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Summary

The uroplakin LB gene has been cloned and characterised in only two species;

mink (designated TI1) and cow. The cDNA sequences of mink TI1 and bovine

uroplakin Ib have been isolated and putative protein sequences predicted. The

mink TI1- gene is preferentially expressed during growth arrest mediated þ

transforming growth factor beta. The bovine uroplakin Ib gene is expressed as a

terminal differentiation product of the asymmetric unit membrane of the bovine

bladder and has urothelial-specific expression. The uroplakin L8 protein belongs

to the tetraspan family of proteins, all of which have a similar protein structure

with four highly conserved transmembrane domains interspersed with two

more diverse extracellular domains. The tetraspan proteins are involved in a

variety of cell functions including motility, activation and development. Recent

studies have found that some of the tetraspan genes have altered patterns of

expression in cancer and may act as metastasis suPPressors.

This thesis describes the first cloning and characterisation of the human

uroplakin 1B (UPK1B) gene, thereby confirming the existence of a human

homologue of the mink TIL and bovine uroplakin Ib genes. The cloning, by PCR

techniques of the cDNA coding for the open reading frame of the human

uroplakin 1-B gene revealed homologies to both mink TI1 and bovine uroplakin

Ib cDNA of greater than 90"/". The cloning of 2.5 kb of contiguous human

uroplakin 1B genomic sequence is described, along with the discovery of a TøqI

restriction fragment length polymorphism. Chromosome maPPing using two

independent human uroplakin LB genomic probes located the gene to human

chromosome 3q13.3-27, a region with synteny to the location of the bovine UPKIb
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gene to bovine chromosome 1. Mapping to mouse chromosomes revealed the

location of mouse Upklb to chromosome 1,685-C2, a region syntenic with

human chromosome 3q.

Expression of the human uroplakin L8 gene in normal human urothelium was

determined by Northern and RT-PCR analysis. A loss or marked reduction of

expression of UPKLB mRNA was observed in approximately 70"/" of bladder

carcinomas. Alt five bladder cancer cell lines analysed have no exPression of

uroplakin LB mRNA detectable by Northern analysis. A search for a possíble

molecular mechanism for the observed frequent down-regulation of human

uroplakin LB mRNA expression involved both allelic loss studies and detection

of UPKLB gene rearrangements. Using polymorphic markers located either side

of the uroplakin 1-B gene on chromosome 3q13.3-21,, allelic loss was not detected

in this chromosome region. Southern analysis using human UPK1B genomic

probes did not detect gross rearrangements of the UPK1B gene, suggesting UPK1B

gene rearrangements are not responsible for the down-regulation of UPKLB

expression in bladder cancer.

To examine the biological function of UPK1B, the highly homologous mink TI1

cDNA, under the control of a constitutive cytomegalovirus (CMV) promoter/ was

transfected into the mink CCL64 cell line and two bladder cancer cell lines, T24

and 5637. The failure to propagate any stable clones expressing exogenous TI1 in

any of the three cell lines suggested expression of TI1 was antiproliferative.

There was an eight-fold reduction in the number of colonies propagated from

v11



T24 cells transfected with the TIIICMV plasmid when compared to vector-

transfected cells, supporting this hypothesis.

In summary, this thesis reports the partial cloning and characterisation of the

human uroplakin L8 gene. Cloning of partial human uroplakin 18 genomic

sequences has allowed analysis and characterisation of the gene with regard to its

structure, chromosomal localisation and integrity. Sequence comparisons of

human UPKLB to mink T1L, bovine UPKIb and other tetraspan proteins were

made possible by the cloning of the open reading frame of the human uroplakin

18 cDNA. The cloning of human uroplakin LB cDNA has also enabled

expression studies of UPKLB mRNA in normal urothelial tissue, bladder

carcinomas and bladder cancer cell lines. Absent or greatly-reduced expression of

UPK1B mRNA in a high proportion of bladder cancers and functional studies

suggesting that the UPKLB gene is antiproliferative, all point to a potential role

for UPK1B in the pathogenesis of bladder cancer.
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LITERATURE REVIEW

1



1..1. THE CELI CYCLE

The cell cycle of the mammalian cell can be divided into distinct stages. The gap L

(G1) phase is followed by DNA synthesis (S), gap 2 (G2) and mitosis (M). Entry

into and progression through each phase of the cell cycle is controlled by u

number of regulatory control mechanisms or "checkpoints" responsible for the

correct order of the stages of the cell cycle. After the completion of mitosis, the

cells enter the growth arrest (G0) phase. From the G0 stage, a cell may re-enter the

cycle and either replicate, differentiate or become quiescent and eventually

undergo apoptosis. The control of cellular proliferation is important in the

homeostasis of normal tissue and is maintained by the balance between positive

and negative regulators. Cell cycle regulation involves the interactions of

oncogenes, tumour suppressor genes, growth factors and other genes which act to

determine the fate of a cell. Disruption of the genes involved in cell cycle

regulation may result in uncontrolled cellular proliferation, leading to cancerous

cell growth. This neoplasia may result from a disorder in the checkpoint of a

specific cell cycle phase transition, for example, GL-to-S.

1.1.1, Growth Arrest

From the growth arrest stage of the cell cycle, a cell may either proliferate, enter a

quiescent state, differentiate to a particular cell type, or apoptose, depending on

the external stimuli. The micro-injection of messenger RNA species of growth-

arrested cells can cause the recipient growing cells to undergo growth arrest

(Pepperkok et a1., 19SS). Therefore, there must be genes, preferentially expressed

during G0 that are essential for the induction and maintenance of growth arrest.

Genes induced during growth arrest have varying properties and functions and a
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role in the regulation of cellular proliferation has been demonstrated for some of

these genes. Examples of genes preferentially expressed during growth arrest

include p53, GAS (growth arrest-specific) genes 1.-6, transforming growth factor

beta (TGFp) and MyoD. The nuclear phosphoprotein p53, includes induction of

growth arrest as just one of its many functions as a tumour suPPressor (reviewed

in Levine ,1gg7). The GAS genes are related only by their preferential expression

in growth arrest and have varying functions. GAS1, for example, inhibits GO/GI'

phase transition in fibroblasts (Del Sal et al., t992). TGFB induces growth arrest

and differentiation in many cell types, including epithelial and endothelial cells

(Massague, Lgg}). The MyoD gene induces growth arrest and terminal

differentiation of myoblasts (Crescenzi et a1., 1990).

Other genes up-regulated during growth arrest may have roles in the control of

cell cycle progression and differentiation. For example, the cyclin-dependent

kinase inhibitors (CDKIs) are a family of growth-inhibitory proteins which

physically associate with and inhibit the activity of the cyclin/CDK (cyclin-

dependent kinases) protein complexes. Cyclin/CDK complexes trigger cell cycle

transitions by phosphorylation of downstream targets, for example, the

retinoblastoma protein (reviewed in Grana et a1., 1995). The tumour suPPressor

retinoblastoma protein is found in a hypophosphorylated state as cells exit

mitosis and. is subsequently hyperphosphorylated during late GL phase thereby,

acting as a cell cycle oscillator, regulating progression through the cell cycle

(reviewed in Sherr, 1994).
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Many of these growth-inhibitory gene products interact with each other in

common signalling pathways to control cellular proliferation and prevent

neoplasia. For example, p53 modulates the activity of TGFB @laydes et a1., 1995),

including the pS3-dependent repression of CDK4 by TGFB-induced growth arrest

(Ewen et a1., 1gg5). Many CDKIs, including p15 (Hannon et aI., 1994) and p27

(Polyak et a1., 1994), interact with TGFB to induce growth arrest.

1,.L.2 Differentiation

Differentiation and cellular proliferation are believed to be mutually exclusive

events. Withdrawal from the cell cycle appears to be a prerequisite for

differentiation and may be an early event in terminal differentiation (Philipson et

al., 1991., Olson, 1992). Differentiating cells display extended GL phases and

inhibition of Gt/S transition (Liebermann et al., 1995). The induction of

differentiation can result in the hypophosphorylation of the retinoblastoma

protein and the onset of growth arrest (Pardee, 1989). Differentiation may affect

the phosphorylation state of pRb through expression of the CDKI, p21. Up-

regulation of expression of p21, has been observed upon addition of

differentiation-inducing agents, including dimethylsulfoxide (DMSO) and

butyrate, to K562 haematopoietic and Hep3B hepatoma cell lines (|iang et al., 1994,

Steinman et a1., 1994). Up-regulation of p21. by differentiation-promoting agents

occurs in both pS3-positive and negative cells, suggesting that p21 induction can

be pS3-independent. Differentiation can occur without the involvement of p53,

as observed in mice deficient for p53 which are developmentally normal
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(Donehower et al., 1992). Therefore, the growth arrest stage preceding terminal

differentiation may also be pS3-independent.

1.1..3 MyoD

In muscle cells, proliferation and differentiation are mutually exclusive events.

The MyoD family of muscle-specific, transcription factors activate muscle

differentiation and inhibit cell proliferation. Transcription of muscle-specific

genes is initiated only when myoblasts are growth arrested in the G0/G1' phase.

Therefore, the myogenic differentiation regulatory Program may be dependent on

the functions of genes expressed in G0/G1 or it may be that inhibitory factors

expressed at other phases of the cell cycle are incompatible with the myogenic

differentiation program (Olson, 1992). Expression of the MyoD gene can inhibit

cell proliferation in both normal and transformed cells, therefore overriding the

mitogenic signals of these cells. The transformed cells in which MyoD induced

growth arrest, included NIH3T3 cells transformed with H-ras, src or fos oncogenes

as well as KLN 205, a squamous cell carcinoma cell line and LL/2, a lung

carcinoma cell line (Crescenzi et al., 1990). The growth arrest and differentiation

properties of the MyoD gene appear to act via independent pathways, as, it't

several cell types, inhibition of DNA synthesis occurs, but not muscle

differentiation. Basic domain mutants of MyoD retain their capacity to inhibit

DNA synthesis, although are unable to activate myogenesis (Sorrentino et a1.,

1990). Transfection of the MyoD gene into both murine myocytes and non-

myogenic cells induced the expression of cyclin-dependent kinase inhibitor, p21

mRNA. The MyoD-mediated induction of expression of p21,, which inhibits CDK

activity, is correlated with growth arrest of the cells (Halevy et aI., 1995). These
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observations imply that MyoD may naturally induce myoblasts to exit the cell

cycle via growth arrest before terminal differentiation occurs.

-t.1.4 DCC

The DCC (deleted in colorectal cancer) gene is an example of a candidate tumour

suppressor gene involved with differentiation. The DCC Sene was originally

isolated because of its chromosomal location, 18q, a region often deleted in colon

cancer (Vogelstein et al., L988). The mRNA expression of DCC is absent or

decreased in more than half of primary colorectal tumours analysed. Although

loss of heterozygosity of 1.8q, including the DCC locus is observed in 70% of

colorectal cancers, the retained allele of DCC is somatically altered in only

approximately t0-15% of these cancers (Fearon et a1., 1990). Abnormalities of DCC

are thought to be part of a multi-step model of colorectal carcinogenesis with DCC

mutations involved in the later stage of tumour progression. The

dedifferentiation of the goblet cells in the normal colonic epithelium coincides

with the loss of DCC expression, which may be a consequence of, or have a

causative role in the loss of differentiation (Hedrick et a1., 1992). Loss of DCC

expression in neuroblastoma is correlated with disease díssemination. Expression

of DCC could not be detected tn 60"/" of metastatic tumours comPared with only

15-20% of non-metastatic tumours (Reale et à1., 1996). DCC is frequently

inactivated in several other types of cancers through either altered expression or

18q loss of heterozygosity (reviewed in Cho et a1., 1995). Transfection of a DCC

cDNA into transformed keratinocytes lacking endogenous expression of DCC,

suppressed tumorigenicity of these cells in nude mice (Klingelhutz et a1., 1995).

Experiments were set up to evaluate the activity of DCC in the neuroblastoma cell
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line, IMR-32. These DCC-expressing IMR-32 cells differentiate in resPonse to

nerve growth factor (NGF). Expressing antisense DCC in the IMR-32 cells failed to

elaborate neuritic processes and the cells continued to divide even in the Presence

of NGF (Hedrick et aI., L992).

The discovery of DCC-homologues and DCC-related proteins has aided the search

for the functions of DCC. The DCC protein has significant amino acid sequence

similarity with the neural cell adhesion molecule (N-CAM) cell-surface

glycoproteins, including four immunoglobulin-like domains and a fibronectin-

type Ill-related domain (Fearon et a1., 1990). The DCC gene may play a role in cell-

ce}l or cell-matrix interactions and disturbance of this function by mutation may

lead to tumour invasion or metastasis. The DCC-related neogenin protein,

originally isolated in the developing nervous system of chicks, is induced in

neural cells immediately before cell cycle withdrawal and the initiation of neurite

outgrowth (Vielmetter et a1., 1994). UNC-40, the C.elegans homologue of DCC, is

involved in guidance of circumferential migrations of axons and mesodermal

cells through interactions with UNC-6. The vertebrate homologues of UNC-6 are

netrin-1 and netrin-2. Netrins have been implicated in the guidance of

commissural axons in the spinal cord. These proteins can function as attractants

or repellents for developing axons to their targets in establishing connections

(Chan et a1., 1996). DCC is expressed on rat spinal axons and possesses netrin-l

binding activity. DCC, therefore, may act as a receptor for netrin-L or may be a

component of a receptor that mediates the effect of netrin-1 on axons (Keino-

Masu et a1., 1996). DCC may have a role in differentiation and migration in the

nervous system. It has also been proposed that netrins may provide growth
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inhibitory or differentiation signals to epithelial cells (Meyerhardt et aI., 1997).

DCC inactivation may lead to a loss of growth or differentiation control through

the inability of cells to respond to interactions at the cell surface. Abnormalities of

DCC may allow uncontrolled migration of cancer cells leading to metastasis as

seen in tumours without DCC expression (Reale et a1., 1996).

L.L.5 Transforming Growth Factor Þ (fCfB¡

Transforming growth factor beta is a family of multifunctional cytokines which

are believed to play regulatory roles in the cell cycle. In particular, TGFB1

promotes cell proliferation in mesenchymally-derived cells but induces growth

arrest in other cells including epithelium, endothelium and lymphocytes

(Massague, 1990). There are three mammalian isoforms, TGFBI, 2 and 3, one

isoform, TGFP4, only found in chickens and TGFBS is only found in Xenopus.

All five isoforms have a high degree of structural and functional homology and

bind to the same cell-surface receptors. TGFB1 and 2 are expressed in almost all

mammalian cell types but TGFB3 is only expressed in cells of mesenchymal origin

(reviewed in Massague, 1990).

Transforming growth factor beta 1 is the best characterised member of the family

of transforming growth factor betas and has 98% conservation of amino acid

sequence between human, mouse, pigs and cow (Sporn et a1., 1988). The mRNA

coding for human transforming growth factor beta is 2439 base pairs in length

which produces a 391 amino acid polypeptide (Derynck et a1., 1985). TGFpI is
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synthesised as the C-terminal segment of a precursor polypeptide which is made

up of the first 279 amino acids of the full length 391. amino acid polypeptide.

Therefore, the mature TGFpI is only 112 amino acids long. The TGFB1 monomer

is cleaved from the precursor at the arginine-arginine dipeptide immediately

preced,ing the TGFB amino-terminus. It is this cleavage which activates the

TGFB1 molecule and allows it to bind to its receptor (Derynck et a1., 1985).

The TGFps exert their biological effect through binding to various cell surface

receptors and binding proteins. Nine TGFp-specific receptors have been isolated.

The most important receptors for signal transduction of TGFB-mediated effects

are TGFB Type I and Typ" II which have ubiquitous tissue distribution (Laiho et

aI., L991). Type II receptor can bind ligands in the absence of TyPe I but requires

Typ" I receptor for signalling. Typ" I receptor can not bind ligands without the

presence of the Typ" II receptor (Okadome et a1., 1994). This suggests that the

ligand binding induces formation of a heterotetramer receptor complex

consisting of the TGFB dimer ligand and two each of Type I and TyPe II receptors

(Ventura et a1., 1994). Both Type I and Typ" II receptors have serine/threonine

kinase activity which is essential for signalling activity for growth inhibition.

The kinase activity is constitutively active for Type II receptors, but not for Type I.

After ligand binding and formation of a heteromeric receptor complex, Type II

transphosphorylates the GS domain of the Type I receptor which may then

activate the Type I kinase (Carcamo et a1., 1995). The GS domain is a glycine and

serine rich sequence in the region preceding the kinase domain of the Type I
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receptor. This domain is conserved in other Typ" I receptors for proteins in the

TGFp family but is not present in the Type II receptor (Franzen et a1., 1995). The

mechanism by which the Type I receptor signals the specific response to the cell

has not been elucidated.

CeII Cycle Regulation bY TGF þ

Transforming growth factor beta L is known to regulate the expression of a

number of genes and growth factors, many of which are involved in extracellular

matrix formation. TGFBl up-regulates the expression of, for example, collagen

and other extracellular matrix proteins and inhibitors of proteases, but down-

regulates the expression of a number of proteases including collagenase. TGFÞL

up-regulates a number of growth factors including TGF-o and PDGF, but can have

a variety of effects on a number of immune factors. TGFp induces the expression

of a number of nuclear proteins, including fos and jun, but down-regulates the

expression of the nuclear protein, myc and prevents the phosphorylation of the

retinoblastoma protein, keeping retinoblastoma in its growth suppressive form

(reviewed in Newm an, 7993).

TGFB1 is believed to exert its control on the cell cycle by inhibiting certain

biochemical targets, by down-regulating transcription of genes, decreasing

phosphorylation of target proteins and inactivating cell cycle-regulated enzymes.

For example, c-myc, a potential upstream positive regulator of cyclins A and E, is

required for entry into S phase. TGFB1 decreases c-myc expression in the mouse
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keratinocyte cell line (BALB/MK) by inhibiting c-myc transcription (Alexandrow

ct al., I99Sa). The addition of TGFB1 to CCL64 cells in late G1, can cause growth

arrest by inhibiting the CCL& cells from entering S phase (Pietenpol et al., 1990).

As cells are sensitive to TGFB1 in both early and late GL, it is possible that TGFP-

induced growth arrest may occur by two separate pathways depending on the

presence or absence of TGFB1. expression at various stages of Gl. When TGFB1 is

added in late G1, TGFP1. may prevent entry into S phase by post-transcriptional or

post-translational inhibition of genes as no de noao RNA synthesis is required

during the last few hours of the G1,/S phase transition once the cells have passed

the R (restriction) point and are committed to enter the S phase (Alexandrow et

aI.,1995b).

TGFB1 inhibition of cell cycle progression into S phase has been linked to the

cyclin-dependent kinases (CDKs) which are important in promoting cell

proliferation. TGFB may inactivate CDKs which are normally responsible for the

phosphorylation of the retinoblastoma protein, pRb. TGFB1 down-regulates

CDK4 expression by inhibiting its translation (Ewen et al., 1995) and CDK4 is

involved with cyclin D proteins in phosphorylating pRb (reviewed in Cordon-

Cardo, 1gg5). Expression of the CDKI, (CDK inhibitor), p15, is greatly up-regulated

by TGFB, suggesting that p15 may act as a mediator of TGFB-induced growth arrest

by inhibiting the activity of the CDKL/cyclin D2 complex (Hannon et a1., 7994).

Therefore, TGFB may induce growth arrest by inhibiting the phosphorylation of

pRb, through activation of the p15 cyclin-dependent kinase inhibitor. Both p21
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and, p27 (growth arresting-CDKls) are also transcriptionally up-regulated upon

TGFB treatment, suggesting that TGFP can act through multiple signalling

pathways to induce growth arrest (Polyak et al., 7994, Datto et al., 1995).

"1..2 THE MINK TI1. GENE

Another gene preferentially expressed during growth arrest is the TI1 gene. This

gene was isolated by screening cDNA libraries made from TGFBl-induced growth

arrested cells (Kallin et a1., 1991). The novel clone they isolated was named "TIL"

and, this gene will be the focus of this thesis. The aim of the study was to isolate

genes that were preferentially expressed during growth arrest induced by TGFB1

(Kallin et a1., I99I). A library screening method termed "differential screening"

was used to select only those clones which hybridised to one particular probe and

not the other. A library was made from cDNA synthesised from RNA isolated

from growth-arrested, TGFpl-treated mink lung epithelial cells (CCL64). Total

cDNA from serum-stimulated and actively proliferating CCL64 cells was used as

the first probe. The second probe was derived from total cDNA from TGFBI-

treated, growth-arrested CCL& cells (Figure 1.L). The clones which were positive

only when hybridised with the second probe, were used as probes on Northern

blots containing RNA from either serum-stimulated, serum-starved or TGFPI-

treated CCL64 cells. The clones which hybridised only to the TGFBl-treated RNA

were subcloned and sequenced. Four genes already known to be regulated lry

TGFBl were isolated by this differential screening method. These genes included

mink homologues of the human collagen o( type I and fibronectin genes/
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plasminogen activator inhibitor I and the monocyte chemotactic cell-activating

factor (JE gene). The only novel gene isolated by the differential screening and

cDNA cloning experiments was named "TII".

The cDNA of T1L is 1807 base pairs in length and codes for a putative oPen

reading frame of 260 amino acids, resulting in a protein with a molecular weight

of 28,500 Daltons. The open reading frame begins at base 69 extending to base 848,

which is followed by a 3' untranslated region consisting of 951 base pairs and then

a poly (A) tail (Kallin et a1., 1991).

'J,.2.1 Expression of TIl- mRNA

A series of experiments were conducted to determine the effects of TGFB1 and

various growth conditions on the expression of the TlL gene in CCL64 cells

(Ka||in et al., LggL). The effect of serum starvation on the level of expression of

TIi. mRNA was analysed by growing CCL64 cells for 3 days , then starving the cells

lor 2 subsequent days followed by serum-stimulation of the cells. RNA was

isolated from these cells daily and then at !,2, 4 and 6 hours after the cells were

serum-stimulated. An increase in T1L mRNA expression was observed from day

L to day 3, as the cells became more confluent. The levels of expression of TI1

mRNA remained high when the cells were placed in serum-starvation

conditions. However, after serum-stimulation, the level of TI1 mRNA

expression decreased dramatically to a basal level within one hour. When TGFPI

was added to growing CCL64 cells, the expression of TIL was transiently increased.

Flowever, when TGFBI was added to growth-arrested CCL64 cells, the expression

13



Figure 1.2 T1L mRNA expression studies

When CCL64 cells were serum-starved, the expression of TIL was
increased.

When TGFB was added to growing CCL64 cells, the expression of
TIL was transiently increased.
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conditions, the expression of T1L was transiently decreased.
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of TI1 was transiently reduced (Figure 1.2). These experiments indicate that the

expression of the mink T1L gene is regulated by both TGFB1 and by growth arrest

induced by confluence and serum deprivation but the exact mechanism of this

regulation is unknown.

1..3 STRUCTURAL FEATURES OF THE MAMMATIAN

BLADDER

1.3.1 Asymmetric unit membrane

It was discovered, in 1994 that the bovine uroplakin Ib protein, expressed in

bovine urothelium, had considerable sequence homology to the mink TI1

putative protein (Yu et al., 1994). The putative protein product of the mink TI1

gene has 93% amino acid sequence homology with the bovine uroplakin Ib

(UPKIb) protein and this high degree of sequence identity suggested that UPKIb

was the bovine homologue of the mink TI1 gene (Yu et al., 1994). The uroplakin

Ib gene was discovered in a search for the protein constituents of the asymmetric

unit membrane (AUM) of the bovine bladder. The urothelium is composed of

three urothelial cell layers, the basal cells, the intermediate cells and the umbrella

cells, where expression of the uroplakins is confined to the umbrella cells (Figure

1.3). The structural characteristics of the bladder urothelium are associated with

its particular role as an accommodating tissue structure and a Permeability

barrier. Urothelium is derived from the endoderm and is normally considered a

slow turn-over epithelium (Marceau, 1990), however, rapid proliferation is a

feature of the bladder epithelium during fetal development. The mammalian

urothelium elaborates, as a terminal differentiation product, a plasma membrane
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called the asymmetric unit membrane. The AUM is so-called because its outer,

Iuminal leaflet (8nm) is almost twice as thick as the inner, cytoplasmic membrane

leaflet (4nm) (Hicks, 1965, Koss, 1969). The thickened outer leaflet of the

membrane is composed of semi-crystalline, hexagonal arrays of 12nm particles.

These tightly-packed particles protrude above the luminal membrane and

account for the thickness of the outer membrane leaflet (Hicks et a1., 1970,

Knutton et al., tg76). The plaque-associated particles are believed to play a role in

establishing a permeability barrier between the hypertonic urine stored in the

bladder and the adjacent tissues (Hicks, 7966a). These plaques may also

strengthen the urothelial apical surface through its interactions with an

underlying cytoskeleton, to prevent rupturing of the membrane during bladder

distention (Hicks, 1965; Hicks, 1966b).

1,.3.2 Uroplakins

The protein composition of the AUM has been studied by a number of groups/

initially with conflicting results. Some studies have attempted to detach the

AUMs from the underlying cytoskeleton with reducing agents and then purify

the proteins by sucrose gradient centrifugation (Ketterer et aI., 1973, Stubbs et a1.,

Ig/g,Vergara et a1., 1974, Caruthers et a1., 1977). Flowever, the protein patterns

have varied greatly between these different AUM fractions and there is no

evidence that these proteins were AUM-associated as no antibodies were

available at that time. Other studies have used an immunological approach to

identify the individual protein components of the AUM. Yu et al., (1990)

generated a monoclonal antibody to the apical surface of bovine urothelium.

This antibody, AE3L, identified a urothelial-specific 27 kD protein, which was
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named uroplakin I. Uroplakin I co-purified with a L5 kD and a 47 kD protein,

named uroplakins II and. III respectively. These three proteins were individually

identified by the analysis of highly purified bovine AUM plaques by sucrose

gradient centrifugation and detergent treatment and subsequent SDS-PAGE

analysis of these membrane preparations. Immunoelectron microscopy

determined that all three proteins were associated in situ with the AUM. These

proteins are called uroplakins because they are associated with the urollnelial

pløques, which make up the AUM (Wu et a1',1990)'

L.3.3 Uroplakin Ia and Ib

Initially, the bovine AUM was thought to consist of only 3 major proteins,

uroplakin I, II, and III. Flowever, a further biochemical and molecular cloning

study by Yu et al., (1994) found that uroplakin I was composed of two separate

protein components of sizes 27 kD and 28 kD. The 27 kD glycoprotein was named

uroplakin Ia and the 28 kD protein, uroplakin Ib. These two proteins ate 39o/o

id.entical in their amino acid sequences and are both members of the

transmembrane 4 superfamily (TM SF), also called the tetraspan family (Chapter

I.4). The uroplakin I genes were cloned from a bovine urothelium cDNA library

which was probed with PCR products amplified using degenerate primers

designed from known amino acids of the uroplakin I proteins.

The uroplakin Ib gene (the bovine homologue of mink TI1) transcribes a 1',965 bp

mRNA sequence which codes for a 260 amino acid protein. Hydropathy plots

reveal the UPKIb protein consists of four regions of hydrophobic amino acids

which are presumed to form transmembrane domains (Figure 1.4). The first and
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second transmembrane domains (TMD) are connected by 17 amino acids, while

the second and third TMDs are separated by a short highly charged region of five

amino acids. The third and fourth TMDs are connected by a long hydrophilic

loop of l-2L amino acids, which includes the putative N-linked glycosylation site

(yu et aI.,1994). The UPKIb gene has been localised to bovine chromosome 1, W

bovine x rodent somatic cell hybrids (Ryan et a1., 1993)'

1..9.4 Bladder-specific exPression of uroplakins

Both UpKIa and UPKIb mRNAs have been readily detected in bovine bladder

tissue by Northern analysis. Other bovine tissues, including esophageal

epithelium, snout epithelium, intestinal epithelium, liver, kidney (excluding

renal pelvis), lung and brain do not express UPKIa or UPKIb transcripts that are

detectable by Northern analysis. This bovine bladder-specific expression

contradicts the work by Kallin and colleagues who isolated the T1L gene from

lung epithelium (Kallin et al., 1991). However, the lung cells are derived from a

cell line and not primary tissue, so may not reflect the normal expression pattern

of T1L, but this d.oes not change the fact that the TI1- gene has some level of

expression in mink lung cells. The uroplakin III protein was not detected in

human lung tissue by immunohistochemistry (Molt et a1., t995), however it is

also possible, that different species have different tissue-specific patterns of

expression of uroplakins or that there may be deregulated expression in cultured

cells. For example, the rat mast cell antigen, AD1, the rat homologue of the

human tetraspan gene, CD63, is expressed in other cell lineages in culture

including fibroblasts and hepatocytes (Nishikata et a1., 1992). The promoter

region of the mouse uroplakin II gene is capable of driving expression of a foreign
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gene in both the bladder and the hypothalamus. This study used a 3.6 kb 5'

flanking sequence of the mouse uroplakin II Bene, in transgenic mouse

experiments, to drive the expression of a bacterialløcZ reporter gene in urothelial

tissue. The transgene product was also detected in the hypothalamus, but not any

other tissue analysed (Lin et a1.,1995).

L.3.5 Interactions of the uroplakin Proteins

The uroplakin Ia protein forms a complex with uroplakin II and the uroplakin Ib

protein has been shown to associate with the largest uroplakin molecule,

uroplakin III (Wu et a1., 1995). Both uroplakin II and III possess a single

membrane spanning domain (Figure 1.4) and therefore do not belong to the

tetraspan family of proteins. The L5 kDa uroplakin II protein is synthesised as a

L9 kDa precursor protein of L85 amino acids. The precursor molecule consists of a

cleavable signal peptide of 26 amino acids, a prosequence of 59 residues followed

by 100 amino acids of the mature UPKII. Only the mature UPKII is present in the

AUM and is capable of associating with uroplakin I proteins. Ultrastructural

localisation studies suggest that the majority of the UPKII protein is exposed on

the luminal side of the AUM, while the C-terminal is anchored to the membrane

(Lin et al., 1994). The uroplakin III protein consists of a N-terminal, luminal

domain of 189 amino acids and a C-terminal, cytoplasmic domain of 52 amino

acid.s. Therefore the molecular mass of the luminal domain (20 kD, without

glycosylation) greatly exceeds that of the cytoplasmic domain (5 kD) (Wu et a1.,

1993). The high extracellular /cytoplasmic mass ratio of both uroplakin II and III

may contribute to the outer thickened luminal leaflet of the AUM.
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A recent stud,y revealed that, at least in aitro, type 1-fimbriated E'coli' can bind to

uroplakins Ia and Ib. The uropathogenic E.coli which cause most urinary tract

infections, expresses type 1 fimbriae containing adhesions that recognise cell

receptors. Anchorage of E.coli to the urothelial surface via Wpe 1 fimbriae-

uroplakin I interactions may play a role in urinary bladder tract infections. The

interactions between type 1 fimbriae and uroplakin I may aid bladder colonisation

of the E.coti pathogen and allow its movement through the ureters to invade the

kidneys (Wu et aL,1996b).

1.9.6 Evolutionary conservation of uroplakins

Asymmetric unit membranes have been isolated from cattle, human, monkey,

sheep, pig, dog,rabbit, mouse and rat. All of these species have morphologically

similar AUMs with crystalline patches of 1,2nm protein particles.

Immunoblotting, using antibodies raised against synthetic oligopeptides or

individual bovine uroplakins, established that the four uroplakins are present in

the AUMs of all the abovementioned species (Wu et aL, 1994). The urothelial

specificity of at least one uroplakin, UPKIII, has been documented in human

tissues (Moll et a1., t995).

'/-..3.7 Uroplakins and cancer

It has been suggested that uroplakin III may have potential as a histological

marker of metastatic transitional cell carcinoma. Immunohistochemistry, using

rabbit antibodies against uroplakin III, of paraffin sections of transitional cell

carcinoma (TCC), detected positive reactions in all stages of bladder cancer. Of 1'6
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papillary noninvasive TCC, 14 (88%) were positive, 53% of invasive TCCs and

(t(t% of metastatic TCCs were positive for uroplakin III protein expression. An

extensive screening of 177 primary tumour and metastatic carcinomas derived

from other organs, ie. non-TCCs, revealed negative reactions for the uroplakin III

antibody. The authors suggest that the uroplakin III marker could be used in

cases of metastatic carcinomas of unknown origin to identify the metastasis as

originating from a TCC (Moll et a1., 1995).

Ogawa et a1., (1996) studied the patterns of expression of uroplakins in various

degrees of chemically-induced hyperplasia and carcinoma in the rat bladder. A

rabbit anti-asymmetric unit membrane antibody was used which reacted strongly

with uroplakin III, moderately with uroplakin Ia/b and weakly with uroplakin II.

In control bladder sections, only the luminal surface membrane stained strongly

positive. In chemically-induced simple hyperplasia, expression of uroplakins was

observed in the intermediate cells as well as in the normal location on the

luminal surface but the staining patterns remained orderly. In bladder

carcinomas, expression patterns were disorderly and expression was absent from

the luminal surface. Only a small amount of focal staining was observed in the

intermediate cells. In a recent study, expression of uroplakin II was detected in

only 40"/" of transitional cell carcinomas by immunohistochemical staining (Wu

et a1., L998). These studies suggestthat disruption of expression of uroplakins is

involved in the progression of transitional cell carcinomas.
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I.4 TRANSMEMBRANE 4 SUPERFAMILY

1.4.1 Introduction

The Tl1luroplakin Ib protein is a member of a protein family called the

"transmembfane 4 superfamily", "tetraspans" or "tetraspanins" (reviewed in

Wright et a1., 1994 and Maecker et a1., 1997). This family, as its name implies, is

made up of a group of cell surface glycoproteins which span the cell membrane

four times. These four hydrophobic transmembrane domains are interspersed

with two hydrophilic extracellular domains and two short cytoplasmic domains

(Figure L.5). There are some defining characteristics of the tetraspan proteins

which distinguish them from other four-membrane spanning proteins. The

transmembrane domains, for example, include polar amino acids which are

highly conserved. These charged residues include an asparagine (N) amino acid

in transmembrane domain 1 and glutamate (E) or glutamine (Q) residues in

transmembrane domains 3 and 4. There are three motifs in the large

extracellular domain containing four cysteine residues which are highly

conserved, CCG, PXSC and EGC. The cytoplasmic domains show little sequence

homology between tetraspans, however, there is frequently a lysine (K) residue in

the N-terminal region, a glutamate (E) residue between transmembrane 2 and 3

and an isoleucine (I) residue in the C-terminal region.

The four transmembrane domains contain most of the observed homology

between the "tetraspan" family members. These domains are most likely to be

involved in a signalling function common to all family members. The

extracellular domains are the most diverse in length and sequence among the

family members and are most likely to be involved in specific ligand binding and
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it is the large extracellular domain which has the greatest amino acid variation.

Antibody epitope mapping and glycosylation patterns have confirmed that the

hydrophilic regions are extracellular, however this predicted membrane topology

has yet to be proven by crystallography studies. While the tetraspans have no

significant sequence homology with any other protein family, there are some

structural similarities with the ligand-gated ion channels (Wright et a1., 1994).

The transmembrane domains are rich in polar residues which is a feature of ion

channels. However, there is no evidence that the tetraspans can act as ion

channels. In fact, the uroplakin Ia and Ib tetraspan proteins are unlikely to act as

ion channels. The asymmetric unit membrane containing uroplakins may serve

as a permeability barrier within the urothelium. Experiments show that vesicles

from rabbit urothelium are unusually impermeable to urea, water and ions

(Chang et al., 1994).

The transmembrane 4 superfamily members are listed in Table 1,.1', and include a

number of leukocyte markers as well as tumour-associated antigens. Also listed

in Table L.L is the tissue distribution of each tetraspan and the known function of

each tetraspan. While the majority of the tetraspans were identified in

mammals, tetraspan proteins have been discovered in a range of species

including Schistosoma, Drosophilø and Cøenorhøbditis elegøns.
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Table 1.1 Members of the transmembrane 4 superfamily

Tetraspans
(species)

Tissue distribution Function Reference

cD63
(humøn ønd rat)

platelets,
monocytes and

nonlymphoid cells

Induces adhesion,
suppresses metastasis in

melanoma

Hotta et al.,
(1e88)

cD9
(human, monkey,
røt, cøt and cow)

platelets, pre-B and
activated T cells,

neural cells

Regulates motility,
activation and adhesion

Ikeyama et al.,
(ree3)

KAIl,
(human)

lymphoid and
myeloid cells, most

tissues

Suppresses metastases in
prostate cancer

Dong et al.,
(1ee5)

cDs3
(humøn ønd røt)

lymphocytes,
monocytes and

qranulocytes

Induces signal
transduction

Gonzalez
et a1., (1993)

cD37
(humøn)

mature B cells Antibodies induce
homotypic aggregation

B cells
of

Barrett et al.,
(1.ee1)

TAPA.1
(humøn, rat ønd

mouse)

lymphocytes B cell activation, induces T
cell maturation

Takahashi et al.,
(1ee0)

L6
(human, hømster

ønd mouse)

lung, breast, colon
and ovarian
carcinomas

Unknown Hellstrom et al.,
(1986a)

SAS
(humøn)

sarcomas Amplified in sarcomas Meltzer et al.,
(1991)

co-029
(humøn)

colon carcinoma Tumour-associated antigen Szala et aI.,
(1ee0)

TALLA-1
(human)

T cells Associated with T-ALL Emi et al., (1993)

UPKIa
(cow)

urothelium Bladder differentiation Yu et al, (1994)

Sm23
(S.mansoni)

Schistosome
membrane

Unknown Reynolds et al.,
(r992\

PETA.3
(humøn ønd

mouse)

most tissues, except
brain

Platelet activation Fitter et aI.,
(1ees)

IL-TMP
(humøn)

intestinal epithelial
cells

Associated with
proliferation of cells in the

crypt-villus

Wice et a1., (1995)

late bloomer
(Drosophila)

neurons Promotes synapse
formation

Kopczynski et al.,
([ee6)

YKKs
(C.elegøns)

C.elegøns membrane Unknown Tomlinson et
al.,(1996b)

sj25rTlvI4
(S.iaponicum)

Schistosome
membrane

Unknown Fan et aI., (1997)

NAG.2
(humøn)

fibroblasts,
endothelial cells

Unknown Tachibana et al.,
([ee7)

TM4SFs
(htLman)

pancreatic cancer Unknown Muller-Pillasch et
al., (L998)

Tspans L-6
(human)

varlous Unknown Todd et al.,
(1ee8)
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The chromosomal location of those tetraspan genes which have been mapped are

listed in Table 1.2. Only the human chromosomal location of each tetraspan gene

is listed.

Table L.2 Chromosomal location of the tetrasPan genes

Tetraspan Chromosomal location Reference

CD63 12q12-14 Hotta et a1., (1988)

KAIl. llpLl.2 Dong et a1., (1995)

CD53 1p13 Gonzalez et a1., (1993)

CD9 \2p13 Benoit et a1., (199I)

CD37 19p13-q13.4 Virtaneva et al., (1993)

CD81 11p15.5 Virtaneva et a1., (1994)

L6 3q21,-25 Virtaneva et aI., (1994)

SAS L2q13-L4 Meltzer et al., (1991)

415 Xq1.1 Virtaneva et al., (1,994)

SFA-1 11p15.5 Hasegawa et al., (L997a)

TM4SF5 17p13.3 Muller-Pillasch et al., (1998)

1..4.2 CD63

CD63 was originally identified as a platelet antigen (Metzelaar et aI., 1991) and

independently as the melanoma antigen, Me491, (Hotta et a1., 1988). CD63 is a

major component of platelet lysosomal membranes and appears on the surface of

activated platelets (Metzelaar et a1., 1991). The 1.2 kb CD63 mRNA transcript

codes for a protein o1237 amino acids with three potential N-glycosylation sites
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(Hotta et al., 1938). The human CD63 gene consists of eight exons spanning 4 kb.

(Hotta et a1., 1992). Human CD63 and mouse CD63 share 79.4% homology at the

amino acid. ]evel, whereas there is 95.4% amino acid homology between mouse

and rat CD63 (Miyamoto et a1., 1994).

Functional analysis of the CD63 protein has revealed its association with u3B1

and. cr6p1 integrins in the human fibrosarcoma HT1080 and the human

erythroleukemia K562 cell lines (Berditchevski et aI., 1995). On the surface of

melanoma cells, the CD63 protein is associated with two other tetraspan

molecules, CDg and CDSL and with B1 integrins (Radford et aI., 1996). These

results suggest that CD63 is capable of forming multicomponent complexes with

tetraspan proteins and BL integrins. A study investigating the effect of CD63

monoclonal antibodies (mAbs) on neutrophil adhesion to human umbilical vein

endothelial cells (HUVECs), revealed that CD63 mAb binding to the neutrophil

surface triggers a transient activation signal that requires extracellular calcium

and regulates the adhesive activity of CD11,/CD18. These leukocyte markers,

CD11 and CD18, which are major mediators of cell-cell adhesion in neutrophils,

were found to be associated with the CD63 protein (Skubitz et al., 7996).

The potential role of CD63 in cancer has been investigated in melanoma.

Although different levels of expression of CD63 were observed in a number of

melanoma cell lines by Northern analysis, the human CD63 gene is not

rearranged or amplified in melanoma (Hotta et a1., 1938). The growth rate in nude

mice of H-ras-transfected NIH3T3 cells, was decreased when the cells were co-
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transfected with a plasmid expressing the human CD63 gene (Hotta et aI., 1991).

The CD63 gene, transfected into a CD63-negative human melanoma cell line,

reduced the number of metastatic nodules formed in the lungs of nude mice, as

well as suppressing the growth of the primary tumour. Flowever, the expression

of the CD63 gene had no impact on the growth of the melanoma ceIls in uitro

(Radford et a1., 1995). These results suggest that CD63 suppresses the growth of

human melanoma and transformed mouse fibroblast ceIls in aiao and reduces

metastasis. Recent studies have shown that expression of CD63 in melanoma cell

lines suppressed random tumour cell motility, but increased migration and

adhesion toward the B1 integrin substrates, fibronectin, laminin and collagen

(Radford et al., 1997). CD63 may be therefore involved in the regulation of the

motility of melanoma cells and their adhesion and migration on substrates

associated with P1 integrins.

1.4.3 cD9

Expression of the CD9 protein has been detected on a variety of cells including

platelets, murine mature T cells, rat neural cells and mouse myeloid cells (Tai et

al., 1996, Kaprelian et al., 1995, Oritani et a1., 1996). The human CD9 gene

transcribes a 1.4 kb mRNA which codes for a protein of 227 amino acids which

contains one potential glycosylation site (Bouchiex et aI., 199L). The human CD9

gene contains 8 exons and spans more than 20 kb in length (Rubinstein et al.,

\993a). The molecular cloning of the bovine and murine CD9 genes revealed

amino acid homologies of 83.5% and 89"/" to the human CD9 protein for bovine

and mouse respectively (Martin-Alonso et al., 1992, Rubinstein et al., 1993b).
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CD9 may directly regulate cell motility as its overexpression in a CD9-positive

human lung adenocarcinoma cell line (MAC10) and a CD9-negative human

myeloma cell line (ARH77) results in suppressed cell motility as detected by

penetration and phagokinetic track assays (Ikeyama et a1., 1993). However, a more

recent study has found conflicting results in a CD9-negative, human B cell line,

Raji, where CD9 was found to enhance cell motility across laminin and

fibronectin-coated filters (Shaw et a1., 1995). These results suggest that CD9 does

regulate cell motility, either enhancing or inhibiting motility depending on the

cell type and other protein factors involved. The CD9 antigen may inhibit cell

migration by associating with the B1 chain of integrins as shown with the pre-B

cell line, NALM-6 and the megakaryocytic cell line, HEL (Rubinstein et a1., 1994).

CD9 may also regulate cell adhesion as ligation with anti-CD9 antibody promotes

homotypic adhesion of the pre-B cell lines NALM-6 and HOON (Masellis-Smith

et al.,I9g0). Fibronectin receptors on pre-B cells were induced after addition of an

anti-CD9 monoclonal antibody which also stimulated platelet and pre-B cell

aggregation (Massellis-Smith et a1., 1994).

CD9 also associates with integrins ü3P1 and cr6pL on the cell surface of the rat

neural 516 Schwann cells (Hadjiargyrou et al., 1996). CD9 was found to be co-

localised with the platelet receptor for fibronectin (aIIbÞ3 integrin) on the inner

face of o-granule membranes and on pseudopods of activated platelets (Brisson et

al., L997). The CD9-uIIbB3 integrin complex is also found in resting, inactive

platelets and may physically associate together via hydrophobic interactions (Indig
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et a1., 1gg7). Anti-CD9 provides a stimulatory signal, independent of CD28, to T

cells in the absence of antigen-presenting cells (Tai et a1., 1996). A further study

suggests that CD9 and CD28 induce T cell co-stimulation using different signalling

pathways, therefore creating a s)mergy in T cell activation (Toyo-oka et al., 1997).

CD9 may therefore function as a key component of receptor signalling complexes

in both immune and neural cells by regulating important cell functions such as

cell motility, activation, adhesion and aggregation.

