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Abstract:

MUC1 is a mucin family member. Its aberrant expression in a minority o f  human 

breast cancers correlates with poor prognosis and nodal metastases. The 

cytoplasmic domain o f MUC1 can be phosphorvlated and serve as docking sites 

for proteins like p-catenin. Grb2. and Src. suggesting a signalling role for MUC1 

during tumor progression. However, the physiological stimulus responsible for 

inducing MUC1 tyrosine phosphorylation is unknown. Our lab was the first to 

show that the MUC1 extracellular core domain could serve as a ligand for 1CAM- 

1. Also, our lab has recently discovered that the MUC1-ICAM-1 interaction was 

crucial for facilitating in vitro tumor cell transendothelial migration and induction 

o f  tumor cell calcium ion (Ca: ~) oscillation. It was found in this study that both 

ICA.M-1 and mock stimulations for 1 min with N1H3T3 transfectants could 

induce significant \1UCl tyrosine phosphorylation o f tumor cells under 

experimental conditions used in tumor Ca‘ oscillation assays.
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Chapter I 

INTRODUCTION
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1.1. Background

Although cancer is a generic term that describes more than 100 distinct types o f 

diseases, all cancers are characterized by dvsregulated cell growth and tumor 

manifestation[l]. A tumor is a clonal mass o f cells descended from a common 

ancestral cell, all having inherited the characteristic o f  uncontrolled 

proliferation^]. Despite the uniqueness o f different tumor types, there are some 

general properties shared among them [l]. For instance, the cellular alterations 

common in ali tumor developments include: (1) self-sustained growth. (2) 

immortalization. (3) sustained angiogenesis. and (4) invasion (Figure 1)[3], 

Although some tumors (benign) can co-exist safely with the body, those that 

spread throughout the body (malignant) are usually lethal.

Despite a 19% drop in death rate, breast cancer incidence has increased by 10% 

from 19SS to the present[4]. In fact, breast cancer is the most frequently 

diagnosed cancer (excluding non-melanoma skin cancer) and the second leading 

cause o f  cancer deaths (next to lung cancer) in Canadian women[4]. According to 

the Canadian Cancer Society, an estimated 21.200 (one in 9) women will be 

diagnosed with breast cancer in 2003. and 5.300 (one in 27) will die o f  it. Hence, 

breast cancer is a very serious disease in our society (Figure 2).
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Figure 1. The six general properties shared among different tumor types. 
(Hanahan and Weinberg, 2000)
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Figure 2. Canadian cancer statistics for year 2003. Breast cancer is the second 
leading cause o f cancer deaths in Canadian women. (Canadian Cancer Society)
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One of the major obstacles to offering curative cancer therapy, particularly in 

breast cancer is metastasis, the process by which cancer cells break through 

restricting boundaries to invade into surrounding tissues and vessels to establish 

secondary tumors at distant body sites[2]. Metastasis has traditionally been 

regarded as a random process, in which tumor cells adhere and subsequently 

proliferate in the first richly-vascularized organ they encounter[5]. However, 

there is increasing evidence that metastasis is more likely an outcome o f  a 

complicated series o f specific tumor-host cell interactions[5. 6], In this respect, 

specific adhesion molecules expressed on the surfaces of both tumor and host 

cells may function as an "address" system that target certain tumor types to a set 

o f preferred organs (Figure 3). Therefore, an attractive therapeutic possibility for 

cancer is to selectively interfere with the tumor-host cell interaction necessary for 

metastasis while sparing the normal interactions between healthy cells.

1.2. Tumor Metastasis

1.2.1. Introduction

Tumor cell metastasis is a complex series o f sequential events: (1) breaching 

physical boundaries to invade into surrounding connective tissues; (2) 

intravasation into blood and lymph vessels; (3) selective adhesion to endothelial 

cells at target organ(s) and subsequent extravasation; and finally (4) development 

o f secondary tumor(s) accompanied by angiogenesis (Figure 4)[7].

5
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1.2.2. Tumor Pre-Extravasation Events

The metastatic journey o f tumor cells begins with their detachment from the 

primary tumor mass[8]. This phenomenon is usually facilitated by reduced 

expression o f tumor surface cadherins, a family o f calcium-dependent adhesive 

molecules that mediates cell-cell interactions[7]. However, detached epithelial 

tumor cells are initially restricted from migrating into the surrounding connective 

tissues by numerous physical boundaries, such as the basement membrane[7]. 

These barriers are breached only if  tumor cells can perform two sets of 

coordinated actions. First, tumor cells must degrade physical boundaries via the 

synthesis o f enzymes such as plasminogen activators[9]. These enzymes will in 

turn activate other proteolytic molecules including type IV collagenase. cathepsin

B. and heparin sulphate endoglycosidase through the action o f plasmin[9-l 1]. 

Secondly, tumor cells need to navigate through the degraded barriers by 

reversibly adhering to structural proteins[7, S],

Upon successful invasion, tumor cells have to subsequently migrate through the 

connective tissue (also known as the extracellular matrix or ECM) before 

reaching the circulatory and lymphatic systems. The ECM is a complex structural 

entity consisting o f three major classes o f biomolecules: (1) structural proteins 

(i.e. collagen): (2) specialized proteins (i.e. fibronectin and laminin); and (3) 

proteoglycans (i.e. hyaluronic acid and heparan sulfate)[2]. Migration through the 

ECM is primarily mediated by tumor cell surface integrins, a ubiquitously 

expressed family o f  heterodimeric adhesion receptors (Figure 5A)[12]. Integrins

S
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can facilitate metastasis in several ways depending on various a  and P subunit 

combinations. For instance, they can aid tumor cell navigation through the 

connective tissue by binding to different ECM ligands like fibronectin (via 

cuPi)[7], vitronectin (via a vP3)[13], and laminin (via a (,pi)[14] (Figure 5A). 

Furthermore, integrin (c^PO-mediated signalling can induce tumor cell synthesis 

o f  matrix metailoproteinases (MMP) and serine proteases (Figure 5B)[12], These 

matrix-degrading enzymes serve two crucial functions. First, they can destroy 

matrix components like gelatin and laminin to allow tumor cell migration through 

the ECM[7, 9, 12]. Secondly, MMP-2 and MMP-9 can cleave a major component 

o f  basement membranes called type IV collagen, hence, assisting tumor cell 

penetration into the blood and lymphatic vessels, two major routes to distant 

organs[7, 9, 12].

Interestingly, in breast carcinoma, it is the fibroblasts surrounding the tumor cells 

and not the tumor cells that contribute the most to proteolytic matrix 

degradation[7]. Under normal conditions, these fibroblasts produce very small 

quantities o f matrix proteases. However, it has been suggested that soluble 

factors secreted by tumor cells can up-regulate their MMP svnthesis[7]. In fact. 

in vitro studies have shown that tumor cell-secreted cytokines such as interleukin 

(IL)-l, IL-6, IL-S. tumor necrosis factor (TNF)-a, and epidermal growth factor 

(EGF) could induce MMP synthesis in fibroblasts[7]. These proteases will further
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Figure 5. (A) The complete set o f  mammalian integrin subunits: IS a  and SP to 
make up 24 known distinct integrins (Hynes R.. 2002). (B) Integrin-mediated 
signalling leading to metalloproteinase synthesis. ADAMs = A Disintegrin and A 
Metalloprotease domain (Kurschat and Mauch. 2000).
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aid the breakdown of extracellular matrix components, hence, support tumor cell 

intravasation to the circulatory and lymphatic systems[7],

1.2.3. Tumor Extravasation

Successful penetration o f tumor cells across the basement membranes o f blood 

and lymph vessels marks the transition from invasion to metastasis formation[7]. 

Circulating metastatic cells tend to form aggregates with platelets to avoid host 

immunological attack[7. 15]. Subsequently, surviving aggregates will attempt to 

contact the endothelial lining o f  organ(s) targeted for secondary' tumor growth[l]. 

However, formation o f secondary' tumors is often organ(s)-specific[16], a 

phenomenon that cannot be attributed solely to simple differential blood and 

lymph flow of organs[5]. There are three major alternative theories for explaining 

the organ-targeting mechanism o f metastatic cells. The first theory' suggests that 

although tumor cells may impact all organs equally well, they will only proliferate 

in those that can provide the appropriate "growth factors”[5]. The second concept 

known as the "chemoattraction theory**, proposes that organ-specific attractant 

molecules are released into the circulation to signal responsive tumor cells to 

invade certain organs[5]. The final argument emphasizes the necessity o f  specific 

"adhesion molecules" expressed on blood vessel endothelial cells lining the target 

organs. These adhesion molecules can stimulate circulating tumor cells bearing 

the appropriate ligand to brake and invade particular organs[5. 17], Although 

animal models have yet to validate which theory is superior, it is most likely that
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the three targeting mechanisms along with the effects o f differential body fluid 

flow are non-mutually exclusive in metastasis]5. 17].

Specific tumor-host cell surface molecular interactions are essential for initiating 

tumor extravasation - the migration o f circulating tumor cells into secondary 

organs[5. 17]. Some o f the molecular families known to govern these adhesive 

processes include selectins, integrins, cadherins. and immunoglobulins[17].

Interestingly, the steps involved in metastatic extravasation seem to parallel those 

for leukocyte extravasation during inflammation (Figure 6)[ 17, IS]. In an acute 

inflammatory reaction, circulating leukocytes first loosely adhere to and "roll" 

along the endothelium that lines the site o f tissue injury] 19]. This phenomenon is 

facilitated by weak interactions between selectins (possess lectin-like properties) 

and their carbohydrate ligands, sialvlated Lewis antigens, expressed on 

endothelial cells and leukocytes, respectively] 19-25]. Rolling enables leukocytes 

to slow down within the circulation and interact with other adhesion molecules on 

the interacting cells. For example, leukocyte surface (5; integrin (LFA-1) may 

interact with ICAM-1 on endothelial cells to initiate bi-directional signalling[24]. 

As a result, the expression and binding affinity o f surface adhesion molecules o f 

the two cell types are increased]21. 26]. This will lead to a series o f  stronger 

interactions allowing leukocytes to firmly attach to the endothelium[21. 27].

12
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Arrested leukocytes will then preferentially localize to tri-endothelial cellular 

junctions, sites where borders o f  three endothelial cells meet[18]. These are also 

the main locations for leukocyte transendothelial migration[18]. Subsequently, 

junctional entry (also known as diapedesis) o f leukocytes is initiated via 

pseudopodia formation, enabling them to 'craw l' through the endothelium to 

reach the injured tissue[lSJ. Therefore, a succession o f  adhesive molecular 

interactions between leukocytes and endothelial cells are essential for the different 

stages o f inflammatory leukocyte extravasation.

Similarly, circulating tumor cells also commence extravasation by first binding 

weakly to the endothelium. These transient contacts are likely to be mediated by 

carbohydrate-carbohydrate interactions, involving E-selectin and sialvlated Lewis 

a and x antigens expressed on endothelial and tumor cells, respectively[2S-31]. 

For instance, it has been shown that colon carcinoma cells could adhere to E- 

selectin via their surface sialvlated Lewis a and x oligosaccharides[32]. This will 

enable sufficient time for two processes to occur: (1) intercellular "cross-talking": 

and (2) activation o f the two cell types by agents like cytokines, bioactive lipids, 

and growth factors[17]. The latter phenomenon serves to induce the expression of 

adhesion molecules (i.e. selectins. integrins, and cadherins) on the surfaces of 

tumor and endothelial cells[17]. Again with parallels to an inflammatory 

response, up-regulation and interaction o f adhesive proteins enable tumor cells to 

firmly arrest on the endothelium (Figure 6B). Following firm attachments of 

tumor cells, endothelial cells will retract through microfilament reorganization

14
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and VE-cadnerin and P-selectin redistribution. exposing the underlying basement 

membrane lor degradation[17. 33]. By the process o f pseudopodia formation at 

the basolateral surfaces, tumor cells can extravasate to a novel growth site and 

colonize to establish secondary tumors[33].

In molecular mimicry to leukocyte extravasation, it was first demonstrated by our 

lab that the extracellular domain o f human mucin protein ML'Cl on tumor cell 

surfaces could bind to ICAM-1 (intercellular adhesion molecule)[34, 35]. 

Hayas’ni et a i  (2001) subsequently verified that a minimum o f two tandem repeats 

o f  M L'Cl’s extracellular domain were required for its binding to ICAM-l's 

immunoglobulin-like extracellular domain 1 [ 15S], In subsequent work, we have 

found that ML'Cl can mediate breast tumor cell adhesion to a simulated blood 

vessel wall under shear flow conditions equivalent to physiological blood 

flow[36] and is crucial for mediating in vitro tumor cell transmigration 

(unpublished observations)[37]. Moreover. Rahn et al. (2004) from our lab have 

recently shown through fluorescent microscopy experiments that the MUCI- 

ICAM-1 interaction can induce intracellular calcium ion oscillations in M UCl- 

positive cells[3S]. Therefore. ML'Cl-ICAM-1 binding may play a significant part 

in the overall breast tumor extravasation cascade during the metastatic process.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

15



1.3. The Human Mucin M UCl

1.3.1. M UCl Expression

The human MUCl is a mucin protein that was first discovered in breast milk[39, 

40]. It is expressed as a type 1 transmembrane molecule on all breast epithelial 

cells, as well as most other secretory' epithelium and some hematopoetic cells[41]. 

In normal breast glandular epithelium, MUCl is heavily glycosylated and 

expressed only on the apical cell surface[42]. However, there are several changes 

that happen to MUCl in malignant breast epithelium. Firstly, the protein is 

overexpressed in greater than 90% o f human breast cancer[35]. This can be due 

to gene dosage effect (amplification o f gene copies), hypomethvlation (impaired 

gene methylation which can stem from reduced methyltransferase levels), or 

increased transcription o f the MUCl gene[43, 44],

Secondly, there is increased MUCl shedding in breast cancer. Therefore, the 

secreted form o f the mucin is commonly found in the serum o f breast cancer 

patients[45, 46]. and supernatants o f cultured breast cancer cells[47. 4S]. There 

are two possible mechanisms for soluble MUCl generation: (1) protease cleavage 

o f the extracellular domain from the membrane-embedded mucin[47. 49]; or (2) 

changes in the transmembrane domain that induce less stable membrane- 

embedding o f  the protein[42]. The properties o f overexpression and increased 

shedding o f MUCl have led to its use as a breast tumor antigen for more than 20 

years[50].

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Thirdly, MUC1 is often under-glycosylated in breast tumor cells due to impaired 

glycosyltransferase activity, resulting in the expression o f simple and truncated 

cancer-associated antigens (i.e. TF, Tn, and sTn)[51]. The decreased 

glycosylation exposes the highly immunogenic epitope (APDTRP) on the peptide 

backbone o f the extracellular domain, which is recognizable by certain 

monoclonal antibodies against MUC1 (Figure 7)[52-54].

Finally, the most significant M UCl alteration in breast cancer is that the spatial 

expression pattern o f  the protein is no longer apically-restricted. In contrast. 

MUCl distribution in tumors can become circumferential and cytoplasmic in a 

minority o f breast cancer cases[55]. This has been correlated with high metastatic 

frequency and poor prognosis[55],

1.3.2. MUCl Extracellular Domain

MUCl is a high molecular weight sialylated mucin expressed in all mammals[42]. 

However, it differs from classical mucins by the fact that it is an integral 

membrane protein[42]. The human MUCl gene is located on chromosome lq21- 

24[56]; both alleles are expressed co-dominantly[57]. The molecular structure o f 

MUCl is composed o f three domains: (1) extracellular. (2) transmembrane, and 

(3) cytoplasmic (Figure S)[42].
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MUCl is transcribed as a pro-peptide that undergoes posi-lransiutional cleavage 

in the endoplasmic reticulum[49]. The larger of the two protein products is the N- 

terminal extracellular domain o f  MUCl containing the signal sequence (a 

membrane-targeting signal for the protein), degenerate repeats, and tandem 

repeats[41. 58. 59],

The extracellular domain is composed of a variable number o f tandem repeats 

(V’N’TR) encoded by the second (o f the seven) exon o f  the MUCl gene[42, 60- 

621. The VNTR is bu:lt from a 20 amino acid motif that is tandemly repeated 30 

to 90 times due to genetic polymorphism within the population (Figure 9)[42. 63]. 

As a result. M UCl's extracellular domain can vary in length from 1000 to 2200 

amino acids[64]. The tandem repeats are abundant in threonine, serine, and 

proline amino acids to yield multiple effects[42J. Firstly, the ring structure o f 

prolines can inhibit the formation o f close-packed and ordered secondary protein 

structures[65. 66]. As a result, prolines tend to induce random coiling to promote 

M U C l's rigidity and extension[65. 66]. Consequently. MUC! extends 200-500 

nanometers aboxe the plasma membrane, as compared to a maximum o f  30 nm 

protrusion for most other membrane moIecuIes[63. 64], Secondly, serines and 

threonines are major O-linked glycosylation sites, giving a negative charge and 

enhancing the rigidity o f  MUCl [42, 54. 65. 66], In fact, the human MUCl is so 

heavily glycosylated that the galactose and N-acetylglucosamine sugars may 

constitute up to 50-90% o f  the protein mass[67], MUC Us massive glycosylation 

is assisted by the presence o f  small-sized amino acids, glycines and alanines in the

19
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tandem repeats, which facilitate close approach o f glycosyltransferase to 

MUCl [42]. Due to the variable number o f  tandem repeats, and hence, differential 

MUCl glycosylation levels within a population, MUCl can have a mass ranging 

from 160 to over 400 kDa[41,6S. 69].

A recently identified component o f M U C l's extracellular domain, the SEA 

module, has been characterized by Bork and Patthv in 1995[70], It was named 

after the first three proteins in which it was identified: sperm protein, enterokinase 

and agrin[70. 71 ]. The SEA module seems to function optimally in carbohydrate- 

rich environments since they often coexist with O-linked carbohydrates like those 

found on MUC1[70], Although the exact function o f the SEA module is 

unknown, it has been speculated to participate in binding to extracellular matrix 

constituents or neighboring cell-surface molecules and mediate intracellular 

signalling events[70. 71].

13.2.1. .MUCl Extracellular Domain Function

Although the exact roie(s) o f  MUCl is unknown, several possible functions have 

been suggested. For instance. MUCl has been thought to protect the mammary 

gland from mastitis, an inflammation that could adversely affect milk 

production[42]. In addition, secreted MUC! mucins may serve a protective role 

by forming a physical barrier for organs against microorganisms and degradative

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Proposed Proteolytic^ 
Cleavage Site

cm  muci tk

$  d4  —4  Receptors 4  - 4
7 i  >  and 7 1  x
v K  Adhesion V-T 
h !  Mo ecu les h !  j

>  (A)

110 nm
* Membrane 
’  Channels

I G iycocalyx

Lipid Bilayer

Actm Cytoskeleton

Cytoskeieia! Link/Accessory Proteins?

= O-linked carbohydrate 

= N-linked carbohydrate 

= Glycolipid

Figure S. Molecular structure o f human MUCl consisting o f  the (A) 
extracellular. (B) transmembrane, and (C) cytoplasmic domains. (Patton et al.. 
1995)

21

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



S  1 1 4 8 0 0  - 170 0  

VNTR d o m a i n

2 2 7  M 69

M r 120  - 2 2 5  kD

#  -  N-Glycan 
S =  S igna l P e p t id e  
M =  T ran sm em b ran e  S e q u e n c e

G ST  APPAHGVTSjAPDT RFjAP
( S + T  =  25%)

20 a. a. motif 
Tandemly repeated 30-90 times

Figure 9. The short C-terminus MUCl cytoplasmic domain, followed by the 
transmembrane domain (M). The next section o f the molecule is the extracellular 
VN'TR domain made o f a 20 amino acid m otif that may tandemly repeat from 30- 
90 times. This region also contains the highly immunogenic APDTRP epitope 
(rectangle). [Aplin et al„ 1995]

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

22

64181668



enzymes[72]. Furthermore, the sialic content o f  normal M UCl is quite high 

(about 30% o f the protein), making the extracellular domain very hydrophilic and 

negatively-charged, suggesting an anti-adhesive function[42]. This has been 

thought to shield the MUCl extracellular domain from binding to other cell 

membrane proteins, and hence, collapsing o f milk ducts[42].

With respect to cancer and metastasis, it has been suggested that MUCl could 

protect tumor cells from host immune responses by blocking T cell activation[73, 

74], In fact, several groups found that soluble MUCl purified from either cancer 

patients or human breast cancer cell-conditioned media could suppress cytokine 

secretion, proliferation, and cytotoxic capability o f patients' T lymphocytes[74- 

77]. Moreover, there is evidence for the role o f  M UCl in promoting tumor cell 

separation from the primary site due its anti-adhesive property, which can be 

attributed to the protein's overall negative charge and unusually long extracellular 

domain[7S. 79],

Recent data from our lab have suggested the possible role o f  MUCl in 

modulating tumor cell migration (unpublished observations)[37]. For instance, it 

was found that M UCl could bind to ICAM-1 expressed on endothelial cells[34], 

and that such an interaction was strong enough to withstand shear stresses 

equivalent to physiological blood flow[36]. Since ICAM-1 normally functions to 

recruit circulating leukocytes, it is possible that M UCl-ICAM -1 binding may 

facilitate tumor cell extravasation in blood-borne metastases. In fact, our lab

2 '
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showed a positive correlation between MUCl-ICAM-1 binding and 

transendothelial migration o f  tumor cells (unpublished observations)[37]. Our lab 

has also demonstrated that intracellular calcium oscillations o f tumor cells could 

be triggered by MUCl-ICAM-1 interaction[3S], Therefore, it is possible that 

MUCI-ICAM-1 interaction is a significant event in breast tumor metastases.

1.3.3. MUCl Transmembrane and Cytoplasmic Domains

The smaller cleaved-protein product (20-30 kDa) o f the MUCl pro-peptide 

consists o f three C-terminal components: (1) extracellular stem. (2)

transmembrane domain, and (3) cytoplasmic domain. The extracellular stem is a 

SDS-sensitive site, where the two protein products non-covalently 

heterodimerize[49]. It was recently demonstrated through site-directed 

mutagenesis studies that a Gly-Ser peptide bond located N-termina! to the 

transmembrane domain was a crucial proteolytic cleavage location, which 

mediated the extracellular domain shedding o f membrane-bound MUCl [SO]. The 

transmembrane domain is made o f  31 highly conserved amino acids that function 

to hold MUCl in the membrane[42].

The cytoplasmic domain o f  MUCl contains 72 amino acids that are also highly 

conserved across mammalian species[42]. In fact, there is a striking S7% 

sequence homology between the human and mouse MUCl cytoplasmic segment, 

implicating its functional significancc[42]. This protein portion does not contain 

any known catalytic or kinase sequence motifs. As a result, it is incapable o f
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autophosphory!ation[43], although it can be phosphorylated by kinases such as 

EGFR, c-Src, GSK3/?, and PKC5[41, 81, 82]. There has been increasing interest 

in the MUCl cytoplasmic domain because o f its ability to interact with a number 

o f proto-oncogenic proteins like EGFR, c-src and /?-catenin[41, 81]. 

Furthermore, tyrosine phosphorylation o f the cytoplasmic domain in tumor cells 

has been shown to have downstream effects on cellular adhesion[41, 43. 81, S3. 

84],

1 3 3 .1 . M UCl Cytoplasmic Domain Function

The cytoplasmic domain o f MUCl contains seven tyrosine residues that are 

potential phosphorylation sites[S5]. which have been studied by several groups in 

the past (Tables 1 and 2). In fact. Zrihan-Licht et al. (1994) was one o f the first 

groups to observe extensive phosphorylation o f M U C l's  cytoplasmic domain[43]. 

However, it was not until recently that the tyrosine kinases for MUCl were 

identified to be c-Src[Sl] and EGFR[41], Since many signalling molecules (i.e. 

EGFR, ERK1/2) are tyrosine-phosphorylated[41], the fact that MUCl is also 

tyrosine- phosphorylated makes it a possible signalling candidate. Interestingly, 

four o f  the seven tyrosines are known to constitute signalling pathway motifs once 

phosphorylated: (1) YTNP (growth factor receptor-bound protein 2 or Grb2); (2) 

YHPM (phosphatidylinositol 3-kinase or PI3K); (3) YVPP (phospholipase C-yl
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R e se a rc h  C r o u p s (.'ell B ines M e th o d s  o f  M U C l  P T y r  D etec t ion F in d in g s

Zrihan-l.icht cl til., 1994 

P a iideyt~i <if.,1 9 9 5

M U C l cD N A  transfected  into 
HIM .100 hum an  m am m ary  epithelial 
cells.

M U C 1/Y  transfected into 3 1 3  rns 
l ians lo rm cd  fthi oblasts.

N P 4 0  lysis buffer.

11* with P rotein  A -(r i-C T 2) complex.

8 h incubation  o f  cells with 
radioactive earlier-free inorganic 
phosphate.

N a jV O i for 30 mill prior to cell lysis. 

SD S-PACiF -> A uloradiogiaphy.

M U C 1 /C T  PT yr at 20-30 kD a 

M U C 1/Y  PT yr at 42-45 kDa.

H um an M C F-7  b ieas t  ca ie in om a  
cells.

Brij-90 lysis buffer with  N a }V O , 
incubation o f  cells for 30 min.

IP with anti-D I '3  antibody  specific  for
M U C l  i :c d .

SDS-PACili -> IB with PTyr 
antibody.

M U C l  PT yr at < 2 00  kl)a.

M U C l  T y r  Y l 'NP phosphoryla tion  
led to M U ( ' l / ( l i b 2 /S o s  com plex 
formation.

Quin  and M cC uckin ,  2000 H um an breast cancer cell lines: 
M C F-7 , M D A -M B -2 31 ,  B T - 2 0 .T -  
471) & ZR-75-1.

