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                                                          ABSTRACT 

Introduction Retinoic acid-induced protein3 (RAI3) belongs to the family of G-protein 

coupled receptors (GPCRs). It is expressed in normal human tissue and is also likely to 

play an important role in breast cancer cell proliferation although the exact mechanism 

remains unclear. This study of RAI3 was carried out to provide evidence of its expression 

on breast cancer cells as well as normal breast tissues and also to compare its expression in 

breast cancer based on their hormone receptor status.  

Methods Women of all ages visiting the Breast Clinic for the first time following the 

development of a self-detected breast condition, and upon further suspicion by the medical 

doctor through clinical examination were recruited in this research. A total of 100 women 

formed the study population. Tru cut biopsies were performed by surgeons and   ER, PR 

and Her 2 immunohistochemistry was performed on the formalin fixed paraffin embedded 

breast cancer tissues. RAI3 immunohistochemistry was performed on some selected triple 

negative, estrogen receptor positive as well as normal breast tissues. 

Results The mean age was 48.15 with the youngest age being 26 and the oldest age of 78. 

Estrogen receptor positive and triple negative breast tumours accounted for 44.18% and 

43.02% respectively. A total of 36 tissue blocks were analysed for RAI3 expression and 

they showed various expression levels of RAI3.The immunohistochemical staining of 

normal and breast cancer cells with anti RAI3 antibody revealed the presence of RAI3 in 

both the cytoplasm and the cell membrane making it a potential biomarker and a 

therapeutic target. Very low levels were found in normal tissues. Higher expressions of 

RAI3 were found more in triple negative than non-triple negative. The mean 
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immunoreative score (IRS) in TNBC was 6.3 as compared to the entire non-TNBC which 

was 4.2 There was however no significant statistical relationship between RAI3 expression 

and ER (P=0.228) PR (P=0.732) and Her2 (P=0.758) status.  

Conclusion This study confirms the expression of retinoic acid induced protein 3 (RAI3), 

in some selected normal, triple negative, and non-triple negative breast tissues at different 

Intensities. To the best of knowledge of this investigator this is the first analysis of RAI3 

being carried out at the protein level among indigenous black people, albeit involving 

small sample size. There is clearly the need to work on a large cohort of normal breast 

tissues as well as different malignant tissues among indigenous black people and other race 

to better understand the role this protein plays in breast cancer growth and its potential use 

as a biomarker and a novel therapeutic option in the management and treatment of breast 

cancer.  
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CHAPTER ONE 

1.1   Introduction 

Breast cancer is one of the commonest cancer the world over, affecting mainly women, 

with one million cases being reported each year (Parkin et al., 2005).It is a clinically and 

genetically heterogeneous disease, varying substantially in incidence and mortality 

according to race/ethnicity (Chlebowski et al., 2005). Black women have higher risk of 

death after breast cancer diagnosis than white women and are more likely than white 

women to have an aggressive subtype of breast cancer that is associated with a higher 

mortality (Ma et al., 2013). The etiology of the widening racial disparity is not fully 

understood. Some studies have attributed these widening racial disparities to differences in 

healthcare, quality or access, different responses to new medical interventions or 

alterations in risk factors such as nutrition, physical activity, obesity or child bearing 

practices (Jatoi et al., 2005). 

In Ghana, breast cancer is the leading malignancy (Badoe and Baako, 2008). In 2007 it 

accounted for 15.4% of all malignancies and this number increases annually (Clegg-

Lamptey et al., 2009).Studies done in Ghana and among other black populations suggest 

more Estrogen receptor(E R) negative tumors and a higher prevalence of triple negative 

breast cancer (Stark et al., 2010, Fregene and Newman 2005, Gukas et al., 2005). 

Triple Negative Breast Cancer (TBNC) refers to any breast cancer that does not express the 

gene for estrogen receptor, progesterone receptor or Human epidermal growth factor 

receptor 2 also known as Her 2 /neu (Lehmann et al., 2011). Treatment of TNBC is 
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challenging due to the absence of well-defined molecular target and the heterogeneous 

nature of the disease (Carey L A et al., 2007, Wiggans RG et al., 1979, Pegram M D et al., 

1998). Attempts are being made to identify selective molecular targets for development of 

strategies for earlier diagnosis and treatment of breast cancer. Targeted therapies being 

investigated include tyrosine kinase inhibitors (Okabe et al., 2004, Gee et al., 2003) and 

Poly ADP-ribose polymerase (PARP) inhibitors (Farmer et al., 2005). However there still 

remains no acceptable molecular therapeutic targets for Triple negative breast cancer (Tan 

et al., 2008). 

 Retinoic acid-induced protein3 (RAI3) has been identified in the course of some of these 

studies as one of the proteins that could play a role in breast carcinogenesis and therefore 

could be used as a molecular target for the treatment of breast cancer, as RAI3 was 

overexpressed in human breast cancer in a study by Nagahata et al., 2005. Joriben et al., 

2009 also found weaker expression of RAI3 in normal breast epithelial cells as compared 

to invasive breast carcinoma cells. 

Retinoic acid-induced protein3 (RAI3) belongs to the family of G-protein coupled 

receptors (GPCRs) and among the receptor family in mammals they are the largest 

consisting of more than a thousand members (Joriben et al., 2009).They are integral 

plasma membrane proteins that transduce signals from extracellular ligands to signals in 

intracellular heterotrimetric GTP binding (G proteins).They activate numerous signal 

transduction cascades and thus play pivotal role in the regulation of many physiological 

and pathological processes including cell growth and differentiation, a reason that makes 

them valuable and interesting drug targets for the numerous human diseases that have been 

associated with dysfunctional GPCRs(Li et al., 2005).  
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 1.2 HYPOTHESIS 

If RAI3 molecules are associated with breast carcinogenesis, anti-RAI3 monoclonal 

antibodies could be used for the treatment of breast cancers or the selective suppression of 

signal from RAI3 might hold promise for development of a new strategy for treating breast 

cancers. 

 1.3 STATEMENT OF THE PROBLEM 

Hormone receptor positive breast cancers generally have a better prognosis because they 

benefit from hormonal therapy (Nabholtz et al., 2000). However the major limitation of 

endocrine therapy remains the nearly universal development of chemoresistance. Most 

estrogen receptor positive breast cancers that respond initially to endocrine therapies may 

develop resistance to anti-estrogen therapy and convert to estrogen negative tumours which 

tend to be more aggressive and unresponsive to hormonal therapy (Goldhirsch et al., 

2003).Studies have shown that breast cancer in African women are less likely to express 

ER and higher proportions of triple negative breast cancer (Stark et al., 2010). 

 Previous studies done on RAI3 has found higher levels of its expression in breast cancer 

cells and likely to have an important role in growth and survival of breast cancer cells, that 

could suggest that RAI3 represents a potential target for the development of novel 

therapeutic drug against breast cancer (Wu et al., 2005) 

No study of RAI3 in breast cancer has been done in Ghana or among the indigenous black 

population in general. The study of RAI3 in breast cancer patients based on their hormonal 
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receptor status would provide findings that could add on to the knowledge required to 

understand RAI3 expression among indigenous black population. 

 1.4 AIM OF THE RESEARCH 

To investigate comparatively, the level of expression of the protein, RAI3 in triple negative 

breast cancers, non-triple negative breast cancer and normal breast cells. 

 1.5 OBJECTIVES OF RESEARCH 

 To study the distribution of various histologic types of breast cancer and to 

determine their hormone receptor status as well as HER 2/neu expression. 

 To assess the therapeutic potential of RAI3  in breast cancer cells 

 To study RAI3 expression in breast cancer cells according to their hormone 

receptor status. 

1.6 JUSTIFICATION AND BENEFITS OF THE RESEARCH 

The abundant expression of RAI3 on the surface of cancer cells would make it an 

interesting target for the development of antibody- based therapy for triple negative breast 

tumours (Joriben et al., 2009). Identification of molecular signatures that allow detection 

of the transition from normal breast epithelia cells to malignant invasive cells is a critical 

component in the development of diagnostic, therapeutic and preventive strategies for 

human breast cancer (Cha et al., 2010).Thus the development of new anticancer agents to 

target molecules that are highly specific to malignant cells will be most effective. 
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Work done on RAI3 molecules focused on the systematic analysis of RAI3 expression in 

normal and cancerous human breast tissue but this work will go further to analyse its 

expression in TNBC as compared to its expression in non TNBC and normal breast cells. 

The study will put to test the diagnostic value of the highly specific RAI3 antibodies 

recently produced and characterized by JoriBen et al., 2009. 

According to Stark et al., 2010, the study of breast cancer in women with African ancestry 

offers the promise of identifying markers for risk assessment and treatment of triple 

negative breast cancer, a point which explains why the study population will be African. 
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                                             CHAPTER TWO  

                                         LITERATURE REVIEW               

 2.1 BREAST CANCER: EPIDEMIOLOGICAL AND DISEASE BURDEN 

Breast cancer is the most commonly diagnosed invasive cancer among women with an 

average of I million cases detected worldwide (Nagahata et al., 2004) and is a leading 

cause of cancer related deaths. It is predominantly a disease of females with male breast 

cancer accounting for only about 1% of all breast cancers (Achampong, 1990). An 

estimated 12% of women worldwide are at risk of developing breast cancer at some time in 

their lives. According to the World Health Organization report, an estimated 508,000 

women in 2011 died due to breast cancer. In sub Saharan Africa an estimated 44,000 

women die each year from breast cancer (Ly et al., 2012). Africans (Black women) have 

lower incidence of the disease, yet highest mortality from breast cancer. The ratio of the 

mortality rate to incidence is 0.69 in Africa, as compared with 0.19 in North America 

(Porter 2008). The lower incidence of the disease could be largely due to late menarche, 

early menopause, high parity with prolonged breastfeeding, irregular menses, and fewer 

ovulatory cycles that is common among black women (Fregene and Newman, 2005; 

Anyanwu 2000; Muguti 1993; Agyei-Frempong et al., 2008).These reproductive behaviors 

lead to lower exposure to endogenous estrogen over a lifetime period which may 

cumulatively decrease breast cancer risk.  Despite this protective reproductive history, 

black (including Ghanaian) women develop breast cancer some 10 to 15 years earlier than 

Caucasians(white) with the peak incidence between the ages of 35 and 45 (Fregene and 

Newman, 2005) and also have lower survival rate. About 55% of breast cancer deaths 
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occur in developing countries (Curado et al., 2007). In developing countries, increase in 

urbanization and life expectancy coupled with the adoption of western lifestyles could be 

contributing factors to the increase in the incidence of the disease. Western lifestyle 

include decline in fertility rates, changes in diet and decreased physical activity. Inadequate 

or lack of quality healthcare and different responses to medical interventions could also 

account for this widening racial disparity. The problem is compounded by the late 

presentation of the disease. The reasons for the delayed presentation are multi factorial and 

include a lack of breast screening services combined with socioeconomic, cultural and 

sometimes religious beliefs which makes women present with advanced breast cancer.  

