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SUMMARY

Colorectal cancer is a multifactorial disease. The interplay between genetic and
environmental factors leads to the development of CRC. There have been great
advancements in the knowledge of genetic alterations leading to CRC and adenomacarcinoma sequence with corresponding histopathological changes has clearly been defined.
The genetic mutations in the hereditary forms of colon cancer can now be analysed by
genetic testing in individuals at risk but vast majority of CRC are sporadic in nature with no
clear genetic association. The geographic epidemiology of the CRC suggests that
environmental factors play a significant role in its pathogenesis. This view is strengthened by
the fact that incidence of CRC increases when populations move fi'om low incidence to high
incidence regions. High fat diet and particularly that from animal sources have long been
blamed for increase in the incidence of CRC in affluent countries. The role of fatty diet in the
causation of CRC is still controversial. One hypothesis is that high fat diet increases the
concentrations of the toxic secondary bile acids in the colon milieu, as high amounts of
detergents are required for the digestion of fats. Bile acids are the endogenous environmental
factors, designated as tumour promoters in CRC. These bile acids have been reported to
cause hyperproliferation of the colonic mucosa and aberrant crypt proliferation. Bile acids
have also been reported to activate cell signalling mechanisms responsible for cell
proliferation, cell growth and apoptosis and may eventually give rise to genetic mutations
responsible for CRC. On the other hand, a tertiary bile acid, ursodeoxycholic acid is known
to have cytoprotective, antioxidant and immunomodulator effects. It is a non expensive and
non toxic drug. UDCA has recently been reported to reduce the incidence of colonic
dysplasia in patients with ulcerative colitis. Furthermore, many animal studies have outlined
UDCA’s role in the protection against CRC. Our study concentrated on some o f the
signalling mechanisms involved in the pathogenesis of CRC and their interactions with bile
acids.
First aim of the study was to investigate the effects o f secondary bile acids deoxycholic acid
and UDCA on expression of protein kinase C (PKC) and the transcription factors, NF-kB
and AP-1. PKC and the transcription factors NF-kB and AP-1 have been implicated in the
pathogenesis of CRC with effects on cell proliferation, cell migration and apoptosis. Many of
the PKC isoforms disappear early in colorectal carcinogenesis and overexpression of the
PKC isoforms have been associated with increased growth and oncogenesis. Similarly high
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levels o f NF- kB have been associated with increased proliferation and resistance to apoptosis
in cancer cells. Secondary bile acids have been shown to activate all three molecules. We
studied the effects o f bile acids DCA and UDCA on PKC translocation and the activation o f
these transcription factors to delineate the tumour promoting and and chemoprotective
effects o f DCA and UDCA with regard to these signalling molecules respectively.
Researchers in the past have used techniques like westem blotting to examine the effects o f
bile acids on PKC. As the dynamics o f serine-threonine, kinases are difficult to examine in
the living cells because o f the intermittent nature o f activation o f these signalling molecules
and downregulation by phosphorylation. We employed innovative molecular biology
techniques to study these mechanisms. The effects o f the bile acids were first studied by
immunofluorescence o f the endogenous PKC isoenzymes. The tagging o f PKC isoenzymes
with green fluorescent protein have made it possible to investigate these enzymes in living
cells and replicate the alterations in real time. We studied these PKC dynamics under direct
visualization and examine these alterations. ITie study shows the differential effects o f the
bile acids on PKC translocation. DCA caused translocation o f the PKC isoenzymes while
UDCA had no effect on the subcellular localization o f these PKC isoenzymes. Pretreatment
o f the cells with UDCA inhibited DCA-induced activation o f PKC isoenzymes. Subcellular
fi^ctionation and Westem blot analyses o f the treated cells confirmed these data.
The effects o f bile acids on the transcription factors NF- kB and AP-1 were examined with
electrophoretic mobility shift assays, Westem blotting and immunofluorescence. UDCA in
contrast with DCA did not activate these transcription factors but also inhibited induction o f
these transcription factors by DCA. The effects o f the bile acids on iKB-degradation were
also examined. DCA in contrast to UDCA reduced iKB-a levels, which were restored by pre
treatment with UDCA. The use o f PKC inhibitors provided us with further information about
the interactions between PKC and the downstream transcription factors.
Lastly, the effects conjugated linoleic acid (CLA) on PKC and NF-kB expression were
examined in colorectal cells. CLAs are the isomers o f linoleic acid, found in dairy products
and meat from animal sources. Many epidemiological and animal studies have outlined the
role o f CLA in the prevention o f CRC. However, the precise molecular mechanisms by
which CLA may produce remain unclear. In our study the two CLA isomers c-9, t-11, and t10, c-12 inhibited DCA-induced PKC and NF-kB DNA binding in the colon cancer cells.
In conclusion both UDCA and CLA inhibited DCA-induced PKC translocation and NF- kB
DNA binding in colon cancer cells. The mechanisms through which UDCA and CLA might
act in CRC chemoprevention are explored.
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CHAPTER I

GENERAL INTRODUCTION

1.1 COLORECTAL CANCER
1.1.1 Background

Colorectal cancer (CRC) is the leading cause of cancer related deaths in the Western world
It is second in incidence only to breast cancer in women, and prostate cancer in men. In
Ireland between 1994 and 1998, colorectal cancer accounted for 10% of new cancers in men
and 7% in women and for 12% and 13% of cancer deaths in women and men respectively
(National Cancer Registry in Ireland, 2002). Colorectal cancer is an important health
problem in England and Wales with approximately 29, 000 individuals being diagnosed with
colorectal cancer each year in, o f whom 15, 000 will die (Hayne et at., 2001). Worldwide
CRC represents 9.4% of all incident cancer in men and 10.1% in women. The incidence o f
CRC varies with the geographical distribution. In Westernized countries, including North
America, Europe, Australia and New Zealand CRC represents 12,6% of all incident cancer
in men and 14,1 % in women. Elsewhere CRC represents 7,7 % in men 7,9 % in women o f
all cancer incidence. The incidence o f CRC in population changes with changes in life style
and with geographical distribution. The groups o f migrants from low incidence region
quickly acquire the patterns o f incidence of new community. Colorectal cancer has a
recognised pre-malignant phase, the adenoma, which over time can progress to invasive
carcinoma. This transformation from adenoma to carcinoma can take a significant time to
complete. The latent periods for the development o f cancer, form a polyp may range from 5
to 15 years (Koretz et al., 1993, Muto et al., 1975).This phenomenon provides a window
of opportunity for the application o f surveillance protocols for the early detection of
colorectal carcinomas as well as strategies for the prevention o f this dreadflil malignancy.
Colon cancer is associated with a sequence of genetic alterations and many genetic tools are
being exploited for early diagnosis o f the cancer. There are a number o f familial forms of
CRC with clear associations with genetic alterations though approximately 95% of colorectal
cancers are sporadic and occur in individuals with no family history o f the disease. (Ilyas et
al., 1999)
1.1.2 Familial adenom atous polyposis

Familial adenomatous polyposis (FAP) is a hereditary form o f colorectal cancer. It is a
dominantly inherited syndrome and characterized by the development o f hundreds o f
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adenomatous colorectal polyps. FAP affects 1: 10,000 individuals per year and
approximately twice as many individuals are at risk (Stern et al., 1995). It is a rare
disease and responsible for less than 0.5% of all cases of colorectal cancer. FAP occurs
in younger people aged 20-30 years. Because of the high risk of development of CRC in
individuals and families with FAP, the identification of gene carriers is essential. The
germline mutations of the tumour suppressor gene, adenomatous polyposis coli (APC)
gene are located on chromosome 5q21 in FAP syndrome patients (Leppert et al., 1987;
Bodmer e( al., 1987, Groden et al., 1991), In view of the fact that a single gene is
responsible for the disease, genetic analysis can be easily performed with relative
accuracy for FAP. The children from high-risk families are now offered direct mutation
testing at about 13-14 years of age. This is much less invasive than sigmoidoscopy and
endoscopic surveillance can now be restricted to individuals from families with
mutations where these mutations are undetectable. The detection of mutations in APC at
different loci not only provides with the diagnosis of FAP but also predict the
phenotype such as extracolonic manifestations and the course of the disease process
such as severity of the disease (Vasen et al., 1996).
1.1.3 Hereditary non-polyposis colon cancer (HNPCC)

Hereditary non-polyposis colorectal cancer (HNPCC) is the second major hereditary
form o f colorectal cancer. It is dominantly inherited disorder and is characterised by the
onset of CRC at an average age of 45 years. HNPCC is the most common Mendelian
disorders with the incidence o f between 0.5 and 5 percent (Mecklin et al., 1987;
Aaltonen et al., 1994, Ponz de Leon et al., 1993, Westlake et al., 1991). It is relatively
common compared with FAP and accounts for 2-4% of all colorectal cancers in the
Western world (Lynch et al., 1996). Other cancers such as uterine, ovarian, gastric, and
upper urinary tract also occur frequently with FTNPCC. The error in DNA mismatch
repair (MMR) system is the basic genetic defect underlying HNPCC. These defects in
MMR can lead to secondary mutations in tumour suppressor gene, APC as well as the
oncogenes, which ultimately leads to tumour development (Lazar et al., 1994).
Microsatellite instability (MSI) replication errors are the other genetic defects described
in HNPCC. The MSI are the instabilities in DNA at short tandem repeat sequences and
affect the DNA of individuals with HNPCC. At least four genes located at various
chromosomes at different loci participate in DNA mismatch repair system. These are
jV/5'//2 on chromosome 2p (Leach (?/a/., 1993, Liu e / «/., 1994; Fishel a /a /., 1993),
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M LH I on chromosome 3p (Han et al.,

1995;

Bronner et al., 1994), P M Sl on

chromosome 2q and PMS2 on chromosome 7p (Nicolaides et al., 1994). Approximately
50% of patients with HNPCC carry mutations in MSH2 while another 30% show
mutations in M LH I (Liu et al., 1994; Han et al., 1995). Approximately 10% o f
individuals with this familial form o f colonic cancer have an affected first degree
relative but not all carriers o f HNPCC are identified because o f lack o f pathognomonic
features, early death o f relatives and incomplete gene penetrance (St John et al., 1993;
Dunlop

a/., 1992).

1.1.4 Sporadic colorectal cancer

Colon cancer is a common malignancy and 1 in 20 persons will develop colorectal neoplasia.
Three specific patterns o f colon cancer are observed: sporadic, inherited, or familial.
Sporadic colorectal cancer accounts for approximately 70% o f disease and there is no
familial or inherited predisposition. It is common in persons older than 50 years o f age.
Environmental and dietary factors as well as normal aging have been implicated in the
pathogenesis of the sporadic disease. Environmental factors are thought to play important
role in the aetiology o f CRC. This is because populations in different geographic area and
those living in geographic proximity but with different life-styles vary in the incidence of
CRC (Potter 1999). Epidemiological and animal studies have reported links between CRC
pathogenesis and fats, vegetables, fibre and micronutrients. Diets high in animal fat and red
meat have been associated with an increased risk of these colonic adenomas and colorectal
cancer (Giovannucci et a l, 1992; Willett et al., 1990). High fat diet is thought to increase the
concentrations o f secondary bile acids within the colon, which may act as carcinogens or
tumour promoters (Nagengast et a l, 1995). Total calorie intake from fat in Western
countries is 40-45 percent, whereas in low-risk populations it is 10-15 percent of dietary
calories (Shike at a l, 1990). Recent cohort studies and combined analyses o f 13 case-control
studies have provided a strong evidence for association between dietary fat and CRC (Howe
et al., 1997). A number o f studies in animal have also reported a role for fat in CRC
pathogenesis. Rodents fed on diets rich in polyunsaturated and saturated fats, injected with a
carcinogen, 1, 2-dimethylhydrazine (DMH) or azoxymethane (AOM) developed larger
number adenocarcinomas than those on low-fat diets (Rao et al., 1996). The chronic
inflammatory conditions such as inflammatory bowel disease (IBD) have also been
associated with the development o f colorectal cancer (Potter 1999). Patients with ulcerative
colitis have an approximate 50% lifetime risk of developing colorectal cancer. This suggests
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a causal relationship between ulcerative colitis and the development of CRC. Patients with
crohns disease are also at an increased risk. This hypothesis is supported by the observation
that the increased risk begins after the first 10 years of the disease with the highest risk in
patients who have extensive or continuous disease. Genotoxic carcinogens have long been
implicated in the pathogenesis of CRC and mutagenic activity is fi'equently present in the
faeces of groups at high risk of CRC. One of these agents is the highly reactive compound
synthesised by colonic bacteria, fecapentaenes. Other compound resembling heterocylclic
amines, known to cause colon cancer in rodents are found in charbroiled and fried meat and
fish. Beer and ale drinking may also increase the risk of CRC (Kindall el al, 1989; Baron et
ai, 1998). Germline genetic mutations are not present in patients with sporadic colorectal
cancer. Patients acquire somatic mutations during their life as a resuh of exposure to various
carcinogens. Some of the agents mentioned above may induce somatic mutations, with a
variety of mechanisms that induce DNA damage (Nagao et al, 1998). However, some of the
genetic aUerations observed in familial forms of CRC may also be present in somatic form of
sporadic CRC. For example, APC is mutated in more than 70% of all colorectal cancers
including sporadic CRC
1.1.5 The adenoma-carcinoma sequence
Colorectal carcinomas arise as a result of well-characterized histopathological changes
associated with specific genetic defects in oncogenes and tumour-suppressor genes (Fig.
l.l). This stepwise model o f colorectal tumorigenesis involves early mutations in the
tumour-suppressor gene adenomatous polyposis coli {APC), occurring during the
development of polyps, oncogenic K-ras mutations during the adenomatous stage, and
mutations of p53 and deletions on chromosome 18q coinciding with the transition to
malignancy (Fearon el al., 1990). Additional genetic events also occur in the regulation of
cell proliferation and apoptosis in neoplastic cells.
At least four sequential genetic changes, three tumour-suppressor genes {APC, SMAD4
and p53) and oncogene {K-ras) are necessary for colorectal cancer evolution. One
oncogenic mutation at K-ras and six additional mutations affecting both the alleles of
the tumour-suppressor genes are required for development of CRC because of the
dominant or recessive nature of these genes (Kinzler el a l, 1996; Fearon et al, 1990).
Most tumours carry mutations in tumour-suppressor genes, whereas K-ras mutations are
found in approximately 50% of cases (Table 1.1).
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Fig. 1.1 Schematic presentation of the chromosomal and genetic events associated with
histopathological alterations from normal colonic epithelium to metastatic colorectal
carcinoma. (Adapted from Fodde et al., 2001).

Table 1.1 Prevalence of genetic mutations in colorectal cancer
(Reproduced from Chung 2000)

G ene

C hrom osom al
location

P revalence of
m utations

12p

50%

CTNNBI

3p22

4%-1.5%

SRC
Tum oursuppressor
genes
APC

2 0 q ll

2%

5q21

70%

TP53

17pl3

50%-70%

SMAD4

18q21

16%

SMAD2
DCC
DNA
mismatch
repair
genes
hMSH2

18q21
18q21

6%
3%

Oncogenes
KRAS2

hMLHI
hPMSl
hPMS2
hMSH6

2p21

3p21
2q31-33
7p22
2p21

C om m ent

Consensus activating point mutations at
codons 12 and 13
Identified in 50% o f tumours without APC
mutations; most mutations in exon 3 at
GSK-3P phosphorylation sites Identified
only in metastatic tumours

Most mutations are truncating and occur
early at adenoma stage
Rarely identified in benign adenomas;
mutant p53 protein detectable
immunohistochemically
>70% o f colorectal tumours show allelic
loss on 18q; many potential tumoursuppressor gene targets including SMAD4,
SMAD2, and DCC

>90% o f identified germline mutations are
in HMSH2 or hMLHI; limited mutational
data in sporadic tumours, but maximum of
26% with MSI have somatic hMSH2
mutations
15%“

Overall, 15% of tumours display MSI.

