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ABSTRACT 
 

Breast cancer (BC) patients in Zambia more commonly present with advanced-stage disease and 

often at young ages (≤50 years). Breast cancer gene 1 (BRCA1) is a tumor suppressor gene in 

which mutations have been linked to disease presentation at a young age. More than 600 distinct 

pathogenic (disease causing) single nucleotide variants with the potential for structural and 

functional effects on BRCA1 have been documented in ClinVar, a major human variation and 

phenotype database. The BRCA1 C-terminal (BRCT) region is critical for tumor suppression 

because it acts in DNA damage repair and cell cycle checkpoint protein control. Mutations in this 

region have been associated to structural effects and loss of function of BRCA1 in many studies. 

However, BRCT mutations in young female breast cancer patients from Zambia have not been 

identified to date. The genetic alterations in exon 19 of the BRCA1 gene were assessed here for the 

first time in a cohort from Zambia. Seventy-three patients diagnosed with breast cancer at the age 

of ≤50 years were recruited irrespective of family history of breast and/or ovarian cancer. Genomic 

DNA was extracted from ten peripheral blood samples and PCR-amplified with exon 19-targeting 

primers of the BRCA1 gene. Amplicons were sequenced using a Sanger sequencing platform and 

analyzed using bioinformatics tools at various web-based platforms and ClinVar. Overall, eleven 

single nucleotide mutations were identified in three patients, and all known to play a role in 

determining the structure of BRCA1. Of the identified mutations, one was pathogenic and seven 

had uncertain significances. Six of these mutations were heterozygous and classified in the loss of 

function category in ClinVar. These variants were specifically associated with Breast-ovarian 

cancer, familial, susceptibility to, 1 (BROVCA1).  Four out of the six heterozygous mutations 

were missense mutations and two were nonsense mutations. Based on an unpaired two-tailed 

student’s t-test, the null hypothesis that there was no association between the age of a BC patient 

and the number of mutations in exon 19 leading to a loss of function of BRCA1, was rejected (P= 

0.04). Further studies are clearly necessary to explore how mutations in the entire BRCA1 gene 

affect disease presentation in the female BC population. The young age (≤50 years) for breast 

cancer diagnosis in female Zambian patients may be attributed to other factors like other genetic 

mutation status, epigenetic changes, lifestyle etc. These results will help in decision making with 

regard to the integration of genomic medicine into breast cancer care in Zambia which has 

tremendous potential to improve the outcomes and survival of diagnosed patients. 
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CHAPTER ONE 
 

INTRODUCTION 
 

1.0  OVERVIEW 

 

This chapter establishes the background to the study and outlines a statement of the problem. It 

states the aim of the study as well as the research objectives and questions. The significance of the 

study as well as the study hypothesis are explained. 

 
1.1 BACKGROUND 

 

Various types of cancer are among the leading causes of deaths worldwide. In 2020, breast cancer 

became the most commonly diagnosed cancer type in the world with more than 2.26 million new 

cases and almost 685 000 deaths worldwide (National Cancer Institute, 2020). According to 

GLOBOCAN, an online platform that provides statistics on cancer trends, 186,598 breast cancer 

cases were reported in Africa with 85,787 related deaths (Anyigba, Awandare and Paemka, 2021; 

Sharma et al., 2022). Zambia, a country where breast cancer constitutes the second leading cause 

of cancer mortality after cervical cancer has not been spared from the impact of the disease 

(Cabanes et al., 2019). A retrospective observational study using the Zambia National Cancer 

Registry (ZNCR) population-based data from 2007 to 2014 revealed that BC in Zambia had an 

age adjusted standardized incidence rate of 38.08 per 100,000 females (Kalubula et al., 2021). 

Data from the Cancer Diseases Hospital (CDH) in the country also illustrates that BC cases make 

up 9% of all cases seen at CDH and yet the 2-year survival rate among women treated at CDH 

remains below 50% due to the late stage at diagnosis (MHRZ, 2016). Breast cancer patients in 

Zambia more commonly present with advanced-stage disease (Stages III- IV) and often at young 

ages (Songiso et al., 2020). Particularly in women younger than 50 years old, breasts tend to be 

denser and more prone to develop aggressive disease due to certain risk factors like having fewer 

childbirths, obesity, and socioeconomic status (Francies et al., 2015; Songiso et al., 2020). To date, 

genetic data from young female BC patients in Zambia has not been evaluated. 
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In order to improve the outcome of certain BC treatment strategies, personalized medicine could 

be the answer. This can be implemented by utilizing techniques like gene sequencing to identify 

the mutations in cancer-critical genes that have been implicated in BCs. Medical practitioners can 

then be better positioned to personalize treatment strategies for the benefit of patients like in 

developed countries e.g., the United States of America (USA) and the United Kingdom (UK). 

Some of the major human cancers like ovarian, lung, brain, cervical and esophageal cancers whose 

underlying genetic bases have been elucidated have been shown to be due to specific changes at 

nucleotide level which may cause changes in protein structure particularly of tumor suppressor 

genes like BRCA1, BRCA2 (BReast CAncer gene 2), TP53 (Tumor Protein p53), PTEN 

(Phosphatase and TENsin homolog), STK11 (Serine/Threonine Kinase 11), and CDH1 

(CaDHerin-1), respectively (Siddig et al., 2021; Freedman and Partridge, 2013; Melhem-Bertrandt 

et al., 2012). These are all considered as high penetrance mutations of breast cancer such that they 

account for 20% of hereditary risk (Siddig et al., 2021). The breast cancer susceptibility gene types 

1 and 2, commonly designated as BRCA1 and BRCA2, are some of the cancer critical genes in 

which inherited mutations have been shown to be associated with high risk of obtaining breast 

cancer in women (Clark et al., 2012; Mylavarapu et al., 2018). As depicted in figure 2.1, BRCA1 

is made up of three major domains one of which is a RING domain (exons 2–7), and the other are 

a region encoded by exons 11–13, and the Breast Cancer gene C-terminal domain (BRCT) encoded 

for by exons 16–24 (Clark et al., 2012). Through these domains, BRCA1 forms complexes with 

several proteins, implicating BRCA1 in multiple cellular functions, such as transcription 

regulation, cell-cycle checkpoint activation, and DNA repair (Venkitaraman, 2014; Dacheux et al., 

2013; Prakash et. al, 2015; Deng, 2006).  

 

Mutations in various domains of BRCA1, including the N and C-terminal domains, have been 

linked to hereditary breast and ovarian cancers and have been hypothesized to increase the risk of 

developing several additional cancers like pancreatic, fallopian tube and peritoneal cancer (Clark 

et al., 2012; Chen, Roberts and Klein, 2017; Kim et al., 2020). A number of disease-causing 

mutations, associated with breast cancer, scattered across the entirety of the BRCA1 gene have 

been identified in numerous studies elsewhere (ElBiad et al., 2022; Abbad et al., 2018; Francies 

et al., 2015). In North Africa, BRCA1 founder variants were found in 36.4% of BC cases, thereby 

outnumbering BRCA2 founder variants by a ratio of ≈3:1 (ElBiad et al., 2022). To date, little or 
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no records exist on mutations in cancer-critical genes and their effects on Zambian patients. This 

study was thus undertaken as a first step to explore the mutations present in the BRCT region of 

BRCA1 in a population of female breast cancer patients and, to contribute to the understanding of 

the potential correlation between mutations in a cancer critical genes and pathogenesis. Findings 

from this study will possibly contribute to efforts currently underway to elucidate how pathogenic 

variants of BRCA1 are associated with BC in a selected population of patients evaluated at Matero 

level one hospital. 

 

1.2 STATEMENT OF THE PROBLEM 

 

Breast cancer patients in Zambia and Africa, in general, more commonly present with advanced-

stage disease and often at young ages (Francies et al., 2015; Cabanes et al., 2019; Songiso et al., 

2020). While mutations in cancer-critical genes such as BRCA1 have been associated with various 

types of cancer in women, the underlying genetic basis and specific types of mutations in breast 

cancer-critical genes in Zambia remains an area that has hardly been explored. Diagnosis typically 

only occurs at advanced stage due to low access to available diagnostic centers and limited 

screening (Francies et al., 2015; Sharma et al., 2022) particularly in remote parts of the country. 

In developed countries, when breast cancer is detected early and is in the localized stage (where 

there is no sign that the cancer has spread outside of the breast), the 5-year relative survival rate is 

100% (National Breast Cancer Foundation Inc., 2020). It is therefore crucially important to couple 

screening interventions with early diagnosis activities to reduce the late presentation of cases of 

cancer in our health institutions (MHRZ, 2016). 

 

1.3 SIGNIFICANCE OF THE STUDY 
 

This study is to the best of my knowledge the first to characterize the BRCT variants in BRCA1 

present in BC patients from Zambia. A similar study in South Africa identified three patients with 

pathogenic gene mutations in BRCA1 out of eighty-five (3.5%) that influenced its structure and 

function allowing for their progeny to be genetically screened for the possible inheritance of these 

variants (Francies et al., 2015). Another study in Morocco identified one, BRCA1:c.116G > A 

(p.Cys39Tyr), out of three germ-line mutations in BRCA1 which was found to be pathogenic or 
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associated with disease (Bakkach et al., 2020). Clearly, these studies highlight how genetic 

diversity as a result of gene mutations can contribute to pathogenicity and inheritance thereby 

demonstrating how important it is to consider their influence on BC in Zambia in order to drive 

targeted research and screening. Breast cancer can be detected early using 2 strategies: screening 

and early diagnosis. Breast cancer screening is performed using mammogram, clinical breast exam 

(CBE), and MRI (magnetic resonance imaging) tests (National Cancer Institute, 2022). The mode 

of early detection supported by the World Health Organization (WHO), i.e., population-based 

mammography screening programs in asymptomatic women, is not possible presently in Zambia 

because the facilities and resources required to undertake such a task are limited (Songiso et al., 

2020).  

 

Early diagnosis, based on awareness of signs and symptoms associated with cancer, involves the 

recognition of possible warning signs of cancer, by mammogram or CBE, followed by prompt 

action (Songiso et al., 2020). In situations where mammography options are limited, like in 

Zambia, this method of diagnosis can be coupled with genetic information which is a cost-effective 

method of screening to allow for the proper allocation of resources and treatment strategies. 

Traditional BC diagnosis journeys that follow diagnosis (mammogram, ultrasound, biopsy) and 

then treatment (lumpectomy, mastectomy) can cost patients and institutions ~ZMK40-300000, 

whereas diagnosis coupled with screening (sequencing, panels) and subsequent treatment 

(possibly non-surgical methods) could cost patients and institutions ~ZMK10-20000 (Yip, 2016; 

Nicolussi et al., 2019, Foerster et al., 2021). This illustrates the tremendous potential that coupling 

diagnosis with screening has to save patients and health institutions numerous funds, resources, 

and valuable time. This proposed research aims at illustrating how genomic medicine can be useful 

in the implementation of early BC detection and screening. 

 

The young age for development of breast cancer often suggests a genetic predisposition especially 

germline mutations in the BRCA1 and BRCA2 genes (Bakkach et al., 2020). In Morocco, young 

age (≤40 years) irrespective of family history was proposed as a sufficient criterion for systematic 

genetic screening for young breast cancer patients, following the western recommendations for 

BRCA1/2 genetic testing (Bakkach et al., 2020). This criterion could be utilized to establish and 

develop genetic screening panels for BC in Zambia according to country specific statistics. 
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Continued investigation is therefore clearly necessary to determine the presence and precise 

mechanism(s) by which BRCT mutations in BRCA1 may contribute to tumorigenesis allowing for 

the possible generation of BRCA1 gene screening panels in Zambia, promoting the potential for 

coupling BC diagnosis with screening. 

 

1.4 AIM OF THE STUDY 

 

The aim of this study was to use molecular methods to characterize single nucleotide gene 

mutations that may be present in part of the BRCT region (specifically exon 19) in a selected 

population of patients evaluated at Matero Level One Hospital of Lusaka Zambia, which is a BC 

referral hospital in Zambia. 

 

1.5 OBJECTIVES OF THE STUDY 
 

In order to achieve the intended purpose, this study was guided by the overall objective and specific 

objectives. 

 

1.5.1 GENERAL OBJECTIVE 
 

The general objective of the study was to characterize the types of BRCA1 gene mutations that 

underlie breast cancer pathology in patients presenting breast cancer cases at Matero Level One 

Hospital in Lusaka. 

 
1.5.2 SPECIFIC OBJECTIVES 
 

In order to achieve the general objective of this study, the four specific objectives formulated for 

the study were to: 

 

1.5.2.1 Collect blood samples from study participants and characterize the single nucleotide 

mutations (missense or nonsense) present in a specific part of the BRCT region, i.e. exon 

19 of BRCA1, in BC patients. Only female BC patients with positive ultrasound-guided 

core biopsy results were invited to take part in the study. 
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1.5.2.2 Determine which mutations have a bearing on the structure and function of the mutant gene 

products. 

