

 

Primary Informatics Methods 

Whole-exome sequences were aligned by BWA (v0.7.17) to GRCh38. Quality score 

errors were detected by GATK's Base Recalibrator (v4.0.10.1). Picard Tools (v1.128) was used 

to merge aligned BAMs and mark duplicate reads. Germline Variant Call Format (VCF) of BAM 

were obtained by GATK's Haplotype Caller using GATK best practices, Samtools MPileUp 

together with BCFtools (v1.2), and Freebayes (v1.1.0-6-gf069ec6). Somatic variant calling was 

performed by MuTect2[49] to ensure compatible comparison between with TCGA. MuTect2 

somatic variant calling files (VCF) for each patient in this study were converted to MAF files 

using the vcf2maf v1.6.19 tool [50]. TCGA data were downloaded 

from: https://portal.gdc.cancer.gov/projects/TCGA-BRCA. The TNBC subtypes were extracted 

and divided into self-reported Caucasian/European American (EA) and African American (AA) 

race. Each variant was validated using IGV_(v2.7.2) [46].  

 

Downstream Bioinformatics Methods 
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Gene frequencies in our WES data were performed by Unified Optimal Sequence Kernal 

Association testing in R. Visualization of somatic variants was performed using 

maftools (v2.6.05) [51] and R packages pheatmap (v1.0.12), ggplot2 (v3.3.3), 

VennDiagram (v1.6.20), and ggrepel (v0.9.1). Mutation signature from WES data was computed 

using Mutational Signature in Cancer (MuSiCa) [52]. Copy number analysis was performed 

utilizing Nexus Copy Number v10 (Biodiscovery) and focal analysis was performed by GISTIC 

(v2.0) [53]. CNV heatmap was plotted using the oncoprint function in the R package 

ComplexHeatmap (v2.6.2) and pheatmap. To deduce ancestry information from tumor DNA, 

1000 Genomes Project phase 3 VCF release was used as our reference population [54]. Data 

were transformed to numeric genotypes by using PLINK (v1.90b6.7). Principle component 

analysis (PCA) was performed using the R v3.6.0 function prcomp to establish ancestry 

distributions mapped by the anchor population. 

Type I error (α) and type II error (β) were set at 0.05 and 0.1, respectively. Chi-square test 

and paired student t-test, as appropriate, were used to examine bivariate association of somatic 

differences between two cohorts. Benjamini-Hochberg was used for multiple tests. For statistical 

analysis and visualization, GraphPad Prism 8 was implemented (GraphPad Software, Inc.) and 

Rv3.6.0 packages: circlize (0.4.6), ComplexHeatmap (1.99.7), dplyr (0.8.0.1), ggplot2 (3.1.1), 

ggpubr (0.2), maftools (2.0.05), plyr (1.8.4), png (0.1-7), qvalue (2.16.0), reshape2 (1.4.3), stringr 

(1.4.0), TCGAbiolinks (2.12.6), tidyr (0.8.3), and tools (3.6.0). 

RESULTS 

Participant characteristics 
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Mean age at diagnosis for all participants was 49.9 years (Table S1). Specifically, for 

Nigerian women, mean age at diagnosis was 43.2 years old which was significantly younger than 

the mean age at diagnosis for Barbadian women (53.9, P < 0.05). For all participants with grade 

data (n= 25), 92% (n= 23) were diagnosed with intermediate and high grade (grade 2 or grade 3) 

carcinoma whereas only 8% (n= 2) where classified as grade 1 (Table S1). WES data were 

collected from The Cancer Genome Atlas (TCGA) breast cancer project, stratified by TNBC 

subtype and participant recorded race (African American, n=24 [TCGA_TNBC_AA]; European 

American, n=63 [TCGA_TNBC_EA]) for comparative analyses.   

Mutation contributions and distributions 

A summary of the sequencing pipeline is depicted in Figure 1. To assess genomic 

alterations in TNBC in WAA we performed WES on tumors yielding a mean output of 30,625 

Mbases per sample and an average of 382x coverage (Table S2). An internal pool approach of 

germline DNA samples was derived from each patient to ensure better somatic estimation instead 

of using available Euro-centric references [24]. Germline DNA for each sample was individually 

indexed before being pooled into the final capture using the same probe sets as tumor samples 

(Table S2). The germline pool yielded 281,792 Mbase of data and an average of 4335x coverage 

showing relative germline contribution to each sample (Table S2). WES identified an average of 

707 non-silent somatic mutations per tumor that was higher compared to an exome-sequenced 

cohort of TNBC in TCGA with a mean of 87 non-silent mutations per sample. This difference is 

most likely due to the residual increase in private germline variants that is contributed by the 

diverse African genome, as well as the larger exome capture set (this study= ~80 Mbp compared 

to TCGA= ~34 Mbp). Using ancestry informative markers [25] and principal component analysis, 

Barbadian samples independently clustered among themselves, the African Caribbean in Barbados 
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(ACB) group and among the Americans of African Ancestry in Southwest USA (ASW) groups 

(Figure S1). Nigerian samples clustered among the Yoruba in Ibadan, Nigeria (YRI) clusters and 

the Esan in Nigeria (ESN) clusters (Figure S1).  

Somatic mutation analysis 

There are 94 unique non-silent somatic variants that are enriched in Barbadian TNBC 

tissues, and 72 unique non-silent mutations enriched in Nigerian TNBC tissues (Figure 2A, 

Table S3).  There were also 56 commonly mutated genes (Figure 2A) shared between the 

Barbadian and Nigerian study samples and 78 commonly mutated genes (Figure 2A) shared 

between the four cohorts included (Barbadian, Nigerian, TCGA-TNBC-EA/AA samples). 

Notably, the TCGA-TNBC-EA group had 2,401 genes in isolation that were not shared with 

other cohorts in our study. Global comparison of somatic variants with TCGA-TNBC-EA group 

(Figure 2B) identified 2 pseudogenes that exhibited an increase in mutation frequency in the 

Nigerian and Barbados cohort compared to TCGA-EA TNBC (TNRC18P2 and DDX12P, P < 

0.05; q < 0.1). However, there were no significantly mutated genes between our study samples 

and the TCGA-AA group (Figure S2A). Commonly mutated genes (at least 15% of samples 

harbouring a mutation) in our WAA cohorts were cancer-associated genes – NBPF12, PLIN4, 

TP53, ZNF717, TAP1, KMT2D, PIEZO1 and BRCA1 (Figure 2C). HMCN2 and MBD3L3 were 

also commonly mutated but not previously associated with cancer. In comparison with TCGA 

data for TNBC cases, these most frequently mutated genes in our WAA cohort were not as 

frequently mutated except for TP53 (32% in our combined cohort; 63% in TCGA-TNBC-AA; 

67% in TCGA-TNBC-EA; 63% in TCGA-Asian). For TP53 specifically, there were five novel 

variants identified (HGVSc annotation: c.994-1_1023del, c.838_863del, c.368_374del, 



Ph.D. Thesis- S. M. Hercules     McMaster University- Biology 

 

 124 

c.844_845insT, c.382_383del) that were all predicted to have high impact as defined by 

PolyPhen2 [26]. 

COSMIC Mutational Signatures 

According to somatic mutation signatures as defined by COSMIC [27], most of our 

samples had a moderate to strong correlation to Signatures 1, 3 and 6 (Figure 3). These signatures 

correspond to age, BRCA1/BRCA2 and defective DNA mismatch repair/microsatellite instability 

(small INDELs) respectively.  Among the Barbadian samples, there was a weak correlation for 

Signature 10, POLE (ultra-hypermutation) which was not seen in the Nigerian samples or the 

TCGA groups. There were also six Nigerian samples (54%) that showed a correlation to Signature 

24 (Aflatoxin) which was not observed in the Barbadian samples or the TCGA dataset.  

Comparison of TNBC copy number variation 

Copy number analysis identified several regions of the genome associated with common 

copy number gain and loss (Figure S3, Table S7-8). Twenty-eight out of the 31 samples (90%) 

harbored copy number gains in PIK3CA, and a copy number loss for TP53 was seen in 23 of the 

31 samples (74%). Interestingly, copy number loss was seen in 30 samples (97%) for FGFR2 and 

in 24 samples (77%) for HIF1AN. Overall, CNVs were observed for BCa-related genes (e.g., 

PIK3CA, ERBB2, TP53, FOXA1), other cancer-related genes (e.g., ROBO2, ELN, CELF4) and 

other notable genes (e.g., DPP7, CYP26A1). To further expand upon our understanding of bi-

allelic events across genes, an integrated analysis was performed across frequently altered genes. 

This analysis revealed a predominance of bi-allelic (copy number loss and non-silent mutation) in 

TP53 in our study (Figure 4).  

DISCUSSION 
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Herein, we report data from WES of ancestrally-related WAA (Barbadian and Nigerian) 

with TNBC, which revealed pathogenic and novel variants for TP53 and BRCA1 as well as other 

BCa implicated genes such as MDC1 (Figure 2C). This is in concordance with the high mutation 

rate (SNPs and CNV) for TP53 that is typically seen in TNBC [28], and more importantly that is 

observed in Nigerian and American Black women with TNBC [19]. We also observed a high 

mutation rate for NBPF12 and PLIN4. Interestingly, in silico analyses of BCa genomics data 

from TCGA and the International Cancer Genome Consortium have identified NBPF12 as a 

BCa-driver gene with an estimated 0.3% substitution rate [29]. NBPF12 belongs to the 

neuroblastoma breakpoint family (NBPF) of genes that are located on chromosome 1, are highly 

conserved across primates and are highly expressed in breast tissue [30]. PLIN4 is located on 

chromosome 19 and is a member of the perilipin family that is implicated in adipocyte stability 

and obesity [31, 32]. Notably, high PLIN4 expression has recently been implicated in TNBC 

chemoresistance [33]. Although beyond the scope of this study, more functional studies need to 

be performed to evaluate how these genes and others identified in our study are implicated in 

TNBC tumorigenesis and disparity in WAA. Further studies are also needed to determine the 

function of the 78 genes that were commonly enriched between all study groups (Barbados, 

Nigeria, TCGA-AA and TCGA-EA), as they might be particularly useful for TNBC drug 

development regardless of ancestry.  

In addition to investigating variation in individual genes, we used the COSMIC database of 

somatic mutations and investigated individual signatures [27], which combines base substitutions 

with signatures such as DNA mismatch repair. Of note, there was an enrichment of signature 24 

(Aflatoxin) in 6 Nigerian samples. This signature is typically observed in a subset of 

hepatocellular carcinoma (HCC) liver cancers with known exposures to aflatoxin, a mycotoxin 
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that grows on grains across West Africa and is commonly consumed among these populations 

[34]. It was recently documented in a 10-year study that aflatoxin contamination in crops such as 

maize and groundnut are common across sub-Saharan African countries such as Nigeria [35], 

which may be contributing to breast and liver cancers across these sub-Saharan African nations. 

Two independent studies reported a considerable number of liver metastases from breast cancers 

in two Nigerian populations [36, 37], raising the possibility that the correlation with the aflatoxin 

somatic signature observed in our Nigerian TNBC cases may play a role in this phenomenon. 

Follow-up studies on this signature in breast tumor samples should be investigated to further 

delineate this relationship. Nonetheless, these findings highlight the interplay of environmental 

risk factors with genetics, in this case somatic mutations, and how they could lead to tumorigenic 

outcomes.  

When investigating copy number variation, we observed a high enrichment of PIK3CA 

amplifications, which was also observed in previous studies [28]. Our analysis also revealed a 

predominance of bi-allelic (copy number loss and non-silent) mutations in TP53  (Figure 4) 

which has been previously associated with poor outcome in multiple myeloma [38]. In silico 

analysis of TP53 copy number loss has also highlighted its prognostic value in breast cancer 

[39].  

Notably, almost every sample (30/31) harboured a copy number loss at 10q26.12 - q26.13 

that includes the FGFR2 gene. Multiple studies highlight an over-expression of FGFR2 and 

FGFR1 in TNBC [40-43] so this was an unexpected finding. Indeed, there is currently a clinical 

trial for inhibition of FGFR2 (ClinicalTrials.gov identifier: NCT04526106) in solid tumors. This 

copy number loss of FGFR2 highlights a novel genetic alteration in WAA not previously 

observed that might be protective in these populations. Further studies to investigate FGFR2 
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mutations and/or expression in WAA with TNBC (perhaps using different specimens - e.g. fresh 

frozen samples) should shed light on this phenomenon CNV data from FFPE samples can be 

“noisy” and CNV analyses are rapidly evolving with new tools being developed over time for 

better interpretation [44].  

Twenty-four samples harboured a copy loss for HIF1AN which is the inhibitor of HIF-

1a. In TNBC, HIF-1a is highly expressed and implicated in the renewal of cancer stem cells and 

epithelial-to-mesenchymal transition that is highly associated with metastasis [45]. The frequent 

copy loss of HIF1AN might thus be associated with the aggressive nature of TNBC observed in 

WAA since it prevents HIF-1a inhibition. Follow-up RNA sequencing, proteomic profiling 

and/or targeted sequencing experiments investigating the transcriptome and proteome of these 

WAA-TNBC cohorts will elucidate genes and pathways of interest in WAA-TNBC with 

therapeutic implications.  

Limitations 

To differentiate between somatic and germline mutations, genomic DNA is routinely 

extracted from peripheral blood, saliva, and adjacent healthy tissue representing germline 

spectrum of genomics data. This however was not possible due to the limited resource settings in 

Barbados and Nigeria at the time of data collection. We acknowledge this limitation and created 

a pooled non-tumour sample derived from the low quantity patient’s germline adjacent normal 

breast tissue. This was the best approach instead of only relying on the current Euro-centric 

databases for germline subtraction with low representation of African ancestry genomics data 

[24]. We also performed a manual IGV [46] review of each highlighted mutation event to 

remove any false positives due to the higher potential of inflation in false positive somatic 
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calling. To address other issues with extracting high quality nucleic acids derived from FFPE 

tissues, we sequenced our tumour and non-tumour samples at high-resolution sequencing depth 

(382x and 4,335x respectively) to increase confidence in our mutation calls. Our pooled germline 

sample approach might be a useful application for studies of solid tumors with limited germline 

availability in other resource-limited populations/healthcare facilities. 

Conclusions 

To our knowledge this is the first study to investigate the somatic mutational landscape of 

TNBC patients from populations with related African ancestry – West Africa (Nigeria) and 

Caribbean (Barbados). We identified pathogenic and likely pathogenic variants and novel 

variants in cancer-associated genes (e.g., TP53, BRCA1, MDC1) and novel mutations in other 

potential genes of interest (e.g., NBPF12, PLIN4, FGFR2). These variants may be useful for 

development of future therapeutic options, both unique to our WAA-TNBC cohorts and 

universally for all women diagnosed with TNBC. Furthermore, to better reflect our global 

population, more collaborative studies need to be done to increase genomic data from diverse 

populations within genomics databases. This would allow researchers to identify genetic risks 

and therapeutic options for diverse populations.  
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MAIN FIGURES: 

 

Figure 1: Overview of sequencing pipeline. DNA was extracted from 59 tumour-enriched samples and 49 adjacent uninvolved 
samples. After quality control, library enrichment and sequencing on NovaSeq6000, 31 tumour samples and 22 pooled normal adjacent 
controls were successfully sequenced. Model Diagram created with BioRender.com.  
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Figure 2: Barbadian and Nigerian women with TNBC harbour different genetic alterations than European American (EA)and 
African American (AA) women with TNBC. (A) Global analysis of all altered genes revealed that only 78 genes are shared among 
the four groups (Barbadian, Nigerian, TCGA-TNBC-EA, TCGA-TNBC-AA) and 2,401 genes are unique to the EA group in comparison 
to the other cohorts. (B) Global comparison of somatic variants with TCGA-TNBC-EA group identified 2 pseudogenes (TNRC18P2 
and DDX12P) with an increase in mutation frequency in the Nigerian and Barbadian cohorts. (C) The most frequently mutated genes in 
Barbadian and Nigerian samples were not enriched in the TCGA dataset except for TP53 (third gene from the top of the gene list).  
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Figure 3: Mutation signature contributions for Barbadian and Nigerian TNBC samples show high correlation to COSMIC 
Signatures 1, 3 and 6. Using COSMIC somatic mutation signatures, Age, BRCA1/BRCA2 and Defective DNA MMR/MSI (small 
INDELS) were enriched signatures for Barbadian and Nigerian samples. These signatures were also enriched in TCGA-AA, TCGA-EA 
women with TNBC and overall, all breast cancer cases within TCGA. 
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Figure 4: Copy number variation (CNV) analysis revealed no differences between Barbadian and Nigerian samples. Using 
NEXUS Copy Number (v10) analysis toolkits, most common CNV were investigated. The copy number gain across each sample is 
presented in blue and copy number loss in red. The black line indicates a non-silent somatic mutation. The bottom panel indicates 
region of sample origin. Left panels show percent alterations across each copy number event across two different populations. Bi-
allelic mutation illustrated by black bar and either blue or red square indicating non-silent somatic mutation and either copy gain or 
less respectively. No significance (p < 0.05) was detected in this cohort of samples. 
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Supporting information captions: 

 

Figure S1: Ancestry of Barbadian and Nigerian samples confirmed by principal component analysis. Principal component 
plot across all samples by location of where samples were collected Barbadian (black squares) and Nigerian (black triangles) 
using ancestry informative markers derived from the whole-exome sequencing. African and European sub-populations from 
1000 Genomes Project phase 3 populations were used as anchor populations. 
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Figure S2: Barbadian and Nigerian women with TNBC harbour similar frequencies of genetic alterations with African 
American women with TNBC. Global comparison of somatic variants with TCGA-TNBC-AA group identified did not identify 
any changes in mutation frequency in the Nigerian and Barbados cohorts. 
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Figure S3: Copy number analysis across each chromosome between Barbadian and Nigerian participants reveal no major 
differences across the exome. Focal copy number analysis was performed using GISTIC (v2.0) and revealed no major 
differences. The plot shows the q-score, with the copy number gains indicated in blue and copy number losses in red. 
Chromosome positions are indicated along the x-axis. 
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CHAPTER 6: DANCING FROM BOTTOMS UP—ROLES OF THE POZ-ZF 

TRANSCRIPTION FACTOR KAISO IN CANCER.  

