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ABSTRACT 

 Disease associated risk factors in premenopausal women includes professional 

and household stresses. While in post menopausal women the major factor is sedentary 

life style. Physiological characteristic have shown that the major risks associated with the 

aggressiveness of tumor are the receptor status especially triple negative (ER, PR and 

her2/neu) in both premenopausal and post menopausal women. Techniques of ELISA 

SEC, HPLC were tried to find out the method for estimation of the level of MUCI/CA15-

3 that showed an early detection and that was also economical. 

 Computational protein modeling was used to predict secondary structure of 

MUC1. Predicted secondary structure of MUC1/CA 15-3 contains 6.0% helix, 7.9% 

strand or β-pleated sheet and 86.1% loop. Percentage composition shows an increased 

number of alanine, proline, serine, tyrosine, valine and glycine in helix, strand and turn or 

loop structure that indicates its basic and hydrophobic characteristics. 

 MUC1/CA 15-3 comprises of an extracellular domain and a membrane associated 

domain. A junction of 3 amino acid units i.e. Cys-Gln-Cys between the extracellular 

subunit and transmembrane subunit is also observed. This motif is necessary for surface 

expression. The extracellular subunit consists of a tandem repeat unit that consist 20 

amino acid residues i.e sapdnkpags and tappahgvts. This region of MUC1 may be used as 

vaccine for breast cancer. 

 The subcellular subunit of MUC1 mainly consists of immunodominant DTR 

motif at 922 postion of the domain, is haeavily glycosylated and may protect the cell 

from any of the foreign body or tumor cell. The other subunit of MUC1/CA 15-3 consists 

of 17 amino acid residues. This subunit is associated with the plasma membrane.  



 xx 

 Post translational modifications (glycosylation, phosphorylation and 

myristoylation) are mainly observed in extracellular subunit. Several phosphorylation 

sites, Myristoylation sites and some glycosylation sites of tandem repeat region were 

predicted in MUC1/CA 15-3. It was observed that due to these modifications, the protein 

performed different functions.  

 Alignment of the sequence of MUC1/CA 15-3 with the other family member of 

mucins (MUC2- MUC12) shows highest homology of MUC1/CA 15-3 with MUC4.  

 The property of breast tumor to produce mucinous antigen was used for the 

synthesis of vaccine using the experimental mice. Electrophoretic technique was used to 

confirm the production of antibody that may be effective against antigen of MUC1/CA 

15-3. 

 The conclusion is that CA 15-3 is a transmembrane glycoprotein having basic and 

hydrophobic charecterstics. The most important part of this protein is extracellular and 

transmembrane subunits. These subunits of protein undergo posttranslational 

modification and are important in immunization and vaccine formation. 
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INTRODUCTION 

 World wide, breast cancer has been reported as one of the most common cause of 

death. The rate of mortality with this carcinoma is going to increase dramatically around 

the world, even in areas that previously had low rate of breast cancer (Key, Verkasalo & 

Banks, 2001). The highest fatality rate due to the disease is reported for women of ages 

40-55 years. Around 0.21 million cases of breast cancer were reported in the United 

States during the year 2003 and it was recorded estimate that about 40,000 women are 

dying every year due to breast cancer (Fuqua, Chang & Hilsenbeck, 2004). In the next ten 

years, a two-fold increase in the number of breast tumor cases was forecasted (Mokbel, 

2003). In women aged above 65, the rate of incidence of breast canner is increased 40-

48%. These statistics show that breast cancer is a challenge for oncological researchers 

all over the world (Nkondjock & Ghadirian, 2005; Rossi et al, 2005). Statistical survey 

shows that in Pakistan the situation is more threathening. Breast cancer has been recorded 

at its peak rate than all other types of tumors (Pervaiz, 1992, Tahir, 1997). 

 Early diagnosis of breast carcinoma is prerequesit for successful therapy of the 

disease. Different modalities and techniques are in practice for early diagnosis but 

screening with modern imagining techniques, is a promising development in early 

detection of cancers (Imran and Ahmed, 1996). „Two-view‟ mammography is a screening 

process in which two mammograms are taken from different views, instead of a single 

mammogram and the results show significant increased detection of breast cancer 

(Usmani and Haider 2000; Adams et al. 2006).  
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1.1: Benign and Malignant changes in breast  

 Nipple discharge is one of the primary conditions representing malignant or 

benign changes in breast cancer. Discharge may be evident on clothing or on palpation of 

breast. The properties of the discharge i.e the color and composition indicate the 

underlying diagnosis. The benign discharge is usually clear, yellow and serous fluid with 

a lumpy breast. However, a thick green discharge is due to hyperproliferation of ductal 

tissue, producing a cellular disease, while simple milky discharge represents insufficient 

suppression of lactation. Bright red bloody discharge is indicative of ductal carcinoma, 

while dark altered blood shows underlying papiloma obstructing a duct. Slightly bloody 

tinged fluid is indicative of intracystic papilloferous carcinoma (Baum and Denton 1981; 

Khurshid 2001). 

 The benign tumors of the breast do not spread outside the organ. These tumors 

rarely lead to death of patient, although on occasions they may cause ugly deformity or 

damage to surrounding tissues by pressure alone. Benign disease includes benign 

neoplasia, dysplasia, inflammatory disease etc. Studies have shown that there is an 

increased risk of cancer among those with benign breast disease (Nkondjock & Ghadirian 

2005). 

1.2: Types of breast tumor (Kumar, Abbas, Fausto, 2004) 

 Carcinoma of breast arises from lining epithelium of the duct system. Breast 

carcinoma may be “in situ” (limited to ducts and lobules without the capacity to 

metastasize) or invasive (penetrate beyond the basement membrane with the possibility 

of metastasis). 

1.2.1: Carcinoma in situ (15-30%) 

 Ductal       
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 Lobular      

1.2.2: Invasive carcinoma (70-85%) 

 Non specific type carcinoma (ductal) 

 Lobular carcinoma 

 Tubular carcinoma(small tumor that is often undetectable by palpation)   

 Mucinous carcinoma(invasive; usually occurs in postmenopausal women)  

 Medullary carcinoma(originates in central breast tissue)    

 Papillary carcinoma  

 Metaplastic carcinoma 

 It is reported by the American Cancer Society that more than 180000 American 

women are diagnosed with invasive breast cancer annually. Majority of these are ductal 

carcinomas. Screening mammography is used for the diagnosis of ductal carcinoma in 

situ (DCIS). Among breast cancers detected during population screening programs, 15-

25% constituted DCIS. Women may be affected by invasive ductal carcinoma at any age 

but majority of the women at the time of diagnosis are at the age of 55 or older (Saenz 

and Philips 1998; Sakorafas and Farley 2003). 

1.3: Clinical features 

 In a majority, breast cancer may not cause any symptoms. Mostly, during 

screening mammograms an abnormality is found which is then further evaluated. Some 

patients however, presents with lump/mass in breast. According to American Joint 

Committee on Cancer (1997), any of the following unusual changes in the breast can be a 

first sign of breast cancer: 

 Swelling of all or part of breast 
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 Skin irritation or dimpling 

 Breast pain 

 Nipple pain or nipple turning inward 

 Rednes, scaliness, or thickening of the nipple or breast skin 

 A nipple discharge other than breast milk 

 A lump in the under arm area 

 Malignant tumors are abnormally growing cells that have the capacity for 

invasion of tissues within the local vicinity and dissemination via lymphatic channels or 

the blood stream. Thus, malignancy and metastatic dissemination require both the 

capacity for dysregulated proliferation and local invasion (Kleer et al. 2000) 

1.4: Staging of Breast Cancer 

 When a woman presents with a breast carcinoma, staging is undertaken so as to 

assess the absence or presence and extent of spread both locally and distantly. The 

staging of disease is important for its management. The two main systems used for 

staging are  

1. The International Classification of staging 

2. The TNM (Tumor, Node, Metastasis) system. 

1.5: International Classification (Underwood 2004) 

I Lump with slight tethering to skin, but no lymph node involvement. 

II Lump with lymph node metastasis or skin tethering. 

III Tumor which is extensively adherent to skin and/or underlying muscles or 

ulcerating or lymph nodes are fixed.  

IV Distant metastasis. 
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TNM CLASSIFICATION  (Cotran, Kumar and Collins, 1999) 

Table 1.1: TNM factors / stage of a breast cancer 

Stage T 

(tumor size) 

N 

(node status) 

M 

(metastasis) 

0 Pre-cancerous 

1 T-1 N-0 M-0 

2 T-1 

T-2 

T-3 

N-1 

N-0 or N-1 

N-0 

M-0 

3 T-Any 

T-3 

T-4 

N-1 

N-0 or N-1 

N-0 

M-0 

4 T-Any 

size 

N-Any 

status 

M-1 

 

T=Tumor Size: 

T1 = 0-2 cm, T2 = 2-5 cm, T3 = >5cm, T4 = ulcerated or attached 

N=Node Status: 

N0 = clear, or negative nodes, N1 = cancerous, or positive nodes 
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M=Metastasis: 

M0 = no spread of tumor, M1 = tumor has spread 

1.6: Epidemiology-Risk Factors  

 Risk factors affecting breast cancer include genetic factors such as family history, 

hormonal status, age at menarche, age at menopause, parity, age at first birth, nutritional 

and morphologic status and breast radiation (Lazcano et al. 1996). 

1.6.1: Geographic Region 

 Women who have migrated from lower incidence areas to higher prevalence areas 

have shown a generational increase in the rate of breast cancer. This provides evidence of 

a geographical link. A higher incidence is observed among urban compare to a rural 

women. Similarly white women are at higher risk than blacks. In western countries 

(USA, Europe) a higher incidence of breast cancer is found as compared to Africa and 

Asia. However, the disease appears to be rapidly rising in Asia, central Europe and South 

America (Kelsey & Berkowitz, 1988; Hejar et al. 2004; Adams et al. 2006; Smigal et al. 

2006).  

1.6.2: Environment: 

 Approximately 4 of 5 human cancers can be attributed to environmental factors 

particularly the chemicals (e.g. benzene, asbestos, etc) (Pervaiz 1992). Pro-carcinogens 

are metabolically activated by enzymes, such as cytochrome, P450 located in the 

endoplasmic reticulum. The activity of these enzymes depends on factors such as species, 

genetics, age and/or sex. These chemical carcinogens and/or their derivatives bind to 

DNA, RNA and protein. In DNA, they interact with the purine, pyrimidine or 

phosphodiester group, guanine being the most common site of interaction.  The addition 
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of various carcinogens to the N2, N3, N7, O6 and O8 atoms of their base has been 

observed.  Even though DNA can get repaired, the DNA modification caused by 

chemical carcinogens lasts over a longer period, and may be instrumental in causing 

mutation (Jemal et al. 2000). Diethylstilbestrol is also reported as possibly being a breast 

cancer risk factor (Kelsey and Berkowitz 1988). 

1.6.3: Age at Menarche 

 No clear correlation has been established between the age at menarche and breast 

cancer (Marchant 1982). However, it has been observed in various studies that women 

who reach menarche at ages of younger than twelve have higher possibility for 

developing breast cancer (Kalache et al. 1983; Tahir 1997; Helft 2004).   

1.6.4: Age at First Pregnancy 

 MacMohn and Linn (1970) noted that women whose first pregnancy is within ten 

to fifteen years of menarche decrease their chances of developing breast cancer. Likewise 

as the age at which the first pregnancy increases, the risk for breast cancer also increases 

(Hankin and Rawlings 1978).   

1.6.5: Lactation 

 Even though no conclusive evidence exists it has been proposed that lactation is 

linked with a decreased chance of breast cancer (Marchant 1982; Helft 2004).   

1.6.6: Parity: 

 High parity and early childbearing reduces breast cancer risk (Magnusson 1999; 

Nkondjock & Ghadirian 2005). However, locally, studies have linked of nulliparity and 

breast cancer (Imran and Ahmed 1996; Tahir 1997). 



Chapter 1  Introduction  

 8 

1.6.7: Age at Menopause 

 This has been hypothesized to be due to carcinogenic changes during the period 

before menopause, hence the lesser prevalence of breast cancer after the age of 60 

(Pervaiz 1992). The possibility of developing breast cancer is 50% lower in those women 

who reach menopause before the age of 45, as compared to women who reach 

menopause after 55 years of age (Marchant 1982; Magnusson 1999).   

1.6.8: Family History 

 A positive correlation has been reported between family history and breast cancer. 

Ten percent of new cancer cases have positive family history. If a first degree relative has 

breast cancer the chance may be increased to three folds and when a second degree 

relative has had breast cancer the result will be halved (Sattin 1985; Tahir 1997). It has 

been observed that in women aged 20-54 without family history of breast cancer, yearly 

incidence of this order was 0.061% (61 cases in 100,000), as compared to 0.828% (828 

cases in 100,000) among those who had a sister and mother with this disease.   

 Among women who had a maternal history of breast cancer, the risk is 1.9 in 

premenstrual women compared to post-menopausal women where the risk is 1.3. Control 

studies reported a two to three times increase in risk related to family history. This risk is 

highest when a direct relative is affected or when multiple relatives are affected, and is 

lower for a second degree family history link. Correlation between a relative diagnosed 

before reaching 45 years in age and the possibility of early onset of breast cancer has also 

been reported (Hulka 1996). A genetic link due to an inherited mutation in BRCA1 and 

BRCA2 genes accounts for about 5% of  total breast cancer cases, with specifically 

increased risk for pre-menopause onset of breast cancer and increased risk for other 

family members (Muti et al. 2005).  
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1.6.9: Oral Contraceptives (OCs) 

 The relation between oral contraceptives usage and breast cancer risk has been 

widely investigated. Studies have found no conclusive relation between either estrogen 

type or progestin type oral contraceptives usage and increased risk for breast cancer. 

Even prolonged for a period of up to 15 years or more is no longer linked with an 

increased risk of breast cancer (Marchant 1982). However, various other studies include 

findings that (Heflt 2004) have linked an increased risk of breast cancer with high 

estrogen pills used as oral contraceptive and hormone replacement therapy.  

 It has also been suggested that duration of use of OCs may be an important risk 

factor. The effect of hormonal agents in OCs may be confined to a certain time periods 

when breast development is taking place rapidly. If this is the case; hormones may have 

very little effect in postmenopausal women, since this situation does not arise to 

administer OC in them (Kelsey & Berkowitz 1988).  

 Multiple studies show a significant relationship between OC use (containing 

progestin only, and monophasic combined OCs) and increased breast cancer.  Early age 

usage or pre-1
st
 birth use of injectable contraceptive (Depo-Provera) has been reported to 

have a possible relation to greater breast cancer risk. As both the estrogen and progestins 

accelerate breast epithelial cell proliferation, this may increase a chance of increased 

mutation rate. Since the cancer is a type of mutation there is a need to study in detail the 

relationship of OCs and non-contraceptive progestins with breast cancer (Stanford & 

Thomas 1993). 

1.6.10: Hormones 

 There is a distinct association between hormones and breast cancer but hormones 

are more likely to be promoters rather than initiators. Hormone metabolism patterns 



Chapter 1  Introduction  

 10 

during earlier life may be linked to breast cancer risk. Estrogen activity appears to be 

important with over exposure to estrogen and under exposure to progesterone. An early 

menarche and a late menopause will lead to a higher number of menstrual cycles, with 

repeated surges of oestrogen having a stimulatory effect on breast epithelium. The 

beneficial effect of early full-term pregnancy could be due to the high concentrations of 

progesterone and prolactin protecting the breast cells against estrogens in the long term 

(Hankin and Rawlings 1978).  

 Relationship between high concentrations of endogenous estradiol and increased 

breast cancer risk has been reported (Hulka 1996). In postmenopausal women the use of 

high dosage estrogen for extended period of time may be associated with increased 

cancer risk (Marchant 1982; Hulka 1996; Key, Verkasalo & Banks 2001). 

1.6.11: Receptor status: 

 Breast cancer is broadly categorized into two types according to the estrogen 

receptor (ER) level of the tumor: ER-positive and ER-negative. Two possible hypotheses 

have been presented to explain this relationship. In one hypothesis ER status is 

considered as an indicator of stage of disease. The other stipulates that both ER-positive 

and ER-negative tumors are singular entities, diverse and dissimilar. Regardless of 

whether our research is etiological (cause orientated) or biological it is vital to know 

which of these two hypotheses is correct (Zhu et al. 1997). However, a local study 

reported that estrogen receptor alone is not a fully reliable indicator of disease but it must 

be complemented with other endrocrinological parameters like progesterone receptor and 

nuclear estrogen receptor (Khurshid 1992). Alternatively, the widespread dispersion of 

androgen receptor suggests that it may be of biological and clinical importance in human 

breast cancer (Brys 2000). 



Chapter 1  Introduction  

 11 

1.6.12: Coffee 

 The possibility of a relationship between coffee consumption and breast cancer is 

widely studied, but results are inconclusive. Minton (1979) presented the first reported 

link between intake of coffee (methyl-xanthine) and fibrocystic breast disease– a 

significant improvement in benign breast disease was reported when intake coffee was 

stopped.  