H um an  ovarian  cancer  cell lines: 
O A W 4 2 ,  O V C A R -3 ,  C aov-3  &
C O  1.0310.

N a jV ( )4 incubation  2 h prior to cell 
harvesting.

N P 4 0  (R1PA) and Brij-97 lysis 
buffers with  N a tV 0 4 incubation o f  
cells for 30  min.

IP with B C2 specific for M U C l  BCD.

S D S -P A C B  -> IB with PTyr 
antibody.

M U C 1 /C T  P’f y r  at 25-30 kDa 
de lec ted  only  in O A W 4 2  & O V C A R - 
3 when RIPA buffer used.

M U C 1 /C T  P T yr at 25-30 kD a 
becam e detec table  in M C F -7  & ZR- 
75-1 on ly  w hen  Brij-97 buffer used.

I.ow  M U C 1 /C T  PTyr levels despite 
h igh overall  M U C l  expressions.

1'ablc 1. Review o f  prev ious studies on M U C l  tyrosine , '  , ’ ylation. C T  -  M U C l  cy top lasm ic  dom ain; 1-C1) -  M U C l  extracellu lar  dom ain ; PT yr =
phosphotyiosinc; II* ~ im m unoprccip i ta t ion ; IB im m unoldot;  N a ,V ( )4 sod ium  pervanadate .
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Li d a l . ,  1994
R e se a rc h  C r o u ps

Sehrocder e t «/., 2001

M ccr/an inn  v l «/., 2000 
M ecrzam an v l <//., 2001

C ell L ines
H um an breast ca rc inom a cells ZR- 
75-1

H um an b ieas t carc inom a cells T- 
171) anil M I)A-MI)-46N.

M onk ey  C O S -7  cells liansfeeled  
with C D 8/M U C 1 ch im eiic  
construct.

M e th o d s  o f  M IIC 1  P l ' v r  D etect ion
N l’4 0  lysis buffer.

IP with anti-D I '3  an tibody  specific 
for M U C l  l i d )  or anti-Src

15 min incubation  o f  cells w ith 
pu ii l ied  c -S ic  and [y’’P ]A IP .

SDS-PACili - > A u to iad iog iap hy.
T ii ton  X -100  lysis buffer w ith 

NaA'Or-

IP with an ti-C T I and anli-CT2 
antibodies.

S D S -P A U L  -> 11) with PTyr 
a i
N a tV ( )4 incubation 15 min prior to 
cell hat vesting.

N l’40  lysis buffet with  N a 4V ()4 
incubation o f  cells lor 20 min.

IP with C T I  antibody.

SDS-PACili ->  IH with PTyr 
j in t ib od y .

F in d in g s
c-Src b inds d irec tly  to M U C I /C T  
and phosphory la tes  T yr  YHKV 
predom ina te ly  (>0.5 kDa, ~15 kDa).

M I J C I /C T  decreased  M U C l/C iSK 3 |)  
and  increased M U C I/()-ea(en in  
associations.

1-CiF induces M U C I /C T  Tyr-P.

I X i l R  b inds &. phosphoryla tes  
M U C I /C T  ( - 2 5  kDa and 
- 2 8 - 3 0  kDa), leading to l-R K I/2  
activation.

A nti-C D 8 an tibody  induced M U C l 
T yr-P  o f  M U C 1 /C D 8  construct 
( - 3 4  kDa).

A nti-C D 8 an tibody  also induced 
LRK 2 phosphory la tion , w hich  was 
Ras- &  M L R -dependen t .

Table 2. Review o f  p iev ious  studies on M U C l  tyrosine phosphorylation . C T  MUCH cytop lasm ic  dom ain ; IX’D =- M U C l  extracellu lar dom ain; PT yr -  
phosphotyrosinc; I yr-P Tyrosine phosphory la tion ; IP r im m unoprecipita tion; I I ) i m m u n o b l o l ;  Na.4V 0 4 sodium  pcrvanadate .
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or P L C -y l ); and (4) Y E E V  (c-Src family kinases)[43. S(>].

MUCl phosphorylation enables its cytoplasmic domain to interact with other 

signalling mediators. In 1995. Pandcy ci ul. discovered that M UCl could 

associate with the SH2 domain o f Grb2 upon tyrosine phosphorylation[S5]. This 

consequently led to the recruitment o f Sos by the SH3 domain o f  Grb2. and 

formation of M UCl/Grb2/Sos comple.\[S5]. This suggested a possible role o f 

MUCl in modulating the Ras/Raf MAPK. signal transduction pathway, and hence, 

the first indication o f MUCl signalling[S5]. Furthermore. Li ct ul. (2001) found 

that c-Src-mediated tyrosine phosphorylation o f MUCi could promote the 

binding o f MUCl to the P-catenin signalling adhesion protein[Sl]. The effects 

were two-fold. There was reduced GSKJp-mediated serine phosphorylation o f 

MUCl at the DRSPY site due to decreased GSK3P-MUC1 association^ 1. S7], 

GSK3P*mediated phosphorylation o f MUCl is normally a negative regulator for 

P-catenin binding to M U C l’s SAGNGGSSL motif, which is adjacent to the 

DRSPY site[S7], Therefore, inhibiting GSK3P-MUC1 complex formation would 

enhance p-catenin-MUCl association, and depletion o f  p-catcnin from E- 

cadherins[Sl. S7], As a result, normal E-cadherin function was disrupted[S7. SS]. 

Secondly. M UCl-P-catenin binding resulted in P-catenin redistribution to the 

invading cell margins and increased invasiveness o f cancer cells[S3j. These 

observations have supported the possible role o f MUCl in signalling tumor cell 

invasion during metastasis.
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A more direct piece o f evidence for MUCl signalling came from Schroeder et al. 

in 2001 [41]. They found heterodimerixation o f epidermal growth factor receptor 

(EGFR) with MUCl upon stimulation o f MDA-MB-46S (human breast 

carcinoma) cells with FGF[41 ]. This led to enhanced tyrosine phosphorylation o f 

M UCl. and also increased extracellular signal-regulated kinase (ERK)l/2 

phosphorylation and aciivity[41]. The enhanced ERK1/2 activity was not 

associated with increased mitogcnesis as determined by unaltered proliferating 

cell nuclear antigen (PCNA) levels[41]. However, it is known that increased 

MAPK activity could negatively regulate in vitro tight junction formation and 

preservation[64. 7S. 79. S9], Moreover, the activation o f MAPK/ERK pathway 

by EGFR has also been implicated in cellular migratory processes[90]. 

Therefore, it is clear that MUCl could participate in cellular signalling events via 

tyrosine phosphorylation.

Meerzaman et al. (2000) engineered a CDS MUCl chimeric construct by fusing 

the extracellular and transmembrane domains o f  CDS to the cytoplasmic domain 

o f M U C l[91]. Following transfection o f  the construct into COS-7 cells, they 

were able to induce MUCl tyrosine phosphorylation through anti-CDS antibody 

stimulation[91]. Moreover. ERK2 activation was also observed upon induced 

MUCl tyrosine phosphorylation[S4], Therefore, not only was the role o f  M UCl 

in cellular signalling once again demonstrated, they have also shown that MUCl 

tyrosine phosphorylation could be modulated by an external stimulus. However.
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the physiological stimulus for regulating MUCl tyrosine phosphorylation remains 

unknown.

1.4. The Human Intercellular Adhesion Molecule-1

1.4.1. ICAM-1 Expression

The monomeric/dimeric type I transmembrane glycoprotein. Intercellular 

Adhesion Molecule-1 (ICAM-1, also known as CD54), is a member o f  the 

immunoglobulin (Ig) supergene family[92, 93]. ICAM-1 is commonly expressed 

on leukocytes and endothelial cells[92]. The expression o f  ICAM-1 varies 

between different cell types and is modulated in numerous ways, mainly via 

transcriptional regulation and cytokine availability[92]. For instance, the human 

ICAM-1 gene promoter region contains a cytokine/lipopolvsaccharide responsive 

k B  element. As a result, factors such as TNF-a and IL-1 can induce ICAM-1 

expression, and interferon (IFN)-y can subsequently stabilize the mRNA[92. 94- 

97], This mechanism is especially relevant in endothelial cells which 

constitutively express low levels o f  ICAM-1 due to the short mRNA half-life[9S], 

In contrast, glucocorticoids are responsible for repressing ICAM-1 gene 

transcription[94, 99]. Interestingly, angiogenic factors are also known to down- 

regulate ICAM-1 expression[100]. These factors tend to reduce the sensitivity o f 

endothelial cells to inflammatory cytokines, which may serve as a mechanism to 

inhibit leukocyte infiltration to tumors[100].
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Another regulatory mechanism for ICAM-1 expression is the activity o f various 

signal transduction pathways[92]. For example, intracellular second messengers 

like cAMP[101, 102], Ca2̂  [103], protein kinase C[104], and phospholipase 

A2[105] can up-regulate ICAM-1 expression in a cell type-specific manner[99]. 

In contrast, second messengers including cGMP[106] and tyrosine kinase can 

reduce ICAM-1 expression[107].

1.4.2. ICAM-1 Structure

The human ICAM-1 gene is located on chromosome 19 and is composed o f  seven 

exons that are separated by six introns[10S]. It shares limited sequence homology 

(55-65%) with other species such as murine, rat. and canine[92].

The molecular structure o f ICAM-1 contains 3 major domains: (1) extracellular. 

(2) transmembrane, and (3) cytoplasmic (Figure 10).

The 453 amino acid extracellular portion consists o f five Ig-like domains, each of 

which is encoded by a different exon[10S]. The tandem arrangement o f  these 

domains may have evolved to function as multiple and independent binding sites 

for the protein[109]. Each Ig-like domain is a composite o f  two antiparallel p 

strands capable o f  disulfide bridge formation via conserved cysteine residues, 

with the exception o f  domain 4 [110. 111]. Moreover, there are eight N-linked 

glycosylation sites in the extracellular region where the extent o f  glycosylation
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Figure 10. Molecular structure o f ICAM-1 consisting o f the extracellular, 
transmembrane, and cytoplasmic domains, (van de Stolpe and van der Saag. 
1996)
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varies depending on cell type[97, 111,112]. As a result, the molecular weight o f 

ICAM-1 ranges from 60-114 kDa[97, 111, 112].

The transmembrane domain is made o f 24 hydrophobic amino acids that function 

to hold ICAM-1 within the plasma membrane[l 11]. Finally, the cytoplasmic 

domain o f ICAM-1 contains 2S highly conserved amino a c id s[lll] . Some o f 

these amino acids can interact with a-actinin. the cytoskeleton-binding protein, 

suggesting the protein's role in mediating cell motiIity[ 113], The cytoplasmic 

region has also been proposed to modulate cell-cell adhesion by mediating 

ICAM-1 internalization, which is directly dependent on the level o f  protein 

density on cell surface] 1 14],

1.4.3. ICAM-1 Function

ICAM-1 is generally responsible for mediating specific and reversible cell-cell 

adhesion, and hence, intercellular communication[92] and signalling] 115. 116]. 

However. ICAM-1 also plays a significant role in many host immune responses. 

For instance, when expressed on antigen-presenting cells (i.e. macrophages. B- 

lymphocytes. and plasma cells). ICAM-1 can act as a co-stimulatory molecule to 

activate MHC class I- and II-regulated T cells] 117-120], Therefore. ICAM-1 is a 

crucial modulator o f  T-cell mediated host immunity.

Furthermore, ICAM-I expressed on endothelial cells o f  blood vessels can regulate 

leukocyte transmigration to sites o f  tissue injury and inflammation[92]. One o f
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the major ligands for ICAM-1 is integrins, particularly LFA-1 (CD 11 a/CD IS) and 

Mac-1 (CD1 lb/CD 1S)[ 109, 110]. After transient rolling, leukocytes will firmly 

adhere to the endothelium to facilitate their subsequent spreading and locomotion. 

These processes are mediated by the (cation-dependent) binding o f LFA-1 and 

Mac-1 to the amino-terminal first and third Ig-like domains o f ICAM-1. 

respectivelyf 109. 121-126]. Due to the active role that ICAM-1 plays in host 

immunity, abnormal expression o f  the protein has been linked with various 

disease manifestations, including some inflammatory disorders and 

malign ancies[92].

1.5. Experimental Rationale and Hypothesis

The human M UCl is a mucin protein first discovered in breast milk. It is 

overexpressed in more than 90% o f breast cancer, hence, it has been used as a 

breast tumor marker for more than 20 years[45]. In fact, it has recently been 

identified as an oncogene, capable of inducing cellular anchorage-independent 

growth and tum or formation in animal models[127]. Furthermore, 

immunohistochemical analyses o f clinical human breast cancer specimens by 

Rahn et al. (2001) revealed that aberrant (cytoplasmic or non-apical) expression 

o f the protein correlated with poor prognosis and nodal metastases[55]. Despite 

the apparently obvious data implicating M U C l's  importance in breast cancer, its 

precise pathological role remains unclear. Traditionally, M UCl has been viewed 

as a passive player in tumor cell dissemination[64, 7S, 79. 12S]. However, more 

recent publications have discovered the association o f M UCl with numerous

34
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potential signalling mediators implicated in tumorigenesis. Hence, it is possible 

that MUCl may actively participate or assist tumor progression. In fact, it is 

known that MUCl can be tyrosine phosphorylated and participate in cellular 

signalling with downstream effects on cell adhesion[41,43. 83, 84].

Rahn et al. (unpublished observations) from our lab have recently discovered that 

MUC1-ICAM-1 interaction was crucial in mediating tumor cell transendothelial 

migration in a Transwell model[37]. Furthermore, the presence o f  fibroblasts and 

cytokines resulted in significantly greater extent o f  tumor cell transmigration than 

in the absence of these variables[37]. Cytokines like TNF-a and IL-1 p are known 

to increase ICAM-1 expression on endothelial cells[92. 94-97], while fibroblasts 

could secrete soluble factors and proteolytic enzymes into the cellular 

microenvironment. Therefore, the importance o f ICAM-1 and factors in the 

cellular microenvironment in promoting tumor cell transmigration was 

implicated. In addition, our lab has demonstrated that MUCl-ICAM-1 interaction 

could trigger intracellular calcium ion oscillations in M UCl-positive ce!ls[3S]. 

This calcium-based signal was later shown to be mediated through the 

PI3K/inositoI triphosphate (IP3) pathway and Src through a series o f  enzyme- 

specific inhibitory experiments[3S]. Based on our laboratory's data that point to 

the significance o f MUC1-ICAM-1 interaction in mediating tumor cell 

transendothelial migration and calcium ion oscillation, it was hypothesized that 

the same molecular interaction could trigger subsequent tyrosine phosphorylation 

o f  tumor cell M UCl. It is known that MUCl tyrosine phosphorylation is crucial

35
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in facilitating the association o f MUCl with signalling molecules implicated in 

tumorigenesis[41, 81, 82, 85, 87, 130], Therefore, finding MUCl

phosphorylation would suggest the significance o f ICAM-1 in modulating 

interactions between M UCl and signalling molecules (i.e. Grb2/Sos)[85] and 

signalling pathways (i.e. ERK/MAPK)[41] potentially involved in the promotion 

o f  tumor progression.
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2.1. Optimization o f Western Blot and Immunoprecipitation

2.1.1. Inimunoblot for M UCl with B27.29 and a-CT2 Monoclonal Antibodies 

Objective:

The ability to delect the human mucin protein MUCl through Western blotting 

was a basic prerequisite for analyzing results in this project. Two methods are 

commonly used in the literature for MUCl immunoblotting. The first approach is 

to use antibodies specific for the extracellular tandem repeats o f M UCl (e.g. 

B2~.29>. Alternateel>. antibodies (e.g. anii-CT2) that target the cytoplasmic tail 

segment o f  MUCl can also be used. Therefore, it was attempted to detect the 

full-length or cytoplasmic domain o f  MUCl via Western blot from ascites and the 

following cell lines: (1) MCF-7. (2) 410.4. (3) ZR-75-1. (4) MDA-MB-231. (5) 

MDA-MB-46S. (6) 293TM UC1. (7) 293T Mock. (S) NIH3T3. (9)

NTH3T3 ICAM-1. and (10) NTH3T3 Mock by using monoclonal B27.29 and anti- 

CT2 antibodies, respectively. The MUCl expression pattern o f  these cell lines 

have already been determined by our lab an d o r the literature. Therefore. they' 

were useful for evaluating the effectiveness o f the Western blotting techniques 

used in this project.

Materials and Methods:

Antibodies

Monoclonal mouse anti-M UCl B27.29 specific for the human M UCl 

extracellular domain epitope PDTRPAP (useful for detecting the full-length 

M UCl) was kindly donated by Biomira Inc. (Edmonton. Alberta. Canada).
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Horseradish peroxidase (HRP)-conjugated goat anti-mouse as the secondary 

antibody was purchased from Jackson ImmunoResearch Laboratories Inc. (West 

Grove. PA. USA). Monoclonal Armenian Hamster anti-CT2 specific for the last 

17 amino acids (SSLSYTNPAVAATSANL) o f human and mouse M UCl 

cytoplasmic domain was a gift from Dr. Sandra J. Gendler (Mayo Clinic 

Scottsdale. Arizona, USA). HRP-conjugated goat anti-Armenian Hamster as 

secondary was purchased from Jackson Lab Inc.

Cells and Reagents

Ascites is an excessive "acellular" fluid collected from peritoneal cavities o f 

cancer patients that contains secreted M U C l[131]. MCF-7. a human breast 

adenocarcinoma cell line with moderate MUCl expression was purchased from 

American Type Culture Collection (ATCC). It was maintained in DMEM 

supplemented with 10% (v/v) FBS and 6 ug/ml o f insulin. ZR-75-1. a poorly 

differentiated human mammary carcinoma cell line with moderate MUCl 

expression was purchased from ATCC. It was maintained in RPMI 1640 

supplemented with 10% (v/v) FBS and 2 mM L-glutamine. MDA-MB-231. a 

human breast carcinoma cell line expressing low levels o f  M UCl was purchased 

from ATCC. MDA-MB-46S. a human breast carcinoma cell line with high levels 

o f epidermal growth factor receptor and low levels o f MUCl expression was also 

purchased from ATCC. Both MDA-MB-231 and MDA-MB-46S were 

maintained in DMEM supplemented with 10% (v/v) FBS. 293T/MUC1 and 

Mock are human M UCl-negative embryonic kidney cells transfected with the

3 9
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human MUCl and an empty plasmid, respectively. These were transfected and 

sub-cloned by Jennifer Rahn in the lab[38], and maintained in DMEM 

supplemented with 10% (v/v) FBS and 200 pg/ml antibiotic G41S. 410.4 is a 

mouse mammary adenocarcinoma line that was kindly donated by Dr. Gabrielle 

Zimmerman (Biomira, Canada). It was maintained in RPMI 1640 supplemented 

with 10% FBS (v/v) and 2 mM L-glutamine. NIH3T3 is a parental mouse 

fibroblast cell line maintained in DMEM supplemented with 10% (v/v) FBS. 

NIH3T3/ICAM-1 and NIH3T3/Mock, gifts from Dr. Ken Dimock (University o f 

Ottawa. Ontario, Canada), are NIH3T3 transfected with the human ICAM-1 and 

an empty plasmid, respectively. The transfectants were maintained in DMEM 

supplemented with 10% (v/v) FBS and 2 ug/ml Blasticiain S HC1. All cell lines 

were cultured at 37°C in a humidified incubator containing 5% (v/v) CO; (Water- 

Jacketed Incubator. Forma Scientific. Marietta. OH. USA).

RPMI 1640 medium, Dulbecco's Modified Eagle's Medium (DMEM). 

dcoxycholic acid. Phosphatase Inhibitor Cocktail 2. Protease Inhibitor Cocktail. 

Trizma hydrochloride (Tris-HCl). Tris Base, Polyoxyethylene-sorbitan 

monolaurate (Tween 20). tissue culture grade glycine, glycerol. NP40. 2- 

mercaptoethanol. antibiotic G41S. and insulin from bovine pancreas were 

purchased from Sigma (Saint Louis. MO. USA). Sodium Dodecyl Sulfate (SDS) 

was purchased from Pierce Biotechnology. Inc. (Rockford, IL, USA). Sodium 

chloride (NaCl), ammonium persulfate. 40% (w/v) acrvlamide stock solution and
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methanol were purchased from Fisher Scientific International (Fair Lawn, NJ, 

USA). Sodium phosphate, dibasic (Na;HPC>4) and potassium phosphate 

monobasic (KFLPCL) were purchased from Caledon Laboratories Ltd. 

(Georgetown, Ontario, Canada). Fetal Bovine Serum (FBS). Trypsin (0.5% w/v)- 

EDTA (5.3 mM) solution, L-glutamine. and Blasticidin S HC1 were purchased 

from Invitrogen Corporation (Burlington, Ontario, Canada). Bromophenol blue 

was purchased from Bio-Rad Laboratories Ltd. (Mississauga, Ontario. Canada). 

ECL (enhanced chemiluminescence) Plus Western Blotting detection reagents 

were purchased Amersham Biosciences (Baie d'Urfe. Quebec, Canada).

Experimental Conditions and Cell Extraction

Cells were cultured on 100 mm x 20 mm tissue culture plates (Coming Inc., 

Coming, NY. USA) until 70-S0% confluent. All cell extraction procedures were 

performed at 4°C or on ice. Cultured cells were held on ice and washed twice 

with cold PBS. then scraped into SO ul o f  RIPA lysis buffer (150 mM NaCl. 1% 

(v/v) NP40, 0.5% (w/v) deoxycholic acid. 0.1% (w/v) SDS. 0.5% (v/v) 

Phosphatase Inhibitor Cocktail 2. 0.5% (v/v) Protease Inhibitor Cocktail, and 50 

mM Tris, pH 7.6)[132] with a Teflon policeman. The RIPA lysis buffer was used 

since it was determined to be more efficient in extracting M UCl than the Brij-97 

lysis buffer in Appendix A. Subsequently, samples were collected in 1.5 ml 

Eppendorf tubes and lysed with 26 gauge needles (Becton Dickinson and 

Company, Franklin Lakes. NJ. USA). Lysates were centrifuged at 10,000 x g for 

10 min (EBA 12R Hettich Zentrifugen. Rose Scientific Ltd., Edmonton. Alberta.
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Canada) and the resulting supernatants wore boiled in l.aemmli Buffer (47.5% 

(v v) dfLO. 12.5% (\ v) 0.5 M Tris-HCl pH 6.S. 10".. (v v) glycerol. 2% (w v) 

SDS. 5°.i (v v ) o f  2-mercaptoethanol, and 0.05% (w v) bromophenol blue)] 133] 

for 10 ntin. Samples were either analv/ed immediately or stored at -20°C.

S D S - P \ (  if- a n d  W e s t e rn  B l o t t i n e

Sam.ples were subjected to Bio-Rad DC  Protein Assay (Bio-Rad Laboratories. 

Hercules. CA. L'SA) and subsequently analyzed on SDS polyacrylamide (7.5% 

(\v v acrylamide). !0% (w v acrylamide) and 12% (w v acrylamide) with 4% (w v 

acrylamide) stacking) gels. Electrophoresis was performed using Bio-Rad Mini- 

PROTEAN 11 system at 60 mA per gel. SO Y for the initial 15 min followed by 

130 V (constant voltage) for the remaining time in Running Buffer <0.3% (w v) 

Tris base. 1.44% (w v) glycine, and 0.1% (w v) SDS. pH S.3)[ 133]. Proteins 

were then transferred to 0.45 micron Immobilon-P (Millipore Corp.. Billerica. 

MA. L'SA) membranes via Bio-Rad Mini Trans-Blot system on ice for 60 min at 

100 V (constant voltage) and 350 mA in Transfer Buffer (0.3% (w v) Tris base.

1.44"o (w v) glycine. 0.1 % (w/v) SDS. and 20"» (v v) methanol. pH S.3)[ 133].

Prior to incubation with the B27.29 or anti-CT2 antibodies, transferred 

membranes were blocked with 5% (w/v) commercial milk powder in Tris- 

buffered saline with 0.05% (v/v) Tween-20 (TBS-T) overnight at 4°C or 1 h at 

room temperature. Membranes were then incubated with either 1 ug'ml o f
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B27.29 or 0.25 fig/ml o f anti-CT2 in TBS-T for 1 h at room temperature. This 

was followed by three 10 min washes in TBS-T. Membranes previously blotted 

with B27.29 or anti-CT2 were then incubated in 120 ng/ml o f  secondary 

antibodies HRP-conjugated goat anti-mouse or 120 ng/ml o f  HRP-conjugated 

goat anti-Armenian hamster diluted in TBS-T. respectively, for 1 h at room 

temperature. Three 10 minute washes o f membranes with TBS-T followed. ECL 

Plus was used for detection o f reactive bands by exposing the membranes to 

either Fuji Super RX Medical X-ray film or Kodak Biomax ML Scientific 

Imaging Film (Rochester, NY, USA), and then by developing the films. Film 

exposure durations ranged from 10 s to 5 min, until the desired image intensity 

was obtained.
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2.1.2. Immunoprecipitation of MUC1 With B27.29 and a-CT2 Monoclonal 
Antibodies

Objective:

In order to enhance the specificity o f  MUC1 detection on Western blots, a 

technique known as immunoprecipitation (IP) was tested. The procedure first 

utilizes a specific antibody that binds to the protein o f interest. The protein- 

antibody complex is subsequently isolated from the cellular lysate with protein G- 

agarose. Two antibodies - monoclonal B27.29 and anti-CT2 - were tested for 

MUCI immunoprecipitation w'ith the following cell lines: (1) MCF-7, (2) MDA- 

MB-231. (3) MDA-MB-46S. (4) 293T/MUC1, (5) ZR-75-1. (6) NIH3T3. (7) 

NIH3T3/ICAM-1. and (S) NIH3T3/Mock.