 

Preface 

This chapter consists of the published article entitled: “Dancing from bottoms up—roles 

of the POZ-ZF transcription factor Kaiso in Cancer” (Pierre et al., 2019)  by  Pierre CC*, 

Hercules SM*, Yates C and Daniel JM. (Biochim Biophys Acta Rev Cancer, 1871(1), 64-

74. doi:10.1016/j.bbcan.2018.10.005) in its original form. This is not an open-access 

article. 

In this article we summarise and discuss all that was known up to the time of publication 

about Kaiso’s function and role as a transcription factor, and its postulated roles in various 

cancer sites (colorectal, lung, prostate, breast, glioma and chronic myeloid leukemia) and 

the racial disparities in breast and prostate cancer incidence and outcomes in people of 

African ancestry.  

Contributions: 

Dr. JM Daniel and Dr. CC Pierre conceived the review and co-wrote the manuscript with 

SM Hercules. Dr. C Yates co-wrote one section of the manuscript (Kaiso and prostate 

cancer). SM Hercules created all figures and tables within the manuscript. Dr. JM Daniel 

also provided significant intellectual guidance throughout the review process. All co-

authors edited the manuscript.  
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Dancing from bottoms up – Roles of the POZ-ZF transcription factor Kaiso in
Cancer
Christina C. Pierrea,1,2, Shawn M. Herculesa,2, Clayton Yatesb, Juliet M. Daniela,⁎
a Department of Biology, McMaster University, Hamilton, Ontario L8S 4K1, Canada
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A R T I C L E I N F O

Keywords:
Kaiso
POZ-ZF transcription factors
Racial disparities in Cancer
EMT
Inflammation

A B S T R A C T

The POZ-ZF transcription factor Kaiso was discovered two decades ago as a binding partner for p120ctn. Since its
discovery, roles for Kaiso in diverse biological processes (epithelial-to-mesenchymal transition, apoptosis, in-
flammation) and several signalling pathways (Wnt/β-catenin, TGFβ, EGFR, Notch) have emerged. While Kaiso's
biological role in normal tissues has yet to be fully elucidated, Kaiso has been increasingly implicated in multiple
human cancers including colon, prostate, ovarian, lung, breast and chronic myeloid leukemia. In the majority of
human cancers investigated to date, high Kaiso expression correlates with aggressive tumor characteristics in-
cluding proliferation and metastasis, and/or poor prognosis. More recently, interest in Kaiso stems from its
apparent correlation with racial disparities in breast and prostate cancer incidence and survival outcomes in
people of African Ancestry. This review discusses Kaiso's role in various cancers, and Kaiso's potential for driving
racial disparities in incidence and/or outcomes in people of African ancestry.

1. Introduction

The POZ-ZF transcription factor Kaiso (whose unique name is de-
rived from the “Kaiso” genre of Caribbean music that has its origins in
West Africa and is associated with dancing) was discovered almost two
decades ago in association with p120 catenin (p120ctn), an Armadillo
catenin responsible for regulating E-cadherin stability and turnover in
adherens junctions [1]. At the time, several members of the POZ-ZF
transcription factor family had been characterized as mediators of
vertebrate development and cancer, hinting that Kaiso may also func-
tion in these processes [2]. As more evidence emerged surrounding the
tumor suppressing role of E-cadherin, and the critical role of p120ctn in
regulating E-cadherin function, significant efforts were made and are
still ongoing to determine how Kaiso might function in tumorigenesis,
perhaps as a regulator of E-cadherin– or p120ctn– related functions.
Interestingly, early studies of Kaiso's function in Xenopus development
identified a role for Kaiso in antagonizing canonical Wnt signalling
[3–5] and this set the stage for studies aimed at investigating Kaiso's
modulation of this pathway in the context of cancer. To date, multiple
studies have implicated Kaiso in several different human cancers,
however characterizing Kaiso as a bona fide tumor suppressor or on-
cogene has been challenging, as Kaiso's function appears to be highly

context-dependent. Nonetheless, diverse roles for Kaiso in key cancer-
related processes and signalling pathways have been identified, re-
vealing exciting avenues for further research. In this review, we will
discuss some of the insight that has been gleaned into Kaiso's structure
and function and explore its identified roles in tumorigenesis as well as
potential areas for continued study.

1.1. An overview of Kaiso structure, DNA binding and transcriptional
activity

As is characteristic of the POZ-ZF family of proteins, Kaiso possesses
an amino-terminal BTB/POZ (Broad complex, Tramtrack and Bric à
brac/Poxvirus and Zinc finger, hereafter POZ) protein-protein interac-
tion domain and a carboxy-terminal zinc finger (ZF) domain (Fig. 1).
The highly conserved POZ domain mediates homo- and heterodimeric
interactions with other POZ and non-POZ proteins, whereas the ZF
domain mediates DNA-binding, reviewed in [2]. Kaiso also contains
several putative Serine/Threonine phosphorylation sites that have re-
mained relatively understudied, although we and others have routinely
observed a doublet consistent with a phosphorylated form of Kaiso in
immunoblot analysis. Indeed, preliminary studies from the Daniel Lab
have determined that Kaiso is predominantly phosphorylated on
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Serine/Threonine residues (our unpublished data).
In our effort to fully describe the complexity of Kaiso's biological

function, it would be remiss not to mention the ongoing debates sur-
rounding Kaiso's DNA binding site(s) and its function as a transcrip-
tional activator or repressor. Three different DNA sites have been re-
ported as bona fide Kaiso binding sites, although to date, there is a lack
of agreement as to which is the most favored or preferred Kaiso binding
site. During our initial characterization of Kaiso, we identified a con-
sensus DNA binding site, TCCTGCNA (core sequence bolded; N is any
nucleotide) that was termed the Kaiso Binding Site (KBS) and we

demonstrated an interaction between recombinant Kaiso proteins and
KBS's in the matrilysin promoter by EMSA [6]. In the same study, we
also confirmed Kaiso's binding to methylated CpG dinucleotides in
oligonucleotides derived from the S100A4/Metastasin gene promoter
[6], which was confirmed by Prokhortchouk et al. in an independent
study [7]. These findings led to Kaiso being classified as a dual-speci-
ficity DNA-binding transcription factor [6]. Further analyses by our lab
to determine the relative affinity of Kaiso for the KBS versus methyl-
CpG (me-CpG) dinucleotides suggested that Kaiso possessed higher af-
finity for the KBS than for me-CpG dinucleotides [6]. However, a 2012

Fig. 1. Kaiso as a transcriptional activator and repressor. (A) Kaiso possesses a BTB/POZ protein-protein interaction domain and three DNA-binding ZFs. Serine/
Threonine phosphroylation sites indicated by stars. (B) Kaiso negatively regulates expression of many genes in a methylation-dependent manner and via the core KBS.
Kaiso also positively regulates expression of other genes via the core KBS. Kaiso's r (C) Kaiso also switches between an activator or repressor dependent on its
SUMOylation status. When SUMOylated, Kaiso acts as an activator but when de-SUMOylated, Kaiso acts as a repressor. Moreover, when Kaiso interacts with wild-
type p53, it was found to activate pro-apoptotic genes whereas when associated with mutant p53, Kaiso repressed pro-apoptotic genes.

Table 1
Correlation of Kaiso expression with histopathological/clinical features of cancers.
Cancer Site Methodology Histopathological/ Clinical Correlation References

Colorectal Colon cancer TMA, GEO
database

Higher Kaiso expression observed in primary & metastatic tumor biopsies compared to normal colon
tissues

Pierre et al. [48]

Prostate PCa TMA Higher Kaiso expression malignant prostate tumors compared to BPH;
high Kaiso expression correlated with high tumor grade, Gleason score & AAs

Jones et al. [14]

TCGA database High Kaiso/low mir-31 expression correlated with lower overall survival relative to patients with either
high Kaiso only or miR-31 low only tumors

Wang et al. [16]

Lung NSCLC TMA Higher cytoplasmic expression correlated with advanced stage lung cancer & poorer overall patient
survival; higher cytoplasmic expression in tissues of NSCLC patients compared to NBE patient tissues

Dai et al. [28]

Pancreas TMA; ONCOMINE database High Kaiso expression in PDAC tissues compared with low Kaiso expression in normal/adjacent tissues;
high Kaiso expression in PDAC tissues correlated with higher grade & tumor size

Jones et al. [98]

Breast Breast cancer TMA Higher nuclear Kaiso expression associated with higher nuclear tumor grade Vermeulen et al. [29]
Breast cancer TMA High nuclear Kaiso expression positively correlated with invasion, lymph node metastases & poorer

/reduced overall survival of patients with IDC
Jones et al. [13]

TCGA database High Kaiso/BRCA1 expression correlated with lower overall survival of patients diagnosed with TNBC &
other BC subtypes

Bassey-Archibong et al.
[23]

TNBC TMA Higher nuclear Kaiso expression observed in TNBC tissues obtained from WAA compared to Caucasian
women

Bassey-Archibong et al.
[97]
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study by Raghav et al. – which found that promotor-proximal tethering
of SMRT in terminal adipogenesis is mediated by Kaiso through a
conserved, methylated TCTCGCGAGA motif – demonstrated a stronger
interaction between Kaiso and the methylated TCTCGCGAGA motif
than between Kaiso and the originally identified KBS [8]. In this study,
the nucleotides flanking the core methylated CGCG motif were also
shown to strengthen Kaiso's binding to the me-CpG motif, as mutation
of these flanking sequences reduced the affinity of Kaiso for this site
[8]. Following these early studies however, the relative affinity of Kaiso
for the KBS versus me-CpG dinucleotides continues to be a topic of
debate.

Through the analysis of Kaiso ChIP-seq datasets downloaded from
the UCSC (University of California Santa Cruz) browser (from the
ENCODE consortium), Blattler et al. demonstrated three key attributes
of Kaiso's endogenous interaction with DNA [9]. First, ~ 77% of Kaiso
peaks were shown to overlap with RNA polymerase II peaks and en-
riched for active histone modifications, which suggested that Kaiso
mostly binds to DNA regions that are actively transcribed or primed for
transcription. Second, 36–43% of Kaiso peaks contained the TCTCGC
GAGA motif identified by Raghav et al. [8], while the original KBS was
not identified in any of the Kaiso peak sets. This finding suggests that
additional studies should be conducted to clarify Kaiso's DNA-binding
properties and the importance/contributions of these different motifs to
Kaiso's respective downstream biological functions. Notably, most sites
bound by Kaiso, including those containing the TCTCGCGAGA motif,
were found to be unmethylated, indicating that Kaiso may prefer to
bind to unmethylated DNA sites for transcriptional activity [9].

Irrespective of which site is the preferred or “correct” site for Kaiso
binding, further research to clarify and identify Kaiso's binding sites is
warranted to enable a complete understanding of Kaiso's transcriptional
properties and function. This will also require an in-depth analysis of
the role of the Kaiso-p120ctn interaction, since the interaction of p120ctn
with Kaiso's DNA-binding domain results in inhibition of Kaiso's tran-
scriptional activity and repression of target genes in the context of KBS-
containing gene promoters [1,10]. The cellular contexts under which
p120ctn interacts with Kaiso are still not fully understood, and thus
determining the upstream signalling pathways that regulate the Kaiso-
p120ctn interaction will be essential for fully understanding Kaiso's role
in normal and tumorigenic processes.

Another layer of complexity with regards to Kaiso's transcriptional
role in normal and tumorigenic processes was heralded in 2006 upon
the identification of two Kaiso-like proteins, ZBTB4 and ZBTB38 [11].
Intriguingly, ZBTB4, like Kaiso, was found to exhibit dual-specificity
DNA binding to the KBS consensus sequence and me-CpG dinucleotides,
while ZBTB38 was found to only bind me-CpG dinucleotides [11,12].
Despite their structural similarity, Kaiso did not heterodimerize with
ZBTB38 or ZBTB4, although an interaction between ZBTB38 and ZBTB4
was observed. Furthermore, no interaction between p120ctn and either
of these two Kaiso-like proteins was observed [11]. Nonetheless, Kaiso,
ZBTB4 and ZBTB38 were classified as a new family of methylated DNA-
binding transcription factors that regulate gene expression and may
function redundantly depending on cell or tissue context [11].

1.2. Kaiso - transcriptional repressor, activator or both?

Kaiso's binding to methylated CpG dinucleotides, coupled with
studies demonstrating interactions between Kaiso and SMRT-containing
corepressor complexes (Fig. 1), led to its initial characterization as a
transcriptional repressor [7,8]. Indeed, most studies to date have re-
ported on Kaiso's transcriptional repression of target genes including E-
cadherin [13,14], Wnt 11 [4], matrilysin [15], HIF1A [16], CDKN2A
[17], miR-31 [18] and the miR-200 family [19]. While fewer studies
have reported on Kaiso-mediated transcriptional activation of target
genes [20,21], recent studies suggest that transcriptional activation
may be Kaiso's preferred mode of transcriptional regulation. In support
of this notion, we have found that twice as many genes are

downregulated in response to Kaiso depletion in HCT-116 colon carci-
noma cells than those that are upregulated (our unpublished data).

The notion that Kaiso may function as both an activator and re-
pressor of transcription is not unprecedented since another POZ-ZF
protein, Miz-1, has been reported to demonstrate both transcriptional
repression and activation activities depending on the cofactors with
which it interacts [22]. We have observed a similar phenomenon with
Kaiso; its interaction with wild-type p53 activates transcription of pro-
apoptotic genes, while its interaction with mutant p53 potentially re-
presses transcription of pro-apoptotic genes (Fig. 1) [23,24]. Ad-
ditionally, a recent study showed that while Kaiso's transcriptional ac-
tivities were mostly repressive in HeLa cells, many pathways were also
activated in the presence of Kaiso [25]. This study also found opposing
transcriptional activities of Kaiso between two cell lines, confirming
that Kaiso DNA-binding and transcriptional activity is context and cell-
type specific [25].

A recent study by Zhenilo et al. investigated the effect of post trans-
lational modifications on Kaiso's transcriptional activity [26] and found
that covalent linkage of small ubiquitin-like modifier (SUMO) polypep-
tides functioned as a molecular switch to regulate Kaiso's function as an
activator or repressor [26]. When SUMOylated, Kaiso acted as an acti-
vator but when deSUMOylated, Kaiso acted as a repressor (Fig. 1). Using
HEK293 cells, the authors demonstrated that Kaiso is SUMOylated under
normal conditions at lysine 93 (K93); however, under hyperosmotic
stress, Kaiso was found to be deSUMOylated [26]. This was the first study
to elucidate a role for post-translational modifications on Kaiso function
and indicates that further work is needed to examine other mechanisms
(e.g. phosphorylation) through which Kaiso could switch between its
activating and repressive functions.

It is noteworthy that to date, studies reporting on Kaiso's transcrip-
tional activation all focus on Kaiso's role when bound to the KBS. Thus,
future studies are needed to elucidate whether the TCTCGCGAGA motif
is also functionally linked to Kaiso-mediated transcriptional activation.
Regardless of Kaiso's specific transcriptional properties or preferred mode
of DNA binding, it is clear that Kaiso and many of its putative target
genes are implicated in or play key roles in tumorigenesis.

2. A Jack of all trades: the multifaceted functions of Kaiso in
tumor development and progression

In a seminal review, Hanahan and Weinberg summarized the key
acquired capabilities that are necessary for tumor growth and pro-
gression [27]. As we continue to unravel the details of Kaiso's function,
it has become evident that Kaiso is able to mediate several of these vital
tumor-acquired capabilities including invasion, metastasis, apoptosis,
cell proliferation, and inflammation (Fig. 2; key references listed in
Table 2). Thus, not surprisingly, Kaiso has been increasingly implicated
in various human cancers (colon, prostate, lung, breast, ovarian,
chronic myeloid leukemia) [17, 28–31]. Here we review in depth,
studies investigating Kaiso's role in various cancers and tumor-related
pathways.

2.1. Kaiso in Colorectal Cancer - Wnt pathway regulation or inflammation?

During the initial characterization of Kaiso as a transcription factor,
several independent studies reported that Kaiso repressed a subset of
Wnt/β-catenin target genes and inhibited Wnt signalling in several
model systems [15,32]. Park and colleagues were the first to report a
role for Kaiso in the Wnt signalling cascade, a well-established cascade
whose malfunction plays a key role in colon cancer [33]. Using a Xe-
nopus model, they demonstrated that morpholino-mediated Kaiso de-
pletion resulted in increased Wnt reporter activity and increased ex-
pression of several Wnt signalling targets including siamois, c-Myc, c-Fos
and cyclinD1 [32]. Notably, Kaiso-mediated inhibition of Wnt target
gene expression was attenuated by p120ctn overexpression [32]. Im-
portantly, Kaiso was shown to rescue the duplicate-axis phenotype
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induced by constitutive Wnt signalling [32]. Based on these studies it
was postulated that cross-talk existed between the p120ctn-Kaiso sig-
nalling trajectory and the canonical Wnt signalling pathway [34].
However, the interplay of Kaiso and p120ctn with canonical Wnt sig-
nalling in Xenopus development was further complicated by a later
study that implicated Kaiso as a bimodal regulator of Wnt signalling
[35]. In this study, both Kaiso depletion and overexpression inhibited
Wnt signalling, while mild ectopic Kaiso expression resulted in in-
creased Wnt signalling activity [35]. Unfortunately, none of these stu-
dies examined the expression levels or relevance of the Kaiso-like
protein ZBTB4 on Wnt signalling in these models, and thus their ap-
parent paradoxical findings may be explained by functional redundancy
or competition with ZBTB4. Notwithstanding this paradox, Kaiso's role
as a regulator of Wnt signalling in Xenopus was solidified by a 2009
study that investigated a molecular mechanism for the interaction of
the Xenopus homolog of Kaiso (xKaiso) with xTcf3 [5]. Ruzov et al.
demonstrated that xKaiso interacted directly with xTcf3, leading to
xTcf3 dissociation from the promoters of Wnt target genes [5]. These
seminal studies examining Kaiso's function in Xenopus development and
Wnt signalling provided the rationale for further exploring Kaiso's role
in Wnt signalling in the context of mammalian model systems.