It is clear that breast cancer will continue to be an increasing burden and therefore effective 

strategies need to be developed to reverse the increasing trend of breast cancer mortality 

especially in developing countries including Ghana. Early detection through screening 

programs is one surest way of decreasing disease related deaths.  

2.2 What is Cancer? 

Cancer arises from a loss of normal growth control. In normal tissues, the rate of new cell 

growth and old cell death are kept in balance. In cancer this balance is disrupted. This 

disruption can result from uncontrolled cell growth or loss of cell‟s ability to undergo cell 

suicide by a process called “apoptosis” i.e. the mechanism by which old or damaged cells 

normally self-destruct. Apoptosis can take place during embryonic development, during 

organogenesis, in several physiological processes and pathophysiological conditions 

during adult life. The gradual increase in the number of dividing cells creates a growing 

mass called tumor. The normal organization of the tissue gradually becomes disrupted as 
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more and more of the dividing cells accumulate and the tumour increase in size because 

new cells are being produced than needed. Most cancers originate from epithelial tissues in 

which oncogenes are activated and tumor suppressor genes lose their functions (Wu et al., 

2005).During the tumor formation processes, proteases, inhibitors and other regulatory 

bodies are produced by normal stromal cells that support the genetically abnormal 

epithelium (Wu et al., 2005).Cancers including breast cancer are capable of spreading 

throughout the body by two mechanisms: invasion and metastasis. Invasion refers to the 

direct migration and penetration by cancer cells into neighboring tissues. In metastasis the 

cancer cells are able to break through tissue boundaries, through the lymphatic and blood 

vessel and circulate through the bloodstream and then invade normal tissues elsewhere in 

the body and this is frequently the cause of cancer related deaths.  

2.3 Anatomy of the breast 

The normal female breast consists of milk producing glands that are connected to the 

surface of the skin at the nipple by narrow ducts. The milk producing glands are organized 

into lobes   which contain smaller structures called lobules where milk is produced. Fatty, 

fibrous connective tissues support the glands and ducts and give the breast shape. Blood 

vessels, nerves, lymph and lymph nodes make up most of the rest of the breast tissue. 

Breast cancer cells can travel in lymphatic vessels and begin to grow in lymph nodes. If 

cancer cells spread to lymph nodes, there is a greater chance that the cells have also spread 

to other places in the body. 

Breast cancer develops primarily in the breast milk ducts (ductal carcinoma) and fewer 

breast cancers start in the lining of the lobules (lobular carcinoma).  
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Breast cancers fall into these two main categories: 

i. In situ breast cancers, also called noninvasive breast cancers: These are cancers 

confined to breast ducts (milk tubes) and lobules (milk-producing glands). 

ii. Invasive breast cancers, also called infiltrating breast cancers: These cancers can 

start in the ducts or lobules, but then they spread into surrounding breast tissue. 

Invasive cancers may eventually become metastatic, meaning they find their way 

to other organs, like the bones, lungs, liver, and brain. 

2.4 Invasive ductal carcinoma (IDC) 

 This is the most common type of breast cancer accounting for about 80% of all breast 

cancer cases (Adachi et al., 2007). IDC starts in the breast‟s milk ducts and invades 

surrounding breast tissue. If not treated at an early stage, IDC is capable of moving to other 

parts of the body through the bloodstream or lymphatic system. More patients with IDC 

are likely to express estrogen and progesterone receptors (Petricevic et al., 2011).  

2.5 Invasive lobular carcinoma. 

This accounts for about 5-15% of invasive breast cancer (Arpino et al., 2004). ILC starts in 

the lobules or milk glands and then spreads into the surrounding breast tissues. It is 

characterized by large tumor size, low histologic grade, has high incidence in older women 

and are biologically distinct and has better survival than invasive ductal carcinoma 

(Toikkanen et al., 1997).Patients with ILC are more likely to be ER/PR positive and 

negative for HER2, P53 and epidermal growth factor receptor(EGFR) and early diagnosing 
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can be challenging due to their inability to form distinct masses that can make diagnosing 

by palpation or mammography difficult (Arpino et al., 2004) 

2.6 Ductal carcinoma in situ (DCIS)  

This is also called intraductal carcinoma and is the breast cancer in the lining of the milk 

ducts that has not yet invaded nearby tissues. Ductal carcinoma in situ is a proliferation of 

malignant epithelial cells confined to the ductolobular system of the breast (Bane 2013). 

This is considered non - nvasive or pre invasive breast cancer. It may progress to invasive 

cancer if untreated. Studies have shown that 30% of DCIS will progress to invasive cancer 

over a 30 year time period (Page et al., 1982) with the rate of progression likely to be high 

in high grade DCIS (Collins et al., 2005). Approximately 75% of low grade DCIS lesions 

express estrogen receptor compared to only 30% of the high grade DCIS lesions (Dobrescu 

et al., 2011) Risk factors for the development of DCIS are similar to those for invasive 

breast cancer such as increasing age (Kerlikowske et al., 2008). 

2.7 Lobular carcinoma in situ (LCIS)  

This is not a true cancer but is a marker for an increased risk of invasive cancer in the same 

or both breasts. It involves the abnormal growth of cells that start in the lobules. 

2.8 Other types of breast cancers 

There are other types of breast cancer though some of them quite rare. These include 
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2.8.1 Inflammatory breast cancer 

This accounts for 1% to 3% of all breast cancers. Usually there is no single lump or tumor. 

Instead, inflammatory breast cancer (IBC) makes the skin on the breast look red and feel 

warm. This type of breast cancer tends to have a higher chance of spreading and a worse 

outlook (prognosis) than typical invasive ductal or lobular cancer. 

2.8.2 Papillary Carcinoma 

This accounts for 0.5% of all breast cancer and both invasive and in situ forms seem to be 

more prevalent in postmenopausal women and in males as well (Sumanta et al., 

2010).They are usually small and positive for estrogen and/or progesterone receptors and 

negative for Her 2.They are less likely to involve the lymph nodes and are more responsive 

to treatment and may have a better prognosis compared to other types of breast cancer. 

2.8.3 Adenoid Cystic Breast Cancer (ACBC) 

This accounts for less than 0.1% of all breast cancer (Louwman et al., 2007).Like other 

types of invasive ductal cancers, ACBC begins in the milk duct of the breast before 

spreading to the tissues around the duct. Histologically, the cells look like cancer cells 

more commonly found in the salivary glands and saliva. (Ro et al., 1987). They are often 

estrogen and progesterone receptor negative (Arpino et al., 2002). They are less likely to 

involve the lymph nodes and are more responsive to treatment and may have a better 

prognosis (Cadoo et al., 2012). 
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2.8.4 Apocrine Breast Cancer 

This is another uncommon type of breast cancer accounting for less than 0.4% of all 

invasive breast cancer with the mean age of presentation to be 51 to 62 yrs. (Matsuo et al., 

2002).Some studies have reported it to be less likely to involve lymph node and a lower 

histological grade (Matsuo et al., 2002., Japaze et al., 2005).They are often triple negative 

and more responsive to treatment and may have a better prognosis than other types of 

invasive ductal cancer 

2.8.5 Medullary Breast cancer 

This is also a rare subtype of invasive ductal carcinoma accounting for less than 5% 

(Reinfuss et al., 1995) and more common in carriers of BRCA 1 mutations. The tumor is a 

soft fleshy mass but the cells are of higher grade. They are less likely to involve lymph 

node and are of higher grade. They are often triple negative. Data on the prognosis of MBC 

is conflicting. Whiles some studies report of favorable prognosis despite its association 

with unfavourable biological features which usually characterize a more aggressive 

subtype (Reinfuss et al., 1995) others do not confirm this observation (Vu-Nisihino et al., 

2005). 

2.8.6 Paget’s Disease 

This is a rare form of breast cancer which accounts for less than 3% of all breast cancers. It 

is usually characterised by skin changes in the nipple area leading to itching, flaking and 

nipple discharge. They are often found in high grade and about half are found to be 

positive for estrogen and progesterone receptors 
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 2.9    Breast cancer grade 

Breast cancer grades are based on their microscopic appearance and arrangement of 

tumour cells in relation to each other: whether they form tubules; how closely they 

resemble normal breast cells (nuclear grade); and how many of the cancer cells are in the 

process of dividing (mitotic count).The modified Bloom-Richardson-Elston grading 

system also known as the Nottingham grading system is now frequently being used (Elston 

and Ellis 1991, Genestie et al., 1998). The   grade can help predict a patient‟s prognosis. In 

general, a lower grade number indicates a slower-growing cancer that is less likely to 

spread, while a higher number indicates a faster-growing cancer that is more likely to 

spread. The grade is as follows: 

Grade 1 (well differentiated) cancers have relatively normal-looking cells that do not 

appear to be growing rapidly and are arranged in small tubules. 

Grade 2 (moderately differentiated) cancers have features between grades 1 and 3. 

Grade 3 (poorly differentiated) cancers, the highest grade, lack normal features and tend to 

grow and spread more aggressively. 

The tumor grade can help decide if further treatment is needed after surgery. 

 Staging on the other hand is the process of determining the size of the tumor and whether 

it has spread within the breast or to other parts of the body. The stage of the cancer is a key 

factor in making treatment recommendations and estimating a patient‟s chances of 

recovery. 
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There are two main systems for determining the stage of breast cancer: 

I. TNM staging:  TNM is an acronym of the words tumor, nodes, and metastasis. 

This system describes breast cancer in terms of the size of the original tumor, 

whether any lymph nodes are involved, and whether the cancer has metastasized, 

or spread from the breast to another part of the body. 

II. Overall stage grouping: The following terms are used loosely to refer to these 

stages: 

 Non invasive cancers are at stage 0. 

 Early-stage cancers are at stages I and II, and sometimes III. 

 Advanced cancers are at stages III and IV. 

 2.10 RISK FACTORS OF BREAST CANCER 

2.10.1 Age 

The incidence of breast cancer increases with age particularly above 40 yrs (Berg 2010). 

About 1 out of 8 invasive breast cancers develop in women younger than 45. About 2 out 

of 3 invasive breast cancers are found in women 55 or older. The aging process poses a big 

risk for breast cancer. The longer one lives the more one is prone to genetic damage 

(mutations) and the body becomes less capable of repairing genetic damage. 