Materials and Methods:

Antibodies

Monoclonal anti-MUCl B27.29. monoclonal anti-CT2. HRP-conjugated goat 

anti-mouse, and HRP-conjugated goat anti-Armenian Hamster were previously 

described in section 2.1.1.

Cells and Reagents

Cell lines and culturing conditions o f  MCF-7. ZR-75-1, MDA-MB-231. MDA- 

MB-46S. 293T/MUC1. 293T/Mock. NIH3T3, NIH3T3/ICAM-1. and

NIH3T3/Mock were previously described in section 2.1.1. All cell lines were 

cultured at 37°C in a humidified incubator containing 5% (v/v) CO;.
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Protein G-agarose was purchased from Roche Diagnostics Corporation (Laval. 

Quebec, Canada). Other reagents used were previously described in section 2.1.1.

Experimental Conditions and Cell Extraction

Cells were cultured and extracted with RIPA lysis buffer as previously described 

in section 2.1.1. Supernatants were subjected to immunoprecipitation (via B27.29 

or CT2 antibodies) immediately. Crude samples were boiled in Laemmli Buffer, 

then either analyzed immediately or stored at -20°C.

Immunoprecipitation o f MUC1

All immunoprecipitation procedures were performed at 4°C or on ice. 

Supernatants were adjusted to final volumes o f  1 ml with RIPA lysis buffer. 

Samples intended for immunoprecipitation via CT2 antibody were first subjected 

to Bio-Rad DC  Protein Assay to determine the amount o f immunoprecipitating 

antibody required based on the protein concentrations o f  samples. In contrast, the 

quantity o f  B27.29 antibody needed for immunoprecipitation was based on 

sample volume. Hence. Protein Assay o f  the samples intended for 

immunoprecipitation with B27.29 antibody was unnecessary'. Samples were 

gently agitated overnight with either 10 ug/ml o f  B27.29 antibody, or 2.5 ug o f 

CT2 monoclonal antibody per milligram o f sample proteins. Incubation 

continued with the addition o f 60 pg/'ml o f protein G-agarose overnight with 

gentle agitation. Samples were centrifuged at 12,000 x g for 20 s. and pellets
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were subsequently washed three times with 1 ml o f RIPA buffer. The agarose 

pellets were re-suspended and boiled in 100 pi o f Laemmli Buffer for 10 min, 

followed by centrifugation at 12.000 x g for 20 s. Supernatants were either 

analyzed immediately or stored at -20°C. Furthermore, the experimental 

condition called Mock IP, which consisted o f  RIPA lysis buffer, 

immunoprecipitating antibody (B27.29 or anti-CT2) and protein G-agarose was 

also included. Since this was an "acellular” controlled condition, it was effective 

in identifying non-specific bands associated with the reagents used in the 

immunoprecipitation procedure.

SDS-PAGE and Western Blotting

Samples were analyzed with Bio-Rad DC  Protein Assay and Bio-Rad Mini- 

P ROTE AN II gel (6% (w/v acrylamide) and 10-15% (w/v acrylamide) with 4% 

(w/v acrylamide) stacking) electrophoresis as described in section 2.1.1. Proteins 

were then transferred to 0.45 micron Immobilon-P membranes as described in 

section 2.1.1.

Immunoblotting procedures with the B27.29 and anti-CT2 antibodies, in addition 

to image development with ECL Plus were previously described in section 2.1.1.
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2.1.3. CT2 Pcptide-Biock ofa-C T 2 Antibody 

Objective:

The detection o f non-specific protein bands was a common problem in the 

Western blots obtained from the MUCl IP experiments using monoclonal B27.29 

antibody (section 2.1.2). This could adversely affect the accuracy o f  MUCl 

cytoplasmic domain identification. Thus, an attempt was made to determine the 

exact protein bands corresponding to M U C l's cytoplasmic domain in the MCF-7 

and GZ.Hi cell lines via MUCl Western blotting with the CT2 peptide-blocked 

antibody.

.Materials and Methods:

Antibodies

Monoclonal anti-MUCl B27.29. monoclonal anti-CT2. and HRP-conjugated goat 

anti-Armenian Hamster were prev iously described in section 2.1.1.

Cells and Reaeents

GZ.Hi is a mouse mammary adenocarcinoma cell line (410.4) transfected with the 

human M UCl. donated by Dr. Gabrielle Zimmerman. This was maintained in 

RPMI 1640 supplemented with 10% (v/v) FBS and 2 m.Vl L-glutamine. Cell line 

and culturing conditions o f  MCF-7 were previously described in section 2.1.1. 

Both GZ.Hi and MCF-7 cell lines were cultured at 37°C in a humidified incubator 

containing 5% (v/v) CO;.
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The purified CT2 peptide was a gift from Dr. S. Gendler. Other reagents used 

were previously described in sections 2.1.1 and 2.1.2.

Experimental Conditions and Cell Extraction

Cell lines were grown on 100 mm x 20 mm tissue culture plates until 70-S0% 

confluent. Cells were extracted with RIPA lysis buffer as previously described in 

section 2.1.1. Supernatants were subjected to immunoprecipitation (via B27.29 

antibody) immediately. Crude samples were boiled in Laemmli Buffer, then 

either analyzed immediately or stored at -20°C.

To prepare the CT2 peptide-blocked antibody, a small quantity o f  purified CT2 

peptide was incubated with 7.5 ul o f undiluted (0.5 mg/ml) CT2 antibody at room 

temperature for 15 min. The blocked antibody was then added to 15 ml o f  2% 

(w/v) BSA in TBS-T, which was then used for immunoblotting.

Immunoprecipitation o f  MUCl

Supernatants were immunoprecipitated for MUCl with monoclonal B27.29 

antibody at 4°C or on ice. Detailed procedures were previously described in 

section 2.1.2.
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SDS-PAGE and Western Blotting

Samples were analyzed with Bio-Rad DC  Protein Assay and Bio-Rad Mini- 

PROTEAN II gel (15% (w/v acrylamide) with 4% (w/v acrylamide) stacking) 

electrophoresis. Proteins were then transferred to 0.45 micron Immobilon-P 

membranes. Detailed procedures can be found in section 2.1.1.

Two sets o f 15% (w/v) polyacrylamide gels were used to analyze the same 

samples. Transferred membranes were blocked with 5% (w/v) commercial milk 

powder in TBS-T overnight at 4°C. One membrane was immunoblotted using 

monoclonal CT2 antibody, while the other with CT2 peptide-blocked antibody, 

both for 1 h at room temperature. After 3 washes in TBS-T. membranes were 

subsequently incubated with HRP-conjugated goat anti-Armenian Hamster for 1 h 

at room temperature. Another round o f 3 washes with TBS-T took place, 

followed by ECL Plus detection on imaging film. Film exposure durations ranged 

from 10 s to 5 min, until the desired image intensity was obtained.
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2.2. Optimization of Co-Culture Conditions

2.2.1. Detecting M UCl Tyrosine Phosphorylation Under Experimental 
Conditions Used in Tumor Cell Transmigration Assays

Objective:

Rahn et a!, (unpublished observations) from our lab discovered that MUC1- 

1CAM-1 interaction was crucial in mediating tumor cell transendothelial 

migration through a series o f Transwell and antibody-blocking experiments[37]. 

Moreover, it was found that various experimental conditions had significantly 

different effects on migration. For instance, tumor cell transmigration was 

significantly higher in the presence o f gelatin matrix. TNF-a and IL-1 p cytokines, 

and fibroblasts as opposed to just gelatin alone[37]. Based on the Transwell 

experimental data, it was o f  interest to know whether experimental conditions (the 

use o f gelatin matrix, cytokines, and fibroblast-conditioned media) known to 

promote tumor cell transendothelial migration would affect the status o f MUCl 

tyrosine phosphorylation. This was investigated with an in vitro MUC1-ICAM-1 

co-culturing system that simulated the Transwell experimental conditions known 

to induce tumor cell transmigration.

Materials and Methods:

Antibodies

Monoclonal mouse anti-phosphotyrosine PY99 was purchased from Santa Cruz 

Biotechnology, Inc. (Santa Cruz, CA. USA). Monoclonal CT2 antibody. HRP-

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



conjugated goal anti-mouse, and HRP-conjugated goat anti-Armenian hamster 

were previously described in sections 2.1.1.

Cells and Reauents

Cell lines and culturing conditions of MCF-7. N1H3T3 ICAM-1 and 

NIH3T3 Mock were previously described in section 2 .1.1.

MEM non-essential amino acids solution was purchased from Invitrogen 

Corporation. Cytokines TNF-cc and II-1 p were purchased from Cedarlane 

Laboratories Ltd. (Hornby. Ontario. Canada). Sodium orthovanadate (a tyrosine 

phosphatase inhibitor). Brij-97 detergent, dithiothreitol (DTT). Gelatin (Type A 

from porcine skin) and Magnesium chloride (MgCl;) wore purchased from Sigma. 

Other reagents used were previously described in section 2.1.

Experimental Conditions and Cell Extraction

Cell lines MCE--  and NIH3T3 ICAM-1 were cultured on <>.1% (w v) gelatin- 

coated 100 mm x 20 mm tissue culture plates until 70-S0°o confluent. All o f the 

reagents had been equilibrated to 37°C prior to usage. Prior to incubation with 

NIH3T3 transfectants. plates o f MCF-7 were washed twice with sterile PBS. 

NIH3T3 ICAM-1 and NIH3T3/Mock transfectants were detached from T-150 

tissue culture flasks (Coming) with 600 jil Trypsin (0.5% w v)-EDTA. A count 

o f  3.0 x 10h transfectants was co-cultured with MCF-7s in the presence o f  media
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(DMEM media supplemented with 10% (v/v) FBS, 10U penicillin, 10U 

streptomycin, 2mM L-glutamine and 0.1 mM MEM Non-Essential Amino Acids 

Solution) that has been used to culture human breast fibroblasts for 5 days (known 

as fibroblast-conditioned media), along with 20 U/ml TNF-a and II-1 p. with or 

without 1 mM sodium orthovanadate. Sodium orthovanadate is a tyrosine 

phosphatase inhibitor that helps to preserve tyrosine phosphorylation o f  proteins. 

The final volumes o f all experimental conditions were adjusted to 3.5 ml with 

fibroblast-conditioned media containing cytokines. Co-culturing took place in a 

37°C humidified incubator supplemented with 5% (v/v) CO: for 10 min. Non­

stimulated MCF-7 and NIH3T3/ICAM-1 cell lines, in addition to MCF-7s treated 

with 1 m.Vl NajsVOj in DMEM -  10% (v/v) FBS media for 10 min were used as 

controls.

All cell extraction procedures were performed at 4°C or on ice. Cultured cells 

were washed twice with cold PBS. and the washes were collected in 15 ml 

centrifuge tubes (Coming) along with the original co-culturing media. The 

washes were discarded after centrifugation at 1500 RPM and 4°C for 5 min 

(Centra-GPSR. International Equipment Company. Needham Hits. MA. USA). 

Cell pellets were rc-suspended in 50 pi o f  Brij-97 lysis buffer (150 mM NaCl. 

0.5% (v/v) Brij-97, 1 mM DTT. 0.5% (v/v) Phosphatase Inhibitor Cocktail 2. 

0.5% (v/v) Protease Inhibitor, and 50 mM Tris. pH 7.6)[132] and collected in 1.5 

ml Eppendorf tubes. Cells that remained on culture plates were scraped into SO pi
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o f  Brij-97 lysis buffer with a Teflon policeman. Subsequently, samples were 

collected in the 1.5 ml Eppendorf tube containing the washed pellet counterpart 

obtained earlier, and lysed with 26 gauge needles. Lysates were centrifuged at 

10,000 x g for 10 minutes, and supernatants were subjected to 

immunoprecipitation (via CT2 antibody) immediately. The crude lysates were 

boiled in Laemmli Buffer for 10 min. and were either analyzed immediately or 

stored at -20°C.

Immunoprecipitation o f MUCl

All immunoprecipitation procedures were performed at 4°C or on ice. 

Supernatants adjusted to 1 ml final volumes with Brij-97 lysis buffer were 

assayed for protein prior to immunoprecipitation with anti-CT2 antibody. 

Detailed procedures were previously described in section 2.1.2. The Brij-97 lysis 

buffer was used for all o f  the washes throughout the immunoprecipitation process. 

Furthermore, the experimental condition called Mock IP (consisted o f Brij-97 

lysis buffer. CT2 antibody and protein G-agarose) was also included to identify 

the non-specific bands associated with the immunoprecipitation procedure.

SDS-PAGE and Western Blotting

Samples were analyzed with Bio-Rad DC  Protein Assay and Bio-Rad Mini- 

PROTEAN II gel (10-15% (w/v acrylamide) with 4% (w/v acrylamide) stacking) 

electrophoresis. Proteins were then transferred to 0.45 micron Immobilon-P 

membranes. Detailed procedures can be found in section 2.1.1.
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Prior to incubation with 0.13 ug/ml PY99 for 1 h at room temperature, 

membranes were blocked with 2% (w/v) BSA in TBS-T overnight at 4°C. 

Membranes were subjected to three 10 min washes with TBS-T, followed by 1 h 

incubation with 120 ng/ml HRP-conjugated goat anti-mouse. After three more 

10-minute washes with TBS-T, ECL Plus was used for detection o f reactive bands 

by exposing the membranes to imaging film. Film exposure durations ranged 

from 10 s to 5 min, until the desired image intensity was obtained. Without 

stripping, the same membranes were then blocked with 5% commercial milk 

powder in TBS-T at 4°C for at least 24 h. This served to allow sufficient time for 

the previous ECL Plus signals (which have a duration o f  24 h) to diminish before 

commencing the next round o f Western blotting. Membranes were subsequently 

incubated with 0.25 ug/ml CT2 antibody for 1 h at room temperature, followed by 

3 washes with TBS-T. Then incubation with 120 ng/ml o f HRP-conjugated goat 

anti-Armenian Hamster for 1 h took place, followed by 3 washes with TBS-T. 

Finally, reactive bands were detected with ECL Plus on imaging film.

The levels o f phosphotyrosine and CT2 expressions in each experimental 

condition were quantified using the Scion Image computer software. The 

phosphotyrosine level in each condition was then taken as a ratio to the 

corresponding amount o f  CT2 and compared. The ANOVA test with a p value o f

0.01 was performed to statistically test the null hypothesis that the 

phosphotyrosine/CT2 ratio o f each experimental condition was the same.
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2.2.2. Epidermal Growth Factor Stimulation and Detecting M UCl Tyrosine 
Phosphory lation of Tumor Cells

Objective:

It was realized that a positive control for MUCl tyrosine phosphorylation was 

essential for more accurate analyses o f experimental data. Schroeder et al. (2001) 

was able to induce MUCl tyrosine phosphorylation in the breast carcinoma cell 

line MDA-MB-46S following treatment with epidermal growth factor[41]. 

Therefore, the effect o f epidermal growth factor stimulation on MUCl 

phosphotyrosine detection was investigated with the cell line MDA-MB-46S.

Materials and Methods:

Antibodies

Monoclonal anti-phosphotvrosine PY99. monoclonal anti-CT2. HRP-conjugated 

goat anti-mouse, and HRP-conjugated goat anti-Armenian hamster were 

previously described in sections 2.1-2.2.

Cells and Reagents

Cell lines and culturing conditions of MCF-7, MDA-MB-46S and NIH3T3/Mock 

were previously described in section 2.1.1. All cell lines were cultured at 37°C in 

a humidified incubator containing 5% (v/v) CO:.
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Epidermal growth factor was purchased from Sigma and reconstituted to 10 pg'ml 

with Nanopuro water. Other reagents used were previously described in sections 

2 . 1- 2 . 2 .

Experimental Conditions and Cell Extraction

Cell lines were cultured on 100 mm x 20 mm tissue culture plates until 70-S0% 

confluent. They were washed tw ice with sterile PBS and incubated with FBS-free 

DMEM media overnight. After 24 h, plates o f serum-starved cells were washed 

tw ice w ith sterile PBS and incubated with 2 ml o f  fresh FBS-free DMEM media 

for 2 h. This served to reduce the levels o f any endogenouslv-secreted growth 

factors. MDA-MB-46S cells were then incubated with 100 ngm l epidermal 

growth factor for I min at 37°C and 5% (v v) CO;.

All cell extraction procedures were performed at 4°C or on ice. Cultured cells 

were washed twice with cold PBS. and the washes were collected in 15 ml 

centrifuge tubes along with the original culturing media. The washes were 

discarded after centrifugation at 1500 RPM and 4°C for 5 min. Cell pellets were 

re-suspended in 50 id o f  RIPA lysis buffer and collected in 1.5 ml Eppendorf 

tubes. Cells that remained on culture plates were scraped into SO pi o f RIPA lysis 

buffer with a Teflon policeman. Subsequently, samples were collected in the 1.5 

milliliter Eppendorf tube containing the washed pellet counterpart obtained 

earlier, and lysed with 26 gauge needles. Lysates were centrifuged at 10.000 x g
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for 10 minutes, and supernatants were subjected to immunoprecipitation (via CT2 

antibody) immediately. The crude lysates were boiled in Laemmli Buffer for 10 

minutes, which were either analyzed immediately or stored at -20°C.

Immunoprecipitation o f  MUCl

Supernatants were immunoprecipitated for MUCl with monoclonal CT2 antibody 

at 4°C or on ice. Detailed procedures were previously described in section 2.1.2. 

Furthermore, the experimental condition called Mock IP (consisted o f  RIPA lysis 

buffer. CT2 antibody and protein G-agarose) was also included to identify the 

non-specific bands associated with the immunoprecipitation procedure.

SDS-PAGE and Western Blotting

Samples were analyzed with Bio-Rad DC  Protein Assay and Bio-Rad Mini- 

PROTEAN II gel (10-15% (w/v acrylamide) with 4% (w/v acrylamide) stacking) 

electrophoresis. Proteins were then transferred to 0.45 micron Immobilon-P 

membranes. Detailed procedures can be found in section 2.1.1.

Detailed procedures for phosphotyrosine and MUC1/CT2 immunoblotting, in 

addition to ECL Plus detection were previously described in section 2.2.1. 

Protein stripping was not performed in between consecutive rounds o f 

immunoblotting via antibodies from different species. Instead, membranes were
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then blocked with 5% commercial milk powder in TBS-T at 4°C for at least 24 h, 

as previously described in section 2.2.1.

5S
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2.2.3. Detecting MUCl Tyrosine Phosphorylation Under Experimental 
Conditions Used in Tumor Cell Calcium Ion Oscillation Assays

Objective:

In addition to promoting tumor cell transendothelial migration, Rahn et al. (2004) 

have recently discovered that MUCl-ICAM-1 interaction could also trigger 

calcium ion (Ca2~) oscillations in tumor cells[38J. Calcium ion oscillations and 

protein tyrosine phosphorylations are often key components o f cellular signalling 

events. Therefore, the effect o f  ICAM-1 stimulation under experimental 

conditions (the use o f FBS matrix and Imaging Buffer) known to induce tumor 

cell Ca:* oscillations on MUCl tyrosine phosphorylation was investigated with 

the MCF-7 cell line.

Materials and Methods:

Antibodies

Monoclonal anti-CT2. monoclonal anti-phosphotyrosine PY99. HRP-conjugated 

goat anti-mouse, and HRP-conjugated goat anti-Armenian hamster were 

previously described in sections 2.1-2.2.

Cells and Reagents

Cell lines and culturing conditions o f MCF-7. MDA-MB-46S. NIH3T3/ICAM-1 

and NIH3T3/Mock were previously described in section 2.1.1.
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Potassium chloride (KC1). calcium chloride (CaCN). and 4-(2- 

Hydroxyethyi)piperazine-l-ethanesuIfonie acid (HEPES) were purchased from 

Sigma. D-glucose was purchased from Fisher Scientific. Other reagents used 

were previously described in sections 2.1-2.2.

Experimental Conditions and Cell Extraction

Cel! lines were cultured on FBS-coatcd HM) mm x 20 mm tissue culture plates 

until 70-S0°o confluent. All o f the reagents used during the experiment had been 

equilibrated to 37°C prior to usage. Plates o f  cultured cells were washed twice 

with Imaging Buffer (152 mM NaCl. 5.4 mM K.CI. 0.S mM MgCl;. l.S mM 

CaCI;. 10 m.M HEPES. 5.6 m.M glucose. pH 7.2)[ 134], NIH3T3 ICAM-1 and 

NIH3T3 Mock transfectants were detached from T-150 tissue culture flasks with 

600 ul Trypsin (0.5% w,'v)-EDTA (5.3 mM). A count o f 2 .IS x 10s transfectants 

(from three confluent T-150 flasks) were resuspended in 1 ml with Imaging 

Buffer and co-cultured with each plate of MCF-7s. Co-culturing took place in a 

37°C humidified incubator supplemented w ith 5% (v:v) CO: for 1 min and 4 min. 

Non-stimulated MCF-7 and NIH3T3 Mock cells were used as controls. MCF-7 

cells that were incubated with 1 ml o f Imaging Buffer for 1 minute and 4 minutes 

were also used as controls. Furthermore. MDA-MB-46S cells stimulated with 

100 ng/ml EGF for 1 min (as described in section 2.2.2) were used as positive 

controls for M UCl phosphorylation.
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Detailed cell extraction procedures with were previously described in section

2.2. 1. with the exception that RIPA lysis buffer was used here instead o f Brij-97.

Immunoprecipitation o f  MUCl

Supernatants were immunoprecipitated for MUCl with monoclonal CT2 antibody 

at 4°C or on icc. Detailed procedures were previously described in section 2.1.2. 

Furthermore, the experimental condition called Mock IP (consisted o f  RIPA lysis 

buffer. CT2 antibody and protein G-agarose) was also included to identify the 

non-specific bands associated with the IP procedure.

SDS-PAGE and Western Blotting

Samples were analyzed with Bio-Rad DC  Protein Assay and Bio-Rad Mini- 

PROTEAN II gel (10-15% (w/v acrylamide) with 4% (w/v acrylamide) stacking) 

electrophoresis. Proteins were then transferred to 0.45 micron Immobilon-P 

membranes. Detailed procedures can be found in section 2.1.1.

Detailed procedures for phosphotyrosine and MUC1/CT2 immunoblotting. in 

addition to ECL Plus detection were previously described in section 2.2.1. 

Protein stripping was not performed in between consecutive rounds of 

immunoblotting via antibodies from different species. Instead, membranes were 

then blocked with 5% (w/v) commercial milk powder in TBS-T at 4°C for at least 

24 h, as previously described in section 2.2.1.
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The levels o f phosphotyrosine and CT2 expressions in each experimental 

condition were quantified using the Scion Image computer software. The 

phosphotyrosine level in each condition was then taken as a ratio to the 

corresponding amount o f CT2 and compared. The ANOVA and Newman-Keuls 

tests with a p value o f 0.05 were performed to statistically test the null hypothesis 

that the phosphotyrosine/CT2 ratio o f each experimental condition was the same.
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2.2.4 Alkaline Phosphatase Treatment o f Western Blot Membranes From  
MUC1-ICAM-1 Co-Culturing Experiments

Objective:

The effect o f ICAM-1 stimulation under experimental conditions known to induce 

tumor cell Ca2~ oscillations on M UCl tyrosine phosphorylation was investigated 

with the MCF-7 cell line (section 2.2.3). Although the appropriate MUC1- 

positive and negative controls were included in the Western blots that tested for 

M UCl phosphorylation, an additional test was employed in attempt to validate 

the phosphorylation status o f  the protein bands on Western blots. This was 

accomplished by treating Western blot membranes from the MUCl-ICAM-1 co- 

culturing experiments with alkaline phosphatase.

Materials and Methods

Antibodies

Monoclonal anti-phosphotyrosine PY99 and HRP-conjugated goat anti-mouse 

were previously described in sections 2.1-2.2.

Cells and Reagents

Cell lines and culturing conditions o f MCF-7, MDA-MB-46S, NIH3T3/ICAM-1 

and NIH3T3/Mock were previously described in section 2.1.1.

Alkaline phosphatase in solution 20 x 10'' units/ml (each unit is equivalent to 

enzyme activity that hydrolyzes 1 pmol o f 4-nitrophenyl phosphate in 1 min at
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37°C) was purchased from Roche Diagnostics. Other reagents used were 

previously described in sections 2.1-2.2.

Experimental Conditions and Cell Extraction 

Please refer to section 2.2.3.

Immunoprecipitation o f MUCl 

Please refer to section 2.2.3.

SDS-PAGE and Western Blotting

Samples were analyzed with Bio-Rad DC  Protein Assay and Bio-Rad Mini- 

PROTEAN II gel (10-15% (w/v acrylamide) with 4% (w/v acrylamide) stacking) 

electrophoresis. Proteins were then transferred to 0.45 micron Immobilon-P 

membranes. Detailed procedures can be found in section 2.1.1.

The transferred membrane was blocked with 2%  BSA (w/v) in TBS-T overnight 

at 4°C. The membrane was removed from the blocking solution, and the lanes 

with the EGF-stimulated MDA-MB-46S and NIH3T3/ICAM-1 -stimulated MCF-7 

samples were cut into halves with a razor blade. The two cut-off halves o f the 

membrane were incubated with 6.7 units o f alkaline phosphatase in 

dephosphorylation buffer (0.5 M Tris-HCl and 1 mM EDTA. pH S.5) for 6 h at 

37°C and 5% CO;.
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Detailed procedures for phosphotyrosine immunoblotting and ECL Plus detection 

were previously described in section 2.2.1.
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Chapter 3 

EXPERIMENTAL RESULTS
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3.1. Optimization of Western Blot and Immunoprecipitation

3.1.1. Immunoblot for MUC1 with B27.29 and a-CT2 Monoclonal Antibodies

The ability to detect the human mucin protein MUC1 through Western blotting 

was a basic prerequisite for analyzing results in this project. Two methods are 

commonly used in the literature for MUC1 immunoblotting. The first approach is 

to use an antibody specific for the extracellular tandem repeats o f  M U Cl, such as 

the monoclonal B27.29. This antibody has been shown in the literature to be 

effective in detecting the full-length MUCl protien [41, 42, 85]. Alternatively, 

antibodies (e.g. anti-CT2) that target the cytoplasmic tail segment o f MUCl can 

also be used. Therefore, it was attempted to detect the full-length or cytoplasmic 

domain o f M UCl via Western blot from ascites and the following cell lines: (1) 

MCF-7, (2) 410.4, (3) ZR-75-1. (4) MDA-MB-23I. (5) MDA-MB-46S. (6) 

293T/MUC1, (7) 293T/Mock, (S) NIH3T3. (9) NIH3T3/ICAM-1. and (10) 

NIH3T3/Mock by using monoclonal B27.29 and anti-CT2 antibodies, 

respectively. The MUCl expression pattern o f these cell lines have already been 

determined by our lab and/or the literature. Therefore, they were useful for 

evaluating the effectiveness o f the Western blotting techniques used in this project.

