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CD44 is a ce11 surface glycoprotein that functions as an adhesion molecuie for the 

extracellular matrk, and is altematively spiiced to form &A variants. It has been 

demonstrated that expression of CD44 variants may be associated with many invasiveness 

cancers, including breast cancer. We have shown that patterns of CD44 expression are 

different between ER- @ighiy invasive) and ER+ (kss invasive) breast cancer ceils. In 

ER- breast cancer cell Lines, the CD44E (epithelid) variant, containing the alternately 

spliced exons v8 to vl0, is reduced when compared to CD44H (standard form). As well, 

there is a decreased incorporation of v7 and v10 containhg variants in ER- cek.  This 

ciifference is par@ conserved in ER- and ER+ tumours. Based on these stuclies, our aim is 

to determine if the tumor celi microenvironment innuences CD44 splicing patterns, and 

whether the difference in CD44 expression contributes to increased invasiveness of ER- 

ce11 lines. We studied the effects of cell density and celi substrates on both ER+ and ER- 

ceUs to determine the effects of the microenvironment on CD44 expression and sglicing. 

Ce11 density had no eEect on levels of CD44H or CD44E expression or splicing for either 

cell Line, nor did substrates affect overall expression of CD44H in either celi line. 

However, in ER+ cells, a decrease of 59% in expression of CD44E was observed in cells 

grown on Matngei compared to plastic. (pc.0303) Since it has been suggested SR 

(serine-arginine nch) proteins are involved in regulating alternative splicing of CD44, we 

also measured the levels of SR proteins in ER+ celis plated on several substrates by 

Western blot. Results showed there was no change in the relative SR levels of celis grown 

on Matrigel, collagen, or pHEMA when compared with plastic. To assess effects of 



CD44E overexpression on invasiveness, we transfected an ER- breast cancer ce11 Iine 

with the CD44E gene. Integration of the transgene, mRNA and protein overexpression 

were assessed, and changes in invasiveness in the transfectants were detemiined by 

invasion assays. Growth assays determined that traosfection with CD44E did not 

~ i ~ c a n t l y  alter the growth rates of the cek,  and invasion assays performed indicated 

that CD44E overexpression did not alter invasiveness in the JS lLH2 clone. In summary, 

since patterns of CD44 expression in ER- breast cancer cells were d e c t e d  by cell 

density or growth on substrates, this suggests that an intrinsic property related to the 

differentiation of ER- breast cancer celis regdates CD44 expression. In contrast, 

extracellular signal conferred by substrates regdates the expression pattern of the CD44E 

variant, in ER+ cek. This alteration in CD44 splicing was not due to a change in the 

expression pattern of SR proteins. Overexpression of CD44E did not result in any 

increase in invasive potentid as measured by the Boyden chamber assay, but it remains to 

be determined whether an increase in CD44E may increase a cell's ability to invade 

through other tissue components beyond the basement membrane. 
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1 Literature Review 

1.1 Molecular aspects of breast cancer 

The Iliitiating molecular changes that occur when a normal breast ceU becomes 

neoplastic can be separated basically into three main categones: 

1.Genetic alterations to protcwncogenes that may include point mutations and gene 

amplification which lead to onwgenic activation; 

2. Mutations to "gatekeeper" genes identified in breast cancer, 

3.Thirdly, mutations to genes falling under the "caretaker gene" category, including 

BRCAl and BRCA2. 

1.1.1 Oncogenes and breast cancer 

Roto-oncogenes thai are commody involved in breast cancers fall into the categories 

of transcriptional factors, protein kinases, signal transducers and growth fztorireceptors. 

@arkee, 1996) Most often, these protwncogenes are amplined, leading to their activation 

A typical example of this is in the oncogene c-myc. The c-myc oncogene, fomd on 

chromosome 8q24, encodes a nuclear DNA binding protein that binds sequences that 

modulate transcription and therefore control cell proliferation. (Watt et al., 1985) Activation 

of this oncogene often occurs by amplification (Spencer et al., 199 1) which is correlated with 

20-30% ofprimary breast &cers, (Berns et al., 1992 and Escot et al., 1986) as weil as with 

more aggressive forms of breast cancer, (Garcia et al., 1989 and Varley et ai., 1987) 

indicating a possible propostic value of c-myc. 



A second cornmonly mutated oncogene in breast cancer is erbE4-2, or the W n e u  

oncogene. ErbB-2 was one of the first consistent genetic mutations to be found in human 

breast cancers, as amplification of erbB-2 occurs in about 20-25% or breast tumours, leading 

to protein overexpression (Gusterson et al., 1992) ErbB-2 is a receptor tyrosine kinase and a 

member of the ErbB/type 1 family, and involved in activation of signailing pathways. 

(Ullnch et al., 1990) ErbB-2 lanase activity is induced by first binding members of the 

epidermal growth factor f d y  to their receptors (Peles and Yarden, 1993, Wen et al., 1992) 

dimerization of the receptor tyrosine kinaces, and lastly autophosphoiylation of their tyrosine 

residues by members of a receptor kinase family. (Sliwkowski et al., 1994) C-erbB-2 

amplification has also been associateci with poor proguosis in breast cancer (Borg et al., 

1990) and its overexpression in invasive breast carcinomas may correlate with lymph node 

status pavelic et al., 1992), tumours of high-grade (Paik et al., 1990), and larger tumour size. 

(Borg et al., 199 1) C-erbB-2 protein levels have also been correlated with the overexpression 

of the tumour suppressor gene p53, as well as a more negative prognosis. (Nakopoulou et al., 

1996) Currently, breast cancer therapies involving erbB-2 targeting are king looked into. 

Potential strategies include: anthdies, imrnunotoxins, and peptide/chemical inhibitors. 

(reviewed in Hynes and Stem, 1994) 

1.13 Mutations to agatekeeper" genes 

The second main gioup of molecular alterations causing breast cancer is to a group of 

genes classineci as tumour suppressor genes. m e n  this group of genes is affected by initial 

loss of one of the alleles of the gene, or l o s  of heterozygosity (LOH). This type of mutation 



represents one of the rnost fiequent types of mutations in primary breast carcinomas. 

(Callahan et al., 1992) Loss of heterozygosity, the loss of one allele can occur as a result of 

deletions (either whole or sections of chromosomes), or inappropriate recombination (or 

crossing over) of chromosomes durhg mitosis. Loss of heterozygosity in breast cancer occun 

with greater fkquency on specific chrornosomal regions, such as I3q, 16q, and 17p. (Sato et 

al., 1990) They also noted tbat in the transformation of nomal breast celis required multiple 

genetic aiterations and often included more than one allelic loss. Recently, a shidy of 1280 

breast tumours looked at LOH of several areas on the p and q arm of chromosome 17. They 

found that several of these areas were deleted in nearly half of the breast hmiours studied 

These deletions were found to correlate with larger tumour size, ER- negative status, and 

earlier age of cancer onset (Phelan et al., 1998) An eariier study chose a region on the long 

a m  of chromosome 16 to be studied in 200 breast tumours. They detennined that atlelic loss 

of this segment correlatai with favourable prognosis in that there was statisticai association 

of LOH with decreased metastasis, overd and disease-fiee survivd. (Himen et al., 1998) 

They postulated tbat this observation could be due to the loss of a gene on 16q that could 

lead to tumour development, but simultaneously, a "metastasis-inducing" gene could be 10% 

preventing the tumour from spreading. 

Kinzler and Vogelstein (1997) have dehed some of these tumour suppressor genes 

as gatekeeper genes: one; that normally regulate hmiour growth directly by promoting 

tumour cells deah or inhibithg tumour ce11 growth. Mutations to both alleles of a gatekeeper 

gene (either by ~ w o  sporadic events, or one inherited mutation and one sporadic one) wiil 



initiate a neoplasm. Several examples of genes classed as gatekeeper genes are the APC 

(adenornatous polyposis coli gene) and p-catenin genes in colorectal cancer, the Rb gene in 

retinoblastoma and p53, cornmonly mutated in many cancers. The p53 tumour suppressor 

gene has been shown to be the most commonly altered gene in breast cancer (Osborne et al., 

1991) and is lost in approximately 50% of all breast tumoun. (Baker et al., 1989) p53 is 

nonndy finictions to preserve the stability of the genome by monitoring DNA for darnage 

caused by a number of factors, e.g. ultraviolet light (Lane, 1992) The accepted mode1 of p53 

fiindon shows us that p53 protein levels rise in DNA-darnaged cells (Kastan et al., 1991) 

until the cells arrest in the G1 phase, where DNA repajr can take place, or altemately p53 

causes the cell to undergo programmed ceil death. &me, 1992) Loss of p53 fundon in a celi 

involves two mutations: both alleles are either rendered inactive or dysfunctional by mutation 

or deleted altogether. (el-Ashry and Lippman, 1994) Since the function of p53 is to monitor 

the genome for DNA mutations, it follows that p53 loss or mutation would correlate with 

genomic instabdity- Eyfjord et. al. (1995) showed that in a panel of primary breast tumoun, 

a ioss of functional pS3 correlated with l o s  of other chromosome 17 alleles, as well as 

general clonal ctirornosomal a b n o d t i e s .  

p53 also may correlate with prognosis of breast cancer, and perhaps overall patient 

sUTVival. p53 levels (as detected by immunohistochemical analysis) showed a correlation 
w 

with other indicators of brognosis; oestrogen receptor status, tumour grade, and level of 

proliferation (Haerslev and Jacobsen, 1995) 



1.13 Mutations to "caretaker" genes 

In addition to gatekeeper genes, there exists a class of genes known as the caretaker 

genes, which are required to maintain genomic stability. They differ from gatekeeper genes 

in that a mutation to careîaker genes does not cause neoplasia directly, but causes genetic 

instability which may lead to a mutation in a gatekeeper genes, which could cause cancer to 

arise. (Kinzler and Vogelstein, 1997) In other words, in this mode1 it would take two sporadic 

mutations to both alleles of the caretaker gene, as weii as two sporadic mutations to both 

gatekeeper alletes to cause cancer. Some examples of caretaker genes are the mismatch 

repair genes MSH2 and MLHl (mutated in colon cancer), and recently added to the list of 

caretaker genes,- BRCAl and BRCA2 in breast cancer. 

As mentioned previously, a relatively smaLl number of alI breast cancers (about 5%) 

are said to be inherited, due primarily to the presence of two caretaker genes, namely 

BRCAl and BRCA2. The BRCAl gene, located on chromosome 17q21, is mutated in about 

half of ail inherited breast cancers, and germline mutations in BRCAl have k e n  show to 

increase the chances of getiing ovarian cancer. (Futred et al., 1994) This gene codes for a 

220 kDa phosphoprotein, n o d y  found in the nucleus, which may act as a transcription 

factor. This has been demonstrated in GAL4/DNA binding studies tbat have indicated 

increased transcriptional activation when BRCAl was used (Chapman and Venna, 1996) It 

was discovered that in many breast tumours (both primary and metastatic) as well as breast 

cancer ceU lines, there w& abnomal localisation of BRCAl to the cytoptasm, showing one 

way BRCAl regulates the growth of a ceU. (Chen et al., 1995) 



The other breast cancer susceptibility gene, BRCA2, was found as a result of analysis 

of families with increased incidence of breast cancer, but that were not linked to BRCA1. As 

in the case of BRCAl, BRCA2 also confers a higher risk of breast cancer, but not for 

ovarian cancer. (Wooster et ai., 1994) Recently, both BRCA2, and possibly BRCAl have 

k e n  shown to bind to RadSI, a gene involved in DNA repair and recombination during 

mitosis and meiosis. Sharan et al (1997) postula& that since BRCA.2- mutants were 

radiation sensitive and had mmy DNA repair problems, BRCA2 may be a cofàctor for 

RADS 1 and help repair double m d e d  DNA breaks. 

1.2 Invasion and metastasis 

Once the irreversible genetic mutations have converted the once normal breast cell to 

a neoplastic one, the in situ tumour may acquire the abiiity to spread to the adjacent tissue - 

this is hown  as the process of invasion Invasion is a welldefined, multi-step process 

involving, in epithelial tumours, loss of adhesion to the primary tumour and increased 

adhesion to the exiracellular rnatrk and the basement membrane, proteolysis of the basement 

membrane, and motility of the invasive cells through the basement membrane to the nearby 

secondary tumour site. Often, tumom go one step m e r  and metastasise to a distant site by 

invading the blood of lymphatic systems and entering other -es by the same mechanism 

as the initial invasion. (Aznavoorian et al., 1993) 

1.2.1 Adhesion molecules 

The f h t  step in this process involves changes in tumour cell adhesion to the adjacent 



tumour ceils as welI as to the extracel1ular matrk and basement membrane. There are four 

basic groups of adhesion molecules: integins, cadherins, ünmunoglobulins, and other 

assorted adhesion molecules. (Jiang et al., 1994) 

Integrins are fomed by two subunits which covalently interact, known as the u and 

the p subunits, to forrn a heterodùner. This transmembrane glycoprotein is a specific receptor 

for a number of iigands in the extracellular ma& (Hynes, 1987) There are at least 14 alpha 

and 8 beta subirnits identified to date, and are found in every type of tissue, with at least one 

integrin type expresseci in each tissue. (Albelda et al., 1989) At least 20 integrins have been 

discovered, (Hynes, 1992) and hc t ion  in cell/matrk and celkell aitachment (Sriramarao 

et al., 1993) In terms of cell/maeix adhesion, integrins link wmponents of the extracellular 

rnatrix to the cytoskeletal elements such as actin, talin, and vinculin. (Bwidge et al., 1988) 

Specificaily, the integrins bind 1- nbronectin, and vitronectin in the extracelidar 

 ma^ and to a s p i f i c  RGD repeat of amino acids: arginine, glycine, and aspartate. (Vogel 

et al., 1990; Cheresh et al., t 989; Yamaa 199 1) 

With respect to the process of invasion, changes in the levels of integrin expression 

have been correlated with increased adhesion to the basement membrane, which is one of the 

fint steps in the process of invasion For example, p l  integins have been shown to have 
C 

increased expression in invasive carcinomas and that has been correlated with an increased 

activity of proteases, another step in invasion. p m e u r e  et al., 1992) As well, the increased 

expressioli of the or& integrin (the vitronecth receptor) in maiignant melanoma c e h  



correlates with an increased adhesion to vitronectin and fibrinogen, as well as increased 

invasiveness. (Gehisen et al., 1992) More recently, another aspect of the role of integrins in 

cancer was descri'bed, by Weaver et ai., (1998 who illustrated that breast tumour cells treated 

with p integrin-blocking anti'bodies reverted functionaiiy and morphologicdly to a 

state, re-assembled a basement membrane, reorganised their cytoskeleton, and down 

regulated cyclin Dl  to the point that they stopped growing. By blocking PI integrins in the 

ce11 lines before injection into nude mice, the researchers also showed that m vivo tumour 

size and number of tumeurs formed was decreased signincantly. 

Another major group of ce11 adtiesion molecules involved in invasion and metastasis 

are the cadherins. Cadheruis are calciundependant transmembrane ce11 adhesion molecules 

which are important in ceWceI1 interactions as they buid one another by homophilic 

interactions. (Geiger and Ayaion, 1992) As well, cadherins are linked to the cytoskeleton. 

SpecifïcaIly, cadherins link celts together at adheren junctions to the actin component of the 

cytoskeleton via a- and B-catenins and a-actinh (Cowin, 1994) 

E-cadherin, &O lmown as uvomorulin, is found on epithelid celIs, and has been 

described as an anti-invasion molecule. E - c a d h e ~  nonndy helps ceus to adhere to one 

another, and when transfected into invasive cells (ones that are l e s  adherent to the 

t 
surrounding ceiis) it decreaçed the invasiveness of cancer cells. (Vieminch et ai., 1991) 

Along the same lines, the use of an ad-E-cadherin antibody (or use of antisense mRNA) c m  

induce increased tumour ceii motility and invasive potential in normal ceiis. (Weminckx et 



al., 199 1) So, the reduction of E d e r i n  eaupression in normal cells enhances invasion and 

metastasis by diminishing the cell/cell adhesive contacts. (Oka et al., 1993; Doki et al., 1993) 

Lady, the presence of E-cadherin has been shown in quamous ce11 carcinomas of the had 

and neck to be inversely correlated with metastasis and invasion (Schipper et al., 199 1) 

The third major group of adhesion molecules involved in invasion and metastasis are 

the hmunoglobulin super-fady- This famiy Uicludes ICAM-1,î J (intercellular adhesion 

molecule), NCAM (neural ce11 adhesion molecule), VCAM-1 (vascdar cell adhesion 

molecule) and PECAM-1 (platelet endotheliai cell adhesion molecule). This family is named 

for the immunoglobulin-like domain they share, and these molecules can form either homo- 

or heterophilic ceWceli interactions and are directly involved in invasion and metastasis. 