1.1.6 Tumour suppressor genes
1.1.6.1 APC
The mutations in APC gene are the earhest genetic alterations in the colorectal tumours
(Powell et al., 1992). The smallest lesions found in the very earliest stages o f the
adenoma-carcinoma sequence, aberrant crypt foci (ACF), contain APC mutations
(Kinzler et al., 1996; Jen at al., 1994), The types o f defects involved in chromosome
5q21 wheTeAPC is localized, are allelic losses and point mutations (Powell eta l., 1992;
Okamoto et al., 1988, Solomon et al,, 1987). The somatic mutations in APC are
clustered at the 5' end o f exon 15 between amino acid residues 1280-1500, though
germline inactivating mutations may be distributed throughout the entire gene (Miyake
et al., 1994). The somatic mutations in APC frequently overlap with the 15-amino acid
repeat domains between residues 1020 and 1169 and 20-amino acid repeat domains
between residues 1324 and 2075, the region implicated in P-catenin and APC
interactions (Su et al., 1993; Rubinfeld et al., 1993). The SAMP (Ser-Ala-Met-Pro)
domains located between the 20-amino acid repeats that interact with axin are also
involved in these mutations (Behrens et al., 1998). Mutations in one copy o f APC are
typically coupled with chromosomal deletions o f the second wild-type allele. However,
in some tumours from FAP patients carrying germline APC mutation, deletions o f the
wild-type APC allele are not observed. Deletions o f the inherited mutant allele may also
occur, accompanied by new somatic mutations in the remaining allele (Miyake et al.,
1994; Spirio et al., 1998). Whatever the mechanism, more than 90%

APC mutations

result in a truncated gene product through premature stop codon (Miyake et al., 1994,
Miyoshi et al., 1992), Commonly used clinical assay ^or APC gene testing exploits this
fact in the in vitro synthesized protein truncation test (Powell et al., 1993), Many
intracellular proteins including WinglessAVnt signalling proteins, a-catenin, P-catenin,
glycogen synthase kinase (GSK)-3p, axin and tubulin interact with the APC gene
product and these interactions play a significant role in the adenoma- carcinoma
sequence in CRC (Kinzler et al., 1996),
1.1.6.2 p53
The p53 has been labelled the 'guardian of the genome'. This is because p53 can block cell
proliferation in the presence o f DNA damage, stimulate DNA repair and promote apoptotic
cell death if repair is inefficient (Lane 1992). The p53 gene is located on chromosome pi 7
and is most frequently mutated gene in human cancers (Caron de Fromentel et al., 1992). It

functions as a sequence-specific DNA-binding protein and transcription factor and controls
the expression of a large number of genes (Oren et al., 1999; May et al., 1999). The
consequence of loss of p53 function is the propagation of damaged DNA to daughter cells
(Carder at al., 1995). p53 mutations precede aneuploid clonal divergence though crude
aneuploidy can occur independent of p53 alterations and chromosomal aberrations have
been observed in colorectal cancers with only wild-typep53 (Reid et al., 1996; De Angelis et
al., 1999; Cums et al., 2000). Furthermore, a mutant p53 has been found in chromosomally
stable cell lines (Eshelman et al., 1998). This is because not all the mutations have similar
downstream effects and various types of mutations can result in the development of different
tumour phenotypes. For example, the missense mutations may result in functional
inactivation of p53 and oncogenic viial or cellular protein interaction may also result in loss
of function (Momand et al., 1992; Mietz et al., 1992). The alteration in p53 or 17p allelic
loss has been reported in 4-26 % of adenomas, in 50 % of invasive foci within adenomatous
polyps and in 50-75 % of adenocarcinomas (Vogelstein et al., 1988; Hardingham et al.,
1998; Scott et al., 1993; Rashid et a l, 1999; Darmon et al., 1994; Ohue et al., 1994;
Yamaguchi e/a/., 1994; Kaklamanise/a/., 1993; Kaserer

a/., 2000; Boland e/a/., 1995).

Mutant p53 has an abnormally long half-life due to resistant to proteolysis by mdm-2—
ubiquitin and result in the accumulation of mutant p53 in the tumour cells. This accumulated
protein can be detected by immunohistochemistry techniques (Midgley et al., 1997;
Rodrigues et a i, 1990). The mutations and functional inactivation of p53 protein is an
essential initiating step in the transition from adenoma to carcinoma.
1.1.6.3 18q loss
The allelic loss at chromosome 18q is the second common aheration and occurs in
approximately 70 % of CRC cases. It occurs in 10-30 % of early adenomas and may rise to
60 % in late adenomas (Vogelstein et a i, 1988; Boland et ai, 1995). A tumour suppressor
gene T)eleted in colorectal cancer' (DCC) gene was initially thought to be the gene involved
but a component of a receptor complex that mediates the effects of netrin-1 is now considered
as the gene involved (Fearon et a i, 1990; Keino-Masu et ai, 1996). The role DCC have
been questioned after the experiments with mouse homologue failed to support a tumour
suppressor function for DCC (Fazeli et a i, 1997) and because mutant alleles of DCC are
rarely seen in colorectal tumours showing 18q allelic loss (Cho et al., 1994). The other two
tumour suppressor genes SMAD2 and SMAD4 have also been identified in this region (Hahn
et ai, 1996). The protein products of these genes are the regulators of the inhibitory
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transforming growth factor (TGF-P) signalling pathway, which regulates cell growth,
differentiation and apoptosis (Heldin etal., 1997; Duff et al., 1998). Several human cancers
including colorectal carcinomas carry mutations in SMAD2 and SMAD4 (Riggins et al.,
1997; Riggins et al, 1996, 1997; Thiagalingam et al, 1996; Eppert et al, 1996). The
deletion o^SMAD4 in human CRC cell lines is reported to disrupt TGF-P signalling (Zhou et

a l, 1998, Xu et al, 2000). Germline mutations o f SMAD4 are thought to be prevalent in
sporadic adenomas (Howe et a l, 1998).
1.1.7 Oncogene-A-ros
Approximately 50% of colorectal tumours carry K-ras mutations. The K-ras is small GTPbinding protein and mediates the early events in the signal transduction pathways o f many
mitogenic stimuli. The oncogene K-ras controls signal pathways from extracellular growth
factors to regulate cell cycle and cell proliferation. (Rommel et al, 1998; Pronk et al, 1994).
Mutations in K-ras lead to constitutive activation and unregulation o f signals mimicking
continuous growth stimulatory response. This inappropriate signal transduction from the
mutant ras protein is responsible for the neoplastic change. The activating point mutations
occur at codons 12, 13 and 61 in K-ras and are associated with up-regulation of DNA
methyltransferase, cyclin D l, and gastrin. (Guan et al, 1999; Aktas et a l, 1997; Nakata et

al, 1998). The K-ras mutations are observed in 90 % of nondysplastic or hyperplastic
aberrant crypt foci and 57 % of dysplastic or adenomatous aberrant crypt foci (Takayama et

a l, 1998). It has been suggested that activating K-ras mutations are responsible for the
development o f up to 30 % of human cancers (Forrester et al, 1987; Bos et a l, 1987). The
evidence for K-ras in carcinogenesis comes for the experiments in which transfection o f
mutated K-ras genes, resulted in neoplastic transformation of those cells (Barbacid et a l,
1987). K-ras gene mutations have been observed in 50% o f colorectal carcinomas and small
adenomas (Forrester et a l, 1987; Bos et al, 1987; Barbacid et a l, 1987; Vogelstein et a l,
1987). These mutations commonly occur in the transition o f small adenomas to larger more
dysplastic tumours but may initiate neoplasia in a subset o f colorectal tumours. Mutations o f

K-ras genes occur early in the adenoma to carcinoma sequence and adenomas with these
mutations are more likely to progress to carcinoma than adenomas without K-ras gene
mutations (Fearon et a l, 1990). In contrast to these findings, K-ras mutations are also
prevalent in colonic lesions with little or no malignant potential (Pretlow et al, 1993). Thus,
the synergistic action o f the mutated APC and K-ras genes seems to be necessary for
clonal expansion and dysplasia in the colorectal tumour. However, up to 50 % o f
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colorectal cancers do not have K-ras mutations, suggesting that mutations in other yet
unknown oncogenes may be responsible in a substantial proportion of cases. In the
absence of the activation of K-ras, other factors such as epigenetic mechanisms may
promote ^PC-driven carcinogenesis.
1.1.8 The DNA mismatch repair pathway

Microsatellite instability (MSI) has recently been described in colorectal tumorigenesis.
Microsatellites are a type of DNA that consists of tandem repeats, usually between one and
five base pairs, repeated many times (Wheeler et al., 2000). Thousands of microsatellites are
found interspersed throughout the human genome and are particularly prone to errors during
DNA replication. The mismatch repair (MMR) proteins will ordinarily repair such errors but
if MMR is defective, these microsatellites errors accumulate (Wheeler et a i, 2000). In case
of defective MMR, not only microsatellites error will replicate but also all the nucleotide
repeat sequences at important coding regions of key regulatory genes will replicate. Hence,
MSI can be interpreted as a 'mutator phenotype (Parsons et al., 1993; Loeb et al., 1991).
Mutations in MMR involving five different genes (HMSH2, HMSH6,

hPMSI, and

HPMS2) have now been discovered in HNPCC (Chung at al., 1995), but the most commonly
implicated genes are HMSH2 or hMLHl which occur in as many as 45%-70% of HNPCC
families (Wijnen et al., 1998; Liu et a i, 1996). These five genes encode a protein involved in
DNA mismatch repair. These genes complex with each other to complete repair and
different combinations of the genes have been reported. The MSH2 complexes with MSH6
to correct single base pair mismatches and for larger base pair insertions or deletions MSH2
complexes with MSH3 (Kolodner et a i, 1996). The mismatched nucleotide is then excised
fi-om the newly synthesised DNA strand by M LHl and PMS2 gene products. A defective
MMR system fails to correct errors in DNA replication and displays a mutator phenotype. A
consensus panel of five mononucleotide and dinucleotide microsatellite markers for MSI
testing has been proposed recently. Tumours can be classified as demonstrating high
fi'equency MSI (MSI-H, 2 markers unstable), low frequency MSI (MSI-L, 1 marker
unstable), or microsatellite stability (MSS, 0 markers unstable) based on this system (Boland
et a i, 1998). Up to 15% of sporadic colorectal tumours and virtually all of tumours in
HNPCC display MSI. But these MSI may not correspond with somatic mutations and only 4
%-26 % of these tumours have somatic mutations in hMSH2 and only 6 %-10 % of
sporadic cases with MSI carry germline mutations in hMSH2 or hMLHI (Borresen et a i
1995; Bubb et a i, 1996; Liu et a i, 1995; Wu et a i, 1997). For MSI-H, phenotype
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inactivation of both alleles o f HMSH2 or hMLHI is necessary. This inactivation can occur
through point mutations or loss o f heterozygosity (LOH) o f HMSH2 or hMI.HI (Liu et a/.,
1995). The other suggested mechanisms are the epigenetic mechanisms as hMLHI can be
silenced through hypermethylation o f CpG islands in its promoter. Hypermethylation of the

hMLHI promoter is observed in 80 % of MSI-positive sporadic colorectal tumours (Herman
etal., 1998). Further evidence for this hypothesis comes from the study in which both alleles
o f hMl.Hl were hypermethylated in five o f six MSI-positive colon cancer cell lines with no
identifiable mismatch repair gene mutations. In addition, the demethylating agent 5azacytidine was able to restore the expression o f both hMLHI alleles as well as functional
mismatch repair activity (Herman etal., 1998; Veigl e ta l, 1998).
1.1.9 Epigenetic mechanisms

As described above colorectal tumorigenesis results from mutations in tumour suppressor
genes and oncogenes but other processes such as DNA methylation or epigenetic pathways
may also play a significant role. Epigenetic mechanisms are involved in genomic imprinting
in normal embryonic development but its role in tumorigenesis is now being discovered
(Razin el al., 1994; Li et ai, 1992; Counts et al., 1995; Jones et a i, 1996). The DNA from
both benign and malignant colonic tumours is found to display hypomethylation. DNA
methyltransferase is an enzyme responsible for the methylation o f the DNA. Carcinogenic
properties of 5-azacytidine which causes hypomethylaton of the DNA through inactivation
of DNA methyltransferase have been reported (Goelz et al., 1985; Feinberg et al., 1988;
Landolph etal., 1982). By contrast overexpression of DNA methyhransferase can also cause
neoplastic transformation in mouse and high levels of DNA methyltransferase have been
found in colorectal adenomas and carcinomas and the reduction o f DNA methyltransferase
activity inhibits adenoma formation in mice (el-Deiry et al., 1991; Wu et al., 1993; Laird et

al., 1995). Hypermethylation o f specific sequences of DNA in the promoter region of several
tumour suppressor genes is associated with transcriptional silencing o f these genes (Herman
et al, 1995; Herman et al., 1998; Veigl et al., 1998; Wheeler et al., 1999; Herman et al,
1994; Wheeler et a l, 2001; Esteller et al, 2000). Hypermethylated promoter region oiAPC
gene with loss o^APC expression is found in 18 % o f sporadic carcinomas and adenomas
(Esteller et al, 2000). Hypermethylation of DNA has also been reported in association with
MSI, particularly of the hMLHI gene in sporadic colorectal cancer (Herman et al, 1998;
Wheeler et a l, 1999; Ahuja et a l, 1997). These data underline the importance of the
methlyation status o f DNA of the genes involved in CRC.
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1.1.10 Cheinoprevention of Colorectal Cancer

Chemoprevention is defined as the use o f synthetic or natural compounds to prevent the
development of benign or malignant tumours (Hakama et al., 1998). Colorectal cancers
result from complex interactions between environmental factors and genetic predisposition
that occur during multistage process of carcinogenesis. Screening of CRC with faecal occult
blood testing and surveillance endoscopies have been employed for early detection and
treatment of the tumour. However, the difficulty with the surveillance programmes is the
cost, the compliance and the invasiveness o f the procedures. Another problem is that flat and
depressed tumours are more common and are difficult to detect endoscopically. These
programmes detect tumour, which has already developed or is developing. Hence, the
importance of the strategies against prevention o f CRC cannot be overemphasized. There is
significant interest in chemoprevention for colorectal cancer and the list o f agents with
potential chemoprotective effects in CRC have been growing over the past decade. Some of
these agents are briefly discussed.
1.1.10.1 Non-steroidal anti-inflammatory drugs

Many epidemiological studies have reported significantly lower rates o f colorectal cancer
with the use o f aspirin and other non-steroidal anti-inflammatory drugs (NSAlDs). Some
retrospective and prospective studies have reported 30-50 % reductions in the rates of
colorectal cancer in humans with a regular intake o f aspirin or NSAIDs (Giovannucci et al,
1994, 1995; Kune et al., 1988; Muscat etal., 1994; Smalley et a i, 1999; Thun et al., 1991;
Janne et al., 2000). One such study o f 635 patients with a previous history o f colorectal
cancer, randomized to receive either 325 mg of aspirin daily or placebo, reported a
significantly reduction in the risk o f adenoma development in the aspirin-treated group
(Sandler et al, 2003/ A variety o f potential mechanisms have been suggested by which
NSAIDs might act in the prevention of CRC. One o f the proposed mechanism is the
induction o f apoptosis by the NSAIDs and it has been suggested that they may exert their
chemopreventive effects in colon cancer by restoring the defective apoptotic mechanisms in
the CRC to normal (Chan et a l, 2002). Cyclooxygenase (COX) is involved in the
metabolism o f arachidonic acid and the production o f prostaglandins. Arachidonic acid has
been shown to be a critical signal for apoptosis in cancer cells. Aspirin and NSAIDs act by
inhibiting the COX enzymes. Two isoforms o f COX have been recognized. COX-1 is
constitutively active, is responsible for protecting upper gastrointestinal mucosa from injury,
whereas COX-2 is an inducible isoform, and is expressed at sites of inflammation (Smith et
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a l, 1996). COX-2 is not ordinarily expressed in normal colorectal epithelium but high levels
area detected in neoplastic colonic mucosa. Overexpression of COX-2 has been associated
with the progression of colonic tumours (Cao ei al., 2000). NSAIDs in general are nonselective COX inhibitors and inhibit the activity of both isoforms and hence the metabolism
of arachidonic acid through COX-dependent pathways. This allows accumulation of
arachidonic acid and triggers apoptosis in the tumour cells. The major issue with NSAIDs
and aspirin use in chemoprevention in CRC is its potential toxicity in long-term use.
1.1.10.2 Cyclooxygenase inhibitors

By contrast, with NSAIDs which inhibit both the isoforms of COX, other agents with
selective COX-2 inhibitory effects have recently been developed and these selective
COX-2 inhibitors have the potential as chemoprotective agents in CRC. As COX-2 is
thought to play a key role during the early stages of polyp formation, the selective
COX-2 inhibitors may have a protective role against the development of theses polyps
(Ota et al., 2002). One such selective COX-2 inhibitor in clinical use is Celecoxib.
Celecoxib has shown promise as it decreased the mean number of polyps by 28 % in
patients with familial adenomatous polyposis (Steinbach et al., 2000).
A number o f natural substances such as curcumin (from turmeric), Resveratrol (from
grapes) and the omega-3 fatty acids (from oily fish) have recently been emerging as
chemopreventitive agents in the CRC. All these substances are found to have COX-2
inhibitory properties (Goel et al., 2001; Subbaramaiah et al., 1999; Dommels et al.,
2003). These substances are reported to have growth inhibitory effects in human CRC
with the added advantage of safety. One study with omega-3 fatty acids has shown up to
90 % inhibition of tumour growth in human colon carcinoma xenografts in athymic
mice (Kato et al., 2002).
1.1.10.3 Ursodeoxycholic acid

Ursodeoxycholic acid (UDCA) is the tertiary bile acid that is primarily used in
cholestatic liver diseases. Recently it has shown promise as chemoprotective agent in
CRC. UDCA is an antioxidant that stabilizes the mitochondrial membrane preventing
oxidative injury to DNA (Mitsuyoshi et al., 1999). Rats with normal liver function and
normal colons that are fed ursodiol, reported a significant reduction in carcinogeninduced adenomas and colon cancers compared with rats fed cholic acid (Wali et al.,
1995; Ikegami et al., 1998). In a recent study in humans, 52 patients with ulcerative
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colitis and primary sclerosing cholangitis were found with a relative risk of 0.26 (95%
Cl, 0.06-0.92; P < 0.03) for the development of colorectal dysplasia or cancer in the
ursodeoxycholic acid-treated group. (Pardi et al., 2003). Another study found a
significantly reduction in risk o f adenoma recurrence in patients with primary biliary
cirrhosis undergoing colonoscopic surveillance and taking ursodeoxycholic acid
(Serfaty et al., 2003). The mechanisms involved in the chemoprotective effects are not
fully understood .One reported potential mechanism for this chemopreventive effect of
ursodeoxycholic acid is the dilution o f secondary bile acid, deoxycholic acid in the
colon (Batta et al., 1998; Rodrigues at al., 1995). A major multi-centre trial is now
underway to determine whether ursodeoxycholic acid can prevent sporadic adenoma
formation in humans (Brentnall 2003).The role of UDCA in CRC will be discussed in
detail in later sections.
1.1.10.4 Folic acid

