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SUMMARY

Metastatic spread is the main cause of colon cancer related death and therefore
a greater understanding of this process is a prerequisite for improved treatment. The
acquisition of metastatic properties confers tumour cells with the ability to leave the
primary tumour, invade the circulatory system, survive transport and establish at
distant sites. This process must involve the coordinate induction and repression of a
range of genes involved in processes such as angiogenesis, proteolysis and growth-
independence. Efforts to reach a greater understanding of tumour metastasis has
involved analysis of gene expression patterns in tumours with different invasive
potentials. However, the majority of studies have focused on the comparison of
normal and tumour tissue and an analysis of late stage tumourigenesis, i.e.
comparison of primary and metastatic tumours, has not been carried out extensively.

The work described here applied the method of Serial Analysis of Gene
Expression (SAGE) to a pair of isogenic cell lines SW480 (primary colon tumour)
and SW620 (lymph node metastasis of the same patient). The cell lines provided a
model system to examine gene expression changes that may occur during the process
of colon tumour metastasis. The SAGE analysis involved sequencing of >10,000 tags
(tag= transcript identifier) and resulted in identification of a panel of differentially
expressed genes that may have a role in colon tumour metastasis. The SAGE data
also identified genes that did not show altered expression and provided information
on the most abundant gene transcripts in the cell lines.

A subset of differentially expressed SAGE gene transcripts, and a previously
isolated Differential Display Reverse Transcription-PCR clone (PM208), were
analysed further. Expression of these genes was analysed by semi-quantitative RT -
PCR and/or northern blot analyses in SW480 and SW620 and in several other colon
tumour cell lines. A number of 'false positives' were identified from the comparative
SAGE analysis and led to a re-assessment of the SAGE data. Clone PM208 was
successfully i1dentified by a combination of bioinformatics and limited cloning and

sequencing. Protein levels were analysed for two confirmed differences, i.e. Keratin



K5 and Serum Amyloid A, by subcellular fractionation and western blot and
expression in clinical material was examined by immunohistochemistry.

The results described in this work provide a reference database of the most
abundant transcripts in the primary and metastatic cell lines SW480 and SW620 and
identified a panel (51) of differentially expressed gene transcripts, some of which

have been confirmed and showed altered expression in additional metastatic cell lines.
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1.0 INTRODUCTION

Colorectal cancer is the second most common form of cancer in Ireland,
accounting for approximately 13% of cancer related deaths (National Tumour
Registry, Republic of Ireland, 1995). The risk of colorectal cancer is two to three
times higher in the Western world than in developing countries and this is believed to
be largely due to a diet high in fat and low in fibre (Kinzler & Vogelstein, 1996).
Dietary factors are thought to act as irritants rather than mutagens which may lead to
tissue regeneration. Thus, dietary fibre is thought to absorb these irritants explaining
their protective effect (Giovannucci & Willett, 1994; Smith, 1994). Despite advanced
surgical and chemotherapeutic techniques, the overall mortality rate for most forms of

epithelial cancer have not declined in the past twenty five years (Hong et al., 1997).

1.1 COLORECTAL TUMOURS: STAGING, CLASSIFICATION AND
GENETICS
1.1.1 Staging of colorectal tumours

The clinicopathological classification of tumours examines the extent of
tumour invasion (metastasis) to assess patient prognosis. Tumours of an advanced
stage have a greater chance of metastasis and, thus, the survival rates for these
patients is poor. The staging of colorectal tumours may be described using the Dukes'
classification system (Dukes, 1932). Dukes developed a system for the pathological
classification of rectal carcinoma and it was first introduced at St. Mark's Hospital
(London) in 1928. The classification was soon applied to colonic as well as rectal
tumours (Simpson, 1939). The original Dukes' classification divided tumours into
stages A to C and the Dukes' stage C was later subdivided into C; and C, (Gabriel et
al., 1935). The original Dukes' classification system is described in Table 1.1.

Modifications and 'improvements' on the Dukes' method have been
introduced, such as the TNM (Tumour, Nodes and Metastasis) classification (Sobin et
al., 1988) and a reclassification of the Dukes' stages (Kirklin ef al., 1949). These

changes have resulted in more confusion than clarity (Deans et al., 1992). However,

(V)



the Dukes' classification is not perfect. Two important prognostic indicators, i.e. the
histological grade of the tumour and the number of lymph nodes involved, are not
considered in the Dukes' method (Deans et al., 1992). In addition, the Dukes' B stage
exhibits a variation in survival rates and new criteria are required to further subdivide
this class (Bennett e al., 1995). One improvement on the Dukes' method is the use of
Dukes' C subdivisions as described by Astler & Coller (1954). The subdivisions are
also named as C; and C,, which is rather confusing, but C; is described as a lesion
limited to the bowel wall and C; is described as a lesion penetrating through all the
layers of the bowel with positive nodes (Deans et al., 1992). This subdivision has
been found to be superior in predicting prognosis to a single Dukes' C class by
multivariate analysis (Fisher et al., 1989).

The Dukes' classification of tumour staging still remains the best prognostic
indicator for assessing patient survival. Patients with Dukes' A have an expected five
year survival rate of approximately 80%, with Dukes' B and C having rates of 64%
and 27% respectively (Deans et al., 1992). Once the lymph nodes are involved
however, prognosis is poor and disimproves with increasing number of nodes

involved (Morson & Dawson, 1990).

1.1.2 Classification of colorectal tumours

Colorectal cancer may be divided into hereditary and sporadic (nonhereditary)
types. Inherited colorectal cancers are inherited as autosomal dominant traits and
account for at least 15% of all cases (Kinzler & Vogelstein, 1996). The hereditary
forms consist of two major types, i.e. Familial Adenomatous Polyposis (FAP) and

Hereditary Nonpolyposis Colorectal Cancer (HNPCC).

1.1.2.1 Familial Adenomatous Polyposis (FAP)
FAP accounts for approximately 1% of all colorectal cancer cases (Smith,
1994; Sheng et al., 1998). FAP patients usually develop numerous benign

adenomatous polyps (polyposis) during adolescence. These can range from hundreds



to thousands in number and at least one of these adenomas is likely to progess to a
carcinoma, if untreated, by the age of forty. Therefore, FAP patients have accelerated
tumour initiation (Kinzler & Vogelstein, 1996). Among the variant forms of FAP,
Gardners' Syndrome refers to cases that have associated extracolonic tumours such as
fibrous desmoid tumours, epidermoid cysts or jaw osteomata. Linkage of genetic
markers on chromosome 5921 to FAP (Bodmer et al., 1987; Leppert et al., 1987,
Solomon et al., 1987) resulted in identification of the APC (Adenomatous Polyposis
Coli) gene (Groden et al., 1991). The APC gene has 15 exons and approximately 120
different mutations have been documented in FAP cases. Mutation of just one APC
allele is required for polyp formation with mutation or loss of the second allele,
referred to as LOH (Loss of Heterozygosity), being the initiating event for
progression of the adenoma to carcinoma. The majority of FAP patients usually
possess a germline mutation in just one allele of APC. The mutations predominantly
yield truncated APC protein (Smith ef al., 1993) with the type of truncation mutation
affecting the degree of polyposis (Kinzler & Vogelstein, 1996; Spirio et al., 1998). In
addition, specific mutant alleles of APC have also been shown to affect the spectrum
of mutational events in developing colonocytes that lead to tumourigenesis (Spirio et.
al., 1998). Moreover, a private mutation in Ashkenazi jews (i.e. a mutation unique to
that particular population) identified a hypermutable tract in APC that results in
incorrect processing by polymerases and therefore indirectly caused a cancer
predisposition (Laken et al., 1997).

Recent advances (Inomata et al., 1996; Korinek et al., 1997; Morin et al.,
1997; Behrens et al., 1998; He et al., 1998; Mann et al., 1999; Roose et al., 1999;
Seeling et al., 1999) in APC protein interations have elucidated, in part, the role
which this essential protein has in colorectal cancer progression (see Figure 1.1). A
number of proteins are known to interact with APC and these include EB-1 (unknown
function), DLG (human homologue of Drosophila tumour suppressor gene), y-
catenin, tubulin, conductin (Behrens ef al., 1998), B56 subunit of PP2A (Seeling et

al., 1999) and B-catenin (Morin et al., 1997; Sheng et al., 1998). Moreover, FAP



tumours show an accumulation of and an alteration in the subcellular localisation of
B-catenin compared to normal cells (Inomata et al., 1996; Sheng et al., 1998). B-
catenin was originally identified based on its interaction with a-catenin and E-
cadherin in cell-cell interactions (Sherbet & Lakshmi, 1997) and has more recently
been identified as an essential element in the Wingless-Wnt signalling cascade
(important for growth and development) through its ability to bind to members of the
Tcf (T cell factor) and Lef (lymphoid enhancer factor) families of transcription factors
(Behrens et al., 1996; Molenaar et al., 1996). B-catenin forms a complex with Tcf-4
and this complex is capable of activating the transcription of a number of unknown
target genes (Korinek et al., 1997; Morin et al., 1997). In normal colon, the wildtype
APC protein controls gene transcription by interacting with B-catenin and promoting
its degradation (Rubinfeld ez al., 1993; Su et al., 1993). Phosphorylation of -catenin
by GSK-3B (Glycogen synthase kinase-3f) at multiple sites is necessary for
interaction with APC and occurs in the absence of Wnt signalling (Morin et al., 1997,
Nathke, 1999). Colorectal tumours with recessive inactivating mutations of both
APC alleles, or dominant mutations in f3-catenin that effect its phosphorylation, allow
uncontrolled association of -catenin with Tcf-4 and therefore a likely overexpression
of yet to be identified Tcf- target genes (Korinek et al., 1997; Morin et al., 1997).
Mutations in conductin, another recently identified protein that can also regulate -
catenin degradation independently of APC, may also be involved (Behrens et al.,
1998). Moreover, expression of the B56 subunit of Protein Phosphatase 2A (PP2A)
was also found to decrease the amount of f-catenin and this interaction required an
intact APC protein (Seeling et al., 1999). A number of targets of the B-catenin/Tcf
transcription complex have recently been identified and these include c-MYC (He et
al., 1998), c-jun and fra-1 (Mann et al., 1999), and TcfI (Roose et al., 1999). uPAR
(urokinase-type plasminogen activator receptor) and ZO-1 (zonula occludens-1) also
showed altered expression levels in response to overexpression of f3-catenin but a
direct interaction with the complex was not demonstrated (Mann et al., 1999). c-

MYC is an oncogene which encodes a nuclear phosphoprotein and is involved in cell



proliferation (Scott & Quirke, 1993) The overexpression of ¢-MYC has been
extensively documented during colorectal tumourigenesis (Fearon & Vogelstein,
1990; He et al., 1998). c-jun and fra-1 are components of the AP-1 complex which
has been shown to increase expression of uPAR in colorectal cancer (Mann et al.,
1999). Tcfl may act as a feedback transcriptional repressor of B-catenin-Tcf4 target
genes through its interaction with APC (Roose et al., 1999). Thus, uncontrolled
interaction of B-catenin with Tcf4 through mutations in APC, B-catenin itself or
possibly conductin is the initiating step in FAP and results in uncontrolled activation
of gene transcription, the targets of which are just beginning to be elucidated.
Although FAP only accounts for approximately 1% of colorectal cancers,
mutations in APC or f-catenin are found in the vast majority of sporadic cases and

are indistinguishable from those in FAP tumours.

1.1.2.2 Hereditary Nonpolyposis Colorectal Cancer (HNPCC)

Hereditary Nonpolyposis Colorectal Cancer (HNPCC) accounts for
approximately 3-6% of all colorectal cancer cases and is an autosomal dominant
disorder (Liu et al., 1995; Konishi et al., 1996). These patients do not present with
polyposis and adenomatous polyps are observed to form at approximately the same
frequency in patients with HNPCC as they do in people with sporadic cancer (Smith,
1994). However, HNPCC tumours exhibit accelerated tumour progression once the
tumour is initiated (Kinzler & Vogelstein, 1996). HNPCC families are defined using
the Amsterdam Criteria as described by The International Collaborative Group on
Hereditary Non-Polyposis Colorectal Cancer (ICG-HNPCC) (Vasen et al., 1990):

* At least three relatives are affected, one should be a first degree relative to the
other two and polyposis should be excluded.

* At least two successive generations should be affected.

*  One of the relatives should be diagnosed under 50 years of age.

HNPCC cases are heterogeneous and patients may present with colon cancer only

(Lynch syndrome I), colon cancer and/or endometrial, ovarian, gastric, duodenal or



proximal ureter/renal pelvic carcinomas (Lynch sydrome II) and/or cutaneous tumour
manifestations (Muir-Torre syndrome) or as randomly scattered colorectal tumours.
In addition, HNPCC tumours tend to be right-sided and diploid (Liu et al., 1995).
Linkage analysis initially associated HNPCC with chromosome 2p15-p16 (Smith,
1994). LOH analysis at this locus led to the discovery of genome-wide microsatellite
instability (MSI) in most HNPCC tumours (Aaltonen et al., 1993; Ionov et al., 1993;
Thibodeau et al., 1993; Liu et al., 1996; Boland et al., 1998). Microsatellites are
repetitive nucleotide sequences of varying lengths which occur in the human genome,
between and within genes (Sherbet & Lakshmi, 1997). MSI is observed by the
lengthening or shortening of the repetitive units within microsatellites. This tumour
phenotype of MSI was named RER, for replication errors (Smith, 1994) and is also
referred to as MIN (microsatellite instability phenotype) (Lengauer ef al., 1998). An
association between MSI and mutant mismatch repair genes was first identified in
yeast by Strand et al. (1993). A comparison was drawn between mutations in the
mismatch repair genes mutS and mutl. in E. coli and increased MSI and led to the
discovery of mutant yeast homologues, i.e. PMSI1, MLLH] and MSH?2 that also caused
MSI in these yeast strains (Strand et al., 1993). HNPCC is now associated with at
least five DNA mismatch repair genes: htMSH2, hMLHI1 , hPMS2, hPMS1 and hMSH6
(Lu et al., 1998) with resulting genetic instability. However, mutations in AMSH2,
hMILHI and hPMS2 account for the majority of HNPCC cases (Kinzler & Vogelstein,
1996). Approximately 92% of HNPCC families displaying MSI have germline
mutations in at least one of the mismatch repair (MMR) genes (Liu et al., 1996).
Thus, MSI reflects a malfunction in the replication or repair of DNA and results in
instability in genes with repeated nucleotides within their sequence (Lothe et al.,
1997). Genes affected by MSI identified to date include TGF-f receptor type II,
BAX and APC (Prolla et al., 1998). The mutational spectrum for APC mutations in
MSI tumours is different to that in tumours lacking an MSI phenotype (known as
microsatellite stable (MSS) tumours (Boland ef al., 1998) and usually exhibit a

chromosomal instability (CIN) phenotype (Lengauer et al., 1998). APC mutations in



MSI tumours show a high frequency of frame-shift mutations in close proximity to
one of the many (A)p tracts within the APC sequence (Huang et al., 1996). Thus,
APC mutations occur in the majority of MSI and MSS colon tumours, suggesting a
shared pathway for colorectal carcinogenesis (Huang et al., 1996) but in the case of
MSI tumours, defects in mismatch repair precede APC mutations and thus are the
initiating events in tumourigenesis in HNPCC patients.

Approximately 12-14% of sporadic tumours are found to exhibit MSI (Smith,
1994) and are likely to follow the same pathway as HNPCC tumours, i.e. MSI leads

to accelerated mutation in genes involved in colorectal tumourigenesis.

1.1.2.3 Sporadic colorectal cancer

Sporadic colorectal cancer describes those patients who have no family
history of colorectal cancer and accounts for the majority of cases. However,
mutations in genes associated with inherited colorectal cancer are also found in most
sporadic cases, particularly APC mutations (Kinzler & Vogelstein, 1996). Similarly
to the hereditary cases, sporadic colorectal cancer cases can be associated with a
chromosomal instability (CIN) or microsatellite instability (MIN) phenotype
(Lengauer et al., 1998). CIN is characterised by the gains and losses of whole
chromosomes resulting in aneuploidy and is likely to occur in most human
malignancies (Lengauer ef al., 1998). CIN accounts for approximately 85% of
sporadic colorectal cancers, the majority of which are initiated through mutations in
either APC or f-catenin as described above for FAP. The molecular basis of CIN in
colorectal cancer is just beginning to be unravelled and ABUBI, which is a mitotic
checkpoint gene, has recently been associated with CIN (Cahill ez al., 1998). MIN
accounts for a relatively small percentage of sporadic colorectal cancers
(approximately 15%) but occurs in most cancers in patients with HNPCC as
described above. Somatic mutations in the same mismatch repair genes associated
with HNPCC are associated with some sporadic colorectal cancers exhibiting MIN

but mutations in genes other than those known to be associated with mismatch repair



(Liu et al., 1995) may also be involved. Thus, somatic mutations in repair genes can
be selected for during tumourigenesis, even when such mutations do not directly
enhance cell growth. Defects in a different type of repair mechanism, i.e. nucleotide-
excision repair (NER) has also been associated with tumourigenesis and has been
described as NER-associated instability or NIN (Lengauer et al., 1998). The NER is
responsible for repairing damage caused by exogenous mutagens and therefore, in
addition to defective NER genes, exposure to an environmental mutagen (such as
ultraviolet light) is a necessary step for development of NIN with resulting
tumourigenesis. Moreover, patients with NER defects, as exemplified in xeroderma
pigmentosum, usually develop numerous skin tumours which indicates that ultraviolet
light 1s one of the major environmental mutagens (Lengauer ef al., 1998). Thus, a
NIN phenotype has not been associated with colorectal tumours which are
characterised instead by either a MIN or CIN phenotype as described above. The
CIN and MIN phenotypes are mutually exclusive, 1.e. cancers exhibiting mismatch
repair deficiencies usually have a diploid chromosome number and chromosomal
changes occur at the same frequency as in normal cells. CIN cancers, on the other
hand, are usually aneuploid and generally do not display microsatellite instability. In
addition, fusion of colorectal cancer cells with MIN and CIN phenotypes results in
complementation of mismatch repair but not in chromosomal instability which
suggests that a single gain of function mutation is necessary for initiation of the CIN
phenotype (Lengauer et al., 1998).

Regardless of the type of instability, both types occur early in tumourigenesis
and the instabilities increase with tumour progression. The majority of colorectal
cancers, either inherited or sporadic, involve mutations in either APC or (3-catenin
which results in uncontrolled activation of gene transcription (see Figure 1.1).
However, in the case of MIN tumours, the microsatellite instability precedes the
mutations in APC. B-catenin has also been implicated in human skin tumours (Chan
et al., 1999) and melanomas (Rubinfeld et al., 1997) and, similarly to colorectal

cancer, [-catenin-Tcf/Lef misregulation results in tumourigenesis in these tissues.