Studies in a variety of tumours support the hypothesis that CD9 is a negative

regulator of a number of cellular functions including cell motility. The metastatic

behaviour of a mouse melanoma cell line (BL6) transfected with CD9 was reduced

in comparison to the parental cell line (Ikeyama et a1., 1993). CD9 was also found

to be expressed predominantly on primary melanoma rather than on metastatic

tumours, suggesting a possible metastasis suppressor role for CD9 (Si et aI., t993).

Immunohistochemical studies of the CD9 antigen in breast carcinoma, has

revealed that almost 50% of patients have CD9 protein levels that are lower in

metastatic lymph nodes than in corresponding matched primary tumours,

suggesting that low CD9 expression may be associated with the metastatic

potential of breast cancer (Miyake et al., 1995). Further studies in breast carcinoma

indicate that a reduction in the expression of CD9 in tumours is strongly

associated with an increased risk of recurrence among node-negative (N0) and

N1-stage disease and with early-stage T1 and T2 tumours (Miyake et a1., 1996).

Low CD9 expression by non-small cell lung carcinomas may also be associated

with poor prognosis. An RT-PCR-based study showed that the overall survival

rate of lung adenocarcinoma patients with CD9-positive tumours was better than
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those with reduced CD9 expression (Higashiyama et a1.,1995). Expression levels of

CDg, detected by immunohistochemistry, solely in the lung adenocarcinoma cells

within the tumour tissue were inversely associated with nodal involvement and

tumour stage (Higashiyama et aI., t997). A differential display study identified

CD9 as highly expressed in primary tumours comPared to metastatic human

colon carcinoma cells. High expression levels of CD9 were correlated with a high

migratory potential of primary colon cancer cells, assessed using Matrigel

migration chambers (Cajot et al., 1997). This study is in direct contradiction to

other CD9 studies described above whose findings have suggested that

maintenance of CD9 expression is important to prevent cancer recurrence and

reduce metastatic Potential.

1..4.4 KAIL/CD 82lR2l 4F9 ltp^41 c33

The KAIL (køng ø1, Chinese for anticancer) gene has been cloned independently

from four different aspects of its function. Originatly, KAIL was isolated by

subtractive hybridisation of a cDNA library of phytohemagglutinin (PHA)/

phorbol myristate acetate (PMA)-stimulated Jurkat cells and a cDNA library of

PHA-stimulated peripheral blood lymphocytes to isolate genes that are specifically

inducible in normal lymphoid cells. The new clone was named R2 and its

expression was found to be transiently induced in T and B cell lines after

functional activation with PHA/PMA (Gaugitsch et a1.,1991). In 1992, KAIL was

cloned as IA4, which was up-regulated upon activation of B lymphocyte cell lines

(Gil et aI., 1992). Independently, the protein 4F9 (KAII) was found to be a co-

stimulatory molecule for the proliferation of human T cells (Nojima et a1., 1993)'

Later, it was discovered that this co-stimulatory molecule was CD3, which led to
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strong IL-2 production and T-cell differentiation (Lebel-Binay et al., 1995). KAI1

was also isolated as the membrane antigen C33, which was capable of inhibiting

syncytium formation in a human T-cell line (Fukudome et a1., 1992). C33 forms a

complex with another tetraspan protein, TAPA-I and further associates with CD4

or CD8 in T cells (Imai et a1., 1993). KAI1 is also associated with HLA class I

molecules at the surface of human B cells (Lagaudriere-Gesbert et a1., 1997).

The KAI1 protein is made up of 267 amino acids and has 76"/' amino acid identity

with the mouse KAlL protein (Nagira et al., 1994). The KAIL gene spans about 80

kb of DNA consisting of L0 exons which transcribes a mRNA of 2.4 kb (Dong et al.,

1ee7).

An independent study isolated the KAIL gene as a metastasis suppressor gene on

chromosome 11p1.1.2. Transfection of the KAIL gene into rat AT6.L prostate

cancer cells reduced the number of lung metastases, comPared to the parental

line, when these cells were injected into nude mice (Dong et ã1., 1995)'

Overexpression of KAIL did not affect the growth rate of the primary tumour.

The KAI mRNA is expressed in many tissues, with the most abundant message

levels in prostate, lung, liver, bone marrow and placenta. KAI1 protein levels are

down-regulated during the progression of prostate cancer. The down-regulation

of expression of KAI1 was not primarily caused by mutation or allelic loss of the

KAI1 gene in a study of American patients (Dong et al., 1996). Flowever, a study

investigating prostate cancers in Japanese patients did find loss of heterozygosity

at the D11S1344 locus, a polymorphic marker at tlp11,.2 in seven out of ten
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informative metastatic tumours, suggesting a race-related mutation (Kawana et

a1.,1997)

Expression levels of KAIL mRNA have also been investigated in cancers of the

pancreas, lung, breast and bladder. KAI1 mRNA expression is increased in 89% of

pancreatic cancer samples in relation to levels of expression of KAI1 mRNA in

normal pancreatic tissue. Flowever, tumours in advanced stage had significantly

lower expression levels of KAI1 than early stage tumours (Guo et a1., 1996). A

retrospective study of KAIL mRNA expression levels by RT-PCR, suggested that

high expression of KAIL was correlated with low metastatic potential of non-

small cell lung cancer. The overall survival rate over an average of 3 years of

lung cancer patients with KAll-positive tumours (77"/o) was significantly higher

than those with KAll-negative tumours (38%) (Adachi et a1., 1996). Reduced

levels of expression of KAI1 mRNA have been observed in metastatic human

breast cancer cell lines (Yang et a1., 1997) and also correlates with invasive bladder

cancer (Yu et aI.,1997). These findings suggest that loss of expression of the KAIL

gene is a poor prognostic factor in many cancers and is associated with high

metastatic potential.

1,.4.5 CD53

The CD53 gene consists of eight exons spanning at least 26 kb of genomic DNA

(Korinek et a1., 1993). The human CD53 protein lnas 82'/" amino acid homology

with its mouse CD53 homologue (Wright et a1., 1993). Epitope mapping of anti-rat

CD53 monoclonal antibodies have confirmed the proposed membrane
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orientation of the tetraspans with the hydrophilic domains of the protein located

on the extracellular membrane (Tomlinson et a1., 1993)'

OX-44, the rat homologue of CD53, was isolated because of its ability to activate

the phosphatidylinositol signalling pathway in RNK-16 (rat leukemia cell line

with natural killer activity) cells (Bell et a1., 1992). OX-44 co-precipitates with CD2

in RNKL6 and rat splenic T cells, indicating that CD53 and CD2 form a physical

association on the cell surface (Bell et a1., 1992). Cross-linking of CD53, by an anti-

CDS3 antibody has been found to induce activation of human monocytes and B

cells (Olweus et al., 1993). The CD53 protein has been implicated in signal

transduction in rat macrophages, as antibody ligation induces the production of

nitric oxide via a protein kinase C-dependent pathway (Bosca et aI., 1994).

Immune complexes of rat CD53 contains tyrosine phosphatase activity in rat

lymph node cells and the rat W/Fu (CS3NT)D thymoma cell line, although the

phosphatase identity is unknown (Carmo et al., !995).

L.4.6 CD37

CD37 is highly expressed on mature B cells but not on Pre B-cells. Expression of

CD37 is also found on the surface of some T cells and myeloid cells (Schwartz-

Albiez et al., 1988). Antibodies to CD37 induce homotypic aggregation of human

tonsillar B cells and B cell lines suggesting CD37 may be involved in cell-cell

adhesion (Barrett et a1., 199t). The mRNA transcript of CD37 is L.2 kb in length

and the human CD37 protein consists of 244 amino acids with 3 potential N-

glycosylation sites (Classon et al., 1989). The mouse CD37 protein l;.as 79"/o amino

acid homology with human CD37 (Tomlinson et a1., 1996a).
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r.4.7 CD8L/TAPA-1

The TAPA-1 antigen was first identified as a larget for an antþoliferative

qntibody raised against a human B cell lymphoma and is also named CD81. The

26 kDalton (kDa) TAPA-I- protein is expressed on normal B and T lymphocytes,

chronic and promyelocytic leukemia cells as well as on neuroblastoma and

melanoma cells (Oren et a1., 1990). TAPA-I is non-covalently associated with the

16 kDa Leu-13 antigen on the cell surface of hematolymphoid cells (Takahashi et

aI., 1990). The TAPA-1 protein has 92"/o amino acid homology between mouse and

human TAPA-I (Andria et a1., L997).

Experimental results suggest that CD81 may have a role in early T cell

development. The immature thymocytes isolated from fetal thymus organ

cultures, which were treated with anti-CD81 antibodies, could not differentiate

from CD4CD8- to CD4.CD8* (Boismenu et a1.,1996). CD81 is physically associated

with CD4 and CD8 T cell receptors and crosslinking of CD81 with CD3 on T cells

promotes DNA synthesis (Todd et a1., 1996). CD81 may also be important for B

cell activation as it has a co-stimulatory role as part of the CD2L/CDI9/Leu 13

complex (Fearon et al., 1995). A recent study investigating CD81-deficient (exons

2-8) mice revealed that the T cells are normal, disputing the importance of CD81

in T cell development. However, these mice have abnormal B cells with a

decreased expression of CDL9, suggesting CD81 is important for CD19 signalling

and B cell function (Tsitsikov et a1.,1997).
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1..4.8 L6

The L6 cell surface antigen is highly expressed on lung, breast, colon and ovarian

carcinomas. L6 expression was not found on peripheral blood lymphocytes or B or

T cell lines (Hellstrom et a1., 1986a). Mouse monoclonal L6 antibodies can lyse L6

antigen-positive human tumour cells in the presence of human complement. L6

antibody can inhibit the outgrowth of an L6 antigen-positive human tumour

transplanted into nude mice. Flowever, the L6 antibody only reacted weakly and

infrequently with cells from normal tissues (Hellstrom et al., 1986b). This marker

is therefore potentially important as a target for cancer therapy as its expression is

markedly increased in a number of carcinomas. A phase I clinical study of

patients with either recurrent breast, colon, lung or ovarian cancers showed that

the mouse L6 antibody was well tolerated and was localised to the tumour in

piao (Goodman et al., 1990). Despite these early encouraging reports, no further

reports of L6 clinical studies have appeared in the literature.

The L6 protein consists of 202 amino acids with two potential N-glycosylation

sites. The L6 mRNA transcript is L188 bp in length but a longer transcript of L.8 kb

is also detected by Northern analysis, suggesting alternate splicing. Southern blot

analysis of a lung cancer and melanoma cell line using a L6 probe revealed no

gross genomic rearrangements of the L6 gene (Marken et a1.,1992). The mouse L6

protein shares 78"/" arrríno acid homology with its human counterpart (Marken et

a1.,1994).
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L.4.9 SAS

Amplification of the chromosome region 12q13-1'4 occurs frequently in

malignant fibrous histiocytoma (MFH), liposarcoma and other soft tissue

sarcomas. SAS (sarcoma amplified sequence) was cloned from a MFH tumour

specimen as a novel transcribed sequence from a t2q13-1'4 DNA amplification

unit (Meltzer et a1., lggl). Amplification of the SAS gene was detected by

Southern blot analysis in Z2% of MFH cases and in two liposarcomas (Smith et a1',

Igg2). The SAS gene is frequently co-amplified with the CDK4 gene in malignant

gliomas and these two genes map less than 10 kb from each other (Reifenberger et

ãI., 1996). Marked overexpression of SAS is also seen in osteosarcoma and

neuroblastoma cell lines (Jankowski et a1., 1994).

The SAS gene codes for a 210 amino acid polypeptide with four potential N-

linked glycosylation sites. Two SAS mRNA species are transcribed, 1'-7 kb and 0.9

kb, presumed to be the result of alternative splicing (]ankowski et a1., 1994). The

SAS gene consists of six exons with the entire gene covering only 3.2kb of DNA

(fankowski et a1., 1995).

1..4.10 co-029

The tumour-associated antigen CO-029 is another member of the transmembrane

4 superfamily. The CO-O2} cDNA was cloned from the human colorectal

carcinoma cell line, Sw948 by immunoselection of cDNA clones using the

monoclonal antibody CO-029. The L.15 kb mRNA transcript of CO-029 was

detected in colorectal and rectal carcinoma cell lines. The CO-029 protein has one
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potential N-glycosylation site and consists of 237 amino acids (Szala et al., 1990).

The 32 kDa protein is expressed on gastric, colon, rectal and pancreatic

carcinomas, but not on the corresponding normal tissues (Sela et aI.,1989).

t.4.rL 4L 5/TALLA-L/CC G -87

The 4L5 gene has been cloned independently on three separate occasions as AL5,

TALLA-1 and CCG-B7. The 4L5 cDNA clone was isolated from the immature

human T cell line HPB-ALL and is expressed on immature but not mature T cells

(Emi et ãI., 1993). The TALLA-1 gene was cloned from the T-cell acute

lymphoblastic leukemia (T-ALL) cell line Molt-4 and designated TALLA-1 (from

T-All-associated antigen). TALLA-L is expressed mainly in the brain, skeletal

muscle and spleen and also in neuroblastoma cell lines (Takagi et al., 1995). The

CCG-87 cDNA clone was isolated from a brain cDNA library using an

oligonucleotide probe containing ten repeats of the CCG trinucleotide as a probe

in a study searching for novel genes expressed in the human brain which contain

triplet repeats. The CCG-87 clone contained seven uninterrupted triplet repeats

of CCG nucleotides. A single CCG triplet is conserved in almost all tetraspan

proteins in the large extracellular domain of each tetraspan protein. The

significance of finding seven uninterrupted triplet repeats in a tetraspan gene is

not clear (Li et aI.,1993).

The 415 gene transcribes a 2 kb mRNA and codes for a 244 amino acid protein

(Emi et a1.,1993). Southern blot analysis of the TALLA-1 gene in T-ALL cell lines

showed no gross gene rearrangement of TALLA-1 (Takagi et a1., L995).
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L.4.12 Uroplakin Ia

Thc bovine uroplakin Ia protein is a differentiation product of the asymmetric

unit membrane of the bladder (Yu et a1., 1994). The bovine uroplakin Ia Sene

transcribe s a 1.,363 bp mRNA which codes for a 258 amino acid protein, containing

one potential N-linked glycosylation site. Uroplakin Ia has 39% amino acid

homology with uroplakin Ib, the bovine homologue of T1L. Uroplakin Ia was

discussed in further detail in Chapter l-.3.3.

L.4.13 Sm23

The Sm23 gene codes for an integral membrane protein of Schistosorta mønsoni,

a human trematode parasite. The Sm23 gene spans 2264 bp, consisting of 5 exons

and, 4 introns. (Lee et a1., 1995). The Sm23 protein has one potential N-

glycosylation site and contains 218 amino acids. Epitope mapping revealed that

Sm23 protein is highly immunogenic in mice, especially in the large hydrophilic

extracellular domain of the protein (Wright et a1., 1990). Both B and T cell

epitopes were recognised by Sm23 (Reynolds et a1., 1992). There are species

homologues of Sm23 in Schistosomø jøponicum (Sj23) and Schistosomø

haemøtobium (Sh23), both Sj23 and Sh23 also belong to the tetraspan family

(Davern et a1., lgg1.,Inal et al.,1995). The existence of tetraspan proteins ín such a

diverse species from humans as the Schistosomø paraslte suggests an important

role for the tetraspans.
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1.4.14 PETA-3/SFA-L/CD1. 5L

The pETA-3 (platelet-endothelial cell tetraspan antigen-3) cDNA was cloned from

the megakaryoblastic leukemia cell line, MOTe and codes for a 253 amino acid

protein. Expression of PETA-3 mRNA was detected by Northern analysis in all

tissues, except for brain (Fitter et al., 1995). PETA-3 may regulate platelet activation

and mediator release as a component of the FcyRII signal transducing complex in

platelets (Roberts et al., 1995).

PETA-3 was also independently cloned as SFA-1 (SF-HT-activated gene-L) from an

adult T-cell leukemic cell line. The expression of SFA-L (CD151) was induced by

human T-cell leukemia virus type 1 in lymphoid cells (Hasegawa et a1., 1996).

Sequence comparison of the two cDNA clones, PETA-3 and SFA-1 revealed

identical sequence except for a 62 bp deletion of the PETA-3 gene in the 5'

untranslated, region. The authors suggest that the SFA-1 and PETA-3 mRNA

transcripts arise through alternative splicing (Hasegawa et a1., t997b). There is

93o/" amino acid homology between human SFA-I and its mouse homologue

(Hasegawa et a1., 1997c).

A study by immunohistochemistry of the distribution of PETA-3 in a number of

tissues revealed expression in endothelium, epithelium, Schwann cells and

dendritic cells and in skeletal, smooth and cardiac muscle. The localisation of

PETA-3 expression was compared to the localisation of expression of two other

tetraspan proteins, CD9 and CD63 and the integrins cr5B1 and p1. There was co-

localisation of PETA-3 with CDg,CD63, cr5B1 and B1 in many tissues, providing a
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basis for these tetraspan/integrin complexes to occur. However, the distinct

localisation of the tetraspan antigens in some tissues, PETA-3 in cardiac muscle,

for example, implies a separate role for these molecules in some cell types.

(Sincock et a1., t997).

1..4.15 IL-TMP

The intestinal and liver tetraspan protein (IL-TMP) was discovered in the search

for proteins that regulate proliferation and/or differentiation of the crypt-villus

axis by subtractive hybridisation of a cDNA library prepared from proliferating

1g1T-2g cells using subtracted cDNA probes. The expression of IL-TMP rapidly

increases as the non-dividing epithelial cells migrate from the proliferative

compartment of the crypt-villus onto the villus. This protein appears to mediate

d.ensity-associated inhibition of proliferation of the human cell line HT-29 (Wice

et a1., L995).

1.4.16 late bloomer

The Dros ophila late bloomer (lbl) gene was isolated in the search for molecules

involved in growth cone guidance, target recognition and synaPse formation. The

lbl gene is expressed by motor neurons and transiently expressed along motor

axons, including growth cones and presynaptic terminals. Late bloomer protein

facilitates the formation of neuromuscular connections by promoting motor

neuron synapse formation. The late bloomer gene codes for a 208 amino acid

protein with four putative transmembrane domains and many of the conserved

residues of the other tetraspan proteins (Kopczynski et a1.,1996).
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1.4.17 YKKS

Protein sequence alignments revealed that the 27.4 kDa YKKS protein of the

nematode, Caenorhabditis elegøns, has homology with the tetraspan family of

proteins. Tlre 244 amino acid protein has the typical tetraspan conserved protein

sequence motifs. The genomic structure of YKKS has the same intron/exon

boundary structure as the other tetraspan Senes (Tomlinson et a1., 1996b).

L.4.1.8 Sj25lTM4

Another gene from the parasite Schistosotnø jøponicum which belongs to the

tetraspan family is the Sj25/TM4 gene. The gene is expressed in the larval and

adult stages of the S. japonicum parasites. Sj25/TM4 codes for a protein with 225

amino acids and is a different protein from Sj23 mentioned above (Fan et a1.,

teeT).

1..4.19 NAG-2

A recently isolated member of the tetraspan family is the NAG-2 (novel antigen-

2) gene. The NAG-2 protein was discovered in a study designed to further

characterise the protein constituents present in multi-component tetraspan

complexes. A series of monoclonal antibodies were raised against proteins co-

immunoprecipitated with CDSL from MDAMB-435 breast cancer cells. One of the

proteins recognised by the antibodies was the NAG-2 protein. The NAG-2

protein is detected by immunohistochemistry most strongly on fibroblasts,

endothelial cells, follicular dendritic cell and mesothelial cells. The 1..5 kb mRNA

transcript of NAG-2 is present in all human tissues except the brain. A larger 6.5
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kb mRNA transcript is also detected in heart and skeletal muscle. The highest

level of expression detected by Northern analysis was found in spleen, colon and

the pancreas. The protein sequence of NAG-2 consists of 238 amino acids and

contains two potential N-glycosylation sites. There is 95o/' amino acid homology

between the NAG-2 proteins of human and mouse. Immunoprecipitation

studies confirmed that NAG-2 interacts with the tetraspan proteins CD9 and

CD81 as well as the u3p1 and cr6Bl integrins (Tachibana et a1., 1997).

L.4.20 TM4SFs

A screening for genes differentially expressed in pancreatic cancer has identified a

putative novel tetraspan gene, TM4SF5, that is highly expressed in pancreatic

cancer. The TM4SF5 protein consists of 197 amino acids and has the structural

features consistent with other tetraspan proteins. TM4SFS was found to be

overexpressed in pancreatic cancers as compared to normal pancreatic tissue

(Muller-Pillasch et a1., 1998).

1..4.21 Tspan L-6

The most recently reported tetraspan genes are designated Tspanl'-6. These six

new members were identified by the generation of a tetraspan consensus

sequence used to search EST (expressed sequence tags) databases. Close

examination of the sequences revealed that Tspan-4 had already been identified

as NAG-2 (1,.4.19) while the Tspan-6 sequence had been deposited in GenBank as

T245 (Todd et a1., 1998).
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L.4.22 Associations of tetraspan proteins

Many of the tetraspan proteins are structurally or functionally associated with

either other tetraspans or other membrane proteins. Uroplakin Ia and uroplakin

Ib form protein plaques in association with uroplakin II and III on the bladder

asymmetric unit membrane (Wu et a1., 1995). Multi-component tetraspan-HlA-

DR complexes consisting of CD37, CD53, TAPA-I and CD82, along with DR

antigens have been immunoprecipitated using tetraspan and DR monoclonal

antibodies from B cell lines (Angelisova et al., L994). CDSL forms a complement

receptor complex with CDL9 and CR2 on B cells (Fearon et al., 1995). CD9

interacts with the heparin-binding EGF-like growth factor through its heparin-

binding domain to potentiate juxtacrine growth factor activity in CHO cells

(Sakuma et a1., 1997). Other tetraspan proteins cross-link with various other

proteins, for example, CD9 can associate with a 1,4.5 kD diphtheria toxin receptor

resulting in enhanced diphtheria ligand binding (Mitamura et a1., 1992). The

functional significance of these associations is unclear. It has been hypothesised

that the tetraspans may act as transmembrane adaptor proteins, that organise the

distribution and function of other cell surface molecules and their associated

signalling proteins (Hemler et a1., 1996).

A number of studies have reported associations between tetraspan proteins and

integrins. Integrins are a large family of heterodimeric transmembrane

glycoproteins, consisting of an o and a B subunit. Integrins are widely expressed

cell-surface receptors able to mediate cell-matrix and cell-cell adhesion (reviewed

in Giancotti et aL, t994). Some tetraspan proteins are able to specifically associate

with subsets of integrins. CD8L, CD63, CD9 and CD82 all form complexes with the
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integrins u4þ1., o3B1 and ø681 (Berditchevski et al., 1996, Radford et al', 1996,

Rubinstein et a1., 1996). The B1 chain is a common element with all of the above

tetraspan interactions, but there are other pL integrin complexes (o2BL and cx5B1)

which do not associate with the abovementioned tetraspans (Hemler et a1., 1996).

The CDSL tetraspan also complexes with the a4þ7 integrin on the B cell line RPMI

866 (Mannion et a1., 1996). There has been considerable speculation on the

functions of these integrin/tetraspan complexes. Association with tetraspans may

regulate integrin adhesive functions and/or these integrin/tetraspan complexes

may be associated with cell motility. Tetraspans may regulate the signalling and

movement of integrins (Hemler et al., 1996). There are still many unanswered

questions regarding the specific biochemical consequences of the interactions

between integrins and tetraspans, especially in relation to tumour cell metastasis

and the functions of motility and adhesion.

Although the precise function of the tetraspan family members has not been

determined, there is a strong association between the TM4SF proteins and cell

cycle regulation. More specifically, it is likely that these proteins are involved in

the regulation of cell adhesion, motility and proliferation. The correlation

between overexpression or loss of expression of these proteins and the incidence

of cancer is indicative of the important cell cycle control properties these proteins

are likely to possess. The discovery of the existence of tetraspan proteins in

species as diverse asDrosophila, Schistosomø and C. elegnns as well as humans

and other mammals suggests an important biological role for the tetraspans, as

these proteins have been conserved throughout evolution'
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1-.5 BLADDER CANCER

L.5.L Classification of bladder cancer

Ninety percent of bladder cancers originate in the urothelium and are termed

"transitional cell carcinomas" (Skinner 1977). Bladder cancer is staged according

to the tumour, metastasis and node (TMN) classification (Figure 1'6). The

primary tumour is staged at Ta if it is a non-invasive tumour. Tis is the

classification for a carcinoma in situ. TL cancers are lesions which invade the

lamina propria. T2 tumours invade superficial muscle, while T3 tumours

invade deeper muscle. Tumours classified as T4 invade other organs, for

example, prostate, uterus, vagina, pelvic wall or abdominal wall (Prout 1977).

At the time of presentation, 70-80"/" of bladder neoplasms are suPerficial bladder

tumours (stages, Ta, Tis and TL). The remaining 20-30% of lesions are invasive

(T2, T3 and T4) or metastatic (M+, N+). The grading system of bladder cancer is

that used by the World Health Organisation. There are three recognised grades of

transitional cell carcinoma; GI, which classifies well differentiated tumours; GII,

moderately differentiated and GIII, poorly differentiated. Low grade tumours

(grade I and II) may or may not invade the lamina propria and rarely invade the

musculature. However, the higher grade tumours (grade III) are more aggressive

and often show muscle invasion. Although 70-80% of transitional cell bladder

carcinomas are initially non-invasive, 20-30% of these will in time, Progress to an

invasive cancer with metastatic potential and eventually lead to the death of the

patient (Fleshner et a1., 1996). Approximately half of the remaining 20-30'/. of

bladder cancers which present with invasive disease will have metastatic disease

at the time of diagnosis (Lamm et al., 1996). The current treatment of those

patients with clinically-localised invasive bladder cancer is radical surgery. The 5
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Figure L.6
Diagram of the staging of bladder tumours. Tis is the classification for a
carcinoma in situ. The Ta tumour is non-invasive and the T1 cancers
invade the lamina propria. T2 tumours invade superficial muscle, while
T3 tumours invade deeper muscle.

(This figure was taken from Cordon-Cardo et a1.,1997).
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year survival rate or overall cure is proportional to the pathological stage but is

approximately 50%, with patients dyiog from metastatic disease. It is therefore

presumed that micrometastases undetectable at the time of initial cystectomy are

responsible for these therapeutic failures. Development of prognostic indicators

based on tumour characteristics would allow early implementation of other

therapies, with the hope of improving both disease free survival and cure rates

for all bladder cancers.

1..5.2 Cytogenetic Studies of Bladder cancer

It has been postulated that two independent genetic events are required to

inactivate a gene to result in cancer formation. The Knudson 'two-hit hypothesis'

was originally devised to explain the familial and sporadic forms of

retinoblastoma (Knudson 1971). For familial retinoblastoma, the 'first-hit' is

inherited, so it is present in every cell of the body. The 'second-hit' is acquired

and is present only in the tumour. For sporadic tumours, inactivation of both

alleles of a gene occurs somatically. The second 'hit' often involves loss of

heterozygosity, suggesting the region of allelic loss harbours a tumour suPpressor

gene. Cytogenetic analyses of bladder tumours have revealed some Sross

chromosomal alterations, often involving loss of a chromosome arm or even the

whole chromosome. At a locus at which loss of heterozygosity frequently occurs,

there may be a tumour suppressor gene, whose inactivation may be crucial to the

pathogenesis of bladder cancer. Loss of heterozygosity could explain a decrease in

expression of a tumour suppressor gene, but there is also likely to be a mutation

in the same gene on the other allele which would result in total inactivation of

the tumour suppressor gene. Initially, whole chromosomes and chromosome
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regions were investigated in a number of cytogenetic studies to discover potential

sites of tumour suPPressor genes or markers of bladdef cancer.

Cytogenetic deletions of regions of chromosome 9 can be detected in more than

50% of bladder tumours (Cairns et al., 1993). A study by Keen et al., (1994) refined

the deletions of chromosome 9 in bladder tumours to two distinct regions, 9p21

and 9q13-9q34.1,. Some of the bladder tumours cells were monosomic for

chromosome g, but others had only subchromosomal deletions, allowing

d.elineation of the important areas of chromosome 9 in regard to bladder cancer.

Other studies have shown deletions on chromosome 1', 7 and LL in bladder

tumours, as well as confirming the presence of deletions in chromosome 9

(Hopman et al., I991.,Wa1dman et a1., 1991., Ruppert et a1., 1993). There is some

correlation between the specific chromosome region deleted and the pathology of

the bladder cancer. For example, Presti et à1., (1991) found a significant

relationship between vascular invasion of the bladder cancer and the loss of

chromosome t7p. Waldman et a1., (1991) found an association between the

polysomic nature of chromosome 7 and high grade bladder cancer. Olumi et al.,

(1990) found that allelic loss on chromosome 9q is present in both low and high

grade bladder tumours, while allelic loss of 11p and 17p occurced in high grade

tumours. It may be that the occurrence of many genetic lesions are required for

the formation of a malignant bladder tumour (Olumi et a1., 1990). In summary,

there is nonrandom allelic loss of chromosomes associated with bladder cancer

and some preliminary evidence of a number of genetic alterations which must

occur for a metastatic tumour to eventuate.
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L.5.3 Molecular Alterations of Oncogenes in Bladder Tumours

Røs

The frequency of point mutations of the ras oncogene in bladder tumours was

determined. to be approximately 10"/", by using restriction endonuclease analysis

and also direct sequencing of the first two exons of ras (Fuijita et a1., 1985).

However a more sensitive PCR-based assay revealed that approximately 40'/o of

bladder tumours harboured H-ras codon L2 mutations, involving a substitution

of valine for glycine resulting from a G-to-A mutation. Activation of the ras

proto-oncogene to its oncogenic form occurs via a point mutation at one of three

codon hotspots, codons 12,13 or 61 (Czerniak et a1., 1990). A recent study using

single-strand conformation polymorphism (SSCP) analysis, detected mutations in

exon 1 of H-ras in DNA isolated from urine sediments from 44% of bladder

cancer patients. Codons 12 and 13 are located in exon L of H-ras (Fitzgerald et a1.,

IggS). The authors suggested that using SSCP to identify ras mutations in urine

sediments could be used as a clinical tool for detecting the Presence of abnormal

urothelial cells. Continued follow-up of those patients with ras mutations in

early-stage tumours would determine if the mutations are prognostic for tumour

progression or recurrence.

c-myc

Overexpression of the c-myc oncogene occurs in bladder carcinoma, although it is

not associated with a particular tumour stage or grade. Flowevet, none of the

bladder tumours in stage Ta, had increased levels of expression of c-myc (Kubota

et al., 1995). A more recent study found no amplification or rearrangement of the

c-myc gene in 2lprimarybladder tumours. There was a significant enhancement
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of c-myc expression in 90% of the bladder tumours, but the expression was not

correlated with tumour grade or progression (Onodera et a1., 1997). Therefore, c-

myc overexpression may merely be a marker of tumour progression with no

prognostic significance.

MDM2

The MDM2 oncogene binds to p53 and acts as a negative regulator of the cell cycle

by inhibiting the transcriptional activation function of p53 (Oliner et a1., 1992).

MDM2 abnormalities were characterised in a study of 87 patients with bladder

cancer. The MDM2 protein was overexpressed in 32% of patients, but only one of

these cases showed amplification of the MDM2 gene. A correlation was found

between MDM2-positive tumours and low grade and stage tumours. Sixty-two

percent of papillary superficial tumours were MDM2-positive compared to only

24% of muscle invasive lesions (Lianes et al., 1994).

c-erbB-2

Tlne c-erbB-2 gene encodes a transmembrane glycoprotein which has significant

sequence homology and structural organisation to the epidermal growth factor

receptor. In a study to evaluate the usefulness of the c-erbB-2 gene as a marker for

bladder tumour recurrence and progression, amplification of c-erbB-2 was

observed in sixteen of 89 patients with recurring disease. Of the sixteen patients

with c-erbB-2 amplification, L4 of these patients had evidence of progressive

disease, therefore indicating a strong and significant association between c-erbB-2

gene amplification and progressive disease. Nevertheless, there was no

correlation between c-erbB-2 protein overexpression and disease progression
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(Underwood et al., 1995). These results indicate that there is not a correlation

between gene amplification and protein overexpression, which suggests the

statistical correlations may not be relevant to actual disease phenotype. Perhaps

there is another gene closely located to c-erb-2 which is also amplified which is

important for disease progression. Strong staining of c-erbB-2 by

immunohistochemistry was found in 20T. of bladder tumours and weaker

staining in 1,4% (Mellon et al., 1996). A study focussing on the recurrence of

tumour after resection of primary superficial bladder cancer found a low

prevalenc e of c-erbB-2 expression in the recurrence by immunohistochemistry,

which was not significantly associated with early tumour recurrence (Tetu et aI.,

1996). These studies of the c-erbB-2 oncoprotein found no correlation between

increased expression in bladder tumours and tumour grade or stage, therefore

suggesting limited prognostic significance.

Epidermøl Growth Føctor RecePtor

The epidermal growth factor receptor (EGFR) is activated by binding to either

epidermal growth factor or transforming growth factor c¡¿. Overexpression of

EGFR protein was found,by immunohistochemical staining¡ on bladder tumours

which were more likely to result in, recurtence, progression or death. Increased

EGFR staining was observed in 48% o1 bladder cancers and was associated with

both high-grade and stage bladder cancer (Neal et a1., 1990). Another study found

overexpression of EGFR in 36% of bladder cancers but could find no evidence of

DNA amplification or rearrangements (Wood et al., 1992).
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Autocrine Motility Factot

f)etection of the autocrine motility factor (AMF) in urine has been investigated as

a potential marker of bladder cancer. AMF is a cytokine that induces protrusion of

pseudopods in target tumour cells, therefore stimulating motility in human

tumour cells. A statistical correlation was observed between the level of AMF in

the urine and the degree of tumour invasiveness (Guirguis et a1., L988). A recent

study investigated the autocrine motility factor receptor (AMFR) as a possible

urine marker for bladder cancer. All muscle-invasive transitional cell carcinomas

were positive for AMFR. Eighty percent of patients with superficial tumours

tested, positive for AMFR in their urine, which correlated with tumour grade'

Flowever, twenty-five percent of control urines tested positive (Korman et al.,

1996). Therefore, the validity of this test comes into question because of the high

false positive rate.

1,.5.4 Molecular Alterations of Tumour Suppressor Genes in Bladder

Tumours

Retinobløstomø

Two independent, immunohistochemical studies determined that altered

expression of the retinoblastoma (Rb) protein is a prognostic indicator in bladder

cancer. Using immunohistochemical techniques, Logothetis et a1., (1992) studied

Rb expression in 43 cases of locally advanced bladder cancer using paraffin-

embedded archival primary tumour tissue and Cordon-Cardo et àI., (1992)

investigated 48 cases primary bladder tumours using fresh, frozen tissue. Both

sets of results concurred that patients with retinoblastoma-negative tumours

have a greater frequency of muscle invasion and a significantly decreased
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survival rate when compared with retinoblastoma-positive tumours of patients

from the same pathologic stage.

p53

The wildtype p53 gene codes for a tumour suPPressor protein that has a

significant role in cell cycle control and the prevention of carcinogenesis (Levine

et aI., 1991). The mutant p53 gene products have a half-life four to twenty times

longer than the wildtype protein (Finlay et a1., 1983). This observation allows the

use of immunohistochemistry to detect mutant p53 protein, as the wildtype p53

protein is normally present at very low levels and is therefore undetectable þ

immunohistochemistry. Sarkis et a1., (1993) found that 58% of T1 bladder

carcinomas, which are superficial and only invade the lamina propria,

overexpressed p53 protein. These T1 bladder cancers that exhibited nuclear

overexpression of p53 protein, ie. mutant p53, had a higher probability of disease

progression. A later study by the same investigators aimed to examine the

potential prognostic role of overexpression of p53 in muscle-invasive bladder

cancer treated with neoadjuvant chemothenpy. They found that those patients

whose tumours overexpressed p53 protein were 3 times more likely to die of

bladder cancer than those patients with normal p53 expression levels (Sakris et

aI.,1995).

p1-6 and p15

The p16 and p15 genes are localised on human chromosome 9p21., a region

commonly deleted in bladder cancer. The p16 and p15 genes code for proteins

which bind to and inhibit cyclin-dependent kinases. In a study of LL0 bladder
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tumours, the overall frequency of deletions and rearrangements was

approximately 18% for both the p16 and p15 genes. The alterations of p16

correlated with low grade and stage bladder cancers, while there also was a

significant association between p15 gene alterations and low stage tumours. Ta

and T1-, but not Tis, lesions showed deletions of either p16 or p15 (Orlow et al.,

1gg5). Another study confirmed that p16 is the major deletion target at 9p21'. AII

bladder tumours found to have small defined deletions o19p21' had homozy9ous

deletion of p1,6 and 58% of tumours with monosomy 9 and 10% of tumours with

no chromosome 9 cytogenetic abnormalities also had homozygous deletion of

p16. p1-5 was also found to be deleted in many cases, but no tumours had

deletions of p15 without also having deletions of p16. However, there were

deletions of p16 in tumours in the absence of p15 deletions. Therefore, the p16

gene appears to be the major target for deletion at chromosome 9p21' (rNilliamson

et al., 1995). These observations suggest that p16 and p15 mutations early in

carcinogenesis may provide a selective growth advantage for the affected cell'

The association of p16 and p15 mutations with low grade and stage tumours, Ta

and T1, but not Tis, suggests that another distinct molecular pathway may exist

for bladder tumour progression.

Gelsolin

The gelsolin gene is a putative tumour suppressor gene which encodes a calcium

binding and actin-regulatory protein. In77% of bladder tumours and all 6 bladder

cancer cell lines, gelsolin expression was either decreased or absent. Flowever,

there was no correlation between tumour grade or stage and the level of gelsolin
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expression. Transfection of exogenous gelsolin into bladder cancer cell lines

reduced its tumorigenicity in piao (Tanaka et a1., 1995).

L.5.5 Transforming Growth Factor B in Bladder Tumours

Coombs et a1., (1993) investigated the relationship between the expression of

TGFP and transitional cell carcinoma. Northern analysis revealed marked

reduction or even total loss of expression of TGFBl mRNA which correlated with

the progression of transitional cell carcinoma. Loss of TGFP expression could,

therefore, be a potential marker for advanced disease or Prognosis in bladder

cancer.

An independent study by Miyamoto et al., (1995) used a quantitative RT-PCR-

based assay to look at the levels of expression of TGFB mRNA in human bladder

cancer. This study revealed that TGFB expression in bladder cancer was higher

than that found in normal bladder epithelium. Higher levels of TGFp transcript

were observed in low and intermediate grade (Grade 1 and 2) tumours than in

high grade (Grade 3) tumours. Superficial (pTa and pTL) tumours had higher

levels of TGFp, than invasive (pT2 or higher) tumours. These results suggest that

enhanced expression of TGFB is specific to low grade and stage bladder cancer and

that TGFB could provide a new relevant tumour marker for determining tumour

progression. Studies concentrating on growth factors in invasive bladder cancer

cell lines show a loss of responsiveness to the negative growth regulatory effects

of TGFp (DeBoer et a1.,1997). These observations imply that TGFB has a key role
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to play in controlling cellular homeostasis by inhibiting cell proliferation in

normal bladder urothelium. The studies by Coombs et al., (1993) and Miyamoto

et a1., (1995) both show low levels of expression of TGFB in advanced tumours,

however the study by Coombs et a1., (1993) suggested a correlation between

tumour progression and decreased TGFP expression. Miyamoto et a1., (1995)

suggested that there is an initial increase of TGFp expression in early-stage bladder

cancer which decreases as the tumours become invasive. Both studies have

investigated expression levels of TGFB mRNA and not protein levels.

L.5.6 Molecular pathways in bladder cancer progression

Bladder carcinoma, like many other solid tumours, is expected to arise through a

number of genetic changes that lead to tumour formation. Bladder cancer

progression is most likely to be through a combination of activation of proto-

oncogenes and the inactivation of tumour suppressor genes which enable the

bladder epithelial cell to escape from the control of the cell cycle and progress

from a superficial tumour to a metastatic tumour. It has been proposed that

bladder carcinogenesis may proceed through two distinct molecular pathways

(Figure 1.7). Noninvasive transitional cell carcinomas of the bladder can have

two distinct morphologies, the papillary carcinomas, Ta or the carcinomas in

situ, Tis. The papillary tumours are often multifocal and occasionally progress to

more aggressive tumours, while the carcinomas in situ are flat tumours which

often progress to more invasive tumours. The existence of these two distinct

pathologies of noninvasive TCC suggests that each have different genetic

abnormalities. A number of observations regarding gene mutations and the stage
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Figure L.7
Scirematic diagram of a genetic model of bladder cancer progression. It has been

proposed thai bladder carcinogenesis may proceed through_ two distinct
molecular pathways. The non-invasive Ta and Tis tumours have' different
pathologies and chromosome abnormalities which may play a role in bladder
tumour development.

(This figure was taken from Cordon-Cardo et aI., \997).



of bladder cancer at which they occur, have supported this hypothesis. One study

of 60 TCC patients found 9q deletions in all superficial papillary tumours (Ta) and

almost all tumours invading the lamina propria, (T1). Deletions of 3p,5q and

17p (location of p53 gene) were associated with the transition from Ta to TL

tumours, with deletions observed in TL but not Ta tumours (Dalbagni et a1.,

1g9g). A larger study of 21,6 bladder tumours, found loss of heterozygosity of

chromosome 9 in 34% of Ta tumours but only \2o/" of Tis lesions. p53 gene

mutations were observed in only 3% of Ta tumours but 65% of Tis. In some

patients the carcinoma in situ (Tis) and the secondary tumour had different

genetic alterations suggesting divergent pathways. The timing of the genetic

alterations of either chromosome 9 (involving p16 and p15) or p53 may play a

role in the progressive potential of a noninvasive tumour (Spruck et al., 1994).

These observations support the hypothesis that bladder carcinogenesis may

develop from two distinct molecular pathways which characterise early

tumorigenic events occurring in the normal urothelium, which may result in

the production of either papillary (Ta) or flat (Tis) tumour lesions.

L.6 TI1./UPKIb AND BLADDER CANCER

It is possible that the TI1/UPKIb gene functions as a tumour suPPressor gene in

bladder cancer. Perhaps its role as a cell-surface protein on the bladder membrane

prevents tumour cell invasion and subsequent metastasis. The loss of the

TI1/UPKIb gene may be involved in the multi-step progression of Sene

inactivation which results in the development of bladder cancer. A cancer cell is

often incapable of undergoing complete differentiation and it is the most

advanced cancers which are the most poorly differentiated. Therefore, loss of
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TI1lUpKIb, a differentiation product of the bladder may be a key factor resulting

in the dedifferentiated tissue seen in advanced bladder carcinomas.

L.7 SUMMARY

Cell growth is regulated by both stimulatory and inhibitory factors which interact

to maintain tissue homeostasis. The growth inhibitors may act to control cell

growth via growth arrest and differentiation. The TI1/UPKIb gene aPpears to be

involved in both growth arrest and differentiation, being preferentially expressed

during growth arrest and regulated by TGFP. The uroplakin Ib gene, the bovine

homologue of mink T1L, is a bladder-specific differentiation product of the

asymmetric unit membrane. It is most likely that other mammalian species also

have bladder-specific expression of TIIIUPKIb (Wu et a1., 1994). The TI1IUPKIb

gene is a member of the tetraspan family of cell-surface proteins whích appear to

be involved in cell regulation. Many of these family members have altered

expression in cancer, confirming their role in normal cellular growth control.

In conclusion, it is known that the TII/UPKIb gene is present in the mink and

bovine genomes. The TI!/UPKIb gene is growth arrest-specific, produced as a

differentiation product in the bovine bladder AUM and is a member of the

tetraspan family of proteins. This review of the literature leaves many

unanswered questions about the human TII/UPKIb gene, its normal function,

role in the pathogenesis of bladder cancer and potential tumour-suppressive

activity.
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1..8 AIMS OF THE THESIS

L. To confirm the existence of the human homologue of the bovine uroplakin Ib

and mink T1L genes and to clone and characterise the gene.

2. To determine the chromosomal location of the human uroplakin 18 gene.

3. To determine if the human bladder exPresses the uroplakin LB gene.

4. To compare the levels of expression of UPK1B in normal bladder and bladder

tumour and, if necessary, investigate the molecular mechanisms of any altered

expression.

5. To investigate the normal function of the uroplakin 1B gene by transfection

analysis of the CCL64 cell line and the T24 and 5637 bladder cancer cell lines'
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CHAPTER 2

GENERAL MATERIALS

AND METHODS
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2.1. MATERIALS

2.1.1 Chemicals

All chemicals were of analytical or molecular biology grade and except for the

following, were obtained from Sigma (USA).