Studies in mammalian cell culture models further supported a bona
fide role for Kaiso as a modulator of canonical Wnt signalling. Our lab
and others reported that Kaiso represses a subset of Wnt target genes
(cyclinD1, MMP7) in mammalian cultured cells [15,36,37]. Cell culture
studies also hinted at a negative feedback loop whereby activation of
the Wnt signalling pathway would inhibit Kaiso's repressive effects on
Wnt target genes [38]. Specifically, CK1ε phosphorylates p120ctn in
response to Wnt stimulation, which promotes p120ctn's association with
Kaiso, and inhibits Kaiso's transcriptional functions (Fig. 3). In an ex-
tension of the studies performed by Ruzov et al., Kaiso was also found to
interact with TCF4 and β-catenin in a manner that was mutually ex-
clusive from its association with p120ctn [39]. Consequently, the Kaiso-
p120ctn interaction hinders Kaiso's ability to bind TCF4 and β-catenin to
modulate Wnt signalling [38].

Given the evidence linking Kaiso to Wnt signalling and the role of
Wnt signalling in intestinal homeostasis and disease, the mammalian
intestine represented an obvious choice for further studies into the
physiological relevance of the Kaiso-Wnt relationship. Most colorectal
cancers (CRCs), ~70%, are sporadic and driven by point mutations that

follow a specific succession, with the first mutation occurring in the
adenomatous polyposis coli (Apc) tumor suppressor gene [40]. APC is a
component of a large multi-protein complex that regulates the stability
of β-catenin, the downstream effector of the canonical Wnt signalling
cascade [41]. Most Apc mutations that have been characterized in CRC
result in a truncated APC protein, such that even in the absence of li-
gand-induced activation of the Wnt pathway, β-catenin is stabilized and
translocates to the nucleus where it activates a plethora of tumorigen-
esis-promoting Wnt target genes [41–43].

The first study to examine the role of Kaiso in intestinal tumor-
igenesis was conducted in 2005, when Prokhortchouk et al. examined
the effect of Kaiso depletion on polyp formation in the ApcMin/+ mouse
model of intestinal neoplasia [31]. Surprisingly, Kaiso-deficient ApcMin/
+ mice exhibited longer lifespans, delayed tumor onset and smaller
tumors compared to their ApcMin/+ counterparts, suggesting that Kaiso
functions in a pro-tumorigenic capacity in the intestinal setting [31].
Notably, the phenotype of Kaiso-deficient mice mimicked that of mice
depleted for Mbd2, a methyl−CpG binding repressor [44]. Hy-
permethylation of tumor suppressor genes in various cancers is well
documented [20], and has been proposed as a mechanism by which
Kaiso may exert its effects in CRC [17]. Indeed, Kaiso depletion in CRC
cell lines resulted in increased expression of three hypermethylated
tumor suppressor genes, CDKN2A, HIC1, andMGMT and sensitized cells
to the cytotoxic drug etoposide [17]. The expression of Kaiso in human
intestinal tissue and in the Muc2−/− mouse model, which develops
invasive colorectal tumors akin to those of patients with inflammatory
bowel disease, was also investigated. Remarkably, Kaiso expression was
found to be increased in the tumors of Muc2−/−mice compared to
controls, although no difference was observed in Kaiso expression be-
tween matched normal and tumor human intestinal tissues in this study
by Prokhortchouk [31].

In a quest to further understand the role of Kaiso in intestinal tu-
morigenesis and canonical Wnt signalling, we generated an intestinal-
specific Kaiso overexpressing mouse model (KaisoTg/+) [45]. While
Kaiso overexpression alone was not sufficient to drive the development
of tumors in the murine intestine, KaisoTg/+ mice developed crypt hy-
perplasia and chronic intestinal inflammation [45], which is an estab-
lished risk factor for CRC. In fact, in patients with inflammatory bowel
disease, the cumulative risk of developing colitis-associated cancer
(CAC) ranges between 18 and 20% [16]. The development of chronic
intestinal inflammation in Kaiso overexpressing mice is intriguing on
two fronts. First, in contrast to sporadic CRC, Apc mutation occurs only
in advanced stages of IBD- associated carcinogenesis if at all [16],
which suggests a Wnt-independent mechanism by which Kaiso may
promote intestinal tumorigenesis. Secondly, it suggests opposing roles
for Kaiso (pro-) and p120ctn (anti-) in intestinal inflammation/tumor-
igenesis since limited ablation of p120ctn in murine intestines induced
an inflammatory response characterized by an epithelial barrier defect
with infiltrating neutrophils [46,47], and promoted intestinal ade-
nomas [47]. Most importantly, these findings hint that p120ctn and
Kaiso may play a role in IBD progression to CAC.

We expanded our studies into the effect of Kaiso overexpression on
intestinal homeostasis by crossing our KaisoTg/+ mice with ApcMin/+
mice [16,48]. Consistent with earlier studies by Prokhortchouk et al.,
KaisoTg/+:ApcMin/+ mice exhibited significantly reduced lifespans and
an approximately 3-fold increase in polyp number relative to control
mice [48]. KaisoTg/+:ApcMin/+ mice also developed chronic intestinal
inflammation, albeit at a younger age than KaisoTg/+ mice [48]. We
also investigated the expression of Wnt target genes in the intestines of
KaisoTg/+ and KaisoTg/+:ApcMin/+ mice [48]. Notably, Wnt target gene
expression was increased rather than decreased in both KaisoTg/+ and
KaisoTg/+:ApcMin/+ mice; however the increases noted in KaisoTg/+
mice compared to control mice were not significant [16,48]. We also
observed that increased Kaiso expression positively correlates with
tumor stage in a human CRC tissue microarray (TMA) [48] and analysis
of publicly available CRC microarray datasets revealed a statistically

Fig. 2. Kaiso regulates several tumor-related processes as defined by Hanahan
& Weinberg [27]. Kaiso activates tumor cell invasion and metastasis via reg-
ulation of TGFβ signalling, miR-200 family and E-cadherin expression. Kaiso
sustains proliferative signalling through Cyclin-D1,c-Myc, Ki-67 and PCNA. As
observed in several mouse models, Kaiso promotes inflammation. Kaiso is also
implicated in resisting cell death through the regulation of c-Caspase3, Bax and
PUMA. Finally, Kaiso is implicated in genome instability through its regulation
of BRCA1 (Table 1.
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significant positive correlation between increased Kaiso expression and
colon tumor tissues compared to normal tissues [16,48], in contrast to
the Prokhortchouk study [31]. Collectively, these studies indicate that
in mammalian models, Kaiso promotes rather than suppresses tumor-
igenesis as was initially anticipated based on our findings regarding
Kaiso and Wnt signalling in Xenopus.

Another striking phenotype that we observed in KaisoTg/+ mice was
the expansion of the secretory cell population (i.e. goblet, Paneth and
enteroendocrine cells) in the small and large intestines, which was ac-
companied by an overall decrease in cell proliferation [45]. This phe-
notype was reminiscent of that observed upon inhibition of the Notch
signalling pathway in the intestine [49–51]. Indeed, expression of the
Notch pathway target gene Hes1 was decreased in KaisoTg/+ mice [45],
hinting at a novel role for Kaiso in regulating cell fate decisions through
Notch signalling in the murine intestine. Notably, Kaiso represses the
expression of both the Notch1 receptor and the Notch ligand Dll-1 in
CRC cell lines [52] but promoted Jagged-1 expression, which is im-
plicated in colon cancer progression. This finding provides an addi-
tional mechanism whereby Kaiso may promote CRC and adds another
layer of complexity to Kaiso's role in intestinal homeostasis and colon
cancer.

While no studies to date have pinpointed the precise molecular
mechanisms by which Kaiso potentiates intestinal tumorigenesis, and a
definitive link between Kaiso and Wnt signalling in intestines has not
been established, it is clear that in the context of the intestine, Kaiso
functions in a pro-tumorigenic manner. Thus, ongoing efforts in our lab
and others seek to characterize Kaiso's role in intestinal inflammation
and investigate its contribution to CAC and CRC using various mouse
models.

2.2. Kaiso as a regulator of EMT and metastasis in prostate cancer

The first report examining Kaiso's role in prostate cancer (PCa)
surveyed Kaiso expression and subcellular localization in various tumor
types including a small cohort of PCa patients [53]. In a subsequent
study with a larger patient cohort that included normal, adjacent
normal, and benign prostatic hyperplasia (BPH) samples, Kaiso was
found to be overexpressed in malignant prostate tumors and its high
expression correlated significantly with tumor grade, Gleason score and
race [14]. Specifically, low-Gleason grade tumors exhibited pre-
dominantly cytoplasmic Kaiso expression, while the high-Gleason grade
and metastatic tumors displayed increased nuclear Kaiso expression.
Two additional noteworthy observations from this study were that, i)
African-American (AA) men expressed more nuclear Kaiso compared to
Caucasian men, and ii) nuclear Kaiso was present in cells within the
basal layer of adjacent normal tissue. Interestingly, multiple reports
have indicated that adult prostate stem cells are present in the basal
layer of both human and mouse prostate tissues and serve as develop-
mental stimulants in PCa progression [39]. Indeed, a recent study by
Yates et al. utilized Keratin-14-CreER/ROSA-LacZ and Keratin-5-tTA-
TRE-H2BGFP lineage tracing mouse models and reported that Keratin-5
and Keratin-14 positive basal cells survive multiple rounds of castration
and hormone manipulation, thus highlighting their stem cell char-
acteristics [39]. It is unclear whether Kaiso expression in the basal layer
is playing a role in castration resistance and/or PCa progression, but
further investigation should be done to fully elucidate the role of Kaiso
in the basal layer.

Previous studies suggest that DNA methylation is responsible for
modulating gene expression that ultimately affects morphological
changes in PCa cells and epithelial-to-mesenchymal transition (EMT)
[54–56]. This is especially important in PCa, as PCa cells frequently

Fig. 3. Possible mechanisms of action of Kaiso in EMT. (A) Kaiso regulates TGF-β-mediated EMT and is itself regulated by the TGFβ signalling cascade which
activates the expression of other pro-metastatic genes in triple negative breast tumors. The increase in Kaiso expression by TGFβ could be via the Smad transcription
complex. Kaiso also appears to function in a positive feedback loop to increase TGFβ signalling (via increased TGFβRI & II expression) through as yet unidentified
mechanism(s). (B) Kaiso represses E-cadherin expression through repression of miR-200 and possibly via sequestration of phosphorylated p120ctn in the nucleus.
Phosphorylated p120ctn binds Kaiso, leading to its sequestration in the nucleus and E-cadherin degradation.
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adopt an EMT phenotype [57–59]. EGFR has been well characterized as
a promoter of EMT in multiple tumor types, including PCa [60]. To gain
insight into Kaiso's mechanism of action in metastatic PCa, several well-
characterized PCa cell culture models of EMT (LNCaP, DU-145, DU-
145WT - which genetically overexpress EGFR, and PC-3, which exhibit
a similar pattern of gene expression with human prostate tumor tis-
sues), were examined and it was found that the more invasive and
metastatic cell lines demonstrated increased nuclear Kaiso expression
[14]. Interestingly, Kaiso expression was increased and Kaiso localized
to the nucleus when EGFR was overexpressed or cells were treated with
EGF. Furthermore, Kaiso bound directly to CpG islands in the E-cad-
herin promoter of PC-3 cells and Kaiso depletion resulted in robust re-
expression of E-cadherin, similar to that observed on treatment with the
demethylation agent 5-aza-CdR [14]. Intriguingly, a previous report by
Yates et al. found that inhibition of the autocrine EGFR loop (and likely
the EGFR-induced hepatocyte growth factor/c-met autocrine loop), ei-
ther by direct disruption of the signalling loop or by secondary site
signalling trans-attenuation, resulted in decreased cell motility and in-
vasiveness, concomitant with E-cadherin re-expression in both DU-145
and PC-3 cells. Inhibition of the autocrine EGFR loop was observed in
Kaiso-depleted cells hinting at a role for Kaiso in the EGFR-driven EMT
phenotype of aggressive PCa.

To gain further insight into the mechanisms underlying Kaiso-
mediated PCa development and progression, Wang et al. examined
miRNA arrays and found that several miRNAs were upregulated in PCa
[18]. Thirteen miRNAs, including miR-31, were significantly differen-
tially expressed in Kaiso-depleted PC3 cells and a direct, methylation-
dependent association between Kaiso and the endogenous miR-31
promoter was reported. PCa patients with Kaiso high and miR-31 low
tumors had worse overall survival relative to patients with only Kaiso
high tumors or miR-31 low tumors, suggesting that Kaiso promotes
poor PCa survival via regulation of miR-31 expression. Most recently,
Kaiso was also implicated in regulating the miR-200 family that sup-
presses EMT in PCa cells [19]. Upon Kaiso depletion in selected PCa
cells, there was a significant increase of these miRNAs—similar to that
observed upon demethylation—and a decrease in downstream EMT
targets such as ZEB1/2, Twist and Snail. Furthermore, using an in vivo
mouse xenograft model, Kaiso-depleted PC3 cells subcutaneously in-
jected into mice exhibited decreased tumor growth and less metastases
compared to mice injected with control PC3 cells [19]. Collectively,
these data further highlight Kaiso's role in EMT and PCa tumor me-
tastasis. Since acquisition of the mesenchymal phenotype by carcinoma
cells is not permanent and tumor cells that have undergone EMT may
later revert to an epithelial state at the secondary metastatic site
through a mesenchymal-epithelial-transition (MET) [61–65], Kaiso
could play a major role in mediating these transitional states of the cell
throughout tumor progression and metastasis.

2.3. Kaiso and lung cancer

Two research groups recently investigated the role of Kaiso in lung
cancer development and patient outcomes. Analysis of representative
tissue cores from 294 non-small cell lung cancer (NSCLC) patients by
Dai and colleagues, showed significantly increased cytoplasmic ex-
pression of Kaiso in NSCLC tissues compared to normal bronchial epi-
thelium (NBE) tissues [28]. Dai et al. also found that high Kaiso ex-
pression correlated significantly with advanced stage and lymph node
metastasis in a cohort of lung cancer patients [28]. Furthermore, pa-
tients with high levels of cytoplasmic Kaiso expression had significantly
lower survival rates compared to those with no cytoplasmic Kaiso ex-
pression. Notably, nuclear Kaiso was only detected in a few NSCLC
cases (~5%) but it was not associated with any clinicopathological
features. In contrast to what was observed in NSCLC and NBE tissues,
Dai et al. found that Kaiso was primarily localized in the nucleus of
three lung cancer cell lines used (BE1, LETP-A-2 and SPC-A-1). Using
proliferation and invasion assays, they found that down-regulation of

nuclear Kaiso expression led to increased proliferation and invasion of
the three lung cancer cell lines used [28]. In a subsequent study in-
vestigating Kaiso function in NSCLC, cytoplasmic Kaiso expression was
positively correlated with high TNM stage, lymph node metastases and
poor prognosis of NSCLC patients [66]. Notably, high cytoplasmic co-
expression of Kaiso and δ-catenin was not detected in normal lung
tissue [66].

The dynamic subcellular localization of Kaiso in NSCLC as described
above is regulated by its interaction with p120ctn. In a study in-
vestigating the role of the Kaiso-p120ctn interaction in various lung
cancer cell lines, it was found that Kaiso bound primarily to p120ctn
isoform 3 (p120-3A) and not isoform 1 (p120-1A) in these cell lines
[67]. Transient transfection studies using A549 lung cancer cells re-
vealed that both cytoplasmic and nuclear Kaiso expression was in-
creased by p120-3A overexpression but was unchanged by p120-1A
overexpression [67]. Moreover p120-3A-bound Kaiso was shuttled out
of the nucleus through the chromosomal region maintenance export
pathway [67]. Zhang et al. also found that Kaiso's binding to p120ctn
was dependent on p120ctn serine-288 phosphorylation (Ps288) in lung
cancer cells and tissues. They further showed that higher levels of Kaiso
co-precipitated with phosphorylated p120ctn compared to unpho-
sphorylated p120ctn, suggesting that serine-288 phosphorylation may
act as the molecular switch that mediates p120ctn-Kaiso binding in lung
cancer cells [67]. Most recently, Iderzorig et al. [68] found that p120ctn
co-localizes with Kaiso in the nucleus in tyrosine kinase inhibitor (TKI)-
resistant NSCLC cells, while in TKI-sensitive NSCLC cells reduced co-
localization was observed. Interestingly, TKI-resistant NSCLC cells also
exhibited low levels of E-cadherin expression and high expression of
EMT markers such as Twist, Slug and Snail. This is in contrast to TKI-
sensitive NSCLC cells, where E-cadherin was expressed and low levels
of the aforementioned EMT markers were observed [68]. Given the
dependence of the Kaiso-p120ctn interaction on the status of p120ctn
phosphorylation [67], it is possible that p120ctn is hyper-phosphory-
lated in TKI-resistant NSCLC cells, resulting in its sequestration by Kaiso
and consequently, a reduction in E-cadherin protein stability con-
comitant with increased cell motility or metastasis. This phenomenon,
though not explored, is likely in TKI-resistant NSCLC tumors, since Dai
et al. have reported overexpression of Kaiso in NSCLC [28].

Additional studies to elucidate Kaiso's role in lung cancer have
proposed a role for Kaiso in regulating β-catenin expression in a me-
thylation-dependent manner in lung cancer [69]. Notably, increased β-
catenin expression in the nucleus and cytoplasm correlates with more
aggressive clinical course and lower survival, and is extensively re-
viewed in [70]. Liu et al. found that treatment of lung cancer cell lines
with the demethylation agent 5-Aza-CdR, resulted in increased β-ca-
tenin expression. However, high Kaiso expression significantly down-
regulated β-catenin mRNA expression and suggested that Kaiso may be
regulating β-catenin expression. Indeed, ChIP analysis revealed that
Kaiso associated with the endogenous β-catenin promoter via-methy-
lated CpG dinucleotides [69].

Recently, studies by Zhang et al. investigating Kaiso's role in lung
cancer found that cigarette smoke induced nuclear-to-cytoplasmic
shuttling of Kaiso, thus reducing Kaiso's ability to transcriptionally si-
lence the expression of its pro-tumorigenic target genes (e.g. c-Fos)
[71]. Cigarette smoke promoted complex formation between p120ctn
and the cytoplasmic tail of Mucin-1 (MUC1-CT) and enhanced Kaiso
binding to p120ctn, an association that resulted in Kaiso shuttling to the
cytoplasm. The nuclear-to-cytoplasmic shuttling of Kaiso was depen-
dent on p120ctn as lung epithelial cells lacking p120ctn did not exhibit
any shuttling of Kaiso from the nucleus [71].