1.1.3 A genetic model for colorectal tumourigenesis

Colorectal carcinomas usually develop from benign neoplastic polyp(s)
known as adenomas (Morson & Dawson, 1990). Adenomas are described as villous
or tubular with intermediate forms known as tubulovillous. The progression from the
adenoma to the carcinoma stage is facilitated by the accumulation of a number of
genetic changes and these are outlined in the genetic model described by Kinzler &
Vogelstein (1996) and is shown in Figure 1.2. These include, in addition to APC,
mutation or deletion of the oncogene k-ras, a number of genes on chromosome 18q21
including DCC (Deleted in Colon Cancer) and DPC4 (Deleted in Pancreatic Cancer
locus 4) (Thiagalingam et al., 1996), and the tumour suppressor gene p53. However,
allelic loss of DPC4 is only found in a subset of colorectal cancers and therefore is
not always a target for allelic loss (Thiagalingam et al., 1996). DCC is deleted in
approximately 75% of colorectal cancers and is probably mutant in the remainder
(Scott & Quirke, 1993; Cho et al., 1994). DCC encodes a transmembrane
glycoprotein with similarities to N-CAM (neural cell adhesion molecule) and is a
receptor for netrin-1, a molecule involved in axon guidance (Mehlen et al., 1998).
DCC is highly expressed in normal colonic mucosa and many other tissues (Cho et
al., 1994; Sherbet & Lakshmi, 1997) and has recently been shown to induce apoptosis
(Mehlen e al., 1998). The tumour suppressor gene p53 is located on chromosome
17p13.1 and is mutated in a wide variety of cancers including colorectal cancer
(Sherbet & Lakshmi, 1997). p53 acts as a transcription factor and is an important
regulator of the cell cycle (Levine, 1997). p53 transcriptional activation is negatively
regulated by the adenovirus E1B-55kd protein and human MDM?2 (Levine, 1997).
Expression of p53 in response to DNA-damaging agents induces either a stable
growth arrest or apoptosis (Polyak et al., 1997; Sherbet & Lakshmi, 1997) and thus is
known as the "guardian of the genome" (Wynford-Thomas, 1997). p53 has been
shown to affect the expression of a number of genes either directly or indirectly and
and some of these include p2 IWAFI/CIP1 cyclin G, GADD45, BAX, IGF-BP3, TGF-

a, c-fos and c-jun (Madden et al., 1997). p53-dependent growth arrest can occur at
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cither the G1/S or G2/M phases of the cell cycle (Agarwal et al., 1995) and allows
repair of damaged cells prior to cell replication (G1/S) or premitotic chromosome
condensation (G2/M) and chromosome partition (Schwartz & Rotter, 1998). Growth
arrest via p53 is dependent on the transcriptional induction of the protein
p21WAFL/CIPL (A garwal et al., 1995; Waldman et al., 1995), which is an inhibitor of
most of the cyclin-dependent kinases which help regulate the cell cycle (Agarwal et
al., 1995). p53-mediated apoptosis occurs in response to DNA damage or in response
to expression of either a viral or cellular oncogene or the absence of a critical tumour
suppressor gene product such as Rb (Levine, 1997). Two targets of p53 regulation,
i.e. BAX and IGF-BP3 are thought to have an important role in p53-mediated
apoptosis. In addition, overexpression of BCL2 blocks apoptosis and is antagonised
by BAX (Levine, 1997). The majority of p53 mutations, which are found in 50-55%
of all human cancers, result in a mutant p53 protein that fails to bind to DNA in a
sequence-specific fashion (Levine, 1997). Somatic p53 mutations can occur as early
or late events in tumourigenesis depending on the tumour type (Levine, 1997). A p53
mutation occurs as an early event in skin cancers, i.e. in pre-malignant lesions. In
contrast, mutations both in p53 and DCC occur as late events in colorectal
tumourigenesis (Levine, 1997).

As described in the previous sections, colorectal tumours with MSS exhibit a
relatively high degree of chromosomal losses (CIN), while tumours displaying MSI
can often show no allelic loss but have a higher mutation rate (MIN) (Kinzler &
Vogelstein, 1996; Lengauer et al., 1998). However, both types of tumours seem to go
through a similar series of mutations during colorectal cancer progression and it is not
simply the accumulation of mutations, but rather it is also the order, that determines
the propensity to neoplasia (Kinzler & Vogelstein, 1996). In addition to the genetic
alterations mentioned above, a recent study has identified somatic mutations in the
mitochondrial genome in 70% of colorectal cancer cell lines examined (Polyak et al.,
1998). Moreover, the mutations were also confirmed in the tumours from which the

cell lines were derived. The mutated mitochondria displayed a selective growth
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advantage during tumour evolution and could have significant effects on cellular
processes controlled by mitochondria (Polyak ef al., 1998).

Once the primary tumour is established a subpopulation of cells within the
tumour may acquire additional invasive capabilities and become metastatic. The

characteristics and changes that primary tumour cells undergo in order to become

metastastic are discussed in the next section.
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1.2 THE METASTATIC PROCESS

Metastasis is the process by which malignant cells leave their primary site and
spread to distant locations throughout the body (reviewed in Ahmad & Hart, 1996;
Duffy, 1996; Ahmad & Hart, 1997; Cockett et al., 1998) and was first recognised by
Jean-Claude Recamier in 1829 (Beavon, 1999). In order to do this, invading cells
have to overcome a number of obstacles. The metastatic process may be divided into
several sequential steps: detachment of cancer cells from the primary tumour,
penetration into the circulatory system, dissemination throughout the body, arrest in
capillary bed of distant organs, extravasation, induction of angiogenesis and finally,
growth at the secondary site. The metastatic process is therefore quite complex and
involves a number of gene products associated with angiogenesis, adhesion and
motility, and basement membrane breakdown. An outline of the metastatic process is
shown in Figure 1.3. Some of the molecules known to be involved in metastasis are

described in the following sections.

1.2.1 Angiogenesis

There 1s a strong inverse association of tumour vascularisation with overall survival,
as well as mode of metastasis in colorectal cancer (Tanigawa et al., 1997). In order
for tumours to grow beyond 2mm in size, the formation of new blood vessels is
required in a process known as angiogenesis (Ahmad & Hart, 1997). New blood
vessels are thin walled and leaky and are therefore more permeable to tumour cells.
Similarly to the metastatic process itself, angiogenesis may also be divided into a
number of steps as follows (Ahmad & Hart, 1996; Duffy, 1996; Ahmad & Hart,
1997):

* Degradation of the basement membrane

* Endothelial cell migration

* Endothelial cell proliferation

e Vascular loop formation

* Development of a new basement membrane
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Moreover, the mechanisms used by endothelial cells in angiogenesis are comparable
to those used by the invading tumour cells (Ahmad & Hart, 1997). Matrix-degrading
proteases such as MMPs (Matrix Metalloproteinases) are necessary for ECM
(extracellular matrix) degradation to allow new vessel formation (Cockett et al.,
1998). Protease inhibitors have been shown to inhibit angiogenesis and thus inhibit
metastasis (Ahmad & Hart, 1996 & 1997). The stimulus for angiogenesis may be
provided by the tumour cells or by host inflammatory cells within the tumour (Duffy,
1996). The process of angiogenesis involves both pro-angiogenic and anti-angiogenic
factors. Pro-angiogenic factors include vascular endothelial growth factor (VEGEF),
hepatocyte growth factor, IL-8 and tumour necrosis factor-o (TNFa) and anti-
angiogenic factors include angiostatin, thrombospondin-1 and platelet factor-4. Thus,
induction of angiogenesis requires a balance in favour of pro-angiogenic factors.
Subsequent research has found that tumour cells produce proteases which cleave
plasminogen to generate the angiogenesis inhibitor angiostatin (O'Reilly et al., 1994).
Serum angiostatin was no longer detected five days after removal of the primary
tumour and this presumably led to increased angiogenesis and growth of metastases
(O'Reilly et al., 1994). Thus, tumours can be self-inhibitory by halting angiogenesis
via production of angiostatin. In addition, expression of angiostatin cDNA induced
long term dormancy, i.e. a balance between proliferation and apoptosis, in lung
metastases in experimental mice (Cao et al., 1998). Angiogenesis is an essential step
in the metastatic process by allowing continued growth of the primary tumour and
providing an entry route for invasive cells into the circulatory system. Moreover, the
established metastatic tumour will also require a blood supply at the distant site.
Thus, angiogenesis is important both at the initial and ultimate stages of metastasis

and is proving to be an important target in the prevention and treatment of cancer.
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1.2.2 Cell adhesion and motility

The spread of cells from the primary tumour to distant sites involves alteration
of cell adhesion, signalling and motility. Itis likely that the ability of tumour cells to
invade requires an intermediate expression of adhesive capability (Aznavoorian et al.,
1993). Down-regulation of intercellular adhesion is initially required in order for
tumour cells to leave the primary tumour. However, increased cellular adhesive
capacity is required at a later stage for reattachment at the metastatic site (Ahmad &
Hart, 1997). The major classes of cell adhesion molecules include the cadherins,
integrins, intercellular adhesion molecules (ICAMs), immunoglobulin receptors and
selectins. Alteration in expression of a number of these cell adhesion molecules has
been implicated in metastatic spread. Expression of cadherins has received much
attention in tumour metastasis. The extracellular domains of cadherins contain
several calcium ion binding domains and these self-associate and cause intercellular
adhesion (Aznavoorian et al., 1993; Sherbet & Lakshmi, 1997). Cadherins are
expressed in a wide variety of cell types and their adhesion function plays a role in
cell fate, segregation and differentiation (Takeichi, 1990; Braga, 1999). Loss or
downregulation of E-cadherin in particular has been inversely correlated with
invasive potential in several epithelial cancers including colorectal cancer (Ahmad &
Hart, 1997; Sherbet & Lakshmi, 1997; Beavon, 1999; Perry et al., 1999).

Altered expression of integrins is also associated with increased invasiveness.
Integrins are receptors that recognise signals from the extracellular matrix and these
are transduced via the cytoskeletal structures (Sherbet & Lakshmi, 1997). A large
number of classical signaling pathways are now known to be activated by the
interactions of cells with matrix proteins via integrins (Kumar, 1998). These
receptors are composed of a and B subunits which combine to form a variety of
heterodimers that are capable of binding a number of ligands in the extracellular
matrix (ECM) including fibronectin, fibrin, vitronectin, laminin, type I collagen and
thrombospondin (Kumar, 1998). The integrins, therefore, mediate cell-matrix

interactions during cell migration through the ECM. Variable expression and
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distribution of integrins has been associated with metastasis in epithelial cancers and
expression of the fibronectin receptor was associated with enhanced colon tumour
proliferation (Ahmad & Hart, 1996). In epithelial cancers, fewer integrins tend to be
expressed when compared to their normal epithelial cell counterparts (Ahmad & Hart,
1997). Thus, an association of integrins with metastasis is related to their role in
signal transduction which is central to cytoskeletal organisation, cell survival and cell
proliferation pathways (Kumar, 1998).

Altered motility has been associated with an invasive tumour cell phenotype.
Tumour cell lines known to be more highly invasive show a higher degree of motility
than their low metastatic counterparts (Aznavoorian ef al., 1993). Motility factors
associated with increased movement in tumour cells include autocrine motility factor
(AMF) or hepatocyte growth factor (HGF). In addition, altered expression of
Motility Related Protein-1 (MRP-1/CD9), which has been shown to effect motility,
has also been associated with metastasis in a number of cancers including colorectal
(Ikeyama et al., 1993; Higashiyama et al., 1995; Miyake et al., 1995 & 1996; Cajot et
al., 1997; Uchida et al., 1999).

1.2.3 Proteolysis

Proteolytic breakdown of the extracellular matrix (ECM) is also essential for
metastatic spread. The ECM is comprised of the interstitial stroma and the basement
membrane. The major components of the basement membrane include type IV
collagen, laminin and heparan sulphate proteoglycan. Traversal of the basement
membrane is required at least three times during invasion: escape from the primary
site, and both intra-and extra-vasation from the vasculature and therefore breakdown
of the ECM is an essential step. The major classes of proteases include the serine
proteinases (includes urokinase plasminogen activator uPA and plasmin), cysteine
proteinases (includes cathepsins B and L), aspartyl proteinases (cathepsin D), integral
membrane proteinases and the metalloproteinases (MMP) (Duffy, 1996; Ahmad &

Hart, 1996; Sherbet & Lakshmi, 1997). Some of the proteases implicated in
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metastasis include urokinase plasminogen activator, cathepsins B and D, and the
MMPs. Plasminogen activator (uPA), as its name suggests, catalyses the conversion
of plasminogen to active plasmin and this reaction requires the binding of uPA to its
receptor. Plasmin is a broad spectrum protease and also activates latent proteases
(Duffy, 1996). Interestingly, angiostatin is also derived from plasminogen (see
Section 1.2.1) which emphasises the importance of plasminogen in metastasis. The
cathepsins are lysosomal enzymes and the expression of cathepsins B and D has been
extensively studied in relation to metastasis (Sherbet & Lakshmi, 1997). Cathepsin B
over-expression has been correlated with basement membrane degradation and lymph
node 1invasion in adenocarcinomas (Sherbet & Lakshmi, 1997). In addition, cathepsin
B can activate certain MMPs and receptor-bound uPA. Enhanced expression of
cathepsin D has been found in a variety of human neoplasms including colon
carcinomas but its correlation with metastasis was variable (Sherbet & Lakshmi,
1997). The MMP family of proteases consists of three main groups: the type IV
collagenases, the interstitial collagenases and the stromelysins. Altered expression of
MMPs and their inhibitors, known as TIMPs (tissue inhibitor of metalloproteinases),
have been associated with a variety of cancer metastases (Cockett et al., 1998).
MMPs are produced not only by neoplastic cells but also by the surrounding stromal
fibroblasts (Ahmad & Hart, 1996). However, MMP-7 was found to be expressed in a
majority of gastric and colon tumours, but this expression was restricted to the tumour
cells and was not found in stromal cells or lymphocytes (McDonnell ef al., 1991). In
addition, inhibitors of cysteine proteases, metalloproteinases and serine proteases are
capable of blocking tumour cell invasion (Aznavoorian et al., 1993). Thus, it is the
balance between the local concentration of activated enzymes and their endogenous
inhibitors that is the determinant of proteolytic activity during metastasis
(Aznavoorian et al., 1993) and further studies are required to decipher the interplay

between proteases and their inhibitors and their role in metastasis.
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1.2.4 Summary of metastasis and associated genes

In summary, metastasis is a complex process that requires altered expression
of a range of molecules associated with angiogenesis, proteolysis, motility and cell
adhesion. The metastatic phenotype is independent of the tumourigenic phenotype
(Sobel, 1990) and therefore not all tumours will have the same metastatic capabilities.
Moreover, individual tumours consist of subpopulations of cells with widely differing
invasive and metastatic capabilities (Sherbet & Lakshmi, 1997). Acquisition of the
metastatic phenotype is likely to involve the altered expression of a range of gene
products rather than the induction of unique and specific genes. However, a number
of metastasis-associated genes have been identified to date and these include ras
(Sobel, 1990), nm23 (Steegetal., 1988), mtal (Toh et al., 1997), 18A2/mtsl (Sherbet
& Lakshmi, 1997) and more specifically for colorectal metastasis: car (cell adhesion
regulator) (Yamamoto et al., 1996), cox-2 (cyclooxygenase-2) (Tsujji et al., 1997),
acylphosphatase (Riley ez al., 1997), MRP-1/CD9 (Mori et al., 1998), E-cadherin and
a-catenin (Gofuku et al., 1999), heparin/heparan sulphate (Wang et al., 1999) and
CD44 variants (Sherbet & Lakshmi, 1997; Ghigna et al., 1998; Weg-Remers et al.,
1998; Yamane ef al., 1999). The genes listed above were all identified based on their
differential expression being positively or negatively correlated with metastatic
spread. Increased expression of metastasis-associated genes either enhances or
suppresses the metastatic ability of tumours and, therefore, must exert control over the
metastatic cascade. However, due to the complexity of the metastatic cascade and
differences between tumours and individuals, a definitive role in metastasis still has to
be established for the majority of metastasis-associated genes. Moreover,
development of metastasis is unlikely to involve just one specific gene, but rather an
accumulation of changes in a number of genes which effect angiogenesis, adhesion,
motility, proteolysis and cell survival.

Early events in colon tumourigenesis which lead to the establishment of the
primary tumour have been relatively well characterised as described above.

However, the changes involved in primary tumour cells becoming metastatic is
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'lagging behind'. Metastatic spread is the main cause of cancer-related death and
therefore a greater understanding of this process is a pre-requisite for improved
treatment. The behaviour and specificity of cell types is determined, in part, by
differences in gene expression. Thus, tumour cells with differences in metastatic
ability are likely to have different gene expression profiles. Examination of the gene
expression differences between pre-metastatic and metastatic cell lines is likely to
identify differentially expressed gene products may be important contributors to the

metastatic process.
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1.3 AN EXAMINATION OF COLON TUMOUR METASTASIS
1.3.1 Aim

The development of colon cancer is now understood to be a multistage
process involving genetic alteration of specific oncogenes and tumour suppressor
genes (Kinzler & Vogelstein, 1996). However, the genetic changes leading to the
development of colorectal metastasis are not well known (Sampson-Johannes et al.,
1996). Some of the changes that primary tumour cells undergo before acquiring a
metastatic phenotype will be reflected in their gene expression patterns. The overall
aim of this study was to arrive at a better understanding of colon tumour metastasis by
identifying mRNA species whose induction or repression is involved in the
acquisition of metastatic competence. Cultured cell lines provide a convenient in
vitro model for analysis and avoids the complications arising from mixed cell types in
clinical material by providing a relatively pure population of tumour cells. In
addition, the use of isogenic cell lines, i.e. those isolated from multiple tumours in the
same patient, eliminates the possibility of isolating gene expression differences that
are likely to exist between different individuals. Moreover, a relatively unlimited
supply of RNA means that an extensive examination of gene expression patterns can

be carried out.

1.3.2 Differential gene expression profiling methodologies

A number of techniques have been developed to identify differences in gene
expression in cells of different types. Some of the more recent methods include
Differential Display Reverse Transcription-PCR (DDRT) (Liang & Pardee, 1992),
Serial Analysis of Gene Expression (SAGE) (Velculescu et al., 1995), Suppression
Subtractive Hybridisation (SSH) (Diatchenko ef al., 1996), cDNA microarray (DeRisi
et al., 1996; Lockhart et al., 1996) and commercially available high-density cDNA
blots such as Gene Discovery Array (Genome Systems Incorporated) or Application-

Targeted Atlas cDNA expression Array (Clontech).



SAGE allows the quantitative analysis of thousands of transcripts at once,
therefore generating important information on the relative abundances of mRNA
transcripts between cell types. The final step of the SAGE protocol produces a library
of clones for each cell type of interest. The SAGE clones contain short sequence tags
that uniquely identify specific cDNAs (analogous to a 'barcode') and are subsequently
quantified. Tag abundance from separate cell types of interest are compared and
quantitative information regarding the differentially expressed species is produced
(Velculescu et al., 1995). SAGE was used for the gene expression analysis in this

study and will be discussed further in Chapter 3.

1.3.3 The cell lines SW480 and SW620

The isogenic cell lines SW480 and SW620 were derived respectively from a
primary colorectal adenocarcinoma and a lymph node metastasis in the same patient,
respectively (Leibovitz et al., 1976). SW480 was classified as Dukes' stage B and
SW620 was classified as Dukes' stage C (Leibovitz et al., 1976). Moreover, initiation
of SW620 coincided with widespread metastasis in the patient and therefore, SW620
cells are likely to be representative of cells that metastasised to various visceral
organs of the patient (Sampson-Johannes et al., 1996). These cell lines provide an in
vitro model of pre-metastatic and metastatic stages of colon tumourigenesis. The cell
lines have been examined previously by others (Witty et al., 1994; Sampson-Johannes
et al., 1996) and were shown to maintain the invasive characteristics of the tumours
from which they were derived. Witty et al. (1994) showed that only SW620 cells,
and not SW480 cells, were capable of producing hepatic metastases when injected
into the caecum of nude mice. A separate study employed a colonisation assay using
SCID (severe combined immunodeficient phenotype) mice engrafted with human
fetal lung (HFL) tissues (Sampson-Johannes et al., 1996). HFL grafts can maintain
endothelium of human origin for up to 20 weeks after implantation. SW480 cells did
not form tumours within the HFL grafts whereas SW620 cells did. The SCID-hu

mouse model allows the basis of interactions between human cancer cells and the
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human tissue microenvironment to be investigated. Various human tumour cell lines,
in addition to SW480 and SW620, were analysed and the tumourigenic activity in the
SCID-hu mice faithfully reflected the clinical features of the original cancer
(Namikawa & Shtivelman, 1999). Analysis of adhesion molecules, previously
implicated in metastasis, in SW480 and SW620 showed a loss of integrin o3 and
NCAM in SW620 relative to SW480 (Sampson-Johannes ef al., 1996). Two separate
studies have also found that the SW480 primary tumour cells exhibited a higher
migration potential in vitro relative to the SW620 metastatic cells and this was also
found in similar paired cell lines (Cajot et al., 1997; Kubens & Zanker, 1998). This
may be due to expression of Motility Related Protein-1 (MRP-1) and is related to
poor prognosis (Ikeyama et al., 1993; Higashiyama et al., 1995; Miyake et al., 1995
& 1996; Cajot et al., 1997; Uchida et al., 1999).

Additional studies on SW480 showed that it harbours a typical APC
truncation mutation (Smith et al., 1993; Mann et al., 1999), a mutant p5S3 (Hermeking
et al., 1997; Polyak et al., 1997), a predominant localisation of f-catenin in the nuclei
(Sheng et al., 1998) and exhibits the chromosome instability (CIN) phenotype (Cahill
et al., 1998). Therefore, SW480 represents the most common form of colorectal
cancer (see Sections 1.1.2 and 1.1.3) and both SW480 and SW620 maintain their
tumour and metastatic characteristics in culture and, thus, could be used to study gene

expression in colon tumour metastasis.