2.10.2 Family History 

Women with a positive family history of breast cancer in a first-degree relative have a 

higher risk of developing breast cancer than women without a family history of the disease. 
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The increased risk is further elevated if two first-degree relatives have the disease. First 

degree relative is a mother, sister or daughter. It is also greater among women with a single 

first-degree relative, particularly if they were diagnosed at an early age (Pharoah et al., 

1997).  

2.10.3 Hereditary 

Genetic factors breast cancer account for 5-10% of all breast cancer cases and about 90% 

of hereditary breast cancer involves mutations of BRCA1 and BRCA2 genes (Sakorafas 

and Tsiotou 2000). These are located on the long arms of chromosomes 17 and 13 

respectively and mutations can occur at almost any position. BRCA functions to repair cell 

damage and keep breast cell growing normally. Cancer risk is increased when these genes 

contain abnormality or mutations and are passed from generation to generation. Breast 

cancers linked to these mutations occur more often in younger women and more often 

affect both breasts than cancers not linked to these mutations. 

2.10.4 Previous benign breast disease 

A person diagnosed with previous benign breast conditions has a higher risk of breast 

cancer. In these conditions the cells growing in the milk duct or lobules grow faster than 

normal but they look normal. These include 

 Ductal hyperplasia 

 Complex fibroadenoma 

 Sclerosing adenosis 

 Papilloma or papillomatosis 

 Radial scar 
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The risk is even higher when diagnosed with atypical ductal hyperplasia and atypical 

lobular hyperplasia. In these conditions the cells in the ducts and lobules grow faster than 

normal and look abnormal 

 2.10.5 Age at menarche and menopause 

Women who start menstruating early (before age 12) or who have late menopause (after 

age 55) have an increased risk of developing breast cancer. This could probably be due to 

increased endogenous estrogen and progesterone exposure. Women who have late 

menopause (after age 55) are twice as likely to develop breast cancer as women who 

experience menopause before the age of 45. 

2.10.6 Age at first pregnancy 

Women who have had no children or who had their first child after age 30 have a slightly 

higher breast cancer risk. Having many pregnancies and becoming pregnant at a young age 

reduce breast cancer risk. The reason could be due to the fact that pregnancy reduces a 

woman‟s total number of lifetime menstrual cycles. 

2.10.7 Having dense breast 

The breast is made up of fibrous tissue, connective tissue and fat cells .Having a high 

breast density increases one‟s risk of developing breast cancer. The reason for this 

phenomenon remained previously unclear but a new study has revealed how dense breast 

tissue drives the early stages of cancer. The study revealed that structural cells called 

fibroblasts from high density breast tissue activates a cellular communication network 
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called JNK1.This is known to instruct cells to release a chemical that create an 

inflammatory environment that drives tumor formation (Lisanti et al., 2014). 

2.10.8 Lifestyle: 

2.10.8 (a )Alcohol Consumptions  

Alcohol consumption increases a woman‟s risk of breast cancer particularly hormone 

receptor positive breast cancer. Alcohol can increase levels of estrogen and other hormones 

associated with hormone receptor positive breast cancer. Alcohol also may increase breast 

cancer risk by damaging DNA in cells. 

2.10.8 (b) Smoking 

Smoking may slightly increase one‟s risk of developing breast cancer. While some studies 

suggest that smoking of long duration, smoking before a first full-term pregnancy and 

passive smoking may probably increase breast cancer risk (Terry and Rohan 2002), other 

studies also found no link between smoking before a first full-term pregnancy and breast 

cancer risk (Lowlor et al., 2004). More research is therefore needed to make solid 

conclusions on the potential link between smoking and breast cancer. 

 2.10.8 (c) Being Overweight 

Being overweight increases one‟s risk of breast cancer compared to maintaining a healthy 

weight especially after menopause. There is also the risk of disease recurrence with women 

who have had the disease with being overweight. More estrogens are available from the 

extra fat cells which fuel the cancer cells to grow. 
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 2.10.8 (d) Oral Contraceptives 

Oral contraceptives (OCs) may produce a slight increase in breast cancer risk among long-

term users, but this appears to be a short-term effect. Some studies have found a slightly 

greater risk of breast cancer in users of oral contraceptives than in non-users (Collaborative 

group 1996). This risk seems to go back to normal over time after the cessation of the oral 

contraceptive use. There is no significant increase in breast cancer risk after ten years of 

cessation of oral contraceptive user. Duration of use, age at first use, dose and type of 

hormone within the contraceptive appear to have no significant effect on breast cancer. 

2.10.8 (e) Hormone Replacement Therapy 

Estrogen is often combined with progesterone in hormone therapy to help relieve 

symptoms of menopause and to help prevent osteoporosis (thinning of the bones).  Using 

combined hormone therapy after menopause increases the risk of getting breast cancer. 

The risk increases with increasing duration of use. This risk is reduced after cessation of 

use of HRT and seems to disappear after about 5 years. The use of hormone for treatment 

of menopausal symptoms for a short time may have little or no effect on breast cancer 

(Collaborative group 1997). A study conducted among Asian-American women attributed 

increase in breast cancer rates among these group of people to changes in modifiable 

lifestyle such as high body weight and use of menopausal hormone therapy(Wu et al., 

2006).In the western populations these modifiable lifestyles are important risk factors for 

post-menopausal breast cancer which reflect the critical etiological role of estrogen.   
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 2.11 SCREENING FOR BREAST CANCER 

Breast cancer screening is a method of detecting breast cancer at a very early stage. It 

results in prompter treatment which enhances better diagnosis as it detects breast cancer 

early. Thus breast cancer treatment and management is easier when detected at an early 

stage than a late stage. There are various screening methods employed in breast cancer. 

These include the following: 

2.11.1 Breast Self-Examination (BSE) 

This involves examining one‟s own breasts by looking at, and feeling each breast for 

possible lumps, distortion or swelling. Breast self-examination was aimed at detecting 

breast cancer in early stages but large randomized controlled studies have found it to be 

ineffective in reducing breast cancer mortality but rather increase the number of biopsies 

performed because of false positives (Thomas et al., 2002). Breast self-examination is 

therefore not recommended as a screening method but may be appropriate and help create 

awareness among women at higher risk. These studies have been done in countries where 

there are screening programmes and women are aware of breast cancer. In many 

developing countries such as Ghana however, screening mammography programme is not 

common and so breast self-examination may be useful as it has not been shown to be 

ineffective (Clegg-Lamptey et al., 2009).  

2.11.2 Clinical Breast Examination (CBE) 

This is the physical examination done by a health care provider. Clinical breast 

examination increases case finding of breast cancer, however, evidence of CBE in reducing 
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breast cancer mortality is not fully known. The effectiveness of CBE has not been proven 

in large, well designed trials. The sensitivity of CBE is higher in women 50 and younger 

(Green and Taplin, 2003). It finds breast cancer missed on mammography. Randomized 

controlled studies indicate that five percent of breast cancer is detected by CBE (Doug and 

Steiner, 2007) and independently contributes to breast cancer detection when combined 

with mammography (Barton et al., 1999). 

2.11.3 Mammography 

It is an x-ray of the breast taken whiles carefully compressing the breast. It can detect small 

changes in breast tissue that may need further investigations to check for cancer. It is the 

only screening method that has proven to be effective. It can detect cancer that could be 

treated through lumpectomy instead of mastectomy and decrease the need for 

chemotherapy. 

Mammogram screening is recommended for women 50 and older. For women aged 40-49 

mammogram has been shown to be less effective (Carney et al., 2003). Women in this age 

group usually have lower incidence of the disease, have denser breast which can lower the 

sensitivity of the mammography and affect interpretation of the results and on average 

faster growing cancer. (Carney et al., 2003, Elmore et al., 2005). However results from 

other randomized trials present the effectiveness of screening women in their 40s (Moss et 

al., 2006).Some clinical trials indicate that mammography screening reduces breast cancer 

mortality by 25% in post-menopausal women but it takes about 7 to 9 years to see this 

effect after the initial screening(Kerlikowski et al., 1995). 

http://www.ncbi.nlm.nih.gov/pubmed?term=Moss%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=17161727
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There are some disadvantages associated with mammography. It could result in false 

positive or false negatives. This risk also increases with women with mammographically 

dense breast (Laya et al., 1996).One study reported independent risk factors associated 

with false positive mammogram which include, younger age, increasing number of breast 

biopsies, a positive family history of breast cancer, estrogen use (Christainsen et al., 2000). 

According to Carney et al, about 20%-40% of false negative mammography occur in 

women with breast cancer (Carney et al., 2003). The procedure could also cause pain, 

anxiety, distress and other psychological responses.  

Other studies have also reported of the possibility of over diagnosis and over treatment of 

clinically insignificant lesions by mammography especially ductal carcinoma in situ 

(Green and Taplin 2003). Concerns have also been raised about the possible radiation-

induced breast cancer from exposure to repeated mammography but the potential benefits 

are thought to outweigh the possible risk of radiation (Feig and Henderick 1997).  

2.11.4 Breast Ultrasound 

Breast ultrasound is a diagnostic aid to mammography. It is a valuable tool to use along 

with mammography because it is widely available and less expensive. Usually, breast 

ultrasound is used to target a specific area of concern found on the mammogram. It is also 

helpful for women with dense breast. It helps distinguish between solid masses and also 

between benign and malignant masses (Stavros et al., 1995).It is usually not recommended 

for screening the general population. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Feig%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=9709287
http://www.ncbi.nlm.nih.gov/pubmed?term=Stavros%20AT%5BAuthor%5D&cauthor=true&cauthor_uid=7784555
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2.11.5 Magnetic Resonance imaging (MRI) 

MRI is helpful in screening women at high risk for breast cancer such as those with strong 

family history of breast cancer and BRCA1 and BRCA2 mutation carriers. It has a higher 

sensitivity than that of mammography but has a lower specificity (Elmore et al., 

2005).  MRI can diagnose benign findings at a glance, thereby eliminating the need for 

costly and unnecessary biopsies or surgical procedures. It is however a relatively expensive 

procedure and not recommended for screening general population. The impact of MRI on 

breast cancer mortality is not fully known. 

2.12 BIOMARKERS OF CLINICAL IMPORTANCE IN BREAST CANCER 

Molecular biomarkers are used as an indicator for identifying particular disease state which 

helps in diagnosis of that particular disease. There are several types of molecular 

biomarkers for breast cancer. Whiles prognostic biomarkers provide information regarding 

patient clinical outcome independent of treatment, predictive factors aim to foretell the 

response of a patient to a specific therapeutic intervention and are associated with tumor 

sensitivity or resistance to that therapy. Estrogen receptors(ER) and progesterone receptors 

(PR) are the two most widely used predictive markers which are used to select breast 

cancer patients who are likely to benefit from endocrine therapy.  