1.5.2.3 To investigate the association between the age of a BC patient and the number of mutations 

in exon 19 leading to a loss of function of BRCA1. 

1.5.2.4 Identify the pathogenicity associated with identified, potentially deleterious, missense and 

nonsense mutations of BRCA1 in Zambian BC patients.  

 

1.6 STUDY HYPOTHESIS 

 

The study tested the null hypothesis that there is no significant association between the age of a 

BC patient and the number of mutations in exon 19 leading to a loss of function of BRCA1. 

 
1.7 ORGANIZATION OF THE DISSERTATION 
 

This dissertation is organized into six chapters. Chapter one presents an introduction to the study. 

Chapter two presents literature review, while Chapter three describes the sample selection process, 

materials and methods and discusses the generation of results. The findings of the study are 

described in Chapter four and the interpretation of, and discussion of the findings are presented in 

Chapter five. Finally, conclusions and recommendations are provided in Chapter six. 
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CHAPTER TWO 

 

LITERATURE REVIEW 
 

2.0 OVERVIEW 
 

This chapter reviews studies undertaken by different scholars and other peer-reviewed literature 

to document the current understanding on BRCA1 with reference to the structure, major functions, 

mutations and gaps in knowledge associated with breast cancer. 

 
2.1 STRUCTURE OF BRCA1 
 

BRCA1 is a tumor suppressor gene located on chromosome 17, at position 17q21 in humans. (El 

Khachibi et al., 2015). It has 24 exons (22 of which are protein-coding) and these code for an 1863 

amino acid polypeptide (Cunningham et al., 2022; Hondrow et al., 2011). The polypeptide is made 

up of three major domains one of which is a RING (Really Interesting New Gene) domain 

consisting of a RING finger and two flanking alpha (α) helices encompassing amino acids 1-109 

(exons 2–7) (Clark et al., 2012; Lipkowitz and Weissman, 2011). Through seven conserved 

cysteine residues and one conserved histidine residue, the RING finger coordinates two Zn2+ atoms 

which stabilize the RING structure responsible for the E3-ubiquitin ligase activity of BRCA1 

(Lipkowitz and Weissman, 2011). The other domains consist of a region encoded by exons 11–13, 

and the BRCT domain (exons 16–24), as shown in figure 2.1 (Clark et al., 2012; Di Masi et al., 

2011).  
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Figure 2.1 Schematic of major BRCA1 regions described.  Narod & Foulkes, 2004. 

The C-terminal domain of BRCA1 (BRCT) is made up of two domains: BRCT1 (amino acids 

1642-1736) at the N-terminus and BRCT2 (amino acids 1756-1855) at the C-terminus (UniProt 

Consortium, 2021; Di Masi et al., 2011; Clark et al., 2012). Each BRCT domain is composed of 

85-95 amino acids connected by a 22-amino acid linker with each domain consisting of three α 

helices packed around a four-strand beta (β) -sheet, Figure 2.1 (Di Masi et al., 2011; Clark et al., 

2012). Exon 19 codes for amino acids 1732-1759 and encompasses the 22-amino acid linker and 

a small portion of the BRCT1 and BRCT2 domains (Cunningham et al., 2022; Clark et al., 2012). 

Cancer-causing missense mutations occur at the interface between the two BRCT repeats, and 

these have been hypothesized to destabilize the structure of BRCA1, thereby affecting its role as 

a tumor suppressor (Williams, Green and Glover, 2001; Glover, Williams and Lee, 2004).  

 

Through its three major domains, BRCA1 forms complexes with and interacts with several 

proteins, as shown in figure 2.1 and 2.2, implicating it in multiple cellular functions, such as 

transcription regulation, cell-cycle checkpoint activation, and DNA repair (Bunch et al., 2021; 

Prakash et al., 2015; Venkitaraman, 2014). A study in Burkina Faso analyzed the prevalence and 

variants of various putative genes involved in cancer regulation in over 130 participants and found 
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germline variants in exon 11 of BRCA1 which were linked to pathogenesis (Kiendrebeogo et al., 

2022).  

 

 
2.2 MAJOR FUNCTIONS OF BRCA1 
 

BRCA1 has been reported to function in various molecular pathways and processes including 

transcription regulation, the ordering, timing and progression of the cell cycle based on its cellular 

localization and DNA repair (Dacheux et al., 2013; Venkitaraman, 2002; Deng, 2006). Some of 

the various functions of BRCA1 are summarized under the respective subheadings below. 

 

2.2.1 TRANSCRIPTION REGULATION 
 

Depletion of BRCA1 expression has been shown to lead to transcriptional changes in about 1294 

genes, out of which only 44 have been demonstrated to have promoter elements bound by BRCA1 

(Gorski et al., 2011). It is clear that although dysregulation of BRCA1 has a profound impact on 

transcriptional regulation, much of this is indirect (Gorski et al., 2011). It is possible that BRCA1 

facilitates the fine-tuning of transcriptional activation or repression in response to different 

external stimuli, through phosphorylation-mediated assembly of various transcriptional complexes 

(Gorski et al., 2011) as illustrated in Figure 2.2. BRCA1 may clearly play a role in regulating the 

transcription of several genes through its multitude of interactions as illustrated in Figure 2.2. 
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Figure 2.2  Network of selected proteins that BRCA1 interacts with. Obtained through STRING 

database (https://string-db.org)  Accessed on 26th May 2022. 

 

2.2.2 CELL-CYCLE CHECKPOINT ACTIVATION 
 

BRCA1 through its association with specific proteins and multi-protein complexes has also been 

proposed to act as a sentinel of the normal cell cycle control (Christou and Kyriacou, 2013). One 

molecular mechanism by which genomic integrity and stability are maintained is mediated by a 

cellular network of signaling events and the DNA Damage Response (DDR), triggered in response 

to genotoxic stress (Roy, Chun and Powell, 2016).  The DDR includes the activation of checkpoints 

that delay the cell cycle before or during replication (G1/S or intra S-phase checkpoints) or before 

cell division (G2/M checkpoint) to ensure that genetic errors are not transmitted to subsequent 

generations by allowing time for DNA repair (Roy, Chun and Powell, 2016). BRCA1 has thus 

been shown to play a major role in cell-cycle checkpoint activation by forming complexes and 

phosphorylating or ubiquitinating other proteins involved in checkpoint control.  
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The association of BRCA1 with ATM/ATR, CHK2 and Aurora A protein kinases regulates cell 

cycle progression by affecting its post-translational modification (i.e., phosphorylation by ATM) 

and localization within a cell (Christou and Kyriacou, 2013). This allows BRCA1 to mediate the 

ordering, timing, and progression of the cell cycle based on its cellular localization. The G1/S-

checkpoint requires phosphorylation of BRCA1 by ATM or ATR, which facilitates 

phosphorylation of p53 on S15 and BRCA1 regulates the intra S-phase checkpoint by modulating 

CHK1 phosphorylation (Roy, Chun and Powell, 2016; Masuda et al., 2016). The exact mechanism 

of how phosphorylation of CHK1 is affected by DNA binding of BRCA1 remains unclear (Masuda 

et al., 2016; Deng, 2006). BRCA1 also displays E3 ubiquitin ligase activity which has been 

implicated in the regulation of the G2/M cell cycle checkpoint (Shakya et al., 2011). Through this 

activity the polypeptide has been hypothesized to contribute to maintenance of genomic stability 

by regulating the presence, activity and degradation of several proteins involved in regulating the 

cell-cycle (Shabbeer et al., 2013).  

 

2.2.3 DNA REPAIR 
 

Detection and faithful repair of damaged DNA is essential for genome integrity (Ceccaldi, 

Rondinelli and Andrea, 2016). DSBs are lesions formed when both strands of the DNA duplex are 

broken and two major DSB repair pathways that have been studied extensively are homologous 

recombination (HR) and nonhomologous end-joining (NHEJ) (Chapman, Taylor and Boulton, 

2012). BRCA1 is a versatile protein that links DNA damage sensing and DDR effectors (Roy, 

Chun and Powell, 2016). Among its various DDR functions, the polypeptide normally promotes 

error-free, homologous recombination-type, DNA damage repair (HRR) (Hu et al., 2014). HRR 

or HR is activated by DNA damage, and it is a vital DNA repair mechanism that uses the 

undamaged sister chromatid to carry out high-fidelity repair of predominantly replication 

associated DSBs (Roy, Chun and Powell, 2016). 

 

The association of BRCA1 with RAD51 has a direct impact on the repair of DNA double-strand 

breaks (DSBs) by homologous recombination (HR) (Christou and Kyriacou, 2013). The main role 

of RAD51 is catalyzing the core reactions of HR, including strand invasion into duplex DNA and 

enabling strand exchange through the pairing of homologous DNA strands. BRCA1 is required for 
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RAD51 recruitment to sites of DNA damage through its interactions with PALB2 and BRCA2 

(Roy, Chun and Powell, 2016). The defining step of HR is homologous strand exchange, including 

strand invasion into duplex DNA and the pairing of homologous DNA strands enabling strand 

exchange, mediated by the RAD51 protein (Prakash et al., 2015; Roy, Chun and Powell, 2016; 

Bhattacharya et al., 2017). PALB2 is a binding partner of BRCA2 that is responsible for its 

localization to the nucleus during HR (Roy, Chun and Powell, 2016; Nepomuceno et al., 2017). 

BRCA1 is recruited to foci independently of BRCA2 and PALB2, yet BRCA1 influences PALB2 

accumulation, which in turn promotes BRCA2 recruitment to DSBs (Chapman, Taylor and 

Boulton, 2012). The recruitment of the RAD51 strand exchange protein to repair foci requires all 

three proteins, and consequently loss of any of these proteins impairs HR (Chapman, Taylor and 

Boulton, 2012).  

The role of BRCA1 in DNA repair, in particular in HR repair, has thus far been one of its most 

well-recognized functions thought to be critical for its tumor suppressor activity (Prakash et. al, 

2015). Compelling evidence suggests that BRCA1 functions in two distinct steps: (i) 5′ to 3′ 

resection of DSBs to generate 3′ single stranded DNA (ssDNA) overhangs, and (ii) loading of the 

RAD51 recombinase onto the ssDNA (Prakash et al., 2015). BRCA1 interactions with the MRN 

complex or proteins, with the BRCC complex of proteins that exhibit E3 ligase activity and with 

the phosphor proteins CtIP, BACH1 (BRIP1) and Abraxas (CCDC98) have also been implicated 

in DNA repair mechanisms (Christou and Kyriacou, 2013).  

 

2.3 BRCA1 MUTATIONS 
 

BRCA1 gene mutations have been associated with increased risk of certain types of cancers (Clark 

et al., 2012; Chen, Roberts and Klein, 2017; Kim et al., 2020). A harmful mutation in BRCA1 can 

result from errors in DNA replication during cell division, exposure to mutagens or a viral infection 

(Clark et al., 2012; Roberts and Klein, 2017; Kim et al., 2020). They can be inherited from either 

parent and each child of a parent who carries any mutation in one of these genes has a 50% chance 

(or 1 in 2 chance) of inheriting the mutation. In the presence of a BRCA1 mutation, women have a 

70-80% lifetime risk of developing breast cancer and a 50% risk of developing ovarian cancer 

(Petrucelli, Daly and Pal, 1998; Roy, Chun and Powell, 2016; Chehade et al., 2016). Of the 1700 

unique BRCA1 mutations reported to the Breast Cancer Information Core Database, 858 have been 
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confirmed as being “Clinically significant” causing an increased risk of cancer and resulting in a 

protein with reduced function or no protein product (Clark et al., 2012). From a medical standpoint, 

the key function of the BRCA1 protein is its ability to suppress tumor formation in breast and 

ovarian tissues (Shakya et al., 2011). BRCA1 is most often mutated in three domains or regions: 

the N-terminal RING domain, exons 11-13, and the BRCT domain (Chehade et al., 2016; Clark et 

al., 2012). Several key BRCA1 functional domains, including the N-terminal RING domain and 

the C-terminal BRCT tandem repeats, promote HR and are necessary for tumor suppression 

(Moynahan and Jasin, 2010). 