1.3.4 Objectives

The overall objective of this study was to examine the gene expression
patterns in metastatic colon tumour cell lines, i.e. SW480 and SW620, and identify
any differences between them. Genes that demonstrated differential expression
would be analysed further in additional metastatic cell lines and, if possible, in
clinical material in order to identify metastasis-associated genes. The specific

objectives were as follows:
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Implementation of the method of Serial Analysis of Gene Expression (SAGE)
under licence from Vogelstein & Kinzler (Johns Hopkins University, MD, USA)
in the cell lines SW480 and SW620.

Analysis of the SAGE data using SAGE software version 1.0 (Vogelstein &
Kinzler) and comparison to Genbank flatfile release 101.0. Selection of a subset
of differentially expressed genes with possible association to the metastatic
phenotype and confirmation of differential expression by an independent method.
Examination of expression of candidate metastasis-associated genes in other cell
lines and in fresh-frozen/paraffin-embedded tumour specimens by semi-
quantitative RT-PCR (He et al., 1995)/immunohistochemistry if possible.

Further analysis of DDRT clone PM208. A previous study applied DDRT-PCR
to SW480 and SW620, and a number of differentially expressed products were
identified, one being PM208.
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Figure 1.1 APC and B-catenin interactions in normal and tumour cells. The interactions illustrated above are based on a

number of recent publications (see text for references). In normal cells in response to extracellular signals, f-catenin interacts
with the transcription factor Tcf-4 and this complex activates transcription of a number of target genes. APC indirectly

controls transcription by interacting with phosphorylated B-catenin in a complex which consists of GSK-3f, conductin and

possibly B56 bound PP2A, and promotes its degradation. Thus, mutations in APC or B-catenin that occur in colon tumours
can disrupt binding and lead to uncontrolled gene transcription.
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Figure 1.2. The genetic model for colorectal cancer progression. (Adapted from Fearon & Vogelstein, 1990; Kinzler &
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Figure 1.3 The metastatic process (taken from Sherbet & Lakshmi, 1997).
Invasive cells are capable of leaving the primary tumour and spreading to distant
locations throughout the body. This process, known as metastasis, involves gene
products associated with basement membrane breakdown, angiogenesis, adhesion

and motility.



Table 1.1 Dukes' original classification of colorectal tumours

Dukes' Stage Description
A Growth of tumour limited to the rectal wall.
B Tumour growth extended to extrarectal tissues but no metastases in

regional lymph nodes.

C Metastases in regional lymph nodes.
| Only regional lymph nodes involved.
C, Nodal spread to the level of the point of ligature of the blood vessels.

The stages written in bold were described originally by Dukes (1932) and Dukes' C

was later subdivided C; and C, (Gabriel et al., 1935).



CHAPTER 2

Materials and Methods



2.1 MATERIALS
2.1.1 Reagents

General chemicals

Amresco®, USA: 6% Gene-PAGE sequencing mix, Phenol saturated solution.

B.D.H. Ltd., UK: Chloroform, Copper sulphate, Ethanol, Ethylenediaminetetra-
acetic acid disodium salt (EDTA), Glycine, Iso-amyl alcohol, Iso-propanol, Nonidet
P40, NNN’N’-Tetramethylethylenediamine (TEMED), Paraffin liquid, Potassium
sodium tartrate, Sodium bicarbonate, Sodium chloride, tri-Sodium citrate, Sodium
dodecyl sulphate, Sodium hydroxide, tetra-Sodium pyrophosphate, Sucrose, Tris

(hydroxymethyl) methylamine, Urea.

Boehringer GmbH., Germany: Isopropylthio-f-galactoside (IPTG), 5-bromo-4-

chloro-3 indoyl-f-D-galactoside (X-gal).

Flowgen, UK: Longer Ranger™ Gel 50% stock solution of acrylamide:bis-

acrylamide (19:1).

Oxoid, UK: Agar, Tryptone, Y east extract.

Sigma-aldrich, UK: Acrylamide/bis-acrylamide 30% solution electrophoresis grade
(ratio 37.5:1), Agarose, Ammonium acetate, Ammonium persulphate, Ampicillin,
Bovine serum albumin Fraction V, Bromophenol blue, Dextran blue,
Diethylpyrocarbonate (DEPC), Dimethyl Sulphoxide (DMSO), Ethidium bromide,
Formamide, Formaldehyde 37% solution (formalin), Leupeptin, Magnesium chloride,
Mineral oil, N,N-Dimethylformamide, 3-[N-Morpholino]-propane-sulphonic acid
(MOPS), Phenol red, Phenylmethylsulfonyl fluoride a-toluenesulfonyl fluoride

(PMSF), Sephadex G-50, Sodium sulphate, Triton X-100.



Merck, Germany: Ethylene glycol-bis (B-amino ethyl ether) N,N,N',N'- tetraacetic
acid (EGTA), Folin-Ciocalteau's phenol reagent, Potassium dihydrogen phosphate, di-
Potassium hydrogen phosphate, di-Sodium hydrogen phosphate, Urea.

National Diagnostics, USA: Protogel, ultra pure 30% acrylamide solution.

Scotlab, UK: Easigel™ 6% denaturing acrylamide solution.

Photographic and X-ray film

Fuji RX film: Fuji Photo Film Co., Japan.

Polaroid 665 Film: Polaroid Corp., USA.

Tissue Culture

GibcoBRL, Life Technologies, UK: DMEM (Dulbecco's modified Eagle's medium),
DMEM (Dulbecco's modified Eagle's medium): F12 nutrient mixture (Ham's) (1:1)
medium with L-glutamine, 15mM hepes buffer and pyridoxine, F-12K nutrient
mixture (Kaighn's modification) medium, Foetal bovine serum, Leibovitz L-15
medium, Dulbecco's PBS (Phosphate buffered saline), Penicillin-streptomycin
(10,000u/ml; 10,000ug/ml), RPMI 1640 medium with 25mM hepes buffer and L-

glutamine, Trypsin-EDTA (2.5% ), Versene.

Corning Costar, NL: 75cm?3 flasks-7170, cell scrapers.

Molecular biology

Amersham International PLC, England: [a-32P] dCTP (6000Ci/mmol), Cycle
sequencing kit-RPN2436, Hybond N*tnylon membrane, Megaprime™ labelling kit,

Rediprime® labelling kit II.

Biotecx laboratories Inc., USA: Ultraspec™ II RNA Isolation System.
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Boehringer GmbH., Germany: Glycogen 20ug/ W, Hin dIII (10u/ul), Eco RI (10u/ul),

RNase A.

Corning Costar, NL: SpinX centrifuge tubes-8160.

GibcoBRL, Life technologies, UK: DNAsel (1u/ul) amplification grade, T4 DNA
Ligase high concentration (5u/ul), T4 DNA Ligase (lu/ul), A DNA (0.45ug/ul),
Random primers (3ug/ul), Superscript™ II Moloney Murine Leukaemia Virus
Reverse Transcriptase.

[.M.A.G.E (Integrated Molecular Analysis of Genomes and their Expression)
Consortium: EST clones W58406, N52605, T65549 obtained via HGMP (Human
Genome Mapping Project), UK.

NEB (New England Biolabs), UK: Not I (10u/ul), Ksp 1 (10u/pl).

Perkin-Elmer, USA: AmpliTaq™ (5u/pl).

Pharmacia, UK: Cy5 labelled M13 Forward and Reverse primers (Table 2.1).
Promega, USA: dNTPs, Hae II1 (10u/ul), RNasin (40u/ul), Tag DNA Polymerase
(Su/ul), Wizard® PCR preps DNA purfication system- A7170, Wizard® SV plasmid
purification kit.

Sigma-aldrich, UK: Lysozyme.

Stratagene, USA: pBluescript II SK(+) DNA vector, pCR-Script Amp SK(+) cloning

kit, Epicurian® Coli XL1-Blue MRF Kan supercompetent cells.



Protein analysis

B.D.H. Ltd., UK: DPX mountant.

Beckmann Instruments Inc., USA: Polyallomer bell-top Quick Seal® centrifuge

tubes.

Dako, DK: Monoclonal mouse anti-human amyloid A component, Envision™ +

system HRP (DAB) anti-mouse antibody kit.

GelmanSciences, UK: BioTrace™ transfer membrane.

NEB (New England Biolabs), UK: Phototope® -Star western blot detection kit.

NeoMarkers, UK: Monoclonal mouse anti-keratin 5/8 Ab-1 (clone C-50).

Munktell, SW: Filter paper.

Sigma-aldrich, UK: High (205kDa to 29kDa) and Low (66kDa to 14.2 kDa) range

molecular weight markers, Ponceau S solution.

Shandon, USA: Haematoxylin solution.

2.1.2 Stock solutions

General

TBE (10x):  0.89M Tris, 0.89M Boric Acid, 0.02M EDTA disodium, pH7.0

TAE (50x):  242g Tris base, 57.1ml glacial acetic acid, 100ml 0.5M EDTA (pH8.0)
per litre.

SSE(20x): 3M NacCl, 0.3M Sodium citrate pH7.0



Loading dye 0.25% bromophenol blue (w/v), 0.25% xylene blue (w/v), 30%
glycerol.

TE 10mM Tris-HCl, pH7.5, ImM EDTA.

Plasmid DNA preparation

LB: 10g NaCl, 10g tryptone, 5g yeast extract per litre of H,O, pH7.0.

LB agar: LB plus 1.5% (w/v) agar.

SOB: 2% tryptone, 0.5% yeast extract, 0.05% NaCl, 2.5mM KCl, 10mM
MgCls.

TES: 50mM Tris HCI, pH 8.0, 25% Sucrose, 2mM EDTA, pH 8.0.

M-STET: 5% Triton X-100, 50mM EDTA, pH 8.0, 50mM Tris HCI, pH8.0, 5%.

RNA

DEPC-H»>0O: 0.01% (v/v) DEPC was added to dH,O, mixed well and allowed to sit
overnight at room temperature. The treated water was then autoclaved
for 30 minutes to remove any traces of DEPC.

MOPS (10x): 0.2M 3-[N-Morpholino]-propane-sulphonic acid, 0.05M Sodium
acetate pH7.0, 0.01M EDTA.

RNA denaturing buffer: 30% (v/v) formamide, 56% 10x MOPS (v/v), 32%
formaldehyde (37%) (v/v).

Sodium phosphate buffer, 1M, pH6.8: 13.14g NapHPO4, 14.82g NaH>POg4 up to
200ml with H,O.

Wash A: 0.5% (w/v) BSA Fraction V, 5% SDS, 40mM Sodium phosphate buffer pH
6.8, ImM EDTA.

Wash B: 1% SDS, 40mM Na phosphate buffer pH6.8, ImM EDTA.

Strip buffer: 0.1xSSC, 0.1% SDS .
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Protein

Electrophoresis buffer (5x): 15g Tris, pH8.3, 72g Glycine, 5g SDS per litre.

Sample buffer (5x): 4ml 1% Bromophenol blue, 20ml 1.5M Tris-HCI, pH6.8, 17.5ml
20% SDS, 53.5ml glycerol, 2.5ml f-mercaptoethanol per
100ml.

Coomassie blue: 0.1% Coomassie blue G250, 50% Acetic acid, 20% Methanol.

Buffer A: 20mM Tris-HCl, pH7.5, 0.25M sucrose, 2mM EGTA, 2mM EDTA, 1mM
PMSF, leupeptin (10pg/ml).

Buffer B: 20mM Tris-HCl, pH7.5, 1% (w/v) Nonidet-P40, 150mM NaCl, ImM
EGTA, ImM EDTA, 1mM PMSEF, leupeptin (10pug/ml).

Buffer C: 20mM Tris-HCI, pH7.5, 1% SDS, 150mM NaCl, ImM EGTA, 1mM
EDTA.

Lowry solution: 2% Sodium bicarbonate, 0.2% Potassium sodium tartrate, 0.1M
Sodium hyroxide.

Transfer buffer: 0.384g SDS, 5.82¢ Tris, 2.94g Glycine, 200ml Methanol per litre.

PBS (10X): 14.5g NapHPOy, 2g KH7PO4, 2g KCI and 80g NaCl, pH7.4.

Blocking buffer: 1x PBS, 0.1% Tween-20, 5% (w/v) non-fat dry milk.

Wash buffer (10x): 100mM Tris-HCI, pH9.5, 100mM NaCl, 10mM MgCl,.

TBS (Tris buffered saline): 100ml 0.05M Tris pH7.6, 7.65g NaCl, 25ul Tween 20

per litre.

2.1.3 Cell lines

The following cell lines were obtained from the American Type Culture Collection
(ATCC), MD, USA: CCL-228 (SW480), CCL-227 (SW620), CCL-233 (SW1116),
CCL-229 (LoVo), CCL-224 (Colo 201), CCL-248 (T84).

The cell line 498LI1 was the kind gift of Dr. Meenhard Herlyn, The Wistar Institute,
Philadelphia, USA.
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2.2 TISSUE CULTURE METHODS

2.2.1 Cell Culture

The cell lines SW480, SW620, SW1116 and 498LI1 were cultured in Leibovitz L15
medium supplemented with 10% (v/v) foetal bovine serum at 37°C in the absence of
CO2. The cell lines LoVo, Colo201, T84 and mouse 3T3 fibroblasts were all
maintained at 37°C in the presence of 5% CO2 in their respective growth media.
LoVo was cultured in 90% F-12K medium with 10% foetal bovine serum, Colo201
was cultured in RMPI 1640 supplemented with 20% foetal bovine serum and T84 was
cultured in 95% DMEM: Ham's F12 (1:1) and 5% foetal bovine serum. All cell lines
were grown in the presence of 100units/ml penicillin and 100ug/ml streptomycin.
Cells were passaged by incubating with 0.25% Trypsin-EDTA (GibcoBRL) at 37°C
for 10 to 15 minutes. The subcultivation ratio was usually between 1:2 to 1:10. The
approximate passage number for each cell line was as follows: SW480: 99; SW620:

86;: SW1116: 41; 498l1: unknown; LoVo: 30; Colo201: unknown; T84: 52.

2.3 MOLECULAR BIOLOGY METHODS

2.3.1 Electrophoresis methods

Agarose gels

Agarose gels were made by boiling 1-2.5% agarose (w/v) in 1XTAE or 1XTBE
(Section 2.1.2). The electrophoresis buffer was 1XTAE or 1XTBE as appropriate.
Samples were usually mixed with at least 0.2 volumes of loading dye (Section 2.1.2).
After electrophoresis, gels were stained in an ethidium bromide bath (1.5ug/ml) and

visualised on a UV transilluminator.

Formaldehyde agarose gels were composed of 1-1.5% (w/v) agarose dissolved in 1x

MOPS buffer, cooled to 50°C and formaldehyde solution added to a final

concentration of 6.3%. The electrophoresis buffer was 1x MOPS.
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Polvacrylamide gels

Non-denaturing polyacrylamide gels were made using 30% Protogel (National
Diagnostics) acrylamide solution. Per 60ml gel mix- 16-24ml (8-12%) 30% Protogel,
6ml 10x TBE, 21-29 ml dH70, 378ul 10% APS and 35ul TEMED. Gels were

allowed to polymerise for at least 40 minutes.

Denaturing gels for the ALFexpress™ automated sequencer consisted of two types:
sequencing 'long' gels and 'short' gels. Sequencing gels were made by mixing 25g
urea, 7.2ml Longer Ranger™ gel solution, 7.2ml 10x TBE, the volume was made up
to 60ml with dH2O and polymerised by addition of 375u 10% APS and 38ul
TEMED. Sequencing gels were allowed to set for at least 2 hours. 'Short' gels were
made by mixing 40ml 6% Gene-PAGE or Easigel™ solution with 400ul 10% APS

and 40ul TEMED. 'Short' gels were allowed to polymerise for at least 1 hour.

Size markers

The A-Hin dIII marker was made by incubating 4.5ug of A DNA (GibcoBRL) with 40
units of Hin dlIII (Boehringer) restriction enzyme in a final volume of 100ul
containing 1x reaction buffer (Boehringer) at 37°C for 2-3 hours. This yielded
fragment sizes of 23,130bp, 9,416bp, 6,557bp, 4,361bp, 2,322bp, 2,027bp, 564bp and

125bp. An aliquot of Sul of this digest was used for agarose gels.

The pBS-Hae 111 marker was made by incubating 15ug pBluescript I SK(+) DNA
vector with 50 units of Hae 11 (Promega) in a final volume of 300l containing 1x
reaction buffer (Promega) overnight at 37°C. This yielded fragment sizes of 602bp,
458bp, 434bp, 290bp, 267bp, 254bp, 174bp, 142bp, 102bp, 80bp, 79bp, SObp, 18bp,
11bp. An aliquot of 3ul was used for agarose gels and a 5ul aliquot was used for

nondenaturing polyacrylamide gels.
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2.3.2 RNA extraction and purification

The cell lines were harvested for total RNA extraction at approximately 70%
confluence. The cells were lysed directly in the culture flask using the Ultraspec™ 11
[solation System (2ml/75c¢cm3 flask) according to the manufacturer's instructions.
Yield and quality of RNA were determined by A ¢0/A 280 spectrophotomer readings
(Sambrook et al., 1989). A ratio of 1.8 to 2.0 was indicative of intact, good quality
total RNA. Integrity of RNA was assessed by mixing a 1:1 ratio of approximately
lug of an RNA sample and denaturing buffer, heating to 70°C for 10 minutes,
chilling on ice and electrophoresing on a 1% agarose gel. Good quality RNA has a

28s:18s ratio of 2:1 as shown in Figure 2.1.

2.3.3 Estimation of nucleic acid concentration

Spectrophotometry

DNA or RNA samples were diluted to a volume of Iml with dH,0 and placed in a
quartz cuvette. Concentrations were determined from readings at A260nm as

described previously (Sambrook ez al., 1989).

Ethidium Bromide Dot Quantitation

DNA standards were prepared using pure pUC19 plasmid DNA and diluted to the
following concentrations: Ong/ul, 1ng/ul, 2.5ng/ul, Sng/ul, 7.5ng/nl, 10ng/ul and
20ng/ul. RNA standards were prepared using either single stranded DNA or an RNA
sample of known concentration. An equal volume of each standard (usually 4ul) or
each diluted unknown DNA/RNA sample was added to the same volume of ethidium
bromide solution (1pug/ml). Samples were mixed well and spotted on plastic wrap
(‘Clingfilm’) overlaying a UV transilluminator. DNA/RNA concentration was
estimated by visual comparison of the intensities of the standards to those of the

samples as shown in Figure 2.2.
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DNA DipStick™ kit

The DNA DipStick™ kit (Invitrogen) can be used for estimating the concentration of
single- or double-stranded DNA, RNA, or oligonucleotides. It has a similar basis to
the ethidium bromide dot quantitation, i.e. comparison of dot intensities to a known

standard. The kit was used following the manufacturer's instructions.

2.3.4 Ethanol precipitations

DNA

DNA was precipitated by raising the sample volume to 200ul, adding 3ul glycogen
(20ug/ul), 100ul 10M ammonium acetate and 700ul of absolute ethanol, vortexing
well and storing at -20°C for at least 1 hour. The DNA pellet was collected by
centrifuging in a microfuge for 15 minutes at full speed at 4°C. The pellet was

washed 1-2 times with 70% ethanol, air dried and resuspended in sterile H2O.

RNA

RNA was ethanol precipitated by addition of 50ug glycogen/ml of RNA sample, 0.1
volume of 7.5M ammonium acetate, two volumes of ethanol at -20°C and mixed.
After incubation overnight at -20°C the RNA was collected by centrifuging at 2,600 x
g at 4°C for 30 minutes. The RNA pellet was washed once with 75% ethanol and
centrifuged for a further 10 minutes. The pellet was finally air dried and resuspended

in DEPC-treated HO.

2.3.5 Serial analysis of gene expression (SAGE)

Implementation of the SAGE protocol is detailed in Chapter 3.
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2.3.6 Computer software

Oligo 4 program: National Biosciences Inc., USA.

Evaluation™, Allele Links™: Pharmacia, UK.

GraphPad: Prism™, USA.

BiolD v6.32: Vilber Lourmat Biotechnology, France.

SAGE software, version 1.0: Johns Hopkins University, USA.

GCG Wisconsin Package, ACNUC retrieval system: Irish National Centre for
Bioinformatics.