These can also serve as prognostic markers as well. The human epidermal growth factor 

receptor 2 (HER2) is not only a prognostic factor but also a predictor of response to HER2 

targeting therapy such as trastuzumab (Heceptin). Breast cancer may be defined as ER 

positive, PR positive or hormone receptor negative. A few of them are considered below: 
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 2.12.1 Estrogen Receptors 

Estrogens are hormones and belong to a family of related molecules that stimulate the 

development and maintenance of female characteristics and sexual reproduction. The 

natural estrogens are steroid molecules and the most prevalent forms of human estrogens 

are estradiol and estrone. Both are produced and secreted by the ovaries, although estrone 

is made in the adrenal glands and other organs. Estrogen functions as signaling molecules 

travelling through the bloodstream and interacting with cells in a variety of target tissues. 

The breast and the uterus which play important roles in sexual reproduction are the main 

target tissues of estrogen. The brain, bone, liver and heart are also acted on by estrogen 

molecules. Estrogen exerts its influence in target tissues and cause cells to divide in a 

process called proliferation.  

Estrogen interacts with cell in target tissues with the help of estrogen receptors. The 

estrogen receptors are activated when an estrogen molecule enters the cell and passes into 

the nucleus. The estrogen binds to its receptor causing a conformational change. The 

estrogen-receptor complex then binds to specific DNA sites called estrogen response 

elements. These are located near genes and are controlled by estrogen. After becoming 

attached to estrogen response elements, the estrogen receptor complex binds to co-activator 

protein and more nearby genes become active. The active gene produces molecules of 

messenger RNA which guide the synthesis of specific proteins. These proteins can then 

influence cell behaviour in different ways depending on the cell type involved. Estrogen 

receptors trigger gene activation. 
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There are two different forms of the estrogen receptors, commonly referred to 

as alpha(α) and beta (β), each encoded by a separate gene, ESR 1 and ESR 2. Both forms 

of receptors show significant sequence homology and are composed of five domains. They 

also bind to estrogen response element with similar affinity due to a high homology of 

their DNA-binding domains. ERβ is thought to mediate sometimes opposite effects to ERα 

due to different binding regions (Kastner et al., 1990). 

The growth of ER positive tumor is fueled by estrogen which makes ER the direct target of 

endocrine therapies. Studies suggest that ER is over expressed in about 70% of breast 

cancer cases (Anderson et al., 2002). Earlier studies done on ER, reports of a direct 

correlation between ER expression levels and response to endocrine therapy. Higher levels 

of ER are associated with a lower risk of recurrence (Nadji et al., 2005). Similar studies 

have found higher levels of ER being related to improved outcome of endocrine therapy 

such as tamoxifen (Byar et al., 1979). According to Nadji et al., estrogen receptors are 

weak prognostic markers of outcome and strong predictive markers of response to 

endocrine therapy (Nadji et al., 2005). ER status is strongly influenced by tumor grade and 

histology (Bardou et al., 2003). 

Estrogen receptors can be assessed in tissues using immunohistochemistry which has 

become a method of choice and has been shown to be superior to that of biochemically 

based assays. ER status was until the late 1990s assessed using ligand binding assay. 

Studies have however demonstrated that immunohistochemistry is a good assay for 

predicting response to hormonal therapy (Elledge et al., 2000). 

http://en.wikipedia.org/wiki/Estrogen_receptor_alpha
http://en.wikipedia.org/wiki/Estrogen_receptor_beta
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ER determination by immunohistochemistry as with all other biomarkers requires accurate 

and quantitative assessment of the results but several factors can affect the apparent ER 

and PR status of breast cancer. These include choice of ER/PR antibody, fixation and 

determination of threshold for reporting positive results. 

Inadequate fixation may lead to false negative. At least 6-8 hrs. of formalin fixation time 

for breast biopsies is required to obtain reliable ER determination by IHC as demonstrated 

by Golsttein et al., 2003. 

For best results antibodies that are robust and clinically validated should be the preferred 

choice. A cut off score for positivity that is reproducible, clinically validated and 

standadized should be employed by the laboratory. It is important to follow guidelines set 

by multidisciplinary panels such as the American Society of clinical Oncology and the 

College of American Pathologist in the reporting of results. 

2.12.2 Progesterone receptors 

Progesterone receptors belong to a member of the steroid-receptor superfamily of nuclear 

receptors. They are activated by progesterone hormone. This hormone stimulates and 

regulates various functions and plays an important role in maintaining pregnancy. As 

found in other steroid receptors, the progesterone receptors consist of N-

terminal regulatory domain, a DNA binding domain, and a C-terminal ligand binding 

domain. Two forms of human progesterone receptors, known as PR-A and PR-B exist and 

are encoded by a single gene but are controlled by separate promoters (Conneely and 

Lydon 2000).The main structural difference between the two forms is that PR B has 

additional 165 amino acids which is present in the N-terminus.  

http://en.wikipedia.org/wiki/N-terminus
http://en.wikipedia.org/wiki/N-terminus
http://en.wikipedia.org/wiki/DNA_binding_domain
http://en.wikipedia.org/wiki/C-terminus
http://en.wikipedia.org/wiki/N-terminus
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The expression of the PR is strongly dependent on the presence of ER. According to Viale 

et al, almost all tumor expressing PR express ER and tumors expressing PR without ER 

account for less than one percent of all breast cancer cases in some large series (Viale et 

al., 2007). While some studies have shown that PR provides additional predictive value 

independent of ER values (Ogawa et al., 2004), other studies rather suggest that the 

predictive role of PR may not be as clinically important as ER (Viale et al., 2007). 

2.12.3 HER 2 

The human epidermal receptor protein-2 (c-erbB-2; HER2) oncogene protein is a 

transmembrane glycoprotein in the epidermal growth factor receptor family. It is expressed 

at low levels in a variety of normal epithelia, including breast duct epithelium and plays 

important role in growth and development. Some breast cancer cells have higher levels of 

Her2 on their surfaces which stimulate them to grow. 

Overexpression and amplification of HER2 can be detected in about 15% of all primary 

breast cancers, and this group of patients benefit significantly from anti-HER2 therapies 

such as Trastuzumab (Herceptin). It is strongly associated with increased disease 

recurrence and a poor prognosis (Tan and Yu 2007). Over expression and gene 

amplification of Her2 can be measured using IHC and FISH respectively. The IHC results 

is scored on the scale of 0 to 3+.Tumors with 0 to 1+ are reported as negative while tumors 

with 2 to 3+ are considered positive but for tumors with the score of 2+, guidelines 

recommend for florescence in situ hybridization (FISH). FISH measures the amount of a 

gene called the HER2/neu gene, which is responsible for the overproduction of HER2 

protein in each cell. This helps to identify people with a level of 2+ who will benefit from 
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treatment with Herceptin. The expression of HER2 is regulated by signaling through 

estrogen receptors. Normally, estradiol and tamoxifen acting through the estrogen receptor 

down-regulate the expression of HER2. 

  2.13    TRIPPLE NEGATIVE BREAST CANCER 

Triple negative breast cancer (TNBC) is defined by a lack of expression of both estrogen 

(ER) and progesterone (PgR) receptors as well as human epidermal growth factor receptor 

2 (Lehmann et al., 2011).Triple negative breast cancer account for nearly 15% of all breast 

cancers (Carey et al., 2010). Epidemiologically TNBC is more common in younger women 

than African American women (Newman and Martin 2007). The tumours of TNBC are 

generally larger in size and are of higher grade ( Hafty et al., 2006). More than 90% of 

TNBC tumors fall within the basal-like subgroup (Livasy et al., 2006), meaning the cells 

look like the basal cells that line the breast ducts but does not necessarily mean that they 

come from these cells. Basal like breast cancer are less responsive to endocrine therapy, 

have aggressive metastatic behavior and worse prognosis than BRCA-1 related breast 

cancer (Foulkes et al., 2003, Sorlie et al., 2001).Using gene expression profile, basal like 

subgroup are noted for expression of proliferative gene such as Ki 67 and the epidermal 

growth factor receptor(EGRF). The receptor tyrosine kinase EGFR is frequently (30%-

52%) expressed in TNBC (Rakha et al., 2007), Basal cytokeratin (particularly 5, 14 and 

17) are also expressed in TNBC. Other studies however suggest that TNBC tumours are 

heterogeneous, exhibit distinct phenotypes and not limited to basal-like phenotype as 

evidenced by gene expression patterns. (Lehmann et al., 2011). Bidard et al., 2007 also 

reported that triple negative phenotype indeed includes a mixture of basal-like tumours 

together with some luminal-B tumours characterized by a decreased ER expression. 

http://en.wikipedia.org/wiki/Estradiol
http://en.wikipedia.org/wiki/Tamoxifen
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A recent study of gene expression profile on 587 TNBC cases identified 6 subtypes of 

TNBC with each subtype displaying distinct ontologies, having different sensitivities to a 

variety of agents (Lehmann et al.,2011).These subtypes include two basal-like, an 

immunomodulatory, a mesenchymal stem-like and a luminal androgen receptor. This could 

provide biomarkers that can be used for patient selection in the design of clinical trials for 

TNBC.  

Patients with TNBC do not respond effectively to hormonal therapies and HER2 targeted 

agents because of lack of expression of these therapeutic agents in tumour cells. A number 

of clinical trials are currently underway which could hold promise for the treatment of 

TNBC. This includes the use of DNA damaging agents, Poly ADP-ribose polymerase 

(PARP) inhibitors in BRCA 1 mutation carriers. PARP is involved in DNA double strand 

contributing to its stability. Another therapeutic mechanism being proposed is the use of 

anti-epidermal growth factor receptor (EGFR) antibodies and EGFR tyrosine kinase 

inhibitor in triple negative cancer with EGFR gene amplification.  

Chemotherapy is the single most effective treatment for triple-negative breast cancer. The 

reason is that chemotherapy works better than other treatments at killing cancer cells that 

divide quickly, which is very common in triple-negative disease. When triple-negative 

breast cancers are found early, response rates to chemotherapy are high. Treatment for 

TNBC is based on whether the cancer has travelled into the lymph nodes near the breast, 

the size of the primary tumor and the details of pathology tests such as the tumor grade 

which shows how quickly the cancer cells are dividing. The heterogeneous nature of the 

disease and the absence of well-defined molecular targets make treatment of TNBC a 

challenging one (Carey et al., 2010).Despite having higher response rate to chemotherapy, 
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there is a higher rate of   disease recurrence and poorer prognosis than women with other 

subtypes of breast cancers (Dent et al., 2007). Majority of the patients with metastatic 

TNBC die within 5 years after initial treatment. A substantial number of women are cured 

if they remain recurrence-free for the first several years after a diagnosis (Dent et al., 

2007). 