 

The BRCT region has a functional duplicated globular domain, which helps with DNA damage 

repair and cell cycle checkpoint protein control (Chakraborty et al., 2013). Most pathogenic 

BRCA1 lesions are frameshift or nonsense mutations that would eliminate or grossly disrupt the 

BRCT domain (Billing et al., 2018). However, in some families, tumor susceptibility can be 

attributed to a single amino acid substitution in BRCA1, often involving residues within its BRCT 

domain (Billing et al., 2018). Because most tumor-associated BRCA1 alleles have 

frameshift/nonsense mutations that eliminate one or both BRCT motifs, BRCT phospho-

recognition may be critical for tumor suppression (Shakya et al., 2011). Exon 19 codes for amino 

acids 1732-1759 which encompasses the 22-amino acid linker with a small portion of the BRCT1 

and BRCT2 regions (Cunningham et al., 2022; Clark et al., 2012). Cancer-causing missense 

mutations at this interface between the two repeats have been hypothesized to destabilize the 

structure of BRCA1, thereby affecting its role as a tumor suppressor (Williams, Green and Glover, 

2001; Glover, Williams and Lee, 2004). ClinVar lists various mutations in exon 19 such as 

V1736G, R1737Ter, G1748D etc., which have all been identified as pathogenic and shown to 

influence the structure and function of BRCA1 (https://www.ncbi.nlm.nih.gov/clinvar/).  

Therefore, it is necessary to understand how genome alteration is related to the development of 

cancer (Khodadadian et al., 2020). 

 

2.4 RESEARCH GAPS 
 

More than 600 distinct pathogenic single nucleotide variants with the potential for structural and 

functional effects on BRCA1 have been documented in ClinVar (Tsai et al., 2019; Findlay et al., 
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2014; Lee et al., 2010). Some of these mutations have been shown to affect the BRCT linker region 

of BRCA1 which is critical for its role in tumor suppression because it helps with DNA damage 

repair and cell cycle checkpoint protein control. It is clear that late diagnosis in young patients has 

been linked to high death rates from BC in resource-poor countries and to date, genetic data of 

BRCA1, i.e., a gene in which mutations have been linked with high risk of BC susceptibility, from 

young female BC patients in Zambia has not been evaluated. This work was therefore undertaken 

to assess genetic alterations within a selected domain of BRCA1 for the first time in a cohort from 

Zambia.  
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CHAPTER THREE 

 

MATERIALS AND METHODS 
 

3.0 OVERVIEW 
 

This chapter describes the different methods and approaches used to execute this study. The 

methods of this study were based on the set objectives of the research presented in Chapter One of 

this dissertation and are presented under the following headings: (1) Location (2) 

Inclusion/exclusion criteria, assumptions and sample size (3) Ethical considerations (4) Data 

Requirements (5) Data Collection (6) Data Analysis Methods (7) Sample demographics and 

Statistical analysis and (8) Limitations of the Study.  

 

3.1 LOCATION 
 

This study was conducted at Matero Level One Hospital in Lusaka, which has a referral breast 

cancer clinic. Based on positive ultrasound-guided core biopsy results, female breast cancer 

patients were invited to take part in the study.  

 

3.2 INCLUSION/EXCLUSION CRITERIA, ASSUMPTIONS AND SAMPLE SIZE 
 

3.2.1 Inclusion Criteria and Assumptions 

i) Female patients that have been clinically diagnosed with breast cancer at a young age 

(≤ 50 years) irrespective of family history of breast cancer (Appendix IV). The selected 

age range was based on the assumption that risk for breast cancer increases with age 

and reproductive history (Center for Disease Control and Prevention, 2020). Previous 

data also indicates that approximately 60% of breast cancer cases detected at Matero 

Level One Hospital are in women younger than 50 years. (Songiso et al., 2020).  
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3.2.2 Exclusion Criteria  

i) According to known clinical records, patients in the selected cohort that presented with 

underlying conditions like HIV, cardiovascular disorders, diabetes mellitus and chronic 

obstructive pulmonary disease were excluded from this study to prevent potential 

confounders that may corrupt the causal relationship of interest.  

 

3.2.3 Sample Size 

i) From September 2021 to January 2022, a total of 75 young patients (≤ 50 years) with 

invasive breast cancer were referred to the breast cancer clinic at Matero Level One 

Hospital. Seventy-three participants agreed to take part in the study. 

ii) Ten participants were selected randomly and representative of the following age 

groups: 21-30 years, 31-40 years and 41-50 years (Table 4.3). Because this was a 

pilot study, the selected sample size was justified by its nature and scope (Martínez-

Mesa et al., 2014). 

 

3.3 ETHICAL CONSIDERATIONS 
 

Ethical clearance was obtained from the relevant organizations and informed consent was obtained 

from all participants as described below. 

 

3.3.1 ETHICAL CLEARANCE 
 

This study was conducted after seeking ethical clearance and approval from the following ethical 

bodies: 

 

i. The University of Zambia (UNZA) Natural and Applied Sciences Research Ethics 

Committee (NASREC). 

ii. The Zambia National Health Research Authority (NHRA). 

 

Ethical clearance certificates and letters are presented in Appendix I and II, respectively. 
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3.3.2 INFORMED CONSENT PROCEDURES 
 

An informed consent form was used to obtain permission from all participants in this study 

according to guidelines set by UNZA NASREC. Results were treated with confidentiality and were 

not included in participants’ medical records. 

 

3.4 DATA REQUIREMENTS 
 

To achieve the objectives set out, work was conducted to generate information and results reported 

herein, via extraction of genomic DNA (gDNA) from human whole blood samples and 

authentication of its quality by NanoDrop spectrophotometry and agarose gel electrophoresis. 

Amplicons of a target region within the C-terminal domain of BRCA1 were generated by the 

polymerase chain reaction (PCR) and sequencing of BRCA1 C-terminal domain of PCR products 

was conducted. Nucleotide sequence data was analyzed using bioinformatics tools available at 

different web-based platforms. 

 
3.5 DATA COLLECTION 
 

The materials and methods used in the collection of the data listed in section 3.4 are described 

below. 

 

3.5.1 GENOMIC DNA EXTRACTION 
 

Blood for genomic DNA extraction was collected in 4 mL purple top Ethylene diaminetetraacetic 

acid (EDTA) Vacutainer® tubes from participants who agreed to take part in the study by way of 

informed consent. It was transported to the laboratory at the School of Veterinary Medicine of the 

University of Zambia for storage in a -20ºC refrigerator until use. Demographic information and 

date of collection were noted for each participant. Genomic DNA was extracted from blood 

samples by the Zymogen Research Quick-DNATM Miniprep kit (Catalog # D3024) according to 

Zymogen Research instructions. Briefly, 100μL of whole blood from each sample collected from 

participants was mixed with 400μL of genomic lysis buffer from the genomic DNA extraction kit. 
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The mixture was vortexed and transferred to spin columns placed into labeled 1.5 mL collection 

tubes. These were spun at 12,000 revolutions per minute (rpm) in a Qiagen microcentrifuge at 

room temperature (rtp) for one minute. Spin columns were then transferred to new labeled 1.5 mL 

Eppendorf tubes and 200μL of DNA pre-wash buffer was added to each column and spun at 12,000 

rpm in a Qiagen microcentrifuge at rtp for one minute.  500μL of g-DNA wash buffer was added 

to each spin column and spun at 12,000 rpm at rtp for another minute as described. The wash 

columns were then transferred to new labeled 1.5 mL microcentrifuge tubes and 60μL of DNA 

elution buffer was added to each column and these were again spun at maximum speed for 30 

seconds. Genomic DNA was stored in the DNA elution buffer and stored at -20ºC until further 

analysis. 

 

3.5.2 DNA CONCENTRATION DATA 

 

The quality and concentration of the extracted gDNA was characterized using NanoDrop 

spectrophotometer (DeNovix, Wilmington, DE, United States) and details of the DNA quality 

were recorded in table 4.1 and 4.3 in Chapter 4. Sample trace data obtained using the NanoDrop 

spectrophotometer is shown below. 

 

 
 

Figure 3.1 Sample trace using the NanoDrop spectrophotometer.  

 

3.5.3 PCR AMPLIFICATION OF GENOMIC DNA 
 

The protocol by Chakraborty et al. (2013), was used to PCR-amplify exon 19 in the BRCA1 gene 

using oligonucleotides 5’-ATATGACGTGTCTGCTCCAC-3’ (forward) and 5’-
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GGGAATCCAAATTACACAGC-3’ (reverse) (Chakraborty et al., 2013). These primers were 

selected because they were previously shown to be effective in the amplification of a 401bp region 

of DNA containing exon 19. The expected amplicon size yielded by the specific primers was 401bp 

as shown in figure 3.1. The PCR reaction was set up using One Taq® Quick-Load® 2X Master 

Mix with Standard Buffer (Cat # M0486S). The thermal cycle profile included an initial 

denaturation step at 94°C for 2 minutes and, thirty amplification cycles that included a denaturation 

step of 30 seconds at 94°C, primer annealing at 45°C for 30 seconds and primer extension at 72°C 

for 30 seconds. A final primer extension step at 68°C for 5 minutes was included. PCR amplicon 

size was determined on a 2% agarose gel stained with EZ-vision® Bluelight DNA Dye and 0.05 

μg/mL ethidium bromide final concentration. The GeneRuler 1000bp DNA Ladder (Cat# 

SM0312) was used on all gels as size standard. Passing criteria included a clear gel image with no 

signs of genomic DNA degradation. 

 

 
 

Figure 3.2 401 nucleotide fragment containing exon 19 (highlighted in purple) using specific 

primers. Sequence obtained from the University of California Santa Cruz’s (UCSC) genome 

browser. Accessed on 10th June 2022. 

 

Of the genomic DNA obtained from samples submitted by the seventy-three participants, ten were 

randomly selected for sequencing of the exon 19 BRCA1 region. These were ratio representatives 

of the following age groups: 21-30 years (1), 31-40 years (4) and 41-50 years (5) as shown in table 

4.3. The total number of samples for each group was four, twenty-eight and forty-two, respectively. 

The amplicons obtained from PCR amplification of these participants genomic DNA was extracted 

from the agarose gel slab and purified using the QIAquick® Gel Extraction Kit (Cat # 28706X4) 

in preparation for sequencing. Briefly, gel slices containing DNA bands from each of the ten 
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participants were excised with a clean, sharp scalpel. Gel slices were weighed in labeled Eppendorf 

tubes and 2 volumes of diffusion buffer were added to 1 volume of gel i.e., 200μL diffusion buffer 

for each 100mg of gel. Labeled Eppendorf tubes were incubated on a heating block at 50°C for 30 

minutes to allow agarose to melt and later span at 12,000 rpm for 1 minute. The supernatant was 

carefully transferred to labeled spin columns placed in collection tubes using a disposable syringe 

containing a Whatman GF/C filter to remove any residual agarose. The volume of recovered 

supernatant, containing amplicon DNA, was determined.  Three volumes of Buffer QG were added 

to each spin column to one volume of supernatant. The color of the mixture was determined to be 

yellow showing no residual agarose was present. The labeled spin columns were span at 12,000 

rpm at rtp for 1 minute and the flow through was discarded. The column was washed with 750μL 

of Buffer PE and span again as described. The QIAquick spin columns were transferred to new 

labeled Eppendorf tubes and 50μL of Buffer EB (10mM Tris-Cl, pH 8.5) was added to the center 

of the spin column. To elute DNA, after 1 minute, the spin columns were centrifuged at maximum 

speed. The quality and concentration of the purified amplicons was characterized using NanoDrop 

spectrophotometer (DeNovix, Wilmington, DE, United States) and details of the DNA quality 

were recorded in table 4.3 in Chapter 4. A 260/280 ratio of ~1.8 was generally accepted as “pure” 

for DNA i.e., above the quality threshold and amplicons from the ten participants were then 

considered ready for sequencing.  

 

3.5.4 SEQUENCING DATA OF PCR AMPLIFIED PRODUCTS 
 

The amplicons were submitted to Inqaba Biotechnical Services Pvt in the Republic of South Africa 

where they were sequenced in the forward and reverse direction using the ABI 3730xl Genetic 

Analyzer (Applied Biosystems, Thermo Fisher Scientific). 

 

3.6 DATA ANALYSIS METHODS 
 

Sequences were trimmed and contiguous sequences were generated in BioEdit using the forward 

and reverse sequences. The data that was obtained from BioEdit contained nucleotide sequences 

for each sequenced sample. GenScript was used to obtain reverse complements of sequences if 

needed. 
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3.6.1 MUTATION IDENTIFICATION 
 

Exon 19 of BRCA1 for each sample was compared to the wild type nucleotide consensus sequence 

(NM_007298.3) obtained from UCSC’s genome browser. A nucleotide Basic Local Alignment 

Search Tool, commonly known as BLAST (Altschul et al., 1990) was utilized to align sequences 

from each participant with the wild type consensus nucleotide sequence. This was to confirm 

whether or not the amplified region was exon 19 from BRCA1. 