The mouse monoclonal B27.29 antibody is reactive against the PDTRPAP amino 

acid epitope located on the tandem repeats o f M UCUs extracellular domain[35]. 

The capability to detect MUCl with this antibody was first tested on samples o f 

ascites. NIH3T3 and MCF-7 cells. Ascites is an excessive "acellular" fluid 

collected from peritoneal cavities o f cancer patients that contains the secreted

6 7
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(non membrane-bound) M UCl isoform[131]. Hence, it was used as a MUC1- 

positive control. MCF-7 is a human breast adenocarcinoma cell line that has been 

used as the main experimental model throughout this project. Therefore, it was 

essential to determine its MUCl expression pattern. Samples o f  ascites, NIH3T3 

and MCF-7 were analyzed on a 7.5% (w/v) polyacrylamide gel and Western 

blotted for the full-length MUCl with B27.29 antibody. Reactive protein bands 

were detected at greater than 200 kDa in the ascites and MCF-7s (red asterisks in 

lanes 1, 2. 5, 6. Figure 11). but not NIH3T3 mouse fibroblasts (lanes 3 and 4. 

Figure 11). Sometimes these bands were seen as a discrete doublet at lower 

protein concentrations (lanes 1 and 2. Figure 11). The molecular weights o f the 

protein bands detected in Figure 11 were consistent with those reported for full- 

length MUCl in the literature, which ranged from 200-500 kDa[41. 42. S5]. 

Therefore, the data suggested that we were capable o f detecting the full-length 

MUCl through Western blotting with B27.29 antibody. Also, the NIH3T3 mouse 

fibroblasts could be used as a M UCl-negative control for subsequent Western 

blots since they lacked MUCl expression (lanes 3 and 4. Figure 11). 

Interestingly, additional protein bands of unknown identities located within the 

127-200 kDa range were detected in the MCF-7 cells (lanes 5 and 6. Figure 11). 

These bands could represent degraded products o f the MUCl extracellular tandem 

repeats generated prior to cell lysing.
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Figure 11. Full-length MUCl detected upon Western blotting crude lysates with 
monoclonal B27.29 antibody on a 7.5° o (w v) polyacrylamide gel. Samples o f 
ascites (lanes 1 and 2). mouse fibroblast NIH3T3 (lanes 3 and 4). and MCF-7 
(lanes 5 and 6) were analyzed. Protein concentrations in lanes 2. 4 and 6 were 
double those in lanes U 3 and 5. respectively. Distinct protein bands (sometimes 
seen as a doublet at lower protein concentrations) above 200 kDa were detected in 
the ascites and MCF-7 samples (red asterisks), but absent in NIH3T3. Additional 
protein bands between 127 kDa and 200 kDa were found exclusively in MCF-7 
cells.
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MUCl detection was then extended to more cell lines including the human breast 

carcinomas MDA-MB-231. MDA-MB-46S and ZR-75-1. The human embryonic 

kidney cell line 293T transfected with either human MUCl or an empty plasmid 

(designated 293T/MUC1 and 293T/Mock, respectively) were also analyzed for 

MUCl expression. Furthermore, mouse fibroblasts NIH3T3 transfected with 

either human ICA.M-l or an empty plasmid (designated NIH3T3/ICAM-I and 

NIH3T3/Mock, respectively) were tested for the presence o f MUCl as well since 

these cell lines would be used in the later co-culture experiments. The crude 

lysates o f  these cell lines were analyzed on a 10% (w/v) polyacrylamide gel. 

After immunoblotting the samples with B27.29 antibody, distinct protein bands 

(sometimes seen as a doublet) at 250 kDa and above were detected in the MCF-7. 

293T/MUC1, MDA-MB-231. MDA-MB-46S and ZR-75-1 samples (lanes 1. 2. 4. 

6 and 8. Figure 12A). The molecular weights and patterns o f the detected bands 

were consistent with those found in Figure 11. Moreover, these protein bands 

corresponded with the literature values o f  full-length M U C l[41. 42. S5]. 

suggesting that they were most likely the full-length M UCl. Therefore, the data 

indicated that the B27.29 antibody and Western blotting technique used here were 

effective in detecting the full-length M U C l. In contrast, the same protein bands 

(at >250 kDa) were not detectable in the 293T/Mock. NIH3T3/ICAM-! and 

NIH3T3/Mock transfectants (lanes 3. 5 and 7, Figure 12A). Hence, these 

transfectants could be used as M UCl-negative controls for future Western blots 

since they lack MUCl expression.
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Figure 12. Full-length and cytoplasmic domains o f M UCl detected upon Western 
blotting crude lysates on a 10% (\v/v) polyacrylamide gel. (A) Detection o f full- 
length MUCl with monoclonal B27.29 antibody. Distinct protein bands 
(sometimes seen as a doublet) at 250 kDa and above detected in lanes 1. 2. 4. 6 
and S (red asterisks). (B) The same membrane from (A) was re-probed for MUCl 
cytoplasmic domain with monoclonal CT2 antibody. Specific protein smears at 
~2I-25 kDa and ~17-19 kDa were readily detected in lanes 1, 6 and S (blue 
asterisks).
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The same membrane from Figure 12A was subsequently re-probed for M UCl's 

cytoplasmic domain with monoclonal CT2 antibody without stripping. Unique 

protein smears from -21-25 kDa and -17-19 kDa were detected in the MUC1- 

positive cell lines MCF-7. MDA-MB-468 and ZR-75-1 (blue asterisks in lanes 1. 

6 and 8. Figure 12B). These molecular weights were consistent with those 

reported in the literature for M U C l's cytoplasmic domain (usually range from 20- 

30 kDa)[43, 132], Therefore, the data suggested that CT2 antibody was capable 

o f detecting the cytoplasmic domain (CT2) o f  MUCl in the Western blotting 

technique used. Consistent with this argument, the protein smears at -21-25 kDa 

and -17-19 kDa were absent in the 293T/'Mock. NIH3T3/ICAM-1 and 

NLH3T3/Mock transfectants (lanes 3. 5 and 7. Figure 12B). These cells lines 

were also shown earlier to lack MUCl expression via immunoblotting with 

B27.29 antibody (Figure 12A). Interestingly, the MUC1/CT2 bands were almost 

undetectable in the MUCl-positive MDA-MB-231 cell line, which has previously 

been reported to express low levels o f the protein[S3] (lane 4. Figure 12B). This 

was also true with the 293T/MUC1 transfectants (lane 2. Figure 12B), which was 

consistent with the other data from our lab (not shown). A possible reason for the 

obvious detection o f fuli-length MUCl in the MDA-MB-231 and 293T/MUC1 

cell lines (Figure 12A) was most likely due to the larger number o f  tandem 

repeats in M U C l's extracellular domain, and hence, epitopes reactive against the 

B27.29 antibody.
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Dr. Gendler's lab (donor o f the monoclonal CT2 antibody used in this project) has 

previously detected the molecular weights o f M U C l's  cytoplasmic domain to 

range from 16-2S kDa with the CT2 antibody[83]. In order to further investigate 

the presence o f MUCl below 20 kDa. samples were analyzed on a higher (12% 

w/v) percentage polyacrylamide gel to achieve better protein separation at the 

lower molecular weight range. Upon Western blotting with the CT2 antibody, an 

intense protein smear at -20-30 kDa and a band at -1 9  kDa were detected in the 

MCF-7 and two o f the 293T/MUC1 samples (red arrows in lanes 1, 5 and 7, 

Figure 13). These values were consistent with those found in Figure 12B, and the 

molecular weights o f M U C l's  cytoplasmic domain in the literature[43. 83, 132. 

135]. Therefore, they were most likely to be specific MUC1/CT2 bands. 

Furthermore, the same protein bands were detected in the mouse mammary 

adenocarcinoma cell line 410.4 (red arrows in lane 2, Figure 13). This 

observation was expected since the CT2 antibody is reactive to the conserved 

sequence o f the MUCl cytoplasmic domain in both human and mouse[41]. An 

additional protein band at -17  kDa was detected in two o f the 293T/MUC1 

transfectant clones (blue asterisks in lanes 5 and 7. Figure 13). which 

corresponded closely to the 17 kDa MUC1/CT2 band found by Dr. Gendler's lab 

[83]. Therefore, the presence o f M UCl cytoplasmic domain below 20 kDa was 

confirmed. However, the lower bands were much less intense than the -20-30 

kDa MUC1/CT2 smear, suggesting that not all iso forms or fragments
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Figure 13. MUCl cytoplasmic domains detected upon Western blotting crude 
lysates with monoclonoal CT2 antibody on a 12% (w v) polyacrylamide gel. 
Intense protein smear at -2<>-3<) kDa and a band at -19  kDa were present in lanes
1. 2. 5 and 7 (red arrows). The same smear o f  much lower intensity was observ ed 
in lane 3. An additional protein band at '1 7  kDa was detected in lanes 5 and 7 
(blue asterisks). The protein bands described above o f comparable intensities 
were absent in lanes 4. 6. S and 9.
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o f M U C l's  cytoplasmic domain were present in equal amounts. Although the 17 

kDa MUC1/CT2 band was not observed in the MCF-7s. the band was detected in 

subsequent Western blots where even higher percentage gels were used. 

Therefore, the resolution o f the separating gels apparently had a strong influence 

on the detectability o f MUC1/CT2 bands below 20 kDa. The proteins at -1 7  kDa. 

-1 9  kDa and -20-30  kDa o f comparable intensities were absent in the 

293T/Mock, NIH3T3/ICAM-1 and NIH3T3/Mock cell lines (lanes 4. 6, S and 9. 

Figure 13). which were previously confirmed to lack MUCl expression (Figure 

12B). This would further support that these bands were specific MUCl 

cytoplasmic domains. The M UCl cytoplasmic domain was almost undetectable 

in the 293T/MUC1 cells (lane 3. Figure 13). which was consistent with Figure 

12B and other previous lab data (not shown). Furthermore. 293T cells transfected 

with the YFP plasmid were also MUCl negative as expected (lane 9. Figure 13).
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3.1.2. Immunoprecipitation o f M UCl With B27.29 and a-CT2 Monoclonal

In order to enhance the specificity o f  MUCl detection on Western blots, a 

technique known as immunoprecipitation (IP) was tested. The procedure first 

utilizes a specific antibody that binds to the protein o f interest. The protein- 

antibodv complex is subsequently isolated from the cellular lysate with protein G- 

agarose. Two antibodies - monoclonal B27.29 and anti-CT2 - were tested for 

MUCl immunoprecipitation with the following cell lines: (1) MCF-7. (2) MDA- 

MB-231. (3) MDA-MB-46S, (4) 293T/MUC1, (5) ZR-75-1. (6) NIH3T3, (7) 

NIH3T3/ICAM-1. and (S) NIH3T3/Mock.

Two antibodies were tested for MUCl immunoprecipitation, monoclonal B27.29 

and anti-CT2. First, MCF-7 lysates were immunoprecipitated with B27.29 

antibody and analyzed on a 6% (w/v) polyacrylamide gel. A distinct doublet o f  

protein bands above 199 kDa were detected upon immunoblotting the samples 

with B27.29 antibody (red asterisks in lane 4. Figure 14A). The doublet was also 

present in the ascites and MCF-7 crude lysate (red asterisk in lanes 1 and 3. 

Figure 14A). The molecular weight o f this doublet closely matched the molecular 

weights o f full-length MUCl found in earlier experiments (Figures 11 and 12A) 

and literature[41. 42, S5]. In addition, the protein doublet was absent in the 

NIH3T3 mouse fibroblasts (lane 2. Figure 14A), which was previously 

determined to lack MUCl expression (Figure 11). Therefore, the data suggested
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Figure 14. MUCl immunoprecipitation with monoclonals B27.29 and anti-CT2 
were effective in extracting M U C l. (A) Immunoprecipitation and Western blot 
with B27.29 antibody on a 6% (w/v) polyacrylamide gel. Lanes 1 and 2 were 
MUCl-positive and -negative controls, respectively. Lane 3 was MCF-7 crude 
lysate. Lane 4 was MCF-7 lysate immunoprecipitated with B27.29 antibody, and 
lane 5 was the remaining supernatant after immunoprecipitation. Distinct protein 
bands (usually seen as a doublet) above 199 kDa detected in lanes 1, 3 and 4 (red 
asterisks), but absent in lane 2. The same protein doublet was also present in the 
lane 5 (red arrows). (B) Immunoprecipitation and Western blot with CT2 antibody 
on a 10-15% (w/v) polyacrylamide gel. Lanes 9 and 10 were M UCl-negative 
controls. Lane 11 was also a MUCl-negative control since it consisted o f only 
RIPA lysis buffer. CT2 antibody and protein G-agarose. Distinct protein smears 
at -20-24 kDa and -13-17 kDa were most readily detected in lanes 2 and 6 (red 
and blue brackets, respectively). The same protein bands were hardly detected in 
the MDA-MB-231 and 293T/MUC1 samples. A non-specific protein band at -22  
kDa band was present in lanes 10 and 11 (red arrows), which could easily be 
mistaken for a CT2 band.
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that monoclonal B27.29 antibody was capable o f isolating the full-length MUCl 

isoform from cellular lysates in the immunoprecipitation procedures used here. 

Interestingly, the MUCl doublet was also detected in the IP supernatant from 

which the protein G-agarose pellet was extracted (red arrows in lane 5. Figure 

14A). This would suggest that the IP procedure was not 100% efficient in 

purifying MUCl from the MCF-7 lysates.

Subsequently, immunoprecipitation o f MUCl was attempted using the 

monoclonal CT2 antibody. Cell lines previously determined to express MUCl 

such as MCF-7. MDA-MB-231. MDA-MB-46S and 293T/MUC1 (Figure 12) 

were subjected to immunoprecipitation via CT2 antibody. The NIH3T3 Mock 

transfectants were also immunoprecipitated with CT2 antibody to be used as a 

MUCl-negative control. The experimental condition called Mock IP (lane 11. 

Figure 14B). which consisted RIPA lysis buffer, immunoprecipitation antibody 

(anti-CT2) and protein G-agarose was also included as a M UCl-negative control. 

It served to identify the non-specific protein bands associated with the 

immunoprecipitation procedure. The IP samples along with their corresponding 

crude (non-IP) counterparts were analyzed on a 10-15% (w/v) polyacrylamide gel 

and Western blotted for M UCl's cytoplasmic domain. Non-specific protein bands 

were identified with the NIH3T3/Mock crude and IP samples, as well as the Mock 

IP. Distinct protein smears at -20-24 kDa were most readily detected in the 

MCF-7 IP and MDA-MB-46S IP samples (red brackets in lanes 2 and 6. Figure 

14B). However, these bands were less intense in the MDA-MB-46S sample, and

7 S
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hardly detected in the MDA-MB-231s and 293T/MUCls due to their constitutive 

low MUCl expression (Figure 14B). The molecular weights o f these protein 

bands were consistent with the MUC1/CT2 bands found in earlier experiments 

(Figure 12B and 13) and the literature values o f M U C l's cytoplasmic domain[43, 

SI. S3. 132]. Furthermore, the protein bands described above were absent in the 

N1H3T3 Mock samples, which were determined to lack MUCl expression in 

earlier experiments. Therefore, the data suggested that monoclonal CT2 antibody 

was capable o f isolating the cytoplasmic domain o f MUCl from cellular lysates in 

the immunoprecipitation procedures used here.

The MUC1/CT2 bands ranging from -13-17 kDa were more readily detectable in 

the M UCl-positive MCF-7 EP, and to a lesser extent in the MDA-MB-468 IP 

samples (blue brackets in lanes 2 and 6. Figure 14B). Interestingly, reports on 

detecting the 13 kDa MUC1/CT2 band are not found in the literature. Therefore, 

the real identity o f a possible 13 kDa band within the -13-17 kDa protein smear 

remained to be determined. In addition, a non-specific protein band at -2 2  kDa 

(red arrows in lanes 10 and 11. Figure 14B) was present in the NIH3T3/Mock IP 

and Mock IP. which must represent a reagent from the immunoprecipitation 

procedure. This non-specific band could easily be mistaken for a MUC1/CT2 

band due to its location on Western blots, and hence, will be carefully noted.
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3.1.3. CT2 Peptide-Block of a-CT2 Antibody

The detection o f non-specific protein bands was a common problem in the 

Western blots obtained from the M UCl IP experiments using monoclonal B27.29 

antibody (section 3.1.2). This could adversely affect the accuracy o f  MUCl 

cytoplasmic domain identification. Thus, an attempt was made to determine the 

exact protein bands corresponding to M U C l's  cytoplasmic domain in the MCF-7 

and GZ.Hi cell lines.

In order to identify the precise MUC1/CT2 protein bands, the CT2 peptide-block 

experiment was performed. Crude and IP (via B27.29 antibody) samples o f 

MCF-7 and GZ.Hi (mammary adenocarcinoma cell line transfected with the 

human M UCl) were analyzed on a 15% (w/v) polyacrylamide gel. Distinct 

protein bands at -2 4  kDa and 20 kDa were detected in all MCF-7 and GZ.Hi 

samples (red arrows in lanes 2-5. Figure 15A) upon immunoblotting with CT2 

antibody. Two additional bands at -1 7  kDa and 13 kDa were seen exclusively in 

MCF-7s (blue asterisks in lanes 2 and 3. Figure 15A). The protein bands 

described above were absent in the M UCl-negative control, which consisted o f 

only the B27.29 antibody diluted in RIPA lysis buffer (lane 1. Figure 15A). 

Therefore, the protein bands at -2 4  kDa. 20 kDa. 17 kDa and 13 kDa as seen in 

Figure 15A could represent M U C l's  cytoplasmic domain.

To confirm the identities o f  the bands detected in Figure I5A. the same samples 

were analyzed on a separate 15% polyacrylamide gel. However, the CT2

so
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Figure 15. Molecular weights o f  MUCl cytoplasmic domain identified with CT2 
peptide-blocked CT2 antibody. (A) Western blot o f crude and IP (via B27.29 
antibody) samples for M U C l's  cytoplasmic domain with CT2 antibody on a 15% 
(w/v) polyacrylamide gel. Distinct protein bands at -2 4  kDa and 20 kDa 
detected in lanes 2-5 (red arrows). Two additional bands at -1 7  kDa and 13 kDa 
seen exclusively in lanes 2 and 3 (blue asterisks). Protein bands at -5 0  kDa and 
27 kDa only present in the IP samples, most likely corresponding to the heavy and 
light chains o f B27.29. respectively. (B) The same concentrations o f samples 
from (A) were analyzed on a separate 15% (w/v) polyacrylamide gel and Western 
blotted with CT2 antibody that was pre-blocked with purfied CT2 peptides. The 
bands at -2 4  kDa. 20 kDa, 17 kDa and 13 kDa seen in (A) were not detected with 
the pre-blocked CT2 antibody. The heavy and light chains o f  B27.29 antibody 
remained present on the membrane (-50  kDa and 27 kDa, respectively).
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antibody used for immunoblotting had been pre-blocked with purfied CT2 

peptides. This would prevent the antibody from binding to any M UCl 

cytoplasmic domain present on the membrane. The protein bands at ~24 kDa, 20 

kDa, 17 kDa and 13 kDa seen in Figure 17A were not detected with the pre­

blocked CT2 antibody (Figure 15B). In contrast, the heavy and light chains o f 

B27.29 antibody (-50  kDa and 27 kDa. respectively) remained detectable (lanes 3 

and 5, Figure 15B). Therefore, the preliminary data suggested two important 

points. First, the peptide-blocking procedure was successful in blocking all the 

binding sites on the CT2 antibody as shown by the lack of M UCl detection in 

Figure 15B. Secondly, the protein bands at ~24 kDa, 20 kDa, 17 kDa and 13 kDa 

detected by Western blotting with monoclonal anti-CT2 were most likely the 

MUCl cytoplasmic domain. This also confirmed the questionable band at -13  

kDa from Figure I4B to be M U C l. which would be a novel molecular weight o f  

MUC1/CT2 that has not been reported in the literature.
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3.2. Optimization o f Co-Culture Conditions

3.2.1. Detecting ML'Cl Tyrosine Phosphorylation Under Experimental 
C onditions Used in Tumor Cell Transmigration Assays

Rahn a  a i  (unpublished observations) from our lab discovered that MUC1- 

ICAM-1 interaction was crucial in mediating tumor cell transendotheliai 

migration through a series o f  Transwell and antibody-blocking experiments[37J. 

Moreover. it was found that various experimental conditions had significantly 

different effects on migration. For instance, tumor celi transmigration was 

significantly higher in the presence o f gelatin matrix. TNF-u and IL -ip  cytokines, 

and tibroblasts as opposed to just gelatin alone[37]. Based on the Transwell 

experimental data, it was o f  interest to know whether experimental conditions 

known to promote tumor cell transendotheliai migration would affect the status o f 

ML'Cl tyrosine phosphorylation. This was investigated with an in vitro MUC1- 

ICAM-1 co-culturing system that simulated the Transwell experimental 

conditions known to induce tumor cell transmigration.

The human breast carcinoma cel! line MCF-7 was used as the experimental 

model, w hich would be more physiologically relevant than using the GZ.Hi and 

410.4 mouse cel! lines. MCF-7 cells were cultured on gelatin-coated tissue 

culture plates until 70-S0% confluent, and were then co-cultured with 

NIH3T3 ICA.M-I or \1H 3T3 Mock transfectants with fibroblast-conditioned 

media and cytokines for 10 min at 37°C and 5% (v/v) CO;, with or without 

sodium orthovanadate. The MCF-7 lysates were immunoprecipitated for MUCl

S3
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with CT2 antibody. Subsequently, the samples were analyzed on 10-15% (w/v) 

polyacrylamide gels and Western blotted with PY99 antibody for 

phosphotyrosines (Figures I6A, C and E). The non-specific protein bands were 

identified with the Mock IP condition, which consisted o f  Brij-97 lysis buffer, 

CT2 antibody and protein G-agarose (lane 9. Figures 16A, C and E). Another 

ML'Cl-negative control. NJH3T3/JCAM-1 mouse fibroblasts was also included to 

identify non-specific protein bands (lane S, Figures 16A, C and E). After having 

taken the non-specific bands into consideration, a unique phosphotyrosine band at 

-17  kDa was detected in the M UCl-positive MCF-7 samples that have been 

stimulated with the ICAM-1 or Mock transfectants (red asterisks in lanes 3-7, 

Figures 16A. C and E). The same phosphotyrosine band was also found the in the 

non-stimulated MCF-7s (lanes 1 and 2, Figures 16A, C and E). Therefore, this 

band was a potential candidate for tyrosine-phosphorvlated M U C l. although it 

was detected in the MCF-7s regardless o f the presence o f  ICAM-1.

In order to determine the identity o f  the -1 7  kDa phosphotyrosine band, the same 

membranes from Figures 16A. C and E were re-probed with CT2 antibody after at 

least 24 h from the initial phosphotyrosine detection. The membranes were not 

stripped in between consecutive Western blotting for reasons discussed in section

4.2. After the identification o f  the non-specific bands with the NIH3T3/ICAM-1 

IP and Mock IP (lanes S and 9. respectively. Figures 16B. D and F), a unique 

MUC1/CT2 band at -1 7  kDa was detected exclusively in the MCF-7 samples
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Figure 16. (To be continued on next page)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Trial 3

(E) IB: Anti-phosphotyrosine

(F) IB: Anti-CT2

Figure 16. MUCl tyrosine phosphorylation detected when MCF-7 cells cultured 
on gelatin-coated tissue culture plates were stimulated with (+1) or without (-1) 
ICAM-1 and ± sodium orthovanadate (Na^VO^). Samples analyzed on 10-15% 
(w/v) polyacrylamide gels. (A, C and E) Western blots for phosphotvrosines 
with PY99 antibody. Distinct phosphotyrosine band at -1 7  kDa detected 
exclusively in lanes 1 -7 (red asterisks). (B, D and F) The same membranes re­
probed for M U C l's cytoplasmic domain with CT2 antibody. A specific CT2 
band at ~17 kDa detected in lanes 1-7 (blue asterisks). This band also matched 
with the molecular weight o f the -1 7  kDa phosphotyrosine band detected in (A, C 
and E).
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(blue asterisks in lanes 1-7, Figures 16B, D and F). Interestingly, this ~17 kDa 

MUC1/CT2 band matched up with the ~17 kDa phosphotyrosine band detected 

earlier in Figures 16A, C and E (red asterisks) when the film images were 

overlaid. Therefore, the data suggested that putative tyrosine-phosphorylated 

MUCl was identified at -17  kDa, which was present when MCF-7 cells were 

stimulated with either NIH3T3 ICAM-1 or \ ’IH3T3.'Mock. regardless o f  the 

presence o f Na?VO.j.

