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SUMMARY

T w o  dist inct  pa thw ays  exist  in sporadic colorectal  cancer.  Tlie microsate ll i te  instabili ty 

p a th w a y  (M IN )  is re co gn i sed  by w ides p read  instabi li ty caus ed  by abe rra n t  m i s m a tc h  

repai r  mach ine ry .  Thi s  geno type  accounts  for 15% o f  sporadic colorectal  cancers .  The 

c h r o m o s o m a l  instabi l i ty (C IN )  genotyp e is re cogni sed  by gross  ch r o m o s o m a l  les ions  

but  the u nde r ly ing  m ec h a n i s m  ol' C IN remains  unclear.  T he  di f fe rences  in M IN  and 

C I N  co lon cancer  are  l ikely to be due to the coord ina te  ac t ivat ion and rep re ss ion  o f  a 

key n u m b e r  o f  genes.  Ident i t ica t ion o f  M IN  and C I N  targeted  gene s  will  increase  our  

under s tanding o f  the presence  o f  two dist inct  geno types  in one type  o f  cancer .

We have addre ssed  di fferences  in gene expre ss ion by us ing an in vitro  mod el  o f  

M IN  and C IN  in the  form o f  sporadic  colorectal  c a n ce r  cell lines. W e  h av e  used the 

l ines  in c o n j u n c t i o n  wi th  D D R T - P C R  and high  dens i ty  c D N A  ar ray  t e ch n o l o g y .  — 

D D R T - P C R  analys is  y ielded four c D N A  clones  one  o f  which con ta ined an Alu  e lement .  -  

1 he r e m a in in g  three  c lo nes  rep resent  novel  c D N A  seq u e n ces  o f  u n k n o w n  identi ty.  

G D A  v l . 3  fi l ters w e r e  used to ident ify k n o w n  g en e s  inv olved  in M I N / C I N .  This  

a p p r o a c h  g e n e r a t e d  an  initial panel  o f  cons i s t en t ly  d i f fe ren t i a l ly  e x p r e s s e d  g en e s  

(a pp ro x ima te ly  seventy) .  A fur ther  n ine  o f  these genes  we re  selec ted  for c o n f n m a t o r y  

analys is  by independ ent  methods ,  o f  which six we re  co nH rmed [I12AZ, B l'KS, P ' f P D l ,  

R A N B P 2  & C C N A 2 J .  The expre ss ion o f  a n u m b er  o f  candidate  genes  w a s  ex a m in e d  

based on  cu rrent  l i te rature f indings including  C Y I '8 ,  C Y ' f l S ,  C 0 X 2  & S P L A 2 .  I'he 

d i f f e ren t i a l ly  e x p re s s e d  gene s  involve  d ive rs e  ce l lu lar  p ro cesses  such  a s  ch ro m a t in  

a r ch i t ec tu re ,  D N A - d a m a g e  ch e ck p o in t ,  cell  cy c le  regu la t io n  and a r a c h i d o n i c  ac id  

b iosynthes is.  Ev idence  from current  l i terature suggest  potential  roles for s o m e  o f  these 

gene s  in gene ‘s i lenc ing’ in M IN  and gene s  poss ib ly  impl ica ted  in CIN.  T h e  express ion 

dif ferences  obser ved  in these genes  be tween M IN /C I N  were  modest  w hi ch  sug ges t s  that 

they m ay  e i ther  be und er  the in l luence  o f  a key CIN  g en e  or be invo lved  in a  d is t inc t  

CIN pathway.  Ex pos ing  genes o f  this nature in the con tex ts  o f  MIN  and C I N  may  focus 

current  v iew s  on the processes  and pa thw ays  involved in these genotypes .

S u p p le m e n t a ry  to the M I N / C I N  s tud ies  w a s  the  ex a m in a t io n  o f  IPP2 an d  a 

n u m b e r  o f  1PP2 assoc ia ted  genes  in two  pai rs o f  i sogen ic  cell l ines ( p r em etas ta t i c  and 

metas ta t ic) .  W e  foun d e levated  e x p re s s io n  o f  IPP2 and  P P P l C - B e t a  at  the  level o f  

m R N A  in both premetastat ic  cell l ines sugges t ing  poss ib le  coordina te  regu la t io n  o f  the 

two t ranscripts.  In addi tion,  we  obse rved  s imi l ar  pat terns  o f  express ion  o f  P P P l C - B e t a

i



pro te in  by W este rn  b lot ana lysis .  T h ese  transcrip ts  m ay  have  a role in co lo n  can ce r  

m etastasis .
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C h a p t e r  1 

I n t r o d u c t i o n



1.0 I n t r o d u c t i o n  t o  c o l o r e c t a l  c a n c e r

Colorectal cancer refers to a cancer of one. or both, of two parts o f  the digestive tract: 

the colon and the rectum. Up to 50% of Western populations develop colorectal cancer 

by the age o f  70. Malignancy ensues in approximately 10% of  these cases. This makes 

colorectal cancer the second leading cause o f  death in the United States (Parker et al,  

1996). Colorectal cancer is the second most common type o f  cancer in Ireland, 

responsible for 15% of  cancer related deaths (National Tumour Registry, Republic of 

Ireland, 1995). Environmental and heritable factors interact in the pathogenesis of 

colorectal cancer. Epidemiological evidence has identified environmental factors o f  

lifestyle factors as being important in colorectal cancer progression. People in Western 

countries are 2-3 times more susceptible to colorectal cancer than Chinese, Japanese and 

people of most developing countries (Ziegler et a!.. 1986). Colorectal cancer risk and 

diets high in fat and low in fibre are correlated strongly (Palmer et al., 1983; Kinzler & 

Vogelstein, 1996).

Approximately 15”'o o f  colorectal tumours are inherited in an autosomal 

dominant fashion (Houlston et al., 1992). Hereditar>- predisposition to colorectal cancer 

assumes two well-defined forms: Hereditary Non-Polyposis Colorectal Cancer 

(HNPCC) and Familial Adenomatous Polyposis (FAP). These inherited traits account 

for 5% and 1% o f  all colorectal cancers respectively (Konishi et a i ,  1996). FAP is 

recognisable by the appearance o f  thousands of adenomas in the colon and rectum which 

form during the second and third decades of life in FAP patients. Cytogenetic studies 

identified a deletion on chromosome 5q in a polyposis patient, with further studies 

demonstrating tight linkage of the disease to markers on chromosome 5q21, which 

coincides with a tumour suppressor gene -  the adenomatous polyposis coli (APC) gene. 

Mutations in this gene lead to truncated APC protein products, thereby diminishing the 

tumour suppressor properties of APC (Kinzler & Vogelstein, 1996). FAP tumours are 

classically left-sided, appearing in the descending colon (Vasen et a i .  1990; Lynch et 

a i.  1993). APC mutations may be followed by downstream events including DCC 

(deleted in colorectal cancer) deletions and loss o f  expression o f  p53. HNPCC kindreds 

are recognisable by widespread genomic instability at the nucleotide level. Errors 

during DNA replication are normally repaired by DNA mismatch repair genes, which 

are mutated in HNPCC tumours. Slippage of DNA Polymerases leads to instability 

(expansion or contraction) at simple mono-, di- and trinucleotide repeat sequences.



Mutations o f  this nature have been detected in the transforming growth factor-(3 I 

receptor II (TGppiRII) and insuHn-like growth factor-Il receptor I (IGFllRI) genes in 

HNPCC tumours which seem to be the driving force behind abnormal growth in these 

tumours. Interestingly, HNPCC tumours are right-sided, appearing in the mucosa o f  the 

ascending colon (Vasen e/a/., 1990; Lynch e/a/,. 1993).

The majority o f  solid colorectal tumours (85%) are sporadic in origin -  sporadic 

denotes affected patients with no familial history o f  colorectal cancer. However, 

sporadic colorectal tumours exhibit close similarities to those in the inherited 

syndromes. Sporadic colorectal cancers exhibit both chromosomal instability (CIN) and 

MIN microsatellite instability (MIN) phenotypes (Lengauer et al ,  1997). The CIN 

phenotype exhibits gross chromosomal abnormalities such as aneuploidy and loss o f  

heterozygosity (LOH; loss o f  the paternal or maternal allele). AFC or (3-catenin 

mutations are the initial event in the CIN phenotype. The MIN phenotype is not as 

prevalent in sporadic colorectal cancer accounting for 15% o f  such malignancies. 

Similar to HNPCC tumours. MIN sporadic colorectal cancers have widespread genomic 

instability.



1.1 C o l o n  A n a  i o m y

T h e  co lon  and r e c tu m  t o g e th e r  m ak e  up the l ow er  par t  o f  the d ige s t ive  s y s t em  also 

k n o w n  as the large bow el  or  large intestine, fhe  co lon is abou t  f ive feet  long and  m ay  

be  v i e w e d  in four  sec t ions :  a sc en d in g ,  t ransve rse ,  d e s c e n d i n g  an d  s ig m o id .  T h e  

a sc en d in g  co lon is usual ly  15cm in length and ascends  to the r ight lobe  o f  the l iver and 

m ak es  a sl ight depress ion in it. The r ight col ic f lexure Joins  the ascend ing co lon and the 

t ransve rs e  colon.  T h e  hi gh  point  o f  the ascend ing co lon turns  abrupt ly  fo rw ard  and to 

the  left. The  t ransve rse  sec t ion is abo ut  50cm  long and ex tends  f rom  the  r ight colic 

f lexur e  tu rn ing  d o w n ,  fo rw ard  and to the left. T he  t ransve rse  co lo n  is con c av e ;  its 

conc av i ty  is d i rec ted  up and back.  Th e posterior surface  associa tes  wi th  the  d esc end ing  

d u o d e n u m  and  hea d  o f  the pancreas  by means  o f  loose  connec t ive  t issue.  T h e  left colic 

f lexure fo rms  the j u n c t io n  be tw een  the t ransverse  colon and the d escen d in g  colon.  T he  

d e sc en d in g  colon is abou t  2 5 cm  long and t ravels d o w n w a rd  a long the left k idney  to the 

iliac crest.  The d escend ing  colon then cu rves  d o w n w a r d  in front  o f  the  i l iacus  to end in 

the  s ig m o id  co lon  at  the inlet  o f  the lesser  pelvis.  The  s igm oid  co lon (p e lv ic  colon )  

beg ins  at the  pelvic  inlet  and fo rm s a loop a bou t  4 0 c m  long that  f inal ly d e s c e n d s  in 

con tac t  wi th the left pelvic cavity be tween the rec tum and bladder  in m al es ,  an d  rec tum 

and  uterus  in females .  F inally,  it turns  back tow ar d the mid l ine  level be fo re  b end ing  

d o w n w a r d s  to the re c t um  w hi ch  is abou t  12cm in length and t ravels d o w n w a r d s  to jo in  

the anal  canal  pass ing  th rough  the pelvic d iaphragm.  Figure 1.1 i l lust rates the an a to m y  

o f  the colorectal  t ract  and its t issue composit ion .

Colo rect a l  cance r s  (heredi tary  and sporcidic) sh o w in g  microsat e l l i t e  ins tabil i ty 

are  k n o w n  as Repl ica t ion Error  posi tive (R ER+),  microsate ll i te  uns tab le  ( M S I  o r  M IN).  

Colorecta l  ca ncer s  wi th  functional  m i sm a tc h  repai r  machine ry  are  of ten  r e fe r r ed  to as 

R epl ica t ion Error  nega t ive  (RER-) ,  microsate l l i te  stable (M S S )  or  C IN  ( c h r o m o s o m a l  

i n s t ab i l i ty ) .  I ’o m i n i m i s e  c o n f u s io n  the  M IN  and C IN  a b b r e v i a t i o n s  ar e  used 

throughout .
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1.2 S t a g i n g  o f  C o l o r i l C t a l  C a n c e r

A clinician encountering a patient with colorectal cancer needs to be able to predict the 

expec ted  ou tcom e to devise  an appropriate  therapy.  Lockhart -M ummery  (1927)  

documented a relationship between patient prognosis and tumour extent in the colorectal 

passage.  This  observa t ion was enhanced by the deve lopment  oF a system lor the 

pathological c lass if ication o f  rectal carcinoma (Dukes et al., 1932). Initially, three 

pathological  stages were described; A, growth solely in the rectal wall; B, expansion ot 

g rowth  to extrarectal t issues without  metastasis;  and C, metastasis in distant  lymph 

nodes. Later, Stage C was divided into two subclasses: C | ,  only lymph nodes involved; 

and C 2, nodal spread to extrarectal blood vessels. Eventually, Stage D was adopted to 

describe metastasis to distant organs, fhe Dukes’ classification was eventually applied 

to colonic tumours.  The Dukes '  staging system for colorectal  cancers is detai led in 

Table 1.1.

The D u k e s ’ system was somewhat  complicated by two modif icat ions.  I he 

Dukes '  s tages were subdivided to descr ibe the degree o f  penetrat ion o f  the tumor 

through the different tissue types present in the colon and rectum (Kirkl in el al., 1949; 

Astler  el al., 1954). This advance made it difficult to compare reported relationships 

between tumour stage, prognosis and survival rate. There are deficiencies in all versions 

o f  the D ukes ’ classifications. Analysis  based on a small number  o f  t issue specimens 

may miss  b reak through  to the muscalaris propria.  This  type o f  ana ly s i s  could 

misclassify a patient into the good prognosis Dukes '  A group resulting in patient death 

sooner  than expected.  In addi tion,  the number  o f  lymph nodes invo lved  and the 

histological grade o f  the tumour are overlooked in Dukes ’ c lass if ication,  which  are 

known survival rate indicators (Jass el a l ,  1987). However ,  Dukes '  c lassi ficat ion 

remains a powerful  prognostic tool. Dukes and Bussey (1958) reported 5-year  survival 

rates o f  81.2. 64 and 27.4 %  for patients with Dukes A, B and C tumours  respectively, 

figures comparable  to modern series. Moreover, univariate analysis has emphas ised the 

prognostic importance o f  tumour staging in colorectal neoplasia .

In summary,  Dukes '  staging o f  colorectal cancer  progression is not  perlect . It 

lails to account  for clinical factors and the number o f  nodes involved. T h e  modif ied 

D u k e s ’ c lass i f icat ions served only to complicate  the assessment  o f  t u m o u r  stage, 

prognosis and survival rate. However , due to its prognositic significance and  its ease of
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use, Dukes’ classification remains the best predicator of survival in colorectal cancer 

after 60 years.
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1.3 H e r e d i t a r y  N o n - P o l y p o s i s  C o l o r e c t a l  C a n c e r

1.3.1 Microsatellite Instability

Microsatellites are short nucleotide sequences (2-5 base pairs) that appear in repetitive 

tracts distributed throughout the genome. The initial clue that microsatellite instability 

has a role in colorectal cancer came from a study o f  a group o f  sporadic colorectal 

tumours which harboured widespread instability at poly(A) tracts in their genomes 

(Ionov et uL, 1993). Further studies revealed instability at poly(CA) tracts leading to the 

descriptive term 'microsatellite instability' (MSI or MIN) (Thibodeau et ciL, 1993). This 

genotype was rarely observed in sporadic cases but was present in the majority o f  

HNPCC tumours. Expansion or contraction of simple repeat sequences is assumed to be 

due to slippage o f  DNA Polymerases during DNA replication. Following the exclusion 

o f  candidate gene loci, the genes responsible for HNPCC were linkage-mapped to 

chromosomes 2 p l6  and 3p21 after evaluation o f  large kindreds from North America. 

Europe and New Zealand (Lindblom et ai,  1993; Peltomaki et a l,  1993).

1.3.2 M ism atch Repair

During normal DNA replication, discrepancies may arise from single base 

misincorporations by Polymerases or larger mismatches may result from strand 

slippage. Mutator strains of bacteria and yeast have highlighted mechanisms o f  genome 

stability maintenance. One such E. coli strain has elucidated the mechanism for 

correction o f  replicative errors (Modrich et al., 1991). This repair system recognises the 

newly synthesised strand containing the misincorporated nucleotide, excises a small 

number o f  nucleotides surrounding this base, fills in the correct bases and ligates the 

corrected sequence (Modrich et a l,  1991). Similar systems have been identified in yeast 

(Reenan et al., 1992). None o f  the original MIN reports proposed a specific mechanism 

responsible for the instability. It was noted that microsatellite instability was present in 

bacteria with defective mismatch repair genes. mutS  or mutL, in addition to .S', cerevisiue 

with mutated yeast homologues o f  either mutS  or mutL  (Strand et a i ,  1993). It was 

postulated that the MIN genotype might arise from defective mismatch repair. This 

hypothesis was confirmed by the discovery o f  mutations in the mutS  or wutL  human 

homologues in HNPCC kindreds (Fishel et al.  1993; Bronner et a i,  1994).
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1.3.3 Mismatch Repair Genes in HNPCC

To date, more than 70 different germline mutations have been detected in DNA 

mismatch repair genes and shown to be associated with HNPCC families. The genes 

identified are hMSH2  (human m utS  homologue 2), hMHS6  (GTBP; human nnitS  

homologue 6), hM LH l  (human miitL homologue 1), hPM Sl  (human nnitL homologue) 

and hPMS2  (human mutL  homologue). Current evidence suggests that two genes, 

hMSH2  and h M L H  1, account for roughly equal proportions o f  HNPCC kindreds, 

together being responsible for a majority o f  these families (Peltomaki et ciL, 1997). 

hMSH2, the human homologue o f  mulS, was cloned by homology to conserved regions 

0 ^ miitS gene homologues in bacteria and yeast. MmS  gene products function in methyl- 

directed mismatch repair pathways by binding DNA at the site o f  base mismatches. The 

hMSH2 protein is potentially over 900 amino acids in length and is 41% homologous to 

the yeast m utS  homologue (Fischel et a l,  1993). The human gene was mapped to 

chromosome 2q21 in a panel of somatic cell hybrids.

Independent evidence of the role ot' hMSH2 arose from the collaborative efforts 

of the laboratories o f  Vogelstein, Kinzler and de la Chapelle (Leach et a l  1993). In an 

HNPCC kindred, all affected individuals carried a hMSH2  mutant allele resulting in a 

substitution o f  leucine for proline at codon 622. DNA from unaffected members o f  the 

kindred carried two wildtype hMSH2  alleles. The proline residue is highly conserved 

from bacteria to human suggesting its importance in normal gene function. A number o f  

other mutations were found in other kindreds, but were absent in mismatch repair 

proficient colorectal tumours. In a second kindred, a defect deleting codons 265 to 314 

segregated perfectly with HNPCC. MIN colorectal cell lines were shown to replicate 

endogenous and episomal (CA) n  hgs with 100-fold more errors than mismatch repair 

proficient colorectal cancer cell lines (Parsons et ai.  1993). All of these investigations 

are convincing evidence o f  the role o f  HMSH2 gene in HNPCC and a small subset o f  

sporadic colorectal cancers.

h M L H l, a mutL homologue, on chromosome 3 was found to be mutated in the 

germline o f  some 30% of  HNPCC kindreds (Bronner et a i,  1994). hMSH6  and the two 

hPMS  genes have been found to be mutated in the germline o f  a few HNPCC patients 

(Liu et al., 1996). The most important lesson resulting from HNPCC studies concerns 

its dominant inheritance. In general, patients with HNPCC have one normal allele o f  the 

relevant mismatch repair gene. Mismatch repair is only abolished when the wildtype



allele is inactivated resulting in the accumulation o f  mutations and ultimately clonal 

expansion. This shows that somatic mutations in repair genes can be selected for during 

tumourigenesis, even when such mutations do not directly enhance cell growth.

1.3.4 Targets o f  microsatellite instability in HNPCC

Little is known about the mechanisms underlying MIN and its direct contribution to 

colorectal tumourigenesis. Defective mismatch repair may promote mutations in 

protooncogenes or tumor suppressor genes known to be involved in other cancers, i.e. 

K-Ras. p53, DCC and APC. However, mutations in such genes were shown to be less 

common in MIN cancers compared with tumours that do not have this genotype 

(Thibodeau et a i,  1993). An accepted alternative is that MIN leads to mutations in 

novel genes, and perhaps those specifically with simple sequence repeats in their coding 

regions. This has been shown for the genes encoding transforming growth factor 

[3 receptor II (TGF-P-RII) and the insulin-like growth factor II receptor (IGFIIR).

TG F-P  is a multi-functional polypeptide that regulates a number o f  cellular 

processes including growth, differentiation, deposition of the extracellular matrix and 

immunosuppression (Moses et al., 1990; Roberts et ai. 1991). TGF-(3 exerts its effects 

through binding to specific cell surface proteins. This signalling polypeptide acts as an 

anti-protllerative signal o f  colon epithelial cells and is the primary ligand for TGF-P-RII 

(Wrana et al., 1994). Cells that lose the ability to express or respond to TGF-P are more 

likely to exhibit uncontrolled cell growth and to become tumourigenic. TGF-P binds 

TGF-P-RIl which interacts transiently with TGF-P-RI. which in turn activates parallel 

pathways that inhibit cellular proliferation (Alexandrow et ai, 1995).

TGF-P-RII has a 10 base-pair poly(A) tract (BAT-RII) at codons 125-128 o f  its 

565-codon open reading frame. BAT-RII was found to be mutated in 90% o f  MIN 

tumours. In most cases, both BAT-RII alleles are affected. Tumours heterozygous for 

BAT-RII mutations exhibited additional mutations in the other TGF-p-RII allele which 

were expected to inactivate it. These genetic data support that TGF-P-RII behaves like a 

tumor suppressor and is a critical target o f  inactivation in mismatch repair deficient 

tumours.

Due to the existence o f  microsatellite instability in the coding region o f  TGF-P- 

RIl. it was reasoned that there may exist further instability in other cancer related genes
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in MIN tumours. GenBank and the European Molecular Biology Laboratory (EMBL) 

databases were searched for genes with exonic microsatellites which resulted in the 

discovery of the insulin-like growth factor II receptor (IGFRII) gene (Souza et al., 

1996). IGFIIR is known to bind and activate the latent TGF-(3 complex, a process that is 

essential for the growth suppressive properties o f  TGF-[3 (Kojima et ciL, 1993). In 

addition, IGFIIR mediates the degradation o f  IGFII, itself a potent proliferative signal 

(Lau el a i ,  1994). A screen o f  92 MIN tumours demonstrated IGFIIR mutations in 13% 

of the specimens (Souza el a l,  1996). Interestingly, no IGFIIR mutations were present 

in 52 non-MIN tumours. All but one of the mutations appeared in an 8bp poly(G) tract 

spanning nucleotides 4089 and 4096 o f  IGFIIR. Mutations in either o f  these genes have 

been demonstrated to result in neoplasia and are thought to be the driving force of 

tumourigenesis in MIN tumours.

A number o f  other targets of the MIN genotype have been identified. Simms el 

al. (1997) screened a range o f  cancer associated genes and demonstrated a number of 

polymorphisms in the 5' untranslated region (UTR), 3 ’ UTR or the coding regions of 

genes. Strikingly, the instability appeared only in mononucleotide repeat sec]uences. 

I'ndometrial cancer is the most common extracolonic neoplasia in IINPCC. Instability 

at a 10 base pair poly(A) tract has been identified in 55% of endometrial ccuicers in the 

Caspase-5 gene (Schwartz el al., 1999). Frameshift mutations were detected in both 

mono- and dinucleotide repeat sequences of the Bax gene in tumours from 36 IINPCC 

patients (Sakao el al, 1999).
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1.4 F a m i l i a l  A d e n o m a t o u s  P o l y p o s i s

1.4.1 Familial Adenom atous Polyposis

T h e  s e c o n d  g e n e t ic  p re d is p o s i t io n  to co lo re c ta l  c a n c e r  is k n o w n  as  F a m i l ia l  

A d e n o m a to u s  P o ly p o s is  (F A P ) and is inherited  in an au to so m a l  d o m in a n t  fa sh io n .  

D uring  ad o lescen ce  affec ted  individuals develop  from a few hundred  to o v e r  a th ousand  

a d e n o m a to u s  po lyps  in the ir  large bowel. T hese  are su ffic ien tly  likely to  g ive  r ise  to 

a d e n o c a rc in o m a s  to m ak e  p rophy lac tic  rem oval o f  the co lo n  usual in d ia g n o s e d  F A P  

in d iv id u a ls .  A d e n o m a s  m ay  occur  e ls ew h e re  in the g as t ro in te s t in a l  t rac t  a n d  the 

con d it io n  is o ften  assoc ia ted  with  o ther ex traco lon ic  lesions, such  as e p id e rm o id  cysts , 

j a w  o s teo m a ta  and  fibrous desm oid  tum ours. In contrast  to H N P C C  s y n d ro m e s  that arc 

gene tica l ly  h e te ro g en eo u s ,  the FA P sy n d ro m es  ap p ear  to be due  to d e fec ts  in a  s ing le  

gene , the A d e n o m a to u s  P o lyposis  Coli (A P C ) gene. H o w ev er ,  (3-catenin m u ta t io n s  in 

tu m o u rs  with  norm al A P C  function can lead to cancers  closely  re la ted  to  F A P  can ce rs  

(M orin  f / a / . .  1997).

1.4.2 The Adenomatous Polyposis Coli gene

' fhe  first ev id en ce  o f  a causative  genetic  lesion in F A P  arose  from  c y to g en e t ic  s tud ies  

that re v ea led  a ch ro m o so m a l  de le t ion  in a sp o rad ic  co lo re c ta l  c a n c e r  p a t ien t  w ith  

po lyposis  (H e rre ra  el ciL, 1986). C h ro m o so m e  ana lys is  o f  b lood  cells  f ro m  a  4 2 -y ea r-  

old w h ite  m a le  w ith  co lo n  ca rc in o m a  and  p o ss ib le  G a rd n e r  S y n d r o m e  re v e a le d  a 

dele tion  at ch ro m o so m e  5q. This result p rom pted  fur ther m o lecu la r  s tu d ie s  to  m ap  this 

reg ion  o f  c h ro m o s o m e  5q. T igh t l inkage  w as  d em o n s tra te d  o f  F A P  to  m a rk e r s  on 

c h ro m o so m e  5q21 (B o d m er  et a l ,  1987; L eppert  el a l ,  1987). This re g io n  w a s  sh o w n  

to h arbour the A P C  gene and was subsequen tly  dem onstra ted  to be the c a u sa t iv e  genetic  

c o m p o n e n t  o f  F A P  by its cosegrega tion  w ith  m utan t  A P C  a lle les  in a f fe c te d  k indreds 

(G roden  e /a / . ,  1991).

T he  A P C  gene  transcrip t is 9 ,872  bp in length  and  consis ts  o f  15 ex o n s .  O v e r  

120 d ifferen t m uta tions  have been identified  in FA P cases . Patients  w ith  F A P  generally  

carry one  m u tan t  A P C  allele w hich  is su ffic ien t for p o ly p  fo rm a tion  in t h e  co lo rec ta l  

tract. Loss o f  the w ild type A PC  allele in such patients  by a p rocess  that is k n o w n  as loss 

o f  heterozygosi ty  (L O II)  is thought to be the initia ting  even t  in the p ro g re s s io n  o f  non-



invasive adenoma to carcinoma. Strikingly, most APC mutations yield truncated protein 

p roducts  (Sm ith  et a l ,  1993). The nature o f  the APC m uta tion  seem s to be a 

determinant o f  the severity o f  the disease, i.e\ the extent o f  polyposis.

1.4.3 APC Protein Interactions

The dellned function for the APC protein is currently unclear. The polypeptide chain o f  

the APC gene is illustrated in Figure 1.2. 'fhe  constant deletion o f  the carboxy-terminal 

structure suggests that important growth-suppressing activity resides in this region o f  the 

protein. It is difficult to assess how APC mutations may affect its activity as the APC 

am ino acid sequence bears little similarity to any known protein. The majority  o f  

germline APC mutations appear to be dispersed throughout the 5 ’ ha lf  o f  the sequence. 

Somatic mutations have been observed to accumulate between codons 1309 and 1450, a 

stretch known as the M utation Cluster Region (M CR) (M iyoshi et al., 1992). This 

region has been shown to interact with (3-catenin (Su el al., 1993). (3-eatenin was 

originally viewed as a protein involved in cell adhesion due to its association with 

various members o f  the cadherin protein family (Polakis el al., 1995). However, the cell 

adhesion properties o f  (3-catenin have been cleanly dissected from the discovery o f  its 

involvem ent in the W ingless-W nt signalling pathway (G um biner  e t u i ,  1995). In 

addition, (3-catenin binds mem bers o f  the T cell factor (Tci) and lym phoid  enhancer 

factor (LeO families o f  transcription factors (Behrens et al., 1996; M olenaar  et a l ,  

1996). (3-catenin is capable o f  forming a complex with Tcf-4 and this com plex  is known 

to activate the transcription o f  a number o f  unknown gene targets (Korinek et a l,  1997). 

W ildtype APC regulates gene expression  by binding (3-catenin and p rom o ting  its 

degradation (Rubinfe ld  et a l,  1993). M utant A PC protein b inding to (3-catenin is 

impaired resulting in the inappropriate activation o f  transcription o f  these  unknow n 

target genes. Dominant mutations in (3-catenin that effect its degree o f  phosphorylation 

allow constant association o f  (3-catenin with Tcf-4 resulting  in inapp rop ria te  gene 

transcription (Morin el a l ,  1997). The choice o f  downstream  targets fo r  (i-catenin is 

extensive due to its diverse range o f  functions.

Recent reports have shown APC to interact with EB-1 (a protein  o f  unknown 

function), the human homologue o f  Drosophila tumor suppressor gene (D L G ), various 

tubulins and y-catenin. However, the implications o f  these interactions rem ain  unclear.
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c-Myc has been demonstrated as a target o f  the [3-catenin/Tcf-4 complex (He el ai ,  

1998) and is a known nuclear phosphoprotein involved in proliferation. Previously, 

overexpression o f  c-Myc has been implicated in colorectal tumourigenesis (Fearon et 

ai,  1990).

Mutations in APC which effect downstream |3-catenin mediated signalling or 

mutations in p-catenin itself are likely initiator components in FAP tumours. Notably, 

although FAP accounts for only 1% of all colorectal cancers, APC and [3-catcnin defects 

are found in the majority o f  sporadic colorectal neoplasms.
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1.5 S p o r a d i c  C o l o r e c t a l  C a n c e r

Sporadic colorectal cancer  cases are classified as those that appear  in patients with no 

familial  history o f  colorectal  cancer.  However ,  abnormalit ies  associated with the 

heredi tary colorectal syndromes are prevalent in the majority o f  sporadic neoplasms, 

part icularly APC mutat ions  (Kinzler  & Vogelstein,  1996). Specif ical ly ,  sporadic 

colorectal cancers can be classified into chromosomal  instability (CIN) or microsatellite 

instabil ity (MIN) genotypes. CIN tumours are recognised by gross  chromosomal  

abnormali t ies  and loss o f  heterozygosity (LOU) (the loss o f  a maternal or paternal 

allele). Karyotypic studies have shown the loss or gain o f  chromosomes in the majority 

o f  cancers .  LOH is also widespread  in most  cancers  (Voge ls te in  el ciL, 1989). 

Fluorescence in situ hybridisat ion studies have shown that multiple losses or gains o f  

ch rom osom es  to be 10-100 fold greater in colorectal cancer  cell lines than in their 

normal histological counterparts (Lengauer el ciL, 1997). The degree o f  LOH observed 

in markers  surrounding the APRT gene was seen to be 10-fold higher  in a mismatch 

repair proficient cell line than a mismatch repair deficient cell line (Phear  et a l .  1996). 

CIN tumours  account  for 85% o f  all sporadic colorectal cancers,  most  o f  which are 

initiated by mutat ions in APC or  P-catenin. p53 was initially a candida te  for the 

molecular  basis o f  CIN. However,  a number o f  cancers  with mutant  p53 have been 

shown to be diploid with no obvious chromosomal  defects  and exhibi t MIN due to 

impaired mismatch repair (Eshleman el ul., 1998). Studies on yeast  have revealed a 

large array o f  gene types that can induce chromosomal  abnormali t ies .  The mitotic 

checkpoin t  system in yeast may prove to be an att ract ive target for CIN  tumours.  

Disrupt ion o f  genes o f  the mitotic checkpoint  assembly can lead to CIN  because 

c heckpo in t  defec t ive  cel ls  can comple te  mitos is  with inappropr ia te ly  al igned 

chromosomes (Paulovich et ciL, 1997). Mutations ol' hsM ad2  have been found in some 

breast cancers (Li et a i ,  1996) and mutations h B u h l  in a small fraction o f  colorectal 

cancers  (Cahill et ciL, 1998). These genes are components  o f  the mitot ic  chcckpoint  

system and may contribute to aneuploidy.
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1.6 A MODIil .  OF COLORECTAL TUMOIJRICENESIS

S ig n i f i c a n t  e v i d e n c e  ex i s t s  f rom  ex p e r im en la l  in v es t ig a t io n s  d e f i n i n g  a c o m m o n  

s t epwise  ser ies o f  events  in colorectal  cancer  pathogenesis.  Ini tial ly,  an e x p a n d ed  zone 

o f  epi thel ia l  cell prol i fe ra t ion is seen in colonic  cyrpts  (G e rd es  et al., 1993).  Clonal  

g r o w t h  usu a l ly  re su l ts  in the  i b r m a t i o n  o f  an a d e n o m a t o u s  p o ly p ,  w i th  fu r th e r  

pr og res s ion  leading to ca rc inom a .  Th e probabil i ty  o f  invas ion t h ro u g h  the  b a s e m e n t  

m e m b r a n e  increases  wi th  the s ize o f  the  polyp.  A s ign i f i can t  bo d y  o f  m o l e c u l a r  

ev iden ce  has  enhanced  this series o f  morphological  events.

A n u m b er  o f  m o lecu la r  les ions have been found wh ich  o ccu r  at d i f fe ren t  s tages  

o f  tu m o u r ig en es i s .  T h es e  obs e rva t io ns  inc lude the g ro wth  p r o m o t i n g  g e n e s  k -R as ,  

de l e ted  in colorecta l  c ance r  (D C C )  and p53.  k-Ras  protein t ransmit s  g ro w t h  s ignals  to 

in t racel lu la r  ta rgets  w'hen it b inds  g u an o s in e  t r i phospha te  ( G T P ) ,  and the  s ignal  is 

t e r m i n a t e d  by the  h y d r o l y s i s  o f  G TP .  M u ta n t  a l le l es  o f  k - R a s  h y d r o l y s e  G' l ’P 

inefficient ly leaving a cont inuous  growth signal.  Such mutat ions  have been found in 30- 

5 0 %  o f  colorectal  ca rc inom as  (Vogcls te in  et al, 1988).  Th e D C C  gene w a s  local ised to 

a region on ch r o m o s o m e  I8q and ident if ied as being reduced in ex p res s ion  in colorectal  

cancer s  in co m par i so n  to normal  colon ( f e a r o n  et al., 1990).  T he  D C C  prote in  en c o d es  

a receptor  for Netrin-1,  a molecule  involved in axon  gu idance  and m ay  t r ansm i t  g rowth -  

r e s t ra in ing  s ignals  b e tw e en  cells  (N a ra y a n a n  el al., 1992).  p53 is a t r an sc r i p t io na l  

regula tor  that  prevents  cell s I rom progress ing forward through  the cell d iv i s io n  cycle ,  

thereby prov id ing  m aximal  oppor tun i ty  for D N A  repai r  before the l es ions  are re ta ined  

by D N A  repl ica tion and mitos is  (Kuerbi tz  e t  al., 1992).  Both p53 and D C C  are lost  late 

in tu m o r  progres s ion  but  are  unl ikely  to be the only  genes  wi th  loss o f  e x p r e s s i o n  in 

sporadic colorectal  cance r  (See Sect ions 1.4.3 and 1.5).

Th e theory  that  mul tip le  muta t ions  are requ ired  for the d e v e lo p m e n t  o f  t u m o u rs  

is n o w  widely  accepted and is descr ibed in a genet ic  m od el  by Kinzler  a n d  Vog c ls te in  

(1996)  (l-'igure 1.3). At  least  seven  genetic changes  are required in this m o d e l ,  as both 

alleles o f  a tum ou r  suppressor  g ene need to be inact ivated.  In m ism a tc h  r e p a i r  def ic ient  

tu m o u rs  ( I l N P C C  and sporadic)  the muta t ion  rate is 2-3 t imes  h ighe r  t h a n  in no rm al  

cells  (Shibata et al., 1994). H oweve r ,  in the 85% o f  colorecta l  ca ncer s  that  a r e  m isma tc h  

repai r  prof ic ien t  ( F A P  and sporad ic)  the m u ta t io n  ra tes  are c o m p a r a b l e  to th o se  in 

normal  cells,  and are character ised  by genetic a l tera t ions  leading to gross  c h r o m o s o m a l  

abnormal it ies .  A conclus ion may be that canccrs  need to obta in  a type  o f  ins tabi l i ty ,  but
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that ch ro m o so m al instability  prov ides  m in im al se lec tive  g row th  advan tage  co m p ared  to 

tu m o u rs  with m ism a tch  repa ir  d e l lc ien cy  and  vice versa. It w o u ld  seem  that there  are 

two w ays  in w h ich  a tu m o u r  m ay  deve lop  the genetic  lesions requ ired  fo r m alignancy :  

sub tle  a l te ra t ions  due to d e fec t iv e  m ism a tch  repair  in a m inori ty  o f  ca ses  w h ile  gross  

ch ro m o so m al abnorm alit ies  occur  in the majority.
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1.7 C o l o r e c t a l  C a n c e r  a n d  M e t a s t a s i s

Metastasis in colorectal cancer involves the overexpression or underexpression o f  genes 

involved in specific biological processes. Angiogenesis, proteolysis, motility and cell 

adhesion are the principal targeted processes. Angiogenesis is the process by which 

cancer cells secrete substances that promote the formation o f  blood vessels into the body 

o f  the tumour. Proteolytic degradation o f  the extracellular matrix (ECM ) is a limiting 

step in metastatic spread o f  tumour cells. I 'he  interplay and relative concentrations o f  

proteolytic enzymes and proteolytic enzyme inhibitors are key events in metastasis. The 

motility and adhesion o f  tumours cells are inversely related. M etastatic tum ours cells 

have greater motility and are capable o f  invading tissues to reach circulating blood. 

Increased motility is often caused by dow n-regula tion  o f  cell adhesion  m olecu les  

(CAM ) in metastatic tumour cells.

The acquisition o f  the metastatic phenotype is likely to involve the activation and 

repression o f  a set o f  genes. However, some specific  candidate  genes  have been 

d iscovered to be involved in the metastatic process. A num ber o f  these involved in 

colorectal metastasis include the car (cell adhesion regulator) gene (Y am am oto  et al., 

1996), cox2 (cyclooxygenase 2) (Tsujji cl al., 1997), E-cadherin and a -ca ten in  (Gofuku 

cl al., 1999). In particular, these genes were characterised as either overexpressed or 

underexpressed betw een primary and metastatic colorectal tum ours. D espite  these 

advances, the complexity o f  metastasis and the variability o f  tumours from  independent 

sources would suggest that changes in metastatic progression involve a range or genes, 

fhe roles for the aforementioned metastasis associated genes are unclear.

Although the formation o f  primary tumours is well characterised, the progression 

from primary tumour to metastatic tumour is poorly understood at the m olecular  level. 

The isogenic paired cell lines SW 480 (D ukes’ B, Leibovitz  el al., 1976) and SW 620 

(D ukes’ C, Leibovitz el al., 1976) are a convenient m odel o f  co lorecta l metastasis. 

SW480 was derived from a primary colorectal tumour and SW 620 was derived from the 

lymph nodes o f  the same patient. Initiation o f  SW 620 coincided with m etastasis  in this 

patient (l.eibovitz e/c//., 1976). A number o f  studies have utilised S W 4 8 0  and SW620. 

On such study showed that SW 620 injection into the caecum  o f  nude m ice  induced 

hepatic metastases while SW 480 injection did not (W itty  d  al., 1994). M oreover,
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Sampson-Johannes (1996) demonstrated loss o f  integrin a 3  and N C A M  (cell adhesion 

molecules) in SW620 with respect to SW480.

Studies on SW 480 demonstrate a truncated APC (adenom atous polyposis coli) 

gene product (Sm ith et al., 1993), p53 m utations (H erm ek ing  et uL, 1997) and  

chrom somal abnromalities (CIN) (Cahill et al.. 1998). Hence, SW 480 exhibits typical 

primary tumour properties and the SW 480/SW 620 in vitro cell system maintain their 

parent pre-metastatic and metastatic characterisitics. This m akes SW 480 and SW 620 an 

ideal in vitro model o f  the metastatic process.

1.8  O b j e c t i v e s  OF THIS r e s e a r c h  p r o j e c t

It is apparent that two clear pathways exist in sporadic colorectal cancer progression. 

The M IN (microsatellite instability) pathway is recognised by inactivating mutations in 

components o f  DNA mismatch repair, which leads to widespread nucleotide instability. 

The CIN (chromosomal instability) pathway is associated with inactivating mutations in 

APC which is followed by mutations in K-Ras. deletions in DCC (deleted in colorectal 

cancer) and inactivation o f  p53. These genetic events lead to gross chrom osom al 

abnormalities.

The differences in these pathways are likely to be controlled by the coordinate 

repression and activation o f  expression o f  a number o f  genes. This project has selected 

a panel o f  sporadic colorectal cancer cell lines (Table 1.2) as a convenient in vitro model 

o f  tumourigeneis. A range o f  gene expression profiling techniques were used to identify 

gene expression differences within the panel o f  mismatch repair deficient and mismatch 

repair proficient cell lines. The specific goals o f  this research project were as follows:

• Employ Differential Display Reverse Transcription PCR (D D R T -PC R ) to identify 

putative differentially expressed genes betw een m ism atch  repair  defic ien t and 

mismatch repair proficient sporadic colorectal cancer cell lines

• Im plement Gene Discovery Array Filters v l . 3  to obtain gene expression profiles 

from pairs o f  mismatch repair deficient and mismatch repair  proficient sporadic 

colorectal cancer cell lines

•  To confirm  differential expression  o f  genes  using S em i-Q uan tita t ive  R everse  

Transcription PCR (RT-PCR) and Northern Blotting



• I'o invest igate  dilTerential expression o f  candidate  genes assoc ia ted  with pre­

metastat ic  and metastat ic  colorectal  cancer by semi-quant i ta t ive R T -P C R  and 

western blotting
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1.9 T h e  S p o r a d i c  C o l o r e c t a l  C a n c e r  C e l l  L i n e s  S t i  d i e d

The overall goal o f  this project was to address differential gene expression in a panel of 

sporadic colorectal cancer cell lines. Within this panel, a number o f  cell lines are known 

to exhibit mismatch repair deficiency (LS174T, SW48 & HCTl 16) and the remaining 

cell lines are mismatch repair proficient (Caco2, SW480 & HT29) (See Table 1.2). A 

number o f  studies which have included these cell lines. Heinen et al. (1995) studied a 

panel o f  colorectal cancer cell lines, with or without full-length APC protein, for the 

presence o f  microsatellite instability. These cell lines were assessed for instability by 

Polymerase Chain Reaction (PCR) screening o f  10 loci containing dinucleotide repeats. 

The three cell lines (LS174T, SW48 & HCTl 16) that maintained normal APC protein 

exhibited the highest degree o f  instability. These findings supported the idea o f  a 

second pathway in colorectal cancer development. It has become apparent that a small 

fraction o f  colorectal cancers exhibit widespread genomic nucleotide instability due to 

defective mismatch repair (microsatellite instability; MIN). The majority o f  colorectal 

carcinomas display chromosomal instability (CIN) leading to gross chromosomal 

abnormalities. Cahill et al. (1998) investigated molecular aspects o f  CIN by studying a 

panel o f  MIN and CIN colorectal cancer cell lines. All CIN cell lines tested were 

defective for the human homologue to yeast BU Bl {hDUBl) gene. This gene is known 

to be a vital mitotic checkpoint component in yeast and important for chromosome 

segregation. The normal mitotic checkpoint of cells displaying the MIN genotype 

becomes defective upon transfer of mutant hBU Bl  alleles from CIN cancers. This study 

verifies the distinct genetic components of MIN and CIN colorectal cancers.

The previous experiments described above confirm these cell lines as being 

representative o f  MIN or CIN cancers and thus, are suitable for use in the study of 

mismatch repair deficiency in sporadic colorectal cancer.
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(A ) Lower Intestinal Anatomy (B ) hiistology o f colorectal passage lining
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Figure 1.1 Lower intestinal anatomy and tissue composition of the colorectal 
passage. A. Illustration o f the anatomy o f the lower intestine detailing the architecture 
o f the ascending colon, transverse colon, descending colon and the sigmoid colon. B. 
Illustration o f  the tissue types lining the colorectal passage where colorectal adenomas 
are initiated.
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Figure 1.2 Structure  o f  the Ad enomatous  Polyposis  Coli (APC)  gene .  L in e a r  
representation o f  the AF’C polypept ide chain detailing the seven armadil lo  repeat (20 
amino acids  in length) sequences ilrst identified in the D rosophila m elanogaster  p- 
catenin gene. The 20 amino acid repeat sequences bind [3-catenin in a phosphorylation- 
dependent  manner .  The Multiple  Cluster Region (MCR)  is the target region o f  the 
majori ty  o f  APC- trunca t ing  muta t ions  in sporadic  colorectal  tu m o u rs  (Diagram 
reproduced t rom Polakis, 1999).
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Figure 1.3 A  jfcnctic model fo r colorectal tumourigeneis. APC mutations initiate the 
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as indicated. FAP patients inherit APC mutations which when coupled w ith  mutations 
in K-Ras, deletions in DCC (deleted in colorectal cancer) promote tumour progression. 
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follows either o f these pathways o f tumourigenesis with APC mutations being the more 
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fab le  1.1 Dukes’ classification of colorectal tumours including modifications

Dukes’ Stage Pathological description
A Growth restricted to rectal wall
B Expansion to extrarectal tissues
C Metastasis to distant lym ph nodes
c, Metastasis restricted to lym ph nodes
C2 Nodal spread to extrarectal blood vessels

The stages denoted hi bold represent the original D ukes’ staging (Dukes et al., 1932). 
The substages Ci and C 2 (Gabriel el al.. 1935) represent subsequent modifications.



Table 1.2 Description of the sporadic colorectal cell lines used in this study

A .) IVISI sporadic colorecfal cancer cell lines

Cell Line Description
LS174T Isolated from a Duke’ s B adenocarcinoma in a 58-year-old patient. LS174T was produced by

ti7 psinising LSI 80 cultures isolated from the same patient ( Tom et al., 1976)
SW48 Isolated from a Duke’ s D adenocarcinoma in a 82 year old Caucasian female (Le ibov itz  et a i ,

1976)
IIC T I 16 Isolated from a male patient with colonic carcinoma (Brattain et a i ,  1979)

It.) IVISS sporadic colorectal cancer cell lines
Cell Line Description

Caco2 Isolated from a primary colonic tumor using the explant culture technique (Fogh et a i ,  1977)
SW480 Isolated from a Duke’ s C adenocarcinoina in a 51 year old Caucasian male (Le ibovitz  et uL. 1976)
1IT29 Isolated from a primary colonic tumor using the explant culture technique (I'ogh el a i ,  1964)

SW620* Isolated from a lymph node metastatic lesion in a 51 year old Caucasian male (Le ibov itz  et a i ,
1976)

C .) Additional sporadic colorectal cancer cell lines used in protein analyses
Cell Line Description
SW l 116 
4981J

Isolated from a Grade II adenocarcinoma in a 7.3 year old Caucasian male (Le ibov itz  et al., 1976)

* denotes a lymph node metastasis sporadic colorectal cancer cell line included in D iffe ren tia l Display 
R T-PCR experiments
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2.0 MaTl iRI ALS

2.0.1 Reagents

General  C h em ica l s  and Solvents

A m r e s c o ® ,  USA: 6 %  G e n e -P A G E  sequencing mix,  Phenol satura ted  solution.