 

3.6.2 SWISS-MODEL 
 

DNA sequences with putative mutations were translated into amino acid (protein) sequences using 

Ensembl (https://www.ensembl.org) and these were then compared to the wild type consensus 

protein sequence (NP_009229.2) obtained from Ensembl. SWISS-MODEL 

(https://swissmodel.expasy.org/) was utilized to generate reliable three-dimensional protein 

structure models for protein sequences that contained mutations in the exon of interest. This was 

achieved by inputting the protein sequences into SWISS-MODEL and selecting the most likely 

three-dimensional model based on statistical data e.g., Qualitative Model Energy ANalysis 

(QMEAN) z-score, provided by SWISS-MODEL (Biasini et al., 2014). Briefly, the QMEAN 

scoring function allowed for the identification of the native structure of a protein and allowed for 

the discrimination of good models from bad ones based on multiple databases (Biasini et al., 2014). 

QMEAN z-scores around zero indicated a good agreement between the model structure and 

experimental structures of similar size (Swiss model, 2023). The use of SWISS-MODEL over 

other modeling software’s is justified by the fact that the expected accuracy of each specific model 

was communicated to the user and the overall accuracy of SWISS-MODEL was continuously 

monitored over time (Biasini et al., 2014). Finally, generated models were compared to the wild-

type three-dimensional protein structure of BRCA1 with the assumption that all the other exons of 

mutant BRCA1, if translated, remained the same. Results were used to infer structural changes 

conferred by mutations, if any. 

 

3.6.3 VARIANT ANALYSIS 
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The clinical significance of identified mutations or variants was assessed based on information 

from a major BRCA1 database, ClinVar (https://www.ncbi.nlm.nih.gov/clinvar/). Results were 

used to infer functional changes, if any. 

 

3.7 SAMPLE DEMOGRAPHICS AND STATISTICAL ANALYSIS 
 

Sample demographics including age, sex, ethnicity, and geographic location of participants were 

collected. Statistical analysis was performed using Microsoft Excel (Version 16.27) to test the 

significance of the null hypothesis previously described in chapter one, section 1.6. Briefly, the 

unpaired two-tailed student’s t-test equation (=TTEST(array1,array2,1,3)) was utilized for this 

study to test the null hypothesis that there was no significant association between the age of a BC 

patient and the number of mutations in exon 19 leading to a loss of function of BRCA1. For this 

study, the use of the student’s t-test is justified because it is a commonly used statistical test for 

reasonably small sample sizes (less than approximately 30) (Science Direct, 2023). P-values of 

<0.05 yielded by the unpaired two-tailed student’s t-test were considered significant. 

 

3.8 LIMITATIONS OF THE STUDY 
 

The researcher faced some challenges during the data collection process due to the following 

reasons: 

 

i. Limited time and resources to collect a representative sample size of the young female 

breast cancer patient population evaluated at Matero Level One Hospital. Nurses and 

doctors were only available for the indicated period of time (September 2021 to January 

2022). 

ii. Limited funding to sequence all the collected samples. 
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CHAPTER FOUR 

 

RESULTS 
 

4.0 OVERVIEW 
 

This chapter presents the findings of this study and are presented under the following headings: 

(1) DNA concentration data (2) PCR amplified products (3) Sequencing data of PCR amplified 

products (4) Mutation identification and SWISS-MODEL data (5) Variant analysis and (6) Sample 

demographics and Statistical analysis. 

 

4.1 DNA CONCENTRATION DATA  
 

Genomic DNA was extracted from peripheral whole blood samples collected from study 

participants and its concentration was characterized by NanoDrop spectrophotometry. Table 4.1 

shows results obtained for each sample i.e., gDNA volume (μL), concentration (ng/μL), mass (ng) 

and the ratio of absorbance at 260 nm and 280 nm (A260/A280). The concentration of the extracted 

genomic DNA ranged from 1.556ng/μL to 40.681ng/μL and the quality based on A260/A280 ratio 

was deemed acceptable for the majority of the extracted samples. A 260/280 ratio of ~1.8 was 

generally accepted as “pure” for DNA and subsequent purification was conducted if DNA was 

considered contaminated for sequencing purposes. DNA that contained contaminants was purified 

as detailed in section 3.5.3 and the absorbance measured again by NanoDrop spectrophotometry 

as shown in table 4.3. 

 

Table 4.1 gDNA concentration data determined by NanoDrop spectrophotometry. 

 
Sample 

No 
DNA Volume 

(μL) 
DNA Concentration  

(ng/ μL) 
DNA Mass 

(ng) A260/A280 

1 60 11.924 715.44 1.55 
2 60 6.489 389.34 1.78 
3 60 6.065 363.90 1.37 
4 60 7.433 445.98 1.86 
5 60 8.843 530.58 1.52 
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6 60 18.139 1088.34 1.69 
7 60 16.013 960.78 1.72 
8 60 10.404 624.24 1.51 
9 60 10.747 644.82 1.51 
10 60 12.265 735.90 1.50 
11 60 12.791 767.46 1.64 
12 60 31.923 1915.38 1.79 
13 60 7.345 440.70 1.63 
14 60 2.391 143.46 1.09 
15 60 8.045 482.70 1.67 
16 60 11.428 685.68 1.52 
17 60 1.556 93.36 0.58 
18 60 5.648 338.88 1.48 
19 60 14.868 892.08 1.28 
20 60 20.333 1219.98 1.71 
21 60 7.852 471.12 1.62 
22 60 40.681 2440.86 1.40 
23 60 9.110 546.60 1.57 
24 60 10.814 648.84 1.73 
25 60 10.105 606.30 1.62 
26 60 11.391 683.46 1.68 
27 60 5.026 301.56 1.53 
28 60 3.374 202.44 1.40 
29 60 32.575 1954.50 1.82 
30 60 12.292 737.52 1.64 
31 60 22.920 1375.20 1.70 
32 60 23.000 1380.00 1.65 
33 60 19.965 1197.90 1.66 
34 60 7.961 477.66 1.39 
35 60 9.051 543.06 1.57 
36 60 4.931 295.86 1.58 
37 60 17.244 1034.64 1.02 
38 60 5.642 338.52 1.30 
39 60 5.102 306.12 1.37 
40 60 6.133 367.98 1.19 
41 60 10.603 636.18 1.19 
42 60 7.363 441.78 1.55 
43 60 15.866 951.96 1.63 
44 60 29.867 1792.02 1.75 
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45 60 13.377 802.62 1.76 
46 60 25.584 1535.04 1.82 
47 60 10.773 646.38 1.80 
48 60 16.755 1005.30 1.65 
49 60 22.492 1349.52 1.88 
50 60 15.647 938.82 1.05 
51 60 6.168 370.08 1.39 
52 60 16.309 978.54 1.70 
53 60 9.636 578.16 1.83 
54 60 12.400 744.00 1.52 
55 60 10.978 658.68 1.65 
56 60 10.364 621.84 1.90 
57 60 8.077 484.62 1.49 
58 60 2.987 179.22 1.22 
59 60 4.758 285.48 1.59 
60 60 11.078 664.68 1.64 
61 60 30.085 1805.10 1.73 
62 60 14.195 851.70 1.67 
63 60 6.321 379.26 1.60 
64 60 10.971 658.26 1.60 
65 60 3.817 229.02 1.72 
66 60 2.757 165.42 1.39 
67 60 4.214 252.84 1.48 
68 60 4.794 287.64 1.50 
69 60 8.935 536.10 2.05 
70 60 4.815 288.90 1.56 
71 60 15.435 926.10 1.81 
72 60 23.944 1436.64 1.71 
73 60 22.559 1353.54 1.64 

 

4.2 PCR AMPLIFIED PRODUCTS 
 

Exon 19, which codes for part of the BRCT domain of BRCA1, was amplified using a polymerase 

chain reaction platform. The reaction volume for each sample was 25μL and the annealing 

temperature was set at 45℃ for 30 cycles. A 401bp fragment was obtained for each sample and 

the amplicons were visualized on a 2% agarose gel stained with EZ-vision® Bluelight DNA Dye 

and ethidium bromide at final concentration of 0.05 μg/mL. The results of the amplification 
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reactions were captured on a gel documentation system (UVP 2UV Transilluminator LM-20) and 

are presented in Figure 4.1A to 4.1C. 

 

 
 

Figure 4.1 Agarose gel electrophoresis analysis of amplicon DNA samples 1-25 (A), 26-50 (B) 

and 51-73 (C) using exon-19-specific primers (Chakraborty et al., 2013) on ethidium bromide. 

M= 1000bp molecular weight marker; (+) = positive control gDNA; (-) = negative control in 

which all reagents were added to the PCR tube except template DNA which was replaced with 

molecular grade nuclease-free water; All seventy-three isolates included in this study showed 

similar band migration profiles. Samples 28, 41, and 55 had limited amounts of amplified DNA 

as denoted by the faint bands but this was considered sufficient for sequencing by Inqaba 

Biotechnical Services Pvt.  

 

4.3 SEQUENCING DATA OF PCR AMPLIFIED PRODUCTS 

 

PCR products from ten of the seventy-three participants were sequenced at Inqaba Biotechnical 

Services Pvt., in the forward and reverse direction using the ABI 3730xl Genetic Analyzer 

(Applied Biosystems, Thermo Fisher Scientific). The contig-generating tool in BioEdit was used 

to generate the contiguous sequence for each sample, using the forward and reverse sequences, 

and the following results were obtained (Figure 4.2): 
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DS16 
>Contig-1ds16 
GTTACTGATACTATATCGACGCGGCTCTGCATAATGTAGGTGGGACGCTCCACACAAATGGAAC
TTGTGACAACGATCTAGCAGTGAGTATGTTGAAATAAGTGGAACAATATGAAGCGGCCTTCTCT
GCCTGCCTTAGGGAATATTGCCCTTGGGTCGACATTTTATTTATCATGAGGGAGAAGGCCTTAC
CTGTCTGATCTAGCTCTGTCACGCTCTGCTTGTGCCTTGGGTGCTGCTTACACTATGCGATCTC
CTCCGAATCACACTTCATGACGAAACAAACCAATCGCAACCCTTCATTGTGAGAGAAGGACAAG
CTCCCCTTCCGGGAAGGAGAACAGACAGGGATTACAAACTCACATGTCTCTGGGATGGAGCACC
CAGGAGACAAGCAAAGTGGTGGAGCAGACACGTCATATA 
 
DS19 
>Contig-1DS19 
AAGGATCTCTGCTACTTGCATGAGGCTCTTCTGATATATGTGTGTGTGATGGAACCCTCAACAA
TGGTTAGTGGGCTGTATCTATCACAGGGTATGTGGACATAAGTTTTGGAAATGAGAGGCCTTTC
TTGTCTCGCTAGGGGAGTACTGACCTTGGTTCGACATATAAGATATCTCGGAGCCGGAAGCCCT
ACATTTCTTATAAGCGACTCCCTTGCTCTGTATGTGACTCGGGGACAACTTCCTTCGTCTCCCT
CTGGTCCCGCACCAACTCCATGACGAATCAACCCAAAAGCAACCCTTCAGGGTAACAGAAAGAC
AAACCCTCCTTCCTGGAACGGTAACACAGACTGCTTGTAAACTCACATGTCTCTGGGATGGAGC
ACCCAGGAGACAAGCAAAGTGGTGGAGCAGACACGTCATAA 
 
DS26 
>Contig-1DS26 
GATCTAGGTACACTGCAGCGGCACTACCTCCTGATCTAGGGTCTCGATGCAACCCACCACTGGA
GTCTGTGGGATAGTGCTCACAGAGTGTACGCGGTCATAAGTGCAGGAAAAGTGAAGTCCCGTCT
TGACAGCTATAGGGAGATCTGCCCTTGCTATCGTCATAATAGTTAACTTGAGGGCGGAGACTTT
ACCTGTCAGATCAGGACCTCCCATGCTCAGTTTGTGACCCAAGGAACAACCCCATTCGTCTAAC
TCACGTACCACATCCACTCCACTCCTCAACACCCCAAACGCAACCCTGGATTGTAACAGAAACA
GAAACCCTCCTTCCTGGAACGGTAACACAGACTGATTGCAAACTCACATGTCTCTGGGATGGAG
CACCCAGGAGACAAGCAAAGTGGTGGAGCAGACACGTCATATA 
 