Like other types of breast cancers chemotherapy may be given before (neo adjuvant 

therapy) or after surgery. Chemotherapy might not be given in very rare cases such as very 

low or small tumours or if the risk to chemotherapy outweighs the benefits. After surgery 

radiation may be given to kill any cancer cells where the cancer was found. This helps 

prevent the cancer from coming back to the same place. 

 2.14 RETENOIC ACID INDUCED PROTEIN 3 (RAI3)  

Retinoic acid-induced protein 3 (RAI3) belongs to the family of G-protein coupled 

receptors (GPCRs), (Cheng and Lotan, 1998). They can also be referred to as RAIG1 

(retinoic acid-induced gene 1) or GPRC5A, (G protein-coupled receptor family C, member 

5, group A). GPCRs are the largest and most abundant receptor family in mammals 

consisting of more than a thousand members. For more than 200 GPCRs, the physiological 

ligands are known and about 150 “orphan” GPCRs with no known endogenous ligand or 

function (Lee et al., 2003, Nagahata et al., 2004).  

All cells communicate with each other and receive information from the extracellular 

stimuli like hormones, sensory stimuli and neurotransmitters because of the possession of 

transmembrane signaling (Gilman 1987). All transmembrane signaling systems share two 

basic elements, a receptor which is able to recognize an extracellular stimulus as well as an 
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effector which is controlled by the receptor and which can generate an intracellular signal. 

In contrast, the G protein-mediated signaling system is relatively complex consisting of a 

receptor, a heterotrimeric G protein, and an effector. Each component i.e. the receptor, the 

G protein as well as the effector can be regulated independently by additional proteins, 

soluble mediators, or on the transcriptional level. The relatively complex organization of 

the G protein-mediated transmembrane signaling system provides the basis for a huge 

variety of transmembrane signaling pathways that are tailored to serve particular functions 

in distinct cell types. Two principal signal transduction pathways involved in GPCR Camp 

signal and the phosphatidylinositol signal pathways (Gilman 1987).  

The heterotrimeric G protein consists of α, β- and γ-subunits that are involved in 

intracellular signaling activities. When a receptor is activated by its endogenous ligand, it 

causes a conformational change in the receptor which facilitates the coupling of the 

receptor to the G protein. Coupling of the activated receptor to the heterotrimer promotes 

the exchange of GDP for GTP on the G protein α-subunit. The GTP-bound α-subunit 

dissociates from the activated receptor as well as from the βγ-complex, and both the α-

subunit and the βγ-complex are now free to modulate the activity of a variety of effectors 

like enzymes. GPCRs activate numerous signal transduction cascades and thus play pivotal 

role in the regulation of many physiological and pathological processes including cell 

growth and differentiation, a reason that make them valuable and interesting drug targets 

for the numerous human diseases that have been associated with dysfunctional GPCRs (Lis 

et al., 2005). All GPCRs have a membrane topology with seven α-helical transmembrane 

segments. The presence of this characteristic motif and the location of RAI3-GFP chimeric 

protein at the plasma membrane, support a conclusion that RAI3 is a member of the GPCR 
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superfamily (Cheng and Lotan 1998). Because the seven transmembrane domains are 

common to all members of GPCRs, most GPCRs bear sequence similarity with one 

another, primarily in the transmembrane regions (Probst et al., 1992). 

RAI3 is thought to regulate cell proliferation but the exact molecular mechanism is not 

fully known (Hirano et al., 2006). Research has shown that higher levels of RAI3 

expression promote tumour growth as seen in cDNA microarray study which saw RAI3 up 

regulated in breast cancer specimens. In a further study, RAI3 overexpression was seen 

using quantitative reverse transcription-PCR (RTPCR), in 19 of 25 breast cancer samples 

compared to matched normal mammary gland tissues and 6 of 11 breast cell lines. The 

results also suggested that RAI3 is likely to have an important role in cell proliferation, i.e. 

growth/survival of breast-cancer cells. (Nagahata et al., 2004).    

RAI3 is expressed in several normal human tissues with the highest level found in fetal and 

adult lung (Cheng and Lotan, 1998). Other studies also find low expression of RAI3 in 

heart, placenta, kidney and other tissues with the normal mammary tissue also expressing it 

(Nagahata et al., 2004). Another study on RAI3, suggested that p53 interacts with the 

promoter of RAI3 and repressed its expression at the onset of apoptosis. The expression of 

RAI3 is elevated in most tumor cell lines expressing mutant p53, whereas RAI3 mRNA is 

relatively repressed in the tumor cell lines expressing wild-type p53(Wu et al., 2005). 

2.15 IMMUNOHISTOCHEMICAL (IHC) ASSAY OF ESTROGENS, 

PROGESTERONE RECEPTORS, HER 2/NEU IN PARRAFIN EMBEDDED 

BREAST CANCER SAMPLES 
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Immunohistochemistry which is a method for demonstrating the presence and localization 

of proteins in tissue sections has become the medium of choice for most clinical and 

research studies because of the superior morphology provided by formalin fixed paraffin 

embedded tissue. Immunohistochemistry has been helpful in the diagnosis, prognosis and 

treatment of diseases such as cancer. With the help of the microscope, IHC makes it 

possible to visualize the distribution and localization of specific cellular components 

within cells. The main processes involved in immunohistochemistry include the following:                              

2.15.1 Tissue fixation and embedding 

Fixation is done to prevent cellular components from degradation or other modifications 

that occur in normal unfixed tissue sample. The most common fixative is 10% neutral 

buffered formalin (NBF).Chemically fixation can cross link proteins which can mask the 

antigen of interest. Both over fixation and under-fixation can affect the antigen of interest 

and therefore the right fixation time must be achieved depending on the target antigen to be 

stained. For most common applications the time for fixation is between 18-24 hrs. 

Tissue samples which are fixed are embedded in paraffin. This is done to maintain the 

natural shape and architecture of the sample when it is stored for a long time or sectioned. 

2.15.2 Sectioning and mounting 

Formalin fixed, paraffin embedded tissues are cut into thin slices of 4- 5 microns with a 

microtome. These sections are then mounted onto glass slide that are coated with adhesive. 

The adhesive is commonly added by treating the surface of the glass slide with APES 

(amino-propyl-tri-ethoxy-saline).After mounting on the positively charged slides, they are 
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dried in an oven (58-600C ± 50C) for at least 2 hours (but not longer than 24 hours) in 

preparation for deparaffinization. 

2.15.3 Deparrafinization 

Formalin fixed, paraffin embedded tissues commonly require a treatment to unmask the 

antibody epitopes. Incomplete removal of paraffin can cause poor staining of the section.  

2.15.4 Antigen retrieval 

During fixation methylene bridges can occur and cross link proteins in tissue samples. 

These bridges can mask antigenic sites and prevent antibody binding. The two methods of 

antigen retrieval are heat- induced epitope retrieval, or HIER and enzymatic degradation. 

Both methods break the methylene bridges and expose the antigenic sites in order to allow 

the antibodies to bind. 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 Study Design 

The study was an observational case control one and ethical approval was obtained from 

the Committee on Human Research Publication and Ethics of Kwame Nkrumah University 

of Science and Technology and Komfo Anokye Teaching Hospital. The study was done to 

investigate comparatively the level of expression of retinoic induced protein 3 (RAI3) 

between triple negative breast cancer and non-triple negative breast cancer as well as in 

normal breast tissues. Women visiting the hospital with various breast conditions were 

recruited in the study. Tru-cut biopsy was performed by surgeons to obtain breast tissue 

samples after results of mammography, ultrasonography and other tests gave suspicion to 

breast cancer. The tissue samples were immediately fixed in 10% neutral buffered formalin 

and embedded in paraffin wax to form tissue blocks. Histologic categorizations of the 

tissue specimen were made by pathologists and immunohistochemical analysis of estrogen 

receptor, progesterone receptor and HER2 were done on those with histologically 

confirmed breast cancer. The  Analysis of the expression of RAI3 was done on a selected 

number of breast cancer tissues as well as normal breast tissues using 

immunohistochemistry. Demographic and reproductive information were also obtained 

from the patients‟ medical records or by interaction with the patients where available. 
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3.2 Study Site 

The study was done at the Breast clinic and the Histopathology Department of the Komfo 

Anokye Teaching Hospital, Kumasi in the Ashanti Region of Ghana. This hospital serves 

as a referral center for patients in the northern sector of the country and second largest 

teaching hospital in the country. On a regular working day, the breast clinic attends to an 

average of 30 clients with various breast conditions including men. 

 3.3 Study Population  

Women of all aged between 26 and 78 years visiting the Breast Clinic for the first time 

following the development of a self-detected breast condition, and upon further suspicion 

by the medical doctor through clinical examination were recruited for this research from 

October 2012 to December 2013. A total of 100 subjects formed the study population.  

3.4 Inclusion and exclusion criteria 

Women between the ages of 26 and 78 presenting with a breast condition at the breast 

clinic for the first time and had given their consent to take part were included. Women who 

had already been diagnosed with breast cancer and those that had started treatment were 

excluded. 

3.5 Sample Collection 

Tru cut biopsy was performed by surgeons to obtain breast tissue samples after results of 

mammography; ultrasonography and other tests gave suspicion to breast cancer. The 

samples were immediately fixed with 10% neutral buffered formalin which was the 
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fixative of choice for 24 hours. Each sample was assigned a specific identification number 

starting B/001 to B/100. 

 3.5.1 Tissue Processing 

All samples were subsequently processed using automated tissue processor (MICROM 

STP-120, Madrid, Spain). This was run on 18hrs schedule, subjecting the tissues to ethanol 

of different concentration in ascending order, ending with 3 changes of absolute ethanol for 

complete dehydration, 2 changes of xylene for optimum clearing and 2 changes of molten 

paraffin wax (600C) for adequate infiltration of the tissue specimen. Processed samples 

were then embedded into paraffin blocks using the modular tissue embedding centre (Leica 

EG1150; Leica Biosystems, Nussloch,GmbH) according to its standard operating protocol. 

 The tissue blocks were sectioned at 4 microns with a microtome. The sections were 

mounted onto a glass slide and stained with Haematoxylin and Eosin (H and E stain) and 

visualized by light microscopy. 