B.D .H .  Ltd. ,  UK:  Bor i c  Ac id ,  Chlo ro fo rm ,  Ethanol ,  E thy lened iam ine te t r a -a ce t i c  ac id 

d i s o d i u m  sal t  ( E D T A ) ,  G lyc ine ,  H yd ro c h lo r i c  acid,  Iso -A myl  a lcohol .  I so propa nol ,  

N N N ’N - t e t r a m e t h y l e t h y l e n e d i a m i n e  ( T E M E D ) ,  S o d iu m  ch lo r id e .  S o d i u m  Dodecyl  

S u lp h a t e ,  S o d i u m  S u lp h a t e ,  S o d iu m  I’e t ra bo ra te ,  S u c ro s e ,  ' r r i s - (hydroxy methyl ) -  

m e thylam ine.  Urea.

B o e h r i n g e r  G m b H . ,  G e r m a n y :  Is op ropyl th io -[3 -D -galactos ide  ( I P T G ) ,  5 - b r o m o - 4 -  

ch lo ro -3 - in doy l-P -D-galacto s ide  (X-gal).

F lo w gen .  UK:  L o n g e r  R a n g e r ' ^  Gel  5 0 %  s tock solut ion o f  a c r y lam id e :b i s - ac ry la m id e  

(19:1).

Merck,  ( j e r m a n y :  E thylene  glycol-bis  (P -a m in o  ethyl ether) N , N , N ’, N ’- te t raacetic acid 

( E G l ’A) ,  P o ta s s iu m  d i h y d r o g e n  p h o s p h a t e ,  d i -P o ta s s iu m  h y d r o g e n  p h o s p h a t e ,  di- 

Sod ium hydro ge n phosphate.

Nat ional  Diagnost ics,  USA:  Protogel,  ultra pure 3 0 %  acry lamide solution.

Scot lab,  UK:  E a s i g e l ' ^  6 %  denatur ing ac ry lamide solution.

S i g m a  C h e m i c a l  C o m p a n y  Ltd . ,  U K :  A c r y l a m id e /b i s - a c r y la m id e  3 0 %  so lu t io n  

e l e c t r o p h o r e s i s  g r a d e  ( r a t io  3 7 .5 :1 ) ,  A g a r o s e  (T y p e  l A ) ,  A m m o n i u m  ac e ta te .  

A m m o n i u m  persulphate ,  Ampici l l in ,  Bov ine  Serum  A lbum in  Frac t ion V,  B r o m o p h e n o l  

Blue,  Die thyl  Pyrocarbonate  (D E PC ),  E th id ium Bromide,  F o r m a ld e h y d e  3 7 %  solut ion 

( I 'ormal in) .  Formam ide,  Ly sozyme,  M ag n e s iu m  chloride.  M a g n e s iu m  su lpha te .  Mineral  

oil, 3 - (N-M orp ho l ino )  propa nesu lpho nic  acid (M O PS),  Po lyv iny lpy ro l l idone,  Sephadex
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G - 2 5 ,  S h e a r e d  S a l m o n  S p e r m  D N A ,  S o d iu m  D i h y d r o g e n  P h o s p h a t e ,  S o d i u m  

I lydroxide ,  X y lene  cyanol.

Tissue  Cul tu re  Reai^ents and Cell  Lines 

B.D.H.  Ltd.,  UK:  Dim ethy l  Sulphoxide .

C o rn in g  Cos tar ,  U S A :  75cm^- 71 70  t issue cul ture  f lasks ,  s ter i le Pas teur  p ipet tes ,  cell 

scrapers.

( j i b c o - B R L ,  UK: E a g l e ’s M E M  (m in im u m  essent ial  m ed iu m ) ,  M c C o y ’s 5A m ed iu m ,  

I -e ibov i tz  L-15,  S o d i u m  Pyru va te ,  L -G lu t am in e ,  Foeta l  B o v in e  S e r u m ,  Penic i l l in -  

St reptomycin ,  T ry ps in -E D T A .

Oxoid  Ltd.,  UK:  Aga r ,  T ryptone,  Yeast  extract.

A m er ic an  T y p e  Cul tu re  Co l lec t ion (A l 'C C ) ,  USA:  Panel o f  Colorecta l  A d e n o c a r c i n o m a  

cell l ines (Table  1.2).

Rad iochcmica ls  and P ho toa raph ic  Film

A m e r s h a m  P h a r m a c i a  B io te ch ,  UK:  |a -^^PJ  d C T P  ( 6 0 0 0 C i / m m o l ) ,  d C ' f P

(6 00 0C i/mmol) .

N E N " ^  Life Science  Products,  USA: [ a - ^ ’PJ d C T P  (6000C i/mmol) .

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

Polaroid Corpora t ion,  USA:  Polaroid 665 film.
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Molecular  Biolouv Kits and Reagents

Ambion,  USA; NorthernMax Hybridisation Buffer.

Amersham Pharmacia  Biotech, UK: Cycle sequencing ki t-RPN2436, Ficoll, Hybond-N+ 

Nylon Transfer  Membrane,  Nylon Mesh, Oligonucleotide primers, ProbeQuant '^ '  G-50 

Micro Columns,  Rediprime DNA Labelling System.

Biotecx Labs Inc., USA: Ultraspec' '^ I! RNA Isolation System.

Boehringer  GmblL,  Germany: Eco R1 (10U/|.iL), Glycogen 20|lg/|aL, RNase A

Clontech, USA: S M A R T '^  PCR cDNA Synthesis Kit.

Cienome Systems. Inc., USA: Gene Discovery Array Analyses,  Gene Discovery Array 

Library clones. Gene Discovery Array Human 1 Version 1.3 Filters.

Gibco-BRL, UK: DNase  1 amplificat ion grade ( lU/ | iL) ,  Message M a ker  Poly-A (+) 

Isolation Kit, Ol igo dT(12-18)  pr imer ,  Poly-A (+) Standard,  R a n d o m  hexamers  

(3 | ig/mL), Superscript^'^ II Moloney Murine Leukaemia Virus  Reverse I ' ranscriptase 

kit, T4 DNA Ligase (1 U/jiL).

Invitrogen, USA: TOPIO One Shot"^ competent  E.coli cells.

Pharmacia, UK: Cy5 labelled M13 Forward and Reverse primers.

P ro m e g a  C orpo ra t ion ,  USA:  d A ' fP ,  dCT P ,  dGT P,  d T T P ,  Mae I l I (10U /( iL ) ,  

P o l y n u c l e o t i d e  K i n a s e  L a b e l l i n g  Kit ,  , RN asIN (40U / | . iL  ) , Tag D N A  

Polymerase(5U/|.iL), Wizard® PCR preps DNA purification system -  A71 70, Wizard® 

SV plasmid purification kit.

Sigma Ltd., UK: Sheared Salmon Testis DNA (lOmg/mL).
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Stra t agene,  USA;  pB lues cr ip t  II SK(+)  D N A  vector,  pCR-Scr ip t '™ A m p  S K (+ )  c loning 

kit.

Protein Ana lys is

B.D.H.  Ltd.,  UK:  Copper  sulphate,  D P X  mountant .  I sobutanol ,  rw een-2 0 .  

l i c ck m an  Ins truments Inc.,  U SA:  Po lyal lomer  bel l- top Quick S ea l®  cen tr i fuge  tubes.  

C'adburys,  UK:  Marvel  Non-fa t  dried milk powder.

Cielnian Sciences,  UK;  P A L L  Polyvinyl idene di fluoride (P V D F )  t ransfer m em b ra n e .  

Merck,  Germ an y:  Fol in -C ioca l teau’s phenol  reagent.

Munktc l l ,  Sweden:  Filter paper.  Grade IF.

N e w  England Biolabs (N EB) ,  UK;  PhototopeOl)-! IRP Western Blot  De tec t ion Kit.

Santa  Cruz  Biotechnology ,  Inc.: Polyclonal  goat  an t i -hum an  Protein  P h o s p h a ta s e  1 beta 

(PPI(3) ant ibody.  Horseradish  Peroxidase  l inked anti -goat  IgG ant ibody.

S i g m a  Ltd. ,  UK:  Acry lamide:  b i s -acrylamide,  ( 2 0 5 k D a  to 2 9 k D a )  m o l e c u l a r  we ig h t  

s t a n d a r d  m a r k e r  -  S D S - 6 H ,  L e u p e p t i n ,  M e r c a p t o e t h a n o l , M e t h a n o l ,  

Phcny lmeth y lsuHbn yl  f luor ide a- to lu en esu l fo n y l  (luoride (P M S F) ,  P o n c e a u  S solution.  

Potass ium sod ium tartrate.  Sodium bicarbonate,  Tr i ton  X-IOO.

Shandon,  USA: Hciematoxylin solution.
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2.0.2 Stock solutions

Universa l

Lo ad ing  dye: 0 .25g b ro m o p h en o i  blue, 0 .25g xylene blue,  3 0 m L  glycerol  per  lOOmL. 

S SC  (20X):  3 M  N aCl ,  0 .3M Sod ium citrate pi 17.0.

T A E  (50X):  2 4 2 g  Tr is  base ,  57 .1mL  glacial  acetic acid,  lOOmL 0 .5M  E D T A  (pi 18.0) 

per  litre.

T B E  (1 OX): 0 .8 9 M  Tris  base ,  0 .89M Boric Acid,  0 .02M  E D T A  disodium,  pi 17.0 

TE;  lOmM Tris - I lC l ,  pi 17.5, I m M  EDTA .

CMonina m ed ia  / P lasmid Preparat ion

l .ur ia  Ber tani  (L B )  Broth:  2 .5g Yeast  Extrac t.  5g N aCl ,  5g  Tryptone in 5 0 0 m L  steri le 

water.

LB agar:  7.5g Agar ,  2.5g Yeast  Extract ,  5g NaCl ,  5g  Tryptone in 5 0 0 m L  s ter i le  water.  

T ES:  5 0 m M  Tris  LICl (pi 18.0), 0 . 25% Sucrose,  2 m M  E D T A  (pH8.0).

M - S T E T :  5 %  Triton X -1 00 ,  5 0 m M  E D T A  (pT18.0), 5 0 m M  Tris-HCl  (pi  18.0), 5 %  

Sucrose  in 2 0 0 m L  sterile water.

SOB:  2 %  T iyp tone ,  0 .5% Yeast  Extract ,  0 .05%  NaCl ,  2 .5 m M  KCl,  lO m M  M gC L .

SOC: 1% (v/v) 2 M  G lucose  in SOB.

R N A  Analyses

D E P C - t r ea te d  M2O: 500|.lL D E P C  w ere  m ade  up to 5 0 0 m L  with  s ter i le  w a te r ,  m ix e d  

thoroughly  and  incubated at 37‘'C overnight .  Th e solut ion was  autoc la ved  f o r  1 hour.

H y b r i s a t i o n /p re h y b r id i s a t io n  A s s a y  buffer :  6 . 2 5 m L  2 0 X  S S P E  ( 3 M  N a C l ,  0 . 2 M  

N a ! l 2P 0 4 , 2 0 m M  E D T A ) ,  2 . 5 m L  S O X  D e n h a r d t ' s  s o l u t i o n  ( 5 g  L ico l l ,  5g  

po ly v in y lp y ro l l id o n e ,  5g bov ine  se rum  a lbum in  and s teri le H 2O to 5 0 0 n i L ) ,  1. 25m L  

10% SDS an d  2 5 | lL  o f  lOOng/mL sh ea re d  sa lm o n  spe rm D N A  in a to ta l  v o l u m e  o f  

25mL.

M O P S  ( lOX):  0.2IV1 3 -( N -M o rp h o l in o ) -p r o p an esu lp h o n ic  acid.  0 . 0 5 M  S o d i u m  aceta te  

(pi 17.0), 0 . 0 I M  EDTA .
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K N A  d e n a t u r i n g  bufi 'er :  3 0 %  (v /v )  F o r m a n i i d e ,  5 6 %  lOX M O P S  (v /v ) ,  3 2 %  

I 'ormalde l iyde  (3 7% ) (v/v).

S o d iu m  Ph o sp h a te  buffer:  13.14g N a 2H P 0 4 . 14.82g N a l l 2P 0 4  in 2 0 0 m L  D E P C - t rea te d  

I bO.

W a s h  A; 0 . 5 %  (w /v )  B S A  Frac t ion  V, 5 %  S D S ,  4 0 m M  S o d iu m  p h o s p h a t e  b u ff e r  

(pi 16.8), I m M  ED T A .

W a s h  B: 1% SDS,  4 0 m M  Sodium phosphate buffer  (pi 16.8), I m M  EDTA .

Str ipping buffer:  O .IXSSC,  0 .1% SDS.

Prote in  Ana ly se s

Elect rophores i s  ru nn ing  buffer  (5X): 15g I ris (pH8.3) ,  72g Glycinc ,  5g S D S  in 1L I I2O.

S a m p le  b u ff e r  (5X):  0 .0 6 2 5 M  f r i s  base (pi 16.75), 2 %  S D S,  5 %  (3- m erc ap to e th an o l ,  

10% Glycerol ,  0 .0 0 1 %  B rom op henol  blue.

C o o m a s s i e  b lue;  0 . 2 5 %  C o o m a s s i e  br i l l ian t  b lue  G 2 5 0 ,  4 5 %  A c e t i c  a c id ,  4 5 %  

M ethano l ,  10% Glac ia l  acet ic  ac id ,  10% steri le H 2O. Solut ion Vv'as f i l t e red  t h ro u g h  

W h a tm a n  filter pap e r  No.  1.

P ro te in  gel  d e s t a in  solu t ion:  as fo r  C o o m a s s i e  s tain a b o v e  wi th  the  o m i s s i o n  o f  

Coomass ie .

Buffer  A: 2 0 m M  Tris-MCl (pH7.5) ,  0 .25M  Sucrose ,  2m M  E G T A ,  2 m M  E D T A ,  I m M  

PM S F ,  Leupept in  ( lOmg/mL).

Buffer  B: 2 0 m M  fr is -HCl  (pF17.5), 1% Nonidet -P40,  150mM NaCl ,  I m M  E G l ' A ,  Im M  

E D l 'A ,  I m M  P M S F ,  Leupeptin ( IO| ig /mL).
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Buffer C: 20mM Tris-HCl (pH7.5), 1% SDS, 150mM NaCl, Im M  EGTA, Im M  ED TA.

Lowry solution: 2% sodium bicarbonate, 0.2% Potassium sodium tartrate, O.IM Sodium 

hydroxide.

Bradford solution; 0 .01% Coomasie  brilliant blue G250,  50mL 95% ethanol ,  lOOmL 

85% orthophosphte ( II 3 PO 4 ) in IL distilled II 2 O.

Western blot transfer buffer: 0.384g SDS, 5.82g Tris. 2.94g Glycine,  200mL Methanol  

in 1 L distilled water.

PBS (1 OX): 14.5g N a 2 l IP 0 4 , 2g K H 2 PO 4 , 2g KCl. 80g NaCl, pH7.4 in IL.

Blocking buffer: IX PBS. 0 .1% Tween-20, 5% (w/v) in non-fat dried milk.

Wash buffer (lOX): lOOmM Tris-lICl (pH9.5), lOOmM NaCl,  lOmM M g C b .

TBS: lOOmL 0.05M I ris (pH7.6), 7.65g NaCl, 25pL Tween-20 in IL.

Instrumentation Used

ATTO, Japan: HorizBlot  semi-dry transfer  blotter  - AE-6675,  Dual  Sl ab  Cham ber  

electrophoresis rigs - AE-6220. 

l lybaid, USA: Hybridisation Oven.

Jouan S.A., France: RC 10.10. SpeedVac 

LEP, UK: LEP' '^  Thermal Cycler.

MJ Research, UK: DNA Engine.

Molecular Dynamics, USA: MD-Storm 860 Phosphorimager.

Shandon, USA: Cytospin II.

Unicam, UK: 8625 UV/VIS spectrophotometer.

UVP, USA: Transilluminator.

Wallac, USA: 1214 Rackbeta Liquid Scintillation Counter.
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2.1 M k t i i o d s

2.1.1 C ell  C u ltu re

A panel o f  hum an adenocarc inom a cell lines (T ab le  1.2) was obtained  from the 

A m erican Type Culture Collection (ATTC, USA). The cell line 498Li was received as a 

kind gift from Dr. M eenhard flerlyn, fhe Wistar Institute, Philadelphia, USA. These 

cells w'ere grown in m edia (Section 2.0.2) as described by A T C C  in 75mL tissue culture 

llasks (specific  grow th conditions; Table 2.1). Passage was carried out w hen cells 

reached 70-80%  confluence and typically split in a ratio o f  1 : 5. T rypsin-ED TA  ( I X)  

was used to lift the cells prior to passage. This was carried out by d iscard ing  the 

exhausted m edium  and rinsing the flask with PBS D u lbecco ’s m edium (Gibco BRL, 

UK). An aliquot ( l -2 m L )  o f  IX Trypsin-ED TA  w as added to the flask and was 

subsequently  swirled and flnger tapped. Cells were seen to detach from the flask after 

10-15 minutes. The Trypsin-EDTA was neutralised by adding 10ml o f  m edium  and the 

cells were centrifuged at lOOOrpm for 3 minutes, fhe  supernatant w'as discarded and the 

cells resuspended in fresh medium and aliquoted into new  tissue culture flasks. Cells 

were grow n in an aseptic incubator at 37“C with 5% C O 2 (except for SW 480, SW 620, 

SW l 116 & 498Li which grow in the absence CO 2 ).

2.1.2 G en era l  m o lecu la r  b io logy  techniques

Auarose Gels

Agarose gels ranging from 0.8-2.0% were prepared as follows. A stock (200m L ) o f  1% 

agarose was made by adding 2g o f  Type IA agarose (Sigma Ltd., UK) to 200m L  o f  IX 

I'BE or IX  TA E as appropriate. This mixture w^as boiled gently until the  agarose was 

com plete ly  in solution. Gels were cast in gel trays and allowed to s tand  at room 

tem perature for 20 minutes. Agarose gels were stained in an ethidium  brom ide bath 

(prepared by the addition o f  75|.iL o f  10|J,g/mL ethidium bromide to 500m L  o f  distilled 

water). Agarose gels were placed in distilled water to destain excess e th id ium  bromide 

for 30 minutes where appropriate. Loading dye was added to each sam ple  (0.1 to 0.2
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volumes) to gauge progress o f  electrophoresis. Gels were subjected to electrophoresis 

for 30-60 minutes at 40mA.

Agarose gels for Northern blotting were prepared in formaldehyde as follows: 

1.5g agarose was dissolved in a solution containing 15mL lOX MOPS buffer and 

109.5mL DEPC-treated water by gentle boiling. This solution was allowed to cool tor 

15 minutes followed by the addition of 26.5mL formaldehyde (37%) to a final volume 

o f 150mL. Northern blot gels were cast in large gel trays for a minimum o f  45 minutes. 

Loading dye for northern blot gels was prepared in 50% (v/v) glycerol containing 0 .25% 

bromophenol blue (w/v) in DEPC-treated water. Gels for northern blotting were run for 

approximately 4 hours at 100mA. Denaturing agarose gels for non-Northern analyses 

were prepared by scaling down the volumes described above accordingly and run at 

60mA for 1.5 hours.

Polyacrylamide gels

Polyacrylamide gels were prepared as follows; 24ml. o f  30% uUrapure acrylamide, 

29mL distilled water and 6mL of  lOX TBE were added to a graduated cylinder and 

mixed thoroughly. Polyacrylamide gel plates were rinsed in distilled water and washed 

with 70%) ethanol. Ammonium persulphate (378)iL o f  \ 0% (v/v)) and TEM ED  (75%>) 

were added to the acrylamide mix to induce polymerisation. Gels were poured rapidly 

into pre-prepared taped polyacrylamide gel plates and allowed to set for 1 hour and were 

run for 2 hours at 30mA. Gels for Differential Display RT-PCR were made in a similar 

manner with the volumes o f  the components scaled up.

(}els for the ALFexpress'^''^' automated sequencer were made up as described 

below. ‘Short’ ALF gels were made by mixing 40mL 6%> Gcne-PAGE or EasiGeF''^ 

solution with 400|lL 10%o APS and 40|.lL TEMED and were allowed to polymerise for 1 

hour. Sequencing ( ‘long’) gels were formulated by mixing 25g urea, 7.2mL Longer 

Ranger"^' gel solution, 7.2mL lOX TBE to a volume of 60mL with distilled water. This 

mixture was dissolved by gentle heat and polymerised by the addition o f  375|O^L \ 0% 

APS and 38|.iL TEMED.
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Molecular Weight Markers

Agarose and polyacrylamide gels were all electrophoresed with the inclusion oi 

molecular weight markers that were prepared by restriction enzyme endonuclease 

digestion o f  plasmid DNA. Specifically, 20|lg o f  pBlueScript SK(+) plasmid was 

digested for 2 hours with SOU of  f/c/e 111 restriction enzyme at 37“C. In other cases (for 

different sized PCR products) 20|lg of pBlueScript SK(+) plasmid was digested for 2 

hours with SOU Hha I restriction enzyme. An aliquot o f  3)xL of marker was used lor 

agarose and acrylamide gels.

Nucleic Acid Precipitations

Samples o f  DNA and RNA were routinely concentrated by standard nucleic acid 

precipitation methods. DNA was precipitated by adding 1/10 volume o f  3M sodium 

acetate, 2.5 volumes o f  100% ethanol and SOjig glycogen followed by brief vortexing 

and storage at - 7 0 “C for 1 hour or overnight. Precipitated DNA was pelleted by 

ccntril'ugation at 10,000 rpm for 5 minutes. The supernatant was removed and the DNA 

pellet washed once in 70% ethanol. The DNA was finally resuspended in a small 

volume o f  sterile water.

RNA was precipitated in a similar fashion with a number o f  modilications. 

Ethanol precipitation o f  RNA was carried out by adding SOjig o f  glycogen to the RNA 

sample, 0.1 volume o f  7.5M ammonium acetate and two volumes o f - 2 0 ‘*C ethanol. 

This was mixed by inversion and stored at -20"C for 48 hours. The precipitation 

mixture w'as centrifuged at 2,600g for 30 minutes at 4“C and the RNA pellet was washed 

with 7S% ethanol followed by centrifugation for 10 minutes at 2,600g at 4 “C, air dried 

and resuspended in a small volume of RNase-free water. RNA samples were also 

concentrated using a Speed Vac.

Gel Purification o f  Nucleic Acids

Impure nucleic acids (contaminated PCR products with non-specific products or excess 

primers) were routinely gel purified using the Wizard® PCR Preps D NA  puritication 

system (Promega, USA). This was carried out largely according to the manulacturer’s 

directions except that the solublisation o f  the agarose was carried out at room 

temperature and the elution volume was reduced to 25|.iL in most cases.
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2.1.3 R N A  Isolat ion

Total RN A was isolated from cultured cells using the Uitraspec II RNA isolation system 

(Biotecx Labs.  Inc., USA) after reaching 70% confiuence.  Exhausted medium was 

discarded and the cells rinsed briefly in 5mL o f  PBS F^ulbecco’s medium (Gibco BRL, 

UK.). I'he cells were harvested in ImL o f  Uitraspec and gently homogenised before 

t ransfer  to sterile microcentr i fuge  tubes on ice. Nuc leopro te ins  were al lowed to 

dissociate for 5 minutes  and 0.2mL of  thioroform : isoamyl alcohol (24 : 1) were added 

and tubes shaken vigorously before centrifugation at 12,000 rpm at 4"C for 15 minutes. 

The  acjueous phase (0.8 volume) containing the R N A  was  careful ly removed  and 

transferred to a sterile microcentrifuge tube to which a 0.5 volume o f  isopropanol and a 

0.05 volume o f  R N A T a e k ' ^  Resin were added,  fh is  mixture  was vortexed briefly 

followed by a 1 minute spin at 12,000 rpm. The supernatant  was removed and the pellet 

was washed twice in Im L o f  75% ethanol. The pellet was suspended in 30-50 )J.L o f  

RNase free water.  RNA samples  were DNase t reated using DNase I Amplif icat ion 

Grade. Additions were made as follows to a sterile microcentri fuge tube; 50[ig o f  total 

RNA, 5|.iL lOX DNase I buffer, 1 |.ll. RnasIN (10U/|.iL) (Promega Corporat ion, USA),

I pL DNase I ( l U / p L )  in a 50 pi. reaction volume at 25"C for 15 minutes .  DNase I 

treatment  was terminated by the addition o f  2 .5mM LD TA with a 10 minute  incubation 

at 70"C. RNA was aliquoted and stored at -70"C under 70% ethanol.

2.1.4 R N A  Analys is  and Quanti tat ion

' fhe  integrity o f  the RN A samples was determined by denatur ing formamide agarose gel 

e lectrophoresis . Specifically, I p g  o f  total RN A was  incubated in R N A  dena tur ing  

buffer at 65‘’C for 5 minutes. Each sample was chilled on ice fol lowed by the addit ion 

o f  IpL  RNA loading dye. Samples were electrophoresed for 1-2 hours using IX  MOPS 

buffer as running buffer, ' fhe gels were viewed on a UVP Transil luminator .  The 28S 

and 18S r ibosomal RN A bands were clearly evident with a faint s m e a r  migrat ing 

between them indicating the messenger RNA.

Aliquots o f  RNA were quantitated in a quartz cuvette using the U n ic a m  8625 

UV/VIS spectrophotometer.  All RNA samples  were quant itated at w a ve leng th s  o f  

260nm and 280nm and the A260/A280 ralios were calculated, which shou ld  fall in the 

range o f  1.8-2.1 (Sambrook e/a/ . .  1989).
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2.1.5 Hybridisation Assay for niRNA quantitation

The method of  oHgo-dl'  hybridisation was employed to accurately quantitate poly-A (+) 

levels in all total RNA samples (Harley e t  al . ,  1987). An oligo-dT primer was 

radiolabeled by making the following additions to a sterile microcentrifuge tube: IjuL of
32oligo-dT primer (240pmol), 3)aL T4 Polynucleotide Kinase buffer, l | lL [y- P] dATP, 

2] | iL  sterile II2O, l | iL  Polynucleotide Kinase (5U/|lL). fhis labeling reaction was 

incubated for Ihour at 37‘’C. The labeled probe was purified by passing it through a G- 

25 Sephadex column. The hybridisation/prehybridisation assay buffer solution was 

incubated for Ihour at 20°C. RNA samples were denatured in a buffer containing IX 

SSC (3M NaCl, 0.3M sodium citrate) and 7.4% formaldehyde. A standard poly A(+) 

RNA (Amersham Pharmacia Biotech, UK) was dotted in triplicate in the concentfation 

range of  0 -  45 ng/|iL onto liybond-N lllters which had been divided into Icm^ sections 

using a pencil, '['he unknown RNA samples were also dotted onto the filters in 

triplicate, fhc RNA was fixed to the filter by soaking in 0.05M NaOH. The membrane 

was presoaked in 2X SSPE. Hydvidisation was carried out for 2 hours al room 

temperature and washed in 2X SSC for 5 minute intervals until a Geiger Counter  

registered counts of  250-500cpm. The blot was exposed to fuj i x-ray film for 12-36 

hours. The filter was cut up into squares representing each RNA dot. fhc  emission of 

radioactivity in each cm^ was determined by Cerenkov counting using the Wallac 1214 

Rackbeta Liquid Scintillation Counter. Triplicate values for counts were averaged. A 

graph was plotted between the known poly A(+) concentrations and their equivalent 

counts per minute. The levels of  poly A(+) for each unknown sample were determined 

by extrapolation irom the standard curve.

2.1.6 cDNA Synthesis

cDNA was prepared for DDR'f-PCR using the Superscript II Reverse Transcription kit 

(Gibco BRL, UK). AP3L (anchor primer 3L) was used to prime first strand cDNA 

synthesis (See Table 2.2 for primer sequence). Typically, Ijiig o f  totcil RNA was 

incubated in the presence of  5|iM AP3L in a volume of  25|aL at 70'*C for 10 minutes to 

denature the RNA. The following additions were made to each c D N A  synthesis 

reaction: 5|.il. 200 | iM  dN'l'PS (200|aM of  each o f  the four deoxynuc leo t ide  

triphosphates: dATP, dC'fP, dGTP, df ' fP) ,  5|lIL ImM D IT ,  lOjiL 5X cD N A  synthesis
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buffer (20mM Tris-HCl (pH7.5), lOOmM NaCl, 0.1 mM EDTA, 0.01% (v/v) NP-40, 

50% (v/v) glycerol) and lOU of RNasIN (Promega Corporation, USA). Each cDNA 

synthesis reaction was briefly centrifuged and uicubatcd for a further 2 minutes at 37"C. 

finally , 200U of Moloney Murine Leukemia Virus (MMLV) Reverse Transcriptase 

(Gibco BRL, UK) was added to each reaction to a llnal volume o f  50|iL and cDNA was 

synthesised at 37°C for 90 minutes and the reaction terminated at 95”C for 5 minutes. 

cDNA was stored at -20"C for further use.

cDNA was prepared for Semi-Quantitative RT-PCR as for DDRT-PCR with the 

exception that random hexamers (0.2|.ig/mL) (Gibco BRL, UK) were used to prime first 

strand cDNA synthesis. cDNA was stored at -20°C lor further use.

2.1.7 G enom ic DNA Screen

cDNA samples were controlled for the presence of contaminating genomic DNA. 

Specific primers for the human Polycystic Kidney Disease 1 (PK D l) gene (L43619) 

were designed to amplify across exon 43, intron 43 and exon 44 o f  the gene. The 

following PCR components were added to a microfuge tube; lU Promega 7'aq DNA 

Polymerase (5U/|iL), 5\iM  PKDl U primer, 5^M  PKDl L primer, 2\.iL lOX PCR 

buffer, l|.iL cDNA or l|_iL genomic DNA (50ng/|O.L), 2|j,L 200^M  dNTPs, 1.2|.lL Mĝ *̂  

(25mM) to a final volume of 20j.lL. PCR reactions were overlayed with mineral oil and 

cycled as follows: 94"C for I minute, 55"C for 1 minute, 72“C lor 1 minute for 30 cycles 

Ibllowed by extension at 72"C for 5 minutes. PCR products were electrophoresed on 

1% agarose gels. PCR products derived from genomic DNA yield a product o f  256bp 

and the PCR product from cDNA template yields a 183bp fragment.

2.1.8 Semi-Quantitative Reverse Transcription PCR

RNA samples from the panel of six cell lines (quantitated spectrophotometrically) were 

used as template for RT-PCR reactions. cDNA was synthesized as detailed in Section 

2.4. Specific primers were designed for the human [3-actin transcript (See Table 2.2 for 

sequences). The amplification con.ditions for the (3-actin PCR were optimised on control 

human genomic DNA prior to use in R'f-PCR experiments. In a total volum e o f  50|iL 

the RT-PCR reactions contained 5|.iM o f  |3-actin U and [3-actin L prim ers, 200|jM 

dNTPs, 5^1. Taq DNA Polymerase lOX buf'fer, 1.5mM M gCb, lU  o f  Tcuj D NA
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Polymerase (Prom ega Corporation, USA) and 2)iL cDN A. A mineral oil overlay was 

added to each R l - P C R  reaction. The cycling conditions used were: 95"C for 1 minute, 

60"C lor 1 minute, 72"C for 1 minute for 30 cycles, followed by extension at 72”C for 5 

minutes. Amplification was paused at 21, 24 and 27 cycles and 12|iL aliquots o f  R T- 

PCR product were rem oved from the reactions. A liquots (4 |jL) from each RT -PC R  

reac tion  at each  cyc le  num ber  were reso lved  on 1% agarose  gels  or 8 -12%  

polyacrylamide gels.
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2.2 D i f i  l i K E N i  l A L  D i s p l a y  R e v e r s e  T r a n s c r i p t a s e  PCR

2.2.1 O pt imisa t i on  o f  D D R T - P C R  Condit ions

Previously, DDFIT-PCR was carried out in the laboratory using the protocol documented 

by Bauer el al. (1993) with minor  modifications. The following addit ions were made to 

a PC R tube: 1.2).iL M g C b  (25mM),  lU  Stoffel fragment (5U/)iL) (Perkin Elmer,  USA), 

5|.iM anchor  primer,  5)-tN4 arbitrary primer, 2| iL I OX Stoffel f ragment  buffer,  2|.iL 

200|ilVl dNTPs,  0 .2 \iL  [a-'^^P] dCTP,  2| i l .  cDNA and DEPC-trea ted water  to a fmal 

vo lume o f  20)iL. The PC R mixture was overlayed with mineral oil and cyclcd as 

follows: 95"C for 1 minute, 46”C for 1 minute. 72“C for 1 minute for 30 cycles followed 

by extension at 72"C for 5 minutes. The resulting display patterns yielded insufficient 

numbers  o f  bands (15-30)  and were not reproducible over mult iple experiments  (data 

not shown).

In the present  study, the DD RT-PCR condit ions documented  by Ayala  d  al. 

(1995) were adopted.  cf^NA templates for D D R T -PC R  reactions were  prepared  as 

described in Section 2.1.6. PCR reactions were prepared in microfuge lubes as follows: 

1.2|iL M g C b  (25mM),  lU  T a q  DNA Polymerase (5U/).iL) (P romega  Corporat ion,  

USA), 5|.lM arbitrary primer, 2|.iL lOX Promega buffer, 2\iL  200|aM dNTPs ,  0 .2| iL [a-  

■̂“P| dCTP,  2\)iL cD N A  and DEPC-treated water to a final volume o f  20|aL.  Reactions 

were incubaled as follows: 95"C for 1 minute, 38°C for 5 minutes, 72”C for  5 minutes. 

The anchor  primer AP3L (2j.tL) was added to each reaction mixture through the mineral 

oil overlay and reactions were incubated under the following condi t ions:  95"C for 1 

minute.  60"C for 1 minute, 72"C for 1 minute for 35 cycles followed by extension at 

IX 'C  for 5 minutes. Primers sequences for AP3L and the arbitrary upstream primers  

(D D l  A-Df)6A) are detailed in Table 2.2.

Tuc! DNA Polymerase, Stoffel Fragment  and P fu  DNA Po lym e ra se  were all 

tested to determine which enzyme yielded the most  useful  D D R ' f -P C R  patterns . All 

en z y m e s  were assayed  on one c D N A  sample  to identi fy  the o p t im a l  enzym e  

concentrat ion, ' fhe  opt imal  concentrat ion was  then assayed with m u l t ip le  cDN A 

samples to determine the stability o f  the band pattern. Stoffel Fragment  yielded very 

few bands (5-15)  with low reproducibi l i ty  over  repeat  experiments .  P fu  DNA
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P o ly m e ra s e  y ie ld e d  m o re  b an d s  th an  S to ffe l  F ra g m e n t  bu t a lso  re su lted  in low  

reproducib i l ity .  Taq  D N A  P o ly m erase  gave  the best b an d  pa tte rns  (40-60  b a n d s  p er  

lane) and  the greatest reproducib il ity  o f  the three enzym es assayed  (data not show n).

T o  d e te rm in e  the op tim al concen tra t ion  o f  m ag n es iu m , a series o f  D D R T -P C R  

e x p e r im e n ts  w ere  ca rr ied  ou t  va ry ing  the m ag n es iu m  co n cen tra t io n  from  1.2 m M  to 

2 .2m M . This  w as  carried  out by add ing  0 .9 |iL  M gC l2(1 .2m M ), 1.2 |j L M g C b C l.S m M ).

1.5 )jL M g C l2( 1.9m M ) and  1.8 | lL  M gC l2(2 .2m M ) to sepa ra te  D D R T -P C R  reactions. 

In it ia lly ,  o n e  c D N A  sam p le  w as  used  in th e se  ex p e r im en ts .  M ag n e s iu m  at a final 

concen tra t ion  o f  1.9mM  w as  seen to give the desired  n u m b er  o f  D D R T -P C R  ban d s  w ith  

h igh reproducib il ity .  This  m ag n es iu m  concen tra t ion  w as  assayed  over  m ultip le  c D N A  

sam ples  and  y ie lded  the desired  band pattern stability  (da ta  not shown).

A n c h o r  p r im er A P 3 L  co n cen tra t io n s  o f  l |aM , 5 |jM an d  10 |JM w ere  u sed  to 

d e te rm in e  the op tim al concen tra t ion  required . This  w as  ca rr ied  ou t by add ing  0.5 |iL,

2.5 |jL  and  5 |jL  to separate  D D R T -P C R  reac t ions  using  one  c D N A  sam ple. All th ree  

A P 3L  co n cen tra t io n s  y ie lded  useful and  rep roduc ib le  band  patterns. T he var ia t io n  in 

co n cen tra t io n  did  not have a m ark ed  effect on  the band  pattern . T he pattern  resu lt ing  

from  u s in g  m u l t ip le  c D N A  s a m p le s  w as  s tab le .  T h e  5 |lM  A P 3 L  co n c e n t ra t io n  

p ro d u c ed  the  m ost  s table  p a t te rn  w ith  m u lt ip le  c D N A  sam p les  and  w as  ch o se n  for 

fu r ther  ex p e r im en ts .  A n u m b e r  o f  arb itra ry  p r im ers  (D D 1 A -D D 6 A ; T ab le  2 .2 ) w ere  

des igned  for D D R T -P C R  analysis . T he concen tra tion  o f  each  arbitrary upstream  p rim er 

w as op tim ised  separately. T h e  concentra tion  o f  each  arbitrary p r im er w as varied  aga ins t  

the 5 | iM  A P 3 L  concen tra t ion  and  the optim al co n cen tra t io n  for each  a rb itra ry  p r im er  

w as chosen.

A liq u o ts  o f  each  D D R T -P C R  reaction  (3 |aL) w ere  m ixed  w ith  2 \xL o f  load ing  

dye (0 .25%  brom opheno l  b lue , 0 .2 5 %  xy lene cyano l,  4 0 %  (w /v) sucrose  in w a te r)  and  

e lec tro p h o resed  in parallel on  6%  n o n -d e n a tu r in g  p o ly ac ry lam id e  se q u e n c in g  gels  at 

6 0 W  for 2-3 hours .  G els  w e re  v a c u u m  dried . A  pipette  tip  w as  used  to do t  ex cess  

rad ioac tive  P C R  produc t  co n ta in in g  loading  d y e  on  the four co rn ers  o f  the d r ied  gels. 

T h is  a l lo w ed  a l ig n m en t  o f  the  a u to ra d io g ra p h s  w ith  the d r ied  gels. All g e ls  w e re  

ca refu lly  p laced  in au to rad io g rap h y  casse t tes  w ith  Fuji X -ray  fd m  for 4-32  hours  a t - 

70"C.
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2.2.2 Cloning of DDRT-PCR Products

All autoradiographs were carefully examined on a light box. Bands representing 

potentially differentially expressed mRNA species were selected for excision. Bands 

that were reproducibly differentially expressed were deemed suitable for further 

analysis. Gels were carefully aligned with their corresponding autoradiographs and 

taped together in the correct orientation. These were carefully placed on a light box 

with the gel above the autoradiograph. The position of the bands of interest on the gels 

was determined with the aid of the autradiograph band pattern illuminated by the light 

box. A sterile blade was used to excise the bands of interest which were placed in sterile 

microcentrifuge tubes.

Bands were suspended in 50)LtL sterile water and boiled for 5 minutes. The 

cDNA was allowed to elute from the gel slice at room temperature for 2 hours. Aliquots 

(2|iL) o f  the cDNA eluates were reamplified with Taq DNA Polymerase (Promega 

Corporation, USA) under the following amplification conditions: lU  Taq  DNA 

Polymerase, 2 |iL of lOX Taq DNA Polymerase buffer (50mM Tris-HCl (pll 8.3), 

75mM KCl), 5|iM upstream primer, 5|iM AP3L with 2|iL o f  gel purified DDRT-PCR 

product as template. Amplification was carried out under the following cycling 

conditions: 95"C for 1 minute, 60”C for 1 minute, 72“C for 1 minute for 1 0 cycles with 

extension at 72”C for 5 minutes. Aliquots o f  2 |iL were taken from these reactions and 

used as template under the same conditions for 30 cycles. PCR reactions were pooled 

and gel purified using the Wizard® PCR Preps DNA Purification System (Promega 

Corporation, USA). The total volume o f  PCR products was reduced to 20 |lL using a 

Jouan Speed Vacuum system. Purified cDNAs were stored for use as template for 

cloning.

fhe pCR-Script''^ Amp SK.(+) Cloning Kit (Stratagene, USA) was used to clone 

the purified DDRT-PCR products. PCR products generated with Taq DNA Polymerase 

may have single nucleotide overhangs. Treatment o f  PCR products w ith  Pfu  DNA 

Polymerase renders sticky ended oligonucleotides blunt-ended by the  addition o f  

complementary nucleotides. Purified DDRT-PCR products were Pfu DNA Polymerase 

‘polished’ before the ligation step. Each polishing reaction was set up as follows: IO)j,L 

o f  the purified PCR product, 1 |.il̂  o f  lOmM dN'l'P mix (2.5mlVI o f  each o f  the four 

deoxynucleotide triphosphates: dA'fP, dCTP, dOTP. d'FfP), 1.3 |.iL o f  1 OX polishing
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buffer, and 1 |oL o f  Pfu DNA Polymerase (0.5U' |iL) in a sterile microcentrifuge tube. 

A 20 |aL mineral oil overlay was added to each polishing reaction and incubated at 72°C 

for 30 minutes. The polished PCR product was used directly in the ligation step. 

Ligations were set up by adding the following in order to a sterile microcentrifuge tube: 

l |iL  o f  the pCR-Script Amp SK(+) cloning vector (lOng/ |iL), 1 |lL o f  pCR-Script lOX 

reaction buffer, 0.5 jlL  o f  lOmM rATP, 4 jlL  of polished PCR product, 1 \L S r f  \ 

restriction endonuclease enzyme (5U/ |oL), 1 |oL T4 DNA Ligase in a final volume of 

10 |oL sterile water. The ligation reactions were carried out at room temperature for 1 

hour and terminated by incubation at 70°C for 10 minutes.

Ligations were stored on ice prior to transformation. Plasmids were cloned into 

TOPIO One Shot'^'^ E. coli competent cells (Invitrogen, USA). Cells were thawed 

carefully on ice and supplemented with 0.5M P-mercaptoethanol. Aliquots o f  ligation 

reactions (3^L) were added to the competent cells and stored on ice for 30 minutes. The 

transformation reactions were heat-pulsed for 30 seconds at 42°C in a water bath 

followed by 2 minutes on ice. SOC medium (250 [iL; Section 2.0.2) was added to each 

o f  the transformation reactions which were then incubated in a 37°C shaker for 1 hour at 

225rpm.

Transformation reactions (50 jjL and 150 )jL) were plated onto Luria Bertani 

(LB) Ampicillin agar (Section 2.0.2) plates containing 20|iL 5-Bromo-4-chloro-3- 

indoyl-P'D-galactopyranoside (x-gal) (40mg/mL). Plates were incubated for 12-16 

hours at 37“C, and w'hite colonies were picked and replated onto fresh master plates.

2.2.3 Sequencing of DDRT-PCR Products

Colonies were screened for insert by PCR using the Forward and Reverse sequencing 

primers which flank the insert region o f  the pCR-Script vector. A flamed loop was used 

to take colonies from the master plates and dipped into 50|iL sterile water, which was 

boiled for 5 minutes and centrifuged at 12,000rpm for 2 minutes. Aliquots (2|j,L) ot 

these cell lysates were used as template for the insert screen under the tollowing 

conditions: lU Tag DNA Polymerase (Promega Corporation. USA), 2^L lOX reaction 

buffer, 2\iL 200|iM dNTPS, 3 |iL o f  25mM M gCb, 2|iM o f  each primer in a final

39



volume ol’20|iL. The amplification conditions used were as follows: one cycle at 95*^0 

for 1 minute; 94"C for 45 seconds, 60“C for 45 seconds, 12°C for 1 minute for 32 cycles 

followed by a two minute extension at 72"C. PCR products were separated on 1% 

agarose gels thereby identifying clones containing the desired insert.

Clones containing inserts were picked from master plates and placed in lOmL of 

LB Anipicillin broth overnight at 37"C shaking at 225rpm. These cultures were 

centrifuged at lOOOrpm for 10 minutes and the exhausted LB broth was drained off. 

Cells were resuspended in 60|J.L TES (Section 2.0.2) and transferred to sterile 

microcentrifuge tubes. Lysozyme (20fiL) (40mg/mL in 250mM Tris-flCl, pi 1 8.0) was 

then added to each plasmid preparation and incubated for 10 minutes on ice. M-STE'f 

(550 |jL; Section 2.0.2) was then added at room temperature for a further 10 minutes. 

1 he lids were opened and the tubes boiled for 90 seconds followed by centrifugation at 

12,000 rpm for 30 minutes. Pellets were pulled out using toothpicks. RNase A (10|.tL) 

(lOmg/mL) was added and incubated at 37"C for 15 minutes. Samples were phenol 

extracted, and the aqueous phases transferred to 0.6 volume of 100% isopropanol which 

was incubated at room temperature for a further 15 minutes. Samples were centrifuged 

for 10 minutes and the supernatants were discarded. Plasmid DNA was washed with 

70% ethanol and suspended in 50 ).iL sterile water. Plasmid DNA was stored at -20"C.

Plasmids were sequenced using the fhermo Sequenase cycle sequencing kit 

(Aniersham Pharmacia Biotech, UK) on the ALFexpress"^ Automated DNA Sequencer 

(Amersham Pharmacia Biotech, UK). Sequencing was carried out according to 

manufacturers' guidelines. Aliquots (l|.lL) o f  each reagent (A, C, G or T) were added to 

separate microfuge tubes. A ‘ma.ster mix’ was made by making the following additions 

to a microfuge tube: 2.5|iL Forward sequencing primer (Cy5 labelled; 10 pmole/|iL), 

05-5.0|ig plasmid DNA in a final volume o f  12.5|iL with sterile water. Master mix 

aliquots (3jiL) were added to each reagent (A, C, G or T) followed by the addition of a 

mineral oil overlay. PCR reactions were cycled as follows: 95"C for 45 seconds, 55”C 

for 45 seconds and 72"C for 1 minute for 32 cycles and an extension a t 72‘’C for 5 

minutes. PCR products were denatured before electrophoresis at 95"C for 5 minutes and 

then incubated on ice. Sequencing gels were prepared as described in Section 2.1.2. 

Cycle sequencing PCR products were electrophoresed on ‘long’ 15% polyacrylamide 

gels at 60mA overnight at 55‘’C. Sequence data was acquired using the ALFwin
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E v a lu a tio n  so f tw are  (A ine rs i iam  P h arm ac ia  B io tech , U K ) an d  ex trac ted  as PC ‘ . tx t’ 

i’lles.

2.2.4 Characterisation o f  DDRT-PCR Products

S eq u en c es  ob ta ined  from  D D R 'f -P C R  expe rim en ts  w ere  co n v e r ted  to P A S T A  form at 

and  an a ly sed  using the B L A S T N  softw are  package  located  at tlie N a tio n a l  C en tre  for 

B io tech n o lo g y  In fo rm atio n  (N C B I,  U SA ) (A ltschul e l  a!., 1990). T he  B last  server is 

located at h t tp :/ /w w w .n cb i .n lm .n ih .u o v /B L A S T .
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2 . 3  H i g h  D e n s i t y  c D N A  A r r a y s

2.3.1 Introduction

G enom e  Systems Incorporated (GSl)  recommends  the use o f  approximately 2.5 | ig  

n iRNA to synthesise  a c D N A  probe for the Gene Discovery Array (G D A )  filters. 

c D N A  synthesis  is pr imed by a two base anchored ol igo-dT primer (dTisVN) in the 

presence o f  dCTP.  Control RNA samples  from A ra b id o p sis  lh a lia n a  and

D rosophila  m elanogasler  are reverse transcribed in the same manner and are combined 

with the c D N A  probe in the hybridisation mixture. A DNA orientation marker  is also 

random-prime radiolabeled with dCTP to aid in filter orientation, and is added to

the hybridisation mixture prior to hybridisation.