In order to determine the effect o f ICAM-1 stimulation on MUCl tyrosine 

phosphorylation, the intensity levels o f the unique protein bands from Figures 

16A-F were quantified using the Scion Image computer software. The 

phosphotyrosine level in each lane was then taken as a ratio to the corresponding 

amount o f CT2 and compared on a bar graph (Figure 17). Subsequently, the 

phosphotyrosine CT2 ratios were analyzed with the ANOVA test using a p value 

o f 0.01. There was no statistical difference in MUCl phosphorylation levels 

among any o f the experimental conditions. Therefore, the presence o f I CAM-1 

and/or sodium orthovanadate had no significant effect on MUCl tyrosine 

phosphory lation under experimental conditions known to promote in vitro tumor 

cell transendotheliai migration.

S7
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PTyr Levels in Different Stimulation Conditions

12  -------

MCF-7 IP MCF-7 +l MCF-7-I MCF-7 MCF-7 +1 MCF-7-I 
10m IP 10m IP +NaV 10m +NaV 10m +NaV 10m

IP IP IP

Figure 17. Based on data from three sets o f  experiments. M UCl tyrosine 
phosphorylation levels o f MCF-7 cells cultured on gelatin-coated tissue culture 
plates were unaffected by the presence of fibroblast-conditioned media ( -  TN F-a 
and IL-IB). ICAM-1 (± I) or sodium orthovanadate (± NaV). The ratio o f  
phosphotvrosine/CT2 levels for each experimental condition was quantified using 
the Scion Image computer software. The ratios were subsequently analyzed with 
the ANOVA test using a p value o f 0.01. The phosphotyrosine CT2 ratios were 
not significantly different between the experimental conditions. (IP = 
immunoprecipitation; m = minute)
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3.2.2. Epidermal Growth Factor Stimulation and Detecting MUCl Tyrosine 
Phosphorylation of Tumor Cells

It was realized that a positive control for MUCl tyrosine phosphorylation was

essential for more accurate analyses o f experimental data. Schroeder et al. (2001)

was able to induce MUCl tyrosine phosphorylation in the breast carcinoma cell

line MDA-MB-46S following treatment with epidermal growth factor[41].

Therefore, the effect o f  epidermal growth factor stimulation on MUCl

phosphotyrosine detection was investigated with the cell line MDA-MB-46S.

The M UCl-positive cell line MDA-MB-46S was treated with epidermal growth 

factor (EGF) for 1 min. and lysates were immunoprecipitated with CT2 antibody. 

Subsequently, samples were analyzed on 10-15% (w/v) polyacrylamide gels and 

Western blotted writh PY99 antibody for phosphotyrosines (Figure ISA). The 

non-specific protein bands were identified with the Mock IP condition, which 

consisted o f only the RIPA lysis buffer. CT2 antibody and protein G-agarose 

(lane 7. FiglSA). Another M UCl-negative control. NIH3T3/Mock transfectants 

was also included to identify non-specific protein bands (lane 5, FiglSA). Two 

distinct phosphotyrosine bands at -1 7  kDa and 19 KDa were detected only when 

MDA-MB-46S cells were stimulated with EGF (blue and red asterisks, 

respectively in lanes 2-4, Figure ISA). Therefore, these bands were potential 

candidates for tyrosine-phosphorylated M UC1.
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(A) IB: Anti-phosphotyrosine

(B) IB: Anti-CT2

20 kDa

U k D a

Figure IS. MUCl tyrosine phosphorylation detected upon treating MDA-MB- 
46S cells with epidermal growth factor (EGF) treatment o f for 1 min. Samples 
were analyzed on 10-15% (w/v) polyacrylamide gels. (A) Western blot for 
phosphotyrosines with PY99 antibody. Distinct phosphotyrosine bands at -1 7  
kDa and 19 kDa detected in lanes 2-4 (blue and red asterisks, respectively). (B) 
The same membranes from (A) re-probed for M U C l's cytoplasmic domain with 
CT2 antibody. A non-specific protein band at -1 9  kDa (red asterisks) detected in 
MDA-MB-46S and MCF-7 samples, as well as the Mock IP. A specific CT2 
band at -1 7  kDa (blue asterisks) found exclusively in MCF-7 and MDA-MB-46S 
samples (lanes 1-4 and 6). Hence, only the -1 7  kDa phosphotyrosine band in (A) 
was M UCl.
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In order to confirm identities o f the -1 7  kDa and 19 kDa phosphotyrosine bands, 

the same membranes from Figure ISA were re-probed with monoclonal CT2 

antibody at least 24 hours after the initial detection reaction. The membranes 

were not stripped in between consecutive Western blotting for reasons discussed 

in section 4.2. Two protein bands at -1 7  kDa and 19 kDa were readily detected in 

the MUCl-positive samples (blue and red asterisks, respectively, in lanes 1-4 and 

6, Figure 1SB). These two bands also mactched up with the phosphotyrosine 

bands (-17 kDa and 19 kDa) found in Figure ISA when the film images were 

overlaid. However, the -19  kDa band in Figure 1SB was also seen in the Mock 

IP (red asterisk in lane 7). and hence, was unlikely to represent the MUCl 

cytoplasmic domain. This would also suggest the -19  kDa phosphotyrosine band 

(red asterisk in lanes 2-4. Figure ISA) was unlikely to be tyrosine-phosphorylated 

M UCl. Interstingly. the -1 7  kDa band (blue asterisks in lanes 1-4 and 6) in 

Figure I SB was exclusive to the M UCl-positive samples. Therefore, it was most 

likely a specific CT2 band corresponding to M U C l's cytoplasmic domain, 

suggesting the -17  kDa phosphotyrosine band (blue asterisk in lanes 2-4, Figure 

ISA) was most likely tyrosine-phosphorylated MUCl. This was also consistent 

with the molecular weight o f the MUCl tyrosine phosphorylation (at -1 7  kDa) 

found in Figure 16. Therefore, the data suggested that putative MUCl tyrosine 

phosphorylation at -1 7  kDa was detected in the MDA-MB-46S cell line upon 

EGF stimulation. This experimental condition would be a feasible positive 

control for MUCl phosphorylation in subsequent experiments. However, it 

should be noted that the -1 7  kDa MUCl phosphorylation found in this

9 1
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experiment differed in molecular weight from those found by Schroeder et al. 

(2001). which w ere at just below 30 kDa and 25 kDa[41 ].
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3.2.3. Detecting MUC1 Tyrosine Phosphorylation Under Experimental 
Conditions Used in Tumor Cell Calcium Ion Oscillation Assays

In addition to promoting tumor cell transendothelial migration, Rahn et al. (2004)

have recently discovered that MUC1-ICAM-1 interaction could also trigger

calcium ion (Ca: ')  oscillations in tumor cells[3S]. Calcium ion oscillations and

protein tyrosine phosphorylations are often key components o f cellular signalling

events. Therefore, the effect o f  ICAM-1 stimulation under experimental

conditions (the use o f FBS matrix and Imaging Buffer) known to induce tumor

cell Ca: * oscillations on MUC1 tyrosine phosphorylation was investigated with

the MCF-7 cell line.

MCF-7 tumor cells were cultured on FBS-coated tissue culture plates until 70- 

S0% confluent, which were then co-cultured with NIH3T3/ICAM-1 or 

NIH3T3/Mock transfectants for 1 and 4 min at 37°C and 5% (w/v) CO:- The 

lysates were immunoprecipitated for MUC1 with monoclonal CT2 antibody. 

Subsequently, samples were analyzed on 10-15% (w/v) polyacrylamide gels and 

Western blotted with PY99 for phosphotyrosines (Figures 19A. C and E). The 

non-specific protein bands were identified with the Mock IP condition, which 

consisted o f only RIPA lysis buffer, monoclonal CT2 antibody and protein G- 

agarose (lane 11. Figures 19A, C and E). Another MUC1-negative control, 

NIH3T3/Mock transfectants was also included to identify the non-specific protein 

bands (lane 10, Figures 19A. C and E). After taking the non-specific bands into
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Figure 19. (To be continued on next page)
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Figure 19. MUC1 tyrosine phosphorylation detected only after 1 min o f 
stimulation. MCF-7 cells cultured on FBS-coated tissue culture plates were 
stimulated with (+1) or without (-1) ICAM-1. Non-stimulated MCF-7 cells were 
incubated in Imaging Buffer (Buf). Samples were immunoprecipitated with CT2 
antibody and analyzed on 10-15% (w/v) polyacrylamide gels. (A, C and E) 
Western blots for phosphotyrosines with PY99 antibody. Distinct 
phosphotyrosine band at ~17 kDa most readily detected in lanes 4. 5 and 9 (red 
asterisks). (B. D and F) The same membranes re-probed for MUC1 cytoplasmic 
domain with CT2 antibody. A specific CT2 band at —17 kDa detected in lanes 1- 
9 (blue asterisks). This band also matched with the molecular weight o f the -17 
kDa phosphotyrosine band detected in (A, C and E).
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consideration, a unique phosphotyrosine band at -17  kDa was most readily 

detected when MCF-7 cells were stimulated with NIH3T3/ICAM-1 or 

NIH3T3/Mock for 1 min (red asterisks in lanes 4 and 5, Figures 19A. C and E). 

The same band was also detected in the MDA-MB-46Ss that were treated with 

EGF for lmin (red asterisk in lane 9. Figures 19A. C and E). This condition has 

previously been shown to be a feasible positive control for MUC1 tyrosine 

phosphorylation (Figure IS). Therefore, the ~17kDa phosphotyrosine band was a 

potential candidate for the tyrosine-phosphorylated MUC1. However, the 

phosphotyrosine band was noticeably less detectable in the MCF-7s when co- 

culturing was extended to 4 min (lanes 7 and S, Figures 19A. C and E). 

Furthermore, the band was absent in the non-stimulated MCF-7 cells that were 

incubated with Imaging Buffer for 1 min and 4 min (lanes 3 and 6. respectively. 

Figures 19A. C and E).

In order to determine the identity o f  the -17  kDa phosphotyrosine band, the same 

membranes from Figures 19A. C and E were re-probed with CT2 antibody at least 

24 hours after the initial detection reaction (Figures 19B. D and F). The 

membranes were not stripped in between consecutive Western blotting for reasons 

discussed in section 4.2. A unique MUC1/CT2 band at -17  kDa was detected 

exclusively in all o f the MUC1 -positive samples (blue asterisks in lanes 1-9. 

Figures 19B, D and F). The band also mactched up with the -1 7  kDa 

phosphotyrosine band found in Figure 19A. C and E when the film images were 

overlaid. Therefore, the data suggested that putative MUC1 tyrosine
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phosphorylation was detected at -1 7  kDa, consistent with the findings from 

Figures 16 and IS.

In order to determine the effect o f  ICAM-1 stimulation on MUC1 tyrosine 

phosphorylation, the intensity levels o f the unique protein bands from Figures 

19A-F were quantified using the Scion Image computer software. The 

phosphotyrosine level in each lane was then taken as a ratio to the corresponding 

amount o f CT2 and compared on a bar graph (Figure 20). The 

phosphotyrosine CT2 ratios w ere first analyzed with the test o f  ANOVA using a p 

value o f 0.05. which led to rejection o f the null hypothesis. Subsequently, the 

data were analyzed w ith the Newman-Keuls test using a p value o f 0.05. It was 

found that only ICAM-1 and Mock co-culturing for 1 min had significantly- 

increased the extent o f MUC1 tyrosine phosphorylation (asterisks in Figure 20). 

Furthermore, phosphorylations attenuated to basal levels (MCF-7s incubated with 

only Imaging Buffer for 1 min and 4 min) after 4 min o f co-culturing with the 

NTH3T3 transfectants.
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Figure 20. Based on data from three sets o f  experiments, significant induction o f 
MUC1 tyrosine phosphorylation observed only when MCF-7 cells cultured on 
FBS-coated tissue culture plates were either stimulated with (+1) or without (-1) 
ICAM-1 for 1 min. The ratio o f  phosphotvrosine/CT2 levels for each 
experimental condition was quantified using the Scion Image computer software. 
The ratios were subsequently analyzed with the ANOVA and Newman-Keuls 
tests using a p value o f  0.05. The phosphotvrosine/CT2 ratio was significantly 
higher when MCF-7 cells were stimulated for 1 min with either ICAM-1 or Mock 
transfectants. However, these two conditions were not significantly different 
from each other.
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3.2.4. Alkaline Phosphatase Treatment of Western Blot Membranes From  
MUC1-ICAM-1 Co-Culturing Experiments

The effect o f  ICAM-1 stimulation under experimental conditions known to induce

tumor cell Ca2~ oscillations on MUC1 tyrosine phosphorylation was investigated

with the MCF-7 cell line (section 2.2.3). Although the appropriate MUC1-

positive and negative controls were included in the Western blots that tested for

MUC1 phosphorylation, an additional test was employed in attempt to validate

the phosphorylation status o f the protein bands on Western blots. This was

accomplished by treating Western blot membranes from the MUC1 -ICAM-1 co-

culturing experiments with alkaline phosphatase.

Three samples from a MUC1/ICAM-1 co-culturing experiment under Ca'~ 

oscillation assay conditions (section 3.2.3) were analyzed on a 10-15% (w/v) 

polyacrylamide gel. They were (1) MDA-MB-46Ss stimulated with EGF for 1 

minute. (2) MCF-7s incubated with imaging buffer for 1 min. and (3) MCF-7s co­

cultured with NIH3T3TCAM-1 for 1 min (lanes 1-3. respectively. Figure 21). 

Sections o f  the membrane consisted o f halves o f  lanes 1 and 3 were cut o ff and 

incubated with alkaline phosphatase for 6 h at 37°C and 5% (v/v) CO:- 

Subsequently, all sections o f the membrane were Western blotted for 

phosphotyrosines with monoclonal PY99 antibody. A distinct phosphotyrosine 

band at ~17 kDa (red asterisks) was detected exclusively in the MDA-MB- 

468/EGF 1 min and MCF-7/ICAM-1 1 min conditions regardless o f prior
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P h o s p h a t a s e - T  r e a t e d

Figure 21. Phosphatase treatment on sections o f the membrane was ineffective in 
removing phosphotvrosines bands. Samples from a MUC1 /ICAM-1 co-culturing 
experiment (section 2.2.3) were analyzed on a 10-15% (w/v) polyacrylamide gel. 
Sections o f the membrane consisted o f halves o f lanes 1 and 3 were cut off and 
incubated with alkaline phosphatase for 6 h at 37°C and 5% (v/v) CCK All 
sections o f the membrane were then Western blotted for phosphotvrosines with 
monoclonal PY99 antibody. A distinct phosphotyrosine band at -1 7  kDa (red 
asterisks) was detected exclusively in lanes 1 and 3. regardless o f treatment with 
alkaline phosphatase.
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treatment with alkaline phosphatase (lanes 1 and 3, Figure 21). The molecular 

weight o f this band was previously found to be tvrosine-phosphorylated MUC1 in 

earlier experiments (Figures 16. IS and 19). The same protein band was not 

detected in the \lC F-7 ceils incubated with imaging buffer for 1 min (lane 2. 

Figure 21). This condition was also shown earlier to lack MUC1 tyrosine 

phosphorylation in section 3.2.3 (Figure 19). Unfortunately, there was 

insufficient lysate to repeat this experiment. Also, there was no control utilized so 

that confirmation o f the ability o f this technique to remove phosphorylated 

residues is lacking. Given these shortcomings, the preliminary data suggested 

that the protocol used here for treating Western blot membrane with alkaline 

phosphatase was ineffective in removing tyrosine phosphorylation o f protein 

bands.
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Chapter 4 

DISCUSSION AND CONCLUSION
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4.1. Introduction

Breast cancer is the most frequently diagnosed cancer and the second leading 

cause o f cancer deaths in Canadian women[4], Tumor metastasis is the major 

cause o f death in these patients. MUC1 is overexpressed and under-glycosylated 

in greater than 90% o f  human breast cancer. In a minority o f cases, the 

expression o f this oncogene becomes cytoplasmic or circumferential (non-apical) 

and is correlated with higher nodal metastatic frequency and poor prognosis[55]. 

Regimbald et al. (1996) discovered that MUC1 could bind to ICAM-1, and 

subsequent work from our lab has demonstrated that such interaction was more 

than just simple binding[34]. It was found that MUC1-ICAM-1 interaction was 

crucial in mediating in vitro tumor cell transmigration (unpublished 

observations)[37], and the induction o f intracellular calcium ion oscillations in 

tumor cells[3S]. Therefore, it seems like MUC1-ICAM-1 interaction may be an 

important event in facilitating tumor metastasis.

The cytoplasmic domain o f  MUCl contains seven tyrosine residues, some o f 

which when phosphorylated. can associate with signalling molecules (i.e. [}- 

catenin. Grb2'Sos. PK.C5. GSK3P. Src. and EGFR) implicated in 

tumorigenesis[41. 81, S5, S7, 130]. Thus, there is strong evidence supporting the 

signalling role o f M UCl in promoting tumor progression. Although the 

modulation o f  MUCl tyrosine phosphorylation was shown to be possible via 

artificial stimuli (i.e. EGF and CD-S antibody)[41, 91], the physiological 

modulator remains unknown. Since ICAM-1 is capable o f  triggering both
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transmigration and calcium ion oscillation o f M UCl-positive tumor cells, it is o f 

interest to determine whether ICAM-1 can also induce MUCl tyrosine 

phosphorylation. The objective o f this thesis was to investigate whether MUC1- 

ICAM-1 interaction can trigger subsequent phosphorylation o f tumor cell MUCl 

under experimental conditions known to induce tumor cell transendothelial 

migration and calcium ion oscillation. Therefore, finding M UCl phosphorylation 

would suggest the significance of ICAM-1 in modulating interactions between 

MUCl and signalling molecules (i.e. Grb2/Sos)[S5] and signalling pathways (i.e. 

ERK/.MAPK)[41] potentially involved in the promotion o f  tumor progression.

4.2. Review and Discussion of Experimental Data

The ability to detect the human mucin protein M UCl through Western blotting 

was one o f the most basic prerequisites for analyzing results in this project. 

MUCl immunoblotting can be accomplished by using antibodies that either target 

the extracellular tandem repeats or the cytoplasmic tail segment o f MUCl. The 

mouse monoclonal B27.29 antibody is reactive against the PDTRPAP amino acid 

epitope located on the tandem repeats o f MUCUs extracellular domain[35]. As 

demonstrated in section 3.1.1. B27.29 antibody could consistently detect the full- 

length M U Cl. which was usually seen as a smear. This could be due to 

differential glvcosvlation o f MUCl in the extracellular VNTR region[42, 6S, 69], 

although experiments involving deglycosylation o f MUCl would be necessary for 

verification. Sometimes the full-length MUCl was detected as a protein doublet 

at lower protein concentrations. The heavier protein band o f  the doublet most
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likely represented MUCX. a more glycosylated form of MUCl due to higher 

threonine content[42]. The fact that MUCX migrates less readily down SDS-gel 

systems than MUCl can be attributed to its greater mass, less sialylation or 

both[42], The molecular weights o f the reactive protein bands were greater than 

200 kDa (Figure 11 and 12A), consistent with the literature values (200-500 kDa) 

for the full-length M U C l[41, 42, S5j. Interestingly, additional protein bands o f  

unknown identities were also detected within the 127-200 kDa range (Figure 11) 

with the B27.29 antibody. Although these bands have not been reported in the 

literature, they could be degradation products o f MUCl (still consisting o f the 

extracellular tandem repeats) that were generated prior to cell lysing. This could 

explain why they were lighter in molecular weights than the full-length M U Cl. 

but yet. still detected by the B27.29 antibody.

Subsequently, we tested the monoclonal CT2 antibody for its M UCl-detecting 

capability. The antibody is specific for the last 17 amino acids 

(SSLSYTNPAVAATSANL) o f the human and mouse MUCl cytoplasmic 

domains[41]. A unique protein smear at -20-30 kDa, and additional bands at -1 7  

kDa and 19 kDa were detected in the M UCl-positive cell lines o f  both human 

and mouse origins (Figure 12B and 13). These molecular weights were consistent 

with those reported in the literature for M UCUs cytoplasmic domain, which 

usually ranged from 16-30 kDa[43. S3. 135]. However. MUC1/CT2 bands below 

20 kDa were often less readily detected than those of greater molecular weights. 

The reason for this discrepency is unknown, although cross-reactivity o f the CT2
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antibody was uniikclv as determined later in the CT2 peptide-block experiment 

(section 3.1.3). Perhaps the MUC1/CT2 bands below 20 kDa were degradation 

products of M l’C l 's  cytoplasmic domain, and that these protein fragments were 

only a small fraction o f the total MUCl population. Hence, the relatively lower 

quantities o f these proteins would reduce their detectability on Western blots.

M l’C l 's  cytoplasmic domain was hardly detectable in the M UCl-positive MDA- 

MB-231 cell line (Figure 12B). This was consistent with the findings from 

Schroedcr c: al. (2003). who have also reported low MUCl expression in this cel! 

line[S3], In addtion. low MUC1/CT2 detection was observed with the 

293T MUCl transfectants (Figure 12B and 13), which was consistent with other 

data from our lab (not shown). However, the full-length M UCl was readily 

identified in the MDA-MB-231 and 293T/MUCI cell lines (Figure 12A). This 

was most likely due to the larger number o f tandem repeats in M U C l's 

extracellular domain, and hence, epitopes reactive against the B27.29 antibody. 

Consequently, the full-length MUCl would be much easier to detect than the 

cytoplasmic domain, which consists o f only a single epitope for the CT2 antibody. 

A final comment was that cell lines NIH3T3. NIH3T3 ICAM-1. XIH3T3/Mock 

and 293T Mock were shown to lack MUCl expression (Figure 12 and 13). 

Therefore, these cell lines are suitable MUCl-negative controls for Western blots. 

The data from section 3.1.1 suggested that the Western blotting protocol was 

effective for both monoclonal B27.29 and CT2 antibodies to detect the full-length 

and cytoplasmic domains o f  M U C l. respectively.
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In order to enhance the specificity o f M UCl detection on Western blots, a 

technique known as immunoprecipitation (IP) was tested in section 3.1.2. The 

procedure first utilizes a specific antibody that binds to the protein o f interest. 

The protein-antibody complex is subsequently isolated from the cellular lysate 

with protein G-agarose. Protein G is a component o f  the bacteria cell wall that is 

covalently coupled to cross-linked agarose beads. It has the capability o f binding 

to the Fc-parts o f most mammalian IgGs with high affinitv[136]. Two antibodies 

- monoclonal B27.29 and anti-CT2 - were tested for MUCl immunoprecipitation. 

Monoclonal B27.29 antibody was effective in immunoprecipitating the full-length 

MUCl exclusively from M UCl-positive cellular lysates. The 

immunoprecipitated M UCl was greater than 199 kDa (Figure 14A), which 

closely matched the molecular weights o f  the full-length MUCl found in earlier 

experiments (Figures 11 and 12A) and the literature[41. 42, S5]. However, 

MUCl extraction was not 100% efficient as the protein remained detectable in the 

IP supernatants from which the protein G-agarose pellets were extracted (Figure 

14A). This inefficiency was expected since complete protein extraction often 

requires multiple rounds o f immunoprecipitation.

Although we have shown the feasibility o f using B27.29 antibody for MUCl IP, 

the findings o f Quin et al. (2000) suggested a potential pitfall in this 

approach[132J. The two protein segments comprising the mature MUCl are non- 

covalently joined at the SEA domain[58, 71]. However, the site o f  association is 

SDS detergent-sensitive, which would cause the dissociation o f M U C l's
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extracellular domain from the rest o f the membrane-embedded protein[58]. The 

RIPA lysis buffer used for cell lysis and immunoprecipitation procedures 

contained SDS detergent. In an immunoprecipitation reaction, B27.29 antibody 

binds to the epitope located in MUCUs extracellular domain. The subsequent 

addition o f protein G-agarose serves to extract B27.29-MUC1 complexes from 

the other unbound proteins. However, the presence o f SDS in an 

immunoprecipitation reaction would present the risk o f dissociating M U C l's two 

segments. If this were true, then only M U C l's  extracellular domain would 

remain bound to B27.29, and hence, extracted by the protein G-agarose. This 

would be problematic since tyrosine phosphorylation occurs on the cytoplasmic 

domain o f M UCl, which could potentially be lost during an immunoprecipitation 

procedure. Therefore, it would be more advantageous to immunoprecipitate with 

anti-CT2 antibody to maximize MUCl cytoplasmic domain extraction.

To test our hypothesis, we used monoclonal CT2 antibody to immunoprecipitate 

MUCl from cellular lysates. The MUCl cytoplasmic domain bands obtained 

from immunoprecipitation weighed -20-24 kDa and 13-17 kDa (Figure 14B). 

These molecular weights were consistent with those found in earlier experiments 

(Figure 12B and 13) and the literature[43, 83, 132. 135]. The MUC1/CT2 bands 

at -13-17 kDa were most readily detected in the MCF-7 cell line (Figure 14B). 

Interestingly, the 13 kDa MUC1/CT2 band has not been reported in the literature, 

and hence, its identity was questionable. Furthermore. MUC1/CT2 detection was 

difficult in cell lines MDA-MB-231. MDA-MB-46S and 293T/MUC1, apparently
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due to their low constitutive MUCl expression (Figure 14B). These Findings 

were consistent with our lab's data (Figure 12B and 13; and other data not shown) 

and the literature[S3]. It should be noted that a non-specific protein band at -22 

kDa was identified in the NIH3T3/Mock IP and Mock IP (Figure 14B). This non­

specific band most likely arose from the immunoprecipitation procedure and 

could easily be mistaken as a CT2 band on Western blots. Therefore, special 

attention was necessary for Western blot analyses. The data from section 3.1.2 

suggested that both monoclonal B27.29 and CT2 antibodies were effective in 

MUCl extraction in the immunoprecipitation procedures used here.

The detection o f non-specific protein bands on Western blots was a common 

problem, especially for IP samples obtained with B27.29 antibody (section 3.1.2). 