Folic acid has been used to prevent neural tube defects during pregnancy. Long-term
use of folic acid is associated with the reduction in the risk of colorectal adenomas and
cancer. A large European case-control study found a significantly reduced risk of
colorectal cancer when comparing the highest versus the lowest intakes of folic acid (La
Vecchia et al., 2002). In the Nurses Health Study, effects of dietary intake of folic acid
were analysed in 88, 756 women who were free of cancer in 1980. Updated dietary
assessments, including muhivitamin use were assessed for 1980-1994 (Giovannucci et
al., 1998). It was found that women who took regular muhivitamins supplements
containing folic acid for 15 years had the greatest reduction in the risk of developing
colonic cancer, with a relative risk of 0.25 (95% Cl, 0.13-0.51; P = 0.0003).
Interestingly no effect was observed in the risk of rectal cancer with long-term
multivitamin use. However, this was an observational rather than a randomized study,
and therefore the results cannot definitely be attributed to folate. In another study the
effects of folate intake in 295 cases of CRC and 5334 randomly selected controls from
56, 837 women, were investigated between 1980 and 1985. (Terry et al., 2002). A 40%
lower risk o f CRC was observed amongst women in the highest compared with the
lowest quintile level o f folate intake (Terry et al., 2002).
1.1.10.5 Hormone-Replacement Therapy

During the past 20 years, a slight reduction in mortality from colorectal cancer in
women is attributed to the increasing use of postmenopausal hormone-replacement
12

therapy (HRT). The hypothesis is that the oestrogens in HRT may protect against
colorectal cancer by reducing the production of, bile acids and insulin-like growth factor
1 It may also exert direct effects on the colorectal epithelium. The Cancer Prevention
Study II found a significant decrease in mortality from colon cancer with the use o f
hormone-replacement therapy (Calle et al., 1995). The effect was stronger in women
currently receiving HRT therapy and in those who had received continuous therapy for
more than 11 years. The beneficial effects o f HRT were observed in larger adenomas,
suggesting that it probably acts at later stages o f CRC.
1.1.10.6 Dietary fibre

Dietary fibre is not a chemoprotective agent by definition, but has the potential to
reduce the risk o f development o f colorectal cancer. The mechanisms described for
dietary fibre action in CRC include dilution o f potential carcinogens, binding potential
carcinogens in the intestinal lumen and promoting a favourable colonic microflora (Kim
2000). Another mechanism is production of short-chain fatty acids, such as butyrate by
the fermentation o f dietary fibre by colonic bacteria, which is shown to have anticarcinogenic properties (Kim 2000). A large study investigated the association between
dietary fibre intake and the incidence o f colorectal cancer in 519, 978 individuals from
10 European countries. Participants were followed up for CRC incidence. Follow-up for
an average 4.5 years reported 1065 cases o f colorectal cancer in the cohort. An inverse
relation was found between intake of dietary fibre and the incidence o f large bowel
cancer (Bingham at al., 2003). The meta-analyses o f case-control studies have revealed
a 50 % reduction in the risk o f development o f colorectal cancer in individuals with the
high fibre intake (Kim 2000),

However, prospective cohort studies have revealed

equivocal results with dietary fibre intake (Fuchs et al., 1999; Giovannucci et al., 1994;
Steinmetz et al., 1994). In prospective, randomized controlled trials, wheat-bran fibre
supplementation was found to have no protective effect on the incidence o f recurrent
adenomas (Alberts 2000; MacLennan et al., 1995; McKeown-Eyssen et al., 1994).
1.1.10.7 a-difluorom ethylornithine

The naturally occurring polyamines putrescine, spermidine and spermine are necessary
for normal cellular proliferation and these compounds are found in increasing
concentrations in rapidly growing tissues (Tabor et al., 1984; Pegg et al., 1982). The
biosynthesis o f polyamines starts with the decarboxylation o f ornithine to form the
diamine putrescine. The enzyme, ornithine decarboxylase (ODC) catalyses this rate
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limiting step (Saydjari el al., 1989). Elevated activity o f ODC has been found in the
colonic mucosa in patients with familial adenomatous polyposis (Luk et al., 1984).
Significantly, high ODC activity has also been reported in the mucosa o f sporadic
colorectal adenomas and carcinomas (Berdinskikh et al., 1991; Hixson et a l, 1993;
LaMuraglia et al., 1986; Lawson et al., 1989; Linsalata et al., 1993; Narisawa et al.,
1989; Porter et al., 1987, Porter et al., 1987; Rozhin et al., 1984; Freitas et al., 2002). aDifluoromethylornithine is an enzyme-activated, irreversible inhibitor o f ODC and
results in the depletion o f intracellular levels o f putrescine and its derivative spermidine
(Pegg et al., 1988), Thrombocytopenia and reversible audiotoxicity are the major doselimiting toxic side effects o f a-difluoromethylomithine (Abeloff et al., 1984), Phase II
chemoprevention trials are underway using a-difluoromethylornithine with sulindac and
celecoxib in patients with familial adenomatous polyposis (Gwyn et al., 2002),
1.1.10.8 Epidermal growth factor receptor inhibitors

The epidermal growth factor receptor (EGFR) is involved in signal transduction
pathways leading to cell proliferation, differentiation, migration, adhesion, resistance to
apoptosis and enhanced survival (Ritter et al., 2003), High levels o f epidermal growth
factor and transforming growth factor-a are found in many human colon cancer cells.
Furthermore, up to 70% o f colonic carcinomas are reported to overexpress EGFR
(O'dwyer et al., 2002), Both TGF-a and EGF bind to EGFR and play an important role
in the growth o f colon cancer. There is considerable interest in EGFR as a target for
drug therapy as its inhibition has a potential in both the treatment and prevention o f
solid neoplasia (Ritter et al., 2003). The possibility o f antibody against EGFR and
EGFR-tyrosine kinase inhibitors have been explored (Sirotnak et al., 2003), A selective
and reversible inhibitor o f EGFR, Gefitinib (ZD 1839, Iressa) that inhibits the binding o f
adenosine triphosphate required for kinase activation is the potential chemoprotective
agents with anti-EGFR activity (Dancey et al., 2003). Anti-tumour activity o f ZD1839
against human colon carcinoma xenografts in mice has been reported (Douglass et al.,
2003). Results from phase I and II clinical trials have shown clinical efficacy and good
tolerability with ZD1839, in patients with advanced colorectal disease and further trials
are ongoing to explore its role in the CRC prevention (Douglass et al., 2003).
1.1.10.9 Selenium

Selenium is an essential trace element o f plant origin, found in bread, cereals, fish,
poultry and meat (Rayman et al., 1997, 2000). It is used as selenomethionine for
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chemoprevention against CRC (Ganther et al., 1999). The glutathione peroxidase
enzymes that reduce free radicals are dependent on selenium for their acitivity (Rayman
et al., 1997, 2000). Recently, it was shown that selenomethionine could activate the
DNA repair branch of the p53 pathway (Seo et al., 2002). Epidemiological studies have
provided evidence for an inverse relation between selenium intake and cancer mortality
(Rayman et al., 2000). In animal models o f colorectal carcinogenesis, selenium
compounds have been shown to inhibit the development of adenocarcinomas (Reddy et
al., 2000). Clark et al. (1996) undertook a chemoprevention trial in 1312 patients with
previously resected non-melanoma skin cancers using 200 ^g of selenium daily. The
total cancer incidence was significantly lower in the selenium group versus placebo and
there was a significant reduction in the risk of developing colorectal cancer in the
selenium group (relative risk, 0.42; 95% Cl, 0.18-0.95; P = 0.03).
1.1.10.10 Calcium
The dietary nutrient calcium is reported to have potential anticancer properties in CRC.
It is hypothesized that calcium binds to toxic bile acids in the colon, inhibiting their
proliferative and carcinogenic effects. Calcium supplementation has been reported to
reduce carcinogen-induced colonic epithelial hyperproliferation and the formation of
tumours in animal models (Newmark et al., 1984). Some studies in humans have shown
decreased proliferation o f colorectal epithelial cells and decreased faecal water
cytotoxicity with calcium supplements. In one of the study, 930 patients with a history
of colorectal adenomas were randomly assigned to receive either daily supplementation
with 3 g of calcium carbonate or placebo. The results were obtained with serial
endoscopic examination at 1 and 4 year intervals. A moderate but significant reduction
(relative risk, 0.85; 95% Cl, 0.74-0,98; P = 0.03) in the development of further
adenomas in the group was found (Baron et al., 1999).
1.2 Bile Acids
1.2.1 Background and Structure
Bile acids are metabolites of cholesterol and detergents for the absorption o f fat and fatsoluble vitamins. The primary bile acids cholic acid (CA) and chenodeoxycholic acid
(CDCA) are metabolised in the liver and conjugated with glycine or taurine and
secreted in the bile (Fig. 1.2). Cholesterol 7a-hydroxylase (CYP7al) and sterol 12ahydroxylase (CYP8bl) are the rate-limiting enzymes involved in the synthesis of bile
acids. The ratio of CA and CDCA determines the hydrophobocity of the circulating bile
15
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Fig. 1.2 Chemical structures o f primary, secondary and tertiary bile acids that
are present in human bile and o f their amino acid (R) conjugants.
(Reproduced from de Kok et al., 2000)

acid (Vlahcevic et al., 2000, Gustafsson 1999). Up to 90% o f the secreted bile acids is
absorbed in the small intestine. Active transport involving the Na -coupled co-transport
across the brush-border by the Na"K-ATPase at the membrane is involved in the uptake
o f unconjugated bile acids. Passive diffusion o f the bile acids in mixed micelles o f bile
acids,

fatty

acids

and

monoglyceride

also

takes

place

and

depends

upon

hydrophobocity. About 15 % o f the secreted bile acids reach the colon. The anaerobic
bacterial flora in the colon helps deconjugation o f conjugated CA forming the secondary
bile acids such as deoxycholic acid (DCA) and 7a-dehydroxylation o f CDCA results in
the formation o f lithocholic acid (LCA). Subsequent epimerization o f CDCA results in
the formation o f tertiary bile ursodeoxycholic acid (UDCA) and sulphation o f LCA
results in the formation o f sulpho-LCA (SLCA). Approximately 10% o f the secreted
bile acids, mainly the deconjugated dihydroxy bile acid DCA, are reabsorbed in the
colon through passive diffusion and about 2-5% o f the secreted bile acids, are excreted
in the stool. Absorption o f bile acids occurs solely into portal blood resulting in a
concentration of 0,01-0.02 mmol/1. This completes the enterohepatic circulation, which
is the reuptake o f most o f the bile acids by the liver for re-use. The total amount o f the
circulating bile acid pool contains about 30-40 % CA and CDCA, 20-30 % DCA and
<5% o f LCA. The bile acid pool depends upon the number o f meals per day and the
type o f meals (Nagengast et al., 1995; Moseley 1999; Hofmann 1992), A negative
feedback loop controls the synthesis of bile acids and reabsorbed hydrophobic bile acids
inhibit the transcription o f the enzymes CYP7al and CYPSbl by binding to the nuclear
farnesoid X receptor (FXR) (Vlahcevic et al., 2000; Gustafsson et a l,

1999),

Cholesterol in diet enhances transcription o f CYP7al through liver X receptor (LXR)
(Gustafsson 1999; Kliewer et al., 1999). The major components o f the faecal bile acids
are DCA and LCA.
1.2.2 Bile acids and cancer

Bile acids have long been implicated in the pathogenesis o f CRC. They resemble the
carcinogenic polycyclic aromatic hydrocarbons in structure. Cook and Kennaway
reported in 1932, bile acids as aetiological agents in the process o f carcinogenesis. This
hypothesis was strengthened by the observation that DCA caused "malignant spindlecelled tumours" upon subcutaneous injection into mice (Cook et al., 1940). Bile acids
were initially considered as mutagens or co-carcinogens but they were unable to cause
tumours in animal models administered without a carcinogen (Narisawa et al., 1974,
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Reddy et al., 1977). A number o f studies have reported a link between bile acids and
colorectal cancer. In rat intrarectal instillation o f bile acids, such as CA, CDCA, DCA
and LCA increased the development o f colorectal adenomas and adenocarcinomas
(Narisawa ei ai, 1974; Reddy el a/., 1977). The populations where the incidence o f
CRC is higher, were found to have higher concentrations o f faecal steroid and
secondary bile acids (Hill et ai, 1971). Patients with colorectal adenomas had higher
faecal and serum levels of DCA than control (Bayerdorffer et ai, 1993; Kishida et ai,
1997; Owen at al., 1997). Patients who had cholecystectomy were found to have higher
risk o f CRC as cholecystectomy results in a higher faecal loss o f bile acids (McMichael

eta i, 1985). Additionally bile acid-specific binding sites have been identified in mouse
and human colorectal cancers (Summerton et al., 1983, 1985).
1.2.3 Bile acids as tumour promoters
Exposure of cells to carcinogens such as dimethylhydrazine or A^-methyl-^nitro-Nnitrosoguanidin with bile acids supplements have demonstrated the tumour promoting
effect of secondary bile acids (Narisawa et ai, 1974). Co-mutagenicity to known colon
carcinogens has been reported in microbial test systems as the Salmonella mutagenicity
assay and in animal models (Wilpart et ai, 1983; Silverman et a i, 1977, Wilpart et ai,
1986; Kelsey et ai, 1979; Nigro et ai, 1973; Narisawa et ai, 1974; Reddy et ai, 1976;
Cohen et al., 1980; Martin et ai, 1981). A number o f researchers have demonstrated
tumour promoting effects o f the secondary bile acids (Reddy et ai, 1977; McSherry et

ai, 1989). Increased cell proliferation rates o f the colon epithelium are reported after
intrarectal instillation o f bile acids and fatty acids (Kelsey 1979; Deschner et ai, 1981;
Bull et ai, 1983; Wargovich et ai, 1983; Bird et ai, 1986). The detergent action o f bile
acids is thought to cause cell lysis and alteration in membrane structure o f the colon
with resultant compensatory cell-proliferation and tumour formation by other mutagens.
In animal studies, feeding rats with bile acids caused increased cell proliferation in
colonic crypt cells in azoxymethane treated rats (Hori et ai, 1998). DCA is known to
induce the proto-oncogene, c-fos that regulates cell proliferation and differentiation and
caused hyperproliferation rat colon (Velazquez et ai, 1996). Excessive apoptosis in
colon mucosa cells by the bile acids may result in apoptosis resistant cells. This resuhs
in damaged DNA being replicated in the daughter cells leading to mutation and
neoplasia (Payne et ai, 1995, 1998). Feeding rats a diet supplemented with DCA induced
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colonocyte proliferation and though it contrasts with other studies that that bile salts do not
act as direct mitogens on colonic epithelial cells (Barone et a i, 2002).
1.2.4 M echanisms o f Bile Acids in Cancer
1.2.4.1 Bile acids and DNA Damage

Bile acids were initially thought to be mutagens or carcinogens in CRC. Later it was
reported that bile acids act as tumour promoters during the later stages o f the adenoma
carcinoma sequence rather than mutagens. Direct mutagenicity o f several bile acids in
the standard Ames/Salmonella mutagenicity assay showed negative results (Silverman
ei al., 1977; McKillop et al., 1983; MacDonald et al., 1978). It has been proposed that
even though bile acids reveal only weak mutagenic effects, continuous exposure o f the
gut to bile acids might still increase the risk o f CRC with age. Using a M l 3 transfection
assay, the transfection efficiency o f single stranded circular DNA o f phage M l3
declined strongly after interaction with bile acids, suggesting that bile acids CDCA and
DC A are DNA-damaging faecal compounds (Cheah et al., 1990). It was reported that
single strand breaks in DNA could result after treatment o f L1210 cells with LCA. The
incubation o f isolated naked DNA with LCA did not induce DNA breaks suggesting
that bile acid either induced a nuclease or were converted into another metabolite, which
could damage DNA (Kulkarni et al., 1982, 1985). Bile acids have been reported to
induce the formation o f oxygen free radicals and also induce NF-kB (Craven et al.,
1986; Blakeborough et al., 1989). Both these responses may be protective against
oxidant stress-induced apoptosis and result in DNA damage by the bile acids. We will
explore the role o f DC A on NF-kB and compare it with UDCA and examine if UDCA
has different effects on this transcription factors and its antiapoptotic effects reported in
previous studies.