1.6.13: Alcohol 

 The relationship between alcohol consumption and breast cancer has a definite 

link. Evidence suggests that the greater the intake, the greater the risk. Six percent 

increase for each unit of alcohol (8 grams) consumption per day has been reported. The 

reason for this association is unclear, but it may be due to higher estrogen levels in 

women who have high alchohol intake (Kelsey & Berkowitz 1988; Hulka 1996; 

Nkondjock & Ghadirian 2005). 

1.6.14: Smoking 

 There is no established relationship between smoking and breast cancer. 

Rosenberg (1970) after an extensive study reported no significant correlation between the 

two. Another report also suggested an unclear relationship and no established link 

(Kelsey et al. 1988).  

1.6.15: Diet 

 Wynder (1979) asserts a relationship between the amount and type of lipid 

occurence of breast cancer. He reported that post-menopausal breast cancer in the US is 

higher due to higher average intake of saturated fat. Women in Greece and Spain, have 

lesser risk due to intake of olive oil, a mono-unsaturated fat (Kelsey and Berkowitz 

1988). 
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1.6.16: Obesity  

 There is a definite link between obesity, low physical activity and increased risk 

of breast cancer (Magnusson 1999; Helft 2004). 

1.6.17: Surgical Menopause 

 It has been shown that artificial menopause (through surgical means such as a bi-

lateral oophorectomy in which ovaries are removed) can reduce the risk of breast cancer 

by at least 33% (Dorum et al. 2008).   

1.7: Metastasis 

Cancers can either be primary or secondary: 

 In Primary cancer, the tumor originates from the affected organ. 

 In Secondary cancers or metastasis, the foci of malignant cells are arrested in 

organs such as liver or lungs as a result of spread via blood or lymphatic tissue. 

 Accumulation of a sequence of alteration by cancer cell lines leads to metastasis. 

These genetic alterations allow the cancer cells to become more genetically resilient, 

overriding the organism‟s defense mechanisms, and allowing them to grow in what 

would otherwise be unfavorable conditions. This metastatic capacity may be developed 

quite early, even when the tumor is not very sizeable. Also, it has been noted that healthy 

tissue cells be a factor in facilitating invasion by tumor cells and subsequent survival. 

(Cotran, Kumar & Collins 1999) 

The occurrence and progression of metastasis is due to two factors: 

1.  Genetic alteration of cancer cells to more resilient forms. 

2. The development of compatibility with the host tissue allowing subsequent 

proliferation of tumor cells (Cotran, Kumar & Collins 1999). 

The process of metastasis can be further elaborated as consisting of the following steps  
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1)  In situ cancer surrounded by intact basement membrane.  

2) Alteration in adherence properties to allow invasion, i.e. adherence between cells and 

also between cells and the extra-cellular matrix.  

3) Metastasizing cells can enter the lymphatic system or directly enter the circulation.  

4) Survival of tumor cells and subsequent extravasation of the circulatory system. 

5) Spread of the invasion to other organs (distant), through cells where they remain 

dormant for long periods.  

6) Progressively growing, angiogenic metastasis.  

 

Fig 1.1: Process of metastasis in breast cancer 

(http://www.irbbarcelona.org/index.php/en/news/irb-
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news/scientific/massague-examines-the-latest-scientific-breakthroughs-

on-metastasis) 

 During metastasis autocrine and paracrine stimulation causes the cell to travel 

from its original location and invade organs further away. At first diagnosis, above 70% 

of patients already have some degree of metastasis (Kumar, Abbas & Fausto 2004). The 

speed of metastasis is regulated by the interaction of cells and their extra-cellular matrix 

proteins (Friedl and Brocker 2000).  It is proposed that changes in the structure of 

lycoprotiens and other glycoconjugate on cancer cell surfaces play a significant part in 

metastasis (Jemal et al. 2002).  

 Cell adhesion molecules (CAMs) are transmembrane glycoproteins. They are 

multi domain proteins made up of three domains; extracellular, transmembrane and 

cytoplasmic.  Another glycoprotein, CD44 is a cell surface glycoprotein which acts as an 

adhesion molecule and plays an important part in cell to cell communication (Peramo et 

al. 2008). 

1.8: Characteristics of MUC1/CA 15-3 (Tumor Marker) 

 Normally MUC1/CA 15-3 is found on apical surface of glandular epithelial cells 

in the GIT, lung, pancreas, breast etc (Moncada et al. 2003). MUC1/CA 15-3 contains a 

core protein having mass of 120-225 kDa which after glycosylation increases to 250-500 

kDa (Brayman et al. 2004).  

 MUC1/CA 15-3 mainly comprises of 124 amino acids N terminal non tandem 

repeat (NTR) region inclusive of signal sequence, variable number of tandem repeats 

(VNTR), which are made up of 20 amino acids and 228 amino acids in C terminal.  

 MUC1/CA 15-3 is hyperglycosylated in normal cells due to VNTR region which 

is enhanced with serine and threonine residues attached by O-linked glycans [Hanisch 
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2001].  

 MUC1/CA 15-3 is cleaved into two pieces in the endoplasmic reticulum, the 

intracellular and the extracellular domain. These domains are connected in a non-covalent 

manner (Ligtenberg et al. 1992). There are 20 amino acid variable number tandem 

repeats (VNTR) in the extracellular domain. Heavy o-glycosylation in these repeats is 

due to increased number of serine, threonine and proline residues (Brayman et al. 2004).
 

Five possible sites for glycosylation in each repeat of MUC1/CA 15-3 is reported 

(Ninkovic and Hanisch 2007). 

 The intracellular sub-unit includes both cytoplasmic tail and transmembrane 

protein. The intracellular part of the MUC1/CA 15-3 protein may also contribute in signal 

transduction pathway, through multiple interactions with intracellular proteins (Limacher 

and Acres 2007). The intracellular tail of MUC1/CA 15-3 is phosphorylated and can 

interact with many signaling proteins and transcriptional factors (Leroy et al. 2006). 

MUC1 protect the body from infection i.e. the oligosaccharides in the extracellular 

domain of MUC1/CA 15-3 bind with pathogens and prevent it to reach the cell surface 

(Gendler 2001; Linden et al. 2009).  

 MUC1/CA 15-3 is involved in many physiological mechanisms such as cell 

signaling, adhesion, development and differentiation (Duffy et al. 2000; Leroy et al. 

2006; Singh and Hollingsworth 2006).  

 Heavy glycosylation of MUC1/CA 15-3 causes a steric barrier by introducing a 

bulky carbohydrate chains (Werdelin et al. 2002; Hanisch 2005). Proteins are protected 

from proteolytic break down by O linked glycans (Ninkovic and Hanisch 2007).Glycans 

can affect the binding to MHC molecules as well (Werdelin et al. 2002). 

http://en.wikipedia.org/wiki/Endoplasmic_reticulum
http://en.wikipedia.org/wiki/Variable_number_tandem_repeat
http://en.wikipedia.org/wiki/Oligosaccharide
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1.9: Role in cancer: 

 MUC1/CA 15-3 carries shorter glycan chains which is tumor-specific. This chain 

has a much higher portion of negatively charged sialic acids and thus can give away more 

immunogenic epitopes. This is the major difference between normal MUC1/CA 15-3 and 

tumor MUC1/CA 15-3 apart from their levels (Ninkovick et al. 2009).  

 The glycosylation in the extracellular domain of MUC1/CA 15-3 is responsible 

for the decreased ability of chemotherapeutic drugs to enter cancer cells by creating a 

hydrophilic portion which averts the hydrophobic chemotherapeutic drugs from reaching 

the cancer cells. Increased production of MUC1/CA 15-3 by cancer cell stimulates 

receptor activity by accumulating growth factors near the receptors. It also decreases 

binding of immune cells with receptors due to steric changes. This in turn is responsible 

for growth of cancer cells and inhibition of antitumor immune response (Moncada et al. 

2003; Fessler et al. 2009).  

 Major Process in transformation of normal breast cells to malignant includes 

inhibition of growth, receptor interaction and coupled signal transduction pathway, 

modulation of apoptosis, invasion and metastasis (Cotran, Kumar & Collins 1999). 

 MUC1/CA 15-3 gene contributes in cell pathology.  This trait makes the 

MUC1/CA 15-3 protein as indicator for diagnosis and prognosis (Zaretsky et al. 1990). 

In breast cancer transcription of MUC1/CA 15-3 gene is up regulated with aberrant 

expression over the entire cell surface particularly via steroid hormones (Zaretsky et al. 

2006). 

 The over expression of MUC1/CA 15-3 protein in cancer cells promotes tumor 

progression by increasing the breakdown of cell–cell and cell–matrix adhesions, 
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facilitating migration and metastasis (Carraway et al. 2007; Mahanta et al 2008). This is 

responsible for poor prognosis and shorter survival (Leroy et al. 2006). Aberrantly 

glycosylated MUC1/CA 15-3 is shed during the transformation of cancer cells, which 

damages the differentiation and function of dentritic cells by altering the balance in 

Interleukin-12/Interleukin-10 production (Rughetti et al. 2005). 

 In breast cancer the up-regulation of MUC1/CA 15-3 may cause a change in N-

acetyl glycosyl transferase action. This may shorten the carbohydrate side change or 

hypoglycosylation of MUC1/CA 15-3 (Miller and Taylor-Papadimitriou 1998). The 

aberrant glycosylation mainly occurs in variable tandem repeat domain of MUC1/CA 15-

3. As a result of this new antigenic tumor-specific glycopeptides is formed which is not 

present in normal mucin (Tang et al. 2008). The reason of aberrant glycosylation is that 

there is an incomplete formation of glycan side chain and a premature silylation result in 

additional peptide epitope which become accessible to the immune system (Dzaidek et al. 

2004). 

 It was reported that the cancer associated mucin contains 48% carbohydrates but 

it is decreased to 19% due to degradation. Overall amino acid contents were greater in 

cancer associated mucin with the exception of three amino acids; serine, threonine and 

proline. Two of these (Serine and Threonine) are involved in O-glycosylation (Zrihan-

Licht et al. 1994). 

 These quantitative and qualitative changes in expression of MUC1/CA 15-3 in 

cancers make it immunogenic. Even after active immunization with anti-MUC1/CA 15-3 

immune responses have still been identified and reported (Tang et al. 2008; 2008). Of the 

entire MUC1/CA 15-3 the O-glycosylated VNTR (variable number of tandem repeats) 
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generates the highest degree of immune response. This is due to their higher density 

glycans comparatively to the less dense and longer glycans of normal cells (Müller et al. 

1997; Müller et al. 1999).  

 Atypical MUC1/CA 15-3 having the non-cluster form of Tn antigen is involved in 

aggressive growth of primary breast cancer cells, particularly in lymphatic metastasis. 

(Kawaguchi et al. 2006). 

 Association of MUC1/CA 15-3 with p53 in cancer results in two scenarios. 

Firstly, the inhibition of p53-mediated apoptosis and secondly the halt of p53-mediated 

cell cycle (Wei et al. 2005). Over expression of MUC1/CA 15-3 results in the 

phosphorylation of Bcl-2 associated death promoter in fibroblasts. This consequently 

leads to the dissociation of death promoter resulting in free form of Bcl-2 and Bcl-xL. 

This free form Bcl-2 and Bcl-xL thwarts the release of C from mitochondria, thereby 

putting a stop to apoptosis (Raina et al. 2004). 

 MUC1/CA 15-3 cytoplasmic tail is transported to the mitochondria through 

contact with hsp90. This contact is provoked through phosphorylation of the MUC1/CA 

15-3 cytoplasmic tail by Src (gene). The cytoplasmic tail is then inserted into the 

mitochondrial outer membrane, resulting in the prevention of activation of apoptotic 

mechanisms (Ren et al. 2006). 

 MUC1/CA 15-3 prevents the combination of immune cells with receptors on the 

cancer cell surface through structural obstruction. Any possible anti-tumor immune 

response is there by stopped and MUC1/CA 15-3 is able to induce a weak humoral 

immune response in health and cancerous subjects (Moncada et al. 2003) (Von 

Mensdorff-Pouilly et al. 2011). 

http://en.wikipedia.org/wiki/Bcl-2-associated_death_promoter
http://en.wikipedia.org/wiki/Bcl-2
http://en.wikipedia.org/wiki/Bcl-xL
http://en.wikipedia.org/wiki/Cytochrome_c
http://en.wikipedia.org/wiki/Hsp90
http://en.wikipedia.org/wiki/Src_%28gene%29
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 MUC1/CA 15-3 appears to be a novel therapeutic target for immunotherapy or 

anti-tumor vaccines. Because of the over expression and unusual O-glycosylation in 

many adenocarcinomas, membrane associated MUC1/CA 15-3 is considered a target for 

immunotherapeutic and immunodiagnostic measures. Humoral and cellular response to 

MUC1/CA 15-3 has been described in breast cancer and consequently MUC1/CA 15-3 is 

being promoted as a target for immune intervention (Mukherjee et al. 2004; Beatson et 

al. 2010).  

 From all the forms of MUC1/CA 15-3, three were able to provoke MUC1/CA 15-

3 specific CTL responses. The resulting strength in CTL activity was inversely 

proportional to the degree of glycosylation (Ninkovick and Hanisch 2007).  

 The glycoprotein MUC1/CA 15-3 is significant to cancer immunobiology as 

cancer-specific glycoforms of the over-expressed mucin can be found on cancer cells and 

on its stem cells (Engelmann et al. 2008). Any MUC1/CA 15-3/CA positive tumor is 

being targeted through vaccination with MUC1/CA 15-3-loaded dendritic cells. 

Glycosylated recombinant MUC1/CA 15-3 from a eukaryotic expression system may 

result in decreased efficacy of dentritic cell (DC)-based immunotherapies (Tang et al. 

2008). To combat this it is proposed that recombinant proteins be used that are derived 

from bacteria, and are unglycosylated (Rieser et al. 1999; Maraskovisky et al. 2004; Tang 

et al. 2008). Recombinant N-terminal part (2–147 amino acids) of MUC1/CA 15-3, may 

offer a varied epitope range, and could be used as a tumor antigen for DC-based cancer 

immunotherapy (Yang et al. 2009).  

 Many MUC1/CA 15-3 cancer vaccines have been produced and used in 

experimentation on animals and humans. It is proposed that the ideal MUC1/CA 15-3 
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vaccine should consist of both a peptides and glycopeptides portion so as to engender 

different forms of T cells recognizing cancer specific steric changes in the MUC1/CA 15-

3 molecule (Ninkovick et al. 2009). 

1.10: Immunotherapy: 

 Prevention of disease through immunization has eliminated disease burdens of 

many infectious diseases. In immunotherapy a cancer vaccine is used to stimulate the 

immune system and produce an immune reaction specific to tumor cells. The 

effectiveness of active immunization against tumor antigen depends on the frequency of 

responding T cells and time of escaping tumor (WHO 2008).This cancer 

immunosurveillance hypothesis was first proposed by Burnet and Thomas. It states that 

tumor cells can be recognized and eliminated by the immune system before the sign of 

clinical symptoms.  

 Schreiber and colleagues introduced the concept of cancer immunoediting, which 

include the processes of elimination, stability, and escape. During the elimination stage, 

innate lymphoid cells recognize and eliminate accumulated transformed cells (Dunn et al. 

2002). 

 Practically vaccines are more likely to hinder with cancer development than to 

cause regression of recognized cancers. Antibodies used for therapeutic in human based 

on the production of human antibodies in transgenic mice. Theses transgenic mice 

contain segments of human genome coding for antibodies (Chimeric antigen) (de Geus 

and Hendriksen 1998). Hybrid antibodies are produced by the fusion of suitable antigen 

with cancer cells. Such hybrid cells produce both the derived antibodies and immortal 

cancer cells. The antibodies secreted by such cells are called monoclonal antibodies 
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which are antigen specific. We are hopeful that antibody therapy may become a standard 

adjuvant therapy in near future (Hendriksen et al. 1996).  

 Cancer vaccination plan engaged after the appearance of malignant lesions 

usually have been unsuccessful in inducing tumor regression and improving survival 

(Haigh et al. 1999). A possible reason for this failure is the prominent tumor-derived 

immuno-suppression in patients with advanced disease. These considerations warrant the 

testing of cancer vaccines in the adjuvant setting, where relapse-free and overall survival 

are the key determinants of efficacy (Haigh et al. 1999; Shumway et al. 2009). In this 

perspective, there is a need to focus on cancer vaccination strategies to prevent disease. 

1.11: Cancer vaccination strategies to prevent disease: 

 A distinctive challenge to developing cancer vaccines to either prevent or treat 

cancer is selecting an appropriate antigen that invokes a specific anti-tumor immune 

response. Aside from therapeutic efficacy, the evoked immune response should carry 

minimal toxicity and must maintain a state of anti-tumor vigilance to be effective 

(Weiner et al. 2010).  

 Major step in cancer vaccination strategies is to select the tumor antigen. Tumor 

antigens have been classified as tumor-specific or tumor-associated. Classic tumor-

specific antigens are expressed only by tumor cells, whereas tumor-associated antigens 

also may be expressed by normal tissue. Tumor-specific antigens are often generated by 

mutated proteins (e.g., p53), whereas tumor-associated antigens often are aberrantly 

expressed endogenous proteins (e.g. HER2/neu) that are also normal (Weiner et al. 