DS41 
>Contig-1DS41 
GAACTCTGATACTTGATGAGGCAGATCCGACTAGACTGTGTGTCTAGCATCCCACCACTGGAGC
TATATGGCAATAATCATCGACTGTGTCTGTGGATATAACTTTAGGTTGTATGAAATCCTTTCAG
CCACTGTCATTGGGTGGCACTGCCCTTTCTATCCTAGCAAAAGACAACACGTATGCAAAAGCTG
GACGTGTCTTATCTACACCTCCCTAAGGTGTTGGGACTTAAAGAACAAGTCACTCCATGTGACG
CTGGTACCGCTTAAACTCCACTGCTCATGACACCTCCGAGAACTATGCCTTGAGACAACAGCAC
AGACCCTCCATCCTAGGCCGGTAGCACTGACTGATTGTAAACTCACATGTCTCTGGGATGGAGC
ACCCAGGAGACAAGCAAAGTGGTGGAGCAGACACGTCATAA 
 
DS55 
>Contig-1DS55 
AGGGGGGCATATCATTCATAATTGCATAGACAATACTTATTTATGTGGTACTGATGGAAGAGAG
CAAAGAGAACCTGAGTGAAAGTATCTACCACAAGTTATGTAGGAAATCGCTCTAACGAACTGAA
TAGGCCCGTCTAGACCACGCGGAGTGGGATACATAGTGTTGCTTCCAGACTTTAGTCAACTTGA
GGGAGGGAGCTTTACCTTTCTGACCTGGGATTGCCATGCTCTGTATGTCCCTTGGGGGCTTCTC
CCATTGTCCAGATCTCCTCTGACTTCCAAATCATGCTGAAAGAAACCTAACGCAACCCTGCATG
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ATGCGAGAAAGACAAACTTCCTTCAATGGAAGTGGAACACACACGGAATATAAACTCACATGTC
TCTGGGATGGAGCACCCAGGAGACAAGCAAAGTGGTGGAGCAGACACGTCATAA 
 
DS56 
>Contig-1DS56 
TTATCTTTTGCTACTTGTTTGAGACAGTACCTACTGATGTGGTACTGATGCAAGAGTGAAAAGA
GAGTTAGTGTGCAAGTATCTATCACTAGGTACTTTGTCATAAGTCTAACAAACAGAAGCAGCCC
ATCACTGCAACGGGTTGTGGAATATATAGCGGTGGATCGAGACTTTAGTCATCTTGAGGGAGAA
AGCTTTACCTTTCTGTCCTGGGATTCTCTTGATCTCTTTGGACCTTGGGGGCTACTCACATTGT
CCACACCACCTCTGACTTAAAAATCATGCTGAAAGAAACCAATCGCAACCCATCATGGTAACAG
AAAGACAAACTTCCTTCAATGGAACTGGAACACACACGGAATACAAACTCACATGTCTCTGGGA
TGGAGCACCCAGGAGACAAGCAAAGTGGTGGAGCAGACACGTCATATAC 
 
DS60 
>Contig-0DS60 
AGTCCGTGGGAATCCAAATTACACAGCAGCCCTTCAGAAAAGTGGCCAGACTCTGTACTTGATG
GGCAGATCCTCCTTGGGAATCCAAATTACACAGCCTCTCTAAATCTCGTAGTCTTATCATTGCA
TAAAGTAGAGACAATACTTATTTATGTGGTTGGGATGGAAGAGTCAAAAAAGAACCTGTGTGAA
AGTATCTAGCACTGTGTATGTATGAAATAAGTCTTACAAAATGAAGCGGCCCATCTCTGCAAAG
GGGAGTGGAATACAGACTGGTGGGGCGAGATTTTAGTCAACTTGAGGGAGGGAGCCCTACATTT
CATGTCCTGGGATTCTCTTGCTCACTATAGGACCGTCGGGGTTGCTTACATCGACCACATCTCC
TCTGACTTCAAAATCATGATGAAACAAACCAAACAGCAACCCATCAGGAGAAGAGAACAGGTAC
AAGCTTCCCTCAATGGGAGTGGAGCACAGACGTCATATAAACTCACATGTCTCTGGGATGGAGC
ACCCAGGAGACAAGCAAAGTGGTGGAGCAGACACGTCATATAAAGCTGTTC 
 
DS62 
>Contig-1DS62 
GTGGGGCATACTCTGATACTTGATGAGACAGTACTTACTGGTCTAGGTGTTATGGAAGCCTCAG
ATGAGAACCAGTGTGAAGGTTCTATCACTGTGTATGTTGTAATAGCTCTTACGAAATGAAGCGG
CCCATCTCTGCCTAGGGGTATGGAATACATGGCCGTGGGGCGACATATGTGTCATCTTGAGGGA
GGGAACTTTACGTTCCTGTCCAGGACTTCTCTTGAGCGCTTTGGACCTCGGTGGCTACTCCCAT
TGTCCACACCACCTATGACTTACAAATCATGATGAATCAAACCACACGGAACCCAGCATTGTAA
CAGAAAGACAAACTCCCTTCCCTGGAACTGGAACACACACGGATTACAAACTCACATGTCTCTG
GGATGGAGCACCCAGGAGACAAGCAAAGTGGTGGAGCAGACACGTCATATAA 
 
DS63 
>Contig-1DS63 
TATAACTCTGATACTTGATGGGCAGTATCCTACTGACCTATTTGTCTAGGTGCCCAGCACAGGA
GCTATATATGAAAGATCTCTCCTGTGTACGTGGAATAGCTTTTACGAAATGAGAAAGCCTTTCC
TGTCTGCTAGATGGAATACTTGCCTAGGAGGCACATAATAGTTAACTCGGGGCCGAAAACTCTA
CCTGTCTGATCTGCGCCTCCATTGATGTCTTTCTGACCAAAGGGGCTTCTCAATTCATCTACCT
CTGGGCCCACACCCACTCCGTTACGAATCACCCCTCAAGCAACCCTGGATGATGACAAAAGCAC
AAACCCTCCTTCCTGGAACGGTAACACAGACTGCTTGTTAACTCACATGTCTCTGGGATGGAGC
ACCCAGGAGACAAGCAAAGTGGTGGAGCAGACACGTCATAA 
 
DS65 
>Contig-1DS65 
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AAATCATCTGCTACTATCACATGCAATTCTTACTGTCCTGTGTGTCTAGGCAATACACCAATGG
AGCTTTCTGAGATTGGTATACTCAGTGGGTACGTGTACCTAATTTTTGCAATGTGACGAAGGCC
CTTTAGGAGAGTGTATGGGGGATAATATCCCTTGCTATCCACATATTATGTATCATGGGGGCCA
GAGCTCTAGACGTCAGATCTGCACGTCCCATGGTCTGTTGGTAACTCAGGGACTGGTCACGTCG
TCTCCCTTCGTCCGATCCCCACTCCGTTACGCATCACCCCTAAAGCAACCCTGCATGATAACCA
AAACACAGACTCTCCTTCCTGGAACGATAACACAGACTGATTGTAAACTCACATGTCTCTGGGA
TGGAGCACCCAGGAGACAAGCAAAGTGGTGGAGCAGACACGTCATAA 
 

Figure 4.2 Contiguous sequences of region of interest. 

 

4.4 MUTATION IDENTIFICATION AND SWISS-MODEL DATA 
 

Exon 19 of BRCA1 for each sample was compared to the consensus wild type nucleotide sequence 

obtained from UCSC’s genome browser. Nucleotide BLAST was utilized to align sequences from 

each participant with the wild type nucleotide sequence. This was to confirm the amplified region 

was exon 19 from BRCA1, as shown in Figure 4.3 below. 

 

 
 

Figure 4.3 Nucleotide BLAST (https://blast.ncbi.nlm.nih.gov/Blast.cgi) results confirming exon 

19 from a 24-year-old patient (sample 55). Query is the wild-type sequence.  
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Three of the samples of sequenced amplicon DNA from one 24-year-old (sample 55), one 32-year-

old (sample 60) and one 50-year-old (sample 56) participant were found to carry mutations of 

biological significance. Nucleotide sequences from these were converted into amino acid 

sequences and compared to the consensus wild type protein sequence as shown below in Figure 

4.4: 

 
WT:  
CATGATTTTGAAGTCAGAGGAGATGTGGTCAATGGAAGAAACCACCAAGGTCCAAAGCGAGCAAGAGAATCCCAGGACAGAAAG 
 
WT:      -H--D--F--E--V--R--G--D--V--V--N--G--R--N--H--Q--G--P--K--R--A--R--E--S--Q--
D--R--K- 

24 yo ♀: 
CATGATTTGGAAGTCAGAGGAGATCTGGACAATGGGAGAAGCCCCCAAGGGACATACAGAGCATGGCAATCCCAGGTCAGAAAG 
 
24 yo ♀: -H--D--L--E--V--R--G--D--L--D--N--G--R--S--P--Q--G--T--Y--R--A--W--Q--S--Q--
V--R--K- 

32 yo ♀: 
CATGATTTTGAAGTCAGAGGAGATGTGGTCGATGGAAGAAACCACGACGGCCTATAGTGAGCAAGAGAATCCCAGGACAGAAAG 

32 yo ♀: -H--D--F--E--V--R--G--D--V--V--D--G--R--N--H--D--G--L-Stop- 

50 yo ♀: 
CATGATTTTTAAGTCAGAGGTGGTGTGGACAATGTGAGTAGCCCCCAAGGTCCAAAGAGATCAAGAGAATCCCAGGACAGAAAG 
 
50 yo ♀: -H--D--F--Stop- 

 

Figure 4.4 Wild type nucleotide and amino acid sequences of exon 19 of BRCA1 and mutated 

nucleotide and amino acid sequences of a 24-year-old patient (sample 55), a 32-year-old patient 

(sample 60) and a 50-year-old patient (sample 56). Codons with mutations are highlighted and 

nucleotide changes are bold and underlined. Amino acid substitutions are black in color. Only 

the region of interest (exon 19) is shown in the image. 

Three-dimensional protein structure models were then obtained using SWISS-MODEL (figure 

4.5). Results were used to infer structural changes that arose from the putative changes at 

nucleotide or gross protein level. 
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WT 24 yo ♀  
QMEAN Score:0.23 QMEAN Score: 0.75  

  

 

32 yo ♀   
QMEAN Score: 0.77 50 yo ♀  

 QMEAN Score: 0.80  
   

 

Figure 4.5 Three-dimensional protein structure models in the same orientation, obtained by the 

author using SWISS-MODEL (as detailed in section 3.6.2), of the wild type BRCA1 protein and 

mutated proteins of a 24-year-old patient (sample 55), a 32-year-old patient (sample 60) and a 

50-year-old patient (sample 56), respectively. The assumption was that all other exons of mutant 

BRCA1, if translated, remained the same. QMEAN z-scores around zero indicated good 

agreement between the model structure and experimental structures of similar size. 
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4.5 VARIANT ANALYSIS 
 

The clinical significance of identified mutations was assessed based on information from a major 

BRCA1 database, ClinVar. Results were used to infer functional changes, if any and a summary 

of all mutations leading to amino acid substitutions were recorded in table 4.2. 

 

Table 4.2 Summary of eleven identified mutations from three out of ten analyzed samples, their 

associated pathogenicity and functional classification based on reference data from ClinVar. Rows 

containing mutations with a functional classification of ‘loss of function’ are highlighted in grey. 

Unc. Sig.= Uncertain Significance, NP= Not Provided (based on literature), Het.= Heterozygous, 

Homo.= Homozygous, F- effect= Functional effect, Funct.= Functional, LOF= Loss of function, 

Inter.= Intermediate, F- score= Functional score. SGE function score ranges for classification are 

as follows: functional = score > -0.748; intermediate = -0.748 > score > -1.328 and non-functional 

= score < -1.328 (National Center for Biotechnology Information. ClinVar archive; 

[VCV000865201.5], 2022) 

 

Age Nucleotide Protein Consequen
-ce 

ClinVar 
Interpr-
etation 

Allele 
Status 

F- 
effect 

F- 
score 

24 yo 
♀(Sa
mple	
55)	

NM_007298.3:
c.1890T>G 

NP_009229.
2:p. 

Phe630Leu 
missense Unc. Sig. Het. LOF -1.87 

24 yo 
♀ 

NM_007298.3:
c.1906G>C 

NP_009229.
2:p. 

Val636Leu 
missense NP Het. Funct. -0.06 

24 yo 
♀ 

NM_007298.3:
c.1910T>A 

NP_009229.
2:p. 

Val637Asp 
missense NP Het. LOF -1.91 

24 yo 
♀ 

NM_007298.3:
c.1931A>G 

NP_009229.
2:p. 

Asn641Ser 
missense Unc. Sig. Het. Funct. 0.2 
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24 yo 
♀ 

NM_007298.3:
c.1925A>C 

NP_009229.
2:p. 

His642Pro 
missense Unc. Sig. Het. LOF -2.57 

24 yo 
♀ 

NM_007298.3:
c.1933C>A 

NP_009229.
2:p. 

Pro645Thr 
missense Unc. Sig. Het. Funct. -0.65 

24 yo 
♀ 

NM_007298.3:
c.1948G>C 

NP_009229.
2:p. 