1.2.4.2 Bile acids and colonic epithelial cells

Bile acids may damage the colonic epithelium with effects on the protective barriers
against toxic substances. Mucin secretion by the colonic epithelial cells protects it from
faecal toxins and other potentially carcinogenic substances. Bile acids influence mucin
production by colonic cells, and thereby predispose the colonic epithelium to other
faecal toxicants exposure (Shekels et al., 1996). The production o f mucin by HT-29 and
Caco-2 colon cancer cells was significantly decreased by non-toxic concentrations o f
DCA. Another substance, alkaline sphingomyelinase (SMase) is a brush border enzyme
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and an important inhibitor o f tumorigenesis. It hydrolyzes sphingomyelin, which in turn
generates ceramide, reported to inhibit cell proliferation and to induce apoptosis. The
sphingomyeline and the alkaline SMase signalling in cancer development has been
described (Merrill et a i, 1995). Conjugated bile acids dissociate alkaline SMase from
rat intestinal mucosa and decrease its levels (Duan et a l, 1998),
1.2.4.3 Bile acids and calcium

Calcium plays an important role in colonic cell homeostasis and cell signalling. The
conjugated bile acids are reported to increase the intracellular Ca^^ concentrations,
bypassing the regulatory systems that maintain cellular Ca^^ homeostasis (Zimniak et
al., 1991). Calcium regulates PKC signalling and this may be one o f the mechanism by
which bile acids increase the risk o f CRC.
1.2.4.4 Bile acids and cell proliferation

Colon cancer results from histopathologic changes in the colonic mucosa, which eventually
transform normal mucosa into invasive carcinoma. This multistep process is accompanied by
a number of specific genetic changes. The first stage of these histopathological changes is the
conversion o f normal epithelium into hyperproliferative epithelium followed by the
formation of aberrant cryptic foci then small adenoma, large adenoma, carcinoma in situ and,
finally, invasive and metastatic cancer (Debruyne et ai, 1999; Kinzler et a i, 1996; Janne et
a i, 2000; Hanahan et a i, 2000). Bile acids play an important role in these colonic mucosal
alterations. DCA is reported to induce proliferation in human colonic biopsies in vitro
(Bartram et a i, 1993). Studies have demonstrated that colonic epithelial proliferation rates in
human colonic biopsies positively correlate with serum levels o f DCA (Ochsenkuhn et a i,
1999). Mice treated with LCA enema and given concomitant dimethylhydrazine injections
showed suppressed apoptosis and increased proliferation o f colonic epithelium (Kozoni et
ai, 2000). Rats injected with azoxymethane and fed CA diet selectively increased the
proliferation o f aberrant crypts, but not o f normal crypts (Corpet et a i, 1997). DCA and
CDCA caused an increase in cell proliferation and a decrease in butyrate-induced apoptosis
in AA/Cl human colonic adenoma cells in vitro (McMillan et a i, 2000). An enhanced
proliferation rate of the colonic epithelium could result in an increased susceptibility to
mutagens. Hence, tumour promotion by bile acids may result from growth stimulation o f
already initiated adenoma cells.
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1.2.4.5 Bile Acids and cell invasion
Cell invasion and migration are critical for progression and metastases o f the CRC. Bile
acids have been reported to play a role in cell migration and invasion o f colorectal
cancer cells. Studies have demonstrated that treatment o f human colorectal cancer Caco2 cells by LCA resulted in an enhanced secretion o f matrix metalloproteinase 2 (MMP2) and an enhanced chemotaxis (Halvorsen et a i, 2000). Bile salts at physiologic
conditions have been reported to increase cell migration after injury (Strauch et ai,
2003).
1.2.5 Bile acids and cell Signalling
1.2.5.1 Interaction with kinases
Bile acids have been implicated in the modulation of many important cell signalling
pathways (Fig 1.3). The best studied o f these signalling pathways is the protein kinase
C (PKC) signalling cascade in colorectal cancer (Pongracz et a i, 1995; Huang et al.,
1992, Rao et a i, 1997; Hirano et al., 1996). Evidence suggests that DCA exerts its
tumour promoter effect through intracellular signalling pathways including PKC and
mitogen-activated protein kinase (MAPK) (Qiao et al. 2000; Huang et al., 1992).
Growth and inflammation regulatory transcription factors AP-1 and NF-kB are
regulated by PKC and MAPK activity (Qiao et al., 2000). We compared and contrast
the effects o f DCA with UDCA on these signalling mechanisms and showed that these
bile acids have differential and distinct effects on PKC NF-kB as well as AP-1 in
colorectal

cancer

cells

, hence

providing

one

possible

explanation

for the

chemoprotective effects o f UDCA reported in many studies. Bile acids activate PKC
probably through DAG or increasing calcium concentrations. Bile acids may stimulate
PI-PLC to increase DAG formation, as evidenced by addition o f DCA to extracts fi’om
human colon cancer tissue and by the increased DAG concentrations in cultures o f rat
hepatocytes that were treated with taurine-conjugated bile acids (Nomoto et a i, 1994;
Rao et al., 1997). In the absence o f DAG, bile acids may increase PKC activity by
facilitating its association with phospholipids (Rao et al., 1997). DAG might in its turn
activate the Ras/MEK/ERK kinase pathway through PKC (Sozeri et al., 1992). This
could then explain the activation o f the extracellular signal-regulated kinases (ERKs) as
observed in HCT-116 human colorectal cancer cells (Qiao et al., 2000). Small G
proteins are also the other targets for the bile acids. Involvement o f Rho-like GTPases in
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Fig. 1.3 Bile acid signalling in cancer cells. PKC and ERK activate AP-1 which
targets COX-2. Activation o f phosphatidyl inositol 3-kinase (PI3K) is implicated
upstream of phosphoinositide-specific phospholipase C (Pl-PLC). Heterotrimeric
G-proteins (Ga/p/y) activate PKC through the Src tyrosine kinase. Ras and
caveolins are upstream regulators o f P13K and Raf. (Reproduced from Debruyne
et al., 2001).

bile acid signalling pathways is suggested by the rounding o f the HCT-8/E11 cells upon
treatment with LCA (Scita et a i, 2000; Zondag et al., 2000). Monomeric Rho-like
GTPases regulate organization o f the actin cytoskeleton and cell migration through
downstream effectors as Rac- and Rho-kinase (RacK and RhoK) and myosin heavy and
light chains (MHC and MLC) (Zuber et ai, 2000).
1.2.5.2 Bile acids AP-1

Bile acids activate the transcription factor, activator protein-1 (AP-1) proto-oncogene
through PKCs and extracellular signal-regulated kinases (ERKs) in HCT-116 human
colorectal cancer cells (Qiao et al., 2000). The AP-1 complex activated by bile acids
consists o f JunD, Fra-I and c-Fos, the oncogenic components o f the AP-1 and is
mvolved in invasion pathways (Ozanne et a i, 2000). Another component o f the AP-1
complex is the FIiA-1, which is a target gene o f the p-catenin-T cell-factor/lymphoidenhancer-factor (TCF/Lef) complex in human colorectal carcinomas (Mann et al.,
1999). Increased motility and invasiveness o f mammary carcinoma cells is associated
with increased expression o f exogenous Fra-1 (Kustikova et a i, 1998). In a carcinogeninduced animal model o f colorectal carcinogenesis, increased c-Fos expression resulted
in increased mucosal hyperproliferation by DC A treatment (Velazquez et ai, 1996).
1.2.5.3 Bile acids and COX-2

Cyclooxygenase 2 (COX-2) is the stress response protein and the most important target
gene o f bile acid signalling. COX-2 may contribute to carcinogenesis in several ways.
COX-2 inhibits apoptosis, stimulates colorectal cancer cells to secrete proangiogenic
prostaglandins and it stimulates expression o f matrix-metalloproteinases (MMP-2)
involved in invasion o f human colorectal cancer cells (Tsujii et al., 1995, 1997, 1998).
It has been shown that the dihydroxy bile acids DCA and CDCA induced a marked
increase in the levels o f the COX-2 mRNA and protein in oesophageal cells (Zhang et

a i, 1998). These findings, in combination with the fact that chronic use o f known COX2 inhibitors like aspirin is associated with decreased colorectal cancer risk suggest that
dihydroxy bile acid mediated induction o f COX-2 may play a role in the promotion o f
colorectal adenomas (Gann e ta i, 1993).
1.2.5.4 Bile acids and nuclear receptors

The nuclear receptor FXR, have been reported as targets for bile acid signalling
pathway (Makishima et a i, 1999; Parks et al., 1999; Wang and Chen 1999). This FXR

21

receptor functions as a heterodimer with the retinoid X receptor (RXR) and is capable o f
binding bile acid responsive elements in the promoter o f some genes (Makishima et al.,
1999). Differences in potency to stimulate invasion o f colorectal cancer cells between
different bile acids might be related to the absence o f bile acid transporters, which are
necessary for the uptake o f conjugated bile acids, or to preferential recruitment o f
specific nuclear receptor coactivators (Wang and Chen 1999).
1.3 Ursodeoxycholic acid
1.3.1 Background
Ursodeoxycholic

acid

(UDCA)

was

first

identified

in

1902

as

hydrophilic

di hydroxyl at ed bile acid in the bile o f the Chinese black bear and was named after this
species. (Hammarsten 1901; Shoda 1927). Dried bear bile has been used for centuries as
a remedy for liver disease in China on an empirical basis, with a long-standing belief
that bear bile had curative properties (Beuers el al., 1998). In 1936, Iwasaki was first to
determine chemical structure o f UDCA as 3a, 7p-dihydroxy-5 p -cholanoic acid
(Iwasaki 1936). In 1954, an efficient and economical method o f synthesizing UDCA
was discovered (Kanazawa et al., 1995). The Tokyo Tanabe Pharmaceutical Company
launched it as a choleretic in 1957 (Makino et al., 1998). UDCA constitutes 3 % o f the
total bile acid pool where it is formed by 7 p-epimerization o f the primary bile acid
chenodeoxycholic acid in the gut by intestinal bacteria (Hofmann 1994; Poupon 1995).
Since then it is being used for various hepatic cholestatic and digestive diseases.
Reports from Japan and Europe first revealed that UDCA was able to dissolve
gallstones with equal efficacy to chenodeoxycholate, but with the added advantage that
it was not hepatotoxic (Sugata et al., 1974; Bachrach et al., 1982). These initial reports
prompted further studies on the use o f UDCA, mainly in chronic cholestatic disorders
(Poupon 1995).
1.3.2 Pharmacodynamics of ursodeoxycholic acid
UDCA is a tertiary bile acid and it is directly synthesized from cholesterol. After oral intake,
UDCA is conjugated in the liver with glycine and taurine. Conjugated UDCA is secreted
into the biliary tree and intestine and undergoes enterohepatic (Hofmann 1994).
Approximately 30-60 % of the dose of unconjugated UDCA is absorbed by passive diffijsion
in the small and large intestines (Hofmann 1994; Rubin et al., 1994).) At pharmacological
doses (10-15 mg/kg/day) UDCA becomes the predominant bile acid in the liver and the
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systemic circulation, comprising 40-60% of the circulating bile acid pool (Hofmann 1994;
Rubin et al., 1994). In patients with ileal resections, the absorption o f UDCA is inefficient.
1.3.3 Mechanism of Action of Uodeoxycholic Aid
A number of mechanisms for UDCA action have been proposed as described below.
1.3.3.1 Dilution and mobilisation of toxic bile acids
UDCA is a hydrophilic non-toxic bile acid, and after oral administration, it becomes the
predominant bile acid in serum and bile accounting for approximately 40-60% of the bile
acids in the bile acid pool. UDCA does that by competitively inhibiting the ileal absorption
o f other endogenous bile salts (Beuers et al., 1992; Batta et al., 1989; Crosignani et al., 1991;
Stiehl et al., 1990; Rudolph et al., 1993) This alteration o f the bile acid pool is considered as
the most important mode of action o f UDCA (Stiehl et al., 1999). Apart from the dilution o f
the toxic hydrophobic bile acids, other effects of UDCA on bile acids have also been
described. In cholestatic liver disease, some o f the potentially toxic biliary constituents are
retained in the liver and the systemic circulation. UDCA treatment is thought to improve
mobilization of these toxic constituents (Poupon 1995; Reichen et at., 1994). UDCA
treatment is reported to lower the serum levels o f endogenous bile acids and bilirubin in
patients with PBC and primary scleroing cholingitis (Beuers et al., 1992; Heathcote et al.,
1994; Lindor et al., 1994, 1997). It has been demonstrated that UDCA prevents cholestasis
induced by more hydrophobic bile acids in rat liver (Heuman et al., 1991; Kitani et al., 1982;
Schoelmerich et al., 1990). UDCA may also stimulate the secretion o f bile acids and other
organic anions in isolated hepatocytes (Ohiwa et al., 1993).
1.3.3.2 Antioxidant eflect
Lipid peroxidation by the highly reactive oxygen species secreted by the KupflFer's cells in
response to hydrophobic and toxic bile salts can damage hepatocytes (Sokol et al., 1993).
Ursodeoxycholic acid inhibits the activation o f KupflFer's cells by toxic bile salts. Another
antioxidant action o f UDCA is to increase the levels o f glutathione and thiol-containing
proteins in the hepatocytes, hence protecting hepatocytes against oxidative injury
(Mitsuyoshi et al., 1999).
1.3.3.3 Cytoprotective effects of UDCA
UDCA is thought to protect hepatocytes and bile ducts against the necrosis and apoptosis
caused by the hydrophobic bile acids through its direct membrane-stabilizing and anti-
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apoptotic effects UDCA protects against membrane damaging effects of more hydrophobic
bile acids at millimolar concentrations (Heuman et ai, 1991, 1994; Galle et al., 1990;
Guldutuna et ai, 1993). However, other studies have disputed these claims and suggested
that the membrane-stabilizing effects o f UDCA may be the result o f its effects on mixed
micelle formation rather than from direct membrane interaction (Heuman et al, 1996).
Studies have suggested that UDCA might also protect against ethanol-induced cell injury in
rats and a human Hep G2 cell line (Neuman et ai, 1995; Vendemiale et ai, 1998). In
addition, UDCA has also been reported to inhibit the platelet-derived growth factor-induced
fibroproliferative activity in the human fibroblasts (Peterson et ai, 1998).
1.3.3.4 Imiinomodiilator effects
In patients with primary biliary cirrhosis (PBC) and extra-hepatic cholestasis the expression
of HLA class I and IT antigens increases in both hepatocytes and bile ducts (Calmus et ai,
1990, 1992). MHC class I and II genes are directly upregulate by the hydrophobic bile acids
(Hirano et ai, 1993; Hillaire et al., 1994). UDCA attenuates the stimulatory effect of
hydrophobic bile acids on MHC genes by dilution of the hydrophobic bile acids. UDCA also
inhibits the production o f abnormal immunoglobulins and cytokines from peripheral blood
mononuclear cells (Yoshikawa et ai, 1992). It has been demonstrated tha UDCA inhibits
interferon-y-induced activation o f MHC class II promoter through the activation of GR and
significantly reduces the expression o f HLA class I and II in PBC patients (Tanaka et ai,
1996; Taresaki eta i, 1991; Hirano et ai, 1996). The immune modulation offered by UDCA
may lead to reduced T cell-mediated cytotoxicity in these patients.
1.3.3.5 Anti-apoptotic effects
Hydrophobic bile acids induce apoptosis in hepatocytes through activation of variety o f proapoptotic pathways including activation of Fas-receptor, caspases and nuclear translocation
o f cathepsin B (Faubion et al, 1999). UDCA also has been reported to reduce the
mitochondrial membrane permeability associated with toxic bile acid levels (Lemasters
1998). UDCA has been found to reduce bile acid-induced apoptosis and cytolysis in cultured
rat hepatocytes in vitro (Benz et al, 1998; Rodrigues et ai, 1998). Rodrigues eta i (1998),
demonstrated that administration o f UDCA markedly inhibited apoptosis in hepatocytes and
various non-hepatocyte cell lines caused by hydrophobic bile acids by 50-100 percent.
1.4 PROTEIN KINASE C
1.4.1 Bacl^round
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PKC were discovered almost 20 years ago as the major cellular receptor for the phorbol ester
class o f tumour promoters (Castagna et al., 1982). They were originally described by
Nishizuka and co-workers as histone kinase activity from rat brain, which could be activated
by limited proteolysis (Inoue et al., 1977; Takai et al., 1977). It was followed by the
discovery that the PKC could also be activated by diacylglycerol (DAG), phosphatidyl serine
(PS), calcium and also by tumour-promoting phorbol esters such as PMA (Nishizuka 1984).
PKC are lipid-dependent serine-threonine kinases, established as key elements in signal
transduction involved in cell proliferation, differentiation and apoptosis. The understanding
of the PKC superfamily is complex, not only because large number o f isoforms are involved
in the mammalian cells, but also because of their expression in a variety of cells and their
role in regulating diverse functions in cells.
1.4.2 PKC structure
PKC isoenzymes consist of a single polypeptide chain that contains 20-70 kDa aminoterminal regulatory domains and approximately 45 kDa carboxy-terminal kinase catalytic
domains (Fig. 1.4). The catalytic and regulatory domain separated by hinge region v3 which
is subject to proteolysis (Kishimoto eta i, 1983) Depending on class o f PKC iosenzyme, the
regulatory domain can include a calcium binding and DAG-phorbol ester-binding site.
Activation of the PKC isoenzymes requires interaction with phospholipids (Kikkawa et al.,
1988; Lee et al., 1991). The regulatory half o f PKCs contains an autoinhibitory domain
called pseudosubstrate and one or two membrane-targeting motifs, the Cl domain present in
all isoenzymes, and the C2 domain, present in conventional and novel PKCs. The Cl domain
is defined by the presence o f two repeated zinc finger motifs, Cla and Clb. Each motif has a
conserved pattern o f cysteine and histidine residues (H-X12-C-X2-C-X13/14-C-X2-C-X4-H-X2C-X7-C) and is responsible for the coordination of two Zn ions. The Cl domain binds DAG

and phorbol esters in all but atypical PKCs, which are not responsive to phorbol esters, but
contain a single zinc finger motif Mutational studies have shown that the two zinc fingers in
a Cl domain are not equivalent. Mutation o f a highly conserved proline residue in the C la
motif o f PKC 5 had little effect on responsiveness to phorbol ester, whereas mutation o f the
equivalent amino acid residue in C lb resulted in a 125-fold decrease in phorbol-esterbinding affinity (Szallasi et al., 1996). Cl domains are not specific to PKC and occur in
several mammalian proteins other than PKC. In some proteins, such as DAG kinase, the
domain binds to neither PMA nor DAG (Sakane et al., 1996). Other proteins activated by
phorbol esters

including protein kinase D (PKD), a human phorbol-ester- and DAG
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stimulated protein kinase and members o f the chimaerin family, the GTPase activating
proteins (GAPs) for the small GTPase Rac. The C2 domain is found in the cPKCs
immediately medial to the Cl domain. Like the Cl domain, the C2 domain is found to be
present in many other proteins, including synaptotagmins, rabphilin-3A, phospholipases and
GAPs. As many o f these proteins bind phospholipid in a Ca^^-dependent manner, it is
assumed that the C2 domain confers Ca^^/PS binding to the cPKCs. It is shown that the
2+