BLAST, Entrez, Unigene: National Centre for Bioinformatics, USA

(http://www .ncbi.nlm.nih.gov/)

2.3.7 Semi-quantitative RT-PCR!

DNAse [ treatment

All RNA samples used for reverse transcriptions were first treated with DNAse I to
remove any potentially contaminating genomic DNA. Reactions were assembled in a
final volume of 40ul consisting of 1 unit of DNAse I amplification grade, 20ug of
total RNA, 40 units of RNasin and 1x reaction buffer (20mM Tris-HCI, pH8.4, 2mM
MgClp, 50mM KCI). Reactions were allowed to proceed for 15 minutes at 25°C and
then terminated by addition of 2.5mM EDTA and heated at 70°C for 10 minutes.

DNAse treated RNA samples were stored at -70°C.

Reverse transcription

Reverse transcription reactions were assembled in a volume of either 20ul or 40ul in
a reaction mix containing 1-2 ug of total RNA, 100-200pmol random primers, 1x first
strand buffer (25mM Tris-HCI1 pH8.3, 37.5mM KCI, 1.5mM MgCl,) (GibcoBRL),
0.01M DTT, 0.625mM dNTPs, 40 units RNAsin and 200 units Superscript™ II
Moloney Murine Leukaemia Virus Reverse Transcriptase. The RNA and random

primers were denatured at 70°C for 10 minutes, then placed on ice for 2 minutes

I Abbreviation : Reverse Transcription-Polymerase Chain Reaction (RT-PCR).
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before addition of the remaining components except the Superscript™ II. The
reaction mix was incubated at room temperature for 10 minutes, then preheated at
37°C for 2 minutes before adding the Superscript™ II. Reactions were incubated for

at least 1 hour at 37°C. Completed reverse transcription reactions were stored at

-20°C.

Genomic DNA contamination test

All treated RNA samples and ¢cDNA products were tested for genomic
contamination by a PCR test with an intron-spanning primer set for PKDI
(nucleotides 50619 and 50875 of the genomic sequence 1.39891) (The European
Polycystic Kidney Disease Consortium, 1994). PCR reactions were carried out in a
20ul volume containing 1x Thermophilic DNA Polymerase buffer (Promega),
1.25mM MgCl,, 0.25mM dNTPs, 10pmol of primers 3A3C1 and 3A3C3 (The
European Polycystic Kidney Disease Consortium, 1994), 0.2 units 7Tag DNA
Polymerase and 2ul of template (RNA or cDNA). Reactions were amplified for 36
cycles of 94°C 1 minute, 61°C 1 minute, 72°C 1 minute. Genomic DNA is detected
by the presence of a PCR product of 256bp in size. Reverse transcribed cDNA
amplifies as a PCR product of 181bp in size. The difference in size is due to the
presence of an intron in the genomic sequence and its absence in the spliced reverse

transcribed mRNA.

Semi-quantitative PCR amplification

Semi-quantitative RT-PCR amplifications were based on the method of He et al.
(1995) with modifications including a CyS5 labelled primer in all PCR amplifications.
Gene specific primer sets were designed using the Oligo 4 program and are listed in

Table 2.1. PCR amplifications were usually carried out in a 50ul reaction mix

containing 1x PCR buffer II (10mM Tris-HCI, pH8.3, 50mM KClI, 0.01% (w/v)
gelatin) (Perkin-Elmer), 0.2mM dNTPs, 0.4uM primers and 1.25 units AmpliTaq™.

Other conditions such as the amount of MgCl, and the annealing temperature were
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optimised for each specific primer pair as described in Table 2.2. All PCR
amplifications were 'hotstarted', i.e. the AmpliTaq™ was only added after the reaction
had reached a temperature of greater than 70°C and was then heated for 2 minutes at
95°C. This reduces the number of 'mispriming' events that could potentially occur
during the initial stages of PCR amplification. PCR reactions were amplified at 94°C
for 1 minute, the optimised annealing temperature for 1 minute and 72°C for 1
minute. A range of different cycle numbers (optimised for each PCR) were sampled
to ensure that the exponential phase of the PCR reaction was being observed.
Amplification of B-actin was carried out in parallel to ensure equivalent amounts of
input RNA and to control for efficiencies of reverse transcription and PCR

amplification. PCR reactions were performed on a Hybaid™ thermal cycler or a

DNA Engine (MJ Research, USA).

Electrophoretic analysis

The fluorescently labelled PCR products were initially analysed on 12%
nondenaturing polyacrylamide gels stained with ethidium bromide and visualised on a
UV transilluminator. The amount of each specific PCR product was quantified by
mixing with P-actin PCR products and electrophoresing on 6% denaturing
polyacrylamide gels on an ALFexpress™ automated sequencer. The peak areas
generated by the Allele Links™ software represent the amount of fluorescently

labelled PCR product. All peak area values were expressed as a ratio relative to the

amount of B-actin PCR product.

2.3.8 Gel purification of PCR products/DNA fragments
Gel separated PCR products or DNA restriction fragments were purified from high
melting temperature agarose using either the Wizard® PCR Preps DNA purification
system or SpinX centrifuge tubes.

Fragments purified by the Wizard® kit were electrophoresed in 1XTAE

agarose gels and purification was carried out according to the manufacturer's protocol
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except that elution was carried out at 37°C rather than 65°C and the elution volume
was reduced to 30ul.

Fragments purified using Spin-X centrifuge tubes were electrophoresed in
I1XTBE agarose gels and purification was carried out as follows. The DNA band of
interest was excised from an agarose gel and sheared by placing the gel slice in a
0.5ml eppendorf tube with a single hole pierced in the bottom. The gel was sheared
and collected by placing the 0.5ml tube into a 2ml tube and centrifuging in a
microfuge at full speed for approximately 5 minutes. TE or H;O was added to the gel
(usually 300ul) and incubated for 15 minutes at 37°C. The gel mix was transferred
into the filter cup of the Spin-X tube and centrifuged for 5 minutes at full speed in a
microfuge. The purified DNA was then ethanol precipitated from the eluate and

resuspended in a suitable volume of TE or H,0.

2.3.9 Plasmid DNA preparation and DNA sequencing

Plasmid preparation

Plasmid DNA was prepared for sequencing using either the Wizard® SV plasmid
purification kit according to the manufacturer's protocol or a modified boiling lysis
plasmid preparation as detailed below.

A 10ml overnight culture was grown in LB or SOB plus appropriate antibiotic
at 37°C shaking at approximately 220rpm. Cells were harvested by centrifugation at
between 2-3 krpm. LB was drained off and the pellet was resuspended in 60ul of
TES and transferred to an eppendorf tube. A 20w volume of lysozyme (Sigma)
(40mg/ml in 250mM Tris HCI, pH 8.0) was added to the resuspended pellet and
incubated on ice for 10 minutes. M-STET (550ul) was then added to the tube and
incubated at room temperature for 10 minutes. The lid of the tube was pierced and
the contents were boiled for 1-1.5 minutes and centrifuged for 15-30 minutes in a
microfuge. The resulting pellet was removed with a toothpick. The supernatant was
RNAase treated by adding 5-10ul of heat treated RNAase (10mg/ml) and incubated at

37°C for 15 minutes. The supernatant was then phenol-chloroform extracted and the
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upper phase was transferred to a new eppendorf tube. The plasmid DNA was
precipitated by the addition of 0.6 volumes of isopropanol. The tube was vortexed
well and incubated at room temperature for 15 minutes. The DNA pellet was
collected by centrifuging for 10 minutes at room temperature. The pellet was washed

(often not visible) with 70-80% ethanol and air dried. The pellet was resuspended in

30 ul of sterile water.

Cycle sequencing

Sequencing was performed using a Cycle Sequencing kit (Amersham) with Cy5
labelled M13 Forward or Reverse primers (Table 2.1) following the manufacturer's
instructions with minor modifications. Briefly, 2.5ul of Cy5 Forward or Reverse
primer (20pmol/ul) was added to approximately 200ng of template DNA in 10ul of
sterile water and vortexed. Four separate tubes were labelled A, C, G and T for each
reaction. An equal volume (1ul) of the A, C, G or T reagent from the sequencing kit
was added to the appropriate tube. Each reagent is supplied premixed containing the
appropriate concentrations of buffer, ANTPs and ddNTPs and Thermo Sequenase™.
To each labelled tube, 3ul of the primer and template mix was added and mixed
gently with the pipette tip. Mineral oil was overlaid and the reactions were cycle
sequenced using the following conditions: 95°C for 1min., 1 cycle; 94°C for 45sec.,
60°C for 45sec., 72°C for 1 min., 32 cycles; 72°C for 2 mins. The supplied loading
dye (4ul) was added and each reaction was loaded on a 6% denaturing
polyacrylamide gel. Sequence reactions were analysed by the ALFexpress™

sequencer using the Evaluation™ software (Pharmacia, UK).

2.3.10 Cloning

Hox11 Cloning

The 309bp Hox11 PCR product was ‘blunt-end’ cloned into the Srf 1 site of pCR-
Script AmpSK(+) (Stratagene). The PCR product was blunt ended with Pfu DNA

Polymerase, which has the lowest error rate of any thermostable DNA Polymerase,
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prior to ligating into the pre-digested pCR-Script according to the manufacturer's
protocol (Stratagene). The ligation was transformed into Epicurian® Coli XI.1-Blue
MRF Kan supercompetent cells (Stratagene) and positive clones were selected on LB
agar plates containing ampicillin (50pg/ml), X-gal (35ul of 50mg/ml stock solution
per plate) and IPTG (20ul of 100mM stock solution per plate). Positive clones were
cycle sequenced as outlined above and their identity confirmed as Hox11 by a
BLAST homology search (Altschul et al., 1990). One of the clones was renamed

pAPD.1 and used to generate a probe for Northern blot analysis (Section 2.3.11).

2.3.11 Northern Blotting

Radiolabelling
DNA fragments were radiolabelled with [a-32P] dCTP by the random prime method

using the Megaprime™ Labelling Kit (Amersham) or the Rediprime® labelling kit I1
(Amersham) under conditions recommended by the manufacturer. Radiolabelled

probes were purified by separating through a sephadex G-50 column.

Probes
B-actin-1: an Eco RI purified fragment from a cloned B-actin cDNA product

including bases 245-356 (X00351 cDNA sequence).

B-actin-2: a gel purified cDNA product (254bp) generated by PCR using primers f3-
actin-L.U and B-actin-L.L (Table 2.1) under the conditions described in Table 2.2.

Ipp2-1 : the upstream IPP-2 probe was amplified from a cloned [PP-2 ¢cDNA ("GAP
clone") using the primers GAPU and GAPL (Table 2.1). The GAP clone contains an
insert size of 896bp and overlaps the 2kbp IPP-2 sequence (X78873) and the cDNA
clone HscOha41 (FO8719) (see Chapter 5).
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Ipp2-2: the downstream IPP-2 probe, which overlaps clone PM208, was a gel
purified Not 1/Eco RI fragment from I.M.A.G.E clone 780-B15 (W58406) (see
Chapter 5).

Hox11: the Hox11 probe was a gel purified EcoR 1/Ksp 1 digested fragment from
cDNA clone pAPD.1 (Section 2.2.10).

Cystatin S, Keratin 5, hnRNP C, hnRNP L, SAA, SFp32, homologue of yeast S28:
these probes were all gel purified cDNA products generated by PCR using the

primers listed in Table 2.1 under the conditions described in Table 2.2.

Capillary blotting

Total RNA was isolated as described in Section 2.2.2. RNA samples with an
estimated total amount of 20ug were resolved on 1% denaturing formaldehyde gels.
The RNA was then transferred to Hybond Nt nylon membrane by capillary blotting
with 20xSSC and fixed in 0.05M NaOH according to the manufacturer's instructions
(Amersham). RNA samples were electrophoresed in parallel and stained in ethidium
bromide to ensure that gel conditions were optimal. RNA samples that were blotted
were not stained with ethidium bromide as this may have interfered with transfer.
RNA size was determined by migration relative to 18s and 28s rRNA and A Hin dIII

marker.

Hybridisation

Radiolabelled DNA probes were hybridised to the blot using the following procedure.
The blot was placed in a ‘rolling bottle’ (Hybaid™) with 10ml of hybridisation
solution containing 0.1g BSA Fraction V, 4ml H,O, 0.7g SDS, 5ml 1M Na Phosphate
buffer pH 6.8 and 20ul 0.5M EDTA, pH 8.0 and allowed to prehybridise for 30

minutes at 65°C. The radiolabelled probe was denatured at 95°C for 5 minutes,
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chilled on ice and added to the hybridisation solution. Hybridisations were carried

out overnight at 65°C.

Washing and Stripping

The blot was usually washed for two intervals of 10 minutes with pre-heated Wash A
at 65°C. Further wash steps were determined based on the background signal.
Further washing was for 2-4 intervals of 10 minutes with pre-heated Wash B solution
at 65°C. After washing, the blot was placed in a cassette with intensifying screens
and X-ray film (Fuji) and exposed for an appropriate number of hours at -70°C.
Probes were removed by preheating strip buffer to 95°C and adding to the nylon filter

and washing 2-4 times at room temperature.

2.4 PROTEIN ANALYSIS METHODS

2.4.1 Electrophoresis methods

SDS-PAGE gels were made by mixing 3.33ml (10%) or 5.0ml (15%) of 30%
acrylamide solution (Sigma) with 3.8ml 1M Tris pH9.1, 100ul 10% SDS, 75ul 10%
APS, 5ul TEMED and raising the total volume to 10ml with dH2O. This gel mix
formed the bottom two thirds of the gel with the stacking gel forming the top one
third. The stacking gel was made of 0.65ml 30% acrylamide solution, 1.25ml dH»O,
3.1ml 0.5M Tris pH6.8, 50ul 10% SDS, 25ul 10% APS, 5ul TEMED. Protein
samples were mixed with 1x sample buffer and electrophoresed in 1x electrophoresis
buffer. Gels that were not blotted were stained with Coomassie blue for at least 15

minutes at room temperature. Gels were destained with 10% acetic acid.

2.4.2 Subcellular fractionation

Cells were harvested and the pellet resuspended in 1ml ice cold buffer A and
incubated on ice for 15 minutes. The resuspended cells were then sonicated (Branson
Sonifier 250) by placing the probe directly into the cell mixture and pulsed for 5

seconds. Unlysed cells and nuclei were collected by centrifugation in a bench top



centrifuge (Sorvall® RT6000) for 5 minutes at 1,500rpm. The supernatant was
transferred into 6ml Quick Seal® tubes, topped up with liquid paraffin and spun at
28,000 rpm in a 50.4 VTi rotor in an ultracentrifuge (Beckmann L.7-55) at 4°C for 10
minutes. The supernatant was removed and designated the cytosolic fraction. The
pellet was washed once with buffer A and then resuspended in 500ul of buffer B and
transferred to a 1.5ml eppendorf tube. The resuspended pellet was incubated on ice
for 30 minutes with intermittent mixing. The tube was then centrifuged at 15,000g
for 30 minutes at 4°C. The supernatant was removed and designated the detergent
soluble membrane fraction. The pellet was dissolved by boiling in buffer C and

represents the detergent-resistant cytoskeletal fraction.

A simpler protein extraction method was also performed which yielded isolation of a
whole cell preparation and the cytoskeletal fraction. The procedure was carried out as
follows. Cells were harvested and resuspended in 1ml of ice cold buffer B and
allowed to lyse on ice for 30 minutes. The cells were then spun at 28,000rpm in an
ultracentrifuge, as described above, for 30 minutes at 4°C. The supernatant was
designated the detergent-soluble fraction. The pellet was boiled in 250ul buffer C

and was designated the detergent resistant cytoskeletal fraction.

2.4.3 Protein concentration estimation

Protein concentration was assessed by using the Markwell-Lowry assay (Markwell ez
al., 1978). Protein standards were diluted from a stock of BSA (50mg/ml) with buffer
C to yield the following concentrations: 10mg/ml, Smg/ml, 2.5mg/ml, 1.25mg/ml and
0.625mg/ml. Lowry solution and 4% copper sulphate were mixed together at a ratio
of 100:1. To 1ml of this solution 10ul of each protein standard/sample was added and
incubated at 37°C for 10 minutes. Then, 100ul of Folin reagent was added, consisting
of a 1:1 ratio of Folin & Ciocalteau's phenol: H2O. The samples were mixed
immediately and incubated at 37°C for 15 minutes. All samples were analysed in a

spectrophotomer at a wavelength of 660nm. The concentration of the samples was
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determined by first calculating the relationship between the concentration of the BSA
standards and their absorbance values. This was achieved by dividing the
concentration of each standard by their absorbance and then the mean of these values
was determined. This mean value was then used to estimate the concentration of each

sample by multiplying their absorbance values by the mean.

2.4.4 Western blotting

Protein samples in 1x sample buffer and a biotin-labelled molecular weight marker
were denatured by boiling for 5 minutes, cooled on ice and separated on either 10 or
15% SDS-PAGE gels. Proteins were transferred onto polyvinylidene difluoride
membrane (Biotrace®) using transfer buffer in a semi-dry transfer apparatus
according to the manufacturer's instructions (Atto). Sufficient transfer was assessed
by staining the membrane with Ponceau S solution and then destaining with dH»O.
The membrane was then washed in 1x PBS for 5 minutes at room temperature. The
Phototope® -Star western blot detection kit was used for antibody incubations with
minor modifications. In brief, the blot was incubated in blocking buffer for 1 hour at
room temperature or overnight at 4°C. The primary antibody was diluted in 10ml
blocking buffer (keratin 5/8 1:200, keratin 8 1:400, amyloid A 1:200) and incubated
on the blot for 1 hour at room temperature with gentle agitation. The blot was washed
3x 5 minutes with blocking buffer and then incubated with the secondary antibody
(1:1000 dilution) and the biotin antibody (1:1000 dilution) for the molecular weight
marker for 45 minutes at room temperature. The membrane was washed 3x 5 minutes
with blocking buffer and then twice with 1x wash buffer. The blot was then
incubated with CDP-Star™ (1:100-1:500 dilution) in 3ml assay buffer with gentle
agitation for 5 minutes at room temperature. The membrane was drained of excess
developing solution and wrapped in 'Clingfilm'. The blot was then exposed to x-ray

film, initially for 1 minute, to assess the appropriate exposure time.



2.4.5 Immunohistochemistry

Preliminary experiments to optimise the monoclonal antibodies to human keratin 8
(kind gift of Dr. David Easty, UCD), keratin 5/8 (Neomarkers) and amyloid A (Dako)
for immunohistochemistry were performed by Tony O'Grady, Department of
Pathology, RCSI. The keratin 8 antibody proved to be unsuitable for
immunohistochemistry on paraffin embedded material, even when used neat and was
not used further.

Sectioning of paraffin-embedded human colon tumours including 20 Duke's
B, 20 Duke's C and 20 metastatic lymh nodes from the Duke's C patients, was carried
out by Tony O'Grady, Department of Pathology, RCSI.

Immunohistochemistry was performed on the 60 sections mentioned above
using the antibodies to keratin 5/8 and amyloid A including negative controls. The
Dako Envision™ + system HRP (DAB) anti-mouse antibody kit was used following
the manufacturer's instructions with minor modifications. In brief, the sections were
dewaxed by immersion in xylene 2x 15 minutes, cleared in alcohol 2x 10 minutes and
then washed in running tap water. Endogenous peroxidase activity in the sections
was blocked by incubation with 0.9% hydrogen peroxide in dH»O (freshly prepared)
for 10 minutes and then washed in running tap water for 5 minutes.

An antigen retrieval step was carried out on sections for the keratin 5/8
antibody only, as conditions for amyloid A antibody were optimal without any form
of antigen retrieval. Slides for keratin 5/8 were immersed in 0.01M tri-Sodium citrate
pH6.0 and microwaved at 850w for 20 minutes. The slides were cooled immediately
by immersion in cold water.

All slides were washed with TBS which was subsequently removed and
replaced with goat serum diluted 1:10 with 0.05M Tris buffer pH7.6. The goat serum
was allowed to incubate for at least 10 minutes. The primary antibodies were
prepared by diluting keratin 5/8 1:30 and amyloid A 1:500 with 0.05M Tris buffer
pH7.6. The primary antibodies were added to the appropriate slides, excluding the

negative controls, and incubated for 30 minutes at room temperature. The slides were
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then washed in two changes of TBS for 5 minutes each before addition of the
secondary antibody. The secondary antibody was incubated on all slides for 30
minutes at room temperature and then washed with two changes of TBS for 5 minutes
each. DAB (Diaminobenzidine) was prepared by diluting 1:10 with 0.05M Tris
buffer pH7.6 plus 5ul 30% hydrogen peroxide per 10ml. DAB was added to the
slides and incubated for 5 minutes before rinsing with dH2O. The slides were counter
stained with haemotoxylin for 15 seconds and then washed in tap water for 3 minutes.
The slides were then dehydrated by 2x 10 dips of alcohol and 3x 10 dips of xylene.