Perhaps the most crucial findings that have been gleaned from the
study of Kaiso in lung cancer cells is that Kaiso's subcellular localization
and consequently, its function, can be altered through its interaction
with phosphorylated p120ctn. These findings lend insight into the up-
stream signalling events that can regulate Kaiso function, which have
remained relatively understudied.
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2.4. Kaiso as a regulator of cell differentiation and proliferation in chronic
myeloid leukemia (CML)

The role of Kaiso's cytoplasmic localization was further explored in
CML by Cofre et al. [30]. Using immunofluorescence and immunoblot
analyses, Kaiso was observed to be highly expressed in the cytoplasm of
these cells rather than the nucleus. Similar to what was found in lung
cancer cells, knock down of Kaiso (and/or p120ctn) led to increased
proliferation in these cells, possibly through increased expression of the
proliferation marker SCF, and hinted at a possible role for Kaiso by itself
or in association with p120ctn for CML proliferation [30]. Examination
of the expression of hematopoietic differentiation genes Wnt11, C/
EBPα, c-Myb, GATA-2 and PU.1 in Kaiso and/or p120ctn knock-down
CML cells revealed that c-MyB expression was increased while Wnt 11,
PU-1, C/EBPα and Gata-2 expression were decreased when compared
to scrambled knock-down cells [30]. Knock down of Kaiso and/or
p120ctn also led to decreased expression of the global cell differentiators
CD15, CD11b, CD33 and CD117. Notably in the clinical context, high
expression of cytoplasmic Kaiso was observed in the more aggressive
form of CML [30]. These findings were the first to implicate Kaiso in
CML and further investigation is warranted to fully assess Kaiso's role
and mechanism of action in CML.

2.5. Kaiso and breast cancer

Mounting evidence suggests that Kaiso functions as an important
driver of aggressive breast cancers like the triple negative breast cancer
(TNBC) subtype. Interestingly, TNBCs are characterized by high pro-
liferation indices, high rates of recurrence and a propensity to metas-
tasize [72–74]. Currently, TNBCs lack targeted therapies due to their
lack of estrogen receptor (ER), progesterone receptor (PR) and human
epidermal growth factor receptor-2 (HER2) expression. [75]. Although
some therapeutic response is achieved through chemotherapy, patients
with TNBC often relapse, thus associating this BC subtype with poor
outcomes and shortened overall survival [76–79]. Notably, TNBC, is
more frequently diagnosed in women of African ancestry, and Kaiso's
role in TNBC racial disparities in incidence and outcomes will be dis-
cussed in a later section.

Vermeulen et al. examined Kaiso expression and localization in a
large cohort of normal and tumor breast tissues and found that high-
grade breast tumors and tumors with a high mitotic activity index ex-
hibited more nuclear Kaiso expression compared to low-grade tumors
[29]. They further found that Kaiso expression negatively correlated
with ERα positivity, and that nuclear Kaiso was significantly higher in
aggressive BC, particularly the basal/triple negative and HER2-ampli-
fied breast cancers compared to luminal-type BC [29]. Notably, ~70%
of hereditary (BRCA1-associated) breast cancers exhibited nuclear
Kaiso expression compared to ~30% of sporadic carcinomas [29].

In a subsequent study by Jones et al., it was found that high nuclear
Kaiso expression positively correlated with local invasion, lymph node
metastases and poorer overall survival in a large cohort of invasive
ductal carcinoma (IDC) tumor tissue samples [13]. Jones et al. also
found TNBC cell lines (MDA-MB-231 & MDA-MB-468, hereafter MDA-
231 & MDA-468) exhibited higher nuclear expression of Kaiso com-
pared to the non-metastatic MCF-7 breast cancer cell line where Kaiso
mainly localized to the cytoplasm [13]. Kaiso depletion in the highly
metastatic MDA-231 and MDA-468 cell lines resulted in reduced cell
migration in both wound healing and Boyden chamber assays, and re-
duced invasion through matrigel assays, while Kaiso overexpression in
MCF-7 cells resulted in their increased migration and invasion [13].
These findings hinted that Kaiso may be involved in the regulation of
the EMT process that is characterized by loss of E-cadherin expression
and is a key contributor to metastases and poor outcomes of cancer
patients [13]. Indeed, Kaiso depletion in MDA-231 and MDA-468 cells
that typically lack E-cadherin expression, resulted in re-expression of E-
cadherin with an associated reduction in expression of mesenchymal-

related factors including N-cadherin, Cadherin 11 and Vimentin [13].
Chromatin immunoprecipitation assays also revealed that Kaiso binds
the E-cadherin promoter, but treatment of cells with the demethylating
agent 5-Aza-CdR abolished Kaiso binding, suggesting that this interac-
tion is methylation-dependent [13].

Multiple signal transduction pathways regulate EMT, but one of the
most studied is the TGFβ signalling pathway, which directly activates
the expression of key transcriptional mediators of EMT such as Snail,
Slug, ZEB1, ZEB2, and Twist [80]. Notably, we found that Kaiso-de-
pleted MDA-231 breast tumor cells exhibited decreased TGFβ signal-
ling, proliferated slowly in vivo and unlike parental MDA-231 cells, did
not metastasize to lungs or liver in mouse xenograft models [81]. Kaiso
depletion also resulted in increased expression of the TGFβ receptors,
TGFβR1 and TGFβR2, and Kaiso was found to bind to KBS sites in the
promoter regions of both genes [81]. Remarkably, TGFβ signalling in-
duced Kaiso expression in TNBC cells at both the transcript and protein
levels [81], which hinted at a positive feedback loop between Kaiso and
TGFβ signalling in TNBC cells. Notably, TGFβ signalling plays a para-
doxical role in breast cancer; in early stage breast cancer, TGFβ acts as a
tumor suppressor by inhibiting cell proliferation and inducing apop-
tosis, but in advanced and aggressive breast cancers, TGFβ promotes
progression and metastasis partly through induction of EMT [82]. Thus,
our findings suggested that Kaiso may be a key driver of metastasis in
TNBC (Fig. 3).

Beyond its role in TNBC metastasis, we more recently demonstrated
that Kaiso also plays a critical role in TNBC cell proliferation and sur-
vival [23]. Kaiso-depleted MDA-231 cells exhibited delayed tumor
onset and reduced expression of the cell proliferation markers Ki67 and
CyclinD1 in a murine xenograft model [23]. Kaiso depletion also re-
sulted in increased apoptosis of TNBC cells expressing mutant p53 and
up-regulation of the pro-apoptotic genes PUMA and Bax [23]. Intrigu-
ingly, BRCA1 expression was reduced in Kaiso-depleted Hs587T and
MDA-231 cells, and high co-expression of Kaiso and BRCA1 correlated
with poor overall survival of TNBC patients. Notably, some TNBC
subtypes demonstrate decreased sensitivity to chemotherapeutic agents
[83]. Thus our finding that Kaiso-depleted Hs578T and MDA-231 cells
exhibit increased Cisplatin sensitivity suggest that Kaiso may promote
BRCA-1-mediated chemotherapy resistance in TNBC [23].

It is noteworthy that in breast tumor cells expressing wild-type p53,
Kaiso functions in a pro-apoptotic capacity [23]. This supports in-
dependent studies showing that Kaiso activates the pro-apoptotic gene
APAF1 by forming a protein complex with wild-type p53, which in turn
binds and activates the APAF1 promoter [24]. Another mechanism by
which Kaiso may promote apoptosis of breast tumor cells is through
methylation-dependent repression of the glucocorticoid receptor (GR)
[84]. Indeed, Kaiso overexpression reduced the anti-apoptotic effect of
GR activation, thus highlighting a possible adjuvant role for Kaiso in
breast cancer patients treated with glucocorticoid combined che-
motherapy [84]. Collectively, these studies highlight paradoxical roles
for Kaiso in apoptosis and indicates that even within the same tissue
type, Kaiso's role is highly complex and context-dependent.

2.6. Kaiso, miR-181 and EMT in glioma

Further support of Kaiso's role as a regulator of EMT and pro-
liferation in cancer cells was recently demonstrated in glioma cell lines.
The miR-181 family inhibits proliferation, invasion, migration and EMT
of gliomas by targeting several genes [85–89]. High Kaiso expression
was found in glioma tissue compared to adjacent normal tissues and
importantly, a significant negative correlation was found between Kaiso
and miR-181 expression in high grade gliomas [90]. miR-181a bound to
Kaiso's 3′ UTR and ectopic expression of a miR-181a mimic resulted in
reduced expression of both Kaiso mRNA and protein suggesting that
Kaiso is a miR-181a target. Furthermore, Kaiso overexpression rescued
the anti-proliferative and anti-invasive effects of a miR-181a mimic
suggesting that miR-181 elicits its inhibitory effects on proliferation,
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invasion, migration and EMT through Kaiso suppression [90]. Similar
to findings in breast tumor cell lines, Kaiso depletion inhibited the
proliferation of a glioma cell line accompanied by reduced expression of
cell cycle regulators PCNA, CDK2, CDK4, Cyclin D1 and Cyclin E1 and
increased expression of p21 and p27. Reduced expression of mesench-
ymal markers (Vimentin, N-cadherin) and increased expression of epi-
thelial markers (E-cadherin) was also observed upon depletion of Kaiso
in glioma cells [90], similar to what has been reported in both breast
and prostate cancer cells [19,81]. In addition to reinforcing Kaiso's role
as a regulator of EMT, these studies have also identified the miR-181
family as novel regulators of Kaiso expression.

3. Kaiso and racial disparities in cancer

In the past decade, increasing evidence indicates that genetically
based racial disparities exist in various human cancers including breast
and prostate. The high BC mortality rates in women of African ancestry
(WAA) despite having lower incidence rates and lifetime risks of BC
than Caucasian women, initially led many to think that this disparity
was linked to socio-economic status [91–95]. However, several studies
now suggest that genetic risk factors/predisposition contribute to the
racial disparity in the prevalence and mortality of patients diagnosed
with the TNBC subtype [93,97,96]. Hence, the recent discovery that
high Kaiso expression correlates with aggressive BC subtypes like TNBC
and shorter metastasis-free survival in WAA [13,29], as well as with
aggressive PCa in African American (AA) men [14] suggests that high
Kaiso expression may be linked to the racial disparity in prevalence
and/or outcomes of aggressive cancers in people of African ancestry.

As a first step in testing this hypothesis, the Daniel and Yates labs
independently examined different cohorts of breast cancer patients and
observed that nuclear Kaiso is significantly overexpressed in breast
tumor tissues of patients with an African ancestry [13,97]. Jones et al.
further observed that nuclear Kaiso was overexpressed in primary
tumor and paired lymph node metastases of AA women compared to
Caucasian women (CaW) [13], and AA women with nuclear Kaiso had a
decreased overall survival compared to CaW with nuclear Kaiso ex-
pression. We extended these findings in a pilot tissue microarray (TMA)
study where we examined Kaiso expression and subcellular localization
in a TMA comprised of TNBC tissues from West African (Nigeria) and
Caribbean (Barbadian) women. These patient cohorts were selected
based on the premise that they represent more homogeneous popula-
tions of African ancestry than African Americans. Bassey-Archibong
et al. found that Nigerian and Barbadian women were diagnosed with
TNBC at much younger ages than AA and CaW [97], and that nuclear
Kaiso levels were significantly higher in Nigerian, Barbadian and AA
women compared with CaW. The high levels of nuclear Kaiso expres-
sion in women of African Ancestry compared to their Caucasian coun-
terparts, suggests a role for Kaiso in TNBC racial disparity, and forms
the premise for ongoing studies in the Daniel lab to further decipher this
phenomenon. Collectively, these studies raise the exciting possibility
that Kaiso may be a useful prognostic marker for TNBC, especially in
WAA.

Notably, high Kaiso expression also correlates significantly with
aggressive prostate tumors in AA men who have more aggressive tu-
mors compared to Caucasian men [14]. Kaiso expression, particularly
nuclear Kaiso, is increased in AA PCa patients, and is associated with a
worse overall survival in AA men compared to Caucasian men [14].
Finally, high Kaiso expression has also been linked to racial disparities
in pancreatic ductal adenocarcinoma (PDAC) [98]. Jones et al. observed
higher Kaiso expression in PDAC tissues of AA patients when compared
with normal/adjacent tissues [98]. They also found a significant re-
lationship between high Kaiso expression, higher grade and tumor size
in AA PDAC patients. Collectively these studies highlight an unexpected
and unique role for Kaiso in racial disparities in cancer.

4. Concluding remarks

In the past decade, significant strides have been made in under-
standing how Kaiso contributes to various human cancers. Generally,
high Kaiso expression correlates with poor prognosis and worse clinical
outcomes in colorectal, prostate, lung and breast cancers. We also have
more insight into the molecular mechanisms via which Kaiso may drive
these outcomes, since it is now appreciated that Kaiso regulates several
tumor-associated processes including EMT, proliferation, apoptosis and
inflammation.

Contrary to early reports that characterized Kaiso as a transcrip-
tional repressor, it is evident that the manner in which Kaiso functions
to modulate transcription may depend on several different factors in-
cluding its interaction partners (e.g. wild-type vs. mutant p53) as well
as the site at which it binds DNA. Most molecular studies to date have
investigated Kaiso binding to the consensus KBS or in the context of
methylation; however, few studies have examined the Kaiso binding
motif identified by Raghav et al. [8]. Novel regulatory pathways may be
identified using this motif and further enhance our understanding of
Kaiso's roles in tumorigenic processes. Other factors that regulate the
activity of Kaiso include (i) changes in subcellular localization, which
can occur upon binding to phosphorylated p120ctn, (ii) phosphoryla-
tion, which may alter Kaiso's protein interactions, subcellular locali-
zation and transcriptional activity and (iii) SUMOylation, which alters
Kaiso's transcriptional activity. However, it is still unclear the precise
cascade of events that lead to p120ctn-, phosphorylation- or SUMO-
mediated regulation of Kaiso and hence these factors represent exciting
avenues for further investigation. Furthermore, Kaiso's regulation by
miR181a and other as yet unknown miRNAs demand further in-
vestigation in various cell lines and contexts.

Another exciting avenue of study revolves around the findings that
Kaiso can promote inflammation in the intestine. The mechanisms and
molecular pathways via which Kaiso promotes inflammation, Kaiso's
interplay with p120ctn in the inflammatory process and whether Kaiso
elicits its pro-inflammatory effects in other tissues are all questions that
warrant further investigation.

With increasing data demonstrating that high Kaiso expression
correlates with aggressive tumor characteristics, most likely through
Kaiso's regulation of EMT and cell proliferation in multiple cancers,
Kaiso represents a candidate for further investigation as a diagnostic or
prognostic marker and potentially a therapeutic target. One important
question to be addressed is what causes high Kaiso expression in ag-
gressive tumors. Finally, the link between high Kaiso expression and the
racial disparities in cancer outcomes was an unexpected finding and
ongoing studies seek to determine the molecular mechanism, if any,
underlying this phenomenon. Two decades worth of progress into un-
derstanding Kaiso's relevance in various cancers, has led to many in-
triguing findings and has indeed primed us for an exciting new era of
scientific discovery around Kaiso function.
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CHAPTER 7: DISCUSSION 

The inherent difficulty to appropriately assess and treat TNBC has resulted in a growing 

interest by many researchers. This BCa subtype disproportionately affects WAA who 

exhibit the highest TNBC prevalence across West Africa and the West African diaspora. 

Furthermore, WAA diagnosed with TNBC have higher associated mortality rates compared 

to women of other ancestries (Alluri & Newman, 2014; DeSantis et al., 2019; DeSantis et 

al., 2017; Martini et al., 2021; Newman et al., 2006; Stark et al., 2010) with increasing 

studies indicating an intricate interplay of environmental and biological/genomic factors as 

the causal factors behind the racial disparity in TNBC incidence and outcomes. Recent 

studies have focused on investigating the exome/genome of WAA with TNBC in order to 

unveil pathogenic and novel mutations in genes associated with carcinogenesis and which 

may have therapeutic and clinical relevance (Adedokun et al., 2021; Churpek et al., 2015; 

Melissa Davis et al., 2020; Martini et al., 2021). Of note, novel, and pathogenic germline 

BRCA1, BRCA2 and PALB2 mutations as well as high somatic mutation frequency of TP53 

have been reported in various cohorts of WAA with BCa (Adedokun et al., 2020; 

Donenberg et al., 2011; Friebel et al., 2019; George et al., 2021; Huo et al., 2017). 

Additionally, identifying TNBC biomarkers in WAA has seen an expansion in research as 

high throughput sequencing and molecular techniques have become more financially 

feasible to achieve.  One such potential biomarker is Kaiso which has been implicated in 

metastasis, apoptosis and proliferation in TNBC through in vivo and in vitro experiments 

(Bassey-Archibong et al., 2016; Bassey-Archibong, Rayner, et al., 2017; Kwiecien et al., 

2017). However, despite the increasing investigation on TNBC epidemiology and genetics 
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in WAA, little is known about the (i) BCa epidemiological profile of women with a high 

African ancestry in the Caribbean compared to non-Hispanic white and non-Hispanic Black 

women in the USA, (ii) TNBC prevalence across African countries, (iii) TNBC-associated 

mutations and alterations in WAA, or (iv) the relative expression of Kaiso and other BCa 

biomarkers in TNBC tissues from West African (e.g. Nigerian) and Caribbean (e.g. 

Barbadian) women. This thesis presents findings on these research gaps and adds to our 

understanding about TNBC epidemiological trends, the tumour biology of WAA, and 

potential TNBC therapeutic targets. 

7.1 BCA EPIDEMIOLOGY IN BARBADOS 

Barbados is a small developing island state situated as the most eastern island in the island 

chain in the Caribbean Sea. Biomedical research—specifically BCa research—has not been 

extensively pursued in this Caribbean island due to under-resourced healthcare systems. 

The most recent analyses from GLOBOCAN estimated that Barbados has the highest BCa 

mortality globally (Sung et al., 2021) which is concerning for this limited resource small 

island. Ragin and colleagues reviewed BCa estimates from studies done across the 

Caribbean and found that Barbados had the second highest age standardized BCa incidence 

(94.7 per 100,000), second to the Bahamas (98.9 per 100,000) (Ragin et al., 2018). 

However, the limited number of studies investigating BCa incidence and/or mortality in 

Barbados have not investigated clinical-pathological variables and BCa subtype data. For 

our study, we conducted a comprehensive pathological investigation of all BCa cases 

recorded in Barbados from the sole public hospital, QEH for the 2007-2016 ten-year period. 