Progen (Queensland, Australia): agarose and low melting point agarose

Promega (Madison, WI, USA): IPTG and X-gal

Pharmacia (Uppsala, Sweden): Sephadex G-50

Merck (Victoria, Australia): phenol, chloroform, isopropanol, formaldehyde,

glycerol, acetic acid, ethanol, hydrochloric acid and methanol

ICN (California, usA): Dulbecco's modified Eagle's medium powder

Gibco BRL (New York, USA): fetal calf serum, trypsin-EDTA

Bresatec (south Australia): Radiolabelled cr32P nucleotides

BioRad (Hercules, USA): acrYlamide

2.L.2 Enzymes

All restriction enzymes and calf intestinal alkaline phosphatase were supplied þ

New England Biolabs (Beverly, USA). Proteinase K and RNaseA were supplied

by Boehringer Mannheim (Germany). The T4 DNA ligase, Taq polymerase/

AMV reverse transcriptase and RNasin were supplied by Promega (Madison, WI,

usA).
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2.1.3 Kits and plasmid vectors

Kits and plasmid vectors were obtained as follows:

Gigaprime random tabelling kit (Bresatec, south Australia)

Qiagen plasmid midi kit (Qiagen, Germany)

pRc/CMV vector (Invitrogen, San Diego, USA)

Tet-On Gene Expression system (Clontech, California, USA)

pGEM-T cloning vector kit and Wizard PCR Prep purification system (Promega,

Madison, WI, USA)

mink TlllpBluescript (kindly provided by Professor L. Philipson, EMBL,

Germany)

2.1.4 Antibiotics

G418 (geneticin), penicillin and streptomycin were supplied by Gibco BRL (NY,

USA), ampicillin was supplied by Boehringer Mannheim (Germany) and

hygromycin was supplied by Sigma (USA).

2.1,.5 Cell lines

The TCC-SUP, ScaBER, ]82 and T24 bladder carcinoma cell lines were obtained

from the American Type Culture Collection (Rockville, MD, USA), as well as the

mink lung epithelial cell line, CCL64 and the mouse NIH3T3 fibroblast cell line.

Tlne 5637 bladder carcinoma cell line was kindly provided by Dr. D. Leavesley,

Flanson Centre, South Australia.
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2.1.6 Clinical samples

Normal urothelial tissue, bladder carcinoma tissue and venous blood were

collected, with informed consent, from patients undergoing surgery in the

Department of Urology, The Queen Elizabeth Hospital, Woodville, South

Australia. The collection of clinical samples was aPProved by the University of

Adelaide and. The Queen Elizabeth Hospital ethics committees. Venous blood

was collected from Red Cross donors in South Australia as normal controls.

2.1.7 Miscellaneous reagents

These reagents were supplied by the following companies:

GeneScreen Plus membrane (DuPont, NEN, Boston, USA)

Hyperfilm (Amersham, Buckinghamshire, England)

DNA molecular weight markers (Bresatec, South Australia)

herring sperm DNA (Boehringer Mannheim, Germany)

bacto-tryptone, bactoagar and yeast extract (Difco, Detroit, USA)

Hetastarch (DuPont-Pharma, Delaware, USA)

3MM filter paper (Whatman, Maidstone, England)

2.1.8 Bacterial strains

Tlne E.coll bacterial strain JM109 (recAl, supB44, endAl, hsdRl-7, gyt.Ã96, relA1,

thi (lac-proAB)) was used for all bacterial transformation studies.
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2.1.9 Solutions

DEPC-treated water

One ml of diethylpyrocarbonate (DEPC) was added to one litre of milliQ filtered

water and mixed well. The DEPC-water was incubated overnight aT. 37oC,

autoclaved and stored at 4"C.

DMEM media Per litre:

L pkt DMEM powder

3.7 g NaHCO,

4.76 gHEPES

Ten ml of penicillin/streptomycin solution (5000 units/ml penicillin G sodium

and 5 þg/m\ streptomycin sulphate in 0.8% saline) (Gibco BRL, USA) was also

added. The solution was made up to one litre with milliQ water, the pH adjusted

to7.4 and the solution was filter sterilised.

6 x DNA loading buffer 100 mM EDTA, pH 8

0.25% bromophenol blue

30% sucrose

formamide loading buffer 95% deionised formamide

50 mM Tris-HCl (pH8.3)

L mM EDTA

0.1% bromophenol blue

0.L% xylene cyanol
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10 xHEBS SgHEPES

8 g NaCl

0.32 g KCI

0.125 g NaTHPO 4.2H20

1 g glucose

The reagents were dissolved in milliQ water, made up to a total volume of 100

ml and filter sterilised.

Luria broth Per litre:

10 g bactotryptone

5 g bactoyeast extract

10 g NaCl

L0 x MOPS buffer 41.8 gMOPS free acid

4.1 g sodium acetate

20 ml EDTA, pH 8

The MOPS free acid and sodium acetate were dissolved in 900 ml DEPC-H'0 and

the pH adjusted to 7.0 with 6 M NaOH (DEPC-treated). The EDTA was added, the

solution made up to L L with DEPC-H20 and stored in a foil-wrapped bottle at 4"C.

10 x PBS 30 mM KCI

L5 mM KH2PO4

1.4 M NaCl

80 mM NarHPOn,
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plasmid mini-prep solution I 50 mM glucose

25 mM TrisCl (pH 8)

10 mM EDTA (pH 8)

0.2 M NaOH

1%SDS

Pre-hvbridisation solution 50% deionised formamide

1, M NaCl

10% dextran sulphate

1% SDS

400p9/ml sheared herring sperm DNA

2 x RNA loadins buffer

-

500 pl deionised formamide

100 pl L0 x MOPS buffer

1,67 ¡tI 37'/" lormaldehyde

L00 pl glycerol

The above reagents were combined with a few grains of bromophenol blue and 3

¡rl of 10 mglml ethidium bromide and made up to 1 ml with DEPC-water.
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RNA l]¡sis buffer 4 M guanidine thiocyanate

25 mM sodium citrate

L00 mM B-mercaptoethanol

0.5% lauryl sarcosine

0.1% antifoam A

Sephadex solution

Sterile mitliQ water was added to L0 g of Sephadex powder to make a total

volume of 160 ml. The solution was thoroughly mixed and then the Sephadex

allowed to settle. The milliQ water was then replaced with fresh milliQ water

and the solution stored at 4"C.

20 x SSC (pH 7.0) Per litre:

175.3 g NaCl

88.2 g sodium citrate

L0 x SSCP (pH 6.0) 1.2M NaCl

0.15 M Na citrate

0.1 M NarHPOu

0.1M NaHrPOn

0.1 M NaCl

L0 mM TrisCl (pH 8)

L mM EDTA (pH 8)

STE buffer
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50 x TAE buffer Per litre:

242 g Tris base

57.1 ml glacial acetic acid

100 ml 0.5M EDTA, pH 8

5 x TBE buffer Per litre:

54 g Tris base

27.5 gboric acid

20 ml0.5 M EDTA, pH 8

TE buffer L0 mM TrisCl, pH 8

L mM EDTA, pH 8

2.1,.10 Computer programs

The GeneJockey (BioSoft, Cambridge, UK) software program was used to align

and compare homology between two sequences. DNA Strider version 1.0

(Commissariat a l'Energie Atomique, France) was used to locate restriction

enzymes sites of a particular sequence. The MacPlasmap program version 1.82

(University of Utah, Salt Lake City, USA) was used to draw schematic diagrams of

plasmid vectors. The Amplify program version 1.0 (University of Wisconsin,

Madison, USA) was used to design PCR primers. The multialign and prettybox

alignment programs (Genetics Computer Group, Wisconsin, USA) were used to

align and display multiple sequences.
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2.2 METHODS

2.2.L Isolation of genomic DNA

Isolation of genomic DNA from tissue

Approximately L00 mg of tissue was homogenised in STE buffer and then

centrifuged at L500 rpm for 5 min in a L0 ml centrifuge tube. The pellet was

resuspended. in 4.5 ml of sTE buffer plus 500 pl of L0% sDS, 50 pl of L0 mglml

proteinase K and 10 pl of L0 mg/ml RNase A and incubated at 37"C overnight.

After the addition of one volume of phenol (buffered in TE) the tube was

centrifuged at L500 rpm for L0 min. The upper aqueous phase was removed,

placed ina fresh tube with one volume o124:l chloroform:ísoamyl alcohol and

centrifuged again. Two volumes of 100"/' ethanol and 1/10 volume of sodium

acetate (pH 5.2) were added to the upper phase and stored at -20"C for at least L hr.

The DNA was precipitated in an Eppendorf centrifuge at 1-5 000 rpm for L0 min,

the pellet washed wtth 70% ethanol and the spin repeated. The DNA was air-

dried and resuspended in 100 pl sterile milliQ water.

Isolation of genomic DNA from blood

To extract DNA from venous blood, L ml of 6"/o Helastarch in saline was added to

L0 ml of heparinised blood, mixed and incubated at 37"C for approximately 30

min. The Hetastarch precipitates out the red blood cells. The upPer Iayet,

containing white blood cells, was removed and centrifuged with 5 ml of PBS at

L500 rpm for 5 min. The pellet was washed with 9 ml of PBS and L ml of sterile

milliQ water to lyse any remaining red cells. After centrifugation at L500 rpm for
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5 min, the pellet was suspended in 4.5 ml of STE buffer plus 500 pl of 10o/' SDS,

50 pl of 10 mg/ml proteinase K and L0 pl of L0 mglml RNase A and incubated

overnight at 37 "C. The DNA was then extracted as described above

Isolation of genomic DNA from cell lines

Adherent cells were trypsinised from the cell culture flask as described in 2.2'18.

The cells were pelleted at L500 rpm for 5 min and resuspended in 900 pl of STE

buffer plus L00 pl of 10% SDS, 50 pl of 10 mglml proteinase K and 10 pl of L0

rng/rnl RNase A and incubated overnight at 3fC. To remove cellular debris,

one volume of 3 M NaCl was added and the tube placed on ice for L5 min. After

centrifugation at 4000 rpm for 1.5 min, the supernatant was removed and 2

volumes of 100% ethanol added to the supernatant. The tube was incubated at -

20"C for at least one hour and then the DNA precipitated, washed in 70"/. ethanol

and dissolved in water as described above.

2.2.2 Isolation of total cellular RN

Isolation of total RNA from tissue

Approximately L00 mg of tissue was ground, through mesh placed in a petri dish,

in 4 ml RNA lysis buffer until no solid tissue remained. Four hundred ¡rl of 2 M

sodium acetate, pH 4.0, 4 ml of phenol (buffered in DEPC-water) and 800 pl of

chloroform was added to the tissue/lysis buffer mixture. The mixture was

vortexed vigorously for 30 seconds and placed on ice for 15 min. After

centrifugation for l-5 minutes at 4000 rpm at 4oC, the top layer was transferred to a
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fresh tube, L volume isopropanol added and the mixture incubated at -20oC for at

least one hour. The RNA was precipitated by centrifugation at 4000 rpm for 30

min at 4"C. The pellet was resuspended in 500 pl lysis buffer, transferred to an

Eppendorf tube and centrifuged at L2000 g for 5 min. The supernatant was placed

in a fresh Eppendorf tube with 2 volumes of ice-cold t00% ethanol and incubated

at -20"C for at least one hour. The RNA sample was centrifuged at 12 000 g for 1-0

min, washed with 70"/o ethanol, air-dried and resuspended in DEPC-water.

Isolation of total RNA from cell lines

To isolate RNA from a 25 crnz flask, the flask was first rinsed with DEPC-PBS.

After complete removal of the DEPC-PBS, 4 ml of lysis buffer was added and the

flask incubated on ice for 5 min. The lysate was transferred to a L0 ml tube and 4

ml phenol, 400 pl 2 M sodium acetate, pH 4.0 and 800 pl chloroform were added.

The RNA was then extracted as described above.

2.2.3 Electrophoresis

Analvsis of DNA

-

Gels for detecting genomic DNA, PCR products, plasmid DNA and restriction

fragments were made using 1%-2% w /v agarose in L x TAE buffer. For a 100 ml

gel, 30 ¡rl of 1 mglml ethidium bromide was added directly to the gel before

pouring. Each DNA sample was mixed with L/6 volume of 6 x DNA loading

buffer before loading on a gel. Five hundred pg of a DNA marker, either

SPP1,/EcoRI or pUCl9/HpøII (Bresatec, Australia) was also loaded on the agarose
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gels. The DNA was electrophoresed, in a BioRad Mini-sub cell electrophoresis

tank, at approximately L00 V in L X TAE buffer for 45 - 60 min, depending on the

size of the DNA fragments. DNA was visualised using a UV transilluminator

(Ultra-Lum) and photographed using 667 Polarcid film (Kodak, Australia).

Analysis of RNA

RNA gels consisted of t"/' w/v agarose in L0 ml of L0 x MOPS buffer, L6 ml

formaldehyd.e and made up to L00 ml with DEPC-water. RNA samples were

mixed with an equal volume of 2x RNA loading buffer, heated to 68 "C fot 2

min and chilled on ice. The RNA was then loaded into the wells of the gel and

electrophoresed in L x MOPS buffer in a BioRad Mini-sub cell electrophoresis

tank at 80 V for approximately L hr.

Pol)¡acr)¡lamide gels for microsatellite anal]¡sis

PCR products of the microsatellite markers, D351292 and D3S1278 (Chapter 6)

were resolved on 6"/o polyacrylamide gels containing 7M urea. To make the

acrylamide mixture ,75 ml of 40% acyrylamide/bis acrylamide (19:1) was added to

50 ml of L0 x TBE plus 230 g urea. The mixture was made up to 500 ml with

milliQ water and filtered. To prepare a polyacrylamide gel, 420 pl of 10%

ammonium persulphate (APS) and 70 pl of TEMED (N,N,N'N-

Tetramethylethylenediamine) was added to 70 ml of the above acrylamide

mixture. The gel was pre-electrophoresed for 30 min at 40 W. The samples were

denatured at 95 
oC for 5 min, loaded on the gel in formamide loading buffer and

the gel run at 40 W in 1 x TBE for 2 - 3 hr. The gel was then fíxed in 1'0'/"
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methanol, 10"/. acetic acid for L5 min, transferred to Whatman 3MM PaPer,

vacuum-dried for 45 - 60 min and placed at -70 
oC with autoradiography film to

develop.

2.2.4 Southern transfer

Ten pg of genomic DNA was digested with 40 - 60 units of restriction enzyme

(New England Biolabs) in 1 x restriction buffer plus 100 þg/ml BSA if required

and the total volume made up to 100 pl with sterile milliQ water. The DNA was

digested overnight at the temperature recommended by the manufacturer/

usually 3fC. The digested DNA was electrophoresed overnight at 40 V in a 20 x

20 cm,lo/o agarose gel in L x TAE. The DNA Southern gel was acid-nicked in 0.25

M HCI for l-0 min, rinsed with distilled water and placed in the transfer solution,

0.4 M NaOH. The transfer was set up as follows: a stack of interleaved PaPer

towels, three pieces of Whatman 3MM filter paper cut to the same size of the gel

pre-soaked in 0.4 M NaOH, the membrane (Genescreen, DuPont), pre-soaked in

0.4 M NaOH, the gel, three more pieces of Whatman and four Roar PaPer towels

(Kimberly-Clark, Australia) also soaked in the transfer solution. The top of the

transfer set-up was kept moist at all times and the transfer allowed to continue

for 2-3 hr. After the transfer, the membrane was rinsed in 2 x SSC, the DNA cross-

linked to the membrane with a UV Stratalinker 1800 (Stratagene, La Jolla, USA)

and stored between Whatman 3MM filter PaPer in a sealed plastic bag.
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2.2.5 Northern transfer

The Northern gels consisted of 3 g agarose (1%),30 ml of 10 x MOPS, 2L8 ml

DEPC water and 52 ml formaldehyde (16.6M). Approximately 10 pg of RNA was

heated to 68oC for 2 min with an equal volume of 2 x RNA loading buffer

immediately prior to loading on the gel. The gel was then run overnight in L x

MOPS aI 40 V and then placed in milliQ water for 20 min to remove excess

formaldehyde. After the RNA was visualised with UV and a photograph taken,

the gel was placed in transfer buffer, L0 x SSC. The transfer was set up as

described for the Southern blot in 2.2.4, except the transfer was carried out L0 x

SSC, rather than 0.4 M NaOH. After transfer, the membrane was photographed

and the positions of the 28S and 18S rRNA marked in pencil. The RNA was

cross-linked using a UV Stratalinker L800 (Stratagene, La jolla, USA) and the

membrane stored between Whatman 3MM PaPer in a sealed plastic bag.

2.2.6 Southern and Northern hybridisation

Pre-hvbridisation

-

A total of 10 ml pre-hybridisation solution was prepared by mixing L ml of L0%

SDS, 5 ml of 50% deionised formamide, 2.5 ml of 5 M NaCl, 2.5 ml o150% dextran

sulphate and 400 pl of L0 mglml denatured herring sPerm DNA. The pre-

hybridisation solution was added to the membrane in a hybridisation bottle in a

Hybaid Micro-4 hybridisation oven (Middlesex, UK) and allowed to incubate for

at least 3 hr at 42"C.
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Hvbridisation

-

The probe of interest was random-labelled with either o¿32P-dATP or a"P-dCTP

using the Gigaprime kit (Bresatec, South Australia). Six pl of L50-200 ng of

denatured probe was added to 6 pl decanucleotide solution, 6 ¡rl nucleotide

cocktail buffer A, 1 pl (5 units) of Klenow enzyme and 5 pl (50 pci) cr"P-dATP

and allowed to incubate at 37 "C for 15 - 30 min. Unincorporated radionucleotides

were removed using a Sephadex G-50 column, prepared from a 2 ml sterile

syringe which had the plunger removed and sterile cotton wool placed at the

bottom of the syringe. The Sephadex G-50 slurry was added to almost fill the

column and 180 pl of 2 mM B-mercaptoethanol and 20 pl of L0 mglml herring

sperm added on top of the column. The column was placed into a 10 ml tube

which was in turn placed into a 50 ml tube for centrifugation at 400 rpm fot 4

min. The column was placed in a fresh L0 ml tube and the labelled probe

mixture plus 200 pl of 2 mM B-mercaptoethanol was loaded onto the column,

which was then centrifuged within a 50 ml tube at 800 rpm for 8 min. The

labelled probe was eluted from the column and the unincorporated nucleotides

remained on the column. The probe was then denatured at 95oC for 5 min,

chilled on ice and added to the Hyb-aid bottle containing the membrane and pre-

hybridisation solution. Hybridisation was carried out overnight at 42"C .

Membrane washing

After overnight hybridisation, the radioactive mixture was removed from the

Hyb-aid bottle. The first wash of the membrane was in2 x SSC at 42"C for 30 min
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and the radioactivity on the membrane was monitored by a hand-held beta

Geiger counter. The membrane was then washed until background radioactivity

was minimal. Subsequent washes included 1 x SSC/0.1% SDS at 60oC and 0.1- x

ssc/0.1% sDS at 65oC and, if required, 0.L x ssc/0.1% sDs at 68"C. The

membrane was covered in plastic wrap and exposed at -80"C to autoradiographic

film (Hyperfilm, Amersham) in a film cassette with double intensifying screens.

The film was developed using an automatic x-ray developer in the Radiology

Department, The Queen Elizabeth Hospital.

Stripping DNA and RNA Probes

To remove radioactively-labelled DNA and RNA probes from Southern and

Northern blots respectively, solutions of 0.L x SCC/0.1% SDS were boiled and

added to membranes on a rocking platform for 30 min. The procedure was

repeated and the membrane checked for radioactivity by the hand-held Geiger

counter. After all radioactivity had been removed, the membrane was rinsed in 2

x SSC, blotted dry and stored between Whatman 3MM paper in sealed plastic bags

at room temperature.

2.2.7 Polymerase Chain Reaction (PCR)

Polymerase chain reactions (PCR) were carried out in a volume of 50 pl with 2 pl

of the template DNA (50 ng) plus 50 ng of each primer. The PCR mixture also

included 40 mM dNTPS,50 mM KCl, L0 mM Tris-HCl (pH 9.0),0.L% Triton X-100,

1.5 mM MgCl, and 1 unit Taq polymerase (Promega Corporation, Madison, WI).

74



Negative control tubes for PCR consisted of all reagents except for DNA, 2 ¡t"l of

sterile milliQ water was added to make the reaction up to 50 pl. Each PCR

amplification tube was layered with one drop of mineral oil to prevent

evaporation. PCR cycling conditions consisted of an initial denaturation at 94oC

for 5 min, followed by 35 cycles of denaturation at g4"C lor L min, annealing

(dependent on the Tm of the primers) for l- min and. extension 72"C fot 1 min,

followed by a final 72"C extension for 5 min. All PCR amplifications were carried

out for 35 cycles as described above unless otherwise stated, usually the only

variable was the annealing temperature, which was dependent on the melting

temperature of the primer. The melting temperature (Tm) was calculated þ

assigning 4"C for each G or C nucleotide in the primer and 2oC for each A or T

nucleotide. The PCR thermal cyclers used were ARN Electronics model

LTV16DNA water-cooled thermal cycler (Adelaide, Australia) and the Eppendorf

Mastercycler 5330 refrigerated cycler (Hamburg, Germany). The following table

(Table 2.1) lists each primer used in this thesis, its nucleotide sequence and the

company that synthesised the primer.
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Table 2.L: Primer sequence details

Primer Name Primer Sequence Suppliedby

5'CMV 5'GAA AACTGGCTTAT 3' OPERON'

3'CMV - Y TCATCAGCGAGCTCTAGCATTTAG 3' OPERON

3'ORF 5' TTCTTAATANTCAATTCTGCTCC 3' OPERON

TM3 s', ATCACAGCA 3' OPERON

ECD s'TCCATTGGTCATCATTGTTTGGAG 3' OPERON

ECD2 5' TGCCAGTCTGACGGGCCATT 3' Gibco BRL'

TM2 5 AGGCATCATGAAG 3' Gibco BRL

NHlB 5' AATCCCGACAATGGCGAAAGA 3' Gibco BRL

pGEM-5' 5' GTAAAACGACGGCCAGT 3' Gibco BRL

pGEM-3' 5' CAGCTATGACCATGATTACG 3' Gibco BRL

rGFB-s', 5' GAGACGGATCTCTCTCCGA 3' Gibco BRL

rGFp-3', 5' CTCTGCTTGAACTTGTCATAG 3' Gibco BRL

RC-TM3 5' TGCTGTGATACAAGATGCCACTTC 3' Gibco BRL

R-ECD 5' CTCCAAACAATGATGACCAATGGA 3' Gibco BRL

TM1 5' GCAGAGTGCATCTTCTTCGTA 3' Gibco BRL

RTMl. 5' TACGAAGAAGATGCACACAGC 3' Gibco BRL

5'TET 5' AGAGCTGCTTAATGAGGTCGG 3' Gibco BRL

3'TET 5' CCATTGCGATGACTTAGTAAAGC 3' Gibco BRL

5'TRE 5' TCGTTTAGTGAACCGTCAGATCG 3' Gibco BRL
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Primer Name

- 

Ptimer Sequence Suppliedby

3'TRE

-ffiTGTGGTTTGTCC 

3, Gibco BRL

UPKl.B-1. Bresatec'

hTIl.A TGCTGCAGGGACCTC 3' Bresatec

D3S1278-CA 5', J Bresatec

D3SI27$-GT , TGCACTACAGGGCAGTTG 3' Bresatec

D351292-CA 5' TGGCTTCATCACCAGACC 3' Bresatec

D3ST292-GT

-s, 

C RGATTCAAGAGGCACTCC A 3, Bresatec

Table 2.1- continued

1OPERON = OPERON Technologies, California, USA

tcibco BRL = Gibco BRL, Victoria, Australia

3Bresatec = Bresatec, South Australia, Australia

2.2.8 Reverse-transcription PCR

First-strand cDNA was synthesised using 1 ¡rg of RNA plus 500 ng oligo (dT), 15

units AMV reverse transcriptase, 20 units rRNasin, 10 mM dNTPs, 250 mM Tris-

HCI (pH8 .3),250 mM KCl, 50 mM MgC12, 50 mM DTT and 2.5 mM spermidine

(Promega, Madison, WI, USA) in a total volume of 20 pl. The reverse-

transcription mixture was incubated at 42"C for 30 min followed by 95 "C for 5

min. Two pl of the reverse transcription was used as template for the subsequent

PCR as described in2.2.7.
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2.2.9 Purification of PCR products and restriction fragments

The Wizard PCR Preps DNA Purification system (Promega, Madison, WI, USA)

was used to purify both PCR products and DNA restriction fragments. The

relevant PCR product or restriction fragment was electrophoresed on a low-

melting point agarose gel and then excised under UV light using a sterile scalpel.

The agarose slice was then incubated at 7O"C until the agarose had completely

melted. Following the instructions recommended by the manufacturer and

using the Wizard Minicolumn, the DNA was purified and subsequently eluted

in 40 pl sterile mitliQ water. The yield of the purified PCR product or restriction

fragment was determined by agarose gel electrophoresis by comparison to DNA

molecular markers (2.2.3).

2.2.10 Cloning of PCR products

PCR products purified by Wizard PCR Preps (2.2.9) were cloned into either the

pGEM-T or pGEM-T-Easy vector (Promega, Madison,WI, USA) according to the

manufacturers instructions. Both vectors have been prepared so that there are

single 3' thymidine overhangs at the EcoRV insertion site at nucleotide 5L, to

allow cloning of PCR products which contain a S'-adenosine overhang added on

by Taq polymerase. The pGEM-T-Easy vector has a more extensive selection of

restriction sites in its polylinker and was used to clone the mouse genomic Upklb

PCR product (Chapter 4.3.5). All other PCR products were cloned into the pGEM-

T vector. Colonies containing recombinant pGEM plasmids were identified þ

blue/white colour screening, as cloning of an insert into pGEM disrupts the

coding sequence of the IacZ gene, preventing B-galactosidase activity.
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Transformed bacteria were plated out on Luria agar plates containing 50 F8/m1 of

ampicillin, 0.5 mM IPTG and 80 þg/mIX-Gal. The addition of ampicillin to the

plates selects for bacteria containing the pGEM plasmid and the IPTG induces B-

galactosidase activity which in turn metabolises X-Gal, producing blue-coloured

colonies. Therefore, clones containing PCR products produce white colonies as

there is no B-galactosidase enzyme activity to metabolise X-Gal. Further details

on bacterial transformation are described in 2.2.1'4.

2.2.Lt Restriction digests of plasmids

To determine the orientation of an insert cloned into a plasmid, approximately

two pg of plasmid DNA was mixed with L0 units of restriction enzyme (New

England Biolabs), L x restriction buffer, made up to 30 pl with distilled water and

digested for L - 2 hr at the temperature recommended by the manufacturer.

Bovine serum albumin (BSA) at a concentration of L00 þB/ml was also added if

required. Restriction fragment sizes were determined by comparison to DNA

markers by agarose gel electrophoresis as described in 2.2.3. To prepare plasmid

vectors for insertion of a fragment, 10 pg of plasmid DNA was digested with 40

units of restriction enzyme in a total volume of 100 pl.

2.2.12 Cloning of genomic and cDNA fragments into plasmid vectors

Ten pg of the plasmid vector was digested as described in 2.2.LI with either one

or two restriction enzymes to linearise the plasmid or create "sficky" ends
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respectively. Plasmids that were linearised were treated with calf intestinal

alkaline phosphatase (CIP) which removes the 5' phosphate residue thereby

preventing self-ligation of the plasmid. Following the initial restriction digest, 2

pl of L0 units/pl CIP was added directly to the digest and incubated at 37 "C lor !

hr, then at 55 
oC fo, 45 min and finally at 65 

oC for 5 min to inactivate the

enzyme. Some of the cDNA inserts to be cloned into the vectors may also need

to be excised from another plasmid using appropriate restriction enzymes. Both

the linearised plasmid vectors and the inserts were run on low-melting point

agarose gels and purified through Wizard minicolumns (2.2.9). The ligation

mixture consisted of plasmid vector and insert in molar ratios of 1.:1.,3:l- or 1.:3, L

x ligation buffer and 20 units of T4 ligase in a total volume of 20 pl and was

placed at 4"C overnight. The ligations included a negative control of the

linearised plasmid vector only, thus any colonies formed after transformation

into bacteria result from self-ligated plasmid.

2.2.13 Preparation of competent cells

A loop of cells from a frozen glycerol stock of E.coli JM109 bacterial cells was

streaked onto an Luria agar plate and incubated at 37oC overnight. A single

colony was picked, suspended in L0 ml Luria broth and propagated in a shaking

incubator overnight at 3fC. One and a half ml of the overnight culture was

transferred into 20 ml of fresh Luria broth and grown for approximately 90 min.

The culture was chilled on ice for 20 min and centrifuged for l-0 min at 4000 rpm

at 4"C. The supernatant was decanted and the pellet resuspended in l-0 ml ice-
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cold 0.i. M CaClr. After the centrifugation was repeated, the pellet was

resuspended in 2.5 ml ice-cold 0.1 M CaCl, and the cells left on ice for L hr. Cells

not required immediately were mixed with an equal volume of 80% glycerol and

stored in cryotubes at -80 
oC.

2.2.74 Transformation of plasmids into comPetent cells

Five pl of ligation mixture was added to 200 pl of ice-cold competent bacteria cells

in a 1.5 ml Eppendorf tube and placed on ice for 30 min. Controls included

bacterial cells only which were plated on Luria agar plates with and without

ampicillin to control for ampicillin activity. Competent bacterial cells without

transformed plasmids will only grow on Luria plates without ampicillin. To

d.etermine transformation efficiency, an intact plasmid was also transformed into

competent cells. To transform the plasmid, the cells were heat shocked at 42oC

for 2 min and then placed immediately on ice. One ml of Luria broth was added

to the cells and the contents of the tube placed in a L0 ml tube and incubated in a

shaking gfC incubator for 40 min. The bacterial cells were pelleted by

centrifugation at 12 000 g for l- min and then resuspended in approximately 100 pl

of Luria broth. The suspension was then spread onto Luria agffi plates containing

50 pglml plates and incubated overnight at 37oC. For transformation of PCR

products cloned into pGEM,0.5 mM IPTG and 80 þB/ml X-Gal were also added to

the plates to allow for blue/white colour screening.
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2.2.15 Plasmid mini-preps

Two ml of Luria broth containing 2 pl of 50 mglml ampicillin was spiked with a

bacterial colony from a transformation experiment and grown overnight in a

shaking incubator at 37"C. Five hundred microlitres of this culture was stored at

4"C for later use and the remaining 1.5 ml centrifuged for L min at l-2,000 g. The

resultant pellet was resuspended in L00 pl of plasmid mini-prep solution I (2.1'.9)

and 200 pl of plasmid mini-prep solution II (2.1.9) was added. After 5 min at

room temperaturc, 125 pl of ice-cold 3 M sodium acetate, pH 5.2 was added, the

solution mixed by inversion and placed on ice for 5 min. The tube was

centrifuged for 5 min at L2 000 g, the supernatant removed to a new tube, L0 pl of

10 mg/ml RNase A added and the mixture incubated at 37"C for 30 min. Four

hundred ¡.rl each of both phenol and chloroform were added to the tube and the

aqueous layer removed to a fresh tube after centrifugation for 5 min at 12 000 g.

Two volumes of 1,00 % ethanol were added to the tube which was stored at -20"C

for 20 min. The plasmid DNA was precipitated by centrifugation at 12 000 g for 10

min, the pellet washed in 70% ethanol and the spin repeated. The plasmid DNA

was air-dried and dissolved in 40 ¡rl sterile milliQ water.

2.2.16 Large-scale plasmid purification

One hundred microlitres of the plasmid mini-prep culture (2.2.15) was added to

50 ml of Luria broth with 50 þg/mI ampicillin and incubated at 37oC overnight.

Two ml of the overnight culture was mixed with 2 ml of 80% glycerol in
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cryotubes and stored at -80oC. The remaining culture was centrifuged at 4000 rpm

for L0 minutes to pellet the bacterial cells. Purification of the plasmids was then

carried out using the Qiagen midi-prep plasmid kit (Qiagen, Hilden, Germany).

The purified. plasmid was dissolved in L50 pl sterile milliQ water and the yield

determined by agarose gel electrophoresis (2.2.3). Plasmid purified by the Qiagen

midi-prep kit was used for sequence analysis, further cloning experiments and as

probes for Northern and Southern analysis.

2.2.17 DNA sequencing

The sequencing of plasmids and PCR products was carried out by automated

sequencing by the Flinders Sequencing Service, Flinders Medical Centre, Bedford

Park, South Australia. The pGEM-T primers (Table 2.1) were used to prime the

sequencing reactions of PCR products cloned into the pGEM-T vector. Other

vector-specific primers (Table 2.L) were used for fragments cloned into the

pRc/CMV and the pTRE vectors. Purified PCR products, not cloned, were

sequenced using the original PCR primers to prime the sequencing reaction.

2.2.L9 Maintenance of cell lines

All cell lines were propagated in Dulbecco's modified Eagle's medium, (DMEM)

pH7.4, supplemented with 1,0"/. letal calf serum at37"C in an atmosphere of 5"/o

CO2. Fresh media was added to the cells 2-3 times weekly. Cells were passaged

when confluent, depending on growth rate. To passage adherent cells, the media

was removed from the flask and the cells washed with sterile L x PBS. After
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complete removal of PBS from the flask, L ml of trypsin-EDTA (0.05% trypsin,

0.b3 mM EDTA) was added to the cells and the flasks placed at 37 
oC for 5 min to

allow cells to detach from the plastic. The cell suspension was diluted L:1-0 and

placed in new flasks with fresh medium. To prepare frozen stocks, the cells were

trypsinised, resuspended in L ml of ice-cold fetal calf serum plus L ml of ice-cold

20% dimethylsulfoxide in Lx PBS added dropwise. The cells were stored at -80oC

for 24 hours and then transferred to liquid nitrogen for long-term storage.

2.2.19 Eukaryotic cell transfection

Cells were seeded af 4 X LOs cells per small flask (2Scm'z) and grown until

approximately 50% confluent. At this time, the media (DMEM plus 10% fetal calf

serum) in the flask was replaced with fresh media and the cells were transfected

approximately two hours later. To prepare the plasmid DNA for transfection,

0.675 ml of 2 x HEBS (p}{7.1) was added to a L0 ml tube containing 10 pg plasmid

plus L0 pg herring sperm DNA as carrier DNA. The solution was aerated by

pipetting air through a L ml plastic pipette while 0.675 ml of 0.25 M CaCl, was

added dropwise. After being allowed to stand for 30 - 40 min at room

temperature, the DNA mixture was added to the flask, while gently rocking the

flask. The flasks were incubated at 3fC in 5% COr. The media was changed

approximately L6 hr after transfection. Two days after the transfection, the

selection marker G418 (a00 pglml) was added to the cells. Experiments were set

up in duplicate and included an empty vector as a negative control.
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CHAPTER 3

CLONINGAND

CHARACTERISATION OF THE

HUMAN UROPLAKIN 1,8 GENE
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3.1 INTRODUCTION

The uroplakin 18 gene has previously been cloned in only two species; mink and

cow. The cDNA sequences of both the mink homologue, TI1 and the bovine

homologue, UPKIb, have been characterised and putative protein sequences

predicted.. There is 90% homology between the cDNA sequences corresponding

to the open reading frames (ORF) of the mink TIL and the bovine UPKIb genes.

The predicted amino acid identity between the mink TIL and bovine UPKIb

proteins is93% (Kallin et a1., I99t, Yu et aI., 1994). Although there is high cDNA

sequence homology within the ORF between mink TIL and bovine UPKIb, the

degree of homology within the 5' and 3' untranslated regions is very low.

In order to study the human homologue of the mink and bovine uroplakin

genes, it was necessary to clone human-specific uroplakin 18 sequences. Cloning

of genomic human UPK1B sequences would enable characterisation of the

human uroplakin L8 gene in terms of its chromosomal location by in situ

hybridisation and its gene structure by detecting rearrangements and

polymorphisms by Southern blot analysis. Human UPK1B cDNA sequences are

required to be cloned into expression vectors for functional analysis of UPK1B

activity by transfection studies and also used as probes for Northern blot analysis

to detect mRNA expression. Cloning of genomic and cDNA fragments will allow

not only a comparison of sequence identity of human UPK1B to its bovine and

mink homologues, but also to other tetraspan genes.

Also described within this chapter, is the search for an intragenic restriction

fragment length polymorphism (RFLP) of the human UPK1B gene. An RFLP is
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an inherited difference in a restriction enzyme's recognition of a particular

sequence. These differences may be a single base change which results in a

restriction enzyme no longer recognising the sequence. Therefore, different size

fragments are produced by cleavage with the relevant restrictíon enzyme

depending on whether the individual's DNA has the base change. An RFLP does

not result in a functional alteration to the protein and is often found in an intron

of a gene, rather than in the coding sequence. Highly polymorphic RFLPs are

particularly useful for allelic loss studies as a high percentage of individuals in

the population witl be heterozygous for the polymorphism, that is, one allele will

contain the restriction enzyme site and the other allele will not. An RFLP can be

used to differentiate between the two alleles of the UPKLB gene to enable allelic

loss studies in bladder cancer as described later in Chapter 6. The observed TaqI

polymorphism is analysed in terms of its frequency and its location within the

uroplakin 1-B gene structure.

3.2 METHODS

3.2."1, Cloning of human UPKLB cDNA

Total RNA was isolated from normal human ureter and renal pelvis tissue

(2.2.2) and RT-PCR analysis (2.2.8) was performed to synthesise first-strand cDNA.

The 5' region of the UPK1B gene was amplified in the subsequent PCR using

NH1B and ECD2 primers (Table 2.L) with an annealing temperature of 58oC

(2.2.7). The 3' region of the UPK1B gene was amplified using TM3 and 3'ORF

primers (Table 2.1) with an annealing temperature of 55"C (2.2.7). Both the

NH1B-ECD2 and the TM3-3'ORF PCR products were cloned into pGEM-T vectors
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using the pGEM-T kit (Promega) as described in 2.2.10. Thre plasmids were

transformed into competent E.coli cells (2.2.L4) and ampicillin-resistant colonies

picked and grown in Luria broth plus ampicillin overnight at 37"C. Plasmids

were isolated using the mini-prep procedure (2.2.15) and positive colonies were

selected by PCR amplification with either NH1B-ECD2 or TM3-3'ORF primer

combinations. Positive colonies were propagated and large-scale plasmid

preparations were performed using the Qiagen midi-prep plasmid kit (2.2.L6).

The identity of the plasmids were verified as UPKLB-specific by sequencing

(2.2.17) using pGEM-T-specific primers (Table 2.1) and alignment with mink TIL

and bovine UPKIb cDNA sequences using Genelockey.

3.2.2 Ligation of the human UPKLB CDNA PCR Products

The NHLB-ECD2/pGEM-T construct was first digested with the EcoNI and SøcII

enzymes (2.2.71). The larger NHLB-EcoNI/pGEM fragment was purified from

the smaller EcoNI-ECD2-SacII fragment (Figure 3.2)by gel electrophoresis in low

melting-point agarose, followed by Wízard Prep purification (2.2.9). The TM3-

3'ORF/pGEM construct was digested with EcoNI and SacII enzymes and the

smaller EcoNI-3'ORF fragment purified as described above. The NHIB-

EcoNI/pGEM and the EcoNI-3'ORF-SøcII fragments were ligated using T4 ligase

(2.2.12) and the plasmids transformed into competent E.coli cells (2.2.14).

Colonies were picked and grown in Luria broth and ampicillin overnight at 3f C

and mini-preparations of the plasmid were isolated (2.2.L5). A NHIB-

3'ORF/pGEM plasmid was selected by two independent PCR reactions using the

TM3 and ECD2 primers or the NH1B and ECDZ primers at an annealing
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temperature of 55oC (2.2.7) and confirmed with double digests using EcoNI/ SøcII

and, SøcII/ SøcI (2.2.L1). After a large-scale preparation of the plasmid was isolated

using a Qiagen midi-prep plasmid kit (2.2.1,6), the plasmid was sequenced (2.2.17)

and compared with mink and cow uroplakin cDNA sequences using the

GeneJockey program.

3.2.3 Cloning of human UPKI-B genomic DNA

Using normal human genomic DNA as a template, the TM3 and ECD primers

(Table 2.L) directed the amplification of a 784 bp human UPK1B genomic

fragment, using an annealing temperature of 60oC (2.2.7). The PCR product was

cloned into the pGEM-T vector (2.2.1,0) and the plasmids transformed into

competent E.coli cel\s (2.2.1.4). PCR analysis, using the TM3 and ECD primers,

allowed identification of a positive UPKIB/pGEM plasmid which was isolated

using the large-scale plasmid preparation Qiagen kit (2.2.16). The UPKlB/pG¡l¿

plasmid was sequenced (2.2.L7) using pGEM-T-specific primers and compared

with mink and cow uroplakin cDNA sequences using the GeneJockey program.

A 778 bp human UPK1B genomic probe was isolated by digesting the

UPKIB/pGEM construct with the KpnI and AccI enzymes (2.2.71), followed by

gel-purification of the probe from low-melting point agarose using Wizard Prep

(2.2.e).

3.2.4 Detection of polymorphisms by Southern analysis

Genomic DNA was isolated from human peripheral blood leucocytes (2.2.1) and

digested separately with the following enzymes PstI, XbaI, HindIII, PauII, BglII,
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BamHI and TøqI. The digested DNAs were electrophoresed on 1/" agarose gels

and transferred to nylon membranes (2.2.4). The individual Southern blots were

hybridised with a 778 bp human UPK1B genomic probe, labelled by random-

priming with cr32P-dATP (2.2.6). After the TøqI-digested Southern blot was

stripped (2.2.6), it was also hybridised with the 796bp human UPK1B cDNA probe

(NH1B-3'ORF/pG¡U), also tabelled by random priming with cr32P-dATP (2.2.6).

3.2.5 Cloning of genomic DNA using a modified inverse-PCR method

Genomic DNA was isolated (2.2.1) from an individual homozygote for the 2.5 kb

allele of the UPK1B TaqI polymorphism (described in Chapter 3.3.3). The DNA

was digested with the TøqI enzyme (2.2.4) and ligated overnight using T4 DNA

ligase (2.2.12) to form circular TøqI-ligated DNA molecules. Using the solution

containing the ligated TøqI molecules as template, the primers RC-TM3 and R-

ECD (reverse primers of TM3 and ECD) (Table 2.1) directed the amplification of a

1,.7 kb PCR product at an annealing temperature of 60oC for 40 cycles (2.2.7). The

1.7 kb UPKLB PCR product was cloned into the pGEM-T vector (2.2.L0) and

transformed into competent cells (2.2.1,4). Positive colonies were identified þ
PCR using the original RC-TM3 and R-ECD primers. Large-scale plasmid

purification was carried out using the Qiagen kit (2.2.L6). The 1'.7 kb

UPKIB/pGEM plasmid was sequenced (2.2.17) using pGEM-T-specific primers

and the sequence was aligned with the mink TIL and bovine UPKIb cDNA

sequences using GeneJockey. To allow sequencing of the remaining 700 bp of

unknown sequence in the centre of the PCR product, PCR primers, hTIl-A and

UPK1B-1 (Table 2.1) were designed from the original sequencing of the 1.7 kb
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UPKIB/pGEM plasmid (Figure 3.13). Using tlrre L7 kb UPKIB/pGEM plasmid as

template and an annealing temperature of 55"C, the hTILA and UPK1B-1 primers

directed the amplification of an approximately-sized 700 bp PCR product (2.2.7).

The PCR product was purified from low-melting point agarose using Wizatd

Prep purification (2.2.9) and sequenced using the hTILA and UPKLB-L primers

(2.2.17).

3.3 RESULTS

3.3.L Cloning of the human UPKI-B ORF CDNA

The cDNA corresponding to the putative open reading frame of the human

UPKLB protein was cloned using PCR-based strategies. The template cDNA was

obtained by reverse transcription of RNA isolated from normal tissue samples of

renal pelvis or ureter from individuals undergoing surgery for reasons other

than for transitional cell carcinoma of bladder. The renal pelvis and ureter also

contain urothelial cells, the same cell type as the bladder. The degree of

homology between the mink TIL and bovine UPKIb cDNA corresponding to their

respective protein open reading frames is high (90%), but is much lower in the 5'

and 3' untranslated regions. Therefore, it was difficult to design primers to

amplify the entire open reading frame of human UPK1B in a single PCR reaction.

Attempts to obtain true, non-artefact PCR products, when using primers with less

than 100% homology between mink and bovine UPKIb, were not successful

because a number of non-specific bands of varying sizes were amplified in each

PCR. The most compliant contiguous sequence of approximately 20 nucleotides,

NH1B, at the 5 'end of the cDNA ORF contained four nucleotides which differed
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between the mink and cow sequences. The primer, NH1B, spanning the start

codon was synthesised to have the same nucleotide sequence as the mink cDNA

sequence. A primer, 3'ORF, spanning the stop codon was designed with a "N"

nucleotide at nucleotide 15 of the primer because there was one nucleotide

difference between mink and cow sequences (Table 3.1).

Table 3.L Primer homology between mink TI1 and bovine UPKIb cDNA

NHl.B
(85%)

J
(e5%)

mink:
bovine:

mink:
bovine:

AAT C C C GACAATGG CGAAAGAT GAC T C C

AAT C CT GAAGATGG CCAAAGAC GAC T C C

T GGAGCAGAAT T GAATAT TAAGAA
T G GAG CAGAAT T GAC TAT TAAGAA

Nucleotides which differ between mink and cow are underlined. The bold ATG in the NHLB
primer represents the start codon and the bold TAA in the 3'ORF primer represents the stop
codon.