The slides were finally coverslipped using DPX mountant.



M Total RNA

<4—28S

<4—18S

602bp

Figure 2.1 Denatured total RNA resolved on a 1% agarose gel. The 28S:18S
ratio is approximately 2:1 and the RNA is clearly undegraded and of good quality.

The largest fragment of the pBS-Hae 111 (M) marker is indicated as 602bp.
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Figure 2.2 Ethidium bromide dot quantitation. DNA standards of known
concentration ranging from 20 to O ng/ul were mixed with an equal volume of
ethidium bromide (1ug/ml) and spotted onto plastic wrap overlaying a UV
transilluminator (top row). Samples of unknown concentration were similarly
mixed with ethidium bromide and the concentrations were estimated by comparison

of the intensities of the standards to those of the samples.



Table 2.1 Oligonucleotide primer sequences

Primer name

Sequence

M13 Forwardl
M13 Reversel
B-actin-L.U
p-actin-L.L
B-actin-S.U
p-actin-S.L
-tubulin.U
p-tubulin.L
Cystatin S.U
Cystatin S.L
Hox11.U
Hox11.L
DDP.U (IPP-2)
DDP.L (IPP-2)
DDT.U (IPP-2)
DDT.L JPP-2)
hnRNPC.U
hnRNPC.L
hnRNPL.U
hnRNPL.L
Keratin5.U
Keratin5.L
Myosin.U
Myosin.LL
SAA.U
SAA.L
SFop32:U
SE2p32.L.
SSRP1.U
SSRP1.L
S28.U
S28.L
GAPU
GAPL

5’ GTAAAACGACGGCCAGT 3’

5’ GGAAACAGCTATGACCATG 3’
5" *CTGTCTGGCGGCACCACCAT 3’
5" GCAACTAAGTCATAGTCCGC 3!
5" *ACAGGGGAGGTGATAGC 3'

5" CGAAGGCTCATCATTCAA 3°

5" *CGCCGAGCTGGTTGATTCTG 3’
5" GCCCATTCCAGAGCCTGTGC 3!
5" *ATGGCCCGGCCTCTGTGTA 3!
5" GGCACGCTGTACCCACTCA 3!
5" *CCTGCCCATTLTGCCCTGTG 3"
5' CCTCECTTGLCTITCTCTGA 37
5" *AGACATCTTAGCCAGGAAA 3'
5" TTCTTCAGGTGAGAGGTCA 3°'
5" *GTAATTGATAGGGTATGAACT 3
5" AGACAAGGTAACACCAAATAG 3'
5" *GGGGCAGTTCAACACAAATG 3!
5" CCAAACATCAGGCTGTTCAC 3!
5" *AACCCCAACAAACGCCAGAG 3!
5" ACTGGGGGCCGTAGCGACTT 3!
5" *GCAGCCGGAGCCTCTACAA 3'
5" ACCGCCGAAACCAAATCCA 3!
5" *TCECAGTCTCCCCAGAGTAC 3!
5" ACGGCAAACATCATCCAAGA 3!
5" *AAGGGGACCTGGGGGTGTCT 3!
5" TGGGGTCTTTGCCACTCCTG 3!
5" *CGAGGGGTGGACAACACTTT 3!
5" TGGCTTTCAGCATCTGTCTG 3!
5"*TCCCCACCCATATTTTGGTA 3
5 CTOEETCCEACCUTATCTCT 3"
5" *CACCGACGAGACCAGAAGTG 3’
5" TGGCAGAATTTGGCTGTTTG 3’
5"*ACTTTACCACAAATACAGTGT 3°'
5" AATTAGCAATCTGTAAATCAG 3'

1 M13 Forward and Reverse primers were obtained Cy5 labelled and unlabelled.

* denotes CyS5 label.

Note: Positions of all primer sets are indicated in the relevant sections in the text.



Table 2.2 Optimised conditions for semi-quantitative RT-PCR

Gene transcript Product MgCl, Annealing temperature
Size

B-actin-L 1 254bp 0.50mM 60°C
B-actin-S 2 109bp 1.50mM '€
[-tubulin 118bp 1.00mM 58°C
Cystatin S 141bp 1.50mM 370
Hox11 309bp 1.25mM 60°C
IPP-2 (DDP) 109bp 0.75mM (I W
IPP-2 (DDT) 168bp 0.75mM 50°C
hnRNP C 151bp 1.50mM 50°C
hnRNPL 193bp 1.50mM 60°C
Keratin 5 146bp 1.50mM 5TC
Myosin Light Chain 122bp 1.50mM 53¢
SAA 140bp 1.50mM g8rc
SF2p32 136bp 1.50mM B0
SSRP1 179bp 1.50mM 54°C
Homologue of yeast S28 151bp 1.50mM 53°C

Two different primer pairs were used to amplify B-actin. ! -actin-L refers to the set
that amplifies a PCR product of 254bp (positions 936 and 1189 of X00351). 2 -
actin-S refers to the set that amplifies a PCR product of 109bp (positions 1519 and
1627 of X00351).



CHAPTER 3

Serial Analysis of Gene Expression
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3.0 INTRODUCTION

Serial Analysis of Gene Expression or SAGE is a gene expression profiling
method that was first described by Velculescu er al. (1995). The SAGE technique
was published simultaneously with another gene expression profiling method, the
c¢DNA microarray (Schena at al., 1995). The publication of both SAGE and the
c¢DNA microarray techniques introduced, for the first time, the possibility of assessing
the activity patterns of thousands of genes at once in a relatively short period of time
(Nowak, 1995). Most methods prior to this were based on subtractive hybridization
techniques (St. John & Davis, 1979; Timberlake, 1980; Zimmerman et al., 1980;
Sargent & Dawid, 1983; Hedrick et al., 1984; Duguid et al., 1989; Wieland et al.,
1990; Hara et al., 1991; Hubank & Schatz, 1994) or Differential Display Reverse
Transcription-PCR (DDRT) (Liang & Pardee, 1992). These techniques allowed the
identification of differences in expression between two samples of interest, but, unlike
SAGE or ¢cDNA microarray, did not allow a detailed analysis of thousands of
transcripts at once. In addition, the original subtractive hybridization techniques were
rather labour intensive, required a lot of starting material and rarely detected low
abundance transcripts (St. John & Davis, 1979; Timberlake, 1980; Zimmerman et al.,
1980; Sargent & Dawid, 1983; Hedrick e al., 1984). However, the subsequent
incorporation of a PCR step in subtraction-based techniques greatly improved these
methods (Diguid et al., 1989; Wieland et al., 1990; Hara et al., 1991; Hubank &
Schatz, 1994). The DDRT-PCR methodology requires as little as 1ug of total RNA
and can detect low abundance transcripts but is prone to a high level of false positives
if not carefully controlled (Liang & Pardee, 1995). DDRT-PCR is described in more
detail in Chapter 5.

The SAGE method is based on the isolation of short sequence 'tags', usually 9
to 11 bp in length, from a defined position within a given transcript, which contain
enough sequence information to uniquely identify it (Velculescu et al., 1995). SAGE
yields both qualitative and quantitative information on the gene expression pattern of

a given cell type. The various steps in the SAGE protocol are shown in Figure 3.1.



The initial step of the protocol involves isolation of intact total RNA from the tissues
or cells of interest. The mRNA, which represents expressed gene transcripts, is
usually polyadenylated at the 3' end [referred to as Poly(A)+] during processing of the
primary transcript (Wahle & Keller, 1992) and therefore can be purified from
ribosomal RNA and transfer RNA by means of an oligo d(T) cellulose column.
Purified mRNA is then converted into double stranded cDNA using a biotinylated
oligo d(T) primer. The synthesised cDNA is therefore biotinylated which facilitates
further purification steps. In order for the majority of transcripts to be 'sampled’, a
restriction enzyme is required that will cleave most transcripts at least once.
Restriction enzymes that have a 4-bp recognition site usually cleave every 256bp on
average, and most transcripts are much larger than this (Velculescu ef al., 1995). The
most popular 4-bp 'cutter' used in SAGE to date is Nla IlI and is referred to as the
‘anchoring' enzyme (Velculescu et al., 1995; Hermeking et al., 1997; Madden et al.,
1997; Polyak et al., 1997; Velcuescu et al., 1997c; Zhang et al., 1997; Hibi et al.,
1998; de Waard et al., 1999). The anchoring enzyme digests the biotinylated cDNA
and fragments that have been cut closest to the 3' end of the cDNA are purified from
the rest of the cleaved fragments by incubation with streptavidin coated magnetic
beads. Streptavidin has a very high affinity for biotin (Stryer, 1988) and therefore the
biotinylated cDNA fragments readily bind to the magnetic beads, which can then be
easily removed from the remaining cDNA mix by capturing the beads with a magnet.
The purified bound fragments are then split into two pools and each ligated with two
types of linkers (referred to in Figure 3.1 as A and B). The linkers are designed to
include a number of important features:

* An 'overhanging' anchoring enzyme site, usually Nla 11, for ligation with the Nla
[1I digested cDNAs. This reconstitutes the Nla 11 site and is necessary for a later
step.

» A Type IIS restriction enzyme site (tagging enzyme). The most common Type IIS
restriction enzyme site used in SAGE is BsmF 1. Type IIS restriction enzymes are

characterised by cleaving up to 20 bases away from their recognition site. Bsml" |
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ditags may be amplified preferentially during the initial cycles of PCR and artificially
increase their abundance in the final analysis. This problem is circumvented in the
SAGE analysis by counting any one ditag combination only once. This is because the
probability of any two tags being coupled in the same ditag more than once is
considered small, even for abundant transcripts (Velculescu ef al., 1995). Thus, if a
ditag appears more than once it may potentially have been produced by PCR bias and
is excluded from the final anlaysis.

In summary, SAGE isolates short sequence tags, which represent specific
mRNA transcripts and are analogous to a transcript 'barcode'. The tags are produced
in a way that allows large numbers of transcripts to be analysed in a relatively small
number of sequencing runs. In addition, the number of tags identified for a given
gene product represents the actual abundance of that particular transcript in the tissue
or cell type of interest.

The main aim of the project was to identify differentially expressed genes that
may be involved in colon cancer metastasis. The isogenic cell lines SW480 and
SW620 provide a good model system for the pre-metastatic and metastatic stages of
colon cancer. Briefly, SW480 is derived from a primary colon tumour and SW620 is
derived from a lymph node metastasis from the same patient (Leibovitz et al., 1976).
A more detailed description of these cell lines is given in Chapter 1.

At the initial stages of the project the methods available to identify
differentially expressed genes included subtractive hybridization based methods
(Diguid et al., 1989; Wieland et al., 1990; Hara et al., 1991) such as cDNA
Representational Difference Analysis (RDA) (Hubank & Schatz, 1994), DDRT-PCR
(Liang & Pardee, 1992), cDNA microarrays (Schena et al., 1995) or SAGE
(Veculescu et al., 1995). SAGE was the method of choice for a number of reasons.
Both the subtractive hybridization and DDRT-PCR methods only identify differences
between two cell types of interest and the transcripts that are isolated are essentially
random. Moreover, DDRT-PCR had previously been applied to the same two cell

lines in our laboratory by Dr. Peter McWilliam (see Chapter 5). Initially, the use of
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cDNA microarrays was restricted to laboratories having specialised equipment such
as a custom-built arraying instrument and a laser fluorescent scanner (Schena et al.,
1995). In addition, cDNA microarrays lack the possibility of identifying unknown
transcripts as the arrays are based on cloned cDNAs already in the database. SAGE,
on the other hand, utilises basic molecular biology techniques and could be applied in
most laboratories. SAGE also has the potential to identify unknown transcripts and,
depending on the number of tags sequenced, can generate a partial or complete gene
expression profile for a cell type of interest. Comparison of two or more gene
expression profiles from cells of different types allows one to identify differentially
expressed transcripts between them. In addition, SAGE has the added advantage of
allowing genes expressed at the same level to be identifiied, which may prove to be as
interesting as identifying gene expression differences.

The SAGE protocol and its associated software were received under licence
from Johns Hopkins University (Velculescu et al., 1997a & 1997b). The disclosure
of details is not permitted under the terms of the materials transfer agreement
concluded between the Royal College of Surgeons in Ireland and Johns Hopkins
University. Thus, the details of the SAGE protocol described here are strictly

confidential.
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3.1 MATERIALS
General materials are described in Chapter 2, the materials described here are
specific to the SAGE protocol.

3.1.1 Reagents

Competent Cells

Epicurian® Coli XL1-Blue MRF Kan supercompetent cells :Stratagene, USA.

Topl0 One Shot™ competent cells: Invitrogen, NL.

Enzymes and reaction buffers

Nla 111 (10u/ul), BsmF 1(2u/ul), Sph I(10u/ul), T4 Polynucleotide Kinase (10u/ul), T4
DNA Polymerase (3u/ul): NEB (New England Biolabs), UK.

T4 DNA Ligase high concentration (Su/ul); T4 DNA Ligase (1u/ul): GibcoBRL, UK.
AmpliTaq (5u/ul): Perkin-Elmer, UK.

Molecular Biology Kits

MessageMaker™ Reagent assembly kit, cDNA synthesis system : GibcoBRL, UK.
PolyATtract® System 1000, pPGEMS : Promega, USA.

Zero Background™ PLUS Cloning kit, Zeocin, DNA Dipstick™ Kit : Invitrogen,
NL.

Oligonucleotides

Modified 3' C7 or dideoxy linkers, HPLC purified biotinylated oligo-(dT)1g, Primers
1 and 2: Genosys, UK.

M13 Forward and Reverse primers: GibcoBRL, UK.

(Table 3.1)
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Miscellaneous
Dynabeads® M-280 Streptavidin : Dynal, UK.
Hotstart PCR reaction tubes : Molecular BioProducts™ Inc., USA.

Glass microfibre filters GF/C 25mm: Whatman®, UK.

3.1.2 Stock Solutions

LoTE buffer: 3mM Tris-HCI (pH7.5), 0.2mM EDTA (pH7.5).

Binding & Washing buffer, 10x: 10mM Tris-HCI (pH7.5), ImM EDTA, 2M NaCl.
SAGE PCR buffer, 10x: 166mM (NH4)SO4, 670mM Tris (pH8.8), 67mM MgCl»,
100mM f-mercaptoethanol.

SAGE loading dye: 0.25% bromophenol blue, 40% sucrose.

SOB media: 2% tryptone, 0.5% yeast extract, 0.05% NaCl, 2.5mM KCI, 10mM
MgCla.



3.2 METHOD
The SAGE method (Velculescu et al., 1997a & 1997b) may be divided into a

number of steps:

3.2.1 RNA preparation

The starting amount of Poly(A)+ mRNA recommended for SAGE was
between 5 and 10ug (V. Velculescu & J. Powell, pers. commun.). Yields from the
PolyATtract® System 1000 kit (Promega), which purifies Poly(A)+ mRNA directly
from the cells, were well below Sug. However, sufficient amounts of Poly(A)+
mRNA were obtained by isolating total RNA first and then subsequently selecting
Poly(A)+ mRNA. Total RNA was isolated from the cell lines SW480 and SW620 as
described in Chapter 2 Section 2.3.2. Poly(A)+ mRNA was purified from total RNA
using the MessageMaker™ Reagent assembly kit according to the manufacturer's
protocol. Double selection through the oligo d(T) cellulose column was necessary to
remove visible amounts of ribosomal RNA (data not shown). The integrity of the
Poly(A)+ mRNA was checked by electrophoresis on 1% denaturing agarose gels
(Figure 3.2a) and quantified using a DNA Dipstick™ Kit according to the
manufacturer's instructions. A total RNA quantity of 1-2mg yielded 5 to 10pg of
Poly(A)+ mRNA. Assuming that 5% of total RNA consists of mRNA this suggests a

yield of approximately 10%.

3.2.2 ¢cDNA synthesis

Reverse transcription and double strand cDNA synthesis of purified Poly(A)+
mRNA (5-10png) was carried out using the cDNA synthesis system (GibcoBRL).
Reactions were assembled according to the manufacturer's instructions with
substitution of the supplied oligo-(dT)1g primer with an HPLC-purified biotinylated
oligo-(dT) 18 primer (Genosys). The use of a purified biotinylated oligo-(dT)g primer
ensures that all of the primer is biotinylated and eliminates any loss of cDNA product

in a later step due to the presence of unbiotinylated cDNA. A radioactive tracer
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reaction was carried out with the first strand synthesis reactions and consisted of 1uCi
of [a-32P] dCTP as recommended by the manufacturer's protocol. A radioisotope
tracer (10uCi) was also included in the second strand reaction. The radioisotope
allowed the yield of ¢cDNA to be assessed. Yield was calculated by measuring the
amount of incorporated radioisotope according to the manufacturer's instructions. In
brief, aliquots of the first strand tracer and the second strand reactions were spotted
onto two glass fibre filters. One filter was dried and the second filter was precipitated
with trichloroacetic acid and washed with 95% ethanol. The radioactive counts per
minute (cpm) were determined in a liquid scintillation counter (Wallac-1214
rackbeta). The specific activity of the radioisotope was calculated from the cpm of
the unprecipitated filter and used to calculate the yield of first or second strand
synthesis determined from the acid-precipitable counts of the washed filter. Yields of
at least 2ug of double stranded cDNA (in a volume of 20ul) were used for further
steps of SAGE. Aliquots (12,000cpm per lane) of the tracer first strand and the
second strand synthesis reactions were electrophoresed on 1.4 % denaturing alkaline
agarose gels to assess the quality of the cDNA. Gels were then dried and exposed

overnight (room temperature) to x-ray film (Figure 3.2b).

3.2.3 Cleavage of biotinylated cDNA with anchoring enzyme

The double stranded cDNAs were then cleaved with the anchoring enzyme
Nla 111. The digestion reactions were assembled in a final volume of 200ul
containing 1x Buffer 4, 1x BSA and 50 units of Nla III (NEB). Digestions were
incubated for 1 hour at 37°C. After digestion, the cDNA was phenol extracted,
ethanol precipitated (as outlined in Chapter 2), washed twice with 70% ethanol, air
dried and resuspended in 20ul LoTE. Note: Nla III is an unstable enzyme and is
normally stored at -70°C. Therefore, fresh stocks of Nla Il were used when possible

and stocks stored for longer than 3 to 4 months were discarded.
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3.2.4 Binding to streptavidin-coated magnetic beads

Two aliquots of Dynabeads (Dynal) were prepared by placing 100ul of the
Dynabead slurry into each of two 1.5ml microcentrifuge tubes and removing the
supernatant by capturing the beads with a magnet. The beads were washed once with
200ul 1x Binding & Washing buffer. The beads were then captured with the magnet
and 100w 1x Binding & Washing buffer, 90ul dH2O and 10ul cDNA restriction
products (half of the total in each tube) were added to the beads and allowed to
incubate at room temperature for 15 minutes. The tubes were mixed intermittently.
After incubation, the beads were washed, as above, with 200ul 1x Binding &

Washing buffer and once with 200ul LoTE.

3.2.5 Ligating linkers to bound cDNA

The cDNA fragments bound to the beads had an Nla III overhang at the 5'
end. This allowed ligation of the linkers to the bound fragments as they contained
compatible Nla I1I ends. They also possess a BsmF' 1 site and a priming site for PCR
amplification. Some linkers are better PCR templates than others (Table 3.1) when
amplified in a later step (Section 3.2.9). The linkers were phosphorylated and
annealed to their complementary linker before ligation.