(Mhemura and Dickson, 1994) 

ICAM-1 is a cytokine-inducible endotheiial adhesion molecule, found to fùnction as 

an endothelid ligand for LFA-1 (lymphocyte-fiinctioning antigen 1) (Rothlein et ai., 1986) It 

has been established that higher levels of soluble ICAM-1 have been aççociated with several 

cancers (including bladder, breast, gastrointestinal, and ovarian carcinomas) when levels 

were compared to the normal patient's levels of ICAM-1, (Banks et al., 1993) as well as in 

cases of liver metastasis occurring in patients with gastric, colon, and pancreatic carcinomas. 

(Tsujisaki et al., 1991) 

NCAM's are a group of ce11 adhesion molecules found mainly on neurai cells, and 



also Functions as a homophilic adhesion molecule. (Maemura and Dickson, 1994) A decrease 

in expression of NCAM on glial ceils was sho\vn to correlate with increased metastatic 

ability in neurogenic tumoun. (Andersson et al., 199 1) 

VCAM-I is an example of an endothelid ce11 adhesion molecule which bincls VLA4 

(an %a [integrin) on the surface of lymphocytes. (Elices et al., 1990) VCAM-I expression 

can be induceci by various cytokines, (Osbom et al., 1989) and has k e n  shown to mediate 

some metastases; specifically ones that express VLA-4 such as melanomas. @ce and 

Bevilacqua, 1989) As well, soluble VCAM-1 has also been found in higher levels in cancer 

patients (e.g. breaçt, ovarian, bladder tumeurs), similar to ICAM-1. (F3anks et al., 1993) 

ûther celi adhesion molecules that affect invasion and metastasis include: setectins, 

and CD44. Select& are calcium dependent proteins which bind carbohydrate Ligands that 

contain the sialyl Lewis X or A stnictures. (Berg et al., 199 1) Since it is known that tumom 

such as those in lung, colon and stornach express (Fukushùaa et al., 1984) it follows 

that E-selectin may be helping in binding tumour cells to the endothelium, and increasing the 

chance of metastasis. Another ce11 adhesion molecule thought to be involved d i r d y  in 

kasion and metaçtasis is CD44, which d l  be discussed in great detail in the following 

sections. 

1.2.2 Matrix degrading pi~te85e5 and theh inhibitors 

The second major event in the process of invasion and metastasis is the degradation 

of the basement membrane and surrounding stroma; an event which dehes  an invasive 



tumeur fiom an in situ one. (Aniavoorian et al., 1993) By degrading the basement membrane 

and local stroma, tumour celk are more able to migrate through the tissue and begin formuig 

new tumours. 

To penetrate the basement membrane, extracellular ma& and stroma, the 

production of enzymes is one mechanism that will degrade coiiagen, hyaluronan, fibronectin, 

laminin, and other proteogIycans which rnake up the basal lamina and the extracellular 

matrix. Whether or not degradation of the stroma wilI occur depends on the balance between 

levels of these enzymes and their inhitors. (Stetler-Stevenson et al., 1993) 

There are several classes of matrk degrading enzymes; the major ones include: 

1. maûix and membrane type metalloproteases 

2. the urokinase plasminogen activator (@A) 

3. cathepsins 

The matrixdegrading metalloproteases can be m e r  subdivided into three 

subclasses based on the component of the extracellular matrix which they degrade; namely 

into the collagenases, gelathses, and stromelysins. A fourth and £ifth subclass have been 

suggested to include the four membrane-type matrix metalloproteases and an "other" group 

that contains enzymes such as stromelysin-3 and macrophage rnetalloelastase. (Puente et al., 

1996) Although thex enzymes are grouped by substrates, there is considerable overlap 

between subgroups as to extracellular matrix component degradation Generally, 

coUagenases (interstitial, kxtroPhilic, collagenase-3) degrade fibrillar collagens (types 1 to 

m), the gelatinases (gelatinase A/MMP-2 and gelati~se./MMP-9)degrade denatured 

collagens (type IV, V, VlI) as welI as elastin and fibronectin (Matrisian, 1992) The 



stromelysins @th 1 and 2) as well as the other member of that group, matrilysin, have been 

shown to preferenhally degrade proteoglycans and glycoproteins, as well as laminin and 

fibronectin and several collagen types. (Matrisian, 1992) The last functionaily sùnilar 

subgroup of MMPs, the membrane-type matrix metalloproteases (MT-h&P 1 to 4) do not 

seem to degrade any substrate but rather have an ability to activate other MMPs at the cell 

surface.(Cao et al., 1995) For example, proMMP-2 (gela- A) processing was increased 

in MT-MMP transfected cells, as was it's gelathasedegrading activity. (Sato et al., 1994) 

The MMP famiy share several conserveci protein domains, and it is the conserved 

"4pre77 domain that is removed @or to MMP secretion, either by autocatalytic means or by a 

separated MMP. This same sequence buids a zinc ion in it's active site at a cysteine residue. 

Disruption of the zinc ion-cysteine interaction results in a confonnational change that 

d y t i c a l l y  releases the "pre" domain fiom the zinc ion and produces the mature enzyme. 

(Powell and Matrisian, 1996) 

MMPs as a family are regulated by a small f d y  of endogenous inhibiton called 

tissue inhibitors of MMPs or TTMPs. The relative levels of MMPs in relation to TIMP levels 

can determine the amolmt of matrut degradation and therefore invasiveness. (Powell and 

Matrisian, 1996) There have k e n  four TIMPs isolated and characterised so far, and they 

posses overlapping inhiitory effects, with some TIMPs having a preference for specific 

MMP7s. TIMP-1 has been s h o w  to bind activated MMP-1 (interstitiai collagenase), 

t 
stromelysin-1 (MMP3), and latent or active gelatinase B (MMl?-9). (Wihelm et al., 1989) 

TIMP-2 has a high binding aflbity for latent progelathse A (MMP-Z), but can inhibit 

activity of almost al1 activated MMP7s.(Howard et al., 1991) Although TIMP-3 has 



overlapping inhibitory effects with TMP 1 and 2, TIMP-3 differs fiom hem in that TIME'-3 

is associated with the extracellular matrix, and is not a soluble protein. (Leco et al., 1994) 

The newest TIMP to be isolated and charactensed, TIMP-4, has been fomd to &'bit most 

MMPs as wetl. (Greene et al., 1996) 

As an example of the role of TIMPs in human cancers, Mohanam et al. have 

observed a correlation between a decrease in W - 1  and TIMP-2 expression and an 

increase in invasive ability in glioblastomas. The implications of TIMPs in breast cancer has 

also ken noted, a .  will be discussed in M e r  detail. 

Another example of a protease important in invasion is the plasminogen activators 

and their inhibitors. There are two types of plasminogen activators, @A (urokinase 

plasminogen activator) and tPA (tissue-type plaçminogen activator). These are serine-specific 

proteases which convert the inactive proenzyme plasrninogen to plasmin (Jiang et al., 1994) 

uPA is a 55 kDa serine protease synthesised by many cell types including tuxnour cells, 

fibroblasts, epithelial cells and is producd as a proenzyme bound to the tumour cell sur£ace 

by a specific receptor called the uPA receptor or uPAR (Dano et al., 1985) 

The ability of uPA to convert plasminogen to plasmin affêcts the breakdown of many 

other components of the extracellular ma& Plasmin can buid plasminogen receptors on 

tumour cells to cause the degradation of laminin, fibronectin, and proteogiycans. (Gandolfo 

et al., 1996) 

Inhibitors of uPA'also factor into the invasive and metastatic potential of many 

cancers. PM-1 and 2 (plasminogen activator inhibitors) are the two best characterisxi 

inhibitors of and bction by binding soluble @A and blocking the catdytic site. The 



levels of uPA and it7s inhibiton are crucial in regulating the invasive and metastatic ability of 

cancer cells. (Sumiyoshi et al., 1992) 

Another f w y  of matrix-degrading proteases are the cathepsins. Of particular 

interest to breast cancer are cathepsùis D and B. Cathepsin B is a cysteinyl, secreted qmogen 

while cathepsin D is an aspartyl protease, both which are of lysosornai origh (Rawlings and 

Barrett, 1994) Both cathepsins have k e n  show to activate receptor-bound prourokimse, 

and to have altered expression in human breast cancer ceïls. (Johnson et al., 1993) However, 

the relevance of cathepsin D as a prognostic indicator in breast cancer is debatable. Several 

other prognostic factors have been investigated to observe if there was any correlation with 

cathepsin D levels. These included oestrogen receptor statu, (Simony et al., 1988) which 

showed no correlation, and nodal status, (Namer et al., 1991) which yielded conflicting 

results. Differences in methods of assaying for cathepsin D (ELISA, Western blot, 

immunohistochemistry) rnay have accounted for the discrepancies in these findings. (Westley 

and May, 1996) 

Cathepsin B is also associated with invasive cancer. In microdissected colon cancer 

samples, increased cathepsin B levels were associated with more invasive regions of the 

tumour, when compared with matched normal epithelium. (Emmert-Buck et al., 1994) 

1.23 Moüiity factors 

In addition to adh'asion and exîracellular degradation, motility of a tumour ceil is 

cntical in invasion and metastasis A great many factors have been identif'ied as inducing 

tumour cells to migrate. These have been subdivided into three groups in a review by 



Woodhouse et al.: (1997) 

1. Factors secreted by tumour ceUs (autocrine motility faors )  

2. Host secreted growth factors 

3. Extraceilular ma& proteins 

The first group includes HGF/SF (hepatocyte growth factodscatter factor), IGF-II 

(insulin-like growth factor II) and autotaxin HGF/SF and it's receptor, c-me function as a 

tyrosine kinase to phosphoryiate a number of components in the MAP (mitogen activateci 

pathway) hase pathway, (Santos et al., 1993) including phosphotidylinositol-3-phosphate, 

ras, src, and phospholipase C. Another member related to HGF is autotaxin, a strong 

chernotactic and chemokinetic cytokine with phosphodiesterase activity. (Murata et al., 

1994) It has k e n  observeci that autotaxin, which belongs to the autocrine motility factor 

family, is able to StimuIate motility in a number of ceil lines including breasf bladder, and 

ovaxian carcinoma ceU lines. (Kohn et al., 1990) 

Hostderived motility factors can sometimes act as homing factors for tumour ceil 

motility to specific tissues. Examples of secreted factors that do this are IL-8 , which is 

known to induce rnelanoma tumour ceU migration (Wang et al., 1990), and insulin-like 

growth factors. These have been postulated a s  potential "homing" factors for tumour cells 

that have invaded the blood vessels, and may ccdirect" the cells to a secondary site for new 

growth. (Azmvoorian et al., 1993) 

M y ,  extracellulàr maîrix proteins also stimulate motility, or more specifically, 

chernotaxis and haptotaxis (motility toward an Unmobilwd substrate.) As mentioned before, 

the primary adhesion molecules to the extmcelluiar matrix are integrinS. (Vogel et ai., 1990; 



Cheresh et al., 1989; Yamada, 1991) Ma& proteases aid in this extracellular induced 

motility by cleaving the matrix proteins which stimulate motility in the tmour cells. 

Examples of exiracellular ma& proteins that have k e n  determined to affect motility of 

tumour cells are fibronectin, laminin, type N coUagen in mesotheliomas, and several 

melanomas cell lines. (Klominek et al., 1993; Anazvoonan et al., 1990) 

12.4 Invasion and metastasis genes in breast cancer 

Of the previously mentioned classes of genes involved in invasion and metastasis, 

several genes have been impiïcated in breast cancer. For example, adhesion molecules are 

fkquently up or down-regulated in breast cancer. Jones et al. (1996) have found a correlation 

between the reduction in membrane staining for E-cadherin, and an increase in cytoplasmic 

E-cadherin levels, with an increase in lymph node metastasis. It was also observed that 

different types of breast cancers expressed E - c a d h e ~  in a difEerent mamer. Jones et al. in 

1996 aiso observed that innltrating lobular carcinomas were completely negative for 

membrane E-cadherin while most infiltrating ductal carcinomas retained sorne E-cadherin 

expression. 

Integrins are another f d y  of ceIl adhesion molecules that are affkcted in breast 

cancers. Since integrins are cell/matrix adhesion molecules, altered expression resulting in 

stronger adhesion to the extracellular matrix codd result in enhanced invasive ability of the 

cancer cells. Studies of integrin expression at the protein (Natali et al., 1992) and mRNA 

levels (Zutter et al., l993),$pecincally integrins a&, a&, and a&, indicated that in breast 

cancer there is a reduced expression Pignatelli et al., (1991) were able to correlate this 

reduction in expression with more poorly dmerentiated carcinomas. 



Recently, the intracellular adhesion molecule ICAM-1, was studied in a panel of 

patients with invasive breast cancer. (Ogawa et al., 1998) In this stuciy (which had an average 

length of foliow-up of 98 months) patients with tumours that were ICAM-1 positive had 

better overall sumival than patients with himours lacking the molede. As well, the 

expression of ICAM-I also correlated negatively with tumour six, and lymph node 

metastasis. (Ogawa et al., 1998) 

Matrkdegrading proteases Like MMP7s have also k e n  implicated in the invasion 

and metastasis of breast cancer. (Powell and Matrisian, 1996) Stromelysi-3 (MMP-11) 

overproduction by stroma1 celis specifidy has been associated with the grade/stage of 

breast tumous (Basset et al., 1993) as well as inaeased metastasis and poorer long terni 

survival. (Engel et al., 1994) 

The role of gelatinase A (MMP-2) has also been studied in human breast cancer both 

in vivo and in vitro experiments and it has been shown that the activated form of gelatinase A 

is present in breast cancer. (Brown et al., 1993) Although MMP-2 has an association with an 

invasive phenotype, MMP-2 levels do not necessariiy correlate with metastatic progression 

Inhibitors of MMPs also have aitered expression in cancers. For example, TIMP-2 

overexpression in breast cancer cells has been shown to correlate with decreased bone 

metastases. @CO et al., 1994) TIMP-4 involvement in breast cancer and invasion was 

observed in tramfection experiments of a metastatic breast cancer c d  line with TlMP4. As 

a result of the tmnsfectio$ a decrease in tumour size and lung and lymph node metastases 

was evident. (Wang et al., 1997) 

The protease, uPA aiso has an important role in breast cancer as a prognostic factor, 



particularly with disease-fiee and overall swivai. Du@ et al. (1994) observed that breast 

cancer patients with high levels of uP4  specincally patients that were positive for lyrnph 

node involvement, had a staiisticaily signifiant decrease in length of disease fiee survival as 

weil as overall survivai, when compared to patients with low uPA levels. The effect of 

combined levels of uPA and PA14 was observed by Janicke etd.  (Janicke et al., 1993) to 

enhance the prognostic value for node-negative breast cancer patients. They observed that 

with high levels of both uPA and PAI-1 occuned a statistical increase in the risk for relapse. 

High PAI-1 levels should block the effects of hi& uPq but Janicke poshilated that high PAI- 

1 may aid metastatic cells in reimplantation in another organ by blochg  stroma1 

degradation 

The prognostic e&t of PM-2 is dso signincant in breast cancer. Whereas increased 

PAI-1 levels seem to correlate with poor prognosis (Janicke et al., 1993), increased levels of 

PAL2 is correlated with an increased overai1 favourable prognosis especially in node- 

negative, pst-menopad women with breast cancer. (Bouchet et ai., 1994) A study by 

Foekens et al. in 1995 showed that in tumours with high levels of uPq the increased PAI-2 

levels correlated with increased disease-fiee, metastasis fke survival, indicating that in breast 

cancer PAI-2 may be the most important inhibitor of uPA. 

A further example of the relevance of protease expression in breast cancer are the 

cathepsins, particularly cathepsins B and D. Using irnmunohistochemical techniques, 

t 
Castiglioni etal. (1994) analysai cathepsins B, D, and L !evels in human breaçt cancer. They 

found that there was increased expression of al1 three cathepsins in a çtatistically signifïcant 

number of tumours (when compared to normal epithelium). These enzyme levels did not 



correlate with oestrogen receptor status, tumour size, or clinical stage, (Castiglioni et al., 

1994) which M e r  supports the idea that cathepsins D and B do not have good prognostic 

value in breast carcinomas, but have a role in invasion and metastasis. 