2010). 

 Advances in breast cancer therapies in recent years indicate that best cancer 
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vaccine should be able to induce highly effective, lifelong tumor specific responses in 

most of cancer patients (Yuan et al. 2010). 

 Next step after preparation of vaccine is to decide the dose of cancer vaccine. 

There are two possibilities that either single dose daily is given to patient or daily dose 

for certain period of time Cancer vaccines draw out a sustained tumor antigen-specific 

immune response after only one or closely spaced doses, which help to alleviate potential 

toxicity. In contrast, long-term daily dosing generally required with other 

chemopreventive agents‟ increases the risk of serious toxicity (Weiner et al. 2010). 

 Recent advances in therapies have been focusing on the synthesis of tumor 

specific targeted therapies. Ideally a cancer vaccine should induce a highly effective 

immune response that is lifelong and specific to cancer cells only (Yuan et al. 2010).  

1.12: Computational protein modeling: 

 Determination of protein structure is the essence of bioinformatics and theoretical 

chemistry. It is of great worth in medicine for drug designing and biotechnology 

involving novel enzymes (Mount 2004). 

 Computational modeling of protein can be used from genome to atomic level. 

This approach is useful for determination of possible structure and ultimate function of a 

protein by making a comparison to already identified protein in protein databases. 

Different online web tools/servers are in use or can be used to elucidate the structural 

functional relations for hypothetical protein (Dong et al 2000).  

 Sequence homology is the basis of sequence comparison which is first step of 

protein analysis. Sequence search and pair wise/multiple sequence alignment is used for 
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the prediction protein‟s secondary structure. In protein data bases like SWISS-PROT, it is 

the key approach to find possible homologys for a protein (Bairoch and Apweiler 1999).  

 Another approach is sequence annotation. These methods envisage hydrophobic 

profile, predict transmembrane region, active site and signaling site, as well as predict the 

secondary structure and solvent accessibility for a querry sequence (Xu et al 1997).  

 Traditional methods of secondary structure prediction usually involve three 

structural levels, α-helix, β-strand, and loop. This structure prediction method has an 

average accuracy of more than 70%. Due to this high credibility other modeling tools are 

incorporating this secondary structure prediction in them, such as tertiary structure 

prediction (Rost and Sander 1993). 

 PHD and PSA are the new approaches for secondary structure determination. 

PSA, an online web server, offers graphical presentation for each secondary structure 

type and prediction of solvent accessibility along with the sequence (Stultz 1993). 

Molecular modeling techniques have also been used to see the effect on post translational 

modifications in protein (Goode and Crabbe 1995) 
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2.1: Aims and objectives: 

 In the quest to fight the worst menace against the humanity, the aim of our study 

was to determine the chemical structure of MUC1/CA 15-3, establish its relationship with 

the family members and gauge its possible role for detection, prognosis and treatment of 

breast cancer. 

The objectives of our study are given below: 

 To understand the relationship between onset of cancer and physiological factors like 

age, age at menarche, menopause, family history and receptor status etc. 

 Evaluation of treatment response and detection of recurrent breast cancer through the 

measurement of blood levels of MUC1/CA 15-3.  

 Comparison of different analytical techniques like ELISA, HPLC and Molecular 

Sieving Chromatography in the detection of serum levels of tumor markers to be used 

in breast cancer diagnosis and prognosis to find out the most economically viable, fast 

and reliable method. 

 Evaluation of Inhibitory activity of drugs used in cancer patients, i.e. methotrexate 

and tamoxifen, using HPLC to determine the drug of choice for treatment. 

 Establishment of secondary structure of MUC1/CA 15-3 based on its amino acids to 

establish the homology between the sequences of CA 15-3 (MUC1/CA 15-3) and 

other family members. 

 Prediction on the basis of secondary structure of MUC1/CA 15-3 for its possible use 

in vaccine development against breast cancer. 
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 Investigation of the possible glycosylation, phosphorylation and myristoylation sites 

in structure of CA 15-3/MUC1/CA 15-3 to establish a structural functional 

relationship. 

 Try to prepare MUC1/CA 15-3 based cancer vaccines using animal model (in vivo 

study) and tested (in vitro study). 

2.2: Hypothesis:  

 It is therefore hypothesized that MUC1/CA 15-3 is a significant marker in breast 

cancer due to its immunizing property. In this study we hope to study the MUC1/CA 

15-3 and identify the portion of its secondary structure that may be used as a possible 

vaccine. 

 With a wide spectrum of disease, we have focused on the tumor marker MUC1/CA 

15-3. Through different techniques we have assessed its levels in breast cancer 

patients especially focusing on recurrence considering the factors contributing to 

disease. We hope to find a cost effective and specific method that is ideal for our 

socio economic climate.  Then we will derive the Secondary structure in order to 

study which portion of the secondary structure can be used a possible vaccine in the 

future. We hope to identify the potential site /portion of the secondary structure of the 

MUC1 that can be used as a vaccine in breast cancer. 
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LITERATURE REVIEW 

 Most discovery and development regarding cancer has taken place over the last 50 

years. Since cancer was first diagnosed (near about 300-500 years) ago, the majority of 

health professionals have treated it under the concept that the tumor is the disease. If that 

was the case then the removal or destruction of the tumor should cure the disease. 

However, biochemists and health professionals realized that simply removal was not 

effective, a number of patients were still dying due to cancer every year. It was quite 

obvious that the destruction and removal of tumor was unable to cure the disease. Hence 

it was hypothesized that the tumor was a symptom of the disease and not the disease 

itself. (Kelsey 1979). This theory was in essence the tipping point for cancer research.  

 Proposed mechanism of cancer cell formation and destruction is that non-

regulated signal transduction pathways that arbitrate cell growth and apoptosis result in 

cancer. A protein lining was found coating the cancer cell, preventing the normal 

defenses of the body to reach the cancer cell. Deduced through experimentation it was 

found that the cancer cell would be destroyed by white blood cells if the outer protein 

coating of the cancer cell is dissolved. This lining was dissolved by the pancreatic 

enzymes as these enzymes were able to make the body‟s first line of defense while 

working with the immune system of the body itself (Kumar and Medison 2001; Ye et al. 

2004).  

3.1: Breast cancer risk factors: 

 Our research focus was breast cancer. There are many factors contributing to 

breast cancer. Breast cancer becomes more prevalent with age. 50 percent of women age 

of 65 years and older who develop breast cancer die of the disease.
 
Even when a woman 
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survives, breast cancer causes significant morbidity and disability due to its 

aggressiveness (Balduci and Phillip 1998).  

 Breast cancer development is modified by certain risk factors which include: 

height, bone density, ionizing radiations, history of benign breast disease, mammographic 

density, family history, exogenous hormones, and reproductive events. Still others like 

lifestyle risk factors such as (alcohol, diet, physical activity and obesity) and 

demographic profile which includes (age, socioeconomic status, and geographical 

location- country of origin) also contributes to the list. Genetic factors associated with the 

risk of breast cancer development include: glutathione S-transferase family, genes 

encoding cell signaling molecules (PR, ER, TNFalpha or HSP70), DNA repair genes 

(XRCC1, XRCC3, ERCC4/XPF), low-penetrance genes such as cytochrome P450 genes 

(CYP1A1, CYP2D6, CYP19) and breast cancer susceptibility high-penetrance genes 

(BRCA1, BRCA2, p53, PTEN, ATM, NBS1 or LKB1) (Korde, Calzone and Zujewski 

2004; Dumitrescu 2005). 

 There is a strong association between family history of breast cancer and overuse 

of systemic therapy in early onset patients. It is reported that survival of very young 

patients and the patients treated with adjuvant chemotherapy may be impaired with strong 

family history. (Verkooijen et al. 2005).  

 The next major cornerstone in the management of Breast cancer was staging. 

Locally advanced breast cancer indicates most
 
advanced-stage nonmetastatic breast 

tumors which includes a broad range of clinical scenarios. Disease relapse and eventually 

death occurs in most patients with locally advanced disease. The prognoses vary in 

women with locally
 
advanced breast tumors. These depend on extent of lymph node 
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involvement, presence
 
or absence of inflammatory carcinoma and tumor size (Sharon et 

al. 2003). 

3.2: Breast cancer’s biomarkers 

 Several growth factors and proto-oncogenes play a leading regulatory role during 

human carcinogenesis. In the recent years, an advance in breast cancer therapies has 

stepped up towards the development of tumor specific targeted therapies. An important 

strategy for early detection, treatment selection, and assessment of prognosis is defining 

of molecular abnormalities in breast cancer. There is strong evidence that selective 

biomarkers, including mucinous proteins, c-erbB-2 and p53 have a significant prognostic 

affect in breast cancer (Tsuda 1994; 26 Beenken et al. 2001). 

 Several circulating mucinous markers, including MUC1/CA 15-3, MCA, CA 

459, CASA, and Truquant BR, are the secretions of polymorphic MUC1/CA 15-3 gene, 

and are used as diagnostic tools in breast cancer patients. The marker levels reflect the 

tumor activity. Measurement of these levels (in blood) in clinical practice can give 

important information on the tumor's response to treatment and its biological behavior 

during disease monitoring. MUC1/CA 15-3 gene expression is mainly regulated by 

steroid hormones and other substances present in the serum (Seregni et al. 1999). 

 12 mucin genes - MUC2, MUC3, MUC4, MUC5B, MUC1/CA 15-30, MUC6, 

MUC7, MUC8, MUC9, MUC1/CA 15-3, MUC1/CA 15-31 and MUC1/CA 15-32 are 

known in human. They generally have the following features: 

1) Peptide domain with high percentage of serines and theronines, 

2) Nucleotide tandem repeat domain and 

3) Complex RNA expression.   
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 Structurally these can be divided into three sub-groups: soluble, gel forming and 

membrane bound. Each and every member from one group possesses specific function 

and common characteristics. 

 Mucin in general lubricate and protects the epithelial surfaces while other 

important functions include growth, differentiation, direct implication in the fetal 

development, the epithelial renewal and the epithelial integrity, carcinogenesis, and 

metastasis (Kohlgraf et al. 2004). It was reported (Live et al. 1999) that there is alteration 

of mucin glycoproteins with the onset of oncogenesis. It was studied in colon cancer that 

carbohydrate content in the cancer associated mucins is 48% of the total in the normal 

colon, mainly consist of N-acetylglucosamine, galactose, N-acetylgalactosamine and 

fucose. Due to degradation, there are 19% fewer oligosaccharide chains per milligram of 

cancerous colonic mucin as compared to those from normal colons. Cancer-associated 

mucin also had reduced mean oligosaccharide chain length (5.83 carbohydrate residues 

per chain) in comparison to the 10.2 residues of normal colons. Also individual and some 

amino acid were more in cancer-associated mucins, with the exclusion of threonine, 

serine, and proline, two of which represent the O-linked glycosylation sites for 

glycoproteins. This shows mucins are atypically glycosylated in colon cancer, both in 

expressions of their number and chain length (Zrihan-Licht et al. 1994). The results of a 

group of workers (Fukuda & Tsuboi 1999) demonstrate that mucin-type O-glycans either 

facilitate or attenuate cell adhesion. 

 The action of the various members of the mucin family has been reported by 

different studies. As we have discussed an elevation in MUC2 is found in cancer of colon 

(Riede et al. 1998), similarly MUC6 in cancer of prostate (Leroy et al, 2003), and down-
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regulation of MUC5B, MUC1/CA 15-31 and MUC1/CA 15-32 occurs in colorectal 

carcinoma (Williams et al. 1999). Other family members of mucin showed non 

carcinogenic activity (Meerzaman et al. 2000, Lok et al. 2006). 

 Most commonly used serum marker that is helpful in diagnosing and monitoring 

disease activity is CA 15-3 (also known as MUC1/CA 15-3). First described in 1980 as a 

tumor antigen, MUC-1 is normal transmembrane glycoprotein which in breast cancer, is 

over expressed and less glycosylated.  Also high levels may be responsible for metastasis 

(Duffy et al. 2000; Mukherjee et al. 2001; VanLith et al. 2002. Physiologically, 

MUC1/CA 15-3 plays a part in cell adhesion. Presently CA 15-3 is used to detect 

recurrent breast cancer and monitor the effectiveness of treatment in advanced breast 

cancer. In a prospective study of 368 patients, the patients with high preoperative levels 

of MUC1/CA 15-3 (>30.4 U/mL) had a worse outcome than patients with low levels of 

the marker. Hence MUC1/CA 15-3 is used as an independent prognostic serum marker in 

breast cancer (Duffy et al. 2000). 

 Human mucin 1 (MUC1/CA 15-3/CA 15-3) is an epithelial mucin glycoprotein. It 

was first identified as a tumor antigen in the late 80s. It is an important tumor rejection 

antigen and can serve as a target for immunotherapy (Mukherjee et al. 2001; Vanlith et 

al. 2002). It‟s high amount is present in 90 percent of all adenocarcinomas including 

breast, lung, pancreas, stomach, colon, prostate and ovary. These organs are the target for 

immune intervention, because, in patients with solid adenocarcinomas, low-level cellular 

and humoral immune responses to MUC1/CA 15-3 have been observed, which are not 

sufficiently strong to eradicate the growing tumor (Mukherjee et al. 2003).  Another 

study reported that MUC1/CA 15-3 is a transmembrane glycoprotein expressed by 
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normal breast epithelium and virtually all breast cancers. MUC1/CA 15-3 is normally 

restricted to the apical surface of epithelia and loss of this polarized distribution in breast 

carcinomas is associated with lymph node metastasis (Rahn et al. 2005). 

 The presence of MUC-1-specific T-cells in some breast cancer patients may be 

indicative of the balance between their immune tolerance and immune defense 

throughout aetiopathology (Buckel et al. 2006). MUC1/CA 15-3 is not only over-

expressed in breast cancers but its glycosylation status and pattern is also altered. 

Findings have shown both a humoral and cellular responses to MUC1/CA 15-3 and 

hence, MUC1/CA 15-3 is being recommended as a target for immune intervention 

(Mukherjee et al. 2004).  

 The MUC1/CA 15-3 C-terminal subunit associates with estrogen receptor alpha 

(ER alpha) and this interaction is stimulated by beta-estradiol (E2). According to still 

another report, MUC1/CA 15-3 binds directly to the ER alpha DNA binding domain and 

stabilizes ER alpha. Further reports  reveal that MUC1/CA 15-3 stimulates ER alpha-

mediated transcription and contributes to E2-mediated growth and survival of breast 

cancer cells (Wei, Xu and Kufe 2006).  

 MUC1/CA 15-3 exhibits a unique reaction with blood vessels that has significant 

possible implications for circulating tumor cells.  MUC1/CA 15-3 displays intercellular 

adhesion molecule-1 (ICAM-1) mediated adhesion of breast cancer cells to a stimulated 

vessel walls. It also triggers a calcium-based signal to depolarize the membrane. This 

depolarized membrane distribution of MUC1/CA 15-3 in breast carcinomas may 

facilitate interactions with stromal/endothelial ICAM-1 leading to adhesion and 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Wei+X%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Xu+H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Kufe+D%22%5BAuthor%5D
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subsequent migration through the vessel wall. This may lead to MUC1/CA 15-3/ICAM-

1-mediated cell-cell adhesion and calcium-based signal migration (Rahn et al. 2005). 

 The interaction between MUC1/CA 15-3 C terminal subunit and estrogen receptor 

alpha (ER alpha) is stimulated by 17beta-estradiol (E2).Binding takes place between 

MUCI & DNA binding domain of ER alpha; thus stabilizing it. MUC1/CA 15-3 

stimulates ER alpha-mediated transcription and contributes to E-2 mediated growth and 

survival of breast cancer cells (Wei, Xu and Kufe 2006) 

 The use of alternative medicines (other than chemotherapeutic agent) is increasing 

and poorly regulated. A number of studies are reported for the use of different alternative 

medicines.  

 Anti Cancer drugs have developed with a greater understanding of the molecular 

nature of Cancer. It is found that Protein kinases are vital links in the cancer signaling 

pathway. In May 2001 In the US, Gleevec was launched by Novartis as the first drug 

manufactured for the treatment of cancer whose mechanism of action is kinase inhibition. 

Before this in 1998 Herceptin (trastuzumab) was introduced by Genentech as a 

monoclonal antibody against HER-2/neu (a member of the growth factor receptor family) 

for the treatment of breast cancer. Trastuzumab was quite successful, especially when 

combined with doxorubicin and paclitaxol (Kumar and Madison 2001). 

3.3: Endocrine Therapy: 

 Endocrine therapy also plays a role in the treatment of breast cancer.  Tamoxifen 

(Nolvadex) is a nonsteroidal antiestrogen and a synthetic progestin derivative like its 

counterpart aminoglutethimide (Lonning et al. 1992). Tamoxifen mechanism of action is 

that it prevents estrogen from binding and stimulating cellular processes such as growth 
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and metastasis. Tamoxifen was approved by FDA for breast cancer patients in 1978. 