This could adversely affect the accuracy o f  MUCl cytoplasmic domain 

identification in subsequent experiments. Thus, it was necessary to identify the 

precise CT2 protein bands corresponding to MUCl on Western blots. Western 

blotting the crude and immunoprecipitated (via B27.29 antibody) samples o f 

MCF-7 and GZ.Hi with CT2 antibody revealed distinct M U C 1 bands at -2 4  kDa. 

20 kDa, 17 kDa and 13 kDa (Figure 15A). In contrast, these protein bands were 

undetected when the same samples were immunoblotted with the pre-blocked 

CT2 antibody (Figure 15B). However, the heavy and light chains o f B27.29 

antibody (-50  kDa and 27 kDa. respectively) remained detectable (lanes 3 and 5. 

Figure 15B). The lack o f  M UCl detection (Figure 15B) showed that the peptide- 

blocking procedure was effective in blocking all the binding sites on the CT2
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antibody. Therefore, the preliminary data from section 3.1.3 suggested that 

protein bands at -24 kDa, 20 kDa, 17 kDa and 13 kDa identified by Western 

blotting with the CT2 antibody were most likely M U C l's cytoplasmic domains. 

This also confirmed the questionable band at -13 kDa from Figure 14B to be 

M UCl. which would be a novel moleuclar weight fragment o f  M U C l's 

cytoplasmic domain prev iously unreported in the literature.

It was realized that a positive control for MUCl tyrosine phosphorylation was 

essential for more accurate analyses o f experimental data. Schroeder et al. (2001) 

was able to induce M UCl tyrosine phosphorylation in the breast carcinoma cell 

line MDA-N1B-46S with epidermal growth factor (EGF) stimulation [41], 

Therefore, it was attempted to repeat their findings in section 3.2.2. The MDA- 

MB-46S cells were treated with EGF for 1 min and Western blotted with PY99 

antibody for phosphotvrosines (Figure ISA). Two distinct phosphotyrosine bands 

at -17 kDa and 19 KDa w ere detected only in the stimulated MDA-MB-46S cells 

(Figure ISA). A common protocol used for consecutive Western blotting in the 

literature is to strip membranes with Stripping Buffer in order to remove any 

bound antibodies. This approach was tried but no longer employed in this project 

after several attempts due to some undesirable sidc-effects. In addition to the 

removal o f  bound antibodies, the stripping process often resulted in the loss o f 

proteins from membranes. Also, protein properties on membranes were 

frequently altered, sometimes resulting in the crossing-over o f  protein lanes and 

very messy blots that made interpretation very’ difficult. Therefore, consecutive
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Western blotting done throughout this project was to simply allow sufficient time 

for the previous ECL Plus signals (which have a duration o f 24 hours) to diminish 

before commencing the next round o f antibody staining. The same membranes 

from Figure 20A were then re-probed with CT2 antibody and a specific 

MUC1/CT2 band at -1 7  kDa was identified in the MDA-MB-468s (Figure 18B). 

This CT2 band also corresponded to the -17  kDa phosphotyrosine band seen in 

Figure ISA, suggesting that tyrosine-phosphorvlated M UCl was identified at ~17 

kDa. The identified molecular weight o f the M UCl phosphorylation was also 

consistent with those found in Figure i6. Therefore, the data from section 3.2.2 

suggested that putative MUCl tyrosine phosphorylation at -1 7  kDa was detected 

in the MDA-.V1B-46S cell line upon EGF stimulation. This experimental 

condition would be a feasible positive control for M UCl phosphorylation in 

subsequent experiments. However, the molecular weight o f MUCl 

phosphorylation found here was different than those found by Schroeder et al. 

(2001). which were -3 0  kDa and 25 kDa[41). The fact that they found two 

different molecular weights o f phosphorylated MUCl was already very' puzzling 

and no explanations were presented. Moreover, appropriate positive and negative 

controls were absent in the EGF-stimulation experiments, and the 

phosphotyrosine blots obtained from their experiments were not re-probed for 

M UCl. Hence, the data from Schroeder et al. (2001) was very difficult to 

interpret[41j. Other studies done on MUCl phosphorylation shared similar 

problems, such that experimental controls and M UCl reprobes were frequently
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missing. As a result, it was difficult to compare the data that we have with those 

in the literature.

Rahn et al. (unpublished observations) from our lab discovered that MUC1- 

ICAM-I interaction was crucial in mediating tumor cell transendothelial 

migration in a Transwell model[37]. Furthermore, the presence o f fibroblasts and 

cytokines resulted in a significantly greater extent o f  tum or cell transmigration 

than in the absence o f these variables[37]. Cytokines like TN F-a and IL -ip  are 

known to increase ICAiM-1 expression on HUVECs[129], while fibroblasts could 

secrete soluble factors and proteolytic enzymes into the cellular

microenvironment. Therefore, the importance o f ICAM-1 and factors in the 

cellular microenvironment in promoting tumor cell transmigration was

implicated. Based on the Transwell data from Rahn et al. (unpublished

observations)[37], we were interested to know whether experimental conditions 

known to promote tumor cell transendothelial migration would affect the status o f 

tumor MUCl tyrosine phosphorylation. This question w'as investigated with an in 

vitro co-culturing system that simulated the conditions used in the Transwell 

experiments. The MCF-7s were used as the experimental model because they 

were more physiologically relevant than the GZ.Hi and 410.4 mouse cell lines. 

To mimic the Transwell experimental conditions. MCF-7 cells w'ere cultured on 

gelatin-coated tissue culture plates and co-cultured with either NIH3T3/ICAM-1 

or NIH3T3/Mock transfectants for 10 minutes, with or without sodium

orthovanadate. Being a tyrosine phosphatase inhibitor, the purpose o f using
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sodium orthovanadate was to preserve tyrosine phosphorylations o f proteins. All 

culturing was done with fibroblast-conditioned media that had been supplemented 

with TNF-a and Il-ip  cytokines. Western blotting with PY99 antibody revealed a 

unique phosphotyrosine band at -1 7  kDa exclusively in the MUC-1 positive 

MCF-7 samples (Figures 16A. C and E). The same membranes were re-probed 

with CT2 antibody, and a unique MUC1/CT2 band at -1 7  kDa was detected 

exclusively in the MCF-7s (Figures 16B, D and F). Interestingly, this 

MUC1/CT2 band also matched with the unique phosphotyrosine band detected 

earlier in Figures 16A. C and E when the film images were overlaid. The 

phosphotyrosine and MUCl levels in each experimental condition were 

quantified using the Scion Image computer software. The ratio o f 

phosphotvrosine/CT2 quantities in each condition were calculated and compared 

on a bar graph (Figure 17). The ratios were then analyzed with ANOVA test 

using a p value o f 0.01. There was no statistical difference in MUCl 

phosphorylation among any o f the experimental conditions. Therefore, the data in 

section 3.2.1 suggested that putative MUCl tyrosine phosphorylation was 

identified at -1 7  kDa. However, the presence o f ICAM-1 and/or sodium 

orthovanadate had no significant effect on MUCl tyrosine phosphorylation under 

Transwell experimental conditions known to induce tumor cell transendothelial 

migration. However, it has been suggested in the literature that MUCl tyrosine 

phosphorylation is only a transient event[41, S3, 132]. It has been suggested in 

the literature that only a very' small subpopulation o f  M UCl would complex and 

subsequently become phosphorylated by kinases like EGFR[41], Therefore, any
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changes in M UCl tyrosine phosphorylation would likely be very subtle, and 

hence, difficult to identify. Consequently, the use o f  more sensitive techniques 

for detecting MUCl phosphorylation, such as radioactive labeling, may be 

considered for future experiments.

In addition to promoting tumor cell transendothelial migration, we have recently 

discovered that MUCl-ICAM-1 interaction could also trigger calcium ion (Ca: ~) 

oscillations in tumor cells[3S]. Calcium ion oscillations and protein tyrosine 

phosphorylations are often key components o f  cellular signalling events. 

Therefore, the effect o f ICAM-1 stimulation on M UCl tyrosine phosphorylation 

under experimental conditions known to induce tumor cell Ca:~ oscillations was 

investigated. MCF-7s were cultured on FBS-coated tissue culture plates and co­

cultured with NIH3T3/ICAM-1 or NIH3T3/Mock transfectants for 1 and 4 min. 

These time points were chosen because Ca'* oscillations in tumor cells were 

observed within the initial 3 min o f ICAM-1 stimulation[3S]. Therefore, it was o f  

interest to see whether MUCl tyrosine phosphorylation would also occur within 

the time frame o f calcium ion oscillations. Upon Western blotting with PY99. a 

unique phosphotyrosine band at -17  kDa was most readily detected when MCF-7 

cells were stimulated with NIH3T3/ICAM-1 or NIH3T3/Mock for 1 min. but was 

noticeably less detectable at 4 min (Figures 19A. C and E). However, the band 

was absent in the non-stimulated MCF-7s fnat were incubated with Imaging 

Buffer for 1 min and 4 min (Figures 19A. C and E). These conditions were 

included to ensure that the Imaging Buffer itself was not inducing M UCl
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phosphorylation. Upon re-probing with CT2 antibody, a unique MUC1/CT2 band 

at -1 7  kDa was detected exclusively in all o f  the M UCl-positive samples 

(Figures 19B, D and F). The band also mactched with the -1 7  kDa 

phosphotyrosine band found in Figures 19A. C and E when the film images were 

overlaid. The phosphotyrosine and MUCl levels in each experimental condition 

were quantified using the Scion Image computer software. The ratio o f 

phosphotyrosine/CT2 quantities in each condition were calculated and compared 

on a bar graph (Figure 20). The ratios were then analyzed with the ANOVA and 

Newman-Keuls tests using a p value o f 0.05. It was found that ICAM-1 and 

Mock stimulation for 1 min significantly increased the extent o f  M UCl tyrosine 

phosphorylation (Figure 20). However, phosphorylation was attenuated to basal 

levels after 4 min o f co-culturing with the NIH3T3 transfectants. Therefore, the 

data in section 3.2.3 suggested that putative MUCl tyrosine phosphorylation was 

identified at -1 7  kDa. which was consistent with the earlier findings (Figures 16 

and IS). However, significant changes in M UCl phosphorylation was only 

observed after 1 min o f  stimulation with either ICAM-1 or Mock under 

experimental conditions known to induce Ca'~ oscillations in tumor cells. 

Furthermore, the extent o f  MUCl tyrosine phosphorylation induced by ICAM-1 

and Mock transfectants for 1 min was not significantly different from each other.

It appeared that under experimental conditions where ICAM-1 is known to induce 

tumor cell Ca: * oscillations[3S]. significant inductions o f  M UCl phosphorylation 

were observed only after 1 min o f co-culturing regardless o f  the presence o f
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ICAM-1 (Figure 20). Therefore, it was possible that mechanical stimulation 

alone was sufficient to induce MUCl tyrosine phosphorylation. Changes in 

cellular signalling in response to mechanical stresses have been well-established 

in the literature. For instance, changes in cellular Ca2̂  concentrations due to 

prodding or stretching o f cells have previously been reported for cardiocytes[137] 

and endothelial cells[13S. 139]. Similarly, mechanical force induced-alterations 

o f kinase activities have also been shown in lung[140], endothelial[141], 

cardiac[142], and bone[143, 144] cells. For example, pressurization o f vascular 

smooth muscle cells has been transiently correlated with ERK1/2 activation, in a 

PKC-independent and Src-family tyrosine kinase-dependent mechanism[145]. 

Similar type o f ERK activation in endothelial cells has also been reported by 

Azuma et al. (2000)[I46]. Therefore, alterations o f  Ca2~ and kinase-related 

activities/signalling by mechanical stimuli are common phenomena observed in 

many cell types. However, further experiments are required to verify the 

"mechanical stimulation" theory. For instance, the use o f non-cellular materials 

such as agarose beads can replace the NIH3T3 transfectants in the co-culturing 

experiments. If the induction o f  MUCl tyrosine phosphorylation is observed, 

then it would further suggest the importance o f  mechanical stimulation in 

modulating MUCl phosphorylation.

Even more interestingly, mechanical stimulation o f  rat endothelial cells for 1 min 

has been demonstrated to induce a 2.4-fold increase in Src phosphorylation[147]. 

In addition, Kawata et al. (199S) have found that mechanical stresses on
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mesangial cells rapidly increased the phosphorylation and activation o f MAPK 

which peaked at 1 minute[148]. Therefore, it is evident that kinase activities can 

be modulated by mechanical stimuli within a one-minute time frame. Based on 

the literature data, it is hypothesized here that perhaps Src in tumor cells was 

activated after 1 minute o f simple mechanical stimulation with either the ICAM-1 

or Mock transfectants. Since Src is a kinase known to phosphorylate MUCl [SI], 

its activation could increase MUC1 tyrosine phosphorylation as observed with the 

1 min o f co-culturing (Figure 20). However, both the initiation and termination o f 

signalling activities must be well controlled. For instance, prolonged EGFR 

stimulation would eventually result in endocytosis o f  the receptor from cellular 

membrane, resulting in signalling termination (review article by Salcini et al.. 

1999)[ 149]. Hence, the reduced MUC1 phosphorylation after 4 minutes o f  co- 

culturing (Figure 20) could indicate the shutdown o f certain kinases or MUC1 

itself due to prolonged activation. These termination processes may be 

endocvtosis-mediated, paralleling those for EGFR since MUC1 is known to 

undergo the lysosomal degradative pathway via clathrin-mediated endocytosis at 

cellular membranes[150]. Alternatively, the prominent decrease in MUCl 

phosphorylation within the first 4 minutes o f co-culturing could be due to rapid 

activation o f in vivo tyrosine phosphatases as suggested in the literature[S3], 

although the specific enzyme(s) responsible for MUCl de-phosphorylation is still 

unknown. Moreover, the technical issue o f finding a more sensitive detection 

method for MUCl phosphorylation may be further investigated. Therefore, 

although Rahn el al. (2004) have found that ICAM-1 was able to induce
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significantly higher tumor cell Ca2" oscillations than with Mock stimulation[38], 

it was found in section 3.2.3 that both ICAM-1 and Mock stimulations for 1 min 

resulted in significant inductions o f MUCl tyrosine phosphorylation under the 

same experimental conditions. Hence, the mechanisms regulating MUCl tyrosine 

phosphorylation and Ca2~ oscillation o f tumor cells appeared to be differentially 

modulated by ICAM-1.

Another interesting observation was that there seemed to be higher basal levels o f  

MUCl tyrosine phosphorylation when tumor cells were grown on gelatin than 

FBS matrices. There is increasing evidence that the cellular microenvironment 

can affect various cellular properties. For instance, it has been found that the 

proliferation and differentiation o f endothelial cells were optimal when cultured 

on different matrices, such as type I collagen and fibronectin, respectively. 

Furthermore, previous studies have also supported the importance o f  cellular 

microenvironment in modulating the malignant behavior o f tumor cells[ 151]. 

Therefore, it was possible that gelatin and FBS matrices had different effects on 

regulating MUCl phosphorylation. Perhaps the gelatin matrix provided a 

microenvironment that supported more constitutive activation o f kinases (or less 

phosphatase suppression), and consequently, higher basal levels o f  M UCl 

phosphorylation. In contrast, the FBS matrix might have a more suppressive 

effect on kinase activities (or greater kinase activation), and thus, M UCl 

phosphorylation was absent until mechanical induction with the NIH3T3 

transfectants. However, analyses o f kinase and phosphatase activities under the
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co-culturing conditions (i.e. different matrices) used in this project would be 

necessary to verify this theory. It would also be interesting to sec if there is a 

relationship between integrin activation and M UCl phosphorylation in the gelatin 

and FBS microenvironments.

Although the appropriate M UCl-positive and negative controls were included in 

the Western blots that tested for MUCl phosphorylation in section 2.2.3. an 

additional test was employed in attempt to validate the phosphorylation status o f 

the protein bands. This was accomplished by treating Western blot membranes 

from the MUCl-ICAM-1 co-culturing experiments with alkaline phosphatase. 

Three samples from section 2.2.3 were analyzed again by Western blotting. A 

distinct phosphotvrosine band at -17  kDa (red asterisks) was detected exclusively 

in the MDA-MB-46S/EGF 1 min and MCF-7/ICAM-1 1 min conditions (lanes 1 

and 3. Figure 21). The molecular w eight o f this band was previously found to be 

tvrosine-phosphorvlated MUCl in earlier experiments (Figures 16. IS and 19). 

However, alkaline phosphatase treatment on sections o f the membrane containing 

these two samples (halves o f lanes 1 and 3) was unable to prevent the subsequent 

detection o f phosphotvrosine signals. Therefore, the preliminary results 

suggested that the alkaline phosphatase used in this experiment was ineffective in 

abolishing the detection o f the putative tvrosine-phosphorvlated MUCl on the 

Western blot. Although this might imply that the ~17 kDa protein band was not a 

phosphorylated protein, the apparent ineffectiveness o f the alkaline phosphatase 

could also stem from the protocol. For instance, the protocol used here was
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obtained from Ahmad and Huang (19S1)[ 152], which was not intended for 

treating Western blot membranes. In fact, it was originally designed for in vitro 

dephosphorvlation o f I-form glycogen synthase o f rabbit skeletal muscle. 

However, it was used here since alternative protocols specifically designed for 

dephosphorylating Western blot membranes were unavailable in the literature. 

Although a higher phosphatase activity (hydrolysis o f 6700 nmol versus 10 nmol 

o f phosphate, min) and longer treatment duration (6 h versus 1 h) were employed 

in this experiment, we postulate that it was still unable to remove the putative 

tyrosine phosphorvlated protein bands on the Western Blot (lanes 1 and 3, Figure 

21). Perhaps phosphatase dilution and time course experiments would be required 

to determine the optimal units o f  phosphatase activity and duration o f  treatment 

necessary to dephosphorvlate the protein bands on Western blot membranes.
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4.3. Conclusion

Through Western blot analyses o f  crude and immunoprecipitated lysates o f 

various cell lines, the molecular weights o f full-length and cytoplasmic domain o f 

MUCl were found to be greater than 200 kDa and ~13-30 kDa, respectively. 

Contrary to our hypothesis. ICAM-1 did not induce M UCl tyrosine 

phosphorylation under the experimental conditions where tumor cell 

transmigration and Ca2~ oscillation were observed. By using the in vitro co- 

culturing system designed in this project, it was found that the ICAM-1 and/or 

sodium orthovanadate had no significant effect on MUCl tyrosine 

phosphorylation under Transwell conditions. In contrast, both ICAM-1 and mock 

stimulations for 1 min resulted in significant inductions o f M UCl tyrosine 

phosphorylation (at -1 7  kDa. which was consistent with the EGF-stimulated 

MDA-MB-46Ss positive control) under the experimental conditions known to 

induce Ca:~ oscillations in tumor cells. However, MUCl phosphorylation 

reverted back to basal levels after 4 min o f co-culturing. suggesting that MUCl 

tyrosine phosphorylation events are transient. The induction o f MUCl 

phosphorylation by ICAM-1 and Mock transfectants could possibly be a result o f 

simple mechanical stimulation o f tumor cells, which will need further 

investigation. In contrast, only ICAM-1 could trigger significant Ca‘ oscillations 

in tumor cells under the same experimental conditions used here[3S]. Therefore, 

it appeared the mechanisms regulating MUCl tyrosine phosphorylation and Ca'~ 

oscillation o f  tumor cells could be differentially modulated by ICAM-1. although 

further investigation is necessary for confirmation.
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APPENDIX A 

Comparison of RIPA and Brij-97 Lysis Buffers

A .I. Objective

The extraction o f MUCl from cellular samples with lysis buffer was required for 

many o f the experiments in this project. Interestingly, it has been reported that 

the efficiency of MUCl extraction could differ depending on the type o f lysis 

buffer detergent used[132]. In 2000. Quin and McGuckin compared the RIPA 

and Brij-97 (consisted mainly o f  NP40 and Brij-97 detergents, respectively) lysis 

buffers and found that they had unique MUCl-extraction properties[132]. Since 

M UCl extraction was a crucial part o f most experiments in this project, we were 

interested to determine the capabilities o f  RIPA and Brij-97 lysis buffers to 

extract MUCl from cell lines MCF-7 and GZ.Hi.

A.2. Materials and Methods

Antibodies

Monoclonal mouse P-tubulin antibody was purchased from BD Biosciences 

(Mississauga. ON, Canada). Monoclonal anti-CT2. HRP-conjugated goat anti- 

Armenian hamster, and HRP-conjugated goat anti-mouse were previously- 

described in section 2.1.1.
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Cell lines and culturing conditions for MCF-7, GZ.Hi, and NIH3T3 were 

previously described in sections 2.1.1 and 2.1.3. All cell lines were cultured at 

37°C in a humidified incubator containing 5°.. CO;.

Reagents used were previously described in sections 2.1- 2.2.

Experimental Conditions and Cell Extraction

Cell lines were cultured and extracted with either SO ul o f  RIPA or Brij-97 lysis 

buffers as described in section 2.1.1. Crude samples were boiled in Laemmli 

Buffer, then either analyzed immediately or stored at -20°C.

SDS-PAGE and Western Blotting

Samples were analyzed with Bio-Rad DC  Protein Assay and Bio-Rad Mini- 

PROTEAN II gel (12°o (w v acrylamide) with 4°o (w v acrylamide) stacking) 

electrophoresis as described in section 2.1.1. Proteins were then transferred to 

0.45 micron Immobilon-P membranes as described in section 2.1.1.

Immunoblotting procedures with the anti-CT2 antibody, in addition to image 

development with ECL Plus were previously described in section 2.1.1.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

133



A.3. Results

Cell lines MCF-7 and GZ.Hi were lysed with either RIPA or Brij-97 lysis buffers 

and subsequently Western blotted for the cytoplasmic domain o f M UCl with CT2 

antibody. The NIH3T3 cell line was used as a M UCl-negative control as it was 

determined to lack MUCl expression in section 3.1.1. Reactive protein smears at 

-25  kDa and -13  kDa were readily detected in the MCF-7 and GZ.Hi cell lines 

that were extracted with the RIPA lysis buffer (lanes 2 and 4. Figure A.1A). 

These protein bands were also detected when the same cell lines were lysed with 

Brij-97 lysis buffer (lanes 3 and 5. Figure A.1A). However, they were much less 

intense than the RIPA buffer-lysed counterparts. An additional protein band at 

-1 7  kDa was found almost exclusively in the RIPA buffer-lysed samples (red 

arrows. Figure A.1A). This band was only barely detectable in the GZ.Hi's and 

MCF-7s when these cells lines were lysed with the Brij-97 buffer. The protein 

bands at -25  kDa. 17 kDa. and 13 kDa described above were not found in the 

XIH3T3 samples, suggesting that they were most likely specific CT2 bands. 

When the membrane was re-probed with p-tubulin antibody, a protein band at 

-5 0  kDa o f similar intensity was detected in all lanes (Figure A.l B).
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14 kDa

Figure A.1A. The RIPA lysis buffer was more efficient in M UCl extraction. 
Upon immunoblotting with CT2 antibody, a reactive protein smear at ~25 kDa 
and a band at -13 kDa were readily detected in the MCF-7 and GZ.Hi cell lines 
extracted with RIPA lysis buffer. These bands were also detected when the same 
cell lines were lysed with Brij-97 lysis buffer, but o f much less intensities. An 
additional protein band at -1 7  kDa was found almost exclusively in the RIPA 
buffer-lysed samples (red arrows). This band was only barely detectable in the 
Brij-97 buffer-lysed counterparts. The protein bands at -25  kDa. 17 kDa. and 13 
kDa were not found in the NIH3T3 samples.

50 kDa

Figure A.IB. P-tubulin detected in all experimental conditions. The same 
membrane was re-probed with p-tubulin antibody, a protein band at -5 0  kDa of 
similar intensity was detected in all lanes.
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A.4. Discussion and Conclusion

Detergents in lysis buffers have amphipathic properties and function to disrupt 

cellular membranes by intercalating into phospholipid bilayers[2]. An additional 

role o f detergents is to solubilize transmembrane proteins by coating, and 

consequently preventing interactions o f their hydrophobic regions[2]. Otherwise, 

transmembrane protein molecules can aggregate and precipitate from aqueous 

solutions[2], Quin and McGuckin (2000) have shown that the RIPA and Brij-97 

lysis buffers had different M UCl extraction efficiencies[132]. The RIPA buffer 

contained NP40 (also known as Nonidet P 40 or Imbentin-N/52) as the major 

detergent, which is stronger than the Brij-97 detergent[132]. Therefore, it was 

reported that the RIPA buffer could extract higher levels o f total M UCl from 

breast and ovarian cancer cell lines[132]. We investigated the M UCl-extracting 

capabilities o f the two lysis buffers. It was found that the RIPA and Brij-97 

buffers were able to extract MUCl of molecular weights -25  kDa and 13 kDa 

(Figure A.1A). These values were consistent with the molecular weights o f 

M U C l's cytoplasmic domains found in earlier experiments (Figures 15-17) and 

the literature[43. 132]. However, the RIPA buffer had consistently extracted 

higher levels o f these proteins than the Brij-97 buffer (Figure A.1A). which was 

consistent with the fact that NP40 is a stronger detergent than Brij-97. These 

findings were also in agreement with those from Quin and McGuckin 

(2000)[132]. Interestingly, the -17  kDa MUC1/CT2 band was found almost 

exclusively in the RIPA buffer-lysed MCF-7 and GZ.Hi samples (Figure A.1A). 

This band was consistent with the molecular weight of M U C l's  cytoplasmic
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domain found in earlier experiments (Figures 15-21) and the litcrature[43, 132]. 