Motility factors like HGF also have a role in the invasion and metastasis of breast 

cancer. Studies on the c-Met/HGF receptor in breast cancer ce11 lines indicated that ce11 

lines that were moderately differentiated did not express c-met and did not respond to 

HGF stimulation. Less differentiated and more invasive ce11 lines expressed c-met in high 

levels and had increased invasiveness and motility in response to HGF, indicating that 

HGF may contribute to invasion of breast cancer cells.(Beviglia et al., 1997) 

As previously discwed, adhesion molecules are integral components in invasion and 

metastasis whether they fundon in ceLVcell or celVmatrix adhesion. The focus of this 

project has been the extracellular rnatrk adhesion molecule CD44; a molecule that has been 

well charactensed and its role in invasion and metastasis in other systems, well documenteci 

CD44 is a cell surfixe glycoprotein encoded by a singlecopy gene at llp13 (in 

humans) and spans approximately 60 kb. (Goodfellow et al, 1982) The organisation of the 

CD44 gene was described in 1992 by Screaton et al. (Screaton et al., 1992) and involved 20 

exons, 10 of which could be alternatively spliced (Figureure 2) Exons 1 to 5 fom the 

t 
extracellular domain, exons 6 to 15 (also temed vl to v10) are the alternatively spliced 

exons, and 16, 17 form the membrane proximal region of the extracellular domain. The 

îransmembrane region is encded by exon 18. And the last two exons- 19 and 20- form the 



cytoplasmic tail of the CD44 molecule. (reviewed in Naor et al., 1997) 

13.1 CD44 modifications 

Many modifications to the CD44 glycoproteïn occur, particularly at the transcnpt and 

protein levels. This ailows for the formation of many isoforms of the CD44 molecule. The 

most prevalent form of CD44 is the standard form, (hown as CD44s, or CD44H for its 

prominent expression on hematopoietic cells) (Stamenkovic et al., 1991) which does not 

contain any alternatively spliced exons. (He et al., 1992) Based on amino acid content, the 

core CD44H protein is predicted to have a size of 37 to 38 kDa (Screaton et al., 1992), but 

p o ~ l a t i o n a l  modifications greatly increase the molecular weight CD44 is a heavily 

glycosylated molecule, with at least 6 sites for N-Linked carbohydrates and 7 for O-linked 

&hydrates. (Goldstein et al., 1989) In addition to giycosylation, the CD44 protein cm be 

giycomnïnoglycanated by the addition of hepanin sultàte (Brown et al., 1991) and 

chondroitin4sulfate (Stamenkovic et al., 1991). The addition of sialic acid to the CD44 

giycoprotein c m  also m u r  at a number of sites, and causes CD44 to have an acidic 

isoelectric point of 4.2 (Jalkanen et al., 1988) 

Not only are the exons v l  to v10 in the extracellular domain of CD44 subject to 

altemate splicing, but the cytoplasmic tail (exons 19 and 20) is as well. Screaton et al. (1992) 

showed that splicing of exons 19 and 20 can form the short (3 amino acid) or long (70 amino 

acid) for CD44 molecules; the longer version is found more often than the truncated 

one. Other cytoplasmic région modifications include phosphorylation on at least 6 sites, 

some of which are constitutively phosphorylated (Pure et al., 1995) 

As previously mentioned, alternative splicing of the vl to v10 exons of CD44 can be 



instrumental in the creation of CD44 isoforms. These exons can also be modified, furthering 

the variation in the CD44 glycoprotein molecules. A number of 0- and N-Linked 

glycosylation sites are present in the CD44 variable region, most ofien on exons v2, v8, v9 

and v10. (Naor et al., 1997) Several CD44 isofonns have been described, specifically the 

variants that relate to the metastatic process. Second in occurrence ody to CD44 standard 

form, is the CD44E (epithelial) fom. This variant incorporates the v8, v9 and v10 

altematively spliced exons to generate this 130 kDa isofonn. (Stamenkovic et al., 1991) 

Mer prominent variants are the pMeta-1 and pMeta-2 '2netastatici' van'ants which contain 

v4-v7 and 16-7 dtematively spliced exons, respectively, which were discovered to confer 

metastatic ability to non-metastatic cells (Gmthert et al., 199 1) and are of particular interest 

in cancer invasion and metastasis. 

1.32 CD44 tissue expression 

CD44 molecules are normally expressed on many cell types. For example, W E  

(the v8 to v10 variant) is expressed nomaliy on breast epithelial cells, as is CD44K @da and 

Bourguignon, 1995) CD44v9 isofoms are widely expressed in organ such as intesîine, 

stomach, regions of the kidney, ovaries, to name a few. (hkckay et al., 1994; Stauder et al., 

1995) Another example is a recent papa descniing strong v5, v7-8, and v10 variant 

expression on endotheliai cells by immunohistochemistxy and FACS analpis, and weaker 

expression of the v3 and v6 containhg variants. (Koopman et al., 1998) CD44 glycoproteins 

also have been show to be expressed on non-activated and activated hematopoietic cek. 

AU hematopoietic cells (T, B lymphocytes, macrophages, natural killer cells, granulocytes) 

preferentially express the standard CD44H form. (Mackay et al., 1994; Ami et al., 1995) But 



the CD44 levels on T cells go through a substantial increase when they become activated, 

and they express v9containing variants more often. (Mackay et al., 1994) M e n  T cells were 

stimulated in viiro (either by antigen, mitogen or allogen stimulation) v6- and v9-containuig 

variants were transiently upregulated (Kwpman et al., 1993) 

1.33 CD44 as an adhesion molecule 

The primary hct ion on CD44 is to bind hyaluronic acid Hyaluronic acid (also 

disaccharides; @-glucuronic acid and N-acetyI-D-glucosamuie) it is synthesised by 

nbroblasts (Teder et al., 1995) and functions as a component of the extracellular mat* 

Hyaluronan hct ions as well as a regulator of cewcell adhesion, ceWcell organisation, md 

differentiation (Laurent and Fraser, 1992) Hyaluronate also is uivolved in such biological 

processes as womd healing, tissue remodelling and inflammation. (Laurent and Fraser, 1992) 

There is much evidence that CD44 is the prirnary hyaluronic acid receptor (reviewed in Naor 

et al., 1997) uicluding transfection experiments of CD44 cDNA into ceils that did not express 

any form of CD44 This allowed the cells to bind soluble of bound hyluronan in a CD44 

dependant manner. As well, this binding codd be inhiiited by monoclonal a n t i i e s  for 

CD44. (Lesley and Hyman, 1992) 

CD44 is one member in a family of hyaiwonan bindïng proteins called the 

hyaladherins, which includes RHAMM, ( receptor for hyaluronan mediatecl motility which is 

important in hya lu ro~-~duced  cell motility) cartilage link protein, and aggrecan. (Knudson 

and Knudson, 1993) It has k e n  suggested that the basic mechanism of hyaluronan binding 

by CD44 molecules involves regions of positively charged amùio acids (arginines and 



lysines) on the extracellular region that bind with the hexuronate groups of hyaluronan which 

are negatively charged. (Hardingtiam and Fosang, 1992) These positive amino acids have 

been observed in two regions of the CD44 rnolecule, specifically at positions 2145 and 144- 

167, and predorninately idluence hyaluronic acid binding. (Peach et al., 1993) 

Hyaluronate binding is regulated by a nucriber of extracellular CD44 protein 

modifications and mot& including the cytoplasmic tail region The CD44 cytoplasmic tail 

interacts with several cytoskelstal proteins including actin, adqnh, and the ERM (ezrh, 

dc&, moeisin) proteins, (Tsukita et al, 1994) and the question as to whether these 

interactions affected hyaluronic acid binding was raised When cells lacking CD44 were 

transfected with CD44 that was missing the cytoplasmic tail (including the ankyrÏn binding 

site), the cell's ability to bind hyduronan (either soluble or boimd) was dmtically reduced 

@okeshwar et al., 1994) However, other investigations into cytoplasrnic-tnincated CD44 

have yieIded mixed results. What has emerged is that in some cell lines, hyaluninan binding 

is decreased (L~keshwar et al., 1994), and a CD44 clustering eEmt is required for binding of 

hyaiuro11s~n, Wff et al., 1995) Lastly, phosphorylation of the CD44 cytoplasmic tail may be 

also required as weil. (Pure et al., 1995) 

Glycosylation of CD44 has been reported as affeçting hyaluronan bùiding. It seems 

that too little glycosylation as welI as too rnuch glycosylation can interfere 

binding. Deglycosylated CD44 (p42) cannot bind hyaluronan, but CD44 

increasing levels of O and N-linked oligosaccharides @52 to 58) are able to. 

with hyaluronan 

molecules with 

(Lokeshwar and 

Bourguignon, 1991) Complete glycosylation of was show to interfere with 

hyaiuronan binding d e n  compared to a glycosylationdefective ce11 line. (Katoh et al., 1995) 



CD44 variants also are afkted by glycosylation with respect to hyaluronan bhding As the 

number of exons in a particular variant inmeases, this provides an increase in sites for 

carbohydrate addition and decreases hyaluronan binding ability. (Bennett et al., 1 995) 

CD44 also has affinty for other non-hyaluronan molecules. CD44 is able, with lower 

&ty, to bind other extracellular matrix molecules such as laminin, colIagen, and 

nbronectin. (Jalkem and Jalkenan, 1992; Lokeshwar and Bourguignon, 1991) As weU, 

osteopontin, a secreted chemotactic phosphoprotein (secreted by T cells and osteoblasts) 

(Weber et al., 1996) has been proposed as a CD44 Ligand@k&rdt and Guo, 1993) In fact, a 

recent paper by Ue et al. (1998) suggests that osteopontin overexpression may be involved in 

gastric cancers, and that in the case of poorly differentiated stornach cancers osteopontin and 

CD449 coexpression may be involved in metastasis. 

1.3.4 m e r  functions for CD44 

Since it's nrst description as a T lymphocyte antigen @alchau et al., 1980), CD44 

has been assigned a number of functions. (reviewed in Naor et al., 1997) These include 

homing receptor, ability to internalise and degrade hyaluronan, transmitter of growth signals 

and cell motility- A weli characterised role for CD44 has b e n  as a lymphocyte homing 

receptor. This function was one of the earliest proposed for CD44 in 1986 by Jalkanen et al 

(Jalkanen et al., l986), and by using an anti-CD44 monoclonal ant<body called Hemes-3 

they inhibited peripheral blood lymphocytes (PBL7s) binding to mucosal high endothelid 

vendes, independently of! hyaiuronan. This finding was tested in vivo to determine if the 

same results could be achieved By treating mice with an anti-CD44 antibody prior to 

antigenic challenge they delayed the early stages of a DTH (delayed-type hypersensitivity) 



response by 24 hours, indicating that CD44 is crucial for lymphocyte homing to sites of 

inflammation. (Camp et al., 1993) 

In addition to the buidùig of hyaluronan as a cell adhesion molecule, CD44 has been 

observed to htemaiise and degrade hyaluronan Although CD44 does not possess any 

hyaluronidase activity, CD44 can aid in the endocytic breakdown of hyaluronan by 

macrophages. (Culty et al., 1992) The relationship between CD44 and macrophages was 

shown initially in mouse lung development It was observai that CD44 levels increase as 

hyaluronan levels decrease. And if new-bom mice are treated with a CD44 blocking 

anti'body, alveolar macrophages that contain hyaluronan decrease, while surrounding 

hyalwonau levels increase. (ünderhill et al., 1993) Therefore, in moue Lung development at 

least, hyluronan degradation by alveolar macrophages is an integral function of CD44 

CD44 has also been observed to aid other molecules in transmitting growth signals 

Eorn the ceIl membrane to the nucleus. Many anti-CD44 antibodies have been shown to 

produce a number of proliferatve effectç. These include: T cell proMeration and IL-2 

production, when anti-CD44 anti'bodies were used with antiCD2 or CD3 antibodies, 

(Sommer et al., 1995) monocyte release of TNFa and IL+1 (Webb et al., 1990), and 

txiggering of cytotoxic T lymphocytehatural killer ceLl cytotoxic ce11 activity. @dey et al., 

1993) As well, hyaluronan sîimuiation of macrophages induces CTUNK expression of IL- 

B 1, TNFa, and IGF- 1;this was mediated through CD44 binding, as anti-CD44 a n h i e s  

blocked cytokine pr~uc t ibn  (Noble et al., 1993) 

Cell motility is aiso linked to CD44- A melanorna cell line expressing high levels of 

CD44 was shown to migrate more o h  and in l e s  t h e  than the melanorna cells with low 



CD44 levels, when cells were plated on an artificial "wound" made by a ce11 scraper. (Birch 

et al., 1991) M e p e n d a n t  lyrnphoid cell rolling was shown in vitro on cultured 

endothelid cells or on bound hyaluronan, This "rollingY' of lymphocytes was shown to be 

blocked by antiKD44 ant'bodies, hyaimonidase enzyme, and soluble hyaluronan. 

(DeGrendele et al., 1996) Human melanoma cell transfected with CD44H showed enhanced 

motility on HA-coated plates, but not if a imncated form (lacking exons 19 and 20, or the 

cytoplasmic tail) of CD44 was transfected, (Thomas et al., 1992) suggesting that for motility, 

CD44 interaction with the cytoskeleton is required 

1.4 CD44 and Roles in Cancer 

CD44 and variant isoforms have long been associated with the malignant process in 

many types of cancer. There is much experkental evidence to prove CD44 involvement in 

invasion and metastasis, as weU as the fact that changes in CD44 regdation can influence 

those processes. 

1.4.1 Evidence for CD44 involvemeat in cancer 

Perhaps the best example of CD44 as a gene that confers metastatic abilities came in 

199 1 when Gunthert et al. created a monoclonal antibody against a metastatic rat pancreatic 

adenocarcinorna ce11 line, but one that would not react with a similar non-metastatic ceIl line. 

(Gunthert et al., 199 1) ~ h .  this antibody was used to screen a cDNA expression library of a 

metastatic himour, two clones were isolated, pMeta-l (CD44v4-v7) and pMeta-2 

(CD44~6~7). These variants were found in two metastasking rat cell Lines, a pancreatic 



carcinoma and a mammary adenocarcinorna Transfection with these clones into a previously 

nonmetastatic rat pancreatic tumour ce11 line conferred metastatic potential. Further 

evidence indicates that antibodies against variant foms of CD44 have been shown to inhibit 

metastases. Anti- CD44v6 a n h i e s  (against one epitope on pMeta-1 variant) slowed the 

spread of a metastatic pancreatic carcinoma ce11 line in rats and prevented growth in 

peripheral lyrnph nodes and lungs. (Seiter et aL, 1993) By injecthg an antiibody to the 

constant region of CD44 into immunodeficient mice, Guo et al. (1994) showed inhibition of 

metastasis of a human melanoma cell line (especially to the lmgs) even if the antibody 

injection took place seven &ys af?er the turnour ceils were injected. 

Evidence for CD44 involvement in invasion and metastases has led investigators to 

study the expression of CD44 in many human cancers. Altered expression of CD44 in 

malignant cells, when compared to the corresponding normal cells, can occur as up 

regdation, dom-regdation, or altered variant isofom expression. Of the many types of 

cancers that express CD44, a selection wiU be discussed here. 

1.4.2 CD44 expression in human cancers 

In tumours of the brain it has been observed that more aggressive tumoun 

(ghoblastomas) have greater CD44 expression than less aggressive hunour types (lower 

grade astrocytomas), and certainly when compared to normal brain tissue expression of 

CD44. (Kuppner et al., 1992) Several studies which examuied CD44 levels in 

neuroblastornas have repckted that dom-regulation of CD44H occm with the increased 

grade of tumour ceil differentiation (Cornbaret et al., 1995), indicating the absence of 

CD44H is associated with more aggtessive tumours of that type. But since CD44H is the 



principle hyaluronan receptor, it follows that in the more invasive brain tutnom, higher 

CD44H levels are found (Kuppner et al., 1992) 

In lung tumours, it has been observed that there is a down-regdation of CD446 

expression in the highly metastatic s m d  cell type lung carcinoma, (Ariza et al., 1995) but 

CDMH the v6 and v3 isoforms are preferentidly expressed in lung cancer of the non-small 

ceu type. 