Glu650Gln 
missense Unc. Sig. Het. Funct. 0.02 

32 yo 
♀(Sa
mple	
60)	

NM_007298.3:
c.1912A>G 

NP_009229.
2:p. 

Asn638Asp 
missense Unc. Sig. Homo. Inter. -0.75 

32 yo 
♀ 

NM_007298.3:
c.1934C>T 

NP_009229.
2:p. 

Pro645Leu 
missense Unc. Sig. Het. LOF -2.09 

32 yo 
♀ 

NM_007298.3:
c.1936A>T 

NP_009229.
2:p. 

Lys646Ter 
nonsense Pathogenic Het. LOF -2.37 

50 yo 
♀(Sa
mple	
56)	

NM_007298.3:
c.1891G>T 

NP_009229.
2:p. 

Glu631Ter 
nonsense NP Het. LOF -2.51 

 
 
4.6 SAMPLE DEMOGRAPHICS AND STATISTICAL ANALYSIS 
 

Sample demographics for this study consisted of patients diagnosed with breast cancer at the age 

of ≤50 years irrespective of family history of breast and/or ovarian cancer. All recruited 

participants were ethnically black females that were located in Lusaka. Ten participants were 

selected randomly for sequencing and were representative of the following age groups: 21-30 

years, 31-40 years and 41-50 years. Table 4.3 shows sample demographics like age, sex, ethnicity 

and demographic location for the sequenced participants. The age range was from 20 to 50 years 

old.  
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Table 4.3 Details of participants from whom genomic DNA samples were sequenced. 

 

Sample 
No 

A260/ 
A280 Sex Ethnicity Geographic 

Location 
Age 

(years) 

Age 
Group 
(years) 

Age Group 
Total 

55 1.83 Female Black Lusaka 24 21-30 1 
63 1.81 Female Black Lusaka 31 

31-40 4 
60 1.86 Female Black Lusaka 32 
26 1.82 Female Black Lusaka 35 
19 1.81 Female Black Lusaka 40 
16 1.89 Female Black Lusaka 41 

41-50 5 
62 1.86 Female Black Lusaka 43 
41 1.80 Female Black Lusaka 48 
65 1.88 Female Black Lusaka 49 
56 1.85 Female Black Lusaka 50 
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CHAPTER FIVE 

 

DISCUSSION 
 

5.0 OVERVIEW 
 

This chapter discusses the research findings of this study in accordance with research objectives. 

 

5.1 CLINICAL SIGNIFICANCE OF IDENTIFIED MUTATIONS 
 

PCR amplicons of genomic DNA samples were sequenced with both forward and reverse primers 

and in the total sequenced study population (n= 10), Eleven (11) mutations were identified in 3 

patients: a 24-year-old patient (sample 55), a 32-year-old patient (sample 60) and a 50-year-old 

patient (sample 56) (Table 4.2). Six heterozygous mutations leading to a loss of function of 

BRCA1 were identified in ClinVar, a web-based archive (https://www.ncbi.nlm.nih.gov/clinvar) 

(Table 4.2). Of the six loss of function mutations, four were missense mutations and two were 

nonsense mutations.  

 

The 24-year-old female breast cancer patient had three of the four heterozygous missense 

mutations. The mutations in this particular case led to a substitution of thymine (T) for guanine 

(G) at position 1890. This changed the codon at 630 from TTT to TTG (TTT®TTG) and resulted 

in the replacement of phenylalanine by leucine (F630L) and substitution of nucleotide adenine (A) 

with cytosine (C) at position 1925 changed the codon at 642 from CAC®CCC which resulted in 

the replacement of histidine by proline (H642P). For this mutation, loss of the positive charge of 

histidine had the potential to contribute to the loss of function of BRCA1. All these missense 

variants were interpreted as having uncertain significance in ClinVar meaning the criteria for the 

variant to be labeled as pathogenic, likely pathogenic, benign and likely benign were not met or 

were contradictory (Richards et al., 2015). The third missense variant at position 1910 caused a 

transversion mutation whereby the nucleotide thymine was changed to adenine resulting in the 

change of codon 637 from GTC®GAC.  This resulted in the replacement of valine by aspartic 

acid (V637D). The interpretation of this missense variant was not provided in ClinVar meaning 



 36 

the mutation was only provided in literature, research submissions, and phenotyping only 

submissions from clinics or physicians which did not lead to the interpterion of the clinical 

significance of this variant (https://www.ncbi.nlm.nih.gov/clinvar). 

 

The 32-year-old female breast cancer patient had one heterozygous missense mutation in which 

substitution of nucleotide cytosine with thymine at position 1934 changed the codon at 645 from 

CCA®CTA. This resulted in the replacement of proline by leucine (P645L). This missense variant 

was interpreted as having uncertain significance in ClinVar meaning the criteria for the variant to 

be labeled as pathogenic, likely pathogenic, benign and likely benign were not met or were 

contradictory (Richards et al., 2015). A heterozygous nonsense mutation at position 1936 in which 

the substitution of nucleotide adenine with thymine changed codon 646 from AAG®TAG 

resulting in the replacement of lysine with a stop codon (K646Stop/Ter), was identified in this 

patient. This nonsense variant was interpreted as pathogenic and correlated with cancer 

development in the ClinVar archive. The 50-year-old female breast cancer patient had one 

heterozygous nonsense mutation. The substitution of nucleotide guanine with thymine at position 

1891 changed codon 631 from GAAàTAA. This resulted in the replacement of glutamic acid by 

a stop codon (E631Stop/Ter). This nonsense mutation could contribute to loss of function of 

BRCA1 due to the loss of a huge part of the protein, however, the interpretation of this nonsense 

variant was not provided in the ClinVar archive. 

 

All the loss of function variants were specifically associated to Breast-ovarian cancer, familial, 

susceptibility to, 1 i.e., BROVCA1 (Online Mendelian Inheritance in Man (OMIM) #604370). 

Characteristic clinical features of BROVCA1 are familial breast cancer, younger age at diagnosis 

and frequent bilateral disease (Online Mendelian Inheritance in Man, 2022). BRCA1- and BRCA2-

associated hereditary breast and ovarian cancer (HBOC) have been characterized by an increased 

risk for female and male breast cancer, ovarian cancer (including fallopian tube and primary 

peritoneal cancers), and to a lesser extent other cancers such as prostate cancer, pancreatic cancer, 

and melanoma primarily in individuals with a BRCA2 pathogenic variant (Petrucelli, Daly and Pal, 

1998). The diagnosis of BRCA1- and BRCA2-associated HBOC is established in a proband by 

identification of a heterozygous germline pathogenic variant in BRCA1 or BRCA2 on molecular 

genetic testing (Petrucelli, Daly and Pal, 1998). Genetic testing would therefore provide useful 
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information on the risk of inheriting BRCA1- and BRCA2-associated HBOC in female BC patients 

from Zambia. 

 

5.2 STRUCTURAL AND FUNCTIONAL EFFECTS OF IDENTIFIED MUTATIONS 
 

The particular BRCA1 isoform (P38398-3) of interest to this study was a 759 amino acid protein. 

Exon 19 codes for part of the BRCT domain for this isoform. As depicted in figure 4.5, mutations 

in this region have the potential to affect the three-dimensional folding of the entire protein 

structure. The presence of a nonsense mutation in the 32-year-old patient and the 50-year-old 

patient greatly affected the structure of the BRCA1 protein because the presence of a premature 

stop codon resulted in an incomplete protein that was shorter than the wild type (Figure 4.5). The 

loss of a significant portion of the amino acids that maintained the secondary structure of the 

BRCA1 protein by forming hydrogen bonds, made it difficult for the two shorter proteins to fold 

correctly i.e., forming β sheets and α helices. This is particularly evident in the 32-year-old patient 

because the α helices are clearly misfolded and incomplete. This correlates with ClinVar’s 

functional consequence for the pathogenic variant of loss of function or functionally abnormal i.e., 

a sequence variant in which the function of a gene product is altered with respect to a reference 

(Eilbeck et al., 2005). 

 

Saturation genome editing (SGE) is a CRISPR/Cas9-based method to functionally test the effects 

of large numbers of variants in their native genomic context (Findlay et al., 2014). SGE function 

score ranges for classification are as follows: functional = score > -0.748; intermediate = -0.748 > 

score > -1.328 and non-functional = score < -1.328 (National Center for Biotechnology 

Information. ClinVar archive; [VCV000865201.5], 2022). SGE function score ranges for all 

identified mutations, with a corresponding functional consequence of loss of function, were < -

1.328 (Table 4.2). In particular, the SGE assay for the nonsense variant (c.1936A®T) for the 32-

year-old patient produced a function score of -2.37 (National Center for Biotechnology 

Information. ClinVar archive; [VCV000865201.5], 2022). This sequence change apparently 

created a premature translational stop signal (K646Stop/Ter) in the BRCA1 gene, and a disrupted 

protein product was produced as shown in figure 4.5. When criteria for pathogenicity is met, loss 

of function variants in BRCA1 are known to be pathogenic (PMID: 20104584) and for these 
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reasons, this variant was classified as pathogenic or disease-causing (National Center for 

Biotechnology Information. ClinVar archive; [VCV000865201.5], 2022). ClinVar utilizes 

information curated by clinicians, statisticians and other major world databases to assign 

pathogenicity to a variant. Though most nonsense mutations are deleterious, they are not all 

associated with disease. According to ClinVar, it is important to consider the differences between 

implicating a variant as pathogenic (i.e., causative) for a disease, and a variant that may be 

predicted to be disruptive/damaging to the protein for which it codes but is not necessarily 

implicated in a disease (Richards et al., 2015). Therefore, variants could only be interpreted as 

pathogenic if all criteria for pathogenicity were met (Richards et al., 2015).  

 

ClinVar lists various mutations in exon 19 such as V1736G, R1737Stop/Ter, G1748D etc., which 

have all been identified as pathogenic and shown to influence the structure and function of BRCA1 

based on SGE scores (https://www.ncbi.nlm.nih.gov/clinvar/).  Disruptions to the BRCA1 linker 

region, i.e., exon 19, caused by these mutations and those identified in this study greatly impact: 

(i) transcriptional regulation due to changes in affinity of BRCA1 for its interacting partners (ii) 

cell cycle checkpoint activation through the loss of amino acids that are essential for the formation 

of hydrogen bonds that lead to protein complex formation and ubiquitination of cell-cycle proteins 

tagging them for proteasomal degradation and, (iii) DNA repair through the gain or loss of charges 

that play a crucial role in BRCA1 folding thereby affecting its ability to recruit and specifically 

interact with proteins like RAD51 and PALB2 (Cunningham et al., 2022; Billing et al., 2018; 

Coquelle, Green and Glover, 2011).  

 
5.3 STATISTICAL FINDINGS 
 

Based on an unpaired two-tailed student’s t-test and the specific sample size evaluated in this 

study, the null hypothesis, previously described in Chapter one section 1.6 for this study, was 

rejected meaning that there was a significant association between the age of a BC patient and the 

number of mutations in exon 19 leading to a loss of function of BRCA1 (P= 0.04). However, 

further studies are clearly necessary to explore how mutations in the entire BRCA1 gene affect 

disease presentation in the female BC population from Zambia.  Data in this study is not enough 

to suggest a significant association between age of a BC patient and the number of mutations in 
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exon 19 leading to a loss of function of BRCA1 in the entire population of BC patients evaluated 

at Matero level one hospital. The limited size of this study makes it difficult to draw firm 

conclusions about the contribution of single nucleotide mutations to disease presentation in the 

entire Zambian female BC population too. Therefore, a study with a larger sample size that 

appropriately represents this population is highly recommended. 
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CHAPTER SIX 

 

CONCLUSIONS AND RECOMMENDATIONS 
 

6.0 OVERVIEW 
 

This chapter reports on the conclusions drawn from the study and recommendations based on 

results obtained. 

 

6.1 CONCLUSIONS 
 

This pilot study was the first of its kind to experimentally investigate and generate genetic data 

from samples of female breast cancer patients from Matero level one hospital. The goal was to 

investigate the use of molecular methods to characterize single nucleotide variants that may be 

present in part of the BRCT region (i.e., exon 19) in a selected population of patients evaluated at 

Matero level one hospital. The results presented herein are particularly relevant for the potential 

incorporation of molecular testing in the population of female BC patients in Zambia, through the 

coupling of diagnosis and screening in a previously under-researched group. The integration of 

genomic medicine into BC care has tremendous potential to improve the outcomes and survival of 

diagnosed patients in low- and middle-income countries (LMICs) like Zambia because resources 

can be better allocated, and treatment options can be assigned to patients according to necessity. 