Based on these preliminary results, it appeared that the RIPA buffer has two 

advantages over the Brij-97 buffer. First, it was able to extract greater amounts o f 

M UCl from membranes o f MCF-7 and GZ.Hi cell lines. Moreover, the RIPA 

buffer extracted an additional MUCl cytoplasmic domain isoform at -1 7  kDa that 

the Brij-97 buffer could not accomplish. Therefore, the RIPA lysis buffer was 

selected for MUCl extraction in this project in order to maximize the MUCl 

extraction yield, and to reduce the risk o f losing MUCl isoforms.
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APPENDIX B 

Differential Cell Density and M UCl Detection

B .l. Objective

It was previously reported by Quin and McGuckin (2000) that the extent o f 

MUCl tyrosine phosphorylation was inversely related to the density o f cancer cell 

culture[132]. Our lab suspected the reason for this phenomenon was due to the 

possible dependency o f MUCl expression on cell confluence. This theory was 

investigated with the MCF-7 cell line, where the extent o f M UCl expression was 

compared at three different cell culturing densities corresponding to 20%, 80% 

and 160% confluences.

B.2. Materials and Methods

Antibodies

Monoclonal mouse (5-tubulin antibody was previously described in Appendix A. 

Monoclonal anti-CT2. HRP-conjugated goat anti-Armenian Hamster, and HRP- 

conjugated goat anti-mouse were previously described in section 2.1.1.

Cells and Reagents

Cell lines and culturing conditions o f MCF-7 and NIH3T3/Mock were previously 

described in section 2.1.1. All cell lines were cultured at 37°C in a humidified 

incubator containing 5% CO:.

Reagents used were previously described in sections 2.1-2.2.
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Experimental Conditions and Cell Extraction

Cell number o f either 8.4 x 105, 6.72 x 106 or 1.34 x 107 MCF-7s was plated on 

100 mm x 20 mm tissue culture plates for overnight under the conditions 

described in section 2.1.1. These cell densities corresponded to approximately 

20%. 80% and 160% confluence, respectively. The NIH3T3/Mock cell line was 

cultured to 70-S0% confluence. Cell extraction procedures were previously 

described in section 2.1.1. Supernatants were boiled in Laemmli Buffer, then 

either analyzed immediately or stored at -20°C.

SDS-PAGE and Western Blotting

Samples were analyzed with Bio-Rad DC  Protein Assay and Bio-Rad Mini- 

PROTEAN II gel (10-15% (w/v acrylamide) with 4% (w/v acrylamide) stacking). 

Detailed procedures for electrophoresis can be found in section 2.1.1. Proteins 

were then transferred to 0.45 micron Immobilon-P membranes as described in 

section 2.1.1.

Detailed procedures o f CT2 and P-tubulin immunoblotting. in addition to image 

development with ECL Plus were previously described in Appendix A and 

section 2.1.1, respectively. The membranes were first immunoblotted for CT2. 

followed by P-tubulin. without stripping o ff the membrane-bound CT2 antibodies. 

Detailed procedures were previously described in section 2.2.1.
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The levels o f CT2 and P-tubulin expressions in each experimental condition were 

quantified using the Scion Image computer software. The CT2 level in each 

condition was then taken as a ratio to the corresponding amount o f p-tubulin and 

compared. The ANOVA (analysis o f variance) test with a p value o f 0.01 was 

performed to statistically test the null hypothesis that the CT2/p-tubulin ratio o f 

each experimental condition was indifferent from each other.

B.3. Results

The levels o f MUCl expression was compared in the MCF-7 cell line grown at 

three different cell culturing densities: S.4x10* (designated as 20% confluence). 

6.72x10° (S0% confluence) and 1.34x10' (160% confluence). The crude lysates 

were then analyzed on a 10-15% polyacrylamide gel and immunoblotted with 

anti-CT2 (Figure B.1A). Distinct protein smears at ~ 17-25 kDa and -13-15 kDa 

were detected in MCF-7 exclusively, but not in the M UCl-negative control 

NIH3T3/Mock. The molecular weights o f  these protein smears were consistent 

with the bands determined to be MUCl from Figures 14B and 15. and hence, 

were most likely the cytoplasmic domains o f  M UCl.

The same membrane from Figure B.1A was blocked with 5% milk TBS-T for at 

least 24 h at 4°C, and subsequently re-probed with monoclonal p-tubulin antibody 

without stripping. Membrane-stripping was not performed due to reasons 

previously discussed in section 3.2.1. A distinct protein band representing p-
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(A) IB: CT2 (B) IB: P-Tubulin

CT Levels at Different Cell Confluency
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(C) Corrected CT2 levels at different cell confluences

Figure B .l. (A) Western blot o f  MCF-7 crude samples for M U CTs cytoplasmic 
domain with monoclonal CT2 antibody on a 10-15% (w/v) polyacrylamide gel. 
MCF-7 was plated at densities S.4.xlO' (20% confluence). 6.72x1 O'* (S0% 
confluence) and 1.34x10 (160% confluence) cells and cultured overnight. 
Distinct protein smears at -17-25 kDa and -13-15 kDa detected in MCF-7 
exclusively. (B) The same membrane from (A) was re-probed with monoclonal 
P-tubulin antibody. A distinct protein band at 50 IcDa was detected in all lanes. 
(C) The ratio o f  CT2/p-tubulin expressions at each cell density was calculated and 
analyzed with the ANOVA test using p value o f 0.01. No significant difference in 
MUCl expression was found in between the three cellular densities.
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tubulin at 50 kDa was detected in all lanes (Figure B.1B). The levels o f  CT2 and 

P-tubulin expressions in each lane were quantified using the Scion Image 

computer software. The CT2 level in each lane was then taken as a ratio to the 

corresponding amount o f P-tubulin and compared on a bar graph (Figure B.1C). 

Subsequently, the test o f ANOVA with a p value o f  0.01 was performed on the 

data for statistical analysis, and the null hypothesis was accepted. The levels o f 

MUCT expression did not significantly differ in between the different cell 

culturing densities. Therefore, the data suggested that MUC1 expression in MCF- 

7 cells was not dependent on cell confluence. This would mean the inverse 

relationship between cell confluence and the extent o f MUC1 tyrosine 

phosphorylation observed by Quin and McGuckin (2000) was not attributed to 

variations in the levels o f MUCT expression[132].

B.4. Discussion and Conclusion

Quin and McGuckin (2000) previously reported that the extent o f MUC1 tyrosine 

phosphorylation was inversely related to the density o f  cancer cell culture[132]. 

In fact, they found that MUC1 phosphorylation was at least six-fold higher in sub­

confluent cultures than in confluent or over-confluent cultures[132]. Although no 

explanation was gi%en for this phenomenon, our lab suspected it could be due to 

the dependence o f  MUCI expression on culturing confluence. To test out this 

theory, the extent o f MUCI expression in MCF-7 cells was compared between the 

arbitrary 20%, S0% and 160% confluences. The cytoplasmic domains o f MUCI 

were detected at -  17-25 kDa and -13-15 kDa (Figure B.1A). which were
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consistent with the findings from Figures 14B and 15, and also the literature[43, 

83. 132], In addition, p-tubulin was detected at ~50 kDa upon re-probing the 

membranes with monoclonal P-tubulin antibody. The extent o f M UCI and P- 

tubulin (Figure B.1B) expressions in each condition were quantified with Scion 

Image computer software, and the CT2/'P-tubulin ratio was then calculated. The 

ratios were analyzed with the ANOVA test using a p value o f 0.01. There was no 

statistical difference in MUCI expression under the three cell culturing densities 

tested (Figure B.1C). Hence, the data from Appendix B suggested that there was 

no significant relationship between MUCI expression and cell confluence in the 

MCF-7s. Therefore, the inverse relationship between cell confluence and the 

extent o f MUCI tyrosine phosphorylation observed by Quin and McGuckin 

(2000) was unlikely due to variations in the levels o f  MUCI expression[132]. 

However, other factors such as the adherent status[132] and agents in the 

microenvironment[41] o f tumor cells have also been reported to affect MUCI 

phosphorylation.
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APPENDIX C

Sodium Orthovanadate Treatment on MCF-7 Cell Line

C .l. Objective

The ability to detect tyrosine-phosphorylated MUCI through Western blotting 

was one o f the crucial prerequisites for analyzing results in this project. The 

literature molecular weight values o f  MUCI cytoplasmic domain phosphorylation 

ranged anywhere from -30  kDa[132] to -15  kDa[Sl], These inconsistencies 

have made data interpretation extremely difficult. Therefore, it was attempted 

here to determine the molecular weight o f MUCI tyrosine phosphorylation by 

Western blots. This was accomplished by analyzing the effects on 

phosphotyrosine detection after treatment o f  the MCF-7 cell line with sodium 

orthovanadate (a tyrosine phosphatase inhibitor that functions to preserve tyrosine 

phosphorylations o f  proteins) for various durations.

C.2. Materials and Methods

Antibodies

Monoclonal anti-phosphotyrosine PY99. monoclonal anti-CT2. HRP-conjugated 

goat anti-mouse, and HRP-conjugated goat anti-Armenian hamster were 

previously described in sections 2.1.1 and 2.2.1.
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Cell lines and culturing conditions o f MCF-7 and NIH3T3/1CAM-1 were 

previously described in section 2.1.1. They were cultured at 37°C in a humidified 

incubator containing 5% CO:.

Reagents used were previously described in sections 2.1- 2.2.

Experimental Conditions and Cell Extraction

Cell lines were cultured on 100 mm x 20 mm tissue culture plates until 70-S0% 

confluent. Plates o f cells were washed twice with sterile PBS and incubated with 

2 ml ofFBS-free DMEM media for 6 h. Starved MCF-7 cells were subsequently 

incubated with 1 m.M NajVO^ for durations: 2 min. 5 min. 10 min and 30 min. 

MCF-7 and NTH3T3/ICAM-1 cells not treated with N aA 'Q ; were used as 

controls.

All cell extraction procedures were performed at 4°C or on ice. Cultured cells 

were washed twice with cold PBS, and the washes were collected in 15 milliliter 

centrifuge tubes. The washes were discarded after centrifugation at 1500 RPM 

and 4°C for 5 min. Cell pellets were re-suspended in 50 ul o f  RIPA lysis buffer 

and collected in 1.5 ml Eppendorf tubes. Cells that remained on culture plates 

were scraped into SO ul o f  RIPA lysis buffer with a Teflon policeman. 

Subsequently, samples were collected in the 1.5 ml Eppendorf tube containing the
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washed pellet counterpart obtained earlier, and lysed with 26 gauge needles. 

Lysates were centrifuged at 10.000 x g for 10 minutes, and supernatants were 

subjected to immunoprecipitation (via CT2 antibody) immediately. The crude 

lysates were boiled in Laemmli Buffer for 10 min, which were either analyzed 

immediately or stored at -20°C.

Immunoprecipitation o f MUCI

Supernatants were immunoprecipitated for MUCI with monoclonal CT2 antibody 

at 4°C or on ice. Detailed procedures were previously described in section 2.1.2. 

Furthermore, the experimental condition called Mock IP (consisted o f  RIPA lysis 

buffer, CT2 antibody and protein G-agarose) was also included to identify the 

non-specific bands associated with the IP procedure.

SDS-PAGE and Western Blotting

Samples were analyzed with Bio-Rad DC  Protein Assay and Bio-Rad Mini- 

PROTEAN II gel (10-15% ( w /v  acrylamide) with 4% (w /v  acrylamide) stacking) 

electrophoresis. Detailed procedures for electrophoresis can be found in section 

2.1.1. Proteins were then transferred to 0.45 micron Immobilon-P membranes as 

described in section 2.1.1.

Detailed procedures for phosphotyrosine and CT2 immunoblotting. in addition to 

image development with ECL Plus were previously described in section 2.2.1.
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C.3. Results

Following the treatment o f MCF-7s with NajVOj for durations ranging from zero 

to 30 minutes, lysates were immunoprecipitated with monoclonal CT2 antibody. 

The samples were subsequently analyzed on a 10-15% polyacrylamide gel and 

Western blotted for phosphotyrosines with monoclonal PY99 antibody. Non­

specific protein bands were identified with the Mock IP condition, which 

consisted o f RIPA lysis buffer and IP reagents (i.e. anti-CT2 and protein G- 

agarose) (lane S, Figure C.1A). Two distinctive phosphotyrosine bands at -1 4  

kDa and 15 kDa were detected in the MCF-7 and NIH3T3/ICAM-1 samples (red 

arrows in lanes 3-7. Figure C.1A). but absent in the Mock IP (lane S. Figure

C.1A). Due to the presence o f the two phosphotyrosine bands in the MUC1- 

negative control (NIH3T3/ICAM-1). they were unlikely to be phosphorylated 

MUCI.

In order to verify the identities o f the -1 4  kDa and 15 kDa phosphotyrosine bands 

seen in Figure C.1A. the same membrane was re-probed for MUCI cytoplasmic 

domain using CT2 antibody after at least 24 h from the initial phosphotyrosine 

detection. The membrane was not stripped in between consecutive Western 

blotting for reasons previously discussed in section 3.2.1. Again, non-specific 

protein bands were identified with the Mock IP condition (lane S. Figure C.1B). 

As can be seen, two distinct protein bands at moelcular weights o f -1 4  kDa and 

15 kDa were identified in the MCF-7 and NIH3T3/ICAM-1 samples (indicated by
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(A) IB: Anti-Phosphotvrosine

25 kDa 

20 kDa

l*i kDa

(B) IB: Anti-CT2

Figure C .l. MUCI tyrosine phosphorylation was not detected upon treating MCF- 
7 cells with sodium orthovanadate for various durations. (A) Western blot with 
PY99 antibody on a 10-15% (w/v) polyacrylamide gel. Non-specific 
phosphotyrosine bands at -15  kDa and 14 kDa detected (red arrows). (B) The 
same membrane from (A) re-probed for M U C l's cytoplasmic domain with CT2 
antibody. The two non-specific protein bands that matched the two 
phosphotyrosine bands in (A) are indicated by the red asterisks. The specific 
MUC1/CT2 band at -1 7  kDa (blue asterisk) did not correspond to any 
phosphotyrosine bands in (A).
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the red asteriks. Figure C. 1B). These bands corresponded in molecular weights to 

the two phosphotyrosine bands seen earlier in Figure C .l A, as determined by 

overlaving the film images o f  both blots. However, the two protein bands were

unliklev to be MUCI due to their presence in the XIH3T3/ICAM-I samples.

Interestingly, a third protein band at '1 7  kDa was found exclusively in the MCF-7 

samples (indicated by the blue asterisk in lanes 1-2 and 4-7. Figure C.1B). This 

was most likely a specific MUC1/CT2 band since it was not detected in the two 

MUCI-negative controls. NTH3T3/1CAM-1 IP and Mock IP. Moreover, the 

molecular weight o f this band was consistent with the MUCI cytoplasmic domain 

found in earlier experiments (Figures 14B and 15) and the literature[41, 43. 132]. 

However, the -1 7  kDa MUC1/CT2 band did not correspond to any

phosphotyrosine bands detected in Figure C .l A.

C.4. Discussion and Conclusion

MUCI cytoplasmic domain phosphorylations have been reported to range 

anywhere from -1 5  kDa to 30 kDa in the literature[Sl. 132]. These

inconsistencies have made data interpretation extremely difficult. Therefore, it 

was attempted here to determine the molecular weight o f  MUCI tyrosine 

phosphorylation by Western blots. The MCF-7 cell line was treated with sodium 

orthovanadate. a tyrosine phosphatase inhibitor that functions to preserve tyrosine 

phosphorylations o f  proteins. Although two very distinctive phosphotyrosine 

bands at -1 4  kDa and 15 kDa were detected in the MCF-7s. they were also 

present in the M UCI-negative control NIH3T3/ICAM-1 (Figure C .l A). Upon re-
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probing for M U C I's cytoplasmic domain, two bands at -1 4  kDa and 15 kDa were 

found in the MCF-7 and NIH3T3/ICAM-1 samples (Figure C.1B), which also 

overlapped with the phosphotyrosine bands detected in Figure C .l A. Based on 

the observation that NIH3T3/ICAM-1 and MCF-7 samples shared these same 

bands, the -1 4  kDa and 15 kDa bands were unlikely to be phosphorylated M U C I. 

The detection o f non-specfic protein bands in the NIH3T3/ICAM-1 samples and 

Mock IP could possibly be due to cross-reactivity o f  the HRP-conjugated 

secondary' antibodies. This theory can be tested by Western blotting the same 

samples with only the HRP-conjugated antibodies in the absence o f  any primary 

antibodies o f  interest (Appendix D). Such experiment would indicate non- 

specificity o f  the secondary' antibodies if  the same non-specific protein bands as 

found in Figures C.l A and C. IB are obtained.

Interestingly, a third CT2 band at -1 7  kDa was found exclusively in the MCF-7s 

(Figure C.1B). and hence, was most likely M UCI. However, it did not 

correspond to any phosphotyrosine bands identified in Figure C.l A. Therefore, 

the preliminary data from Appendix C suggested that tyrosine-phosphorylated 

MUCI at -17  kDa was not detected upon treating MCF-7 cells with sodium 

orthovanadate for up to 30 minutes.

Tyrosine phosphorylation o f  full-length MUCI upon treating MCF-7s with 

sodium pervanadate for 30 min have been previously shown by Pandey er al. 

(1995)[S5]. However, their protocol differed from the one used in this experiment
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in two major ways. First o f  all, they used anti-DF3, an antibody specific for the 

extracellular domain o f MUCI for immunoprecipitation. In contrast, the CT2 

antibody was chosen as the immunoprecipitating antibody here. This was because 

the presence o f SDS in the lysis buffer could present the risk o f dissociation o f the 

two MUCI (extracellular and cytoplasmic) segments[132]. Hence, the use o f 

CT2 antibody would prevent the loss o f M U C l's cytoplasmic domain during the 

immunoprecipitation process. Secondly, Pandey et a!. (1995) used the Brij-96 

detergent for cell lysing as opposed to the NP40 detergent used here[85]. The 

reason why NP40 was selected for cell lysing in this experiment was because o f 

its ability to extract more MUCI iso forms in greater concentrations, as shown in 

Appendix A. However, other groups have previously used anti-CT2 as the 

immunoprecipitation antibody and NP40 as the cell lysis detergent, and were 

successful in finding MUCI tyrosine phosphorylation under other experimental 

conditions[43. 81]. Therefore, perhaps a longer Na.A’O^ incubation time would 

be sufficient for more effective detection o f MUCI phosphorylation when the 

CT2 antibody and NP40 detergent are used. Furthermore, it appeared that the 

Mock IP condition was not effective in identifiying certain non-specific protein 

bands. Consequently, it would be crucial to include a M UCI-negative cell line as 

controls in order to identify certain non-specific protein bands that could easily be 

mistaken as MUCI due to similarities in molecular weights.
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Test Specificity o f  HRP-Goat Anti-Mouse and HRP-Goat Anti-Armenian 
Hamster Monoclonal Antibodies
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APPENDIX D

Test Specificity of HRP-Goat Anti-Mouse and HRP-Goat Anti-Armenian 

Hamster Monoclonal Antibodies

D .l. Objective

The detection o f non-specific protein bands for MUCI-negative samples on 

Western blots was a common problem encountered in Appendix C. which made 

data interpretation extremely difficult. This phenomenon could be due to cross­

reactivity o f the HRP-goat anti-mouse and HRP-goat anti-Armenian hamster 

antibodies used in Western blotting. To test this theory, cell lines (1) MCF-7. (2) 

MDA-MB-46S. (3) NIH3T3/ICAM-1 and (4) NIH3T3/Mock were analyzed by 

Western blots in the absence o f any primary antibodies o f interest, and with only 

the HRP-conjugated secondary’ antibodies.

D.2. Materials and Methods

Antibodies

Monoclonal anti-CT2, HRP-conjugated goat anti-mouse, and HRP-conjugated 

goat anti-Armenian Hamster were previously described in sections 2.1.1 and 

2 . 2 . 1.
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Ceils and Reagents

Cell lines and culturing conditions for MCF-7, MDA-MB-46S, NIH3T3/ICAM-1, 

and NIH3T3/Mock were previously described in section 2.1.1. All cell lines were 

cultured at 37°C in a humidified incubator containing 5% CO;.

Reagents used were previously described in sections 2.1 - 2.2.

Experimental Conditions and Cell Extraction

Cells were cultured and extracted with RIPA Ivsis buffer as previously described 

in section 2.1.1. Supernatants were subjected to immunoprecipitation (via CT2 

antibody) immediately. Crude samples were boiled in Laemmli Buffer, then 

either analyzed immediately or stored at minus 20°C.

Immunoprecipitation o f MUCI

Supernatants were immunoprecipitated for MUCI with monoclonal CT2 antibody 

at 4 :C or on ice. Detailed procedures were previously described in section 2.1.2. 

Furthermore, the experimental condition called Mock IP (consisted o f  RIPA lysis 

buffer. CT2 antibody and protein G-agarose) was also included to identify the 

non-specific bands associated with the IP procedure.
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SDS-PAGE and Western Blotting

Samples were analyzed with Bio-Rad DC  Protein Assay and Bio-Rad Mini- 

PROTEAN II gel (10-15% (w/v acrylamide) with 4% (w/v acrylamide) stacking) 

electrophoresis. Detailed procedures for electrophoresis can be found in section

2.1.1. Proteins were then transferred to 0.45 micron Immobilon-P membranes as 

previously described in section 2.1.1.

Membranes were blocked with 2% BSA in TBS-T overnight at 4°C or 1 h at room 

temperature, and then incubated with 120 ng/ml o f HRP-conjugated goat anti­

mouse for 1 h at room temperature. This was followed by three 10 min washes in 

TBS-T. ECL Plus was used for detection o f reactive bands by exposing the 

membranes to imaging films from 10 s to 5 min, until the desired image intensity 

was obtained. Without stripping, the same membranes were then blocked with 

5% commercial milk in TBS-T at 4°C for at least 24 h. This served to allow 

sufficient time for the previous ECL Plus signals (which have a duration o f 24 h) 

to diminish before commencing the next round o f Western blotting. Membranes 

were subsequently incubated with 120 ng/ml o f HRP-conjugated goat anti- 

Armenian Hamster for 1 h at room temperature, followed by 3 washes with TBS- 

T. Finally, reactive bands were detected with ECL Plus on imaging films.

D.3. Results

Crude and immunoprecipitated samples o f two MUCI-positive cell lines MCF-7 

and MDA-MB-46S, and two MUCI-negative cell lines NIH3T3/ICAM-1 and
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NIH3T3/Mock were analyzed on a 10-15% (w/v) polyacrylamide gel. The 

samples were Western blotted directly with HRP-goat anti-mouse antibody. As it 

can be seen from Figure D.1A, many non-specific protein bands in from -15-50 

kDa were detected in all o f  the crude samples regardless o f  M UCI expression 

(lanes 1, 3. 5 and 7). The number o f  non-specific bands decreased greatly upon 

immunoprecipitation with the CT2 antibody (lanes 2, 4, 6 and S. Figure D.1A). 

The three major non-specific bands at -5 0  kDa. 30 kDa and 14 kDa were 

particularly evident in the NIH3T3/ICAM-1 IP and NIH3T3/Mock IP samples 

(lanes 4 and 8, Figure D.1A). Therefore, the data suggested the HRP-conjugated 

goat anti-mouse bound to many non-specific proteins in crude samples regardless 

o f MUCI expression. However. MUCI immunoprecipitation with anti-CT2 

antibody was effective in reducing the non-specific binding o f this antibody.

The same membrane from Figure D.1A was blocked in 5% milk Tween-TBS for 

at least 24 hours at 4°C. The purpose was not only to reduce background levels o f 

the blot, but also to allow sufficient time for the ECL Plus signals to die down 

before the round o f protein detection began. The membrane was then incubated 

with HRP-conjugated goat anti-Armenian Hamster, again in the absence o f prior 

probing with any primary' antibody. There were relatively more non-specific 

binding in the IP samples (lanes 2. 4. 6 and 8. Figure D.1B) than their crude 

counterparts, ranging from -15-50 kDa. Therefore, the data suggested the HRP-
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(A) IB: HRP-goat anti-mouse 

4SkDa

25kDa

20kDa

14kDa

(B) IB: HRP-goat anti-Armenian Hamster

Figure D .l. The HRP-conjugated secondary antibodies have inherent non-specific 
binding properties. (A) Western blot o f  crude and IP samples with HRP- 
conjugated goat anti-mouse antibody without any primary antibody o f interest on 
a 10-15% (w/v) polyacrylamide gel. More non-specific protein bands were 
detected in the crude samples than their corresponding IP counterparts. A 
common band at ~50 KDa detected in all IP samples (blue arrow). (B) The same 
membrane from (A) was re-probed with HRP-conjugated goat anti-Armenian 
Hamster antibody in the absence o f any primary antibody incubation. In contrast 
to (A), relatively more non-specific protein bands were observed with the IP than 
crude samples. Two common bands at ~27 kDa and 50 kDa detected in all IP 
samples (red arrows).
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conjugated goat anti-Armenian Hamster bound to many non-specific proteins in 

the IP samples regardless o f MUCI expression. The non-specific protein bands 

identified in Figures D.1A and D.1B will be taken into consideration for 

subsequent Western blot analyses.

D.4. Discussion and Conclusion

The detection o f non-specific protein bands for MUCI-negative samples on 

Western blots was a common problem encountered in Appendix C. which made 

data interpretation extremely difficult. This phenomenon could be due to cross­

reactivity o f  the HRP-goat anti-mouse and HRP-goat anti-Armenian hamster 

antibodies used in Western blotting. The MCF-7, MDA-MB-46S, 

NIH3T3/ICAM-I and \'IH3T3/.Mock cell lines were first analyzed by Western 

blots with only the HRP-conjugated goat anti-mouse, the secondary antibody 

normally used for phosphotyrosine immunoblotting. A whole range o f  non­

specific protein bands from -15-50 kDa were detected in all o f  the crude samples 

regardless o f  MUCI expression (Figure D. 1A). In contrast, only the -5 0  kDa 

non-specific band was present in every' IP sample, which was most likely the 

heavy chain o f  the CT2 antibody' (blue arrow in Figure D. 1A). Moreover, the 

non-specific -3 0  and 15 kDa bands o f unknown identities were apparently 

exclusive to the NIH3T3. ICAM-1 and NIH3T3/Mock IP samples (Figure D.1A). 