Clinical trials have shown tamoxifen improves survival in both pre- and postmenopausal 

women and also keeps them recurrence free. Long-term adjuvant tamoxifen is not only 

the endocrine treatment of choice in many cases, it is now being proposed as a possible 

chemopreventive agent in women at a high risk for breast cancer (Doherty and Way 

2003). The Early Breast Cancer Trialists Collaborative group (EBCTCG) performed 

data-analysis of 37000 patients of breast cancer reported a 47% reduction in disease-free 

survival and a 26% decline in mortality for women taking tamoxifen versus those who 

did not. From these studies it was also determined that the optimal duration of tamoxifen 

was 5 years (Jin et al. 2005).  

 

Fig 3.1: Mechanism of action of Tamoxifen 
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 Tamoxifen is a selective estrogen receptor modulator (SERM) diffuses into the 

cell, binds to a receptor, and collocates into the nucleus before being activated. 

Endoxifen, extremely potent compound in tamoxifen metabolism; behaves very 

differently to 4–OH tamoxifen. Rather than simply binding to a receptor and collocating 

to the nucleus, endoxifen breaks down the receptor (www.dnadirect.com/.../tamoxifen-

response). 

 Side by side to the potential benefits of tamoxifen therapy there are the potential 

risks, the most significant of which is endometrial cancer. The estimated annual risk of 

endometrial cancer in tamoxifen-treated patients is approximately 2 / 1,000 women. But 

because these patients are already being monitored for cancer there is a high chance of 

early detection and treatment (Barakat 1995). Women with positive estrogen replacement 

therapy, and women who are obese, showed a risk of endometrial cancer using tamoxifen 

(Bernstein et al. 1999). However (Katase et al. 1998) reported that tamoxifen use does 

not increase the incidence of endometrial carcinoma in patients of primary breast 

carcinoma who underwent annual screening for gynecological carcinoma. Along with 

tamoxifen, early interventions such as MRI screening translate into earlier detection and a 

significant reduction the mortality related with breast cancer (Cuenca et al. 1996; 

Sliwinska, Wojtacki, Sliwinski, 2000; Hartman 2005).  
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Fig 3.2: Comparative action of estradiol, tamoxifen and fulvestrant 

(www.dnadirect.com/.../tamoxifen-response) 

 Regardless of all the data in its favor tamoxifen is not recommended for routine 

use for prevention of breast cancer due to its considerable adverse effects, such as 

endometrial carcinoma and thromboembolism.  Another SERM, Raloxifene, is also 

effective in reducing the risk of breast cancer risk. Raloxifine does not have a stimulatory 

effect on the uterus so may be preferred over tamoxifen.  

 In the senior patient the tolerance and effect of Cyclo phospho methotrexate are 

both reduced compared to younger patients who are also postmenopausal and node-

positive and received tamoxifen for 5 years (Rostogi 2008). Hepatic toxicity was induced 

in breast cancer patients by adjuvant CMF/CNF therapy (cyclophosphamide, 

methotrexate, 5-fluorouracil, mitoxantrone). Adjuvant tamoxifen reduced the increase in 

liver enzymes caused by adjuvant chemotherapy (Hirvikoski, Kumpulainen & Johansson 

1997). 
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 Methotrexate blocks purine and deoxythymidylate synthesis- (essential for 

antineoplastic action) and thus inhibits DNA synthesis. It decreases in turn methionine 

synthesis and amino acid metabolism (Burtis and Ashwood Teitz 2000). 

 

 

Fig 3.3: Mechanisms of Action of methotrexate 

 Methotrexate (MTX) is competitive inhibitors of dihydrofolate reductase (DHFR) 

and the folate-dependent enzymes of purine and thymidylate synthesis in all species. 

MTX causes depletion of cellular TH4 stores. 

 Other chemopreventive agents that show potential and are being researched upon 

comprise of cyclo-oxygenase 2 (COX-2) inhibitors, fenretinide, aromatase inhibitors, and 

goserelin (Mokbel, 2003). Besides, these chemopreventive agents‟ 

adriamycine/cyclophosphamide, cyclophosphamide /methotrexate/5-fluorouracil (CMF), 



Chapter 3  Literature Review 

 37 

vincristine/prednisone, and adriamycine /vincristine plus CMF plus Tamoxifen also 

recommended (Sauer, Jehn, & Wilmanns 1979). Fulvestrant, (endocrine agent) is an 

estrogen receptor antagonist that has no agonistic effects. It is as effective and well 

tolerated as anastrozole for treating postmenopausal patients with advanced breast cancer. 

Fulvestrant has first-line effectiveness similar to that of tamoxifen in patients with ER 

and or PR-positive breast cancer. It has become clear that fulvestrant is not cross-resistant 

with other therapies (Buzdar 2004).  

2.3: Secondary Structure Prediction of MUC1/CA 15-3: 

 Protein secondary structure prediction is a key step in prediction of protein field. 

The prediction of the secondary structural contents (those of alpha-helix and beta-strand) 

of a globular protein is of great use in the prediction of protein structure (Wang et al. 

2004). The standard method used to define line segments is to fit an axis through each 

secondary structure element. This is not as easy as it seems due to the presence of 

inconsistent definitions of secondary structure and the fitting of a single straight line to a 

bent structure. The procedure described here avoids these problems can be bypassed by 

finding of line segments independently of any external secondary structure definition. 

This segment may be used as a new basis for secondary structure definition by taking the 

average rise/residue along each axis to characterize the segment (Taylor 2001). Presently, 

accuracies of secondary structural prediction hardly go beyond 70-75%. Secondary 

structural comparison is carried out among sequence-identified proteins (Huang and 

Wang 2002).  

 Connections between protein structures and amino acid sequences are used for 

protein structure prediction. Secondary structure predictors commonly use correlations 
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between a secondary structure sequence and the corresponding primary structure 

sequence (Crooks et al. 2004). The chance of predicting protein secondary structure 

content from composition of their amino acid residues can assist in bridging the gap 

between proteins of known primary sequence with an unknown secondary structure. Most 

recently published models explaining the relationship between the frequency of 

occurrence of amino acid residues and secondary structure content of proteins involved 

composition of all 20 amino acid residues. However, many amino acid residues are 

grouped similarly according to their physicochemical properties (hydrophobicity, 

hydrophilicity, charge, size, etc) (Pilizota et al. 2004). 

 The predictive limits of the amino acid composition for the secondary structural 

content in proteins are usually assessed quantitatively. The average absolute error in 

predicting the fraction of helix, sheet, and coil from amino acid composition of the query 

protein are 13.7, 12.6, and 11.4%, respectively with R.M.S. deviations in the range of 8.6 

divided by 11.8% for the 3.0 (Eisenhaber et al. 1996). A proposed improvement on this is 

the multiple linear regression method which predicts the alpha-helix and beta-strand of a 

globular protein based on its primary sequence (Eisenhaber et al. 1996; Zhang et al. 

1998).  

 The amino acid composition and the auto-correlation functions based on the 

hydrophobicity profile of the primary sequence have been taken into account in the 

algorithm A stringent cross-validation test, i.e., the jackknife test, shows that the average 

absolute errors are 0.087 and 0.081 with the standard deviations 0.067 and 0.065 for the 

prediction of the content of alpha-helix and beta-strand, respectively (Zhang et al. 1998). 

The best of these methods correctly calculate up to 63-65% of the residues in the 
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database with cross-validation for 3 conformations, helix, beta strand and coil with a 

standard deviation of 6-8% per protein (Garnier 1990). 

 

 

Fig 3.4: secondary structure 

(www.rothamsted.ac.uk/.../courses/guide/prot.htm) 

  Alpha - Helix: the first structure described by Linus Pauling. It has a rod shape with a 

coiled peptide, stabilized by hydrogen bonds formed between components of the peptide 

bonds.  

  Beta - pleated sheets: the amino acids organize themselves into stabilized form by 

hydrogen bonds between amino acids in different strands. They can be both organized 

parallel and antiparallel. 

 Any part of the structure that is not stable adopts a random coil formation. 

http://www.rothamsted.ac.uk/.../courses/guide/prot.htm
http://www.rothamsted.ac.uk/notebook/courses/guide/protalpha.htm
http://www.rothamsted.ac.uk/notebook/courses/guide/protalbeta.htm
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 Currently protein secondary structure prediction is based on the evaluation of a 

single protein residue state. Although the best possible accuracy can be up to 60-70%, for 

reliable prediction of tertiary structure it is more useful to predict an approximate location 

of alpha-helix and beta-strand segments, especially prolonged ones.  

 A high prediction accuracy of long secondary structure segments, approximately 

89% of α-helices of length > 8 and approximately 71% of β-strands of length > 6, are 

correctly located with accurate probability prediction of 0.82 and 0.78 respectively 

resulted from prediction analysis (Solovyev and Salamov 1997). 

 A study of neighbouring N-terminal and predicted helical N-termini has shown 

that correct N-terminus usually lie within one or two residues (Wilson et al. 2002). C 

terminal residue of the three-helices 3(10) has shifted backbone in comparison to 

remaining helix. 

 The difference can be credited to the release of electrostatic repulsion among 

carbonyl oxygen atoms at the two C-terminal residues. An intrahelical hydrogen bond 

provides additional stabilization due to linear configuration. A result of this non-regular 

C-terminal backbone conformation would be a potential origin of helix kinks when a 

3(10)-helix is sequence-contiguous at the alpha-helix N-terminal. It is formulated after 

studying hydrogen and hydrophobic interactions in shortest helices that capping 

interactions dominate at the N-termini; most of them was not observed in longer helices 

(Pal et al. 2003).  

 Additional analysis of amino acid distribution revealed that there is high degree of 

similarity between shortest helices and N-terminal of α-helices than the C terminus which 
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suggests that helix folding may starts at N-terminal which is not propagated in case of 

shortest helices. 

 A similar pair wise analysis was carried out for β-turns and shortest helices, on 

the basis of correlation matrices of specific amino acid composition and the wide 

distribution of these secondary structural units. This suggested that helix nucleation 

scheme involves the formation of β-turn as a nucleation step rather than α-helix. Shortest 

3(10) acts as a link between shortest alpha helix and beta turn. These results indicate that 

the shortest helices are of great importance for protein which have significant structural 

and folding connotation (Solovyev and Salamov, 1997; Pal et al. 2003). However another 

study stated that currently employed methods for determination of secondary structural 

parts of protein involves amino acid composition which does not consider sequence 

coupling effects (Liu and Chou 1999). 

MUC1/CA 15-3 Vaccine 

 Immune responses to MUC1 have been seen in breast and ovarian cancer 

patients and clinical studies have been initiated to evaluate the use of antibodies to MUC1 

and immunogens based on MUC1 for immunotherapy of these patients (Taylor 1999). 

 The cell-surface glycoprotein MUC1 is a chiefly attractive for antibody 

targeting. Pichinuk et al (2012) generated a set of unique MUC1 monoclonal antibodies 

that mark a region termed the SEA domain that remains tethered to the cell surface after 

MUC1 cleavage.  

 These antibodies have a high picomolar affinity for cancer cells. Initially 

working with a partially humanized antibody DMB5F3, a recombinant chimeric antibody 

was synthesized later on. This antibody showed a reatively high binding affinity for a 
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series of MUC1+ cancer cells than cetuximab (anti-EGFR1) or tratuzumab (anti-erbB2) 

which were used as control antibodies. DMB5F3 is internalized in temperature dependant 

manner. DMB5F3 antibodies turned out to be cytotoxic to MUC1 cancer cells even at 

low picomolar concentrations, when linked to toxin. These outcomes have shown that 

high affinity antibodies bound to MUC1 SEA domain exert cytotoxic effect on cancer 

cells proving the worth of SEA domain as a potential immunogen for the production of 

MUC1 vaccines. 

 Cancer cells exhibits abnormal glycosylation. Carbohydrate vaccines are 

synthesized making use of this property of cancer cells for the immunotherapy of cancer 

patients. Potential objects are the members of gangliosides (GM2), mucin core family and 

ABH Lewis blood group family. These vaccines have shown fruitful results in preclinical 

studies carried out in mice (Lloyd 2000). 
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MATERIALS AND METHODS 

 The study subjects were one hundred female with breast cancer. For this purpose 

the Oncology Department of Sir Ganga Ram Hospital, INMOL centre and Mayo Hospital 

Lahore were contacted. Data of patients was collected to find out the relationship 

between risk factors
 
like age at menarche, age of menopause, family history, life style and 

receptor status ( ER, PR, HER-2/neu)  with the disease. 

 Breast cancer patients with confirmed histopathological reports identifying them 

as stage3/grade 3 were included in the study. The age of patients ranged from 35-58 

years. On the bases of menstruation status, 100 patients were divided into 2 groups. 

Group 1 comprised 40 breast cancer women with premenopausal status and 60 breast 

cancer women with post menopausal status. Blood samples were collected before the 

start of any treatment regimen. 40 normal subjects of the same age who had no history of 

breast cancer or any other disease were taken as control. Techniques of ELISA and 

chromatography were tried to find out the method for estimation of the level of 

MUC1/CA 15-3 that showed an early detection and that was also economical. Technique 

of electrophoresis was also used.  

4.1:  Estimation of serum CA 15-3 (CanAg-Elisa 

Immunometric assay) 

4.1.1: Principle: 

 On the basis of the direct sandwich technique CanAg CA 15-3 EIA is assessed as 

a solid phase non competitive immunoassay. Calibrators, controls and patient samples are 

all placed in the incubator together with biotinylated Anti-CA 15-3 monoclonal antibody 

and horse-radish peroxidase labeled Anti-CA 15-3 monoclonal antibody in Streptavidin 
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coated microstrips are used. As a result of enzyme reaction, a blue color develops. The 

intensity of the color (determined in a micro plate spectrophotometer at 620nm) is 

directly proportional to the amount of CA 15-3 that was present in the samples  

4.1.2: Reagents: 

 Micro plate coated with streptavidin. 

 Five CA 15-3 calibrators (0, 15, 50, 125 and 250 µ/ml) containing MUC-1 

antigen mixed in a solution of Tris-HCl buffered salt,  bovine serum albumin and 

0.01% methyl-isothiazolone as a preservative. 

 Two CA 15-3 controls containing MUC-1 antigen in a Tris-HCl buffered salt 

solution with bovine serum albumin and 0.01% methyl-isothiazolone (as 

preservative). 

 Biotin Anti-CA 15-3 monoclonal antibody from mouse (2.5 µg/ml) 

Containing phosphate buffered saline with a pH of 7.2 and the following; bovine 

serum albumin, bovine immunoglobulin, blocking agents, detergents and 0.01% 

methyl-isothiazolone (as preservative). 

  Tracer, HRP Anti CA 15-3 monoclonal antibody from mouse (50µg/ml).      to be 

added to Biotin Anti CA 15-3 before use. 

 Sample Diluent: Tris-HCl buffered salt solution containing bovine serum albumin 

and 0.01% methyl-isothiazolone as preservative. 

 TMB HRP-Substrate containing buffered hydrogen peroxide and 3,3‟, 5, 5‟ 

tetramethyl-benzidine (TMB). 

 STOP solution containing 0.12M hydrochloric acid. 
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 Wash Concentrate containing a Tris-HCl buffered salt solution with Tween 20. 

This Contains Germall 11 as preservative. It was diluted with water 25 times. 

4.1.3: Procedure: 

 Each determination i.e. calibrators, controls and patient sample was performed 

in duplicate at 20-25
0
C. 

 Wash concentrate was prepared with 1200 ml of distilled water. 

 Antibody solution was prepared with 50 µl of Tracer, HRP Anti-CA 15-3, 

with 1ml of Biotin Anti-CA 15-3 per strip. 

 25 µl of patient sample was mixed with 1 ml of sample Diluent. 

 25 µl of calibrators, controls and diluted patient sample was added in each 

well. 

 100 µl antibodies were added in each well. 

 All the wells were incubated for 2 hour in shaker at room temperature. 

 After incubation each well was washed six times with wash solution. 

 100 µl of TMB-HRP substrate was added in each well. 

 All the wells were incubated for 30 min in shaker at room temperature. 

  Read absorbance of each well in a micro plate spectrophotometer at 620nm. 

 100 µl of Stop solution was added in each well. 

 Then all the wells were incubated for 1 min in shaker at room temperature. 

 Absorbance of each well was read in a micro plate spectrophotometer at 405 

nm within 15 min. 
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Fig 4.1: Calibration curve of CA15-3 

Calculations: 

 A calibration curve was created by plotting the absorbance (A) values obtained 

for each CA 15-3 calibrator against the matching CA 15-3 concentration (U/ml). The 

unknown CA 15-3 concentration was determined from the calibration curve using the 

mean absorbance value of each patient specimen. The CA 15-3 concentration of the 

undiluted sample was calculated as; 

Diluent 1/10: 10 x measured value.  
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4.2: Molecular Sieving/Exclusion Chromatography 

4.2.1: Principle 

 Molecular sieving/Exclusion Chromatography is a simple technique used to 

separate macromolecules. Column packing material (Gels) of different mesh sizes are 

Dextran (Sepadex G-10 to G-200), Polyacrylamide (Biogel P-2 to P-300) and Agarose 

(Sepharose 2-B, Biogel A-0.5 etc). The gel is an inert substance containing pores of 

definite size. When molecules of various dimensions are placed on top of a gel column 

and eluted with buffer, the larger molecule that cannot enter the pores are eluted first, 

whereas smaller molecules that enter the pores of gel beads are eluted according to their 

decreasing molecular masses. Columns with a diameter of 1cm are used for separation of 

macromolecules.   