Nomally, the colon does not express CD44 variants and CD44H levels are 

practically nondetectable. (Abbasi et al., 1993) But investigators have demonshiited that 

CD44H and CD44 variants are expressed in prhary colorectal tumours as well as nearly half 

of al1 colorectal tumeurs that metastased to liver, lung and lymph nodes. (Orzechowski et al., 

1995) When the progression of these turnow was monitored h m  non-metastatic to a 

metastatic siate, the expression ofCD44v6 containing variants was s h o w  to increase in each 

sample, as well as the overall n u m k  of patients which expressed this isoform 

(Orrechowski et al., 1995) However, correlations between CD44 expression and stage of 

disease are codlïcting, as some groups reported v6 detection in the early stages of colorectal 

cancer as weil. (zmazeki et al., 1996) Perhaps this difference could be explained by different 

methods of variant detection. 

Investigations into prostate cancers have indicated that there is an inverse correlation 

between hrmour cell differentiation and CD44 expression (Nagabhushan et al., 1996) 

Down-regdation of ~~44' levels  was also noted in lymph node metastases, when compared 

to primary prostate cancers. 

The CD44 variants that are prevalent in gashic carcinomas seem to be CD44v5, v6 



and v9. CD44 isoforms are differentiaily expressed between types of gastric carcinomas; 

with the v5 i s o h  expression more prominent in diffuse stomach tumours (Hong et al., 

1995) and v5 and v6 containing tumours predorninating in gastric adenocarcinomas. (Hong 

et al., 1995) Metastases to lymph d e s  of both types of gastric carcinornas express increased 

levels of v6-containing isoforms of CD44 @&ch et al., 1995), and cuexpression of 

CD44v9 and osteopontin has ken correlated with less well differentiated gastrîc carcinomas. 

(Ue et al., 1998) 

RT PCR analysis has show that normal pancreas expresses the CD44H and CD44E 

(v8-10) mRNA transcripts (Chaudry et al., 1994), but that primary and metastatic pancreatic 

adenocarcinomas express many transcripts that contain the v6 altematively spliced exons 

(Gansauge et al., 1995). This indicates once again that cancer cells that overexpress the v6 

exon, combined with other exons, are more iikely to becorne metastatic. 

1.43 CD44 and breast cancer 

A number of different results have been observed d e n  investigators have tried to 

determine the pattern of CJM4 expression in breast cancer. Overall CD44 levels in metastatic 

breast cancers were increased when compared to normal tissue. (Iida and Bourguignon, 

1995) In primary tumoias, patients with invasive ductal breast cancer expressed CD44 

vatknts containing exons v3, 7/8, 5,6, and 10. (KaUrmann et al., 1995) Similar patterns of 

CD44 expression were çhown in in situ (Sinn et al., 1995) as well as invasive lobular 

carcinomas. (Dail et al., 1995) When studying 

research groups observed that that these ceils 

lymph node metastases of breast cancer, 2 

were positive for exons v5,6,3 and ~9110. 



(Kaumiann et al., 1995; Fnedrichs et aL,1995) However, they were at odds in terms of 

conclusions pertaining to the relevance of CD44v6 exon expression and sumival rate. 

Kaufinam et al. (1995) indicated that patients with tumoun expressing Vo-containing 

variants had a stahstically significant shorter survival tune whereas this finding was not 

reproduced by Friedrkhs et al. (Friedrichs et al., 1995) More recently, Tokue et al. (1998) 

noted that in a panel of breast himours, patients whose tumours expressed the v2containing 

variant of CD44 had a far Iower surtrival time than patients who were CD44v2 negatve. 

They fded to f%d any such signincant correlation with the CD44v6 variant and overall 

survival, indicating that the v2 variant may be a more relevant propostic indicator for breast 

cancer, rather than the v6 variant A recent paper by Bourguignon et al. (1998) observed that 

in a highly metastatic breast cancer ce11 h e ,  the CD44 variant 3,840 was overexpressed 

Specifically, a segment of this variant protein was detennined to bind to adcyrh, as weU as 

k ing  closely associated with the matrix metalloprotease MMP-9 in the plasma membrane. 

They postulated that the association of the cytoskeleton (via an-) and the matrix 

degrading enzyme MMP-9 through CD44v3,8-10 may represent a mechanimi to enhance 

tumour c d  migration(Bourguignon et al., 1998) The same authors had previously noted that 

the CD44v3,8-10 variant expression directly correlated with increased histologicai grade in 

breast hunours, and that this isoform may also serve as a predictive factor for overall survival 

of patients with breast cancer. (Iida and Bourguignon, 1995) It has also been reported that in 

ER+ (versus ER-) cell &es, there occurred an increase in CD44v7 and v10 contahihg 

variants, *ch waç consistent when ER+ versus ER- turnours were also studied (Hole et al., 

1997) 



1.5 Gene regplation and breast cancer 

As previously discussed, there are swerai genetic events that can occur in a normal 

ce11 which cause the ce11 to lose control over it's proliferaton, possibly leading to cancer. At 

the DNA level, there can occur gene amplincations, deletions, and mutations. Examples of 

gene amplification are the c-myc and c-erbB-2 oncogene, which have k e n  show to be 

amplified in 20-30% of breast cancers. (Berns et al., 1992 and Gusterson et al., 1992) 

Deletional mutations, also calleci loss of heterozygosity, have k e n  shown to affect genes 

such as the himour suppressor gene p53. P53 f d s  on chromosome 17, a cornmon region 

where loss of heterozygosity occurs (Sato et al., 1990) and p53 is lost in 50% of human 

cancers. (Baker et al., 1989) 

Another rnechanism of gene regulation is the alternative splicing of mRNA to form 

variant transcripts. This can lead to multiple splice variants of a single gene occurrïng in a 

celi. As discussed in great detail previously, CD44 is an example of one such gene that is 

altematively spliced to form variants in many human cancers, such a s  breast cancer. (Naor et 

al., 1997) In the same gene family, the receptor for hyaluonan mediated motility, or 

is also regulated at the mRNA level by alternative splicing The RHAMM gene is 

composed of 4 exons ranging in size from 75 to 1099 bp, and form several varian&, 

particularly with the inclusion of exon 4. (Entwistle et al., 1995) This variant bas been show 

to be overexpressed in transformed cells and with transfection into murine fibroblasts, it will 

ûansform thern as well. (Hall et al., 1995) Overexpression of RHAMM in breast hmiours 

correlates with lyrnph node metastasis, indicating the possible value of RHAMM as a 

prognostic indicator. (Wang et al., 1998) 



The oestrogen receptor is also capable of forming variants expressed in breast cancer. 

Many of these variants are caused by the deletion of one exon such as exons 3,4, 5, or 7. 

(reviewed in Dowseîi et al., 1997) One of the most hidieci variants in breast cancer is the 

deletion 5 (AS) variant. This variant was found to have higher mRNA Ievels than the wild- 

type ER mRNA in ER- breast tumours, but was not detected due to the deletion of exon 

5, which led to a tnincated protein without the ligand binding domain. (Fuqua et al., 

1991) Other tnincated ER variants that have been identified are deleted at exon2htron 

or exon 3/intron bounckuy and are unable to activate transcription when transfected with 

a reporter gene that was sensitive to estrogen, (Dotzlaw et al., 1992) indicating that even 

with the DNA binding domain intact, ER tnincations lead to non-fwictiond receptors. 

Deletion 7 ER variants were deemed dominant negative variants, as they were found to 

be transcriptionally inactive, but codd downregulate the tramactivational activity of the 

wild-type ER in an experimental system. (Fuqua et al., 1992) 

1.5.1 The spliceosome 

In order to fom the variant molecules nom the CD44 (and other spliced genes such 

as RHAMM) pre-mRNA, there nrSt has to be assembly of the nuclear proteins that form the 

spliceosome. nie "core" of the spliceosome is composed of the Ul,U2, U4/6 and U5 small 

nuclear nbonucleic proteins. (Roscigno and Garcia-Blanco, 1995) The initial stage of 

spliceosome assembly is the binding of the U1 snRNP to the pre-MWA by pairing the 5' 
1 

end of the U1 protein to a 5' conservecl sequence at the splice site. (Kramer, 1996) The UI 

binding must occur in order to facilitate the bùiding of the U2 snRNP, which commits the 

pre-mRNA to the splicing pathway. The addition of U2 to the pre-mRNA forms the pre- 



splicing complex 4 (Konarçka and Sharp, 1987) which is converted to the eariy splicing 

cornplex B by the binding of snRNP7s U4/6 and US. The complexing of U2 with U4,5 and 6 

f o m  a loop connecting the 5' splice site with the snRNPYs which facilitates the 

conformational change required to form the iate splicing complex C. (Kramer, 1996) These 

conformational changes include destabilisation of the UW6 complex and the binding of the 

U2 s n W  @ound at the 5' splice site) to the U6 snRNP. @k&anï HD and Guthrie C, 1992) 

The US snRNP serves to link the 5' and 3' splice sites as the 'hwanted" sequence is being 

excised The final step of RNA splicing involves the removal of the intron sequence by the 

snRNPYs, and the disassembly of the spliceosome. (Kramer, 1996) 

1.5.2 SR proteins 

Another fiiaction of the spliceosome is to generate alternately spliced isoforms of 

CD44. This is done by a f d y  of proteins cdled the SR (serine-arginine) proteins which are 

required to co-ordinate the components involved in pre-mRNA splicing. 

In 1990. Ge and Manley discovered and purifïed a protein called ASF, which, if in 

excess, could switch between two 5' splice-sites in vitro in SV40 pre-mRNk (Ge and 

Manley, 1990) At about the sarne time, Roth et al. pinined a monoclonal antibody that 

stained lateml loops on amphiian chromosomes and recognised a specific family of 

phosphoproteins in humans. (Roth et al., 1991) These phosphoproteins tumed out eventually 

to belong to the SR protein fafnily. The critena for denning members of the SR protein 

family were determineci b; Zabier et al. 

1. the fact that monoclonal a n t i i y  

(1992) These includal: 

104 (Roth et al., 1991) could recognise a speciflc 

epitope on the proteins in question, 



2. the proteins were able to be copurified in 2 two-step high d t  copurification rnethod 

wing 65% ammonium sulfate and 2ûmM magnesium chloride saits, 

3. these proteins d l  contahed a sedehrginine repeat motif and an RNA recognition site. 

In addition to the SR proteins there is an increasing f e l y  of SR protein related 

proteins. These include the recently discovered Clk's 1 through 3. (Johnson and Smith, 1991; 

Hanes et al., 1994) These are cdc2-like protein bases that are able to autophosphorylate at 

both tyrosine and serindthreonine amino acids, although the exact effect of phosphorylation 

on SR proteins and therefore mRNA splicing is not lmown Other SR protein related protek 

include other essential splicing factors such as the 70 kDa U1 snRNP-associated protein and 

U2AF65 heterodimer which help to form the spliceosome with SR protek. (Fu, 1995) 

The actual SR proteins inciude SR'S 75,55,40,30a, b, and c, and SR20; with these 

nurnbers corresponding to molecular weight of these phosphoproteins. (reviewed in Fu, 

1995) The structural domains of these highly conserveci proteins includes a RNA binding 

region that is important in splice site selection and essential for SR activity (Wang and 

Manley, 1995) as well as the SR-repeat regions which mediate proteidprotein interactions. 

These interactions could be with other SR proteins or with SR protein related proteins that 

function as associated splice factors. (JSohtz et al., 1994) 

Cons ide~g  that d.erent  SR proteins can bind each other, and that each individual 

SR protein can act to recover splicing in SlOO extracts that are splicing deficient, (Zahler et 

ai., 1992) it seem that SR proteins have an overlapping fiinction On the other hanci, SR 

proteins individually can have mique specificities for splice sites and efficiency for pre- 

mRNA splicing. In addition to king highly conserved proteins, SR proteins have ubiquitous 



tissue expression, but with cell-type specific differences in their relative levels, (Screaton et 

ai., 1995) which rnay contribute to expression of specific altematively spliced isofonns in 

dflerent tissue. 

SR proteins have a number of roles in splicing pre-mRNA (review in Fu, 1995) This 

begins early on in the ability of SR proteins to commit pre-rnRNA to splicing. Fu in 1993 

showed that preîncubation of pre-mRNA with SR proteins prevented cornpetitor mRNA 

form blocking spiiceosome formation (Fu, 1993) In this way, SR proteins complex with the 

pre-mRNq and allow for M e r  proteins and splicing factors to bind to form the 

spliceosome. Once the SR proteins are bomd to the pre-mRNA at the 5' splice site, the SR 

related proteins like U1 70 kDA protein and the U2A.F heterodimer begin to interact with the 

SR proteins to form the spliceosome. SR proteins hc t ion  in this early spliceosome 

assembly by choosing a 5' splice site with the U1 snRNP, wiîh U2AF SR proteins stabilise 

the complex at the 3' site, and lastly, SR proteins bridge the SB' sites in order to stabilise the 

pre-spliceoçorne complex (Fu, 1995) The later steps in spliceosome assembly also involve 

SR prote&. In order to convert the pre-spliceosome to a mature one, three other snRNP (in 

. addition to U1 and U2, aiready present) called U4, U5 and U6 must be added, and t h i s  

process has also been recently determineci to be under the control of SR proteins. (Roscigno 

and Garcia-Blanco, 1995) 

1.6 Gene expression, ce11 rnorphology and the extracellular matrix 

The adhesion of épithelid cells to the extracellular ma& is mediateci primarily by 

ùitegrins and their interaction with proteins like laminin, fibronectin, and vitronech (Vogel 

et ai., 1990) By linking intracellularily to cytoskeletal proteins such as actin, talin, and 



vinculin (Burridge et al., 1988), these adhesions can alter the shape of the cell. In some cases 

this alten gene expression directly, or as an indirect result of the substrate-induced shape 

change. 

An example of cell-shape dependant gene expression is the altemate splicing of 

protein 4.1 in human rnammary epithelial cells. (Schischmanoff et al., 1997) p4.1 is a 

membrane skeleton protein fond  prharily in red blood ceUs in up to 200 000 copies per 

cell. By interacting with other plasma membrane proteins such as spectrin, band 3, and 

glycophorh, as weil as with the cytoskeletal protein actin, p4.1 helps to anchor the 

cytoskeleton to the plasma membrane. Protein 4.1 is a 30-210 kDa (the major form is about 

80 m a )  highly phosphorylated, glycosylated protein with several isoforms produced by 

altemate splicing. (Conboy, 1993) Using normal human mammary epithelial ce&, 

Schischmanoff et al. (1997) plated these ceils on plastic or poly(2-hydro>cyethyl)methacrylate 

@HEMA) coated tissue culture dishes. They observed initidy that cells plated on pHEMA 

exhibited a rounded morphology (as opposed to the nbroblastic morphology of the cells on 

mtreated dishes), and that these rounded cells stopped dividing and aggregated into clusters 

of 100 or more ceils. This alteration in ce11 morphology also had an effect on p4.1 altemative 

splicing, as determiDeci by RT PCR (SchischrnanoE et al., 1997), of the amino-terminai, 

spectrin-actin binding, and carboxy-texminal domains, using specific primer pairs. They 

compared the expression of each of these regions in c d s  grown on plastic vernis pHEMA 
L 

and made several discoveries. The amino-terminal region of p4.1 showed no changes in 

splicing patterns, but primers to the actidspectrin binding site showed a decrease in the 

expression of the exon 16 deleted amino acid producf wtÿch was abimdant in the cells 



grown on plastic. The most interesting finding was a novel exon in the carboxy-terminal 

region of p4.1, only on the pHEMA plated cells. The exon, 17b, was inserted in between 

exom 17 and 18, and has not been previously detected in other studies. This Iarger, 

altematively spliced isoform would "cdisappear" in cells plated on p l h c ,  then cCreapjxar" in 

the same cells plated on pHEMA. (This change in gene product was tested with fibronectin 

and no such changes occurred between plastic and pHEMA plated cells.) This finding 

directly Links changes in gene expression and changes in cell morphology as a resdt of 

alterations to the cellular environment. 

A f.urther example of cell shape alterations inducing gene expression involves 

integrin expression and the eventual production of the matrix protease collagenase-1. 

Kheradmand et al. (1998) have demonsîrated that fibroblasts with disrupted actin 

cytoskeletons and therefore rounded in shape had increased collagenase-l expression As 

well, this increased expression could also be achieved by ceils spreadhg out via the a& 

integrin on integrin-specific Ligands. This shape change leads to a cascade of c d  signalhg 

events starting with activation of the GTP binding protein Racl, which generated reactive 

oxygen species that in tum aliow nuclear fâctor kappa B to transcribe ILla which induced 

collagenase- l production in the cells (Kheradmand et al., 1998) 

Artificialiy generated forms of the extracellular matnX have been long able to be 

manipulatecl in experimental systems to show how the matrix can iduence gene expression 

in different cell iines. S@uli et al. (1991) showed that single human mamrnary epithelial 

cells suspendeci in Màûïgel (reconstituted basement membrane) could produce the mik 

protein p-casein, and this was dependant on signal s fiom the basement membrane proteins 



themselves, as it was show that no mik proteins were synthesised by cells grown on plastic. 