2.3.2 Prehybridisation

Prehybridisation was carried out by dispensing 15mL NorthernMax Hybridisation buffer 

(Ambion ,  USA)  into a suitable RNase-frce container. FiUers were carefully laid onto 

the buffer and soaked for 30 seconds. The filters were carefully rolled in nylon mesh 

and placed in hybridisation bottles followed by the addition o f  15mL pre-warmed (42”C) 

hybridisation buffer. Pre-hybridisation was carried out  overnight  at 42"C using a 

hybridisation oven (Hybaid, USA).

2.3.3 cDN A Probe preparation

Two methods were used to generate cD N A  probes for G D A  analysis. Init ial ly,  total 

RNA samples  f rom each cell line were pooled amounting to Img o f  total RN A. The 

M essageM aker  Kit (Gibco BRL, UK) was used to isolate high qua l i ty  poly-A(+)  

mRNA.  The total RNA concentration was adjusted to 0 .55mg/ml w i th  RNase- free 

water.  The RNA was heated at 65"C for 5 minutes  and chil led on ice . The  salt 

concentrat ion o f  the RNA sample was adjusted to 0.5M NaCl by adding 0.1 volume o f  

5M NaCl.  A volume (2mL) o f  ol igo(dT) cellulose was added to the salt ad jus ted RNA, 

mixed several  t imes by inversion. Hybridisation o f  the RNA with the  ol igo(dT) 

ccllulose was carried out by incubation at 37°C for 10 minutes. This sample was passed 

through a Filter syringe and the liquid containing unbound RNA was reta ined.  The 

oligo(d' f)  cel lulose/RNA mixture was washed with 5mL o f  Wash Buffer  1. This  step
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was carried out by draw ing 5mL o f  Wash Buffer 1 into the Filter Syringe, m ixing tlie 

contents and expelling the buffer. This step was repeated using 5mL o f  Wash B uffe r  2. 

The m R N A  was eluted from the cellulose by drawing 2mL o f  distilled water (previously 

heated to 65°C) into the Filter syringe, mixing the contents thoroughly and expelling the 

m R N A  into an RNase-free 1.5niL tube. A double selection was deemed necessary to 

obtain high quality m R N A . The single selected RNA was reheated to 65°C for 5 

minutes.. The salt concentration was adjusted by adding 0.1 volume o f  0 .5M  NaCl .is 

before. The second m R N A  selection was carried out as before with hybridisation ot 

m R N A  and oligo(dT) cellulose carried out at room tem perature for 10 m inutes. The 

oligo(dT) cellulose sed im ent fines were pelleted by centrifugation at 3 ,000 g for 5 

minutes. The supernatant was transferred to an RNase-free tube. Ethanol precipitation 

o f  the m R N A  was carried out by adding 50|ig o f  glycogen to the m R N A  sample. 0.1 

volume o f  7.5M am m onium  acetate and two volumes o f  -20°C  ethanol. The mixture 

was inverted once and stored at - 2 0 ^ 0  for 48 hours. The precipitation mixture was 

centrifuged at 2 ,600g for 30 m inutes and the m R N A  pellet was washed  with 75% 

ethanol followed by centrifugation  for 10 minutes at 2 ,600g at 4°C, air dried ajid 

resuspended in 5|iL o f  RNase-free water. m RNA integrity was assessed by denaturing 

form amide agarose gel electrophoresis and m RN A  concentration was determ ined by 

spectrophotom etry  at a w avelength  o f  260nm. m R N A  was aliquoted and stored at 

- 8 0 T .

cD N A  probes were prepared for each o f  the m R N A  samples separately. The 

Ibllowing com ponents  were com bined  in an RNase-free tube; 2.5)ig sample m R N ,\ ,  

2.0jiL o f  50)aM 5 ’-oligo dTigVN. This mixture was incubated at 70°C for 10 minutes 

and placed on ice for 5 minutes. The sample was lyophilised on low heat until dry and 

dissolved in the following: 1.4|J.L 5X M M LV  Buffer, 0.4)J^L lOmM dA /dG /dT  mix, 

4.0 |iL [a-^^P] dCTP (10uCi/|iL) and 1.2|iL M M LV (200U/}iL). The cD N A  synthesis 

reaction was mixed by b rief  vortexing and spinning in a centrifuge. cD N A  synthesis 

was carried out at 42°C for 2 hours.

Labeled cD N A  was diluted to a volume o f  50 )iL with sterile w'ater. A small 

volume (1 |oL) was removed for cpm quantitation. The excess R N A  was degraded by 

the addition o f  12.5 |iL o f  IN N aO H  and incubation at 37"C for 10 minutes. This was 

Ibllowed by the addition o f  12.5 |uL Tris pH 6.8 and 10 juL IM  HCl. Unincorporated
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nucleo tides were rem oved from the radiolabeled probes ushig ProbeQuant^*^ G -50 

Micro Colum ns (Am ersham  Pharmacia Biotech, UK) according to the m anutaclurers  

protocol. Labeled probes were incubated on ice prior to hybridisation. The lyophilised 

control RN A  was resuspended in 20mL o f  DEPC-treated water. Control cDNA probes 

were prepared using the control RNA in the same manner.

I 'he  S M A R T '^  PCR cDNA Synthesis Kit (C lontech, USA) was used as an 

alternative method for generating cDNA probes. The llrst strand synthesis was prepared 

by m aking the following additions to a sterile m icrocentrifuge tube: l).lg total T<NA, 

l|.lL CDS prim er (IO |iM ), IjlL SM A R 'f  II oligonucleotide (10j.iM) and 3 |lL  DEPC- 

treated water. This mixture was incubated at 70“C for 2 m inutes prior to m aking the 

following additions: 2 |iL  5X First-strand buffer, l|.iL DTT(20m M ), l)lL dN TPs(lO m M ) 

and l | iL  M M LV  Reverse Transcriptase(200U/)iL). cDNA synthesis was carried out at 

42”C for one hour. The first strand reaction was diluted by adding 40|J.L TE buffer 

( lOmM  Tris[pH 7.6], IniM EDTA). First strand cDNA synthesis was com pleted  by 

incubation al 72"C for 7 minutes. For each cDN A sample, PCR-Select reactions were 

prepared in triplicate as described by the manufacturer; l|.lL single s tranded cD N A  

(sscD N A ), 74 |iL  D E P C -trea ted  w ater, 10 |iL  1 OX cD N A  PC R  b u f fe r ,  2 |iL  

dN 'fPs(lO m M ), 2).iL PCR primer (lOjiM), 2|iL SOX Advantage cDNA Polymerase Mix. 

The PCR conditions used were; 95"C for 1 minute; 95"C for 15 seconds, 65"C lor 30 

seconds, 68“C for 6 minutes for fifteen cycles. The optimal num ber o f  PC R cycles was 

determ ined for each reaction by subjecting one o f  each o f  the triplicate reactions to 

additional cycles (16, 17, 18, 19 ,2 0 ,2 1  cycles). Aliquots o f  each PCR cycle(5|LiL) were 

electrophoresed in parallel to com pare relative PCR am plification betw een  d itleren l 

templates, fhe  optimal cycle num ber was chosen to yield balanced PCR products and 

the rem aining two triplicate reactions were am plified  for the additional num ber o f  

cycles.

SM ART^^ PCR products were ethanol precipitated overnight and resuspended 

in 6.5i-iL sterile water. Aliquots (0.5 |lL) o f  the products were electrophoresed on 1.2% 

agarose gels. The S M A R T P C R  products were labeled with [a-^^P] d C 'fP  using the 

Rediprim e II labeling kit (A m ersham  Pharm acia  Biotech, UK) ac co rd in g  to the 

manufacturers’ guidelines. Each SMAR'f'*^ PCR product was diluted to 45|.iL with TE 

buffer [p ll8 .0 |.  fhe  samples were denatured at 100“C for 5 minutes, briefly chilled on
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ice and then added to the Rediprime reaction tubes. ( a - ” P| dCTP (5jjL) was added to 

each labeling reaction and incubated at 37‘’C for one hour. Labeling reactions w ere 

stopped by the addition o f  5|lL o f  0.2M EDTA. Unincorporated nucleotides w ere  

rem oved using ProbeQuant"^’ G-50 Micro Columns (Am ersham  Pharm acia  Biotech, 

UK.). Probes were incubated on ice prior to hybridisation.

2.3.4 Probe Preparation for the DNA Orientation Marker

The DNA Orientation M arker was labeled using the Retliprime  DNA labeling system  

(A m ersham  Pharm acia  Biotech, UK). For each filter 45 (25ng) o f  the D N A

O rientation M arker were placed in an RNase-free tube and denatured by heating at 

10()"C for 5 minutes. I 'he  denatured DNA was added to the pre-aliquoted R ed ipr im e  

mix and reconstituted by gentle flicking o f  the tube, 'fhe contents were brought to the 

bottom o f  the tube by brief  centrifugation. [a-^'^P] dCTP was added (5 |iL) and m ixed by 

gently pipetting up and down five times. This mixture was incubated at 37"C for 10 

minutes and the reaction was terminated by the addition of 5 |.tL o f  0.25M E D T A  and by 

heating to 95'^C for 5 minutes. The contents were brought to the bottom o f  the tube by 

b r ie f  centrifugation. The unincorporated nucleotides and [a-^^P] dCTP w ere  removed 

using G-50 Micro colum ns as described previously. The labeled probe w as incubated 

on ice prior to hybridisation.

2.3.5 Hybridisation

The pre-hybridisation solution was drained from the hybridisation bottles. Denatured 

Salm on sperm DNA (75).lL o f  lOmg/mL) was added to a new a liquot o f  20m L o f  

NothernM ax hybridisation buffer. The probe/control mixture and labeled  orientation 

m arker  were added  to this buffer and mixed by inversion. Th is  buffe r /p robe  

combination was added to the hybridisation bottle. Hybridisation was ca rr ied  out at 

42"C overnight.

2.3.6 Post-hybridisation

fhe  hybridisation buffer was removed from the containers and the fil te rs  w ere  rinsed 

with 200niL o f  2XSSC at room temperature for 5 minutes. The filters w e re  washed for 

30 minutes at 68"C with 200m L o f  pre-warmcd Wash 1 (2 X S S C ,I% S D S ) .  This step
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was repealed with a new aliquot o f  Wash 1. The filters were washed for 30 minutes at 

68“C with 200mL o f  pre-warmed Wash 2 (0.6XSSC,1%SDS). ). This step was repeated 

with a new aliquot o f  Wash 2. 'fhe  GDA filters were removed from the bottles and 

wrapped very carefully in plastic wrap and mounted on exposed sections of film. Filters 

were stored in autoradiography cassette boxes at -20"C.

2.3.7 Imaging o f  G DA Filters

I'he filters were imaged using the STORM 860 phosphorimager. The filters were placed 

carefully  in the phosphorim ager cassette (colony side facing up) and the phosphor- 

sensitive screen placed carefully on top o f  the filter. Exposure was carried out lor three 

hours at a resolution o f  lOOmicrons. Image files were generated in PC ‘ .g e f  lormat and 

uploaded to the G enom e Systems G D A server using f i le  T ransfer Protocol (FTP). 

G enom e Systems carried out the image analysis using the Gene Discovery Array (GDA) 

softw are and the results were uploaded  onto a secure GD A server. Data w ere 

dow nloaded  from the G D A  server and used to extract dilTerntial gene expression  

patterns. G D A clones were selected for further analysis using the G eneM atch  vl.O peri 

script program (Section 4.2.4).

2.3.8 G D A  Library Clones

Clones w ere obtained from the Genom e Systems Inc. Gene D iscovery Array Clone 

Library. PCR probes were prepared from the GDA clones for N orthern  blot analyses 

(Section 2.3.9) largely as described for D D R 'f-PC R  analyses with slight modifications. 

In brief, clones were received as bacterial stabs in agar. Colonies were plated on LB 

agar and grown overnight at 37"C. Individual colonies were selected and regrown 

overnight at 37*’C. Suitable colonies were selected and grown in LB bro th  overnight at 

225rpm  at 37”C. Plasmid DNA was purified from bacterial growth us ing  the protocol 

outlined in Section 2.2.4. Inserts were excised from plasmid D N A  using  suitable 

restriction enzymes and were gel purified (Section 2.1.2). DNA probes w ere  labelled 

using the R e d i p r i m e ' l a b e l i n g  kit (Am ersham  Pharmacia Biotech, U K ) with [a-^^P] 

dC 'fP  and were purified using ProbcQLiant'^' G-50 M icro C o lu m n s  (Amersham 

Pharmacia Biotech, UK) as described in Section 2.3.9. I'hc c lones se lec ted  from the 

GDA Library are detailed in Fable 2.3.

46



2.3.9 Northern Blotting

Formaldehyde agarose gels were prepared as follows: 1.5g agarose was dissolved in a 

solution containing 15mL lOX MOPS buffer, 109.5mL DEPC-treated water and 26.5mL 

Ibrmaldehyde (37%). Total RNA samples were prepared for eleetrophoresis as follows: 

20|.ig (6|.iL) o f  each RNA sample was incubated in a solution containing 12.5|iL 

deionised formamide, 2.5|lL lOX MOPS buffer and 4|j,L formaldehyde (37%) and 

incubated at 65°C for 5 minutes. Each sample was chilled on ice followed by the 

addition o f  2.5|aL 50% (v/v) glycerol, containing 0.25% bromophenol blue (w/v). 

Samples were resolved for 5-6 hours using IX MOPS buffer as running buffer. RNA 

was transferred to Hybond"^'- N+ nylon (Amersham Pharmacia Biotech, UK) by 

capillary blotting (Sambrook et a!., 1989) using 20XSSC as the transfer buffer. RNA 

was fixed to the nylon by carefully placing the nylon blot on Whatman paper soaked in 

0.05M NaOII. Blots were stored in plastic wrap at 4"C.

Northern blot probes were generated by RT-PCR using primers specific for the 

transcript o f  interest or by the isolation of insert DNA from GDA clones(Section 2.3.8). 

The primers designed for R'f-PCR analyses are detailed in Table 2.2. RT-PCR products 

were gel-purified and quantitated by spectrophotometry. The R e d i p r i m e l a b e l i n g  kit 

was used to label 25ng o f  RT-PCR products with [a-^^PJ dCTP. Probes were purified 

using ProbeQuant"^ G-50 Micro Columns. Prehybridisation was carried out by placing 

nylon blots in hybridisation bottles in the presence o f  hybridisation buffer (IM  Sodium 

phosphate pfi 6.8) at 65"C for 2-3 hours. Hybridisation was initiated by adding 

radiolabeled RT-PCR product directly to the hybridisation bottles at 65^’C overnight. 

Nylon blots were washed twice using prewarmed Wash buffer A (2.5g BSA, 25g SDS, 

20mL IM sodium phosphate, ImL 0.5 M EDTA in 500mL DEPC-treated water) at 65"C 

lor 10 minutes. This was followed by multiple (2-4) washes at 65"C for 10 minutes with 

Wash buffer B (lOg SDS, 40mL IM sodium phosphate buffer, 2mL 0.5M EDT'A in 

lOOOmL DEPC-treated water). Nylon blots were mounted on exposed x-ray film and 

covered in plastic wrap. Nylon blots were placed in autoradiography cassettes with x- 

ray film for 4-48 hours.
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2.3.10 Screening for repeat sequence instability

Two candidate genes were selected for simple sequence repeat instabilty in the panel o f  

sporadic colorectal cancer cell lines by two different approaches. Prim ers specific for 

Meat Shock Protein 86 (Hsp86) were received as a kind gift from Dr. Peter McWilliam. 

RT-PCR was carried out using these primers on the panel o f  MIN and CIN cell lines 

with the incorporation o f  [a-32 '’] dC 'fP  in the PCR step. See T ab le  2.3 for the 

am plif ica tion  conditions. PCR products were separated  on a non -dena tu ring  6% 

sequencing polyacrylamide gel.

Prim ers specific for the hum an protein tyrosine phosphatase  2A  (PTP2A ) 

transcript and the human transforming growth factor P receptor II (RII) transcript were 

designed using the Oligo 4.0 software package (National Biosciences, Inc., USA). A 

Cy5 label was including at the 5 ’ end o f  the sense primers. R 'f-PCR was carried out on 

the panel o f  M IN and CIN cell lines. Products were separated using the ALFexpress'^'^ 

automated sequencer on 15% denaturing polyacrylamide gels for 500 minutes.
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2.4 Protein Analysis

2.4.1 Protein Isolation / Subcellular Fractionation

Cell lines were grown to 70-75% confluence and treated with Trypsin-EDTA to lift the 

cells. The cells were centrifuged at 1,000 rpm for 3 minutes. The supernatant was 

discarded. The cells were resuspended in 1ml o f  ice-cold buffer A and sonicated 

(Branson Sonifier 250) in an ice water bath for 1 second pulses ten times at lOOW. 

Sonication was deemed successful w'hen the solution appeared partially opaque with a 

blue shade. The sonicated mixture was centrifuged in a benchtop centrifuge (Sorvall® 

R’1'6000) at 1,500 rpm for 5 minutes at 4“C to pellet unlysed cells, nuclear and cellular 

debris. The supernatant was transferred to 6mL Quick Seal®  tubes, overlayed with 

paraffin oil, and centrifuged at 28,000 rpm in an ultracentrifuge (Beckm ann L7-55) for 

10 minutes at 4“C. The paraffin oil was removed and the supernatant designated the 

cytosolic cellular fraction. The protein pellet was washed in Buffer A and resuspended 

in 500}iL o f  ice-cold buffer B and incubated at 4 “C in ice water for 30 minutes with 

occasional inversions. The suspension was centrifuged at 15,000 rpm  for 30 minutes at 

4°C. The supernatant was termed the m embrane protein fraction. The final pellet was 

designated the cytoskeletal fraction and was resuspended in 250|aL B u tte r  C by a 

combination o f  boiling and homogenisation.

A simplified protocol was also used to obtain cytoskeletal fractions and the 

remaining total protein fractions less the cytoskeletal component. This was carried out 

to maximise the yield o f  the cytoskeletal component. Cells were resuspended in Im L 

ice-cold buffer B and lysed by incubated in ice water for 30 minutes. This sample was 

centrifuged, as described above in an ultracentrifuge, at 28,000 rpm  for 30 minutes at 

4°C. The supernatant was designated the total protein fraction less the cytoskeletal 

component. The pellet was washed in Buffer C and resuspended  in B u tte r  C by a 

combination o f  boiling and homogenisation. This was labeled the cytoskeletal traction.
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2.4.2 Protein Estimation

Protein estimation was accomplislied by two methods. Fhe Lowry assay was carried out 

largely as described (Lowry e! ai,  1951). Briefly, a standard dilution curve o f  BSA was 

made  in the range Omg/mL to lOmg/mL BSA. The Lowry reagent and 4%  copper  

sulphate were mixed in a ratio o f  100:1. Aliquots (10)iL) o f  the standards and 5-lOfiL 

o f  unknown protein (in a final volume o f  1 0 | l i L  with distilled water) were added to ImL 

volumes o f  the copper  sulphate : Lowry reagent in 1.5mL plastic cuvettes. All samples 

were  thoroughly vortexed  and incubated for 10 minutes  at 37"C. F o l in ’s reagent  

(100|.iL) was added to each cuvette, mixed vigorously followed by incubat ion for 15 

minutes  at 37"C. All samples  were assayed in triplicate and absorbances determined 

spec t rophotomet r ica l ly  at 660nm. fhe  absorbance value for Omg/mL BSA was 

subtrac ted  from the absorbances  o f  the s tandards and from the unk n o w n  sample 

absorbances.  Standard curves were plotted between  absorbance at 6 6 0nm  versus 

concentrat ion o f  BSA standard. Absorbance values for unknown protein were used to 

approximate the concentrat ion o f  these samples  using the s tandard curve.  Fract ions 

containing membrane  protein (membrane and total minus cytoskeletal fractions) were 

observed to precipitate after addition o f  Fol in's reagent,  fhe  detergent  ' f r i ton X-lOO 

( 10|.iL) was added to these samples  to solubilise the precipitate and the s tandard curve 

repeated including an equivalent  amount  o f  Triton X-IOO. Protein concent rat ions for 

these samples  were determined as described above.

The Bradford assay (Bradford el ai,  1976)  was used to de te rm ine  unknown 

protein concentrat ions.  Bradford reagent  was prepared  by making  the  following 

addti tions:  lOOmg Coomasie  bril liant blue G250,  50mL 95% ethanol ,  lOOmL 85% 

orthophosphate (H 3 PO 4 ) to a final volume of  I litre with distilled water.  T h e  Bradford 

reagent  as filtered through a No. 1 Whatman filter. A standard curve  o f  BSA was 

prepared in the range Omg/mL to 1.Omg/mL BSA. Aliquots o f  s tandards (100|.lL) and 

10-20|.iL o f  unknown protein (in a final volume o f  100|aL with IX  PBS buffer) were 

added  to 5mL o f  Bradford reagent  in plastic tubes.  These  sam ples  were  mixed 

thoroughly and ImL aliquots  were analysed spectrophotometr ical ly  at 595nm. All 

samples  were analysed in triplicate and absorbance values o f  the s tandards corrected for 

the blank value corresponding to Omg/mL BSA. A standard curve was plo t t ed  between 

abso rbance  versus  BSA concentra t ion.  This  plot was  used to d e t e r m i n e  the

50



concen tra tion  o f  the unknow n  protein samples. The two protocols  w ere  used to 

minimise inaccuracies in either assay. Both assays yielded reproducible and com parable  

results.

2.4.3 Protein Precipitations

Dilute pro te in  sam ples  w ere concentrated  for W estern  blot ana lys is  by ace tone  

precipitation. In brief, 4 volumes o f  100% acetone were added to 1 volum e o f  protein 

fraction. This was vortexed gently and briefly centrifuged at 4"C. 'I’he precipitation 

m ixtures were incubated at - 2 0 ”C for 1 hour with intermittent inversion to prevent the 

protein from freezing. The mixtures were centrifuged at 15,000 rpm for 5 m inu tes  at 

4”C. The supernatants were removed and the protein gently resuspended in 20 |iL  IX  

protein loading dye.

2.4.4 Protein Electrophoresis

Polyacrlyamide gels were prepared for protein eleclrophoresis as described below . The 

resolving section o f  the gel was prepared by making the following additions in the order 

shown: 6.66mL acrylamide:bis-acrylamide (37.5:1) (30%(v/v)), 8.04mL distilled  water, 

5mL Tris-HCl pM8.8 buffer, 200|iL  10% SDS, 100 |.lL 10% APS, 10|iL T E M E U . This 

mixture was poured into the 70% ethanol washed gel plates. The top level o f  the gel 

was overlayed with iso-butanol to prevent evaporation and to eliminate air bubbles. The 

resolving gel was allowed to set for 45 minutes. The slacking gel w as fo rm ula ted  by 

m ix ing  the fo llow ing  co m p o n en ts :  0 .65m L  a c ry lam id e :b is -ac ry lam id e  (37.5:1) 

(30%)(v/v)), 3.05mL distilled water, 1.25mL Tris-HCl pH6.8 buffer, 50 |.iL10%) SDS, 

25 |.L10%o APS, 5|J.L TEM ED . I ’he isobutanol was washed out o f  the p lates  using 

distilled water. The stacking gel was poured on top o f  the protein gel, the com b placed 

between the plates and allowed to set for 1 hour. Protein samples were p repa red  in IX 

protein loading dye and boiled in a water bath for 5 minutes. Samples w ere  stored in ice 

water prior to loading. Proteins were electrophoresed at 25m A per gel (2 0 0 V )  until the 

dye front had migrated to the end o f  the gel. Duplicate gels were stained in C oom assie  

stain overnight on a shaking platform and destained repeatedly in p ro te in  gel destain 

solution.
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2.4.5 Protein Blotting

G e ls  w e r e  re t r i eved  f rom the  e lec t rop hores is  p la tes  and  the  s t acking gel d i sca rded .  

P o ly v i n y l i d e n e  d i t lu o r id e  ( P V D F )  m e m b r a n e  and filter p a p e r  ( G r a d e  IF ,  Mun ke l l ,  

S w e d e n )  w e re  cut  to the s am e  size as the gel d imens ions .  Sheets  o f  fi l ter pape r  w e re  

s o a k e d  in t r an s f e r  buffer.  T h e  m e m b r a n e  was  s o ak e d  in m e thano l  for  30 s ec o n d s  

fo l lowed by b r i e f  im mers ion  in t ransfer buffer.  T he  t ransfer  sandw ich  w a s  prepa re d  as 

fo l low s  ( f ro m  bo t tom  to top):  10 shee ts  o f  fi l ter  pape r ,  the  P V D F  m e m b r a n e ,  the 

p o ly a c r y l a m id e  protein  gel a n d  10 sheets  o f  filter paper.  A smal l  v o lu m e  o t  t rans fe r  

buffer  w a s  p o ure d  on top o f  the  s an d w ich  and the area su r ro u n d in g  the gel s a n d w i c h  

w a s  dr ied  ca reful ly .  Prote in  w as  t ransferred  to the  m e m b r a n e  us ing  the  H o r i z o B lo t  

( A T T O ,  Japan)  semi-d ry  appara tus .  Trans fe r  was  carried ou t  at 10 0 m A  for 1 h o u r  at 

ro om  tempera tu re .  T he  t ransf erred  gel was  re t r ieved f rom the  t rans fer  s a n d w ic h  and 

s ta ined in C o o m a s s i e  to assess  the success  o f  prote in  t ransfer.  D up l i ca te  s ec t ions  o f  

t r an s fer re d  m e m b r a n e  w e re  s ta ined in P onceau  S and de s la ined  in d is t i l led  H 2O to 

v isual ise protein t ransfer  onto the m embrane.

2.4.6 Probing o f  Western blots

f h e  po ly v in y l id e n e  d i t lu o r id e  (P V D F )  m e m b r a n e  w as  w a sh e d  b r i e l ly  in I X  P B S  to 

r e m o v e  an y  t races  o f  t rans fer  buff er  and then b locked  o v e r n ig h t  at 4 ”C  in b lo ck in g  

buffer.  T h e  blot  was  wa shed  for 5 m inu te s  in I X  PBS  (0 .1% (v/v)  T w e e n - 2 0 )  3 t imes , 

fh e  pr imary  ant ibody PP1(3 w as  d i lu ted  1:400 wi th  b lock ing buffer  and in cu bat ed  wi th 

the m e m b r a n e  for 1 hou r  at r o o m  t em p e r a tu re  wi th  gent le  agi ta t ion .  T h e  an t ib o d y  

mix tu re  w a s  re ta ined and  the  b lot  w a s h e d  3 t imes  as  before.  T h e  P h o to t o p e ® - H R P  

W e s te rn  b lot  de t ec t io n  kit  w a s  used  to p robe w e s t e rn  blots.  Fhe m e m b r a n e  w a s  

in cu b a t e d  w i th  the  FIRP (h o r s e r a d i s h  p e r o x id a s e ) - l i n k e d  a n t i - g o a t  I g G  s e c o n d a ry  

ant ibody  at a d i lut ion o f  1:1,500 and the ant i -b io tin MRP-linked an t ib o d y  (1:1 ,000)  for 

the m o lecu la r  we igh t  m ark e r  for 1 ho u r  at ro om  temperatu re .  T h e  blot  w a s  w a s h e d  3 

t imes  as before .  Protein  bands  w e re  de tec ted  us ing e l ec t r o c h e m i l u m in e s e n c e  (E C L )  

react ion us ing the L u m iG lo ®  20 X  E C L  kit (N e w  Eng land  Biolabs ,  UK) ,  ' f h e  subst ra te  

react ion was  prepared by m ixing by 0 .5 m L  o f  2 0 X  L um iG lo  reagen t  A a n d  0 . 5 m L  2 0X  

per t)xide reagen t  B to a final v o l u m e  o f  lOmL. in dist i l led  water .  Fhis m ix tu r e  was  

poured onto  the protein side o f  the PVT)F m e m b ra n e  lying on a bed o f  p las t ic  wrap.  The
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reaction was allowed to proceed for 1 minute. The excess reaction solution was drained 

o ff  and the m embrane was wrapped in plastic wrap and m ounted in an autoradiography 

cassette. The blot was exposed to Kodak x-ray film for 15-60 seconds and the film was 

developed as described for DDRT-PCR.

2.4.7 Immunohistochemistry

Sectioning  o f  paraffin-em bedded hum an  co lon  tum ours was carried out by Tony 

O ’Grady, Departm ent o f  Pathology, RCSl. Preliminary experim ents to optimise the 

polyclonal antibody to hum an Protein Phosphatase 1(3 (PPl P) were also carried out by 

Tony O 'G rady , Department o f  Pathology, RCSl.

The Dako E nvis ion™ +  system HRP (DAB) an ti-m ouse  antibody was used 

following the m anufacturer 's  instructions. An antigen retrieval step was carried out on 

the sections for the P P I p  antobody. Slides were placed in 0 .0 IM  tri-Sodium citrate 

(pH6.0) and m icrowaved at 850W for 20 minutes. Slides were incubated in goat serum 

diluted (1:10) with 0.05M  Tris buffer (pH7.6) for approximately 10 minutes. P P ip  was 

diluted in a concentration gradient from 1:10 to 1:500 with 0.05M Tris buffer (pH7.6) 

and placed on slides for 30 minutes at room  temperature. Slides were washed 2X5 

m inutes in TBS. The secondary antibody was incubated on the slides for a further 30 

m inutes followed by 2X5 m inute w ashes in TBS. D iam inobenzadine  (D A B) was 

diluted 1:10 with 0.05M  Tris buffer (pH7.6) adding 5|aL 30%  hydrogen peroxide per 

lOmL. DAB was added to the slides for 5 minutes followed by rinsing with distilled 

ITO. H aem otxylin  was used to counterstain  the slides for 15 seconds followed by 

washing in tap water for 3 minutes. The slides were dehydrated by 2X10 dips ot alcohol 

and 3X10 dips o f  xylene. The slides were finally coverslipped using DPX mountant.

Cytospins were also analysed by im m unohistochem istry. Cell lines (SW 480. 

SW 620, SW l 116 & 498Li, Table 1.2) were grown to 50-70% confluence and isolated 

by treatm ent with Trypsin-ED TA  and centrifugation at l.OOOrpm for 3 minutes. The 

supernatant was decanted with a sufficient am ount left in the conta iner to produce a 

m onolayer o f  cells. The pellets were resuspended and 1-3 drops o f  fluid were added to 

each cytofunnel and cytospin. Cytospin assemblies were centrifuged at lOOOrpm for 5 

minutes. Thick cytospin preparations were gently 'sp ider ' cell dotted with an applicator 

stick. Cytospins were fixed immediately with cyto-flx and allowed to dry for 5 minutes.
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Preparations were post-fixed in IMS 99 (spirit) for 20 minutes in a tum ehood  and 

washed in tap water to remove carbowax for 5 minutes. Cytospins were analysed 

immunohistochemically as for the colon tumour paraffin-embedded material.
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Table 2,1 Cell lines, media formulations and growth conditions

Cell Line Medium Formulation
LS 174T Eagle’ s M EM  with non-essential amino acids and Earle's BSS. 90%; fetal bovine serum.9%. penic illin  streptomycin, 1%.

Growth at 37°C, S'!-;. CO,
SW48 Leibovitz 's L-15 medium, 9 0 “/o; fetal bovine serum, 9 % ;  penicillin streptomycin, 1“ 0 . Growth at37°C.

H C T 1 1 6 M cCoy's 5a medium. 90%; fetal bovine serum. lO^o; penicillin streptomycin, 1%. 
Growth at 37°C, 5% CO,.

Caco2 Eagle’ s M EM  with non-essential amino acids and Earle's BSS. 85%; fetal bovine serum. 15%, penicillin  streptomycin. 1%.
Growth at 37"C, 5% CO 2

SW480 Leibovitz's L-15 medium. 9 0 % ;  fetal bovine serum. 1 0 “ o; penicillin streptomycin, 1%. Growth at 37"C.
HT29 M cCoy's 5a medium, 90%; fetal bovine serum, 10%; penicillin streptomycin. 1%. 

Growth at 37“C, 5% CO 2 .
SW620 l.e ibovitz 's L - 1 5  medium. 9 0 % ;  fetal bovine serum, 1 0 “ o; penicillin streptomycin. 1%. Growth at 37'^C.

SW l 116 Leibovitz's L-15 medium, 9 0 % ;  fetal bovine serum, 1 0 “ o; penicillin streptomycin. 1%. Growth at 37“C.
498Li Le ibovitz ’s L-15 medium. 9 0 % ;  fetal bovine serum. 1 0 “ o; penicillin streptomycin. 1%. Growth at 37“C.



Table 2.2 Oligonucleotide prim er sequences
Prim er Name Sequence

P - A c t i n  U * 5 ' - C y 5 - A C A G G G G A G G T G A T A G C A T T G - 3 '

P - A c t in  L 5 ' - C G A A G G C T C A T C A T T C A A A A T - 3 '

A I ’ 3 L 5 '  - G G G G A T C C T T T T T T T T T T T T { A / G / C } T - 3 '

D D I A 5 ' - C G A C G G A T C C T A T G A T T T A A - 3 '

D D 2 A 5 ' - A G G C G G A T C C A A T A C T A T T A - 3 '

D D 3 A 5 ' - C C A G G G A T C C T A A C A A A T A A - 3 '

D D 4 A 5 '  - C G G A G G A T C C A T T A A G A A T A - 3 '

D D 5 A 5 ' - C A G C G G A T C C T A A T G A T T A A - 3 '

D D 6 A 5 ' - A G C C G G A T C C A T A T T C T A T A - 3 '

S P L A 2  U * 5 ' - C y 5 - C C G C A C T C A G T T A T G G C T T T C T - 3 '

S P L A  2 L 5 ' - A C A T C C A C G T T T C T C C A G A C G - 3 '

C O X  2 U * 5 ' - C y 5 - A G C C A T T T T G C T A A G A A G A C A - 3 '

C O X  2 L 5 ' - T G C A A A A G T T C A G G T A A G A A - 3 '

Cy t ok e ra t in  8 U 5 ' - C G G G C T G A G G C T G A G A G C A T - 3 '

Cy t ok er a t i n  8 L 5 ' - G G C C A G C T T G A C G T T C A T C A - 3 '

C y t o ke ra t in  18 U 5 '  - G A G G C T G G A G A G C A A A A T C C - 3 '

Cy t ok e ra t in  18 L 5 ' - C G G G C A T T G T C C A C A G T A T T - 3 '

F or w a r d  sequenc ing p r i me r 5 ' - G T A A A A C G A C G G C C A G T - 3 '

Reverse sequenc ing pr i mer 5 ' - G G A A A C A G C T A T G A C C A T G - 3 '

F or w ar d  sequenc ing p r i me r  * 5 '  - C y 5 - G T A A A A C G A C G G C C A G T - 3 '

P K D l  U 5 '  - C G C C G C T T C A C T A G C T T C G A C - 3 '

P K D I  L 5 ' - C C A A G G T G A C C C C C A G G A G - 3 '

R A N B P 2  U 5 ' - A A T G G C A A A C T A A G A A T G - 3 '

R A N B P  L 5 ' - A C A T C C A T G C T C T A T C T G - 3 '

P G E R 2  U 5 ' - T C C C G G G G T C A A T T C G T C - 3 '

P G E R 2  L 5 ' - G C G C G A G T T G C A C A G C A C - 3 '



Table 2.2 Oligonucleotide primer sequences (continued)
C C N A 2  U 5 ' - A C G G C G CT C CA A GA G GA C- 3 '

C C N A 2  L 5 ' - C T T C G G C C T C T G C T G C T G - 3 '

P T P D l  U * 5 ' - C y 5 - T C T G G G A A G A A G A A C A T C - 3 '
1

P T P D I  L. 5 ' - A G G G A G A G T C C A T T T A G G - 3 '

P L K  U 5 ' - C C C G G A G G T C C T A G T G G A - 3 '

P L K  L 5 ' - C G G C T T GA G CA G CA GA G A- 3 '

T G F B R I l  U * 5 ' - C y 5 - C T T T A T T C T G G A A G A T G C T G C - 3 '

T G F B R I l  L 5 ' - G A A G A A A G TC T CA CC A GG C- 3 '

D D P  U 5 ' - AG A CA T C T T A G C C A G G A A A - 3 '

D D P  L 5 ' - T T C T T C A G G T G A G A G G T C A - 3 '

D D T  U 5 '  - G T A A T T G A T A G G G T A T G A A C T - 3 '

D D T  L 5 ' - A G AC AA GGT AA CACCAA AT AG- 3 '

P P I a  U 5 ' - T A A G G C C C A C C T G T C A C G - 3 '

P P l a  L 5 ' - C C C C A G G A T C C T G C T C A C - 3 '

P P I p  U 5 ' - A A A G A T G T G C T A C A C T G T - 3 '

P P I P  L 5 '  - T A A A A C C A C A T T A C A C A G - 3 '

P P l y U 5 ' - C C A A A A A G A A A A G T G T T T - 3 '

P P I y  L 5 ' - T T A T G G G T T G T A C T G A A T - 3 '

G A P  U 5 ' - A C T T T A C C A C A A A T A C A G T G T - 3 '

G A P L 5 '  - A A T T A G C A A T C T G T A A A T C A G - 3 '

r iie pr imers  marked * were  Cy5- label led  at the 5 ’ end including:

(3-actin U 

S P L A 2  U 

C 0 X 2  U

F or war d  sequencing p r imer  

P T P D l  U 

T G F B R I l  U



Table  2.3 PC R  condit ions
Gene Method Study T a "C Size M s ’ ’ niM

[3-actin RTPCR Control 50 109 1.5
G A PD K RTPCR Control 55 598 1.5

Ml R TPCR/ DD RT­ 50 160 2.5
N. blot PCR

PTPDl RTPCR G DA/M IN 49 1 16 2.5
PLK RTPCR GDA 58 157 1.5

R A N B P RTPCR GDA 47 125 1.5
PGER2 RTPCR GDA 58 120 1.5
CCN A 2 RTPCR GDA 58 120 1.5

Cytokcratin  8 RTPCR CG 55 326 1.5
Cytokera l in  18 RTPCR CG 60 129 1.5

Cox2 RTPCR CG
SPLA2 RTPCR CG
G AP N. Blot CG 50 874 1.5

TGF(3RII RTPCR MIN 55 73 1.5
IISP86 RTPCR MIN 50 134 1.25

13 DP RTPCR MET 55 109 1.5
DDI RTPCR MET 55 168 1.5
P P l a RTPCR MET 55 137 1.5
P P IP RTPCr MET 45 195 1.5
P P ly RTPCR MET 45 149 1.5

A bbrev’iations;
C G  C andida te  gene
D D R ’l '-PCR : confirm ation  o f  Differential Display Reverse  T ranscrip tion  P C R  data
G D A  : C onfirm ation  o f  G ene D iscovery  Array data
M E 'f  : Investigation  o f  gene in m etastatic  process
M IN  : Investigation o f  nucleotide instability at s im ple  sequence  repeat
M g ^ ^ m M  : O ptim al m agnesium  concentra tion  in P C R  am plification
N . b l o t : N orthern  blot
R T P C R  : R everse Transcrip tion PCR
Size  : PCR produc t size (bp)
T a "C : A nnealing  tem perature  used in PC R  am plification



C h a p t e r  3 

D i f f e r e n t i a l  D i s p l a y  R e v e r s e  

T r a n s c r i p t a s e  P C R
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3,0 I n t r o d u c t i o n

Difforenlial Display Reverse Transcriptase PCR (DDR'l ' -PCR) was developed in 1992 

(Liang e l  u L ,  1992) and subsequent ly modified by other investigators  (Bauer  e t  c i l ,  

1993). The DDRT method  involves mult iple steps; isolation o f  undegraded RN A; 

reverse t ranscription o f  the RN A to cDNA primed by an anchored ol igo-dT primer;  

amplification o f  the cD N A  via PCR and display o f  the PCR products by electrophoresis 

(see Figure 3.1).

Eff i c ient  Different ial  Display Reverse Transcr ipt ion P C R  ( D D R T - P C R )  

experiments  rely on opt imising each component  o f  the reaction and maintaining a useful 

number o f  DDRT-PCR bands. The concentration o f  enzyme,  magnes ium and pr imers  

has the greatest effect on display band patterns (unpublished observations).  1 he enzyme 

concentrat ion was optimised first, followed by the magnesium concentrat ion and finally 

the primer concentrations. When assaying a number  o f  cD N A  samples  using DDRT-  

I’CR a balance was required between obtaining a display pattern with a useful number  

o f  bands (40-60) and sufficient reproducibility so that small variations in condi tions did 

not introduce spurious variation. In the optimisation o f  enzyme,  magnesium and primer 

concentrat ions  one c D N A  sample was used, f h e  concentra t ion o f  each  reaction 

component  that gave a suitable band pattern was chosen and assayed using multiple  

c D N A  samples  to examine  the stability o f  the experimental  design.  Vary ing  the 

c o m p o n e n t s  o f  the D D R T - P C R  yields  a pprec iab ly  di ff e ren t  d i sp lay  pa t t e rns  

(unpublished observations).

DD R f -PCR experiments  from the present  study yielded five sequences.  The 

most  interesting o f  these clones proved to be clone M6 which was overexpressed in the 

MIN sporadic colorectal cancer  cell lines. This c lone shows a weak s imilari ty to the 

human regulator o f  mitotic spindle assembly 1 protein ( h R M S A l )  -  a gene which has 

been implicated in cell cycle checkpoint  control. The remaining four  sequences  may 

represent novel sequences. I 'he  enormous amount  o f  data obtained from G D A  analysis 

(Chapte rs  4 & 5) a l lowed us to discont inue fur ther analysis  o f  the D D R T - P C R  

sequences.

'To illustrate the scope o f  downstream investigations possible post D D R  T-PCR a 

number o f  experiments have been carried out on genes associated with Inhibi tor  2 ot 

protein phosphatase 1 ( IPP2).  This gene is overexpressed  in the pre-metastat ic  

colorectal cancer  cell line SW 480 with respect to its isogenic metastat ic  counterpar t
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S W 6 2 0  ( M c W i l l i a m  et uL, in prepara tion) .  This observat ion  was  orig inal ly  m ad e  us ing 

D D R l ' - P C R .  Sem i-q uan t i t a t iv e  R T -P C R  expe r imen ts  w e re  ca rr i ed  out  on  the ab o v e  

pa i r  o f  cell  l ines  and  an add i t ional  pa i r  o f  cell l ines ( S W l  116 a n d  4 9 8 L i )  d i rec t ed  

to w ar d s  genes  associa ted  wi th  IPP2. In addi tion,  weste rn  b lot  analys i s  w a s  carr ied  out  

on the  Protein  Phosphatase  1 Cata ly t ic  subuni t  Beta  i soform (P PPI  C-Beta ) .  T h e  results 

o f  these inves t igat ions  are out l ined in Chapter  6.
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3.1 M e t h o d s

A pane! o f  sporad ic  coloreclal  cancer  cell l ines (Table  2.1)  w as  cul tu red  as  

r ecom m ended  by the American Type Culture Col lection (ATCC).  Fotal RNA was 

extracted from the cell lines using the Ult ra spec '^  II RNA Isolation System (Biotecx 

Labs Inc.,  USA) .  RNA samples  were quant i ta ted  by spec t ropho to m et ry ,  the 

hybridisat ion assay, semi-quantitative RT-PCR using the ‘housekeeping’ gene (3-actin 

and visual ised on denatur ing agarose gels. c D N A  was synthesised from total RNA 

using the Superscr ipt ' '^ 11 Moloney Murine Leukaemia Virus Reverse Transcriptase kit 

(Gibco-BRL, UK). Contaminat ing genomic D N A was screened for using an intron 

- sp ann ing  PCR assay with specific primers for the Polycystic Kidney Disease 1 ( P K D I ) 

gene, fhe  pr imers were used to amplify control human genomic D N A  and cD N A  

synthesised from cell line total RNA in parallel, fhe  genomic DNA product  is 256bp 

and the R 'f -PCR product is 183bp.

Extensive opt imisation o f  the Differential Display Reverse Transcriptase PCR 

(DDRT-PCR)  was carried out (Chapter 2. Section 2.2.1). DD R T-PC R  was  carried out 

on normalised total RNA from each o f  the sporadic colorectal cancer  cell lines (Table 

2.1) with the except ion of  HT-29. cDNA for DD R T-PC R  was synthesised from total 

RNA and was pr imed with the anchor  primer AP3L.  cD N A  was amplif ied by PCR 

under  the modif ied condit ions descr ibed in Chapter  2, Section 2.2.1. D D R 'f -PC R  

products were electrophoresed on 6% non-denaturing polyacrylamide sequencing gels 

which were dried and autoradiography was carried out. Different ia l ly  expressed 

products were excised, reamplifed by PCR, cloned and sequenced (Chapte r  2, Sections 

2.2.3 & 2.2.4). DDRT-PCR sequences were characterised using the B L A S T  server 

Ihttp: / /www.ncbi.nlm.nih.gov/BLAS r] where possible.
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3 .2  R e s u l t s

3.2.1 RNA Integrity and Quantitation

Total RNA was visualised by electrophoresis on 1% denaturing formaldehyde agarose 

gels (Section 2.1.4), The majority of RNA samples were found to be undegraded with 

strong 28S and 18S ribosomal RNA bands (Figure 3.2A). A faint smear was seen 

migrate between the ribosomal RNA bands indicating the presence o f  mRNA. A 

number o f  RNA samples were seen to contain trace levels o f  high molecular weight 

genomic DNA adjacent to the origin o f  electrophoresis. Such samples were DNase I 

treated and separated by electrophoresis (Figure 3.2B). This treatment resulted in the 

degradation o f  contaminant DNA leaving intact RNA.

RNA samples were quantitated by spectrophotometry. Absorbances were 

determined at wavelengths o f  260nm and 280nm. The A260/A280 ratios were 

calculated. The ratio values obtained were seen to fall in the accepted range o f  1.8- 

2.1(Sambrook et a l ,  1989). RNA samples with ratios outside the recommended range 

may have contained contaminant phenol or protein and were deemed unsuitable for 

further analysis.

3.2.2 Hybridisation Assay to quantitate mRNA content

To obtain useful gene expression data, the absolute levels of niRNA were determined in 

each RNA sample using a hybridisation assay (Flarley et al., 1987; Section 2.1.5). A 

standard curve was plotted of the counts per min. (cpm) for each standard mRNA versus 

mRNA quantity o f  each corresponding mRNA standard. A linear plot was obtained and 

was used to determine the absolute mRNA levels o f  the MIN and CIN RNA samples 

(Figure 3.3). An image o f  a hybridisation assay autoradiograph is shown in Figure 3.4.

3.2.3 Semi-Quantitative Reverse Transcription PCR

The technique o f  semi-quantitative RT-PCR was employed to normalise the MIN and 

CIN RNA samples, p-actin was selected as a typical constitut:ively expressed gene 

between cell types. cDNA was synthesised from RNA samples a:s described in Section 

2.1.6. Input RNA quantity in cDNA syntheses was determined Iby spectrophotometry 

and hybridisation assay. PCR was performed on the cDNA samples using primers
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specific tor the (3-actin gene. Initially, experiments revealed slight variations in (3-actin 

RT-PCR product between the MIN and CIN samples. Input RNA was varied 

accordingly and RT-PCR repeated. An example o f  a typical semi-quantitative RT-PCR 

experiment is illustrated in Figure 3.5.