To obtain a human UPK1B cDNA product comprising the 5' region of the UPK1B

ORF, it was necessary to combine a 5' primer (NHIB) which was 85%

homologous between mink and cow sequences with an internal 3' primer (ECD2)

which was 100% homologous between the two species. The assumption was

made that the highly conserved ECD2 primer sequence would also be completely

conserved in the human UPK1B gene. A L00% homologous internal primer,

TM3, in conjunction with the 3' ORF primer with 95% homology between mink

and cow sequences also amplified a specific human UPK1B cDNA product

comprising the 3' region of the UPK1B ORF (Figure 3.1). The two PCR products,

NH1B-ECD2 and TM3-3'ORF, containing overlapping sequences, were separately

cloned into the pGEM-T vector. Sequence analysis of the NHLB-ECD2/pGEM and
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Figure 3.L

A. Schematic diagram of the PCR primers
The human UPKLB ORF cDNA was cloned by PCR amplification of the two
halves of the UPK1B ORF by use of the two PCR primer pairs, NHLB-ECD2 and
TM3 -3'ORF. The presence of an unique restriction site, EcoNI, found between
the two overlapping fragments, NH1B-ECD2 and TM3-3'ORF was used to ligate
together the two fragments. The numbering corresponds to the bovine UPKIb
cDNA sequence.

B. NH1B-ECD2 PCR product
RNA was isolated from normal urothelium and reverse-transcribed using
oligo(dT). Using the NHLB and ECD2 primers, a 51'6 bp UPK1B cDNA PCR
product was amplified, then run on a'J-.S"/o agarose gel and stained with ethidium
bromide.

Lanes 1: pUCl9 /HpøII marker
Lanes 2 &3: PCR products amplified from two separate samples of normal
human urothelial tissue
Lanes 4 & 5: negative controls (no DNA)
Lane 6: Positive control (mink T1L cDNA/pBluescript)

C. TM3-3'ORF PCR product
RNA was isolated from normal urothelium and reverse-transcribed using
oligo(dT). Amplification was directed by the TM3 and 3'ORF primers and the 482
bp PCR product run on a t.5% agarose gel and stained with ethidium bromide.

Lane L: SPPl/EcoRI marker
Lane 2: Negative control (no DNA)
Lane 3: PCR product from normal human urothelial tissue
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TM3-3'ORF/pGEM constructs (Appendix I) revealed that both were cloned in the

reverse orientation to the 5' pGEM-T primer.

A unique EcoNI restriction enzyme site located between the TM3 and ECD2

primers allowed the joining of the two human UPK1B cDNA fragments þ

employing the following strategy (Figure 3.2). The NHIB-ECD2/pGEM-T

construct was first digested with the EcoNI and SacII enzymes. The SøcII enzyme

site is located in the multiple cloning site of the pGEM-T vector, downstream of

the ECD2 primer site. The resultant larger fragment containing UPK1B cDNA

from the NHLB to EcoNI sites plus the pGEM-T vector was separated from the

smaller EcoNI-ECDZ-SøcII region of cDNA. The TM3-3'ORF/pGEM construct

was also digested with EcoNI and SacII enzymes and the smaller EcoNI-3'ORF

fragment isolated. The NH1B-EcoNI/pGEM and the EcoNI-3'ORF-SøcII fragments

were ligated (Figure 3.2) and then transformed into competent cells for

propagation of plasmids. PCR analysis of the putative NH1B-3'ORF/pGEV

plasmid using either NH1B and ECD2 primers or TM3 and ECD2 primers

confirmed the correct sized products had been cloned (Figure 3.3a). Digestion of

the NHLB-3'ORF/pGEtf¿ plasmid with EcoNI/SøcII and SøcII/SøcI enzyme

combinations ensured that the two cDNA fragments had been ligated and were

also in the correct orientation (Figure 3.3b). Tlr.e 796 bp ligated cDNA, NHIB-

3'ORF, was sequenced using pGEM-specific primers (Appendix II) and confirmed

as human UPK1B cDNA because of its high degree of sequence identity with

mink TIL and bovine uroplakin Ib cDNA. The human UPK1B ORF cDNA

sequence kras 91/' homology with bovine UPKIb ORF cDNA and 92'/. homology
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Figure 3.2

Schematic diagram of the joining of the two partial UPK1B cDNA fragments,
NH1B-ECD2 and TM3-3'ORF.

A.
The NHLB-ECD2/pGEM plasmid (10 pg) was digested with EcoNI and SøcII for 2
hr at 37oC, removing the short section of DNA from the EcoNI site, in the NHLB-
ECD2 insert, to the ECD2 primer.

B.

The TM3-3'ORF/pGEM plasmid (10 pg) was also digested with EcoNI and SøcII at

37"C for 2hr, releasing the DNA from the EcoNI site to the 3'ORF primer.

c.
The EcoNI-3'ORF-SøcII fragment was ligated into the open NH1B-EcoNI plasmid
by directional ligation of the EcoNI and SøcII "sticky "ends with T4 ligase

overnight at 4 "C.
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Figure 3.3a

A.
Diagrammatic representation of the NH1B-ECD2 and TM3-ECD2 prÍmer
combinations used to confirm the cloning of the UPK1B cDNA oPen
reading frame. The numbers represent positioning of the primers for the
human uroplakin L8 cDNA.

B.
PCR amplification of UPKLB cDNA sequence using NH1B-ECD2 and TM3-
ECD2 primers from the putative NHLB-3'ORF/pGEM plasmid. The PCR
products were run on a 1..5/. agarose gel and stained with ethidium
bromide.

Lane 1-:

Lane 2:

Lane 3:
Lane 4:

pUCl9 /HpøII marker
NHIB-3'ORF/pGEM (NH1B-ECD2 primers)
NHLB-3'ORF /pGgIvI (TM3-ECD2 primers)
Negative control (no DNA)
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Figure 3.3b

c.
Schematic diagram of the NHLB-3'ORF/pGEVt and the NHIB-
ECD2/pGEM plasmids showing the positions of the SøcII, EcoNI and SacI
restriction enzyme sites, in relation to the human UPK1B cDNA sequence.

D.
Agarose gel electrophoresis of the double digests of the NHlB-
3'ORF/pGEM plasmid and the NHLB-ECD? plasmid as a control. Two pg of
each plasmid was digested with the different enzyme pairs lor 2 hours at

37"C. The restriction fragments were separated on2"/" agarose gels.

For the NHLB-3'ORF/ plasmid, the expected size insert released
from the pGEM by the SøcII/EcoNI digest was 345 bp and for SøcII
plus SacI,845 bp. Digestion of the NH1B-ECDZ/pGEM plasmid was used as

a control with a 67 bp product released from the pGEM plasmid for the
SøcII/EcoNI digest and a 567bp fragment for the SøcII/SacI digest. The 67
bp fragment is too small to be seen on the gel.

The numbering in green represents the positions of the enzyme sites in
the pGEM plasmid. The NHLB-3'ORF and NH1B-ECD2 inserts were
cloned into the pGEM plasmid at nucleotide 5L.

pUC1.9 /HpøII markerLane L:

Lane 2:
Lane 3&4:
Lane 5:
Lane 6&7:
Lane 8:

NH1B-ECD2/ - SøcII/EcoNI
NHlB-3'ORF pGEM - SacII/EcoNI
NH1B-ECD2/?GFÀ[ - SøcII/ SøcI

NH1B-3'ORF/pGEU - SaclI/ SacI
SPP1 / EcoRI marker.
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with mink TI1 ORF cDNA as calculated by alignment of the three sequences by

the "multialign" program (Figure 3.4) (GenBank Accession Number: 4F04233I).

The open reading frame coding for the putative protein sequence of UPKLB was

determined to begin from the ATG codon present at nucleotide L1 of the cDNA

sequence and end after the stop codon, TAA, at nucleotide 793. The position of

the start and stop codons are conserved in both mink TIL and bovine UPKIb

sequences. The putative human UPK1B protein is 260 amino acids in length,

comparable to the 260 amino acid residues of both mink TI1 and bovine UPKIb

(Kallin et al., L991., Yu et aI., 1994). The human UPKLB protein }:'as 92"/" amino

acid homology with bovine UPKIb and 93% amino acid homology with mink TI1

(Figure 3.5). The human UPK1B putative protein sequence has one potential N-

linked glycosylation recognition site (NNS) at amino acid residues 131 to 133.

Human UPKLB shares many of the consensus motifs observed in other tetraspan

molecules (Wright et a1., 1994), including three motifs in the large extracellular

domain that contain four highly conserved cysteine residues, egc, PRQe and

EAg (Figure 3.6). The human UPK1B protein also contains a highly conserved

asparagine residue (N) in the first transmembrane domain and a highly

conserved glutamic acid residue (E) in transmembrane domain 3, as do both the

mink TIL and bovine UPKIb proteins (Kallin et a1., 1991., Yu et aI., 1994). None of

the human, mink or bovine uroplakin proteins contain either a glutamic acid or

glutamine residue which is normally conserved in other tetraspans in

transmembrane domain 4. Alignment of the human UPK1B protein with the

other tetraspan proteins reveals homology especially to the four-membrane

spanning domain structure of the tetraspans (Figure 3.7).
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Figure 3.4

Alignment of the human uroplakin 1-B, bovine uroplakin Ib and mink TIl- cDNA
sequences using the "multialign" program (Genetics Computer Group, 1994).

The asterisk represents a nucleotide conserved in all three species. A dot
represents a nucleotide conserved in two out of the three homologues. If neither
an asterisk or a dot is found beneath an nucleotide, no conservation of the
nucleotide is observed between any of the species.

The numbering of the human UPKLB cDNA is from the start of the cloned
partial cDNA, beginning with the first nucleotide of the NH1B primer. The
numbering of the bovine UPKIb cDNA and mink TI1 corresponds to their
respective transcription start sites (Yu et al. \994, Kallin et al. L99L).

The start codon, ATG and the stop codon, TAA are in bold.
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TGTAGGCATòora*"ra6i6çs66e;uurrrarrar""càrnrrrcerrcrGArcrrrAT human
CGTAGGCATCATGAAGTCCAACAGGA.AÄATTCTTCTGGTGTATTTCATCCTGATGTTTAT bOviNE
TGTAGGCATCATGAAGTCCAACAGGAAAATTCTTCTGGCGTATTTCATTCTGATGTTTAT min K

. * * * * * * * * * * * * * * * ** * * . * * * * * * * ** * * * * * * * * . * * * * * * * * * . * * * * * * * * * * *

3O 1 AGTATATGCCTTTGAAGTGGCATCTTGTATCACAGCAGCAACACAACGAGACTTTTTCAC huMAN

351 TGTATATGCTTTTGAAGTGGCATCTTGTATCACAGCAGCAACACAACGAGACTTTTTCAC bOViNC
3 5 8 AGTATAT GGCT T TGAAGTGGCATCT TGTATCACAGCAGCAACACAACGAGACTTCTTCAC MiN K

* * + * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * J< *

3 6 1 ACCCAACCTCTTCCTGAAGCAGATGCTAGAGAGGTACCAÄAACAACAGCCCTCCAAACAA hUMAN

4 1 1 ACCCAACCTCTTCCTGAAGCAGATGCTGGAGAGATACCAÀAACAACAGTCCTCCAAACAA bovine
4 1 I cCCCAACC T C T T CC T GAAGCAGAT GC T GGAGAGGTACCAAÄACAATAGC CCT CC AÄAC AA mi n k

************************** ***** *********** ** ***********

TGATGAccAår""ooooocaereeeercaóce¡eaccrcåceceeccTC;TGCTCCAGGÅ human
TGATGACCAATGGA,UUU\CAATGGAGTCACCAAGACCTGGGACAGACTTATGCTCCAGGA boviNE
TGATGACCAATGGAAAAATAATGGAGTCACCAAGACTTGGGACAGACTCATGCTCCAGGA miN K
********* ******** ************** ** ******** ** ***********

42r
4'7I
4'7 8

4 8 1 CAATTGCTGTGGCGTAAATGGTCCATCAGACTGGCAi\¡UU\TACACATCTGCCTTCCGGAC human
5 3 1 CAATTGCTGTGGTGTAÄATGGCCCGTCAGACTGGCAGAÄATACACCTCTGCCTTCCGGAC bovine
5 3 8 CCACTGCTGTGGTGTCAATGGCCCGTCAGACTGGCAGAGATACACATCTGCCTTCCGGAC mJ.nK

* * ******** ** ***** ** *********** * ****+* **************

541
591
s98



601
651
658

66r
11L
718

AGAACCTCTåooaara"oe"ar rar*oaro""a"r"aar"ar r rrroråoaooraoa"a
AGAACCTCTCAACCTGGACGCCTGCAÄATTAGGAGTGCCTGGATACTACCATAGTCATGG
AGAACCTCTCAAT GTGGAGGCCTGCAAGCTAGGAGTGCCCGGGTACTATCACAÄAGAGGG
************..****,**.**.**..****.*****.** *..**.**.*...*.**

CTGCTATGAACTGATCTCTGGTCCAATGAACCGACACGCCTGGGGGGT TGCCTGGT T T GG

CTGCTATGAGCTGATCTCTGGACCAATGAACCGACATGCCTGGGGAGTTGCATGGTTTGG
GTGCTATGAACTCATCT CTGGACCCATGAACCGACACGCCTGGGGGGT T GCCTGGTT T GG

.********'**.********.**.***********.********.*****.********

human
bovine
mink

human
bovine
mink

human
bovine
mink

7 2 1 ATTTGCCATTCTCTGCTGGACTTTTTGGGTTCTCCTGGGTACCATGTTCTACTGGAGCAG hUMAN

7 7 1 ATTTGCCATTCTCTGTTGGACTTTCTGGGTTCTCCTGGGTACCATGTTCTACTGGAGCAG bOViNE
7 7 8 AT TTGCCATTCTCTGCTGGACAT T T TGGGT TCTCCTGGGTACCATGT TCTACTGGAGCAG MiN K

+ * * * * * * ** * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

781 AATTGAATATTAAGAA
831 AATTGACTATTAAGAA
838 AATTGAATATTAÀGAA

J.***** *********



Figure 3.5

Alignment of the putative amino acid sequences of human uroplakin 18, bovine
uroplakin Ib and mink TI1 by the "multialign" program (Genetics Computer
Group, 1994). An asterisk represents conservation of an amino acid betwen all
species. A dot represents conservation of the amino acid between two of the
three homologues. If neither an asterisk or dot is present, the amino acid is not
conserved between any of the three species.



10 20 30 40 50 60

1 MAKDDST\TRCFQGI,LIFGNVIIGMCSIAI,MAECIFFVSDQNSLYPLI,EATNNDDIYAAÀW BOVINE UPKIb

1 MAKDNSTVRCFQGLLIFGNVTIGCCGIAITAECIFFVSDQHSLYPLLEÀTDNDDTYGÄAVÌ HT]MAN UPK1B

]- MAKDDSSVRCFQGLLIFGNVIVGMCGIA],TAECTFFVSDQHSLYPLLEÀTDNDDIYG.AAW MINK TI1
**** * ************** . * , * . *** . ********** . ********* . ***** . ***

]GMSVGICLFCLSVLGIVGIMKSNRKTLLVYFILMFIVYAFEVASCITAATQRDFFTPNL BOVINE UPKIb

IGIFVGICLFCLSVLGIVGIMKSSRKII,LAYFILMFIVYAFEVASCITAATQRDFFTPNL HTIMAN UPK1B '
I GMFVGT CLFCLSVLG IVG IMKSNRKI LLAYF I LMF IVYGFEVAS C I TAATQRDFFTPNL M INK T I 1
** *******************.*****.*********.*****.**************

61
51
61

181
181
181

t2)-
]-27
l.21-

FLKQMLERYQNNSPPNNDDQWKNNGVTKTWDRLMLQDNCCGVNGPSDWQKYTSAFRTENS BOVÍNE UPKIb

FLKQMLERYQNNSPPNNDDQWKNNGVTKTWDRLMLQDNCCGVNGPSDWQKYTSAFRTENN HUMAN UPK1B

FLKQMLERYQNNSPPNNDDQWKNNGVTKTWDRLMLQDHCCGVNGPSDWQRYTSAFRTANN MINK TT 1

*************************************. ***********. ******* . *.

DADYPWPRQCCVMNS LKEPLNLDACKI,GVPGYYHSHGCYELI SGPMNRHAWGVAWFGFAI

DADYPWPRQCCVMNNLKE PLNLEACKLGVPGFYHNQGCYEL I SGPMNRITAWGVAWFGFAI

DADYPWPRQCCVMNSLKEPLNVEACKLGVPGYYHKEGcYELISGPMNR}awGvAv']FGFAÏ
************** - ******. , ******** ** ************************

BOVINE UPKIb
HUMÀN UPK1B
MINK TI1

BOVÍNE UPKIb
HUMAN UPK1B
MINK TI1

2 4 l- LCWTFI^IVLLGTMFYWSRIDY

241 LCWTFWVLLGTMFYWSRIEY

24 1 LCWTFWVLLGTMFYWSRIEY
****************** - *



1 MAKDNSTVRCFQGLLT TGNVT T GCCGIALTAEC T FF
NH2 ,TMÎ

I GI FVGI CLFCLSVLGIVGIMKS SRKI LLAYF I LMF IVYA
TM2 TM3

FEVASC I TAATQRDF F T PNLFLKQMLERYQNNS P PNNDDQWKNNGVTKTW
large ECD

DRLMLQDNCCGVNGP S D$IQKYT SAFRT ENNDADYPWPROCCVMNNLKE PL

NLEACKLGVPGFYHNQGCYEL I SGPMNRHAWGVAWFGFAI LCWTFT{VLLG
TM4

TMFYWSÏT1.fIY 260
{ 1{){}F{

Figure 3.6
Cõnservation of tetraspan motifs in the human UPK1B protein.
The predicted protein s domain structure

*" ,ho*t in tñe above a different colour'

There are a number of protein motifs conse mily (Wright and

Tomlinson ¡gg¡).The conserved motifs found in the human UPK1B protein are shown

inbold and underlined. The asparagine residue (N) in the first transmembrane domain

(TM1) is highly conserved in tetraspans, as is the glutamic acid (E) in transmembrane

domain g tTM-31. The three motifs in the large extracellular domain (ECD) that contain

four highly conserved rysteine residues CCG, PRQC and EAC are also conserved in the

humariUÉKlB protein. There is a potential N-linked glycosylationrecognition site

(NNS) at amindacid residues L31-1.33 in the large ECD. The amino (NFI2) and carboxy

(COOH) termini are both rytoplasmic domains.



Figure 3.7
Alignment of the human UPKLB protein with fourteen tetrasPan proteins
usiñg "multialign" and "prettybox" ptograms (2.1.10). Amino acids highly
consérved betwãen the tetraspan proteins are depicted by dark shading and
the less conserved residues are lightly shaded. The conserved amino acid

residues include an asparagine (N) residue at amino acid L9 (UPK1B

sequence) and a glutamic acid residue (E) at amino acid L02. The three
cysleine-containing motifs, CCG, PRQC and EAC are conserved between
many of the tetraspans including UPK1B at residues, 159, 187 and 203

respectively.
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3.3.2 Cloning of human UPKLB genomic DNA

A PCR cloning strategy was employed to amplify a region of the human UPKLB

gene. PCR primers were designed to anneal to regions of cDNA with 1'00%

homology between mink T1L and bovine UPKIb cDNA sequences with the

assumption these regions would be most likely to be conserved in the human

homologue. These primers, TM3 and ECD, were also designed to anneal to two

putative adjacent exons, the third transmembrane domain and the large

extracellular domain which would flank a putative intron. This intron location

is conserved in other tetraspan members, CD53, CD63 and TAPA-1 (Wright et a1.,

1993). To date, no genomic sequence or structure for either the mink T1L gene or

the bovine UPKIb gene is available. The sequence of the TM3 and ECD primers

was run through 'FASTA- (Pearson et al., 1985) to ensure they would not anneal

to any sequences from other tetraspan family genes. From genomic mink DNA,

extracted from the CCL64 cell line, a fragment of approximately 800 bp in length

was amplified using TM3 and ECD primers. A human genomic UPK1B PCR

product o1784bp was amplified using TM3 and ECD primers and cloned into the

pGEM-T vector (Figure 3.8). Sequencing using pGEM-T vector-specific primers

(Appendix III) confirmed the identification of this product as human UPK1B

(GenBank Accession number AF0671,47) and not as any other member of the

tetraspan family. This genomic sequence consists of 119 bp of total cDNA

flanking a 665 bp intron. The positioning of the exon/intron boundaries was

determined by the abrupt end of sequence homology between t}:re 784 bp human

genomic product and the human UPK1B cDNA sequence as well as the presence

of consensus sequences observed at the exon/intron boundaries (Figure 3.9). The

sequence at both the start and finish of the intron for TM3 and ECD match the

95



A

TM3
3t4

665bp * +g+

ECD

784bp UPK1B genomic Product

| 2 3 4

<- 7s4bp

Figure 3.8
A.

introns are represented by black lines.

B.
Agarose gel electrophoresis of the PCR produgts amplified from hrrman genomic

OÑe u,'ã 
"1ro 

tne mint tung epithelial cell line, CCL64, tsing TM3 and ECD

primers, flln on aI.2/o gel.
Lane t: SPPI I EcoR[ marker
Lane 2: human genomic DNA
Lane 3: CCL64ce11 line genomic DNA
Lane 4: negative control (no DNA)

B



Figure 3.9 Sequence of the human UPKLB 784bp genomic PCR product

A.
Exon/intron boundaries were determined by aligning t}ite 784 bp human UPK1B
genomic sequence with region of the human UPKLB cDNA sequence. Nucleotides
with L00% homology between the genomic and cDNA sequence are shown as the
corresponding nucleotides. Regions of sequence with no homology are represented
by dots. The TM3 exon is represented in red, with the TM3 primer in bold. The
sequence representing the exon/intron boundary between the TM3 exon and intron
is underlined. The ECD exon is represented in blue, with the ECD primer in bold.
The sequence representing the exon/intron boundary between the ECD exon and
intron is underlined.

B.
Exon/intron boundaries were also determined by comparison with consensus
sequences (Mount et al. 1982). Those sequences not in agreement with the consensus
sequence are in italics.



A
(rM3 )

G AAGT GG CAT C T T GT AT C AC AG CAG CAAC AC AAC GAGAC T T T . CDNA

AGCAAAATAATATGAATTATCATTATTAC.AACAACCAACATGTATTAACCCCTTACTATG gCNOMiC
cDNA

TGCCCAGGCAATCCAATATGCACAGTAATAATACATCTATCATTTTACTTAATCCTCATA qCNOMIC
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consensus sequence. Flowever, the TM3 exon sequence does not contain the

"C/A AG" sequence commonly seen at the exon/intron splice site, nor does the

beginning of the exon of ECD start with a "G". The consensus sequences were

determined from a compilation of donor and acceptor sequences by examining

the frequency of a nucleotide at each position at the splice junctions and therefore

there may be some differences for individual genes (Mount, 1982). A 778 bP

human UPK1B genomic probe was isolated by digesting tirre784 bp UPKIB/pGEM

plasmid wit}r. KpnI and AccI.

3.3.3 Detection of a Tøqlrestriction fragment length polymorphism

To search for an RFLP in the human UPK1B gene, genomic DNA samples isolated

from normal peripheral blood lymphocytes were digested with various restriction

enzymes. These digested DNA samples were subjected to Southern analysis using

tlne 778 bp human genomic UPK1B probe, isolated as described above (3.3.2).

When the DNA was digested with the enzymes XbøI, PstI, HindIII, PuuII, BgIII and

BønHI no polymorphism was detected, that is, all DNA samples analysed showed

the same banding pattern (Figure 3.10). Hybridisation of the UPKLB probe on the

XbøI, PstI, HindIII, BgIII and BøwHI Southerns produced bands sizes of 7.2 kb, 15

kb,7.4kb, 13.5 kb and t2kb respectively. Two bands of sizes 2.8 kb and 3.5 kb were

detected for all individuals when tlne PauII-digested Southern was probed with

UPKLB. Flowever, a polymorphism was observed when the DNA was digested

with the TøqI restriction errzymet as indicated by detection of two fragments of

sizes2.5 kb and 6.4kb (Figure 3.11). Not all individuals showed the same banding

pattern, suggesting the presence of a restriction fragment length polymorphism.

To determine the heterozygosity rate of this RFLP, DNA was isolated from forty-
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Figure 3.L0
Genomic DNA was sePafately digested wltkr Pautr, Bgln, BamÍn , XbøI, PstI

and4indfr.and transferred to nylon membrane. Each individual Southem was

probed with the 778bp human genomic UPK1B fragment. No UPKLB

polymorphism was detected for any of the enzymes.
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Figure 3.1L

Autoradiograph of a Southern blot containing_genomic DNA, from six unrelated

individ.uaË, dìgested with TaqI. Tlne blot was hybridised with the 778bp human
UPK1B genomic probe.

Lane l-: homozygote 2.5/2.5
Lane 2: homozygote 6.4/6.4
Lane 3: heterozygote 6.4/2.5
Lane 4: homozygote 2.5/2.5
Lane 5: heterozygote 6.4/2.5
Lane 6: homozygote 2.5/2.5

(This figure was published in Finch et a1., 1997).



nine individuals (ninety-eight chromosomes) from an unrelated Caucasian

population of blood donors and analysed for theTøqI polymorphism (Table 3.2).

Table 3.2 Distribution of genotypes of the Tøqlpolymorphism

Genotype 6.41 6.4kb 6.41 2.5kb 2.5 I 2.5kb Total
(hom

Number 1 t4 34

Of the forty-nine individuals analysed for the TøqI polymorphism, fourteen were

heterozygous (6.4/2.5), giving a heterozygosity rate o1 29"/". Allele frequencies

were determined to be 0.84 and 0.16 for the 2.5 kb and 6.4kb fragments respectively

(Table 3.3).

Table 3.3 Allele frequencies of the 2.5 kb and 6.4 kb fragments

Allele Number observed F

2.skb 0.84

6.4 kb 0.16

Total

A family study suggested autosomal co-dominant segregation of this TøqI

polymorphism (Figure 3.12). All three offspring had inherited the 2.5 kb allele

from their mother and the 6.4 kb allele from their father. Studies of larger family

pedigrees with multiple generations would be required to confirm Mendelian

inheritance of the TaqI polymorphism in an autosomal co-dominant manner.

)

49

82

1,6

198
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Figure 3.L2
Autoradiograph of a Southern blot containing genomic DNA, from a family of
individuals, digested with TøqI. Theblot was hybridised with the 778bp human
UPK1B genomic probe.

Lane L:

Lane 2:

Lane 3:
Lane 4:

Lane 5:

Father
Mother
Son
Daughter
Daughter

-heterozygote 6.4/2.5
-homozygote 2.5/2.5
-heterozygote 6.4/2.5
-heterozygote 6.4/2.5
-heterozygote 6.4/2.5



3.3.4 Cloning of the 2.5 kb UPKLB TøqI fragment

To determine further human UPK1B genomic sequence, an adaptation of the

inverse-PCR method (Silver et a1., 1939) was used to clone tlne TøqI-generated 2.5

kb genomic fragment of the human UPKLB gene. Primers were designed in the

reverse orientation (on the opposite DNA strand) to the TM3 and ECD primers,

originally used to produce tlne 778 bp probe. These primers were designated RC-

TM3 and R-ECD; 'R' representing "revelse" and the 'C' representing

"complementary". Normal genomic DNA isolated from an individual

homozygous for the 2.5 kb TaqI allele was digested with tlne TøqI enzyme. The

digested DNA was self-ligated using T4 ligase to form circular DNA molecules of

TnqI fuagments. The reverse primers, RC-TM3 and R-ECD were used to amplify

the sequences immediately 5' and 3' of the 778 bp probe (Figure 3.13). The

approximately-sized 1,.7 kb PCR product was cloned into the pGEM-T vector and

partially sequenced using pGEM-T-specific primers (Appendix IV). The sequence

contained 500 bp located 5' from the TM3 primer and 273 bp from the ECD primer

to the TaqI site. Continuing beyond the 3' TøqI site was 200 bp of sequence which

began from the 5' TøqI sife, located approximately 1.4 kb upstream of the TM3

primer (Figure 3.13). To sequence the remaining 700 bp, primers were then

designed from the initial partial sequencing of the 1,.7 kb PCF.TøqI product. These

primers, designated hTIIA and UPK1B-L, were used to amplify the remaining 700

bp of unknown sequence from the pGEM plasmid containing the 13 kb region of

the 2.5 kb TaqI fragment (Figure 3.1,4). The PCR product was then sequenced using

the hTIIA and UPK1B-1 primers (Appendix V). Analysis of this sequence by

Genelockey did not reveal any homology with the cDNA sequence 5'of the TM3
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Figure 3.L3 Amplification of the 1.7 kb UPK1B region from the 2.5 kb Taql
fragment.

A.The diagram displays theTøqI fragment of genomic DNA that was self-ligated
and used as a template from which the 1.7 kb region of UPKLB genomic DNA
was amplified.

B.The lower diagram represents of the linear UPK1B 2.5 kb DNA fragment. The
boxes represent exons and the arrows represent the primers. The reverse
primers, RC-TM3 and R-ECD amplify the DNA sequence up to t}lte TøqI sites. The
thick black line represents the original,778 bp probe used to detect the 2.5 kb TøqI
fragment on Southern blots.
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exon, indicating that there is at least 1.4 kb of intronic sequence immediately 5' of

the TM3 exon.

3.3.5 Human UPKLB gene structure

From sequence comparisons of human UPKLB genomic and cDNA sequences, it

was determined that the TM3 exon consists of 73 bp and the ECD exon is 122 bp in

length. The TM3 exon most likely codes for the entire third transmembrane

domain of the protein, which is approximately 26 amino acids in length.

Flowever, there are probably a number of ECD exons that code for the

extracellular domain of the UPKLB protein which is approximately LL8 amino

acids in length.

Hybridisation of the entire open reading frame cDNA of UPK1B onto a Southern

blot consisting of human genomic DNA digested with the TaqI enzyme, detected

5 different-sized bands (Figure 3.15). The sum of these bands equals

approximately 17 kb, suggesting that the human UPKLB gene is at least L7 kb in

length.

3.4 DISCUSSION

This chapter describes the isolation and cloning of human uroplakin LB-specific

sequences. These results confirm the existence of a human homologue of the

mink TIL and bovine UPKIb genes. The cDNA coding for the open reading frame

of the human uroplakin 1-B gene was cloned using a PCR-based strategy for a

number of reasons. Firstly, no normal human bladder cDNA library is

commercially available, therefore it was not possible to obtain a full length ORF
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Figure 3.15
Genomic DNA (Lanes L-3) was isolated from normal individuals, digested with
TaqI, rtrron a Southern gel and transferred to nylon membrane. The blot was
hybridised with the total UPKLB cDNA ORF. Five bands were detected of sizes
5,4,3.5,2.7 and2.5 kb. The sum of thesebands is17 kb, indicating the UPKLB
gene is at least t7 kb in length. The DNA used was from individuals homozygote
(2.512.5) for the Taqlpolymorphism, therefore explaining the absence of the
6.4kb band in any of the individuals.



clone by standard library screening techniques. Secondly, the difficulty in

obtaining large amounts of normal human bladder tissue made it impossible to

make our own human bladder cDNA library. Thirdly, 5' and 3' RACE (rapid

amplification of cDNA ends) methods were excluded because it was not deemed

necessary at this stage to obtain the full length cDNA sequence. Only the cDNA

which coded for the protein would be required for functional transfection studies

and as a probe for Northern analysis. Similarly, at the time of these experiments

no expressed sequence tags (EST) were available for the human uroplakin 18

sequence, ascertained by using bovine UPKIb cDNA sequence to search for

relevant ESTs. A PCR-based cloning strategy was therefore chosen to clone the

cDNA coding for open reading frame of the protein. Comparisons of the human

uroplakin 18 ORF cDNA with its bovine and mink homologues revealed

homologies of 91o/" and 92'/. rcspectively. The putative human UPK1B protein is

260 amino acids in length and has homologies of 92"/" and 93"/o with the bovine

UPKIb and mink TI1 proteins. Other tetraspan proteins, also exhibit high

percentage identities between their respective mammalian homologues. For

example, the human CD53 protein has 82"/. homology with mouse CD53 and 80"/.

homology with rat CD53 (Wright et al., 1993). The human CD9 antigen has 89'/.

amino acid homology with mouse CD9 and 83.5% homology with the bovine

CD9 protein (Rubinstein et aI.,1993b, Martin-Alonso et aL,1992).

A total of 2.5 kb of contiguous human uroplakin 18 genomic sequence was

cloned. The total genomic size of human uroplakin 18 is predicted to be greater

th.an 17 kb in length. The UPKLB cDNA probe used to hybridise to the genomic
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Southern does not sPan the 5' and 3' untranslated regions so the size

UPK1B gene is likely to be at least 17 kb in length. The sum of the fragments

produced upon hybridisation of the UPK1B cDNA probe on the genomic

Southern was used to estimate the size of the UPKLB gene. Other tetraspan genes

have variable gene sizes including 20 kb (CD9) (Rubinstein et aL, 1993a),26 kb

(CD53) (Korinek et a1., t993) and 80 kb (KAI1) (Dong et a1.,1997). Characterisation

of the 784 bp TM3-ECD genomic fragment revealed the presence of a 665 bp

intron between ttre73 bp TM3 exon and the l22bp ECD exon. The positioning of

an intron between the cDNA coding for the TM3 and ECD protein domains of

UPK1B is also conserved in mouse TAPA-1, mouse CD53 and human CD63

tetraspan genes (Wright et al., 1993).

An intragenic TøqI RFLP was discovered within the UPKLB gene, most probably

within an intron. The heterozygosity rate of the TøqI polymorphism was

determined to be 29o/", therefore the polymorphism is not highly informative.

The discovery of this polymorphism adds to the characterisation of the human

uroplakin L8 gene and adds to the building of a restriction er.zyrne map of the

genomic structure. The polymorphism would be useful for allelic loss studies of

the UPKLB gene in tumours, providing large numbers of matched normal and

tumour samples were available as the polymorphism is only informative in 29o/o

of individuals.

The results in this chapter confirm the existence of the human homologue of the

mink TI1 and bovine uroplakin Ib gene. For the first time, human uroplakin 18

cDNA and genomic sequences have been cloned. The human uroplakin 1-B gene
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has high homology with its species homologues as well as showing considerable

homology with motifs conserved in the tetraspan proteins. These results will

enable further characterisation of this gene as described in the following chapters.
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CHAPTER 4

CHROMOSOMAL LOCALISATION OF

THEHUMANAND MOUSE

UROPLAKIN 1.8 GENES

103



4.L INTRODUCTION

At the commencement of this study, the chromosomal location of the human

UPKLB gene and the mink TI1 gene was unknown. Flowever, the bovine

homologue, UPKIb, had previously been localised to bovine chromosome L

(Ryan et aI., 1993). Human homologues of other genes found on bovine

chromosome f. including superoxide dismutase 1 (SOD1) and uridine

monophosphate synthase (UMP), have been previously mapped to either human

chromosorrre 21- or 3q (Barendse et a1., 1993), suggesting that the human UPK1B

gene would be localised to either of these chromosome regions.

The main aim of this study was to determine the chromosomal location of the

human UPK1B gene. The mapping of the UPKLB gene to a particular human

chromosome may provide insight into a potential role in human disease and, in

particular, bladder cancer. A gene located in a region frequently deleted in a

specific cancer may be implicated as a candidate tumour suppressor for that

cancer. Also, chromosome regions often affected by allelic loss may harbour a

tumour suppressor gene as is consistent with the Knudson (1971) 'two-hit'

hypothesis (Chapter L). The 'two-hits' may involve inactivation of both alleles of

a suppressor gene by allelic loss or by a germ-line mutation followed by allelic

loss. Therefore the identification of cytogenetic deletions associated with the

occurrence of cancer are important in the search for tumour suppressor genes.

The retinoblastoma gene, for example, was cloned following the discovery of

deletions which consistently overlapped the chromosome sub-band 13qL4 in

some familial retinoblastomas. Further analysis using DNA probes spanning

13q1,4, which detected RFLPs, showed loss of heterozyosity of this chromosome
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region in the retinoblastoma patients suggesting the retinoblastoma Sene was

located at this locus (Cavenee et al., 1983). Other cancer genes, including those

responsible for Wilms tumour, familial adenomatous polyposis and

neurofibromatosis type 1 (NF1), were discovered due to close examination of

regions of large cytogenetic deletions or translocations (reviewed in Fearon,1997).

Identification of the chromosomal location of a gene also aids in the

development of the genetic map of the order of genes for a particular

chromosome. Regional localisation of the UPK1B gene might allow the

application of chromosome-specific polymorphic markers for loss of

heterozygosity studies.

The mapping of the mouse Upklb gene to mouse chromosomes is also described

in this chapter. A mouse Upklb genomic fragment was cloned by PCR

techniques with the same TM3 and ECD primers used to clone the human 784bp

UPK1B genomic fragment (Chapter 3.3.2). Strong sequence homology was

observed between the cDNA sequences, present in the TM3-ECD genomic probes,

of both human and mouse uroplakin LB. Hybridisation of the mouse-specific

Upklb probe onto mouse chromosomes allowed the chromosomal location of

Upklb to be determined.

A direct approach for chromosome localisation of a particular gene is localisation

by in situ hybridisation. This method involves the hybridisation of a nucleic acid

probe directly onto slides which contain fixed chromosome spreads. The probe

will hybridise to its complementary DNA sequence, allowing determination of

the location of the gene (Buckle et a1., 1986). ln situ hybridisation experiments
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usually involve one of two labelling and detection systems; either fluorescent I n

situ hybridisation (FISH) or radioactive in situ hybridisation (RISH). The FISH

method is less sensitive and works only with probes of length greater than one

kilobase (Lemieux et a1., 1992), therefore the radioactive in situ approach, using

tritium labelling was chosen for the current study because one of the human

UPK1B genomic probes was only 778bp in length and the mouse probe was only

727bp.

4.2 METHODS

4.2.1 Preparation of human UPK1B probes

Two contiguous human UPK1B genomic probes, of lengths 778 bp and 1.4 kb,

were used to map UPK1B. A 832bp human UPK1B cDNA probe was also used to

search for processed pseudogenes of UPK1B. The 778bp human UPK1B genomic

probe was isolated from the TM3-ECD/pGEVI construct as described in 3.3.2. The

1.4 kb human UPK1B genomic probe was isolated from t]¡re L.7 kb UPKIB/pGEM

construct (3.3.4) by digestion with the SøcII and TaqI enzymes (2.2.77). The 832 bp

human UPK1B cDNA probe was isolated from the UPKLB cDNA/pGEM plasmid

(described in 3.3.1) by digestion with the SøcII and SøcI enzymes (2.2.1,1). All three

probes were electrophoresed on a low-melting point agarose gel and purified þ
phenol-chloroform extraction. The agarose slice was melted aI 70"C and 3

volumes of TE added. The DNA was extracted by the addition of 1 volume of

phenol, then phenol/chloroform (1:L), followed by chloroform. The mixture was

centrifuged at 12 000 g for 5 min between each step and the top aqueous layer

retained. The DNA was then precipitated with 2.5 volumes of ethanol and 1/10
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volume of 3M sodium acetate, pH 5.2; the resultant pellet washed ín 70"/" ethanol

and resuspended in 30 Pl water.

4.2.2 Cloning of a mouse Upklb genomic fragment

The PCR primers, TM3 and ECD (Table2.l), were used to amplify a 693 bp mouse

Upklb fragment from genomic DNA from a C57BL mouse, at an annealing

temperature of 60"C (2.2.7). The 693 bp mouse Upklb PCR product was cloned

into the pGEM-Easy vector (2.2.1.0), transformed into competent cells (2.2.1'4) and

a mouse Upklb/pGEM plasmid propagated using the Qiagen plasmid kit (2.2.76).

The mouse UpkLb/pGEM plasmid was sequenced using pGEM-specific primers

(2.2.17). To isolate a probe to use for mapping the mouse Upklb gene, the

Upklb/pGEM plasmid was digested with the NofI enzyme (2.2.11) to release a 727

bp genomic fragment of Upklb. The mouse Upklb fragment was purified from

low-melting point agarose, using phenol-chloroform extraction as described in

4.2.1..

4.2.3 Probe labelling by nick translation

The two human genomic UPK1B probes of length 778bp and 1..4 kb, the 832bp

human cDNA UPK1B probe and the 727 bp mouse Upklb probe were labelled

using a nick translation kit (Amersham) and tritiated dATP, dCTP and dTTP

(Amersham). 12.5 pCi of tritiated dATP, dCTP and dTTP were vacuum-dried in

an Eppendorf tube. To the tube were added 200 ng probe (5 pl of 40 ng/¡tI), 1 VI

cold 300 pM dGTP,1..25 ¡.rl enzyme mix (Amersham) and 5.25 pl water and the
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mixture was incubated at LS"C for 2 hr. A column was PrePared by adding fine

Sephadex G-50 to a pasteur pipette, plugged with sterile, non-absorbent cotton

wool. The incorporated tritiated nucleotides were purified from the

unincorporated nucleotides by fractionation through the Sephadex column.

After the column was washed three times with TE, the nick translation reaction

mixture was layered onto the column and fractions collected in separate

Eppendorf tubes after an initial addition of 500 pl TE, 11 additions of 100 pl TE, 5

additions of 300 pl TE and a final addition of 600 pl TE. To determine which

fractions contained the labelled probe, 2 ¡t"I of each fraction was added with 300 pl

water to 3 ml scintillation fluid (Amersham) and the samples counted on a

Beckman LS 2800 Scintillation counter. The DNA probe aPPears in the void

volume of the column, while the unincorporated nucleotides are retarded by the

Sephadex gel and appear in later fractions. The fraction of the radioactivity in the

probe peak was calculated using the formula below.

specific activity =
(cPM/p8)

total microcurie x fraction incorPorated x 2.22x106

mass of probe in [rB

a) fraction incorporated = total counts in probe
total counts in probe + unincorporated bases

b) L microcurie = 2.22x106 CPM

The radiolabelled probe fractions were ethanol-precipitated with 1/10th volume

of 3M sodium acetate, pH 5.2, plus 2.5 volumes of ethanol and stored at -20"C.
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4.2.4 Chromosome preparations from human lymphocytes

The following procedure is described in detail by Webb (1998). Briefly,

lymphocytes from whole blood were cultured by standard methods (Buckle et al',

1986) using RPMI medium and the mitogens phytohaemagglutin (PHA) (Gibco

BRL) at2rnI/t00m1 and pokeweed mitogen (Sigma) at 5 pglml. After 3 days,200

þg/ml5-bromodeoxyuridine (5-BrdU) was added to the cells. The S-BrdU is

usually incorporated into the pale G-bands and can cause the cells to arrest

growth at the mid-S phase of DNA replication. After overnight incubation, the

S-BrdU was rinsed out using PBS and the cells resuspended in medium

containing L0-sM thymidine. The cells were cultured to allow completion of the

mitotic cycle for 6.5 - 7 hours. The cells were then treated with colchicine for L5

min to disrupt the mitotic spindle and harvested by standard methods including

hypotonic treatment and air-drying of the cells onto slides. The slides were

stored aL -20"C with a silica drying agent.

Preparation of mouse chromosomes was similar to human except that splenic

lymphocytes were cultured with 3 þB/mI concanavalin A (Sigma) as the mitogen,

and the time allowed for completion of the mitotic cycle after release of the 5-

BrdU block was 4 - 4.5 hr.

4.2.5 Radioact iv e in situ hybridisation (RISH)

RNase treatment of chromosomes preparations

Slides were incubated in 100 þg/rnI RNase in 2 x SSC at 37"C lor L hr. The slides

were then rinsed at room temperature in 4 changes of 2 x SSC for 2 min each

L09



The slides were dehydrated through an ethanol series of 35, 70, 95 and L00%

ethanol for approximately 2 min each and then air dried.

Hvbridisation

-

The chromosomal DNA was denatured by placing slides, preheated to 70"C, into

70"/"formamide/2xSSC, p}j7.0, atTlCfor 2 min, with frequent agitation. The

slides were cooled quickly in ice-cold 70"/o ethanol to prevent reannealing of the

DNA and then dehydrated through an ethanol series of 80, 95 and 1,00% ethanol

for 2 min each and allowed to air dry. The tritium-labelled probe (4.2.3) was

precipitated from ethanol by centrifugation for L5 min at 12 000 g, dried in a

vacuum desiccator and resuspended in water at approximately 5 ng/¡11. The

hybridisation mixture was made up in the following proportions: 5 parts of 20%

dextran sulphate in deionised formamide, 2 parts of L0 x SSCP, 2pafts probe at a

final concentration of 200 ng/mI and L part carrier DNA (salmon sperm) at 1000 x

probe final concentration. The hybridisation mixture was denatured at 70'C for

L0 min, cooled on ice and then 50 pl was added to each slide. Coverslips, washed

in 70'/" ethanol, were placed on the slides and sealed with rubber cement which

was allowed to dry. The slides were incubated in a moist hybridisation chamber

at 37"C overnight.