With a population of approximately 277,821 of which 144,803 are females according to 
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Barbados 2010 census data (Service, 2013), we estimated a crude BCa incidence of 135.1 

per 100,000 females in Barbados for the 2007-2016 period (Chapter 3). Our study also 

showed a disproportionately higher age-specific incidence of BCa in young (15-59) 

Barbadian females, when compared with age-specific incidence of NHB and NHW in the 

USA (Chapter 3, Figure 3). Young age at diagnosis has previously been associated with 

aggressive clinical course and genetic factors influencing the BCa diagnosis (Anders et al., 

2008; Gómez-Flores-Ramos et al., 2017). Greater consideration across the island should 

therefore be placed on genomic testing as well as on adjusting the BCa screening program 

to diagnose BCa at earlier ages and an earlier stage instead of at a more advanced stage. 

Indeed, Ragin and colleagues additionally highlighted that emphasis should be placed 

across the Caribbean region on hereditary vs. sporadic BCa as there were multiple reports 

of young age at diagnosis (Ragin et al., 2018).  

Barbadian females had higher frequency of lymph node (LN) positivity and Grade 

3 carcinoma diagnoses when compared with NHB and NHW females with BCa in the USA 

(Chapter 3, Figure 2). As LN positivity and grade 3 tumours indicate a high propensity to 

metastasize to other organs and high proliferative ability of tumour cells respectively, this 

clinical profile could be indicative of poor prognosis and thus may be contributing factors 

to the high BCa mortality in Barbados as estimated by GLOBOCAN. Early diagnosis 

through consistent screening programs should be a priority for Barbados as perhaps, some 

of these more advanced tumours might have been caught in earlier stages. However, a 

recent study investigating approaches to cancer control across the Caribbean region 

highlighted that there was no organised BCa national screening programme present in 
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Barbados  which might be an indicator of lack of resources and that mammography services 

may be primarily used for diagnostic measures rather than screening purposes (Spence et 

al., 2019). However, establishing a national BCa screening programme in Barbados as a 

priority would be beneficial to screening and diagnosing BCa at earlier stages to decrease 

preventable BCa related morbidity and mortality.  

We also investigated BCa subtype prevalence over the 2010-2016 period for 

comparison with the USA as receptor status data were fully collected from 2010 in the 

SEER database. We estimated a 25% TNBC prevalence over this period in comparison 

with 21% and 10% in NHB and NHW females in the USA respectively (Chapter 3, Figure 

2). This reported prevalence is higher than what was previously reported for TNBC across 

the Caribbean where TNBC frequency among of all BCa cases ranged from approximately 

14%-17.3% (Ragin et al., 2018) in Caribbean-based BCa studies. High TNBC prevalence 

in Barbados further indicates a poor BCa prognosis among the Barbadian population which 

is of concern. A previous review investigating the epidemiology of TNBC in WAA, 

highlighted body weight and distribution (measured either by overweight/obesity status, or 

waist to hip ratio), parity, short duration of breastfeeding and age younger than 40 years as 

factors that positively associated with TNBC in WAA populations in the USA (Brewster 

et al., 2014). Population-based data in Barbados have estimated that the prevalence of 

overweight and obese adults among Barbadian females is ~60% (Spence et al., 2019) which 

may account for or contribute to the high TNBC prevalence observed among this 

population. For our study, anthropometric measures such as body weight were not 

collected; however, further investigation into these risk factors and their associations with 



Ph.D. Thesis- S. M. Hercules    McMaster University- Biology 

 

 156 

BCa subtypes in Barbados would shed significant light on such risk factors and further 

public health measures to adequately address them. Indeed, a previous Barbadian based 

study found an association between BMI and BCa risk that indicates a stronger relationship 

in older females for this association (Nemesure, Wu, Hennis, et al., 2009). Furthermore, 

another population-based Barbadian study also showed associations between age at first 

full-term pregnancy, parity (as a protective factor), family history of BCa and history of 

benign breast disease with BCa among African Barbadian women (Nemesure, Wu, 

Hambleton, et al., 2009). Interrogation into the BCa epidemiology in a small island such 

as Barbados would greatly assist policymakers with ensuring appropriate treatment options 

are available for the unique distribution of patients diagnosed with the various BCa 

subtypes, i.e., since there is a relatively high prevalence of TNBC among this population, 

more emphasis could be placed on utilizing other chemotherapeutic agents such as PARP 

inhibitors, which have proven to be beneficial for TNBC patients. Additionally, IHC could 

be routinely done to assess PD-L1 expression as targeted therapies such as atezolizumab in 

combination with nab-paclitaxel have been beneficial for metastatic TNBC patients that are 

positive for PD-L1 (Kagihara et al., 2020; Kang & Syed, 2020; Narayan et al., 2020). Thus, 

comprehensive knowledge about the BCa epidemiology of any population, especially 

frequency of the BCa subtypes, is highly beneficial for mitigating poor BCa outcomes. 

7.2 EPIDEMIOLOGY OF TNBC ACROSS AFRICA 

Some countries across Africa have already started to undergo an epidemiological transition 

and have started to be affected by chronic non communicable diseases (NCDs) such as 

hypertension, cancer and diabetes with a higher burden when compared with 
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communicable diseases such as tuberculosis, malaria and acquired immunodeficiency 

syndrome (Sung et al., 2021). To understand the burden of BCa subtypes, namely TNBC, 

across Africa, we conducted a systematic review and meta-analysis of all studies reporting 

data on BCa subtypes with African women. Previous reports investigating BCa subtypes 

across Africa only reported ER negativity across the continent, BCa survival rates or BCa 

subtypes among Eastern Africa, but there were no comprehensive reviews or meta-analyses 

done to show the differences in TNBC frequency across the continent (Newman & Kaljee, 

2017; Popli et al., 2021; Ssentongo et al., 2019). Elucidating the distribution of TNBC 

frequency across the continent is necessary to better understand the high TNBC prevalence 

reported in the African diaspora worldwide.  

In our study, we found that TNBC frequency was highest in studies investigating 

BCa in West African women compared with studies investigating BCa in women from 

other regions across Africa (Chapter 3, Table 1, Figure 3, Figure 4). Specifically, studies 

conducted on Ghanaian, Nigerian and Senegalese women with BCa reported the highest 

TNBC prevalence across Africa (Chapter 3, Figure 3, Table S2, Table S5), which was 

consistent with our hypothesis that TNBC frequency would be highest in West African 

countries. This hypothesis was derived from studies showing higher TNBC prevalence in 

WAA in North America, the UK, and Caribbean islands (where women have high African 

ancestry and are ancestrally related to West Africa). Due to the transatlantic slave trade, it 

is postulated that the African diaspora across the Caribbean and North America were 

largely from West African countries such as Nigeria and Ghana. This has been confirmed 

by multiple genotyping efforts and investigating ancestry informative markers within these 
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populations (Benn-Torres et al., 2008; Geronimus et al., 2006; Moreno-Estrada et al., 2013; 

Murray et al., 2010; Zakharia et al., 2009).  Notably, pooled TNBC frequency across 

African countries with higher admixture of Arabian ancestry (North and East Africa) was 

lower (Chapter 3, Figure 3, Figure 4) indicating that West African ancestry may be 

associated with TNBC prevalence. A recent population-based study conducted in the USA 

found that TNBC prevalence was highest in West-African born women, followed by 

Caribbean born women then East-African born women, who had the lowest TNBC 

prevalence of the three groups (Sung et al., 2019). This indicates that Black women across 

the USA, and arguably the rest of the diaspora, are not a monolith and ancestry should be 

strongly considered when investigating “racial disparities”, not only in BCa but also in 

other diseases. The search strategy for our systematic review however only identified 

studies from 20 out of the 54 countries across Africa which indicates that there is a 

significant knowledge gap about BCa and BCa subtypes across the continent. However, we 

are confident that our study provides the best current estimate of TNBC frequency across 

the continent given the available studies.  

Our research showed that receptor status assessment tools and techniques varied 

considerably across studies which also led to variable estimates of TNBC frequency. We 

found that TNBC estimates were higher in studies that used the Allred algorithm instead of 

ASCO/CAP guidelines for ER/PR status, while studies that assessed HER2 using older 

ASCO/CAP guidelines reported higher TNBC (Chapter 3, Figure 5, Figure 6). We also 

found an association between year of publication and TNBC estimates (Chapter 3, Figure 

S4B). This association indicates that either (i) the tools used to assess receptor status are 
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more stringent, and that tissue handling, processing and analysis has improved over time 

allowing for decreased false positives, or (ii) with increasing BCa awareness programs, 

more women are being screened and there is less inflation of TNBC prevalence. Indeed, a 

recent systematic review and meta-analysis on BCa subtypes across East Africa, found a 

similar association with year of publication where ER-positivity was noted to be higher in 

studies after 2013 compared with studies done before 2013 (Popli et al., 2021). One key 

difference between the Allred algorithm and ASCO/CAP guidelines for assessing ER/PR 

status is that for the Allred algorithm, the cut-off for receptor status positivity could be as 

high as 10% (Allred et al., 1998), whereas for ASCO/CAP guidelines, 1% is the more 

stringent cut-off (Allison et al., 2020); therefore, it would be expected to observe higher 

receptor positivity for studies that used the Allred algorithm. Additionally, more recent 

versions of ASCO/CAP guidelines for HER2 testing include the interrogation of HER2 via 

IHC as well as through fluorescent in situ hybridization (FISH) where cut-off for positivity 

moved from 30% to 10% positive tumour cells via IHC between the 2007 and current 

guidelines (Ahn et al., 2020). Indeed, our results reflect differences in TNBC estimates 

when taking the tool used for receptor status into account.  

Additionally, across African nations there is a clear disparity in the laboratory 

techniques used for tumor assessment and the associated financial costs to the patient. One 

Nigerian study indicated that cost was a barrier for IHC tests and that FISH was not 

routinely done for HER2 equivocal scores as outlined in ASCO/CAP guidelines because of 

costs, whereas, in South Africa, the comprehensive public health system eliminates 

financial barriers to accessing care and having breast tumours appropriately subtyped (CO. 
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et al., 2017; Cubasch et al., 2018). This inconsistency in access to healthcare and facilities 

for adequate tumour assessment could further explain the high variability in pooled TNBC 

estimates across the continent and emphasizes the need for international collaborations to 

assist countries across Africa (and other LMICs) with improved access to these tools to 

properly diagnose and treat BCa patients. A recent small study with physicians and nurses 

across Africa, noted that medical/hospital supplies and direct monetary support were their 

highest priority to improve efforts at decreasing BCa burden at their respective institutions 

(Gyan et al., 2019). Another study interrogating inequities in BCa treatment across sub-

Saharan Africa highlighted a vast disparity of treatment rates in Nigeria compared to 

Namibia: in Nigeria ~ 40% of women were not treated within 1-year of diagnosis compared 

to the Namibian population where almost all patients (~99%) received treatment within 1-

year of diagnosis (Foerster et al., 2019). Foerster and colleagues report SES and belief in 

traditional medicine to be barriers to treatment in the untreated populations. Increasing 

cancer screening and access to care in these nations should thus be a priority for various 

funding entities that have the resources to do so. 

When assessing knowledge about BCa, two separate studies from Nigeria and 

Ghana both found that most of the information obtained about BCa was from mass media 

and there was a general poor knowledge of BCa-associated risk factors (Azubuike, 2017; 

Opoku et al., 2012). The Ghanaian-based study also found that the rate of breast self-

examination (BSE), and clinical breast examination (CBE) were higher than that of 

obtaining mammograms (Opoku et al., 2012) which emphasizes the need to promote 

screening programs in a culturally-relevant setting. It should be noted however that 
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mammography has been associated with a two times higher chance of detecting ER-

positive BCa compared to ER-negative BCa (Howlader et al., 2014) which might be 

contributing to the relatively higher TNBC frequency observed across West African 

countries when compared to Southern African countries where mammography is more 

accessible. Though somewhat controversial, mammography has been an effective 

screening tool in high-resource settings; however, it has been postulated that this may not 

be an effective screening tool for resource-limited settings or for detecting advanced staged 

tumors (Black & Richmond, 2019). In comparison, as reviewed by Corbex et al., multiple 

studies across resource-limited settings have recommended CBE which requires less 

resources and has been demonstrated to decrease mortality (Corbex et al., 2012). This 

further emphasizes the need for culturally relevant approaches to reduce BCa burden within 

resource-limited populations, such as many African countries. A recent study by Jemal et 

al. (Jemal & Brawley, 2019) outlined the effectiveness of cultural relevance to increase 

cancer awareness; cancer awareness programs where politicians are actively involved in 

the campaign were found to be effective in increasing knowledge about cancer across 

various African countries. This type of approach could be vital in decreasing cancer burden 

and mortality across Africa with the epidemiological transition that will lead to increasing 

cancer incidence and mortality, specifically across sub-Saharan Africa. 

7.3 SOMATIC MUTATION ANALYSIS REVEALS PATHOGENIC AND NOVEL 

VARIANTS IN WAA 

Due to the high prevalence of TNBC in WAA, multiple cancer biologists and clinician-

scientists have launched research projects to investigate the mutational landscape of WAA 
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with TNBC to identify “driver genes” that may serve as drug targets and/or as diagnostic 

tools and lead to better treatment options. A recent review of BCa genetics in populations 

across Africa however found that the majority of studies focused on BRCA1 and BRCA2 

mutations and not wide interrogation of the genome (Abbad et al., 2018). Indeed, this was 

also true for the Caribbean where studies have focused on BRCA1, BRCA2 and PALB2 

across the region (Donenberg et al., 2016; Donenberg et al., 2011; George et al., 2021; 

Lerner-Ellis et al., 2017). However, in the USA where resources are not limited, more 

unbiased genomics studies have been done using large genotyping datasets and whole 

exome/genome sequencing efforts. Previous studies have reported high TP53 mutation 

rates in African American women with TNBC as well as novel mutations such as 

rs10069690 for TERT associated with ER/PR- and TNBC risk specifically in African 

American women (Brewster et al., 2014; Huo et al., 2017). To date, there have been no 

comprehensive studies investigating the mutational profile of ancestrally-related West 

African (Nigeria) and Caribbean (Barbados) women with TNBC. 

We conducted WES on DNA collected from 31 Barbadian and Nigerian FFPE 

TNBC samples to investigate shared and unique somatic mutation signatures between these 

groups and subsequently compared this mutational profile with that of African American 

and European American TNBC samples from the TCGA database. After investigating the 

overlap of genes within these groups, we found 78 commonly mutated genes across all four 

cohorts (Barbadian, Nigerian, TCGA-AA and TCGA-EA) that might have potential as 

actionable targets (Chapter 5, Figure 2A). Intriguingly, we found that there were 2,401 

unique variants in the TCGA- EA cohort that are potentially associated with the 
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overwhelming large sample size of that group within the TCGA database. To increase 

genomics representation within these databases to reflect our global population, more 

collaborative studies need to be done to further our understanding of genetic risks and 

therapeutic opportunities for diverse populations. The low inclusion (~9%) of African 

ancestry data within the TCGA database (Yuan et al., 2018) is problematic and more 

studies need to be done to include diverse populations within these large genomics 

databases. It must be noted however, that there is a high degree of hesitancy to participate 

in health-based data collection studies among African Americans (AAs) and arguably, the 

African diaspora worldwide. In the USA, there is a centuries long history of segregation, 

racism and unfair treatment of AA. In current times, these historical and ongoing atrocities 

towards AA are postulated to fuel hesitancy for COVID-19 vaccine uptake in AAs (Bajaj 

& Stanford, 2021).   

After global analysis of the mutation frequency of all 36,409 genes in each of the 

cohorts (Barbadian, Nigerian, TCGA-AA and TCGA-EA) no significantly mutated genes 

were identified apart from two pseudogenes (TNRC18P2, DDX12P) with no currently 

known biological or clinical relevance (Chapter 5, Figure 2B). Although pseudogene 

function in general is not widely understood, it is postulated that since pseudogenes share 

high sequence similarity with their associated parental genes, they may interact with long-

non-coding RNAs (lncRNAs) for regulatory purposes (Milligan & Lipovich, 2014). While 

there is currently no known function for these two pseudogenes, future investigation of 

their function and roles in signaling pathways and regulatory networks will shed light on 

their relevance in our WAA cohorts and TCGA-EA with TNBC. In addition to this 
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discovery, we also found novel, pathogenic and likely pathogenic variants in well-known 

cancer-associated genes (e.g. BRCA1, MDC1, TP53) which may be potential driver 

mutations within these cohorts (Chapter 5, Figure 2C). As previously stated, these 

therapies might be useful for WAA cohorts with high BRCA1 mutations (George et al., 

2021; Papadimitriou et al., 2018; Turner & Tutt, 2012; Tutt et al., 2018). Notably, 

mutations in MDC1 are also implicated in chemosensitivity to platinum-based therapies 

(Ruff et al., 2020), suggesting that platinum-based therapies should be considered as a 

possible treatment of TNBC in WAA. 

In addition to non-silent mutations in BRCA1, somatic signature analysis showed 

strong correlations for age, BRCA1/BRCA2 and defective DNA mismatch 

repair/microsatellite instability (small INDELs) respectively, where there was a weak 

correlation for Signature 10, POLE (ultra-hypermutation) in Barbadian samples and a 

correlation to Signature 24 (Aflatoxin) in Nigerian samples (Chapter 5, Figure 3). Somatic 

mutation signatures for this study were derived from the Catalogue of Somatic Mutations 

in Cancer (COSMIC) database which includes somatic mutation data from over 1 million 

tumour samples and more than 25,000 publications (Tate et al., 2019).  These signatures 

are defined by six substitutions (C>A, C>G, C>T, T>A, T>C, and T>G) and the 

corresponding bases immediately 5’ and 3’ to each mutated base. For example, signature 

10 that is highly correlated to POLE hypermutation is defined by C>A and T>G mutations 

at TCT and TTT sites respectively where the underlined nucleotide is mutated (Forbes et 

al., 2016). Interestingly, when investigating this signature with the TCGA database, this is 

not a signature that was observed in AA or EA TNBC samples but was observed in BCa 
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samples including all BCa subtypes and self-reported race (Chapter 5, Figure 3). This 

signature has been mostly associated with colorectal and uterine cancers, and altered 

activity of DNA polymerase POLE is proposed to be the underlying mutational process 

driving this signature (Haradhvala et al., 2018). Additionally, this signature is associated 

with hypermutated samples which was seen in our data where the highest mutated samples 

were among Barbadian samples in comparison with Nigerian samples (Chapter 5, Figure 

2C). These cohort specific correlations to somatic signatures 10 and 24 in Barbadian and 

Nigerian women respectively were interesting, especially signature 24 in Nigerian women.   