This integrin dependant ce11 adhesion and signal transduction was also detennined to be 

independent of celVcell contact or ce11 polarity. A few yean later, Roskelley et al., (1994) 

observed that there were two components to milk protein production by human breast 

epithelial cells: a change in ceil shape and a biochemical change in the form of P-integrin 

clustering and an increase in tyrosine phosphorylation In order to produce p-casein milk 

proteins, cells needed the extracellular ma& prolactin hormones, and an induced rounding 

shape change of the cells. If one of these components was missing, the c d s  were unable to 

produce miIk proteins. They also observed that by adding the extraceliular rnatrix @y a 

Matrigel overlay assay), the cells showed an Uicrease in signai transduction by increased f3 1 

integrin clustering, and increase phosphorylation necessary for signal transduction 

Lastly, Streuii et al. showed that the regulation of TGFP 1 cytokine production in 

human mammaiy epithelial cells was influenced by the environment (Stredi et al., 1993) 

TGFPl has been shown to stimulate matrix production and deposition, to increase integrin 

expression, to increase protease inhibitors, and to decrease ma& degrading proteases. 

(Kahan et al., 1991) This papa showed that TGFj3l was downregdated in cells that were 

grown on Matrigel versus plastic. This was not the case for GAP gene or for TGFp2 gene 

transcription levels. It seerned that transcription of TGFB1 was suppressed when the ceUs 

came into contact with basernent membrane, not with plastic, and this was independent of 

hormone addition As wgU, this phenornenon did not occur when cells were grown on 

collagen type I, only when cells were plated on Matrigel. The authors postulated that a 

feedback loop mechanism of TGF1-mediateci stimulation of basement membrane production 



occurred until the basement membrane produced, then TGFP 1 transcription was suppressed 

2 Rationale and Hypothesis 

As previously discussed, the process of invasion and metastasis is cornplex 

requires a nurnber of genes, including genes that code for adhesion molecules, proteases 

and their inhibitors, and motility factors. Figureure 1 outlines the basic steps of invasion 

and metastasis, and the previous introduction discussed this process in detail. The initial 

step in the process in invasion involves altered adhesion of the cancer ce11 to the 

basement and extracellular ma* as well as to the surrounding tumour cells. Integrins, 

as previously discussed have been s h o w  to be overexpressed in many cancers, 

enhancing the tumour cells ability to bind the basement membrane, and decreased 

expression of cadherins enable the tumour ce11 to separate from the surrounding cells. 

CD44 is another ce11 adhesion molecde that has altered expression in many cancers. 

Previous work indicates that the CD44 pattern of variant expression has been associated 

with a number of invasive human cancers, and correlated with some metastatic tumors as 

well. Gunthert et al. (1991) observed that transfecti~n with CD44 variant cDNA could 

confer metastatic ability in non-metastatic ce11 lines, and Seiter et al. (1993) used anti- 

CD44v6 antibodies to block himour growth, and metastases in mice, indicating that the 

CD44 gene could influence invasion and metastasis. 

Previous work on CD44 mRNA expression in breast cancer cells has shown a 

specific pattern of CD44 expression in estrogen receptor positive versus estrogen 

receptor negative human breast cancer cells. (Hole et al., 1997) In ER+ hurnan breast 



cancer ce11 lines, there were comparable levels of CD44E ( the v8 to v10 inclusive 

variant) to CD44H (standard form) levels. For the ER- human breast cancer ce11 lines 

tested, the CD44H Ievels were much higher than the nearly undetectabie CD44E levels. 

As well, when quantitative reverse transcriptase PCR (and Southem blot) was perfonned 

on the cell lines to assess Ievels of v7 and v10 inclusive variants, it was detennined that 

the ER- ce11 lines express fewer of these variants than the ER+ ceIl lines. (Figureure 3) In 

addition, these CD44 variant levels are not affected by the addition of estrogen to either 

ce11 type. These CD44H and CD44 variant levels were dso assessed in a panel of both 

ER+ and ER- breast tumor samples. The CD44v7 and v10 containing variant mRNA7s 

were more abundant in the ER+ tumors, but there was no detectable difference in the 

C D W  levels. These observations led to the following hypotheses which we examined in 

this project: 

1. Differences in the CD44 pattern of expression influence invasiveness of 

human breast cancer cell lines. A decrease in CD44E, relative to the CD44 standard 

form, contributes to invasiveness, therefore increasing CD44E should decrease 

invasiveness. 

2. Since the diseremes in CD44 patterns of expression in ER+ and ER- breast 

cancer cells are not infiuenced by estrogen, we also hypothesize that the observed 

differences in the patterns of CD44 expression in ER+ and ER- cells may be caused by 

the microenvironment and ifs iduence on ceIl shape, ce11 density, and cell adhesion. 



3 Methods 

3.1 Tissue ce11 culture 

MDA-MB-23 1 (ER- human breast cancer ce11 line, adenocarcinorna, ATCC), 

T47D5 (ER+ hurnan breast cancer ce11 line, ATCC), and NIH 3T3 (mouse fibroblast ce11 

line, ATCC) ce11 lines were grown and maintained as a monolayer culture in Dulbecco's 

modified Eagle medium (DMEM) supplemented with 10% fetal bovine senim,lO 

unitdm1 penicillin, 10 unitdm1 streptomycin, 35% (weightholume) glucose and 2 mM 

final concentration L-glutamine. Al1 of the above reagents were purchased f?om Gibco 

Technologies, except for the glucose, which was purchased fiom Fisher. Al1 cells were 

grown at 37OC, in 5% carbon dioxide, (unless during the initial stages of the transfection 

procedure, where the CO2 level was set for 3%) and 100% humidity. 

3.1.1 Splitting Cell Lines 

Cell lines were grown to 80% confluence in a TLSO flask and harvested with 1X 

trypsin/EDTA (ethylenedinitrolltetracetic acid) by the following method: medium was 

aspirated off and the cells were rinsed with 4ml of a 1X phosphate buffered saline (PBS) 

(8g sodium chloride, 0.2 potassium chloride, 1 .Mg Na2HP04, 0.24g KH,P04, brought to 

pH 7.4 with HC1) containing 3mM EDTA. Then 4ml of 1X trypsinEDTA was added, 

and the flask was then incubated at 37"C, 5% CO2 for approximately 5 minutes. CeIls 

were harvested using 6mFof supplemented DMEM and shaking. The ce11 suspension was 

then passed through an 18 gauge needle to suspend the cells completely. A 1 in 10 

volume of this ce11 suspension was then used to maintain the culture in the new Tiso 



flask. 

3.1.2 Freeziog Cell Lines 

Cells were fiozen down for storage in liquid nitrogen by the following rnethod: 

cells were split as detailed above, and spun down at room temperature for 5 minutes at 

1000 rpm. The ce11 pellet was then resuspended in a Iml volume of a fieezing solution 

consisting of 10% dimethlysofoxide (DMSO), 10% fetal bovine serum, and 80% 

supplemented DMEM 

3.2 Stable Transfections 

3.2.1 Plasmid Preparation 

The E.coli bacteria containing the CD44R1 plasmid, containing the hygromycin 

selectable marker, (Figureme 4) @r. G. Dougherty, Terry Fox Laboratones, Vancouver, 

B.C.) used in the stable transfections were first grown in Sm1 of LB (Luria-Bertani) broth. 

For 6001x11 LB broth 6g of Bacto-tryptone (Difco), 3g of Bacto-yeast extract (Difco) and 

6g sodium chloride (Anachernia Science) were added to 600d of distille& deionized 

water, the pH was adjusted to 7.5, and the media was autoclaved. To the 5ml culture, 

0.5ml of a 40 m g / d  carbenicillin (Sigma) solution was added per 1 ml of media The 

culture was shaken ovelnight at 37OC, for approximately 12-16 hours. The next day, the 

5 d  culture was added to 500d of sterile LB broth supplemented with 0 . 5 ~ 1  of the 

40mg/ml carbenicillin solution per ml of media The flask was then placed at 37OC to be 

shaken overnight- At the 4 hour time point, 1 5 0 ~ 1  of a 34mg/ml chloramphenicol (Sigma) 

solution (34mg chlorarnphenicol in lm1 of absolute ethanol) was added for plasmid 



amplification, then the culture was incubated for the rest of the 12-1 6 houn. The method 

used for the large scde plasmid preparation cornes from the Qiagen Plasmid Mega Kit 

which is based on the original method by Birnboim and Doly (1979). In this method, the 

500ml culture was spun down for 10 minutes at 8000 rpm's in a Beclanan 52-21 

centrifuge, using a JA-10 rotor, at 4OC. The ce11 pellet was then placed ovemight at -20°C 

to facilitate the lysis of the cells. The pellets were then resuspended in 25ml of 

resuspension b a e r  ( S O M  Tris-HCl pH 8.0, lOmM EDTA, 100mg/ml RNAse A). Next, 

25ml of lysis b a e r  (200m.M sodium hydroxide, 1% SDS) was added to the pellets, 

which were mixed brïefly, and incubated at room temperature for 5 minutes. 25ml of 

chilled neutralization buffer was then added ( 3.OM potassium acetate pH 5.5) the 

solutions were mixeci, and incubated for 30 minutes on ice. The lysed ce11 suspension 

was then centrifbged at 20 000 x g for 30 minutes at 4OC (using a JA-20 rotor) and the 

supernatant was retained This centrifugation was repeated for 15 minutes, and the 

supernatant was again removed. At the same time, the Qiagen anion-exchange column 

was equilibrated using 35ml of bufEer containing 750mM sodium chloride, 50rnM MOPS 

(3-(N-morpholino)propanesulfonic acid) pH 7.0, 15% ethanol and 0.15% triton X- 100. 

The supernatant was then added to the column and washed with four 50ml diquots of a 

wash buEer (1.OM sodium chloride, 50mM MOPS pH 7.0 15% ethanol). The DNA was 

efuted fYom the column using 35ml of a elution b a e r  (1 -25 M sodium chloride, 50mM 

Tris-HC1 pH 8.5, 15% ethanol.) The DNA was then precipitated with 0.7 volumes of 

isopropanol at room temperature, and centrifuged at 15000xg for 30 minutes at 4OC, 

washed with 7ml of 70% ethanol and resuîpended after drying for 10 minutes in an 



appropriate volume of TE buffer (IOmM Tris, 0-LrnM EDTA). Quantitation of ail DNA 

was done at 260nm on a Milton Roy Spectronic 60 1 spectrophotometer. 

3.2.2 StabIe Transfection 

Stable transfectants were created using the calcium phosphate transfection 

method based on Chen. (1987). Basically, a exponentially growing TX flask of MDA- 

MB-23 1 cells was split as before in a volume of 10ml. 0.5ml of the cell suspension was 

added to 9Sml of isotone solution, and the cells were counted in a Coulter counter. 5x10~ 

cells were plated on 1 0 0 d  dishes, and incubated overnight in lOml of media, to grow 

to 10-20% confluence. The calcium phosphate transfection was performed using 25pg of 

CD44R1 plasrnid along with 2pg of RSVNeornycin selection plasmid, which were 

diluted to 450p.l of di stilled, deionized water. 50p.l of a 2.5M calcium chloride solution 

and 5 0 0 ~ 1  of a 2X BBS (5OmM N,N-bis(2-hydroxyethy1)-2-aminoethanesulc acid, 

280mM sodium chloride, 1 SmM Na&lP04 pH 6.95, entire solution to pH 6.95 with 1N 

sodium hydroxide) solution were added, mixed gentiy, and incubated at room 

temperature for 20 minutes. This suspension was then added dropwise to the plates, 

which were mixed evenly, and incubated overnight in 3% COz. 24 hours later, the cells 

then were rinsed with 1X PBS, fresh media was added, and the cells were grown 

oveniight in 5% COz. Selection media was then added the next day, using neomycin 

(Gibco) or hygromycin (Sigma). For MDA-MB-231, the initial geneticin concentration 

(used until the control, htransfected cells died) was 800pglm1, and for hygromycin 

initially- 400pg/ml. once the control (untransfected) cells died (about 7-10 days later), 

the final concentrations of selection agents were used For genetici~ the final 



concentration used was 600pg/ml, and for hygromycin- 200pplml. The cells were fed 

every other day, until colonies appeared on the selection plates, about 2-6 weeks later. 

3.2.3 Cioning the  Transfeetants 

Whatman paper disks of approximately OSmm diameter were soaked in 1X 

trypsidEDTA then applied to the colonies on the l O O r n m  plate (afier the media was 

removed) , for about 60 seconds. Using tweezers, the disk and colony were placed into a 

weI1 on a 96-well dish which contained 250N of the DMEM (with 800p/ml geneticin). 

From there the clones were systematically expanded to get two confluent Tiso flasks to 

fkeeze down ce11 stocks, as well as to pellet cells for DNAlRNA analysis. 

3.3 Eenomic DNA Extraction 

Al1 the DNA used in PCR or Southern blots was extracted by rnodifjmg the 

method of Hofaetter et al., (1997) Two flasks were pelleted down for the genornic 

extraction. 7004 of the extraction solution (50mM Tris pH 8 or 7.6, lOOmM EDTA, 

lOOmM sodium chloride, to 40ml distilled sterile water) as well as 35pl of a lOmg/ml 

Proteinase K solution (Beohringer Mannheim) were added to the pellets, and incubated 

in a shaking incubator at 5S°C ovemight. To each microfuge tube, enough phenol was 

added to fi11 the tube to 2-3mm below the rim, the tubes were inverted one hundred times 

and spun on a at room temperature for 5 minutes at 12500 rpm. The aqueous layer was 

removed to a new tube, and this process was repeated using a 1:l phenol/chioroform 
r 

mixture, and then with chloroform alone. After the last aqueous phase transfer to a new 

tube, eqiial volumes isopropanol was added and tubes was inverted several times until a 

white stringy precipitate appeared This DNA precipitate was cleaned with lm1 or 70% 



ethanol and left at 4OC for 1 to 2 hours, then the 70% ethanol was removed, and Iml of 

absolute ethanol was added. The tubes were shaken, and spun for 2 minutes at room 

temperature at 12500 rpm. M e r  spinning, the pellet was dried and resuspended in 100~1  

of TE buffer, and quantitation was determined by reading optical densities at 260nm. 

3.4 RNA Extraction 

RNA was extracted using the Tri-Reagent (Molecuiar Research Centre Inc., OH) 

protocol, which is based on the original protocol of Chomczynski and Sacchi (1987) 

Typically, lm1 of Tri-Reagent was used per 20-100mg of cells. M e r  addition of Tri- 

Reagent, pellets were homogenized on ice for 15-30s and let stand at room temperature 

for 5 minutes. Then 2 0 0 ~ 1  of chlorofom per Iml of Tri-Reagent was added to the 

samples, which were shaken and lefi at room temperature for 5 minutes. The samples 

were then centrifuged at 12000 rpm for 15 minutes at 4OC, and the clear, aqueous phase 

containkg the RNA was transferred to a new tube. Precipitation of the RNA occmed by 

adding 500ph of isopropanol per I d  of Tri-Reagent, then incubating the samples at 4°C 

for a minimum of 30 minutes, then centrifuging at 12000 rpm for 10 minutes at 4OC. The 

subsequent pellet was washed with 75% ethanol (lm1 ethanol per lm1 of Tri-Reagent) 

and centri£bged at 7500 rpm for 5 minutes at 4OC. After briefly air-drying the pellet (5 to 

IO minutes) on ice, the RNA was dissolved in 30pI of DEPC-treated (diethyl 

pyrocarbonate) sterile water. 

For RNA extracted fiom tissue culture plates, the cells were lysed directly on the 

dish and lm1 of Tri-Reagent per 10cm2 was used. 

3.5 RT PCR 



lOOng of RNA was reverse ~ s c r i b e d  using 5X RT buffer, 2SmM of each 

nucleotide, 0.1% bovine serum albumin @SA), 0.1M DTT (dithiothreitol), 10%DMSO, 

50pM random hexamer, and 200 units/pl MMLV reverse transcriptase (Gibco BRL) in a 

final volume of POml. This mixture was incubated at 37OC for 1.5 hours, then diluted to 

40mi with distilled water. 