4.2.2: Reagents 

 50 mM Sodium phosphate buffer (pH 6.6): 

a) 0.36 gm of sodium hydrogen phosphate dissolved in 50 ml distilled water.  

b) 0.78 gm of sodium dihydrogen phosphate dissolved in 50 ml distilled water.  

     31.25 ml of (a) was mixed in 18.75 ml of (b) and volume made        

     upto 100 ml with distilled water.  

 0.1M sodium chloride: 5.85 gm of sodium chloride was dissolved in distilled 

water and volume was made upto 100 ml.  

 0.02% sodium azide: 0.02 gm sodium azide was dissolved in distilled water and 

volume was made upto 100 ml with distilled water.          
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4.2.3: Procedure: 

 Prefractionation of precipitated serum protein was carried out using column 

chromatography. Sephadex G-150 column (67x1.5 cm) was equilibrated with 50mM 

sodium phosphate buffer (pH 6.6) containing 0.1M sodium chloride and 0.02% sodium 

azide. Sample was equilibrated overnight with starting buffer.  Flow rate was maintained 

3.0 ml/15 min and fraction of 3.0 ml each were collected. Absorbencies of fractions were 

measured at 280 nm.   

4.3: High Performance Liquid Chromatography (HPLC) 

4.3.1: Principle: 

 Many biochemical molecules differ from each other in shape, polarity or charge. 

Therefore separation of these molecules was achieved by using various chromatographic 

techniques under high pressure.  

4.3.2: Reagents: 

 50 mM Sodium phosphate buffer (pH 6.6): 

 7.8 gm sodium dihydrogen phosphate was dissolved in 400 ml distilled water then 

7.1 gm of sodium hydrogen phosphate was added and was allowed to dissolve. 

The pH was adjusted with few drops of hydrochloric acid and volume was made 

upto 1.0 liter with distilled water. 

 0.1M sodium chloride: 5.85 gm of sodium chloride was dissolved in distilled 

water and volume was made upto 100 ml.  

 0.02% sodium azide: 0.02 gm sodium azide was dissolved in distilled water and 

volume was made upto 100 ml with distilled water.      
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4.3.3: Procedure: 

 Prefractionation of precipitated serum protein was carried out using the technique 

of HPLC column chromatography. Bio-Sil SEC 125 column (300X7.8mm) was 

equilibrated with 50mM sodium phosphate buffer (pH 6.6) containing 0.1M sodium 

chloride and 0.02% sodium azide. Diluted serum sample of patients (1:100) and of 

standard marker proteins (Mw 660. 160, 45, 16 and 10 Kda) were applied separately by 

injection port.  Flow rate was maintained at 0.5 ml/min and fractions were collected. 

Absorbencies of fractions were measured at 280 nm.   

4.4: Protein inhibitory assay: 

 Effect of drugs was observed using the extract of methotrexate and tomaxifen. 40 

µl of drugs were incubated with 20 µl diluted sample for 20 min at 37
0
C. Mixture of 

methotrexate and tomaxifen were injected by sample injection port. Mixture/sample was 

eluted at a flow rate of 0.5 ml/min.   

4.5:  Sodium dodecyl sulfate electrophoresis (SDS-PAGE) 

(Lamilli 1972) 

4.5.1: Principle:  

 It is based on the separation of proteins according to their size. Proteins are 

converted to the same shape by using SDS (sodium dodecyl sulfate). Proteins are 

exclusively made up of primary structures with a large negative charge meaning they will 

migrate towards the positive pole when placed in an electric field.  
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4.5.2: Sample preparation 

 SDS (an anionic detergent) is added to the analysis sample resulting in denaturing 

of secondary, non–disulfide–linked tertiary structures, and the addition of a mass 

proportionate negative charge. Heating to at least 60°C further promotes protein 

denaturation, and helps SDS to bind. 

 A tracking dye can also be added to the protein solution. Since the dye will have a 

higher electrophoretic mobility than the proteins we can use it to track the progress of the 

protein solution through the gel during electrophoresis. 

4.5.3: Preparation of acrylamide gels 

 The gels consist of acrylamide, bisacrylamide, SDS, and a buffer with an adjusted pH. 

To prevent the formation of air bubbles during polymerization the solution is degassed 

under a vacuum. Ammonium persulfate (as stabalizer) and TEMED are both added to 

start the polymerization process. This results in a gel. The acrylamide concentration in 

the get can range from 5% to 25%. The Lower the percentage the better the gels is for 

resolving high molecular weight proteins. Likewise higher percentages are needed to 

resolve smaller proteins.  

 Gels are polymerized in a gel caster between two glass plates, and a comb 

inserted at the top. This creates a sample well. The comb is removed after the gel is 

polymerized and the well goes to electrophoresis. Tris hydrochloride buffer is used as 

medium. 

http://en.wikipedia.org/wiki/Detergent
http://en.wikipedia.org/wiki/Acrylamide
http://en.wikipedia.org/wiki/Bisacrylamide
http://en.wikipedia.org/wiki/Sodium_dodecyl_sulfate
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4.5.4: Electrophoresis 

 An electric field is applied across the gel causing the proteins to move through the 

matrix at a speed corresponding to its size. The gel has pores through which the proteins 

must move and the larger the protein the more resistance it will face in its movement. 

After a set amount of time usually 60 minutes, the proteins will have differentially 

migrated based on their size. This helps us to roughly separate proteins according to size / 

molecular weight. Staining the gel with Coomassie Brilliant Blue R-250 helps visualizing 

progress of the separated proteins, each appearing as distinct bands within the gel. A 

ladder of known molecular weight protein is run in a separate lane in the gel, providing 

us with a relative comparison with which to determine the approximate molecular mass 

of unknown proteins. 

4.6: Secondary structure prediction of MUC1/CA 15-3 

4.6.1 Sequence Retrieval: 

 Primary sequences of Human MUC1 were retrieved from the SWISSPROT data 

bank [Bairoch & Apweiler, 1999]   

4.6.2 Sequence Analysis: 

 Protein pattern search: the primary sequence of human MUC1 was searched at 

PROSITE database [Bairoch, Bucher & Hofmann, 1999] PROSITE (a dictionary of 

protein sites and patterns) is a method of determining the function of uncharacterized 

protein translated from genomic or cDNA sequences. It consists of a database of 

biologically significant sites and patterns formulated in such a way that with appropriate 

computational tools it can rapidly and reliably identify to which known family of protein 

the new sequence belongs. 

 

http://en.wikipedia.org/wiki/Coomassie_Brilliant_Blue
http://en.wikipedia.org/wiki/Molecular_mass
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Tandem repeat analysis: The 20 amino acid tandem repeat sequence, 

SAPDNKPAPGSTAPPAHGVT, of human MUC1 was submitted to the BLAST 

[Altschul et al, 1990] server and searched for short sequence match against pdb [Berman 

et al, 2000]. 

 Multiple Sequence Alignment: Multiple sequence alignment of MUC1 with other 

family members of mucin family was carried out by CLUSTAL W [Thompson, Higgins, 

and Gibson, 1994]. 

4.6.3 Secondary Structure Prediction: 

 The secondary structure prediction of human MUC1 was carried out by the 

SABLE server that is used for predicting real valued relative solvent access of amino acid 

residues in proteins, and for improved prediction of secondary structure using 

evolutionary profiles and predicted relative solvent accessibility of an amino acid residue 

as a fingerprint of the overall packing [Adamczak, Porollo and Meller, 2004; Adamczak, 

Porollo and Meller, 2005].       

4.7: MUC1 Vaccine preparation: 

4.7.1: Principle:  

 To produce the desired monoclonal antibodies, the cells are grown by injecting 

into the peritoneal cavity of a prepared mouse.  These antibodies have been immunized 

with the substance that we are studying (Loeb and Quimby 1999; Diehl et al. 2001). 

 Intraperitoneal route is used for drug so it can be absorbed into both the systemic 

and portal circulations. (Diehl et al. 2001). Cardiac puncture was carried out under 

general anesthesia (Diehl et al. 2001)  
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4.7.2: Material and Method: 

Adult female mice weighing 20-30g were obtained from the PCSIR Laboratories. Mice 

were immunized with an antigen that was prepared for injection by emulsifying the 

antigen in equal volume with adjuvants aluminium hydroxide (Al(OH)3) and saline.   

Al(OH)3 was prepared as described (Revoltella and Ovary 1969). Briefly, a 2 N 

aluminium sulphate solution (Fisher, reagent grade) was mixed with equal volume of a 2 

N NaOH solution until gelification and washed three times in 0.15 M NaCl. A stock 

solution of 60 mg/ml of Al(OH)3 was prepared and kept at room temperature until use. 

4.7.3: Procedure:    

 Four adult female mice weighing were included in the study. Three were used as 

experimental animals and one was used as control. 100 µl of serum of breast cancer 

patient was mixed with 100 µl of saline and 10 µl of alum. The mixture was allowed to 

stand for 30 minutes at room temperature. After 30 minutes the mixture was injected 

intraperitonially to three mice separately. One hundred µl of saline was injected to 

control mouse.  Procedure repeats after every 48 hrs for a week. Blood sample containing 

polyclonal serum antibodies was obtained from mice by the procedure of cardiac 

puncture (Diehl et al. 2001). 

 Blood sample was centrifuged at 3000 rpm for 1-2 min. Serum containing 

antibody was separated and incubated with serum of breast cancer patient at 37
o
c for 30 

min. Incubation mixture was electrophorsed on 10% polyacrylamide gel to observe the 

inhibiting effect of monoclonal antibody on cancer antigen. The gel was stained with 

coomassie blue. After destaining the gels was photographed and its images was stored for 

protein quantification by Gene Genius Bio-imaging Gel Documentation System. This 
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provides the data of molecular weight and percent raw -volume for each of the fraction. 

Electrophorsed samples included marker with different molecular weight (also called 

ladder), normal human serum, breast cancer serum and incubated mixture of breast 

cancer serum and monoclonal antibodies. 

4.8 Statistical Analysis 

 For the statistical analysis of the result the following terms and formula were 

used: - 

4.8.1: Arithmetic Mean (X) 

 It is the arithmetic average of all the individual values and is calculated by the 

following formula: - 

X = ∑/n 

Where 

∑X = Sum of all the values 

n = number of values 

4.8.2: Standard Deviation (SD) 

 It is an expression of spread of variability of means of all observations. It is 

calculated by following formula: 

   ∑X
2 

 - (∑X)
2 

/2 

 SD = …………………………….. 

   n-1 

 

∑X
2 

= Sum of squares of all observations 

∑X = Sum of all observations 

N = number of observations 
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4.8.3: Standard Error of Mean (SEM) 

 It is the standard deviation of the distribution of mean values. It is calculated by 

the formula: 

 

Where 

SD = Standard deviation 

N = square root of number of values (n) 

4.8.4 Student “t” test 

 It is simple statistical test which compares the two means, calculated by following 

formula: - 

 

Where 

X1 = Mean of 1
st
 group 

X2 = Mean of 2
nd

 group 

SD1 = Standard deviation of 1
st
 group 

SD2 = Standard deviation of 2
nd

 group 

n1 = Number of values of 1
st
 group 

n2 = Number of values of 2
nd

 group 

4.8.5: Degree of Freedom (DF) 

 Before consulting the table of “t” distribution, we require degree of freedom 

which is calculated with the formula: 

   DF = n
1
 + n

2
 – 2 
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4.8.6: Probability (P) 

 The „P‟ value ascertains the significance between two means. If DF and “t” value 

are known then “P” value can be found from the table. 

 

P <0.01 = significant 

P <0.001 = highly significant 
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RESULTS AND DISCUSSION 

5.1:  Demographic characteristics of breast cancer women with 

different menstrual status 

Table 5.1: Demographic characteristics of pre and post menopausal 

women with breast cancer 

Variables Pre menopausal women 

    (40 patients) 

Post menopausal women 

        (60 patients) 

Present age (yrs) 37.72±5.99 55.05±7.28 

Age at menarche (yrs) 10.0±1.04 11.1±1.06 

Age at menopause (yrs) --- 50.89±2.76 

Socioeconomic status Good (25 %) 

Very good (15 %) 

Poor (60%) 

Good (25%) 

Very good (05%) 

Poor (70%) 

Family History 2-3 % 1-2 % 

Marital status 95% married 97% married 

Parity 3.25±1.67 2.55±1.01 

Blood pressure (mmHg) 110/70±100/65 100/60±95/60 

Life style 80% active 

20% sedentary 

26% active 

74% sedentary 

Multivitamin use 20% 10% 

Use of oral contraceptive 40% 35% 

Site of cancer 15 (right site) 

25 (left site) 

25 (right site) 

35 (left site) 
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Type of cancer Intraductal carcinoma 

(95%) with stage 11 

Lobular carcinoma (05%) 

With stage 11 

Intraductal carcinoma  

(96%) stage 11 and 111 

Lobular carcinoma (04%) 

Stage 11 

Lymph node involvement 65% 80% 

Receptor status 50% ER and PR +ve 

50% ER and PR –ve 

50% Her2-neu +ve 

50% Her2-neu -ve 

ER and PR –ve and Her2-

neu= +ve (65%) 

ER and PG –ve and Her 2-

neu –ve (35%) 

 

 One of the objectives of this study was to find out the possible relationship 

between the ages of the patients with the disease. The age distribution of Pakistani 

women suffering from breast cancer ranges from 32-75 years with a mean of 48.3 years. 

The study revealed the mean age of premenopausal patients to be 37 years and of post 

menopausal women to be 55 years with age range 25-40 years and 50-60 years 

respectively. Our Study also observed that the number of post menopausal women with 

breast cancer was higher (60%) than that of premenopausal women (40%) who visited 

the Oncology out door of local hospitals, in Lahore, Pakistan (Table 5.1). Our study has a 

wider range (100 patients) than the study of Naeem, who on the basis of 24 patients 

reported the percentage of 62.5 to be>40 years and that of 37.5 <40 years (Naeem et al, 

2008). 

 A prior study found the mean age of menopause to be 49 years and menarche to 

be 12
 
(Missmer et al, 2004). The mean age at menarche was 10 years in premenopausal 
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women and 11 years in postmenopausal women who were suffering from breast cancer. 

Whereas the mean age of menopausal women having breast cancer was 50 years. These 

results are in agreement with our findings in this regard.  

 Trichopoulos and MacMohan (1972) observed that women with natural 

menopause at age 55 years or older had twice the risk of breast cancer as compared to 

those whose menopause occurred before the age of 45 years. It was reported that breast 

cancer in postmenopausal women is due to naturally altered hormonal homeostasis 

whereas in pre menopausal women it was related to an endocrine imbalance due to some 

defect involving the ovaries (Hindle, 1990).   

 The majority of premenopausal women (60% in number) with breast cancer 

belong to poor class whereas 25% from middle socio-economic class (good) and 15% 

from upper class, among the present study subjects.  This study is in contrast with the 

report
 
according to which, breast cancer is more common among women of higher socio-

economic status in developed countries (Goldberg 1981; Muttlin 1984).  Present study is 

in accord with the reports that distribution of cancer is more common in low 

socioeconomic status than the higher one (Lubin et al. 1981). 

 It has been previously reported that women with a sedentary lifestyle are at a 

higher risk of developing breast cancer (Sattin and Rubin 1985). About 76% of post-

menopausal women in this study had sedentary lifestyle.  

  Other studies have also reported higher rates of pre-menopausal cancer in 

working women
 
(Goldberg 1981; Muttlin 1984). In pre-menopausal women, increased 

work load and stress was a risk factor, whereas regular exercise had a protective effect 

(Zhang et al. 2009). Another study has linked high level of physical activity to the 



Chapter 5  Results & Discussion 

 60 

observed difference in breast cancer risk between urban and rural women in India 

(Metthew et al. 2009). As a whole, studies have reported physical activity as having a 

protective influence with regard to breast cancer, although the correlation with 

menopausal status is inconclusive. High physical activity has been reported to be 

associated with lower breast cancer risk in post-menopausal women (Kruk 2009). 

 Most patients in this study including both pre menopausal (95%) and post 

menopausal (97%) women with breast cancer were married. This distribution in the 

sample conforms to previous studies that report higher incidence of breast cancer 

amongst married women (Miller et al. 1994). Only one report at the time of this research 

that contradicted this (though conducted on a small sample size) states that there was a 

high prevalence of breast cancer amongst a group of nuns in a convent in France 

(MacMohan and Linn 1970). 

 On average, women with premenopausal status had 3-4 children and post 

menopausal women had 2-3 children. Missmer et al. 2004 also observed an average of 3-

4 children in women with breast cancer. However, other studies assert that there is a link 

between infertility and increased breast cancer incidence (Baum et al. 1981). None of the 

women in our study were infertile. 

 According to our study it was found that family history is not very common in our 

studied patients. However, it has been widely reported that, in both premenopausal and 

post menopausal women, family history of breast cancer is risk factor for breast cancer 

(Barnes et al. 2009; Zhang et al. 2009).  