It is well documented that there is a large consumption of unprocessed maize and 

groundnut across Nigeria which contributes to high levels of aflatoxin being consumed in 

these populations (Bandyopadhyay et al., 2019; Ladep et al., 2014). This signature is 

associated with hepatocellular carcinoma (HCC) liver cancer, specifically in cancer 

samples with known aflatoxin exposure (likely from aflatoxin B1 (AFB1)) and C>A 

mutations at GCC are common for this signature (Forbes et al., 2016). Interestingly, this 

signature was discovered through WES of 11 HCC samples with known aflatoxin exposure 

(likely from African or Asian origins) with presence of TP53 p.R249S mutations in some 

of the samples (Huang et al., 2017).  Though we did not find this mutation in any of our 

samples, we found an ~50% TP53 mutation rate in our Nigerian samples (Chapter 5, 

Figure 2C). A recent report also found other TP53 mutations in tumour samples that had 

aflatoxin exposure and somatic mutational signature (Chawanthayatham et al., 2017). This 

report also noted that after aflatoxin exposure in mice, the somatic mutational signature 

was seen as early as 10 weeks post-aflatoxin exposure, even though tumours were seen at 
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72 weeks post-aflatoxin exposure. Though liver tumours were not assessed in our Nigerian 

participants, this in vivo mouse study shone light on additional mutational events as a result 

of inflammation and oxidative stress that are acquired over time before liver tumours were 

established in their mouse models (Chawanthayatham et al., 2017). Hence, screening 

efforts for liver cancer may be of importance for this population with high aflatoxin 

exposure.  

Indeed, apart from HCC samples, previous evidence has found AFB1-DNA adducts 

present in tumour and normal breast, colorectal and cervical tissues where higher 

concentration of AFB1-DNA adducts were observed in tumour samples (Harrison et al., 

1993). This study was crucial in early studies about aflatoxins and their relevance as 

carcinogens. More recent studies have shown AFB1 to be involved in regulating micro-

RNA (miR) 25-5p through in silico analyses (Marchese et al., 2018). This miR intriguingly 

has been implicated in multiple cancers but specifically was shown to be involved in 

promoting proliferation in TNBC cells potentially through AKT and ERK-MAPK 

signalling pathways (Chen, Pan, et al., 2018). The finding of aflatoxin signature in our 

Nigerian TNBC tissues adds context to the potential of environmental factors (e.g., 

groundnut consumption) contributing to somatic mutations. Though this finding is based 

on association and not necessarily causation, it is interesting nevertheless and should be 

followed up to better understand how environmental factors such as diet can have an impact 

on BCa tumorigenesis and outcomes.  

We also identified bi-allelic loss of TP53 which is consistent with other reports in 

WAA with TNBC (Pitt et al., 2018). Additionally, copy number analysis revealed high 
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amplification for PIK3CA, and high copy loss for FGFR2 and HIF1AN in our Barbadian 

and Nigerian cohorts (Chapter 5, Figure 4). Surprisingly we did not find amplification of 

ZBTB33 (the gene encoding Kaiso) in our tissues as this was expected from previous reports 

indicating high Kaiso expression in WAA TNBC tissues (Bassey-Archibong et al., 2016; 

Singhal et al., 2021). However, the X chromosome, where ZBTB33 is located, did not have 

high sequencing coverage due to short, fragmented reads from our FFPE samples. We aim 

to conduct targeted sequencing of this region to investigate this further.  

Of note, clinical trials are currently underway (NCT04216472, NCT04251533 and 

NCT03207529) with PIK3CA inhibitors which could be therapeutically beneficial to 

TNBC patients with PIK3CA amplifications (Chang et al., 2021). Additionally, there are 

current clinical trials for FGFR2 inhibitors for TNBC patients as FGFR2 is likely to be 

amplified and/or increased FGFR signalling has been previously reported (Cunningham et 

al., 2020; Jafarian et al., 2019; Kim et al., 2013). Interestingly, our Barbadian and Nigerian 

samples show a stark copy number loss at 10q26.12 - q26.13 which includes the FGFR2 

gene which was an unexpected finding. Further studies should investigate this phenomenon 

to understand if (i) this is indeed a bona fide mutation signature and (ii) FGFR2 is lost in 

other TNBC WAA cohorts. Overall, this novel genomics profile could provide benefits for 

women with TNBC regardless of ancestry. 

7.4 GENE EXPRESSION PROFILING IN WAA TNBC TISSUES  

Studies have largely focused on in silico analyses using repositories such as TCGA and 

GEO for interrogation of gene mutations, RNA expression, predicted protein changes and 

protein expression in various subsets of patients and tumour types. As an alternate 
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approach, we constructed a WAA-TNBC TMA with 46 Barbadian and 28 Nigerian TNBC 

tissues. This TMA is a unique and useful resource as it was generated directly from patient 

samples consented into the study from these under-studied and resource-constrained 

locations with high TNBC prevalence (Chapters 3 & 4). The TMA allows us to interrogate 

protein subcellular localisation and semi-quantitative expression of TNBC biomarkers on 

multiple samples (n=74) during one IHC experiment. Using this TMA, we investigated 

sub-cellular localisation and semi-quantitative expression of Kaiso protein. Kaiso has been 

previously implicated in TNBC aggressiveness, metastasis, proliferation and 

chemoresistance (Bassey-Archibong et al., 2016; Bassey-Archibong, Rayner, et al., 2017; 

Singhal et al., 2021; Vermeulen et al., 2012). We found higher relative nuclear Kaiso H-

scores in Nigerian and Barbadian TNBC tissues and lower H-scores in African American 

and Caucasian American TNBC tissues in a separate commercially available TMA from 

Yale University (Bassey-Archibong, Hercules, et al., 2017a; Appendix Chapter 3, Figure 

3, Figure 4, Table 1). This is consistent with previous findings from our lab using in silico 

analyses where we reported that Kaiso expression was highest in African American TNBC 

tissues compared to Caucasian American TNBC tissues (Bassey-Archibong et al., 2016). 

The cause for this high Kaiso expression is unknown since the regulatory pathways that 

regulate Kaiso expression and function are also unknown. Nonetheless, the correlation of 

high Kaiso expression with aggressive cancers (TNBC, prostate, pancreatic) and disparities 

in outcomes in TNBC and prostate cancer (Pierre et al., 2019, Chapter 6) strongly suggests 

an important role for Kaiso in the racial disparities observed in TNBC and possibly other 

cancers.  
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One signaling pathway implicated in regulating Kaiso expression is the TGFb 

signaling pathway. Findings from our lab elucidated a positive feedback loop in TNBC 

cells between Kaiso and TGFβ signalling (Bassey-Archibong et al., 2016) which suggests 

that TGFβ signalling may be regulating Kaiso expression in TNBC. To assess this, 

investigation of ZBTB33 promoter region through ChIP-PCR for TGFβ components such 

as SMAD and ZEB1 transcription factors (TFs) would shed light on their association at the 

promoter region, implicating regulatory effects. Furthermore, luciferase promoter-reporter 

assays investigating these TFs would demonstrate whether their association with the 

promoter would activate or repress Kaiso expression. Additionally, it was previously 

demonstrated that Kaiso expression increased incrementally over a 24-hour period upon 

treatment in PCa cells (Jones et al., 2012). This suggests that EGF and associated signalling 

pathways may also regulated Kaiso overexpression. Both TGFβ and EGF signalling 

pathways have been previously associated with TNBC in various studies (Changavi et al., 

2015; Costa et al., 2017; Hashmi et al., 2019; Katayama et al., 2019; Xu et al., 2018; Zhang 

et al., 2017) and the complex relationships between these pathways and Kaiso expression 

should be examined more to fully understand their respective roles in Kaiso regulation, 

expression as well as TNBC aggressiveness in WAA. 

Kaiso has multiple roles in cancer, as discussed in our recent review (Pierre et al., 

2019; Chapter 6) and its high expression has been associated with higher tumour grade, 

larger tumour size, apoptosis and metastasis in TNBC (Bassey-Archibong et al., 2016; 

Bassey-Archibong, Rayner, et al., 2017; Jones et al., 2014; Kwiecien et al., 2017). Herein, 

we also found that Nigerian and Barbadian women were diagnosed at significantly younger 
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ages, at higher grade and had larger tumour size at diagnosis (Bassey-Archibong, Hercules, 

et al., 2017a; Appendix Chapter 3, Figure 1, Table 1). To replicate these findings, a larger 

TMA was constructed with 103 Barbadian and 123 Nigerian BCa tissues. Intriguingly, we 

found that relative nuclear Kaiso expression was higher in Barbadian tissues compared with 

Nigerian tissues (Appendix Chapter 2, Figure A2.1). Due to this contradictory finding 

between the pilot TMA and the large TMA, ongoing experiments and analyses seek to 

understand and determine the cause of this discrepancy/difference. When clinical variables 

were investigated among patients in our larger WAA-TMA, a similar clinical profile as 

outlined in our cohorts for the pilot WAA-TMA were replicated in the larger WAA-TMA 

(Appendix Chapter 2, Table A2.1). This is consistent with other studies that have shown 

that regardless of BCa staging, NHB women still had a more aggressive clinical profile 

(high grade, lymph node involvement etc.) compared with NHW (Yedjou et al., 2017). 

Recent characterisation of Kaiso found that both high nuclear and cytoplasmic expression 

of Kaiso was associated with poor survival, regardless of lymph node status with the 

strongest predictor being cytoplasmic Kaiso expression (Singhal et al., 2021). Singhal and 

colleagues however did not find evidence of a racial disparity in their cohort when nuclear 

and cytoplasmic Kaiso H-scores were compared. The finding of stronger association with 

cytoplasmic Kaiso was certainly intriguing as most studies to date investigating Kaiso’s 

role in cancer have focused on nuclear Kaiso expression. Evidence suggests that Kaiso 

shuttles in and out of the nucleus with its binding partner p120ctn (Pierre et al., 2019; 

Chapter 6) and that Kaiso’s transcriptional activity is regulated when bound to p120ctn. 

We investigated p120ctn subcellular localisation and semi-quantitative expression in our 
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pilot WAA-TMA and found lower relative cytoplasmic p120ctn expression in Nigerian and 

Barbadian TNBC tissues compared to African American and Caucasian American TNBC 

tissues (Appendix Chapter 1, Figure A1.1). Since the decreased expression p120ctn is 

associated with cell motility, invasion and metastasis, our findings suggest that their its 

expression within our WAA-TMA cohorts compared to the AA and CA TNBC samples 

imply a higher metastatic potential in our cohorts. Indeed, epidemiological analysis of the 

Barbadian cohort did reveal a higher proportion of samples with positive LN status 

compared to NHB and NHW participants in the USA (Chapter 3).  

Further to this finding, we investigated expression of actin remodeling protein, 

WAVE-3 in our pilot WAA-TMA. High expression of WAVE-3 has been previously 

associated with increased metastasis and low chemosensitivity (Davuluri et al., 2014; 

Kulkarni et al., 2012). Additionally, WAVE-3 and TGFb interact via a positive feedback 

mechanism to promote EMT in TNBC (Taylor et al., 2013). In our pilot WAA-TNBC-

TMA, we found higher relative WAVE-3 expression in Nigerian and Barbadian TNBC 

tissues compared with African American and Caucasian American tissues. This is the first 

study to note a differential expression of WAVE-3 between different population groups. It 

was recently highlighted that not only does WAVE-3 play important roles with metastasis 

and cell motility, (i) it functions within these roles in its phosphorylated form and (ii) 

WAVE-3 phosphorylation is necessary for PI3K, TGFb and EGF signalling and 

downstream effectors both in vitro and in vivo (Wang et al., 2020). Further investigation 

into the phosphorylation status of WAVE3 within our WAA-TMA pilot should be pursued 

which might shed more light on WAVE3 activity as well as the interplay of TGFb and EGF 
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signalling on Kaiso expression. Indeed, high Kaiso and WAVE3 expression within our 

WAA-TMA cohorts imply a correlational relationship between them. High relative nuclear 

and cytoplasmic WAVE-3 expression in addition to high relative nuclear Kaiso expression 

in WAA-TNBC tissues warrants further investigation into this relationship. Indeed, further 

studies need to be done to investigate Kaiso’s various roles and subcellular localisation in 

TNBC carcinogenesis and within the racial disparity observed in BCa.  

7.5 OUTSTANDING QUESTIONS AND FUTURE STUDIES 

This thesis adds to current knowledge about the epidemiological and molecular profiles of 

WAA with TNBC, specifically Barbadian and Nigerian women. We were the first to report 

TNBC frequency across the African content, epidemiology of BCa in Barbados, expression 

profiling of Kaiso in WAA with TNBC as well as identifying a novel genomics profile in 

Barbadian and Nigerian women. However, the following unanswered questions remain 

which were not investigated within this thesis but were highlighted as potential future 

avenues for research: (i) what roles do environmental and genetic factors play in 

tumorigenesis in WAA with TNBC; (ii) how is Kaiso regulated and why have multiple 

studies shown high Kaiso expression in WAA; and (iii) what are the downstream effects, 

if any, of newly identified mutational profile in WAA with TNBC?  

7.5.1 Interplay of environmental and genetic factors contributing to BCa tumorigenesis 

in WAA 

While we found potential evidence of environmental factors (aflatoxin exposure) 

correlating with genomic signature in six Nigerian TNBC samples, there is no causative 
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association for unprocessed maize and groundnut consumption with this signature. 

Aflatoxin exposure has been shown to lead to liver cancer through potential genetic 

variation in CYP2E1 (Elsamanoudy et al., 2016). Additionally, its by-product AFB1, was 

recently shown to be associated with proliferation in BCa cells (Marchese et al., 2018). It 

is postulated that environmental factors such as diet, exercise and stress could have 

epigenetic effects impacting genes involved in carcinogenesis. Perhaps, in this small subset 

of Nigerian patients, there are epigenetic effects underlying this signature. It would be 

prudent to conduct epigenetic sequencing of genes involved in the aflatoxin exposure 

pathway and the eventual carcinogenesis in the liver. Additionally, the high frequency of 

TNBC metastasis to the liver in WAA may be attributed to the aflatoxin signature and thus 

warrants further investigation.  

Finally, collection of broader environmental risk factors in Nigeria and Barbados 

was not feasible due to their limited resource settings. If environmental risk factors were 

collected (e.g. behavioural risk factors such as smoking, diet, exercise; SES risk factors), 

we would have been able to associate them with our epidemiological and genetic findings. 

If possible, collection of these data would lead to a much richer data set that can further 

delineate contributions of environmental and genetic factors to tumorigenesis and perhaps 

how they relate to clinical parameters. Furthermore, at time of data collection it was not 

possible to obtain mortality data for these cohorts and thus the prognostic value of gene hits 

were not attainable. Future studies should focus on establishing infrastructures that can 

allow collection of such data to enhance the datasets within such genomics and gene 

expression profiling studies.  



Ph.D. Thesis- S. M. Hercules    McMaster University- Biology 

 

 174 

7.5.2 How is Kaiso regulated and why is there high expression in WAA with TNBC? 

To date, multiple studies have highlighted high Kaiso expression to carcinogenesis and 

tumour aggressiveness. However, little is known about how Kaiso is regulated and what 

leads to high Kaiso mRNA and protein expression. It is unknown whether high Kaiso 

expression is due to high copy number or other mutations at the DNA level or through other 

pathways such as EGFR further activating Kaiso expression. We postulate targeted 

sequencing of Kaiso in WAA-TNBC tissues to better understand if this high expression is 

modulated at the DNA level in WAA with TNBC. Other signalling pathways such as TGFb 

has been extensively studied in relation to Kaiso and TNBC (Bassey-Archibong et al., 

2016) however, the relationship between EGFR and Kaiso in TNBC should be investigated 

since little is known about how these pathways interact in TNBC. This could be another 

potential avenue for therapeutics in WAA as EGFR inhibitors are currently undergoing 

clinical trials for various solid tumours (NCT01137162). Additionally, we found relative 

lower p120ctn expression in Nigerian and Barbadian TNBC tissues (Appendix chapter 1, 

Figure A1.1). It could be postulated that low p120ctn expression in these WAA-TNBC 

cohorts is associated with high nuclear Kaiso expression where Kaiso can carry out its 

transcriptional regulation of target genes. Further studies should investigate this 

relationship to assess co-localisation of p120ctn and Kaiso in WAA-TNBC samples as well 

as the related effects of Kaiso’s transcriptional activities when bound to p120ctn in the 

context of TNBC.  

7.5.3 Relevance and validation of mutational profile identified 



Ph.D. Thesis- S. M. Hercules    McMaster University- Biology 

 

 175 

Multiple novel, pathogenic and likely pathogenic mutations were identified in our WAA-

TNBC cohort consisting of Barbadian and Nigerian women. It is however currently 

unknown exactly what effects these variations would have on RNA expression, protein 

structure and function, as well as how these mutations may be suitable for various 

therapeutic targets. The first step should be to verify mutations via Sanger sequencing to 

before any further validation studies. Future follow-up studies require RNA-sequencing on 

these samples to further understand the effect of these non-silent mutations on RNA 

expression. Recent studies investigating RNA expression in WAA with TNBC have 

highlighted unique immune pathways that may be critical in identifying immunotherapeutic 

targets for these populations (M. Davis et al., 2020). Additionally, using our unique WAA-

TNBC-TMA, genes of interest identified should be interrogated to investigate if these 

alterations influence relative protein expression. As a first step, genes identified with copy 

number alterations should be investigated initially as the relationship between protein 

expression and copy number is more causal and direct in comparison with non-silent and 

nonsense mutations. To further understand the relevance of specific mutations on 

tumorigenesis, experiments should be designed to test the consequences of these mutations 

on protein structure and function using in silico analyses such as PANTHER and SIFT, and 

screened in vitro for response to various chemotherapeutic agents for cell death and 

viability. Thereafter, in vivo studies could be done to investigate the effects of those 

mutations with tumour growth, burden and progression using various mouse models. 

Additionally, due to the low quality and quantity of DNA extracted from our FFPE samples, 

additional WES or whole genome sequencing (WGS) experiments should be conducted 
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either with fresh frozen tissues which have higher DNA and RNA quality and yield, or with 

FFPE samples using more advanced techniques for nucleic acid extraction that have been 

developed after nucleic acid extraction for our study.  The use of fresh frozen tissue could 

also be beneficial for creating patient-derived cell lines that have direct benefit for 

screening various chemotherapeutic agents for tailored treatment and precision medicine. 