Strineencv washes

-

The rubber cement and the coverslips were removed and the slides washed in 3

changes of 50% deionised formamid e / 2 x SSC, pH 7 .0 lor 3 min each at 39"C. The
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slides weÍe then washed in 5 changes of 2 x SSC, dehydrated in an ethanol series

of 35, 70,95 and L00% ethanol and air dried.

Autoradiograph)¡ staining and scoring of slides

The slides were coated with Ilford L4 emulsion and exposed for a certain number

of days depending on the specific activity of the probe. They were then developed

for 5 min with 50% Kodak D19 developer at 20'C and immediately fixed with

film-strength Hypam Fixer with hardener (Ilford, Cheshire, England). After 5

rinses in water, the slides were soaked in L0 pglml Hoescht 33258 in2 x SSC for 30

min, then irradiated with long-wave UV (350 nm) for L hour and stained for 20

min with 12-1,5% Giemsa (BDH R66) V/V in phosphate buffer pH 6.8 (BDH) to

detect GBG (G-banding with 5-BrdU and Giemsa Stain) - bands. Grains were

initially scored onto a 550 band idiogram of the human chromosomes and also

on more detailed idiograms of chromosome 3. Autoradiography, staining and

scoring of the slides was carried out by Dr. Graham Webb.

4.3 RESULTS

4.3.1 Mapping of the 778bp human UPKLB genomic probe

A 778 bp human genomic UPK1B fragment was cloned using PCR primers

designed to amplify the intron located between exons coding for the third

transmembrane domain and the large extracellular domain (Chapter 3.3.1). This

partial genomic probe was used to determine the chromosomal location of the

UPK1B gene. The 778 bp probe was hybridised in-situ to the chromosomes of

three normal human subjects, one male and two female. The slides were exposed
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for 75 days due to the low specific activity of the probe which was calculated at 3.37

x 107 CPlr/'/ltg, (a specific activity of 1.0 x 108 CPM/pg is considered a satisfactory

label incorporation, Webb, 1998).

The UPKLB genomic probe was localised by in situ hybridisation to the proximal

region of the long arm of chromosome 3 (3q), using the chromosomes of a normal

male subject (Figure 4.L). A cluster of five tall columns, of 6-40 silver grains, were

found over the proximal half of arm 3q. A maximum height of only 3 grains were

seen over the other chromosomal regions, without any notable clustering to form

minor peaks. In approximately 200 cells, 311 grains were scored over the whole

karyotype with 96 (30.9%) grains found located over bands 3q13-q21 (Figure 4.2).

The tallest column, of 40 grains, was located over sub-band 3q13.3 and the next

tallest, of 24 grains, over the interface of this sub-band with band 3q21. Together,

the two tallest columns contained 62.7% of the grains over the proximal half of

arm 3q: 3cen. - Q3.

After initially scoring over all chromosomes to establish the position of the major

clusters of grains, an independent score at higher resolution was made to

chromosome 3. Detailed scoring of chromosome 3 showed that the two tallest

columns of grains were on either side of the interface between bands 3q13.3 and

q21., with the taller column over the distal half of 3q13.3 (Figure 4.3). These two

columns contained 59.3% of the grains over 3cen.-q23. Therefore, UPKI.B is

probably situated in bands 3q73.3-q21, with a possible point localisation near the

interface of these two bands. Localisation of UPK1B to chromosome 3 was
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Figure 4.3

a.
Silver grains generated by in situ hybridisation of the tritium-labelled 778

bp genómic piobe of human UPKLB. The grains are on chromosome 3
unðth" top two chromosomes are from the same cell.

b.
A detailed score of grains over chromosome 3. The two tallest columns

were on either side õf the interface between 3q1.3.3 and 3q21' and contain
59.3% of grains over 3cen-o!3.

(This figure was published in Finch et a1., 1997.)



qualitatively confirmed in chromosome preparations from the other two, female,

subjects.

4.3.2 Mapping of the L.4 kb human UPKLB genomic probe

A larger human genomic UPKLB fragment of 1,.4 kb was also used as a probe for

in situ hybridisation. To obtain the 1.4 kb probe, t}:re 1..7 kb UPKIB/pGEM plasmid

(Chapter 3) was digested with the SacII and TøqI enzymes. The SøcII site is in the

polylinker of the pGEM-T vector and the TøqI enzyme cuts within the L.7 kb

UPKLB insert in the t.7 kb UPKIB/pGEM construct to remove non-contiguous

UPK1B genomic DNA. The region of DNA contained in the 1.4 kb probe is found

immediately 5' of the 778 bp probe and encompasses part of the intron located

between the second and third transmembrane domains (Figure 4.4). The 1.4 kb

probe was tritium-labelled to a specific activity of 7.9t x 1-06 CPM/pg. Scoring of

the slides hybridised with the tritium-labelled 1,.4 kb UPK1B probe confirmed the

localisation of the UPK1B gene to 3q13.3-2L. Qualitative analysis of the slides

suggested a single clustering of grains on chromosome 3q. Higher resolution

scoring of the long arm of chromosome 3 showed that the highest two peaks

contained 40 and 31- grains on bands 3q13.3 and 3q21 respectively (Figure 4.5).

These two columns constituted 59Y' of all grains scored over 3cen.-q23.

Localisation of the 1.4 kb and 778bp human UPK1B genomic probes both show

that the most likely location of the UPK1B gene is at 3q13.3-21'.
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4.9.9 Exclusion of nonProcessed UPKLB pseudogenes

Nonprocessed pseudogenes retain the same genomic structure as the active gene/

including introns, and are most likely to be found in tandem with the active gene

(Sharp, 1983). Chromosomal localisation of the human UPK1B gene to 3qI3.3-21,

using genomic UPK1B probes, has not excluded the possibility of nonprocessed

UPK1B pseudogenes. Southern analysis of normal genomic DNA digested with

various enzymes and hybridised with the genomic UPK1B probes, would

enable detection of any extra bands, indicating nonprocessed pseudogenes.

Hybridisation of ttre 778 bp human UPK1B genomic probe on Southern blots

digested with TøqI produced one band, 2.5 kb, for all individuals except for those

who have tine TaqI polymorphism found in this section of the UPK1B gene

(Chapter 3.3.3). Hybridisation of blne 778 bp UPK1B probe on a number of other

Southerns, consisting of DNA digested with either XbaI, PstI, HindIII, BgIII or

BøwHI also produces a single band of sizes 7.2kb,15 kb,7.4kb,13.5 kb or L2 kb

respectively (Chapter 3 -Fig. 3.10). Flowever, the Southern consisting of DNA

digested with PauII produces two bands, 2.8 kb and 3.5 kb when probed with the

778bp UPKLB genomic fragment (Chapter 3 -Fig.3.10).

The L.4 kb probe detected only one band when it was hybridised to Southern blots

consisting of DNA digested with TaqI, PstI or HindIII (Figure 4.6). For thle TøqI

errzyme, hybridisation of the L.4 kb probe produced either only a 2.5 kb fragment

or a 2.5 kb fragment plus a 6.4 kb fragment depending whether or not the

individual DNA contained the previously described TøqI polymorphism

(Chapter 3.3.3). A 15 kb fragment was detected upon hybridisation of the 1.4 kb

probe on DNA digested with PsúI and a 7.4 kb fragment with HindIII. The
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Figure 4.6
Eaclr lane in the above Southerns blots consists of genomic DNA isolated from
normaf unrelated individuals whichwas digested with either PstI(A), Hindil(B)
or TøqI (C). The Southerns were hybridised with the 1.4 kb human UPK1B genomic
probe. For the PsfI enzyme, the 1.4 kb probe detected a L5 kb band and for the
Hindm-dryested DNA, a7.4kb band. One or two bands were detected for the
Tøql-digested DNA depending on whether or not the individual DNA contained
tllreTaql polymorphism.
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possibility of UPKLB nonprocessed pseudogenes present in tandem with the

active gene (Webb et al., 1990a) at3qL3.3-21 is unlikely because only a single band

is detected by Southern analysis, using either tlrre 778 bp or the L.4 kb UPK1B

genomic probes. These results indicate that only one copy of the UPKLB gene

exists in the human genome in the nonprocessed form, that is, containing both

exonic and intronic sequences.

4.3.4 Detection of processed UPK1B Pseudogenes

Processed pseudogenes are inactive genomic sequences that resemble the RNA

transcript. These pseudogenes lack introns, in contrast with the interrupted

structure of the active gene and would be expected to be found at different

genomic loci as they probably integrate at random into the genome. As both the

778 bp and 1.4 kb UPK1B probes contain predominantly intronic sequence

(Chapter 3), it is possible that processed pseudogenes of UPK1B, undetected by the

mapping of the UPK1B gene, do exist. This possibility has not been excluded

because the LL9 bp of total exonic DNA in the 778 bp probe would probably be too

short to hybridise successfully to any version of UPK1B (Webb et a1., 1994). Also,

the L.4 kb genomic probe consists almost entirely of intronic sequence, except for

56 bp (a%) of exonic sequence which includes the RC-TM3 primer originally used

to amplify the 1,.7 kb PCR product by inverse PCR (Chapter 3). Processed

pseudogenes may therefore not be detected because of a lack of substantial

contiguous homology to the two probes used. The failure to detect subpeaks

during scoring of the 778 bp and l-.4 kb genomic UPK1B probes, which would

indicate the presence of processed pseudogenes, may be because of the small

proportion of exonic sequences present in the genomic probes. Hybridisation of
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the total UPK1B cDNA on a Southern consisting of normal genomic DNA

digested witin TøqI, produced five different-sized bands (Chapter 3- Fig. 3.15).

Flowever, as the total genomic structure of the human UPKLB gene is yet to be

determined, these fragments may simply represent the number of TnqI restriction

sites to be found within the UPK1B gene itself and not any processed

pseudogenes.

A mapping experiment, using the total human UPK1B cDNA as a probe, would

determine if a processed pseudogene of UPKLB did exist. A peak detected on any

chromosomal location besides 3q13.3-21 would be indicative of a pseudogene.

The human UPKI.B cDNA coding for the putative open reading frame of the

UPK1B protein has been cloned and characterised (Chapter 3.3.1). Digestion of

the UPK1B/pGEM construct with SøcII and SøcI released the UPKLB cDNA insert.

The 832 bp UPK1B cDNA probe was labelled to a specific activity of 4.40 x 107

CPM/pg and hybridised to a number of slides which were exposed for 27-55 days.

The major peak was detected at chromosome 3q13.3-2L, consisting of 1.0% of all

grains scored with the two tallest columns oÍ 42 and 27 grains (Figure 4.7).

Flowever, sub-peaks of at least 7 grains were also observed on chromosomes 3q26-

27,6p,9qand 1Lç as well as a number of minor sub-peaks of approximately 5

grains on a number of chromosomes.

4.3.5 Cloning of a mouse Upklb genomic fragment

A mouse Upklb genomic fragment was cloned by PCR techniques from mouse

genomic DNA using the TM3 and ECD primers (Figure 4.8). These primers were

originally designed from the highly homologous mink TI1 and bovine UPKIb
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CDNA sequences and were used to amplify the 784 bp human UPK1B genomic

fragment (Chapter 3.3.2). Using an annealing temperature of 60'C, the TM3 and

ECD primers directed the amplification of a 693 bp mouse Upklb genomic

product, which was cloned into the pGEM-Easy vector and sequenced (Appendix

VI). GenBank Accession Number: 4F073956. Sequence analysis revealed that the

693bp product consisted of two putative exonic sequences of lengths 42 and 77 bp

interspersed with a 574 bp intron (Figure 4.8). The total 119 bp of mouse Upklb

exonic sequence has 94"/' and 95"/" homology with the corresponding sequences of

human UPK1B and bovine UPKIb cDNA sequences (Chapter 3.3.2 and Yu et a1.,

1994). To isolate a probe for mapping, the mouse Upklb/pGEM plasmid was

digested with the NofI enzyme to release a 727 bp genomic fragment of Upk1b.

Hybridisation of tlne 727 bp mouse Upklb probe onto Southern blots of mouse

genomic DNA digested with PsfI or PauII enzymes generated a single band

suggesting the probe would not cross-hybridise to any other gene (Figurc 4.9).

4.3.6 Localisation of Upklb to mouse Chromosome L6

Tlne 727 bp mouse Upklb probe was tritium-labelled to a specific activity of 8.L x

10? CPM/pg and hybridised ln situ to chromosomes of C57BL and BALB/C

mouse strains. The resultant slides were exposed for 33 or 55 days and initial

scoring showed only one major peak of silver grains to chromosome 16,

representing 28.2% of all grains (Figure 4.10). The background signal of grains was

distributed over all the other mouse chromosomes with the largest cluster being

of only 3 grains. The grains over chromosome 16 clustered to two tall columns, of

25 and 1.4 graíns, over bands 1685 and L6C1 respectively. An independent, higher
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#1.8kb

Figure 4.9
Genomic DNA was isolated from Cí7/Blmice and digested with either PstI (Lane L)

or PuuII(Lane 2). The DNA was run onalo/o gel overnight and transferred to nylon
membrane. The Southern blot was hybridised with the 727 bp mouse Upklb genomic

probe. Only one band was detected for both enzymes, 1.8 kb for the PsfI enzymeand
2.9 t¡ f.or Paull,suggesting the mouse Upklb probe would only detect one peak for
in situhybridisation and would not cross-hybridise with other genes.
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resolution score of only chromosome 16 in both C57BL and BALB/C mouse

strains confirmed the initial mapping and further defined the localisation to

bands t6B5-C2 (Figure 4.71).

4.4 DISCUSSION

The human uroplakin 18 gene has been mapped by in situ hybridisation to

chromosome 3q13.3-2L. Two contiguous human UPK1B genomic probes of

lengths 778 bp and 1.4 kb were used to map UPKI-B and both probes gave the

same chromosomal location. This location of human UPK1B on chromosome 3q

is in agreement with the synteny observed between loci on bovine chromosome

1 and human chromosome 3. The previous mapping of the bovine uroplakin Ib

gene (Ryan et a1., L993) gave an indication of the possible location of the gene in

the human genome, but this information was not divulged to the scorer (G.C.W)

so as to remove any bias from the scoring of the grains.

Other genes that map to both human chromosome 3 and bovine chromosome 1,

include pituitary transcription factor (PIT1), ys-crystallin (CRYGS), uridine

monophosphate synthase (UMP) and kininogen (KNG) (Harlizius et a1., 1995,

van Rens et al., 1989, Qumsiyeh et al., 1989 and Aleyasin et a1., 1997). Bovine

chromosome l- (BTA1) has loci found on two different human chromosomes, 3

(HSA3) and 21, (HSA21). The loci found on these two chromosomes are not

conserved in tandem because the synteny between BTA1 and HSA21 is

interspersed with a cluster of genes found on HSA3 (Figure 4.12). There appears

to be an evolutionary breakpoint between the superoxide dismutase 1 (SOD1)
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A diagram of the conservation of loci between bovine chromosome 1 and
human and mouse chromosomes. The synteny between bovine chromosome 1

and human chromsome 2L is interspersed with genes from human chromosome
3. The uroplakin 1b gene is located on bovine chromosme 1, human
chromosome 3 and mouse chromosome L6.

(This figure was taken from Barendse et al., 1993).



gene, which maps to human chromosome 21'q22.1' and the UMP gene, which

maps to human chromosome 3q13 as both of these Senes maP to bovine

chromosome L (Barendse et al., 1993). Further characterisation of this breakpoint

was defined by comparative mapping of the PITL gene which maps to human

chromosome 3pLL and was found to map between the SOD1 and UMP genes on

bovine chromosome l- (Harlizius et a1., L995). Therefore, a disruption of synteny

occurs between bovine chromosome 1 and human chromosome 3.

Unfortunately, there aÍe no details of the exact positioning of UPKIb in relation

to other genes on bovine chromosome L as the localisation of the bovine

uroplakin Ib gene was determined by bovine x rodent somatic cell hybrids (Ryan

et a1., 1993).

The cloning of a mouse Upklb genomic fragment revealed high sequence

conservation of putative exonic sequence with previously cloned human and

bovine uroplakin LB cDNA sequences (Chapter 3.3.2 and Yu et aI., 1994). The

mapping of mouse Upklb to mouse Chromosome 1.685-C2 is consistent with

conserved synteny in this chromosome region and human chromosome 3q. By

comparison with human chromosome region 3q13.3-21 to homeologous loci on

mouse chromosomes, the predicted location of the mouse homeologue of

human UPKLB was to mouse Chromosome l-6 (Naylor et a1., 1996). There are a

number of genes which map both to mouse Chromosome 16 and human

chromosome 3q including CD80 which has been physically localised to mouse

1685 and human 3q13.3-q21 (Reeves et a1., 1997).
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The chromosomal location of a gene may give an indication as to the nature of its

particular function. In this case, the uroplakin L8 gene maPS to a region of the

genome which is not yet particularly well characterised in human disease in

relation to either cytogenetic deletions or allelic loss by microsatellite analysis. The

main hypothesis of this thesis is that the normal function of the human

uroplakin 18 gene is disrupted in cancer. The cancer in which the human UPK1B

gene product is most likely to be implicated is bladder cancer, as the mammalian
\

uroplakins are specifically expressed in the bladder (Yu et aI., 1994). Three studies ¿' I

have looked at chromosome 3q abnormalities in bladder cancer. The first study, a

cytogenetic investigation of untreated transitional cell carcinomas of the bladder

revealed structural abnormalities or loss of 3q chromosomes in three out of ten

tumours analysed. Two of the three tumours with chromosome 3q abnormalities

had lost both copies of the chromosome 3q arm (Atkin et a1., 1985). Secondly, an

allelotype study to determine the regions of chromosomes frequently deleted in

bladder cancer used a HinfI restriction fragment length polymorphism to look for

loss of heterozygosity at 3q21.-qter using the pEFD64.1 probe, which is located at the

D3slzlocus (Knowles et a1., 1994). Loss of heterozygosity at this locus was found

to occur at a rate of only 5.2"/", but was found to be significantly associated with

high grade tumours. The third study primarily investigated the abnormalities of

the short arm of chromosome 3 in bladder cancer, but did examine two markers

on the long arm of chromosome 3;3q13.2-13.3 (D3S1267) and 3q26.2-27 (GLUT2).

The frequency of loss of heterozygosity at D351267 was 5.9"/" and at the GLUT2

locus was 3.4'/" (Li et aI., 1996). These studies are not exhaustive of the total

potential loss of heterozygosity of the long arm of chromosome 3, as they reflect
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mainly centromeric and telomeric regions of 3q. However, the results suggest that

loss of heterozygosity of chromosome 3q is infrequent in bladder cancer.

Chromosomal mapping of the human UPK1B gene using partial genomic probes

did not rule out the possibility of the existence of UPK1B pseudogenes.

Nonprocessed pseudogenes retain the same genomic structure as the active gene,

including introns and are most likely to be found in tandem with the active gene.

The nonprocessed pseudogene is believed to originate due to a DNA duplication

event which results in the production of two gene copies. Following this DNA

duplication, one of the gene pair is inactivated by mutation and can usually be

separated by differing migration in a gel (Sharp, 1983). A nonprocessed

pseudogene would not be detected as a separate entity by in situ hybúdisation if it

was located in tandem with the active gene. The probe would only produce one

peak, as the genes would be mapped to a common chromosomal location. It is

unlikely that a nonprocessed pseudogene of UPKLB exists because Southern

analysis using the two UPK1B genomic probes results in only one labelled band in

most hybridisation experiments, suggesting that only copy of the gene exists in its

nonprocessed form.

Processed pseudogenes are inactive genomic sequences that resemble the RNA

transcript, therefore they lack introns and can be found at different genomic loci as

they can integrate at random into the genome (Sharp, 1983). The probes used for

the chromosomal localisation of the UPKLB gene were genomic probes consisting

of mainly intronic sequence with only very short exonic sequences. Therefote, a

processed pseudogene of UPKI.B could have escaped detection by the chosen
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probes. Genomic probes were chosen for in situ hybridisation as the complete

genomic structure of the UPK1B gene remains unknown. Therefore, the size of

the introns may have been too large to obtain a precise mapping using a cDNA

probe. The use of genomic probes also avoided the possibility of the probe

annealing to other tetraspan genes because the greatest homology between the

tetraspan genes is found in the coding regions. Hybridisation of the total UPK1B

cDNA probe onto a number of Southern blots of normal genomic DNA resulted

in the detection of five different-sized fragments, implying that processed

pseudogenes may exist. One of these bands, a 2.5 kb fragment was also detected

when the Southern was hybridised with the 778 bp or L.4 kb human UPK1B

genomic probes. However, with the current limited knowledge of UPKLB

genomic structure, it was not possible to distinguish between potential processed

pseudogenes, other tetraspan genes and the number of restriction sites within

UPKLB genomic DNA.

Hybridisation of the human UPKLB cDNA onto human chromosomes revealed a

major peak on chromosome 3q13.3-21, as expected, once again confirming the

original localisation of the human UPK1B gene. Flowever, four sub-peaks of

seven or more grains were also present on chromosomes, 3q26-27,6p,9qand 11q,

as well as a number of minor sub-peaks. A search of the literature on tetraspan

proteins revealed that none of these sub-peak locations were the site of any known

tetraspan genes. The major similarities between the tetraspan family members is

not the amino acid conservation but in the structure of the tetraspan proteins,

consisting of four hydrophobic domains. Therefore it is unlikely that cross-

hybridisation between tetraspan genes would occur. The tetraspan gene most
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likely to have a high degree of homology to UPKLB is the putative human

uroplakin Ia gene (39% amino acid homology between bovine UPKIb and UPKIa)

which has not been cloned and therefore no human chromosomal location

identified (Yu et al., 1994). The uroplakin Ia gene has been mapped to bovine

chromosome l-8 and mouse chromosome 7 and would be predicted to be located

on human chromosome L9 (Ryan et a1., 1993). Only a minor sub-peak is located

on chromosome 19, therefore the peak is most likely to be due to background

noise rather than cross-hybridisation of UPK1B cDNA to human uroplakin Ia. A

recently isolated tetraspan gene, TM4SFS, (Muller-Pillasch et a1., t998) is located on

chromosome 17p13.3. Again, the minor sub-peaks located in this vicinity from

the human uroplakin LB cDNA in situ hybridisation experiment are most likely

to be due to background grains and not a specific localisation.

The likelihood of the sub-peaks representing UPKLB-like genes is minimal if it is

assumed that related genes would be expressed, unlike pseudogenes.

Hybridisation of UPKLB cDNA onto Northern blots of RNA isolated from normal

bladder tissue detects two transcripts as described in Chapter 5. One of the sub-

peaks, therefore, could take account for one of the UPKLB mRNA transcripts,

except that it would be expected to have an approximate equal number of grains as

those found on the major peak on chromosome 3qI3.3-21,, as both transcripts are

detected with equal intensity. The most likely explanation for the two transcripts

of UPKLB is that there is alternate splicing of the RNA (Chapter 5). The transcripts

detected by Northern analysis however, only take into account genes expressed in

the bladder, leaving the possibility of expression of UPKlB-like genes in other

tissues. The finding of four major sub-peaks does not contradict the detection of
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five bands upon hybridisation of the UPK1B cDNA onto the Southern blot

containing TøqI-digested DNA. It appears most likely therefore, that the sub-peaks

may represent processed pseudogenes of UPKLB. An argument against the

presence of UPK1B processed pseudogenes is that such pseudogenes usually show

more prominent peaks with tritium localisation (Webb et a1., 1990b, Weil et a1.,

1997) than those found with UPKLB cDNA.

Many of the human tetraspan genes have been assigned to their particular

chromosomes. It is of interest that one of the tetraspan genes, L6, also maps to

the long arm of chromosome 3. The human L6 gene has been mapped to

chromosome 3q21-25, close to a UPK1B cDNA subpeak at 3q25-26, by Southern

analysis of a panel of human x rodent somatic cell hybrids (Virtaneva et aI., L994).

It has been previously suggested that the localisation of the mouse CDSL and

CD37 tetraspan family genes to mouse Chromosome 7 provides evidence for the

theory that the tetraspan genes arose divergently from the same ancestral gene as

a result of an ancient chromosomal duplication (Wright et a1., 1993). Other

evidence which suggests that the tetraspan genes arose divergently from an

ancestral gene is the striking similarity of genomic as well as protein structure

amongst the tetraspan family members (Wright et a1.,7993, Wright et a1., 1994).

Mapping of some of the human tetraspan genes has also revealed similar

chromosomal locations, for example, the CD63 gene maps to chromosome 72q12-

q14 (Hotta et a1., 1988) while CD9 also maps to chromosome 12,but to the short

arm p13 (Benoit et al., 1991). Both the TAPA-L and SFA-1 genes map to

chromosome 1Lp15.5 (Virtaneva et al., 7994, Hasegawa et al., 1997a). The KAI1

gene is also located on chromosome 1L, but has been mapped to 11p1.1.2 (Kawana
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et a1., t997). The mapping of the human uroplakin 18 gene to the same

chromosome as the L6 gene and in particular to the same chromosome 3 arm, 3q,

also adds to the argument that the tetraspan genes arose from ancestral genes that

diverged through chromosomal duplication. Other tetraspan genes which have

been mapped include the human CD53 gene, on chromosome 1p27-p13.3

(Gonzalez et al., 1993), human CD37 on chromosome 19p13-q13.4 (Virtaneva et

a1.,1993) and ALS which is located on chromosome Xq11 (Virtaneva et al., 1994).

Summarv

-

This chapter has described the mapping of the human uroplakin L8 gene to

chromosome 3q13.3-21,, using two independent, but contiguous human

uroplakin 1B genomic probes. The use of a human uroplakin LB cDNA probe

confirmed the location and also revealed four major sub-peaks of grains and a

number of minor sub-peaks. The detection of these sub-peaks is unlikely to be

due to cross-hybridisation with other tetraspan sequences or UPKlB-like genes

but might be due to UPKLB processed pseudogenes, however the peaks are not as

strong as found for other processed pseudogenes. The chromosomal location of

the human uroplakin LB gene is not a region known to be frequently deleted in

btadder cancer, therefore not providing evidence for uroplakin 18 as a tumour

suppressor. Human chromosome 3q13.3-2I is a region which has homeology

with bovine chromosome L. The cloning of a mouse Upklb genomic fragment

allowed the mapping of mouse Upklb to Chromosome L6B5-C2, a region which

maintains synteny with both human chromosome 3q and bovine chromosome L.
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CHAPTER 5

ANALYSIS OF EXPRESSION OF

HUMAN UROPLAKIN 1.8 MRNA
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5.1- INTRODUCTION

Expression of bovine uroplakin Ib mRNA has been detected in bovine bladder

and cultured urothelial cells by Northern analysis. The bovine liver, kidney

(excluding renal pelvis), lung, brain and epithelium from the esophagus/ snout

and intestines do not express UPKIb, suggesting bladder-specific patterns of

expression of the bovine UPKIb gene (Yu et a1., 1994). Flowever, the mink TI1

cDNA was isolated from the mink lung epithelial cell line, CCL64, and abundant

mink T1L mRNA expression was detected in this cell line by Northern analysis

(Kallin et al., 1991). In this chapter, the human UPKLB gene will be investigated

for its expression in normal urothelial tissue. Due to the difficulty in obtaining

fresh normal human tissue to isolate RNA, only the human bladder was

examined. However, a number of murine tissues, including bladder and lung,

were analysed to assess the conservation of bladder-specific UPK1B expression

across mammalian species.

Studies of many of the tetraspan family genes, for example, CD63, KAIL and CD9,

have revealed altered patterns of expression in a variety of malignancies in

comparison to normal tissue. The CD63 gene, not expressed in normal

melanocytes, is highly expressed in early melanomas, but expression is lost in

advanced melanomas (Hotta et a1., 1988). Down-regulation of KAIL mRNA

expression has been detected in prostate and pancreatic cancer (Dong et al., 1996;

Guo et aI.,1996). Reduced expression of CD9 is an indicator of poor prognosis in

breast and non-small cell lung cancer (Higashiyama et aI., 1995; Miyake et a1.,

1996). One of the aims of this study was to compare the levels of mRNA

expression of human UPKLB between normal urothelial tissue, bladder tumours,
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and bladder carcinoma cell lines using Northern analysis. UPKLB mRNA

expression was also investigated by the more sensitive RT-PCR method.

The possibility of a relationship between expression of the human UPKLB and

transforming growth factor beta (TGFB) genes in bladder cancer was explored

because the original TI1 studies suggested that the expression of mink TI1 was

regulated by this cytokine (Kallin et a1., 1991). Previous studies have revealed

conflicting results for the expression pattern of TGFpI in bladder cancer. Using

Northern analysis, Coombs et a1., (1993) showed a decrease in the levels of

expression of TGFB1 which correlated with the progression of bladder cancer.

However, Miyamoto et aI., (L995) used a quantitative RT-PCR method to show

that expression of TGFB1 was up-regulated during early stage bladder cancer/

compared to normal urothelium and was decreased in more advanced and

invasive tumours. In the current study, bladder tumours and bladder cancer cell

lines were analysed for the levels of expression of both UPKLB and TGFB mRNA,

to look for a correlation between their expression patterns in cancer.

To address the above aims, a partial human UPK1B cDNA probe to be used for

Northern analysis, was cloned by PCR-based strategies. Expression of the human

UPK1B gene had not previously been analysed, nor had human UPK1B cDNA

probes been cloned. A partial human UPK1B cDNA probe was isolated using

PCR primers designed from the highly homologous mink TIL and bovine UPKIb

cDNA sequences. The total UPK1B cDNA open reading frame was later cloned

and sequenced as described in Chapter 3, so the identity of the partial UPK1B
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CDNA probe isolated for Northern analysis could be verified by sequence

comparlson.

5.2 METHODS

5.2.L Isolation of a partial human UPKLB cDNA probe

RNA was isolated from normal urothelium (2.2.2), and cDNA synthesised lry

reverse-transcription with an oligo (dT) primer (2.2.8). The TM1 and ECD2

primers (Table 2.L) were used to amplify a 415 bp human uroplakin LB cDNA

product at an annealing temperature of 60oC (2.2.7). The PCR product was cloned

into the pGEM-T vector (2.2.L0), transformed into competent cells (2.2.1'4) and a

positive colony propagated (2.2.15). The TML-ECD2/pGEM plasmid was isolated

using the Qiagen midi plasmid kit (2.2.1,6), sequenced using the pGEM primers

(Table 2.I) and aligned to mink TIL and bovine UPKIb cDNA sequences using

Genefockey (2.2.17). The GeneJockey program was also later used to compare the

partial 415 bp cDNA sequence with the human UPK1B cDNA ORF.

5.2.2 Isolation of a human TGFPI- cDNA Probe

Total RNA was extracted from normal urothelium (2.2.2) and reverse-transcribed

using an oligo (dT) primer (2.2.8). The TGFB-S' and TGFP-3' primers (Table 2.1)

were used at an annealing temperature of 55oC to amplify a 663 bp human TGFB

PCR product (2.2.7).

129



5.2.3 Bladder cancer cell lines and tissues

The TCC-SUP, ScaBER, J82 and T24 bladder carcinoma cell lines were obtained

from the American Type Culture Collection (Rockville, MD). The 5637 bladder

carcinoma cell line was kindly provided by Dr. D. Leavesley. All cell lines were

maintained in Dulbecco's Modified Eagle's medium, pIJ7.4, supplemented with

1,0"/"fetalcalf serum at37"C in an atmosphere of 5% CO2Q.2.18). Bladder cancer

tissues were collected with informed consent from either transurethral resection

or rad.ical cystectom/, snap frozen in liquid nitrogen and stored at -80oC. A.y

underlying muscle was removed before the sample was analysed. Samples of

normal human bladder, ureter and renal pelvis tissues were also collected and

snap frozen. The patients who supplied the normal samples of urothelium did

not suffer from any malignant urological diseases.

5.2.4 Detection of expression of UPKLB mRNA by Northern analysis

Total RNA was isolated from normal ureter, renal pelvis, bladder cancer tissue

and bladder cancer cell lines as previously described (2.2.2). Ten pg of RNA was

electrophoresed on a 1% agarose /formaldehyde gel overnight and then

transferred to nylon membrane (2.2.5). The Northern blot was placed in a

hybridisation bottle at 42"C with the pre-hybridisation solution for 3 hours (2.2.6).

The TML-ECD2/pGEM probe was labelled with o"P-dATP using the Gigaprime

kit (2.2.6) and the denatured probe added to the Northern blot and allowed to

hybridise overnight. The Northern blot membrane was washed to a medium

stringency of L x SSC/0.1% SDS at 60oC, then exposed to autoradiography film for

L-5 days and developed (2.2.6).
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5.3 RESULTS

5.3.L Isolation of a human UPKLB cDNA probe

A partial human UPKLB cDNA clone was isolated by RT-PCR, using RNA

isolated from normal human ureter as a template. The ureter, like the bladder

and renal pelvis, contains urothelial cells lining the luminal surface. PCR

primers were designed from mink TIL and bovine UPKIb cDNA sequences which

code for the first transmembrane domain and the putative second exon of the

large extracellular domain. These primers, TM1 and ECD2, amplified a 415 bp

human UPK1B product which was cloned into the pGEM-T vector (Figure 5.1)

and sequenced (Appendix VII). The cDNA sequence of the 415 bp TM1-ECD2

product was compared to the mink TIL and bovine UPKIb cDNA sequences. The

homology between human and the mink T1L cDNA over this region was 94/o

and was 92"/" between human and bovine UPKIb cDNA. The TML-ECD2 sequence

was also later confirmed as human UPK1B by comparison with the 783 bp

human UPK1B cDNA coding for the ORF cloned in Chapter 3.

5.3.2 Human uroplakin LB mRNA is expressed in nonnal urothelium

Northern blots were prepared from RNA isolated from either normal ureter or

renal pelvis. Expression of human UPKLB mRNA was detected by hybridisation

of the 415bp human TM1-ECD2 cDNA probe. Abundant levels of expression of

the human UPKLB gene were detected in the form of two mRNA transcripts of

approximate sizes 1.8 kb and L kb (Figure 5.2). In all RNA samples, the level of

intensity of the two RNA species was almost identical. The 1.8 kb mRNA

transcript is the predicted size of the human uroplakin L8 mRNA, by analogy
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<- 415 bp

Figure 5.1

A. Diagrammatic representation of the ngsi[gryry of the TM]. and ECD2 primers

used tð amplify theZt5 bp human UPK1B cDNA probe'

B. RNA was isolated from nonnal urothelium and reverse-transcribed using

oligo(dT) primers. The TM1 and EcD2 primers directed the PCR amplification

of lhe 415bp human UPK1B cDNA product'

Lane 1.: pUCl9l HPøn marker
Lane 2: normal human urothelium cDNA
Lane 3: positive control -Tll/pBluescript plasmid

Lane 4: negative control (no DNA)
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Figure 5.2
RNA was isolated from normal (N) urothelium and bladder tumour (T) tissue.
Northern analysis of these RNAs using the 415 bp human TM1-ECD2 (UPK1B)
probe detected two transcripts of sizes 1.8 kb and l- kb, in the upper panel.
Expression of UPKLB mRNA was detected inboth normal RNA samples (lanes

L and 2), however, only in lanes 3,5 and 9 did tumours show expression levels
comparable to normal urothelial expression. In Iane7, expression is reduced
and in lanes 4,6 and 8 there is no detectable expression of UPKLB in tumours.
The level of expression was assessed by visual determination, using the
ethidium bromide-stained 18S rRNA in the lower panel as a control for loading



with the 1.8 kb mink and 1,.9 kb bovine mRNA transcripts. The smaller

transcript, of approximately 1 kb was not detected in either mink TIL or bovine

uroplakin Ib Northern blots (Kallin et al., 1991 and Yu et aI., L994).

S.3.3 Expression of UPKLB mRNA is frequently lost in bladder cancer

Northern analysis of RNA isolated from sixteen bladder cancer tissues of varying

stage and grade (Table 5.1) revealed that seven of the bladder tumours had no

detectable expression of UPKLB mRNA, four had reduced expression and five

had levels of UPKLB expression which were comparable to the levels of

expression found in normal urothelial tissue (Figure 5.2). Therefore, in 68/. of

bladder tumours, mRNA expression of human UPKLB was either lost or

markedly reduced. Reduction of expression of UPK1B was determined by visual

examination of the Northern blots, comparing the intensity of the hybridisation

signal between tumour RNA and normal urothelium RNA. Loading was

controlled for by ethidium-bromide staining of the RNA. Similarly, no UPKLB

expression was detected by Northern analysis from RNA extracted from five

human bladder cancer cell lines using the human TM1-ECD2 cDNA probe

(Figure 5.3). The cell lines analysed were 182,T24, TCC-SUP,5637 and ScaBER.
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Table 5.L Relationship between level of expression of UPK1B mRNA, bladder

tumour grade and depth of tumour invasion

Patient UPK1B expression Bladder tumour
grade

Depth of invasion

SC reduced II non-invasive

LH normal II-il non-invasive

EG reduced II non-lnvaslve

BH lost II non-invasive

DAR normal I-II non-lnvaslve

LS normal II non-lnvaslve

DC lost II-ilI muscle invasion

JM lost high grade muscle invasion

HD lost ru muscle invasion

BC normal m muscle invasion

TW lost il muscle invasion

DR normal III muscle invasion

KR lost na vascular invasion

CD reduced II-il lamina propria

LM lost III na

MK reduced na na

(tra - data not available)

133



4 5 6

+ L.Skb
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Figure 5.3
The upper panel shows the Northern analysis of RNA isolated from bladder cancer cell

lines hybridised with the  LSbp human TML-ECD2 probe. None of the five bladder
cancer cell lines have detectable levels of expression of UPKLB. In lane f. is RNA
isolated from the mink lung epithelial cellline, CCL64 which does express TILIUPK1B.

In the lower panel is the ethidium bromide-staining of 18S IRNA to control for loading.

Lane l-:

Lane 2:

Lane 3:
Lane 4:
Lane 5:

Lane 6:

mink (CCL64)
ScaBER

182
TCC-SUP
T24
5637



5.3.4 Analysis of expression of human UPKLB mRNA by RT-PCR

None of the five bladder cancer cell lines had detectable expression of UPKLB

mRNA by Northern analysis. RNA isolated from the bladder cancer cell lines

was also analysed by the more sensitive RT-PCR method. The bladder cancer cell

lines, I8L,TCC-SUP, T24,ScaBER and 5637 all produced the expected202 bp RT-

PCR fragment with the TM3 and ECD2 primers. Flowever, none of the bladder

cancer cell lines amplified the expected 482 bp RT-PCR product using the TM3

and 3'ORF primers (Figure 5.4).

Many of the bladder tumours had no detectable expression of UPKLB mRNA þ

Northern analysis. The RNAs isolated from the tumours were also analysed for

expression of UPK1B by the more sensitive RT-PCR method. RNA from eight

bladder tumours was analysed by RT-PCR for expression of UPK1B mRNA. All

eight samples yielded the predicted RT-PCR products of sizes 198 bp and L06 bp

respectively when using the primer pairs of TM2-ECD and R-ECD-ECD2 (Figure

5.5a). Flowever, only five of the bladder tumours produced RT-PCR products

when either the TM2-3'ORF or TM3-3'ORF primers pairs were used (Figure 5.5b).

Using TM2-3'ORF or TM3-3'ORF primers, the PCR conditions were extended to

include 40 cycles rather than the normal 35 cycles, but again three of the eight

bladder cancer RNAs failed to yield RT-PCR products. The RT-PCR results from

RNA isolated from the bladder tumours and bladder cancer cell lines were

compared with the expression levels of UPK1B mRNA detected for the

corresponding RNA samples by Northern analysis. These comparisons revealed

that eight out of nine bladder tumours or bladder cancer cell lines with no
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Figure 5.4

A.
Diagrammatic representation of the positioning of the two primer pairs used to
amplify UPK1B RT-PCR products from RNA isolated from human bladder
cancer cell lines. The predicted size product from the TM3 and ECD2 primers was
202bp and from the TM3 and 3'ORF primers, a82bp. The numbering represent
the position of the primer in respect to the human UPK1B cDNA ORF.

B.
RT-PCR analysis of RNA isolated from human bladder cancer cell lines and
reverse-transcribed using an oligo(dT) primer. The TM3 and ECD2 primers were
used at an annealing temperature of 60oC to amplify a 202 bp product. The PCR
products were run on a2"/" agarose gel. The 202 bp TM3-ECD2 RT-PCR product
was amplified from RNA from all five bladder cancer cell lines.

Lane 1.: pUCl9 /HpøII marker
Lane 2:182
Lane 3: TCC-SUP
Lane 4:T24
Lane 5: ScaBER
Lane 6:5637
Lane 7: Positive control (mouse bladder)
Lane 8: Positive control (TM3-3'ORF/pG¡VI plasmid)
Lane 9: Negative control (no DNA)

c.
RT-PCR analysis of RNA isolated from human bladder cancer cell lines and
reverse-transcribed using an oligo(dT) primer. The TM3 and 3'ORF primers were
used at an annealing temperature of 60"C to amplify a 482 bp UPK1B cDNA
product. The PCR products were run on a 1,.5"/" agarose gel. No RT-PCR product
was amplifed from any of the RNAs isolated from the five bladder cancer cell
lines using the TM3 and 3'ORF primers.

Lane 1: SPP1./EcoRI marker
Lane 2: J82
Lane 3: TCC-SUP
Lane 4:T24
Lane 5: ScaBER
Lane 6:5637
Lane 7: Positive control (mouse bladder)
Lane 8: Positive control (TM3-3'ORF/pG¡VI plasmid)
Lane 9: Negative control (no DNA)
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Figure 5.5a

A. Diagram of the positioning of the 2 sets of primer pairs used to amplify RT-
PCR products from bladder tumour RNA. The expected size fragment from the
TM2-ECD primers is L98 bp and 106 bp from the R-ECD and ECD2 primers. The
R-ECD primer is the ECD primer in the sense orientation. Positive controls for
both PCR amplifications was the TML-ECD2/pGEM plasmid.

B. RNA was isolated from bladder tumours and reverse-transcribed using
oligo(dT). PCR products were amplified using the TM2 and ECD primers. The
PCR products were run on a L.5% gel.

Lane 1: Positive control
Lane 2: pUCl9 /HpaII marker
Lane 3: Normal urothelium
Lane 4: Tumour BC
Lane 5: Tumour CD
Lane 6: Tumour HD

Lane L: pUCl9/HpøII marker
Lane 2: Normal urothelium
Lane 3: Tumour BC
Lane 4: Tumour CD
Lane 5: Tumour HD
Lane 6: Tumour EG

Lane 7: Tumour EG
Lane 8: Tumour LM
Lane 9: Tumour LS
Lane L0: Tumour DC
Lane 1l-: Tumour JM
Lane 12: Negative control (no DNA)

Lane 7: Tumour LM
Lane 8: Tumour LS
Lane 9: Tumour DC
Lane 10: Tumour JM
Lane l-l-: Positive control
Lane 1-2: Negative control (no DNA)

C. RNA was isolated from bladder tumours and reverse-transcribed using
oligo(dT). PCR products were amplified using R-ECD and ECD2 primers and were
run on a2% gel.
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Figure 5.5 b

D. Diagram of the positioning of the 2 sets of primers used to amplify RT-PCR
products from bladder tumour RNA. The predicted size of the TM3-3'ORF
primer pairing was 482 bp and 560 bp is expected from the TM2-3'ORF primers.
Positive controls for both PCRs were the TM3-3'ORF/pGEM plasmids.

E. RNA was isolated from bladder tumours and reverse-transcribed using an
oligo(dT) primer. PCR products were amplified using the TM3 and 3'ORF
primers. The PCR products were run on a 1.5% gel.

Lane 1: pUCl9 /HpøII marker
Lane 2: Normal urothelium
Lane 3: Tumour BC
Lane 4: Tumour CD
Lane 5: Tumour HD
Lane 6: Tumour EG

Lane 1: pUCl9 /HpaII marker
Lane 2: Normal urothelium
Lane 3: Tumour BC
Lane 4: Tumour CD
Lane 5: Tumour HD
Lane 6: Tumour EG

Lane 7:

Lane 8:

Lane 9:

Lane L0:
Lane LL:
Lane L2:

Tumour LM
Tumour LS
Tumour DC
Tumour JM
Positive control
negative control (no DNA)

F. RNA was isolated from bladder tumours and reverse-transcribed using an
oligo(dT) primer. PCR products were amplified using the TM2 and 3'ORF
primers. The PCR products were run on a 1,.5% geI.

Lane 7: Tumour LM
Lane 8: Tumour LS
Lane 9: Tumour DC
Lane L0: Tumour fM
Lane Ll-: Positive control
Lane 12: negative control (no DNA)
Lane 13: SPP1/EcoRI marker
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UPKLB mRNA expression by Northern analysis, also produced no RT-PCR

product when the 3'ORF primer was used as the antisense PCR primer (Table 5.2).