The phosphorylation reaction was carried out on linkers A2 and B2 (Table
3.1) as follows: 9ul of each linker (200ng/ul) was added to a 20ul reaction mix
containing 1x kinase buffer, 2mM ATP and 10 units of T4 Polynucleotide Kinase
(NEB) and incubated at 37°C for 30 minutes. The reaction was terminated by heating
at 65°C for 10 minutes. The kinased linkers were then mixed with 9ul of their
appropriate complementary linker (linkers A1 or B1), heated to 95°C for 2 minutes
and allowed to reanneal by cooling to room temperature for 20 minutes. The
reannealed linkers were tested for kinasing efficiency by performing a self-ligation
test. The ligation reaction consisted of 1ul of linker A or B, 1x ligase buffer, 1.25
units T4 DNA Ligase and incubated at 16°C for 4 hours. Only kinased linkers are

capable of self-ligating, forming linker-linker dimers of between 80-100bp in size.
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The self-ligated linkers were compared to unligated linkers following electrophoresis
on a 2.5% agarose gel stained with ethidium bromide and the majority of linkers
clearly were ligated (Figure 3.3). The final concentration of linkers after
phosphorylating and annealing was 125ng/ul estimated by ethidium bromide dot
quantitation as outlined in Chapter 2 Section 2.3.3. This was less than the
recommended concentration of 200ng/ul but helped to reduce the problem of linker
contamination described later in Section 3.2.10.

Each linker (A or B) was ligated to one of the two cDNA bound beads by
mixing the beads with 10ul of linker A or B (125ng/ul), 8ul 5x ligase buffer and 20ul
LoTE. The tubes were gently mixed and heated at 50°C for 2 minutes and then
allowed to sit at room temperature for 15 minutes. The ligation reaction was initiated
by adding 2l T4 DNA Ligase (5u/ul) (GibcoBRL) and allowed to proceed for 2

hours at 16°C. Unligated linkers were removed by washing the beads 4 times with

200ul 1x Binding & Washing buffer and then twice with 1x Buffer 4 (NEB).

3.2.6 Release of cDNA tags by digestion with tagging enzyme

The tags and linkers were released from the magnetic beads by digestion with
the tagging enzyme, BsmF' 1. The beads were digested in a reaction mix containing
1x buffer 4, 2x BSA and 4 units BsmF 1 (NEB). Incubation was for 1 hour at 65°C
with intermittent mixing. Since BsmF 1 cleaves 14bp away from its recognition site
(leaving a 4 base 5' overhang), and the Nla 111 site overlaps the BsmF 1 site by 1bp, a
15bp SAGE tag was released after digestion with BsmF 1. Thus, the released
construct consisted of the 40bp linker (A or B) and a 15bp tag.

After digestion, the beads were immobilised with the magnet and the

supernatant collected. The supernatant was phenol extracted, ethanol precipitated,

washed twice with 70% ethanol, air dried and resuspended in 10ul LoTE.
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3.2.7 Blunt ending of the released cDNA tags

SAGE tag overhangs were blunt ended by incubating with 3 units of T4 DNA
Polymerase! (NEB) in a reaction mix containing 1x T4 Polymerase buffer, 2x BSA
(NEB), 100uM dNTPs (Promega) at 11°C for 15 minutes. The sample volumes were
then increased to 200ul with LoTE, phenol extracted and precipitated as described

above. The cDNA pellets were resuspended in 6ul LoTE.

3.2.8 Ligating tags to form ditags

The linker-tags from each pool (A and B) were combined and ligated to each
other in a reaction volume of 6ul containing 2ul of each linker-tag pool, 1x ligase
buffer and 4 units of T4 DNA Ligase (high concentration) (GibcoBRL) and incubated
overnight at 16°C. The volume was increased to 200ul with LoTE, phenol extracted
and precipitated as described above. The pellet was resuspended in 10ul of LoTE

buffer.

3.2.9 PCR amplification of ditags

The ditag ligation was diluted between 1/10 and 1/200 to determine the
optimum dilution. PCR reactions were performed in 1x SAGE PCR buffer, with
6%DMSO, 1.5mM dNTPs, 700ng of each primer (1 and 2) per 100ul (Table 3.1) and
10 units of AmpliTaq™ (Perkin-Elmer). All PCR reactions were 'hotstarted' using
Hot Start tubes (Molecular BioProducts) and amplified for 25 cycles of 30 seconds at
95°C, 1 minute at 55°C, 1 minute at 70°C and 1 cycle of 70°C for 5 minutes. These
conditions were optimal for a Hybaid™ PCR machine. The ligated ditags with linker
amplify as a band of 102bp. Figure 3.4 shows the amplified 102bp product plus a
number of expected background bands. The background bands include: linker
ligated to linker, 1.e. no ditag in between : 80bp, linker-tag only (unligated) :

approximately 60bp and linker only : 40bp. Once the ligation dilution was optimised,

1" Although T4 DNA Polymerase was successfully used here, a later version of the SAGE protocol
(Velculescu et al., 1997b) recommends use of the Klenow fragment (large fragment of DNA
Polymerase I), which is a more processive polymerase than T4 DNA Polymerase.
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PCR amplifications were performed in bulk (usually 50 x 100ul) using the optimised
ligation dilution as template. Bulk PCR products were pooled into a suitable number

of tubes and then phenol extracted, ethanol precipitated, washed with 70% ethanol

and resuspended in a total volume of approximately 200 ul of LoTE.

3.2.10a Purification of the 102bp product

The presence of background bands, which were essentially various forms of
linker-linker contamination, necessitated gel purification of the 102bp product. The
PCR products were mixed with one fifth volume of SAGE loading dye and separated
on 3 x 10 well, 12% polyacrylamide gels electrophoresed at approximately 130 volts
and stained in an ethidium bromide bath (1.5ug/ml). The 102bp bands were gel
purified using Spin-X centrifuge tubes as outlined in Chapter 2 Section 2.3.8, except
that three excised bands were pooled together and 300ul of LoTE was added. The
tubes were heated at 65°C for 20 minutes and then rotated at 4°C overnight2. The gel
was removed using one Spin-X tube per 300ul. The original procedure (Velculescu
et al., 1995, 1997a) omits gel purification at this stage, as released ditags were gel
purified at a later step (see below). However, in a later publication (Velculescu et al.,
1997b, 1997¢) this extra step was included. This was to reduce the problem of linker
contamination during subsequent concatamerisation and cloning. The ditags were
released from the linkers by digestion with Nla III. This meant that both the ditags
and the linkers had Nla 1II compatible overhangs. This was necessary for ditags to
ligate to each other to form concatamers in a later step (see Section 3.2.11).
However, the presence of contaminating linkers would have been problematic by
ligating to the ditags and subsequently interfering with concatamerisation. Once a
linker binds to one or both ends of a concatamer, this inhibits its extension by
preventing any further ligation of ditags. Moreover, this also renders the concatamer
(whatever its length) unclonable (J. Powell and V. Velculescu, personal

communications).

2 Rotation overnight at 4°C did not significantly increase the yield of purified PCR product compared
to processing straight away.
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After gel purification of the 102bp product the yield was quantified by
ethidium bromide dot quantitation as described in Chapter 2 Section 2.3.3. A yield of
approximately 15ug was required for subsequent steps, therefore if the yield was
below this amount, PCR reamplification was carried out. This was a modification (J.
Powell, personal communication) to both versions of the detailed protocol
(Velculescu et al., 1997a & 1997b). This was preceded by a cycle curve to assess the
optimum number of PCR cycles required. This was necessary as the purified 102bp
product was susceptible to 'over-amplification'. Figure 3.5 shows how increasing the
cycle number beyond the optimum results in loss of the 102bp band. This was
possibly caused by its accumulation as a high molecular weight product due to
aggregation. Once the optimum number of cycles was determined, bulk PCR
reactions were carried out as above. The PCR products were again pooled, a small
aliquot checked by electrophoresis on a 4% Nusieve agarose gel, and then phenol
extracted, ethanol precipitated as before and resuspended in a total volume of 240ul

of LoTE.

3.2.10b Release and purification of ditags

Ditags were released from the linkers by digestion with Nla III. The digestion
reactions were usually split into three tubes each containing 80ul of PCR products, 1x
buffer 4, 1x BSA and 50 units of Nla III (NEB). The digestions were incubated at
37°C for between 1 and 3 hours. Complete digestion of the 102bp product was never
achieved with Nla 111, even after extended incubation (up to 3 hours) and increasing
the concentration of enzyme in the reaction. This resulted in reduced yields. The
digests were phenol extracted, pooled into two tubes, the volume brought up to 200ul
with LoTE and ethanol precipitated by adding 100ul 10M ammonium acetate, 3 ul
glycogen (20ug/ul) and 1.1ml 100% ethanol (stored at -20°C). The tubes were
vortexed and placed in a dry ice/ethanol bath for 10 minutes. The cDNA was
collected by spinning in a microfuge at top speed for 15 minutes at 4°C. The pellets

were washed once with 70% ethanol and resuspended in 15ul LoTE. The digested
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fragments were resolved by electrophoresis on a 12% polyacrylamide gel (2 wells)
and stained with ethidium bromide as described above. Figure 3.6 shows a typical
pattern achieved after digestion of the 102bp product with Nla III. The ditags migrate
as a 26bp band and were excised from the gel and purified using Spin-X centrifuge
tubes as described above, except that 300ul of LoTE was added to each excised gel
band and incubated at 37°C for 20 minutes. Once the gel has been removed the
purified ditags were ethanol precipitated exactly as described for precipitation of the
Nla 111 digested 102bp PCR product (Section 3.2.10a). Purified ditags were
resuspended in 7.5ul LoTE and the yield determined by ethidium bromide dot
quantitation. Yields usually ranged from 300 to 900ng.

An alternative method to ensure a purer ditag sample is to use biotinylated
primers for PCR amplification of the 102bp product. This results in PCR products
that are biotinylated at the linker ends. The 102bp product is not purified from the
background bands at this stage but is Nla III digested as described in the original
protocol (Velculescu et al., 1997a). The 26bp ditags are gel purified and then bound
to streptavidin beads and incubated as described in Section 3.2.4 and any remaining
contaminating linkers (which are biotinylated) will bind to the beads. This results in a
purer ditag sample in the supernatant (Powell, 1998).

An attempt was made to adapt this step in combination with gel purification of
the 102bp product.3 Therefore, biotinylated primer 1 and 2 would have been used in
step 3.2.9. The 102bp product was purified and then digested with Nla III. The
ditags were gel purified and then bound to the beads as described above. However,
the extra purification step resulted in a substantial loss of 26bp product as it also
included an additional precipitation step. Therefore, gel purification only (as outlined

above) was used for the generation of the SAGE libraries in this study.

3 The low efficiences of Nla III digestion meant that attempting a digestion without purifying the
102bp band first (as described in the previous paragraph) was not desirable as this was likely to reduce
the efficiency of digestion even more. This is due to the presence of 'background' bands that would
also be cleaved by Nla III.
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3.2.11 Ligation of ditags to form concatamers

Purified ditags were ligated together to form concatamers. The ligation
reaction consisted of 7ul of purified ditags, 2ul 5x ligation buffer and 1ul T4 DNA
Ligase (5u/ul, high concentration) (GibcoBRL). The ligation time was normally
between 3 and 4 hours at 16°C. The entire ligation reaction was electrophoresed on
an 8% non-denaturing polyacrylamide gel and stained with ethidium bromide. Figure
3.7 shows an example of a concatamer smear. Concatamers sized between 400 and
2000bp were excised and purified using Spin-X centrifuge tubes as described in
Chapter 2 Section 2.3.8. The concatamers were ethanol precipitated by adding 3ul
glycogen (20ug/ul), 100ul 10M ammonium acetate, Iml 100% ethanol and incubated
at -20°C for several hours. The concatamers were collected by centrifugation in a
microcentrifuge at full speed for 15 minutes at 4°C. The DNA pellet was washed

twice with 70% ethanol, air dried and resuspended in Sul LoTE.

3.2.12 Cloning of concatamers and sequence analysis.

Any Sph I cleaved vector can be used for cloning of the Nla 111 produced
concatamers. Initially, pGemS5 (Promega) was used in combination with Epicurian®
Coli XL1-Blue MRF Kan supercompetent cells (Stratagene). This was a lacZ based
blue/white selection system (Sambrook ef al., 1989) and cloning and transformation
efficiences were not satisfactory. Therefore, an Sph I cleaved pZero cloning vector
(Figure 3.8) was used instead. The cut vector was gel purified using the Wizard PCR
preps DNA purification system (Promega) as described in Chapter 2 Section 2.3.8.
Concatamers were ligated into the prepared pZero vector (25ng) by incubating with
1x ligase buffer and 1 unit of T4 DNA Ligase overnight at 16°C. Ligations were
transformed into Top10 One Shot™ competent cells (Invitrogen) and selected on low
salt, Zeocin (50png/ml) LB plates according to the manufacturer's protocol.

Transformed colonies were picked into 96 well plates containing SOB media
with 5% glycerol and 50ug/ml of Zeocin antibiotic. These plates were grown

overnight in a shaking incubator at 37°C and then frozen at -70°C until screened.
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Clones were screened for insert size by taking 1ul of culture and mixing with 1x PCR
buffer, 250uM dNTPs, 2.5mM MgCl, (Promega), 40pmol of M13 Forward and
Reverse primers (GibcoBRL) (Table 3.1) and 0.125 units of Tag DNA Polymerase
(Promega). The PCR reactions were heated at 95°C for 3 minutes and then amplified
for 30 cycles of 1 minute at 94°C, 1 minute at 55°C, 1 minute at 72°C. The PCR
products were resolved on 2% agarose gels and stained with ethidium bromide
(Figure 3.9). Clones containing at least 10-15 tags (i.e. a PCR product of
approximately 450bp) were plasmid prepped and cycle sequenced as outlined in
Chapter 2. Figure 3.10 illustrates the sequence of a typical SAGE clone with the

punctuated 'CATG' denoting the beginning of one ditag and the end of another.



3.3 RESULTS

The SAGE protocol was applied to the cell lines SW480 and SW620. A
SAGE library was generated for each cell line and clones were screened and
sequenced until a target of approximately 5,000 tags was reached for each library. All
clones were sequenced, as described above, on an ALFexpress™ automated DNA
sequencer. Sequences were saved as 'text' files once the vector and ambiguous
sequences had been removed. All sequence files were then analysed using the SAGE
software version 1.0 (Johns Hopkins University, MD, USA).

The SAGE software identifies the anchoring enzyme site (Nla I11), extracts the
intervening tags, and records them in a database (Velculescu et al., 1997c). Cleavage
with BsmF' 1 should yield an 11bp tag plus the 4bp CATG (Nla III enzyme site).
However, for the initial analysis a 9bp tag (plus CATG) was used to identify the
expressed transcripts. This was due to reports of BsmlI’ I occasionally cleaving closer
to its recognition sequence (Velculescu ez al., 1995). Any ambiguity in identification
of a particular transcript could be clarified by using the extra two bases (11bp in
total). Ditags that occured repeatedly were counted only once. This eliminates any
PCR bias, as the probability of any two tags being coupled in the same ditag more
than once is small, even for abundant transcripts (Velculescu et al., 1995). Tag
number was quantified for each library and tags were identified using the SAGE
software. The software identifies SAGE tags by comparison to a modified Genbank
database (similar to the BLAST algorithm; Altschul ez al., 1989) which was derived
from Genbank Flatfile release 101.0 (June, 1997). The program classified the
Genbank entries into class A: identified mRNA transcripts, class B: EST sequences
and class C: gene sequences. SAGE tags were compared to all the Genbank entries
and all tag matches were noted. However, only tags that originate from the extreme 3'
end of the sequence are collected and displayed. A separate tag profile was generated
for each library, providing information on tag abundance and comparisons to
Genbank. Thus, gene expression profiles were produced for each library, which were

then compared to identify differences between the two cell lines.
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3.3.1 SW480 SAGE analysis

The SAGE library for the premetastatic cell line SW480 consisted of over
1,300 colonies. A total of 453 clones were sequenced which yielded 341 duplicate
ditags. The duplicate ditags were only counted once as they may have occurred
repeatedly due to PCR bias as discussed in Section 3.0. This left a total of 5,079 tags.
The average insert size for this library was approximately 12 tags per clone. The tags
were analysed by the SAGE software as described above. The gene expression
profile generated for SW480 is detailed in Table 3.2 and includes the first 183 most
abundant transcripts that were expressed at a level of 3 tags or greater. Among these
transcripts approximately 21% were cDNA clones/ESTs, 19% were ribosome
associated transcripts and the remaining transcripts consisted of a mixture of known
gene transcripts associated with a variety of functions including the cytoskeleton,
transcription, motility, signalling and protein synthesis and metabolism. A further
16% were present in Genbank but were not uniquely identified based on the 9bp tag
and are referred to as 'equivocal'. Attempts were made to identify equivocal tags only
if they showed a difference in expression when compared to SW620. A total of 1.2%
of the tags originated from the linker sequences and, since these do not represent 'real'

transcripts, they were disregarded.

3.3.2 SW620 SAGE analysis

The SAGE library for the metastatic cell line SW620 consisted of
approximately 700 colonies. A total of 304 clones were sequenced, which yielded
414 duplicate ditags. The duplicate ditags were again only counted once as they may
have occurred repeatedly due to PCR bias. This left a total of 5,044 tags. The
average insert size for this library was approximately 18 tags per clone. The tags
were analysed by the SAGE software as described above. The gene expression
profile generated for SW620 is detailed in Table 3.3 and includes the first 170 most
abundant transcripts that are expressed at a level of 3 tags or greater. The gene

expression profile for SW620 had a similar pattern to SW480 as expected. Again, the
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cDNAV/EST clones and the ribosomal associated transcripts were the most abundant
transcripts comprising 19 and 20% of the total respectively. A further 20% were
described as equivocal as described in the last section. A total of 0.58% of the tags

were derived from linker sequences and thus were disregarded.

3.3.3. Gene expression differences between SW480 and SW620

The gene expression profiles of SW480 and SW620 were compared using the
SAGE software as described above. A total of 81 gene transcripts showed a
difference of at least three fold between the two cell lines. These differentially
expressed gene products consisted of known genes, ESTs (Expressed Sequence Tags)
and unidentified transcripts (see Table 3.4). The known gene products fall into a
number of different functional categories including ribosomal associated proteins,
cytoskeletal proteins, motility related proteins and a range of proteins associated with
transcription and transcript splicing. A full list of the differentially expressed
transcripts observed is given in Table 3.5. Two housekeeping genes f-actin and
Glyceraldehyde 3-phosphate dehydrogenase displayed an approximate equal tag
abundance. The housekeeping genes are normally constitutively expressed
(Cleveland et al., 1980) and show similar patterns of expression between different cell
and tissue types. Similar expression levels of such genes were expected between
these isogenic cell lines.

A significant number of the differentially expressed transcripts identified have
been designated as ESTs (Expressed Sequence Tags). ESTs are partial, single pass
sequences from either the 5' or 3' end of a randomly selected cDNA clone. The
transcript from which the EST originated may be identified by taking advantage of a
number of database tools (Borsani et al., 1998). These include the Human Gene Index
(HGI; The Institute of Genomic Research), the EST Assembly Machine (Tigem,
[taly) or ESTblast (Human Genome Mapping Project Resource Center, Cambridge,
UK). The accession number of the human EST of interest is entered and a sequence

contig can be constructed in silico from the submitted EST with overlapping
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sequences from the available database. If the contig extends into coding region, the
EST will then be identified. The use of these databases can allow the identification of
ESTs without the usual experimental work required (Borsani er al., 1998).
I[dentification of some of the differentially expressed ESTs was attempted by this
method and this is described in the next chapter (Chapter 4).

An analysis of a moderate number of SAGE tags has allowed identification of
the most highly abundant gene transcripts in human colon tumour cell lines isolated
from different stages of progression to metastasis. Comparison of their gene
expression profiles has resulted in identification of a panel of putative differentially
expressed genes that may be involved in colon tumour progression. Confirmation of
some of the differentially expressed genes is described in the next chapter (Chapter

4).
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3.4 DISCUSSION
3.4.1 SAGE data overview

A SAGE analysis of over 10,000 tags has allowed the expression of highly
abundant transcripts to be analysed in colon tumour cell lines of different stages of
metastasis. SAGE had previously been used to analyse gene expression in colon
cancer (Zhang et al., 1997) but that study focused on gene expression differences
between normal and tumour tissues/cell lines. The SAGE analysis described here
focused on a later stage of colon tumourigenesis, i.e. the changes that tumour cells
undergo in order to become metastatic.

Examination of the gene expression profiles from each of the cell lines
showed a similar expression level for the majority of transcripts. The most abundant
transcripts for the SW480 cell line consisted of 21% cDNA clones or ESTs, a further
21% of transcripts involved in protein synthesis/turnover and between 1.5 to 5% of
transcripts which were categorised as being involved in cell division, cell
signalling/communication, cell structure/motility, homeostasis/defense, metabolism
and RNA synthesis. A total of 19% of transcripts did not fall into any of the above
categories and were therefore unclassified. Tags which could not be uniquely
identified from 9 bases consisted of 16% of the total.