Additionally, investigating other ancestrally-related WAA TNBC groups would be 

beneficial to determine if these signals are conserved and shared across multiple groups of 

WAA with TNBC further solidifying the shared genetic landscape between these 

populations and highlighting the inclusion of more diverse populations in TNBC research. 

We currently collected 171 Jamaican tissues for the inclusion on our large WAA-TNBC-

TMA; however, due to COVID-19 restrictions and other logistical issues, we were unable 

to complete the construction of this TMA. However, expanding our experimental designs 

to include these samples would be of great value. 

7.6 CONCLUDING REMARKS 

This work has advanced our knowledge about TNBC epidemiology and tumour biology in 

ancestrally-related WAA. To our knowledge, this project is the first of its kind investigating 

TNBC in such cohorts (Nigeria and Barbados). We have shed significant light on the 

epidemiological and genetic factors that contribute to the high prevalence and associated 

mortality rates of TNBC in WAA in our study. This work has laid a foundation to develop 

better strategies to detect and treat the often-fatal TNBC especially in the WAA. This study 

will be effective for gaining genetic insight into TNBC, which currently lacks effective 

targeted therapies unlike ER/PR/HER2 positive breast cancers. Additionally, the WAA-
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TMA cohorts will be a useful resource for BCa researchers worldwide investigating TNBC 

in WAA. We have generated a framework highlighting what we found through this thesis 

as well as next steps (Figure 7.1) since there are multiple exciting avenues for future 

research that will bring us closer to better therapeutic options for WAA with TNBC.  
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Figure 7.1: Conceptual framework for understanding TNBC in WAA and next steps. 

We found high frequency of TNBC across West African-based studies and a high 

prevalence of TNBC in Barbadian women. Shared genomic alterations between Nigerian 

and Barbadian TNBC cohorts may be beneficial for developing therapeutic agents for these 

groups. Next steps include assessing (i) the roles of environmental factors on the genomics 

landscape in these cohorts, (ii) the regulatory network(s) that increase Kaiso expression and 

(iii) the biological roles of identified somatic mutational profile. Figure created with 

BioRender.com 
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APPENDIX 1:  

EXPRESSION OF TNBC BIOMARKERS IN WAA TNBC TISSUES 

Rationale: 

Kaiso was first identified as a binding partner with p120ctn  (Daniel & Reynolds, 1999). 

When present, p120ctn binds and regulates the stability and turnover of the cell adhesion 

protein E-Cadherin that mediates epithelial cell-to-cell adhesion.  Loss of the E-cadherin-

p120ctn interaction is thus associated with enhanced motility, invasion and breast cancer 

metastasis.  Increased expression of WAVE3 is also associated with metastasis and has 

been shown to be indirectly regulated by Kaiso through miRNAs. Women of African 

Ancestry (WAA) are disproportionately affected by more aggressive breast cancers, 

especially the TNBC subtype. However, the expression patterns of p120ctn and WAVE3 in 

TNBC tissues of WAA is currently unknown. Immunohistochemistry (IHC) was used to 

determine subcellular localisation and expression of these proteins within our WAA-TMA 

and a commercial TMA with a mixed cohort of African American and Caucasian American 

TNBC tissues. Pathologist’s scoring was obtained for p120ctn and WAVE-3 IHCs. Detailed 

methods can be found in Chapter 2. 

Results: 

Previously, we reported that Kaiso is highly expressed in WAA TNBC tissues compared 

to CA TNBC tissues. In this study, IHC was used to evaluate the expression p120ctn and 

WAVE-3 in TNBC tissues from Nigerian, Barbadian, AA, and CA patients. As shown in 

Fig. A1.1 (representative images shown), we observed significantly higher cytoplasmic 
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p120ctn expression in CA TNBC tissues compared to Nigerian and Barbadian TNBC tissues 

(p < 0.0001). Remarkably, we found a significantly higher WAVE3 cytoplasmic expression 

in Nigerian (n= 18) and Barbadian (n= 29) tissues compared to African American (n= 26) 

and Caucasian American (n= 57) tissues (p < 0.0001) (Figure A1.2) similar to Kaiso 

expression patterns in these tissues as reported in Chapter 5. We also found significantly 

higher nuclear WAVE3 expression in the Nigerian TNBC tissues compared to African 

American and Caucasian American TNBC tissues (p < 0.0001). These findings thus 

indicate a similar increase in WAVE3 expression in WAA tissues with higher African 

ancestry, which may suggest a role for both Kaiso and WAVE3 expression in the TNBC 

prevalence and mortality observed in WAA.  

 

Figure A1.1: Comparative analysis of p120ctn cytoplasmic expression. A) IHC images 
showing p120ctn expression in Nigerian, Barbadian, AA, and CA TNBC tissues B) 
Significantly higher cytoplasmic expression in CA and AA tissues compared to Nigerian 
and Barbadian tissues. *p<0.05. 
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Figure A1.2: High cytoplasmic and nuclear WAVE3 expression in women of African 
ancestry TNBC tissues. (A) IHC images showing WAVE3 localization to both the 
nucleus and cytoplasm of Nigerian (Nig.), Barbadian (Barb.), AA, and CA TNBC tissues. 
(b) Graphical representation of nuclear and cytoplasmic WAVE3 expression in Nigerian 
(n = 18), Barbadian (n = 29), AA (n = 26), and CA (n = 57) TNBC tissues showing 
significantly higher cytoplasmic WAVE3 expression in Nigerian, and Barbadian TNBC 
tissues compared to African American and Caucasian American tissues. Nuclear WAVE3 
expression was significantly higher in Nigerian TNBC tissues compared to African 
American and Caucasian American TNBC tissues. ns not significant, ****p < 0.0001, 
*** p < 0.001, ** p < 0.005, * p < 0.05 
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Discussion: 

Herein, we found reduced cytoplasmic p120ctn expression in Nigerian and Barbadian 

TNBC tissues compared to AA and CA TNBC tissues. Since p120ctn also stabilizes E-

Cadherin it can be postulated that tissues with reduced p120ctn expression will have less 

anchorage of E-Cadherin and higher EMT. Increased EMT can then lead to increased 

likelihood of metastasis (Mittal, 2018) and was evidence in findings from our pilot study 

where WAA had higher lymph node involvement than CA (Bassey-Archibong, Hercules, 

et al., 2017). Furthermore, increased WAVE3 expression is also linked to metastasis and 

reduced overall survival and distant metastasis free survival (Sossey-Alaoui, 2013). 

Unpublished data from our lab suggests that Kaiso regulated WAVE3 expression through 

interaction with miR31 and miR200c. In TNBC cells, high Kaiso expression represses these 

miRNAs and leads to increased WAVE3 expression. Based on Kaiso and WAVE3 

expression on the pilot TMA, there is a weak positive trend for nuclear Kaiso and WAVE3 

expression (data not shown). Further work should be done to examine this relationship 

more closely as Kaiso may also be regulating EMT and metastasis through its interaction 

with miRNAs and WAVE3 in addition to what is already known with its regulation of EMT 

through TGFb signalling pathways.  
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APPENDIX 2:  

ANNOTATION AND CHARACTERISATION OF LARGE WAA-TMA. 

Rationale: 

Previous studies have shown that there is a correlation between Kaiso expression and poor 

prognosis and overall survival in breast cancer (Bassey-Archibong, Rayner, et al., 2017; 

Vermeulen et al., 2012). To this end, formalin fixed paraffin embedded (FFPE) specimens 

were obtained from WAA with TNBC in Nigeria and Barbados and a pilot WAA-TMA 

was constructed which resulted in a publication (Bassey-Archibong, Hercules, et al., 2017). 

Characterization of this TMA revealed that Nigerian and Barbadian women in our study 

were diagnosed with TNBC at a younger age than African American (AA) and Caucasian 

American (CA) women. Analysis of Kaiso expression further revealed that nuclear Kaiso 

expression scores were significantly higher in Nigerian, Barbadian and AA women 

compared with CA women. As this was the pilot study, a larger WAA-TMA has been 

constructed for further validation analyses. In addition to this larger WAA-TMA, we have 

been given access to 171 TNBC patient FFPE specimens at a local hospital in Jamaica to 

construct a Jamaican WAA-TMA. It is expected that higher nuclear Kaiso expression is 

correlated with higher grade and younger age at diagnosis. Furthermore, it is expected that 

Kaiso expression is significantly correlated with other cancer biomarkers which play a role 

in cancer aggressiveness and outcomes. In our pilot TMA, we found that there was a trend 

for a weak negative correlation between nuclear Kaiso expression and BRCA1. With a 

larger cohort, we will be able to demonstrate this relationship more conclusively.  
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Methods: 

Methods were performed as described in Chapter 2. In addition, FFPE BCa tissue blocks 

were collected from Barbados and Nigeria and shipped to Dr. Anita Bane at 

Juravinski/McMaster where the larger WAA-TMA was constructed. Using hematoxylin 

and eosin (H&E) stained slides for histopathological confirmation, tumor areas from each 

FFPE tissue block were selected for TMA construction. Any sample with less than 1% 

staining for ER and PR was scored negative; likewise, a score of 0 or +1 for HER2 was 

considered negative.  

Results: 

This TMA was constructed with a total of 123 Nigerian, 103 Barbadian. An additional 

TMA obtained from Yale included 32 AA, and 63 CA BC patients. The mean age at time 

of diagnosis for Nigerian women was 46.9 years compared to 50.3 years for Barbadian 

women, 49.5 years for AA women, and 56.2 years for CA women (p = 0.0006; Table A2.1). 

The percentage of younger women who presented with TNBC at time of diagnosis was 

significantly higher for the Barbadian cohort (66.7%; n = 39) compared with the Nigerian 

(64.7%; n = 82), AA (56.5%; n = 23), and CA (30.2%; n = 53) cohort (p = 0.0014) (Table 

A2.1). Low-grade tumors were seldom observed in the AA (0%; n = 0), Barbadian (2.1%; 

n = 48), and CA cohorts (4.1%; n = 49) compared to the Nigerian cohort (7.3%; n = 68) (p 

= 0.0457). Low-grade was defined as grade 1, medium-grade as grade 2, and high-grade as 

grade 3, respectively. Stage was not available for the Nigerian patients; however, 

approximately 25.0% (n = 20) of Barbadian women presented with higher stage (T3–T4) 
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tumours compared with 18.1% (n = 11) for AA and 0% (n = 32) for CA women with TNBC 

(p = 0.0145; Table A2.1). With respect to lymph node status, there were no observable 

differences between the groups. Intriguingly, there was statistically higher nuclear Kaiso 

expression in Barbadian BC samples compared to Nigerian BC samples (p < 0.05) (Figure 

A2.1). However, there was no differential expression for cytoplasmic scores. 

Table A2.1: Clinico-pathological characteristics and analysis of study participants 
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Figure A2.1: Comparative analysis of Kaiso nuclear and cytoplasmic expression. A) 
IHC images showing Kaiso expression in Nigerian and Barbadian TNBC tissues. B) 
Significantly higher Nuclear Kaiso expression in Barbadian TNBC tissues compared to 
Nigerian TNBC tissues. No statistically significant differential expression observed 

between Barbadian and Nigerian groups for cytoplasmic Kaiso expression. *p<0.05. 

 

Discussion: 

We found WAA in our cohort were diagnosed at younger ages, with higher grade tumours 

and larger tumours compared to CA (Table A2.1) as was also found in our previous work 

(Bassey-Archibong, Hercules, et al., 2017). Interestingly, we found that there was higher 

nuclear Kaiso expression for Barbadian samples compared to Nigerian samples on this 

larger TMA which is contrary to what was previously published. Pathologist assessment of 

subsequently stained TMA including the AA and CA tissues are underway to fully 

investigate differential sub-cellular localisation and relative expression. 
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APPENDIX 3:  

KAISO IS HIGHLY EXPRESSED IN TNBC TISSUES OF WOMEN OF 

AFRICAN ANCESTRY COMPARED TO CAUCASIAN WOMEN 

Preface  

This article reports the findings from the pilot TMA study conducted by Dr. Blessing 

Bassey-Archibong entitled: “Kaiso is highly expressed in TNBC tissues of women of 

African ancestry compared to Caucasian women” by Bassey-Archibong BI, Hercules SM, 

Rayner LGA, Skeete DHA, Connell SPS, Brain I, Daramola A, Banjo AAF, Byun JS, 

Gardner K, Dushoff J and Daniel JM, which has been reproduced in its original form 

(Cancer Causes and Control, 2017; 8(3): e2689). This is an open-access article distributed 

under the Creative Commons CC-BY License, which permits unrestricted reproduction and 

dissemination in any medium, provided the authors, attribution parties and sources are 

acknowledged. 

This retrospective study examined the clinical parameters associated with TNBC in 

women of African ancestry (WAA) across Barbados, indigenous African women in a 

Nigerian cohort, African American and Caucasian American women, and Kaiso expression 

patterns in TNBC tissues obtained from WAA and Caucasian women. The study was 

conceived and designed in an effort to characterize Kaiso expression in TNBC tumors from 

WAA, as Kaiso was reported to be more highly expressed in TNBC, which is most 

prevalent in premenopausal WAA compared to Caucasian women. We found that WAA 

are diagnosed with TNBC at younger ages than Caucasian women and have more high-
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grade and lymph node positive tumors. Importantly, we found that nuclear Kaiso is more 

highly expressed in TNBC tissues of WAA compared to Caucasian TNBC tissues. The 

highest nuclear Kaiso expression was observed in TNBC tissues from WAA that have a 

higher degree of African ancestry (Nigerian and Barbadian), suggesting a possible role for 

Kaiso in the racial disparity associated with TNBC prevalence. 

Contributions: 

Dr. JM Daniel and BI Bassey-Archibong conceived the study and co-wrote the manuscript. 

Dr. BI Bassey-Archibong executed the research trip to collect TNBC tissues from Nigerian 

women while SM Hercules undertook the research trip to collect TNBC tissues and clinical 

data from Barbadian women as well as data management of TMA maps, WAA-TMA and 

American TMA, H-scores and subsequent statistical analyses. Dr. BI Bassey-Archibong 

stained the TMAs and performed the statistical analysis that generated the Figures in 1A-

C, and Figures 4A-D, and generated the data for Figures 3A and B. LG Rayner generated 

the data for Figure 2A and B. Dr. Desiree Skeete and Dr. Ian Brain scored the Kaiso 

immunostain represented in Figures 3B and Figures 4A-D. Dr. JM Daniel also provided 

significant guidance and intellectual input throughout the course of the study. All other 

authors assisted with the recruitment of patient populations (Dr. A Daramola, Dr. A Banjo, 

Dr. DHA Skeete and Dr. Smith Connell) and interpretation of the data (Dr. J Byun, Dr. K 

Gardner and Dr. J Dushoff). All authors edited the manuscript text. 
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Abstract
Purpose Triple-negative breast cancer (TNBC) is most

prevalent in young women of African ancestry (WAA)

compared to women of other ethnicities. Recent studies
found a correlation between high expression of the tran-

scription factor Kaiso, TNBC aggressiveness, and ethnic-

ity. However, little is known about Kaiso expression and
localization patterns in TNBC tissues of WAA. Herein, we

analyze Kaiso expression patterns in TNBC tissues of

African (Nigerian), Caribbean (Barbados), African Amer-
ican (AA), and Caucasian American (CA) women.

Methods Formalin-fixed and paraffin embedded (FFPE)

TNBC tissue blocks from Nigeria and Barbados were uti-
lized to construct a Nigerian/Barbadian tissue microarray

(NB-TMA). This NB-TMA and a commercially available
TMA comprising AA and CA TNBC tissues (AA-CA-

YTMA) were subjected to immunohistochemistry to assess

Kaiso expression and subcellular localization patterns, and
correlate Kaiso expression with TNBC clinical features.

Results Nigerian and Barbadian women in our study were

diagnosed with TNBC at a younger age than AA and CA
women. Nuclear and cytoplasmic Kaiso expression was

observed in all tissues analyzed. Analysis of Kaiso

expression in the NB-TMA and AA-CA-YTMA revealed
that nuclear Kaiso H scores were significantly higher in

Nigerian, Barbadian, and AA women compared with CA

women. However, there was no statistically significant
difference in nuclear Kaiso expression between Nigerian

versus Barbadian women, or Barbadian versus AA women.

Conclusions High levels of nuclear Kaiso expression were
detected in patients with a higher degree of African her-

itage compared to their Caucasian counterparts, suggesting

a role for Kaiso in TNBC racial disparity.

Keywords Kaiso ! TNBC ! Women of African ancestry !
Breast cancer racial disparity

Introduction

Breast cancer (BCa) is a complex disease that occurs

mostly in females and is a leading cause of female deaths
worldwide [1–3]. The triple-negative breast cancer

(TNBC) subtype accounts for a disproportionate number of

BCa deaths due to its highly aggressive nature and meta-
static tendencies [4–6]. As the name implies, triple-nega-

tive tumors represent a subset of breast tumors that are

negative for the estrogen receptor (ER), progesterone
receptor (PR), and human epidermal growth factor
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receptor-2 (HER2) [7]. Most TNBC are classified as basal-

like cancers and are generally characterized by high his-
tologic/nuclear grade, increased rate of recurrence, and a

greater frequency of epidermal growth factor receptor

(EGFR) amplification, p53 mutations, and breast cancer
type 1 (BRCA1) mutations [7, 8]. Due to their triple-neg-

ative status for ER, PR, and HER2, TNBCs lack targeted-

treatment options, and cannot be treated with hormonal
(Tamoxifen) or anti-HER2 therapies [7].

There is increasing evidence that TNBC occurs more
frequently in young premenopausal African and AA

women compared to Caucasian women [7, 9–14]. For

example, Stark and colleagues reported that among
Ghanaian BCa cases, there was a TNBC prevalence of

*82% compared to the USA where TNBC prevalence was

*33% and *10% among AA and CA cases, respectively
[11]. Similarly, Agboola et al. reported a high incidence of

TNBC among BCa cases in Nigerian women (*48%)

compared with British women (*14%) [14]. The trend of
high TNBC prevalence in AA and African females strongly

suggests an ancestral genetic predisposition to TNBC in

women of African ancestry (WAA) [15–17]. More dis-
turbing, however, is the poor survival rate of AA TNBC

patients compared with Caucasian TNBC patients [10, 18],

which underscores the urgency to identify potential prog-
nostic or diagnostic TNBC biomarkers in WAA.