Table 5.2 Comparison of the detection of expression of UPKI.B mRNA by

RT-PCR and Northern analYsis

Cell line or

bladder tumour patient

RT-PCR

ECD or ECD2

RT-PCR

3'ORF

Northern

analysis

182 yes no lost

TCC-SUP yes no lost

T24 yes no lost

ScaBER yes no lost

5637 yes no lost

HD yes no lost

LM yes no lost

DC yes no lost

IM yes yes lost

CD yes yes reduced

LS yes yes normal

BC yes yes normal

EG yes yes reduced
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5.3.5 UPKI-B and TGFB1 in bladder cancer

It is known that expression of the TI1/UPK1B gene is regulated by transforming

growth factor B1 in mink lung epithelial cells (Kallin et aL, \991). A TGFP1

cDNA clone was isolated by designing TGFB-specific primers to amplify a PCR

product from cDNA synthesised from normal urothelial RNA (Figure 5.6a). The

TGFBl primers amplified a region of 663 bp between the nucleotides 579 and L20L

to produce a TGFB1 probe which was used to hybridise to Northern blots

consisting of RNA isolated from normal urothelium, bladder tumours or bladder

cancer cell lines. Northern analysis detected expression of TGFBI mRNA in

normal urothelium. Of twelve tumours analysed, only four expressed TGFP1

(Figure 5.6b). There was no correlation between expression of TGFBl mRNA and

expression of human UPKLB mRNA. For example, there were tumours which

expressed TGFPI but not UPK1B and also tumours with no TGFB1 expression but

abundant levels of UPKLB (Table 5.3). Analysis of the bladder cancer cell lines for

expression of TGFB revealed a high level of expression in tlne T24 cells (as has

been previously reported (Derynck et a1., 1985)), some expression in the TCC-SUP

and 5637 cells but no expression in the J82 cell line. From previous Northern

blots (Chapter 5-Figure 5.3) it is known that none of these bladder cancer cell lines

express any detectable levels of UPKLB mRNA. These results suggest that there is

no correlation between expression of TGFB and UPKLB mRNA in bladder

cancer.
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Figure 5.6a

A.
Diagram of the position of the TGFP (5' and 3') primers used to amplify a 663bp
TGFP cDNA PCR product between nucleotides 579 and 120t oÍ t}:re 2745 bp TGFp
cDNA.

B.
RNA was isolated from normal urothelium and reverse-transcribed using an
oligo(dT) primer. The TGFB-í and 3'primers amplified a 663 bp product run on
at.5% agarose gel.

Lane L: SPPl/EcoRI marker
Lane 2: Normal urothelium
Lane 3: Negative control (no DNA)
Lane 4: pUCl9 | HpøIlmarker
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Figure 5.6b

c.
Total RNA was isolated from the J82, TCC-SUP, T24 and 5637 bladder cancer cell
lines and electrophoresed on a 1% agarcse/f.ormaldehyde gel overnight and
transferred to nylon membrane. In the upper panel is the Northern blot
hybridised with the 663 bp TGFB cDNA probe. In the lower panel is a parallel
ethidium-bromide staining of 18S rRNA as a control for loading.

Lane L:J82
Lane 2: TCC-SUP
Lane 3: T24
Lane 4:5637

D.
Total RNA was isolated from bladder tumours and normal urothelium,
electophoresed on a l/' agarose/formaldehyde gel and transferred to nylon
membrane. In the upper panel is the hybridisation of the 663 bp TGFB probe to
the Northern blot. In the lower panel is a parallel ethidum-bromide staining of
L8S rRNA as a control for loading.

Lane L: Normal urothelium
Lane 2: Normal urothelium
Lane 3: Tumour DAR
Lane 4: Tumour MK
Lane 5: Tumour KR
Lane 6: Tumour BH
Lane 7: Tumour BC

Lane 8:

Lane 9:

Lane L0:
Lane Ll-:
Lane L2:
Lane L3:
Lane 1.4:

Tumour DC
Tumour CD
Tumour HD
Tumour EG
Tumour LM
Tumour LS
Tumour |M
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Bladder tumour patient Expression of UPK1B Expression of TGFB

HD Iost no

DC lost no

LM lost yes

IM lost yes

KR lost no

BH lost no

MK reduced no

EG reduced no

BC normal no

DAR normal yes

LS normal yes

CD reduced no

Table 5.3 Relationship between expression of UPKLB and TGFBL mRNAs

5.3.6 UPKLB is expressed in mouse bladder

As fresh normal human tissue was difficult to obtain, a range of mouse tissues

were used to look for expression of UPK1B in other tissues besides bladder. RNA

was isolated from mouse bladder, liver, heart, lung and spleen. There is high

cDNA sequence homology between mink TI1 and human UPKLB, therefore it

was assumed this high sequence conservation would also extend to mouse
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Upklb and allow detection of mouse Upklb mRNA, using mink TI1 or human

UPK1B probes. A mouse genomic sequence cloned in Chapter 4, showed 94%

and,95"/o homology to human UPK1B and mink T1L respectively, over LL9 bp of

exonic sequence. Northern analysis of mouse bladder, liver and lung using

either a mink T1L cDNA probe or the human UPK1B TM1-ECD2 cDNA probe

produced the same result. The only tissue which expressed uroplakin 18 mRNA

to levels detectable by Northern analysis was the bladder. The TM3 and ECD

primers were used to amplify a mouse Upklb RT-PCR product. The more

sensitive RT-PCR approach showed expression in mouse bladder and also the

liver (Figure 5.7). A larger PCR product, approximately 800 bp, was amPlified

from genomic DNA, confirming that the product from bladder and liver was

derived from an RNA template. These results suggest that the uroplakin 18

gene is not exclusively expressed in the bladder in the mouse.

5.4 DISCUSSION

In this chapter, a partial human UPK1B cDNA probe was cloned to allow

detection of expression of UPK1B mRNA. This probe was verified by comparison

of its sequence with the human UPK1B cDNA open reading frame sequence as

described in Chapter 3. Northern analysis using the 415 bp UPK1B cDNA probe

revealed that the human UPK1B gene was expressed in normal urothelial tissue.

The expression of the human UPK1B gene in the bladder is in agreement with

the study of other uroplakin genes in different mammalian species which also

have demonstrated urothelial expression (Wu et aL, 1994). Unexpectedly, two

human UPK1B mRNA transcripts were detected by Northern analysis. The
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Figure 5.7
n. n the upper panel is the Northern analysis of RNA isolated from mouse

blad.der,liver and lung, hybridised with the mink TI1 cDNA probe. In the

lower panel is the parallel ethidium-bromide staining of 1-8S rRNA.
Lane l-: bladder,lane 2: liver,lane 3: lung.

B.RT-PCR analysis of RNA isolated from mouse tissues using the TM3 and

ECD primers. The approximately-sized 120 bp PCR product was run on aT/o

gel. A larger 693bp PCR product was amplifed from mouse genomic DNA.
Lane L: ptJClrg l HpaTI Lane 7: sPleen

Lanes Z^C g: bladder Lane 8: positive control (TI1/pBs)

Lane 4: liver Lane 9: mouse genomic DNA (no RT)

Lane 5: lung Lane L0: negative control
Lane 6: heart



larger 1.8 kb transcript was consistent with the lengths of the mink TIL and

bovine UPKIb transcripts. There was no mention of a second mRNA transcript

for either mink T1L or bovine uroplakin Ib mRNA (Kallin et a1., 1991', Yu et a1',

Igg4). The origin of the L kb band remains unknown. The probe used, TM1-

ECD2, was designed to consist primarily of cDNA which would code for the

extracellular domain of the protein, which is the region most diverse between

the tetraspan genes, to prevent cross-hybridisation to other tetraspan genes. This

region of DNA has very little homology with the gene closest in sequence

homology to UPKLB, the bovine uroplakin Ia gene, (FASTA analysis, (Pearson et

at., 1.985)), therefore it is unlikely to represent this mRNA species. Evidence

supporting the theory that the L kb transcript detected is not human UPKIa, is

that in the cow, the uroplakin Ia gene expresses a larger L.3 kb transcript.

A possible explanation for the presence of the l- kb transcript is that it arises from

alternately splicing or may occur as a result of a second transcription start site of

the UPKLB gene. The intensity of the lower 1 kb transcript was always identical

to the higher 1.8 kb transcript regardless of the stringency used to wash the

Northern blots after hybridisation. There have been reports of alternate

transcripts in three other tetraspan genes. The SAS gene encodes two major

transcripts of sizes 1.7 and 0.9 kb. However, unlike the UPKLB transcripts, which

are of equal intensity, the longer SAS 1.7 kb transcript is consistently more

abundant. In both the astrocytoma cell line, 5F268, and the leukemia cell line,

HL60, there is no detectable 0.9 kb transcript but a highly expressed 1'.7 kb

transcript. A faint band al 4.0 kb is also detected in some cell lines but is thought

to be due to incomplete splicing rather than an alternately spliced product
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(jankowski et a1., 1994). The L6 gene encodes two transcripts of sizes l-.8 and 1'.2kb.

The smaller 1.2 kb transcript is presumed to correspond to the cDNA isolated in

the original cloning strategy and the larger transcript may be either an alternately

spliced transcript or a processing intermediate. Flowever, the larger transcript

appears to be more abundantly expressed (Marken et aI., 1992). The NAG-2

tetraspan gene also transcribes two different size mRNA species. The 1.5 kb

mRNA transcript of NAG-2 is present in all human tissues except the brain. A

larger 6.5 kb mRNA transcript of NAG-2 is detected only in heart and skeletal

muscle, along with the 1.5 kb mRNA (Tachibana et a1., t997).

Analysis of mRNA of human uroplakin LB in bladder tumours and bladder

carcinoma cell lines revealed a high incidence of reduced or lost expression in

comparison to normal urothelium. These results suggest that the normal

function of uroplakin LB is frequently disrupted in bladder cancer and suggests a

role for the human UPK1B gene in the pathogenesis of bladder cancer. The small

sample size of bladder tumours available to be analysed precluded correlations

between levels of uroplakin expression and degree of invasion and cancer stage.

However preliminary results suggest that those tumours without uroplakin 1-B

expression are also invasive in nature. Antibodies directed against UPK1B were

not available for this study, so immunohistochemical localisation of UPK1B

protein was not possible, nor was correlation between the dysregulation of

mRNA expression and protein expression.

In agreement with the current study, loss of expression of other uroplakins has

been reported to be a common event in transitional cell carcinoma of the bladder.
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Immunohistochemistry, using rabbit antibodies against uroplakin III, of paraffin

sections of transitional cell carcinoma (TCC), detected positive reactions in all

stages of bladder cancer. Although 88% of papillary noninvasive TCC were

positive, only 53% of invasive TCCs and 66"/" of metastatic TCCs were positive for

uroplakin III protein expression (Moll et a1., 1995). Similarly, expression of

uroplakin II was only found in 40% of transitional cell carcinomas (Wu et a1.,

t998). Ogawa et a1., (1996) studied the patterns of expression of uroplakins in

various degrees of chemically-induced hyperplasia and carcinoma in the ratt

bladder. In chemically-induced simple hyperplasia, expression of uroplakins was

observed in the intermediate cells as well as in the normal location on the

luminal surface but the staining patterns remained orderly. In bladder

carcinomas, expression was absent from the luminal surface and only a small

amount of focal staining was observed in the intermediate cells. These studies all

suggest that disruption of expression of uroplakins is involved in the progression

of transitional cell carcinomas and are in good agreement with the data presented

above.

RT-PCR analysis of both the bladder carcinoma cell lines and the bladder

tumours has revealed an interesting but unexplained correlation between lack of

expression of UPKIB by Northern analysis and the inability to amplify the total

UPK1B cDNA coding for the open reading frame by RT-PCR. These results

indicate that the cell lines and tumours with no detectable Northern expression

of UPK1B may have the 3'ORF primer sequence missing at either the DNA level

or the RNA level. More information is required regarding the genomic

structure of UPKLB to allow amplification of this region to determine if the
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sequence of the 3'ORF primer is still present at the DNA level in those tumours

which failed to amplify RT-PCR products using the 3'ORF primer. The RNA

used as a template for the RT-PCR was primed using an oligo (dT) primer,

therefore, the polyA tail of the UPKLB mRNA must still be intact in these

tumour and carcinoma cell line RNAs.

There appears to be no correlation between the expression of UPKLB and TGFB

mRNA. This is surprising as, at least in the CCL64 cell line, expression of mink

T1L appears to be regulated by TGFB. However, the expression of mink TI1 may

be regulated by the growth arrest phase of the cycle rather than specifically TGFB.

This hypothesis is consistent with the results of experiments conducted by Kallin

et a1., (L991) showing that inducing growth arrest by growing cells in 0.5% serum

also results in a substantial rapid increase in mink TlL expression in CCL64 cells.

The up-regulation of TGFB expression starts a cascade of events which result in

growth arrest. The signalling pathway of TGFB is very complex and it may be

simplistic to assume that TGFp directly regulates the expression of TI1. A more

reasonable hypothesis may be that TGFB-induced growth arrest, rather than

growth arrest induced by other genes or factors, favours regulation of TI1

expression. Flowever, some of the bladder tumours do express UPKLB mRNA,

but do not express TGFB mRNA and this would suggest that UPKLB is not a

direct downstream target of TGFB signalling.
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The expression of a novel gene in a particular tissue may offer an insight into the

function of the gene. In this case, bovine uroplakin Ib mRNA expression is

detected solely in bovine bladder tissue (Yu et aI.,1994), which would suggest that

the uroplakin Ib gene product has a bladder-specific function. However, the

conflicting results of the detection of mink T1L mRNA expression in a lung cell

line, brings this assumption into question. Due to the unavailability of a range of

normal human tissues, it was considered worthy to study murine tissues to

assess conservation of bladder-specific UPK1B expression in the mouse.

Expression of UPKLB mRNA was detected only in mouse bladder tissue by

Northern analysis. Flowever, the more sensitive RT-PCR method revealed

some expression in the mouse liver. Yu et al., (1994) investigated the expression

of bovine uroplakin Ib by Northern analysis and not by RT-PCR and claimed

urothelial-specific expression. The inconsistency between expression of TIL in the

mink lung and the apparent bladder-specific bovine UPKIb expression is referred

to by Yu et al., (1994). The authors suggested that the expression of T1L in mink

lung may occur because an original subpopulation of the mink lung epithelial,

CCL64 cells were UPKIb/Tl1-positive. Transcription of various tissue-specific

genes have been detected by RT-PCR and subsequent Southern analysis in non-

specific cells (Chelly et aI.,1989). For example, transcripts of the erythroid-specifc

B-globin gene and the muscle-specific aldolase A gene were detected in human

fibroblasts, lymphoblastoid cell lines and hepatoma cells. This phenomenon of

low levels of transcription of a tissue-specific gene in non-specific cells is termed

"illegitimate transcription".
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Studies of other uroplakin proteins have also revealed bladder-specific

expression. The uroplakin III protein was detected in human bladder and not

lung tissue by immunohistochemistry (Moll et à1., 1995). To look at the

molecular regulation of uroplakin II, a 3.6 kb 5'flanking sequence of the mouse

uroplakin II gene was used, in transgenic mouse experiments, to drive the

expression of a bacterial lacZ rcporter gene in urothelial tissue. The promoter

region of the mouse uroplakin II gene was found to be capable of driving

expression of a foreign gene in not only the bladder but also the hypothalamus

region of the brain. Flowever, expression of uroplakin II was found only in the

bladder of a normal mouse by RT-PCR and not in any other tissue analysed (Lin

et al., 1995).

In this chapter, the expression of human UPK1B mRNA has been detected in

normal urothelium, however 68"/o of bladder tumours analysed have either a

reduction or complete loss of UPKLB expression. These results suggest that the

normal function of the human uroplakin 18 gene is frequently disrupted in

bladder cancer. Therefore, loss of expression of UPK1B may have a role in the

pathogenesis of bladder cancer. It is possible that UPK1B is acting as a metastasis

suppressor or a tumour suppressor, in analogy with the tetraspan genes, CD63,

CD9 and KAI1. Flowever, the loss of expression of UPKLB may not be an

initiating event but simply a consequence of the loss of differentiation that a

cancerous tissue undergoes as the tumour progresses and infiltrates the normal

tissue and if this is the case, the UPK1B gene may be useful as a marker of

progression of bladder cancer.

1.44



CHAPTER 6

MOLECULAR MECHANISMS

OFTHE FREQUENT LOSS OF

UROPLAKIN 1.8 EXPRESSION IN

BLADDER CANCER
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6.I INTRODUCTION

In the previous chapter, the expression of human UPKLB mRNA was shown to

be frequently lost or reduced in bladder tumours. The aim of this chapter was to

investigate the possible molecular mechanisms involved in the down-regulation

of expression of UPK1B mRNA detected in bladder cancer.

A number of other tetraspan genes also have altered patterns of expression in

cancer and five independent studies have explored the possibility of DNA

alterations being involved in the observed aberrant expression. The first two

studies investigated KAI1, which decreases in protein expression as prostate

cancer progresses, for a possible molecular mechanism to account for the loss of

KAI1 expression in prostate cancer. A study analysing DNA isolated from

American patients, failed to detect allelic loss in prostate cancer, using the

D1,I51344 microsatellite marker located in the same chromosome region as the

KAI1 gene, chromosome 11p1L.2 (Dong et al., 1996). Flowever, an earlier Japanese

study, using the same D1151344 marker, found allelic loss or imbalance in 70"/o of

informative patients with metastases of prostate carcinoma (Kawana et aI.,1997).

The possibility of mutations in the KAIL gene was explored by the amplification

by PCR of each of the eleven KAI1 exons. PCR products obtained from DNA

isolated from prostatic metastases and matched normal prostatic tissue were

compared by single-strand conformation polymorphism (SSCP) for mutations.

There was no band shift observed for any of the ten metastases, indicating that

none had a mutation of the KAI1 gene (Dong et a1., 1996).
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The L6 protein, another member of the tetraspan family, is over-expressed in a

number of malignancies, including lung cancer. Southern analysis of the L6 gene

revealed identical banding patterns between the lung carcinoma cell line A549,

which overexpresses L6 and the melanoma cell line H3606, which has no

detectable levels of expression of L6, suggesting that gross gene rearrangements or

amplifications are not involved in the overexpression of the L6 gene (Marken et

aL,1992). The CD63 gene has varied levels of expression in different melanoma

cell lines. However Southern analysis of these cell lines did not reveal any

amplification or rearrangement of the CD63 gene to account for the differing

degrees of expression (Hotta et a1., 1988). The TALLA-L tetraspan gene is

expressed as a surface marker in T-ALL (T-cell acute lymphoblastic leukemia) cell

lines but not on normal peripheral blood mononuclear cells or immortalised T

cell lines. Southern blot analysis of T-ALL cell lines failed to detect any gross

genomic alteration of the TALLA-1 gene (Takagi et al., L995). In summary/ none

of the studies thus far have found a molecular mechanism which could explain

the observed altered patterns of expression of the tetraspan genes in cancer.

This chapter describes the search for genetic alterations of the human UPK1B

gene in bladder cancer. Molecular analyses were performed on DNA isolated

from bladder tumours and bladder cancer cell lines to determine if the observed

down-regulation of expression of the UPK1B gene was caused by gross gene

rearrangements or allelic loss. Southern analysis was used to determine if there

were different banding patterns between normal DNA and bladder tumour DNA,

which would indicate the presence of large gene deletions, amplifications or

rearrangements. Microsatellite markers were used to look for allelic loss of the
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chromosome region 3q1,3.3-q2L in bladder cancer, where the human UPK1B gene

is located (Chapter 4).

6.2 METHODS

6.2.1 Southern analysis of the human UPK1B gene

Genomic DNA was isolated from peripheral blood leukocytes, cell lines and

bladder tumour tissue (2.2.1). The DNA was digested with either TøqI, KpnI, XbøI

or PsfI restriction enzymes overnight and then electrophoresed in 7/" agarose

gels for L6 hours and transferred to nylon membranes as described in 2.2.4. The

probes used for hybridisation were t}i.e 778 bp human genomic probe (3.3.2), the

TM3-3'ORF cDNA (3.3.1) and the UPK1B cDNA ORF (3.3.1). All probes were

labelled with a3'P-dCTP using the Gigaprime kit (2.2.6) and hybridised as

described in2.2.6.

6.2.2 Microsatellite analysis using polymorphic markers

PCR primers (Table 2.1-) were synthesised to amplify the microsatellite repeats for

both D3S1278 andD3SL292 (Gyapay et al., 1994). Each PCR, using either of the two

sets of primers, was carried out at an annealing temperature of 55"C (2.2.7) with

the addition of Lpci o32P-dATP per reaction. The PCR products were denatured

at 95"C for 5 min and separated by gel electrophoresis on 6"/o (19:1) polyacrylamide

urea gels for 3 hours at 40 W in L x TBE (2.2.3). The gels were vacuum-dried,

exposed to autoradiography film and developed after 1,-2 days.
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6.3 RESULTS

6.3.L Rearrangements of the human uroplakin LB gene

The frequent loss or reduction of UPK1B mRNA expression in bladder cancer

could be due to gross rearrangements of the UPK1B gene in these tissues. To test

this hypothesis, DNA was isolated from a series of peripheral blood leukocytes

(PBL) from donors (as normal controls) and bladder tumours and digested with

the TøqI restriction enzyme. The resultant Southern blot was hybridised with a

778bp human genomic UPK1B probe. In both normal DNA and fifteen tumour

DNA samples, a single 2.5 kb band was detected (Figure 6.1). After the blot was

stripped (2.2.6), hybridisation of the total human UPK1B cDNA ORF on the same

Southern blot produced five bands in both normal and tumour samples of sizes,

5.0, 4.0,3.5,21 and 2.5 kb (Figure 6.1).

Analysis of Southern blots containing DNA from four bladder cancer cell lines

hybridised with tlne 778 bp UPK1B genomic probe revealed one band of 15 kb

when the DNA was digested with PsfI and 7.2kb on digestion with XbøI(Figure

6.2). Digestion of DNA from five bladder cancer cell lines with KpnI resulted in

a single 8 kb band when probed with the TM3-3'ORF UPK1B cDNA probe (Figure

6.2). The intensity of bands in all of the above Southerns did not differ

sufficiently from any of the bladder tumour DNAs in comparison to normal

DNAs, to suggest that the UPKLB gene was amplified. For all of the above

Southerns, identical banding patterns were observed for both normal, bladder

tumour and cell line DNA. Ethidium bromide staining of the Southern gels

showed equivalent loading of DNA. These results taken together indicate that

large gene rearrangements, deletions or amplifications were not detected and
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Figure 6.1
A.
Genomic DNA isolated from normal (N) PBL and bladder tumour (T) tissue was
digested withTaqI. The Southern blot was hybridised with the 778bp human UPK1B
genomic probe. Al1 samples produced an identical2.5 kb band, indicating there is no

rearrangement of the UPKLB gene.

B.
The Southern blot in (4.) was stripped and hybridised with the total human UPKLB
cDNA ORF. Five bands were produced in normal and tumour samples of sizes 5,4,3.5,
2.7 and2.5 kb.
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Figure 6.2
A. Southern analysis of DNA from four bladder cancer cell lines digested with PsfI

and hybridised with the 778bp human UPK1B genomic probe. One band of 1-5 kb

was detected in all lanes, therefore no reaffangment of the UPKLB gene was observed.

Lane L:J82,1ane 2: ScaBE& lane 3: TCC-SUP and lane 4:T24.

B.Southern analysis of DNA from four bladder cancer cell lines digested wll}:.XbøI
and hybridised with the 778bp human UPK1B genomic probe. One band of.7.2kb

was dãtected in alllanes, therefore no reaffangement of the UPK1B gene was detected.

Lane 1.:I82,Lane2:ScaBE& lane 3: TCC-SUP,lanes 4&5: normal genomicDNA and lane

6:T24.

C.Southern analysis of DNA from five bladder cancer cell lines digested vnthKpnl
and hybridised with the TM3-3'ORF UPK1B cDNA probe. One band of 8 kb was

detecied in all lanes, therefore no realïangement of IJPKLB was observed. Considerably
less DNA was loaded on the Southern gel in lanes 2-4, accounting for the low intensity

of hybridisation.
Lanô 1:!82,lane 2: ScaBE& lane 3: TCC-SUP,lane 4:T24, lane 5: 5637artdlanes 6 &
7: normal genomic DNA
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therefore, are not the reason for the loss of mRNA expression of UPK1B in

bladder cancer

6.3.2 Allelic loss using Polymorphic microsatellite markefs

To investigate the possibility that allelic loss may result in loss of expression of

the UPK1B gene in bladder cancer, a method to differentiate one allele from the

other was required. Polymorphic microsatellite markers were chosen that

mapped either side of the human uroplakin 18 gene, which is located on

chromosome 3q13.3-21 (Chapter 4). The D351278 and D3S1292 rnarkers are

localised proximal, (3q13) and distal (3q21.3) respectively to chromosome 3q13.3-

2l (Gyapay et al., L994). These dinucleotide CA repeat markers are highly

polymorphic between individuals allowing the two copies of chromosome 3 to be

differentiated. The premise of this experiment was that if both markers flanking

the UPK1B gene were lost in the tumour DNA, then it is highly likely that the

gene located between the two markers had also been lost. DNA from fifteen

matched normal PBL and bladder tumour samples was used as the template for

separate PCR amplification of each marker (Figure 6.3). Comparison of the

banding patterns between PCR products of each matched normal and tumour

pair failed to reveal any difference, indicating that both alleles were retained in

the bladder tumours (Figure 6.4). Therefore, allelic loss was not detected for

either the D3S1292 or D351278 markers in any of the fifteen bladder tumours

analysed.
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Figure 6.3
A representative agarose gel showing PCR amplification using either the
D351278 orD3S1292 sets of primers from human genomic DNA. The PCR
products were run on a2'/" gel. The sizes of the D357278 PCR products range
from 203-23L bp depending on the number of CA repeats. The sizes of the
D351292 PCR products range fuom1,42-1.66bp depending on the number of CA
repeats.

Lane 1.: pUCl9 /HpaII marker
Lane 2: genomic DNA (D35L278)
Lane 3: genomic DNA (D351278)
Lane 4: genomic DNA (D351278)
Lane 5: negative control

Lane 6: genomic DNA (D351292)
Lane 7: genomic DNA (D351292)
Lane 8: genomic DNA (D351292)
Lane 9: negative control
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Figure 6.4
A.
Microsatellite analysis of the polymorphic marker D351292 in selected, matched
normal (N) and tumour (T) DNA samples. PCR products were run on a 6%

polyacrylamide gel. PCR product sizes ranged from 1'42-1'66bp.

B.
Microsatellite analysis of the polymorphic marker D351278 in selected, matched
normal (N) and tumour (T) DNA samples. PCR products were run on a 67o

polyacrylamide gel. PCR product sizes ranged from 203-231'bp.



6.4 DISCUSSION

Expression of the human UPKLB gene is frequently lost or reduced in bladder

cancer. The down-regulation of mRNA expression may be due to a number of

different genetic aberrations. In this chapter, gross gene rearrangements and

allelic loss were investigated as possible molecular mechanisms which may affect

the levels of UPKLB mRNA. The possibility of gross gene rearrangements

affecting UPK1B mRNA levels was considered because a large deletion or

rearrangement of the UPK1B gene would obviously disrupt or prevent

transcription. Allelic loss is often associated with tumour suppressor genes

which frequently also have point mutations on the other intact allele in

tumours. There is a possibility that the UPK1B gene product has tumour

suppressive activity, as do other tetraspan proteins and allelic loss of UPKLB

could account for the reduction of expression of some of the bladder tumours.

To establish if gross gene rearrangements were responsible for the down-

regulation of UPK1B mRNA expression in bladder cancer, Southern analysis was

performed on a number of tumours and cancer cell lines, using a variety of

restriction enzymes and UPK1B probes. Particular enzymes and probes were

chosen to give good coverage over the UPK1B coding region. There was no

difference in banding pattern between normal and tumour DNA indicating that

there was no gross rearrangement of the UPK1B gene. Therefore, it is not likely

that large gene rearrangements or deletions are the reason for the frequent loss of

UPK1B mRNA expression in bladder cancer. Amplification of the UPK1B gene

in the bladder tumours was not expected as this would most likely result in an

overexpression of UPK1B mRNA, but was also eliminated as a possible genetic
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alteration in the tumours. Amplification of the tetrasPan gene, SAS occurs in

sarcoma and neuroblastoma cell lines which also overexpress SAS mRNA

(jankowski et al., t994).

To search for allelic loss of the UPK1B gene, a restriction fragment length

polymorphism within the gene could be used to allow differentiation of one

allele from the other. There is a TøqI restriction fragment length polymorphism

located within the UPK1B gene (Chapter 3.3.3) however with a rate of

heterozygosity of 29% and a sample size of only fifteen tumours it was considered

to be not sufficiently polymorphic to make this study viable. Microsatellite

markers are often used for allelic loss studies, as these tandem DNA repeat

sequences are abundant, highly polymorphic, are widespread across the genome

and can be detected by PCR (Gonza\ez-Zulueta et a1., 1993). The two microsatellite

markers, D3SL278 and D3S1292, were chosen for their close proximity to the

UPKLB gene on chromosome 3q13.3-q21. The result of no allelic loss for either

marker in the samples of bladder cancer is surprising because there is usually a

background level of allelic loss for a chromosome arm in tumours. Flowever, as

previously discussed in Chapter 3, there have been no earlier studies that have

looked precisely at chromosome 3q13.3-q2L The current sample size was quite

small due to the limited availability of matched normal and tumour DNAs.

However, this data would suggest that any deletion of the UPK1B gene is going to

be a rare event in less than 10% of tumours. The tumour DNA samples

examined for allelic loss included both tumours which expressed UPK1B mRNA

as well as those which did not, as detected by Northern analysis.
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These studies have not exhausted all the possible molecular mechanisms which

could result in a loss or reduction of UPK1B expression. Potential mechanisms

which have not yet been examined include point mutations, small deletions,

promoter sequence abnormalities and hypermethylation of the UPK1B promoter

or gene. Down-regulation of an upstream gene which regulates UPK1B

expression may also result in lost or reduced UPKLB expression in bladder cancer.

To investigate these possibilities, more information is required regarding the

genomic structure of human UPK1B. The human UPKLB promoter would need

to be cloned to enable the examination of potential mutations or methylation

changes of the promoter between normal and tumour DNAs which may result

in transcriptional silencing (Versteeg, 1997). To search for point mutations or

small deletions, the single-strand conformation polymorphism (SSCP) technique

could be used (Orita et al., 1989). The exon/intron boundaries of the human

UPK1B gene would first need to be determined to allow amplification of the exon

sequences to detect sequence anomalies between normal and tumour DNAs. It is

also possible that an unknown upstream gene responsible for regulation of

UPK1B expression is mutated in bladder cancer and that the loss of expression of

UPK1B is just a downstream event of this initiating mutation. Analysis of the

promoter sequence may reveal motifs for binding sites of particular proteins

which may be involved in the regulation of UPKLB gene exPression.
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ACTIVITY OF UROPLAKIN 1.8

154



7.I INTRODUCTION

To date, no studies have investigated the possible biological function of the

human UPK1B gene. The initial insights into the function of UPKI,B come from

studies investigating its homologues, mink TI1 and bovine UPKIb. The mink

TI1 gene was originally isolated from the mink lung epithelial cell line, CCL64.

Expression levels of mRNA of mink TlL were increased in CCL64 cells growth-

arrested by either serum starvation or TGFB1 treatment, however, CCL64 cells

grown in normal growth conditions express only a basal level of T1L mRNA

(Kallin et a1., 1991). The bovine uroplakin Ib gene codes for a protein product of

the asymmetric unit membrane of the bladder and is expressed specifically in

terminally differentiated urothelial cells (Yu et al., 1994). The preferential

expression of TlL during growth arrest and UPKIb in terminally differentiated

cells implicates TI1IUPKIb as a potential negative regulator of the cell cycle and

inducer of terminal differentiation.

The initial aim of this study was to monitor the effect of exogenous

overexpression of TIL, under the control of a constitutive CMV promoter, oh

CCL64 cells. The hypothesis for this experiment was that constant high levels of

expression of TlL throughout the cell cycle, rather than just during the growth

arrest stage, would be growth inhibitory to the cells. These experiments would

determine if TI1 acts as a growth-suPPressor.

It is also useful to draw analogies with other tetraspan proteins and their

respective functions for an insight into the possible role of the UPK1B gene
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product. As discussed in the literature review, while the precise functions of

many of the tetraspans are unknown, some have roles in cell motility, activation,

growth and adhesion. Recent studies have found that some of these tetraspan

genes have reduced levels of expression in a range of human cancers, suggesting

they may function as tumour suppressor genes. The CD63 gene, not expressed in

normal melanocytes, is highly expressed in early melanomas, but expression is

lost in advanced melanomas. Transfection of the CD63 gene into a CD63-

negative melanoma cell line, resulted in suppression of tumorigenicity and

reduced metastasis in nude mice (Radford et aI., 1995). Down-regulation of KAI1

mRNA expression has been detected in prostate and pancreatic cancer (Dong et

a1.,1996, Guo et al., 1996). When transfected into metastatic prostate cancer cells,

KAI1 suppressed lung metastases in nude mice (Dong et a1., 1995). Reduced

expression of CD9 is an indicator of poor prognosis in breast and non-small cell

lung cancer (Miyake et a1., 1996, Higashiyama et aI., 1995). Transfection of CD9

into a metastatic mouse melanoma cell line resulted in suppression of the

metastatic potential as demonstrated by a reduction in the formation of tumour

foci in the lungs of nude mice (Ikeyama et aI.,1993). These results all suggest that

the CD63, KAI1 and CD9 gene products are capable of acting as metastasis

suPPressors.

The second section of this chapter examines the effect of exogenous expression of

TIL on human bladder cancer cell lines. Analysis by Northern blot of a number

of bladder cancer cell lines failed to detect any UPKLB mRNA transcripts (Chapter

5.3.3). The aim of this section of the study was to determine if the restoration of

expression of UPKLB in these cells would revert the transformed phenotype of
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these cancerous cells. Two bladder cancer cell lines, 5637 and T24, wete chosen

for the transfection studies because of their differing properties. The 5637 cell line

was derived from a well-differentiated transitional cell carcinoma and has high

levels of expression of p53 protein, but contains a mutation resulting in an

amino acid change from arginine to threonine (Cooper et a1., 1994). 5637 cells are

negative for retinoblastoma protein expression, but exPress both MDM2 and E-

cadherin (Reiger et aI., 1995). The T24 cell line was derived from an

undifferentiated, invasive, grade III transitional cell carcinoma (Bubenik et a1',

1973). The T24 cells express low levels of a novel mutant p53 protein with an

inframe deletion of a tyrosine amino acid at codon L26 (Cooper et a1., 1994) but are

positive for retinoblastoma expression (Grimm et a1., 1995). Neither 5637 or T24

cells express UPK1B mRNA transcripts to levels detectable by Northern analysis

(Chapter 5.3.3).

The plasmid vector chosen to provide the exogenous expression of the TI1 gene

was the pRc/CMV vector which contains a strong constitutive cytomegalovirus

promoter and allows high levels of expression of cloned genes. The cDNA

coding for the open reading frame of the mink T1L protein was cloned into the

multiple cloning site of the pRc/CMV vector in the 'sense' orientation with

respect to the promoter. At the time these experiments were carried out, the total

human UPK1B cDNA open reading frame had not yet been cloned. It was

known that there was a high degree of homology between mink TIL and bovine

UPKIb cDNA sequences and it was assumed that this high degree of homology

would also be conserved in the human UPK1B cDNA sequence. This

assumption was later confirmed as the degree of homology of the cDNA coding
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for the open reading frame of the protein between mink and human UPKLB was

determined to be very high at 92/" (Chapter 3.3.L), strongly suggesting that mink

TlL would be active in human cells.

This chapter reports the first efforts to gain an insight into the biological function

of the UPK1B/TIL gene. While it has been shown that the expression of UPKLB

is down-regulated in bladder cancer, (Chapter 5.3.3), it is important to discover

the normal function of the UPK1B gene in urothelial cells to determine its

relevance in the pathogenesis of bladder cancer.

7.2 METHODS

7.2J1. Cloning of mink T1L cDNA into pRc/CMV

The Tl1lpBluescript plasmid (Figure 7.I) was linearised with the ApøI enzyme

(2.2.1,1) at 25oC and purified through a Wizard Prep minicolumn (2.2.9). The

ApøI-digesled TlllpBluescript plasmid was then digested with the HindIII

enzyme at 3f C (2.2.1,1) to release an 848 bp ApaI/ HindIII TI1 fragment which was

purified from a low melting point agarose gel by Wizard Prep. (2.2.9). The

pRc/CMV plasmid was also digested with the ApøI and HindIII enzymes (2.2.1.1),

both of which have unique recognition sites in the polylinker. The 848 bp TI1

cDNA fragment was then ligated into the ApøI/HindIII pRc/CMV plasmid using

T4 DNA ligase (2.2.12). The ligated plasmid was transformed into competent

E.coli cells (2.2.L4) and mini-preparations of the plasmid were isolated (2.2.15).

Recombinant plasmids were detected by PCR analysis (2.2.7) using S'CMV and

3'CMV primers (Table 2.1) and by restriction enzyme digestion using the KpnI
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and StuI enzymes (2.2.11). A large-scale plasmid preparation of TI1ICMV was

prepared using the Qiagen midi-plasmid kit (2.2.16).

7.2.2 Transfection of TII/CMV

The CCL6 4, 5637 andT24 cell lines were seeded at 4 x LOs cells per 25cm2 flask and

grown until approximately 50% confluent. The cells were transfected with 10 pg

of plasmid, either TI1ICMV or CMV alone (2.2.79). All transfections were set up

in duplicate and included transfection of an empty vector as a negative control.

After approximately two weeks of selection with 400 pg/ml of the antibiotic,

G418, the resultant colonies were counted. Individual colonies were manually

picked and propagated in 2 ml of DMEM plus L0% FCS (2.2.18) in24 well plates in

the presence of continued G418 antibiotic selection. When the well became

confluent, the cells were trypsinised and transferred to a small 25 crn2 flask. Cells

from each clone were subsequently divided into three flasks and the cells were

used to isolate DNA (2.2.L), RNA (2.2.2) or to make frozen stocks of the

transfectants (2.2.18).

7.2.3 PCR analysis to detect the transfected TIL/CMV plasmid in

CCL64,T24 and 5637 cell lines

DNA was isolated (2.2.I) from stable transfectant cell lines. PCR primers (S'CMV

and 3'CMV) (Table 2.1) were designed from the pRc/CMV plasmid sequence to

anneal to regions of DNA on either side of the multiple cloning site and, if used

to amplify an empty pRc/CMV plasmid, yielded a product of 202 bp. The

expected size of the PCR product amplified from the TII/CMV plasmid, using
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s'CMV and 3'CMV primers was 950 bp. The annealing temperature for this PCR

was 63oC (2.2.7). Gene-specific primers, TM3 and ECD, (Table 2.1) were also used

in conjunction with the CMV primers.

7.2.4 Detection of exogenous exPression of TIL mRNA by

Northern analysis

Total RNA was isolated (2.2.2) from flasks containing cells transfected with either

TII/CMV or CMV plasmid alone, either two days after transfection or after

approximately two weeks of G418 selection. Ten pg of RNA was electrophoresed

on 1/" formaldehyde gels and then transferred to nylon membrane as described

in 2.2.5. The Northern blots were hybridised with either TI1ICMV or

TI1lpBluescript plasmids, which were radiolabelled with cr"P-dCTP using the

Gigaprimekft Q.2.6). After the blots were washed athigh stringency, (0.1 xSSC,

0.1% SDS at 65"C), they were exposed to autoradiography film and developed

(2.2.6).

7.2.5 Cloning of UPKI-B ORF into the pTRE plasmid vector

The pTRE vector was linearised by digestion with the SøcII enzyme (2.2.11) and

then treated with calf intestinal alkaline phosphatase (CIP) to prevent self-

ligation (2.2.12). The NHLB-3'ORF/pGEM plasmid containing the cDNA coding

for the open reading frame of the human UPK1B protein (Chapter 3.3.1), was

digested with the SacII and SacI enzymes (2.2.71) to excise the UPKLB cDNA ORF

from the pGEM plasmid. The 802 bp SøcI-UPKIB-SøcII fragment was purified þ
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Wizard Prep (2.2.9) from a low-melting point agarose gel. Both the UPKLB

fragment and the linearised pTRE vector were treated with 20 units of the

Klenow enzyme (Bresatec) at 37"C for 30 mins, which adds on nucleotides to the

overlapping restriction enzyme ends to create blunt ends. The UPK1B fragment

was then ligated into the pTRE vector using T4 DNA ligase (2.2.12), transformed

into competent E.coli cells (2.2.L4) and mini-preparations of the plasmid were

isolated (2.2.15). Recombinant plasmids were detected by PCR analysis (2.2.7)

using S'TRE and UPKlB-specific ECD? primers (Table 2.L) and also by restriction

enzyme analysis (2.2.71). A large-scale plasmid preparation of UPK1B/pTRE was

isolated using the Qiagen midi-plasmid kit (2.2.L6).

7.2.6 Transfection of the pTET-ON and UPKLB/pTRE plasmids

The 5637 cells were grown until approximately 50% confluent and then

transfected with 10 pg of pTET-ON plasmid as described previously (2.2.19).

Transfectant cells were propagated in 400 þB/rnI G418 for two weeks and

subsequent G4L8-resistant clones were manually picked and propagated in

separate flasks. DNA was isolated from the transfected cells (2.2.1) and PCR

analysis used to determine those clones which contained the pTET-ON plasmid.

Primers,S'TET-ON and 3'TET-ON (Table2.L), were designed to amplify a245bp

product from the pTET-ON plasmid, using an annealing temperaturc of 62"C

(2.2.7). The second transfection (2.2.19) involved the co-transfection of two

plasmids, UPKIB/pTRE and the pTK-HYG plasmid. Cells positive for the pTET-

ON plasmid were transfected with the UPK1B/pTRE and pTK-HYG plasmids or

as a control, pTRE and pTK-HYG. Transfectant cells containing these plasmids
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were selected using hygromycin, as the pTK-HYG plasmid contains a

hygromycin-resistance gene. G418 was also added to the culture to maintain

selection for the pTET-ON plasmid.

7.3 RESULTS

7.3.1 Cloning of mink T1L cDNA into pRc/CMV

The TI1lpBluescript plasmid, which contains the full length TI1 cDNA sequence

was digested with t}re HindIII and ApøI enzymes which recognises sites within

the TIl. cDNA. Tlne HindIII enzyme cuts at nucleotide 46 of the T1L cDNA which

precedes the start codon, ATG, located at nucleotide 69. The ApøI site is located at

nucleotide 894 bp, downstream of the stop codon, TAA, at nucleotide 849.

Therefore, the resulting 848 bp HindIII/ ApøI fuagment contains the total TIL

cDNA coding for the open reading frame. The cDNA fragment was ligated þ
directional cloning into the HindIII/ ApøI-digested pRc/CMV vector and a

plasmid containing the 848 bp TI1 fragment was propagated (Figure 7.1). The

identity of the TIIICMV plasmid was verified by PCR, restriction digests and

sequence analysis. Using primers designed to anneal 5' and 3' of the multiple

cloning site of the pRc/CMV vector, the correct size PCR product of 950 bp was

amplified from the TI1ICMV plasmid. An empty CMV plasmid yields a202bp

PCR product following amplification with the CMV primers (Figure 7.2).

Restriction digests of the plasmid with the KpnI and the StuI enzymes confirmed

that the T1L fragment had been ligated into the plasmid in the correct orientation

(Figure 7.3). The TI1ICMV plasmid was sequenced in both directions using the

CMV primers and compared to the original sequence published by Kallin et al.,

(1991) using GeneJockey, identifying the insert as TII- (Appendix VIII).

L62



pRc/CMV
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Figure 7.1

The pRc/CMV plasmid was digested with ttte Hindfr, and ApaI enzymes whidt removed 100 bp of the polylinker. The

Sa8 bp Hindl[,] ApøITII cDNA?agment, containing the open reading frame codingjol thg TI1 protein, was excised

from the TI1/pBiuescript plasmidand cloned into the Hindln l Apøl-digested pRc/CMV plasmid vector.
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Figwe 7.2
A.
Diagrammatic representation of the 950 bp TILICMV PCR product amplified
from the TII/CMV plasmid using the S'CMV and 3'CMV primers, located 5' and
3' respectively of the pRc/CMV polylinker. Amplification of an emPty çMY
plasmid wouid yield i ZOZ bp product, as pRc/CMV contains an extra 100 bp of
polylinker compared to the TIIICMV plasmid.

B.
Amplification of TI1 cDNA from the TII/CMV plasmid using S'CMV and
3'CMV primers, confirming ligation of the 848 bp T1L cDNA into the pRc/CMV
vector. the pCR products were electrophoresed on a 1.5% agarose gel.

Lane 1: pRc/CMV plasmid
Lane 2: TI1,/CMV plasmid
Lane 3: SPP'I./EcoRI marker
Lane 4: negative control (no DNA)
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Figure 7.3
The TIL cDNA was originally excised from the pBluescript plasmid using the
HindIII and ApøI sites at locations 46 and 894 bp. The pRc/CMV vector was
digested wlth HindIII and ApaI enzymes which removed 100 bp from the
polylinker, therefore the 5446 bp vector became 5346 bp in length. With the
addition of the 848 bp TI1 cDNA fragment, the total length of the TILICMV
vector was 6194 bp. Restriction sites within the pRc/CMV vector are depicted in
black and the sites within the T1L cDNA are depicted in blue.