3 .2.4 O p t i m i s a t i o n  o f  D i f f e r e n t i a l  D i s p l a y  R e v e r s e  T r a n s c r i p t i o n - P C R  

CO N DI TI ON S

Ditterent cycling conditions were tested to yield the most reproducible DDRT-PCR 

patterns. A low annealing temperature o f  40"C was used in the initial DDRT-PCR 

experiments. The display patterns obtained were unreproducible with a high degree of 

background ’noise". A higher annealing temperature of 60”C was subsequently adopted. 

This was seen to yield less background and greater reproducibility in display patterns 

(data not shown).

Three types o f  DNA Polymerase were used in DDRT-PCR reactions. Stoffel 

fragment yielded very tew' bands with no discernable degree o f  reproducibility. Pfu  

DNA Polymerase was also used. This high fidelity DNA Polymerase enzyme has a 5' 

exonuclease activity and was expected to improve the priming from cDNA species in 

DDRT-PCR. Display patterns obtained with Pfu  DNA Polymerase yielded greater 

numbers ot bands without a useful level of reproducibility. Taq DNA Polymerase was 

found to give the greatest reproducibility over repeat experiments with adequate number 

o f  bands in display gels (Figure 3.6).

The optimal magnesium concentration of 1.9mM was d e te rm in e d  as described in 

Section 2.2.1. Lower magnesium concentrations yielded faint display patterns. Higher 

magnesium concentrations yielded complex display patterns with high background 

noise levels. Magnesium at a final concentration o f  1.9mM was used for all DDRT- 

PCR reactions, yielding optimal display patterns. Consistent display patterns are clearly 

illustrated in Figure 3.6 at the optimised magnesium concentration.

High percentages o f  false positives have been associated with DDRT-PCR. An 

experimental design was adopted to minimise the selection o f  false positive DDRT-PCR 

products. Reactions were carried out over a range o f  arbitrary prim er concentrations 

against a fixed anchor primer concentration. cDNA species seen to be consistently 

ditterentially expressed over the range of arbitrary primary concentrations were selected
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for reamplification. cDNA species o f  inconsistent differential expression were not 

selected for further analysis.

3.2.5 Reamplification of DDRT-PCR products

DDRT-PCR products were excised from display gels and reamplified as described in 

Section 2.2.2. Fragments o f  700bp and less were readily reamplified. The majority of 

reamplified products contained contaminant non-specific PCR products. Such 

fragments were gel purified as described in Section 2.2.3. The reamplification o f  a 

number o f  DDRT-PCR clones is illustrated in Figure 3.7. The DDRT-PCR products 

excised and reamplified, their expression patterns and sizes are outlined in Table 3.1.

3.2.6 Cloning and Sequencing of DDRT-PCR products

Blunt-ended cloning was used to clone DDRT-PCR products as described in Materials 

and Methods. Section 2.2.2. The limiting factor in the cloning efficiency was 

determined to be the concentration of PCR-product insert used in the ligation step. Very 

few white colonies were obtained using lOOng of PCR-product insert. Using 0.5-1 |ig of 

PCR insert increased the proportion o f  white colonies. Plasmid DNA was isolated from 

white colonies and screened for the presence of insert as described in Section 2.2.2. 

insert sizes obtained matched the reamplifed cDNA sizes. The percentage o f  insert- 

positive plasmids varied between the DDRT-PCR products analysed. This may have 

been to due partial deletion o f  the (3-galactosidase gene in the plasmid by the E. coli 

cells used for transformation, or to unevenly distributed X-Gal on the LB culture plates. 

A PCR screen of DDRT-PCR clones is demonstrated in Figure 3.8. A number o f  clones 

were sequenced from each o f  five DDRT-PCR products. A product yielding at least 

four identical sequences was deemed to be representative o f  the original DDRT-PCR 

band. Additional clones were sequenced (four) which did not yield a significant 

consensus sequence which could not be analysed further. The DDRT-PCR clone 

sequences are given in Figures 3.9-3.13. BLAST homology search results for each 

DDRT-PCR cDNA are shown in Figures 3.9B -  3.13B. Clones M l,  M2, M5 showed 

no siginifiicant homologies to known sequences in GenBank. The BLASTX algorithm 

was used to determine homologies between DDRT-PCR sequences and known protein 

sequences. The BLASTX algorithm compares a nucleotide query sequence translated in
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all reading fram es against a protein sequence database (Gish et al., 1993). A w eak 

similarity between M 6 and the human regulator o f  mitotic spindle assem bly 1 protein 

( R M S A l )  was observed which is likely to be due to an Alu elem ent in the clone. In 

addition, clone AV showed significant homology to a novel protein containing ankyrin 

repeat motifs.
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3 . 3  D i s c u s s i o n

Var ious opt imisa t ions  and modifications o f  the D D R ’F protocol  were carr ied out. 

Initially, a number o f  DNA Polymerase enzymes were assayed for their performance in 

D D R T -PC R .  Stoffel f ragment  o f  Taq I3NA Polymerase is reported to maintain its 

activity for PCR amplification over a considerable magnesium concentration range [0.8- 

2 .5mMJ (Larr ick et ciL, 1995). This property makes t roublesome PCR opt imisation 

more  convenient with a larger magnesium range to operate with. Pfii D N A  Polymerase 

is a high  f idelity polymerase  with a 5 ’ exonuclease  act ivi ty that  repairs  D N A  

m ism atches  (Larr ick et a i ,  1995). Taq  D N A Polymerase  supplied by Promega  

Corporat ion (USA) yielded the most useful patterns in D D R 'f -PC R  experiments.  The 

concentrat ions o f  the components  o f  the PCR reaction were opt imised to yield a useful 

number  (approximately 50) o f  bands reproducibly. The most  sensitive component  o f  

the PCR with respect to band pattern proved to be the concentrat ion o f  the upstream 

arbitrary primer. The sequences o f  the arbitrary primers used were randomly designed 

and o f  different base composi tion. Primers o f  this design have different anneal ing 

propert ies  on cDN A templates. T his may explain the unique perfo rmance  o f  each 

arbi trary pr imer  assayed in DD RT-PCR experiments.  DDRT-PCR experiments  were 

performed over  a range o f  three arbitrary primer concentrat ions to control for potential 

PCR artefacts. Display bands were selected for further analysis if consis tent  dilTerential 

expression was seen over the primer concentration gradient used.

Overall  examinat ion o f  the display patterns obtained between the different cell 

line RNA samples  showed a reproducible fingerprint pattern o f  bands appearing  in all 

RN A samples assayed. The fingerprint pattern typically took the form o f  10-15 display 

bands appearing in parallel across all the cell lines assayed. The remain ing display 

pattern showed a high degree of  variability, i.e. bands were distributed variably across 

the cell lines assayed. This is likely to be due to expression differences be tween  the 

MIN and CIN genotypes. It may also be due to tissue specific expression o f  m R N A  

transcripts between the sporadic colorectal cancer cell lines selected. Each cell line was 

established from a particular tumour  from different patients  (Table  2 .1) . A certain 

number  o f  PCR artefacts may have ajso contr ibuted to the pattern heterogene i ty .  A 

number  o f  bands (seventeen; Table 3.1) were excised from gels and reamplified. Some 

c D N A  products  w'cre successful ly reamplif ied under  the initial cond i t ions ,  others
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yielded high background and non-specific products. A proportion (30%) yielded no 

product after reamplification, despite further optimisation o f  the PCR conditions.

Products were gel purified where necessary, cloned and sequenced resulting in 

five D D R T -PC R  product sequences. The identity o f  the clones was determined using 

th e  B a s i c  L o c a l  A l i g n m e n t  o f  S e q u e n c e s  T o o l  ( B L A S T ;  

h t tp : / /w w w .n c b i .n lm .n ih .g o v /B L A S T ) a lgo r ithm  w hich  iden tif ies  s eq u en ces  in 

G enBank hom ologous to the query, in this case a D D R T-PC R  sequence. O f  the c lones 

sequenced clone M6 proved to be the most interesting. Initially, clone M6 yielded no 

appreciable homologies to any known nucleotide sequences. The BlastX algorithm was 

used to identify any homology between clone M6 and known protein sequences. This 

approach  led to the identification o f  a weak similiarity betw een clone M6 and the 

hum an regulator o f  mitotic spindle assembly 1 protein (R M S A l) .  However, B L A ST  

analysis also revealed w eak similarity to approxim ately 1,500 additional sequences  

diagnositic o f  the presence o f  an Alu repeat.

The cell line SW 620 was included in D D R T-PC R  experiments. SW 620 is the 

isogenic metastatic counterpart o f  the primary colorectal cancer cell line SW480. Clone 

AV was isolated from a DDRT-PCR experiment and was overexpressed in SW 480 with 

respect to SW 620. This clone shows a 96% hom ology to clone AKOOOlOO (Figure 

3.13B). This clone corresponds to a protein o f  unknown function found in a colon 

cD N A  library (K awabata et uL, unpublished data). PSl-Blast analysis o f  this protein 

sequence yielded  m ultiple alignm ents to proteins contain ing ankyrin motifs. This 

observation was verified by P-Fam analysis o f  the protein sequence which identified 

three ankyrin repeat dom ains (Figure 3.14). Visual analysis o f  the protein sequence 

identified  a fourth  ankyrin  dom ain  w hich is p resum ably  be low  the s ignif icance  

threshold o f  the P-Fam program. A recent study suggests that the Ankyrin  Repeat 

Dom ain (A R D ) associates with CD 44 and prom otes the cytoskeleta l activation in 

hyaluronic acid-mediated functions such as ovarian tumour cell m igration (Zhu et al., 

2000). Further analysis o f  clone AV may clarify a role for proteins harbouring ankyrin 

repeat elements in the progression from primary to metastatic colorectal cancer.

Sequencing o f  the five D D R T-PC R  products yielded three sequences with no 

hom ologies to known sequences or ESTs. This may be due to a num ber ot factors. 

Some o f  the sequences were seen to contain Alu repeat elements. This may be due, in 

part, to a PCR or cloning artefact. Inherent in the D D RT-PCR experimental design is a
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cD N A  synthesis primed by an anchored oligo-d T primer, followed by PC R using the 

same o ligo -d l '  primer with an upstream primer o f  arbitrary sequence. A design o f  this 

nature may generate cD N A  molecules biased to the 3 ’- untranslated region (3 ’-UTR) o f  

candidate genes. Sequences biased to the 3 ’-UTR may not be uniformly represented in 

the public nucleotide databases. Conceivably, the experimental design depends on the 

length o f  the 3 ’-UTR of  a particular mRNA transcript and whether cD N A  synthesis is 

sufficiently efficient to reach the open reading frame (ORF) o f  the m R N A  transcript. In 

addition, the size o f  D D R T-PC R  products must be considered. It is possible that the 

size range o f  PC R products separated on 6% polyacrylam ide gels may not contain a 

high num ber o f  PCR products encom passing the ORF o f  these genes. It m ay be 

possible to circumvent this problem by introducing the SM ART cD N A  synthesis system 

(Clontech, UK). 7’his protocol preferentially generates full length cD N A  m olecules 

which are amplified using a ‘Long PCR'. cDNA generated in this m anner m ay alleviate 

the problems associated with the DDRT-PCR protocol.
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Figure 3.1 Flow diagram of the Differential Diisplay Reverse Transcriptase PCR  
protocol. cDNA synthesis is primed by an anchoired oligo-d 'r oligonucleotide. cDNA 
is amplified by PCR using an arbitrary upstream pr:imer and the original anchored oligo- 
dT oligonucleotide. Products are separated by ehectrophoresis on non-denaturing 6% 
polyacrylamide sequencing gels. Putative dilTerenttially expressed products [denoted by 
the arrowj are excised, reamplil'ed, cloned and sequienced.
Note: The underlined sequence ggatcc in the DDIRT-PCR oligonucletides is the target 
for restriction endonuclease Bam HI.
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Figure 3.2 Analysis  of  R N A  integrity and DNase I treatment  o f  R N A .  A. An
illustration o f  total RNA electrophoresis.  The integrity o f  total R N A  for  Dit lerent ial  
D isplay  Reverse  T ransc r ip tase  P C R  ( D D R T - P C R )  was  a sse ssed .  RN A  was 
electrophoresed on a denatur ing ibrmaldehyde 1% agarose gel stained wi th  ethidium 
bromide.  Intact ribosomal RNA bands (28S & !8S) are indicated by the arrows. Faint 
genomic DNA contaminat ion is evident in the wells o f  the gel as indicated by the arrow. 
1-4= total RNA samples  isolated from the cell line SW480.  B. An  i llustrat ion of  
DNase I treated total RNA. Total RNA was DNase 1 treated and electrophoresed on a 
1% dena tur ing  formaldehyde  agarose gel s tained with e th id ium b rom ide .  High 
molecular  weight  genomic DNA is degraded.  M= pBS-Ht ie  III m o le c u la r  weight  
marker;  1-6= DNase 1 treated RN A isolated from the cell line SW 480 with no  detectable 
genomic DNA.
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Figure 3.3 Hybridisation assay standard curve. A graph o f  scintillation counts per 
m inute (cpm ) with respect to ng/|iL poly-A(+) niRNA standard. The hybrid isation 
assay was performed and counts per m inute (CPM ) for each n iR N A  standard  were 
plotted against the standard concentrations o f  niRNA. A linear plot w'as obtained. CPM 
for the unknown RNA samples were calculated and the standard was used to determine 
the concentrations o f  the unknown RNA samples.
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Figure 3.4 Autoradiograph o f  a typical hybridisation assay. An illustration o t  an 
au to rad iograph  obtained from a typical hybrid isation  assay. A d ilu tion  curve  ot 
standard m RNA was prepared from 0 - 5 0  ng/|iL. Total RNA samples from the panel 
o f  sporadic colorectal cancer cell lines (Table 2.1) were assayed by the hybridisation 
assay in parallel with the m R N A  standard. I'he MIN sporadic colorectal cancer cell 
lines used were LS174'f, SW48 & MCTl 16 and the CIN sporadic colorectal cancer cell 
lines used were Caco2, SW 480. The sporadic colorectal cancer cell line SW 620 was 
included. Cell lines are listed adjacent to the respecUve hybridisation signals detected. 
The concentration o f  each standard is detailed adjacent to the respective hybridisation 
signals. All samples were assayed in duplicate.
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Figure 3.5 Expression of  (3-actin in a panel of  sporadic colorectal cancer cell lines.
An illustration o f  a typical semi-quantitative RT-PCR experiment using specific primers 
for the hum an [3-actin transcript. R T -PC R  products were e lec trophoresed  on 1% 
agarose gels stained with ethidium bromide. PCR products were sam pled at the cycle 
num bers indicated above each panel o f  R T-PCR products. M = pBS-f/t/e III molccular 
weight niarker; - =  negative control; 1= L S I 747’,; 2= SW48; 3= MC’f l  16; 4= Caco-2; 
5= SW 480; 6= SW620.
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Figure 3.6 Typical Differential Display Reverse Transcriptase PC R  pattern. An
i llustration o f  a typical Differential Display Reverse Transcription PCR (D D R T-PCR )  
pattern. In the complete DDRT-PCR analysis an anchor  primer (AP3L; Table 2.2) was 
used in conjunction with six arbitrary upstream primers  ( D D 1 A -D D 6 A ;  Table  2.2). 
DDR f -PC R  experiments  were carried out on normalised total RN A from the panel o f  
sporadic  co lorectal  cancer  cell l ines ( f a b l e  2.1).  D D R ' f - P C R  p r o d u c t s  were 
electrophorcsed on non-denaturing 6% polyacrylamide sequencing gels. Band  patterns 
were visualised by autoradiography. DDR'f -PCR reactions were carried out  at various 
concentrat ions o f  arbitrary upstream primer. A. DDR'f -PCR analysis using the anchor  
pr imer AP3L (5fxM) and arbitrary upstream primer E3D5A (2.5 )oM). B. DD R'f -PCR 
analysis using the anchor  primer AP3L (5|.iM) and the arbitrary upstream primer DD5A 
(5.0 | iM) .  M2 denotes  a DI^R 'f -PCR product  overexpressed cons is tent ly  over  two 
D D 5A concentrat ions in cell lines designated 1, 2 & 3 compared  to the  cell lines 
designated 4, 5 & 6. MIN cell lines; l = L S I7 4 T ;  2=SW48 & 3 = H C T 1 16. CIN cell 
lines: 4=Caco2 & 5=SW480.  Additional cell line; 6=SW620.
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F igure  3,7 D D R T - P C R  fragm e n t  rcampl i f i cat iun .  An i l l us tr a t ion  ot  the 
reamplif icat ion o f  D D R T - P C R  products.  Putat ive differentially expressed products  
were excised from dried secjuencing gels and reamplif ied by PCR using the original 
D D R T - P C R  amplif icat ion condi t ions (Sect ion 2.2.1) .  Reampli f ied products  were 
electrophoresed on 1% agarose gels and stained in ethidium bromide.  The  absence o f  
con taminant  non-specific products  demonstrated successful  reamplif icat ion for each 
D D RT-PC R product. These products were cloned directly into the p-BlueScript  c loning 
vector  for sequence analysis. M= pBS-/ /ae- l I l  molecular  weight  marker;  1= M l ;  2= 
M2, 3 -  M5; 4= M6; 5= M7; 6= M9 & 7= M l  1.
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Figure 3.8 PCR screen of DDRT-PCR clones. DDRT-PCR clones were screened for 
inserts by PCR using the M13 Universal and M13 Reverse sequencing primers from 
pPCR Script"^ Amp SK(+) cloning vector. Products were resolved on 1% agarose gels 
stained in ethidium bromide. 229bp denotes insert negative PCR products. X denotes 
insert positive PCR products of different sizes verifying successful cloning of DDRT- 
PCR products.



1 AGACACAAAG ATTTTCATTG CTCTTACATG AAGAGCATTC TAAAGTGTTA
5 1  GAATAAAGTA TACTTCTAAA ATGTAAAAAA GTTAAAGGAG ATTCCTCACC

1 0 1  TCAATTCTTA GGAGATGCTG TATCTGGAAA GGGTAAACAG AAGCACACAG
1 5 1  TTTCCTGAAA TTGTGCCAAG GCTACATGTC AACTGCCTGG TAGGAAATGC
2 0 1  TTTGGAGAAC CTAGATAAAC AGACTATCAT CTTTCTCTGG CTTTTTATAA
2 51  AGGAAATGTA CTGAGTTAAA CTAGCATCAT AGACACAACA AGCAGAAAAG
3 0 1  GGCACCGAGA AATTTTAGAT GATAGTACCT GTAGGATTTA TGACAATTAA
3 5 1  A

Figure 3.9 Clone M l  sequence. Clone M l was generated with the primers D D IA  and 
AP3L. D D R T-PC R  showed clone M l as being overexpressed in the cell lines LSI 74T, 
SW 48, H C Tl 16 with respect to the cell lines SW 480 and SW620. Partial expression 
was detected in the cell line Caco-2.



Figure 3.9B BLAST analysis o f  DDRT-PCR clone M l .  An illustration o f  the output 
obtained using the BLAST algorithm [http://www.ncbi.nlm .nih.gov/BLAST] with clone 
Ml as the query sequence. The illustration below shows the query sequence (in red) 
and the alignments found by the BLAST algorithm. The top ten alignments are shown 
textually. No significant matches were found.

Color Key for fllignnent Scores
50-80  ̂ 80-200 >=gOO 1

tn p s e q .l  ̂  , r , ,  ̂ f , , , I r , , , j , r j r , T , I , I , I [ I t T t -f 
0 50 100 150 200 250 300 350

<40 40-50

Ten most significant hits.

gb1AC007275.3 IAC007275 Homo sapiens clone NH0109F19, comple. 
gbIAC007052.4 IAC007052 Homo sapiens chromosome 18, clone hR. 
gbIAEOOl163.1 IAEOOl163 Borrelia burgdorferi (section 49 of . 
qb I .AE003620 .1 t .AE003620 Drosophila melanoqaster genomic scaf . 
gb|AC007920.18|AC007920 Homo sapiens 3q27 BAC RP11-208NH (. 
gbIAEOO1818.1 IAE001818 Thermotoga maritima section 130 of 1. 
gbIU67460.11U67 460 Methanococcus jannaschii section 2 of 15. 
gbIU22376.11HSU22 376 Human (c-myb) gene, complete primary c. 
embIAL1098 39.11 IHSJ1069P2 Human DNA sequence from clone RP5. 
embIAL009178.4 IHS431P23 Human DNA sequence from clone 431P2.

42
42
42
40
38
38
38
38
38
38

0.13
0.13
0.13
0.50
2.0
2.0
2.0
2.0
2.0
2.0

gbIAC007275.3 IAC007275 Homo sapiens clone NH0109F19, complete sequence 
Length = 169904
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Sbjct: 120580 ataaagtatacttctaaaaagtaaa 120556



1 TCATCTGGGA ATCACCATCA CATACTCAGG CAAAGAACGC TGCCAGGCAC
51 CAGCTGGTGG AACCCCAACA CTCAGGAAGC GGAAGGTCAG GGCAAGGCAG

10 1  AGACTATGGT GCCCAAGCCT GACACACCAG CTGCCTTGCA GAGTTATCAG
15 1  ATGATCCTAC AAGCT

Figure 3.10 Clone M2 sequence. Clone M2 was generated with the primers D D l A  and 
AP3L. DDRT-PCR identified clone M2 as being overexpressed in the cell lines 
LSI 74T, SW48, HC Tl 16 with respect to the cell lines SW480 and SW620.



Figure 3.10B BLAST analysis o f  D D RT-PC R clone M2. An illustration o f  the 
output obtained using the BLAST algorithm [http;//www.ncbi.nliTi.n ih.gov/BLAST] 
with clone M2 as the query sequence. The illustration below shows the query sequence 
(in red) and the alignments found by the BLAST algorithm. The top ten alignments are 
shown textually. No significant matches were found.

tnpseq_l* I I I I I I I T I I I I I I I I I
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dbjIAP001423 
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dbjIAP000021 
gbiAF095725. 
gb|AF095145. 
gbiAC007106. 
gb|AF052041. 
gbIAC005900.

11AC004149 
. 1 IAP001423 
.1IAP000163 
. 11AB020863 
.2 IAP000021 
1 IAF095725 
1 IHSPOMT1G09 
6IAC007106 
1 IAF052041 
1 IAC005900

Homo sapiens 
Homo sapiens 
Homo sapiens 
Homo sapiens 
Homo sapiens 
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Homo sapien 
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PAC LLNLP704E02527Q3 ol. 
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38 0.88
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36 3.5
36 3.5
36 3.5
36 3.5
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gbIAC004149.1 IAC004 149 Homo sapiens chromosome 17, clone hCIT.501_0 10, complete 
sequence

Length = 84767

Score = 38.2 bits (19), Expect = 0.88 
Identities = 19/19 (100',)
Strand = Plus / Minus

Query: 122 acacaccagctgccttgca 140 
I  I  I I I  I  I  I  I  I  I  I  I  I I  I  I I I 

Sbjct: 68171 acacaccagctgccttgca 68153



1 TGATAGTCCT GATACTGAGA AGGGTTAGCT AGCTAGTCCG TGTTTAGTGA
51 AGTAAACAAA GCATTAACTT CCACACAACA CAGATGCCCT CCATAAAAAA

101 ATGTGGTGTG AACAGTCTGT TCTTACAATA GACTCCCAAT T TT TTTA A A A
151 AAGGGGAGAA TGGAAATAGA AATTTATCAT TTAGCAAAAA TTACAGTGAT
2 0 1  AATCACTGCG AGACAGAATC GTCAATGGAA TGCTAAGATC AGTGGGTGAA
2 5 1  AGTGAGGAAC AGAATGTTGC AGTATCTATG TATCTTCCCA GAAGATATTT
3 0 1  C T T A A TTA TA  AAGGGGGAAC AGTAACCTTG TAGTGGAGAA ACCTGGCTTC
3 5 1  CATTACCTTA ACCAAATGAT CCAAGTTAGA GCCACCTGTA AATTAAGTTG

Figure 3.11 Clone M 5 sequence. Clone M5 was generated w ith the primers DD4A 
and AP3L. DDRT-f'CR showed clone M5 as being overexpressed in the cell lines 
LS174'r and Caco-2 compared to the remaining cell lines o f the panel: SW48, I IC T l 16, 
SW480 and SW620.



Figure 3.1 IB BL A ST analysis o f  DD RT-PCR clone M5. An illustration o f  the 
output obtained using the BLAST algorithm [http://www.ncbi.nlm.nih.gov/BLAST] 
with clone M5 as the query sequence. The illustration below shows the query sequence 
(in red) and the alignments found by the BLAST algorithm. The top ten alignments are 
shown textually. No significant matches were found.
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Ten most significant hits.

gb1AC007372.41AC007372 Homo sapiens chromosome 14 BAC conta... 48 0.002
emb1AL049837.41CNSOOOOF Human chromosome 14 DNA sequence **... 48 0.002
gb1AC007551.11AC007551 Homo sapiens clone UWGC:djsl04 from ... 46 0.009
emb1AL049797.81HSJ661G12 Human DNA sequence from clone 661G... 46 0.009
refINC 001145.111 Saccharomyces cerevisiae chromosome XIII,... 42 0.15
emb1X58693.11SCYAPl Yeast YAPl gene for a transcriptional a... 42 0.15
emb1X63268.11SCSNQ3 S.cerevisiae SNQ3 gene confering mutage... 42 0.15
emb1X53830.11SCPDR4 Yeast PDR4 gene for pdr4 protein 42 0.15
emb1X60780.11SCPARIG S.cerevisiae PARI gene 42 0.15
emb1Z49810.11SC9571X S.cerevisiae chromosome XIII cosmid 9571 42 0.15

gbIAC007 372.4 IAC007372 Homo sapiens chromosome 14 BAC containing gene for type 2 
iodothyronine deiodinase (DI02) gene, complete CDS, 
complete sequence 
Length = 154796

Score = 48.1 bits (24), Expect = 0.002 
Identities = 36/40 (90%)
Strand = Plus / Minus

Query: 332 agtggagaaacctggcttccattaccttaaccaaatgatc 371 
I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I I I I  I I  I  I  I  I I !  I !  I I  I I !  I !  

Sbjct: 7257 agtggagaaacctggcagacatcaccttaaccaaatgatc 7218



1 GGTTATATAA GTCGGTTTAC TGGAACTTGG AGACTGTTTT CTAAAAAAAG
5 1  TTA TA C TC T G  AATATTAAGA AAGAGAATAA AACTAGTACA CACACACACA

1 0 1  CACGCACACA CACACACCCT GTCCCAATTT TCCCTGTAGT AGAGCATATA
1 5 1  CAAAGGGGAA AAAAAAGACA GAGAAGAAAA TG TC TC TG TG  TACCTTAAAT
2 0 1  CCTGGCACTG AGAAGTACTG GTATATTTAG AAGACGCCAT CAGTTTTATG
2 5 1  AGGAATGGGA GGGAAATTTT AAATTCCTTG AAGGGCTAAA ATATACTGTA
3 0 1  T G G T T T T T C A  - jT T T T T T T T T  TCTTGATGCA T C TTGTTAGT AATACTAATA
3 5 1  T T G T G T T T T A  CC TTTAA TC A GCTATGCCTT t t T T T T T T T T  t T T T T T T T T T
4 0 1  TTTTTGA GAC  GCAGTTCGCT CTGTCGCCCA GGCTGGAGAG CAATGGCATG

F’igure 3.12 Clone M6 sequence. Clone M6 was generated with the prim ers D D 4A  
and Ai^3L. D D R T -PC R  showed clone M6 as being overexpressed in the cell lines 
LS174T, H C Tl 16 and Caco-2 with respect to the cell lines SW 480 and SW 620. Partial 
expression was detected in the cell line SW48.



Figure 3.12B  BLAST analysis o f  D D R T -PC R  clone M 6. An illustration o f  the 
output obtained using the BLA ST  algorithm  [h ttp ://w w w .ncb i.n lm .n ih .gov/B L A ST ] 
with clone M 6 as the query sequence. T he illustration b elow  show s the query sequence  
(in red) and the alignm ents found by the BLA ST  algorithm. The top ten alignm ents are 
show n textually. A  total o f  1,748 alignm ents were found. The ten m ost significant 
m atches are likely to represent Alu alignm ents. This m ay be accounted for by the 
match to A C 0 0 3 0 2 9 .1. C lone 1V16 m atches to 29 distinct regions o f  the PAC clone  
A C 003029.1  w hich  suggests that M6 contains an Alu elem ent from approxim ately base 
416  to the end o f  the clon e. The first match to the A C 003029.1  clon e is shown  
textually.
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Homo sapiens 
Homo sapiens 
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Homo sapiens 
Homo sapiens 
Homo sapiens 
Homo sapiens

Chromosome 12q24 PAC RP... 64 5e-08
genomic DNA, chromosom... 64 5e-08

chromosome 19, cosmid F... 62 2e-07
PAC clone RP4-659J6 fro... 62 2e-07
BAG clone RP11-359K10 f... 62 2e-07
BAC clone CTB-122E10 fr... 62 2e-07
chromosome 8 BAC clone ... 62 2e-07
chromosome 9, clone hRP... 62 2e-07
chromosome 17, clone hR... 62 2e-07

gbIAC003029.1 IAC003029 Homo sapiens Chromosome 12q24 PAC RPCI3-462E2 (Roswell Park 
Cancer

Institute Human PAC library) complete sequence 
Length = 139166

Score = 63.9 bits (32), Expect = 5e-08 
Identities = 32/32 (100%)
Strand = Plus / Minus

Query: 416 tcgctctgtcgcccaggctggagagcaatggc 447 
I I  I  I I  I I  I  I  I  I I  I  I I  I  I  I  I  I  I  I I  I  I  I  I  I  I  I  I  I 

Sbjct: 136365 tcgctctgtcgcccaggctggagagcaatggc 136334



1 AGCCGGATCC A T A TT C T A T A  ACTATGGCAT CTTA/y\TGGG GGTCATCAGA
51 ATGTATTTCC TAATCATAAT AGTGTGGGAA CAAATCGAAA GAGATGCTAT

101 GGAAGACTCA GAGGACTTTG GAGTAAAGAA AGCTAGAACT GAAGGTGAGA
151 CCGCTTTGGG TGGGAAGAGC ACACTTATTT TTCCTTTCTG TAATATG TTT
201 T C T T T T T A T A  GCTGAG

Fi}»urc 3.13 Clone AV sequence. Clone AV  was generated w ith the primers DD5A 
and AP3L. To complement previous metastasis studies carried out on the isogenic pair 
o f ccll lines SW480 and SW620 DDRT-PCR showed clone A V  as being overexpresscd 
in the cell line SW480 compared to the cell line SW620.



Figure 3.13B BLAST analysis o f  D D RT-PC R clone AV. An illustration o f  the 
output obtained using the BLAST algorithm [http://www.ncbi.nlm .nih.gov/BLAST] 
with clone A6 as the query sequence. The illustration below shows the query sequence 
(in red) and the alignments found by the BLAST algorithm. The top ten alignments are 
shown textually. A significant match (4e-53) was found between the query sequence 
(clone AV) and the clone AKOOOIOO. This is highlighted textually in bold text below 
the graphical representation.
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Four most significant hits.

dbj|AK000:00.1lAKOOOlOO Homo sapiens cDNA FLJ20093 fis, do... 212 4e-53
gbIAC007071.6 IAC007071 Arabidopsis thaliana chromosome II s... 40 0.30
gb|ACD07317.3IAC007317 Homo sapiens BAC clone RP11-414K7 Er... 40 0.30
gbIAC006336.3 IAC006336 Homo sapiens BAC clone RP11-508K5 fr... 40 0.30

dbjIAKOOOIOO.1lAKOOOlOO Homo sapiens cDNA FLJ20093 fis, clone COL04263 
Length = 2509

Score = 212 bits (107), Expect = 4e-53
Identities = 126/131 (96%), Gaps = 1/131 (0%)
Strand = Plus / Plus

Query; 14 ttctataactatggcatcttaaatgggggtcatcagaatgtatttcctaatcataatagt 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I I I  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I I

73

Sbjct: 697 ttctataacaatggcatcttaaatgggggtcatcagaatgtatttcctaatcatattagt 756

Query: 74 gtgggaacaaatcgaaagagatgctatggaagactcagaggactttggagtaaagaaagc 
1 1 1 1 1 1 1 1 I I  1 I I  1 1 1 1 1 1 1 1 1 1 I I  1 1 I I  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I I  1 1 1 1 1 I I

133

Sbjct: 757 gtgggaacaaatcgaaagagatgct-tggaggactcagaagactttggagtaaagaaagc 815

Query: 134 tagaactgaag 144 
1 1 1 1 1 I I  1 1 1 1 
tagaactgaag 826Sbjct: 816
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M odel Seq-from Seq-to HMM-from HM M -to Score E-value Description
ank 57 89 1 33 26.4 2 .4e-05 Ank repeat

ank 91 123 1 33 19.8 0.0023 Ank repeat

124 156 1 33 36.3 2.4 e-OS Ank repeat

ank 57-89 
ank91-123 

ank 124-156

Figure 3.14 Ankyrin repeat motifs in unknown protein. An illustration o f ankyrin 
repeats motifs in the unknown protein derived from the clone AKOOOIOO. The protein 
sequence from clone AKOOOIOO was entered into the P-Fam database 
[http://pfam.wustl.edu/hmmsearch.shtml]. This reveals three ankyrin domains at the 
amino terminal of the protein. Visual analysis o f the protein sequence reveals a possible 
fourth ankyrin domain upstream of the first domain which is presumably below the 
significance threshold value for the P-Fam program.



D D R T -PC R  Band  

N am e
A pproxim ate Size 

(bp)

Arbitrary Prim er E xpression Pattern

lA 800 D D IA 1,2,3+
IB 800 DDI A 3,4,5+
M l 250 DD I A 1,2,3„4+

M2 350 D D I A 1,2,3+

M3 900 DD2A 3,4,5+
M4 400 DD2A 5+
M5 450 DD4A 1,3,4+
M6 400 DD4A 1,2,3+
M7 250 DD4A 1,4+
M8 850 DD5A 3,4,5+
M9 600 DD5A 1,2,3,4„5+
MIO 600 DD6A 1,3,4+
M i l 500 DD6A 4,5,6+
M12 550 DD6A 4,5,6+
M13 1000 DD6A 1,2,3+
M14 1000 DD6A 1,2+
PC 600 DD6A 1,2,3+

Table 3.1 Sum m ary o f the D D R T -PC R  products isolated. D D R T-PC R  was carried 
out as described and products were excised from gels. Each product was nam ed  and the 
approximate fragment sizes are detailetl. The arbitrary primer used in the generation of 
each particular product is listed and the expression patterns for each D D R T -P C R  
product are summarised. Expression profiles are read numerically, i.e. 1+ = a product 
detected  in cell line 1. I=LS174T; 2=SW 48; 3=H C T116; 4=Caco2; 5 - S W 4 8 0  &

6=SW 620.



C h a p t e r  4 

G e n e  D i s c o v e r y  A r r a y  

A n a l y s i s
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4 . 0  I n t r o d u c t i o n

The technology available to examine global gene expression patterns in biological 

specimens has advanced enormously over the last three years. The techniques typically 

employed include Differential Display Reverse Transcriptase PCR (DDRT-PCR) (Liang 

et al., 1992), Serial Analysis o f  Gene Expression (SAGE) (V elculescu et al., 1995), 

S uppress ion  Subtrac tive  H ybrid isa tion  (SSH) (D ia tchenko  et a l ,  1996), cD N A  

microarray (DeResi et al., 1996; Lockhart et a!., 1996) and commercially available high 

density cD N A  filters supplied by companies such as G enom e System s Incorporated, 

Research Genetics and Clontech.

The original subtractive hybridisation techniques were labour intensive with a 

low' degree o f  sensitivity tow ards low abundance transcripts (St. John et al., 1979; 

Sargent et al., 1983). The sensitivity o f  this technology has been im proved by the 

addition o f  a PCR step in the protocol (Hubank et al., 1994). The advantages o f  DDRT- 

PCR include the requirement for small amounts o f  starting material (as little as 200ng o f  

total RNA), which makes it suitable for small tissue samples, and its applicability to 

multiple RNA samples. However, a high degree o f  false positives has been widely 

associated with D D RT-PC R analyses (Francia et al.. 1996) and the technique yields 

specific differences in gene expression rather than a complete gene expression profile. 

DD RT-PC R is discussed in more detail in Chapter 2.

Serial analysis o f  gene expression (SAGE) (Velculescu et a l ,  1995) generates 

thousands  o f  tags (w hich represen t cD N A  species) from each  o f  the tw o RN A 

populations under investigation. Tag abundances correspond to the level o f  gene 

expression o f  a particular transcript. The advantage o f  this technique is that a complete 

gene expression profile is obtained. Large amounts o f  starting material (up to 5 |ig  poly- 

A(+) m RN A ) are required for SA G E which limits the technique to cultured cells or 

large tissue samples, although a recent report details a new protocol termed m icroSA G E 

(Datson et al., 1999) which may be useful for small tissue samples. M oreover, the 

technique is limited to the analysis o f  two samples similtaneously and places heavy 

demands on sequencing time.

cDNA microarrays were first described by Schena et al. (1995). These are high 

capacity systems used to m onitor the expression o f  multiple genes in parallel. High 

speed robotics are used to print thousands o f  cD N A  molecules on glass slides, which
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may be probed with fluorescent cDNA probes. This technique has been apphed to the 

analysis o f  human cancer cells (DeRisi et u i .  1996). The technology is expensive and 

specialised and is not amenable to general molecular biology laboratories.

A number o f  companies (Genome Systems Inc., Research Genetics, Clontech) 

have developed nylon membranes harbouring thousands o f  cDNA species. cDNA 

probes labeled with [a-^^P]dCTP may be hybridised using regular hybridisation 

protocols to duplicate membranes and gene expression profiles between different RNA 

populations may be obtained using software which quantitates hybridisation signals on 

the phosphorimage files of the probed membranes. Small amounts o f  poly-A(+) mRNA 

(l|j.g) are required, making this technology suitable for both scarce tissue samples and 

cultured material. The technical aspects o f  cDNA array filters are based on standard 

molecular biology techniques making the methodology applicable to most non­

specialised laboratories. Rapid results (two weeks) may be expected from multiple 

RNA samples at a relatively low cost. cDNA arrays have been used to examine the 

gene expression responses between untreated keratinocytes and keratinocytes treated 

with epidermal growth factor (Trenkle et al.. 1998).

The main objective o f  this work was to implement the Gene Discovery Array 

(GDA) v l.3  filters to determine gene expression differences between MIN sporadic 

colorectal cancer cell lines (LS174T, SW48, HCT116) and CIN sporadic colorectal 

cancer cell lines (Caco-2, SW480, HT-29). The experimental design involved 

sequential probing of duplicate GDA filters with three pairs o f  MIN and CIN total 

cDNA probes to analyse the entire panel o f  cell lines.
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4.1 G e n e  D i s c o v e r y  A r r a y  ( G D A )  F i l t e r s  v 1.3

4.1.1 G D A  clone library

The G D A  v l .3  fibers consist o f  two duplicate 22x22-cm nylon filters and two randomly 

cut 6x6-cm test GDA filters. Genome Systems Inc. (GSl) generated the clones on the 

G D A v l .3  filters by retrieving hum an EST sequences (203,911 sequences) from the 

I.M.A.G.E. consortium clone libraries (Miller et al., 1997). Sequences matching vector, 

bacteria, m itochondria or ribosomal RNA were removed leaving approximately 400,000 

high quality EST sequences. The ESTs from this database were grouped into unique 

clusters to eliminate redundancy in the database. ESTs that m atched a known full- 

length gene were assigned to a Unigene cluster corresponding to that particular gene. 

The remaining ESTs were compared to each other using sequence alignment softw'are. 

All ESTs with at least 95% sequence identity over a 40 base pair minimal overlap with 

another EST were placed into the same cluster. O f  the 203,911 clones. 3.230 matched 

full-length cDN A sequences exactly (1.291 o f  these were discarded because they were 

grown in SO LR cells which are incompatible with DHIOB cells, in which the majority 

o f  the clones were grown). GD A v l .3  filters contain 1,939 representative clones from 

the Human Gene Index clusters, 14,898 representative clones from other clusters and 

1,489 singleton clones (clones which did not match any other clones in the original 

203,911 clone library). Figure 4.1 details  the bioinform atics  strategy adopted  in 

choosing the cDN A species which are spotted onto GDA v l.3  filters.

4.1.2 G D A  Filter Structure

The clones chosen by GSI were re-arrayed into 384 well culture dishes. These cultures 

were gridded robotically onto the nylon m em branes in a double spotted pattern. Each 

22x22-cm  nylon filter is divided into six sections, which are termed fields. Each field 

on the grid is sub-divided into 384 small squares. These are assigned a position by 

means o f  a numbered column and an alphabetical row. A positive hybridisation signal 

in the " l A "  small square corresponds to the cD N A  clone in position " l A "  in one ot the 

48 microtitre dishes that house the G D A library. Each square is further divided into 16 

units which have been assigned a microtitre dish number. Each microtitre dish num ber 

is repeated twice in each small square, i.e. within one small square in a particular tleld
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each individual clone has been spotted in duplicate. The details o f  the structure o f  the 

G D A  vl .3 filters are illustrated in Figure 4.2.

4.1.3 Normalisation of duplicate filters

GSI provide run-off  RNA corresponding to the A n ih id o p sis  lha liana  and D rosophila  

m e la n o g a ste r  internal control clones spotted on the G D A v l .3  filters. Hybridisat ion 

intensity data from these spots may be plotted against the amounts  o f  RNA controls on 

the filters. The slope o f  this line can be used to normalise the hybridisat ion intensities 

o f  all the spots on one filter against their counterpart spots on the second filter. In a case 

where the controls do not yield a linear plot, the filters may be normalised by global 

means. For each point, Xb, on filter B a new value is calculated to compare  to the Xa 

value. Xb is multiplied by a constant value, which is derived by dividing the mean  of  

filter A over  the mean o f  filter B. fhe total summation o f  intensity va lues  for both 

filters is identical. The ratios Xa/Xb for each point are calculated and are sorted by the 

absolute  difference between the average background and the X a /Xb  value for each 

point. The Gene Discovery Array software is based on an algorithm which carries out 

the normalisation process rapidly [Gene Discovery Array v l .3  documentat ion ,  GSI,  

USA].

4.1.4 G D A  hybridisation protocol

Poly-A(+) m RNA (2.5|.ig) or total RNA (1 |.ig) is isolated from the samples  o f  interest 

and reverse transcribed in the presence o f  [a-^^P]dCTP using an HPLC purif ied cDNA 

synthesis pr imer o f  the structure 5 ’-dTixVN-3’ (Chapter 2, Section 2.3). ' fhis  is a 20- 

mer  oligonucleot ide composed o f  18 T  residues followed by an A, G  or C in the 19”' 

position and a mixture o f  A, G, C or T at the 3 ’ position. This structural feature anchors 

the oligonucleot ide to the junction o f  the poly-A tail with the 3 ’-untranslated region of  

m R N A  molecules immediately prior to cDNA synthesis. RN A corresponding  to the 

Arahiciopsis lhaliana  and D rosophila m elanogaster  internal control clones on the filters 

is reverse transcribed using a similar method in parallel. The cDNA products  from the 

experimental  samples  and the control samples arc combined and purif ied  using G-50 

sephadex columns.
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DNA orientation markers (derived from tiie E. coli vector pBR325) are 

radiolabeled with [ a - ” P]dCTP by random-priming and are purified using G-50 

sephadex columns. The radiolabeled cDNA samples and DNA orientation markers are 

added to a GDA vl.3  filter in hybridisation mix overnight at 42°C. Filters are washed 

using standard w ashing solutions at 68"C and analysed overn ight using a 

phosphorimager set at a resolution o f  100 microns. The image files may be analysed 

using the Gene Discovery Array software or may be sent to GSI who perform GDA 

analyses. A summary of the GDA vl .3 protocol is detailed in Figure 4.3.

Results from GDA analyses can be obtained from a secure GDA server 

[http;//www.genomesystems.com/secure] which is protected by private User Identity 

and Password. There are three ways o f  viewing GDA vl.3  expression data. The raw 

data output is a complete gene expression profile o f  all the cDNA species arrayed on the 

filters. T'he investigator may exclude ES'fs from the data outputs to yield an expression 

profile o f  full length transcripts. Zero intensity signals [clones which shows no 

detectable difference in hybridisation signal with respect lo the background noise signal] 

may also be eliminated from the expression profile. In addition, the gene expression 

profile may be sorted in three different ways: i) on the basis o f  score (which accounts 

ibr expression level and intensity difference); ii) intensity difference or iii) ratio o f  

expression levels. The investigator may choose the most suitable parameters.
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4.2 R ksults

4.2.1 Introduction

Initially, the protocol was tested using the GDA vl .3 test filters that represent randomly 

sectioned 6x6-cm  squares o f  actual G D A  v l .3  filters. Probes w ere syn thesised  as 

described in Chapter 2 from poly-A(+) m RNA isolated from the cell lines LS174T 

(M IN) and SW 480 (CIN). Both probes were hybridised separately to each  test filter 

overnight. The filters were subjected to autoradiography at -70"C  for 72 hours. This 

revealed a clear pattern o f  hybridisation signals for both filters (data not shown), thereby 

verifying the quality o f  the m RN A  samples isolated and the success o f  the G D A v l .3  

hybridisation protocol.

Duplicate G D A v l .3  filters were probed in parallel with rad io labeled  cD N A  

sam ples  derived from paired MIN and CTN sporadic colorectal cance r  cell lines, 

fo llow ing  phosphorimager analysis the images obtained were saved in PC "‘gel” format, 

fhe  images were transferred to GSI by means o f  file transfer pro tocol (ftp) to the 

Genom e Systems ftp server [f tp://ftp .incytc.com J. GSI carried out the analysis  o f  the 

filters using the Gene Discovery Array software. Results were ob ta ined  from the 

password-secured GSI web-site.

4.2.2 Implementation of the GDA V l.3  Protocol

l otal RNA and poly-A (+) m R N A  were isolated as described in Section 2.1.3 

and 2.3.3. RNA integrity w'as assessed by denaturing formaldehyde gel electrophoresis  

and was o f  comparable quality to the RNA utilised in D D RT-PCR analyses (Figure 3.2). 

Figure 4.4 illustrates the isolation o f  high quality poly-A (+) niRNA from the cell lines 

LS174T and SW480. RNA of  this quality was deemed suitable for reverse transcription 

in the presence o f  |a-^^P]dCTP. Due to the large amounts o f  total R N A  required for 

probe synthesis, the SM A R T"^ cDNA synthesis kit (Clontech, UK) w as also used to 

generate cD N A  for probe synthesis. SM A R T cDNA was amplified by P C R  according 

to the Clontech protocol (Section 2.3.3) over a range o f  PCR cycle t im epoin ts .  Figure 

4.5 illustrates the amplification o f  SM A R T  cD N A  by PCR from the ce ll  lines SW 48 

(MIN) and Caco2 (CIN). Fqual amounts o f  PCR product were observed a f te r  18 cycles 

for SW 48 and 19 cycles for Caco2. SM A R T cD N A  PCR products were purified  from
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each cell line by am m onium  acetate precipitation (Figure 4.6). The SM A R T cD N A  

PC R protocol was chosen to prepare cD N A  probes from the third pair o f  cell lines 

H C T l 16 (MIN) and HT29 (CIN).

A measure o f  the success o f  the GDA protocol is illustrated in Figure 4.7 in an 

exam ple o f  typical expression differences seen on the G D A  v l .3  filters. The Solute 

Carrier Family 24 gene is clearly shown to be overexpressed in the Caco-2 cell line with 

respect to the cell line SW48. It is worth noting that the clone is clearly dotted in 

duplicate.