3.5.2 Histologic Diagnosis  

 Pathologists made histologic categorization of the specimen as either breast cancer or non-

breast cancer (either normal or benign tissue).The breast cancer cases were then assigned 

histologic type and grade. Immunohistochemistry assay of estrogen receptor, progesterone 

receptor and Her2/neu were performed on the breast cancer cases. RAI3 

immunohistochemistry was done by randomly selecting cases each of ER/PR positive, Her 

2 positive and triple negative as well as some of the non-breast cancer cases to serve as 

control.   
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3.6 IMMUNOHISTOCHEMICAL (IHC) ASSAY OF ESTROGENS, 

PROGESTERONE RECEPTORS, HER 2/NEU IN PARRAFIN EMBEDDED 

BREAST CANCER SAMPLES 

The tissue blocks, already processed as previously described were cut at 4 microns using 

rotary microtome (Leica RM2235) and placed on super frosted coated slides (Fisher 

Scientific, Pittsburgh, PA, U.S.A). The slides were dried in hot air oven at 60 0C for 2 hrs. 

They were deparafinized in xylene and then rehydrated in graded alcohol by performing 

the following washes:  

1.  Xylene: 2× each for 3 minutes 

2.  1: 1 concentration of xylene and 100% ethanol for 3 minutes 

3.  100% ethanol: 2× for 3minutes 

4.  95% ethanol for 3 minutes 

5.  70% ethanol for 3 minutes 

6.  50% ethanol for 3 minutes 

The slides were rinsed under gently running tap water and kept in the tap water until ready 

to perform antigen retrieval. At no time from this point were the slides allowed to dry as 

drying would cause non-specific antibody binding and therefore high background staining. 
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3.6.1 Antigen Retrieval 

Heat-induced epitope retrieval was carried out using temperature controlled pressure 

cooker referred to as Decloaker from Biocare, U.S.A. This was filled with distilled water to 

the graduated mark of 500mls. This was usually programmed at different temperatures for 

different boiling times. The process was carried out by placing the tissue sections into a 

200ml plastic jar which is resistant to heat and filled with 10mM Sodium Citrate, pH 6.0. 

This was then immersed in the distilled water. The lid was tightly closed and switched on 

to set at a temperature of 95   for 40 minutes. Optimal retrieval was performed at this set 

temperature and time. The completion of retrieval by the pressure cooker was indicated by 

the beeping of alarm from the device. After retrieval, the lid was opened and the plastic jar 

with the citrate buffer and tissue sections were carried into the sink. The slides were 

allowed to run under tap water for 20 minutes to cool down the sections and wash the 

citrate buffer.  

3.6.2 Immunohistochemistry Procedure 

The immunohistochemical staining protocol was continued as follows: 

1. The slides were placed in phosphate buffered saline (PBS) wash buffer for 5 

minutes and blotted to remove excess buffer. 

2. Hydrogen peroxide (3%) was applied on the slides and incubated for 5 minutes and 

washed with PBS. 

3. Protein block/background snipper was applied and incubated for 10 minutes and 

slides washed 3 times with PBS. 
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4. The primary antibody (anti-ER or anti-PgR or anti HER2/neu) from Biocare 

Medical, U.S.A (Please see Appendix 1) was applied and incubated for 60 minutes 

and slides were washed with PBS. 

5. MACH 1 probe was applied on slides ER and PgR (excluding slide for HER2/neu) 

and incubated for 15 minutes and washed 3 times with PBS. 

6. MACH 1 HRP polymer was applied on slides (including ER, PgR and HER2/ 

nueu) for 40 minutes and washed 3 times with PBS. 

7. Benzoid DAB chromogen was applied and incubated for 5 minutes and slides 

washed 3 times with PBS. 

8. The slides were washed in distilled water and counterstained with hematoxylin for 

1 minute and washed with distilled water. 

9. The slides were dehydrated in ascending ethanol series, cleared in xylene before 

mounting under coverslip.        

3.6.3 Assessment of ER, PR and Her2 

For ER and PR immunohistochemistry, the percentage of cells with nuclear 

immunoreactivity was semi-quantitatively assessed. Tumors were categorized as ER or PR 

negative if no nuclear staining was observed. Tumors were classified as ER or PR positive 

if nuclear staining was observed in at least 10% of nuclei. 

For Her2 protein expression tumours were also classified as IHC score 0 (negative) if no 

membrane is stained at all, an IHC score 1+ (negative) if a faint staining was observed in 

more than 10% of tumour cells, an IHC score 2+ if weak or moderate complete membrane 

staining was observed in more than 10% of tumour cells. This is interpreted as 
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inconclusive and further analysis of Flourescence in situ hybridization (FISH) would have 

to be done to determine Her2/neu amplification. However this could not be done due to the 

inability to carry out FISH. An IHC score 3+ (strongly positive) was given if strong 

complete membrane staining was observed in more than 10% of tumour cells.  

3.6.4 RAI3 Immunohistochemistry 

RAI3 immunohistochemistry was done on randomly selected formalin-fixed paraffin 

embedded tissue blocks each from ER/PR positives, triple negative, Her2 positives 

as well as non-cancer breast tissues. The tissue blocks were cut at 4 microns and 

mounted on a slide. After paraffin removal, rehydration, and antigen retrieval done 

as previously described, the immunohistochemistry protocol were carried out as 

follows: 

1. Endogenous peroxidase was blocked by applying peroxidase blocking solution for 

5 minutes and rinsed with wash buffer. 

2. Background snipper was applied for 10 minutes and rinsed with wash buffer. 

3. The anti-RA13 antibody Mab 24 2.3 supplied by Frahaufer Institute, Germany  

was applied in a dilution of 1: 50 and incubated at room temperature for 60 

minutes and rinsed with wash buffer. 

4. HRP Probe was applied for 15 minutes and rinsed with wash buffer. 

5. HRP polymer detector was applied and incubated for 40 minutes and rinsed with 

wash buffer. 

6. DAB chromogen was added and incubated for 5 minutes and rinsed with wash 

buffer. 
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7. The slides were washed in distilled water and counterstained with hematoxylin for 

1 minute and washed with distilled water. 

8. The slides were dehydrated in ascending ethanol series, cleared in xylene before 

mounting under coverslip. 

3.6.5 Assessment of RAI3  

The immunohistochemical expression of RAI3 staining was scored by an experienced 

pathologist by light microscopy according to the scoring suggested by Remmele and 

Stegner (Remmele and Stegner, 1987).The immunoreactive score (IRS) was achieved by 

multiplying intensity of cytoplasmic/membrane staining and the percentage of tumour cells 

stained as presented in the table below: 

Percentage of positive Cells 

                                      

X   Intensity of   staining 

 

= IRS ( 0-12)                           

 

0 = no positive cells 

1= <10% positive cells 

2 = 10-50% positive cells 

3 = 51-80% positive cells 

4 = >80% positive cells 

0 = no colour reaction 

1 = mild reaction  

2 = moderate reaction  

3 = intense reaction       

0-1 = negative 

2-3 = mild 

4-8 = moderate 

9-12 = strongly positive 
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CHAPTER FOUR 

RESULTS 

4.1 Demographic and reproductive information 

A total of 100 cases were investigated. The mean age was 48.15 with the youngest being 

26yrs and the oldest 78yrs.There were more married women (53%) than single (26%), 

widowed (14%) or divorced (7%).Reproductive information regarding the 100 women who 

consented for their samples to be taken were obtained from the patient‟s medical records 

which was kept at the breast clinic. The mean menopausal age was 50.75. All of them had 

children ranging between 1 and 9 with their mean age of having the first full term 

pregnancy to be 23.38.  

4.2. Pathological Diagnosis 

Microscopic diagnosis of the 100 tissue samples by the pathologist confirmed 86 breast 

cancer cases while 14 were not breast cancer (10 normal and 4 benign tissues). Seven of 

the normal breast tissues were selected and used as control in RAI 3 analysis. The mean 

age of the breast cancer patients was 48.15 with the youngest age being 26 and the oldest 

age of 78.(Fig 4.1.a). Invasive ductal carcinoma (IDC) was the most predominant 

histological type diagnosed (85/86; 98.8%) and one case (0. 01%) of Paget‟s (Fig 4.1.b). 

High grade lesions/ tumours i.e. grade 2 and 3, accounted for 40.70% (35/86) and 46.5% 

(40/86) respectively whiles grade 1 was 12.79% (11/86). Approximately 29.1% (25/86) of 

grade 3 and 27.9% (24/86) of grade 2 IDC were ≤50 years whiles 6.98%(6/86) of grade 1 

were≤ 50 years. (Table 4.1.a). 
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4.3 Expression of ER, PR and Her-2 in breast cancer cells 

All 86 breast cancer cases were stained for the three receptors ER, PR and Her-2. ER 

expression i.e. ER positive (more than 10% nuclear staining) was observed in 44.18% 

(38/86) of the tumor cells whiles PR  positive was 18.6% (16/86). All cases that showed 

expression for progesterone also showed expression for estrogen, that is no PR+/ER- was 

observed but ER+/PR- was 22.09% (19/86). Tumour cells that showed expression for both 

ER and PR was i.e ER+/PR+ was 10.4% (9/86). 

A high percentage of 82.6% (71/86) of Her 2 negative and 81.40% (70/86) of PR negative 

were observed. Approximately 55.2% (48/86) of the samples analysed were ER negative. 

Exactly 43.02% (37/86) were negative for all the three receptors (i.e triple negative). Less 

than a quarter were either ER+/PR-/Her2-,  ER+/PR+/Her2+,  ER-/PR-/Her2+, ER+/PR-

/Her2+. 

Her2 over expression (immunohistochemical score of 3+) was observed in 11.62% (10/86). 

Her2 amplification was inconclusive in 5 cases since they had immumohistochemical score 

of 2+ but Flourescence in situ hybridization (FISH) could not be carried out. 

Exactly 56.25% (27/48) of ER negative subjects were 50yrs or below. More than half 

(58.33%; 28/48) were of grade 3 IDC. The expression of ER/PR was decreased 

significantly in Her2+ in comparison with Her2- tumors. Table 4.2.b gives the summary. In 

triple negative breast cases, exactly 59.45% (22/37) were 50yrs or below with grade 3 IDC 

also occurring in 51.35% (19/37) and grade 2 IDC seen in 35.14% (13/37) and just a few 

were grade 1 IDC (10.8%; n=4) (Fig 4.2.b). 
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4.4 Expression of RAI3 in breast cancer and non- breast cancer cells 

A subset of thirty six (36) tissue specimen including ten triple negative, twelve 

ER+/PR±/Her2-, seven ER-/PR-/Her+ and seven normal breast tissues (from the initial 100 

cases) were randomly selected for RAI3 immunohistochemistry. The mean age was 49.03 

with the minimum age of 29 years and maximum age 70 years. 