For PCR using the CD44H, CD44R1, or GAPDH (glyceraldehyde-3-phosphate 

dehydrogenase) primers, 2pl of the above diluted cDNA was used in the PCR mixture, 

which consisted of 10X PCR buffer, 25mM magnesium chlonde, 2.5mM nucleotides, 

10% DMSO, 5U/pl Taq DNA polyrnerase (Promega) and 50mM of each primer, in a 

h a 1  volume of 504. DNA was amplified for 35-45 cycles in a Perkin Elmer Thermal 

Cylcer using the following program: 10 minutes at 94OC, then for 30 to 45 cycles a 

program of 45 seconds at 93OC, 45 seconds at 56°C , then 1 minute and 30 seconds at 75 

OC. Primer extension at 75OC was for 15 minutes, before cooling down to 4'C. For PCR 

of genomic DNA samples, lpg of genomic DNA was used in the above PCR mixture. Al1 

PCR products were nin out on a 1% agarose gel, containing 7pl of ethidium bromide. 

For studies using RT PCR for ce11 density or ce11 substrate expenments, the cycle 

number for the CD44 and GAPDH primers was determined for the linear range of PCR 

amplification. For the CD44H and CD44R1 primers 40 cycles were used in these 

experiments, and for G W H  35 cycles were use& 

3.6 Genomic Southern Blot 

10 pg of genomic DNA was digested using 4p1 of a 60 unit/ml BamHl restriction 

enzyme (Pharmacia), ImM spermiduie, 1X e-e buffer, in a final reaction volume of 



25~1 .  The samples were incubated ovemight at 37OC and run out on a 1% agarose gel 

containing 5pl of ethidium bromide at 22 volts for 18-24 houn. For CD44R1 plasrnid 

digests, 2pg of plasmid was digested with 2p1 of IOunithl BamHl in the same mixture 

as above, but omitting the spermidine. The next day, the gel was photographed under 

ultraviolet light, measured, and rinsed three times in preparation for blotting. (Southern, 

1975) The first rime was for 15 minutes with 0.25M HC1, then for 30 minutes with a 

denaturing solution (OSM sodium hydroxide, 1M sodium chloride), and lastiy for another 

30 minutes with a neutralizing solution (1SM Tris pH 7.4, 3M sodium chloride). The 

DNA was biotted ovemight ont0 a Zeta probe nylon membrane (Bio Rad) via capillaxy 

action and using 10X SSC (sodium/sodium citrate solution). The next day, the membrane 

was baked at 80°C for 30 minutes, then prehybridized in a solution containing 50% 

formamide, 120 mM Na2HP04 (pH 7.2), 250 mM sodium chloride, 7% SDS and 1mM 

EDTA. for 30 minutes minimum, before the probe was added. The next &y, the blot 

was rinsed 3 times, fust for 30 minutes with a solution containing 2X SSC and 0.1% 

sodium dodecyl sulfate (SDS), then for 30 minutes using 0.5X SSC and O.l%SDS, and 

lastly at 65OC for 10 minutes using 0.1X SSC and 0.1% SDS. The blot was placed in a 

sealed plastic freezer bag and placed in a cassette with film for an average of one week 

to expose. 

3.6.1 Probe Synthesis 

The radioactive probes used in the Northern and Southern blots were synthesized 

fkom a genornic DNA template, using PCR techniques and primers for the v8 and v10 

CD44 exons specifically, by the Radprime method (Gibco). Briefly, 25 ng of DNA is 



dissolved in 20pI of sterile distilled water or TE buffer, boiled for 5 minutes and cooled 

on ice. lpl of each nucleotide (excluding the labeted one used), 20p1 of 2 . 5 ~  Random 

Primer solution and 5p1 of d N ï P  labeled with "P were added to the mixture. Lastly, 1pl 

of Klenow kgment ( large fragment of DNA polymerase i )  was added, and the solution 

was incubated for 10 minutes at 37OC. Once the incubation was finished 5pl of the stop 

buffer (OSM EDTA, pH 8.0) was added to the tube and the probe was eluted using two 

400~1  volumes of TE buffer, boiled for 5 minutes, placed on ice, and applied to the blot 

overnight. 

3.7 Northern Analysis 

3.7.1 Sample Preparation 

20pg of total RNA was diluted to a volume of 10p1 using DEPC-treated distilled 

water. To this dilution 10pl of fornamide, 2.73 pl of gel running b d e r  (5X GRB: 0.2M 

MOPS pH7.0,50mM sodium acetate, 5mM EDTA, pH8.0), and 4.73~1 of fomaldehyde 

were added (on ice), the samples heated at 6S°C for ten minutes, and cooled on ice. 

3.7.2 Gel Preparation and Running of Samples 

The Northern gel was a 1% (wt/vol.) agarose gel containing 18% formaldehyde, 

and 20% gel running buffer. n i e  samples were Ioaied using 3yl of a loading buffer 

(0.25% bromophenol blue, 0.25% xylene cyanol, 30% glycerol in disîilled water to 

LOml), and was nui ovemight at 40 volts. The next day, the gel was rinsed three times: 30 

minutes in a 1% (wthot) glycine solution, 20 minutes in a 0.05N sodium hydroxide 

solution, and 40 minutes in a 20X standard saline citrate (SSC) solution. As for the 

Southern Hot, the Zeta probe (Bio Rad) membrane was blotted, only using 20X SSC; not 



10X The next day, the blot was baked and probed as for the Southem blot. 

3.8 Cell Substrate Adhesion Studies 

3.8.1 Ce11 Culture and Plating 

MDA-MB-23 1 and T47D5 cells were grown, harvested and counted as previously 

described, then plated at increasing ce11 densities of 3. lxN3 , 6.25~10'~ 1.25~109 and 

2.5~10' on plastic 24-well dishes (2 cm2) for two days and harvested for RNA extraction 

by the same rnethod as mentioned before, except when the cells were plated on the 

different adhesion substrates. In these cases, MDA-MB-231 and T47D5 cells were 

harvested and resuspended in A h - V  serum free complete media (Gibco) and plated at a 

concentration of 25 000 celldwell of a 24-well dish (2cm2) (Costar) in Aim-V media 

3.8.2 Preparation of Substrates 

Polyhydroxyethylmethacrylate @HEMA) (Sigma) was prepared by suspension in 

95% ethanol, incubated at 37'~ overnight and spun at 2500 rpm for 30 minutes (if 

undissolved material remained). Workuig stocks were diluted to l2mglml and 75pl/cm2 

for a final concentration of 0.9mg/cm2. (Schischmanoff et al., 1997) The plates were air 

dried under sterile conditions under ultraviolet llght overnight. 

Collagen type N extracts (Sigma) were diluted to 2mg/ml in 0.25% acetic acid 

and incubated at 4°C ovenüght to enhance solubility. The collagen solution was then 
? 

added to sterile plates a A  concentration of 0.25 rng/cm2. (Le Marer and Bniyneel, 1996) 

Matrigel (BiocoatNWR) was prepared by thawing overnight at 4OC and using 

pre-cooled pipettes, was diluted 1:2 with cold DMEM 5 0 ~ ~ c r n ~  of the dilution were 



added to pre-cooled plates and left at 37OC for 30 minutes to solidi@, as per 

manufacturer's instructions. 

In the studies using cells grown on collagen type IV and plastic, the RNA was 

recovered by adding 100~1  Tri-reagent directly to the plates, as mentioned before. In 

order to recover the cells that were growing in the Matrigel, dispase (Collaborative 

Biomedical) was added Briefly, the dispase was warmed to 37°C and 200 pl/cm2 was 

applied to the plates, and incubated for 2 hours at 37OC. The cells retrïeved were pelleted 

at 1000 rpm for 5 minutes, rinsed with sterile PBS and spun again (this was repeated 3 

tirnes to remove any remaining Matrigel) and 1 ml of Tri-reagent was added to the tube. 

The cells growing on the pHEMA coated plates were also pelleted in the same manner. 

3.9 Excision of DNA Bands from Agarose Gel 

DNA used in Northern and Southem probes was excised £Yom a 1% agarose gel 

using the "GFX PCR DNA and Gel Band Purification Kit'' (Pharmacia, Biotech) 

protocol based on the method of Vogelstein and Gillespie (1979) Briefly, the appropriate 

band of DNA was cut from the agarose gel, sliced in several thin pieces, and placed in a 

1.5 ml centrifuge tube. lOml of capture buffer (buffered solution containhg chaotrope) 

per lOmg of gel was added to the tube which was vortexed and incubated at 60°C until 

the gel was dissolved, usually 5 to 15 minutes. The sample was added to the GFX column 

which contained a glass fiber rnatrix, and microfuged for 30 seconds at 13000 rpms. 

5001111 of wash buffer ('fk bufTer, 80% ethanol) was added, and the column was again 

spun down for 30 seconds at 13000 rpms. In order to elute the DNA sample fiom the 

column, 50ml of a lOmM TE solution (pH 8.0) was applied to the column, which was 



incubated for 60 seconds and centnfuged at 13000 rpms and the purified DNA was 

collected. Quantitation of DNA was performed at 260nm on a Milton Roy Spectronic 

60 1 spectrophotometer. 

3.10 SDS-PAGE Western Blot 

3.10.1 Preparation of Samples 

Proteins were extracted f?om cell pellets using 2 0 0 ~ 1  (or 1 ml of isolation buffer 

per 150 mm2 dish) SDS-isolation buffer containhg protease inhibitors (50 m M  Tris pH 

8.0, 20 mM EDTA, 5% SDS, SmM b-glycerophosphate, 1mM AEBSF, Srngfml 

aprotenin). The lysates were passed through a 23 gauge needle several times to shear the 

DNA and centrifuged at 13 000 x g for 20 minutes at room temperature, then 5pl of 

glycerol and 0 . 5 ~ 1  of 100 mM DZT were added to the lysate. Protein concentrations 

were determined in a protein assay from Pierce. Briefly, protein standards were made 

using BSA protein, diluted in double distilled water, to final concentrations of 0,2, 5, 10, 

15, 20, 25, 30, 40, and 50p.g. 1pl of each experimental protein sample was diluted to 

5 0 0 ~ 1  in distilled water. 500p.l of a three-part assay reagent solution was added to each 

sample. This reagent mumire consisted of a 50:48:2 ratio of solution A (sodium 

carbonate, sodium bicarbonate, tartrate in 0.2N sodium hydroxide), solution B (aqueous 

solution to BCA detection) and solution C (4% cupric sulfate pentahydrate). After 

incubation for 1.5 hoqrs at 60°C, samples were read at 562m on a Milton Roy 
L 

Spectronic spectrophotometer. Sarnples were stored at -20°C until needed. Before 

loading 50pg of protein for the Western assay, the samples were warmed at 65°C to 

dissolve the SDS and an aliquot was added to an equal volume of 2X SDS-sample buffer 



(2.5rnM Tris, pH 6.8,20% glycerol, 4% SDS, 0.02% (wh) bromophenol blue) and boiled 

for 5 minutes. 

3.10.2 Western (;eh 

Western gel ninning and blotting techniques were perform as describeci in the Bio 

Rad protocol. Briefly, the plates were set up according to manufacturer's instructions. 

The separating gel contained 4x separating buf%er (1.5M Tris, pH 8.8, 0.4% SDS), 30% 

polyacrylamide (36:s: 1, 2.67% cross-linking) 10% APS (ammonia persulfate, Bio Rad) 

as well as TEMED. (N,N,N ,N-tetrameuiylethylenendiamine, Sigma) The stacking gel 

contained 4x stacking buf5er (0.5M Tris, pH 6.8; 0.4% SDS), 30% polyacrylamide, 10% 

APS and TEMED. The percentage gel used for the SR protein Western blot was 12%, for 

the CD44 v10 Western, 6% was used 1X SDS-PAGE ninnuig buffer (5X concentration: 

125 mM Tris, 960 mM glycine, 0.5% SDS, solution pH 8.3) was added to the inner 

chamber of the Bio Rad nuining apparatus, and 0.2X running buffer for the outer 

chamber. The gel was run at 10 rnAmps for 1 hou, then 20 mArnps for another hou. For 

the Western transfer, 0.45pm nitrocellulose (Zeta probe) blotting membrane and 

Whatman paper were used. The transfer assembly components (membrane, Whatman 

paper, scrub pads) were presoaked in chilled 1X transfer b&er (25 mM Tris, 192 mM 

glycine, 20% methanol, solution pH 8.3). The transfer took place at 100 volts for 1 hour, 

with the entire apparatus on ice. Once the trançfer was complete, the membrane was 
t 

blocked in 5% dned skim milk powder in TBST (20 mM Tns, 137 mM NaCl, 0.5% 

Tween 20, solution pH 7.6) for one hour with shaking at room temperature. The blocking 

solution was removed, and the primary antibody (for the SR Western the prirnary 



antibody was mAbl04) was added to a new aliquot of blocking solution, and left 

ovemight with shaking at 4°C. The next day, the blot was rinsed 6 times with 1X TBST 

at room temperature (five 5 minute rinses, one 15 minute rinse) and incubated with the 

secondary antibody for 2 hours at room temperature. The rinses were repeated as before, 

and the blot was developed using the Pierce "SuperSignal" method. Briefly, equal 

volumes of the 2 solutions (1uminoUenhancer solution and a stable peroxide solution) 

were pipetted ont0 the blot (0.125dcm2 of blot surface) and left for 10 minutes at room 

temperature. The solution was removed and the blot was developed for various time 

points. For the CD44 VFF-14 primary antibody (CD44v10 specific antibody), the 

Western blot was set up as for the SR protein bloc but with several changes. The blot was 

blocked in 10% dried skim miik powder in PBST (phosphate buEered saline with 0.03% 

Tween 20) for 1 hour at room temperature. The primary antibody (VFF-14, Bender 

MedSystems) was diluted at 1:1000 in 5% dried skim milk powder in PBST, and 

incubated with the blot at 4OC ovemight. The next day, the blot was again rinsed 4 times 

for 5 minutes with PBST, and the secondary antibody (HRP-conjugated rabbithti-mouse 

IgG, DAKO) was added for 2 houn at room temperature with shaking. The detection 

system is described above. 

3.11 Growth assays 

MDA-MB-23 1 and the CD44R1 transfected clones, JS11-H2 and H3, were grown 

as previousiy described in 35mm2 dishes at a concentration of 5x10~ cells per well for 13 

days. This was done in triplicate wells, and the growth assay was repeated three times. 

The cells in each well were trypsinized and counted at days 2,4, 7, and 10 in order to 



determine growth curves for each cell line, using a Coulter Counter. 

3.12 Invasion Assays 

3.12.1 Ce11 Culture 

NIH 3T3 mouse fibroblast cells were grown as above, and media was harvested 

fkom these cells after rinsing the 90% confluent Tiso flask three times with 10 ml of PBS 

(phosphate buffered saline) and then replacing the last wash with 30 ml of DMEM 

supplemented with glucose and glutamine (as before) and 10% Nu-Sem (Collaborative 

BioMed) plus 50pg/ml ascorbic acid (Fisher Biotech). The flask was incubated for 24 

hours at 5% COz and 37OC. The next day the media was decanted and filter sterilized- 

3.12.2 Invasion Assay 

The invasion assays were perfomed as per the manufacturer's instructions. 

Briefly, the Biocoat Matrigel and control insert invasion charnbers (Collaborative 

Biomed) were rehydrated with 37OC DMEM for 1.5 hours. Cells were counted to a 

concentration of 1x10~ cells per ml, in DMEM supplemented with 0.1% BSA (bovine 

s e m  albumin). 750yl of fibroblast cultured media was added to the wells below the 

invasion chamber, and 5x10~ cells of either MDA-MB-231 or T47D5 human breast 

cancer ce11 lines, were added to the invasion chamber. The cells were kept at 37OC and 

5% CO2 for 12 to 24 hours. The non-invading cells were carefidly removed from the 

upper sinface of the membrane, and the membrane was fixed with methanol, stained with 

hematoxylin and eosin, then removed fiom the invasion chamber and placed on a slide 

for cell counts. Three fields of view of each slide were photographed, and cells were 



counted in each. Percent invasion was calculated by dividing the mean of ceIls invading 

through the Matrigel coated membrane by the mean of cells migrating through the 

uncoated control insert membrane and multiplying by 100. 



4.1 CD44Rl Transfection Results 

The CD44R1 plasmid (Figureure 4) was transfected into the estrogen receptor 

negative human breast cancer cell line MDA-MB-231 via the CaPQ method of Chen et 

al. (1987) which complexes the cDNA with the calcium ion, and facilitates the uptake of 

the cDNA into the ce11 for integration. 