isolated C2 domain from PKC does indeed bind to phospholipid vesicles in a Ca dependent fashion (Shao et al., 1996). Juxtaposed to the N-terminus o f the C l domains o f
the cPKCs, aPKCs and nPKCs is a sequence that retains the hallmarks o f a phosphorylation
site, but has an alanine at the predicted serine/threonine phosphorylation site (House et al.,
1987). Mutation o f this region confers activity on the mutant protein, which is independent
of effector (Pears et al, 1990). The autoinhibitory, pseudosubstrate site interacts with the
catalytic domain and is responsible for the suppression of catalytic activity.
1.4.3 PKC isoenzymes
PKC consists of a family o f 12 isoenzymes and are classified according to cofactor
requirements in to three classes (Fig 1.4). Classical PKC (cPKCs) are regulated by 1,2diacylglycerol (DAG), and calcium and include a, p i, P2 and y. Novel PKC’s (nPKC’s) 5, e,
r|, |i and 9 are activated by DAG & are calcium independent. Atypical (aPKCs) t, X and ^ are
calcium & DAG independent (Saxon et al. 1994, Nishizuka 1988). PKCs are involved in cell
growth cell, cycle progression, differentiation and & apoptosis (Black et al. 2000; Clemens

et al. 1992). A flirther PKC class has also been described. These are PKC-related kinases
(PRKs) consisting o f three members, PRXs 1-3. Like the aPKCs, PRXs are independent o f
calcium, DAG and phorbol esters. However, PRXl has been shown to bind to the activated
RhoA GTPase, which leads to a 4-fold activation o f the kinase in vitro (Armano et al., 1996;
Watanabe et al., 1996). It has also been shown that the other fully cloned member o f the
PRK subfamily, PRK2, is also capable of binding RhoA (Vincent et al., 1997), suggesting
that this may be the general property o f this group.
1.4.4 Regulation of PKC
1.4.4.1 Regulation by lipid messengers
PKC activation is a complex process and multiple substrates and conformational
changes are involved in this process. Lipid second messengers are reported to activate
PKC isoenzymes both in vitro and in vivo. Classical PKCs (cPKC) are the most studied
and best understood as far as mechanism o f activation o f PKC is concerned. All PKCs
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Fig. 1.4 Structure o f PKC. The PKC consist o f N-terminal (N) regulatory
domain and a C-terminal (C) catalytic domain. The conventional (cPKC)
structure comprises four conserved regions (C1-C4) and five variable regions
(V l-V 5).T he C l region (Cl A and C IB ) is involved in binding to diacylglycerol
(DAG) and phorbol-ester activating compounds, whereas the C2 region is binds
to Ca2+. C3 and C4 are the binding sites for ATP and the PKC substrate,
respectively. The novel PKC (nPKC) group and atypical (aPKC) group both
possess a C2-like region within V I. Many activating agents act at the
DAG/phorbol-ester binding region (or C l). (Reproduced from Way 2000).

have auto-inhibitory N-terminal pseudosubstrate domain. The pseudosubstrate domain
binds to the substrate-binding site in the inactive molecule. Activation requires the
removal o f autoinhibitory pseudosubstrate domain from the active site. Activation o f
phospholipases type C (PLC) P, y and 5, resuUs in the hydrolysis o f membrane inositol
phospholipids. This leads to the generation o f 1,2-sn-diacylglycerol (DAG) and soluble
inositol phosphates (e.g., InsP, Ins-1, 4-P2 or Ins-1, 4, 5-P3). The latter then causes the
release o f calcium from intracellular stores. The generation o f DAG or addition o f
exogenous phorbol esters that bind to the C l domain relieves autoinhibition leading to
activation and phosphorylation o f relevant substrates. The cPKC C l domain comprises
a cysteine-rich motif, capable o f binding two zinc ions. Binding o f the co-factor
phosphatidyl-L-serine (PS) to the regulatory domain is also required to promote the
conformational change that results in removal o f the pseudosubstrate from the catalytic
site. The binding o f calcium greatly increases the affinity o f the enzyme for acidic
phospholipids such as PS (Nev^on et al., 1995). However, an isolated C2 domain from
PKC betall is shown not to bind to PS in a calcium-dependent manner (Johnson et al.,
1997). Thus, calcium/PS synergize with DAG or PM A to promote a remarkably high
affinity

interaction

o f PKCs

with

membrane.

The

precise

binding

site

for

phosphatidylserine on PKCs remains elusive. Novel PKCs such as delta and epsilon
also require DAG and PS for activation, but are calcium independent. Although the
classical C2 domain is absent in this family, a C2-like domain has been identified in
novel PKCs at the very N-terminus o f the enzyme (Sossin et al., 1993). The C2-like
domain o f nPKCs may exist in a conformation similar to that found in the C2-calcium
complex in cPKCs. Atypical PKCs only have one Cl domain and are not activated by
either DAG or PMA. Similarly, they do not have a C2 domain and thus are
unresponsive to calcium. It is not established whether the isolated Cl domain can act as
a membrane-targeting module; a PKC delta mutant with only the second C l domain is
efficiently translocated in vivo in response to PMA (Szallasi et al., 1996).
Many other lipid second messengers are reported to activate PKCs both in vitro and in

vivo. In particular, the phosphoinositide 3-kinase (PI 3-K) products PtdIns-3, 4-P2 and
PtdIns-3, 4-5-P3 has been shown to activate both the novel (deha, epsilon and eta) and
the atypical (zeta) PKCs in vitro (Nakanishi et al., 1993; Toker et al., 1994, Singh et al.,
1993; Palmer et al., 1995). There is considerable evidence that certain PKCs may be
activated downstream o f PI 3-K in vivo. The domain or residues responsible for the
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phosphoinositide-PKC interaction are not yet known. These lipids may mimic PS and
increase the affinity for PKC with the membrane. Other lipid mediators known to
activate PKCs include unsaturated fatty acids, most notably arachidonic acid (Nishizuka
1995). These lipids activate PKC by potentiating the effects o f DAG and have no effect
on PKC if either DAG or PMA are absent. Ceramide, produced in TNF-alpha
stimulated cells, activates and binds to both the atypical PKC zeta family member
(Muller et a i, 1995) and to the related Raf-1 kinase (Muller et al., 1998) in vivo. There
is considerable heterogeneity in the lipid-dependent regulation o f PKCs and this is
further complicated by the role o f phosphorylation in the activation o f PKC.
1.4.4.2 Regulation by phosphorylation
It has been increasingly realised that phosphorylation plays a significant role in the
activation o f PKC (Fig. 1.5). Three key residues in the catalj^ic domain (C4) are
mapped, and these are likely to represent the major in vivo phosphorylation sites. It has
been demonstrated in PKC beta II that the initial, rate-limiting step is phosphorylation
o f the activation loop Thr500 and Thr641 and Ser660 at the carboxyl terminus (Keranen

et a!., 1995). PKC alpha has a similar activation loop (Cazaubon et al., 1994). TheThr
residue is highly conserved in all PKCs and phosphorylation o f this site is usually
required for protein kinase activity. But, it is also found in a large number o f other
protein kinases. Substitution o f PKC beta II Thr500 to an Ala residue results in an
inactivatable enzyme (Orr et al., 1994). The PKC activation loop threonine cannot
undergo autophosphorylation, and there is evidence that a PKC upstream kinase, the
phosphoinositide-dependent kinase-1 (PDK-1) carries out this reaction (Chou et al.,
1998; Le Good et al., 1998). PKC zeta and PKC deha are also phosphorylated at the
corresponding Thr410 at Thr505 residues, and this is sufficient to activate the PKCs
both in vitro and in vivo (Chou et al., 1998; Le Good et al., 1998). In stimulated cells,
PDK-1 binds with high affinity to the PI 3-K lipids PtdIns-3, 4-P2 and PtdIns-3, 4-5-P3,
resulting in translocation from the cytosol to the membrane (Anderson et al., 1998). The
PDK-1 is the universal PKC upstream kinase for PKC, though this has not been proven.
The binding o f DAG and other lipids unmasks the activation loop Thr for the
phosphorylation and hence activation o f PKC. Two further phosphorylations occur in
the catalytic domain o f PKC and in the case o f PKC beta II; these have been shown to
be due to autophosphorylation o f Thr641 (Keranen et al., 1995). Both o f these residues
are conserved in all mammalian PKCs except for PKC mu. In the case o f conventional

28

Signals that cause
lipid hydrolysis

A nchorin
rotein

ubst rates

■ Inactive
(a)

Cytoskeleton

3 ATP
1.PK C K inase
2.A utophosphrylation

A ctive

Phosphorylation

Figure 1.5 M odel for the regulation o f protein kinase C by phosphatylation. Newly
synthesized PKC associates with the cytoskeleton (far left) which exposes the
activation loop (top right), (a) Phosphorylation by a PKC kinase on the exposed
activation loop (at ThrSOO in protein kinase C |311) correctly aligns residues for
catalysis, allow ing autophosphorylation at tw o carboxy-term inal positions (Thr641
and Ser660 in protein kinase C pi 1). Phosphorylation at the first o f these (Thr641 in
PKC locks the kinase in a catalytically com petent conform ation. Subsequent
phosphorylation at the second carboxy-tenninal site releases m ature PKC into the
cytosol, (b) Isozym e-specific targeting o f m ature protein kinase C may be regulated
interaction with anchoring proteins for rapid response to its second messenger,
diacylglycerol (DAG), (c) Binding o f DAG to the C l dom ain and phosphatidylserine
(PS) to the C2 dom ain results in removal o f the pseudosubstrate from the active site.
(From N ew ton 1997).

PKCs, phosphorylation o f the activation loop threonine appears to be constitutive
(Keranen etal, 1995). In contrast, atypical PKCs such as PKC zeta are phosphorylated at
this residue by PDK-1 in a mitogen-dependent manner (Chou et a i, 1998).
1.4.4.3 Regulation by localization
PKC isoenzymes are located in the cytoplasm of the cell and translocate to different
subcellular sites on activation (Jaken 1996). This isozyme-specific regulation by subcellular
targeting and interaction with specific proteins provides an important mechanism for PKC
(Fig. 1.5). PKC bind to a number o f proteins including the receptors for activated kinase C
(RACKs), a group of proteins that are proposed to bind to the active conformation o f PKC
(Mochly-Rosen 1995). In addition, PKC a and PKC P bind a multi-enzyme scaffold protein,
for a kinase-anchoring protein (AKAP 79) (Klauck et al, 1996). This AKAP 79 also
regulates two other signal transducers, namely protein kinase A and the Calcium/calmodulindependent phosphatase, calcineurin. Furthermore, isozyme-specific binding to a number o f
proteins is also reported. For example, PKC 8 binds to 14-3-3 proteins (Acs et al, 1995) and
to cytoskeletal components actin via a sequence between the first and second Cl domains via
its hinge or pseudosubstrate (Lehel et al., 1995, Prekeris et a l, 1996). PKC p il binds to
actin, in this case via its carboxyl terminus (Blobe et al., 1996). This positioning o f the PKC
at specific locations in the cell is probably central to its ability to have ready access to its
substrates and to respond efficiently to second messengers for example DAG. Activated
PKC isoenzymes translocate to a variety o f intracellular sites including cell membrane,
nucleus and membrane associated cytoskeleton (Nishizuka 1984). A number o f cytoskeleton
proteins including vinculin, vimentin, talin and filamentous actin (F-actin) target PKC
translocation and may serve as PKC substrates and regulate membrane and cytoskeleton
interactions as an integral part o f PKC signalling. Furthermore, changes in localisation of
PKC are associated with cell differentiation and transformation, indicating that determinants
of subcellular localisation of PKC can modify cell growth, differentiation and transformation
(Jaken 1996; Frey et al., 2000). PKC 8 in particular has been shown to play a significant role
in cell adhesion (Haller et al., 1998) and has been immunolocalized to the junctional region
in gastrointestinal epithelia (Saxon et al, 1994).
1.4.5 PKC and carcinogenesis
The PKC family is involved in regulation o f three key cellular processes disrupted in
malignant cells, i.e., cell growth/cell cycle progression, differentiation, and apoptosis, (Black
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2000; Clemens et al., 1992; Musashi et al., 2000) and there is evidence for changes in the
expression and/or activity of PKC isozymes in a variety of malignancies. Enterocytes and
colonocytes express multiple members o f the PKC family, including PKC (x, pi, pil, 6, 8, r|,
9, ^ and i, suggesting that this enzyme system plays an important role in maintenance o f
normal intestinal homeostasis. PKC isoenzymes have been implicated in the regulation of
the normal colonic cellular processes and neoplastic transformation in the colon both in
humans and in experimental animals. Studies have reported decreased expression o f total
PKC in human colonic carcinomas and adenomas as well as preneoplastic mucosa compared
with colonic mucosa from normal controls (Kahl-Rainer et al., 1994; Guillem et al, 1987,
Kopp et al., 1991). ft has been reported that PKC and calcium-dependent protein kinase
specific activities are reduced in human colon carcinomas when compared to their normal
adjacent colon mucosa (Guillem et al., 1987). Contradictory findings o f increased levels o f
PKC isoforms in adenocarcinomas as compared with normal colonic tissue have also been
described (Davidson et al., 1994). Alterations in expression o f specific PKC isoenzymes
have also been described. PKC a, pi, and ^ seem to be lost early during intestinal
carcinogenesis as shown in adenomas of the APC"‘” mouse where their expression is
markedly reduced (Klein etal., 2000),
1.4.5.1 PKC alpha and beta

Studies have demonstrated a reduced expression o f PKC a protein in human colonic tumour
(Kahl-Rainer et al., 1994; Kahl-Rainer et al., 1996). Carcinogen-induced colonic tumours in
animals have also revealed attenuated levels of PKC a (Craven et al., 1992; Wali et al.,
1995). Researchers have examined the effects o f alterations in PKC a expression in Caco2
cells, derived from human colonic adenocarcinoma (Scaglione-Sewell et al., 1998). The
Caco2 cell line has no mutations in K-ras genes. PKC activation is reported to relate to
invasiveness o f the cancer cells in colorectal and other cancer cells (Batlle et al., 1998;
Shimao et al., 1999; Johnson et al., 1999). Stable PKC a sense or antisense complementary
DNA (cDNA) transfectants were use in these studies. Sense transfected cells demonstrated
decreased proliferation and enhanced differentiation. PKC a protein expression was
increased 3-fold in these cells. In contrast, antisense transfected cells, in which PKC a
expression was decreased by 95 %, showed enhanced cell growth, decreased differentiation,
and a more aggressive transformed phenotype compared with empty vector-transfected
control cells. However, opposite observations were made with PKC pi in HT29 cells, in
which overexpression of PKC pi isoform was associated with suppression o f cell
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proliferation (Choi et ai, 1990). Fray et al. (1997) showed that growth of EC-18 cells,
derived from immature crypt cell line of rat ileum, was inhibited by phorbol esters with G 1
cell cycle arrest, concomitant with activation of PKC a Moreover, this arrest was
accompanied by an increased expression of the cyclin-dependent kinase inhibitors p21
(wafl/cipl) and p27 (kipl). These observations demonstrate that PKC a is intimately
involved in the control of

proliferation and differentiation in colonic cells. Several other

studies have reported changes in PKC activity in colon adenomas and carcinomas. Reduced
expression of PKC a, 6, s, and ^ have been reported in colorectal tumours (Kahl-Rainer et

ai, 1994; Doi et al., 1994; Craven et ai, 1992; Kahl-Rainer et ai, 1996; Wali et ai, 1995).
PKC pi and pil levels are reported reduced in some studies (Levy et al., 1993; Doi et al.,
1994), up regulated in other studies (Craven et al., 1992; Wali et ai, 1995) and unchanged
levels have also been reported (Kahl-Rainer et ai, 1994). Additional evidence for complex
role of

PKC enzyme system in colon carcinogenesis comes from the finding that

overexpression of PKC pi in HT29 and SW 480 human colon cancer cells can cause growth
inhibition and tumour suppression in nude mice (Choi et ai, 1990; Goldstein et ai, 1995).
This contrasts with the previous studies obtained with rodent fibroblasts, where stable
overexpression of PKC pi and y isoforms resulted in increased growth rate, high saturation
densities, and anchorage-independent growth and enhanced tumorigenicity, in nude mice
(Housey et ai, 1988; Pearsons et ai, 1988: Krass et ai, 1989). PKC pi overexpression has
been associated with resistance to apoptosis (Cesaro et ai, 2001). It has been reported that
transgenic mice expressing elevated PKC betall in the colonic epithelium exhibit a trend
toward increased colon tumour formation after exposure to azoxymethane (Gokmen-Polar et

ai, 2001). Although PKC pi expression is modestly decreased in aberrant crypt foci, it is
markedly reduced in APC”'” mouse adenomas and in azoxymethane-induced colon
carcinomas in mice (Gokmen-Polar et ai, 2001; Klein et ai, 2000). Thus, PKC seems to
exert both positive and negative regulatory effects on cell growth depending on the cell type,
the stage of carcinogenesis and species type.
1.4.5.2 PKC epsilon and delta