4.2.3 Scatter Plot

H ig h - th roughpu t  m R N A  analysis  p latform s such as high density  cD N A  array 

technologies are capable o f  providing large scale expression profiles w hich have the 

potential to increase our understanding o f  cancer biology at the molecular level. It is 

useful to gain an overall impression o f  how the entire com plem ent o f  genes is being 

expressed in these analyses. This gives the investigator clues as to how  successful an 

experim ent has been and the degree o f  reproducibility o f  the experim ental design  

betw een repeat experiments (Cole et ciL, 1999). A simple way o f  achieving this is by 

p lo tt ing  a graph betw een the expression  levels o f  genes on the filters for both 

experimental samples. The majority o f  genes (between similar cell types) are likely to 

be expressed at comparable levels. This should be clearly seen on a scatter plot with the 

highest density o f  data points appearing coincident with the line y=x.

To achieve this, we have downloaded [h ttp ://w w w .genom esystem s.com /G D A /] 

the complete expression profiles obtained from the analysis o f  the sporadic colorectal 

cancer cell lines described in Table 1.2. The expression values for each clone from each 

experim ent were extracted using a simple Perl script. Values from M IN clones were 

plotted  against values for CIN clones producing a scatter plots for each  M IN /C IN  

pairwise comparison. The scatter plots obtained are shown in Figure 4.8.

4.2.4 Identifcation o f consistently differentially expressed genes

One problem associated with high density cDN A array methodology is the vo lum e ot 

da ta  genera ted  from  a single experiment. A related problem  is the  d iff icu lty  ot 

determining the consistently differentially expressed genes between the three pairw ise 

comparisons o f  MIN and CIN colorectal cancer cell lines. A simple Perl Script program
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(GcneMatch vl.O) was coded (Mr. Philip Hassell) to facilitate the identification ot this 

subset  o f  key genes from the GDA analyses. The complete  raw expression profi les 

were downloaded from ht tp: / /www.uenomesvstems.com/secure in tab-delimited lormat 

and saved as Unix compatible  .txt files. In each instance,  the 1,000 most  highly 

differentially expressed genes from the three pairwise comparisons were entered into 

GeneMatch.  ' fhis Perl script generated on output .txt file containing the subset  o f  genes 

(based on their Unigene identifiers) which appeared in all three lists o f  top 1,000 

differentially expressed genes. These genes are detailed in Tables  4.1 and 4.2. The 

genes  selected for further analysis  are highl ighted in bold font. The  num ber  o f  

differentially expressed cDNA species between LS174T and SW480 was greater than 

1,000. A s imilar number o f  differentially expressed genes was observed in the second 

and third comparisons.

4.2.5 Categorisation o f  the gene expression profiles

The nature o f  the genes found by high density cDN A array screening is a determining 

factor o f  the downs t ream  experiment s  possible to fur ther analyse these  genes.  

Biological  information o f  this nature leads the invest igator  into the  ‘n e x t - s t e p ’ 

experiments  to be carried out which often involve functional analyses. The  candidate  

genes obtained from the G D A  expression profiles were thoroughly sc rut ini sed for 

potential function by the utilisation o f  bioinformatics. The process used is summarised 

in F i g u r e  4 .9 .  T h e  G e n e  D i s c o v e r y  A r r a y  ( G D A )  l i b r a r y  

[h t tp : / /ww w.genomesystems.com/GDA] details the clones and matches each  one to a 

unique Unigene code number. The Unigene numbers  were entered into the Unigene 

da ta b a s e  [h t tp : / /w w w .n c b i .n lm .n ih .g o v /U n iG e n e J  at the N a t iona l  C e n t r e  for 

Biotechnology Information (NCBI). Information is available for each gene  and Internet 

links to the protein sequences in human and the homologous protein sequences  in M  

m uscu lis, D. nielunogasler  and S. cerevisae  where available. The funct ional  properties 

o f  proteins in these model organisms give useful clues to functions in human .

The Unigene entry also gives an Internet link to Online Mendelian Inheri tance in 

Man (OMIM; http: //www.ncbi.nlm.nih.gov/omim). ' fhis is a biological server  dedicated 

to the accumulation o f  the biological functions, properties and the most  recent  research 

Inidings o f  all the characterised genes in human disease. In the first instance, a short 

summ ary  o f  the gene o f  interest is given, including all o f  the pub l i s h e d  alternat ive
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names for the gene. A highly detailed catalogue follows including genetic information 

such as chrom osomal location, alternative splice variants, characterised mutations and 

deletions. In addition, tissue expression profiles are given where known and Internet 

links to the most recent scientific abstracts are incorporated. This procedure was 

followed for all 70 differentially expressed genes. The functions were divided into 

seven broad categories as described at The Institute for Genomic Research (TIGR) and 

by Craig Venter (Adams et ctl. 1995) and are detailed in Tables 4.1 and 4.2. The broad 

categories are cell division, cell signaling/cell com m unication, cell structure/motility, 

cell/organism  defense, gene/protein expression, metabolism and unclassified. These 

categories have also been sub-divided into more specific functions.

4.2.6 Correlation of GDA data with the SAGE database

It was deemed necessary to measure the significance o f  the expression differences found 

betw een the MIN and CIN cell lines using the GDA v l .3  filters. A useful control o f  

these differences was found at the public access SAGE database (Lai e( a l .  1999). The 

m ethod o f  SAGE (Velculescu et al., 1996) has been carried out on various tissue types 

and cell lines including the sporadic colorectal cancer cell lines H C T116 (MIN) and 

Caco-2 (CIN). The expression profiles from these tissues and cell lines have been 

uploaded for public access at http://www.ncbi.nlm .nih.gov/SAGE. The process adopted 

to determine the expression differences between the genes tabulated in Tables 4.1 and 

4.2 using the public SAGE data is detailed in Figure 4.10. The SAGE database may be 

accessed using the Internet location above. The Unigene code number for the gene o f  

interest is entered and the abundance o f  SAGE tags is displayed for each cell line. The 

S A G E  d a ta b a se  m ay  be ac ce sse d  in d ire c t ly  from  the U n ig e n e  d a ta b a se  

[http://www.ncbi.nlm .nih.gov/UniGene] for specific genes also. The Unigene database 

is integrated with the SAGE database and provides a convenient direct Internet link 

between Unigene and SAGE for the genes under investigation. M oreover, the Unigene 

database details all expressed sequence tags (EST) which show significant alignment 

with the gene o f  interest. The results o f  the SA G E database searches  and EST 

abundances from both the MIN and CIN expression profiles are detailed in Tables 4.3 

and 4.4.
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4.2.7 Identification of simple repeat sequences in the differentially expressed genes

I 'he M IN  genot yp e is clearly recognised by nucleot ide level instabil i ty at s im ple  repeat  

s equences .  Specif ica lly,  expa ns ions  and contrac tions  occ ur  at s imple  repeat  sequences  

s uch as mono- ,  di-,  tri- and tet ranucleot ide  repeats al ter ing the n u m b e r  o f  these  repeats.  

I'his p h en o m e n o n  has  been observed  in the coding region o f  the TGF[3RII and  IG FR l  in 

s j)oradic colorectal  cance rs  leading to mutant  proteins (Sec t ion 1.3.4). All gene s  found 

to be  d i f fe rent ia l ly  exp res sed  between  MIN  and CIN sporad ic  colorec ta l  c a n c e r  cell  

l ines  we re  ana lysed  for the presence  o f  s imple  repeat  sequences ,  f h e  route  ch o sen  to 

lu id  these  sequence  moti fs  is out lined in Figure 4.11.

T h e  initial  G D A  ana lys is  exp res s ion  prof i le  y i e l ds  a c c e s s i o n  n u m b e r s  and  

U n ig en e  ident ifier num bers  for all o f  the c lones  ar rayed on the G D A  v l . 3  filters.  These  

U n i g e n e  u n i q u e  i d e n t i f i e r s  m ay  s i m p ly  be e n t e r e d  in the  U n i g e n e  d a t a b a s e  

[h t t p : / / w w w .n c b i . n lm . n i h .g o v / U n i G e n e ] and the m R N A  s e q u e n c e s  can  be o b t a in ed  

di rec tly.  H ow ever ,  the Un igen e database  is dyn am ic  and the U n igene  ident i f iers  are 

sub ject  to change  (of ten in the case w he re  a sequence is found to be  a cons t i tuen t  o f  a 

d i f fe ren t  gene) .  T o  o v e rco m e  this, the G D A  clone seq u en ces  ( c o r r e s p o n d i n g  to the 

potent ia l ly di fferent ial ly expressed t ranscripts)  were  entered into the G e n B a n k  database  

and the B L A S T  algor i thm was  used to determine which k n o w n  se quence  the  par t icular  

c lo n e  exh ib i t ed  s imi lar i ty  to. 'I'he g ene  nam es  we re  then en te red  into the  U n i g e n e  

database  and full length m R N A  sequences  were obtained.

Mon onucl eo t ide  repeat  sequences  in the open reading f rames  o f  t ranscr ip ts  were  

d e e m e d  the mos t  likely to be signif icant in the M IN  pheno type  (See  S ec t io n  4.3).  The 

p r e s en ce  o f  such s eq u en ce  mot i fs  w a s  d e te r m in ed  by visual ly  s c a n n i n g  the  co d in g  

regions  o f  genes  or  by use o f  a simple text  edi tor  (MicroSof t  W o rd Pa d  v l  .0,  USA ).  The 

presence  o f  mononuc leot ide  repeat  sequences  are out lined in Tables  4.5 a n d  4.6.

A n  a l ternat ive met hod  for unvei l ing  genes  conta in ing s im ple  s e q u e n c e  repeats  

involved  us ing the Ex pasy  server  [http;//w w w .e x p a s y .c h ]. T he  F in d P a t t e r n  a lgor i thm  

on this server  searches  through protein sequences  for amino acid mot i fs  o f  interest .  The 

prote in  m o t i f  Ly s -L ys-Lys  w a s  entered into the database.  Lysine  is c o d e d  for by the 

c o d o n s  {aaaj  or (aagj  . Th is  approach  led to the ident i ficat ion o f  a n u m b e r  o f  genes  

c o n ta in in g  co d in g  region pol y-A t racts.  A s im i l ar  a p p r o ach  wi th  the Phe-Phe- Phe 

protein  m o t i f  led to the ident if icat ion o f  a modest  n u m b er  o f  gene s  h a r b o u r i n g  poly- ' f
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trac ts.  A  s im ila r  ap p ro ach  w as used to identify po ly-G  and po ly -C  trac ts  by search ing  

the Expasy  server for the pro te in  sequences  G ly-G ly-G ly  and  P ro -P ro -P ro  respectively . 

The d is tr ibu tion  o f  the d iffe ren t m ononuc leo tide  repeats  in the S w issP ro t  d a tab ase  as 

identified  using F indPattern  is illustrated in Figure 4.12.
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4.3 DISCUSSION

Gene expression profiling techniques are constant ly improving.  Techniques  such as 

Ser ial  Analys is  o f  Gene  Expression (Velcu lescu  et a l ,  1995) and Suppression  

Subtract ive Hybridisation (Diatchenko et ah 1996) have been used to identify gene 

expression profiles o f  multiple genes in a number o f  cell systems (de Waard et a!., 1999; 

Kal et al., 1999; N upponen  et al., 1999). We have util ised the G D A  v l .3  filters 

supplied by Genome Systems Inc. (GSl) to explore expression differences between the 

MIN and CTN sporadic colorectal cancer cell lines previously described in Chapter  2.

Initially, the GDA protocol was followed as described by Genome Systems Inc. 

which involves the isolation o f  poly-A(+) mRNA for probe synthesis. Total RNA was 

harvested and pooled followed by poly-A(+) mRNA purification on ol igo-d ' f  cellulose 

co lum ns .  The  concen t ra t ions  o f  experimental  m R N A  samples  were  ba lanced  

spcctrophotometrically and visualised on 1.2% agarose denatur ing formaldehyde gels, 

i'his protocol was found to be inefficient with poor yields o f  mRNA retrieved (as low as 

20%  o f  the expected yield). This approach was used for the G D A  v l . 3  tes t filters 

followed by the pairwise comparison between the cell lines LS174'f  (M IN )  and SW480 

(CIN) with satisfactory array data being obtained.

Due to the high amounts  o f  starting material required ( ~ l .5 m g  total RNA)  and 

the inefficiency o f  the poly-A(+) purification, the G D A  protocol was  modif ied as 

follows. The SM ART cDNA synthesis kit (Clontech, USA) was employed using I|j.g o f  

total RNA. The protocol takes advantage o f  the terminal transferase act ivi ty o f  reverse 

transcriptase, which adds a few nucleotides (primarily deoxycytidine)  to the 3 ' -end  o f  

c D N A  molecules .  The SMART"^'  ol igonucleot ide  is designed wi th  an ol igo-G 

sequence at its 3 ’-end which anneals to the deoxycytidine stretch creating an extended 

template, fhe reverse transcriptase enzyme switches template and repl icates  to the end 

o f  the oligonucleot ide,  fhe first-strand synthesis full length cDNA is then  amplif ied 

using a long PCR protocol yielding full length double stranded cD N A  (dscD NA ).  The 

dscDNA samples were balanced spcctrophotometrically,  visualised on I .0% agarose 

gels and labeled with [a-'^'^P]dCTP. This approach has two outstanding advantages  over 

the original GDA protocol. Firstly, the protocol can be carried out on as little as l | ig  o f  

total RN A  making this approach suitable for small tissue samples.  In addit ion, the 

normalisation o f  dscDNA samples proved to be more convenient than the normalisat ion
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o f  poly-A(+) m RNA which seemed to be operator dependent. This modified method for 

generating cDN A probes was used in the second and third pairwise comparisons o f  the 

cell lines SW48 (MIN) with respect to Caco-2 (CIN), and H C T l 16 (MIN) with respect 

to I r r -2 9  (CTN) yielding satisfactory expression data.

V iew ing  the first gene expression profile betw een LS174T  (M IN sporadic 

colorectal cancer cell line) and SW480 (CIN sporadic colorectal cancer  cell line) it 

becam e clear that there were a significant number o f  expression differences [over a 

thousand  cD N A  clones  show ing  significant d iffe rences;  GSI suggest  five-fold  

differences in gene expression as being significant]. It is likely that m any o f  these 

differences represent tissue specific gene expression dil’ferences, w hich may not be 

associated with mismatch repair or sporadic colorectal cancer in general. The colorectal 

cancer cell lines selected for this study were not isolated from the same patients and 

m ay have been rem oved from different areas o f  the large intestine w h ich  would 

contribute to differences in gene expression unlikely to be related to m ism atch  repair or 

colorectal cancer. The experimenlal rationale involved three pairw ise  com parisons 

between total cDNA probes prepared from MIN and CIN colorectal cancer  cell lines to 

identify a subset o f  consistently differentially expressed cD N A  species to reduce the 

num ber o f  tissue specific differences. When the second and third pairw ise  comparison 

gene expression profiles were obtained, the expression profiles w ere  searched  for 

consistently differentially expressed genes in all three. This proved to be an  exhaustive 

process with the consideration that the filters harbour over 18,000 c D N A  species. A 

simple Perl script program (GeneMatch vl.O) was coded which allowed the investigator 

to com pare  the gene expression profiles in tab-delimited text form at and  obtain  an 

output text file o f  the most significant differences in expression present in the profiles. 

With this approach, the thousand most differentially expressed cDNA species  from each 

profile  w ere considered. This significantly reduced the num ber o f  d iffe ren tia lly  

expressed  cD N A  species: approxim ate ly  30-40 cD N A  clones w ere  fo u n d  to be 

overexpressed in MIN cell lines with respect to CIN cell lines. S im ila r  num bers o f  

clones were found to be overexpressed in CIN cell lines with respect to M IN  cell lines, 

'fables 4.1 and 4.2 summarise the differentially expressed genes. This subse t  o f  cDNA 

species is more likely to play a role in mismatch repair, chromosomal abnorm alities  and 

sporadic colorectal cancer.
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T h e r e  are  a n u m b e r  o f  fo rma ts  in w h i c h  the  i n v e s t i g a t o r  m a y  v i e w  the  

ex p r e s s io n  data.  A h igh percentage  (up to 50% ) o f  ex p r es sed  s eq u e n c e  tags  (E STs)  

a p p e a r  in the ou tpu t  us ing raw G D A  data.  Despi te the progress  o f  the  H u m a n  G e n o m e  

Project  m an y  genes  rema in  uncharacter ised .  This was  c learly  i l lus trated in the raw data  

ou tput .  It m a y  be  poss ib le  to identify a por t ion o f  these  ES' l 's  in G e n B a n k  or  by the 

c o n s t ru c t io n  o f  tenta t ive  h u m a n  E S T  cont ig s  us ing so f t w a re  l ike the  E S T A s s e m b l c r  

[ this p ro g r am  al igns  m ul t ip le  ES Ts  and  can be foun d  at h t tp : / /her cules . t igen i . i t / cgi -  

b in /un ies tas s .p l ] ,  E S T s  m ay  be om it t ed  f rom the gene  ex p res s io n  p ro f i le s  to a l low  

ident i fica t ion o f  k n o w n  genes.  The prof i les  were  examined  wi th  the o m is s io n  o f  ei ther 

E S T s  or  zero  intensi ty s ignals or o f  both.  Ze ro  intensi ty s ignals  m ay  be co ns ider ed  as 

c lo n c s  tha t  y ie ld  no s igni f ican t  d i f fe re nce  in hy br id i sa t ion  in c o m p a r i s o n  wi th  the  

b a c k g r o u n d  signal .  Cu rrent ly ,  the s igni f i canc e  o f  zero  in tens i ty s ig n a l s  is unclear .  

These may  represent  undetectable  express ion o f  a g iven t ranscript  ( the sens i t iv i ty  limit  

o f  the n i t e rs  is ap p rox im a te ly  five copies  o f  a t ranscript  per  cell ) o r  m a y  represent  a 

hybr id i sa t ion art i fact  in some cases.  N o r th e rn  blot  analys is  o f  zero in tens i ty  c lones  will 

help  to clarify these possibilit ies.

Whi le  initially excit ing,  data sets f rom high density c D N A  arrays  c o m p a r i n g  two 

dis tinc t colorectal  tum our  phenotypes  be c o m e  difficult  to m anage  and im media te l y  raise 

a n u m b e r  o f  ques tions .  Is the val idi ty and accuracy o f  the observed  c h a n g e s  authent ic?  

W h ic h  genes  are to be selected for fur ther analys is  and w hich  genes  are  a consequence  

ra ther  than a causc  o f  colorectal  ca ncer?  The legi t imacy o f  the ch a n g es  o b s e r v e d  in a 

h igh  de ns i ty  c D N A  sc reen ing  may be g a u g e d  by an in d ep en d e n t  g e n e  ex p r es s io n  

t ec h n iq u e  ( R ' f - P C R  or  N or t he rn  b lott ing; See  C h ap te r  5). A c o n v e n i e n t  m e th o d  o f  

fo cus ing on the  genes  likely to be a ssoc ia te d  wi th m i sm a tc h  repai r  or  c h r o m o s o m a l  

ins t abi l i ty  w as  to car ry  out  three pa i rw is e  co m p a r i s o n s  o f  M I N  and C I N  spora d ic  

colorecta l  cance r  cell lines. However ,  it is also useful to gain a general  s cr ut iny  o f  gene  

ex p r e s s io n  wi th in  the ent i re co m p lem en t  o f  c lo nes  on the h igh densi ty  c D N A  array.  

H y b r id i s a t io n  in tens i ty  val ues  for the  en t i re  set  o f  c D N A  c lo n es  ( - 1 8 , 0 0 0 )  we re  

ext ra c t ed  f rom the ra w  G D A  data ou tput  us ing a Perl script .  Th e in tens i t i e s  for each 

M I N /C IN  compar i son were  plotted.

K n o w le d g e  o f  a panel  o f  d i f ferent ia l ly  expres sed  genes  b e tw e en  th e  M IN  and 

CIN  pheno types  in colorectal  cancer  will  only  be useful i f  put  into s p e c i l l c  b io logical
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contexts.  We expected to observe differential expression o f  genes associated with 

m ism atch  repair and chromosomal  instabilty and a cons iderable  number  o f  genes  

previously unassociated with colorectal canccr. A clear idea o f  the biological functions 

o f  these genes will allow the investigator to design directed downstream experiments.  

We used a bioinformatic approach to identify the genes from our GDA experiments.  

The GenBank,  Unigene and OMIM databases are interconnected at the National Centre  

for Biotechnology Information server. Using these resources, we were able to classify 

(in general terms)  most  o f  the panel o f  differentially expressed genes.  The broad 

categories  were based on the categories  establ ished at The Institute for Genomic 

Research ( f lG R) .  Initially, there seemed to be a high proportion o f  receptors  and 

t ranscription factors in the gene set. An obvious link between this phenomenon and 

colorectal tumor progression is not easily apparent. However , on inspection there are a 

number  o f  genes involved with cell cycle progression, cell cycle checkpoint  and genes 

involved in chromatin stucture. I'here is no clear pattern o f  expre ss ion  o f  these 

transcripts; they are overexpressed in both patterns (MIN with respect  to CIN and CIN 

with respect to MIN). The MIN phenotype has been associated with hypcrmethylation 

o f  the mismatch repair genes and their promotors. It is conceivable that decreased or 

increased expression o f  acetyltransi'erases and histone deacetlyases,  which are integral 

components  o f  chromatin maintenance, might inlluence the methylat ion s tate o f  genes 

in MIN tumours.  In contrast, CIN tumours exhibit gross chromosomal  abnormalit ies  

including loss o f  heterozygosi ty (LOM), translocations and aneuploidy. Aberrant  cell 

cyc le  m ach inery  has been assoc ia ted with these ch ro m o s o m a l  abno rm a l i t i e s .  

Differential activation or repression o f  cell cycle related genes may clarify the genotypic 

differences seen between MIN and CIN tumours.

High density cDNA array based methodologies are subject to error  due  to poorly 

quanti tated niRNA, preferential labelling o f  different samples  or uneven hybridisat ion 

o f  probes to filters. As a consequence,  it is important  to assess h ow  signif icant  the 

observed  differences in expression are. Semi-quanti ta t ive R ' f - P C R  a n d  Northern 

blotting are the techniques o f  choice to conl lrm differential gene expression.  Prior to 

using these methologies ,  we took advantage o f  the publ ic access  “ G e n e  to Tag 

Mapping” SAGE database. A complete SAGE analysis (approximately 60,000 tags 

were sequenced from each cell line) has been performed previously on the sporadic 

colorectal cancer  cell lines I ICTl  16 (MIN) and Caco-2 (CIN) (Lai et a!., 1999). The
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SA G E database was screened for tag abundances from each gene found from the G D A  

analyses  and the results are detai led in fables  4.3 and  4.4. Mos t  o f  the S A G E  

expression levels correspond with the differences observed in the G D A  analyses.  A 

modest  number  o f  genes disagree with the GDA analyses  (overexpressed instead o f  

underexpressed or  vice versa). Genes expressed at low levels may be difficult  to 

quanti ta te  by either o f  the two techniques.  However ,  it is likely that  PCR-based 

techniques,  such as SAGE, are more suitable for detecting low-level  expression o f  

genes. SAGE data were also useful for assessing the likely level o f  expression o f  genes. 

This w'as used as a guide to decide whether to use northern blotting (suitable for the 

detect ion o f  highly expressed transcripts) or semi-quant itative RT-PC R (suitable for 

detect ion o f  lowly expressed genes)  as techniques for confirming  the different ia l  

expression o f  selected genes from the GDA analyses.

Also relevant  to this study was the possibi li ty o f  de tec t ing di fferent ia l ly  

expressed genes with instability at a mononucleotide repeat sequence.  As discussed in 

Section 1.3.4. many mismatch repair deficient coloreclal cancers  harbour  frameshift  

mutat ions  in the TGF[3RII  and IGFRII genes diminishing the express ion o f  these 

t ranscr ipts .  Th is  phenom enon  is seen as one o f  the dr iv ing  fo rces  beh ind  

tumourigenesis  in MIN colorectal cancers. I'wo methods were used to identify the 

presence o f  s imple sequences repeats in the panels o f  differentially expressed genes 

( 'fables 4.1 & 4.2). Multiple full mRNA sequences were extracted from the Unigene 

database consis tent  with the panel o f  genes obtained from the G D A  analyses .  The 

m R N A  sequences  were thoroughly scrut inised to ident ify 5 ’ unt ranslated regions 

(U'l 'R), 3 'U T R, open reading frames (ORF), exons and introns. Publ ished  reports on 

instability at s imple repeat sequences suggest that 8- lObp polyA tracts are the most  

l ikely target o f  expansion or contract ion due to a comprom ised  m ism a tc h  repair  

machinery in MIN tumours (Section 1.3.4). The size o f  repeat sequences  found was 

usually 6-7 nucleotides in length. Repeats o f  this short length have not been  reported to 

be sites o f  instability. A number o f  5 ’UTR and 3 ’U r R  repeat sequences w ere  found but 

are unlikely to have as significant a biological affect as coding repeat sequences.  A 9bp 

polyA tract was found in the coding region o f  the protein tyrosine phosplmtase type D1 

(P T P D l)  gene, ' fhis was analysed for instability by PCR (see Chapter  5) in  conjunct ion 

with a PCR spanning the well characterised 9bp polyA tract in the t rans forming growth
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faclor beta receptor II (TGF(3RI1) gene. One problem noticed was the quality  o f  

particu lar  m R N A  sequences submitted to Unigene. C oding  region polynucleo tide 

repeat sequences were ol'ten abandoned as the initital sequence was inconsistent with 

m R N A  sequences o f  the same transcript from other sources. This problem  can be 

overcom e by analysis o f  multiple ES'fs derived from a given m R N A  transcrip t to 

analyse sequencing discrepancies more closely.

The second method to find coding region mononucleotide repeat sequences was 

a ‘shotgun’ approach based on the Expasy FindPattern algorithm. Simple protein motifs 

such as Lys-Lys-Lys were entered into the FindPattern server, fh is  yielded hundreds o f  

proteins whose m RNA counterparts were analysed for the presence o f  a 9bp polyA tract, 

fh is  approach led to many proteins with aag codons instead o f  the desired aaa codons. 

However, a significant number o f  genes with polyA tracts were found in this manner, 

fh e  sam e approach  was taken with the protein m otifs potentia lly  resu lting  from 

m ononucleotide repeats composed o f  poly'f, polyC or polyG tracts. The distribution o f  

the presence o f  these simple repeat sequences is detailed in Figure 4.11. T he  presence 

o f  these genes on the GDA vl .3 filters was determined using the clone search facility at 

the G D A  server [h ttp ://w w w .genom esystem s.com /clone .h tm l]. N one  o f  the genes 

present on the filters exhibited consistent differential expression between M IN cells and 

CIN cells.

In addition to considering the greatest expression  differences w e  have also 

adopted a more directed approach. The raw data profiles have been routinely searched 

for candidate  genes with a possible role in m ism atch repair and sporadic  colorectal 

cancer. One example o f  this method led to the identification o f  the M ad-2  gene. This 

gene was seen to be undetectable in the CIN cell line SW 480 and underexpressed in the 

CIN cell line Caco-2 with respect to the MIN cell lines analysed. H ow ever, M ad-2 is 

exp ressed  at equ iva len t  levels  in IICT116 and  H T29 (third M IN /C IN  G D A  

comparison). Therefore, this transcript did not appear in the panels o f  genes  show n in 

Tables 4.1 & 4.2. M ad-2 is a known mitotic spindle assem bly checkpo in t  protein 

(Cahill e! ul., 1999). Mad-2 stabilises the anaphase promoting com plex (A PC ) which 

can check the cell cycle at mitosis, allowing for the correct alignment o f  chrom osom es 

at the kinetochores. Mouse models deficient in Mad-2 expression are subjec t to gross 

chrom osomal instabilities such as polyploidy and loss o f  heterozygosity. It is possible

83



that underexpression o f  Mad-2 in some CIN cell lines is a contributory factor to the type 

o f  instabilities seen in these lines. A num ber o f  additional genes associated with the 

mitotic checkpoint have also been seen to be underexpressed in the CIN cell lines 

analysed and are detailed in Tables 4.1 and 4.2.
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Clone retrieval from l.M.A.G.E library 
(2 0 3 ,9 11 clones)

~ 400,000 high quality ESTs

3,230 Full-length cDNA  
from Human Gene Index

200,681 l.M .A.G.E clones

r^epresentative Clones 
18.942 clusters

39,943 Singletons 
(ESTs which did not cluster)

14,898 cluster 
clones

30 controls
G D A  vl .3 Filter

24 orientation 
markers

Figure 4.1 G ene Discovery Array (GDA) clone library. Over 200,000 clones 
(corresponding to 400,000 high quality ESTs (Expressed Sequence Tag) were obtained 
from the IM A GE consortium database (Integrated Molecular Analysis o f  G enom es and 
their Expression). BLAST (Basic I>ocal Alignment Sequence Tool) was used to 
categorise 3,200 o f  these clones as previously characterised full length genes. The 
remainder o f  the clones were categorised as overlapping EST clusters or as singleton 
ESTs with no overlap counterparts. Clones were microdotted onto nylon G D A  filters in 
duplicate including 30 controls atid 24 orientation markers.



2 6 3

4 1 5

I * -*

GDA vl.3 FOter 
22x22-cm 

Subdivision of filter 
into 6 numbered fields

Focusing on one field

C I! A

Subdivision of each field 
into 384 small squares

I Focusing on one small squai'e

Subdivision of each small 
square into 16 subunits

Figure 4.2 Structure of GDA V I.3 filters. An illustration of the hierarchical 
organisation of the GDA Vl.3 filter. Each filter is divided into six fields, designated 1- 
6. Each field is divided into 384 small squares, divided A to P horizontally and 1 to 24 
vertically. Each small square is subdivided into sixteen subunits each harbouring a GDA 
clone. A detailed description of the GDA Vl .3  filter structure may be found at 
http://www.genomcsystcms.com/GDA/geneID.html.



R N A  controls,
D N A  Orienta tion  m arker

Poly  A (+ )  2Poly A (+ )  1

c D N A C D N A 2
Probe Probe

Filler 2Filter

A na lyse  Data

Figure 4.3 A schematic representation of the GDA protocol. Sample poly-A(+) 
mRNA and ihc RNA controls are reverse transcribed in the presence of [a-^^P]dCTP. 
DNA orientation markers are labelled by random-priming with [a-^^P]dCTP. Duplicate 
filters are probed with the combination of cDNA 1, control cDNA and orientation 
marker or the combination of cDNA 2, control cDNA and orientation marker. Images 
of the filters are obtained by phosphorimaging and the image files are analysed using 
the Gene Discovery Array software.
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<------- 1 kb

A  0.4 kb

Figure 4.4 Analysis of poly-(A)+ mRNA integrity. An illustration of electrophoresis 
of poly-(A)+ inRNA on a denaturing formaldehyde 1.0% agarose gel stained with 
ethidium bromide. The faint smear ranging from below 0.4k:b to greater than Ikb is 
consistent with the expected molecular weight of poly-A(+) mRNA. M=pBS-Bgi 
IIM/vt’44 I molecular weight marker; 1= double selected poly-(A)+ mRNA from 
LS174T sporadic colorectal canccr cells; 2 -  double selected poly-(A)+ mRNA from 
SW480 sporadic colorectal cancer cells.
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Figure 4.5 Analysis of SM ART™  cDNA PCR amplification. SM ART^^ cDNA 
PCR products were separated on 1.5% agarose gels and stained with ethidium  bromide. 
The PCR cycle numbers carried out are indicated above each well in italics. M=pBS- 
Bgl 11/ Alw44  II molccular weight marker; 1, 2, 3, 4, 5 & 6= SW48; 7, 8, 9, 10, 11, 12= 
Caco-2.



M 1 2 M

Figure 4.6 Analysis of ammonium acetate precipitated SMART^’̂’ cDNA. Aliquots 
(O.SjliL) of S M A R T c D N A  PCR products were separated on 1.5% agarose gels and 
stained with ethidiurn bromide. M= p B S - B j ^ /  II/ A/vv44 I molecular weight marker; 1 = 
pooled SW48 SMART™ cDNA; 2= pooled Caco-2 SMART^“  cDNA.



GDA filter probed with GDA filter probed with
SW48 total cDNA probe Caco2 total cDNA probe

►
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Figure 4.7 Illustration of  a differentially expressed clone on C D A  v l ,3  filters. The
ar ro w s  deno te  the location o f  the c lone  co r responding  to the hu m an  solute ca r r i e r  family 
24 gene.  The c l one is c lear ly  m o re  h ighly expr es sed  in the C aco - 2  c D N A  pro be in 
relat ion  to the S W 4 8  c D N A  probe.
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Figure 4.8 Scatter plots for the three MIN/CIN GDA analyses. An illustration of the 
scatter plots obtained from GDA analysis of three MIN/CIN pairwise comparisons.
These were plotted using MatLab v 1.0 on a PC workstation. The expression level of 
each cDNA clone was plotted between the cell lines, i.e. the expression values 
determined by GDA analysis for each of the 18,000 cDNA clones were plotted between 
LS174T/SW480, SW48/Caco2 and HCTl 16/HT29. These profiles give an overall view 
of the expression of cDNA species between the cell lines examined.



Differentially Expressed Genes

MIN+

Unigenc Idenliliers 

GDA clone

CI.N+

; Idenliliers

I /
O nline M endelain  
1 nherilanee in M an 
(O M IM ) Database

Uni gene Database

I
Reeenl research findings 

Detailed genetic  descriptions 
A ssociated d isease states

. Protein 
Genetic , , .

dacabascs

G D /^ c lo n e

BLAS'F Server

GcnBajik
Accession
N um ber

Expressed Sequence 
l a g s  (ESI ')

Full m R N A  sequences

Figure 4.9 Categorisation o f  the differentially expressed m ini-database o f  genes.
riie Gene Discovery Array (GDA) database details the relevant unigene identifier with 
each GD A clone. This identifier is entered in the Unigene database and a descrip tive 
catalogue o f  information on the gene o f  interest is obtained. A link to Online M endelian  
Inheritance in M an (OM IM ) can be followed which yields current research findings, 
genetic descrip tions, tissue specific expression data and associated disease states if  
appropriate. Differentially expressed GDA clones were entered in the B L A S T  server 
[http://www.ncbi.nlm .nih.gov/BLASTJ to confirm the identity o f  clones from the  G D A  
library [See inset section].



DilTcrenlially 
expressed genes 
M lN + a n d C IN +

U nigene Identifier
numbers

Unigene Database

‘Gene to lag mapping : SAGE database” +

D etailed expression profiles 
on the basis o f  SAG E  

tag abundances from the cell 
lines HCTl 16 (M IN) and 

C aco-2 (CIN)

Panel o f  U nigene identifier 
numbers /

Figure 4.10 Correlation of GDA expression data with SAGE data from the cell 
lines H C Tl 16 (MIN) and Caco-2 (CIN). An illustration of the procedure used to 
correlate the expression differences seen using GDA vl.3  filters and the public SAGE 
database llillp;//www.ncbi.nlni.nih.gov/SAGHl. Each gene from the GDA analyses 
(MIN+ and CIN+) was entered in the Unigene database. A link to the SAGE database 
is provided which yields detailed expression information of the genes for the sporadic 
colorectal cancer cell lines HCTl 16 (MIN) and Caco-2 (CIN).



Differentially expressed 
genes

Unigene Database

i
Obtain multiple full 

mRNA sequences
i

Determine 5 ’UTR, 3’UTR, 
ORF, exons & introns

I
Search lor mononucleotide 
repeat secjuence visually or 

witli a text editor

B.) Ex pas y Server

FindPattem Algorithm
Search for 

protein motifs 
Lys-Lys-Lys Phe-Phc-Phe

SwissProt

Gen Bank gene sequences 

Database of genes with 
mononucleotide 
repeat sequences

Fij»ure 4.11 Schematic representation of procedures employed to search for coding  
region simple repeat sequences. A.) Schematic of search for mononucleotide repeal 
sequences in the database of genes differentially expressed between M IN and CIN 
sporadic colorcctal cancer cell lines. Full length mRNA sequences for each gene were 
obtained from the Unigene database. These were analysed for the presence o f simple 
repeat sequcnccs visually or by using a text editor (MicroSoft W ordPad vl .0, USA). B.) 
Schematic o f search for mononuclcotide repeat sequences in public database proteins. 
The FindPattern algorithm on the Expasy server [http;//www.espasy.ch] was used to 
search for the simple protein motifs Lys-Lys-Lys and Phe-Phe-Phe. The codons aaa and 
aag code for the amino acid lysine, and the codons ttt and ttc code for phenylalanine. 
Searching through proteins with these motifs yielded a modest number o f genes with 
either coding poly A tracts or coding polyT tracts.



No. O f Transcripts

polyA polyT polyG  polyC
tract tract tract tract

Figure 4.12 Bar chart o f  the distribution o f  coding region m ononucleotide repeat 
sequences in man. Protein sequences containing simple protein motifs comparable to 
potential mononucleotide repeats were identified using the FindPattern algorithm at the 
Expasy server [http://www.expasy.ch]. The protein sequences were extracted from the 
SwissProt database and the parent mRNA transcripts were extracted from the Unigene 
server. The mRNA sequences were analysed visually or by using a text editor 
(Microsoft WordPad vl.O, USA) for the presence o f  mononucleotide repeat sequences. 
The vertical axis represents the number o f  sequences containing a mononucleotide 
repeat and the horizontal axis describes the nature o f  the repeat sequence. These 
numbers are based on the analysis o f  500, 500, 300 and 300 potential polyA tract, polyT 
tract, polyC tract and polyG tract harbouring proteins respectively [For example, 500 
proteins with the KKK amino acid m otif were searched yielding 90 polyA tracts. The 
remaining proteins harbour polyA tracts interspersed with T nucleotides. Similar results 
were found with polyC, PolyG and polyT tract searches.]



T able 4.1 M IN genotype gene expression profile. A summary  of  the genes showing 

consis tent ly  e leva ted expression in the microsatel l i te instabi li ty (M IN )  sporadic  
colorectal cancer cell lines LS174T,  SW48 & HCTl  16 with respect to the microsatellite 

stable (CIN) cell lines Caco2, SW480 & HT29. Each gene is named with the inclusion 

o f  a Gen Bank accession number.  Tentative gene functions were assigned to each gene 

where possible using the approach described in Figure 4.9. Genes highl ighted in bold 
text were selected for further expression analysis by semi-quantitative RT -PCR analysis 

or Northern blot analysis.

G e n e  T ia i i s c i ip l A c c e s s i o n

N u m b e r

T e n ta t iv e  G e n e  F im c t io n

H e m o g lo b in ,  a lpha  1 W 0 4 8 3 2 O x y g e n  transport

H e a l  s h o c k  2 7 k D  protein  1 W 6 9 4 9 9 A c t iv a te s  a p o p to s i s  /  c a s p a s e s

C e l l  d iv i s io n  c y c l e  2 - l ik e  1 N 9 8 .5 9 2 C e l l  d iv i s io n

H 2 A Z  h i s t o n e W 4 5 6 9 5 N u c l e o s o n i e  a s s e m b ly

S p ectr in ,  beta, n o n -e r y th r o c y t ic  1 N 7 0 5 8 5 C y to s k e le ta l  c o m p o n e n t  o f  red b l o o d  c e l l s

M e t a l lo th io n e in -I e H 5 2 5 2 5 H e a v y  metal transport

T ranscr ip t ion  factor  A P - 2 N 6 3 7 7 0 T ranscr ijn ion  f a c t o r / g e n e  e x p r e s s i o n

Is o v a le r y l  C o e n z y m e  A H 3 7 7 5 4 M e t a b o l i s m

B T S - r e ia t e d  t r a n s c r ip t io n  f a c to r N 7 4 9 5 9 T ranscr ip t ion  factor /  g e n e  e x p r e s s i o n

E L F - 1

Cathei^sin S precursor N 5 3 5 8 3 C y s t e i n e  p r o t e a s e ;  p r o t e i n  d e g r a d a t i o n  /  

p r o c e s s in g

C o l la g e n ,  type  V ,  a lp h a  1 W 5 2 8 2 9 Structural protein; b o n e  arch itecU ire

B a s i c  t r a n s c r i p t i o n  f a c t o r  3 A A 2 0 3 2 8 4 T ranscr ip t ion  f a c t o r /  g e n e  e x p r e s s i o n

C'I'P sy n th e ta se H 11731 P y r im id in e  m e ta b o l i s m

R e t in o l -b in d in g  prote in  3 H 6 4 4 8 8 I n v o lv e d  in V it  A  reg u la t io n  in e y e  c e l l s

C a r b o n ic  a n i iyd rase  I R 4 6 2 6 6 H yd rat ion  o f  C O 2

4 0 S  r i b o s o n i a l  p r o t e i n  S 1 9 A A 0 4 6 4 3 3 M o n o c y t e  c h e m o ta c t i c  factor

D N A  p r im ase R 4 3 6 8 6 D N A  p o ly m e r a s e  /  D N A  r e p l i c a t io n

K in a s e  insert  d o m a in  receptor R 3 5 7 13 V E G F - A  tyros in e  k in a se  r e c e p t o r

I3ual s p e c i f i c i t y  p h o s p h a ta s e  5 R 4 3 9 3 1 H y d r o l y s e s  s u b s tr a t e s  p h o s p h o r y l a t e d  on  

both  ty ro s in e  and s e r in e / th r e o n in e  r e s id u e s

Integrin ,  a lpha  L T 8 3 4 6 0 E x p r e s s e d  o n  l y m p h o c y t e s  a n d  p h a g o c y t i c  

c e l l s ;  i n v o l v e d  in T - c e l l  a d h e s i o n  to target  

c e l l s

H I .A  c la s s  1 h i s to c o m p a ta b i l i ty R 7 4 3 3 5 C e l l  s ig n a l l in g  /  c e i l  c o m m u n i c a t i o n

A D P -r ib o s y la t io n  factor  4 N 5 2 0 I 5 Pur ine m e ta b o l i s m

M icrof ib ra l lar  prote in R 0 I 2 I 1 C y to s k e le ta l  o r gan isa t ion

A h i  R N A  transcript W 3 I 6 7 8 U n class i l ' ied

T r a n s - 1. 2 - d i h y d r o b c n z c n e - 1,2- W 6 3 7 2 7 G en era l  a ld e h y d e  and k e t o n e  o x i d a t i o n

d io l  d e h y d r o g e n a s e

R ib o n i i c l e a s e ,  R N a s e  A  fa m i ly ,  1 R 6 2 2 3 1 R N A  m e ta b o l i s m ;  e n c o u r a g e s  thyr t) id  tum or

pancreatic c e l l s  to a p o p to s e

E lastin T 7 9 1 16 C y to s k e le ta l



Table 4.1 M IN  genotype  gene expression profile (continued)

G e n e  T ran s c r ip t A c c c s s io n  N in n b c r T en ta t iv e  G e n e  F u n c t io n

Pi 'cpro I'oriii o f  c o r t ico t ro p in R 3 3 7 7 7 Cell  s ig n a l l in g  /  c o m m u n ic a t io n



Table 4.2 CIN genotype gene expression profile. A summary of the genes showing 
consistently elevated expression in the microsatellite stable (CIN) sporadic colorectal 
cancer cell lines Caco2, SW480 & HT29 with respect to the microsatellite stable (CIN) 
cell lines LSI74T, SW48 & HCT116. Each gene is named with the inclusion of a 
GenBank accession number. Tentative gene functions were assigned to each gene 
where possible using the approach described in Figure 4.9. Genes highlighted in bold 
text were selected for further expression analysis by semi-quantitative RT-PCR analysis 
or Northern blot analysis.