A.
Schematic diagram of the TI1ICMV plasmid showing the location of the KpnI
restriction enzyme sites. The KpnI enzyme has two recognition sites within the
848 bp TI1 cDNA (450 and 816) and one site within the pRC/CMV plasmid (1732).
If the TI1 cDNA has been inserted into the CMV plasmid in the correct
orientation, the expected fragment sizes (red) after KpnI digestion would be 5009
bp,819 bp and 366bp. Digestion of pRC/CMV alone with KpnI would give two
fragments of sizes 46LI bp and 835 bp as the KpnI enzyme cuts within the
polylinker atnucleotide 897, (removed by digestion with tlire HindIII and ApaI
enzymes).

B.
Schematic diagram of the TI1ICMV plasmid showing StuI rcstriction sites. The
StuI enzyme has one site within the 848 bp TI1 cDNA (675) and one site within
the CMV plasmid (2070). If the TI1 cDNA has been inserted into the CMV
plasmid in the correct orientation, the expected fragment sizes after SføI digestion
are 4896 bp and 1298bp. Digestion of pRC/CMV alone wlth StuI would linearise
the plasmid to a size of 5446bp.

c.
One pg of either the TILICMV or the pRC/CMV plasmid were digested with
either t}re KpnI or StuI restriction enzymes for t hr at 3fC and run on a 1..2%
agarose gel.

Lane 1: SPP1. / EcoRI marker
Lane 2: pRc/CMY -KpnI
Lane 3: TIIICMY -KpnI

Lane 4: pRc/CMY -StuI
Lane 5: TI1ICMY -StuI
Lane 6: pRc/CMV -undigested
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7.3.2 Overexpression of exogenous T1L mRNA is antiproliferative to

CCL64 cells

The mink TII/CMV plasmid construct and a negative control, pRc/CMV vector

were transfected into separate flasks of CCL64 cells. Unfortunately, the CCL64

cells grew very rapidly, despite increasing the concentration of G418 from 400

ltg/rnl to 1200 þg/ml, so that calculating colony numbers was not possible. The

colonies were overlapping or touching each other so individual counts could not

be determined. (A decrease in colony number from empty vector to TII/CMV

transfectants would indicate exogenous expression of TI1 was inhibiting growth.)

Parental, untransfected CCL64 cells were G418-sensitive at concentration levels of

800 pg/ml and died within two weeks. After approximately two weeks of

continual selection with 800 þg/m\ G41.8, DNA was isolated from CCL64 cells

transfected with either the TI1/CMV vector or the empty CMV vector. Flowever,

no TILICMV PCR product could be amplified from DNA isolated from the

TI1/CMV cells, suggesting that the TI1/CMV plasmid construct was not present

in these cells (Figure 7.4). A PCR product was obtained from the pRc/CMV

transfected cells indicating that they did contain the pRc/CMV plasmid after

selection and propagation. The pRc/CMV-transfected cells were also overgrown,

but the plasmid was retained during selection and propagation.

DNA isolated from seven individual TI1ICMV colonies, examined for the

presence of the exogenous TlL gene by PCR using a CMV primer and a gene-

specific primer, TM3, also failed to amplify TI1ICMV products (Fígwe 7.4). No

exogenous TlL transcript was detected in any of the seven clones, by Northern
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Figure 7.4
A.
Diagrammatic representation of the positioning of the primers TM3 and 3'CMV
used to detect the presence of the TI1/CMV plasmid in the CCL64 transfections.

B.
PCR analysis, using TM3 and 3'CMV primers, of DNA isolated from seven
individuaICCL64 clones transfected with the TI1/CMV plasmid and selected for
two weeks with G418. The PCR products were run on 1..5'/" agarose gel. None of
the seven clones amplified a TM3-CMV product, indicating that they did not
contain the TI1/CMV plasmid.

Lane L:

Lane 2:
Lane 3:
Lane 4:
Lane 5:
Lane 6:
Lane 7:

Lane 8:

Lane 9:
Lane 10:
Lane l-1:

SPPI / EcoRI marker
TI1ICMV clone L

TI1ICMV clone 2
TI1ICMV clone 3
TI1ICMV clone 4
TI1ICMV clone 5
TI1ICMV clone 6
TI1ICMV clone 7
positive control (TI1ICMV plasmid)
negative control (no DNA)
pUC1.9 /HpaII marker
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Figure 7.5
RNA was isolated from individual clones of CCL64 cells transfected with TI1ICMV
Northern analysis of these RNAs (upper panel) using TI1 cDNA as a probe detected
endogenous expression of TI1 in all RNA samples, however no exogenous TIL
expression was detected. The endogenous TlL transcript is 1.8 kb in length while
any exogenous TI1 expression would be 1.1 kb in length. RNA in lane 1 was
isolated from CCL64 cells transfected with the pRc/CMV vector only. RNA in
lanes 2-8 was isolated from individual colonies transfected with TI1/CMV plasmid.
In the lower panel is the parallel ethidium bromide-staining of the l-8S rRNA as a

control for loading.



analysis (Figure 7.5). The expected size of the exogenous T1L transcript is l-.L kb,

compared to the size of the endogenous T1L mRNA of 1.8 kb.

7.3.3 Expression of exogenous T1L mRNA is antiproliferative in the

5637 cell line

The TIL/CMV construct was also transfected into the 5637 bladder carcinoma cell

line. An empty pRc/CMV vector was transfected into duplicate cultures as a

negative control. PCR amplification of the TI1/CMV construct, using CMV

primers and also a 5' CMV primer with a gene-sPecific, ECD primer, from DNA

isolated 2 days after transfection, revealed that the TI1/CMV construct was

present (Figure 7.6). The 5637 cells grew too quickly to enable manual picking of

individual clones during antibiotic selection. Therefore, DNA and RNA were

initially isolated from the pooled clones after selection with G418 for two weeks,

from either vector control or TI1/CMV transfectants. Expression of exogenous

T1L mRNA (1.1 kb) was detected in two duplicate TI1ICMV flasks by Northern

analysis (Figure 7.7). PCR analysis detected the presence of the TI1ICMV plasmid

in one of two duplicate flasks of cells (Figure 7.6).

The pooled clones from the TI1/CMV transfectants were then seeded sparsely at

approximately L000 cells per flask and the concentration of G418 increased to 800

þg/rr.l. A total of twelve individual clones were picked and propagated.

Northern analysis of these twelve clones showed no exogenous expression of T1L

(Figwe7.7). Therefore, despite the TI1ICMV plasmid being present two days and

also two weeks post-transfection in some of the 5637 cells, no stable TI1-
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Figure 7.6
A.
Diagrammatic representation of the positioning of the 5' CMV-3'CMV and
S'CMV-ECD primer pairs used to detect the presence of the TI1/CMV plasmid
after transfection into 5637 cells. The positions of the S'CMV and 3'CMV primers
are based on the numbering of the pRc/CMV plasmid. The 848 bp TI1 cDNA was
inserted into the pRc/CMV plasmid between nucleotides 89L and 99L, the sites of
the HindIII and ApaI enzymes. The position of the ECD primer is based on the
numbering of the mink T1L cDNA.

B.
DNA was isolated from each duplicate flask of the 5637 transfection for both the
TI1/CMV and CMV transfectants after 2 weeks and also from the two day
transfection. The 5'CMV and 3'CMV primers were used to amplify the TI1ICMV
and CMV constructs. The PCR products were run on a 1..5"/" agarose gel. The
expected size product for TI1ICMV transfected cells was 950 bp and for pRc/CMV
was 202bp.

Lane 1:

Lane 2:
Lane 3:
Lane 4:
Lane 5:
Lane 6:

Lane 7:

Lane 8:

SPPl/EcoRI marker
5637 CMV (flask 1)
5637 CMV (flask 2)
5637 TI1./ CMV (flask 1)
5637 TIl / CMV (flask 2)
5637 TI1./ CMV (Day 2- post transfection)
Positive control (TI1ICMV)
Negative control (no DNA)

c.
DNA was isolated from each duplicate flask of the 5637 transfection for both the
TII/CMV and CMV transfectants after 2 weeks and also from the two day
transfection. The S'CMV and ECD primers were used to amplify the TI1ICMV
construct and the PCR products were run on a 2"/" agarose gel. The expected size
product lor TI1./CMV transfected cells was 503 bp and no product was expected for
the 5637 CMV DNA.

Lane 1.: SPP1./EcoRI marker
Lane 2:5637 CMV only (flask L) -negative control
Lane 3:5637 CMV only (flask 2) -negative control
Lane 4:5637 TI1ICMV (flask 1)

Lane 5:5637 TI1ICMV (flask 2)
Lane 6:5637 TI1ICMV (Day 2- post transfection)
Lane 7: Positive control (TI\ICMV)
Lane 8: Negative control (no DNA)
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Figwe 7.7
A.
Northern analysis (upper panel) of RNA isolated from 5637 cells transfected with
TI\ICMV and hybridised with TIL cDNA. Exogenous TlL expression is detected
in RNA isolated from duplicate flasks of pooled TI1ICMV transfectants (lanes 3
and 4). Lanes 1 and 2 contain RNA isolated from 5637 cells transfected with CMV
only. Lane 5 contains RNA isolated from a transient 2 day transfection with
TI1/CMV and a faint band is seen at 1.1.kb. Lane 6 contains RNA isolated from
CCL64 cells, known to express endogenous TII- at 1.8 kb. The exogenous transcript
size of TI1 is 1.1 kb. In the lower panel is the parallel ethidium bromide staining
of 18S IRNA as a control for RNA loading.

B.
Northern analysis (upper panel) of RNA isolated from individual clones of
5637cells transfected with TI1ICMV and hybridised with TI1 cDNA. No
exogenous expression of TI1 mRNA was detected from RNA of any of the L2

clones, in lanes 2-13.Lane L contains RNA isolated from CCL64ce11s, known to
express endogenous TIL (1.8 kb). The lower panel contains parallel ethidium
bromide staining of 18S rRNA as a control for RNA loading.
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expressing clones could be propagated, suggesting continued expression of TIL is

inhibitory to the growth of 5637 cells.

7.3.4 Expression of exogenous TIL mRNA is antiproliferative in the T24

cell line

Transfection of the TI1/CMV construct into duplicate flasks of T24 cells resulted

in only a small number of colonies, eight and five, after two weeks of selection in

G418 (a00 ¡tglml). In contrast, transfection of the empty pRc/CMV vector in

duplicate flasks oÍ T24 cells resulted in colony numbers of 58 and 51 (Table 7.1).

This result represents a marked reduction of approximately eight-fold in colony

number in those flasks transfected with the TI1ICMV plasmid.

Table 7.1 Number of colonies in duplicate flasks of a single transfection

Vector Experiment L Experiment 2

pR MV

TI1./CMV

A transient transfection of two days showed, by PCR, that the TI1/CMV plasmid

was Present in tlire T24 cells. After two weeks of selection, DNA was isolated

from thirteen TI1ICMV individual clones. PCR analysis, using 5' and 3' CMV

primers resulted in products of 950 bp for three of the clones. Flowever, when

using an internal 5', T1L primer, (TM3) and the 3'CMV primer, 566bp products

were amplified from six clones (Figure 7.8). Only three individual clones

amplified a PCR product with both sets of primers, suggesting that the total

5

58

8
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Figure 7.8

A.
Diagrammatic representation of the positioning of the 5'CMV-3'CMV and TM3'-
CMV primer pairs in relation to the TI1/CMV plasmid construct. The positions
of the S'CMV and 3'CMV primers are based on the numbering of the pRc/CMV
plasmid. The 848 bp TI1 cDNA was inserted into the pRc/CMV plasmid between
nucleotides 89L and99t, the sites of the HindIII and ApøI enzymes. The position
of the TM3 primer at nucleotide 372 is based on the numbering of the mink TIL
cDNA.

B.
PCR analysis using S'CMV and 3' CMV primers to amplify DNA isolated from
ttrle T24 cells transfected with TIL/CMV (Clones 1-13). Lanes l-6 and l-7 contain
PCR products from DNA isolated from T24 cells transfected with CMV only.
DNA isolated on duy 2 following transfection was positive for the
TI1lcMvplasmid. Clones positive for the TI1ICMV plasmid were number 6, 9
and 13.

Lane 1: SPPI/EcoRI marker
Lane 2: T2ATI1./CMV Day 2
Lane 3: Clone L

Lane 4: Clone 2
Lane 5: Clone 3
Lane 6: Clone 4
Lane 7: Clone 5
Lane 8: Clone 6
Lane 9: Clone 7
Lane L0: Clone 8

Clone 9
Clone L0

Clone LL

Clone 12
Clone L3

T24 CMV only (flask 1)
T24 CMV only (flask 2)
Positive control (TI1ICMV)
Negative control (no DNA)
SPP1./EcoRI marker

Clone 9
Clone 10
Clone 11

Clone 12
Clone L3
T24TIL/CMV Day 2
Positive control (TI1ICMV)
Negative control (no DNA)
SPP1./EcoR[ marker

Lane 11:
Lane 12:
Lane L3:

Lane l-4:

Lane l-5:

Lane L6:
Lane 17:
Lane L8:

Lane l-9:
Lane 20:

c.
PCR analysis using TM3 and 3'CMV primers to amplify DNA isolated from the
T24 cells transfected with TI1ICMV. Clones positive for the TI1ICMV plasmid
are clones 1, 6, 7 9, tL and 13. DNA, isolated two days after transfection of
TI1ICMV, also amplified the TM3-3'CMV product.

Lane l-:

Lane 2:
Lane 3:
Lane 4:
Lane 5:
Lane 6:
Lane 7:

Lane 8:
Lane 9:

Lane L0:
Lane 11:
Lane L2:

Lane L3:
Lane 14:
Lane 15:

Lane L6:
Lane L7:
Lane L8:

pUCl9/HpøII marker
Clone L

Clone 2
Clone 3
Clone 4
Clone 5

Clone 6
Clone 7
Clone 8
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TII/CMV plasmid was not present or was rearranged in the other three clones.

The rearrangement must have removed the 5' CMV primer site which

implicates the loss of at least a region of the CMV promoter, where the 5' CMV

primer anneals.

Total RNA was extracted from each of the thirteen stable TI1/CMV transfectant

cell lines after selection. Northern analysis, using the Tl1/pBluescript plasmid as

a probe, failed to detect expression of the exogenous TI1 mRNA in any of the

clones (Figure 7.9). Therefore, although three clones did appear to contain the

TI1ICMV plasmid as determined by using both sets of PCR primers, these clones

did not express detectable levels of exogenous TI1 mRNA. The cells from the

transient transfection of two days also showed no expression, although the cells

were shown by PCR to contain the TI1ICMV plasmid.

7.3.5 Transfection of TIL/CMV into the NIH3T3 cell line

In initial experiments, the TII/CMV construct and the pRc/CMV plasmid were

transfected into the mouse fibroblast NIH3T3 cell line. At the time of these

experiments, it was not known that the uroplakin Ib gene was the bovine

homologue of the mink T1L gene. Therefore, it seemed reasonable to use the 3T3

cell line to investigate the growth-inhibitory properties of TI1. Northern analysis

of a number of resultant stable clones detected two clones which had exogenous

expression of T1L (Figure 7.10). The growth of these clones in comparison to the

vector clones was not followed up, because it was subsequently reported that

UPK1B is both epithelial- and bladder-specific (Yu et aL, 1994.) and would not be

expected to be biologically relevant in a cell of fibroblast lineage. However, the
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Figure 7.9
Northern anaþis (upper panel) of RNA isolated from T24 cells transfected with
either TI1ICN/IV or CMV only, hybridised with the TlLlpBluescript plasmid.
Lanes L-13 contain RNA isolated from 13 individualT2fclones transfected with
TI1ICMV. None of the l-3 clones express exogenous TIL. Lanes t4-15 contain RNA
isolated from T24 cells transfected with CMV only as negative controls. Lane L6
contains RNA isolated from a transient two day transfection with TI/CMV. No
exogenous expression was detected for the two day transfection. Lane L7 contains
RNA isolated from CcL64cells, known to express an endogenous i..8 kb TI1
transcript. In the lower panel, the parallel 18S rRNA was stained with ethidium
bromide to control for RNA loading.
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Figure 7.1-0

nÑ,q was isolatecl from a number of indiviclual clones of NIH3T3 cells transfected

r,vith TIl/ CN,IV, run on a Northern gel and hansferred. The subsequent Northern
blot was hybriclisecl n'ith TIl. cDNA and exogeltous TI1- expression r,vas detectecl in
tvvo cloneq 1 ancl4. Enclogerìous expression of TIl r,vas detected in RNA isolatecl

fi'om CCL64 cells.

Lane l-: NIH3T3 TI1/ CVIV clone 1

Lane 2: NIH3T3 TIU C\'{V clone 2

Lane 3: NIH3T3 TIU CN,IV clone 3
Lane 4: NIH3T3 TIU CNIV clone 4
Lane 5: NIH3T3 TI-I/ CN/Ñ'clone 5

Lane 6: CCL64 RNA



importance of these experiments is that T1L cDNA inserted into the pRc/CMV

construct is able to be transcribed and the mRNA is sufficiently stable to be

detected by Northern analysis. The antiproliferative effect of exogenous TI1 in

epithelial cell lines was not seen in the mouse fibroblasts, suggesting fibroblasts

are not sensitive to the inhibitory effects of T1L.

7.3.6 Cloning of human UPKLB ORF cDNA into pTRE

The failure to successfully propagate stable clones expressing constitutive TIL,

presumably due to the antiproliferative nature of the TI1 gene, lead to the

cloning of the human UPK1B cDNA into an inducible vector, pTRE. The

advantage of an inducible expression vector system is that it will allow stable

clones to be propagated which then have the ability to express exogenous UPK1B

on the addition of the inducer. The tetracycline, TET-ON, inducible vector

system was therefore chosen to allow inducible expression of UPKLB.

The human UPKLB cDNA open reading frame was cloned into the pGEM-T

plasmid as described in Chapter 3. As no suitable unique restriction enzyme sites

were present both in the pTRE plasmid and the UPKIB/pGEM-T plasmid, the

strategy used was to digest both plasmids and then use the Klenow enzyme,

which adds on nucleotides to create blunt ends, to allow blunt-ended ligation of

the UPKLB cDNA into pTRE (Figure 7.1.L). Initially, the UPK1B cDNA was

excised from the pGEM-T vector with the SacII and SøcI restriction enzymes and

the pTRE plasmid linearised with SøcII. The overlapping single-stranded ends of

both the vector and the insert were nullified using the Klenow enzyme and the

pTRE vector and the UPK1B cDNA insert were then ligated.
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Ten ¡rg of NHLB-3'ORF/pGEM plasmid was digested with SøcII and SacIto release the NHLB-3'ORF fragment whidr
was then treated with the Klenow enzyme to create blunt ends. The pTRE vector was linearised with Sacn and treated

with Klenow enzyme to create blunt ends. The NH1F3'ORF fragment was ligated into the 'blunt-end" Sacn'site

of pTRE using T4ligase.

AmpR

orí

pTRE

3.1 kb

TRE

orl

LJPK1B/pTRE
3.e kb



The integrity and identity of the UPKLB/pTRE plasmid was confirmed by PCR,

restriction digests and sequencing. The orientation of the plasmid was

determined by using the following PCR primer combinations, 5'TRE/TM3,

5'TRE/ECD2 and TM3/3'TRE (Table 2.1). The combination of the S'TRE and

ECD2 primers produced the expected 640 bp fragment and the TM3/3'TRE

primers produced the expected 577 bp fragment, indicating the UPK1B cDNA was

cloned in the sense orientation with respect to the promoter of the pTRE

plasmid. Similarly, no product was amplified from the UPK1B/pTRE plasmid

using the S'TRE and TM3 primers (Figure 7.12).

To confirm the UPK1B fragment had been cloned in the sense orientation, the

UPKIB/pTRE plasmid was digested with EcoRI, which linearised the plasmid

and with KpnI, which digested the plasmid into four fragments of length, 2943,

571,365 and 65 bps (Figurc 7.L3). Subsequent sequence analysis confirmed the

identity and orientation of the UPKIB/pTRE plasmid (Appendix IX).

7.3.7 Transfection of pTET-ON and UPKLB/pTRE into the 5637 cell line

The tetracycline-inducible system requires two separate transfections. Firstly, the

pTET-ON response plasmid was transfected into the 5637 cells and the transfected

cells were selected lor.by the addition of 400 pg/ml of G418 antibiotic. Clones

containing this plasmid were detected by PCR analysis using primers designed to

anneal to the pTET-ON plasmid. A pooled, mass culture of clones and also two

individual clones contained the pTET-ON plasmid (Figure 7.14). These cells

were propagated and used for the second transfection of two co-transfected

plasmids, UPKIB/pTRE plasmid (or an empty pTRE control) and pTK-HYG,
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Figwe 7.12

A.
Diagrammatic representation of the primer combinations used to confirm the
presence of the UPK1B insert in pTRE and also to determine the orientation of
the UPKLB insert with regard to the pTRE promoter. PCR primers used were
vector-specific primers, 5'TRE and 3'TRE in combination with gene-specific
primers, TM3 and ECD2.

B.
PCR analysis of the UPK1B/pTRE plasmid using the vector-specific and gene-
specific primer combinations. If the UPK1B insert was cloned in the sense
orientation, PCR products will be amplified from the 5'TRE-ECD2 and 3'TRE-
TM3 primer combinations of sizes 640 bp and 577 bp respectively. No product
will be amplifed from UPKIB/pTRE using 5'TRE and TM3 primers, if UPKLB has
been cloned in the sense orientation with regard to the TRE promoter. The PCR
products were electrophoresed on1...5'/" agarose gels.

Lane L:

Lane 2:

Lane 3:
Lane 4:
Lane 5:
Lane 6:

pUCL9 /HpøII marker
UPKIB/pTRE (primers S'TRE-ECD2)
UPKLB/pTRE (primers 3'TRE-TM3)
UPKIB/pTRE (primers S'TRE-TM3)
Negative control (no DNA)
SPP1 /EcoRI marker
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Figure 7.L3

A.
Schematic diagram of the UPKIB/pTRE plasmid showing the location of EcoRI
and KpnI restriction enzyme sites. Digestion of the UPKIB/pTRE plasmid with
the EcoRI site will linearise the plasmid (total plasmid size is 39aabfl.T}rre KpnI
enzyme has two recognition sites in the pTRE plasmid and two in the UPK1B
insert. If the UPK1B insert is cloned in the sense orientation, the expected
fragment sizes are 2943bp,57Lbp,365 bp and 65 bp. If the UPKLB insert is cloned
in the antisense orientation, the expected fragment sizes are 2943bp,422bp,365
bp and 21.4bp.

B.

Five pg of UPK1B/pTRE plasmid was digested with either tlne KpnI or EcoRI
enzyme for l- hr atSfC and the resultant fragments electrophoresed on a 1.5%
agarose gel. The fragment sizes confirmed that the UPK1B insert was present and
was cloned in the sense orientation with regard to the pTRE promoter.

Lane L:

Lane 2:
Lane 3:
Lane 4:

SPP1 / EcoRI marker
UPK1B/pTRE -EcoRI
UPK1B/pTRE -KpnI
pUCl9 / HpøII marker
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Eigarc 7.14

A.
Diagram of the positioning of the pTET-ON primers, located in the reverse
letracycline-responsive Transcriptional Activator (rtTA). The rtTA binds to the
tet-responsive element (TRE) after transfection of the pTRE plasmid, activating
transcription of the cloned gene in the presence of tetracycline.

B.
PCR analysis to detect the presence of the pTET-ON plasmid in DNA isolated
fromindividual and pooled clones of 5637 cells transfected with the pTET-ON
plasmid. The S'TET-ON and 3'TET-ON primers amplify a 248 bp PCR product,
run on a 2"/" agatose gel.

C.
PCR analysis to detect the presence of the pTET-ON plasmid in individual clones
of 5637 cells transfected with the pTET-ON plasmid.

Lane l-:
Lane 2:
Lane 3:
Lane 4:
Lane 5:
Lane 6:

Lane 1:

Lane 2:
Lane 4:
Lane 5:
Lane 6:
Lane 7:

Lane 8:

pUCl9 / HpatI
5637 pTET-ON pooled clones
Clone L

Clone 2
Positive control (pTET-ON plasmid)
Negative control (no DNA)

SPP'J./EcoRI marker
Clone 3
Clone 4
Clone 5
Clone 6
Positive control (pTET-ON plasmid)
Negative control
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which contains a hygromycin-resistance gene. The transfected cells were grown

in the presence of both G418 and hygromycin to ensure the continued selection

for both of the transfected cells. Unfortunately, despite a number of attempts, no

colonies were formed for either the cells transfected with UPKIB/pTRE or the

negative control, pTRE, so UPKLB-inducible clones could not be analysed.

7.4 DISCUSSION

In Chapter 5, it was shown that expression of the human UPK1B gene was

markedly reduced or lost in a high percentage of bladder tumours. Similarly,

none of the bladder cancer cell lines analysed had any detectable expression of

UPK1B by Northern analysis. The next questions to be answered are: Does this

loss of expression implicate abnormalities in expression of UPKLB in the

pathogenesis of bladder cancer? If the expression of UPK1B is reintroduced into

these UPKlB-negative bladder cancer cell lines, can the transformed phenotype

be reverted? Does the expression of UPK1B initiate or maintain growth arrest as

suggested by the experiments in the CCL64 cell line by Kallin et a1., (1991)? Could

UPK1B have tumour-suppressive or metastasis-suppressive activity, as suggested

by the frequent loss of expression of UPKLB in bladder cancer and by analogy with

other tetraspan genes?

To begin to answer these questions, the TIL cDNA was cloned into a pRc/CMV

vector and transfected into the CCL64 cell line. The same construct was also

transfected into the UPKLB-negative bladder cancer cell lines, T24 and 5637. The

pRC/CMV vector was chosen because the cytomegalovirus promoter provides
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strong constitutive expression of cloned genes. At the time of these experiments

the total open reading frame of the human UPK1B had not been cloned, however

the high degree of sequence homology between mink TIL and bovine uroplakin

Ib cDNA suggested mink TlL would be biologically active in human cells.

The failure to propagate any transfectant clones expressing exogenous TIL mRNA

after selection in G418, in either the CCL64,5637 or the T24 cell lines, suggests the

cells that are not constitutively expressing T1L mRNA have a growth advantage.

Overexpression of the TI1 gene in the CCL64 cells may induce these cells to enter

growth arrest or block entry into the cell cycle so they do not form colonies.

Unlike the two bladder cancer cell lines, the CCL64 cells do have a basal level of

endogenous expression of TIL. Flowever, the continual expression of T1L in all

phases of the cell cycle, as opposed to the normal transient manner of TI1

expression during growth arrest, may disrupt the normal cell cycling, pushing

cells into a permanent state of growth arrest. This would explain the absence of

clones which express exogenous TIL and why only G418-resistant colonies grew

in culture and propagated. The cells must either retain the neomycin resistance

gene of the pRc/CMV plasmid or spontaneously mutate to develop neomycin

resistance to enable them to grow in the presence of the G418 antibiotic. The

latter explanation is unlikely as flasks of control untransfected cells did die in the

presence of G418.

Early transfections of TI1/CMV into the mouse fibroblast cell line, NIH3T3,

resulted in the detectable expression of exogenous TI1 mRNA transcripts by

Northern analysis. These experiments exclude the possibility of a problem with
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either the construction of the TI1ICMV plasmid or the capability of the

cytomegalovirus promoter to induce expression of TI1 mRNA, at least in

fibroblast cells. Detection of expression of exogenous T1L by Northern analysis in

5637 cells confirmed that the TI\ICMV plasmid was also able to transcribe

exogenous TIL mRNA transcripts in epithelial cells.

Transfection of the TI1ICMV plasmid into 5637 cells failed to produce colonies

which stably expressed exogenous TIL mRNA. Although transient transfections

showed the presence of the TI1/CMV plasmid in the 5637 cells by PCR and the

presence of mRNA expression by Northern analysis, after selection in G418 none

of the clones either contained the plasmid construct or expressed any exogenous

TI1. These results suggest that expression of exogenous TIL is incompatible with

the continued proliferation of the 5637 bladder carcinoma cells.

Expression of exogenous T1L in the T24 bladder cancer cell line resulted in an

eight-to-ten-fold decrease in the number of colonies propagated in comparison

with those arising from cells transfected with the empty CMV vector. Therefore

expression of TI1 in these cells appears to be growth-inhibitory. Northern

analysis of the colonies that did grow when transfected with exogenous TlL under

the control of the constitutive CMV promoter revealed that none of them

expressed T1L mRNA. PCR analysis using the CMV primers showed that three of

the TI\/CMV clones did contain the TILICMV plasmid. However, use of the

gene-specific TM3 primer and the 3'CMV primer, yielded a PCR product from six

clones, three of which also amplified a product from the CMV primers. The

other three clones could possibly contain rearranged CMV sequences, preventing
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the annealing of the S'CMV primer to the CMV promoter. The three clones that

did amplify the expected size products from both sets of primers did not show any

exogenous TlL expression by Northern analysis, suggesting that although they did

contain a structurally intact transfected TI1 cDNA, the gene was still not able to be

expressed. This apparent discrepancy may be explained by a low efficiency of

transfection, so the expression is not able to be detected. Another explanation for

the lack of detectable exogenous TII- transcript may be that the CMV promoter or

the polyA tail were deleted or rearranged which would either prevent the

expression of TIL or reduce its stability respectively. Spontaneous mutations of

the T1L cDNA or of a region of the CMV promoter or polyA region may account

for the clone's ability to survive despite the presence of the TI1/CMV plasmid at

the DNA level. Analysis of the integrity of the TI1ICMV plasmid of these clones

by restriction digests and Southern analysis using regions of the TIL/CMV as

probes may confirm these possibilities.

Differences in transfection efficiency between different flasks of cells was

controlled for in these experiments by using duplicate flasks for both the control

plasmid and TIIICMV plasmid. To control for a possible difference in

transfection efficiency of different plasmids, perhaps a scrambled T1L cDNA

cloned into the pRc/CMV vector could be used in future experiments. Flowever,

the same conclusions, that TI1 is antiproliferative, were reached from all

experiments in three different cell lines, suggesting that the results were not due

to differences in transfection efficiency. In agreement with the argument that

differences in transfection efficiency of plasmids was not significant in these

experiments, are the NIH3T3 experiments which involved the transfection of the
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pRc/CMV and TII/CMV plasmids. In this experiment, TlllcMv-containing

clones were isolated after selection which did express exogenous TIL. Therefore,

both the pRc/CMV plasmid and the TI1ICMV plasmid were transfected to

degrees of efficiency which allowed both to be propagated as stable clones,

although colony numbers were not compared.

There are examples in the literature of other genes which fail to propagate

colonies which express the gene of interest, when exogenously expressed in cells

via the cytomegalovirus constitutive promoter. For example, exogenous

expression of the p16 gene, directed by the cytomegalovirus promoter, inhibited

the growth and propagation of the clones in culture unless the exogenous gene

had been rearranged. The study found that there was a L0- to 2O-fold decrease in

the number of colonies produced from the cells which had been transfected with

the exogenous p16 cDNA in comparison to those cells which had been transfected

with the control plasmid. The authors conclude from these results that p16

inhibits the growth of bladder cancer cells when it is overexpressed, that is, p16 is

inducing growth arrest in these cells (Wu et al., 1996a).

Another study also investigated the function of the p16 gene, using the

cytomegalovirus promoter to drive exogenous expression of p16. A human

esophageal carcinoma cell line (HCE-4) was transfected with p16 plasmid

constructs and the colony-forming efficiency was reduced by 68/" lor p1-6 cloned

in the sense orientation in comparison to antisense p16 cDNA plasmids. The

ovarian cancer cell line, SK-OV-3 was also transfected with the p16 cDNA

plasmid construct and isolated clones were expanded. Exogenous p1-6 mRNA

173



was transiently expressed at 48 hours after transfection but in the expanded cell

population, no expression was detected. The expanded clones containing sense

p16, also showed rearrangement of the gene (Okamoto et a1., 1994). These results

suggest that constitutive expression of exogenous p16 inhibits cell growth and

that rearrangement of p1,6,leading to inactivation of the transfected gene, confers

a selective growth advantage to the cell.

A recent study investigating the GAS1 gene used the pRc/CMV vector to provide

constitutive expression of GAS1 in the GAS1.-negative A549 lung

adenocarcinoma cell line. Although expression of exogenous GASL was detected

by Northern analysis 72hr after transfection, expression was absent in individual

clones after G418 selection for two weeks. There was also a 3 - 5 fold decrease in

the number of colonies produced from cells transfected with exogenous GAS1

cDNA in comparison to those cells transfected with the control plasmid. The

authors suggest the continued expression of GAS1 mRNA was antiproliferative

to the A549 cells (Evdokiou et a1., L998).

As detailed in this chapter, colonies expressing exogenous T1L mRNA could not

be propagated in any of the cell lines tested, suggesting TI1 has an

antiproliferative effect. From the results of the transfection of the constitutive

TI1ICMV into the CCL64,5637 andT24 ceII lines, it became evident that in order

to analyse stable clones expressing UPKLB, an inducible system was required. To

verify the constitutive TI1 expression results and to study the potential growth-

suppressive and tumour-suppressive functions of the UPK1B gene, it was

necessary to be able to propagate and isolate stable clones. An inducible
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expression vector system using tetracycline to induce gene expression in the

pTRE plasmid, was then assessed as a possible method to allow analysis of T1L-

expressing clones. The tet-inducible system (Clontech) was chosen, as the

tetracycline antibiotic was claimed to have no effect on the growth rate of human

cells. Flowever, a recent study has suggested that tetracyclines inhibit tumour

cell invasion and metastasis in melanoma cells through inhibiting matrix

metalloproteinase (MMP) activity (Seftor et a1., 1998). Other inducible expression

systems, for example, dexamethasone, will inhibit the growth rate of cells, in

particular epithelial cells. A preliminary experiment to study the effect of

dexamethasone on CCL@^ cells, showed an 80% suppression of growth in

comparison with cells growing without the addition of dexamethasone (data not

shown). Therefore, the dexamethasone-inducible system, pMAMneo, was not

suitable for use in the epithelial cell lines.

The tetracycline system requires two separate transfections. Stable transfectants

are selected which contain the first plasmid, pTET-ON and a second transfection

is performed co-transfecting both the UPKIB/pTRE plasmid and the pTK-HYG

plasmid, containing the hygromycin resistance gene. The leverse letracycline-

responsive Transcriptional Activator (rtTA) of the pTET-ON plasmid binds to the

tet-responsive element (TRE) of the pTRE plasmid, activating transcription of the

cloned gene (UPK1B) in the presence of tetracycline. The initial transfection of

pTET-ON in the 5637 cell line was successful as the presence of the pTET-ON

gene was detected by PCR, but the inducibility of the pTET-ON plasmid was not

confirmed with the luciferase system. The second, co-transfection, of

UPKIB/pTRE and pTK-HYG was not successful, as none of the cells grew in
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hygromycin, although the hygromycin resistance gene was contained within the

pTK-HYG plasmid. Unfortunately, due to time constraints these experiments

could not be completed.

In summary, the results of the transfection studies using constitutive TI1

expression in CCL64, 5647 and T24 cell lines, suggest an antiproliferative role for

the UPK1B gene product. To study the tumour- or metastasis-suppressive

function of UPKLB, an inducible system of UPKI.B expression needs to be

developed to allow analysis of UPKlB-expressing clones. Nude mice studies

could then be initiated to look for a suppression in tumour growth or metastases

in those mice injected with UPKlB-expressing bladder cancer cells. The number

of metastatic foci formed in other organs could be monitored to assess metastasis-

suppressing properties of UPK1B. It may be hypothesised from the preliminary

results described in this chapter that expression of UPKLB would reduce the

growth rate of transplanted bladder tumours and possibly the formation of

metastases in nude mice.
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CHAPTER 8

GENERAL DISCUSSION
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8.1- DISCUSSION

S.l.L Introduction

There are genes preferentially expressed during G0 that are essential for the

induction and maintenance of growth arrest. The preferential expression of

these genes during G0 was demonstrated by the micro-injection of messenger

RNA from growth-arrested cells into growing cells which induced the growing

cells to undergo growth arrest (Pepperkok et a1., 1988). The mink TI1 gene was

originally isolated from the CCL64 epithelial cell line as a novel gene with

preferential expression during growth arrest mediated by transforming growth

factor B (Kallin et al., 1997). Levels of expression of T1L mRNA in CCL64 cells

were increased by serum-starvation and down-regulated upon serum

stimulation, indicating a possible role for T1L in the induction of growth arrest or

its maintenance. In 1994, the bovine uroplakin Ib protein, specifically expressed

as a differentiation product of bladder urothelium, was discovered to be the

bovine homologue of the putative mink TI1 protein (Yu et al., L994). Bovine

uroplakin Ib is one of four uroplakin proteins expressed as differentiation

products of the asymmetrical unit membrane (AUM) of the bovine bladder,

believed to be important in strengthening the urothelial apical surface and

maintaining the structure of normal bladder. TI1/UPKIb may signal for the

growth arrest required for terminal differentiation. Differentiation and cellular

proliferation are believed to be mutually exclusive events. Withdrawal from the

cell cycle appears to be a prerequisite for differentiation and may be an early event

in terminal differentiation (Philipson et al., 1991., Olson, 1992).
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The TI1/UPKIb protein belongs to a family of proteins named "transmembrane 4

superfamily", "teltaspans" or more recently "tetraspanins" (reviewed in Maecker

et a1., 1997). All protein members of this tetraspan group are distinguished by the

presence of four hydrophobic membrane-spanning domains, two extracellular

domains and two short cytoplasmic domains. These transmembrane

glycoproteins are found expressed in a range of mammalian species and also in

Drosophila, C.elegøns and Schistosomø. Many of the tetraspans have been

implicated in growth regulation, signal transduction and cell activation in a wide

range of cells. Some of the tetraspans may have a role in the pathogenesis of

cancer as many tetraspans have altered patterns of expression in cancer and

appear to act as tumour or metastasis suppressors.

8.1.2 Cloning and characterisation of the human uroplakin LB gene

Prior to this study, the human homologue of the bovine uroplakin Ib and mink

T1L gene had not been cloned. The only insights available into the putative

human homologue were inferred from studies of the bovine uroplakin Ib and

mink TI1 genes. The possible role of the uroplakin 18 gene in cancer could only

be ascertained by analogy with the roles of the other members of the tetraspan

family of proteins. To discover any details regarding the human homologue of

the bovine UPKIb and mink TI1 genes, human-specific uroplakin 18 cDNA and

genomic sequences had to be cloned. Therefore, the first aim of this thesis was to

clone the human uroplakin LB gene. Assuming the high degree of sequence

homology between mink TI1 and bovine UPKIb cDNA sequences would also be

conserved in the human homologue, PCR primers were designed from mink TI1

and bovine UPKIb cDNA sequences. Using a PCR-cloning technique, paftiaI
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cDNA and genomic human UPK1B sequences were amplified, cloned, sequenced

and analysed as described in Chapter 3. The open reading frame of the human

uroplakin LB gene was783 bpin length and coded lor a putative 260 amino acid

protein. The amino acid homology between the human uroplakin 18 protein

and the bovine UPKIb and mink TI1 proteins were 92/" and 93'/' respectively.

The putative human uroplakin LB protein retained many of the conserved

protein motifs observed in other tetraspan proteins, including four cysteine

residues in the large extracellular domain. The cloning of the UPKLB cDNA

open reading frame provided novel information regarding the structure of the

human uroplakin L8 gene and its putative protein, as well as confirming the

existence of the human homologue. A total of 2.5 kb of human uroplakin L8

genomic sequence was cloned using PCR and inverse-PCR methods. From

Southern analysis using human uroplakin 18 cDNA probes, the UPKLB gene is

estimated to be at least 17 kb in length. Further characterisation of the human

uroplakin 18 gene led to the discovery of an intragenic TøqI restriction fragment

length polymorphism.

One of the main hypotheses of this thesis was that the human UPK1B gene may

be involved in the pathogenesis of bladder cancer. The chromosomal location of

the human UPKLB gene was determined in order to discover if UPK1B was

located in a region known to be deleted in bladder cancer, for example,

chromosome 9q. Radioactive in situ hybridisation of two contiguous genomic

UPK1B probes revealed that the human UPK1B gene was located on

chromosome 3q13.3-21 (Chapter 4). This region of the genome is not frequently

deleted in bladder tumours and therefore is not thought to harbour a tumour
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suppressor gene for bladder cancer. Flowever, only three independent studies

have concentrated on chromosome 3q as a potential region of deletion in bladder

tumours and none of them have closely examined the bands where UPKLB is

located (Atkin et al., 1985, Knowles et a1., 1994 and Li et a1., L996).

In situ hybridisation of the human UPK1B cDNA ORF probe on human

chromosomes detected a number of sub-peaks in addition to the expected 3q13.3-

21 peak. The extra sub-peaks are not likely to represent processed pseudogenes of

the human UPK1B gene because the sub-peaks are not as strong as for other

previously discovered pseudogenes. To date, there have been no reports of the

existence of pseudogenes of other human tetraspan genes. Flowever, two

distinct loci in the mouse genome were discovered by the genetic localisation of

the mouse CD63 gene. One of the Cd63loci mapped to chromosome L0 and the

other to chromosome 18. The authors designated the loci on chromosome L0 as

Cd63 because of its synteny to human chromosome l-2 where human CD63 had

been mapped (Hotta et al., 1988). The other Cd63 loci was designated Cd63-rsL

(Cd63-related sequence L).

A partial mouse genomic Upklb fragment was cloned using the TM3 and ECD

primers which are almost 1.00% homologous in sequence between human

UPK1B, mink TIL and bovine UPKIb cDNA sequences. The mouse Upklb probe

was used to map the mouse Upklb gene to mouse Chromosome 1685-C2. This

chromosome region maintains synteny with both human chromosome 3q and

bovine chromosome L. Therefore, the location of the uroplakin 1B gene has been

conserved with neighbouring genes in all of these three species.
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8.L.3 UPKLB and bladder cancer

Antibodies raised against individual bovine uroplakins have detected uroplakin

protein expression in the asymmetric unit membrane of the bladder of many

mammalian species including cattle, human, monkey, sheep, pig, dog, rabbit,

mouse and rat (Wu et aL, 7994). Antibodies to bovine uroplakin III detected

expression of uroplakin III in the human bladder and in no other human tissue

(Moll et a1., 1995). Expression of the human uroplakin 1B and mouse Upklb

mRNAs were described in Chapter 5. Expression of human UPK1B mRNA was

readily detected in normal urothelium by Northern analysis using a human

UPKlB-specific cDNA probe. In mouse tissue, Upklb expression was detected in

the bladder by Northern analysis using either human UPK1B or mink TI1 cDNA

probes, but also in the liver by RT-PCR.

The majority of patients, (70-80%), with transitional cell carcinoma present with

non-invasive, superficial bladder cancer. Despite tumour removal by

transurethral resection, two-thirds of these patients have tumour recurrence

within five years and 20-30% of these cases will progress to muscle invasive

disease (Fleshner et al., L996). Approximately 30% of all patients with transitional

cell carcinoma will develop metastases. Half of these patients will present with

metastatic bladder disease at diagnosis while the other half will relapse after local

treatment for invasive disease (Lamm et a1., 1996). The current treatment of

those patients with clinically-localised invasive bladder cancer is radical surgery.

The 5 year survival rate or overall cure of invasive bladder cancer is

approximately 50%, with patients dyirg from metastatic disease. It is therefore

presumed that micrometastases undetectable at the time of initial cystectomy are
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responsible for these therapeutic failures. Development of prognostic indicators

based on tumour characteristics would allow early implementation of other

therapies, with the hope of improving both disease free survival and cure rates

for all bladder cancers.

The expression levels of UPK1B mRNA in normal urothelium were compared

with transitional cell carcinomas and bladder cancer cell lines as reported in

Chapter 5. Five bladder cancer cell lines analysed had no detectable UPK1B

expression by Northern analysis. Eleven out of sixteen bladder cancers had either

reduced or absent expression of UPK1B mRNA. This high percentage (68%) of

tumours demonstrating a reduction or loss of expression of UPK1B suggests that

loss of expression of UPK1B may be involved in the development of bladder

cancer or its progression. The sample size of the bladder tumours analysed

precludes correlations between levels of expression of uroplakin 18 and degree of

invasion and tumour grade, however initial comparisons do suggest that those

tumours without uroplakin 18 expression are often also invasive in nature. In

summary, this is the first indication that the human uroplakin 18 gene has a role

in the pathogenesis of bladder cancer. These results are in agreement with loss of

expression of other uroplakins in transitional cell carcinoma. Loss of expression

of uroplakin III protein was observed in 47% of invasive TCCs (Moll et aI.,1995)

and60"/. of TCCs had lost expression of uroplakin II (Wu et aI., L998). Similarly,

Ogawa et al., (1996) showed that, in chemically-induced carcinoma in the rat

bladder, expression of uroplakins was absent from the usual location on the

luminal surface and only a small amount of focal disorganised staining was

observed in the intermediate cells. From these three studies of uroplakins and
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the results of human uroplakin LB, it is possible that loss of expression of

uroplakins occurs as a later event during bladder carcinogenesis and may be

related to the progressive loss of differentiation of advanced tumours. The

uroplakins are terminal differentiation products of the bladder, so it is reasonable

to propose that, as a tumour becomes less differentiated the uroplakins may be

markers of this loss of differentiation. The uroplakins may be useful as

prognostic markers of advanced bladder cancer and metastasis. A large

prospective study needs to be done investigating patients with bladder tumours,

according to their clinical outcome and expression levels of uroplakins to

determine the value of uroplakins as prognostic markers.