The gene expression profile for SW620 was very similar to SW480 with
minor fluctuations. These included slight decreases such as 0.6% of transcripts from
the cell division category compared to 3% for SW480 and 3% from the
homeostasis/defense category as compared to 5% in SW480. The slight increases
included a 2-3% increase in the number of transcripts associated with cell
signalling/communication, cell structure/motility, RNA synthesis and metabolism in
the SW620 expression profile compared to SW480. A total of 19% of transcripts
were cDNA/ESTS, 22% were classified as being involved protein synthesis/turnover
and 14% were unclassified. Tags which could not be uniquely identified from 9 bases

consisted of 20% of the total.
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A significant portion of the protein synthesis/turnover category consisted of
ribosomal proteins. Ribosomal proteins form a large fraction of the cellular protein
content. Seventy nine ribosomal proteins have been described to date, but their
functions, apart from being constituents of the ribosome, are largely unknown. A
number of recent studies have found that certain ribosomal proteins have functions
apart from the ribosome and protein synthesis (Wool, 1996). This is especially
significant when altered expression of ribosomal proteins is observed. This is
discussed in Chapter 4, Section 4.2.5.5. Other major categories of highly abundant
gene products included proteins involved with transcription, mRNA processing,
translation, some of the major metabolic pathways such as oxidative-phosphorylation
and glycolysis, signalling pathways and the cytoskeleton. Comparison of the SAGE
analysis with an expression analysis based on 37 human tissues (Adams et al., 1995)
showed that the average proportion of each of the categories described above were
relatively similar. Adams e al. (1995) examined human gene expression patterns by
analysing over 83 million nucleotides of cDNA sequence derived by sampling 300
cDNA libraries. The analysis was based on high to moderate abundance transcripts.
The average proportion of transcripts calculated for the 37 tissues were: cell
signalling/cell communication, 12%; RNA synthesis and processing, 6%; protein
synthesis and processing, 15%; metabolism, 16%; cell division and DNA synthesis,
4%; cell structure/motility, 8%; cell/organism defence and homeostasis, 12%;
unclassified, 24%. Thus, the categories with the largest proportion of transcripts were
protein synthesis and metabolism (Adams et al., 1995). This SAGE analysis also
identified protein synthesis as the dominant category and metabolism and cell
structure/motility were the second most abundant categories in both cell lines.
Housekeeping genes have been defined as genes that are essential for cell viability
and therefore are expressed in all cells. In depth analysis of 30 human tissues
identified a range of genes that were widely expressed (Adams et al., 1995). These
included a range of ribosomal proteins and gene transcripts such as Elongation Factor

la, B-actin, Glyceraldehyde 3-phosphate dehydrogenase and ferritin light and heavy
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chains, all of which were expressed at a similar level in both tumour cell lines as
determined from the SAGE analysis. The gene expression profiles for both cell lines
demonstrate that a large proportion of transcripts produced are destined for roles
involved in protein synthesis. Thus, a large amount of a cell's energy is devoted to
this process both in tumours (Tables 3.2 and 3.3) and in a range of human tissues
(Adams et al., 1995). This would be expected in cells that are actively growing and
dividing as large numbers of proteins are produced to carry out a multitude of
functions within the cell.

Comparison of the two gene expression profiles has identified 81 transcripts
showing a difference in expression level of at least three fold. This included all of the
transcripts detected by SAGE which included transcripts with tag abundances of <3
and which therefore may not be listed in Table 3.2 or 3.3. The majority of these
transcripts were identified as known genes or EST/cDNA clones using the SAGE
software as described. A moderate SAGE analysis requires that any gene expression
differences identified need verification by an independent method. Confirmation of a
subset of differentially expressed genes and further analysis and discussion of the

SAGE data is described in the next chapter (Chapter 4).

3.4.2 Methodological considerations
3.4.2.1 Implementation of the SAGE protocol

Successful implementation of the SAGE protocol required basic molecular
biology methods, but attention to a number of details was necessary and these are
discussed below. The extraction and purification of good quality, undegraded,
Poly(A)+ mRNA was essential. In addition, a yield of 5 to 10ug was necessary to
ensure that a sufficient amount of double stranded cDNA was synthesised. Moreover,
use of high quality reagents, purified linkers and biotinylated oligo-(dT) primer was
necessary to reduce loss of material throughout the procedure. Introduction of an
extra purification step, either gel purification (Velculescu et al., 1997a, 1997b, 1997¢)

or the biotin-streptavidin method (Powell, 1998), was important to remove potentially
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contaminating linkers from the concatamerisation and cloning steps. In addition,
transformation of the final ligation products required highly efficient competent cells.
Batches of competent cells (Invitrogen, Stratagene) were found to vary in their
transformation efficiencies of ligations even though a control plasmid (pUC19)
showed comparable efficiencies (data not shown).

The biggest problem that remained unresolved was incomplete digestion of
the 102bp product with the anchoring enzyme Nla I11. This may have been due to the
inherent instability of this enzyme and unreliable batches of Nla III have been
reported (V. Velculescu and J. Powell, pers. comms.). Incomplete digestion of the
102bp product substantially reduced the yield of ditags which meant less concatamers
for the final cloning step. This resulted in reduced cloning efficiency and therefore
less clones per SAGE library. For an extensive SAGE analysis many thousands of
clones are required, however, the libraries produced in this study were sufficient for a
moderate SAGE analysis.

Sequencing of the SAGE clones was performed using the plasmid DNA
directly rather than PCR product generated using M 13 Forward and Reverse primers
as previously described (Velculescu et al., 1997c; Zhang et al., 1997). This reduced
the sequencing error rate due to misincorporation by Tag DNA Polymerase (error
rate: 8.0 X100, Stratagene) during PCR amplification. The SAGE tag is only 15bp in
length, thus alteration of just one base may prevent its identification.

In summary, the SAGE protocol was applied soon after its initial introduction
(Velculescu et al., 1995) and required a certain amount of optimisation. The most
essential technical aspects of using SAGE have been highlighted and discussed. The
SAGE method has since been improved and further optimised by a number of

different laboratories and this is discussed in the next section.

3.4.2.2 Improvements to the SAGE protocol
SAGE has proved to be a very elegant technique which has allowed gene

expression profiling to be carried out in a number of different systems (Velculescu ez



al., 1995; Hermeking et al.; 1997: Madden et al., 1997; Polyak et gl.; 1997
Velculescu et al., 1997c; Zhang et al., 1997; Hibi et al., 1998; de Ward et al., 1999).
However, SAGE has a number of disadvantages.

One of the first obvious disadvantages to SAGE is the requirement for a large
amount of Poly(A)+ RNA (approximately 5ug). This restricts SAGE to cultured
material or large tissue samples. However, a modified version of SAGE, known as
microSAGE, has recently been described (Datson ef al., 1999). This method allowed
SAGE to be performed on a single punch of a 300um tissue slice, estimated to
contain 1-5ng Poly(A)+ RNA. The initial steps of microSAGE are carried out on
total RNA 1in a single tube coated with streptavidin. This substantially reduces any
loss of material due to phenol extractions and precipitations. PCR amplification of
the ditags is carried out in a manner similar to the original procedure (Velculescu et
al., 1997c) except that a reamplification step is carried out after gel purification of the
102bp product. (This is similar to the modification described in Section 3.2.10a.)
The remaining steps are carried out in much the same way as the original procedure.
The introduction of microSAGE is likely to broaden the applications of SAGE
enormously (Datson et al., 1999).

Another major disadvantage of SAGE is the large amount of sequencing
involved. The greater the cloning efficiency, the larger the insert size, which means
sequencing targets are obtained more rapidly and cheaply. The original procedure
(Velculescu et al., 1997b) produced clones with an average of 20 tags per clone
(Powell, 1998; Kenzelmann & Muhlemann, 1999). Introduction of the biotin-
streptavidin method for purifying ditags (as described above, Section 3.2.10b)
increased the average number of tags per clone to approximately 36 (Powell, 1998).
This is due to a 'purer' ditag sample, i.e. less contaminating linkers which effectively
poison the concatamerisation and cloning steps. A further improvement to the
cloning efficiency of SAGE has recently been described by simply including an extra
heating step (Kenzelmann & Muhlemann, 1999). In the original procedure,

concatamers are resolved on an 8% polyacrylamide gel for size selection (usually
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>400bp) and purification. Despite this step, inserts of a smaller than selected size are
usually found in a significant number of clones. This may be due to incomplete
ligation of concatamers which leaves a large amount of small sized fragments. These
small fragments may migrate with large concatamer molecules by aggregating (not
ligating) together during concatamerisation. The modified procedure includes
extending the concatamer ligation to an overnight incubation and heating the
concatamer ligation to 65°C for 15 minutes. The concatamers are chilled on ice for
10 minutes and then separated by electrophoresis on an 8% polyacrylamide gel. This
extra heating step produced a visible shift in banding pattern towards molecules of
smaller size. The average insert size from SAGE libraries using this step was 67 tags
(Kenzelmann & Muhlemann, 1999). This modification allows a high throughput of
SAGE tags with minimal sequencing costs.

The SAGE protocol has been further improved since its introduction
(Velculescu et al., 1995) and could be applied in any laboratory. SAGE can be used
at any level, but for an extensive analysis access to a high-throughput sequencing

facility with technical support is desirable.

3.4.2.3 Current gene expression methodologies

Two of the major differential gene expression methods developed since SAGE
include Suppression Subtractive Hybridization and further advances in cDNA
microarrays.

Suppression Subtractive Hybridization (SSH) is an improved PCR based
subtractive hybridization method for identifying differentially expressed gene
transcripts (Diatchenko et al., 1996). It shares several similarities to cDNA
Representational Difference Analysis (Hubank & Schatz, 1994) but does not require
multiple rounds of subtraction. SSH enriches for low abundance transcripts by
including a 'normalization' step which results in approximately equal concentrations
of high and low abundance cDNAs. The adaptors used in the technique are designed

so that only subtracted, differentially expressed cDNAs are exponentially amplified in
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the PCR step. This is the suppression effect, hence the name Suppression Subtractive
Hybridization. The SSH protocol and reagents are available as a kit from Clontech.
SSH has been implemented in the laboratory (by Dr. Peter McWilliam) to
complement the SAGE analysis described here, which focused on high abundance
transcripts. However, the method is limited similarly to other methods, such as
DDRT-PCR (Liang & Pardee, 1992), in only identifying differences in gene
expression and does not, like SAGE and cDNA microarrays, provide a complete gene
expression profile.

The use of cDNA microarrays (Schena et al., 1995) has led to the generation
of gene expression profiles for processes such as tumour suppression (DeRisi ef al.,
1996), inflammatory disease (Heller et al., 1997), metabolic regulation in
Saccharomyces cerevisiae (DeRisi et al., 1997) and alveolar rhabdomycosarcomas
(Khan et al., 1998). These microarrays use a specialised robotic system to bind
EST/cDNA clones or gene specific oligonucleotides onto glass slides ('chips') to
generate an array. Fluorescently labelled cDNAs (each cDNA population 1s labelled
with a different fluorophore) from each cell type of interest are hybridized to the
array. Fluorescence patterns are measured with a computerised scanner which
translates this information into actual levels of expression of a particular gene
transcript from each cell type of interest. Most of the arrays to date have analysed the
expression of over 1,000 cDNAs but arrays can be scaled up to contain over 20,000
cDNA targets (Schena et al., 1995). This form of microarray technology requires
specialised equipment and is not amenable to most laboratories. However, the
introduction of cDNA arrays on nylon membranes by companies such as Research
Genetics, Genome systems and Clontech has opened array technology to the majority
of laboratories. The arrays consist of EST/cDNA clones or PCR products dotted (in
duplicate) onto nylon membranes and contain a variable number of cDNAs depending
on the company source (588 known genes : Clontech; 5,000 cDNAs: Research
Genetics; 18,000 cDNAs : Genome Systems). Duplicate filters are compared after

hybridizing with 33P-labelled cDNAs synthesised from total RNA, Poly(A)+ RNA or
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an RAP-PCR fingerprint (Trenkle ef al., 1998). Use of an RAP-PCR fingerprint
reduces the complexity of the probe and allows rarer transcripts to be identified.
Subtracted cDNAs could also be used in this manner. Several software programs are
now available from these companies to allow the probed filters to be analysed. The
main disadvantage with microarrays is the inability to identify novel transcripts as the
arrays are based on cDNA clones already deposited in the database. SAGE has the
advantage in this regard. However, this is likely to become less of a problem with the
continued expansion of the EST/cDNA databases.

In the context of the current gene expression profiling methods, SAGE
remains a valuable tool and can provide a complete gene expression profile for a cell
type of interest, including the possibility of identifying unknown transcripts. For a
high throughput approach to SAGE, access to a large sequencing facility is essential.
The glass 'chip' technology is not currently available to most laboratories but is the
most amenable to automation and allows the simultaneous analysis of multiple
samples (Strachan et al., 1997). Both SAGE and glass 'chips' are likely to be the tools
for most large scale gene expression operations. However, for the average laboratory,
commercial cDNA microarray filters currently provide the least labour intensive
method to analyse thousands of transcripts at once and are likely to become the most

popular choice for gene expression profiling within the present environment.
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mRNA AAAAAA

l Reverse Transcription
¢DNA AAAAAAA
TTTTTTT
Cleave with anchoring enzyme (AE)
Bind to streptavidin beads.
P AAAAAA__‘
Ligate linkers A or B\
CATG 7 AARAA CATG AAAAA
GTAC———TTTTT==elf) L B | GTAC————— TTTTT =)
Cleave with tagging enzyme (TE)
Blunt end
GGATGCATGXOOOXXXXX B | GGATGCATGOOO000000
CCTACGTADOOXXXXXXX CCTACGTACO00000000
TE. ke TE AE

Ligate together to form ditags.
Amplify with primers A and B'/

GGATGCATGEOOOXXXXXX OO0000000GTACGTAGG

CCTACGT. AOl(XXXXXXXX OOOO00O0OCATGCATCC
]

Ditag

Release ditags with anchoring enzyme (AE),
isolate, concatenate and clone.

CATGXXXXXXXXXXX00000000000 CATGXXXXXXXXXXX 00000000000CATG

GTACXXXXXXXXXXX00000000000 GTACXXXXXXXXXXX 00000000000GTAC
AE tagl tag2 AE tag3 tagd AE

Figure 3.1 Schematic of the SAGE protocol (adapted from Velculescu ef al.,

1995). i = Biotin label. . = Streptavidin magnetic beads. |:j: Linker A or
B. AE-= anchoring enzyme, Nla IIl. TE= tagging enzyme, Bsm FI. The final step
of the SAGE protocol yields a library of clones consisting of concatenated ditags as
shown above. The 'CATG' sequence of the anchoring enzyme indicates the

beginning of one ditag and the end of another.
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Figure 3.2 Purified mRNA and ¢cDNA synthesis for SAGE. (A) Poly(A)+ mRNA
was double selected from total RNA using the MessageMaker™ Reagent assembly kit.
The integrity of purified mRNA was assessed by electrophoresis on a 1% denaturing
agarose gel and stained with ethidium bromide. Total RNA was electrophoresised in
parallel in order to estimate size. The RNA was visualised on a UV transilluminator
and the mRNA (lanes 1 and 2) was detected as a faint high molecular weight 'smear' as
expected for intact, undegraded mRNA. (B) Radiolabelled first and second strand
cDNA synthesis reactions were resolved by electrophoresis on 1.4% denaturing alkaline
agarose gels. The gels were dried and then exposed overnight to x-ray film. Lanes 1 &
3 show the first strand reactions from two separate samples and lanes 2 & 4 show the
second strand reactions from the same two samples. The high molecular smears
detected for each reaction demonstrated sucessful synthesis of double stranded cDNA

for each sample.
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Figure 3.3 SAGE linker ligation test. The reannealed and kinased SAGE linkers
(A and B) (Table 3.1) were tested for kinasing efficiency by a self-ligation test.
Unligated and ligated linkers were resolved by electrophoresis on a 2.5% agarose
gel and stained with ethidium bromide. M= pBS- Hae III molecular weight marker
and sizes are indicated in base pairs (bp). UA= unligated linker A. LA= ligated
linker A. UB= unligated linker B. LB= ligated linker B. The ligated linkers show
a clear increase in size (approximately 80-100bp) relative to the unligated linkers
and this indicated that the majority of linkers were kinased efficiently as they were

capable of forming linker-linker dimers.
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Figure 3.4 PCR amplification of ditags. PCR amplification of the linker:tag
ligation yielded a number of PCR products which were resolved on a 12% non-
denaturing polyacrylamide gel and stained with ethidium bromide. M= pBS-Hae
[1I molecular weight marker and the sizes are described in base pairs (bp). Ligated
ditags with linker amplified as 102bp PCR product (linker:ditag:linker). A number
of 'background' products were also detected and these included linker ligated to
linker, i.e. no ditag in between (linker:linker), and was resolved as two bands of
approximately 80bp in size due to the slight size differences between linker A and
B (see Table 3.1). An additional background band of approximately 50 to 60bp in
size was also detected and was due to linker-tag only (unligated). The smallest

band detected (primers) probably consisted of excess primers and 'free' linkers.
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Figure 3.5 A cycle curve to assess the optimum number of cycles for
reamplifiction of the 102bp PCR product. The optimum cycle number was
determined by amplifying an aliquot of purified 102bp PCR product and sampling
over a range of cycle numbers, i.e. 3 to 10 cycles in the experiment shown above.
Samples were resolved on a 12% non-denaturing polyacrylamide gel and stained
with ethidium bromide. Size Marker= pBS-Hae III. The optimum cycle number
in the experiment shown above was 3 and excessive cycles beyond the optimum,
i.e. >5, resulted in an apparent 'disappearance' of the 102bp PCR product which

may be due to its accumulation as high molecular weight aggregates.
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Figure 3.6 Release of ditags from the linkers. The ditags were released from the
linkers by digestion with Nla III. Ethanol precipitated Nla III digested 102bp PCR
products were resolved on 12% non-denaturing polyacrylamide gels and stained
with ethidium bromide. A partial digestion pattern was typically observed as
shown above. M= pBS-Hae III molecular weight marker anc fragment sizes are
described in base pairs (bp). The partially digested produc: (partial digest) of
approximately 60bp in size resulted from cleavage of only one of two Nla III sites
within the 102bp PCR product. The linkers resolved as two bands of approximately
40bp in size due to slight size differences between the linkers. The released ditags
(approximately 26bp in size) were excised from the gel and punfied for subsequent

ligation.
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Figure 3.7 Ligation of ditags to form concatamers. The ditag ligation reactions
were resolved by electrophoresis on 8% non-denaturing polyacrylamide gels and
stained with ethidium bromide. Size Markers= pBS-Hae III (left) and A-Hin dIII
(right) and fragment sizes are described in base pairs (bp). The ditag ligations
resulted in concatamers which resolved as a high molecular weight 'smear' as

shown above. Concatamers sized between 400 and 2000bp were gel purified for

cloning.
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Figure 3.8 Map of pZero cloning vector (Invitrogen). The pZero vector was
digested with Sph 1, gel purified and ligated with purified concatamers in the final
step of the SAGE protocol. The multiple cloning site is within the lethal gene,
ccdB, and this allowed growth of recombinants only due to disruption of this gene.

Transformed colonies were selected by resistance to the antibiotic Zeocin.
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Figure 3.9 PCR screen of SAGE clones. SAGE clones were screened for size by
PCR with M13 Forward and Reverse primers. PCR products were visualised on
ethidium bromide stained 2% agarose gels as exemplified above. M= pBS-Hae 111
molecular weight marker with fragment sizes shown in base pairs (bp). Clones that
produced a PCR product of approximately 450bp, i.e. 10-15 SAGE tags, were

selected for sequencing.
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Figure 3.10 The sequence of a typical SAGE clone. The SAGE clones contained the predicated 'CATG' punctuated
sequence (underlined) with the ditags in between. The average ditag was between 22 to 26 bases in length and the mixture of
sizes was due to the slight variation in cleavage distance by the Bsm FI tagging enzyme. All sequence reactions were analysed
by the ALFexpress™ automated sequencer (Pharmacia).