 In both premenopausal and postmenopausal women, 20% developed cancer in 

right side and 30% in left breast. Baum reported that women who mostly suckled on right 
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breast, developed breast cancer in the left breast and vice versa, but this report is 

controversial (Baum 1981). 

 According to this study, 95-96% breast cancers were intra-ductal carcinomas, 

while 3-4% was of lobular type.  It has been previously reported that invasive ductal 

carcinoma is the most common type of breast cancer (Howe et al. 1991).  It is thought to 

be a pre-cursor to invasive carcinoma, and has better prognosis compared to the later 

(Goldstein and Murphy 1996).  

 Breast cancer may be related to different hormonal environments, depending on 

different hormone receptor status (Kakugawa et al. 2007). The progression of breast 

cancer is often linked to changes in the expressions of PR, ER, and HER-2/neu receptor 

status (Liu et al. 2009). The present study found  that these receptors (PR, ER, and HER-

2/neu) were   positive in 50% patients amongst premenopausal women, while in case of 

post menopausal women, 65% of women‟s cancer was associated with positive  ER,PR  

and negative Her-2/neu and remaining 35% with negative ER, PR, and HER2/neu 

receptor status. Our results were in accordance with another study carried out, 

considering Pakistani females with breast cancer; the study found a significant 

association between HER-2/neu receptor positivity and tumor size and negative ER/PR 

status (Naeem et al. 2008).  

 The ER, PR and Her/neu status of the subjects of this study reveals the same. 

Thus the imbalance of hormones caused a multifold cell division where by the 

polymerases were deceived and could not cope up with the proof reading during this 

accelerated DNA synthesis. The resultant mutations may culminate in different kinds of 
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cell aberrations including different kinds of breast cancer, as has been evident from the 

above mentioned results. 

5.2: Variation of MUC1/CA 15-3 in serum of normal and 

patient with breast cancer 

 To assess the usefulness of post operative serum MUC1/CA 15-3 in cancer 

therapy the level of serum MUC1/CA 15-3 was assayed both in female breast cancer 

patients and their controls. Results have been depicted in Table 5.2. Level of MUC1/CA 

15-3 in patients with stage 3 of breast cancer was significantly (P<0.001) increased as 

compared to normal subjects.  

 

Table 5.2: Variation of MUC1/CA 15-3 in serum of normal and 

patient’s diluted serum applied on molecular sieving chromatography 

Subjects MUC1/CA-15-3 

(U/ml) 

MUC1/CA 15-3 (U/ml) in peak of  

molecular sieving chromatography 

Normal  (40) 28.50±3.99 8.0 U/ml 

Patients (100) 60.47±8.59** 18.0 U/ml** 

       P**<0.001=highly significant difference 

Chromatographic profile of both patients and controls was also carried out. It was 

observed that the profile was same in both patients and normal subjects (Fig 5.1). 

However the 1
st
 peak of chromatographic profile (in serum sample of patient) showed a 
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pronounced increase in the amount of MUC1/CA 15-3 as compared to the quantity of 

MUC1/CA 15-3 of 1st peak of chromatographic profile of normal subjects. This showed 

that the quantitative assay of MUC1/CA 15-3 has a potential in breast cancer prediction. 

 

Fig 5.1: Chromatographic profile of molecular sieving chromatography 

in (A) normal subject and in (B) patient with breast cancer 

5.3: HPLC profile of normal subjects and patients  

Chromatographic difference in patients and normal subjects was also carried out using 

the technique of HPLC. It was observed that the number of peaks in the chromatographic 
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profile of normal subjects was more as compared to patients. More peaks in case of 

normal may show the presence of peptides that may have been removed in cancerous 

patients (Fig 5. 2). 

 

     Time(min)     Time(min) 

Fig 5.2: HPLC profile of serum of normal subject and breast cancer 

patient 
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5.4: Inhibitory activity of tamoxifen and methotrexate 

 Inhibitory activity of methotrexate and tamoxifen was checked using HPLC 

chromatography. These drugs are universally used for the treatment of breast cancer. It 

was observed that incubation of methotrexate may inhibit some abnormal proteins but its 

effect is not very pronounced as compared to that of tamoxifen (Fig 5.3 and 5.4).  

 A good effect of tamoxifen was also reported by number of studies. According to 

a study several blood biomarkers show dose-response with tamoxifen, including 

increased sex hormone-binding globulin, decreased insulin-like growth factor-I, and 

decreased low-density lipoprotein-cholesterol, ultrasensitive C-reactive protein, 

fibrinogen, and antithrombin-III levels (Rastelli and Crispino 2008).  Another study 

reported that Tamoxifen is widely used as therapy, and may reduce risk of fatality by 

approximately twenty six percent (Weinshilboum 2008). Tamoxifen and similar drugs act 

effectively in the prevention and treatment of breast cancer by inhibiting estrogen‟s 

proliferating effect (Ellis et al. 2008). Tamoxifen is a selective estrogen receptor 

modulator (SERM) and is the first anti-estrogen that has proved beneficial in the 

prevention of breast cancer (O‟Regan et al. 1998).  
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Fig 5.3: HPLC profile of serum of  Fig 5.4: HPLC profile of serum of  

patient incubated with tamoxifen patient incubated with methotrexate 
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5.5: Sequence Alignment of MUC1/CA 15-3 with other 

members of mucin family: 

 Mucins are highly glycosylated glycoprotiens with high molecular weight. They 

have many carbohydrate side chains – oligosaccharide chains with O-glycosidic linkages 

to protein backbone (Fukuda and Tsuboi 1999). The structural relationship between 

mucins from the breast, tumor cells, lungs, gastrointestinal tract, salivary glands, sweat 

glands, and the glycoproteins produced by specialized epithelial cells (high molecular 

weight molecular proteins) have been reported  (Kohlgraf et al. 2004). Mucins after 

synthesis, till secretion, are stored in mucous granules. Their function after secretion is to 

act as a barrier to protect epithelial cells from the extra-cellular environment and to 

selectively filter substances for uptake and binding by the epithelia (Strous and Dekker 

1992).  

 The synthesis of their oligosaccharides starts when they begin to travel to the 

Golgi body from the endoplasmic reticulum, and become more rapid during the 

movement to the surface of the cell. The mucin domain has a role in protecting cells from 

external agents, including toxins, pollutants and micro-organisms (Carraway et al. 2001). 

Sequences of MUC1/CA 15-3 are shown in Fig 5.5. 
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Fig. 5.5 Sequence of MUC1/CA 15-3 

 Sequence alignment of MUC1/CA 15-3 with other members of the mucin family 

including MUC 2, 3, 4, 5B, 6, 7, 8, 9, 10, 11 and 12 was retrieved from CLUSTAL W 

(Thompson et al., 1994). MUC1/CA 15-3 shows 30-40% sequence alignment (from 

Leu61 to Ser720) with MUC 2, 4, 5B and 11. It shows 20-25% sequence alignment (from 

Ala241 to Ser660) with MUC 2, 3, 4, 5B, 6, 7, 8, 9, 10, 11, 12. On the other hand, 

MUC1/CA 15-3 shows 20-25% sequence homology (from Ala661 to Ser720) with MUC 

2,4,5B, 9,11, 12 (Fig 5.6). Our study strengthen the postulates of Vinall et al (1998) who 

reported that each mucin contains a variable number of tandem repeats that differ in 

sequence and size. Present study observed that MUC1/CA 15-3 shows the highest 

homology with MUC 4.  
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 Carraway et al. reported in a study that MUC4, which is found on the surface of 

epithelial cells, plays a protective role and acts as a barrier (antiadhesive or 

antirecognition (Carraway et al. 2001). It also plays a protective role in the epithelia of 

the mammary gland and the female reproductive tract. However, in some cancers, such as 

breast cancer, as the tumor progresses, this mechanism of protection may become 

compromised or hijacked (Rakha et al. 2005). 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 5  Results & Discussion 

 70 

MUCIN_4  ----TATLEGQSTAASSRTSNQDISASSQNHQTKSTETTSKAQTDTLTQMMTSTLFSSPS  

MUCIN_8  ------------------------------------------------------------ 

MUCIN_7  ------------------------------------------------------------ 

MUCIN_1  ---KNAVSMTSSVLSSHSPGSGSSTTQGQDVTLSPSYRPASGSAATWGQDVTSVPVTRPA  

MUCIN_10 ------------------------------------------------------------ 

MUCIN_11 -VHSSTGSPHTTLSPAGSTTRQGESTTFQSWPNSKDTTPAPPTTTSAFVELSTTSHGSPS  

MUCIN_6  ------------------------------------------------------------ 

MUCIN_12 ------------------------------------------------------------  

MUCIN_3  ------------------------------------------------------------  

MUCIN5B  ---ICRRPEEITRLQCRAESHPEVNIEHLGQVVQCSREEGLVCRNQDQQGPFKMCLNYEV  

MUCIN_9  ------------------------------------------------------------  

MUCIN_2  DVFRFPGLCDYNFASDCRGSYKEFAVHLKRGPGQAEAPAGVESILLTIKDDTIYLTRHLA  

 

MUCIN_4  VHNVMETVTQETAPPDEMTTSFPSSVTNTLMMTSKTITMTTSTDSTLGNTEETSTAGTES 

MUCIN_8  ------------------------------------------------------------  

MUCIN_7  ------------------------------------------------------------  

MUCIN_1  LGSTTPPAHDVTSAPDNKPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPA  

MUCIN_10 ------------------------------------------------------------  

MUCIN_11 STPTTHFSASSTTLGRSEESTTVHSSPVATATTPSPARSTTSGLVEESTTYHSSPGSTQT  

MUCIN_6  ------------------------------------------------------------  

MUCIN_12 ------------------------------------------------------------ 

MUCIN_3  ------------------------------------------------------------  

MUCIN5B  RVLCCETPRGCPVTSVTPYGTSPTNALYPSLSTSMVSASVASTSVASSSVASSSVAYSTQ  

MUCIN_9  ------------------------------------------------------------  

MUCIN_2  VLNGAVVSTPHYSPGLLIEKSDAYTKVYSRAGLTLMWNREDALMLELDTKFRNHTCGLCG  

 

MUCIN_4  STPVTSAVSITAGQEGQSRTTSW-------RTSIQDTSASSQNHWTRSTQTTRESQTSTL  

MUCIN_8  ------------------------------------------------------------  

MUCIN_7  ------------------------------------------------------------  
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MUCIN_1  PGSTAPPAHGVTSAPDTRPAPGS-------TAPPAHGVTSAPDTRPAPGSTAPPAHGVTS  

MUCIN_10 ------------------------------------------------------------  

MUCIN_11 MHFPESDTTSGRGEESTTSHSST-------THTISSAPSTTSALVEEPTSYHSSPGSTAT  

MUCIN_6  ------------------------------------------------------------  

MUCIN_12 ------------------------------------------------------------  

MUCIN_3  ------------------------------------------------------------  

MUCIN5B  TCFCNVADRLYPAGSTIYRHRDL-------AGHCYYALCSQDCQVVRGVDSDCPSTTLPP  

MUCIN_9  -----------------------------------------LQDEKILYPEFNKLKERNR  

MUCIN_2  DYNGLQSYSEFLSDGVLFSPLEFGNMQKINQPDVVCEDPEEEVAPASCSEHRAECERLLT  

 

MUCIN_4  THRTTSTPSFSPSVHNVTGTVSQKTSPSGETATSSLCSVTNTSMMTSEKITVTTSTGSTL  

MUCIN_8  ------------------------------------------------------------ 

MUCIN_7  ------------------------------------------------------------  

MUCIN_1  APDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTS  

MUCIN_10 ------------------------------------------------------------ 

MUCIN_11 SPGSTTALSFGQESTTFHSSPGSTHTTLFPDSTTSSGITTHFPASSTTSGHSEKSTIFHS  

MUCIN_6  ------------------------------------------------------------ 

MUCIN_12 LPARSTASDLVGEPTTFYISPSPTYTTLFP-------------ASSSTSGLTEESTTFHT  

MUCIN_3  ------------------------------------------------------------  

MUCIN5B  RTPRGTVVASCSEMSGLWNVSIPDQPACHRPHPTPTTVGPTTVGSTTVGPTTVGSTTVGP  

MUCIN_9  KASKNGLQARAIGPASPGKYTKQEGFLAYFEICSFVWGAKKHWIDYQYVPYANKGKEWVG  

MUCIN_2  LQVNLPHVTASFSVFRPSSYHIMVSMAIGVRLQVQLAPVMQLFVTLDQASQGQVQGLCGN  

 

MUCIN_4  RLVTGNPSTRAAGTIPRVPSKVSAIGEPGEPTTYSSHSTTLPKTTGAGAQTQWTQETGTT  

MUCIN_8  ------------------------------------------------------------  

MUCIN_7  -----------RPKLPPSPNNPPKFPNPHQPPKHPDKNSSVVN-----------------  

MUCIN_1  APPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGST  

MUCIN_10 ------------------------------------------------------------ 

MUCIN_11 SPDASGTTPSSAHSTTSGRGESTTSRISPGSTEITTLPGSTTTPGLSEASTTFYSSPRSP  
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MUCIN_6  ------------------SSRPPSSPITTQLPHLSSATT---------------------  

MUCIN_12 SPSFTSTIVSTESLETLAPGLCQEGQIWNGKQCVCPQGYVGYQCLS--------------  

MUCIN_3  ------------------------------------------------------------  

MUCIN5B  TTPPAPCLPSPICHLILSKVFEPCHTVIPPLLFYEGCVFDRCHMTDLDVVCSSLELYARL 

MUCIN_9  YENAISFSYKAWFIRREHFGGAMVWTLDMDDVRGTFCGTGPFP-----------------  

MUCIN_2  FNGLEGDDFKTASGLVEATGAGFANTWKAQSTCHDKLDWLDDPCSLNIESANYAEHWCSL  

 

MUCIN_4  GEALLSSPSYSVIQMIKTATSPSSSPMLDRHTSQQITTAPSTNHSTIHSTSTSPQESPAV  

MUCIN_8  ------------------------------------------------------------  

MUCIN_7  -------PTLVATTQIPSVTFPSAS--------TKITTLPNVTFLPQNATTISSRENVNT  

MUCIN_1  APPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGST  

MUCIN_10 --------------------------------CPPGTTLMLISRRSPKFLCIPKRQIISD  

MUCIN_11 TTTLSPASMTSLGVGEESTTSRSQPGSTHSTVSPASTTTPGLSEESTTVYSSSPGSTETT  

MUCIN_6  -------PVSTTNQLSSSFSPSPSAPSTVSSYVPSSHSSPQTSSPSVGTSSSFVSAPVHS  

MUCIN_12 -------PLESFPVETPEKLNATLGMTVKVTYRNFTEKMNDASSQEYQNFSTLFKNRMDV  

MUCIN_3  ------------------------------------------------------------  

MUCIN5B  CASHDICIDWRGRTRTCAHHLPSRQGVPALRPSNPSYCYGNDSASLGALREAGPITEGCF  

MUCIN_9  -----LVYVLNDILVRAEFSSTSLPQFWLSSAVNSSSTDPERLAVTTAWTTDSKILPPGG  

MUCIN_2  LKKTETPFGCHSAVDPAEYYKRCKYDTCNCQNNEDCLCAALSSYARACTAKGVMLWGWRE 

 

MUCIN_4  SQRGHTRAPQTTQESQTTRSVSPMTDTKTVTTPGSSFTASGHSPSEIVPQDAPTISAATT  

MUCIN_8  ----------------------------------------------------------AA  

MUCIN_7  SSSVATLAPVNSPAPQDTTAAPPTPSATTPAPPSSSAPP-------ETTAAPPTPSATTQ  

MUCIN_1  APPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGST  

MUCIN_10 KTKPNATTPAPTTKPTTNATTPAPTNRTTTN----------------AITPAPTPKPTTN  

MUCIN_11 VFPRSTTTSVRGEEPTTFHSRPASTHTTLFTEDSTTSGLTEES-TAFPGSPASTQTGLPA  

MUCIN_6  TTLSSGSHSSLSTHPTTGSGSASPLFPSSPAASTTIRATLPHTISSPFTLSALLPISTVT  

MUCIN_12 VLKGDNLPQYRGVNIRRLLNGSIVVKNDVILEADYTLEYEELFENLAEIVKAKIMNETRT  

MUCIN_3  ----------------------------------------------CEFAVEQVDLDAED 
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MUCIN5B  CPEGMTLFSTSAQVCVPTGCPRCLGPHGEPVKVGHTVGMDCQECTCEAATWTLTCRPKLC  