The finding of missense and nonsense mutations in the sample size tested has the potential to alter 

treatment decisions; for example, women with pathogenic mutations in BRCA1 associated with 

HBOC could consider obtaining a family history thereby increasing the likelihood of molecular 

testing for their entire family. Relatives of an individual who has a BRCA1 pathogenic variant 

could be counseled regarding their risk of having inherited the same variant, their possible cancer 

risk, recommendations for screening and their options for molecular genetic testing.  

 

In situations where chemotherapy or mammography options are limited, personalized medicine 

through the use of genomic information can have the greatest financial impact. Our results have 

highlighted the possible contributions of BRCA1 single nucleotide variants to the structure and 
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function of the protein as a tumor suppressor in Zambian female BC patients and it has also 

highlighted how results from genomic tests can be incorporated into the decisions physicians make 

concerning BC treatment strategies. The Sanger sequencing approach utilized in this study shows 

great promise for BRCA1 screening in developing countries like Zambia. To the best of our 

knowledge, the current study is the first study for molecular BRCA1 testing in BC patients 

irrespective of family history of breast and/or ovarian cancer.  

 

6.2 RECOMMENDATIONS 
 

The findings from this study will contribute to efforts currently underway to evaluate genetic data 

from young female BC patients in Zambia. Based on study findings, the following 

recommendations are hereby being made: 

 

i. A study focusing on exon 19 with a larger sample size that appropriately represents this 

population is highly recommended. The limited size of this study made it difficult to draw 

firm conclusions and to extrapolate on the impact of the contributions of single nucleotide 

mutations to HBOC in the entire Zambian female BC population. 

 

ii. It is crucial to further explore the other possible BRCA1 gene mutations (insertions, 

deletions, [indels], duplications) in exon 19 and other regions of the gene which could 

adversely impact BRCA1. This might lead to new insights that could not be gained from 

this study which mainly focused on characterizing single nucleotide variants present in 

exon 19 of the gene.  

 

iii. In Zambia, the prevalence of BRCA1 mutations is yet to be well defined, which adds further 

challenge in tailoring a gene screening panel and international guidelines to the national 

context. The BRCA1 gene is very large, therefore, looking at next-generation sequencing 

(NGS) data will allow its complete evaluation which may provide useful information that 

may aid in the implementation of genetic screening panels, genetic testing, and subsequent 

genetic counseling of BC patients from Zambia. 
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iv. Further, a study on the impact of implementing molecular genetic testing of young female 

BC patients in Zambia, following the western recommendations, is highly encouraged. In 

order to successfully utilize this powerful technology in LMICs, this will require well-

trained teams for genetic testing and counseling experts, proper implementation and 

community education. 

 

v. Until recently, scientists thought BCs were mainly caused by changes in DNA sequence, 

which was a major focus of this research project. However, epigenetic processes are 

increasingly being implicated in gene dysregulation in BCs thereby contributing to the 

disease phenotype. A study exploring the possible epigenetic changes in female BC 

patients from Zambia is also being recommended.  
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APPENDIX III: FORWARD AND REVERSE SEQUENCES FOR SAMPLES 
ANALYZED.  
 
DS16 
>DS16_Forward 
CGGAATTGGGGTTCACAAAGGGTGGTGGGATTTCACCTGGGGGCTTGTGTGGAGGAAATGATGT
GACTTTGTGCCCCCGCCATGGAGGCCTGGTTTAGAAGATATCGCATGGCTGAAAGGTCCATGTC
CTTACGTCTTGTGACGAACATCTCACCACATGTCTCTGTGTTCCACTCCCCTTTTCAGAGATGG
GCCGCTTTGTTTTGTAGAAATTATTTCTTACAAAAACAGGGCTAGATACTTTCACACAGAGACG
TTTATCACTTTTCCATCCCTGCTGCAAAAATTAGCAATGGATCTGCTGTATTGCTGATGGAACT
AAGAGACCTAGAGAGGCTGGGTAATATGGACTCCCAAGGAGGATCTGCCCATCAAGTACAGAGT
CTGGCCACTTTTCTGAAGGGCTGCTGTGTAATTTGGATTCCCAACAGA 
 
>DS16_Reverse 
GTTACTGATACTATATCGACGCGGCTCTGCATAATGTAGGTGGGACGCTCCACACAAATGGAAC
TTGTGACAACGATCTAGCAGTGAGTATGTTGAAATAAGTGGAACAATATGAAGCGGCCTTCTCT
GCCTGCCTTAGGGAATATTGCCCTTGGGTCGACATTTTATTTATCATGAGGGAGAAGGCCTTAC
CTGTCTGATCTAGCTCTGTCACGCTCTGCTTGTGCCTTGGGTGCTGCTTACACTATGCGATCTC
CTCCGAATCACACTTCATGACGAAACAAACCAATCGCAACCCTTCATTGTGAGAGAAGGACAAG
CTCCCCTTCCGGGAAGGAGAACAGACAGGGATTACAAACTCACATGTCTCTGGGATGGAGCACC
CAGGAGACAAGCAAAGTGGTGGAGCAGACACGTCATATA 
 
DS19 
>DS19_Forward 
CCATATATCACTAGACATGATTGTGTATTGGTCTCACTGCGCAATCTTGTCCAAAAAAGAGGGT
TTTGACCATGGGACCAAGCCACGGTTCTCTGACTTGCGATGACTATTGCCGGATGGGAAGACCC
TGCGCCCTATGGCTTTGCTCAATATTCTCACCACCTCACTCTGTTTGCCCTACACTTATGGACA
TGAGGCGCTTTGCTCTGTAGAAATTTTAACATACGAAAACACGGCTAGATCCCATCACACGGGG
TCTTTTATCGGATTTCCTTCCCTCCTACAAGATTTGGCCATAGAATTGCTGAATGGATACTGAA
TTATGACACCTAGGGTGGGCTTGTAATATACACTCCCAAGGAGGATCTGCCCATCAAGTACAGA
GTCTGGCCACTTTTCTGAAGGGCTGCTGTGTAATTTGGATTCCCA 
 
>DS19_Reverse 
AAGGATCTCTGCTACTTGCATGAGGCTCTTCTGATATATGTGTGTGTGATGGAACCCTCAACAA
TGGTTAGTGGGCTGTATCTATCACAGGGTATGTGGACATAAGTTTTGGAAATGAGAGGCCTTTC
TTGTCTCGCTAGGGGAGTACTGACCTTGGTTCGACATATAAGATATCTCGGAGCCGGAAGCCCT
ACATTTCTTATAAGCGACTCCCTTGCTCTGTATGTGACTCGGGGACAACTTCCTTCGTCTCCCT
CTGGTCCCGCACCAACTCCATGACGAATCAACCCAAAAGCAACCCTTCAGGGTAACAGAAAGAC
AAACCCTCCTTCCTGGAACGGTAACACAGACTGCTTGTAAACTCACATGTCTCTGGGATGGAGC
ACCCAGGAGACAAGCAAAGTGGTGGAGCAGACACGTCATAA 
 
DS26 
>DS26_Forward 
CGGGGCTCACCGACATCGTTAGGTACGGATCACTCCTTGCAATCGTGCCCAGGATGAATGGTTG
TGGCTGAGGGACCAAACCACGGTTGCCTGTCGGGGATGAGCCTCGCAGGGCGGGAGGAACCTGC
TCCCTATCTATTGTGACGATCTTCTCACCACCTGAATCTGATCTCCTCTCCACTTATGGACGGA
CCCTCTTTGTTCTCTAGAAATATCTACTTACGAAAACAAGGCTAGATCCCTGCACACGGAGTGT
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TTTATAGGATTTCCTTCCCTCCTGCAAGCTCAGTTCAAGGATCAGCTTTATGACTGCTGAATTG
ATAACACCAATGGTGGGCTTGCAATATACACTCGCAAGGAGGATCTGCCCATCAAGTACAGAGT
CTGGCCACTTTTCTGAAGGGCTGCTGTGTAATTTGGATTCA 
 
>DS26_Reverse 
GATCTAGGTACACTGCAGCGGCACTACCTCCTGATCTAGGGTCTCGATGCAACCCACCACTGGA
GTCTGTGGGATAGTGCTCACAGAGTGTACGCGGTCATAAGTGCAGGAAAAGTGAAGTCCCGTCT
TGACAGCTATAGGGAGATCTGCCCTTGCTATCGTCATAATAGTTAACTTGAGGGCGGAGACTTT
ACCTGTCAGATCAGGACCTCCCATGCTCAGTTTGTGACCCAAGGAACAACCCCATTCGTCTAAC
TCACGTACCACATCCACTCCACTCCTCAACACCCCAAACGCAACCCTGGATTGTAACAGAAACA
GAAACCCTCCTTCCTGGAACGGTAACACAGACTGATTGCAAACTCACATGTCTCTGGGATGGAG
CACCCAGGAGACAAGCAAAGTGGTGGAGCAGACACGTCATATA 
 
DS41 
>DS41_Forward 
ATGGGGTTGATCCCAGACATCGTGTACATGCCGATTAGTTAGTGTAGTCCGCCCACGAGAGAGT
GCGGTGCTATCCAACGAAAGAGGGCTACCCTGTCTGGTGATCTGTATAGCCGGACGGGTGTAAC
GTGTACGAGCACGATTGTCTAGTTCTTCGGATCCCCCCCATCTTATTGTACGTGCCGATATGGC
ACTAAAGGACATCGCTCCCTCGATATATATACTTACGTACATAAGGGAATACAACATCACACTC
ACTGTATTTAAGGACTTCCATTGCTCCTGCTAAATCTGTACAAGCATTAGCTTAGTGACTTCTG
GCTTGATAATACCAATGGAGGCTTGGCTATAGACATAGCCAAGGAGGATCTGCCCATCAAGTAC
AGAGTCTGGCCACTTTTCTGAAGGGCTGCTGTGTAATTTGGATTCCCA 
 
>Ds41_Reverse 
GAACTCTGATACTTGATGAGGCAGATCCGACTAGACTGTGTGTCTAGCATCCCACCACTGGAGC
TATATGGCAATAATCATCGACTGTGTCTGTGGATATAACTTTAGGTTGTATGAAATCCTTTCAG
CCACTGTCATTGGGTGGCACTGCCCTTTCTATCCTAGCAAAAGACAACACGTATGCAAAAGCTG
GACGTGTCTTATCTACACCTCCCTAAGGTGTTGGGACTTAAAGAACAAGTCACTCCATGTGACG
CTGGTACCGCTTAAACTCCACTGCTCATGACACCTCCGAGAACTATGCCTTGAGACAACAGCAC
AGACCCTCCATCCTAGGCCGGTAGCACTGACTGATTGTAAACTCACATGTCTCTGGGATGGAGC
ACCCAGGAGACAAGCAAAGTGGTGGAGCAGACACGTCATAA 
 
DS55 
>DS55_Forward 
 
ATCGTGGTTCTTATCCTGATGGGTGGCGTTTGGTCTCTTACACTATGCTTTTGCGCTAAGAGGA
GATGGTGTTGATCGAAGAAACCACCAAGGTCCGAAGTGAGCAAGAGAATCCCAGGATGGAAAGG
TAATGCTCCCTCTCGCATGTTGACGAAAATTTGACCCACTCACTCTGTGTTCCTCTCCACTTTG
CAGAGATGGGGCGCTTCGTTTTGACAAACTTATTACTTACGTTCACAAGGCTAGATACTTTCAC
ACGCGTACTTAGATCGCATTTCCATCCCTACCGGATAAATAAGTATTGGCTCTGCTGTATGAAT
GATGAAACTAAGACATCTAGAGAGGGCTTGTAATATGGACTCCCAAGGAGGATCTGCCCATCAA
GTACAGAGTCTGGCCACTTTTCTGAAGGGCTGCTGTGTAATTTGGATTCCCA 
 
>DS55_Reverse 
AGGGGGGCATATCATTCATAATTGCATAGACAATACTTATTTATGTGGTACTGATGGAAGAGAG
CAAAGAGAACCTGAGTGAAAGTATCTACCACAAGTTATGTAGGAAATCGCTCTAACGAACTGAA
TAGGCCCGTCTAGACCACGCGGAGTGGGATACATAGTGTTGCTTCCAGACTTTAGTCAACTTGA
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GGGAGGGAGCTTTACCTTTCTGACCTGGGATTGCCATGCTCTGTATGTCCCTTGGGGGCTTCTC
CCATTGTCCAGATCTCCTCTGACTTCCAAATCATGCTGAAAGAAACCTAACGCAACCCTGCATG
ATGCGAGAAAGACAAACTTCCTTCAATGGAAGTGGAACACACACGGAATATAAACTCACATGTC
TCTGGGATGGAGCACCCAGGAGACAAGCAAAGTGGTGGAGCAGACACGTCATAA 
 