Therefore, the HRP-conjugated goat anti-mouse antibody was shown to bind non- 

specifically in Western blotting. However, M UCI immunoprecipitation with
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anti-CT2 antibody was effective in reducing the extent o f  non-specific antibody- 

protein associations.

The same membrane from Figure D.l A was then re-probed with HRP-conjugated 

goat anti-Armenian Hamster, the secondary antibody normally used for CT2 

immunoblotting. In contrary to the findings from Figure D .l A, relatively more 

non-specific binding was found in the IP samples than their crude counterparts 

(Figure D.1B). Again, the molecular weights o f the non-specific protein bands 

ranged from ~15-50 kDa. with the ~50 and 27 kDa bands most likely 

corresponding to the heavy and light chains o f the CT2 antibody, respectively (red 

arrows in Figure D.1B). However, the remaining bands were o f  unknown 

identities, and would be interpreted as non-specific proteins in subsequent 

Western blots. Therefore, the HRP-conjugated goat anti-Armenian Hamster 

antibody was shown to bind non-specificaily in Western blotting. The 

preliminary data from Appendix D suggested that both HRP-conjugated goat anti­

mouse and goat anti-Armenian Hamster antibodies had some inherent non­

specific binding properties. The non-specific protein bands identified were taken 

into consideration for the remaining Western blots obtained in this project. In 

addition, the non-specific phosphotyrosine and CT2 bands at —14 KDa and 15 

kDa found in Appendix C could possibly be due to the non-specificities o f  the 

HRP-conjugated secondary antibodies as shown in Figures D .l A and D.1B.
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APPENDIX E 

rhICAM-1 Stimulation on GZ.Hi and 410.4 Cell Lines

E .l. Objective

The main objective o f the project was to determine the effect o f ICAM-1 

stimulation on MUCI tyrosine phosphorylation in tumor cells. Therefore, a 

source o f ICAM-1 stimulation was necessary to investigate this question. The 

first approach taken was to use rhICAM-1, a dimeric recombinant human 

immunoglobulin fusion protein as the source o f ICAM-1 stimulation. Its effect on 

MUCI tyrosine phosphorylation was tested on two cell lines. GZ.Hi and 410.4 via 

an in vitro binding system. GZ.Hi is the mouse mammary adenocarcinoma 

(410.4) transfected with the human M UCI. Therefore, it expresses both the 

mouse and human MUCI proteins. In contrast, 410.4 cell line expresses only the 

mouse M UCI, which lacks the human MUCI tandem repeats that bind to ICAM- 

1. As a result, any effect on MUCI tyrosine phosphorylation attributed to MUC1- 

ICAM-1 ligation should theoretically be absent in 410.4.

E.2. Materials and Methods

Antibodies

Monoclonal anti-ICAM-1 was kindly donated by ICOS Corp. (Bothell. WA. 

USA). Monoclonal anti-phosphotyrosine PY99. monoclonal anti-CT2. 

monoclonal B27.29, HRP-conjugated goat anti-mouse, and HRP-conjugated goat 

anti-Armenian hamster were previously described in sections 2.1.1 and 2.2.1.
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Cells and Reagents

Cell lines 410.4 and GZ.Hi were previously described in sections 2.1.1 and 2.1.3, 

respectively. They were maintained in RPMI 1640 supplemented with 10% FBS 

and 2 mM L-glutamine at 37°C in a humidified incubator containing 5% CO2 .

rhICAM-1 is a dimeric recombinant human immunoglobulin fusion protein o f 

human ICAM-1 and IgG molecule (a gift from ICOS Corp). Other reagents used 

were previously described in sections 2.1-2.2.

Experimental Conditions and Cell Extraction

Cell lines were cultured on 100 mm x 20 mm tissue culture plates until 70-S0% 

confluent. Prior to incubation with rhICAM-1. plates were washed twice with 

sterile PBS, and then incubated with 2 ml o f sterile 60 pg/ml rhICAM-1 in PBS, 

with or without sodium orthovanadate. Incubation occurred at 37°C and 5% CO: 

for 10 min and 90 min. Subsequently, plates were held on ice and the rhlCAM- 

1/PBS was recollected under sterile conditions for future use. GZ.Hi and 410.4 

cells not stimulated with rhICAM-1 were used as controls.

All cell extraction procedures with Brij-97 lysis buffer were performed at 4°C or 

on ice. as previously described in section 2.1.1. Supernatants were subjected to 

immunoprecipitation (via B27.29 antibody) immediately. The crude lysates were
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boiled in Laemmli Buffer for 10 min, which were either analyzed immediately or 

stored at -20°C.

Immunonrecinitation o f MUCI

Immunoprecipitation procedures with monoclonal B27.29 antibody were 

previously described in section 2.1.2. The modification used in this experiment 

was that all o f  the washes were done with Brij-97 instead o f  RIPA lysis buffer. 

Furthermore, the experimental condition called Mock IP (consisted o f  Brij-97 

lysis buffer. B27.29 antibody and protein G-agarosc) was also included to identify 

the non-specific bands associated with the IP procedure.

SDS-PAGE and Western Blottinu

Samples were analyzed with Bio-Rad DC  Protein Assay and Bio-Rad Mini- 

PROTEAX II gel (10-15% (w/v acrylamide) with 4% (w/v acrylamide) stacking) 

electrophoresis. Detailed procedures for electrophoresis can be found in section

2.1.1. Proteins were then transferred to 0.45 micron Immobilon-P membranes, as 

previously described in section 2.1.1.

Detailed procedures for phosphotyrosine and CT2 immunoblotting. in addition to 

image development with ECL Plus were previously described in section 2.2.1. 

The membranes were first immunoblotted for phosphotyrosine. followed by CT2 

without any membrane stripping (refer to section 2.2.1).
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The levels o f  phosphotyrosine and CT2 expressions in each experimental 

condition were quantified using the Scion Image computer software. The 

phosphotyrosine level in each condition was then taken as a ratio to the 

corresponding amount o f  CT2 and compared. The ANOVA test with a p value of 

0.01 was performed to statistically test the null hypothesis that the 

phosphotyrosine/CT2 ratio o f each experimental condition was indifferent from 

each other.

E.3. Results

GZ.Hi and 410.4 cells were incubated with rhICAM-1 for 10 min and 90 min 

either with or without sodium orthovanadate. The samples were 

immunoprecipitated for MUCI with monoclonal B27.29 antibody and analyzed 

on 10-15% (w/v) polyacrylamide gels. The membranes were first immunoblotted 

for phosphotvrosines with PY99 antibody. Non-specific protein bands were 

identified with the Mock IP (lane 11. Figure E.l A), a condition that consisted of 

Brij-97 lysis buffer. B27.29 antibody and protein G-agarose. A phosphotyrosine 

band at -15  kDa was detected in the GZ.Hi and 410.4 samples (red asterisks in 

lanes 1-10. Figure E.l A). However, the same band was also detected in the Mock 

IP (red asterisk in lane 11 Figure E.l A).

In order to determine the identity o f the -15  kDa phosphotyrosine band seen in 

Figure E.l A, the same membranes were re-probed for M U C l's  cytoplasmic 

domain with monoclonal CT2 antibody after at least 24 h from the initial
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Trial 1

( B )  IB :  A n t i - C T 2

Trial 2

( D )  I B :  A n t i - C T 2

Figure E .l. (To be continued on next page)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

•II 
11



Trial 3

(F) I B :  A n t i - C T 2

Figure E.l. Putative MUC1 tyrosine phosphorylation was unaffected by the 
presence o f rhICAM-1 and/or sodium orthovanadate in GZ.Hi and 410.4 cells.
(A) Western blotting for phosphotyrosines with PY99 antibody in GZ.Hi and 
410.4 cells incubated with ±rh-ICAM-l (I) and Isodium orthovanadate (NaV) for 
10 min and 90 min. Samples were immunoprecipitated (IP) with B27.29 and 
analyzed on a 10-15% (w/v) polyacrylamide gel. Phosphotvrosine band at -15 
kDa (red asterisk) detected in the GZ.Hi and 410.4 samples, but also in Mock IP.
(B) The same membrane from (A) re-probed for M U C l's cytoplasmic domain 
with CT2 antibody. A distinct CT2 band at -15  kDa found exclusively in the 
GZ.Hi and 410.4 samples (blue asteriks), but absent in the Mock IP. This band 
also matched with the molecular weight o f the -15  kDa phosphotvrosine band 
detected in (A).
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phosphotyrosine detection. The membranes were not stripped in between 

consecutive Western blotting for reasons previously discussed in section 3.2.1. A 

specific CT2 band at ~15 kDa was found exclusively in the GZ.Hi and 410.4 

samples (blue asterisks in lanes 1-10, Figure E.1B). The same band was absent in 

the Mock IP (lane 11, Figure E.1B). Interestingly, the ~15 kDa CT2 band 

matched up with the ~15 kDa phosphotyrosine band detected earlier in Figure

E.1A when the film images were overlaid.

The phosphotyrosine and MUC1 levels in each experimental condition were 

quantified using the Scion Image computer software. The phosphotyrosine level 

in each lane was then taken as a ratio to the corresponding amount o f CT2 and 

compared on a bar graph (Figure E.2). Subsequently, the ANOVA test with a p 

value o f 0.01 was performed on the data for statistical analysis. No significant 

statistical differences in the putative MUC1 phosphorylation between each o f the 

experimental conditions. Therefore, the data suggested that the levels o f putative 

MUC1 phosphorylation were not significantly altered by the presence o f 

rhICAM-1 and/or sodium orthovanadate.

E.4. Discussion

The main objective o f the project was to investigate the effect o f ICAM-1 

stimulation on MUC1 tyrosine phosphorylation in tum or cells. Therefore, a 

source o f  ICAM-1 stimulation was necessary to investigate this question. The 

first approach taken was to use rhICAM-1. a dimeric recombinant human
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PTyr Levels in Different Stimulation Conditions
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Figure E.2. Levels o f MUC1 t>Tosine phosphorylation was not affected by the 
presence o f  ICAM-1 and/or sodium orthovanadate. GZ.Hi and 410.4 cells were 
stimulated ±rhICAM-l (I) and ±sodium orthovanadate (NaV) for 10 minutes and 
90 minutes. The ratio o f  phosphotyrosine/CT2 expressions in each experimental 
condition was calculated. ANOVA Test with p value o f  0.01 revealed no 
significant difference in levels o f  putative MUC1 tyrosine phosphorylation in the 
experimental conditions tested.
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immunoglobulin fusion protein as the source o f ICAM-1 stimulation. The reason 

for the choice o f  rhICAM-1 was because Kam et al. (1998) have demonstrated 

that it could bind to the human MUC1 on the surface o f GZ.Hi cells[35]. Its 

effect on MUC1 tyrosine phosphorylation was tested on two cell lines, GZ.Hi and 

410.4. GZ.Hi is the mouse mammary adenocarcinoma (410.4) transfected with the 

human MUC1. Therefore, it expresses both the mouse and human MUC1 

proteins. In contrast. 410.4 cells express only the mouse MUC1, which lacks the 

human M UCl tandem repeats that bind to ICAM-1. Therefore, effect on MUC1 

tyrosine phosphorylation attributed to MUCl-ICAM-1 ligation should 

theoretically be absent in the 410.4 cells. The GZ.Hi and 410.4 cells were 

incubated with rhICAM-1 for 10 min and 90 minutes either with or without 

sodium orthovanadate. As demonstrated in Appendix E. a phosphotyrosine band 

at -1 5  kDa was detected in the GZ.Hi. 410.4 and Mock IP (Figure E.1A). The 

same membranes were then re-probed with CT2 antibody, and a specific CT2 

band at -1 5  kDa was found exclusively in the GZ.Hi and 410.4 samples (Figure

E.1B). The specific CT2 band also matched with the -15  kDa phosphotyrosine 

band detected earlier in Figure E.1A when the film images were overlaid. 

However, the -1 5  kDa phosphotyrosine band was unlikely to be phosphorvlated 

M UCl due to its presence in the Mock IP (lane 11, Figure E.1A). Perhaps a 

M UCl-negative cell line and a MUCl-phosphorvlated sample as controls would 

help to identify this protein band.
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Although the ~15 kDa phosphotyrosine band was unlikely to be M UCl, further 

analysis was carried out for verification. As was mentioned earlier, the 410.4 cell 

line expresses the mouse MUCl that lacks the extracellular tandem repeats found 

with the human M UCl. Therefore, the MUCl phoshorylation status in 410.4 

should have been unaffected by the presence o f rhICAM-1 stimulation. However, 

the same putative MUCl phsophorylation at -15 kDa was detected in both GZ.Hi 

and 410.4 cells (Figure E.1A). A possible explanation for this observation could 

be the band seen in the 410.4s represented the tvrosine-phosphorylated mouse 

M UCl. In contrast, the phosphotyrosine band detected in GZ.Hi cells comprised 

o f both human and mouse MUCl phosphorylations. Based this assumption, the 

phosphotyrosine levels in 410.4s should indicate the basal phosphorylation levels 

o f mouse M U Cl. Any phosphorylation in the GZ.Hi cells above those seen with 

the 410.4s could be attributed to human MUCl tyrosine phosphorylation. In 

order to verify this theory, the phosphotyrosine and MUCl levels in each 

experimental condition were quantified using the Scion Image computer software. 

The ratio o f  phosphotvrosine/CT2 quantities in each condition was calculated and 

compared on a bar graph (Figure E.2). The ratios were then analyzed with the test 

o f ANOVA using a p value of 0.01 and the null hypothesis was accepted. 

Therefore, the data from Appendix E suggested a phosphotyrosine band at -15 

kDa was detected in both GZ.Hi and 410.4 cells that could possibly be M UCl. 

although more experimental controls (i.e. M UCl-negative cell line and a positive 

control for M UCl phosphorylation) would be required for verification. Even if 

the -1 5  kDa phosphotyrosine bands were M UCl, their phosphorylation statuses
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were not significantly altered upon rhICAM-1 induction or Na.^VOj treatment. 

Hence, perhaps an alternative source o f ICAM-1 stimulation should be employed 

to investigate the role o f  MUCl-ICAM-1 ligation on tumor cell MUCl 

phosphorylation.
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APPENDIX F 

Localization of Tumor Cells at Tri-Endothelial Cellular Corners

F .l. Objective

There is evidence that the steps involved in leukocyte and metastatic 

extravasations share some common characteristics[17, 18]. In an acute 

inflammatory reaction, circulating leukocytes "roll" along and subsequently 

firmly attach to the endothelium that lines the site o f tissue injury[19. 21. 27]. 

Arrested leukocytes will then preferentially localize to tri-endothelial cellular 

junctions, sites where borders o f three endothelial cells meet[lS]. These are also 

the main locations for leukocyte transendothelial migration[lS]. Similarly, 

circulating tumor cells also commence extravasation by first binding weakly, 

followed by firmly attaching to the endothe!ium[l 7]. However, it is not known in 

the literature whether tumor cells also localize to tri-endothelial cell comers for 

transendothelial migration. Therefore, it was o f interest to determine whether 

tumor cells would preferentially localize to tri-endothelial cellular junctions, a 

mechanism that is used by leukocytes during inflammatory extravasation.

F.2. Materials and Methods

Antibodies

Monoclonal mouse p-catenin antibody was purchased from Zymed Laboratories 

Inc. (Markham, Ontario, Canada). Monoclonal rabbit Cy3-conjugated goat anti­

rabbit were purchased from Jackson Immunoresearch Laboratories.
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Cells and Reagents

EAhy-926 is a hybrid o f HUVEC (human umbilical vein endothelial cell) and the 

human bronchial carcinoma cell line A549. It was a gift from Dr. C. Edgell 

(Immuno-Rheumatology Laboratory and Xavier Bichat University o f  Medicine, 

Paris, France). It was maintained in RPMI 1640 supplemented with 10% FBS 

and 2 mM L-glutamine. Human breast carcinoma cell line MDA-MB-231 and 

culturing conditions were previously described in section 2.1.1. All cell lines 

were cultured at 37°C in a humidified incubator containing 5% CCX

CellTracker™ Green BODIPY (S-chloromethyl-4,4-difluoro-1.3.5.7- tetramethyl- 

4-bora-3a.4a-diaza-s- indacene). a green fluorescent cell dye was purchased from 

Molecular Probes (Burlington, Ontario, Canada). Formaldehyde aqueous solution 

and glycerol gelatin were purchased from Sigma. Other reagents used were 

previously described in sections 2.1-2.2.

Tri-Endothelial Cellular Comer Localization Assav

75mm x 25 mm microscope slides (J. Melvin Freed Brand. U.S.A.) were 

shortened by 1 cm with a diamond pencil, and about S0% o f the remaining area 

was encircled with a hydrophobic slide marker (Kiyota International Inc.. Elk 

Grove Village. IL.. U.S.A.). The slides were then UV-sterilized overnight. The 

EAhy-926 cell line was cultured in T-75 tissue culture flasks until fully confluent. 

Cells were detached with Trypsin (0.5%)-EDTA, and 5.0x10' o f detached cells 

were re-seeded within the encircled regions on the microscope slides with final
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volumes of 500 pi culturing media. Subsequently, the slides were placed into 100 

mm x 20 mm tissue culture plates and incubated at 37°C and 5% CO; until 

confluent monolayers were formed, as determined by light microscopy.

MDA-MB-231 cell line was cultured in T-75 tissue culture flasks until fully 

confluent. The cells were washed twice with sterile PBS, and subsequently 

incubated with 10 pM CellTracker™ Green in 10 ml o f serum-free DMEM media 

for 30 minutes at 37°C and 5% CO;. Flasks were then washed once with sterile 

PBS and re-incubated with 10 ml o f pre-warmed, serum-containing media at 37°C 

and 5% CO; for another 30 min. Cells were then detached from the flasks with 

Trypsin (0.5%)-EDTA. A count o f 7.0x104 detached cells was incubated with 

each slide o f EAhy-926 monolayer in 200 jj.1 final volume o f media at 37°C -f- 5% 

CO; for 3 h. The slides were then fixed with 2% formaldehyde for 15 min at 

room temperature, followed by 3 brief washes with 0.05% Tween PBS (PBS-T). 

Slides were stored at room temperature for future analysis or subjected to 

fluorescent staining immediately.

Fluorescent Staining and Confocal Microscopy:

Fluorescent staining procedures were performed in a hydrated chamber at room 

temperature. Slides were permeabilized with 500 pi o f  0.5% Triton in PBS for 15 

min. Subsequently, the slides were blocked with 2% BSA in PBS-T for 1 h. 

followed by I h incubation with 0.4 pg/ml P-catenin antibody. The slides were
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subjected to three 15 min washes with PBS-T, followed by an hour o f  incubation 

with 10 jag/ml Cy3-conjugated goat anti-rabbit. Another three 15 min washes 

with PBS-T took place. A piece o f 24 mm x 30 mm glass coverslip (thickness 1; 

Fisher Scientific Co.) was adhered to each microscope slide with a small drop of 

warm glycerol gelatin and let air-dried for overnight. Digital images were 

recorded on a Zeiss Axiovert confocal microscope.

F.3. Results

The EAhy-926 cell line was grown to confluent monolayers on microscope slides 

to simulate the endothelium lining o f  blood vessels. It is a hybrid o f  HUVEC and 

human lung carcinoma cell lines, and thus, it was likely to be less physiologically 

relevant experimental model than the HUVEC line. However, EAhy-926 cell line 

was chosen as the pilot model mainly because it was much easier to cultivate than 

the HUYECs. CeilTracker™ Green-labeled MDA-MB-231s were incubated with 

EAhy-926 monolayers for 3 h, which were subsequently fixed and fluorescently 

stained for P-catenin. The 3 hour time point was chosen because our previous lab 

data (not shown) indicated that it was sufficient amount o f  time for ensuring the 

detached tumor cells had firmly adhered to the endothelium. The confocal 

microscopy image (Figure F.IA) showed the presence o f  P-catenin (stained red) 

in the membranes o f  EAhy-926s, which had formed a confluent monolayer. In 

addition, the localization o f MDA-MB-231 tumor cells (stained green) to 

tricellular comers o f the monolayer was also observed (white arrows. Figure
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Figure F. I A. Tumor cell localization at tri-endothelial cellular junctions. 
CellTracker™ Green-labeled MDA-MB-231s were incubated with EAhy-926 
monolayers for 3 h. A confluent monolayer o f EAhv-926s was formed as 
indicated by p-catenin (stained red) in the cellular membranes. The localization 
o f MDA-MB-231 tumor cells (stained green) to tricellular comers o f  the 
monolayer was observed (white arrows).

Preferential Tumor Cell Localization

Non-Tricellular ComerTricellular Comer

Figure F.1B. Preferential localization o f tumor cells to tri-endothelial cellular 
junctions. Several microscopic fields were quantified for the extent o f tricellular 
comer localization o f  tumor cells. Out o f the total 3S4 tumor cells analyzed in 
those fields. 264 (69%) o f  them were localized to tricellular comers.

179

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



F.1A). Several microscopic fields were quantified for the extent o f tricellular 

comer localization o f tumor cells. Out o f the total 3S4 tumor cells analyzed in 

those fields, 264 (69%) o f them were localized to tricellular comers (Figure

F.1B).

F.4. Discussion and Conclusion

It has been suggested that inflammatory processes may help to establish a 

favorable environment for malignancy development[159]. For example, 

inflammatory' mediators (i.e. cyclo-oxvgenase-2) and cytokines (i.e. 

prostaglandins) are up-regulated during inflammation, which can consequently 

suppress cell-mediated immune responses and promote angiogenesis[159]. 

Furthermore, chronic inflammation may lead to the production o f reactive oxygen 

species and metabolites within affected cells[159]. These conditions can induce 

DNA damage, which may result in carcinogenesis[159]. In fact, correlations 

between inflammatory diseases and malignancy have been documented in various 

settings[160]. For instance, patients with rheumatoid arthritis or Sjogren's 

syndrome (systemic sclerosis with pulmonary' fibrosis) may have increased risk o f 

cancer and malignancy developments[160]. Therefore, there seems to be some 

relationship between inflammation and cancer.

Interestingly, the steps involved in metastatic extravasation seem to parallel those 

for leukocyte extravasation during inflammation (Figure 6A)[17. IS]. In an acute 

inflammatory' reaction, circulating leukocytes first loosely adhere to and "roll”

ISO

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



along the endothelium that lines the site o f tissue injury[19]. As leukocytes slow 

down within the circulation, they can interact with endothelial ICAM-1 to help 

establish firm contacts between the two cell types[21, 24, 27]. Arrested 

leukocytes will then preferentially localize to tri-endothelial cellular junctions, 

sites where borders o f three endothelial cells meet[18]. A distinctive 

characteristic o f  tricellular comers is their absence or discontinuous nature o f  tight 

junctions (TJ) and adherens junctions (AJ)[153]. Therefore, there is increased 

focal permeability at these locations[20]. Tight junctions are not only involved in 

macromolecular permeability regulation, they are also the first barriers that 

transmigrating leukocytes must pass through[154, 155]. As a result, previous 

studies have shown that leukocyte transmigration occurs mainly at tricellular 

comers (-75% ), while only a minority o f  them (-25% ) will travel through tight 

junctions in between two endothelial cells[20]. Even more interestingly, the 

preference for migration at these comers persists (70%) under in vitro fiuid-flow 

conditions resembling physiological blood flow[l 56]. Although the precise signal 

that directs leukocytes to tricellular comers is unknown, it has been suggested that 

adhesion molecules or chemotactic factors o f  endothelial cells are involved[20]. 

For example, in vitro immunofluorescence studies have revealed the redistribution 

o f ICAM-1 on endothelial cells from the apical surfaces to intercellular junctions 

after prolonged TN F-a cytokine treatment[20]. The increased ICAM-1 density at 

intercellular junctions may serve to attract leukocytes to, and subsequently 

facilitate their transendothelial migration at these sites[20. 26. 157],
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In molecular mimicry to leukocyte extravasation, it was first demonstrated by our 

lab that the extracellular domain o f MUCl on tumor cell surfaces could bind to 

1CAM-1[34, 35], In subsequent work, we have found that M UCl can mediate 

breast tumor cell adhesion to a simulated blood vessel wall under shear flow 

conditions equivalent to physiological blood flow[36]. The process o f tumor cells 

firmly attaching to the endothelium has also been suggested to be mediated, at 

least in part, by ICAM-1 expressed on endothelial cells[17]. Based on the 

parallels found between the early steps in leukocyte and tumor extravasation, we 

were interested to determine whether tumor cells would also localize to tri- 

endothelial cellular junctions for subsequent transendothelial migration as seen 

with the leukocyte transmigration model. MDA-MB-231 cells incubated with 

EAhy-926 monolayers that were grown on microscope slides were analyzed via 

confocal microscopy (Figure F.1A). Tumor cells (stained green as indicated by 

white arrows. Figure F.1A) were seen to be capable o f  localizing to junctions 

where three endothelial cell membranes (stained red) meet. In fact, it was found 

that the majority o f  tumor cells (69%) were localized to tricellular comers upon 

quantification (Figure F.1B). Therefore, the preliminary results suggested that 

tumor cells had preferentially localized to tri-endothelial cellular comers 

following firm attachments to EAhy-926 monolayers. This would further indicate 

the resemblance o f  metastatic tumor cell extravasation to the leukocyte 

inflammatory transmigration model. However, more experimental trials, as well 

as replicating the experimental conditions with HUVEC monolayers would be 

required to validate these early findings.
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