Table 3.1 Oligonucleotides for the SAGE protocol
Linkers in blue were described in the original SAGE paper (Velculescu ef al., 1995) and proved to be suboptimal for PCR amplification

(Velculescu et al., 1997a). The anchoring enzyme site (Nla I11) is underlined and the tagging enzyme site (BsmF 1) is written in red.

Primer/linker Name Sequence
Linker 1A 5' TTTTACCAGCTTATTCAATTCGGTCCTCTCGCACAGGGACATG 3!
Linker 1B 5" TCCCTGTGCGAGAGGACCGAATTGAATAAGCTGGTA dideoxy 3"
Linker 2A 5' TTTTTGTAGACATTCTAGTATCTCGTCAAGTCGGAAGGGACATG 3°'
Linker 2B 5' TCCCTTCCGACTTGACGAGATACTAGAATGTCTACAA dideoxy 3'
Linker A1 5’ TTTGGATTTGCTGGTGCAGTACAACTAGGCTTAATAGGGACATG 3’
Linker A2 5’ TCCCTATTAAGCCTAGTTGTACTGCACCAGCAAATCC * 32
Linker B1 5’ TTTCTGCTCGAATTCAAGCTTCTAACGATGTACGGGGACATG 3’
Linker B2 5’ TCCCCGTACATCGTTAGAAGCTTGAATTCGAGCAG * 3’
Primer 1 5’ GGATTTGCTGGTGCAGTACA 3’
Primer 2 5’ CTGCTCGAATTCAAGCTTCT 3’
M13 Forward 5’ GTAAAACGACGGCCAGT 3’
M13 Reverse 5’ GGAAACAGCTATGACCATG 3’
Biotinylated oligo dT 5" [biotin]T;g

* Denotes an amino-modified C7 at the 3' end of the linker sequence. This modification prevented 'blunt-ended’ ligation of linkers at their 5' ends.



Table 3.2 SW480 SAGE gene expression profile
Sequences were analysed using SAGE software version 1.0 (Johns Hopkins University) and tags were identified by comparison to
Genbank Flatfile release 101.0 (June, 1997). 'SAGE tag' refers to the 9 to 11 bp sequence adjacent to the 4bp anchoring Nla I1I site. The
tag identifies specific mRNA transcripts as it is taken from a defined position within the sequence (Velculesecu ef al., 1995). 'Tag
abundance' is the number of tags counted for any one particular mRNA transcript. Tag abundances of 3 and over are listed only. 'Gene
transcript' indicates the match identified for each SAGE tag by comparison to Genbank. 'Acc. No.'is the designated Genbank accession

or EST number for each identified gene transcript.

SAGE tag 9/11" Tag abundance Gene transcript Acc. No.
TGTGTTGAG 42 Elongation Factor 1 a X 16869
CCCATCGTC 37 Cox II X15759
TTGGTCCTC 36 L41 ribosomal homologue S64030
GAGGGAGTT 35 .27a ribosomal protein U14968
TACCATCAA 32 Glyceraldehyde 3-phosphate dehydrogenase J02642
CACCTAATT 29 cDNA clone D57986
CTGGGTTAA 25 S19 ribosomal protein M81757
GGATTTGGC 25 EST 11365
AGGGCTTCC 23 equivocal !

AGGCTACGG 22 SMCX mRNA 729650

* The majority of transcripts were identified using 9 bases. In some cases 9 bases were not sufficient to identify a specific transcript. In these cases 11 bases were
used to identify a transcript and any changes in tag abundance noted.

I Tags that were not uniquely identified using 9bp are described as' equivocal'. The majority of these could be resolved using the extra 2bp as described above.



Table 3.2 SW480 SAGE gene expression profile

SAGE tag 9/11 Tag abundance Gene transcript Acc. No.
GGGCTGGGG 22 equivocal
CAAACCATC 21 Cytokeratin 18 X12883
AAGGTGGAG 19 ORF X80822
CCTCCAGCT 19 Cytokeratin 8 X12882
TTATGGGAT 19 mRNA for MHC protein homologous to chicken B complex M24194
TAGGTTGTC 18 Human homologue to mouse p21 X64899
ATGGCTGGT 17 LLRep 3 mRNA X17206
GCCCCTGCT 17 Keratin type Il K5 M21389
GCAGCCATC 16 L.28 ribosomal protein U14969
TTCATACAC 15 cDNA clone D29344
AAAAAAAAA 14 equivocal
AGCCCTACA 14 cDNA clone C03782
CCCGTCCGG 14 EST 17304
GTACACACA 14 Cystatin S X54667
TGGTGTTGA 14 S18 ribosomal protein X69150
TTCAATAAA 14 equivocal
CCTTCGAGA 13 S5 ribosomal protein U14970
CTCAACATC 13 Ribosomal phosphoprotein Po M17885
GAAAAATGG 13 mRNA for laminin binding protein X61156
GTTCCCTGG 13 Fau mRNA X65923
AAGATTGGT 12 Motility related protein-1 X60111



Table 3.2 SW480 SAGE gene expression profile

SAGE tag 9/11 Tag abundance Gene transcript Acc. No.
AAGGAGATG 12 L31 ribosomal protein X69181
ACATCATCG 2 L12 ribosomal protein L06505
TGTACCTGT 12 equivocal
TTGGGGTTT 12 Ferritin H chain mRNA M11146
ATGTGTAAC 11 mts 1/CAPL protein 733457

CCACTGCAC/TC 11/9 SMA3/SMAS X83299
CCCTGGGTT 11 Ferritin light chain subunit mRNA M11147
GAACACATC 11 L19 ribosomal protein X63527
AAGACAGTG 10 [37a ribosomal protein X66699
CCGTCCAAG 10 S16 ribosomal protein M60854
CCTCGGAAA 10 L.38 ribosomal protein 726876
CTAAGACTT 10 cDNA clone D56531
GAAGCAGGA 10 Cofilin, non-muscle type X95404
GGACCACTG 10 L3 ribosomal protein X73460
GTTCGTGCC 10 EST 11444
TAAGGAGCT 10 RPS26 mRNA XT77770
TGCACGTTT 10 L32 ribosomal protein X03342
AATCCTGTG 9 L8 ribosomal protein 728407
ACTGGGTCT 9 c-myc transcription factor (puf) L16785
AGGAAAGCT 9 EST 15369
CCCCAGCCA 9 Hums3 mRNA for 40s ribosomal protein s3 X558



Table 3.2 SW480 SAGE gene expression profile

SAGE tag 9/11 Tag abundance Gene transcript Acc. No.
GAGACTCCT/GC D EST 79832

GCCGTGTCC 9 S6 ribosomal protein J03537
GCTTTATTT 9 B-actin X00351
GTGTTGCAC 9 S13 ribosomal protein X79239
AAAGTCTAG 8 Prad 1 X59798
AGCACCTCC 8 Elongation factor 2 711692
CAAGCATCC 8 cDNA clone N88134
CCTAGCTGG 8 T cell cyclophilin Y 00052
CGCCGCCGG 8 L35 ribosomal protein U12465
GCATAATAG 8 L21 ribosomal protein U14967
GGGGAAATC 8 Thymosin f -10 mRNA M92381
GTGAAACCC 8 equivocal
TCAGATCTT 8 scar protein mRNA M22146
TGATTTCAC 8 Human autonomously replicating sequence mRNA 108441
TTACCATAT 8 L39 ribosomal protein D79205
TTGGTGAAG 8 Thymosin -4 mRNA M17733
AAGAAGATA 7 L.23a ribosomal protein U02032
AGGTCCTAG 7 Glutathione S-transferase X 15480
ATAATTCTT 7 S29 ribosomal protein U14973
CTGTACAGA T EST 186648
CTTCCAGCT 7 Lipocortin Il mRNA D00017



Table 3.2 SW480 SAGE gene expression profile

SAGE tag 9/11 Tag abundance Gene transcript Acc. No.
GCCTGCTGG 7 Glutathione peroxidase-4, GPX-4 mRNA X71973
GGAGTGGAC 7 L18 ribosomal protein L11566
GGCCGCGTT 7 S17 ribosomal protein M13932
GGCTTTACC 7 equivocal

GTGCTGAAT/GG 7 Smooth muscle myosin alkali light chain mRNA U02629
TGGCAAAGC 7 equivocal
ACCGCCGTG 6 p22 phox (CYBA) gene M61107
ATCAAGGGT 6 L9 ribosomal protein U09953
ATTCTCCAG 6 L17 ribosomal protein X52839
CAGGCCCCA/CC 6 cDNA clone W58644
CCCATCCGA 6 L26 ribosomal protein X69392
CCTGTAATC 6 equivocal
CGAGGGGCC 6 cDNA clone W65372
CGCTGGTTC 6 L11 ribosomal protein X79234
GCGACCGTC 6 Fibroblast mRNA for aldolase A M21190
GTGAAGGCA 6 S3a ribosomal protein M77234
GTGCGGAGG 6 Serum amyloid A mRNA M10906
AATAGGTCC 5 S25 ribosomal protein M64716
ACTCCAAAA 5 equivocal
AGTCTGATG 5 EST 91620
CCAGAACAG 5 L30 ribosomal protein X79238



Table 3.2 SW480 SAGE gene expression profile

SAGE tag 9/11 Tag abundance Gene transcript Acc. No.
CCCAAGCTA 5 HSP27 X54079
CGCCGGAAC > HRPL4 mRNA X73974
CTCTTCGAG 8 Glutathione peroxidase-1, GPX-1 Y 00433
GATGCTGCC 5 Acute myeloid leukaemia associated protein 121756
GCTTTTAAG 5 Human mRNA for ribosomal protein D23660
TCCCCGTAA 3 unidentified
TCGTCTTTA 5 S7 ribosomal protein M77233

TGAGGCCAG/GC 5 High mobility group box (SSRP1) mRNA M86737
ACCGCCTGT/GG 4 EST 186727
AGAAAAAAA 4 equivocal
CAGCTCACT 4 L14 ribosomal protein Dg7735
CCAATAAAG 4 equivocal
CCAGGAGGA 4 EST 26757
CCAGTGGCC 4 S9 ribosomal protein U14971
CCCCCTGGA/TC 4 EST 100997
CGGTTACTG/TG 4 EST 19196
CTCATAGCA 4 cDNA clone N75639
GAAATTTAA 4 mRNA for high mobility group-1 X12597
GAAGCTTTG 4 HSP&6 X07270
GACGACACG 4 EST 101103
GATCCCAAC 4 equivocal



Table 3.2 SW480 SAGE gene expression profile

SAGE tag 9/11 Tag abundance Gene transcript Acc. No.
GCCGAGGAA 4 S12 ribosomal protein X53505
GCCTGTATG 4 EST 10576
GCGACGAGG 4 EST 12066
GCTGCCCTT 4 a-tubulin K00557
GTGTTAACC 4 EST 13598
GTITTCTTCC 4 equivocal

TCAACTTCT/GG 4 cDNA clone N57419
TCTCCTGCA/TA 4 Hox 7 mRNA M97676
TCTGTACAC/CT 4 EST 15947
TCTTGTGCA 4 mRNA for lactate dehydrogenase-A X02152
TGAGGGAAT 4 Triosephosphate isomerase mRNA M10036
TTCTTGTGG 4 EST 15728
TTTGTTAAT 4 hnRNP H mRNA L.22009
AAAAATAAA 3 equivocal
AACTGCTTC 3 cDNA clone W32468
ACAAGAATT/GT 3 h-Spl mRNA X68194
ACCCTTGGC 3 cDNA clone D52188
ACTTACCTG 3 mRNA for cytochrome ¢ oxidase subunit V1b X13923
AGCAGATCA 3 pl1, cellular ligand of Annexin II M38591
AGCAGGGCT 3 SOM172 mRNA X91195
AGGAGCTGC/TG 3 NADH dehydrogenase-ubiquinone 23kDa subunit U65579



Table 3.2 SW480 SAGE gene expression profile

SAGE tag 9/11 Tag abundance Gene transcript Acc. No.
AGGTCAGGA/GA 3 Phosphorylase kinase catalytic subunit PH KG2 S73483
ATCACGCCC s cDNA clone W49840
ATCAGTGGC/TT 3 mRNA for proteasome subunit HsN3 D26600
ATTGGCTTA 3 Prohibitin (PHB) mRNA S85655
ATTGTTTAT & equivocal
ATTTGAGAA 3 equivocal
CAAGCCCCA 3 equivocal
CAATAAACT 3 equivocal
CACAAACGG 3 EST 15030
CAGTCTCTC 3 EST 11713
CATCTAAAC 3 mRNA for KIAA0038 gene D26068
CATCTTCAC/CA 3 EST 177313
CCAAACGTG 3 EST 12152
CCGGCGCGT/GT 3 unidentified
CCGGGTGAT o Copper transport protein HAH1 mRNA U70660
CCTTTGAAC/AG 3 EST 181572
CGTGTTAAT 3 equivocal
GACATCAAG 3 Keratin 19 Y 00503
GAGGAGGGT 3 equivocal
GAGTGGCTA/TT 3 cDNA clone W93625
GCAAGCCCC 3 equivocal



Table 3.2 SW480 SAGE gene expression profile

SAGE tag 9/11 Tag abundance Gene transcript Acc. No.
GCATTTAAA 3 equivocal
GCCCCCAAT 3 mRNA for beta-galactoside-binding lectin X14829
GGCTGATGT/GG 3 Glycyl tRNA synthetase mRNA U09510
GGCTGGGGG 3 equivocal
GGCTGGTCT 3 equivocal
GTGACAGAA 3 equivocal
GTGACCTCC 3 Cytochrome ¢ oxidase subunit VIII (COX8) mRNA J04823
GTGAGACCC/CA 312 Human clone 2C2 Cri-du-chat critical region mRNA U10510
TACCCTAAA/AC 3 EST 22307
TCACCCACA 3 cDNA clone N93688
TCAGACGCA 3 Pro-thymosin-alpha mRNA M 14794
TCCCTATAA 3 unidentified
TCCCTTTAA 3 cDNA clone AA0584
TCCTATTAA/GC 3 unidentified
TCCTTCTCC/AL 3 a-actinin mRNA K 15804
TGAAATAAA 3 equivocal
TGCAGAACG 3 equivocal
TGTGATCAG 2! EST 17867
TGTGTGTTT/GT 3 Histone Ha(0) gene X03473
TTCATTATA 3 equivocal
TTGGAGATC 3 NADH: ubiquinone oxidoreductase MLRQ subunit U94586



Table 3.2 SW480 SAGE gene expression profile

SAGE tag 9/11 Tag abundance Gene transcript Acc. No.
TTGGGTTTT/CC 3 mRNA for KiAA0023 gene D14689
TTGTAATCG 3 Ornithine decarboxylae antizyme (Oaz) mRNA U09202
TTGTTGTTG 3 mRNA for calmodulin D45887
TTTAATTGT 3 equivocal




Table 3.3 SW620 SAGE gene expression profile
Sequences were analysed using SAGE software version 1.00 (Johns Hopkins University) and tags were identified by comparison to
Genbank Flatfile release 101.0 (June, 1997). 'SAGE tag' refers to the 9 to 11 bp sequence adjacent to the 4bp anchoring Nla I1I site. The
tag identifies specific mRNA transcripts as it is taken from a defined position within the sequence (Velculesecu et al., 1995). 'Tag
abundance' is the number of tags counted for any one particular mRNA transcript. Tag abundances of 3 and over are listed only. 'Gene
transcript' indicates the match identified for each SAGE tag by comparison to Genbank. 'Acc. No.'is the designated Genbank accession

or EST number for each identified gene transcript.

SAGE tag 9/11" Tag abundance Gene transcript Acc. No.
TGTGTTGAG 67 Elongation Factor 1 a X 16869
TTGGTCCTC 55 L41 ribosomal homologue S64030
CACCTAATT 43 cDNA clone D57986
GAGGGAGTT 31 [.27a ribosomal protein U14968
CTCAACATC 29 Ribosomal phosphoprotein Po M17885
AGGGCTTCC 28 equivocal !

CCCATCGTC 28 Cox II X15759
TACCATCAA 26 Glyceraldehyde 3-phosphate dehydrogenase J02642
CCCGTCCGG 25 EST 17304
CTAAGACTT 24 cDNA clone D56531

* The majority of transcripts were identified using 9 bases. In some cases 9 bases were not sufficient to identify a specific transcript. In these cases 11 bases were
used to identify a transcript and any changes in tag abundance noted.
1 Tags that were not uniquely identified using 9bp are described as' mixed'. The majority of these could be resolved using the extra 2bp as described above.



Table 3.3 SW620 SAGE gene expression profile

SAGE tag 9/11 Tag abundance Gene transcript Acc. No.
AGCCCTACA 23 cDNA clone C03782
ATGGCTGGT 22 LLRep 3 mRNA X17206
GGATTTGGC 22 EST 11365
TTCAATAAA 21 equivocal
TTCATACAC 2l cDNA clone D29344
TCAGATCTT 20 scar protein mRNA M22146
AGGCTACGG 18 SMCX mRNA 729650
TGGTGTTGA 18 S18 ribosomal protein X69150
TTGGGGTTT 18 Ferritin H chain mRNA M11146
ACTAACACC 17 Human PACAP type-3/VIP type-2 receptor mnRNA U18810
CCGTCCAAG 17 S16 ribosomal protein M60854
CCTCCAGCT 17 Cytokeratin 8 X12882
CGCCGCCGG 17 L35 ribosomal protein U12465
GTGAAACCC 18 equivocal
CTGTTGGTG 16 Human homologue of yeast ribosomal S28 D14530
GAAGCAGGA 16 Cofilin, non-muscle type X95404
TGATTTCAC 16 Human autonomously replicating sequence mRNA 108441
ACCCTTGGC 15 cDNA clone D52188
CCTAGCTGG 15 T cell cyclophilin Y 00052
TTGGTGAAG 15 Thymosin -4 mRNA M17733
AGGAAAGCT 14 EST 15369



Table 3.3 SW620 SAGE gene expression profile

SAGE tag 9/11 Tag abundance Gene transcript Acc. No.
CCCCAGCCA 14 Hums3 mRNA for 40s ribosomal protein s3 X55715
CTAGCCTCA 14 mRNA for cytoskeletal y actin X04098
GAAAAATGG 14 mRNA for laminin binding protein X61156
GGGCTGGGG 14 equivocal
GGGGAAATC 14 Thymosin B =10 mRNA M92381
TGCACGTTT 14 .32 ribosomal protein X03342
TGGCAAAGC 14 equivocal
TGTACCTGT 14 equivocal
AGCACCTCC 13 Elongation factor 2 711692
GCCGAGGAA 13 S12 ribosomal protein X53505
GTGTTAACC 13 L10 ribosomal protein 1.25899
AAGGAGATG 12 L31 ribosomal protein X69181
ATGTGTAAC 12 mts 1/CAPL protein 733457
TTACCATAT ) L.39 ribosomal protein D79205
TTATGGGAT 12 mRNA for MHC protein homologous to chicken B complex M24194

TGGGCAAAG/CT 21/11 equivocal
AAGACAGTG 11 .37a ribosomal protein X66699
CAAACCATC 11 Cytokeratin 18 X12883
CTGGGTTAA 11 S19 ribosomal protein M81757
GCCGTGTCC 11 S6 ribosomal protein J03537

GGCTGGGGG 11 equivocal



Table 3.3 SW620 SAGE gene expression profile

SAGE tag 9/11 Tag abundance Gene transcript Acc. No.
AAGGTGGAG 10 ORF X80822
CCCATCCGA 10 26 ribosomal protein X69392
CCTGTAATC 10 equivocal
CGCCGGAAC 10 HRPL4 mRNA X73974
AAAAAAAAA 9 equivocal

ACACAGCAA/GA 9 cDNA clone D58814
ATAATTCTT 9 S29 ribosomal protein U14973
CGCTGGTTC 9 L11 ribosomal protein X79234

GGCAAGCCC/CA 9 Human clone csa-19 U12404
ATCAAGGGT 8 L9 ribosomal protein U09953
ATTCTCCAG 8 L17 ribosomal protein X52839
CCAAACGTG 8 equivocal
CCTCGGAAA 8 L38 ribosomal protein 726876
CCTTCGAGA 8 S5 ribosomal protein U14970
GCAGCCATC 8 L28 ribosomal protein U14969
GCCTGTATG 8 EST 10576
GCTTTATTT 8 B-actin X00351

GTTAACGTC/CC 8 EST: 10074
GTTCGTGCC 8 EST 11444
ACTCCAAAA 7 equivocal
CACAAACGG T S27 ribosomal pr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>