DS56 
>DS56_Forward 
CCCTATAATACCCAGATATGGTTGTGTTTGGTCTCTCTCAGCATGATTTTGAAGTAAGAGGAGA
TTGGATTAAGCAAAGGCACCACCAAGGTTCAAGACGAGAAGAGAATCGCCTGGCGTAAAGGTCA
AGCTCCCGCCGTCATAATGTTGATCAACTCACCCCATGTATCTGAATTCCACTCCACTTTGCAG
CGATGGGCGACATCATTCTGAAGAAATTATAAATGAGGTACACAGGGCTAGATACTTGCACAGA
GATTGGATTTACACTCTTCCTGCGCAACCAGATACATTATCAATGGAACTGCTTTGTGAATGAT
AACTCTAAAAGATTTAGAGAGGGTGGGCTATTGGGATTCCCCAGGAGGATCTGCCCATCAAGTA
CAGAGTCTGGCCACTTTTCTGAAGGGCTGCTGTGTAATTTGGATTCCCA 
 
>DS56_Reverse 
TTATCTTTTGCTACTTGTTTGAGACAGTACCTACTGATGTGGTACTGATGCAAGAGTGAAAAGA
GAGTTAGTGTGCAAGTATCTATCACTAGGTACTTTGTCATAAGTCTAACAAACAGAAGCAGCCC
ATCACTGCAACGGGTTGTGGAATATATAGCGGTGGATCGAGACTTTAGTCATCTTGAGGGAGAA
AGCTTTACCTTTCTGTCCTGGGATTCTCTTGATCTCTTTGGACCTTGGGGGCTACTCACATTGT
CCACACCACCTCTGACTTAAAAATCATGCTGAAAGAAACCAATCGCAACCCATCATGGTAACAG
AAAGACAAACTTCCTTCAATGGAACTGGAACACACACGGAATACAAACTCACATGTCTCTGGGA
TGGAGCACCCAGGAGACAAGCAAAGTGGTGGAGCAGACACGTCATATAC 
 
DS60 
>DS60_Forward   
ACCTGGTCTCTTATCCTGATGGGTTGTGTTTGGTTTCTTTCAGCATGATTTTGAAGTCAGAGGA
GATGTGGTCGATGGAAGAAACCACGACGGCCTATAGTGAGCAAGAGAATCCCAGGACAGAAAGG
TAAAGCTCCCTCCCTCAAGTTGACAAAAATCTCACCCCACCACTCTGTATTCCACTCCCCTTTG
CAGAGATGGGCCGCTTCATTTTGTAAGACTTATTTCATACATACACAGTGCTAGATACTTTCAC
ACAGGTTCTTTTTTCACTCTTCCATCCCAACCACATAAATAAGTATTGTCTCTACTTTATGAAT
GATAAAACTAAGAGATTTAGAGAGGCTGTGTAATTTGGATTCCCAAGGAGGATCTGCCCATCAA
GTACAGAGTCTGGCCACTTTTCTGAAGGGCTGCTGTGTAATTTGGATTCCCACGGACT 
 
>DS60_Reverse 
TCGTGTCTTATCATTGCTAAAGTAGAGACGATACTTATTTATGTGGTTGGGATGGAATAGTCAG
CAATGAACCTGTGTGCAAGTATCTAGGACTGTGTATGTATGAAGTAATTCTTACAAAATGAAGC
GGCCCGTCTCTGCAAATGGGAGTGGAATACAGACTGGTGGGGCGTGATTTTAGTTAACTTGAGG
GAGGGAGCCCTACATTTCATTCCTGGGATTCTCTTGCTCGGTTTGTACCTTGGGGGTTGGTTAC
ATCGACCACATCTCCTCTGACTTCAAAATCATGATGAAACAAACCAAAAGCAACCCTTGTGGAG
AAGAGAAAGACAAGCTTCCCTCAATGGGAGTGGAGCACAGACGTCATATAAACTCACATGTCTC
TGGGATGGAGCACCCAGGAGACAAGCAAAGTGGTGGAGCAGACACGTCATATAAAGCTGTTC 
 
DS62 
>DS62_Forward 
TCTTCGTTATACCTAGATATGGTTGTGTTTCGGTTTCATAGTGCATGCTGTTCGAAGAAGAGGG
GATGGGGTCAAGGGACCAAACCACCGAGCCCCGATCTGGCCATGAGAATCGCAGGATGGGAAGG
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AAAAGTTGCCTACCTCTTTTCTCATTCATCGCACCCCACGACTCTGAATGGCAGTCCCTTTTGG
AGAGATTAGGGGCTTCGTTTTGTAAAACTTATTACTTACAATCACAGGGCTAGATACTTTCACA
CAGATTGTTTTATCACTCTTCCTTCCCAACCGCATAAATTATCAATGGAACTGCTTTATGAATG
ATAACTCTAAGAGATTTAGAGTGGGTGGGCTATATAGATTCCCCAGGAGGATCTGCCCATCAAG
TACAGAGTCTGGCCACTTTTCTGAAGGGCTGCTGTGTAATTTGGATTCCCA 
 
>DS62_Reverse 
GTGGGGCATACTCTGATACTTGATGAGACAGTACTTACTGGTCTAGGTGTTATGGAAGCCTCAG
ATGAGAACCAGTGTGAAGGTTCTATCACTGTGTATGTTGTAATAGCTCTTACGAAATGAAGCGG
CCCATCTCTGCCTAGGGGTATGGAATACATGGCCGTGGGGCGACATATGTGTCATCTTGAGGGA
GGGAACTTTACGTTCCTGTCCAGGACTTCTCTTGAGCGCTTTGGACCTCGGTGGCTACTCCCAT
TGTCCACACCACCTATGACTTACAAATCATGATGAATCAAACCACACGGAACCCAGCATTGTAA
CAGAAAGACAAACTCCCTTCCCTGGAACTGGAACACACACGGATTACAAACTCACATGTCTCTG
GGATGGAGCACCCAGGAGACAAGCAAAGTGGTGGAGCAGACACGTCATATAA 
 
DS63 
>DS63_Forward 
TTCTCTTCCACTACACAGGGTGGTTTATCGATCACTCTCTACAATCTTGCCCAAGATGAATAGA
TTGGGCTGTTCGACCAAACCAGGGAGCTCCGAACGAGAGGCGGTCCCATTGCGTATGTTACATG
TTCGCGCCGGATTGGGACGAACTTCTCACCACCTGACTACGAATGCACTCCCCTTATGGACTGG
GCGTCACTACTTTCGAGAAATATTTACTTACATTAGCAAGGGCAGATACCATCACACAGGGAGT
TTTTACGGTTTTCCTTCCCTCCTGCAAGATCTGTCCAAGGATCTACTGAATGACTGATGAATTG
ATAACACCTATGGTGGGCTTGTAATATACACTCGCAAGGAGGATCTGCCCATCAAGTACAGAGT
CTGGCCACTTTTCTGAAGGGCTGCTGTGTAATTTGGATTCCCG 
 
>DS63_Reverse 
TATAACTCTGATACTTGATGGGCAGTATCCTACTGACCTATTTGTCTAGGTGCCCAGCACAGGA
GCTATATATGAAAGATCTCTCCTGTGTACGTGGAATAGCTTTTACGAAATGAGAAAGCCTTTCC
TGTCTGCTAGATGGAATACTTGCCTAGGAGGCACATAATAGTTAACTCGGGGCCGAAAACTCTA
CCTGTCTGATCTGCGCCTCCATTGATGTCTTTCTGACCAAAGGGGCTTCTCAATTCATCTACCT
CTGGGCCCACACCCACTCCGTTACGAATCACCCCTCAAGCAACCCTGGATGATGACAAAAGCAC
AAACCCTCCTTCCTGGAACGGTAACACAGACTGCTTGTTAACTCACATGTCTCTGGGATGGAGC
ACCCAGGAGACAAGCAAAGTGGTGGAGCAGACACGTCATAA 
 
DS65 
>DS65_Forward 
CCTTATACACGCAGGAATGGTGTACGTGGTGATCTCATTCCGCAAGCTTTTCAAGCAGACGAGT
CGGGGCTGTTGGACCACACAACCGTACCCTGTATGAGATGACTATCCTAGGGCGGGAATGACCT
GTGCCCTACCTATAATGACGCTCATCTCACTACCCCCATACGTGTGTCGGCCCTATTTGGAGAA
AAGCACTTTGCTCTCGCGAAAATTTAAATTACATAAACACGGCTATATCCTATCACACGAACTG
TATTTATCCACTTCAATCCCTCCTGCTAGATTGGTACAAAGATTTACTTTGTGACTGCTGAATT
GATAATACCAATAGTGGGCTTGTAATATACACTCCCAAGGAGGATCTGCCCATCAAGTACAGAG
TCTGGCCACTTTTCTGAAGGGCTGCTGTGTAATTTGGATTCCCA 
 
>DS65_Reverse 
AAATCATCTGCTACTATCACATGCAATTCTTACTGTCCTGTGTGTCTAGGCAATACACCAATGG
AGCTTTCTGAGATTGGTATACTCAGTGGGTACGTGTACCTAATTTTTGCAATGTGACGAAGGCC
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CTTTAGGAGAGTGTATGGGGGATAATATCCCTTGCTATCCACATATTATGTATCATGGGGGCCA
GAGCTCTAGACGTCAGATCTGCACGTCCCATGGTCTGTTGGTAACTCAGGGACTGGTCACGTCG
TCTCCCTTCGTCCGATCCCCACTCCGTTACGCATCACCCCTAAAGCAACCCTGCATGATAACCA
AAACACAGACTCTCCTTCCTGGAACGATAACACAGACTGATTGTAAACTCACATGTCTCTGGGA
TGGAGCACCCAGGAGACAAGCAAAGTGGTGGAGCAGACACGTCATAA 
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APPENDIX IV: SAMPLE DEMOGRAPHICS.    
 

Sample No Age Sex Ethnicity Geographic 
Location 

1 36 Female Black Lusaka 
2 31 Female Black Lusaka 
3 46 Female Black Lusaka 
4 28 Female Black Lusaka 
5 44 Female Black Lusaka 
6 45 Female Black Lusaka 
7 36 Female Black Lusaka 
8 50 Female Black Lusaka 
9 50 Female Black Lusaka 
10 37 Female Black Lusaka 
11 47 Female Black Lusaka 
12 42 Female Black Lusaka 
13 37 Female Black Lusaka 
14 41 Female Black Lusaka 
15 43 Female Black Lusaka 
16 41 Female Black Lusaka 
17 50 Female Black Lusaka 
18 33 Female Black Lusaka 
19 40 Female Black Lusaka 
20 38 Female Black Lusaka 
21 38 Female Black Lusaka 
22 35 Female Black Lusaka 
23 47 Female Black Lusaka 
24 45 Female Black Lusaka 
25 37 Female Black Lusaka 
26 35 Female Black Lusaka 
27 39 Female Black Lusaka 
28 37 Female Black Lusaka 
29 43 Female Black Lusaka 
30 48 Female Black Lusaka 
31 50 Female Black Lusaka 
32 30 Female Black Lusaka 
33 41 Female Black Lusaka 
34 43 Female Black Lusaka 
35 37 Female Black Lusaka 
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36 44 Female Black Lusaka 
37 50 Female Black Lusaka 
38 35 Female Black Lusaka 
39 38 Female Black Lusaka 
40 46 Female Black Lusaka 
41 48 Female Black Lusaka 
42 45 Female Black Lusaka 
43 45 Female Black Lusaka 
44 35 Female Black Lusaka 
45 49 Female Black Lusaka 
46 49 Female Black Lusaka 
47 45 Female Black Lusaka 
48 49 Female Black Lusaka 
49 38 Female Black Lusaka 
50 44 Female Black Lusaka 
51 39 Female Black Lusaka 
52 39 Female Black Lusaka 
53 44 Female Black Lusaka 
54 37 Female Black Lusaka 
55 24 Female Black Lusaka 
56 50 Female Black Lusaka 
57 42 Female Black Lusaka 
58 48 Female Black Lusaka 
59 49 Female Black Lusaka 
60 32 Female Black Lusaka 
61 46 Female Black Lusaka 
62 43 Female Black Lusaka 
63 31 Female Black Lusaka 
64 41 Female Black Lusaka 
65 49 Female Black Lusaka 
66 43 Female Black Lusaka 
67 35 Female Black Lusaka 
68 37 Female Black Lusaka 
69 36 Female Black Lusaka 
70 43 Female Black Lusaka 
71 41 Female Black Lusaka 
72 32 Female Black Lusaka 
73 45 Female Black Lusaka 

 