Whiles there was abundant cytoplasmic/membrane expression of RAI3 in some tissues, 

others also showed weak expression. More triple negative tissues expressed RA13 and 

actually higher mean RA13 score than non-triple negative breast tissues. (Table 4.3 g and 

h).The mean RAI3 score in triple negative was 6.3 whiles mean score in all the non-triple 

negative combined was 4.2. (Table 4.3.g). In Her 2+ breast carcinomas there was abundant 

expression of RAI3 in 3 out of the seven tissue samples, the highest being 7 whiles the rest 

showed weak expression (Table 4.3.c). In ER+/PR+ tissues, RAI3 expression was 

abundant in 2 out of the 12 samples analysed with the highest IRS of 7 and those with 

weak expression had IRS ranging between 4 and 0 (Table 4.3.b). In triple negative breast 

carcinomas however, either RAI3 was abundantly expressed (Picture 1), or no staining was 

observed at all i.e. IRS of 0. Six out of the 10 samples analysed had RAI3 score ranging 

from 5 to 8 and the rest had RAI3 score of 0. One case of Paget disease which was triple 

negative also expressed RAI3 abundantly in the cytoplasm (IRS 5).Table 4.3.a gives the 

summary. All normal breast tissue had an IRS of either 2 or 0 (table 4.3.d).  

Attempt was made to establish individual statistical relationship between RAI3 expression 

and histology grade, ER expression, PR expression, as well as Her 2 status. Pearson chi 

square is significant at p <0.05. Correlation between histology grade and RAI3 was 
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statistically non-significant (p=0.155).Statistical relationship between RAI3 and ER 

expression was also non-significant (p=0.228), likewise between RAI3 and PR expression 

(p=0.732). Correlation between Her 2 expression was also statistically non-significant 

(p=0.758).Table 4.3.g. 

4.5 Statistical Analysis 

 Microsoft excel and SPSS version 16.0 (SPSS Inc, Chicago, IL) were used for statistical 

evaluation. Patients‟ age at diagnosis, histology type and grade, ER, PR and Her-2 

expression were computed by excel. Chi square test used to examine the association 

between RAI3 expression and histology grade, ER expression, PR expression as well as 

Her-2 expression were done using SPSS. Differences were considered statistically 

significant at p < 0.05. 
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Fig 4.1.a Frequency distribution of the ages of women with histologically confirmed 

breast cancer 

 

Fig 4.1.b Frequency distribution of the  Histology type 
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Fig 4.1.c  Frequency distribution of the histology grade seen in breast cancer patients 

 

Fig 4.2.a Frequency distribution of ER/PR/Her 2 expression in histologically 

confirmed breast cancer cases 
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Fig 4.2.b Frequency distribution of invasive ductal carcinoma grade seen in triple 

negative cases 

 

Table 4.1. Distribution of histology grade of invasive ductal carcinoma (IDC) seen in 

women with histologically confirmed breast cancer and also below 50 yrs 

Histology Grade             Number (%) 50 yrs and below 

                     1          11(12.79%) 6 (6.98 %) 

                     2         35(40.70%) 24 (27.90%) 

                     3         40(46.51%) 25 (29.1%) 

  Total number   =          86 (100%) 56 (63.98%) 
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Table 4.2 Distribution of ER/PR/Her 2 expressions in breast cancer cases investigated 

ER/PR Her2 Expression Frequency(N=86) Percentage (%) 

ER+/PR+ 9 10.47 

ER+/PR- 19 22.09 

ER-/PR- 48 55.81 

ER-/PR-/Her2-(triple negative) 37 43.02 

ER+/PR+/Her2- 15 17.44 

ER+/PR-/Her2- 19 22.09 

ER+/PR+/Her2+ 1 1.16 

ER-/PR-/Her2+ 8 9.30 

ER+/PR-/Her2+ 1 1.16 

Fig 4.3.a Frequency distribution of the RAI3 scores of randomly selected 

histologically confirmed breast cancer 
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Table 4.3.a Age, diagnosis, and RAI3 scores of randomly selected triple negative 

breast cancer specimen.  

Age Diagnosis ER 

Expression 

PR 

Expression 

Her2 

Expression 

RAI3 

Score 

RAI3 

Expression 

70 G 3 IDC Negative 

 

Negative 

 

Negative 

 

6 abundant 

58 G 3 IDC Negative Negative Negative 

 

0 low 

46 G 3 IDC Negative 

 

Negative 

 

Negative 

 

6 abundant 

40 Pagets 

disease 

Negative 

 

Negative 

 

Negative 

 

5 abundant 

51 G 2 IDC Negative 

 

Negative 

 

Negative 

 

6 abundant 

29 G 3 IDC Negative 

 

Negative 

 

Negative 

 

7 abundant 

65 G 3 IDC Negative 

 

Negative 

 

Negative 

 

8 abundant 

37 G 3 IDC Negative 

 

Negative 

 

Negative 

 

0 low 

45 G 3 IDC Negative 

 

Negative 

 

Negative 

 

0 low 

63 G 2 IDC Negative 

 

Negative 

 

Negative 

 

0 low 

For statistical analysis, RAI3 score of ≤ 4 was considered low while RAI3 score of ≥ 5 

was considered abundant. 
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Table 4.3.b Age, diagnosis, and RAI3 scores of randomly selected histologically 

confirmed ER+/PR± breast cancer specimen 

Age Diagnosis ER 

Expression 

PR 

Expression 

Her2 

Expression 

RAI3 

Score 

RAI 

Expression 

39 G 2 IDC Positive Positive Negative 0 low 

66 G 2 IDC Positive Positive Negative 0 low 

50 G 1 IDC Positive Positive Negative 2 low 

40 G 3 IDC Positive Positive Negative 0 low 

35 G 2 IDC Positive Negative Negative 0 low 

53 G 1 IDC Positive Negative Negative 0 low 

37 G 2 IDC Positive Positive Negative 7 abundant 

70 G 1 IDC Positive Positive Negative 0 low 

56 G 3 IDC Positive Negative Negative 0 low 

47 G 2 IDC Positive Positive Negative 5 abundant 

55 G 2 IDC Positive Positive Negative 4 low 

57 G 3 IDC Positive Positive Negative(0) 2 low 

For statistical analysis, RAI3 score of ≤ 4 was considered low while RAI3 score of ≥ 5 

was considered abundant 
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Table 4.3.c Age, diagnosis, and RAI3 scores of randomly selected histologically 

confirmed Her2+ breast cancer specimen.  

Age Diagnosis ER 

Expression 

PR 

Expression 

H2N 

Expression 

RAI3 

Score 

RAI3 

Expression 

51 G 3 IDC 

 

Negative Negative Positive 

(3+) 

7 abundant 

54 G 3 IDC 

 

Negative Negative Positive 

(3+) 

2 low 

45 G 3 IDC 

 

Negative Negative Positive 

(3+) 

5 abundant 

38 G 2 IDC 

 

negative Negative Positive 

(3+) 

2 low 

42 G 3 IDC 

 

Negative Negative Positive 

(3+) 

6 abundant 

42 G 3 IDC 

 

Negative Negative Positive 

(3+) 

0 low 

41 G 3 1DC 

 

Negative Negative Positive 

(3+) 

0 low 

For statistical analysis, RAI3 score of ≤ 4 was considered low while RAI3 score of ≥ 5 

was considered abundant                  
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Table 4.3.d  Age, diagnosis, and RAI3 scores of randomly selected histologically 

confirmed Her2+ breast cancer specimen.  

 

Age  

RA13 

Score 

RAI3 Expression 

31 0 low 

28 0 low 

38 2 low 

38 2 low 

41 0 low 

29 2 low 

35 2 low 

 

 

Table 4.3.e Frequency distribution of RAI3 scores of some 

ramdomly selected breast cancer specimen 

 

 

 Score 

 

Frequency Percent Valid Percent 

Cumulative 

Percent 

 0 14 48.3 48.3 48.3 

2 3 10.3 10.3 58.6 

4 1 3.4 3.4 62.1 

5 3 10.3 10.3 72.4 

6 4 13.8 13.8 86.2 

7 3 10.3 10.3 96.6 

8 1 3.4 3.4 100.0 

Total 29 100.0 100.0  
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Table 4.3.f Mean age and RAI3 score of the randomly selected breast cancer 

specimen 

 
 

  Ages RAI3 Score 

 Total Number 29 29 

Mean 49.03 2.55 

Std. Error of Mean 2.039 .508 

Median 47.00 1.00 

Std. Deviation 10.982 2.733 

Minimum 29 0 

Maximum 70 7 

Percentiles 25 40.00 .00 

50 47.00 1.00 

75 56.50 5.50 
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Table 4.3.g. Comparison of mean RA13 score of triple and non- triple negative breast 

tissues 

Cancer Tissue  Total Number 

expressing RA13 

Mean RA13 score 

Triple Negative 6 6.3 

ER+/PR+ 5 4 

Her 2 

 

5 4.4 

Normal Breast  4 2 

Non triple 

negative 

combined 

10 4.2 

 

Table 4.3.h. ER/PR/Her 2 and RA13 expressions in both triple and non-triple 

negative breast tissues 

 

 

 

                  

Values are presented as frequency proportion 

 

 

 

  

Triple -ve specimen  

(n=10) 

ER+/PR+ Her2+  Non-triple -ve specimen 

(n=12) (N=7)           (n=19) 

 

Positives Negatives Positives Negatives Positives Negatives Positive Negative 

ER 0(0.0) 10(100.0) 12(100.0) 0(0.0) 0(0.0) 7(100.0) 12(63.2) 7(36.8) 

PR 0(0.0) 10(100.0) 9(75.0) 3(25.0) 0(0.0) 7(100.0) 9(47.4) 10(52.6 

Her2+ 0(0.0) 10(100.0) 0(0.0) 12(100.0) 7(100.0) 0(0.0) 7(36.8) 12(63.2) 

RAI3 6(60.0) 4(40.0) 5(41.7%) (7(58.3) 5(71.4) 2(38.6) 10 (52.6) 9(47.4) 
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 Table 4.3.g Clinicopathological and immunohistochemical parameters in relation to 

RAI-3 immunoreactivity 

 RAI 3 Expression 

 

  

Pearson test(two sided) 

*p value Clinicopathological data low Abundant Total 

Histology Grade 

                 Grade 1 

                 Grade 2 

                 Grade 3 

Total 

 

5 

4 

9 

18 

 

0 

3 

8 

11 

 

5 

7 

17 

29 

 

0.155 

ER expression 

              Negative 

              Positive 

 Total                                

 

9 

10 

19 

 

8 

2 

10 

 

17 

12 

29 

 

0.228 

PR expression 

              Negative 

              Positive 

Total 

 

12 

6 

18 

 

8 

3 

11 

 

20 

9 

29 

 

0.732 

Her 2 

            Negative 

            Positive 

Total 

 

14 

4 

 

8 

3 

 

22 

7 

29 

 

0.758 

* Significant value (p < 0.05)  
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Some Pictures of  immunohistochemistry results of formalin-fixed paraffin embedded 

tissues during the study 

 Picture 1  

 Arrow showing abundant cytoplasmic expression of RAI3 in grade 3 invasive ductal                                        

carcinoma from triple negative patient  
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Picture 2 

Grade 2 invasive ductal carcinoma from ER/PR positive patient showing abundant 

cytoplasmic expression of RAI3  

 

Picture 3 

ER/PR positive specimen showing negative expression of RA13 
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Picture 4 

 Normal breast specimen showing negative expression of RAI3 

 

Picture 5 

Breast carcinoma showing abundant nuclear expression of estrogen receptor 
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CHAPTER FIVE 

DISSCUSSION 

The mean age at diagnosis for the 86 cases was 48.15 with the peak age at diagnosis to be 

40-49 yrs. Other studies in Ghana report of similar findings 0f peak age (Ohene Yeboah 

and Adjei 2012, Clegg-Lamptey et al., 2007). Out of the 86 sample breast cancer cases 

analysed for immunohistochemistry, ER negative and triple negative breast tumours 

accounted for 55.2% and 43.02% respectively whiles ER positive accounted for 44.418%. 