MUCIN_9  EAGVTEIHGKCENMTITPRGTTVTPTKETVSLGKHTVALGEKTEITGATTVTSVGHQSMT  

MUCIN_2  HVCNKDVGSCPNSQVFLYNLTTCQQTCRSLSEADSHCLEGFAPVDGCGCPDHTFLDEKGR  

MUCIN_4  FAPAPTGNGHTTQAPTTALQAAPSSHDATLGPSGGTSLSKTGALTLANSVVSTPGGPEGQ  

MUCIN_8  AAPVP--NQQRAQDREEEAAAAP-------------------------------------  

MUCIN_7  APPSSSAPPETTAAPPTPPATTPAPPSSSAPPETTAAPPTPSATTPAPLSSSAPPETTAV  

MUCIN_1  APPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGST  

MUCIN_10 ATTPAPTNRTTTNATTPAPTLKPTTN-------VTTPATTTNVTTPATTTNATTPATTTN  

MUCIN_11 TLTTADLGEESTTFPSSSGSTGTTLSPARSTTSGLVGESTPSRLSPSSTETTTLPGSPTT  

MUCIN_6  VSPTPSSHLASSTIAFPSTPRTTASTHTAPAFSSQSTTSGSTSLTTRVPTSGFVSLTSGV  

MUCIN_12 TLLDPDSCRKAILCYSEEDTFVDSSVTPGFDFQEQCTQKAAEGYTQFYYVDVLDGKLACV 

MUCIN_3  FCRHAGLHLQGCGDPVPEEWQH----------RGGLPGPAGDALQPPAGERV--------  

MUCIN5B  PLPPACPLPGFVPVPAAPQAGQCCPQYSCACNTSRCPAPVRCPEGARRIPTYQEGACCPV  

MUCIN_9  PGEKALTPVGHQSVTTGQKTLTSVGYQSVTPGEKTLTPVGHQSVTPVSHQSVSPGGTTMT  

MUCIN_2  CVPLAKCSCYHRGLYLEAGDVVVRQEERCVCRDGRLHCRQIRLIGQSCTAPKIHMDCSNL 

 

MUCIN_4  WTSASASTSPDTAAAMTHTHQAESTEASGQTQTSEPASSGSRTTSAGTATPSSSGASGTT  

MUCIN_8  ------------------------------------------------------------  

MUCIN_7  PPTPSATTLDPSSASAPPETTAAPPTPSATTPAPPSSPAPQETTAAPITTPNSSP---TT  

MUCIN_1  APPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGST 

MUCIN_10 ATTPATTTKSTTKEPTTSPKPSTSTAIPTTTKSANSTSSTTTSTTIQTTAPTFAEVFWKF  

MUCIN_11 PSLSEKSTTFYTSPRSPDATLSPATTTSSGVSEESSTSHSQPGSTHTTAFPDSTTTSGLS 

MUCIN_6  TGIPTSPVTNLTTRHPGPTLSPTTRSLTSSLTAHGSTPASAPVSSLGTPTPTSPGVCSVR  

MUCIN_12 NKCTKGTKSQMNCNLGTCQLQRSGPRCLCPNTNTHWYWGETCEFNIAKSLVYGIVGAVMA  

MUCIN_3  ------------------------------------------------------------  

MUCIN5B  QNCSWTVCSINGTLYQPGAVVSSSLCETCRCELPGGPPSDAFVVSCETQICNTHCPVRFE  

MUCIN_9  PVHFQTETLRQNTVAPRRKAVAREKVTVPSRNISVTPEGQTMPLRGENLTSEVGTHPRMG  

MUCIN_2  TALATSKPRALSCQTLAAGYYHTECVSGCVCPDGLMDDGRGGCVVEKECPCVHNNDLYSS  
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MUCIN_4  PSGSEGISTSGETTRFSSNPSRDSH--TTQSTTELLSASASHGAIPVSTGMASSIVPGTF  

MUCIN_8  ------------------------------------------------------------ 

MUCIN_7  LAPDTSETSAAPTHQTITSVTTQTT--TTKQPTSAPGQNKISRFLLYMKNLLNRIIDDMV  

MUCIN_1  PPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGST  

MUCIN_10 FQQIFRLKK---------------------------------------------------  

MUCIN_11 QEPKTSHSSQGSTEATLSPGSTTASSLGQQSTTFHSSPGDTETTLLPDDTITSGLVEAST  

MUCIN_6  EQQEEITFKGCMANVTVTRCEGACISAASFNIITQQVDARCSCCRPLHSYEQQLEL----  

MUCIN_12 VLLLALIILIILFSLSQRKRHREQYDVPQEWRKEGTPGIFQKTAIWEDQNLRESRFGLEN  

MUCIN_3  ------------------------------------------------------------  

MUCIN5B  YQEQRRSAVAPVCRSPVSPTPARAPPTSSTLASTWSDAGNHCVTHQCEKHQDGLVVVTTK  

MUCIN_9  NLGLQMEAENRMMLSSSPVIQLPEQTPLAFDNRFVPIYGNHSSVNSVTPQTSPLSLKKEI  

MUCIN_2  GAKIKVDCNTCTCKRGRWVCTQAVCHGTCSIYGSGHYITFDGKYYDFDGHCSYVAVQDYC 

 

MUCIN_4  HPTLS----EASTAGRPTGQSSPTSPSASPQETAAISRMAQTQRTGTSRGSDTISLASQA  

MUCIN_8  ------------------------------------------------------------  

MUCIN_7  EQ---------------------------------------------------------- 

MUCIN_1  APPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGST  

MUCIN_10 ------------------------------------------------------------  

MUCIN_11 PTHSSTGSLHTTLTPASSTSAGLQEESTTFQSWPSSSDTTPSPPGP--------------  

MUCIN_6  ------------------------------------------------------------  

MUCIN_12 AYNNFRPTLETVDSGTELHIQRPEMVASTV------------------------------  

MUCIN_3  ------------------------------------------------------------  

MUCIN5B  KACPPLSCSLDEARMSKDGCCRFCPLPPPPYQNQSTCAVYHRSLIIQQQGSSSSEPVRLA  

MUCIN_9  PENSAVDQEA--------------------------------------------------  

MUCIN_2  GQNSSLGSFSIITENVPCGTTGVTCSKAIKIFMGRTELKLEDKHRVVIQRDEGHHVAYTT  

 

MUCIN_4  TDTFSTVPPTPPSITSSGLTSPQTQTHTLSPSGSGKTFTTALISNATPLPVTSTSSASTG  

MUCIN_8  ------------------------------------------------------------  

MUCIN_7  ------------------------------------------------------------ 
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MUCIN_1  APPAHGVTSAPDNRPALGSTAPPVHNVTSASGSASGSASTLVHNGTSARATTTPASKSTP  

MUCIN_10 ------------------------------------------------------------  

MUCIN_11 ------------------------------------------------------------ 

MUCIN_6  ------------------------------------------------------------  

MUCIN_12 ------------------------------------------------------------ 

MUCIN_3  ------------------------------------------------------------  

MUCIN5B  YCRGNCGDSSSMYSLEGNTVEHRCQCCQELRTSLRNVTLHCTDGSSRAFSYTEVEECGCM  

MUCIN_9  ------------------------------------------------------------  

MUCIN_2  REVGQYLVVESSTGIIVIWDKRTTVFIKLAPSYKGTVCGLCGNFDHRSN----------- 

 

MUCIN_4  HATPLAV-- 

MUCIN_8  --------- 

MUCIN_7  ---------  

MUCIN_1  FSIPSHHSD  

MUCIN_10 ---------  

MUCIN_11 ---------  

MUCIN_6  ---------  

MUCIN_12 ---------  

MUCIN_3  ---------  

MUCIN5B  ---------  

MUCIN_9  ---------  

MUCIN_2  ---------  

Fig 5.6: Sequence alignment of Mucin 1 with other members of mucin 

family (using CLUSTAL W) 
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5.6: Predicted Secondary Structure of MUC1/CA 15-3 

MUC1/CA 15-3 has a rod-like structure extending from the surface of the cell. 

MUC1/CA 15-3 has 3 domains:  

a)  1-1161 amino acid residues that bear carbohydrate chains, which are part of the 

externally located domain  

b)  1162-1179 residues (mainly hydrophobic residues), which are part of the middle 

membrane spanning region and  

c)  1180-1255 amino acid residues (high proportion of charged and polar residues), 

which are located in the cytoplasmic domain (Strous & Dekker 1992).  

 According to the secondary structure prediction by the Protein Sequence Analysis 

- PSA Protein Structure Prediction Server, Human MUC1/CA 15-3/CA 15-3 consists of 

6.0% helix, 7.9% strands and 86.1% loops or turns (Fig 5.7). Amino acid composition 

shows that the protein consists of a high percentage of alanine, proline, serine, tyrosine, 

valine and glycine (Table 5.3).  

 Alpha helical formation is favored by excess of Alanine, whereas turn formation 

is favored by excess of proline, glycine and serine (may play a role as helix breakers). On 

the other hand, strand and beta sheet formation is favored by excess of tyrosine and 

valine. 19% of amino acid residues are accounted for Proline, of these 25% are in each 20 

residue-tandem repeat region alone. 25% of each tandem repeat region is occupied by 

Alanine and glycine. The phenomenon strongly suggests that these regions mainly 

comprise of loop-region. The high percentage of serine and threonine content may also 

point to O-linked heavy glycosylation. In each tandem repeat region, about 25% of the 

residues are accounted by these two, of which 80% are threonines. This tends to strongly 
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suggest that these loop regions are located on the protein surface and the serines and 

threonines are potential phosphorylation sites (Live et al. 1999).  



Chapter 5  Results & Discussion 

 78 

Fig.(5.7 a): Probability of strand turn and helix in MUC1/CA 15-3 
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Fig(5.7 b) Probability of strand turn and helix in MUC1/CA 15-3 
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Fig. (5.7 c): Probability of strand turn and helix in MUC1/CA 15-3 
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Fig.(5.7 d): Probability of strand turn and helix in MUC1/CA 15-3 
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Table 5.3: Percentage composition of amino acid of MUC1/CA 15-3 

Amino Acids Percentage in 

MUC1/CA 15-3 

Pro 19.0 

Ala 16.01 

Thr 13.6 

Ser 12.2 

Gly 8.9 

Val 6.0 

Asp 4.5 

Pro 19.0 

Ala 16.01 

Thr 13.6 

Ser 12.2 

Gly 8.9 

Val 6.0 

His 4.5 

Arg 4.2 

Leu 2.7 

Gln 1.4 

Phe 1.3 

Asn 1.3 

Tyr 1.0 

Glu 1.0 

Ile 0.9 

Lys 0.8 

Met 0.3 

Cys 0.2 

Trp 0.2 
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5.7: Tandem Repeat Region: 

 A tandem repeat region consisting of 20 conserved amino acid residues 

(SAPDNKPAPGSTAPPAHGVT) is present in the central region of the MUC1/CA 15-3 

i.e. not near either the N or C-terminal regions of the protein. The attachment of tumor 

cells to normal breast tissue is facilitated by this tandem repeat region, and it may have a 

role in metastasis (Ciborowski and Finn 2002).
 
 According to the PROSITE search results 

of our study, the tandem repeat is the potential site of phosphorylation by casein kinase 

II. The role of MUC1/CA 15-3 in cell motility or cell-cell adhesion is suggested by 

changes in phosphorylation (Quin and McGuckin 2000).
  

 We searched the sequence against the PBD by submitting the sequence to the 

BLAST server. We observed in the predicted structure of MUC1/CA 15-3 that the 

immunodominant DTR is present in Domain 1 of MUC1/CA 15-3 comprising 1-1161 

amino acids. Furthermore it is seen that the domain 1 is a DTR rich region and the last 

DTR motif is present at the 922th position of the domain. It may be possible that in the 

folding structure, the DTR motif region may form H-bonds with five of these N-

glycosylation sites and one of the O-linked glycosylated Ser, and the mutation which 

causes conformational change of DTR may affect both O and N-glycosylation processes 

of MUC1/CA 15-3. This in turn triggers the immune response in humans. 

 Researchers around the world have proposed clinical trials to study the tandem 

repeat region of MUC1/CA 15-3 as a possible vaccine against breast cancer. Quinlin et 

al. report that the usefulness of peptide and glycopeptide with immunodominant DTR 

(Asp-Thr-Arg) mutated to ESR (Glu-Ser-Arg) in vaccines due to their ability to induce 

cytotoxic T cell response (Quinlin et al. 2007). According to another study the selective 



Chapter 5  Results & Discussion 

 84 

binding shift towards the DTR motif may be linked to tumor-related O-glycosylation and 

may cause an immune response to it. There are therefore greater chances of protection 

from metastases in the future and better survival rates in patients with early breast cancer 

due to natural humoral response of MUC1/CA 15-3. This may be due the fact that anti-

MUC1/CA 15-3 antibodies control tumor growth and dissemination
 
(von Mensdorff-

Pouilly et al. 2000).  

 Hanish reported that the immunological features of MUC1/CA 15-3 may be 

modified by some amino acid replacements (Asp-Thr-Arg-Pro by Glu-Ser-Arg-Ala
 

(Hanisch 2005). It has also been reported that in all mucins, the variable number of 

tandem repeats contain a highly immunogenic peptide. This peptide, being immunogenic, 

causes antibody production. Monoclonal antibodies (against breast cancer) can react with 

the protein core and with the APDTR peptide in the MUC1/CA 15-3 core and can be 

used as a vaccine (Apostolopoulos and McKenzie 1994). In table 5.4 of our study we 

observed that next to the DTRP region is an area which is highly phosphorylated by 

casein kinase II and phosphokinase C. The purpose of the phsophorylation is in protein 

and enzymes where it activates functional sites. It is hypothesized when these functional 

site are activated by phosphorylation of residues of serine and threonine present in the 

functional site of MUC1/CA 15-3 may react with monoclonal antibodies made against 

breast cancer and hence be used as a vaccine. 

 The role of glycolipids and MUC1/CA 15-3 peptides conjugated to keyhole 

limpet hemocyanin (KLH), an antibody against the cancer antigen, use in antibody 

recognition and vaccine construction has been reported (Apostolopoulos & McKenzie 

1994). In our study possible myristoylation sites were found at the position of 23, 67, 75, 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Apostolopoulos+V%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22McKenzie+IF%22%5BAuthor%5D
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89, 95, 963, 1084 and 1235. Even though these myristoylation sites are spread throughout 

the molecule, they are concentrated near the N-terminal region of MUC1/CA 15-3. There 

is a  possibility in the folding form of protein modified sites may come closer to the O 

and N-linked glycsoylation sites of MUC1/CA 15-3 and bind with specific antibodies like 

KLH and behave like vaccine.  

 Another study reports that vaccination with unglycosylated
 
MUC1/CA 15-3 

tandem repeat peptides can induce an IgG response in two epitopes, PDTRPAP and 

STAPPAHGV. The peptide vaccines generate antibodies that may form weak bonds to 

glycosylated MUC1/CA 15-3 repeats. The sequence variant repeats of MUC1/CA 15-3 

induce a differential lymphocyte response (von Mensdsorff-Pouilly et al. 2000). In our 

study, we also observed non-glycosylated epitopes present in domain 1 of MUC1/CA 15-

3. However, further investigation is needed to study the usefulness of such response of 

this domain. 

 It has also been shown lately in patients with adenocarcinomas that MUC1/CA 

15-3 expressing breast cancer MCF-7 cells are specifically killed by peripheral blood 

mononuclear cells (PBMC) stimulated by peptide 610 (GSTAPPAHGVTSAPDTRPAP). 

Peptide 610 is also reported to be better than other peptides at inducing type 1 cytokines 

(Kagan et al. 2005). We observed that in peptide 620, a small motif of SAPD was 

phosphorylated with casein kinase II (Table 5.4). Therefore we can assume the possibility 

that phosphorylated motif which was superior to other peptides in inducing the 

production of cytokines may play a role in providing immunization. 
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Table 5.4: Casein kinase II phosphorylation of MUC1/CA 15-3 

47   SSTE   

120  SAPD  

140  SAPD   

160  SAPD   

180  SAPD   

200  SAPD  

220  SAPE   

240  SAPD   

260  SAPD   

280  SAPD   

300  SAPD  

320  SAPD 

340  SAPD  

360  SAPD   

380  SAPD    

400  SAPD   

420  SAPD   

440  SAPD 

460  SAPD  

480  SAPD   

500  SAPD    

520  SAPD   

540  SAPD   

560  SAPD 
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580  SAPD  

600  SAPD   

620  SAPD    

640  SAPD   

660  SAPD   

680  SAPD 

700  SAPD  

720  SAPD   

740  SAPD    

760  SAPD  

780 SAPD  

800  SAPD 

820  SAPD  

840  SAPD   

860  SAPD   

880  SAPD   

990  SAPD   

920  SAPD 

941  SAPD  

1010 TKTD   

1056 SSLE   

1135 TISD   

1140 SVSD   

1122 SSTD 

1227 SPYE 
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5.8: Prediction of Post Translational Modification: 

5.8.1: Glycosylation 

 According to the PROSITE pattern search results, N-glycosylation (at Asn) is 

predicted at positions 957, 975, 1029, 1055 and 1133 in the sequence patch NXT/S 

(results presented in Table 5.5).  

 It has been reported by various studies that the presence of hydroxyl amino acid is 

required for the primary sequence that has information for glycosylation (Kaetzel et al. 