G e n e  T ran sc r ip t A c ce ss io n

N u m b e r

T en ta t iv e  G e n e  F u n c t io n

G i ian o s in e  5 ’-n ionop liosp l ia te R 9 4 4 5 7 Pur ine  M e tab o l i sm

synll ia se

C re a t in e  K in a se  13 A A 0 6 9 3 7 3 Cell  s ig n a ll in g /  cell c o m n u in ic a t io n

Ph o sp iia t id ic  A c id  P h o sp h a ta se R 5 9 0 0 9 Cell  s ig n a ll in g  in v o lv in g  l ipid m e d ia to r s  and

T y p e  2A an d ro g en s

P r e g n a n c y - sp e c i f i c  beta  1- R 8 0 2 8 6 Foetal d e v e lo p m e n t ;  e m b r y o n ic  g ro w th  a n d

g iy co p ro te in  7 d e v e lo p m en t

T B P - a s s o c i a t e d  fac to r  T A F I I8 0 R 4 4 112 G e n e  ex p re ss io n ;  genera l  t r an sc r ip t io n  fac to r

R e c e | i to r  p ro le in - ly ro s in e R 5 6 3 9 2 Cell  s ig n a l l in g  /  cell c o m m u n ic a t i o n  ;

k in ase  ( E D D R I ) p ro ino to r  has  p53  bin tl ing  site  a n d  is 

up reg u la ted  by p53  in o s t e o s a r c o m a  c e l l s

R ib o so m a l  p ro te in  S6  !<inase A A 0 3 9 5 9 9 G ro w th  fac tor  re g u la te d  se r ine  /  t h r e o n in e  

kinase

I’ r o te i i i  t y r o s i n e  p h o s p h a t a s e R23.‘)93 G e n e  /  p ro te in  ex p re ss io n

D l

C o a g u la t io n  fac to r  XI (p lasm a N52H35 Cell  /  o rg a n is m  d e fen se

th ro m b o p la s t in  an te ce d e n t)

G u a n in e  n u c le o t id e  b in d in g H 6 I2 8 1 Cell  s ig n a l l in g  / G p ro te in  in t ra ce l lu la r

pro te in m esse n g e r

C o m p le m e n t  c o m p o n e n t  4- H 5 3 4 8 9 Cell  / o rg a n ism  d e fen se

biiid ing  p ro te in

C h o i  in es te rase - re la ted  cell R 8 3 7 2 3 Cell  d iv is io n  / reg u la te s  pa ssage  t h r o u g h

d iv is io n  c o n tro l le r m itosis

G r a n u lo c y te - m a c r o p h a g e N99581 C y to k in e  re ce p to r

c o lo n y - s t im u la t in g  factor

rece ii to r

C a lc iu m  c h a n n e l  L - type  a lp h a  1 A A 136049 Cell  s ig n a l l in g  / cell c o m m u n ic a t i o n

su b u n i t

Id u ro n a te  2 -su lfa ta se N 2 6 4 7 7 H u n te r  S y n d ro m e ;  p rev en ts  d e p o s i t io n  o l '  

m u co p o ly sa c c h a r id e s  in ly so so m e s

F ib ro n e c t in  1 N 9 0 7 6 9 Cell  a d h e s io n  /  m o rp h o lo g y

C h ro n ic  g r a n u lo m a to u s  d isease A A  149281 C e llu la r  re sp ira t ion  in k i l l ing  b a c te r i a  in

(b -2 4 5  be ta  p o ly p ep t id e ) phag o cy t ic  v acu o les

H M G C o - A  red u c tase N 9 3 8 7 4 C h o les te ro l  b io sy n th es is ;  c o n tro ls  p r i m o r d i a l  

ge rm  cell  m ig ra t io n



Table 4.2 CIN genotype gene expression profile (continued).
G e n e  Transc i  ipl A ccess io n T en ta t iv e  G e n e  F u n c t io n

R Y K  re cep to r- l ik e  ty ros ine W 3 2 5 3 6 Unlike  c lass ical  R T K s;  a c t iv a tes  M A P K

kinase p a th w ay

K a n b in d in g  pro te in  2 R82691 N u c lea r  po re  c o m p le x  ac t iv a to r ;  in v o lv e d  in 

m itosis

C o l la g e n ,  ty | ie  X V III ,  a lp h a  1 A A 156812

1

Struc tura l  pep tide ;  c o n ta in s  inotil' 

(en d o s ta t in )  cap ab le  ol' inh ib i t ing  

prolil 'e ration,  an g io g e n es is  an d  tu m o u r  

g ro w th

E lec t ro n - t ran s fe r - r iav o p ro te in , W 8 5 8 6 3 M ito ch o n d r ia l  resp ira t ion

a lp h a  p o ly p ep t id e

M o n o k in e  ind u ced  by  a - A A I  131406 C h e m o ta c t ic  cy tok ine

in te rfe ron

S e c re lo g ra n in  11 p re cu rso r R 4 1 6 0 3 N e u ro p ep t id e  p recu rso r  o f  s e c re to g ran in

A m y l o - 1,6 -g lu co s id ase ,  4- A A 0 I 7 1 8 I G ly c o g en  d e b ran c h in g  e n z y m e ;  g ly c o g e n

a lp h a -g lu c a n o tra n s fe ra se m etab o lism

.Small in d u c ib le  c y to k in e  A 2 A A 0 2 4 7 5 4 In v o lv ed  in m o n o cy te  r e c ru i tm e n t  in 

in l l a m m a to ry  response

G lu c o se -6 -p h o s p h a te A A O I 7 I 3 5 G lu c o se  m etab o lism

d e h y d ro g e n a se

P h o s p h o l ip a sc  C ,  g a m m a  2 H 4 8 2 4 6 P h o sp h o l ip id  m etab o l i sm ;  c o n tro l led  by 

recep to r  ty ros ine  k inases

H E 4 AA()2575() E p id id y m a l  spec if ic  p ro te in  w ith  p o ss ib le  

ro le  in sp e rm  m atu ra t ion

G lu c o s id a s e  II W 4 7 5 0 2 G ly c o p ro te in  m e tab o lism

A n g io d e m a  in h ib i to r A A 0 5 6 0 9 2 Possib le  role in rep ro d u c t io n

A lp h a  c rys ta l l in  A chain H 82655 C h a p e ro n e  pro te in  in lens

P o l( ) ( l )rosop l i i[a ) l ik e  k in a se R 9 9 8 1 0 Cell  c y c le  regu la tor ;  loca l ises  to m ito t ic  

sp ind le

G ly c o g e n in N 3 5 3 3 2 G ly c o g e n  b iosyn thes is

G e m  G 'l 'Pase A A I  2 9 7 1 9 R as-re la ted  G TPase; re ce p to r -m e d ia te d  

s ignal  t r ansduct ion

A T P a se ,  C u + +  t ranspor t ing . R 4 I 4 2 9 C o p p e r  m e tab o l i sm

beta

E s t ro g en  suH 'otransferase H 7 9 3 I 1 In v o lv ed  in the su lfa te  c o n ju g a t io n  o f  

m o n o a m in e  n e u ro tran sm it tc rs

R earranget l  in i in u n o g lo b u lin T 7 I 3 2 8 Cell  /  o rg a n is m  d e fen se  ; i m m u n o r e s p o n s iv e

lam b d a

P r o s ta g la n d in  E  recep to r  2 N 2 8 9 2 0 P ro s ta g lan d in s  b io sy n th es is  p a th w ay  

M e d ia te s  s ig n a ll in g  o f  p ro s ta g la n d in s  lo 

hep a to cy te  g ro w th  factor

C y c l in  A 2 A A 0 0 I 9 1 6 Cell  c y c le  regu la to r ;  D N A  rep lica t ion

P h o sp h o r ib o sy l  p y ro p h o sp h a te H i  4 5 8 6 P u r in e  and  p y r im id in e  b io sy n th es is

sy n th e ta se  su b u n i t  I

D N A X  a c t iv a t io n  pro te in W 9 2 3 7 6 Pro te in  ty ro s in e  k inase  b in d in g  pro te in

Insu l in - l ike  g ro w th  facto r  2 R 3 2 I 3 2 A u to c r in e  g ro w th  I'actors a sso c ia ted  w i th  

co lo rec ta l  c an c e r ;  s t im u la te s  p r o l i f e ra t io n



Table 4.2 CIN genotype gene expression profile (continued).
G e n e  T ran s c r ip t A cess io n

N u m b e r

T en ta t iv e  G e n e  F u n c t io n

So lu te  ca r r ie r  I'amily 2 N 6 2 2 6 6 G l u t s  t ranspor t  f ruc tose  f ro m  lu m en  o f  sm a l l  

intestine



Table 4.3 SA G E  data and EST abundances for genes showing elevated expression  
in M IN sporadic  colorectal  cancer  cell lines. T abu la ted  below  are the genes 
differentially expressed between the MIN and CIN sporadic colorectal cancer cell lines. 
Data were extracted from both the SAGE and IJnigene databases to give supplementary 
expression data  for these candidate genes using the process outlined in Figure 4.10. 
Columns 1 and 2 list each transcript name and the iJnigene identifier number. Columns 
3 and 4 illustrate the differences in tag abundance for each given gene in the SA G E 
database. A m easure o f  the general expression o f  these genes is indicated  by the 
number o f  ESTs derived from each gene reported in the Unigene database and is listed 
in Colum n 5. The transcripts highlighted in bold were selected for further expression 
analysis.

G ene Transcript Unigene Identifier SA GE Tags per 
million in 1I C T I 16

SA G E  Tags per 
million in Caco2

E S T  abundance

1 lenioglobin, alpha 
1

Hs.75792 - - 3789

1 leat shock protein Hs.76067 1609
1, 27kD
Cell division cycle- Ms. 183418 645 48 534
2 like 1
II2 A Z  liistoiic IIs.l  19192 530 407 280
Spectrin, beta, non- l l s . 107164 - - 348
erythrocytic 1 
Metallothionein-le Hs.74170 82 0 137
Transcription lls. 18387 - - 138
1 actor AP-2 
Isovaleryl Hs.77510 363 264 85
C oenzynie A 
n i 'S -re la ted Hs. 154365 1 16
transcription factor 
ELF-I
Cathepsin S lls. 181301 64 72 126
precursor 
Collagen, type V, lls. 146428 0 32 350
alpha 1 
|}TF3 lls.101025 629 505 1 190
C TP synthetase Hs.253653 49 32 160
Retinol-binding Hs.857 - - 14
protein 3 
Carbonic lls .23118 25
anhydrase 1 
40S r ibosom nl lls. 126701 2000
p ro te in  S I 9
D NA  primase lls .74519 0 48 32
Kinase insert lls. 12337 - - 76
domain receptor 
Dual specificity Hs.1218 49 16 62
phosphatase 5 
Integrin, alpha L Hs. 174103 17
I ILA class 1 Hs.639 447 440 639
his toconipatability
ADP-ribosylation Ils.75290 66 97 312
factor 4 
Microfibrillar Hs.61418 0 16 40
protein
Alu RNA transcript _ _ . _



Table 4.3 S A C E  data and EST abundances for genes showing elevated expression  
in M IN sporadic colorectal cancer cell lines (continued).__________________________
G e n e  'I 'raiiscript U n ig e n e  Iden tif ier S A G E  T ag s  per 

m il l ion  in I IC T I  16
S A G E  T a g s  per 
m il l ion  in C a co 2

E S T  a b u n d a n c e

Trans-l  ,2-
d ih y d r o b e n z e n e -
1,2-diol
d e l iy d ro g e i ias e

0 32 148

R ib o iu ic le ase ,  
R N a s e  A fam ily ,  1 
(p a n c re a t i c )

i-ls .78224 143

Blas tin H s .2 0 3 1 9 7 - - 10
P re p ro  fo rm  o f  
c o r t ico t ro p in  
re le a s in g  fac to r

i l s .7 5 2 9 4 27



T able  4.4 SA G E data and EST abundances for genes ovcrexpresscd in CTN cell 
lines. I’abulated above are the genes dilTerenlially expressed between the CIN and MIN 
sporadic colorectal cancer cell lines. Data were extracted from both the SA G E and 
U nigene databases to give supplementary expression data for these candidate  genes 
using the process outlined in Figure 4.10. Columns 1 and 2 list each transcript name 
and the Unigene identifier number. Columns 3 and 4 illustrate the differences in tag 
abundance for each given gene in the SAGE database maintained by Bert Vogelstein. A 
m easure  o f  the general expression o f  these genes is indicated by the num ber o f  ESTs 
derived from each gene reported in the Unigene database and is listed in C olum n 5. The 
transcripts highlighted in bold were selected for further expression analysis.

G e n e  T ran sc r ip t U n ig e n e  Identif ier S A G E  T ags  per 
m il l ion  in H C 'f l  16

S A G E  f a g s  per 
m il l ion  in C aco 2

E S T  a b u n d a n c e

G u a n o s i i ie  5 ’-
n io n o p h o s p h a te
s y n th a se

t ls .5 3 9 8 49 16 37

C re a t in e  K in a se  U Hs. 173724 182 505 285
Piiospiiaticlic  A c id  
i^hospiiatase  T y p e  
2A

H s .4 1 5 6 9 0 16 170

Pregnanc> '-spec if ic  
b e ta  1-g ly co p ro te in  
7
T B P - a s s o c i a t e d  
fac to r  TAITISO

1 Is. 173609 0 16 196

H s .7 8 8 6 5 33 16 43

R e c e p to r  p ro te in -  
ty ro s in e  k inase  
( I ' D D R l )

H s .7 5 5 6 2 265 1 14 120

R ib o so n ia l  pro te in  
S6  k in ase

1 Is. 149957 0 32 57

P r o t e i n  t y r o s i n e  
p h o s p l i i i t a s c  D l

Ms. 155693 0 32 45

C o a g u la t io n  factor 
X! ( p l a s m a  
th ro m b o p la s t in  
a n te c e d e n t )

Ms. 1430 0 16 10

G u a n in e  n u c le o t id e  
b in d in g  pro te in

H s .233771 82 32 56

C o m p le m e n t  
c o m p o n e n t  4- 
b in d in g  pro te in

Ms.1012 0

1

16 39

C h o l in e s te ra s e -  
re la ted  cell d iv is ion  
c o n tro l le r

Ms. 155266 16 0 34

G ra n u lo c y te -
m a c r o p h a g e
c o lo n y - s t im u la t in g
fac tor

Hs. 182378 7900 7300 9

C a lc iu m  c h an n e l  t.- 
ty p e  a lp h a  1 
su b u n i t

Ms.89925 13

Id u ro n a te  2-  
su l fa ta se

Ms. 172458 0 16 2 7 9

F ib ro n ec t in  1 Hs. 1 18162 0 717 1433



Table 4.4 SAGE data and EST abundances for genes showing elevated expression 
in C IN  sporadic colorectal cancer cell lines (continued). ______________________
Gene Transcript Unigene Identifier S A G ir ra g s  I I C T I 16 S A O t: I'ag.s Caco2 EST Abundance
Chronic 
granulomatous 
disease (b-245 beta 
polypeptide)

Ms.88974 16 8 40

MMGCo-A
reductase

Ms. 11899 0 65 156

R YK receptor-like 
tyrosine kinase

Hs.79350 0 32 94

Kan binding 
protein 2

I Is. 179825 16 32 194

Collagen, type 
X V III , alpha 1

Hs.78409 49 163 202

Electron-transfer- 
flavoprotein, alpha 
polypeptide

Ms. 169919 49 65 101

Monokine induced 
by a-interferon

lls.77367 " ■ 54

Secretogranin II 
precursor

Hs.75426 16 0 46

A m y lo -1,6-g liicosidasc, 
4-a lp lia -
gliic :iiio tr:iiis re rase

Hs.904 49 16 52

Small inducible 
cytokine A2

Hs.340 - - 90

Glucose-6-
phosphate
dehydrogenase

Hs.80206 49 114 208

Phospholipase C, 
gamma 2

lls.75648 0 32 37

I1E4 lls.2719 0 32 99
Glucosidase II Hs.76847 645 603 233
Angiodenia
inhibitor

Hs. 151242 - - 414

Alpha crystallin A 
chain

Hs. 184085 - - 29

Polo(Drosopliila)li 
kc kinase

Ms.77597 33 163 68

Glycogenin Hs. 174071 33 16 174
Gem GTPase Ils.79022 33 16 61
A  I'Pase, Cu++ 
transporting, beta

Hs.84999 0 16 42

Estrogen
sullbtransferase

Hs. 181327 0 16 74

Rearranged
immunoglobulin
lambda

Hs.181125 1221

Prostiiglniulin E 
receptor 2

1 Is. 199248 - - 38

Cyclin A2 Hs.85137 0 32 27
Phosphoribosyl 
pyrophosphate 
synthetase subunit 1

Hs.251024 16 0 43

D N A X  activation 
protein

Hs.9963 0 16 50



Table 4.4 SAGE data and EST abundances for genes showing elevated expression 
in CIN sporadic colorectal cancer cell lines (continued).

G e n e  T ran sc r ip l U n ig e n e  Iden tifer S A G E  T ags  per 
m il l ion  in 
H C T I  16

S A G E  T a g s  per  
m il l ion  in C a c o 2

E S T  a b u n d a n c e

Insu l in - l ike  growll i 
fac tor  2

1 Is 2 5 1 0 2 4 1 10 587 932

S o lu te  ca r r ie r  I 'amily 2 l l s .3 3 0 8 4 0 16 74
C o m p l e m c n l  
c o m p o n e n t  4 -b in d in g  
p ro te in

1 Is. 1012 0 16 39

C ho l in e s te ra se - re la l e d  
cell d iv i s io n  co n t ro l l e r

11s. 155266 16 0 34

Ciranu lo cy te-  
n ia c r o p h a g e  c o lo n y -  
. s timulating  I 'aclor

lI s .  182378 7 9 0 0 7 3 0 0 9

C a l c iu m  c h a n n e l  1 -  
ty pe  a lp h a  1 subu n i t

l l s .8 9 9 2 5 - - 13

Id u ro n a te  2-sull ' atase l l s .  172458 I) 16 27 9
l i b r o n e e t i n  1 1 Is. 118162 0 717 1433
C h r o n ic  g r a n u l o m a t o u s  
d i s e a se  ( b -2 4 5  beta 
p o ly p e p t id e )

Ms,88974 16 8 40

I I M G C o - A  red u c tase ll s .  11899 0 65 156
R Y K  rece p to r - l ik e  
ty ro s in e  k inase

H s .7 9 3 5 0 0 32 94

Kii ii  h i i i d i i i ^  p r o l i ' i n  2 Hs. 179825 16 32 194
C o l l a g e n ,  ty p e  X V I l l .  
a lp h a  1

H s .7 8 4 0 9 49 163 202

li lec tron-t rans l ' e r-  
f lavo p ro te in ,  a lpha  
p o ly p e p t id e

l ls .  1 6 9 9 19 49 65 101

M o n o k in e  in d uc ed  by 
(x- in te rle ron

l l s .7 7 3 6 7 ’ - 54



T able  4.5 G enes overexpressed in M IN  cell lines with sim ple sequence  repeat  

motifs. Each gene showing elevated expression in MIN sporadic colorectal cancer cell 

lines was screened for simple sequence repeats in the form o f  short m ononucleotide 

repeats. The type of repeat is indicated for each gene and (he num ber of nucleotides is 

indicated by a subscript num ber i.e. a repeat of eight A residues is denoted A^. The 

region w here simple sequence repeats occur are listed for each repeat. The genes 

selected for further analysis are highlighted in bold text.

Gene Region Type o f  repeat

HB A l - none

MSP27 ORF c „  c ,
C D C L l ORF Aft, C(,, Gf,
H2AZ - none
SPT B N l ORF Afi, Af,
hMT-Ie - none
AP-2 ORF Ae
IVD ORF Ge
ELF-1 - none
CTSS - none

P ro-a lpha-1 (V) collagen ORF 9 (C J ,  2(C ,) , G,
BTF3 ORF Ac,
CTP synthetase ORF Te
RBP3 - none

Carbonic anhydrase I - none
RSI 9 - none

DNA priniase - none

VEGFR2 ORF Ae
DUSP5 - none

Intcgrin alpha L ORF Af„ 3 ( G J
IILA-E - none

ARF4 - none
M FA Pl ORF Afi
AK R1C3 ORF A ,
R N A SE l - none

Elastin - none
CRH - none

Abbreviations:

ORF: Open Reading Frame of gene



Table 4.6 Genes overexpressecl in CIN cell lines with simple sequence repeat motifs.
Each gene showing elevated expression in CIN sporadic colorectal cancer cell lines was 
screened for simple sequence repeats in the form of short mononucleotide repeats. The 
type o f  repeat is indicated for each gene and the number of nucleotides is indicated by a 
subscript number i.e. a repeat of eight A residues is denoted Â ,. The region where simple 
sequence repeats occur are listed for each repeal. The genes selected for further analysis 
are highlighted in bold text.

Gene Region Type of repeal
C u a n o s i n e  .“i ' - m o n o p h o s p h iK e  sy iu h as c - None
C r e a t in e  k ina se  B ORF Q, G,
P h o s p h a l id i c  A c id  P i io s p h a la s e  T y p e  2 A - None
P ie g n a n c y - s p e c i f l e  be !a  1-g ly c o p ro te in  7 _ None
T l iP - a s s o c l a l e d  fac to r  TAh'ilHO ORF Q ,  G,
B D D R l ORF C,,, C,
K ih o s o n ia l  p ro te in  S 6  k ina se ORF Q ,  c ,
l> I l> 1)1 ORF Ajj, C f , ,  Tf,
C o a g u l a t i o n  fac to r  XI ORF T „  T,
C 4 h - h i n d i n g  p ro te in

- None
C U l i D ORF Aft, A 7

G M - C S F ORF Cfi, Tf,
HLCCIO,- ; ORF Cft
Id i i ro na te  2 -s ii l fa la se

- none
I ' ib r o n e c t in  1

- none
X-CGi:) ORF A.
I IM C iC o -A  re d u c t a s e ORF Aft
U - R Y K ORF A.
Kiii ilt l>2 ORF Aft, A(,
C'ol 1XA 1 ORF C7, Gft
Klecti o i i - l i a n s r e r - n a v o p r o t e i n ,  a lp lia ORF Aft
H un i ig ORF Aft
S e c r e t o g r a n in  II p r ecu rs o r - None
G ly c o g e n  d e h t a n c h i n g  e n z y m e ORF A r, a ^
S m a l l  in d u c ib le  c y t o k in e  A 2 none
G 6 P D - none
P h o s p h o l ip a s e  C ORF Aft, Aft, Gft
l l i ; 4

- none
K I A A 0 0 8 8  ( G lu c o s id a s e  II) 3 ’UTR, ORF, 3 ’UTR Gft, Tft, T ,



'Fable 4.6 Genes overexpressed in CIN cell lines with simple sequence repeat motifs, 
(continued) ________

G ene Region T yp e  o f  repeat
C l - i n h i b i t o r

- none
A lp h a  c ry s la l l in  A cha in

- none
P l .K

- none
G ly c o g e n in O R F
G o n i  G T P a s e

- none
A T P a s e ,  C u + +  (ranspor l lng .  b e la O RF ^6, Tf,
K st ro g en  su i ro l ra n s fe ra se

- none
IgG  laiiilida - none
I’ r o s ta n la iu l in  E 2 R 5 ’UTR, 5 ’UTR As, G ,
C:.vi lin  A 2 O R F Aft, Cf,
P hosp lu ir i l io sy l  p y r o p h o s p h a te  syn the tase O R F T .
D A P I 2 O R F G^
I G I I I 5 ’U TR, ORF, 5 ’UTR A|(), C 7, C|2
Glut.S O R F G .

Abbrevia tions:

O RF: O pen Reading  F ram e o f  gene 

UTR: U ntransla ted  Region o f  gene



C h a p t e r  5 

A n a l y s i s  o f  D i f f e r e n t i a l l y  

E x p r e s s e d  G e n e s
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5.0 i N  I R O D L I C T I O N

A panel o f  sporadic colorectal cancer cell lines was analysed for global gene expression 

patterns between the MIN (microsatellite unstable) and CIN (microsatellite stable) 

genotypes. The techniques employed were Differential Display Reverse Transcription 

PCR (DDRT-PCR) and high density cDNA array technology. Examination o f  the cell 

lines by DDRT-PCR yielded a data set o f  anonymous differentially expressed cDNA 

species. Gene Discovery Array (GDA) vl.3 filters yielded a considerable amount o f  

data including a panel o f  differentially expressed characterised genes (approximately 70 

genes). The panel included genes involved in maintenance o f  chromatin/DNA integrity 

and genes implicated in cell cycle regulation and cell cycle checkpoints.

Despite the uncharacterised status of the cDNA species obtained by DDRT-PCR 

further confirmatory investigations needed to be carried out on these cDNAs. DDR'f- 

PCR has emerged as a useful technique with the drawback o f  a high rate o f  false 

positive results. Confirmation of the DDR'f-PCR data will allow the efficiency of the 

technique to be assessed and will determine which cDNA species are suitable for further 

study. High density cDNA array technology is currently the technique o f  choice for 

high throughput gene expression profiling. However, the significance of the differences 

seen in such analyses remains unclear. Verification of differences seen on GDA vl.3 

filters is essential and should be carried out by more established independent techniques. 

In addition, substantiated expression data will allow for planning o f  downstream 

experiments. The established techniques for confirmatory are Northern blot and related 

methods (Sambrook et ai,  1989) and techniques based on Reverse Transcription PCR 

(lie  et al., 1995; Larrick el al., 1995). DDRT-PCR yields clones from which 

radiolabeled oligonucleotide probes can be synthesised and probed against Northern 

blots. 'fhe technique does not lend itself to RT-PCR based techn iques  as 

oligonucleotide primers are required in this procedure. GDA vl . 3 analyses yields 

extensive expression data without the benefit of clones or PCR products -  one o f  the 

drawbacks o f  the technique. Taking these facts into account, a combination o f  the 

Northern blotting and RT-PCR techniques were used to confirm DDRT-PCR and GDA 

data.
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There are three main forms o f  RT-PCR: competi t ive PCR (Gill iland et a l ,  

1990), semi-quant i ta t ive R T -PC R (He et uL, 1995; Larrick et al., 1995) and semi-  

quant i ta t ive  R 'f -P C R  with an internal control  t empla te  (Noonan  et al.. 1 9 9 0 ) .  

Competi t ive PCR involves the use o f  a compet it ive template that is co-amplified with 

the same pr imers as the transcript o f  interest. This approach allows the invest igator to 

gauge the efficiency o f  the RT and PCR steps. However , this technique is not amenable  

to the study o f  an extensive panel o f  genes, as a separate competitive template  would be 

needed for each transcript o f  interest. Semi-quantitative RT-PCR involves the use o f  a 

‘housekeep ing’ gene as a control. cDNA generated from the RNA under  scrutiny is 

amplified using primers specific for the housekeeping gene. Genes such as  (3-actin and 

glyce ra ldehyde-3-phosphate  dehyd rogenase  ( G A P D l l )  are largely e xp re s se d  at 

equivalent  levels betw'een tissue samples and cell lines. Hence, they arc seen as useful 

controls o f  the amount o f  RN A  present in different experimental  samples.  Once the 

‘housekeep ing’ gene RT -PCR products for each experimental  sample are equal,  the 

technique is repeated in the same manner with primers specific for the gene transcripts 

under  examinat ion.  It is important to carry out R'f -PCR experiments in the exponential 

phase o f  amplificat ion o f  the PCR. Samples that excced the exponential phase o f  PCR 

tend to saturate, fherefore,  semi-quantitative RT-PCR analyses are carried over a range 

o f  cycle numbers.  Semi-quantitative R'f-PCR with the inclusion o f  an internal control 

involves the co-amplification o f  the reference control in the same PCR tube as the target 

transcript. 'I'here are a number o f  drawbacks associated with this technique.  O f  most 

importance is the necessity for both sets o f  PCR conditions to be the same.  In addition, 

the exponential  phase o f  the two PCRs'need to be in the same window. Standard semi- 

quantitative RT-PCR was considered the technique o f  choice for this study.

fhe  semi-quantitative R'f-PCR protocol used was based on previously described 

protocols (He et al., 1995; Larrick et al., 1995). Some minor modif icat ions were made 

with the inclusion o f  a Cy5 label on a number o f  the primers. This renders the R'f-PCR 

products  f iuorescent so that they can be analysed using the ALFexpress'* '  ̂ automated 

DNA sequencer.  Expression values for each PC R (usually a peak area ou tpu t  from the 

A L F e x p re s s ™  product)  are compared  to the corresponding  (3-actin or  G A P D l l  

expression levels. In the majority o f  RT-PCR experiments,  samples were  resolved on 

12% acrylamide gels and quantitated by densitometry (Vilber Lourniat Densi tometry
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Instrument and Vilber Lourmat B io lD  v6.23 Densitometry software) and com pared to 

the expression levels o f  a housekeeping gene.

cD N A  clones were obtained directly from the G D A  Clone Library. These 

cD N A  species w ere routinely isolated (Section 2.3.8) and used d irectly  to probe 

Northern blots. One drawback o f  this approach is related to the expression level o f  the 

transcript under investigation. Northern blotting is sensitive to five copies o f  a transcript 

per cell or greater (Sambrook et al., 1989). A number o f  the transcripts did not register 

when probed onto Northern blots. These species were analysed using semi-quantitative 

R 'f-PCR, which is more sensitive to gene transcripts expressed al low levels. RT-PCR 

and Northern  blot analyses were used to confirm the differential expression o f  GDA 

analysis genes. A subset o f  the GDA genes were selected for these experim ents  (Table 

5.1A).

In addition to the confirmatory analysis o f  the G D A analysis genes, we selected 

a num ber o f  candidate genes based upon indications in the literature w hich may have a 

role in m ism atch repair m echanism s ( MI N genotype) or chrom osom al lesions (CIN 

genotpye). These genes were analysed using semi-quantitative RT-PCR as above and 

are listed in fable 5.1 B.

The MIN genotype is recognised by instability at m icrosatellites and simple 

sequence  repeats (Section 1.3.4.). We screened the panel o f  G D A  genes  for the 

presence o f  coding region simple sequence repeats (Section 4.2.7) and the results are 

listed in Tables 4.5 and 4.6. The Protein typrosine phosphatase DI (P 'fP D ! )  gene was 

found to contain a 9bp poly-A tract in its coding region. We screened this region for 

instability using PCR primers which tlank the repeat sequence and analysed the products 

on 15% denaturing polyacrylam ide gels using the ALFexpress'*'^ au tom a ted  DNA 

sequencer.

88



5.1 MiiinoDS

The techniques o f  northern blotting and/or semi-quanti ta tive RT-PCR were used to 

conl l rm the differential expression o f  DDR'f -PCR and G D A  clones. Clones (five in 

total) were obtained from DDRT-PCR investigations and w'ere analysed where possible. 

An extensive panel o f  differentially expressed genes was generated from G D A  analyses. 

A num ber  o f  these (ten) were selected based on their expression differences  and 

part icularly on their possible roles in mismatch repair and cell cycle equi l ibrium in 

sporadic  colorectal  cancer. Sequences were retrieved (where  avai lable)  using the 

B L A S T  algori thm [ht tp: / /www.ncbi .nIm.nih.gov/nLAS"] ' ] and specific pr imers  were 

des igned  using the Oligo 4.0 package. All PCR reactions were opt imised prior  to 

amplif icat ion on genomic  DNA or cDN A where suitable, ' fhe major  component s  

a l tered dur ing  op t imisat ions were pr imer  concentrat ion,  Mg^^ concen tra t ion  and 

anneal ing temperature (Section 2.1.6). fhe optimal conditions tor each PC R are shown 

in fable 2.4.

5 . 1 .1  S e m i  Q d a n t i t a t i v e  R T - P C I ^ N o r t i i e r n  B l o t  A n a l y s i s  o k  c o n t r o l s  

Northern blot and semi-quantitative R'f-PCR experiments w'ere controlleci with the (3- 

actin and GA PD H  genes. A housekeeping gene is used as a control since the expression 

o f  genes o f  this nature remains largely constant between different tissues and  cell lines. 

The  choice o f  housekeeping control gene is crucial as differential expression o f  some 

housekeeping genes has been reported previously (Goldsworthy el a i ,  1993). Both of  

these t ranscr ipts have been widely used as controls in gene expre ss ion  s tudies  on 

sporadic colorectal tumours (Backert el cil, 1999). In addition, all RN A  samples  were 

s tr ingent ly quantitcited spectrophotometrically,  visually on denatur ing ge ls  or by the 

hybridisat ion assay. Samples analysed in this way showed similar levels o f  expression 

o f  both (3-actin and GAPDH using Northern blotting and RT-PCR.

Semi Quantitative R'f-PCR

Primers  were designed specific for the human [3-aclin and GAPDH transcripts  using the 

Oligo 4.0 program. The primers for (3-actin and GA PD H  produced R T -P C R  products o f  

109bp (bases 1551 to 1659 from GenBank entry N M _ 0 0 1 101) and 598bp (bases  212 to 

809 from GenBank entry NM_002046)  respectively. The PCR for (3-actin was initially
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optim ised on genomic DNA. Suitable amplification conditions were extended to RT- 

I’CR  analysis o f  MIN and CIN total RNA. |3-actin experiments were repeated a number 

o f  t im es yield ing  equivalent am ounts o f  product across the panel o f  experim ental 

samples. (3-actin was observed to be highly expressed in sporadic colorectal cancer cells 

and products were sampled after 17, 19 and 21 PCR cycles. Products were resolved on 

12% polyacrylamide gels. The same reverse transcription reaction was used for both the 

(3-actin analysis and the target genes. An example o f  a (3-actin R l '-PC R  is illustrated in 

Figure 5.1.

The G A PD H  PC R was also optimised on genomic DNA. The optim al PCR 

cond it ions  w ere extended to R 'f-PC R  on the MIN and CIN total R N A  samples. 

G A PD H  products were separated on 1% agarose gels or 12% polyacrylam ide gels and 

are illustrated in Figure 5.2.

Northern blot analysis

M IN  and CIN total RN A  w as quantitated spectrophotom etrically  and  equivalent 

am ounts (10-20|Jg) were separated on denaturing 1% agarose gels. N orthern blot probes 

for the (3-actin and G A PD H  transcrip ts  w ere p repared  by R 'f -P C R  (w ith  the 

incorporation o f  | a -^ ‘PJdCTP) for each transcript. Northern blots were probed with (3- 

actin and GAPDH probes. Balanced Northern blots for (3-actin and G A P D H  are shown 

in Figures 5.3a and 5.4a respectively with densitometry values listed in Figures 5.3b and 

5.4b for each blot.

5.1.2 D e t e c t i o n  o e  i n s t a h u >n \  a t  s i .m i m t : s e q u e n c e  r e p e a  r m o t i f s  

Specific primers for the Transforming Growth Factor beta Receptor II (TGF(3R1I) were 

obtained which span the lObp poly-A tract in the open reading frame o f  the  transcript. 

Specific primers were designed for the Protein Tyrosine Phosphatase D1 ( P 'fP D l )  gene 

using the Oligo 4.0 primer design software which Hanks a 9bp poly-A trac t in the open 

read ing  frame o f  the transcript. R T -PC R  was carried out on both t ran sc r ip ts  as 

described in Section 2.1.8 with minor modifications. The sense TGF(3RI1 and PTPDl 

p r im ers  were lluorescently  labelled with a Cy5 label. R T -P C R  p ro d u c ts  w ere 

e lec trophoresesd  on 15% denaturing  po lyacry lam ide  sequenc ing  g e l s  u s ing  the 

ALFexpress'^^ automated sequencer. MIN and CIN RT-PCR products w ere  analysed in
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paralle l  to idenlify  e lec lrophore t ic  shifls due lo inslabilily  in the  po ly -A  tracts  in bo th  

transcrip ts.
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5.2 R k s u l t s

5.2 .1  Si<:iMi Q u a n h t a T i v E  R T - P C R / N o r t h e r n  B i . o t  A n a l y s i s  o f  T a r g e t  G e n e s  

Prim er sets were designed for the genes o f  interest using the Oligo 4.0 pactcage. Semi- 

quantita tive  RT-PC R experim ents  were carried out on previously norm alised RN A 

sam ples (R N A  samples were balanced with respect to ‘housekeeping  g e n e s ’ ). All 

experim ents  were carried out in triplicate and utilised the same reverse transcription 

reactions used in the ‘housekeeping’ gene analysis. Reaction products were resolved on 

non-dena tu ring  12% polyacry lam ide  gels and the am ount o f  each target p roduct 

com pared  to the relative amount o f  ‘housekeeping’ product. The prim ers for each 

target gene and the conditions for each PCR are detailed in fables 2.2 and 2.4

Total RNA quantitated spectrophotometrically, visualised on denaturing  1% 

agarose gels and normalised by semi-quantitative RT-PCR using a ‘housekeeping’ gene 

w ere  used in N orthern  blot analyses, fotal RNA (10-20 |ig) was resolved on 1% 

denaturing agarose gels and transferred to nylon membranes (Section 2.3.9). Probes for 

target genes were prepared in two ways. Primers were designed for the target under 

inves tiga tion  and the target am plified  from a cD N A  tem pla te  fo llow ed  by gel 

purillcation (See Chapter 2). Probes were also generated from cDNA clones by excising 

the target sequence from a vector v '̂ith restriction enzymes. The exciscd products were 

gel purified (Chapter 2). PCR primers used to cDN A generate probes and the PCR 

conditions are detailed in fables 2.2 and 2.4. The source o f  clones and the conditions 

used to generate cDN A probes are described in fable 2.5.

5.2.2 Ceiic Discover^' Array Data

fhe  consistently  differentially expressed genes found by G D A analysis selected for 

further analysis are summarised in Table 5.1.

P o lo (/J/'asY ;/;/? /7c/)like  Kinase (PLKl

A G D A  clone (Clone no. 23 m 21) was obtained from the G D A Clone library. Plasmid 

DNA was isolated from the clone and was digested with the restriction en zy m es  Bgl\ 

and Zit'oRI. fhe digest was resolved on a 2% I'AE agarose gel. It was c lea r  from the 

undigested and digested plasmid DNA that more than one clone was p resen t  in the
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original  bacterial stab received from the GDA clone library (data not shown).  The 

bacterial c lone was plated into distinct bacterial colonies on LB agar plates. Plasmid 

DN A minipreps from separate colonies were digested with Dgl\ and EcolW. In addition, 

the insert sequence  was amplif ied directly from plasmid DNA by PC R using the 

Forward and Reverse sequencing primers. This approach yielded digestion products and 

PC R products o f  various sizes confirming a heterogeneous mixture o f  c D N A  clones. 

'I he study o f  this clone was discontinued as a result.

Pr imers  were designed for the PLK transcript yielding a 158bp PCR product  

be tween  the bases 183 and 339 from the sequence U01038 (See Table 2.4 for PCR 

conditions).  The PLK RT-PCR was sampled after 24, 26 and 28 cycles. Levels o f  the 

PLK transcript were compared to the levels o f  both [3-actin and GAPDM. A modest  

decrease in expression o f  PLK in the MIN cell lines (LS174'f ,  SW48 & H C T l  16) with 

respec t  to the CIN cell l ines (Caco2 ,  SW 480 & 1IT29) was o b s e rv e d  after  

e lectrophoresis .  A  representative PLK R'f-PCR is illustrated in Figure 5.5. fhis 

corresponds to the levels o f  PLK expiession observed in G D A  analyses. In addition, the 

publ ic SAGFv database yields a ratio o f  33/163 o f  tags (per million) between  the cell 

l ines H C ' f l  16 (MIN)  and Caco2 (CIN) (Table 4.4). These data confi rm reduced  

expression o f  the PLK transcript in MIN sporadic colorectal cancer  cell lines.

Ran bindin^ protein 2 (RANBP2)

Primers  were designed specific for the human RANBP2 transcript amplify ing  a PCR 

product  o f  118bp between nucleot ides 245 and 361 o f  AF012086  (See Table  2.4 for 

PC R conditions). Expression o f  the RANBP2 transcript was compared to the expression 

o f  the two control genes. Examination o f  the RANBP2 electrophoresis  da ta  shows a 

decrease in expression o f  RANBP2 in MIN cell lines compared to the panel  o f  CIN cell 

lines. A s imilar observat ion was seen in the original analysis o f  these cell  lines using 

G D A  V . 1 3  filters. A RANBP2 semi-quant itative RT-PCR is illustrated in Figure 5.6. 

These data correlate with the public SA GE data which yields a 16/32 tag (per million) 

ratio between H C T l  16 and Caco2 for the RA N B P2 transcript.  T h e s e  data  taken 

together  confirm the differential  expression o f  RA N B P2 between  M I N  and CIN 

colorectal cancer  cells.
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l^rosUmlandin E Receptor 2 (PGER2)

O ligonucleo tide  prim ers were designed to specifically  amplify the hum an  PGER2 

transcript. 'I'he PCR product generated is 131 bp in size from bases 594 to 723 o f  the 

GenBank entry L25124 (See Table 2.4 for PCR conditions). Semi-quantitative RT-PCR 

experim en ts  were carried out on this transcript and levels were com pared  to the 

expression o f  G A PD II and P-actin. High expression o f  PGER2 was observed in the 

MIN cell lines LS174T and SW48 with low levels in the remaining cell lines. This 

contradicts the GD A data which suggested overexpression o f  PGER2 in CIN cell lines. 

The reason for this discrepancy remains unclear, fhe  public SAGE database yielded no 

reliable tags I'rom the PGER2 transcript preventing comparison o f  our PGER2 data with 

public information. A representative RT-PCR experiment for the PGER2 transcript is 

shown in Figure 5.7. One possibility is that the clone placed in the positions denoted for 

PG ER2 on the G D A v l .3  filters does not represent PGER2. This hypothesis  may 

expla in  the difference in expression pattern seen between the filters and RT-PCR 

analysis.

Cvclin A2 (CCNA2)

PCR primers were designed to specifically amplify the human CCNA 2 transcript (PCR 

product is 136bp) between the bases 177 and 311 from the GenBank entry N M _001237. 

Semi-quantitative R 'f-PCR experiments were carried out using the CC N A 2 primers and 

were compared to the expression o f  (3-actin and GAPDM. Expression o f  CC N A 2 was 

not consistently differentially expressed between the MIN and CTN cell lines. However, 

the differences in CCNA2 expression in each MIN/CIN comparison from G D A  analysis 

correlate directly with the data obtained from CCNA2 RT-PCR, i.e. CC N A 2 expression 

between LS174T and SW 480 was consistent for both GDA and RT-PCR analyses and a 

s im ilar phenom enon  was observed for the two other com parisons. M oreover, the 

com parison o f  CCNA 2 expression by examination o f  SAGE tag abundances revealed a 

0/32 ratio between HC Tl 16/Caco2. An example o f  a CCNA2 R 'f-PC R  experim ent is 

illustrated in Figure 5.8. In conclusion, these data show elevated CCNA 2 expression in 

CIN cells with delectable CCNA2 present in MIN cells.
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Basic transcription factor 3 (BTF3)

A B'FFS clone (Clone no. 21 f 24) was obtained from the GDA clone library. Plasmid 

DNA was isolated and the identity of the clone was confirmed by cycle sequencing (data 

not shown). The plasmid was digested with the restriction enzymes Bgl\ and and

the digest was resolved on a 2% TAE agarose gel. The expected BTF3 insert (in 

reference to the clone data received from Genome Systems) was gel purified and 

radiolabeled with [a-^^P|dCTP. Northern blots were prepared as described (Section 

2.3.9) and were probed with the BTF3 clone. Fhe same Northern blot was also probed 

with a human |3-actin specific probe. The (3-actin probe was prepared by radioiabelling 

the [3-actin l()9bp PCR product. Levels o f  B'fF3 and (3-actin expression were 

quantitated by densitometry. The expression level o f  BTF3 was clearly seen to be 

higher in MIN cells compared to CIN cells although the transcript was present at quite 

high levels in Caco2 (CIN). Furthermore, use o f  the public SAGE database showed an 

expression ratio o f  605/250 lags (per million) for the cell lines HCT116(MIN) and 

Caco2(ClN) for the BTF3 transcript. Tliese data together confirm lower expression of 

BTF3 in CIN cells with respect to MIN cells. A northern blot of B FF3 is illustrated in 

Figure 5.9a with the densitometry data listed in Figure 5.9b.

I listone deacetvlase 2 (HDAC2)

A IIDAC2 clone (Clone no. 45 p 3) was obtained from the GDA clone library. Plasmid 

DNA was isolated and the identity of the clone was confirmed by cycle sequencing (data 

not shown). Plasmid DNA was digested with the restriction enzymes N ot\ and EcolW 

and the digest was resolved on a 2% TAE agarose gel. The expected FIDAC2 insert 

fragment was gel purified and radiolabelled with [a - ‘̂ ^P]dCTP. A northern blot was 

probed with 1IDAC2 and GAPDII probes. Densitometry showed the HDAC2 transcript 

to be expressed at lower levels in LS174'f and FlC'fl 16 (MIN) with respect to SW480 

and HT29 (CIN) with similar levels o f  expression in the cell lines SW 48 and Caco2. 

This result correlates directly with GDA data for the FIDAC2 transcript. la  addition, the 

‘gene-to-tag' public SAGE database suggests a 16:48 tags (per million) ratio between 

IICTl 16 and Caco2 for this transcript, fhe northern blots and densitometry data are 

shown in Figures 5.10a and 5.10b. These findings confirm diminished expression o f  the 

IIDAC2 transcript in MIN cells with the exception of SW48 (MIN).
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40S Ribosomal  protein S19 (RPS19)

A RPS19 clone was received as a is.ind gift from Dr. Peter McWilliam.  The  clone had 

previously been sequence verified and a PCR probe was generated by P C R  using the 

Forward and Reverse sequencing primers. The expected size o f  the P C R  product  was 

verified by resolving the PCR product on a 2% I'AE agarose gel. I'he RPS19 product  

was  gcl-purif ied and labeled with [a-^^PJdC TP by random priming (Chap te r  2). A 

northern blot was probed w'ith RPS19 and GAPDH probes. GDA analysis  had shown 

RPS19 to be overexpressed in MIN cell lines. However,  densitometry da ta  based on 

RPS19 and GAPDII  show' RPS19 to be expressed at higher levels in CIN cell lines. The 

northern blot data and densitometry are shown in Figure 5.1 l a  and iMgure 5.1 lb.  Closer 

examinat ion o f  G D A data for the RPS19 transcript showed it to be present  on the GDA 

niters in two different locations each associated with the same Unigene identifiers but 

derived from different GenBank entries (GenBank R68033 and GenB ank AA046433).  

In contrast to the clone initially considered (R68033) , the GDA expression differences 

observed in the AA046433 clone show elevated RPS19 expression in CIN cells. Further 

analysis o f  the origins o f  these clones and information on possible RPS19 variants will 

be required to clarify these expression discrepancies. Unfortunately, no reliable tags for 

the RPS19 t ranscript  were available in the public SA G E database.  T o  summarise,  

di fferent ia l  exp ress ion  o f  RPS19 by G D A analysi s  was not c o n f i r m e d  by the 

independent  method o f  RT-PCR.

1-listone 2A Z (M2AZ~)

A 112AZ clone was received from Dr. Peter McWill iam,  which had been  previously 

sequence  verified. The clone insert was amplif ied by PCR using the Forward  and 

Reverse sequencing primers which ilank the insert region. The PC R product  was gel 

purified and radiolabeled with [a-^^P]dC'i'P by random priming. A nor the rn  blot was 

probed with II2AZ and GAPDII  specific probes.  An increase w as  observed  in 

express ion o f  the M2AZ transcript  in MIN cell lines with respec t  t o  CIN  cells. 

Densitometry on both 1I2AZ and GAPDII  verified the above observat ion.  In addition, 

the ‘gene-to-tag‘ public SAGE database yields a slight increase in H2A Z expression in 

the MIN cell line I lC ' f l  16 with respect to the CIN cell line Caco2.  The FI2AZ and
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G A PD H  N orlhern blots are shown in Figure 5.12a and 5.12b. These data indicate an 

overall higher expression o f  H2AZ in the panel o f  MIN cells

5.2.3 Analysis of Candidate gene expression data

A num ber o f  genes were selected for expression analysis on the basis o f  their potential 

roles in m ismatch repair m echanisms or chromosomal lesions from indications in the 

literature. The panels o f  genes selected are listed in Tables 5.1 A and 5.1b.

Cvtokeratin 8 (CvtS)

Primers were designed to amplify the human Cyt8 transcript between the bases 882 and 

1207 from the G enB ank entry NM 002273, y ield ing a PC R product o f  326bp. The 

Cyt8 product was sampled at 17, 20 & 23 cycles o f  semi-quantitative RT-PCR. (3-actin 

and G A PD H  R 'f-PCR experiments were carried out on the same reverse transcription 

reaction for control purposes. Expression o f  Cyt8 was found to be lower in MIN cells 

with respect to CIN cells. Two clones corresponding to Cyt8 (GenBank entries N73980 

and H60463) are harboured on the GDA v l.3  filters. The expression o f  these clones 

concurred with the expression differences seen by R'f-PCR. The ‘gene-to-tag’ mapping 

show ed a slight increase in Cyt8 expression in H C Tl 16 (M IN) com pared  to Caco2 

(CIN). fhe  expression differences are illustrated in Figure 5.13. These  data show 

elevated expression o f  Cyt8 in CIN cells.

Cvtokeratin 18 (C v tl8 )

Primers w'ere designed for the human C y t l8  gene between the bases 369 and  497 o f  the 

G enBank entry NM  000224 yielding a PCR product o f  129bp. Sem i-quantitative RT- 

PC R was perform ed using the primers on MIN and CIN cell line to ta l RN A  and 

products were sampled at 17, 19 & 21 cycles o f  amplification. RT-PCR w as  carried out 

using P-tictin primers and GAPDH primers on the same total RNA. These  experiments 

revealed higher expression o f  C y tl8  in CIN cells. This contradicts the da ta  for a C y t l8  

c lone (AA044720) on the GDA v l .3  fillers, which suggests equivalent expression  o f  

C y t l8  betw een both MIN and CIN cell lines. The ‘gene-to-tag’ m app ing  database 

y ielded a 500:700 ratio for the C y t l8  transcript between I lC 'f l  16 (M IN ) and Caco2 

(CIN). The different results may be clarified by exam ining in detail th e  source o f
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A A 0 4 4 7 2 0  and  its l isted ident ity as a C y t l 8  c lone.  H o w e v e r ,  this resul t  m ay  s im p ly  

indicate false posi t ive hybrid isat ion on the filters T h e  C y t l 8  semi-quant i ta t ive  R T - P C R  

is i llustrated in Figure  5.14. In su m m ary ,  the express ion o f  C y t l 8  in MIN  and C IN  cells 

by  G D A  and R T - P C R  ana lyse s  is inconclusive.  A nor thern  blot  o f  C y t l S  m ay  p ro ve  

useful  in e lucidat ing the above findings.

Inhibi tor  2 o f  Protein  Phosphatase  1 (1PP2)

P r i m ers  w e re  de s igned to ampl i fy  a 109bp hum an  IPP2 t ranscrip t  (See  C h a p t e r  6 for a 

deta i l ed  desc r ip t ion o f  the IPP2 t ranscript) PCR product  (Table  2.2 D D P U and D D P  L) 

b e tw e e n  nu cleo t ide s  589 and 697 o f  the G e n B a n k  ent ry  N M _ 0 0 6 2 4 1 .  T h e  D D P  P C R  

pr oduc t  is from the IPP2 open  reading f rame upst ream o f  the IPP2  (G A P) p ro be  used for 

N or t he rn  blot  analys is  (See below). Semi-quant i ta t ive  R T - P C R  w as  carr ied  out on IPP2 

(product s  we re  sam pled at 21,  23 & 25 cycles),  [i-actin and G A P D H  on the s am e  reverse 

t ranscr ip t ion react ion.  This revealed higher  express ion o f  IIM’2 in CIN cells.  T h e  IPP2 

R ' f - P C R  is s h o w n  in Figure 5.15. Th e 1PP2 express ion results ob ta ined by 'Northern and 

R ' f - P C R  ana lyses  conf i rm overexpress ion o f  1PP2 in CIN cells (wi th par t icula r ly  h igh 

expr ess ion  in HT29) .