Recent studies have found a correlation between

increased nuclear expression of the transcription factor
Kaiso and poor overall survival of AA breast cancer and

prostate cancer patients compared to their Caucasian

counterparts [19, 20]. These data hint at a role for Kaiso in
the racial disparity in outcomes associated with breast and

prostate cancer. Kaiso was first identified as a binding

partner of the E-cadherin catenin cofactor—p120-catenin
[21]. Kaiso is a dual-specificity transcription factor and

member of the POZ-ZF family of transcription factors

[21–25] that are implicated in vertebrate development and
tumorigenesis. Kaiso has been most often characterized as

a transcriptional repressor [26], but some studies indicate

that Kaiso can also function as a transcriptional activator
[27, 28]. Notably, several Kaiso target genes identified to

date (cyclinD1, matrilysin, E-cadherin) have been linked to

tumor onset, invasion, and metastasis [29–31].
Since its discovery, Kaiso has been implicated in the

poor prognostic outcomes of several cancers including

colorectal, non-small cell lung cancer, prostate, pancreatic
ductal adenocarcinoma, and TNBC [20, 32–35]. Studies

from our lab and others indicates that Kaiso plays both pro-

oncogenic and tumor suppressive roles in several human
cancers [19, 20, 33, 34, 36–38]. Notably, in addition to

being implicated in racial disparities in breast cancer out-

comes, high Kaiso expression correlates significantly with
ER-a negativity, and the aggressiveness of basal/TNBCs

[35, 38]. To date however, no studies have specifically

examined and compared Kaiso expression and subcellular
localization in TNBC tissues from WAA, who have the

highest prevalence and worst outcomes from TNBC com-

pared to Caucasian women. In this retrospective study, we
evaluated Kaiso expression in TNBC specimens from

Nigerian, Barbadian, AA, and CA patients. We found that

nuclear Kaiso expression was significantly increased in
TNBC tissues of Nigerian, Barbadian, and AA patients

compared with their Caucasian counterparts. While there
was no significant difference in nuclear Kaiso expression in

TNBC tissues of Nigerian versus Barbadian patients (who

have a higher percentage of African ancestry compared to
AA), we found significantly more nuclear Kaiso expression

in Nigerian versus AA patients, and a trend towards higher

nuclear Kaiso expression in Barbadian versus AA patients.
Collectively, these findings suggest that Kaiso may play a

role in the racial disparity associated with TNBC in WAA.

Methods

Study population and characteristics of tumor
samples

FFPE TNBC tissue blocks of 28 Nigerian TNBC patients

diagnosed between 2011 and 2013 at the Lagos University

Teaching Hospital (LUTH), Nigeria, and 46 Barbadian
TNBC patients diagnosed between 2002 and 2011 at the

Queen Elizabeth Hospital (QEH), Barbados were obtained

from the archives of the Department of Anatomic and
Molecular Pathology at LUTH and the Department of

Pathology at QEH after approval by LUTH and QEH

Ethics committees, respectively. The FFPE specimens
were then shipped to the Developmental Histology Lab at

the Yale Pathological Tissue Services (YPTS), Yale

University (Connecticut, New Haven, USA), where they
were hematoxylin and eosin (H&E) stained for

histopathological confirmation, before tumor areas from

each FFPE tissue block were selected for the construction
of a Nigerian and Barbadian TNBC tissue microarray (NB-

TMA). ER, PR, and HER2 status of the Nigerian tissues

were confirmed by immunohistochemistry (IHC) con-
ducted at LUTH, while ER, PR, and HER2 status of the

Barbadian tissues were confirmed by IHC conducted at

QEH, Barbados, the Human Tissue Resource Center
(Chicago, IL, USA) or the Immunohistochemistry Lab at

the University of Miami, Miller School of Medicine

(Clinical Research Building, Miami, FL, USA). Any
sample with less than 1% staining for ER and PR was

scored negative; likewise, 0 or ?1 for HER2 was consid-

ered negative. Available clinico-pathological data (age,
tumor pathology, lymph node involvement, and grade)
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were retrieved from the hardcopy pathology reports at

LUTH and QEH, and are summarized in Table 1.
For the AA and CA patient population, we utilized the

Yale tissue microarray 347 (YTMA-347), which was

generated at the Yale Developmental Histology Lab, and
comprised of 20 AA and 43 CA usable TNBC specimens

that were diagnosed at the Yale-New Haven Hospital,

Connecticut, USA between 1996 and 2004. ER, PR, and
HER2 status were determined by IHC at the Yale Devel-

opmental Histology Lab. The clinico-pathological features
of the YTMA-347 cohort are summarized in Table 1.

Immunohistochemistry

5-lm tissue sections prepared from the NB-TMA tissue

block and the purchased YTMA-347 tissue slides were de-
paraffinized by warming at 60 !C for 20 min, followed by

immersion in xylenes for 10 min. Tissue sections were then

rehydrated in descending ethanol dilutions before they
were subjected to heat antigen retrieval in a low pH buffer

(pH 6.0) solution (DAKO, Glostrup, Denmark). Endoge-

nous biotin, biotin receptors, and avidin binding sites on
tissues were subsequently blocked using the Avidin/Biotin

blocking kit (Vector Laboratories, Inc., Burlingame, CA,

USA), while endogenous peroxidase activity was quenched
by treatment with 3% hydrogen peroxide. Tissue slides

were stained with mouse anti-Kaiso 6F monoclonal

(1:10,000; [39]) or mouse anti-human cytokeratin clones

AE1/AE3 monoclonal (1:500; Dako North America, Inc.,

Carpinteria, CA, USA) primary antibodies overnight at
4 !C, followed by secondary antibody incubations at room

temperature for 2 h with biotinylated donkey anti-mouse

secondary antibody (Vector Labs; 1:1000). Tissues were
subsequently incubated in Vectastain (Vector Labs) for

30 min, rinsed in 1X PBS, and then incubated in

diaminobenzidine (DAB) (Vector Labs) for 10 min.
Counterstaining was achieved by incubating tissues in

Harris hematoxylin (Sigma) for 10–60 s, followed by
rinsing in tap water or as described in [40]. Slides were

then dehydrated in ascending alcohol dilutions, and cleared

with two rounds of xylenes before being mounted using
Polymount (Polysciences Inc., Warrington, PA, USA).

Negative control staining data were achieved by slide

incubation with secondary antibodies only. Images of
stained slides were captured using the Aperio Slide scanner

(Leica Biosystems, ON, Canada). Stained tissues were

scored blindly by two Pathologists, and the scores averaged
to give a final score value. The intensity of staining was

scored as 0, 1, 2, or 3 representing no, mild, moderate, or

high staining intensity. The modified histochemical score
(H-score) system was then used to generate the total score

for each tissue with values spanning 0–300 using the for-

mula: 3 9 (percentage of cells with high intensity staining
(3?) ? 2 9 (percentage of cells with moderate intensity

staining (2?) ? 1 9 (percentage of cells with mild inten-

sity staining (1?) for each slide.

Table 1 Clinico-pathological characteristics and analysis of study participants

Nigerian (%)
n = 28

Barbadian (%)
n = 46

African American (%)
n = 20

Caucasian American (%)
n = 43

v2

value
p value

Age (years)

B50 20 (71.4%) 21 (45.7%) 6 (30.0%) 10 (23.3%) 16.89 0.0007

[50 5 (17.9%) 25 (54.3%) 7 (35.0%) 27 (62.8%)

Unknowna 3 (10.7%) 0 (0.0%) 7 (35.0%) 6 (13.9%)

Grade

1 5 (17.9%) 0 (0.0%) 2 (10.0%) 13 (30.2%) 63.59 \0.0001

2 8 (28.6%) 9 (19.6%) 11 (55.0%) 21 (48.9%)

3 10 (35.7%) 35 (76.1%) 0 (0.0%) 1 (2.3%)

Unknowna 5 (17.8%) 2 (4.3%) 7 (35.0%) 8 (18.6%)

Stage T

T1–T2 6 (21.4%) 18 (39.1%) 7 (35.0%) 23 (53.5%) 30.52 \0.0001

T3–T4 11 (39.3%) 1 (2.2%) 1 (5.0%) 0 (0.0%)

Unknowna 11 (39.3%) 27 (58.7%) 12 (60.0%) 20 (46.5%)

Stage N

N0 4 (14.3%) 11 (23.9%) 7 (35.0%) 26 (60.5%) 10.23 0.02

N1-N3 11 (39.3%) 10 (21.7%) 13 (65.0%) 12 (27.9%)

Unknowna 13 (46.4%) 25 (54.4%) 0 (0.0%) 5 (11.6%)

aUnknown cases were exempted from analysis
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Statistical analysis

GraphPad Prism statistical software (GraphPad Software

Inc., La Jolla, CA, USA) was used for all statistical anal-

yses. Standard unpaired Student’s t test with Welch’s
correction was used for pairwise comparison of means. Chi

square analysis was used to assess the difference in clinico-

pathological features between the Nigerian, Barbadian,
AA, and CA cohorts. Data are presented as mean ± SEM

where applicable. For all statistical tests, p values\0.05

denote statistical significance.

Results

Clinico-pathological characteristics of study
participants

This retrospective study involved a total of 28 Nigerian, 46

Barbadian, 20 African American (AA), and 43 Caucasian
American (CA) TNBC patients. The mean age at time of

diagnosis for Nigerian women was 42.6 years compared to

52.1 years for Barbadian women (p = 0.002), 51.5 years
for AA women (p = 0.03), and 56.2 years for CA women

(p\ 0.0001; Fig. 1a). Comparison of the mean age at
diagnosis between Barbadian, AA, and CA patients yielded

no statistical significance (Fig. 1b, c). The percentage of

younger women who presented with TNBC at time of

diagnosis was significantly higher for the Nigerian cohort
(71.4%; n = 20) compared with the Barbadian (45.7%;

n = 21), AA (30.0%; n = 6), and CA (23.3%; n = 10)

cohort (p\ 0.001) (Table 1). Low-grade tumors were
seldom observed in the Nigerian (17.9%; n = 5), Barba-

dian (0%; n = 0), and AA (10.0%; n = 2) cohorts com-

pared to the CA (30.2%; n = 13) cohort (p\ 0.0001;
Table 1). Low-grade was defined as grade 1, medium-

grade as grade 2, and high-grade as grade 3, respectively.

Approximately 39.3% (n = 11) of Nigerian women pre-
sented with higher stage (T3–T4) tumors compared with

2.2% (n = 1) for Barbadian, 5.0% (n = 1) for AA, and 0%

(n = 0) for CA women (p\ 0.0001; Table 1). Finally, CA
TNBC patients displayed a higher frequency of lymph

node-negative tumors (60.5%; n = 26) compared with that

observed in Nigerian (14.3%; n = 4), Barbadian (23.9%;
n = 11), and AA (35.0%; n = 7) TNBC patients

(p = 0.02; Table 1).

Kaiso is highly expressed in TNBC tissues of WAA
compared to Caucasian women

Previously, we reported that Kaiso is highly expressed at

the mRNA level in triple-negative tumors compared with
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hormone receptor-positive breast tumors in publicly
available datasets downloaded from The Cancer Genome

Atlas—TCGA website or the Gene Expression Omnibus—

GEO website [35]. Thus, in this study, we utilized
immunohistochemistry to specifically evaluate the expres-

sion and subcellular localization of Kaiso in TNBC tissues

from Nigerian, Barbadian, AA, and CA patients. Tissue
integrity of the Nigerian and Barbadian TNBC tissues was

determined by immunostaining for pan-cytokeratin as

described in the methods; Fig. 2a, b shows representative
images of the tissue quality of the Nigerian and Barbadian

TNBC tissues. As shown in Fig. 3a (representative images

shown), Kaiso exhibited both nuclear and cytoplasmic
localization in all TNBC tissues analyzed, with varying

degrees of heterogeneity. Nuclear and cytoplasmic Kaiso

staining intensity was scored as described in the methods,
and Kaiso’s relative expression in each TNBC cohort

analyzed. As seen in Fig. 3b, we observed significantly
higher cytoplasmic than nuclear Kaiso expression in the

AA and CA TNBC cohorts (p\ 0.0001), but did not find

significant differences between nuclear and cytoplasmic
Kaiso expression in the Nigerian and Barbadian TNBC

cohorts.

Since nuclear but not cytoplasmic Kaiso expression is
known to be associated with TNBC aggressiveness, and

decreased survival of AA BCa patients [19, 38], we next

performed comparative analysis of nuclear Kaiso expres-
sion between the Nigerian, Barbadian, AA, and CA

cohorts. Interestingly, we observed a significantly higher

level of nuclear Kaiso expression in TNBC tissues of
patients of African ancestry (Nigerian, Barbadian, and AA)

compared to their Caucasian counterparts (Fig. 4a). How-

ever, there was no significant difference between nuclear
Kaiso expression in TNBC tissues of Nigerian and
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Barbadian patients, who have *99.8 and *77.4% degree

of African heritage, respectively [41, 42], or between
TNBC tissues of Barbadian and AA patients, who have

*77.4 and *72.5% degree of African heritage, respec-

tively [42] (Fig. 4b). Remarkably however, there was sig-
nificantly more nuclear Kaiso expression in TNBC tissues

of Nigerian compared to AA patients (Fig. 4c), probably

due to the higher degree of African heritage in Nigerian
patients (*99.8%) compared to AA patients (*72.5%).

Since TNBC is more prevalent in WAA compared to
Caucasian women, these findings suggest a role for nuclear

Kaiso expression levels in the racial disparity in TNBC

prevalence.

Correlation between nuclear Kaiso expression
and clinico-pathological features of study
participants

Breast tumors of WAA are often associated with a higher
histological grade and positive lymph node involvement

compared to breast tumors of Caucasian women [11, 14].
Since previous studies from our lab and others have
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correlated increased Kaiso expression with advanced grade

and metastasis of TNBC [35, 38], and lymph node
involvement is an established prognostic marker for the

metastatic potential of breast tumors [43], we next assessed

the association of Kaiso expression with high-grade and
lymph node involvement in Nigerian, Barbadian, AA, and

CA patients. High-grade tumors were defined as grade 3 for

Nigerian and Barbadian patients and grade 2 for AA and
CA patients due to no analyzed grade 3 tumors in the AA

and CA TNBC cohort (the only observed grade 3 CA
patient could not be scored as a result of tissue loss). Low-

grade tumors were thus defined as grades 1 and 2 for

Nigerian and Barbadian patients, and grade 1 for AA and
CA patients. Lymph node metastasis was considered pos-

itive if one or more lymph nodes were noted to contain

cancer cells (n1–n3), and negative if there were no
observed cancer cells in the lymph nodes (n0). Due to the

small sample size used in the analysis, no significant cor-

relation was found between high nuclear Kaiso expression
and high-grade or lymph node-positive triple-negative

tumors in any of the patient cohorts analyzed (Suppl.

Figure 1).

Discussion

TNBC is most prevalent in WAA compared to Caucasian
American/European females, but the reason for this dis-

parity is currently unknown [11, 14, 16, 44]. Although poor

socio-economic status has been linked to TNBC mortality
in African and AA women, it does not fully explain the

disproportionate prevalence and aggressiveness of TNBC

in WAA compared to their Caucasian counterparts [17].
Thus, we and others have postulated that there may be an

ancestral genetic predisposition to TNBC in WAA [17, 45].

Notably, a higher prevalence of TNBC has been repor-
ted in West-African women (Nigerians—65%, and

Ghanaians—82.2%) compared with that reported in AA—

*33% [9, 11, 46], thus supporting the idea of a relation-
ship between percentage of African ancestry and TNBC

prevalence. Since West-African countries such as Ghana

and Nigeria are the founding ancestors of most WAA
worldwide [41, 42, 47–49], we posit that there is a higher

probability of identifying a founder mutation, if one exists,

in Nigerian and Ghanaian populations, and also in more
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homogeneous populations of the African Diaspora such as

the Caribbean (e.g., Barbados).
Recent studies have linked high nuclear expression of

the transcription factor Kaiso with increased TNBC

aggressiveness [20, 38], and decreased survival of AA
breast cancer patients compared with their Caucasian

counterparts [19]. These reports suggest a link between

increased nuclear Kaiso, TNBC aggressiveness/metastasis,
and the racial disparity in prevalence/outcomes associated

with breast cancer. Remarkably, our findings lend some
credence to this hypothesis as we observed elevated

expression of nuclear Kaiso in TNBC tissues from patients

of African ancestry (Nigerians, Barbadians, and African
Americans) compared to their Caucasian/European ances-

try counterparts (CA) (see Fig. 4a). Thus, our previous

findings in Kaiso-depleted mouse xenograft models
[35, 51], where we demonstrated roles for Kaiso in TNBC

cell growth, survival, and metastasis, may explain why

high Kaiso-expressing triple-negative tumors in WAA are
associated with a more aggressive phenotype and fatal

outcomes than TNBC in Caucasian women.

Importantly, our findings highlight an interesting cor-
relation between high nuclear Kaiso expression and percent

African ancestry, which may be linked to the predisposition

of young WAA to TNBC. However, this study is limited by
the small sample size, the semi-quantitative method of

analysis used, and lack of complete clinico-pathological

information, which did not allow proper assessment of the
correlation between Kaiso expression and the high tumor

grade observed in African/Caribbean women compared to

African American or Caucasian women. Additional studies
using larger cohort sizes of West-African (Nigeria and

others), Caribbean (Barbados and others), AA, and CA

TNBC cases, coupled with quantitative methods of
immunostain analysis such as the automated quantitative

analysis (AQUA) system established by Rimm and col-

leagues [50], will undoubtedly provide more insight into
the clinical relevance of nuclear Kaiso expression in the

etiology of TNBC in WAA.

In conclusion, this is the first study to suggest a potential
link between increased Kaiso expression and the predis-

position of young WAA to TNBC. This observation, in

addition to the previous identified roles for Kaiso in TNBC
aggressiveness, metastasis, and poor overall survival in

affected patients [35, 38, 51], raises two exciting possi-

bilities: i) Kaiso expression could be utilized as a bio-
marker for the diagnosis and prognosis of TNBC in WAA

and ii) Kaiso could be a molecular target for the develop-

ment of treatment options against TNBC not only in WAA
but also TNBC patients worldwide.
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