1996; Williams et al. 1999). The importance of the position of proline residue has also 

been presented – glycosylation is prevented by its presence between Asn and Ser/Thr or 

next C-terminal to Ser/Thr (Williams et al. 1999). Also in the human MUC1/CA 15-3 

sequence, the Pro content is high, but is not present between Asn and Ser/Thr or at the 

next C-terminal to Ser/Thr. However, 1029 NHST Pro is located one sequence away 

from Thr at the carboxy end in the sequence patch. The presence of the aromatic amino 

acids at certain positions promotes structure stability in N-glycosylation. Since the 1029 

NHST sequence patch containing His. Residue next to the likely glycosylation site 

conforms to these positional conditions; it is likely to be the best possible site for N-

glycosylation (Riede et al. 1998).  

 Changes such as Arg-350 to serine or the removal of two C-terminal N-

glycosylation sites lead to loss of N-glycosylation sites and repressed formation of mature 

organism (Ferlinz et al. 1997 & Jullian jonesa et al. 2005). We observed that most of the 

N-glycosylation occurs near the C-terminal of MUC1/CA 15-3. This leads us to assume 

that the C-terminal plays a significant role in enzyme maturation and folding.  
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Table 5.5:  PROSITE Pattern Search Results of Human MUC1/CA 15-3 

Protein 

Glycosaminoglycan attachment site (O-Glycosidic linkige) 

1152 SGAG 

       

N-glycosylation site 

957  NVTS 

975  NGTS  

1029 NHST 

1055 NSSL 

1133 NLTI 

 

 The results of a clinical trial conducted by Apostolopoulos et al to evaluate the 

use of N-glycosylation site of MUC1/CA 15-3 as vaccine for breast cancer, suggest that 

immunization of breast cancer cells may be achieved using a peptide that conjugates to 

the carrier or a synthetic carbohydrate. Mannan, an effective protein carrier for eliciting a 

cellular or humoral immune response (T1 or T2 type respectively), has been proposed as 

a carrier for vaccine development (Apostolopoulos, McKenzie, Pietersz 1996). Some 

studies suggest that the synthesis of drugs to inhibit enzymes is due to differences in 

oligosaccharide chains which affect the interaction between normal tissues and cancer 

cells, and therefore can inhibit metastasis (Tanaka and Yoshida 1980; Moellering et al. 

2009). 

 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Apostolopoulos+V%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Apostolopoulos+V%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22McKenzie+IF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Pietersz+GA%22%5BAuthor%5D
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5.8.1.1:  Structural and immunological
 
features of the mucin studied by 

glycosylation: 

 An O-glycosylation at Ser1152 was also predicted (Table 5.5). Several other 

studies support the presence of O-glycosylation sites in MUC1/CA 15-3. The high degree 

of O-glycosylation of the extracellular tandem repeat domain of MUC1/CA 15-3 and 

alteration in the glycoprotein in epithelial cancer cells has been reported (Williams et al. 

1999). The significance of glycosylation has also been studied showing that it introduces 

epitopes into a protein. O-linked glycans protect the peptide backbones of proteins from 

proteolytic digestion
 
(Hiltbold et al. 1999). The side chain of serine and threonine act as 

acceptors for the GalNAc-transferase, which attaches N-acetyl galactosamine to the 

protein
 
(Sorensen et al. 1995). Also, there are changes in the profile of glycosyl 

transferases involved in O-glycan (attached to core protein of MUC1/CA 15-3) synthesis, 

as the level of expression of MUC1/CA 15-3 in breast cancer increases
 
(Agrawal, 

Gendler and Longenecker 1998). For that reason it is suggested that the side chain of Ser 

residue at position 1152 does not recognize the enzyme because of the malfunctioning of 

the enzyme GalNAc-transferase. This disturbs the addition of N-galactosamine to 

signalling protein which may cause an immune response. Beside O-linked glycosylation, 

the PROSITE search results also show that N-linked glycosylation is mostly seen at 

positions 957, 975, 1029, 1055 and 1133 of MUC1/CA 15-3. These are the tandem repeat 

regions of MUC1/CA 15-3 as have been observed in this study. 

 MUC1/CA 15-3 consists of 20 amino acids repeat motif rich in serine and 

tyrosine residues linked via O-glycosidic linkages to sugar residues. The core protein of 

Mucin contains a tandem repeat of amino acids which give rise to comparatively rigid, 

linear molecules with high efficiency of glycosylation (Lagow, DeSouza and Carson 
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1999). MUC1/CA 15-3 has a heavily O-glycosylated tandem repeat domain on normal 

cells, while there was aberrant O-glycosylation in malignant cells that resulted in 

unveiling of the polypeptide core. This may lead to the attachment of metastasizing tumor 

cells to tissues at distant sites (Ciborowski and Finn 2002). Over expression of 

MUC1/CA 15-3 and degree of glycosylation in adenocarcinomas is believed to contribute 

to invasive and metastatic probability by assisting cell surface adhesion properties and 

through morphogenetic signal transduction via the cytoplasmic tail (CT) The CT portion 

of MUC1/CA 15-3 can directly arbitrate adhesive or nonadhesive interactions with other 

surface molecules on adjacent cells and this causes signal transduction (Kohlgraf et al, 

2004).   

 Our observation of the PROSITE search results shows that glycosylation occurs 

mostly at C-terminal region. This confirms that the C-terminal region of MUC1/CA 15-3 

is a functional site. This site may also be a factor in protection of protein from proteolytic 

cleavage of cathepsin (a lysosomal protease).  O-glycosylation controls the peptide 

processing by preventing the proteolytic action of cathepsin L on peptide Gly13 to Ser14 

and peptide Thr3 to Ser4. If either amino acid is glycosylated it is responsible for the 

inertness of tumor-associated MUC1/CA 15-3 glycoforms to effective Dentritic Cell 

processing by masking this cleavage site (Hanisch et al. 2005).  

5.8.2: Phosphorylation 

 Some phosphorylation in tandem repeat of Thr, and Ser residues were present at 

position 1010, 1056, 1135, 1140, 1222 and 1227 (a cytoplasmic tail region). It was 

suggested by a study that the occurrence of frequent phosphorylation sites in the 

cytoplasmic domain of MUC1/CA 15-3 act as a receptor or activate due to 

phosphorylation (Meerzaman et al. 2000).  Mall (2000) hypothesized that 
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phosphorylation may show participation of MUC1/CA 15-3 in the membrane during the 

course of cell-cell adhesion. This again confirms that the C-terminal part of MUC1/CA 

15-3 has a number of functional activities like cell-cell adhesion, acting as receptor and 

activation of enzyme. 

 Our study observes that the tandem repeat domain is phosphorylated by protein 

kinase C and casein kinase II.  The role of MUC1/CA 15-3 in cell motility or cell-cell 

adhesion is suggested by changes in phosphorylation (Quin and McGuckin, 2000).
 
 In our 

study, Phosphorylation site of MUC1/CA 15-3 by Protein kinase C and casein kinase II 

was observed by PROSITE search. We observed that the serine residue of MUC1/CA 15-

3 may be phosphorylated by protein kinase C at position 40, 49, 978, 1009 and 1224 

(Table 5.6). A 43 amino acid phosphorlyated tandem repeat serine residues “SAPD” was 

observed at different positions of MUC1/CA 15-3 (Table 5.4). Some phosphorlation 

tandem repeat of Thr, and Ser residues were present at position 1010, 1056, 1135, 1140, 

1222 and 1227 (Table 5.4). Meerzman et al. report that the phosphorylation sites in the 

cytoplasmic domain of MUC1/CA 15-3 act as receptors and are activated by 

phosphorylation (Meerzaman et al. 2000). Another study reported that in MUC1/CA 15-

3, phosphorylation occurs mainly on tyrosine residues and that it may in turn initiate a 

signal transduction cascade (Zrihan-Licht et al, 1994). Quin and McGuckin hypothesized 

that the involvement of MUC1/CA 15-3 in cell-cell adhesion is reflected by 

phosphorylated changes (Quin & McGuckin 2000). 
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Table 5.6: Protein kinase C phosphorylation site of MUC1/CA 15-3 

40     TQR    

49     TEK    

978   SAR   

1009 STK   

1224 TDR 

           

 A transmembrane helical region in MUC1/CA 15-3 was also observed. This is a 

motif of 24 amino acid residue from Met1206 to E1230. It is thought that due to this 

motif the protein is oriented in only one direction and immersed in non polar 

environment. In this 24 amino acid motif, Thr is present at position 1224 (TDR) having a 

protein kinase C phosphorylation site, whereas serine is present at postion 1222 (SSTD) 

and at 1227 (SPYE) having casein kinase II phosphorylation site. This shows the 

important role of this part of the protein in activation of protein in non polar environment.  

 

5.8.3: Myristoylation 

 We also observed myristoylation of glycine residue present at position 23, 67, 75, 

89, 95, 963, 1084 and 1235 of the protein (Table 5.7). Voet and Voet, (2008) observed 

that mysristic acid may cause the myristoylation of mucins. Mysristic acid is attached to 

protein through an amide linkage to the N-terminal glycine residue. They further 

suggested that the lipid group may also play a role in protein-protein interactions and 

alter the attached protein, structurally or otherwise. Another group reported proteolysis of 

the Gly-Ser peptide bond; consequently the product is removed from the cell behaving as 
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an extracellular subunit (Lillehoj, Han and Kim 2003).  Our study found 4 Gly-Ser 

peptide bonds that are present at position 23, 67, 89 and 963 and are liable to undergo 

myristoylation at N-side of Gly. A transmembrane helical region in MUC1/CA 15-3 was 

also observed (Table 5.7). This is a motif of 17 amino acid residue from Met1205 to 

E1220. It is thought that due to this motif the protein is oriented in only one direction and 

immersed in non polar environment. It was observed that a motif of 3 amino acid residues 

i.e. 1184cyt-1185gln-1186cyt is present at the junction of cytoplasmic and 

transmembrane domain. Pemberton et al, (1996) reported that this sequence is necessary 

for surface expression of this transmembrane protein. Our study confirms the presence of 

this motif. 

 

Table 5.7: N-Myristoylation site of MUC1/CA 15-3 

23   GSGHAS      

67   GSGSST   

75   GQDVTL    

89   GSAATW    

95   GQDVTS 

963  GSASGS         

1084 GGFLGL         

1235 GNGGSS 
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5.9: Electrophoritic results of MUC1 vaccine: 

 It was observed that proteins present in normal human serum were in the range of 

380.46-19.86 kDa with a raw volume ranges from 35.82.65-24311.38 kDa. While in 

patients of breast cancer, proteins were in the range of 374.07-20.29 kDa with raw 

volume range from 775.90-30032.75  

 Study was observed that the raw volume of MUC1/CA 15-3 (380 Kda protein) 

was markedly increased in serum of breast cancer patients as compared to raw volume of 

380 Kda protein in serum of normal subjects i.e. from 1107.68 to 6178.58 (Fig 5.8 

sample/Lane 1 and sample/Lane 3). 

 Fig 5.8, sample/lane 3 and lane 4 showed the electrophoretic pattern of serum of 

breast cancer and its comparison with incubated mixture of breast cancer serum and 

monoclonal antibodies. It was observed that the raw volume of cancerous protein 

MUC1/CA 15-3 was markedly decreased when incubated with monoclonal antibody i.e. 

from 6178.58-1131.44. Besides this the raw volume of two proteins Mw 109.07 Kda and 

28.13 Kda was also decreased with monoclonal antibody. 

 Our experimental study confirmed that MUC1/CA 15-3 may be used as a novel 

therapeutic target for immunotherapy or anti-tumor vaccines in breast cancer patients. 

However, the decreased raw volume of some protein showed the toxic effect of vaccine 

which may be warranted. There is also a need of purification of MUC1/CA 15-3 and its 

antibody. 

 Limitations of study: MAb produced in vivo could possibly contain mouse 

proteins or other contaminants that need purification.  
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Fig 5.8: SDS PAGE (12% polyacrylamide gel) profile of normal and 

cancerous serum along with protein ladder/marker (Lane M denotes 

marker, Lane 1 denotes blood sample of normal and 2, 3 & 4 denotes 

blood sample of cancerous serum) 
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5.10: Conclusion 

 Risk factors associated with breast cancer in premenopausal women are their 

stressed life due to professional and house hold environment. While in post 

menopausal women the major factor is their sedentary life style. 

 Physiological characteristic of pre and post menopausal women indicated the 

major factors associated with the aggressiveness of tumor to be the receptor status 

especially triple negative(ER, PR and her2/neu) status. 

 Chromatographic methods especially HPLC are fast, reproducible and sensitive 

assay that will enable the rapid determination of the levels of tumor marker 

MUC1/CA 15-3 as well as to find out the effect of different drugs used in 

treatment of breast cancer. 

 N-glycosylation of MUC1/CA 15-3 plays an important part in protein folding and 

mutation of this site may have an effect on protein maturation. 

 Phosphorylation of Tandem repeat region is found in the central part of 

MUC1/CA 15-3, which may affect the activation of the protein. 

 Phosphorylation of the cytoplasmic tail may act as receptor for other proteins or 

enzymes. 

 Myristoylation occurs at N-terminal/C-terminal region of MUC1/CA 15-3. This 

may protect the protein from proteolysis.  

 The in vivo and in vitro experiment of MUC1/CA 15-3 vaccine showed that 

treatment of aggressive cancer with anti MUC1 antibodies may yield a survival 

rate in breast cancer. Still there are many obstacles that need to be overcome to 

elicit an immune response that is both efficient and protective in the eradication of 
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cancer. Much work remains to be done to optimize immunization schedule and 

method for monitoring the success of immunological approach in cancer patients. 

 This research tried to unveil new information, basic as well as applied, regarding 

breast cancer, its early detection, diagnosis, prognosis, prevention, epidemiology, 

or therapy of the disease. 
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Appendix table 1: (Protein ladder) Marker from 300 Kda to 20 Kda proteins 

 

 

 

 

 

Samples 

No. 

Bands 

No. 

Mol. 

Weight 

Raw 

Volume 

Height Density 

Marker 1 300 3064.10                                                                     19.797 0.0652 

 2 250 4188.21 25.298 0.0358 

 3 220 2836.50 25.332 0.0423 

 4 200 1968.65 23.200 0.0507 

 5 185 3870.98 24.796 0.0219 

 6 170 2573.87 29.161 0.0271 

 7 100 5049.10 33.181 0.0118 

 8 70 10383.54 78.878 0.0048 

 9 40 1114.31 11.568 0.0358 

 10 30 5106.78 34.820 0.0005 

 11 25 4837.92 31.246 0.0051 

 12 20 22175.01 133.638 0.0009 



  Appendices 

 130 

Appendix table II: Protein profile of normal Human serum from 380.46 Kda 

to 19.86 Kda 

 

 

 

Samples 

No. 

Bands 

No. 

Mol. 

Weight 

Raw 

Volume 

Height Density 

Sample 3 1 380.46 3582.65 25.108 0.1061 

 2 280.55 6178.58 35.279 0.0454 

 3 217.66 3057.14 21.122 0.0711 

 4 144.52 54.81 2.386 2.6367 

 5 109.07 1969.13 15.251 0.0553 

 6 92.20 118.88 2.334 0.7755 

 7 78.44 46.61 1.731 1.6829 

 8 54.44 42731.19 63.007 0.0012 

 9 28.13 2041.93 11.868 0.0137 

 10 25.78 1121.78 7.781 0.0229 

 11 23.94 1317.12 16.783 0.0181 

 12 19.86 24311.38 114.820 0.0008 
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Appendix table III: Protein profile of serum of breast cancer patiens from 

374.07 Kda to 20.29 Kda 

 

 

 

 

Samples 

No. 

Bands 

No. 

Mol. 

Weight 

Raw 

Volume 

Height Density 

Sample 1 1   374.07 775.90 13.835 0.4821 

 2 295.16 1107.68 10.360 0.2664 

 3 217.66 1360.75 11.088 0.1599 

 4 163.24 314.20 3.360 0.5195 

 5 110.98 147.68 5.151 0.7514 

 6 91.52 520.67 5.453 0.1757 

 7 79.50 73.15 2.059 1.0868 

 8 74.35 21.71 0.847 3.4246 

 9 53.13 43880.25 62.959 0.0012 

 10 29.02 33.21 1.008 0.8738 

 11 20.29 30032.75 111.137 0.0006 
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Appendix table IV: Protein profile of cancerous serum + monoclonal 

antibody with mol wt range from 380.46 to 19.15 Kda 

 

Samples 

No. 

Bands 

No. 

Mol. 

Weight 

Raw 

Volume 

Height Density 

Sample 4 1 380.46 4220.67 35.031 0.0091 

 2 280.55 1131.44 24.332 0.2479 

 3 262.19 6053.45 25.131 0.0433 

 4 144.52 504.90 9.744 0.2862 

 5 120.00 1168.27 10.743 0.1027 

 6 110.98 627.68 8.563 0.1768 

 7 90.17 77.25 3.070 1.1672 

 8 74.35 429.82 50423 0.1729 

 9 54.44 42486.45 64.070 0.8496 

 10 27.99 2778.88 15.571 0.0100 

 11 25.85 207.54 5.039 0.1245 

 12 25.39 389.08 5.210 0.0652 

 13 23.36 1768.16 14.732 0.0131 

 14 21.49 2908.82 24.051 0.0073 

 15 19.15 18071.49 114.453 0.0010 
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