A set o f  IPP2 pr imers ( I ’able 2.2 G A P U  and G A P L )  were accepted as  a gift  from 

Dr. Peter  M cW il l i am .  Th e p r im ers  gene ra te  an 8 7 2 b p  p ro duc t  f rom 821 to 1694 o f  

G e n B a n k  ent ry  A. I I33812.  A n  IPP2 c D N A  probe w a s  genera ted  by P C R .  T h e  PC R  

p roduc t  size w as  ver if ied by 2 %  T A E  agarose  gel e lec t rophores i s  and the IPP2 product  

w a s  gel puri f ied  and radiolabel led as before.  A nor thern  blot  w as  probed  w i t h  IPP2 and 

G A P D I I .  Th e IPP2 northern  blot  and dens i tometry  are i llustrated in F ig u r e s  5 .16a  and 

5 .16b.  Th is  c lear ly  sh o w ed  e leva ted  expres s ion  o f  both  IPP2 t r ansc r i p t s  ( the p ro be  

de tec t s  tw o  a l ternat ive  po lyadeny la t ion  IPP2 t ranscr ip ts )  in C I N  cells  w i t h  re spect  to 

M IN  cells.

A G D A  cl one present  on the  G D A  v l . 3  f i l ters ident i f ied  as I P P 2  ( I I 8 5 6 0 8 )  

exh ib i t s  a c o m p l i c a t e d  pat tern o f  exp res s ion  ac ross  the  panel  o f  s p o r a d i c  co lo recta l  

c a n c e r  cell  l ines.  In addit ion ,  no IPP2 ex pres s ion  data  w as  ava i l able  i n  the  S A G E  

database .  The reason for this d i screpancy between  the G D A  analys is  a n d  the no r th ern  

b lo t /R T -P C R  data  is unclear.  Non-speci f ic  hybr id isa t ion to the IPP2 c l o n e  on the  G D A  

filters is a likely cause  o f  the conf l ic t ing  data sets. T h e  ident ity o f  the I P F 2  c lo ne  may
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not  be ver if ied  in the par t icular  plate o f  the G D A  clone l ibraiy  which ‘h o u s e s ’ the clone.  

E rr o rs  m a y  exis t  in the G D A  cl one library (personal  obse rva t io n )  and the  concurr ing  

d a ta  sets b e tw een  nor the rn  b lot t ing  and R T -P C R  sugg es ts  tha t  the IPP2 t ranscr ip t  is 

e x p r e s s ed  m o re  h ighly  in CIN  cell  l ines than M IN  cell  l ines.  A co n v e n ie n t  internal  

control  for these observat ions  is the established kno w led ge that  IPP2 is ov er expr essed  in 

S W 4 8 0  wi th  respect  to S W 6 2 0  (M c W i l l i am  et al., M S  in prepara t ion)  w h ich  is observed  

in the IPP2 RT-P CR.

C v c lo o x v a e n a s e  2 (C Q X 2)

O l i g o n u c l e o t i d e  p r im e r s  w e r e  d e s ig n e d  to spec i f i ca l ly  a m p l i fy  the h u m a n  C 0 X 2  

transcr ip t .  The C O X 2  P C R  product  is 1 14bp from 3214 to 33 36  o f  the G e n B a n k  ent ry 

N M _ 0 0 0 9 6 3 .  C 0 X 2  s em i -quan t i t a t ive  R T - P C R  e x p e r im e n t s  we re  ca r r i ed  ou t  and 

p ro d u c ts  we re  sa m pled  at 24,  27  &  30 cycles.  R T - P C R  was  also carried  o u t  on  the P- 

ac tin  t ranscript  as a control.  Th e R T - P C R  po lyacrylamide gel for C 0 X 2  is i llustrated in 

F igure  5.17.  N o  C 0 X 2  dala  w e re  found in the publ ic  S A G E  database  pos s ib ly  due  to 

low e xpres s ion  o f  the t ranscript .  Expres s ion o f  C 0 X 2  w as  obse rved in the  cell  l ines 

L S I 7 4 T  (M IN ) ,  H C T 1 1 6  (M I N )  and  C a co 2  (C IN )  wi th  u n d e tec tab le  lev el s  in the 

re ma in in g  cell lines.

Secre tory  Pho sphol ipase  A2 (sPLA2)

O l i g o n u c l e o t i d e  p r im ers  w e re  d e s i g n e d  to spec i f ica l ly  am p l i fy  the  h u m a n  s P L A 2  

t ranscript .  Th e P C R  product  is I2 9 b p  between bases  245 and 372 o f  the G e n B a n k  ent ry 

N M _ 0 0 0 3 0 0 .  s P L A 2  s em i -quan t i t a t ive  R ' f - P C R  ex p e r im en t s  we re  c a r r i e d  out  and 

p ro duc ts  were  sa m pled  at 21,  24 &  27 cycles.  R T - P C R  was  also carried  ou t  o n  the P- 

ac tin  t ranscript  as a control.  Unfor tunate ly ,  no S A G E  data  we re  available for  the sP L A 2  

t ranscr ip t .  I'he R T - P C R  po ly ac r y l am id e  gel for s P E A 2  is i l lust ra ted in F igure  5.18.  

E xpre ss io n  o f  s P E A 2  w as  detec table  in the cell l ines L S 1 7 4 ' f  (M IN )  and C aco 2  (C IN) 

vt-ith undetectable  levels in the rema in ing  cell lines.

Mitot ic arrest  def ic ient  yeast  h o m olog  like 1 ( M A D 2 )

Prel imina ry  G D A  data  (after two pai rwise  com par i so ns  o f  MIN and CIN ce l ls )  y ie lded 

h ig h e r  ex p res s ion  o f  the M A D 2  t ranscr ip t  in M I N  cells co m p ar ed  to C I N  cells.  T he
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third com parison showed M AD 2 expressed at similar levels in H C T 116  (M IN) and 

i r r 2 9  (CIN). A clone for M AD2 was received as a gift from Dr. Peter M cW illiam. A 

northern blot was probed with M AD 2 and GAPDH. MAD2 was expressed at very low 

levels on the N orthern blot and SAGB database (data not shown) and the study o f  this 

transcript was not extended.
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5.2,4 Analysis of  Instability in theTGF(3RII and PTPDl  transcripts

r ransformina m'owth factor beta rcccptor II ( I 'GFBRin

Previously publ ished primers (Parsons et uL, 1995) specific for the human TG FBRII  

transcript were obtained, yielding a 73bp PCR product between bases 130 and 202 o f  

GenB ank entry U69148. A Cy5 label was included on the TGFBRII  sense primer. The 

primers  were designed to Hank a lObp polyA tract. Scmi-quant itat ive RT-PC R was 

carried out as before on MIN and CIN cell line total RNA including the control gene (3- 

actin.  The TGFBR II  product  was examined  for instability at the poIyA tract by 

re so lv ing  r G F B R I I  products  on 15% dena tu r ing  po lyac ry lam ide  ge ls  on the 

ALFexpress ' '^  automated DNA sequencer. TGf 'BRlI  instability in M IN cell lines is 

illustrated in Figure 5.19. The expected shifts indicating frameshift  mutat ions were 

observed in MIN cells with no discernable shift in CIN cells. In conclusion, this result 

conl l rms the reported instability in the TGF(3RI1 gene (Section 1.3.4) in MIN colorectal 

cells.

Protein Tyrosine Phosphatase P I  ( P T P D l )

Primers specific for the human P ' fPDl transcript were designed yielding a  1 16bp PCR 

product  between bases 2802 and 2917 o f  GenBank entry X 795I0 .  The pr imers  were 

designed to Hank an 8bp polyA tract with the inclusion o f  a Cy5 label on the sense 

P TPDl primer. Semi-quantitative RT-PCR was carried out as before on MIN and CIN 

cell line total RNA including the control gene (3-actin. The expression differences in 

PTP D l  are illustrated in Figure 5.20. This data combined with the G D A data confirm 

overexpression o f  PTPDl in MIN colorectal cells.

I he PTPDl  product was examined for instability at the polyA tract by resolving 

RT -PCR PTPDl  products on 15% denaturing polyacrylamide gels on the ALFexpress ' '^  

automated D N A sequencer. No discernable shift in P ' fPD l PCR products was  observed 

between MIN and CIN cell lines (data not shown).  This suggests that the P ' f P D l  is not 

a target in the MIN genotype of  colorectal cancer  (Section 1.3.4).
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5 .3  D i s c u s s i o n

5.3 1 R o l e s  f o r  GDA g e n e s  in  c o l o r e c t a l  c a n c e r  

PLK

A potential cause of aneuploidy involves centrosomes. Multipolar spindles have been 

observed in human cancers in situ  and an abnormal number o f  centrosomes have been 

observed in colorectal cancer (Doxsey et al.. 1998). Polo (D?-osophila)-V\ke Kinase 

(PLK) is a protein which is associated with proliferating cells. Wolf t'/ al. (1997) found 

elevated expression o f  PLK in non-small cell lung cancer (NSCLC) tumours compared 

to low expression o f  PLK in normal lung tissue. The extent o f  elevated expression 

correlated directly with poor patient prognosis. Another PLK study found that 

downregulation o f  PLK is necessary for withdrawal o f  cardiomyocytes from the cell 

cycle (Georgescu et al., 1997). PLK is a centrosome-associated kinase and, similar to 

aurora 2/STK15. when exogenously expressed in mammalian cells can affect 

centrosome number and chromosome segregation (W olf et al., 1997). Overexpression 

o f  PLK in CIN cells (observed both by GDA analysis and RT-PCR) may suggest a role 

for overexpression of PLK in colorectal cancer chromosomal abnormalities.

RANBP2

Components o f  the cell that regulate nuclear organization may have a role in proper 

execution o f  chromosome replication and segregation. One o f  the important 

components for the control o f  nuclear structure is the Ran/RCCl molecular switch 

system (Ouspenski et a l, 1995). Ran is an abundant nuclear GTPase with a defined role 

in nuclear transport. However, the role o f  Ran in mitotic regulation is less clearly 

understood. RanBP2 binds Ran GTPase and is thought to mediate the Ran pathway 

from the cytoplasm into the nucleus. In addition, overproduction o f  RanBP2 in yeast 

induces mitotic chromosome disjunction (Ouspenski et al., 1995). Due to these findings 

we investigated the expression of RanBP2 in MIN and CIN colorectal cancer cell lines 

by RT-PCR which showed elevated RANBP2 expression in CIN cells as predicted by 

GDA analysis. This finding is consistent with the possibility that the overproduction of 

RANBP2 affects mitosis in CIN colorectal cancer cells lines thereby contributing to 

chromsomal instability.
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m ethylated gene, which is associated with a deacetylated nucleosome structure, could be 

relieved by the deacetylase inhibitor, trichostatin A (Razin A., 1998). In addition, 

11DAC2 may have a role in DNA damage during the cell cycle by its association with 

ataxia telangiectasia mutated (ATM)-and Rad-3-related protein (ATR) (Schmidt et al.,

1999). 11DAC2 inhibits the BAX promoter, a natural p53-responsive system, in a p53- 

dependent m anner and acetylates p53 silencing its transcriptional activity (Juan et a l ,

2000). Underexpression o f  I1DAC2 in MIN cells was observed by G D A and Northern 

blot analysis suggesting a potential role involving gene silencing in the MIN genotype.

112AZ

Histone 2AZ (H2AZ) is a replication-independent m em ber oF the histone gene family, 

fh e  gene has both regions o f  low and high similarity to other M2A family members. 

H ow ever, f l2A Z contains introns and encodes a polyadenylated m RN A  in contrast to 

o ther histones. The gene was localised to chrom osome 4q24 by FISH (Popescu et a l ,  

1994). Histones are transported to the nucleus by Imporlin  and th is  process is 

dependen t  on the acetylation state o f  the histones (Johnson-Salibu  et al., 2000). 

Interestingly, centromeric heterochromatin does not contain H2A Z (Russanova et al., 

1989) and D nm tl (D N A  M ethyltransferase  1) seem s to m ethylate  th is  region o f  

chrom osom es specifically (Rhee et al., 2000). We have found overexpression o f  H2AZ 

in MIN cells. This result and the HDAC2 data taken together may suggest reciprocal 

roles for H2AZ and HDAC2 in gene silencing in MIN cells.

PTPD l

Inhib ition  o f  protein  tyrosine phosphatases  (FTP) induces cell p ro life ra tion  with 

concomitant increase in the phosphotyrosine protein product. Induction o f  PTPs has the 

opposite  effect contributing to PTPs being considered as tum our suppresso r  genes. 

P'l'Ps are downregulated in colorectal cancer and upregulated in breast cancer  (Partanen 

et al., 1996). PTPs have been shown to be sites o f  LOH in renal cell carcinom as (Druck 

et al., 1995). The PTPD l protein contains an ezrin domain which jo ins m icrofilam ents 

together. We found consistently raised expression o f  PTPDl in MIN cells by both GDA 

analysis  and R 'f-PCR. CIN tumours are recognised by gross ch rom osom al lesions 

including LOH. Expression o f  PTPDl was undetectable in CIN cells by RT -PC R . fhis
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sugg es t s  e i ther  ext remely  low express ion o f  the t ranscript  in CIN cells or potent ial  L O H  

at  the P I’PD l  locus  in C IN  cells.  In addi tion,  the P I 'PDl  gene has  a 9b p pol y- A t ract  in 

its coding  sequence.  We screened the gene for instability at this region by P C R  f lanking 

the  re pea t  seq uence .  W e  w ere  unable  to detec t  a d i sce r nab le  shi ft  in the M IN  cell  

P TPDl  R T - P C R  p ro duc ts  sugg est ing  that the poly -A seq u e n ce  is not a target  for  the 

M I N  genotype.

5 . 3 . 2  R o l e s  f o r  C a n d i d a t e  g e n e s  i n  C o l o r e c  t a l  C a n c e r  

CYT8

A la rge -sca le  s tudy  o f  g en e  ex p r es s io n  in colorecta l  c a n ce r  w a s  ca rr i ed  out  by the 

i solat ion and seq uenci ng  o f  2 ,166 c lo nes  from a hu m an  c D N A  l ibrary (Fr iger io  cl al., 

1995).  The ex p res s io n  o f  Cyt8  (C ytokera t in  8) was  seen to be d ec r e a s e d  5-fold  in 

c a r c i n o m a  c o m p a r e d  to normal  co lon mucosa .  Cyt okera t in s  arc  key c o m p o n e n t s  o f  

cytoskelc ta l  m ai nt enance  and are general ly found in the epi thel ia  that  line internal body 

cavi t ies  (Lodish  et oL, 1995).

W e  investigcUed the express ion o f  Cyt8 in M IN  and C l N  cell l ines by R l ' - P C R .  

R epea t  ex p e r im en t s  sh o w ed  consi s t ent  reduct ions  in ex pr es s ion o f  Cy t8  in M I N  cell 

l ines  (albei t  m odes t  di fferences).  Wes te rn  blot analys is  o f  Cyt8  w o u ld  c lar ify w h e th e r  

the  e x p r e s s io n  d i f fe re nces  are m a in t a in ed  post - t r ans la t ional ly  and  the ex t en t  o f  the  

di fferences .

C Y T 1 8

f h e  com p re h en s iv e  analys is  o f  colorectal  gene express ion carried  out  by Fr iger io  et al. 

(1 995)  also  revea led  di fferent ial  express ion o f  C y t l 8  (cytoke ra t in  18) b e t w e e n  n o rm a l  

c o lo n  m u co s a  and co lon ca rc inom a.  Int r iguingly,  the ratio o f  C y t l 8  b e t w e e n  n o rm a l  

an d  c a r c i n o m a  w a s  1:5 ( the oppos i t e  ratio seen in Cyt8) .  In l ight  o f  th i s ,  w e  also  

inves t igated  express ion o f  C y t l 8  in M IN  and CIN cells.

R ' f - P C R  analy s i s  o f  C y t l S  re vea led  h igher  expres s ion  in the  C I N  cell  l ines 

co m p ar ed  to the M IN  cell lines. A s imilar  p h en o m en o n  was  observed  in C y t 8  R l ' - P C R  

analys is .
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1PP2

Two smal l  heat - s table  prote ins  we re  first desc r ib ed  in 1976 (H u a n g  et uL, 1976)  in 

rabb i t  skele ta l  m u sc l e  ( IPP l  and 1PP2) as potent  inhibi tors  o f  Prote in  Phospha tase  1. 

In h ib i to r  2 o f  P ro te in  P h o sp h a ta se  1 (1PP2) w a s  c lo n ed  and  ch a rac te r i s ed  in 1994 

( S an s e au  et a l ,  1994).  Th e 1PP2 t ranscrip t  maps  to ch r o m o s o m e  6 w hich  yields  a 203 

a m i n o  acid res idue  protein  o f  22.8kDa .  D D R 'f -P C K  ana lys is  gen e ra ted  c lone  P M 2 0 8  

w h ich  w as  ident i fied  as hum an  IPP2 (M c W il l i am  et al., M S in prepara tion) .  Expre ss ion 

o f  1PP2 w a s  inves t igated  by R T -P C R  analys is  and N ort he rn  analys is  in M IN  and C IN  

co lo recta l  can ce r  cell l ines as a potential  t ranscript  involved  in the  dis t inc t  gen otypes .  

E levated express ion o f  IPP2 was  observed  in CIN  cells by both technique s  (part icularly 

h ig h  ex p res s io n  o f  IPP2 w as  obse rved  in I IT29 cells).  IPP2 is cu r re n t ly  seen as  a 

c h a p e r o n e  p ro te in  for Prote in  P h o s p h a ta s e  1 (Aless i  et al., 1993) w h i c h  has  b een  

a s s o c i a t e d  w i th  d iv e r se  ce l l u la r  p ro c es s e s  i n c lu d in g  c o m p l e t i o n  o f  ce ll  d iv i s io n  

(S h en o l ik a r  et al., 1991). Elevated IPP2 pre sum ably  accen tuate s  PP l  ac t ivi ty  thereby  

s t imula t ing  cell  division.  Abno rm al ly  h igh  cell d iv i s ion may  be a con tr ibu to ry  factor to 

the  c h r o m o s o m a l  lesions  seen in C I N  colorecta l  can ce r  cell s.  Inves t igat ion o f  the 

ex p res s ion  o f  the P P l  i sozymes (P P P l C a l p h a ,  P P P l C b e t a  &  P P P I C g a m m a )  in the M IN  

and  C IN  cell l ines would  help to clarify this hypothesis.

C O X 2

C y c lo o x y g e n a se  2 ( C 0 X 2 )  was  selec ted  as a candidate  gene potent ial ly as soc ia ted  wi th  

the d i fferent  nature o f  molecular  instabili t ies seen in M IN  and CIN colorecta l  cance r  ceil 

l ines ,  l -^pidemiological  s tud ies  h ave  s h o w n  a l ink b e t w e e n  l o n g - t e r m  in take  o f  

nonstero idal  an t i - in f iammato ry  drugs  (N S A ID )  and a reduced  mortal i ty  f r o m  colorectal  

c a n c e r  ( f h u n  el al., 1993).  T h e  c h e m o p r ev en ta t i v e  proper t ie s  o f  N S A I D s  m ay  be 

a t t r ibutable  to the ir  inhibitory activi ty agains t  C 0 X 2  w hich  ca ta lyses  the c o n v e r s io n  o f  

a r ach id o n ic  ac id to p ros tag land ins  (D onne l ly  et al., 1997).  C 0 X 2  and p r o s t ag l an d in  

levels  arc increased in sporadic colorectal  a d e n o m a s  (Eberhar t  et al., 1994),  c a rc in o m as  

(R igas  et al., 1993) and in FAP  (Giardiel lo et al., 1997) in human.

W e inves t igated  the express ion o f  C 0 X 2  in MIN and CIN colorecta l  can ce r  cell 

l ines  by R ' f -P C R .  Expre ss ion  o f  C 0 X 2  was  obse rved  in L S 1 7 4 ' f  ( M I N )  and  C aco 2  

( C IN )  af ter  a h igh n u m b er  o f  P C R  cyc les  (30). Thi s  may  be due to low e x p r e s s i o n  o f  

C 0 X 2  in the panel o f  cell lines selected.
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SPLA2

SPLA2 (Secretory phospholipase A2) was selected as a candidate gene involved with 

the MIN and CIN genotypes. SPLA2 has been shown to release arachidonic acid for 

prostaglandin production (Ilara e! a i,  1991). SPLA2 has been shown to act as a 

modifier o f  the///7c gene in the Min mouse (a murine model for Familial Adenomatous 

Polyposis). Functional SPLA2 is required in a protective role against polyp Formation in 

the Min  mouse (MacPhee et oL, 1995). fhercfore, it appeared to be worth investigating 

the expression of the transcript in MIN and CIN cell lines due to their specific molecular 

lesions (Chapter 1).

RT-PCR was used to analyse SPLA2 expression and the results were similar to 

the COX2 expression findings. SPLA2 expression was detected in L S I74  T (MIN), 

I ICTl 16 (MIN) and in the CIN cell line Caco2. This is comparable to the expression of 

C 0X 2 with the exception o f  SPLA2 expression in MCTl 16. The C 0 X 2  and SPLA2 

results taken together do not suggest a distinguishing role for either o f  the genes 

between the MIN and CIN genotypes. However, both transcripts operate in the 

prostaglandin synthesis pathway which may be compromised in the remaining cell lines 

(SW48, SW480 & SW620). In addition, both SW480 and SW620 harbour truncating 

APC mutations and the absence of C 0X 2 and SPLA2 may have the same affect on these 

cells as seen in the Min mouse.
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^ -----  598bp

Figure 5.2 Senii-quantitative RT-PCR analysis o f  the ‘housekeeping’ gene G APDH
in M IN  and CIN cell lines. RT -PCR analysis was carried out using specific human 

G A P D I l  pr imers  on the MIN and CIN sporadic colorectal  cancer  cell lines. PCR 
products  were electrophoresed on 12% non-denaturing polyacrylamide gels and  stained 

in e thidium bromide. This  gel shows GA PD H  PCR products sampled after 17 PCR 
cycles . The  expected product size o f  598bp was obtained when com pared  to the 

m o le c u la r  we igh t  marker  pBluescript-Zy^aTII. 1=LSI74T;  2=SW 48;  3 = H C T I 1 6 ;  

4==Caco2; 5=SW480;  6=HT28 & 7=SW620.
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<----  1.761kb

Figure 5.3A  N orthern blot analysis o f the ‘housekeeping’ gene P-actin in MIN and
CIN sporadic colorectal cancer cell lines. An illustration o f  p-actin Northern blot analysis o f
the panel o f  sporadic colorectal cancer cell lines. Northern blot procedures were carried
out as described (Section 2.3.9). The expected approximate signal o f  1.761 kb was obtained
as judged  by the migration o f  the 28S and 18S ribosomal RNA bands. Expression signal intensities
o f  P-actin were estimated using densitometry. 1=LS174T; 2=SW 48; 3=H C Ti 16; 4=Caco2;
5=SW 480 & 6=SW620.

No. Cell L ine Expression Value

1 LSI74T 289
2 S48 341

3 HCTl 16 267

4 Caco2 242
5 SW 480 315

6 HT29 285

Figure 5.3B . D ensitom etry analysis o f the P-actin transcript. Expression o f  the P-actin 
transcript was measured densitometrically. The bar chart shows the expression o f  P-actin in each 
o f  the MIN and CIN colorectal cancer cell lines. The MIN cells are highlighted in navy text and the 
CIN cells are highlighted in green text. The densitometry values are listed in the Table 
above.
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Figure 5.4A Northern blot analysis of the ‘housekeeping’ gene GAPDH in MIN and
CIN sporadic colorectal cancer cell lines. An illustration o f GAPDH Northern blot analysis o f
the panel o f sporadic colorectal cancer cell lines. Northern blot procedures were carried
out as described (Section 2.3.9). The expected approximate signal o f 1.268 kb was obtained
as judged by the migration o f the 28S and 18S ribosomal RNA bands. Expression signal intensities
of P-actin were estimated using densitometry. 1=LS174T; 2=SW48; 3=H C T116; 4=Caco2;
5=SW480 & 6=SW620.

No. Cell Line Expression Value

1 LS174T 177
2 S48 144
3 HCTl 16 80
4 Caco2 108
5 SW480 150
6 HT29 135

Figure 5.4B. Densitometry analysis of the GAPDH transcript. Expression o f the GAPDH 
transcript was measured densitometrically. The bar chart shows the expression o f GAPDH in each 
o f the MIN and CIN colorectal cancer cell lines. The MIN cells are highlighted in navy text and the 
CIN cells are highlighted in green text. The densitometry values are listed in the Table 
above.
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Figure 5.6 Sem i-quantitative RT-PCR analysis o f  the candidate gene Ran binding  

protein 2 (R A N B P2) in M IN and CIN cell lines. RT-PCR analysis was carried out 

using specific human RA NBP2 primers on the MIN and CIN sporadic colorectal cancer 

cell lines. PCR products were electrophoresed on 12% non-denaturing polyacrylamide 

gels and stained with e th idium  bromide. This gel shows R A N B P 2 PC R products 
sam pled after 28 cycles. The expected product size of 125bp was obtained com pared to 

the molecular weight marker pBluescript-/y/?rt I. M= pBluescript-////a I m olecular weight 

marker; l= L S I74T ; 2=SW 48; 3=HCT1 16; 4=Caco2; 5=SW 480; 6=HT29 & 7=SW 620.
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Figure 5.7 Sem i-quantitative RT-PCR analysis of the candidate gene Prostaglandin  

E2  receptor (PG ER2) in M IN and CIN cell lines. RT-PCR analysis was carr ied oul 

using specific i iuman PGER2 primers  on the MIN and CIN sporadic colorectal  cancer  

cell lines. PCR products were electroplioresed on 12% non-denaturing polyacrylamide 

gels and stained in e thidium bromide.  This gel shows PGER2 PCR products sampled 

after 30 PCR cycles. The expected product size of  12()bp was obtained when compared  

to the molecular  weight  marker pBluescripl-A/<:/(?lII.. M= pBluescr ipt-Z/ael ll  molecular  

we ight  marker;  1=LSI74T;  2=SW48; 3=HCT116;  4=Caco2;  5=SW480;  6 = H T 2 8  & 
7=SW620.



24 cycles 26 cycles
M 1 2  3 4 5  6 7 M 1 2 3 4 5 6  7 M

M 136bp

Figure 5.8 Sem i-quantitative RT-PC R  analysis o f  the candidate gene Cyclin  A2
(CC N A 2) in M IN and CIN cell lines. RT-PCR analysis was carried out using specific 

human CCNA2 primers  on the MIN and CIN sporadic colorectal cancer cell lines. PCR 

products were electrophoresed on 12% non-denaturing polyacrylamide gels and stained 
in e thidium bromide.  This  gel shows CC N A 2 PCR products sampled after 24 and 26 

PCR cycles. The expected product size o f  136bp was obtained when compared  to the 
m o le c u la r  we ight  m arker  pBluescr ip t-Z /ae l l l .  M=pBluescr ip t- / /a tTI I ;  1=LS174T; 
2=SW48; 3=1ICT1 16; 4=Caco2;  5=SW480;  6=HT29 & 7=SW620.
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<----  0.857 kb

Figure 5.9A Northern blot analysis of the ‘housekeeping’ gene Basic Transcription factor 
3 (BTF3) in MIN and CIN sporadic colorectal cancer cell lines. An illustration o f BTF3 
Northern blot analysis o f the panel o f sporadic colorectal cancer cell lines. Northern blot 
procedures were carried out as described (Section 2.3.9). The expected approximate signal 
o f 0.857 kb was obtained as judged by the migration o f the 28S and 18S ribosomal RNA bands. 
Expression signal intensities o f BTF3 were estimated using densitometry and normalised 
to the expression levels o f the ‘housekeeping’ gene P-actin (Figure 5.3). It is clear that BTF3 
exhibits elevated expression in the MIN cell lines LS174T, SW48 & HCT 116. 1=LS174T; 
2=SW48; 3=H CT116; 4=Caco2; 5=SW480 & 6=SW620.

No. Cell Line Normalised  
Expression Value

1 LS174T 93
2 S48 99
3 HCTl 16 95
4 Caco2 75
5 SW 480 63
6 HT29 18

Figure 5.9B. Densitometry analysis of the BTF3 transcript. Expression o f the BTF3 
transcript was normalised to the expression o f the ‘housekeeping’ gene (3-actin. The bar chart 
shows the expression o f BTF3 in each o f the MIN and CIN colorectal cancer cell lines. The MIN 
cells are highlighted in navy text and the CIN cells are highlighted in green text. The 
normalised expression values o f BTF3 in each cell line are detailed in the Table above.
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Figure 5.10A N orthern blot analysis o f H istone Deacetylase 2 (H D A C 2) in MIN and 
CIN sporadic colorectal cancer cell lines. An illustration o f  diminished expression o f  
HDAC2 in two out o f  three MIN cell lines. Northern blot procedures were carried 
out as described (Section 2.3.9). The expected approximate HDAC2 signal o f  1.985 kb was obtained 
as judged  by the migration o f  the 28S and I8S ribosomal RNA bands. Expression signal intensities o f  
HDAC2 were estimated using densitometry and normalised to the expression levels o f  the 
‘housekeeping’ gene (3-actin (Figure 5.3). Decreased levels o f  HDAC2 are evident in the MIN 
Cell lines LS174T and H C Tl 16. 1=LS174T; 2=SW48; 3= H C T 116; 4=Caco2; 5=SW 480 
& 6=SW 620.

No. Cell Line N orm alised  
Expression Value

1 LS174T 122
2 S48 219

H C Tl 16 80

4 Caco2 155

5 SW 480 172

6 HT29 217

Figure 5.10B. D ensitom etry analysis o f the H DAC2 transcript. Expression o f  the HDAC2 
transcript was normalised to the expression o f  the ‘housekeeping’ gene GAPDH. The bar chart 
shows the expression o f  HDAC2 in each o f  the MIN and CIN colorectal cancer cell lines. The 
MIN cells are highlighted in navy text, and the CIN cells are highlighted in green 
text. The normalised expression values o f  HDAC2 in each cell line are detailed in the table 
above.
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Figure 5.1 lA  Northern blot analysis of ribosomal protein S19 (RPS19) in MIN and 
CIN sporadic colorectal cancer cell lines. An illustration o f the expression o f RPS19 in 
MIN and CIN sporadic colorectal cancer cell lines by Northern blot analysis. Northern blot 
procedures were carried out as described (Section 2.3.9). The expected approximate signal 
o f 0.510 kb was obtained compared to the migration o f the 28S and 18S ribosomal RNA bands. 
Expression levels o f  RPS19 were measured by densitometry and normalised to the levels o f 
the ‘housekeeping’ gene GAPDH. 1 =LS 174T; 2=SW48; 3=HCT 116; 4=Caco2;
5=SW480 & 6=SW620

Cell Line Normalised Expression  
_______________________ Value________

LSI74T 9
S48 40

HCT116 25
Caco2 14
SW480 24
HT29 62

Figure 5.1 IB. Densitometry analysis of the RPS19 transcript. Expression o f the 
RPS19 transcript was normalised to the expression o f the ‘housekeeping’ gene GAPDH. The 
bar chart shows the expression o f RPS19 in each o f the MIN and CIN colorectal cancer cell lines. 

The MIN cells are highlighted in navy text, and the CIN cells are highlighted in green text. The 
normalised expression values o f RPS19 in each cell line are detailed in the Table above.
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<—  0.873kb

Figure 5.12A Northern blot analysis of the Histone 2AZ (H2AZ) in MIN and CIN sporadic 
colorectal cancer cell lines. An illustration o f H2AZ Northern blot analysis o f 
the panel o f sporadic colorectal cancer cell lines. Northern blot procedures were carried 
out as described (Section 2.3.9). The expected approximate signal o f 0.873 kb was obtained 
compared to the migration o f the 28S and 18S ribosomal RNA bands. Expression signal intensities 
o f H2AZ were estimated using densitometry and normalised to the expression levels o f GAPDH 
The expression o f  H2AZ is elevated in the MIN cell lines L S 174T, SW48 & H C T116. 1 =LS 174T; 
2=SW 48; 3=H CT116; 4=Caco2; 5=SW480 & 6=SW620.

No. Cell Line Normalised 
Expression Value

1 LS174T 25
2 S48 28
3 HCTl 16 30
4 Caco2 8
5 SW480 12
6 HT29 12

Figure 5.12B. Densitometry analysis of the H2AZ transcript. Expression o f the H2AZ 
transcript was normalised to the expression o f the ‘housekeeping’ gene GAPDH. The bar chart 
shows the expression o f H2AZ in each o f the MIN and CIN colorectal cancer cell lines. The MIN 
:ells are highlighted in navy text, and the CIN cells are highlighted in green text. The 
normalised expression values o f H2AZ in each cell line are detailed in the table above.
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Figure 5.13 Sem i-quantitative RT-PCR analysis of the candidate gene Cytokeratin
8 (Cyt8) in M IN and CIN cell lines. RT-PCR analysis was carried out using specific 

human Cyt8 primers  on the MIN and CIN sporadic colorectal cancer  cell lines. PCR 

products were eleclrophoresed on 12% non-denaturing polyacrylamide gels and stained 

in e thidium bromide. This  gel shows Cyt8 PCR products sampled after 17 and  19 PCR 
cycles.  The  expected  product  size of  157bp was obtained when com pared  to the 
molecular  weight  marker  pBluescript-Z/c/tdll. M= pBluescr ipt- // /;aI  molecular  weight  

marker; 1-LS174T; 2=SW48; 3=HCTI 16; 4=Caco2;  5=SW480; 6=HT28 & 7=SW620.
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Figure 5.14 Sem i-quantitative RT-PCR analysis o f  the candidate gene Cytokeratin  

18 (C y t l8 )  in M IN and CIN cell lines. RT-PCR analysis was carricd out using specific 

human  C y t l8  pr imers on Ihe MIN and CIN sporadic colorectal cancer  cell lines. PCR 
products  were electrophoresed on 12% non-denaturing polyacrylamide gels and stained 

in e thidium bromide. This gel shows C y t l8  PCR products sampled after 28 P C R  cycles. 
The  expected product  size o f  129bp was obtained when compared  to the molecula r  

weight  marker  pBluescript-/y«e' lII.  M= pBluescr ipt- / / i /e ll l  molecular  weight  marker;  

1=LSI74T;  2=SW48; 3=HCT1 16; 4=Caco2; 5=SW480;  6=HT28 & 7=S\V620.
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Figure 5.15 Sem i-quantitative RT-PCR analysis of the candidate gene Inhibitor 2 o f  

Protein Phosphatase I (1PP2) in M IN and CIN cell lines. RT-PC R ana lysi s  was 

carr ied out using specific human IPP2 primers on tiie MIN and CIN sporadic colorectal 
c a n c e r  cell  lines. PC R products  were electrophoresed on 12% non-dena tur ing  

polyacrylamide  gels and s ta ined in e thidium bromide.  This  gel shows IPP2 PCR 
products sampled after 28 PCR cycles. The expccted product size of  109bp was obtained 

when  com pared  to the molecular  weight  marker  pBluescript-/yc/t^lll.  I=LS174T;  
2 - S W 4 8 ;  3=HCT1 16; 4=Caco2;  5=SW480;  6 -HT28  & 7=SW620.
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Figure 5.16A  N orthern blot analysis o f Inhibitor 2 o f Protein Phosphatase I (IPP2) 

in M IN and CIN sporadic colorectal cancer cell lines. An illustration o f  Northern blot 

analysis o f  the panel o f  sporadic colorectal cancer cell lines. Northern blot analysis was 

carried out as described (Section 2.3.9). The IPP2 probe hybridised to two IPP2 

transcripts o f  approximately 2kb and 4kb. Highest expression o f  IPP2 was detected in 

HT29. The overall expression o f  IPP2 is higher in the CIN cell lines (Caco2, SW480, 

HT29 & SW 620) than in the MIN cell lines (LS174T, SW48 & HCTl 16). 1=LS174T; 

2=SW 48; 3 = H C T 1 16; 4=Caco2; 5=SW 480; 6=SW 620 & 7=HT29.

Cell Line N ormalis ed  Express ion
Value

LS174T 0
S48 6

HCT116 12
Caco2 20
SW480 44
HT29 529
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Figure 5.16B . D ensitom etry analysis o f the IPP2 transcript. Expression o f  the 1PP2 
transcript was normalised to the expression o f  the ‘housekeeping’ gene GAPDH. The bar chart 
shows the expression o f  1PP2 in each o f  the MIN and CIN colorectal cancer cell lines. The MIN 
cells are highlighted in navy text, and the CIN cells are highlighted in green text. SW 620 was 
Included in this experiment and is highlighted in The normalised expression values
o f  1PP2 in each cell line are detailed in the table above.
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^  114bp

Figure 5.17 Expression o f  cyclooxygenase 2 (CO X2) in M IN  and C IN  sporad ic  

colorectal cancer cell lines. An illustration of  a C 0 X 2  semi-quant itative R T -P C R  on 

MIN and CIN sporadic colorectal cancer  cell lines. CO X2 RT-PCR products  ( I14bp )  

were electrophoresed in parallel on 12% polyacrylamide gels and stained in e thidium 

bromide. RT-PCR products were sampled at 24, 26 & 28 cycles. Expression of  the 

C 0 X 2  transcript was detected in LS174T,  HC Tl  16 & Caco-2.  M = pBS-f/at^  111 

molecular  weight marker; 1= LS174T; 2= SW48;  3= HC Tl  16; 4= Caco-2;  5= S W 4 8 0  & 

6= SW620.
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M l  2 3 4 5 6 1  2 3 4 5 6 1  2 3 4 5 6 M

M — 126bp

Figure 5.18 Expression of secretory phospholipase A2 (SPLA2) in M IN and CIN  
sporadic colorectal cancer cell lines An illustration o f  a sPLA2 semi-quantitative RT- 
PCR on M IN and CIN sporadic colorectal cancer ccll lines. SPLA2 RT-PCR products 
(126bp) were electrophoresed in parallel on 12% polyacrylam ide gels and stained in 
ethidium bromide. RT-PCR products were sampled at 24, 26 & 28 cycles. Expression 
o f  the SPLA -2 transcript was detected in L S I7 4 T  and Caco-2. M = p B S -/ /« e  111 
molecular weight marker; 1= LS174T; 2= SW48; 3= l lC T l  16; 4= Caco-2; 5= SW 480 & 
6= SW620.
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250 260

Figure 5.19 Analysis o f instability in the TGFpRII transcript in M IN and CIN colorectal 
cancer cells. An illustration o f a fluorogram generated by instability analysis of the TGF[3RII 
transcript. RT-PCR products flanking the 8bp poly-A tract in TGPPRII were electrophoresed 
on 15% denaturing polyacrylam ide sequencing gels and fluorograms were generated using 
Allele Links Version 1.00. MIN cell lines are highlighted in navy text and CIN cell lines in 
green text. SW 620 was included in this experiment and is highlighted in . The dashed
red line shows the difference in mobility o f the TFG^RII PCR product between MIN and CIN 
cells.
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Fij^ure 5.20 Seini-quantitative RT-PCR analysis of the candidate gene Protein  

Tyrosine Phosphatase D1 (P T P D l)  in M IN and CIN cell lines. RT-PCR analysis 
was carried out using specific human PTPDl primers tMi the MIN and CIN sporadic 
colorectal  cancer  cell lines. PCR products were elec trophoresed on 12% non ­
denaturing polyacrylamide gels and stained in e thidium bromide. This  gel shows 
PTPDl RT-PCR products sampled after 28 cyclcs. The expected product size of 

116bp was obtained when compared lo ihe molecular  weight  marker pBluescr ipt-  
Hha\.  1=LSI74T;  2=SW48; 3=HCTI 16; 4=Caco2;  5=SW480 & 6=HT29.



T able  5.1A G D A  analysis genes selected lor further analysis. A sum m ary of the 

genes  consis ten tly  differentially expressed between M IN  and CIN cells se lected  for 

further analysis. The expression profile predicted by G D A  analysis for each transcript is 

listed in Colum n 2. The techniques (RT-PCR analysis or Northern blot analysis) used to 

confirm  expression  difference is given in Column 3. The results o f  the confirm atory

^ .......... w.........
GDA Gene GDA analysis Confirmatory technique Confirmation

PLK CIN + RT-PCR Yes

RANBP2 CIN + RT-PCR Yes

PGER2 CIN + RT-PCR No

CCNA 2 CIN + RT-PCR Yes
BTF3 MIN + Northern blot Yes

HDAC2 CIN+ Northern blot Yes*
RPS19 MIN + Northern blot No
H2AZ MIN + Northern blot Yes
M AD2 MIN + Northern blot No
P l ’PD 1 MIN + RT-PCR Yes

*Northcrn analysis of this gene resulted in diminished HDAC2 expression in M IN  cells 
with the exception o f  SW48. This suggests inactivation of HDAC2 in a subset o f  MIN 
colorectal cancers.

Table 5 . IB Expression analysis o f  candidate genes. A sum m ary o f  the candidate  

genes selected for gene expression analysis. The technique used to confirm expression  
differences is listed in Column 2 and the expression profiles are given in C olum n 3.______

Gene Technique Expression Profile

Cyt8 RT-PCR C IN  +

Cy t l 8 RT-PCR No difference

1PP2 RT-PCR, Northern blot C IN  +

CO X 2 RT-PCR M ixed*

SPLA2 RT-PCR M ixed*

* Expression o f  C O X 2 and SPLA2 did not yield exclusive M IN + or CIN+ expression  
(Section 5.1.2.2)
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6 . 0  I n t r o d u c t i o n

6.0.1 Differential Display Reverse Transcription PCR

Differential Display Reverse Transcription PCR (DDRT-PCR) (See Section 1.7) (Liang 

et al., 1992) was previously used (MeWilliam et a l ,  MS in preparation) to identify gene 

expression differences in the isogenic pair o f  colorectal cancer cell lines SW 480 (pre­

metastatic) and SW 620 (metastatic)[Table 1.2], D D RT-PC R is a technique that yields 

expression differences between m RNA populations. In brief  D D RT-PC R involves the 

isolation o f  high quality total RNA (or niRNA) from experimental tissue, reverse 

transcription primed with an anchored oligo-dT primer, subsequent PCR amplification 

w ith the anchor  p rim er and an arbitrary upstream  prim er. PC R p roducts  are 

e lectrophoresed on polyacrylam ide sequencing gels and putative difference products 

are excised. Differences products are reamplifed by PCR, cloned and sequenced. A 

schem atic o f  the protocol is illustrated in Figure 3.1. The principal advantage  o f  

D D RT-PCR is the facility to analyse multiple sets o f  difference products in parallel (up 

to forty samples on a sequencing gel). Furthermore, the technique generates clones for 

further ana lysis  and is relatively rapid. H ow ever, the technique is techn ica lly  

demanding, operator-sensitive and is associated with a high false positive rate (Liang et 

al.. 1992; B auer et al., 1993; D unican  et al., 1997; M cW illiam  et al.. M S in 

preparation). A previous study in our laboratory identified overexpression o f  Inhibitor 

2 of Protein Phosphatase 1 (IPP2) in SW480 cells (premetastatic) compared to SW 620 

cells (metastatic) by D D RT-PCR (McWilliam et al., MS in preparation).

6.0.2 Protein Phosphatase 1 (PPPlC-Beta)

P P P lC -B e ta  regulates many biological processes including synaptic plasticity , cell 

cycle, gene transcrip tion  and carbohydrate /lip id  m etabolism . Four m am m alian  

isoforms o f  the P P P IC  subunit are generated from three genes. With the exception o f  

P P P lC -G am m a2 , which is expressed predom inantly  in testes, the o ther  isoforms, 

PPP lC -A lpha , Beta and G am m al ,  are widely expressed in mammalian tissues. As the 

levels o f  the PPPl catalytic subunit (PPPIC) do not change in response to physiological 

stimuli, regulation is thought to occur through endogenous inhibitors (Brautigan et al., 

1990) (Section 6.0.3). One o f  the best examples o f  PP P IC  regulation operates during

109



operates during the control o f  the cAM l’-response binding protein (CREB). Protein 

kinase A (PKA) activates CREB by phosphorylating CREB-serinei33 to activate it as a 

transc rip tion  factor. A ctive  CREB is dephosphory la ted  by C R E B  phosphatase 

(identified as nuclear P P l )  to control the transcription o f  a variety o f  genes (Hagiwara 

et a i.  1992). Treatment o f  cells with okadaic acid, a potent phosphatase inhibitor, leads 

to prolonged phosphorylation o f  CREB. Similarly, the expression o f  IPPl was found to 

promote CR EB phosphorylation and gene transcription in the absence  o f  e levated 

second m essenger levels (Alberts et ai,  1994). These findings raise the possibility that 

inhibitors o f  P P P IC  activity may be important mediators o f  signal transduction in the 

nucleus.

It has been established that the Retinoblastom a (RB) gene product must be 

dephosphorylated as cells exit mitosis. This dephosphorylation process activates the 

function o f  RB as a growth suppressor that blocks cells in the G1 phase o f  the cell cycle 

(Sherr, 1996). This was precisely shown by expressing mutant P P P IC  in cancer cells 

which blocked their entry into S phase (Berndt et a i,  1997). As P P P IC  levels do not 

change during the cell cycle, it is presumed that cell cycle-dependent changes in PP P IC  

activity must be mediated by either covalent modification o f  PPPIC  or by endogenous 

PPIMC regulators. In this regard, a nuclear PPPlC -binding  protein has been identifed 

that may modulate the activity o f  PPPIC  (Allen et al., 1998).

6.0.3 Inhibitor 2 of Protein Phosphatase 1 (IPP2)

The heat-stable proteins IPPl (Inhibitor 1 o f  Protein Phosphatase 1) and IPP2 were first 

isolated from rabbit skeletal muscle extracts (Huang et ai,  1976) and IPP2 was found to 

be a potent inhibitor o f  PP P IC  (Protein Phosphatase 1) (Foulkes et uL, 1983). Unlike 

IPP l, IPP2 does not need to be phosphorylated to inhibit P P P IC  but form s a stable and 

inactive complex with PPPIC . This inactive complex was isolated as a n  Mg^^-ATP- 

depcndent phosphatase which was inactive until incubated with Mg^^-ATP (Park et al.. 

1994), Activation o f  the latent complex is accompanied by the phosphorylation o f  IPP2 

on threoninc 72 by GSK-3 (glycogen synthase kinase-3) and the phosphorylation o f  three 

serine residues by casein kinase II (CK2). Phosphorylation by CK2 does no t alter IPP2 

activity but greatly facilitates the subsequent phosphorylation o f  1PP2 by GSK3 

(Dcpaoli-Roach, 1984; Holmes c /a / . ,  1986). I 'he  fundamental aspect o f  M g^^-A l'P-



d e p e n d en t  p hospha tase  ac tivat ion is that IPP2 phosph ory la t ion by G S K - 3  p ro m o te s  a 

co n fo rm a t iona l  change  in the PPP1C/1PP2 complex ,  which by i t sel f  does  not ac t ivate  

the enzym e .  T he  s low autodephosphor yla t ion o f  IPP2 correlates  best  wi th  the increase  

in P P P I C  activi ty (Park  et al., 1994).  A study s how ed  that  the  addi t ion  o f  ex o g e n o u s  

1PP2 can inhibi t  the  ac tivi ty o f  the ac tive PPP1C/1PP2 c o m p le x  b r i ng ing  the role o f  

1PP2 as a P P P I C  inhibitor  into ques t ion (Bol len  el al., 1994).