Genes that are important in cancer progression often develop molecular

alterations that result in loss of expression of the gene. Two approaches weÍe

undertaken to assess the integrity of the UPK1B gene in bladder cancer (Chapter

6). Southern analysis using UPKLB genomic and cDNA probes revealed identical

banding patterns between DNA isolated from normal controls and bladder cancer

patients. Three different restriction enzymes and two different UPKLB probes

failed to detect altered banding patterns in five bladder cancer cell lines.

Therefore, it is unlikely that gross gene rearrangements, deletions or

amplifications are responsible for the frequently observed down-regulation of

UPK1B mRNA expression in bladder cancer. To investigate allelic loss, two

highly polymorphic microsatellite markers were chosen which were located on

either side of the UPKLB gene on chromosome 3qL3.3-21. The dinucleotide

repeats were amplified from normal DNA and matched bladder tumour DNA

and run on polyacrylamide gels to separate the alleles. No allelic loss was
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detected in any of the fifteen matched pairs of normal and bladder tumour DNAs.

In summary, no genetic alteration of UPK1B was detected as a cause of the down-

regulation of UPKLB expression. Other molecular mechanisms which could

result in loss or reduction of expression include transcriptional silencing þ
methylation or promoter sequence abnormalities. Loss of expression of UPKLB

mRNA may also result from a lack of mRNA stability or the down-regulation of

an upstream gene or transcription factor required by UPK1B for its expression.

Point mutations, not examined in the current study, or deletions of UPKLB are

not likely to prevent transcription of a gene unless they affect the binding of

transcription factors in the promoter. However, it may be more beneficial to

concentrate on looking for point mutations or deletions in those bladder tumours

which do express UPKLB mRNA, as a sequence anomaly may result in a mutant

or truncated UPKLB protein.

The inability so far to find a molecular mechanism to explain the loss of

expression of human UPK1B mRNA in bladder cancer does not necessarily lessen

the importance of UPKLB in the pathogenesis of bladder cancer. A recent paper by

Sager (1997) argues that the emphasis of cancer geneticists should not only be on

mutated cancer genes with tumour suppressor potential but also non-mutated

genes whose expression is lost during cancer progression. Classical tumour

suppressor genes do not account for all known cancer phenotypes and so far none

are known to be involved in the important cancer processes of metastasis and

invasion. Tumour suppressor genes could be grouped into two classes: class I

genes, which are mutated and class II genes, which affect the phenotype by loss of

expression. The author suggests that non-mutated genes with altered expression
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(class II) are important in solving the intricacies of the cancer network and may

provide targets for pharmacological intervention to induce expression of these

genes. The reinduction of expression of these class II genes would cause

inhibition of cell growth and induce terminal differentiation, therefore

removing the cells from the cancer-promoting environment. The human

uroplakin 18 gene whose expression is lost in bladder cancer but does not appear

to be genetically altered, may belong to the class II type of tumour suppressor

gene.

In Chapter 7, experiments were described involving the transfection of the mink

TI1 cDNA ORF into the mink CCL64 cell line and the human bladder cancer cell

lines, T24 and 5637. At the time of the experiments, the human UPKLB cDNA

ORF was not available, but because of the high sequence identity between mink

TI1 and human UPK1B it was assumed that the mink TI1 ORF would be

functional in the human cells. The mink TI1 cDNA ORF was cloned into the

pRC/CMV constitutive expression vector and transfected into the CCL64,T24 and

5637 cell lines. Stable Tl1-expressing colonies could not be propagated in any of

the cell lines indicating that those cells without exogenous T1L expression had a

selective growth advantage. Therefore, the addition of TIl- was inhibitory to the

growth of the CCL&,5637 and T24 cells, suggesting that the UPK1B/TIL gene

product has antiproliferative activity and can act as a growth suppressor.

The bovine UPKIb protein is specifically associated with uroplakin III but not

uroplakins Ia or II (Wu et a1., 1995). The UPKIb/UPKIII complex may reflect an

important protein:protein interaction in the asymmetric unit membrane. UPKIb,
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like all tetraspans, lacks a significant cytoplasmic domain as the largest

hydrophilic loop of UPKIb, between the third and fourth transmembrane

domains, extends into the extracellular domain (Yu et a1., L994). The putative

human UPK1B protein contains a N-glycosylation site on its largest hydrophilic

loop, suggesting its largest domain is also extracellular in location. An important

consideration for elucidating the biological functions of the tetraspans is to

determine how they signal to the nucleus with short cytoplasmic domains,

lacking signalling motifs. The uroplakin III protein consists of a single

transmembrane domain with a 189 amino acid extracellular domain and a

cytoplasmic domain of 52 amino acids (Wu et a1.,1993). The interaction of UPKIb

with UPKIII, with the latter having a significant cytoplasmic domain, may be

important for the functioning of UPKIb.

Many studies have reported the interactions of tetraspan proteins with other

tetraspans as well as in association with integrins (reviewed in Hemler et a1.,

1996). The complexes of tetraspans and integrins may be important in the

understanding of the mechanisms of tetraspan activity. Tetraspans may mediate

their role in cellular activation, cell growth and cell motility through activation

or regulation of integrin signalling. As is the case with other tetraspans, the

human uroplakin 18 gene may form complexes, not only with human uroplakin

III, but also with integrins. Integrins are involved in cell-cell adherence and

motility and are thought to be involved in the metastatic process of tumour cells.

Studies of integrin expression in bladder cancer showed that a disorder of

expression of two integrins a2 and 84, occurred in invasive bladder cancers

(Mialhe et a1., 1997). Over-expression of the a6þ4 integrin was detected in
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invasive bladder cancer in conjunction with the loss of co-localisation of u6þ4

with collagen VII (Liebert et a1., 1994). The authors suggest that overexpression of

u6þ4 without collagen VII may allow cells to migrate. The role of human

uroplakin 18 may be to maintain the structure of the bladder through

interactions with uroplakin III and perhaps also with integrins in a

multimolecular complex. The absence of expression of uroplakin L8 in a high

proportion of bladder cancers (Chapter 5) may allow the integrin to play a role in

the metastatic and invasive processes of bladder tumour cells by promoting cell

motility. Alternatively, as in the case with u2 and B4 integrins, loss of expression

of the integrin may be important in the progression of the tumour and the loss of

differentiation, leading to subsequent loss of expression of uroplakin 18. The

significance of uroplakin 18 interactions with uroplakin III and potentially with

integrins, will be important in determining the function of human uroplakin 1-B

and its role in signalling pathways.

The frequent loss of expression of UPK1B in bladder cancer may be a consequence

of the loss of differentiation associated with tumour progression, therefore,

UPK1B may be useful as a prognostic marker. Alternatively, loss of UPKLB may

remove a growth-inhibitory control from the urothelial cell which results in the

further development of the bladder tumour, loss of differentiation and ultimately

metastatic formation. Expression of the UPKLB protein may normally trigger a

signalling pathway which induces the withdrawal from the cell cycle required for

the onset of terminal differentiation of the urothelium. Loss of expression of
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UPK1B in bladder cancer may be one of the events leading to tumour or

metastatic formation.

8.2 FUTURE DIRECTIONS

Further experiments which would extend the findings of this thesis, include the

cloning of the total human UPKLB gene which could be achieved by screening a

human genomic lambda or cosmid library with the partial human UPK1B

genomic probes. Knowledge of the total human UPK1B genomic sequence

would be useful in determining the genomic structure of UPK1B in regard to

exon/intron boundaries. Exon/intron sequence data would allow the design of

primers to amplify each exon for SSCP analysis, therefore providing an approach

to detect point mutations in bladder cancer. Total UPK1B sequence data would

enable primers to be designed to amplify tlne TøqI RFLP, therefore small biopsy

samples of bladder cancer could be analysed to detect allelic loss of UPK1B. The

presence of any CpG islands could be determined by the cloning of the UPK1B

promoter region, also allowing detection of any methylation changes of the

UPK1B promoter in bladder cancer, which could lead to loss of expression of

UPK1.B.

The findings reported in this thesis indicate that UPK1B has a role in the

pathogenesis of bladder cancer. Further study is required to determine if there is

a correlation between loss of expression of UPK1B and the tumour grade and

stage. The preparation of antibodies raised against human UPK1B could be used

to study archival bladder tissues and the expression status of UPK1B could be

linked to bladder tumour progression. It would be of interest to analyse non-
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malignant bladder tumours to determine if they express UPKI-B mRNA. The use

of an antibody directed against human UPK1B in Western blotting would

determine if there is a correlation between levels of expression of UPK1B mRNA

and protein in bladder cancer tissues.

The constitutive expression of TI1 in UPKlB-negative bladder cancer cell lines

suppressed the growth of the cells, therefore no colonies expressing TI1 could be

propagated. An inducible expression vector system could be employed to allow

stable UPKLB-expressing colonies to be propagated and analysed by growth curves

and invasion assays. A human UPK1B antibody could detect UPK1B protein in

transfectant cell lines by Western blot analysis. To assess if UPK1B has tumour-

suppressive activity, the UPKLB-expressing bladder cancer cells could be injected

into nude mice and the growth of their tumours compared to nude mice injected

with bladder cancer cells transfected with vector alone. The formation of

metastatic foci in other organs would be monitored to assess the metastasis-

suppressive activity of UPKIB.
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ERRATA

p29: To be included after the first paragraph

"The authors explain their contradictory results by suggesting that high

migratory potential in primary tumours with CD9 expression may

enhance local tumour cell dissemination whereas reduction of CD9

expression may be required for metastasis formation. The study þ

Cajot et a1., (lgg7) uses only two sets of human colon cancer cell lines,

d.erived from matched primary and metastatic cell lines to assess CD9

expression and migration potential of colon cancer cells. The authors

admit that for one set of cell lines there is only a slight difference in

metastatic potential between the primary tumour cell line and its

matched metatastatic cell line. Another consideration for the

discrepancy in results is that ttre in oitro system used to assess the role

of CD9 on cell migration is not truly reflective of the cellular

environment found in the the original tumours. Flowever, the

studies by Miyake et al. (1996) and Higashiyama et al. (1995) investigate

human tumours. Further studies are required to determine the role of

CD9 in tumour cell migration and metastasis formation.

p29: Replace line 72 or paragraph 2 with the following sentence:

"Later, it was discovered that CD82 provides a co-stimulatory signal in

the CD3/T cell receptor pathway leading to strong IL-2 production and

T-cell differentiation (Lebel-Binay et al., 1995)."



p32: OX-44 was initially discovered by Paterson et aI., (1987), Journal of

Experimental Medicine 165:L-13 and not Bell et a1., (1992)'

p33: Add after second paragraPh

"The CD81-deficient mice results do not rule out a possible function

for CD8l. in T cell development. There are likely to be many factors

involved in T ceIl development, for example, the pre-TCR complex,

which also affects T cells at a similar stage of development to CDSL

(Boismenu et al. 1996). Loss of CD81 may be comPensated for by other

molecules to allow normal T cell development. In an isolated cell

culture system, CD8L-transfected cells allowed development of

immature thymocytes (Boismenu et aL.1996) but in an in aiao system,

other molecules may also be able to provide the trigger for T cell

development.

p34: Add after second paragraPh.

"The membership of L6 in the tetraspan family has been disputed

(Wright et al., L994, Maecker et a1., 1997). Although L6 has four

hydrophobic domains, common to all tetraspan members, it does lack

the conserved cysteine motifs (CCG) observed in the extracellular

domain of other tetraspans. The L6 protein also lacks the charged

amino acids conserved in many tetraspans, including asParagine (N)

residue in transmembrane domain l- and the glutamate (E) or

glutamine (Q) residues in transmembrane domain 3 and 4. These



observations suggest that L6 is perhaps a distant relative of the

tetraspan family.

p36 P aragraph 2, line L2

Delete the following sentence : "A single CCG triplet is conserved in

almost all tetraspan proteins in the large extracellular domain of each

tetraspan protein"

p39: Add after second paragraPh

"The IL-TMP protein may be only a distant relative of the tetraspan

family because IL-TMP lacks some of the conserved motifs of the

tetraspan proteins. Although the IL-TMP protein shares between 20-

50% amino acid homology with other tetraspan family members,

(Wice et al., 1995), it does not have the highly conserved CCG motif in

its extracellular domain or some of the highly conserved charged

residues."

p172: Add after first paragraPh

"There may be other explanations for the failure of propagation of

clones expressing exogenous uPKLB, besides UPK1B having an

antiproliferative effect on the cell lines. It is possible that the CMV

promoter of the pRC/CMV vector is not active in the bladder cancer

cell lines because it is not known if they express transcription factors

required by the promoter. HoweveÍ, a previous study has shown

expression of retinoblastoma in 5637 cells under the direction of a



CMV pfomoter, indicating that the promoter is active in at least the

5637 bladder cancer cell line (Zhou et àI., 1994). Expression of

exogenous UPKLB would have to be detected at least transiently in the

CCL64 and the bladder cancer cell lines to prove that UPK1B has an

antiproliferative effect. It would also be necessary to confirm that

overexpression of exogenous UPKLB mRNA is suppressing cell growth

by inducing the growth arrest phase of the cell cycle and not causing a

non-specific toxic effect. Induction of growth arrest could be

determined by measuring DNA synthesis by incorporation of 5'-

bromo-deoxyuridine. From the experimental results in Chapter 7,lt is

premature to strongly suggest that UPKLB expression has an anti-

proliferative effect on human bladder cancer cell lines. Additional

experiments are required to prove this hypothesis correct and analysis

of stable UPKlB-expressing clones could be accomplished by using the

inducible expression vector system."

Additional References

Paterson, D.|., Green, I.R., Jeffries, W.4., Puklavec, M. and Williams,

A.F. (1987). The MRC OX-44 antigen marks a functionally relevant

subset among rat thymocytes. lournøl of Experimentøl Medicine 1'65,1-

13.

Zhou, Y.,LL,J.,Xu, K., Hu, S-X., Benedict, W.F. and Xu, H-J. Q994).

Further characterization of retinoblastoma gene-mediated cell growth

and tumor suppression in human cancer cells. Proceedings of the

Nøtional Academy of Sciences (USA) 9'l', 4'l'65-5169.
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Appendix I (a)

Raw sequencng
(underlined) ind

data of the NHLB-ECD}/PGEM Plasmid, Primed with the 5' pGEM primer. The presence of the ECD2 Primer sequence

icates that the NH1B-ECD2 insert was cloned in the reverse orlentation with respect to the 5' pGEM primer.

NCGÁTN TATAæ,q Tü CT ATAéGGCGA TTGGGC TGACGT CG IATG DTCCCGGCGGCCÀTGGC C'G GG G Â

¿v 30 40 50 60
10

TACGCCÁCAG CÂ ÂTTG TCCT
100 11

G AGGÂTG AGCCTG T çOCAGG T
120 130
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¡ tu T G T



Appendix I (b)

nå* ,"qrrencing data of the NHLB-ECD2/pGEM p

i".a"¡ii'ted) inäicates that the NH1B-ECDZ insert
lasmid, primed with the 3' pGEM primer. The presence of the NH1B primer sequence

was cloned in the reverse oìientation with respèct to the 5' pGEM primer'

AÃr CAÅGCTATGC¿\TCCAÂCGOGTTGGG AGC'T GT CCCA TÁ TG GT CG,A CCT G C'ffi G CG G CìCGCACTAGTG A.TT

70 80 90 TÛO

æ 30 40 5û

CAACTGT
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Appendix I (c)

Raw sequencing data of the TM3-3'ORF/pGEM plasmid, primed with the 5' pGEM primer. 
_ 
The presence of the 3, oRF primer sequence(underlined), indicates that the TM3-3'ORF inseit was cloied in the reverse órientation with respect to the 5, pGEM pri'-"r.

ÏT TT TT T TT æC C CGCCÂ'I-|ATÂ NGGCG ÂAr ì'GGG CCCG Aæ.r CGCAT G CT CCCGGCCGCCATGGGCGOGGG ATTto 30 40 50 60 70
T ÂæAACATGG T ACCÕ,AGG,4G .Ê.ACCCAA A A

1309ü 1AO 110
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CGT TG TGTTTGG'f G TT G TGÂN
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G CCAGTC TGA TGG A CCA ].î TA CGC CACAG CA,A T TG T C CJ G G A G CÅ, Ï GA GCC TG'' CC CÂGG I-TT T G G T GA CT C CÂ. ï TG Ï T î T3ô0 37O 38O 39G ffi 410 4:o 43C
C CACTGG T

44Ô



Appendix I (d)

f.aw- sgguencing-data of the TM3-3'ORF/_p_GEM plasmid, primed with the 3'pGEM primer. The presence of the TM3 primer sequence
(underlined), indicates that the TM3-3'ORF insert was cloned in the reverse õrientatìon with resp-ect to the 5'pGEM primer.

GGlÜ{T NNTATTæNCT'Ú TATAGAAÏACTÀ¡NNNCTATGCATCCAACGÕGTTGGGAGCTCTCCCATÂTGGTCG,Â.CCTGCAGGCGGCCGC.S,CT
30 40 50 80 g)
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140 1 sct 160 17A 220 æo 2ß19G M

CTGA TGCTCCAGGACAATTG CTG-TGGCGTA,Â.ATGGTCCATCÀG,ÂCTGG TAAÀ AAT,Á.CÀCÂ TC TG CCT TCCGG Å CTG AGA ÂIAÂTGA TGC TGÂ C TA TC CCT'GG CC
260 270 284 290 300 316 320 330 350

TÍCCT GGGGTTNNTCCNNNTN G N C T1NN CNNTTNTNNT NNTNNNNTNHNNNTTTT TNC N NCTG
490 500 510 5ã! 530 s¡tO 5SO

CT ll TNA TNT GAT tìITCNcGNCCN N N NAÀ, NCTANC
460 470 4êO

rA,NÀGNA,Å.CCTCTCÂÁCCTGNÁ-GG CTTGTAAÂCTANGCG]'TGCCTGGTTTTTTTl-CACNNTNCNNGGGCT
39û 4OO 41O 4zo 43c 44O ,fso

CGTCAA TGGTGTG T TÀTGNAACN AT ÓI
3€{¡ 370 380



Appendix II (a)

Raw sequencing data of the NHIB-3'ORF/pGEM plasmid, primed with the 5, pGEM primer.

NNNNNNNNNT{¡¡NGÂ TT TAGÂ TCÅ T
10 2û

ÅT,AGGGæ Å TTGGGCCCG,ÅCGTCGCATGCTCCTGGTCGCCÂTGGCCGCGGG ATTTTCT TA Â]- A T T CAAT T C T G CT CC.AG T AG A ACÂTG G T A TC CA GG A G,Â30 +U 50 70 90 10û 114 120 30

V

G'T TGA-TAGCÄGCCCTG A T TGTG Af A A A AACCAGG CACGCCT Á,GT T T
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G'¡'TCÄT TG GACGAGAG,{T CA
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Â.ÂAGTCCÁGCAG AG AÅTG G CAAA
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TGCÂA ê.GCAGG CA ACCCCGCAGGCGTG TCG
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\/r \^

T TTTTTTG
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CA A
m
cc TC c A GG T Tu
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Á GA u T T c T t

2eû
T Â u Â T G T
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TC A T A A CA c Â G
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cA T T u A CG

3t G

u cc Á GG T Å
32A

GT c Å c T c
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T T Â T TC T c
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GT c t Þ GÂ Á N G ô AGA T G T T T

c TGTTTGTTT TTGG TA c T 6 T crrA cAT crccrr chlGaÅAAAGGTTT GGT-rrrrNÂÁAA11. TTcNcrïTGNNNTTTc crcccc rTGÅÂTAoNAÄ,¡.Tcccr rrïG'NAÂccc480 4so S0,O 5.t 0 SZO 5gû 54O 5S0 560 S-iû 5EO

AÂGG

CÁ.GTCTTGATGGÂCCATTTÂCGGCCÅCTAGCÀÊ.TTGTCCTTGGANCATTGA CCTTGTCCGANGTTTTTGGGTGA.370 38C 3s) 400 41O 4ZO ,tg0 44O
Ï CCÅTT GTT''I- TT Ç C AGTG GT C AT CATTGTTTN

450 4Eo 47a



Appendix II (b)
Raw sequencing data of the NHIB-3'ORF/pGEM plasmid, primed with the 3, pGEM primer.

TGGT CGACCTGCAGGæ GCCG
70

CåCT ÅcTG é,TTAÁ,TCCCGA CA rf{Tc G CG AAAc A
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Appendix III (a)

Raw sequencing data of the 784 bp genomic UPKIB/pGEM plasmid, primed with the 5, pGEM primer

GTTNGTÀ T AOG OACT AT AGGGCGAATTGGGCCTGACGTGGGATGCTCCTGGCCGCCATGG OCGCGGGÂTTTCCÅT TGG TCATCÂTTG TTTGGÂGGGCTG T TG TT
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T TGG 1-ACCTC TCTAG
110 1N
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C TG T AG G GT G GC T TÁG G G TA N GA Aå,Â CAGA GA ATGG GA GÀGA AÂGÅ AÀGÂTGTTÅGA AT TGA GA GCAA
38O 390 ¡tOO 41A 4m ,€O 44O

A AATCA C TA T G.AG GG GÁGG G G,Á.,ÀACA CÂ TA
350 3ô1 370



Appendix III (b)
Raw sequencing data of the 784 bp genomic UPK1B /pGB[plasmid, primed with the 3' pGEM primer.
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TTG AGCA CTC TGC CÄTGGCCÂ-I-GGGCCT TC CAAT¡160 47O ,ßO 4gO
C AATTC T AC.E.
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GGGAAG AT CTCTGTTC TACC TC AGCT A A ANT TGCTC T

GGGAÂGGTAÂAATGACTIGTC]-,Å,ÀÂGTGAC¡.TAGTTGGC,ÁACTGAÀÅG.û,GCAAGÁ,ATTCTGÂ TGGCCT GA CTC CCAGGG CCCAAGT
4Ð .tftO

ACCC AGÄ
4lo360 370 380 3q)



Appendix IV (a)

Raw sequence data of the 7.4kb genomic UPKIB/pGEM plasmid, primed with the S, pGEM primer.

ATTGGGCCCGN OG T CG CANG CT CGCG GCCGGC.Â
roÐ30

TGGCCGCGGG A TT TG CTG TG ATACAÂG ATG GCACT T CÂAAG G CAT Â TA CT ÂTA A A CAT CAG A ATG AA,ÂT ACTGG AAG GG ÂAÂTÂÂ
40 7050 60 80 ea, 100 I

ATG ÂGA
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vti !tl1
I iltu \/1'

\i\1v

i
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AÂAAGÂAT TA GÂT T TACC CG TCAAAG AGCGÂ CT TG CGGAÂ AT,A,ATTATG T TTT
130 140 150 160 t70

V

GTAG'TCAGCTCAATTCTCTCCTTTTCTCCAGÅ.GAACAAATAGCCATTGAATACAGÂCCTTCCTCAGTCCAGTTTCCTGAGT TTCT,ATTTTÁ.ACTGGG,Â270 2&fr 290 300 310 320 330 340 350 360

G GTTG
250

GATTGAGGCTTGGTG

)

l
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Å, TAÂ

610

I )

I

)

ì

Â
370
ACA AGT A CÅ.AG A

380
GA ATG A ACT g

390
u TGT q AT GT

400
G T GCA G,qcÂ

4I o
CA CA u T g A G c

424
A T T T A CA T G c

430
T cÅ T T T A GÅ

410
TG T G I G CA T T T

450
A CA TG CA TG

!t6o
c ATG c T c

47A
AGT GA GTCIG

4æ
cÂ AGAG,A GT GT



Appendix IV (b)
Raw sequence data of the 1.4 kb genomic UPKIB/pGEM plasmid, primed with the 3'pGEM primer

TG CTC
130

T TT TATT TCTGGT CATG.4, TG A TT,A
m 230 24s

G TCÂ TA CACA TG.Á CT CAG TGG G ACCCTA ]-A
190 200 270

TG CCATT T TTAI TTACTG G TGG GÂGTGGG T
160 17A 180

CÂGGTAÂGACCTGCGGT CT TGGGG AG A
150

ATGGcTc Ncc NÂÂCG NA T TG
n

GG ÂG CT
30

CTCCGA T A TGGT CG
,1{)

À CCTG c¡G G æ G GCG CA CT A
æ

ÅT G A T T GTG
70
CA A Å cA,& T G Â

80
TG ACCGN T G G A

9A
AAA ACA

00
AG T cAccÅ A A

a
AccrGG q A

120
c¡G G

l ll

ATT TA CAT TAÂ,Á AGA,Â,AAÂT ATT TTCTCTACCCCA CAGTGÉIAACTCG
324 330 340 350 360

TTA CAT TTG T TG GAATGÂTT TTG T CAAN Â AÀCI TAGG T TAAT
250 2ßO 270 280

CATA CACT CT CCCT CI TAGA ÅCTC,AG G T ATC
294 300 310

TGTCCTGGGTTGCAATGGA,ATTACAAACÂTTTACNTTCTCTGGTTCCTTANTGINCCTTAÂTT CCAæCANÂ,ÂTT CCCNOTTTTGGTGGGT@GGAAAGGAATCCGGA,A,AANGGAA,l,G490 500 510 520 s30 s40 550 tßo 570 580 590 6q¡

ÂTCN CCÂCCCCTGAAATAAGCCTTTTATTCAAATGCTGCAGGGACCTCAGTTCCCCCTTTATÂGAÂTGAGTCCAGCAATGTNANGTGCTTGTTÅ.ATTT,A.CTCTTCCTTTT,AACTAA
s7o 38o 39o 400 47o 42o .l3o 44o 450 460 47o 4Bo



Appendix V (a)

Raw sequence data of the 700 bp UPK1B genomic PCR produc! primed with the hTIIA primer

,1
t

\IU'/ V

10 100 110 t¿v20 30 40 50 60 7A 80 90

-'il

ÂGGGANÅAG A MACÅCÅGG NG N TCGT.AA AG ÂCêA AT
200 zlo

AÂGN TCCAGGG TAAA AGT ACC CÂCT T T TGG TGGG NGGGG AAAGG AAT,ÂCAGG ÂAAA
130 140 150 160 170 180

TCACT TG CATCCCAGCCTCACT TTGGGG
220 230 240

TGCCTGÂOAÅCCAGGåNAACTGÅGCTGGGGÂÅGCÅÅAGGGGGTAA,qGGAAGAAÅCACCTCACTGCÂTACCTCCTTTCTGGA CCTTCTTTTAOCÂAGÅÅCCCÁCAAA C260 27ã 28A 290 30û 3f0 32ù 330 W 35{) 360

CATG TN CA

TTTTAAGGGCÂ CAÁAAGTTTTTTCTCCCAAAA.AACNCCCCCTNCTCCNAÂ4.ÅAA.NÅAAATTTT CCCCCCCCCTCCCCCCNTÂAAÅNTÅACAAANTNCCCCNCCNCCCCAA
490 5Ðo 51o 5m 53o 5¡1o 550 560 5?o 58o sgo

CCTTGGCCAAGAÄ.ÂCÂANGNCACCANCTTTACÅCGNGGÂÂAAÅÂATTTT CTTTGGGGCCCG-CTAAÂGTTTCCCCCCCTTTTTAÁATGlTNCCCCCÅACNTTTTT CCCCGGGTGÂ370 340 390 4{Ð 410 120 4æ 440 4EO ¡t60 470



Appendix V (b)
Raw sequence data of the 700 bp UPK1B genomic PCR product, primed with the UPKLB-1 primer.

I

{
I

I

/1

\l'N f'/v
r\i

tl
V

Gf'¡NNNNT TTTÂ N TGC TGN G GCT CÅGTG.AGNGGCAAG,f{GA T CTTAGTGTATCACÅTACÂGT -AT éGGGCCTCÅTAAATCCCCT T ]-A Å,T TTTGG A AT TTTG GA G ÀAÅTTTTCT T TACAA T T TG
100 110æ 30 50 60 80 90 QA10

l^

AAÄÅGATGÅACTGGÂTAATGTTGAAC¡\TCTAGGGTCCTTCCTAACÅÅcCÂTCCAGTCTCÅTCÂcAGG AGAccCAcc
lgo 17A 180 fgo 200 210

AÅ.A ATTTAGA ÄTCÃCGG AGT TCAG,A.130 110 150
CTCCAAGTG CACÂGCATT TG

24t

GT G AA-AT GG CÂTT TGC TG TGTGT G GTA TTGGTNGG T T T GT G T G CNT TNÂ A CATG GG CÅ CATGGG
30û 3tÐ 320 s3û 340 350 360

GG TG T TCT T TGACA CG CACC CACA CT CAAAGT AC.ATTG G T TCAGTITG Â
260 270 2m 29û

Â A I T ï c
,18O

c A c T T T T u c
4g

T I ccccccA
500
GGG T T Þ G N A

5l
t

o
N t ccc ï u A

520
A A GG GG N

530
GC u T NNGG T c N

540

T N T c c N GGG
550

G T G u g N G GG
560

A Å N T c cc
570

c cc c c -l- guu
580

CG CÂCATGATGCCTGCACATGACÅGTGÁTGCTAfTTCTGGCrGGAAAÀÂTÅTCCGA,ÁACAGCCÂAATGAAOTCCTGAATCTGGANTGGGGÂÀANGTTTGCCÅ
374 380 390 400 410 4æ 430 44A 45t 460 470



Appendix VI (a)

Rãw sequence data of the mouse TM3-ECD /pGEM plasmid, primed with the 5' pGEM primer

10G TLø

TTTGG AGGÂCI-GTTG

t2ø 13r
3Ø m 5ø ffi 7ø 8ø 9øLø

G AÅGAGGTTGG TTGTG.{ACTG (ÁGGG G TG ÂG A ACÂCC AG ÂGAGTCÂG CACACCTG CTCCCTÂG AÂÃG GCCÅA ATAG CACC TG TTG CTCTÂTÂÂ

\40 150 L5ø vø 18ø 2m z1ø 22ø 73ø 2M 25ø
TACCTCATCAG CATCTG CTTCAG

vv T/\l t v

CA CATTCT

27ø

CT TG G ÅG G G å ÂG

28ø
CT ÅA A cTcÅ

2W
G G G

Â

'l
CG c TG cÂ

3tø
c Tc AT TT G G

31ø
CT G G G G CT G c

32ø
TT TG G G T TT C

33ø
TG T AT A Â G ¡t AG

34ø
G Â ÃÅ CA CT G

35ø
CA TG A CT G G

3ffi
CT G T T T TÄ AG G

37ø
A

CAGTGCCGGCCGGGATTCCÅ CTTGGGCATTGGGAÂTCAGCTTCCTTCCåC¡-trÅAÂÁTCCCTGCTGTNÅÁCTGTCACCCAT(CTCCCTAAÁAACÅTTCCT
4so 5øO 51-ø 52Ø 53ø 540 55ø 560 57ø 58ø

TÂ CCTTTT

GTGT A NA T T Å G G G Â Â A c
390

Â G c G À G A A Å

M
CG G G Â cÂ Â G A

4
Â

Tø

A GA TT c T G Â c
42ø

T T Â TGT c T Tc
43ø

c A c G A H G c Â

44ø
NÅÂA C A T G c Â

4
G

50
AAÂ A G G c c ATG

46ø
G T GTT G G A

47ø
CGÅAAT G G C Á



Appendix VI (b)

nåw seqnence data of the mouse TM3-ECD/pGEM plasmid, primed with the 3' pGEM primer.

7ø 8ø 90 109 LLø
ACCTG CAG G CG GCCGCGÅATTCÂCIÅGTG ATTGÂAG

12ø 13ø
tø 7ø 30 4ø 58 60

GCTCGTCGTGC

25ø
L4A

CåTCT TG TATCA cå
75ø

G CAG CAÅ CA cÅ

L6ø
Â CG CG A CT

L7ft
TTG TG AG TÂTÅG

18Ø

T C cc CAÂT G

t%
cÂTGG AG cÂÅ

2M
AAÂTG A CA

2LØ

CTC cÂ G cÅÅ cTG

27ø
A CÅTG CTT

2

CG

3ø
A ccc cTc G CT

74û
G TG T

5øO s10 5?ø 53ø 54Ø 55ø 560 57ø' 58048ø 49ø
T GC ÂTGTT C T GCCTCCGT G GAAAAÂ

GTCÂCÂGCAGGÅ ÀTTC TGÂ GTC GÅ ÂGA AGC CTGÁTTC CCAÂTG CCCAAGCTGG GAT CC C G G CC G G CA CTG À CT G C C A TTC GTC C ACAC C A TG G CC TT

43ø 44ø 45ø 4æCAG

37ø 38ø 39At 4.m 4Lø 42ø

ATGA ATG G CTG A

36øT A

76ø
cÂ CA CA CT Â

2

T
7ø

TÂ A T Â cc cÅ TG

?8ø
cÂ G T ÂT CG G

2W
G ,t AG cc TÏG

3W
CT TG T c G TT TC

31:ø

T ÅÂ A T T A AÂ A

32ø
G A. G Á AAG G CA

33ø
cT A A fi c G c T A

34Ø

Å G A Â ÂT G T A

35ø
TC T Â G G A



Appendix VII (a)

Raw sequence data of the 41.5 bp human UPK1B cDNA/pGEM plasmid, primed with the 5' pGEM primer.

/

l1rl
!

l-

l il'\r VVY \/ þ

10 20 30 40 50 60 7A 80 90 100 110 1n

t \- \,

Ì

\1

TcACTCCATTc TTTTTCCACTGc TCATCATTG TT TccAcGGCTG TTG TT TTGGTAGCTCTCTAGCÍ\TCTGCT TCÅGGA¡,NÀGGT TGGGTGTGAAAAAGT CTCGT TG TGT TGCTGCTG TGATACTÃ
013() 140 150 16{) .t70 180 190 mo 2& 25020 230

ATGCCACT TTÀÂ,ÂGGCATATAGTAT,ÂAACATCAGÂ ATAAAAT,A. CGCCAGA AGÂ,ATTTTC CTG ÜTGGÁCT T CATGA TGCCTA CA ATGCCTÂ NÂ ÂGAGACAG G CÂGA AGANGGAGA TGCCCA
260 2'70 ?Âo 2SO 300 3to 3tu 330 3Ác) 350 360 370

GCC GC C T G C AAGT C N A CC A TA TGG GAA AACT CCGCAA C æNT TG GA TG G A TÂ
500 5íO 5ZO 530 s¡tO 550 560 5VA 580 590

AATAÍGCCGATCCAGGCAGCGCGATAGATGTCATCGTTGTCGGTGGCTTCA,ÂNCAATGGGTAAÁAGCTGTGTTGGTGANÂTÂCGAAGA,ÅNATGCÅCICTGCAATCACTAA
380 3SO 1AO 4fo 1ZO ¿lfl0 4æ 450 460 470 480



Appendix VII (b)
Raw sequence data of the 415 bp human UPK1B cDNA/pGEM plasmid, primed with the 3' pGEM primer.

\

t0 æ 40 50 va 80 90 t flo 10 20

.J
W

./\i
V V ï

lr
lvv I t

CCAACACAGCCTCTACCCACTG CT TG ÀAGCCACCGA CAÂCGATG A CATC TATGGGG CTGCCTGGAT CGGCATATTTGTGGG CATCTGCCTCT TCTGCCTGTCTG T TCTAGG CÂTTG TÁGG CÂT
t80t ¿tO 15() 160 170 190 2æ 270 224 æo 2ß ?50

ATGÂAGTCCAGCAGGAÂAATTCTTCTGGCGTATTTTATTCTGATGTTTATAGTÂTATGGCTTTAAAGTGGCATCTlGTÀTCACAGCAGCAÂCACAACGAGACTTTTTCÀCACCCÁ.ACC
2ñ 274 2AA 290 310 320 330 340 350 óou 374

CTTCCTGAAGCAG,ATGCTAGAGANGÎÅCCÂAAACÅACAGCCCTCCAÂACAATG,ATGÄCCÂGTGGGAA,å,,Â.ÂCA,Â,TGG,q,GTCACCAÅ.AAGCTGGG,ACAGGCTCATGCTCCAA
4803EO 390 ¿too 410 4?.9 4?C 4û 450 46tt

ÂCAATTGCTGTGGCGTTAA,ATGGGCCGTCÀGACTGGCÂTCCCCGCCGGCCATGGCGGG GGGAÅCATGÖGÂCNTCCGGCCC,AATTCCCCCTATA,ATGÂATTCNTÁ,7
490 500 5lo 520 530 54{} 550 560 570 580 5S0



ål,f,:Xr""T:tJå?t" of the mink rr1lcMv plasmid, primed with the s' cMV primer.

N C GÅåTTA TÂCGACI'fACT.åTAGGGAG ACCÂAGC¡-TGTGCfÂ&ATCCCG ÂG1åTGG CGAÀÂG ATGACTCCTCTG-TTCGTTG CTT CCAGGG C CTG {TG ATTTTTGG AAATG-TGATTG TGTG

-tØ 2ø 50 8ø 9ø LM \1Ø
TTG çTè.

LZø

rt, I t vlru

TTGT(GG
75øcÂT

24ø
GCATG

G î G CC

1

c]-G

4ø
Åcc GCAG AGTG CA TC TT CTT cG TAT CTG

x_7Ø

CCA G CA CA G

L&s
CCT C TAC C CÃ

î.9ø
TTC CTTG AÂG c

2M
{Åc c G A CÅ A

7Lø
CGÂ TG þ. cåTCT

22Ø

A CG G G G C ÂG{
23ø

C TG G

^
TT G T

G TA
T e T6C CfC

26Ø

TTcT cr cT
27ø

6T c c GT TC T ÁG

28Ø

G CÂTT6 T ÁG G

2W
cÂT c AT GÁ &, T

3øø
C CÉ.Â C ÂG G A

3Lø
AÂAT C TTT T G GC

32ø
T TT

a

cÂ
3Ø

TT C T G A

34Ø

TGTTT
't

Â TA 6t Å

35ø
TGGGCT T TG å

36Ø

AG 6 CAT C

4W 5øø 516 52ø 530 54ø 55ø 56ø 57A] 58ø sgø 6øØ 67ø
GGAÅ ÀÅTÂATG GÁTTT CCCCCÅ A

TGTTÂTCÅCÂGCCåGCAACÂC ÂÅCNÅ AI{TTCTTC(ÅCC{CCå CCTC TT{CCTGAAANCÂÁÂT CT C{AAÁAAGGTTTCCCCÂAAÆAÁAÂCCC

38039û4t,ø41:ø42ø43ø44ø45øÆØ
CNC CCCÂA trA TGAATilÂA CCÂ

47Ø 480



ål*"åiî"TtT fL" 
", 

the mink rrllcMv ptasmid, primed with the 3' cMV primer.

TC T ff TT c A

49ø

GAÅ A Å GG TTfi|
5ØØ

G G c G T'rÂA A,q

51-ø

Á T c C cc T TT
52ø

NT TT T T GC C G

53ø

CN G TNÂ Â Â Â AA

54ø
f{ Å TC c c L TT

55ø

c C AÁ c c C T 1{T

56&

NT TT NÃ cCT c
s7ø

cå A å ï A ÂA t{ c
580

c c A ÂAA AA T T

590

ÂGC A GT G GT
38ø

cc CT G I{AA t Å

39Ø
TGÃ TT c T G T c

Mø
c C AÅ N T C TT G

4Lø
G T GÅ I T{cc Å

42ø
TT A TTT T CC C

43ø

ÂTT G GT c c
44Ø

KCATT GTTTT GG

45Ø

A
J4 A G G C T ATT

46ø
TTT GGGT

47ø
Å C T c c ccCA t

48ø

GT T{ TTTc AG

26ø
Å cT GT TC h Tc

77?¡

ñ CÂ c h, GC Â c
28ø

T GÅ fG Å G G c C

2Sø

fiGG G A T& 6T C

3W
G G cÂTC AT T

31ø
ATTC G c A GT c C

32ø
G GÂ R G G c ÅGA

33ø
T TTÅTc T

14ø
c T G c CA GT csr

350

GÂ CG G GC CCA

36ø
T TG A cÁc c

llI

Iil l, l, tl

GAC
ÂTT åTG

ÂG

Lø 2ø
6GGCC{ÅG

3ø

G G Afs ÅÂG GTGTG G TG

5ø

6tG ACACTT TG

æ
TT CTTÅft T

7ø

CÅATT CTG

80
CTc CAG TAG

sø
AAC G T&c c

IM
CAG G A G ÊÂc{ cå

TLø

A,&AT GT cCA

L7Ø

G cÁG ÂG

vl
v h

ccANÂHÂTG AGTTCÄTÅc CACCCCTCTTTGTGATAG TACCCGGG CfiCTC CTAGC.TTG CAG GCCTC (ÃCÃTTGÂGAG

L8Ø tsØ ?ûØ 2Lø zzø 23ø 7n z5ø
L4ø

G

130
G CåAA TC cÅ AÂ c (AGG C ÃAC

150
c C CC CÁG G CG

160
TGT G G TT

L
CÂ

7Ø

TG G G T



Appendix IX (a)

Raw sequence data of the human UPKIB/pTRE plasmid, prímed with the 5' TRE primer.

fr
I

ï

""¡V

J t

I

I

i

I

,i V r/V

GI{NNNNTNNGT Ê-¡ìAGÂC G CCACG CTGT TT TGÁCtT CCATÅG A ÂG AGg{CCGGG ACtG AT GCAGCCTCCGTcCCAT Å TG GT CG ACCf c CÊc c CG GCCG CÁ cT AGTG ATTAATCCCGÅ CÅ Å,TG c CG A A,
11û 1n10 2A 30 & 60 7A 80 90 1DO 1

il

r

t
I

I

l/

ACÂÅCTCÂÂGTGTTCGTTGCTTCCAGGGCCTGCTGATTTTTGGÅÁÁTGTGATTATTGGTTGTTGCGGCATTGCCCTGÁCTGCGGAGTGCA.TCTTCTTTGTATCTGÄCCÅACÅCÅGCCT
140 150 230 240I tv 19t 2ù0 210 20

i" ¡

I

ï r
\

t

TÂCCCTiCTGCTTGÂAGCGÂGCGÂCA,A,CGATGTl.CÂTCTÁTGGGGCTGGGTGGATCGGCÀTATTTGTGGGCÀTCTGCCTCTTCTGCCTGTCTGTTCTAGGC.ATTGTÅccCÅ,TCÅTGAAGT
260 270 290 300 3?4 óóu 340 2m 36û310

TGÄ TGT T TATÅGT ATATGCCT T TGÅ AGTG GCATCT TGT T TC,ACAGC AGCÊ.,ACACA A CGA NÃ CT T TT TC ÅGÂCC CAACCTGITC GT GA A G
4N48Õ47046045044043f)410 420

GCAGGA ÁAATTCTTC TG GCGT /x,T TT CAT TC
380 æO .14û

GÁTGGTAGANÁAGTTACCAAAACAÅCA CCC'I'CCAÂACAATGAÅTGAAGCAGTGæÅÂAAA.Å.C.ÂATGG,{.TTTCCCCCAAÃ.ANCTTCÊGGÅACÂGGTTGCATGCTCDCCÅAGÂANAÅ, ITGCTTGT
5OB 5TÛ 52O 53O 5¿lO 550 5ðO 570 58û 59O 600 6tO



Appendix IX (b)
Raw sequence data of the human UPKIB/pTRE plasmid, primed with the 3' TRE primer

CTGAT TGTÂTCTTÂTCÂ]-GTCTGGÀTCCTCTAGANGATCCCGGGGTACCGANCTCGA.ÅTTCGGGGCGGGATTTTCTTAÅT.ATTCAATTCTGCTCCAGTAGAACATGGTACGCA
ro Ð 30 10 50 60 7A 80 90 i00 1.l0

12ù 130 l¡lO 150 160 170
Ac.AÂcCcAAÂA AGTCcAN CAG AN Ã ATGG CÂA AT cCAATI.CCANG cÂÅCCCCcCÄNG CG TG T CGG T TCÅT TG G ACCA NA T AT CNGT TCÅTÂG CANCC CTGÅ TTGTGA TA AAAÂCCANGCA

180 190 2@ 210 22Ù 23Ð

CCTA NT TTACAANCCTC GANG T TG Åf\¡ANGT TCT T TA AN A TTGTTGÂTAÁCrlC,ANGÅT TG ACGá,GGCCAGGG ¡, TACTCÅGCÁ TCNT TÅTTC TCÁ NT C CGGA AGGCATATGT GT ÂTT T TTGC
2Æ 250 280?74260 2S0 Sff) 320 330 3{O

CTCTGATGG-ÂCCATTTACGCCACÂGCÅÂTTGTCGTGGÅNCATGA CCTGTCCCÁNGTTTTGGTGÂCTCCÅTTGTTTTTCCÅCTGGTCNTTÂTTGTTTGGÂÂGGCTGTTGTTTTGGTÂC
370 380 390 400 41û 42A 430 4Æ 450 4BO 47t

490 60059058r5705æs505'4,o5305205to5ûO