Several rounds of transfection with either hygromycin or neomycin as the 

selection agent, as well as several CO-transfections with the pMAMneo plasrnid 

(Clonetech) were perfomed (Table 1) The neomycin transfections were performed 

because initially the concentration of hygromycin (400pglrnl Uiitially, then the cells were 

maintained in 200pg/ml hygromycin) was too high and killed off most of the potential 

clones. Table 1 indicates that approximately 230 individual clones were expanded fkom 

11 rounds of transfections, including 3 clones fkom the February 1997 transfection that 

were selected with hygromycin, not neomycin. 

In order to screen a number of clones for gene integrations, a genomic PCR using 

CD44E primers (which hybridize both to a 22 base pair conserved exon, intron bomdary 

CD44 site in exon 5, and a specific 21 base pair primer to the v10 exon sequence) was 

performed Of the 230 expanded clones, 75 were analyzed using this method and 38 of 
L 

the clones tested (51%) were positive for the predicted 400 base pair band. As in Figure. 

5, the control celi line was the untransfected MDA-MB-231 ER- human breast cancer 

ce11 line, wtiich failed to contain the 400 base pair cDNA PCR result, as it did not contain 



the transfected plasmid. Figureure 5 shows a representative genomic PCR of several ce11 

clones, as well as MDA-MB-231 untninsfected control cells. The PCR generated a 400 

base pair band from the CD44E inserted cDNA in the transfectants, but due to the 

enormous size of the endogenous CD44 gene (which spans about 60 kb; Screaton et ai., 

1992) the PCR conditions were inefficient to ampli@ any signal in the untransfected 

cells. 

To contùm the PCR-positive clones for genomic integation, we tumed to 

genomic Southem blot. Table 1 Uidicates the number of clones tested by Southem blot 

for integration. As rnentioned previously, lOug of the extracted genomic DNA was 

digested with the restriction enzyme BamH1, as was the control plasmid, CD44R1. (See 

Figureure 4 for CD44R1 map) The CD44R1 plasmid insert contains one B a d 1  site 

which cleaves the insert into two hgments of 1.4 and 0.3 kb, as well as cutting the insert 

out of the multiple cloning site. The probe used was specific for the v8 to v10 exon and 

was generated by PCR of the CD44R1 plasmid using v8 and v10 specific prirners. Figure 

6 shows an example of several clones that were analyzed. Table 1 indicates that out of 26 

clones tested, 2 were positive by Southem blot for genomic integration. Clones JS-11-H2 

and H3 are transfected clones selected using the hygromycin selectable marker, where 

JS l3-C4, C 1 and B4 are neornycin co-transfectants. For controls, untransfected MDA- 

MB-23 1 ER- hurnan breast cancer ce11 line and the CD44R1 plasmid were digested with 

BamHlas with the other samples. The only lanes to express a second band corresponding 

to the 1.4 kb C W R 1  fiagrnent (the 0.3 kb fiagrnent was run off the gel) were JS11-H2 

and H3. The larger fiagrnent band (approximately 2 kb) present in al1 lanes most likely 



corresponds to a digested genomic CD44E fiagment. 

Next, we needed to detemine if the 2/26 positive clones with apparent genomic 

integration of the plasmid were able to overexpress an mRNA transcript. Figure 7 shows 

an ethidium brornide gel loaded with 20ug of RNA, and photographed to show loading 

sirnilanties between lanes. This gel includes the PCR positive clone JS 1 1434, which was 

shown to be negative by Southem blot for C W E  (EU) plasmid integration, as well as 

the PCR positive, Southem blot positive, clones JS11-H2 and H3, and the untransfected 

parent ce11 line, MDA-MB-23 1. Figure 7 shows three mRNA transcripts for each lane, of 

approximately 5.4, 2.6, and 2.0 kb. The reason for the multiple mRNA signals is the 

presence of multiple polyadenylation signals in the CD44 gene. (Ham et al., 199 1) 

The radiolabelled probe (see Materiais and Methods for details) was generated 

fiom the C W R 1  plasmid using the same v8/v10 specific primers as for the Southern 

blot. This exon specific probe recognized three transcripts for CD44E with sizes of 5.4, 

2.6 and 2.0 kb. In one of the Southern positive clones, JS 1 1-H2, it was observed that 

there was overexpression of the 2.5 kb transcript when compared to the MDA-MB-231 

untransfected parent ceIl line. This transcript ran at a slightly larger transcript size, 

presumably due to a slightly altered transcription start site in the plsrnid, or a longer 

3'/poly A tail, as compared to the endogenous CD44 gene. JS11-H3 shows the larger 

middle transcript as well, but with lower expression than JS11-H2 and at a sirnilar level 

of expression to the conkol ceIl line, MDA-MB-23 1. With the overexpression of CD44E 

mRNA in the JSI 1-H2 clone, the next Logical step was to CO* CD44E protein 

overexpression. Using a CD44v10 specific antibody, (VFF- 14, Bender MedSystems) 



Western blots were performed on both JS11-H2 and H3 clones, as well as two human 

breast cancer cell lines for controls: untransfected ER- MDA-MB-23 1 and ER+ T47D5 

The results in show Figure 8 indicate an overexpression of two bands in the 

JS 11-H2 and H3 lanes, of approximately 165 and 155 kDa. These bands are undetectable 

in the ER- MDA-MB-23 1 cell line, but are present to a lesser degree in the ER+ T47D5 

ce11 line. This correlates with our previous data that indicates ER- ceIl lines have very 

little CD44E mRNA, and that ER+ ce11 lines possess a higher level of CD44E. The 

uniformly expressed bands at approximately 160 and 150 kDa are due to non-specific 

binding by the secondary antibody. The 80kd band may correspond to a small CD44v10- 

containing isoform, that is not CD44E, which contains v8 to v10. Using the same 

antibody, Saegusa and Oakyasu (1998) reported expression of major bands of 

approximately 140 to 250 kDa. This reflects the fact that the CD44 protein is highly 

posttranslationally modified by glycosylation, glycosaminoglycanation and the addition 

of sialic acid. (Goldstein et al., 1989; Brown et al., 1994; Jalkanen et al., 1988) as well as 

the fact that the VFF-14 antibody recognizes an epitope on the v10 exon. This includes, 

but is not exclusive to, CD44E, which is the most prominent vlOtontaining isoform. 

(Saegusa and Okayasq 1998). 

Growth assays were also perfonned on the JS 1 1-H2, H3 clones as well as the 
t 

MDA-MB-231 untransfected cell line. Figure 9 shows the resulting effects of C W E  

overexpression on ce11 growth rates, which indicates that the average growth rate of the 

transfected JS11-EI2 and H3 clones appears lower than the untransfected MDA-MB-23 1 



parental ce11 line, but the difference in growth rates was not statistically significant by t 

test (p..05) However, this trend was present in 3 independent growth assay experiments, 

and therefore the trend of slower growth rates in the transfectants should be taken into 

consideration in reference to the invasion results. 

In order to answer the initial hypothesis as to whether of not an overexpression of 

the CD44E (v8-v10) variant isofom would in fact decrease invasiveness, invasion assays 

using reconstituted basement membrane (Matrigel, VWR) were perfonned. (Figure 10 

illusirates the invasion assay.) In duplicate experiments, when the level of invasion was 

compared between the parental ce11 line, MDA-MB-231, and the CD44E transfected 

clone JS11-H2, the results indicated that there was no statistically significant difference 

in the level of invasiveness between them. The mean values for the invasion assays with 

the MDA-MB-23 1 untransfected ceIl line was 19.5% and for the JSZ 1-H2 CD44R1 

transfected clone, 22.8%. (Figue 1 1) 

4.2 Ce11 Substrate and Cell Density Results 

4.2.1 Ce11 Density Experimental Results 

MDA-MB-23 1 and T47D5 human breast cancer ce11 lines were plated at increasing 

celI densities on 2cm2 tissue culture plates. The cells were grown for 2 dayç, when the 

highest concentration of cens would have just becorne confluent, and then harvested for 
t 

RNA extraion. For each primer grouping, the cell hes  were plated at increasing c d  

densities of 50%, 100%, 200% and 400%. Once the RNA was extracted nom the ceik, RT 

PCR was performed to assess the levels of expression ofCD44H (standard form), CD44E v8 



to v10 variant) and GAPDH (housekeeping gene) as a Loading control. The primers used for 

the CD44 standard form are found in the conserved exon 5 (at an introdexon boundary) and 

in the conserved exon 17, also at an exodintron bounday For the v10 P a  the upper 

primer was the same exon 5 primer, but the lower primer hybridised in exon 14, whkh is the 

v10 exon Figure 12 shows the results of a representative replicate of this RT PCR The gel 

was photographed under W light and densitometry was performed for each lane. In order to 

quant@ the PCR results, the value for each CD44H or CD44E band intensity was divided by 

the value for the correspondhg GAPDH band Uitensity, to control for loading differences on 

the gel. Figure 12 shows the quantifiecl resdts of four separate plating experirnents, each 

containing three replicates of the RT PCR experiment on the extracted RNA. (data not 

show) The data for al1 four cewprimer combinations are expressed as a ratio of the 

standardisai levels of CD44E to CD44H. (Figure 13) The 100% plating value (6.25~10~ 

cells/well) was used as the standard value for which all the rest wodd be compareci to. Figure 

12 indicates that there are no signincant ciifFerences in the ratio of CD44E to CD44H levels 

(as detected by RT PCR) with increasing cell densities for either the ER+ (T47DS) or ER- 

(MDA-MB-23 1) breast cancer cell line. 

4.22 Ceil Substrate Experimental Results 

The next study performed was to assess levels of CD44H and CD44E expression by 

ER+ and ER- celî lines on different substrates. The same ce11 Iines as for cell density W e s  

were plated at a constan~cell number on four different substrates: Mabigel reconstituted 

basement membrane, coliagen type IV, poly-2-hydroxyeùiyhethacrylate, and uncoated 

plastic plates. Figure 14 shows a representative ethidium bromide gel for the RT PCR 



experiments. For statistical analyses, the densitometric values of the CD44 rnRNA levels 

were once again divided by the resuits of the densitometry for the appropriate GAPDH 

levels and expressed as a ratio of CD44E to W H .  As well as for the ce11 density results, 

we set the values for the cells grown on plastic to 1, since plastic was our control substrate. 

The graphical analyses lead to severai results. (Figure 15) Firstly, CD44E to CD44H mRNA 

ratios of the ER- ceil h e  MDA-MB-231 were not afEected by substrae, as there was no 

statisticdy significant ciifference between any of the other three substrates and plastic. In the 

ER+ cell line (T47D5), there was a decrease in CD44E to CD44H ratios in aU three 

substrates compared to plastic. For Mitrigel, the average demase in splicuig was 51.2%, for 

collagen, 55.1% and for gHEMA, 47.3%. This decrease was statistically sigmficant for 

Matrigel (p.01), and p-HEM. ( p d 5 )  and nearly signincant for collagen @=--09) when 

compared to plastic as a control. (Figure 15) 

4.23 Results of SR Protein Studies 

Because of the observed siprUncance decrease in CD44E signal in T47DS cells 

grown on fitrigel vernis plastic7 a series of Western blots assessing the effect of ce11 

substrate on SR protein levels was performed As discussed in detail in the introduction, SR 

proteins have been shown to affect splicing of several genes, incIuding C W .  (Zahler et al., 

1992) Figure 16 shows a Western blot of T47D5 cells grown on the four substrates used in 

the RT PCR studies. The'antiibody used (mAb 104) recognises the 5 different SR proteins 

which are the SR75,55,40,30's and 20 proteins. The results of the SR protein Western blot 

(as assesseci by densitometry, and expressed relative to SR 75) are show in Figure 17. These 



results indicate that there is no differences in the SR protein pattern of expression in cells 

grown on Matrigel collagen or p-HEM4 when compareci to plastic. 



5 DISCUSSION AND CONCLUSIONS 

Our previous work (Hole et al., 1997; see Figure 3) has shown that ER- human breast 

cancer cell hes, which are highly invasive, express nearly undetectable levels of CD44E and 

5 to 10 times higher levels of CD44H (Figure 3). In contrast, ER+ ce11 lines, wtiich are less 

invasive, had slightly higher levels of CD44E than C W H .  Based on these findings, we 

hypothesised îhat overexpression of CD44E in an ER- breast cancer celi line would alter 

invasiveness of that cell line. By overexpressing the CD44E levels in these cells, we wanted 

to determine the effect this gene would have on invasive potential. Our second objective was 

to determine if this pattern of 044 expression was related to the ce11 density, celi substrate, 

cell shape, or different type of breast cancer ceU. 

Tu test the first hypothesis, we transfected the ER- ceU line (MDA-MB-231) with 

CD44E rather than the ER+ ce11 line (T47DS) with CD44H in order to detect a change in 

hvasiveness. The rationale for this was twofold: 

1. Since there are neariy undetectable levels of CD44E in the ER- cells, any increase in 

CD44E mRNA would be more signifkant than an increase in CD44H in the T47D5 

cells, which has more readily detectable levels of both CD44H and CD44E. 

2. In order to detemine changes in invasiveness, the Boyden chamber assay was us& It 

was more likely that we might detect a dec-rease in invasiveness in cells that already 

exhibited this property than to induce invasiveness in ER+ cells. 

The transfectants kere initialiy selected using the hygromycin selectable marker 

present in the CD44R1 plasmid, pictured in Figure 4. InitiaIly, the hygromycin levels dowed 

for the seledon of only a few individual colonies, so we went to the CO-transfection with the 



neomycin plasmid, a selection agent more commonly used 

The fïrst step in the process of invasion and metastasis involves a change in adhesive 

properties. (Figure 1) This includes a decrease in celVcel1 contacts, as well as a change in 

celYmatrix adhesion (Jiang et al., 1994)' perhaps attributable to CD44, one of many adhesion 

molecules whose expression in aitered in breast cancer. No significant difference was found 

in the levefs of invasiveness between the untransfected MDA-MEL23 1's and the CD44E 

transfected clone, JS11-HZ (Figure 11) Southern, Northem and Western blot data indicate 

that the CD44R1 cDNA had been întegrated, and expressed as both a mRNA trans&pt and 

the resulting protein isofom. Noting th is  there may be several reasons for the lack of 

difference in the invasion propensity between the wild type and the CD44E traosfected celis. 

The invasion assay itself uses recoristituted basement membrane as the substrate that 

the cells must invade. The proteins included in the Matngel are primarily type IV collagen, 

laminin and heparan sulfate proteoglycans, as opposed to the stroma which is mainty 

composed of fibrillar collagens (type 1, II, III, V and XI) as weli as  the other 

giycosaminogiycans like hyaluronan, keratin nilfate and heparan sulfate. Although CD44 

does bind some oiher components of the extracellular m a t e  m e  collagen, fibronectin and 

laminin, it does so with very Iow aEnity. (Naor et al., 1997) Since CD44 fùnctions as the 

primary adhesion molecule for hyaluronic acid, (Ledey and Hyrnan, 1992) the effect of the 

increased levels of CD44.E ùi the MDA-ME3-231 cells rnay not be apparent in the Boyden 
L 

chamber invasion assay used Perhaps a decrease in invasive ability would be more apparent 

in the CD44E clones if we were to examine the ability of the ceUs to invade through an 

extracellular ma& It has ken obsmed that CD44E does not bind hyaluronan as weli as 



the standard CD44 form. It has k e n  suggested that since there are 3 extra exons in C W E  

(compared to CD44tT), there are more sites for glycosylation, which has been shown to 

interfere with hyaluronan binding by the standard CD44 f o m  (Bennett et al., 1995) It has 

also been observed that CIMMeficient Narnalwa cells (which are unable to bind hyaluronic 

acid) W e c t e d  with CD44E failed to bind hyduronan as eficiently as the same cells 

transfected with CD44H (Bartolazzi et  al., 1995) By increasing the protein expression of 

CD44E (as shown in Figure 8) we could potentially decrease the cells ability to bind to the 

extraceilular maûix proteins and therefore decrease the invasive potential in that marner. 

Perhaps an altemate assay that could be used would be a hyaluronan binding assay to 

detennifle the effect of increased CD44E on the bransfected breast cancer cell h e .  

Another possibility is that the increased expression of the CD44E variant enhances 

metastasis of cancer ceils more so than invasiveness. Several papers have indicated that the 

CD44E (vû-10) variant levels correlate with metastatic rather than invasive cancers. 