PKC epsilon and PKC delta are involved in the cell growth, morphology, apoptosis and
tumorigenicity. PKCs s and PKC 6 are novel PKC family members which respond to both
DAG and PS in vivo. In addition, PKC epsilon is also activated by the PI 3-K lipids Ptdlns3,4-P2 and PtdIns-3,4-5-P3 in vitro (Toker et ai, 1994, Moriya et ai, 1996). Overexpression
of PKC 8 is reported to be oncogenic in a rat colonic epithelial cell line and is associated with
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increase in cell growth rates (Perletti et al, 1998; Marras et al, 2001; Weller et al, 1999;
Mischak et al, 1993). It has also been reported that R6 cells overexpressing high levels of
PKC 8 display morphologic and growth properties that are consistent with malignant
transformation and the cells are tumorigenic in nude mice (Cacace et al, 1993). PKC s is
upstream o f the Raf-1 protein in the Ras-Raf-l-MEK-MAP kinase signal transduction
pathway (Cacace et al, 1996). The oncogenic potential of PKC epsilon has also been
observed in rat colonic epithelial cells, where overexpression leads to anchorage-independent
colony formation in soft agar and formation o f tumours in nude mice (Perletti et al, 1996,
1998). PKC epsilon regulates the transcription factors N-FAT-1 and AP-1 and NF-kB in
activated T cells and its effects are similar to ras (Genot et al, 1995). Protein kinase C 5 is
the most thoroughly studied member of the nPKC subfamily. PKC 5 has distinct effects on
cell growth. Overexpression o f PKC 5 is associated with reduction in growth rate and cell
density in NIH 3T3 cells and it may inhibit the G2/M transition by downregulating Cdc25
phosphatase (Livneh et al., 1997). Reports also indicate that PKC 5 may inhibit cell
proliferation in src-transformed cells (Perletti et al, 1999). These findings suggest that PKC
5 may suppress tumour growth and progression in certain cell types. Other researcher have
refuted these findings and reported that overexpression o f a truncated PKC 5 containing only
the regulatory domain inhibited anchorage-independent growth (Liao et al, 1994) and
proposed that PKC 6 regulatory domain may have acted as a dominant negative mutant of
PKC 6 with the result that it may have a positive role in cell growth. Unlike other PKC
isoforms, PKC 5 can also be phosphorylated on tyrosine with either inhibitory or stimulatory
effects on PKC 5 (Li et al, 1994). Further, PKC 5 downregulates several receptors with
tyrosine kinase activity, including the epidermal growth factor (EGF) (Downward et al,
1985; Friedman et al, 1984) and insulin like growth receptors (Chin et al, 1993). Thus, it is
possible that depleting cells o f PKC 6 could help sustain an active growth factor-induced
signal by preventing downregulation o f an activated receptor. Besides the involvement of
PKC 5 in the regulation o f cell growth and differentiation, this PKC isoform might play a
role also in apoptosis and tumour development (Emoto et al, 1995; 1996, Ghayur et al,
1996). Bharti et a l (1998), reported on an interaction of PKC 5 with the DNA-dependent
protein kinase (DNA-PK) resulting in the inactivation o f this kinase. DNA-PK is essential in
the repair of DNA double-strand breaks. Thus, interaction o f PKC 5 and DNA-PK may
contribute to DNA damage-induced apoptosis. Reddig et al (1999) demonstrated that
transgenic mice overexpressing PKC 5 in the epidermis showed a dramatic reduction in the
formation o f skin tumours upon treatment with 7,12-dimethylbenz[a]anthracene/TPA.
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1.4.5.3 PKC zeta
PKC

is the critical mediator of mitogenic signal transduction. Berra et al. (1993),

demonstrated that this PKC isoform is required for maturation o f Xenopus oocytes and also
for DNA synthesis in fibroblasts. This was the first indication that PKC ^ participates in
mitogenic signalling. Nakanishi and Exton reported that PKC ^ could be activated in vitro by
the lipid product of PI 3-K, PtdIns-3,4-5-P3 (Nakanishi et al., 1993). PKC ^ is downstream
effector of p21ras, involved in mitogenic signal transduction (Berra e/a/. „ 1993; Coleman et
al., 1994). Reduced expression of PKC ^ has been reported in both human and experimental
colon cancers (Wali et al.„ 1995, 1996; Kahl-Rainer et al., 1994). Moreover, in the
azoxymethane(AOM) model o f colon carcinogenesis, three structurally unrelated agents,
ursodeoxycholic

acid

piroxicam

and

F6-D3

(a

fluorinated

analogue

of

dihydroxyvitamin D3), have each been shown to prevent the expected decrease in PKC

1,25in

AOM-induced adenomas while markedly reducing the frequency o f AOM-induced
carcinomas (Wali et al., 1996). PKC ^ participates in activation o f NF-kappa B-like activity
in Xenopus oocytes and mouse fibroblasts (Diaz-Meco e ta i, 1993; Dominguez etal., 1993),
The outcome is the activation of NF-kappa B-dependent gene transcription and cell
proliferation. A number of studies have provided conflicting evidence as to the role of PKC
in cell transformation and proliferation. Firstly, Montaner et al., (1995) were unable to detect
any differences in the growth properties of NIH 3T3 fibroblasts transfected with wild-type
PKC ^ or any differences in the regulation o f NF-kappa B (Montaner et al., 1995), as
originally reported (Diaz-Meco et al., 1993). However, contradictory results have been
reported in which a direct interaction between PKC ^ and ras was not detected (Wame et al,.
1993). Moreover, PKC ^ has been reported to suppress the neoplastic transformation o f
fibroblasts mediated by the v-raf oncogene (Kieser et al., 1996). A recent study has
suggested that the concerted action of a hierarchical signalling cascade involving PKC
lambda, PKC epsilon and PKC

may be required to mediate transcriptional activation o f the

c-fos promoter in cells expressing oncogenic Ha-ras (Kampfer et al., 1998).
1.4.6 PKC and cytoskeletal structures
PKC are one o f the most important regulators of the cytoskeleton functions in cells.
Certain PKC substrates such as the MARCKS protein and pleckstrin associate with the
cytoskeleton in a PKC-dependent manner (Brumell et al., 1997; Hartwig et al., 1992;
Myat et al., 1997). A separate and distinct actin-binding m otif has also been identified
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in the PKC beta II isofomi (Blobe el al., 1996) and PKC zeta has also been shown to
interact with actin in the presence o f Zn^^ (Gomez et al., 1996). Data indicates that PKC
epsilon plays an important role in cytoskeletal organization. A unique actin- binding
m otif is identified in PKC epsilon (Prekeris et al., 1996). PKC epsilon translocates to
the membrane fraction when HeLa cells, plated on a gelatin substratum, but not when
cells are plated on plastic (Chun et al., 1996). Inhibition o f PKC epsilon with antisense
oligodinucleotides inhibits cykeleton-dependent cell spreading on a fibronectin matrix
(Haller et al., 1998). PKC epsilon translocates to focal adhesions following integrin
activation. Thus, PKC epsilon may be involved in the regulation o f adhesion o f cells to
the extracellular matrix.
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1.5 TRANSCRIPTION FA CTO RS
1.5.1 NUCLEAR FA C TO R KAPPA B (N F- kB)
NF-kB/RcI are structurally related eukaryotic transcription factors, involved in the control of
a large number o f normal cellular processes, such as immune and inflammatory responses,
growth, development and apoptosis. They were originally identified as proteins that bound to
a specific decameric DNA sequence (ggg ACTTTC C), within the intronic enhancer of the
immunoglobulin kappa light chain in mature B- and plasma cells but not pre B-cells (Sen
and Baltimore 1986). Later, it was shown that NF-kB DNA binding activity is induced by a
variety of exogenous stimuli, and that this activation is independent o f de-novo protein
synthesis. NF-kB has been detected in most cell types, and specific NF-kB binding sites
(with the consensus sequence: ggg RNN YYC C, R=purine Y=pyrimidine) have been
identified in promoters and enhancers of a large number o f inducible genes.
1.5.1.1 N F - kB and I k B proteins

NF-kB resides in the cytoplasm o f the cells as homo- or heterodimers o f a family o f
structurally related proteins (Baldwin 1996; Kopp et al. 1995). Each member o f this
family contains a conserved N-terminal region called the Rel-homology domain (RHD)
within which lies the DNA-binding and dimerization domains and the nuclear
localization signal (NLS) (Baldwin 1996; Kopp etal., 1995). Five proteins belonging to
the NF-kB family have been identified in mammalian cells: p65, c-Rel, RelB, p50/pl05
and p52/pl00 (Fig 1.6). NF-kB dimers are sequestered in the cytosol o f unstimulated
cells bound to a class o f inhibitory proteins called IkBs. These inhibitory proteins also
comprise a structurally and fianctionally related family o f molecules. Seven IkB
molecules are identified: IkB-u, IkB-P, IkB-y, IkB-8, Bc1-3, plOO and pl05. All known
IkB proteins contain muhiple copies o f a 30-33 amino acid sequence known as ankyrin
repeats; and the specific interaction between the ankyrin repeats o f IkB and the RHD o f
NF-kB is the defining feature o f the association between NF-kB and IkB. The NLS o f
NF-kB is mask by IkB molecules to prevent its nuclear translocation. The dissociation
and subsequent degradation o f IkB proteins causes NF-kB to become active, allowing it
to enter the nucleus and induce gene expression. The function o f NF-kB is that o f a
second messenger molecule through its ability to transduce upstream signals from the
cytoplasm into the nucleus in activated cells (Baldwin 1996; Kopp et al., 1995; Thanos

etal., 1995; Verma e /a /., 1995).
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NF-kB plays an important role in the regulation o f a large number o f inducible genes
involved in a variety o f cellular process such as to stress response, immunity and
inflammation, apoptosis and cell proliferation (Kopp el al., 1995) (Fig. 1.7). Several
induction mechanisms involved in the activation o f NF-kB converge on the cytosolic
NF-kB-1kB complex. These include cytokines such as interleukin 1 (IL-1) and tumour
necrosis factor (TNF); bacterial and viral products such as lipopolysaccharide (LPS),
sphingomyelinase, double-stranded RNA and pro-apoptotic and necrotic stimuli such as
oxygen free radicals, UV light and y-irradiation.
1.5.1.2 iK B-kinase

A number o f different kinases, including PKC, PKA, Raf-1, double-stranded-RNAdependent kinase (PKR) and p90-ribosomal S6 protein kinase (p90-RSK), are suggested
to take part in the specific phosphorylation o f Ser32 and Ser36 and initiation o f iKB-a
degradation and dissociation o f the NF-KB-lKB-a complex in vilro (Ghosh a! al., 1990;
Diaz-Meco et al., 1994; Finco at al., 1993; Kumar et al., 1994, Schouten et a/., 1997)
(Fig 1.8). However, none o f these kinases phosphorylates specifically both o f the N-

terminal serine residues o f IkB a is required for activation in vivo. Studies have revealed
that substitution o f the serine residues with threonines is sufficient to prevent NF-kB
activation in response to numerous signals, demonstrating that an intact substrate
sequence is required (Brown et al., 1995; DiDonato et al., 1996). This indicates that a
novel and serine-specific kinase may be required and there must be a point where all
inducers o f NF-kB converge. This novel and converging kinase responsible for the
phosphrylation o f IicB-a the iKB-kinase. The iKB-kinase was first described as a highmolecular-weight kinase complex that phosphorylates specifically Ser32 and Ser36 o f
IkB-u and is dependent on ubiquitination for activity (Chen 1996; Lee et al., 1997).
Two iKB-specific kinases associated with a high-molecular-weight cytoplasmic IkBkinase complex have been characterised which are not regulated by ubiquitination
(DiDonato et al., 1997; Mercurio et al. 1997; Regnier et al., 1997; Woronicz et al.,
1997; Zandi et al., 1997). One o f these kinases described is Ser/Thr kinase o f unknown
function named as IKKa (iKB-kinase a-subunit) (Connelly et al., 1995). Another kinase
exhibiting 52 percent homology to IKKa is IKKp. Both IKKa and IKKp are
ubiquitously expressed and are similar in structure but some differences in
phosphorylation patterns o f each subunit may result in different patterns o f NF-kB
activation (Zandi et al., 1997). It was previously reported that the kinase NF-kB-
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inducing kinase (NIK) was required for NF-kB activation (Malinin et al., 1997). Later it
was discovered IKKa and IKKp, associate with NIK (Regnier et al., 1997; Woronicz et
al., 1997). Immunoprecipitation studies have demonstrated that IKKa and IKKp can
form homo- or heterodimers. Transfection studies involving overexpression o f these
kinases have demonstrated that each subunit is sufficient to cause the activation o f NFkB. The IKKP is constitutively active, whereas the activity o f IKKa requires
costimulation with an inducer to become fully active (Mercurio et al., 1997; Woronicz
et al., 1997; Zandi et al., 1997). Both kinases are involved in proinflammatory cytokineinduced activation o f NF-kB and both have the ability to phosphorylate IkB proteins
except IkB - s isoform.
1.5.1.3 Regulation o f iKB-kinase activity

The precise mechanisms by which the activity o f iKB-kinase is regulated and the
upstream regulators remain unclear. It is proposed that multiple, as-yet-unidentified
components o f the high-molecular-weight kinase complex may be responsible for such
regulation (Chen and parent 1996; DiDonato et al., 1997; Mercurio el al., 1997).
Several studies have demonstrated that protein kinase, mitogen-activated protein
kinase/extracellular signal-regulated kinase kinase 1 (MEKK-1) may be involved in
TNF-a -induced NF-kB activation (Hirano et al., 1996; Meyer et al., 1996; Read et al.,
1997),while others have disputed a role for MEKK-1 in NF-kB activation (Liu et al.,
1996). It has been suggested that NIK by interaction with the TNF-receptor-associated
factor 2 (TRAF-2), stimulates iKB-a degradation and may play an important role in NFkB activation (Malinin et al., 1997). Other members o f the TRAF family o f molecules
(TRAF-5 and -6) which can associate with several o f the TNF receptor family o f
proteins may act as upstream activators o f NF-kB (Aizawa et al., 1997, Cheng et al.,
1995, 1996; Ishida et al., 1996; Nakano et al,. 1996; Rothe et al., 1995; Shu et al.,
1996; Cao et al., 1996). Interleukin-1 (IL-1)-induced NF-kB activation requires IL-1
receptor accessory protein (IL-lRAcP) and two Ser/Thr kinases named IRAK (IL-1
receptor-associated kinase) (Greenfeder et al., 1995; Wesche et al., 1997; Muzio et al.,
1997; Cao et al., 1996). Post-translational modifications in the inducible transcription
factors are necessary for their regulation. It is reported that post-translational
modification of NF-kB activity involves cAMP-independent activation o f PKA (Zhong
et al. 1997). A consensus PKA phosphorylation site has been discovered in amino acid
sequence o f the p65 subunit of NF-kB and mutational analysis has demonstrated that
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Table 1.2 NF-KB-dependent genes (M odified and Reproduced from Bharti 2002)

Immunoregulatory

Adhesion molecules

Cytokines

Stress proteins

Anti-apoplotic genes

Genes involved in cancer

MCH class 1 and 11
TCRa and P
TAPI
P2 -microglobulin
Igk
ICAM-1
VCAM-1
MAdCAM-1
E-selectin
lL-1 a and p
lL 2,-3, -6, -8 ,-1 2
TNF a
LTa
IFN-p
G-CSF
M-CSF
SAA
Complement factors B, C3 and
C4
Bcl-2
Bcl-xi
TNF receptor-associated factor
1 (T R A F l)
TRAF2
Cyclin D1
cIAP-2
xlA P
A20
Cyc looxygenase-2
c-M yc
Epidermal growth factor
receptor (EGFR)
Cell adhesion molecules
iNOS
VEGF
Interleukin-6
Matrix metalloproteinase-9
(M M P-9)
MMP-2
Interleukin-8
CycIooxygenase-2
c-M yc

phosphorylation by PKA within this sequence (at Ser276) regulates the transcriptional
activity o f p65. The conclusion is that interactions o f IkB kinases and NF- kB activation
is a complex process and different subunits o f IkB kinase may be targets for separate
signalling cascades.
1.5.2 NF-kB and cancer
NF-kB activation has been implicated in the development and progression o f many
human cancers. Constitutive NF-kB activation associated with a mutation in the gene
encoding the I-KB-a inhibitor has been observed in Hodgkin's disease, (Wood et al.,
1998; Krappmann et al., 1999). The \-rel oncogene o f the reticuloendotheliosis virus T
(Rev-T) was the first member o f the Rel/NF-KB family to be discovered (Gilmore et al.,
1991, 1999). Further evidence for role o f NF-kB in carcinogenesis comes from the
observation in chickens injected with the Rev-T virus developed aggressive lymphomas
and also that many genes belonging to the NF-kB and IkB are amplified or translocated
in human cancers (Rayet et al., 1991). It is thought the genetic modifications in NF-kB
targeted genes may lead to increased NF-kB transcriptional activity with implication for
cellular transformation and cancer progression. Another argument for its role in
carcinogenesis is that fact that many carcinogens and tumour promoters such as
benzo[a]pyrene, NNK, UV radiation, and phorbol esters induce NF-kB activation (Pahl
1999; Y m e t a i , 2000; Li et al. 1998; Baeuerle et al., 1988). Inhibition o f NF-kB is
reported to block sunburn-induced damage caused by UV radiation a factor that
predisposes to skin cancer (Abeyama et al., 2000). Aberrant and constitutive expression
o f NF-kB is reported in many cancers including leukaemia, lymphoma, myeloma,
melanoma, prostate, colon, breast, pancreas, and head and neck squamous cell
carcinoma cell (Mukhopadhyay et al., 2001; Mori et al., 1999; Bargou et al., 1997;
Bours et al., 1994). Finally a number genes involved in tumour cell invasion and
angiogenesis are regulated by NF-kB including the cell adhesion molecules (ICAM-1,
VCAM-1, ELAM-1), COX-2, iNOS, uPA, MMP-9, MMP-2, VEGF, chemokines, and
inflammatory cytokines (Ambs et al., 1998; Marrogi et al., 2000; Chan et al., 1998;
Philip et al., 2001; Heiss et al., 2001; Oshima et al., 2001; Wang et al., 1999) (Table