R ecen t  in v itro  s tudies  suggest  that  1PP2 interacts w i th  d e n a tu r ed  P P P I C  to 

p ro m o te  the refo ld ing  o f  this protein.  In addi t ion,  r e com binan t  P P P I C  beha ves  like 

nat ive  P P P I C  af te r  incubat ion wi th  1PP2 and react ivat ion by G S K -3  (Aless i  et al., 

1993; M ack in to sh  et al., 1996).  Th e expressed isoforms o f  P P P I C  w'ere 100-600- fold  

less sens i t ive  to i n h ib i to r -1, 3-5-fold  less sens it ive  to okada ic  ac id,  5 - 100-fold  less 

s e n s i t i v e  to m i c r o c y s t i n - L R  a n d  a p p r o x i m a t e l y  2 0 - f o l d  m o r e  a c t i v e  in 

dep h o s p h o ry la t i n g  hi s tone  HI  than nat ive P P P I C .  This has  led to the  pro po sa l  that  

IPP2 is a c h a p e ro n e  for P P P I C .  Studies  wi th Glc8,  the yea s t  h o m o l o g u e  o f  IPP2,  

suggest  that  und er  d i fferent  c i rcumstances ,  Glc8 w'as either an  inhibi tor  o r  an ac tivator  

o f  the yeast  P P P I C  (Tun g  et al., 1995).

P e rh a p s  the  m os t  in tr iguing proper ty  o f  1PP2 is tha t  its m R N A  and prote in  

levels peak  twice  dur ing  the cell  cycle  (Braut igan et al.. 1990).  S tudies  have s how n  

that  IPP2  is cy to so l i c  d u r i ng  G1 and  t r ans loca te s  to the n u c l eu s  d u r i n g  S phase  

( K a k i n o k i  e t al., 1997).  F u r t h e r  i n v e s t i g a t i o n  o f  I P P 2  has  i d e n t i f e d  f o u r  

phosphoryla t ion  sites in IPP2 that are required for nuclear t rans locat ion.



6.0.4 Identification o f  IPP2 by DDRT-PCR

DDRT-PCR was carried out as described in Chapters 2 & 3 by Dr. Peter McWilham on 

the isogenic colorectal cancer cell lines SW 480 (premetastatic) and SW 620 

(metastatic). The cells were cultured as described in Table 2.1. A number o f  putative 

differentially expressed DDRT-PCR cDNAs were isolated, cloned and sequenced 

between the colorectal cancer cell lines SW480 and SW620 (MeWilliam et tti, MS in 

preparation). In particular, clone PM208 showed increased expression in the primary 

tumour cell line (SW480) compared to the metastatic cell line (SW620). Clone PM208 

was sequenced in both directions resulting in a 560bp product and the sequence was 

deposited to GenBank under the accession number Y13810 (McWilliam et a i ,  MS in 

preparation). Through a combination o f  in silica b ioinformatic analysis and 

sequencing, PM208 was identified as Inhibitor 2 o f  Protein Phosphatase 1 (IPP2) 

(McWilliam et a l ,  MS in preparation) (Figure 6.1).

6.1 M e t h o d s

6.1.1 D D R T -PC R  and Semi-Quantitative RT-PCR Analysis

RT-PCR analysis was used to confirm the differential expression o f  clone PM208 (1PP2 

3 '-untranslated region) and DDP (IPP2 coding region) in SW480 and SW620. The 

study was extended to the transcripts for Protein Phosphatase 1 Catalytic Subunit 

Iso form Alpha (PPPlC-Alpha), Protein Phosphatase 1 Catalytic Subunit Iso form Beta 

(PPPlC-Beta) and Protein Phosphatase 1 Catalytic Subunit Isoform Gamma (PPPIC- 

Gamma) and the additional pair o f  isogenic cell lines SW1116 (premetastatic) and 

498Li (metastatic). RT-PCR analysis was carried out as described in Chapter 5. 

Specific primers for each transcript were designed using the Oligo 4.0 primer design 

software (Table 2.2). PCR reactions were optimised prior to RT-PCR analysis on 

genomic DNA or cDNA where suitable. The optimal conditions for each PCR are 

shown in Table 2.3. RT-PCR experiments were controlled using the 'housekeeping’ 

genes (3-actin and GAPDH.



Primers were designed specific lor the human P-actin and GAPDH transcripts using the 

Oligo 4.0 program. The pr imers for (3-actin and G A P D l l  produced RT -PCR products 

o f  109bp and 602bp respectively. The PCR for [3-actin was initially opt imised on 

genomic DNA. Suitable amplification conditions were extended to RT-PCR analysis o f  

the premetastatic  (SW480 & SW l  116) and metastatic (SW620 & 498Li)  total RNA 

samples.  |3-actin experiments  were repeated a number  o f  t imes yielding equivalent  

amounts  o f  product across the panel o f  experimental samples. (3-actin was observed to 

be highly expressed in sporadic colorectal cancer cells and products were sampled after 

18, 21 and 24 PC R cycles. Products w'ere resolved on 8% polyacrylamide gels and 

quanti tated using densitometry,  fhe same reverse transcription reaction was used for 

the (3-actin analysis and the target genes. An  example  o f  a (i-actin R l ' -P C R  is 

illustrated in Figure 6.2. This shows equivalent expression o f  [3-actin across the four 

cell lines.

fh e  G A P D l l  PCR was opt imised on genomic  DNA. The op t im al  PC R 

condi tions were extended to R'f-PCR on the premetastat ic (SW480 & S W l  116) and 

metastatic (SW620 & 498Li) total RNA samples. GAPDH products were separated on 

8%  po lyacry lam id e  gels  and are il lustrated in Figure 6.3. The s a m e  reverse 

t ranscript ion reaction was used for the G A P D l l  analysis  and the cand ida te  genes.  

Similar to [3-actin RT-PCR analysis, GA PD l l  w'as highly expressed (sampled at 21, 24 

and 27 cycles) and at comparable levels between the cell lines.

6.1.2 Protein expression Analysis of PFPIC-Beta

A number o f  techniques were used to assess the expression o f  P P P lC -B e t a  including 

im m unoh is tochem is t ry  on paraffin  e m bedded  t issue,  imm unohis tochem is t ry  on 

cytospin preparations from colorectal cancer cell lines and Western blot analysis  o f  cell 

line subcel lular  protein fractions. Paraff in-embedded colorectal c a n ce r  tissue was 

analysed for PPP lC -B eta  expression using a polyclonal PPPl C-Beta cintibody. Positive 

staining for PPP lC -B e ta  was not detected by this technique. The an t ibody  was thus 

deemed unsuitable for analysis using paraffin-embedded tumour materia l.  Cytospins 

were prepared from the cell lines SW480, SW620,  SW l 116 and 498Li . L o w  positive



staining was obtained for PPP lC -B eta  in the metastatic cell lines SW l  116 and 498Li  

(data not shown).  However ,  positive staining also appeared in the negative control  

which  may be due to e ndogenous  biotin in the cells (Tony O ’ Grady,  pers. 

communicat ion) .  The cytospin studies were discontinued as a  result.

Western blot analysis was used to measure P P P lC -B eta  protein expression in 

the cell lines SW480,  SW620, SW l  116 and 498Li. I 'he procedure was carried out  as 

descr ibed in Chapte r  2, Section 2.4. In short, cells were cul tured under  standard 

condit ions (Table 2.1). Protein was isolated and subcellular f ractionation was carried 

out  resul ting in the isolation o f  membrane-r ich,  cytosol-r ich and cytoskeletal-rich 

subcel lular fractions. Protein was quantitated using the Bradford or Lowry Assays and 

electrophoresed on 10% denaturing SDS-polyacrylamide gels. Protein was transferred 

to m em branes  using semi-dry transfer. Protein w'as detected using a Horseradish 

Peroxidase coup led  polyclonal  P P P lC -B c t a  ant ibody at a di lut ion o f  1/400 by 

chemiluminescence.



6.2 R e s u l i s

6.2,1 S e m i - q u a n t i t a t i v e  RT-PCR A^AL^ SIS0F IPP2 

D P r

O ligonucleotide primers were designed to specifica lly am plify  the human D D 'f 

transcript [A  fu ll contig for the IPP2 transcript is shown in Figure 6.1], The DDT 

primers were designed from the original DDRT-PCR clone PM208 and are from the 3’ - 

untranslated region o f the IPP2 gene. I'he PCR product generated is 168bp in size from 

bases 2736 to 2903 o f the GenBank entry A J 133812 (See Table 2.4 for PCR 

conditions). Semi-quantitative R'f-PCR experiments were carried out on this transcript. 

RT-PCR products were electrophoresed on 8% nondenaturing polyacrylamide gels and 

stained in ethidium bromide. An illustration o f D D 'f RT-PCR analysis is shown in 

Figure 6.4. Semi-quantitative RT-PCR showed elevated expression o f D D T in both 

pre-metastatic cell lines SW480 and SW1116 w ith  respect to the ir metastalic 

counterparts SW620 and 498Li. The original DDRT-PCR analysis detected raised 

expression o f PM208 (DDT) in SW480 compared to SW620. fh is  independent 

analysis has thus confirmed the observation with the extension o f the phenomenon to a 

second pair o f isogenic colorectal cancer cell lines.

DDP

Specific primers for the DDP (IPP2 open reading frame) transcript were designed using 

the Oligo 4.0 package. PCR amplification using the DDP primers yields a PCR product 

o f 109bp between bases 589 and 697 o f the GenBank entry N M _ 006241. RT-PCR 

was carried out using optimal DDP PCR conditions (Table 2.4) and DDP products were 

resolved on 8% nondenaturing polyacrylamide gels stained in ethidium bromide. As 

w ith D D ’f,  elevated expression o f DDP was observed in both pre-metastatic cell lines 

(SW480 &  SW1116) compared to the metastatic cell lines (SW620 &  498Li). A 

typical DDP RT-PCR experiment is illustrated in iMgure 6.5. This result confirms the 

data observed for clone PM208 (D D 'f) following DDRT-PCR analysis. In addition, the 

data confirm the differential expression o f the functionally important coding region o f

115



the DDP (IPP2) transcript. Moreover,  the IPP2 expression change is extended to a 

second isogenic pair o f  colorectal cancer cell lines ( SW l  116 & 498Li).

6.2.2 S e m i - q u a n  r iTATiVE RT-PCR ANAL^ sis oi C a n d i d a t e  G e n e s  

1PP2 seems to act as both an inhibitor o f  and chaperone  protein for the Protein 

Phosphatase Catalytic subunit  (PPPIC).  We explored the role o f  IPP2 in colorectal 

cancer  metastasis  by extending the study to the three isoforms o f  P P P IC :  P PP IC -  

Alpha,  P P P lC - B e t a  and P P P lC -G a m m a .  We examined  the expre ss ion  o f  these 

transcripts by Rl ' -PCR in the cell lines SW480,  SW620,  SW l  116 and 498Li .

PPP lC -A lpha

' fhe  Oligo 4.0 pr imer  design software was used to design specific pr imers  for the 

human Pi^PlC-Alpha transcript. 'I'hese primers generate a 137bp PCR prociuct between 

bases 1107 and 1243 o f  the GenBank entry NM_002708.  R' f -PCR analysis  was carried 

out on PPPlC-.A.lpha, P-actin and GAPDH.  .A P P P lC -A lp h a  RT-PC R experiment  is 

illustrated in Figure 6.6. Elevated expression o f  P PP lC -A lpha  is clear in SW480 with 

respect to SW620. However , differential expression o f  P PP lC -A lpha  w as  not clearly 

demonstrated between SWl 116 and 498Li.

PPPIC-Beta

Specific primers  were designed for the human PPPIC -B eta  transcript,  ' f hese  primers 

generate  a I95bp PC R product  between bases  1402 and 1596 o f  the G e nB ank  entry 

NM_002709.  R' f -PCR analysis was carried out on PPPIC-Beta ,  (3-actin and  GAPDH. 

A P P P IC -B e ta  RT-PC R experiment is illustrated in Figure 6.7. R ' f - P C R  analysis  

revealed elevated expression o f  the PPP IC -B eta  transcript in both pre-metastat ic  cell 

lines (SW 480 and SW l  1 16) compared to the metastatic cell lines S W 6 2 0  and 498Li. 

fhe analysis appeared to reveal a larger differential in PPPIC-Beta  express ion between 

S W l  116 and 498Li  than in SW 480 and SW620.  This resul ts  m a y  indicate  a 

generalised overexpression o f  the P P P IC -B e ta  transcript in premetas ta t ic  colorectal 

cancer.
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P P P lC -G am m a

The Oligo 4.0 prim er design software was used to design specific prim ers for tlie 

iiuman P P P lC -G a m m a  transcript. These prim ers generate  a 149bp PC R  product 

between bases 1311 and 1459 o f  the G enBank entry N M _002710. RT -PC R  analysis 

was carried out on P PP lC -G am m a, P-actin and G A PD H. A P P P lC -G am m a RT-PCR 

experiment is illustrated in Figure 6.8. Elevated expression o f  P P P lC -G am m a  is clear 

in SW l 116 with respect to 498Li. However, differential expression o f  P P P lC -G am m a  

was not clear by demonstrated between SW 480 and SW620.

6,2,3 Analysis o f  PPP lC -B eta  protein expression  

6.2.3.1 P P P lC -B eta  protein expression in paraffm-enibedded tissue

A polyclonal PP P lC -B eta  antibody was obtained (Santa Cruz Biotech., U SA ) and used 

in immunohistochemical experiments. Immunohistochemistry was carried out by Tony 

O ' Grady as described in Section 2.4.7. Analysis was carried out on paraffm -em bedded 

tissue sections from D ukes’ B colorectal cancers. Positive staining for the antibody was 

not immediately evident. Possible staining was observed in extracellular regions. As 

P P P lC -B e ta  is not recognised as a secretory protein this result was deem ed  a false 

positive and the experiments were discontinued.

I

6.2.3.2 P P P lC -B eta  protein expression in eytospin preparations

Paraffin-em bedded tissue was deemed unsuitable for analysis with the P P P lC -B e ta  

antibody (Section 6.2.2.1). The next step was to examine protein express ion  in the 

pairs o f  isogenic cell lines. Cytospins were prepared from the cell lines SW 620 and 

498Li as described (Section 2.4.7) and analysed im m unohistochem ically  with anti- 

PP P lC -B eta .  A low frequency o f  positive staining was observed in cy tosp ins  from 

both cell lines. However, positive staining was also observed in the nega tive  control 

[eytospin analysed without primary antibody]. This nniy have been due to endogenous 

biotin in the cell lines analysed (Tony O ’ Grady, pers. com m unica tion) . Cytospin 

protein expression analysis was discontinued as a result.



6 .2 .33  PPPlC-Beta Western Blot Analysis

Sub ce l lu l a r  f r ac t ionat ion  w a s  carried  out as desc r ib ed  in Sect ion 2.4.1 and  p rote in  

lysates  we re  e lec t ro pho rese d  on 10% denatur ing p o lyac ry lam id e  gels.  I ’his laci l i tated 

pro te in  an a ly s i s  in three  ce l lu lar  envi ronm ents :  the cytosol ,  the m e m b r a n e  and the  

cy toskele ton .  A n  ex a m p le  o f  protein e lec t rophores is  is s h o w n  in Figure  6.9. Protein  

concen tra t ion s  we re  es t imated us ing the Lowry assay and the  Bradford  assay.  A typical  

stexndard cu rve  using Bov ine  Se rum Albumin  is i l lust rated in Figure 6.10.  Western  blot  

analys i s  w a s  carried out  as desc r ibed (Sections  2.4.5 &  2.4.6).  Severa l  W es te rn  blots 

w e re  r insed in Ponseau  S solut ion show ing successful  protein t ransfer  (data  not  shown) .  

I'he P P P l C - B e t a  an t ibod y was  initially used at a d i lu t ion o f  1:400. A W e s te rn  blot  

op t imisa t ion ex pe r i m en t  is s how n  in Figure 6.11. P P P l C - B e t a  is a 38 k D a  protein  and 

the  e x p e c t e d  p ro te i n  band w a s  obse rved  to c o - m ig ra t e  w i th  the  37.5 k D a  pro te in  

s tandard.

We ste rn  blot  analys is  was  des igned to inves tigate the three subce l lu la r  f ract ions  

m e n t i o n e d  ab o v e  for the cell  l ines;  S W 4 8 0 ,  S W 6 2 0 ,  S W U 1 6  &  4 9 8 L i .  E le va te d  

expres s ion  o f  P P P l C - B e t a  w as  obser ved  in the pre -m etas ta t i c  cell  l ines  S W 4 8 0  and 

S W 1 I 1 6  wi th  re sp e c t  to the i r  met as ta t i c  co u n te r p a r t s  S W 1 1 1 6  an d  4 9 8 L i  in all 

subce l lu lar  fract ions (Figure  6.12).  fh e  most  m arked  di fferent ial  w a s  o b s e r v e d  in the 

cy toskele ta l  f ract ions .  In teres t ingly,  the cytosol ic  P P P l C - B e t a  l u m in e s c e n t  s ignals  

mig ra ted  marg ina l l y  fur ther  than in the o ther  f ract ions ,  fh i s  m ay  be  d u e  to speci f ic  

dephosphory la t i on  o f  P P P l C - B e t a  in the cytosol  or a pos t - t rans lat ional  mod i f i ca t ion  o f  

P P P l C - B e t a .  A P P P I C  s tudy revealed two protein products  ( 3 7 k D a  and 3 9 k D a )  w hi ch  

react  wi th  P P P l C - B e t a  ant ibody ( T ak iz aw a  el a., 1994).  T h e  au tho rs  s u g g e s t  that  the  

3 7 k D a  f r ag m en t  is a proteolys is product  o f  P P P l C - B c t a  w hi ch  has  lost a shor t  pept ide  

f ragment  but re ta ins  the antigenic site. This f inding is consis tent  wi th  o u r  obse rvat ion 

o f  two s t rong P P P l C - B e t a  f ragments  by Wes tern  blot  analysis.



6 . 3  D i s c u s s i o n :  R o l e s  o f  I P P 2  a n d  P P P I C - B e t a  in  C o l o r e c t a l  C a n c e r  

M e t a s t a s i s

6.3.1 F^ole of PPPIC -B eta in Colorectal Cancer Metastasis

Protein phosphatases  regulate many diverse processes in cells. Four isoforms o f  the 

catalytic subunit  have been isolated: PPPlC-Alpha ,  PPPIC -B eta  (also termed P P P IC -  

Delta),  P P P lC - G a m m a l  and PPP lC -G am m a2 .  Regulat ion o f  the P P P I C  family is 

thought  to be control led by endogenous inhibitors as the levels o f  P P P I C  are largely 

unchanged  under  the influence o f  physiological stimuli (Braut igan e( uL, 1990). We 

have shown underexpression o f  Pi’PIC-Beta  by RT-PCR in the metastatic cell lines 

SW620 and 498Li  compared to the premetastatic cell lines SW480 and S W l  116. In 

addition, we have demonstrated a similar expression pattern for the PPPIC -B eta  protein 

in the cytosol-rich and cytoskeletal-rich subcellular fractions in the cell lines examined.

Recent  studies have demonstrated a RhoA-mediated pathway which determines 

the status and organisation o f  actin-myosin bundles (Maier el a i ,  1995; ICimura et uL, 

1996; Yoshioka el uL, 1999). "I’his pathway begins with the activation o f  RhoA -G DP to 

RhoA-G'fP.  Act ive RhoA-GTP interacts with and activates ROCK (RhoA-Assoc iated 

Kinase)  which regulates  the myosin phosphatase complex by dephosphorylat ing the 

MBS (Myosin Binding Subuni t o f  myosin phosphatase) (Kimura el u i ,  1996). fhe 

active form o f  myosin phosphatase dephosphorylates  MLC (Myosin L.ight Chain)  

thereby blocking polarisation o f  actin-myosin bundles (Figure 6.13).

Non-metastatic Lewis lung carcinomas cells (LLC) become more moti le when 

P P P IC  and PP-2A arc inhibited by okadaic acid (Maier el a l ,  1995). Non-metastat ic  

LLC are adherent  and exhibit spread morphology in culture. Addit ion o f  okadaic acid 

leads to contract ion o f  extended processes, formation o f  spikes and m em brane  blebs. 

PPl  and PP2A maintain cytoskeletal organisation and disrupt ion o f  th is  regulat ion 

reduces cytoskeletal integrity and increases tumour cell motility. Overexpress ion  o f  

small G' fP-binding protein RhoA promotes  invasion of  mesothelial  cells in vilro, and 

overexpression o f  wild-type RhoA conferred invasive ability in vivo in syngeneic  rats 

(Yoshioka  et al., 1999). Furthermore,  an inhibitor o f  RO CK effect ively inhibits the 

invasion o f  M M l  cells in vitro and in vivo (Itoh et uL. 1999).
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The RlioA-mediated regulation of cytoskeletal architecture is beginning to be 

unravelled. The decreases in expression of PPPlC-Beta at the mRNA and protein 

levels shown here would suggest a role for this gene in colon cancer metastasis. The 

RhoA pathway may be compromised by the downregulation of PPPlC-Beta. We argue 

that a decrease in expression o f  PPPlC-Beta may reduce activity o f  the myosin 

phosphatase complex, o f  which PPPlC-Beta is a component. A decrease in myosin 

phosphatase activity would lead to a decrease in the regulation of MLC (myosin light 

chain) by its dephosphorylation thereby increasing Actin-Myosin bundle polarisation 

and the formation o f  stress fibres. Further support for this hypothesis is given by Villa- 

Moruzzi et al. (1998) who have demonstrated PP PlC -B eta  enrichment at focal 

adhesions in HeLa cells, fibroblasts, endothelial cells and keratinocytes. Highest 

expression o f  PPPlC-Beta seems to occur in the cytoskeletal-rich fraction in the 

premetastatic and metastatic colon cancer cell lines examined (Figure 6.12) and a large 

differential is apparent. Current findings in the literature and our PPPlC-Beta results 

taken together suggest a conceivable role for PPPlC-Beta in colon cancer metastasis 

involving a possible role in RhoA-mediated cytoskeletal maintenance.

6.3.2 Role for IPP2 in Colorectal Cancer Metastasis

As discussed in Section 6.0.3, 1PP2 was originally viewed as a highly specific inhibitor 

o f  the Protein Phosphatase Catalytic Subunit (PPPIC) (Huang et al, 1976). Recent 

findings suggest that IPP2 can act as a chaperone protein for PPPIC  (Alessi et a l ,  

1993; Tung et al., 1995). The chaperone property o f  1PP2 is consistent with our 

expression data for IPP2 and PPPlC-Beta. The coding and 3’-untranslated regions of 

IPP2 were shown to be overexpressed in premetastatic cells lines (SW480 & SW l 116) 

compared to metastatic cell lines (SW620 & 498Li). Examination o f  the expression o f  

the PPPIC isoforms showed consistent overexpression of PPPlC-Beta in premetastatic 

cell lines. This may suggest that 1PP2 is acting as a chaperone o f  PPPlC-Beta. It is 

possible that 1PP2 is a more efficient chaperone for PPPlC-Beta than for PPPlC-Alpha 

and PPPlC-G am m a. Decreased expression o f  1PP2 is consistent with decreased 

expression o f  PPPlC-Beta in the metastatic cell lines studied. This may suggest 

coordinate regulation o f  1PP2 and PPPlC-Beta. Whether IPP2 is necessary for 

appropriate functioning of PPPlC-Beta in MLC dephosphorylation remains to be
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clarificd. The observation that P P P lC -B eta  expression is decreased is consistent with 

this possibility.

1 2 1



14) h s 6 0 5 2 8 9 F - < + ------
13) h s 5 4 9 3 8 F - < + ------ ----+ -
I D h s 4 0 6 3 5 2 F - < - + ------ ----+ -

11) hspm 208FR- ----- + ------- ----+>
10^ hs 4 0 6 3 5 2 R + - >

9) hs60 5 2 8 9 R + ------- + —  >
8) h s61537D+ + 1 1 1 1 + 1 V

7) h s c 3 2 g l 0 1 D + 1 + 1 1 1 1 V

6 ) h s54938R + A11+1111+1

5) h s c 0 h a 0 4 1 D + ----+ - >
4) GAPFR+ -----+ — — + - ------ >

3) h s i p p 2 r D + ------- + ------ >

2) h s in h 2 D + 1+1111+1111 -----+ — - >
1) C o n s e n s u s  + -----+— — + - ----- + ---------+ --------- + -------

1+1111+1111 ----- — + - 111+1111+1111+111 -  +---
1 3500

Figure 6.1 Contig construct of IPP2 transcript. The above sequence contig was assembled 
using the Wisconsin GCG package, Version 9.1 by Me William et a l, 2000 (MS in preparation). 
The complete sequence has been submitted to GenBank and assigned the accession number 
AJ133812. The contig consists o f sequences from ESTs (Expressed Sequence Tags), IPP2 
submitted entries and clones PM208 and GAP. Clones were sequenced with M l3 Forward (F) 
and Reverse (R) primers or the sequences were obtained directly from GenBank. The sequences 
are designated as F, R or D as appropriate. The contig clearly shows that DDRT-PCR clone 
PM208 (hspm208FR) (shown in red) originated from a longer 1PP2 sequence that extends beyond 
the published sequences for IPP2 (hsipp2rD and hsinh2D). The 1PP2 specific probe used in the 
Northern blot (Figure 5.16) is highlighted in blue (GAP).
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Figure 6.2 Senii-quantitative RT-PCR analysis of the ‘housekeeping’ gene |3-actin in 

prem etastatic  and metastatic colorectal cancer cell lines. An illustration o f  a semi- 

quant i ta t ive R' l ' -PCR experiment  directed towards the (3-actin transcript.  RT-PCR 

react ions were carried out as descr ibed and electrophoresed on non-denatur ing 8% 
polyacrylamide gels stained in e thidium bromide. PCR products were sampled at 18, 21 
& 24 cycles as indicated. Equivalent expression of  (3-actin is evident in all four sporadic 

colorectal  cancer  cell lines across all samplings.  M=pBluescr ipt  -  Hha  I molecular  

weight  marker; 1=SW480; 2=SW620;  3=SW1 116 & 4=498Li.
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F igure  6.3 Sem i-quant i ta t ive  R T -P C R  analysis  o f  the ‘h o u s e k e e p i n g ’ gene  
(Jlycera ldehycle  P h o s p h a te  D e h y d ro g e n a s e  ( G A P D H )  in p r e m etas ta t ic  and  
metastat ic colorectal  cancer cell lines. An illustration of a semi-quantitative RT-PCR 

experiment  directed towards the ‘housekeeping’ GAPDH transcript. RT-PCR reactions 

were carried out as described and electrophoresed on non-denaturing 8% polyacrylamide 

gels stained in e thidium bromide. PCR products were sampled at 21, 24 & 27 cycles as 

indicated. Equivalent  expression of  GAPDH is evident  in all four sporadic colorectal  

cancer  cell lines across all samplings. M=pBluescr ipt  -  Hha  I molecular  weight  marker; 
1=SW480;  2=SW620;  3 = S W 1 1 16 & 4=498Li.
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Figure 6.5 Seini-quantitative R T -PCR analysis of DUP. An illustration o f  a scnii- 

quantitativc RT-PCR experiment directed towards tiie DDP transcript (1PP2 open reading 

frame). RT -PC R  reactions were carried out as described and eiectrophoresed on non­

denaturing  8% polyacrylam ide gels stained in e thidium  bromide. PCR products  were 

sam pled  at 24, 27 & 30 cycles as indicated. Elevated expression o f  DDP is ev ident in 

both pre-metastatic cell lines (SW 480 & S W l 1 16) with compared to the metastatic cell 

lines (SW 620 & 498Li) across the three cycle numbers sampled. M =pBluescript -  Him  I 
m olecular weight marker; 1=SW480; 2=SW620; 3 = S W 1 1 16 & 4=498Li.
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Fij»ure 6.6 Semi-quantitative RT-PCR analysis of PPP lC -A lpha. An illustration of  a 

scni i -quanli ta tive RT-PCR experiment  directed towards the P P P lC -A lp h a  t ranscript.  
R l ' - P C R  reactions were carried out as described and electrophoresed on non-denatur ing 

8% polyacrylamide gels stained in ethidium bromide. PPP lC -A lp ha  PCR products were 
sampled  at 27, 30 & 33 cycles. Raised expression o f  PP P lC -A lp h a  in S W 4 8 0  with 
respect  to SW 620 is apparent for the final cycle number sampled. P P P lC -A lp h a  seems 

to be expressed at comparable  levels in the pair o f  cell l ines SW 1116  and  498Li .  
M=pBluescr ipt  -  Hha  I molecular  weight marker; 1=SW480;  2=SW620;  3 = S W 1 116 & 

4=498Li.
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F ig u re  6 .7  S c in i-q u a iit ita t iv e  R T -P C R  analys is  o f  P P P lC -B e ta .  An i l lus t rat ion o f  a 

scni i -quant i ta t ivc  R T - P C R  exper imen t  di rec ted  towards  the P P P l C - B e t a  t ranscript .  RT-  

P C R  react ions  w e re  carr i ed  out as desc r ibed and e iec t rophoresed on non-d e na tu r i ng  8% 

p o l y a c r y l a m id e  gels  s ta ined  in e th id iu m  bro m ide.  P P P l C - B e t a  P C R  p r o d u c t s  w e re  

sam p le d  at 27,  30 & 33 cycles.  Raised express ion of  P P P l C - B e t a  in both  pre- inetas ta t ic  

cell l ines ( S W 4 8 0  &  S W l  116) is evident  wi th respect  to the metas tat ic cell  l ines  S W 6 2 0  

and  4 9 8 L i .  M = p B l u e s c r i p t  -  lUici I m o lecu la r  w e ig h t  marker;  1=SW48 0;  2 = S W 6 2 0 ;  

3 = S W 1 116 & 4 = 4 9 8 L i .
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Figure 6.8 Scnii-quaiititative RT-PCR analysis of PPPlC-Gamnia. An illustration o f  
a scmi-quanlitative R'l'-PCR experiment directed towards the PPPlC-Gamma transcript. 
R I'-PCR reactions were carried out as described and electrophoresed on non-denaturing 
8% polyacrylamide gels stained in ethidium bromide. PPPlC-gamm a PCR products 
were sampled at 27, 30 & 33 cycles. Raised expression of PPPlC-Gamma in SW l 116 
with respect to 498Li is clear for the final cycle number sampled with comparable levels 
in the pair of cell lines SW480 and SW620. M=pBluescript -  Hha I molecular weight 
marker; 1=SW480; 2=SW620; 3=SW 1116 & 4=498Li.
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Figure 6.9 SDS polyacrylamide gel electrophoresis. An illustration of denaturing 
SDS polacrylamide gel electrphoresis of cytoskeletal-rich and cytosol-rich protein 
fractions. A. Cytoskeletal-rich protein fractions were isolated as described in Section 
2.4.1. Approximately lOjig protein were electrophoresed on 10% SDS polyacrylamide 
gels for 1 hour and stained in Coomassie reagent. B. Cytosol-rich fractions were 
isolated as described in Section 2.4.1. Approximately 15mg protein were 
electrophoresed on 10% SDS polyacrylamide gels for 1 hour and stained in Coomassie 
reagent. Similar results were obtained with membrane-rich protein fractions (data not 
shown). M= molecular weight standard marker (205kDa to 29kDa); 1=SW480; 
2=SW620; 3=SW 1116 & 4=498Li.
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Figure 6.10 Bradford Assay Standard Curve. The Bradford assay was carried out as 

described in Section 2.4.2. A typical Bradford assay standard curve is shown above. 
Serial dilutions o f a bovine serum albumin solution were prepared and the absorbances 
o f each standard were determined at 595nm. Bovine serum albumin concentration was 
plotted against absorbance and the standard curve was used to estimate unknown protein 
concentrations.
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Figure 6.11 Protein phosphatase 1 catalytic subunit beta isoform (PPPIC B) 
Western blot analysis optimisation. An illustration of a typical PPPICB W estern blot 
optimisation experiment. Cytoskeletal-rich protein fractions were isolated from cell 
lysates as described (Section 2.4.1) and electrophoresed (approximately 25|lg protein in 
each lane) on 10% denaturing polyacrylamide-SDS gels. Western blot analysis was 
earned out with a 1/400 dilution of PPPICB antibody. This yielded a protein signal 
which co-migrated with the 37.5kD size marker. The PPPICB protein is approximately 
38kD in size. A duplicate Western blot was prepared with the omission of the primary 
antibody (PPPIC B ) as a negative control which yielded no protein signals. M =205kDa 
to 29kDa high range protein molecular weight marker; 1=SW480; 2=SW 620; 
3=SW 1116; 4=498Li & N=negative control.
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Figure 6.12 Protein phosphatase I, catalytic subunit, isozyme B (P P P IC B )  
W estern blot analysis in subcellular fractions from the cell lines SW 480, SW 620,  
SW 1116 & 498Li. An illustration o f  the expression o f  P P P IC B  protein in subcellular 
fractions fi-om pre-metastatic (SW 480 & SW 1116) and metastatic (SW 620 & 498Li) 
sporadic colorectal cancer cell lines. A. Expression o f  PP P IC B  in the membrane 
protein rich subcellular fractions. Elevated expression o f  P P P IC B  is evident in SW 480 
with respect to SW620. A consistent overexpression o f  P P P IC B  in premetastatic cells is 
not clear due to the elevated expression o f  P P P IC B  in 498Li compared to SW l 116. B. 
Expression o f  PP P IC B  in the cytosolic protein rich subcellular fractions. Elevated 
expression o f  PP P IC B  is clear in both pre-metastatic cell lines (SW 480 & S W l 116). A 
very strong protein signal (PPPIC B ?) exists immediately below PPP IC B  which may 
represent a dephosphorylated form o f  PPPIC B . C. Expression o f  PPP IC B  in the 
cytoskeletal rich subcellular fractions. Elevated expression o f  PPP IC B  is evident in 
both pre-metastatic cell lines SW 480 & S W l 116 compared to the metastatic cell lines 
SW 620 & 498Li.
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Figure 6.13 RhoA-mediated maintenance o f cell motility. A schematic diagram of 
RhoA-mediated regulation of the cytoskelton. RhoA-GDP is activated to RhoA-GTP 
by CD44 (not shown) which interacts with and activates ROCK (RhoA-Associated 
Kinase). ROCK phosphorylates the Myosin Binding Subunit of the trimcric complex 
myosin phosphatase. Activated myosin phosphatase dephosphorylates Myosin Light 
Chain (MLC) blocking the polarisation of Actin-Myosin bundles and formation of 
stress fibres. RhoA indirectly regulates cytoskeletal structure which determines the 
extent of cell invasion and migration. Dowregulation of PPPlC -B eta in the 
cytoskeletal-rich fractions of the metastatic cell lines SW620 and 498Li may reduce the 
activity of myosin phosphatase. The downstream events are likely to involve increased 
polarisation of Actin-Myosin bundles and formation of stress fibres. This possibility is 
consistent with the decreased expression o f PPPlC-Beta in the metastatic cell lines 
which have increased motility.



C h a p t e r  7 

G e n e r a l  D i s c u s s i o n
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7.0 I n t r o d u c t i o n

The major  goal o f  this study was to identify differences in gene expression between the 

MIN (microsa tel l i te  instabil ity)  and CIN (chromosom al  instability) pheno types  in 

sporadic colorectal cancer. This was achieved by screening a panel o f  MIN and CIN cell 

lines using Differential Display Reverse Transcriptase PCR and GDA high density cDNA 

niters.  These cell lines provide a convenient  model for this type o f  analysis as the MIN 

l ines are mismatch  repair del' icient and the CIN lines exhibi t  gross c h rom osom al  

abnormali t ies  (Sect ion 1.8). These techniques al lowed the identification o f  a panel of 

di iferent ia lly expressed candidate  genes that may be associated with the two distinct 

phenotypes.  This panel also formed the basis o f  further analysis. In addit ion to these 

studies,  a secondary goal was to analyse the expression o f  IPP2 and IPP2 associated 

genes in colon cancer metastasis,  fhe cell lines SW480 and SW620 are a convenient in 

vilro model  tor metastasis and had allowed the identification o f  IPP2 prior to this project 

(McWill iam el al.. MS in preparation).  This study was extended to a num ber  1PP2 

associated genes.

fo identify additional genes involved in MIN and CIN, we used Gene Discovery 

Array (G D A )  v l . 3  high density cD N A  filters to de termine express ion  differences 

between  the MIN and CIN phenotypes. This involved three pairwise (one M IN  probe 

and one CIN probe in each instance) comparisons o f  MIN and CIN cell line expression 

patterns  on duplicate  G D A  filters. The panel o f  consistent ly differentially expressed 

genes (approximately seventy in number) between the three comparisons was obtained by 

bioinformatic approaches. A number o f  genes were selected for confirmatory analysis  of  

which a number  showed confirmed expression patterns  using independent  methods 

( including P T P D l ,  PLK, RANBP2,  CCNA2, H2AZ). A total o f  six out o f  nine selected 

genes showed comparable  expression patterns. This would suggest that a considerable  

f raction o f  the remain ing genes from the original  panel represent  t rue expre ss ion  

dilTerenees. With this consideration, GDA analysis provides a convenient,  cost-effect ive 

and straightforward method for obtaining global gene expression patterns.
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7.1 M I N  VERSUS C I N  P h e n o t y p e s

T w o  d i s t in c t  p h e n o ty p e s  exis t  in sporad ic  co lo rect a l  ca nce r .  T he  M IN  p h e n o t y p e  

a c c o u n t s  for  ap p rox im a te ly  15% o f  sporadic colon tum ours .  M IN  sporadic  co lo recta l  

ca n c e r s  are  re co gn i sed  by the p re va lence  o f  w id e s p r e a d  g e n o m i c  instabi l i ty  at both  

m i c r o s a t e l l i t e  and  s i m p le  s e q u e n c e  repeats.  The u n d e r ly i n g  m e c h a n i s m  for this  

p h en o t y p e  is well  under s tood.  Inact ivat ing ger ml ine  m u ta t io n s  and ep igene t ic  ev en ts  

such  as h M L M l  p ro m o to r  m et hy la t ion  in misma tch repai r  gene s  lead to er rors  in D N A  

rep l ica t ion.  Muta t ion s  o f  this na ture  in coding reg ions  o f  genes  (TGF|3R1I,  I G F R I l  & 

B A X )  are seen as the dri \  ing force behind tumourigenes is  in M IN  tumours .

I'he m o lecu la r  bas is  o f  C IN  in tumour s  is ju s t  beg in n in g  to be expl or ed .  C IN  

tu m o u rs  are  charac ter ised  by gross  chromosom al  les ions such as aneupio idy and  loss o f  

h e t e r o z y g o s i t y  and a c c o u n t  for  ap p r o x im a te ly  8 0 %  o f  sp o ra d ic  co lo rect a l  cancer s .  

Inac t ivat ing  mut at io ns  in A P C  ( t u m o u r  suppre ssor  g ene )  is an early  even t  in the C IN  

pheno type .  T h e  und er ly ing  m ech a n i s m s  o f  the CIN  pathw'ay rema in  unclear.  Loss  o f  

function in A P C  (a tu m o u r  supp re sso r  gene)  is an early even t  in the model  o f  colorecta l  

can ce r  p ro posed  by Kinzle r  & Vogels te in  (1996) (Figure 1.3). However ,  the und er ly ing  

m e c h a n i s m s  in i t ia t ing the  m o lecu la r  les ions in C IN  tu m o u r s  re ma in  unc lea r .  T w o  

c o m p a r i so n s  be tween M IN  and C IN  are informat ive .  First ly,  both types  o f  instabi l i ty  

occu r  early d u r in g  t u m o u r  evolu t ion,  but the gene t ic  var ia t ions  re su l t ing  f r o m  these  

ins tabi li t ies  increase  wi th tu m o u r  progress ion.  Secondly ,  w h e n  M IN  and C IN  cells are 

fused the resul t ing hybr ids  exhibi t  the CIN but not M IN  phenotype.  This  s h o w s  that  the 

CIN p heno type  has a do m inan t  qual ity,  indicat ing that it may  result  f rom gain  o f  funct ion 

o f  an exp res sed  protein ra ther  than f rom gene inact ivat ion.  This,  in turn,  s u g g e s t s  that  

only a s ingle  mutat ional  ‘h i t ’ may  be acquired  to produce the CIN phenotype.

7 . 1.1 M in A s s o c i a t e d  CENES

T he  pane l  o f  g en e s  o b t a in e d  by G D A  ana ly s i s  d id  not inc lude  g e n e s  p r e v i o u s l y  

assoc ia ted  wi th  m i sm a tc h  repair.  How eve r ,  the genes  H 2 A Z  and H D A C 2  m a y  have a 

role in the M IN  phenotyp e.  A considerab le  body o f  ev idence  has  indicated  that  gene  

‘s i l e n c i n g ’ in M IN  tu m o u r s  can  be ca rr i ed  ou t  by a c o m b i n a t i o n  o f  C p G  i s l and  

methyla t ion and the acctylat ion o f  histones  in chromat in.  Genes  can be ‘s i l e n c e d ’ due  to
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steric hindrance o f  transcription factors at promotor  regions by CpG island methylat ion.

1 lyperacelylation (or low deacetylation)  o f  histones has a ‘t ightening’ effect on DNA 

which  decreases  the efficiency o f  transcription from these regions. The combinatory  

effect o f  elevated expression o f  H2AZ in MIN cells and low expression o f  I ID AC2 in 

CIN cells (with the except ion o f  SW48) may represent  a gene ' s i lenc ing’ pa thway in 

MIN tumours .  It is worth not ing that centromeric heterochromatin does not  contain 

112AZ and the D N M T l  (DNA Methyl transferase 1) has been reported to preferentially 

methylate  heterochromatin.  With the consideration o f  the current  understanding o f  the 

MIN phenotype ,  further explorat ion o f  gene ' s i l e nc ing ’ processes  in M IN  & CIN.  

However ,  examinat ion o f  the EST (~14,000 ES T are harboured on the G D A  filters) 

expression data may also reveal novel genes directly associated with MIN and mismatch 

repair mechanisms.

7 .1.2 C i N  A s s o c  i a t e d  G e n e s

p53 was an obvious candidate  for CIN as cells in culture become grossly aneuploid 

coincident  with p53 inactivation. However , several cancers with mutant  p53 are  diploid 

and chromosomal ly stable. Studies in yeast have given clues to the candidate  genes 

behind MIN, but many gene alterations can give rise to CIN in yeast. One such class o f  

genes are those involved in cell cycle checkpoints . Alterations in the express ion  or 

sequence  o f  human  mitotic-checkpoint  genes might  be pivotal in CIN. Decreased  

express ion o f  h M A D 2 has been seen in breast  cancers  and might  be important  in 

aneuploidy.  A number o f  other spindle checkpoint  genes, including M ADI L I , MAD2, 

BU B3,  f T K  and CDC20 have been screened for mutat ions in nineteen aneuplo id  

colorectal  tumours.  No new mutations were found suggest ing that genes ye t  to be 

discovered are responsible for most  o f  the checkpoint  defects observed in CIN tumours. 

A small fraction o f  colorectal cancers harbour  mutations in either h B U B l  or h B U B R l .  

The DNA-damage checkpoint  has also been linked to CIN via genes such as A T M ,  ATR, 

BRCAl  and BRCA2. Yeast studies have revealed that chromosome instability arising 

from failed D N A -da m a ge  checkpo in ts  is of ten associated with e n h a n c e d  mitot ic  

recombination and aberrant chromosome checkpoint.  Another potential source  o f  CIN 

involves centrosomal abnormalities.  Genes that regulate centrosome number  including
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STK 15 and PLK l may also be linked to chrom osome segregation, hi sum m ary many 

candidate genes for CIN have been studied resulting in occasional expression differences 

betw een  CIN and M IN or occasional mutations in CIN related genes. Therefore, non- 

discrim inative targeting o f  numerous genes involved in diverse cellular processes seems 

to be the trend in the CIN phenotype. It is also likely that many candidates are yet to be 

discovered.

7.1.3 C i N  G e n e s  f o u n d  b y  GDA

The genes  selected for confirm atory  analysis were selected on the basis o f  current 

tm d ings  in the literature. In line with the genes currently being investigated in CIN 

colorectal cancer, we selected genes potentially involved in the different checkpoints 

described  above. Generally , the expression differences seen by G D A analysis were 

considerably larger than the differences seen by RT-PCR or Northern blot analyses. This 

is likely to be due to the variability in hybridisation o f  com plex probes (total cD N A  

probes) to targets and hybridisation o f  specific probes (Northern blot analysis) to targets 

or the sensitivity o f  RT-PCR. The low expression differences obtained would  suggest 

that genuine ‘hits ' have not been selected in the confirmator>' analyses. Such differences 

are unlikely to be due to mutations o f  the candidate genes. These genes are more likely 

to be under the intluence o f  an upstream target gene at the focal point o f  CTN or represent 

genes  involved in a particu lar  pa thw ay influenced by an upstream  gene. Further 

confirm atory  analysis o f  the original panel o f  genes may identify larger expression  

differences which are more likely to represent genuine targets in the CIN  phenotype. 

Furthermore, similar confirmatory analysis o f  a subset o f  the 14,000 Expressed Sequence 

Tags (EST) harboured on GD A filters is likely to reveal genes involved in CIN.

GD A analysis has generated expression profiles o f  over 18,000 cD N A  species 

betw een the M IN and CIN phenotypes. As suggested previously, a large proportion o f  

the genes obtained (P T P D l,  PLK, RA NBP2, CCNA2. H2AZ) may be under the intluence 

o f  an upstream gene or be involved in a particular pathway. Use may be m ade o f  the 

Y eas t  2 -hybrid  da tabase  [h t tp : / /p o r ta l .c u rag e n .c o m ] w hich  a llow s the in sil ica  

identification o f  protein-protein interactions (in yeast) between a query yeast protein 

(protein o f  interest) and 6,000 yeast proteins. Some o f  the genes may be involved in



d o m a i n s  (AF-ID) have been  sh o w n  to interact  with C D 4 4  ind uc ing tu m o u r  mig ra t ion  in 

ov a r i a n  c a n c e r  cells.  Fur th er  analys is  o f  the AKOOOlOO de r iv ed  prote in  m ay  clar ify  a 

role for it in colon cancer  metastasis.

A p re v io u s  s tu d y  iden t i f ied  o v e r ex p re s s io n  o f  IP P2  ( I n h ib i to r  2 o f  P ro te in  

Ph o sp h a tase  1) in S W 4 8 0  wi th  respect  to SW620 .  I ’o il lustrate the scope o f  d ow ns t re am  

ex p e r im en t s  p o s t - D D R T - P C R  w e  exa mined the express ion o f  IPP2 in two  isogen ic  pairs 

o f  cells lines. A s  1PP2 is reported to act as a chape rone o f  P P P I C  (Protein  Phos pha ta se  1 

C at a ly t i c  Subu ni t )  w e  e x a m in e d  the express ion o f  three  i so fo rm s  o f  P P P I C  and the 

ex p res s ion  o f  P P P I C - B e t a  protein in the i sogenic pairs o f  cell lines. W e  c o n f i r m e d  the 

e levated  express ion o f  IPP2 in S W 4 8 0  and S W l  116 (premetas ta t ic)  co m p a r e d  to  S W 6 2 0  

and 4981.i (metasta tic) .  W e  found a s imilar  express ion pat tern for P P P I C - B e t a  by R 'f-  

P C R  analys i s .  A s  a co n s e q u en ce ,  w e  ex a m in e d  P P P I C - B e t a  prote in  e x p r e s s io n  and 

found a s imi l ar  p h en o m en o n ,  i.e. raised express ion oi' P P P I C - B e t a  in both  prenie tas ta t ic  

cell l ines wi th  respect  to metas tat ic cell lines, fh is  w ou ld  suggest  that  IPP2 anci P P P I C -  

Beta  m a y  be under  co o rd in a te  regulat ion.  A n  observat ion  o f  this na ture leads  to m an y  

poss ib i l i t ies  for fur ther  inves t igat ion o f  1PP2/PPP1 C-Beta ,  pe rhaps  invo lv ing th e  R h o A  

pathway described in Chap te r  6.
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