Yamaguchi et al. (1998) showed that senmi levels of CD44E in patients with colorectal 

cancer correlated with lymph node and iiver metastasis, but not with serosal invasion, A few 

years &lier, the same group observed that in gastric carcinomas, CD44E variants were also 

associated with venous invasion and subsequent metastasis. (Yamaguchi et al., 1995) Animal 

studies using the CD44E transfected clones could evaluate the enhanced metastatic potential 

of cells overexpresing CD44E. This could be accomplished by measuring the size and 
L 

fiequency of the metastases of the transfected and unûansfected cell hes. 

A recent paper by Iïda and Bourguignon (1997) has suggested that CD44v10 

traasfected cells display significantly l e s  CD44-specinc adhesion to hyluuronan in vitro. 



Non-hunorgenic human breast epithelial cells (HBL100 ce11 Iine) which e.yress CD44H 

only, were tmnsfected with CD44v10 cDNA. This decreased the CD44-mediated adhesion in 

the tramfected ce11 line to O%, from 97% in the parental celi line. They concluded that 

CD44H was the major hyaluronan receptor. Also the ratio of CD44H to the v10 variant may 

affect hyaluronan binding by CD44H. In our model, we also altered the ratio of CD44H 

(which is nomally 5 to 1C fold higher in the ER- breast cancer cell Iine, MDA-MB-231) to 

another v10 containîng variant, CD44E. If the CD44E levels were onIy rnarginally ïncreased 

over untransfected ceil line levels, that may not have been enough to affect invasiveness in 

our transfected ceil lines, and may not have had any noticeable effect on the ratio between 

CD44H and CD44E. This possibility could be tested by comparing the ratios of CD44E to 

CD44H in the JSl I-H2 transfected clone to the less invasive ER+ T47D5 cell line. 

Another possibility may be that CD44E has no direct bearing on invasiveness of 

breast cancer, but may be only one of many genes that has altered expression in highly 

invasive ER- breast cancer ceIls. CD44E could enhance the adhesive ability of breast cancer 

ceus, but that may not be enough to cause the obsenred increase in invasiveness. In addition 

to CD44, proteases, motility factors and other adhaion molecules have altered expression in 

breast cancer contributing to a tumou. cells ability to invade. 

The second hypothesis in this project dealt with how the cellular microenvironment 

influenced the expression patterns of CD44 in ER- and ER+ ce11 lines. To assess this, we 

studied ceIl density, ce11 substrae and ceil shape as possible factors. 

As indicated in the 'Xesults", there were no signifiant differences in the CD44E to 

C W H  ratios (as detected by RT PCR) with increasing cell densities for either the ER- or 



ER+ ce11 line. As well, ceIl substrate had no detectable effect on rnRNA expression of the 

ratio of CD44E to CD44H in the ER- MDA-MB-23 1 ce11 line- But in the T47DS ER+ ce11 

h e ,  the ratio of CD44E to CD44H was decreased nearly by half for all substrates compared 

to plastic. And lastly, Western blot data indicated no relative change in SR proteins in the 

ER+ cells gmwn on Matrigel, when compared to cells grown on plastic. 

From these results, severai conchsions can be made. The RT PCR results for both 

ceU density and ce11 substrate should indicate whether there was a change in CD44 splicing 

levels. Since the CD44E to CD44H ratio was the same for al1 cell densities and substrates in 

ER- cells, it is concluded that splicing was not affected by ceIl density, substraîe or shape 

(indicating an alternative mechanism of splicing regdation in ER- cells). We observed that 

CD44 splicing in ER+ but not ER- breast cancer cells was iduenced by ce11 substrate. This 

was noted in Figure 15, which showed a decrease in the CD44E to CD44H ratio on Maîrigel, 

collagen and pHEMA, for T47D5 EX+ celis. This result suggests that when the ER+ cells 

are under different adhesive conditions @y using Maicigel or collagen) or under conditions 

that dter the cell shape, the level of spiicing of CD44 is decreased These four particuiar 

substrates were chosen to mimic several conditions a cells wodd be under in vivo. Matrigel 

most closely represents the basement membrane which the cells would need to cross in order 

to invade new tissue, and its proteins include collagen, nbronectin and laminin The coating 

of plates with collagen type N represents the most important constituent of the basement 

membrane. pHEMA indices the cells to form more rounded colonies and behave as if they 

were in suspension, allowing us to determine if ciifferences in CD44 patterns of expression 

could be attrr'buted to changes in cell shape. 



The most interesting result was that the ER+ cells grown on the adhesive substrates 

such as collagen and Matrigel, showed a decrease in CD44 splicing when compared to cells 

grown on plastic. The use of Maîrigel to af3ect the transcription of several genes has k e n  

well studied Streuli et al. observed that Matrigel , but not plastic, induced human mammary 

epithelial cells to produce several mik proteins, including p-casein (Streuli et al., 199 1) In 

1993, the same group showed that the regulation of TGFPl could be mediated by the 

substrate. (Streuli et al., 1993) Since TGFf31 stimulates matrix production, the cells 

experienced a negative feedback loop when grown on Matrigel, and downregdated the 

TGFPl signal. As previously discussed, CD44E has been show to be associated with more 

metastatic forms ofcolon and gastric cancer (Yamaguchi et al., 1998 and 1995), and may be 

dom-regulated during uivasion, which is denned by crossing of the basement membrane, in 

our case, growth on Matrigel- (Jiang et al, 1994) 

Cell shape has been irnplicated in the expression but also the splicing of several 

genes. Fibroblasts increase collagenase-l production as a result of integrin binding and the 

eventual dimption of the actin cytoskeleton By changing the cells shape via plating on 

integin-specific Ligands, a signahg cascade beginning with the integrin adhesion molecule 

caused increased transcription of the collagenase-1 gene. (Kheradmand et ai., 1998) 

Alternate splicing has also k e n  shown to be directed by changes in cell shape. 

Schischmanoff et al. (1997) showed that p4.1 (a membrane skeleton protein found in red 

blood tells) could be adiniative~~ s p i i d  differently depending on the shape of the cell. 

When the ceiis had a more rounded morphology induced by plating on pHEMA, a novel 

exon insertion was observed, A change in ce11 shape also induced different pattern of CD44 



splicing, perhaps because CD44 is also associated with the cytoskeleton through ankyrin and 

actin (Tsukita et al., 1994) 

The decrease in ER+ cells of CD44 mRNA splicing on Matrigel and collagen did not 

correlate with any consistent change in any SR protein levels, when compared to cells grown 

on plastic. (Figures 16 and 17) This fiding suggests that the decrease in CD44 splicing due 

to changes in adhesive properties is not a direct function of the expressed levels of SR 

proteins themselves, but of some other mechanimis. (see below) The SR proteins are a 

f d y  of proteins which regdates splice site selection for CD44 alternative splicing, as well 

as for other genes. (Screaton et al., 1995) SR proteins also have cell type-specinc expression, 

and certain SR proteins have been show to favour specific-splice sites (Fu, 1995). It has 

been demonstrated that the spliciog pattern of CD44 is altered when the levels of SR proteins 

are changed, specifically SR40 and 55. (Screaton et al., 1995) Previous work in our 

laboratory (M. Pind, unpublished data) has indicated that in breast tunoun that have 

increased expression of v7 and v10 inclusive variants of CD44, there is a relative 

overexpression of SR55 Transient iransfection experiments in our laboratory (M. Pinci, 

unpublished data) using SR40 and SR55 in ER+ breast cancer ce11 lines indicated that there 

was no direct effects on CD44 splicing. By altering CD44 splicing through adhesion changes, 

we observed that SR protein levels were UIlitffected. It's possible that if changes in 

expression levels of SR proteins do not directly affect the expression of vlO-containing 

variants, including CD& (v8 to vlO), perhaps there is a change in the phosphorylation or 

activation of the SR proteins @y kinases such as clk'sl through 3 or SRPKl and 2. (Hanes et 

al., 1994) that alter the levels of splicing of CD44 variants in breast cancer cells. 



In conclusion, we have determined that the differences in CD44E expression in ER- 

breast cancer ceiis may not be directly related to invasive propensity of ER- cells. In ER+ 

cells, the regulation of CD44 splicing can be influenced by changes in ce11 adhesion and ceii 

sbape. Therefore, some of the differences seen in celi lines between ER+ and ER- cells rnay 

be consequences of in vitro culture conditions. 
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Fig. 1 The proeess of invasion and metastasis 
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Figure 3.CD-I-I expression assessed by RT-PCR as descnbed in 
Fisure 2 showing the pattern of expression of CDU variants in- 
corporating eson v7 (a) or v10 (b )  in ER positive and ER nega- 
tive breast tumors. The  lancs correspond t o  the case numbers in 
Table 1. 

Fig. 3 CD44v7 and CD44v10 pattern of expression in ER+ and ER- turnours. (From 
Eole et al., 1997) 



Mdtiple Cloning Site, containhg 
the 1737 base pair CD44Rî 

PCEP4 CD44Rl plasmid 
10.4 kb 

Fig. 4 CD44EU plasmid map 



Fig. 5 PCR assay of MDA-MB-231 transfected clones to iden- clones 
containhg the CD44Rlm) insert. lug of genomic DNA was amplified for 45 
cycles at 45 seconds at 93"C, 45 seconds at 56T , then 1 minute and 30 seconds at 
75 OC, for 45 cycles. The primers used anneal to the v10 exon and a commonly 
expressed exon for al1 CD44 molecules, generating a 400 base pair signal in the 
transfected M'A-MB-231 cells (Lanes 1 tolO) and no signal in the untransfected 
MDA-M.-23 1 parent cell line (Lane C). Lane L is the DNA ladder. 



Fig. 6 Genomic Southern blot of MDA-MB-231 transfected clones to 
assess for CD44E plasmid integration. 10 ug of genomic DNA digested 
with BamHlenzyrne were loaded in each lane, except in lane 7 where 
lOOng of CD44R1 plasmid was loaded. The radiolabelled probe was 
specific for the v 8 4 0  altemately spliced exons of CD44E.Lanes 1 to 
5:CD44R1 îransfected, PCR positive MDA-MB-23 1 clonesLane 6: 
MDA-MB-231 wild type ce11 line. Lane 7: CD44R1(E) plasmid. The 
digested CD44R1 cDNA generates a 1.4kb band which is not present in 
the control ce11 line Kane 6) or in several tested clones. The 
approxirnately 1.6kb band corresponds to a digested genomic CD44 
fragment. 



28s (5kb) 

18s (2 kb) 

Fig. 7 Northern blot of CD44Rl(E) transfectsnts. 20ug of RNA were loaded into each 
lane and probed with a radiolabelled probe incorporating the v8, v9 and v10 exons of 
CD44E. Lanes 1 to 3: are CD44Rl(E) transfected MDA-MB-23 1 cells. Lane 4: 
untransfected MDA-MB-23 1 ce11 line. Lane 1: JS? 1-B4, a PCR positive, Southern blot 
negative transfectant, Lane 23: PCR, Southem blot positive transfectants JS 1 1 -H2 and H3. 
7A shows the Northern gel stained with ethidium bromide as the loading control, 7B depicts 
the probed Northern blot, with the 3 mRNA signals for CD44E, (5.4, 2.6, and 2.0kb) 
generated by multiple polyadenylation signals during CD44 splicing. The 5 kb and 2 kb 
bands correspond to the 28 and 18s band sizes respectively. 



Major CD44E 
foms 

Fig. 8 Western blot of CD44Rl(E) transfectants. 50 ug of extracted protein was run on a 
6% SDS PAGE gel, and incubated with the VFF-14 antibody specific for an epitope on the 
v10 exon of CD44E. Lanes 1 and 2: are transfected MDA-M.-23 1 clones JS 1 1 -El2 and 
JS1 LH3. These clones arePCR, Southem and Northern blot positive. Lane 3: MDA-MB- 
231 untransfected ER- human breast cancer ce11 line. Lane 4: T47D5 ER+ human breast 
cancer ce11 line, untransfected. Lane L: protein standard marker. Lanes 1 and 2 show an 
overexpression of two bands, at approximately 165 and 155kDa that are not detectable in 
the ER- ce11 line, and which is expressed in the ER+ T47D5 ce11 line. These bands 
correspond to the major foms of the transfected CD44R1 cDNA protein. 





MDA-MB-23 1 Control 
Membrane 

JS11-EU Control Membrane 

MDA-MB-231 Matrigel-costed 
Membrane 

JS11-EU Matrigel-coated Membrane 

Fig. 10 Invasion assays for MDA-MB-231 parental cell line, and for JS11-Ei2 
transfected cell line. 5x103 cells were plated on either the uncoated or Matrigel coated 
inserts of 8um pore size, and were grown in 0.1% BSA plus DMEM for 24 hours, using 
fibroblast conditioned media as the chemoattractant. 



Overall Invasion Assay Results 

MDA-MB-231 JS11-H2 

Cell Line 
Fig. 11 Invasion assay results for the untransfected MDA-MB-231 and CD44R1 

transfected J S I  1 -H2 clone. 



Fig. 12 RT PCR of ER- and ER+ human breast cancer eell Iines assayed at cell 
densities of 3.1~103, 6.25~103, 1.25x104, and 2.5~104 cells per 2cm2 dish. Lanes 1- 
4: MDA-MB-23 1, ER- ce11 line, ushg  CD44H (standard fom) primers. Lanes 5-8: 
T47D5, ER+ ce11 line, using CD44H primers. Lanes 9-12: MDA-MB-231 ce11 line, 
using CD44E (epithelial variant) primers. Lanes 13-16: T47D5 ce11 line, using CD44E 
primers. Lanes 17-20: MDA-MB-23 1 using GAPDH primers. Lanes 21-24: T47D5 
cells using GAPDH primers. For each group of 4 lanes, the cells were plated at 
uicreasing densities of 5O%, 100%, 200%, and 400%. The CD44H band corresponds to 
approximately 200 bp, while the CD44E band is at 400bp. The GAPDH gene was 
amplified as a loading control for the CD44H and E PCR reactions. Both CD44 
reactions were amplified for 40 cycles at 45 seconds at 93OC, 45 seconds at 56OC , then 
1 minute and 30 seconds at 75 OC, for 45 cycles, while the GAPDH was amplified at 
the sarne temperatures for 35 cycles. 
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Fig.13 Celi density experimental data 



Fig. 14 RT PCR of ER- and ER+ human breast cancer cell Iines plated on various 
substrates. Both the MDA-MB-23 1 (ER-) and the T47D5 (ER+) plated on four substrates: 
Matrigel (MG), collagen type N(C),  pHEMA (pH), and on plastic wells (PL). Even 
numbered lanes represent MDA-MB-23 1 ER- breast cancer ce11 line and odd numbered 
lanes represent T47D5 ER+ breast cancer cell Lines. Lanes 1 to 8 represent RT PCR using 
CD44H primers, and CD44E primers. Lanes 9 to 16 are the same samples using GAPDH 
primers. Both CD44 reactions were amplified for 40 cycles at 45 seconds at 93"C, 45 
seconds at 56OC , then 1 minute and 30 seconds at 75 OC, for 45 cycles, while the GAPDH 
was amplified at the same temperatures for 35 cycles. 
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Fig. 15 Cell Su bstmte experirnental data 



Fig. 16 Western blot of SR protein levels in T4m5 ER+ breast cancer cell lhe 
grown on various substrates. 50 ug of the extracted protein samples were nin out on 
a 12% SDS-PAGE separating gel, and incubated with mAbl04 which binds to a 
cornmon epitope on the six SR proteins. Lane 1: cells grown on Matrigel, lane 2: cell 
grown on collagen type IV, lane 3: cells grown on pHEMA and Iane 4: cells grown on 
plastic. Laue 5: protein ladder. 





Date of Transfection 
title 

Number 
of 
clones 

O' 
0' 
0' 

Clones Positive Clones 
analyzed clones by tested by 

PCR (%) Southerd 
Northern 
blot (% 
postive) 

NIA NIA (0) (0) 
NIA N/A (0) (0) 
N/A N/A (O) (O) 
by 6 (30) 6 (0) (0) 
PCR=20 

transfection 

November 95 
November 95 
December 95 
January 96 
- -- 

May 96 

August 96 
November 96 

NIA N/A (O) (O) 
by PCR=8 O (0) (O) (O) 
by PCR=5 4 (80) 4 (O) (0) 
by 16(69.5) 7(0)(0) 
PCR=23 

January 97 

by PCR=1 1 1 (100) 1 1 (O) 

' hygromycin selection killed ce& 
ceils died due to infection 
denotes that three clones are £iom a simultaneous transfection using hygromycin as the 

seiection agent. 

Table 1: Transfmtion record of MDA-MB-231 cells transfected with CD44Rl(E) 
plasmid. 