1. 2).
1.5.2.1 Cell proliferation and NF-kB
NF-kB regulates many cellular processes including cell proliferation. This observation was
reported in studies in which overexpression o f activated NF-kB induced cell proliferation
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and while its suppression caused inhibition of cell proliferation (Rath et al, 2001,
Mukhopadhyay et al., 2001, Garg et a l, 2002). NF-kB activation has also been implicated in
cell survival and its downregulation is reported to increase sensitivity the cells to
chemotherapeutic-induced apoptosis (Wu et a l, 1996; Beg et al, 1996; Wang and Mayo
1996; Van Antwerp 1996). Furthermore, NF-kB regulates many important genes involved in
cell survival including bcl-2, hcl-xi, cIAP, xIAP, TRAPI and TRAF2 (Table 1.2).
1.5.2.2 Apoptosis and NF-kB
NF-kB activation is associated with resistance to apoptosis and many proapoptotic
stimuli induce NF-kB activation. Many researchers have reported a role of the NF-kB in
the control of pro- and antiapoptotic pathways in normal and cancer cells (Liu and Hsu
1996; Beg et a l, 1996; Wang and Mayo 1996). It has been reported that NF-kB
activation prevents apoptosis in several untransformed and tumour cell types (Barkett
and Gilmore 1999), NF-kB activation regulates several antiapoptotic molecules
including those coding for TNF receptor-associated factor 1 (TRAFl) and TRAF2,
cIAPs, manganese superoxide dismutase (MnSOD), A20, and lEX-lL (Pahl 1999; Wu
et a l, 1998; Stehlik et a l, 1998; Krikos et a l, 1992; Jones et a l, 1997). Moreover, NFkB also controls the expression of two antiapoptotic proteins from the Bcl-2 family,
Bfl-l/Al and Bcl-xL, (Zong

a/., 1999; Grumont e/a/., 1999; Chen e/a/., 1999; Lee

et a l, 1999). It has been reported that NF-kB activity influences Bcl-2 expression in
some experimental systems (Tamatani et a l, 1999; Feuillard et a l, 2000). NF-kB has
been reported to interfere with p55 transcriptional activity through the competition for
cofactors and this constitutes a second potential mechanism for the NF-kB antiapoptotic
effect (Webster et a l, 1999; Ravi et a l, 1998, Wadgaonkar et a l, 1999). Constitutive
NF-kB activation has been observed in many cancer cells and NF-kB inhibition induces
apoptosis in these cells (Sovak et a l, 1997; Bargou et a l, 1997). By contrast, it is
reported that inhibition of NF-kB does not cause apoptosis in response to anticancer
drugs (Bentires-Alj et a l, 1999). However, other studies have reported that NF-kB acts
as proapoptotic agent in response to oxidative stress, ischemia, or even to some
cytotoxic drugs (Barkett et a l, 1999, Dumont et a l, 1999; Grilli et a l, 1996; Lin et a l,
1995).
L5.2.3 NF-kB and chemotherapeutic agents
Chemotherapeutic agents have been shown to induce as well as block NF-kB activation.
For example, taxol, doxorubicin, daunorubicin, etoposide, vincristin, vinblastin.
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Fig. 1.9 The members of the AP-1 transcription factor.
(From Ozarme at ai, 2000)

anthralin, AZT, ciprofirate, cisplatin, temoxifen, and camptothecin are reported to
activate NF-kB (Pahl 1999). Gamma irradiation, commonly used to treat cancer
patients, has also been found to activate NF-kB (Prasad et al., 1994). NF-kB activation
has antiapoptotic effects leading to chemoresistance experienced with chemotherapy or
radiation therapy.
1.5.2.4 NF- kB suppression by chemopreventive agent
Certain chemopreventitive agents also target NF-kB for their action. These include
curcumin, resveratrol, emodin, green tea polyphenols, silymarin, P-lapachone, caffeic
acid phenethyl ester, and

sulindac which

suppress the activation o f NF-kB

(Mukhopadhyay et al., 2001; Han et al., 1999; Clement et al., 1998).
1.6 ACTIVATOR PROTEIN-1
1.6.1 Background
Activator protein 1 (AP-1) is the collective term used the dimeric transcription factors
composed of Jun (v-Jun, c-Jun, JunB, JimD), Fos {v-Fos, c-Fos, FosB, Fral, Fra2) or
activating transcription factor (ATF2) and MAF (musculoaponeurotic fibrosarcoma) protein
families. All these proteins bind to common DNA site called AP-1 binding sites (Fig. 1.9)
but different dimer combinations recognize different sequence elements in the promoters and
enhancers o f target genes. The main DNA response-element is the TPA-responsive element
(TRE) with the base sequence TGACTCA. This element was first identified in the
promoter and enhancer elements o f the metallothionein I gene and simian virus 40
(SV40) (Angel et ai, 1991). The others are cAMP-response element (CRE) with the base
sequence TGACGTCA), the MAF-recognition elements (MAREs) and the antioxidantresponse elements (AREs) (Chinenov et a i, 2001; Hai et ai, 1991). The main AP-1
proteins in mammalian cells are Fos and Jun. AP-1 is implicated in cell proliferation,
survival, differentiation and transformation as tumour promoters, growth factors,
cytokines and oncoproteins all induce the TRE sequence (Angel 1991).
1.6.2 Regulation and function of AP-1 genes
The activity o f AP-I proteins is regulated through extracellular stimuli, transcription of the
genes and interaction with ancillary proteins (Karin 1995). MAP and JNK kinases induce
phosphorylation o f serines and threonines at the amino-terminal activation domain o f the
AP-1 followed by ubiquitination and degradation (Musti et al, 1997). Among the ancillary
proteins that interact with AP-1 and have clinical importance are nuclear receptors such as
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the glucocorticoid receptor (GR) and the retinoic-acid receptor (RAR), both o f which can
inhibit AP-1 target-gene transcription by transrepression (Chinenov et aL, 2001; Wagner et
a i, 2001; Herrlich 2001). However, in certain tissues or cell types, AP-1 and GR may have
synergistic effect to activate common target genes through composite DNA response
elements. The composition o f AP-1 determines whether the crosstalk with GR is positive or
negative. The transcriptional activity of the c-jun and c-fos components o f AP-1 as well as
NF-kB is inhibited by the interferon-inducible p202, whish is reported to interact directly
with c-jun, c-fos and the p50 and p65 subunits of NF-kB (Min et a l, 1996).

1.6.2.1 C-FOS
Stimulation o f cells with various stimuli including neurotransmitters and polypeptide
hormones induce c-fos transcription very rapidly (Piechaczyk el aL, 1994; Treisman 1992).
The CRE, CRE-binding protein (CREB) or ATF proteins, all mediate c-fos induction via
cAMP- and CaZ+-dependenc signalling pathways (Sheng el aL, 1991). A number o f cis
elements are also involved in the regulation of c-fos. One such cis element a Sis-inducible
enhancer (SIE) which regulates c-fos function through signal transducer and activator o f
transcription {STA 7) group of transcription factors (Darnell el aL, 1994). Another cis element
called serum-response element (SRE), is recognized by a dimer o f the serum-response factor
(SRF) and recruits important mediators of c-fos induction such as monomeric ternary
complex factors (TCFs) (Treisman 1992). Extracellular signal regulated kinase (ERK) takes
part in mitogen-stimulated phosphorylation of one o f the TCFs called Elk-I (Treisman 1994;
GiWeelaL, 1992; Mataist?^a/., 1993).
The role for c-fos in cell proliferation is emphasised by its induction in response to growth
factors but experiments with the knockout of the mouse c-fos gene have demonstrated that cfo s is not essential for the proliferation and differentiation o f the cells (Johnson et aL, 1992;
Piechaczyk el aL, 1994). Conversely, overexpressing c-fos in bone tissue resulted in
development of osteosarcomas and overexpression o f c-jun and c-fos in bone enhanced the
rate of osteosarcoma formation, indicating in vivo cooperation between c-jun and c-fos in
tumour development (Van Dam et aL, 1993; Wang et aL, 1995).

1.6.2.2 C-JUN
C-jun is the major component of all AP-1 complexes, expressed in many cell types and its
expression is increased in response to many stimuli, including growth factors, cytokines and
DV irradiation (Karin 1995). The fiinction of c-jun is mediated through the TRE, recognized
by c-jun-ATF2 heterodimers (Van Dam et aL, 1993). Many kinases such as JNK, p38 and
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MAPKs are thought to play role in proinflammatory cytokines or growth factors induction
o f c-jun (Hibi et ai, 1993; Raingeaud et ai, 1995; Derijard et al., 1994). Members of
MAPKs, Jun kinases are shown to interact with the delta region of the amino-terminal
activation domain o f c-Jun (Hibi

a/., 1993; Derijard e/a/., 1994). Among the JNKs, JNK-

2 exhibits the highest aflfinity for c-jim, known to contain a putative loop region that interacts
with the JNK-docking site on c-jun (Kallunki et ai, 1994). Many members o f the jun family
form heterodimers and this heterodimerization not only affects their abilities to bind DNA
but also influences their recognition by protein kinases and other enzymes. The
phosphorylation o f c-jim at serine 73 and, to a lesser extent, at serine 63 enhances its ability
to activate transcription (Smeal et ai, 1994). Another coactivator that interacts with the
amino-terminal activation domain o f c-juti is Jun activation domain binding protein (JABt)
(Claret et al., 1996). JABt interacts with c-jim and JutiD but not with JunB and this
interaction is not affected by c-jun phosphorylation. Protein-proteine interactions are also
important for the normal functiong o f AP-1. For example, c-fos and Myocyte-Enhancer
Factor 2 (MEF2) interact and induce c-jun expression. Fra-1 and c-jun are the main AP-1
components, induced by the positive regulators of tumorigenesis, the oncogenic ras and rasmediated cell transformation is suppressed in fibroblasts that lack c-jun (Chang et ai, 2001;
Mechta et ai, 1997; Johnson et ai, 1996),
1.6.3 AP-1 and cancer
AP-1 is an important factor in regulation o f cell growth and survival. The fos and jun
components of the AP-1 proteins were first identified as the viral oncoproteins v-fos and

v-jun in the Finkel-Biskis-Jinkins osteosarcoma virus and avian sarcoma virus 17,
respectively (Vogt 2002). The overexpression o f AP-1 proteins or its upregulation by
oncogenic ras correlates with cell transformation. It was found that several o f the AP-1
protein, c-fos, fosB and c-jun took part in cell transformation in culture (Jochum et ai,
2001). C-fos overexpression was associated with the transformation o f chondroblasts
and osteoblast in the formation o f osteosarcoma (Wang et al., 1991; Grigoriadis et ai,
1993). It has been reported that reducing c-Jun/AP-1 activity using a dominant-negative

c-jun (TAM67) in basal keratinocytes or inactivation o f c-jun in the liver interferes with
the development o f chemically induced papillomas and liver tumours respectively
(Young et ai, 1999; Eferl et al., 2003). Similarly, Overexpression o f Fral and Fra2 in
transgenic mice resulted in the development o f lung tumours and epithelial tumours
respectively (Jochum et al, 2000). AP-1 proteins are reported to be involved in
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Table 1.3 AP-1-dependent genes (Modified and reproduced from Ozanne et al., 2000)

UPREGULATED GENES

DOWNREGULATED GENES

MMPIO
MMP2
MMP9
UROKINASE
CATHEPSIN L, B, D
PAI-1
CD44
TG F5
ARF-1
RHO KINASE A
COX-2
HISTONE DACETYLASE (HAD)4
METASTASES-ASSOCIATED
(MTA)l
FRA I
FRA2
C-JUN
ju m
VEGF

FIBRONECTIN
COLLAGEN TYPE 1
MGC-24
TCS-1
FfflRILLIN-l
B-ACTIN
TUBULIN BETA-5
PKC-Z BINDING PROTEIN
PROTOCADHERIN43
FRIZZLED RELATED PROTEIN
FISP-12
FEZ
PP2A B SUBUNIT
CASPASE11
GAS-5
TRANSCRIPTION FACTOR S-11
STAT6
C-FOS

tumorigenesis as well as tumour suppression by their effects on pro-oncogenic and antioncogenic genes with effects

on cell proliferation,

transformation,

invasion,

angiogenesis and apoptosis (Table 1.3).
1.6.3.1 Cell proliferation and AP-1

AP-1 has been reported to promote cell proliferation but also has anti-proliferative
activities with jim proteins as the major players with fos proteins having little effect
(Shaulian et ai, 2001). Jun amino-terminal kinases (JNKs) cause activation of c-jun
protein, which in turn induces the transcription genes such as cyclin D l, responsible for
cell proliferation or p53, tumour suppressor and negative regulator of growth (Schreiber

et a i, 1999; Behrens et ai, 1999). The significance of c-jim in cell growth is outlined by
studies m which c-7?/«-deficient fibroblasts had a marked proliferative defect in vitro
and c-y///7-deficient hepatocytes failed to proliferate during liver regeneration in vivo
(Behrens et ai, 2002; Schreiber et al, 1999; Wisdom et ai, 1999). The other
components of the Jun family, JmiB and JunD are considered as negative regulators of
cell proliferation. It is reported that fibroblasts from mice overexpressing JunB showed
reduced proliferation and J?/A?/>deficient immortalized fibroblasts showed increased cell
proliferation (Passegue et ai, 2000, Weitzman et a i, 2000). However, JunD may have
both positive and negative effects on cell-cycle progression as primary jM«Z)-deficient
fibroblasts also show reduced proliferation. An antagonistic effect of overexpression of

JunB on c-y/w-mediated induction of cyclin Dl was observed in fibroblasts (Passegue et
ai, 2000). Thus, in highly proliferative tumours c^w«-containing complexes may be the
main regulators of AP-1 DNA-binding activity and JunB and JunD may be selectively
downregulated.
1.6.3.2 Cell invasion and AP-1

The AP-1 complex is reported to induce a number of genes involved in angiogenesis
and invasive growth of cancer cells (Tablel.3). For example, c-fos and Fral regulate
matrix metalloproteinases (MMPs), and proteases responsible for angiogenesis and cell
invasion (Kustikova et a i, 1998; Hu et ai, 1994). C-fos has also been reported to target
the gene that encodes the angiogenic factor vascular endothelial growth factor D
(VegfD) (Marconcini et ai, 1999). Both c-fos and c-jun can induce epithelialmesenchymal transition (EMT), associated with loss of cell polarity and invasiveness in
mammary epithelial cells with implications on tumour metastasis (Reichmann et ai,
1992; Fialka et ai, 1996 ). Further evidence for importance of c-fos in tumorigenesis
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comes from a study in which the progression of chemically induced papillomas to
invasive squamous-cell carcinomas was impaired in c-/av-deficient mice in vivo (Saez et
a i, 1995).
1.6.4 AP-1 in tumour suppression
Some of the components of AP-1 such as JunB and JunD are thought to have antioncogenic effects and may suppress tumorigenesis (Deng et a i, 1993) The antioncogenic activity of JunB was confirmed recently in vivo using JunB-deficient mice
that carry a JunB transgene. The transgene rescued the embryonic lethality of JunBdeficient foetuses, but its expression was epigenetically silenced in cells of the myeloid
lineage. This resulted in progressive myeloid leukaemia, with increased proliferation of
granulocytic progenitor cells (Passegue et a i, 2001). JunD is thought to act as negative
regulator of cell growth but its anti-oncogenic activity is less clear.
1.6.5 AP-1 and apoptosis
The activity of AP-1 components is essential for the proliferation and differentiation of many
cell types However, certain AP-1 components may also be involved in apoptosis (Kerr et
al., 1972). Early in vitro studies have indicated that increased AP-1 activity can lead to
apoptosis in human tumour cells (Shaulian et ai, 2002). Conversely, oncogenic AP-1 has
been reported to antagonize apoptosis in liver tumours (Eferl et al, 2003). It has been
suggested that c-jun, which is essential for transformation by ras is also involved in
induction of apoptosis (Johnson et ai, 1996; Colotta et al, 1992 ). High levels of c-fos
expression were also observed in mouse in tissue in which apoptosis is part of normal
development (Smeyne etal., 1993). The involvement of AP-1 components in apoptosis may
be the result of differential regulation of pro-apoptotic and anti-apoptotic target genes by AP1 (Table 1.3). C-jun is reported to regulate the expression of pro-apoptotic while in T cells,
both c-jun and c-fos regulate the gene encoding Fas ligand (FasL) (Kasibhatla et ai, 1998;
Whitfield et ai, 2001). Another pro-apoptotic gene that is repressed by c-jun in tumours is
p53. It has been reported that liver tumours with upregulated p53, which lack c-Jun, are
prone to apoptosis (Eferl et ai, 2003). The other members of the Bel family, Bcl3 is induced
by c-jun in T cells and inactivation of JunB increases the expression of anti-apoptotic Bcl2
and Bcl-xl in myeloid cells leading to reduced apoptosis (Rebollo et al, 2000, Passegue et
ai, 2001). The differential regulation of pro-apoptotic and anti-apoptotic genes indicates that
AP-1 can promote apoptosis in some tumour types, whereas it induces survival in others.
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trans-10

Fig. 1.10 Structures of t-10, c-12-CLA (top), c-9, t-ll-C L A (center),
and ordinary linoieic acid, c-9, c-72-octadecadienoic acid (bottom)
(Reproduced from Steinhartl996)