This result on triple negative is certainly lower than that of Stark et al., 2010 who reported 

a much higher incidence among Ghanaian women. The five year survival period after 

initial treatment tends to be low as most of the deaths occur within this period with the 

peak risk of recurrence occurring in the first 3 yrs. However when compared to endocrine 

positive tumours, the risk of recurrence decreases by 50% after the five years of initial 

treatment (Ovcaricek et al., 2011).The characteristic features observed in TNBC in this 

study i.e.  high grade invasive ductal histology, young age at presentation are also similar 

to other studies done in Ghana and elsewhere (Ly et al., 2012, Stark et al., 2010., Ohene-

Yeboah and Adjei 2012., Ovcaricek et al., 2011). The reason for the poor prognosis is not 

certain. It is not clear whether the poor prognosis is as a result of the inherent aggressive 

behavior or lack of targeted therapy. The heterogeneous nature of the disease and the 

treatment failure for some patients require that efforts should be made to identify selective 

molecular targets for development of strategies for earlier diagnosis, management or 

treatment of breast cancer.  
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The main work involved the study of a potential novel biomarker RAI3 among indigenous 

black women based on their hormonal receptor status. Retinoic acid induced protein 3 

(RA13) belongs to a family of G-protein coupled receptor (Cheng and Lotan, 1998).The 

pharmaceutical industry regards members of the GPCR superfamily as interesting drug 

targets since they are known to be involved in many physiological processes including cell 

growth and differentiation (Li et al., 2005, Lagerstrom and Schioth, 2008).However the 

exact molecular mechanism of RAI3 in regulating cell proliferation remains poorly 

understood (Hirano et al., 2006).  

 This study confirms the expression of RA13 in normal breast tissue and breast cancer 

tumours but at different levels based on their hormone receptor status. For statistical 

analysis, an immunoreactive score (IRS) of 5 or more was considered abundant whiles IRS 

4 or less was considered weak. If no staining was observed an IRS of 0 was given 

(negative). In normal breast tissues, RAI3 expression was less abundant compared to the 

breast carcinomas. The very low levels of expression found in the normal breast is 

consistent with previous study. (Nagahata et al 2004). The immunohistochemical staining 

of normal and breast cancer cells with anti RAI3 antibody in the analysis revealed the 

presence of RAI3 in the cell membrane. This raises the possibility that RAI3 can be used 

as a potential biomarker and therapeutic target. Joriben et al., 2009 were the first to analyse 

the expression of RAI3 protein by immunohistochemistry and also observed similar 

findings. This study to the best of my knowledge thus remains the second 

immunohistochemical study on RAI3. All other previous studies on RAI3 have been at the 

molecular level/mRNA levels. Cheng and Lotan 1998, found RAI3 being expressed in 

several normal tissues with the fetal and adult lung having the highest level whiles 
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Nagahata et al., 2004 found very low levels being expressed in normal mammary tissues 

and also sited RAI3 as being implicated in the growth of breast cancer cells. In a work 

done by Wu et al., which involved interaction of p53 tumour suppressor gene with RAI3, 

RAI3 expression was elevated on most cell lines expressing mutant p53 while RAI3 

mRNA was repressed in tumor cell line expressing wild type p53, which further suggests 

that it is a p53 transcriptional target gene (Wu et al., 2005). Some studies have however 

considered RAI3 as a tumour suppressor gene, because of its association with retenoids, a 

vitamin A metabolite known to suppress carcinogenesis (Ye et al., 2009). In an analysis 

carried by Tao et al., using knock-out mouse model, mice lacking the RAI3 gene were 

more likely to develop lung cancer than the wild type mice at 1-2 yrs (Tao et al., 2007). 

 This study observed that patients with triple negative breast tumours exhibited a trend 

quite different from non-triple negative tumours. Either RAI3 was expressed abundantly 

(RAI3 score ≥5) in TNBC tumors or negative expression was made (RAI3 score of 0). Six 

out of the 10 TNBC samples analysed showed abundant expression of RAI3. However in 

ER+ and/or PR+ as well as Her+ samples, few abundant expressions were seen. The rest 

showed intermediate to very low expressions (Table 4.3.b and c). More triple negative 

patients expressed RA13 and the mean immunoreactive score (IRS) was higher in triple 

negatives (6.3) than the entire non-triple negative combined (4.2).Despite these 

observations, correlation between cytoplasmic/membranous RAI3 protein level and the 

clinicopathological characteristics were not significant. This could mean that the 

expression of RAI3 may not be associated with the presence or absence of these receptors 

(Table 4.3.g).This would have to be considered in relation to the fact that only about 34% 

of samples analysed initially for ER/PR and Her2 immunohistochemistry were randomly 
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selected for this analysis. In a study elsewhere to measure mRNA levels by quantitative 

reverse transcriptase (RT)-PCR in 2 normal mammary cells and 8 malignant breast 

epithelial cells, upregulation of mRNA (50%) was observed in the estrogen receptor 

negative cell lines compared to the normal mammary cell lines (Wu et al., 2005). In a 

study that led to the production of anti-RAI3 antibody, a large cohort of 157 breast cancer 

specimen and 44 normal breast tissue specimen were used and the investigators could not 

detect a significant correlation between RAI3 and the hormone receptor status (Joriben et 

al., 2009). 

Breast cancer is certainly a heterogeneous group of tumours and disease presentation 

among indigenous black population is quite different from the Caucasians as previously 

stated. Carrying out this work in normal and cancerous breast tumors among indigenous 

black population and Ghana to be precise, who are more likely to be hormonal receptor and 

Her2-enriched negative is therefore of great interest. 

The abundant expression of this membrane-bound protein in breast cancer cells at different 

levels suggest that RAI3 could be a potential biomarker and as a target for antibody-based 

cancer therapy most probably in triple negative breast cancer. The interaction of an 

antibody with its target inhibits pathways that are essential for cell proliferation or 

metastasis or activates pathways that culminate in cell death or apoptosis (Muss Hyman 

2006). In Her 2 positive breast cancer for instance, the most predominant therapeutic 

monoclonal antibody is Herceptin (trastuzumab).This humanized monoclonal antibody 

works best by targeting the extracellular domain of Her2 (Muss Hyman 2006). Triple 

negative breast cancer (TNBC) patients have worst prognosis and do not benefit from 

endocrine therapy. It is no doubt that studies on breast cancer in identifying and 
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understanding the molecular pathways and mechanisms have led to the improved 

management of the disease. Specific and effective systemic therapies have led to 

improvement in the clinical outcomes of endocrine sensitive and Her2+ positive patients. It 

appears from this study that few Ghanaians could be beneficiaries to these therapies 

considering the high proportion of patients who are hormonal receptor negative, as 

chemotherapy remains the only therapeutic option for triple negative breast cancer patients. 

There is also scanty data on which to base TNBC treatment selection (Ovcaricek et al., 

2011). 

Though endocrine and Her 2 therapies have been successful, there are limitations to these 

interventions. More ER positive breast cancer patients  that respond initially to endocrine 

therapy later acquire resistance and convert to ER negative tumours which is more 

aggressive (Goldhirsh et al., 2003). Most patients also develop resistance to Herceptin 

(Nahta and Esteva 2006). So the additional discovery of other biomarkers and therapeutic 

targets will be of great interest. RA13 may be such a candidate molecule and anti RA13 

antibody could be used in the diagnosis and treatment of breast cancer. This may add on to 

some of the targeted therapies that are being investigated such as the use of tyrosine kinase 

inhibitors (Okabe et al.,2004, Gee et al., 2004) and Poly ADP ribose polymerase(PARP) 

inhibitors (Farmer et al., 2005). 

 More of such work on RAI3 representing a large cohort of both normal and malignant 

breast tumours should be carried out among indigenous black people and other groups of 

people to gain better understanding on the role of RAI3  in breast carcinogenesis. 
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CHAPTER SIX 

CONCLUSION AND RECOMMENDATION 

 6.1 CONCLUSION 

Retinoic acid induced protein 3(RAI3) is expressed in a number of most types of breast 

cancer. However it is expressed in a significant number of triple negative breast cancer 

which could indicate that RAI3 could be a new target for the treatment of this group. The 

mean immunoreactive score (IRS) of RA13 in triple negative tissues was 6.3 as compared 

non-triple negatives which was 4.2. It is a membrane/cytoplasmic bound protein. To the 

best of my knowledge this is the first analysis of RAI3 being carried out at the protein level 

among indigenous black people, albeit involving small sample size.  

6.2 RECOMMENDATIONS AND SUGGESTIONS 

There is clearly the need to work on a large cohort of normal breast tissues as well 

different malignant tissues among indigenous black people as well as other race of people 

to better understand the role this protein plays in breast cancer growth and its potential use 

as a biomarker and a novel therapeutic option in the management and treatment of breast 

cancer. Further studies could also be done to study expression of RAI3 in relation to the 

various risk factors associated with breast cancer. 
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                                                 APPENDIX 1 

      ANTIBODIES 

Primary antibodies used 

      (1)  Rabbit Monoclonal Anti-ER (Catalogue No. APA 308AA, H) 

Rabbit Monoclonal Anti-PR (Catalogue No.PM 34AA, H) 

Rabbit Monoclonal Anti-HER2 (Catalogue No. PME 342AA) all pre dilute, ready to use 

from Biocare Medical, 4040 Pike Lane Concord, CA 94520 U.S.A. 

      (2) Mab MK 24 2.3 mouse monoclonal anti RA13 antibody from Franhuafer Institute,   

Germany.   

 

 

                         

 

 

 

 

 