1.7 CONJUGATED LINOLEIC ACID (CLA)
CLA was discovered in 1950s but antimutagenic effects o f CLA were identified in late
1970s, at the University o f Wisconsin's Food Research Institute. Michael Pariza was
investigating mutagens in cooked beef He discovered a fraction from grilled and raw beef
that consistently modulated mutagenesis in the Ames {Salmonella) test and frequently
showed marked antimutagenic activity. The active material was identified as CLA, and
subsequent work by Pariza and his associates and others began to reveal its astonishing range
o f biological effects (Steinhart 1996). Investigators in the 1950s found that microorganisms
in the rumen o f ruminant animals produce CLA from polyunsaturated fat. The c-9,t-ll
isomer was shown to be the first intermediate product in the biohydrogenation o f linoleic
acid by the anaerobic rumen bacterium Butyrivibrio fibrisolvem. The reaction is catalyzed by
the enzyme linoleate isomerase, which converts the cis-12 bond of free linoleic acid to a
trans-11 bond. The normal intestinal flora of rats can also convert linoleic acid to the c-9,t-ll
isomer, but the reaction does not take place in animals lacking the requisite bacteria. One
reason why ruminants produce more c-9,/-77-CLA than nonruminants is that hydrolysis of
fat within the rumen provides more unesterified linoleic acid than is available to bacteria in
nonruminants CLA is found in natural sources, fat of milk, and meat of ruminant animals.
CLA is the predominant naturally occurring CLA isomer in human diet (Griinary et al.,
2000, Bauman et al., 2000). A mixture o f conjugated linoleic acid isomers is also produced
during food processing, by thermal isomerization and by some industrial processes by partial
hydrogenation.
CLA refers to a group of positional and geometric isomers o f the omega-6 essential fatty
acid, linoleic acid {cis-9, cis-12, octadecadienoic acid). Linoleic acid (LA) is 18-carbon fatty
acid with two double bonds. CLA is formed when reactions shift the location o f one or both
double bonds of LA (Fig. LIO). LA is a single molecule and dozen different CLA isomers
are possible depending on which double bonds are relocated and resultant isomeric
reconjugations. The most commonly occurring CLA isomers found in diet is cis-9, trans-11,
octadecadienioc acid (cis-9,t-11 CLA). Research has been conducted on mixtures o f CLA
isomers, c-9,t-ll CLA and t-10,cis-12 CLA, octadecdienoic acid isomers. These two isomers
are present in equal amounts in synthesized CLA (Kritchevsky 2000). CLA concentration of
dairy products range from 2.9-8.92 mg CLA/gm fat, c-9,t-ll CLA and t-10,cis-12 CLA
make up 73-93 % o f total CLA (MacDonald 2000). CLA has been implicated in obesity,
insulin resistance and as anticarcinogenic agent in animal and human studies but evidence is
inconclusive.
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1.7.1 CLA and cancer
Epidemiological evidence also suggests an association between intake o f dietary fat and
incidence and mortality o f colorectal and prostate cancer (Giovannuci et ai, 1997; Willett et
al., 1989; Erickson 1998). The increased intake o f LA is associated with high incidence o f
colorectal and prostate cancer (Erickson 1998; Zock et al., 1998). The first test o f CLA as an
anticarcinogen in animals was carried out using the 7,12-dimethylbenz(a)anthracene
(DMBA) mouse epidermal papilloma model. It was shown that treatment o f the mouse skin
with CLA, 5 min before DMBA treatment reduced the number o f mice with papillomas as
well as the number of papilloma-bearing mice (Pariza and Hargraves, 1985). Ha et a i,
(1990) reported anticancer effects o f CLA in a study in mice. Mice were given either 0.1 ml
olive oil or 0.1 ml CLA plus olive oil or linoleic acid plus olive oil. All mice were given
orally 2 mg benzo(a)pyrene in 0.2 ml olive oil once weekly for 4 weeks. The results showed
that CLA significantly reduced tumour incidence. Then Ip et al. (1991) showed that dietary
CLA could inhibit chemically induced mammary tumours in rats independent o f other
dietary fat or type o f carcinogen. The effects o f CLA were also investigated in other cancers.
Liew et al. (1995) investigated the effect of CLA on IQ-induced colon carcinogenesis in
male F344 rats. The carcinogen was administered at weeks 3 and 4 orally (100 mg/kg body
weight) and CLA was given on alternate days orally at 5 g CLA/kg in the diet. The number
of aberrant crypt foci per rat were 4-3 (SEM 2-4) in the IQ-fed controls; and M (SEM 1-3) in
rats given IQ + CLA. The number of aberrant crypts in the three groups were 14-2 (SEM
11-6), and 4-0 (SEM 4-6) respectively. Belury et al. (1996) studied effects o f increasing
levels o f dietary CLA on phorbol ester-promotion of skin tumours in mice. Tumour
incidence decreased significantly with increasing levels o f dietary CLA, from 6-71 in
controls to 5-92, 4-83, and 4-67 in mice fed on 50, 10 or 15 g CLA/kg respectively. Many
studies have demonstrated in vitro anticancer activity for CLA. It inhibited proliferation o f
human hepatoma cell lines (Yeoung et al, 2000). CLA has also been shown to have an
inhibitory effect on lung adenoma cell lines and glioblastoma cell lines (Igarashi et al,
2001). It was shovsoi to inhibit proliferation o f estrogen receptor-positive MCF-7 breast
cancer cells, but not estrogen receptor-negative MDA-MB-2BI cells (Schonberg et ai, 1995;
Durgam et al, 1997). CLA has demonstrated anticancer and antimetastatic activity in
prostate (Cesano et ai, 1998). SCID mice injected with human prostatic carcinoma cells and
fed 1 % CLA for 14 weeks, had smaller local tumours and lower lung metastasis compared
to controls ( Liew et al, 1995). Most of the animal studies have concentrated on mammary
cancer. In female rats fed a diet containing 1 % CLA between early post-weaning and a
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period analogous to puberty (21-42 days of age), tumour formation as a result of
methylnitrosourea (MNU) administration at 56 days of age was substantially reduced. If
CLA was withdrawn at any point after MNU administration during the period when breast
tissue was maturing, tumour inhibition appeared to be lost (IP et al, 1995). In a study in
SCID mice, continuous CLA administration (1 % of diet), beginning two weeks prior to
inoculation of human breast adenocarcinoma cells and continuing throughout the study time
period, inhibited local tumour growth and tumour metastasis to lungs, blood and bone
marrow (Visonneau et ai, 1997). In murine mammary cancer model, CLA is protective in
mice fed a diet of 20 % fat, supplemented with no CLA or 0.1 %, 0.5 %, 1 % CLA.. Latency,
metastasis and pulmonary tumour burdon of transplatable murine mammary tumours were
measured. Tumour latency in mice receiving CLA diet was significantly increased,
metastasis reduced and tumour burdon reduced (Hubbard et al, 2000). Experimental studies
have shown that in contrast to LA, CLA is an effective inhibitory agent of human colorectal,
mammary and prostate cancer in vitro and in vivo (Park et ai, 2000; Rose et ai, 1993;
Cesanoe/a/., 1998; Shultz e/a/., 1992, 1997).
1.7.2 Anticancer mechanisms of CLA

The precise mechanisms through which CLA inhibits tumorigenesis are not yet clear though
many researchers have proposed a number of mechanisms. In vitro research has suggested
that CLA’S anticancer activity might partially be the result CLA-inducing lipid peroxidation
but evidence is inconclusive (Igarashi et ai, 2001, Cesano et ai, 1998, IP et al, 1996).
Others e suggest that degree of CLA’s activity might be the result of modifying eicosanoid
production. Feeding CLA to mice resulted in a decrease in arachidonic acid production
(Banni et ai, 1999, Belury et ai, 1997). Dietary CLA resulted in dose-dependent trend
towards a reduction in the release of leukotriene B4 (LTB4) and reduction in serum PGE 2
levels (Sugano et ai, 1998). In vivo evidence suggests an ability of CLA to induce apoptosis
may play a role in its antitumour properties (IP et al., 2000). Another suggested mechanism
is the modulation of membrane phospholipids by CLA. LA and other polyunsaturated fatty
acids are readily incorporated into the cell membrane phospholipid, thereby modulating cell
signalling responses and metabolism (Palombo et ai, 1996, 1999). The replicating cancer
cells have increased requirement for lipids for metabolic energy and dietary intervention with
fatty acids with anticarcinogenic properties presents a novel practical and relatively safe
approach to reduce colon cancer proliferation. Further evidence for the effects of CLA on
cell signalling comes from the reports that CLA feeding to mice for 14 weeks, significantly
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reduced DAG levels (Parks 2001). CLA feeding is reported to decrease the amount of LA
metabolites in mammary tissues (Banni et ai, 1999).
Increased expression of COX-2 and overproduction of prostaglandins (PG) have been
reported in the development and progression of colorectal cancer. COX-2 inhibitors have
been shown to be beneficial in colon cancer prevention (Oshima et al, 1996, Prescott et al,
2000). Reduced arachidonic acid, a substrate for COX and lipoxygenase, would result in
reduced eicosanoid synthesis. CLA feeding in rats have resulted in the reduction of PGE 2
and 6-keto-PGFl alpha levels in colonic mucosa (Xu 1999). In vitro studies have shown
CLA inhibits PGE2 synthesis from arachidonic acid in murine keratocytes (Liu and Belury
1998). Eicosanoid receptors have been shown to control release of cyclic AMP, 1,2 DAG
and inositol-1,4,5-triphosphate involved in cell proliferation, differentiation and apoptosis
(Marks et ai, 2000). Colorectal tumours overexpressing COX-2 are resistant to apoptosis
(Tsujii and Dubois 1995).Thus, CLA feeding might inhibit colon cancer by inducing
apoptosis through mechanism involving inhibition of eicosanoid synthesis (Park 2001).
Another reported mechanism for anticancer effects of CLA feeding is the reduced formation
of heterocyclic amine-induced crypt foci in colon of Fisher 344 rats (Liew et ai, 1995; Xu
1999). COX-2 plays an important role in the development of colorectal carcinoma (Gupta et

ai, 1998). Sulindac, a non-steroidal anti-inflammatory with COX-2 inhibitory effects causes
regression of precancerous colonic lesions in animals (Moorghen et ai, 1988) and humans
(Takayama et ai, 1998). CLA lowered both PGE-2 and thromboxane-2 (TXB-2) levels in
colonic mucosa of DMH-injected rats (Park 2001). In vitro mouse keratinocytes cultures,
CLA reduced cellular AA content and arachidonic acid-derived PGE 2 synthesis induced by
TPA (Liu and Belury 1998).
1.7.2.1 CLA, Peroxisome proliferator-activated receptors (PFARs) and colon cancer

Peroxisome proliferators are a group of diverse chemicals which cause an increase in the
number and size of hepatic peroxisomes, a subcellular organelle involved in lipid
metabolism. A wide variety of chemicals such as hypolipidemic agents herbicides,
polyunsaturated fatty acids can cause peroxisome proliferation. A nuclear hormone receptor
was discovered that was activated by these chemicals (Issemann and Green 1990), hence the
name peroxisome proliferator-activated receptor (PPAR). Fatty acids are the endogenous
activators of PPAR.
Three subtypes of PPAR (a, P and y) have been identified (Lemberger et al., 1996).
Activation of PPARa is expressed in hepatic tissue and involved in hypolipidemia and liver
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tumours. PPAR|3 is expressed ubiquitously and with unclear function. PPARy is essential for
adipocyte and macrophage differentiation. PPARs respond to fatty acids and their
metabolites. Each subtype has preferences for certain branches of the linoleic and
arachidonic acid, although there is overlap among the receptor subtypes. PPARa and PPARy
play key roles in regulating fatty acid metabolism, albeit in seemingly opposite direction
(Kersten et ai, 2000). PPARy has shown to be beneficially involved in different types of
cancer including CRC (Sarraf et ai, 1998). CLAs are activators of the PPAR family of
nuclear receptors and the biological effects of CLAs are similar to that of potent PPARy
ligands, the thiazolidinediones, including beneficial effects cancer (Belury 2000). PPAR
have also been linked to the pathogenesis of colorectal cancer and upregulation of PPARy
has been reported in a rat model with azoxymethane induced colorectal cancers (DuBois et

ai, 1998; Gimun et al., 2002). Upto four loss-of-function mutations of PPARy have been
characterized of in colorectal cancer patients suggesting a possible role of PPARy as a
tumour-suppressor gene (Sarraf et ai, 1999). Another member of the PPAR, p/5 is also
upregulated in human colonic adenocarcinomas and its upregulation is associated with
inactivation o^APC in vitro (He etai, 1999; Gupta etai, 2000).
1.7.3 Miscellaneous effects of CLA
L7.3.1 CLA and obesity

CLA feeding has been shown to have beneficial effects in several animal models of obesity.
Feeding dietary CLA (1 % of diet) to AKR/J mice for five weeks resulted in 50 % reduction
in adipose tissue weight compared with mice in the group not receiving CLA. Total body
weight was similar between two groups, suggesting an increase in lean mass as well as
decrease in fat mass with CLA (West et ai, 2000). Mice fed 0.5 % of CLA for twelve weeks
in another study, resulted in significant reduction in fat and increase body protein (DeLany et

ai, 1999). Reduction in adipose tissue by CLA feeding has also been shown to occur in mice
fed high-fat diets (45% of energy intake as dietary fat (West et ai, 2000; DeLany et ai,
2000; West et ai, 1998). In another study, growing female rats fed diets containing 0.5 %
CLA experienced a modest reduction in adipose tissue mass; however, reduction was far less
compared to other studies (Azain et ai, 2000). CLA feeding at 2.7 gm/day during a sixmonth period in a placebo-controlled, randomized, double blind study in humans, showed no
changes in the body composition in obese subjects (Atkinson et ai, 1999; Zambell et ai,
2000). By contrast, another study reported positive influence of CLA on body composition
(Blankson etai, 2000). Studies have suggested that CLA might influence body composition

49

in part by increasing lipolysis and beta-oxidation o f fatty acids and decreasing deposition of
fatty acids in adipose tissue (Park et ai, 1997).
1.7.3.2 CLA and diabetes
Dietary CLA have been reported to increase insulin levels (West et ai, 2000; DeLany et ai,
2000, Tsigos et ai, 1999). In ARX/J mice CLA, feeding has been reported to cause a two
fold increase in plasma insulin levels. Female pigs fed on CLA resulted in 33 % increase
fasting insulin levels (Stangl et al., 1999). In vivo human research among women (20-40
years), confined to metabolic suite for 94 days, 3gm/day CLA resulted in an insignificant
increase in mean insulin levels (Medina etai, 2000).
L7.3.3 CLA and cardiovascular health
There is suggestion that CLA might benefit cardiovascular health (Raloff et ai, 2001),
though there is not enough evidence to support this hypothesis. Diets of New Zealand white
rabbits fed on 0.1 % -0.2 %, cholesterol Supplemented with 0.1 % CLA inhibited
atherogenesis (Kritchevsky et ai, 2000). In a study in rabbits fed 0.1 % cholesterol and
0.5%, CLA reduced atherosclerosis and lipid levels (Lee et ai, 1994). In humans with BMI
25-35 kg/m^’ significant reduction in LDL, HDL and total cholesterol was found in groups
receiving CLA, but was not clinically significant (Blankson et ai, 2000).
L8 Objectives
Secondary bile acids, the most predominant of which is deoxycholic acid has been
implicated in the pathogenesis of CRC. On the other hand, ursodeoxycholic acid has been
reported to have protective effects in animal studies and clinical studies in humans. The first
aim was to investigate the effects o f bile acids on activation and translocation o f different
isoenzymes o f protein kinase C. Secondly, to investigate the effects o f DC A and UDCA on
transcription factors, nuclear factor kappa B and activator protein-1, involved in CRC.
Thirdly, to investigate the effects o f conjugated linoleic acid on PKC and NF-kB expression
in CRC. As shown by the data above these CLA have protective effects in CRC but precise
mechanisms are not clear. We aimed to examine the effects of CLA on the signalling
molecules, compared with linoleic acid in CRC.
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CHAPTER II
MATERIALS AND METHODS

CHAPTER 11

Materials and Methods

2.1 MATERIALS
2.1.1 Cell lines

HCTl 16, a cell line derived from adenocarcinoma patient with Lynch's syndrome, SW480
Cells, colorectal adenocarcinoma cell line and MCF7 cells, human breast adenocarcinoma
cell line were obtained from American Type Culture Collection (ATTC, Rocksville, MD).
The human T cell leukaemic HUT 78 cell line was purchased from American Type Culture
Collection (ATCC, Manassas, VA).
2.1.2 Cell culture reagents

RPM11640 medium. McCoy’s 5a medium, L-15, medium, foetal calf serum, penicillin,
streptomycin, L-glutamine, Hank's balanced salt solution (HBSS) and trypsin were obtained
from GIBCOBRL (Life Technologies Renfrewshire, Paisley, Scotland).
2.1.3 Chemicals

The phorbol 12-myristate 13-acetate (PMA), bile acids, sodium deoxycholic acid (DCA) and
ursodeoxycholic acid (UDCA) and Oleic acid (OA) were obtained from Sigma Chemical
Co. (St. Louis, MO). C2-ceramide and dihydroceramide were purchased from Clontech
(Palo Alto, Ca). Conjugated Linoleic Acids (CLA), c9,tlJ-CLA tW,cl2-CLA and Linoleic
acid (LA), were purchased from Cayman Chemicals (Michigan, USA). Bovine serum
albumin, ammonium persulphate, acrylamiderbisacrylamide (29:1), Nonidet P40 (NP40),
PMA, leupeptin, 2-mercaptoethanol, and ampicillin, EDTA, IL-ip and PMSF were obtained
from Sigma (Poole, Dorset, UK and St. Louis, MO., USA). Agarose was purchased from
GIBCOBRL (Life Technologies, Paisley, Scotland). Sodium chloride, magnesium chloride,
calcium chloride, ethanol, methanol, Tween-20, acrylamide, bisacrylamide, chloroform,
glycerol, acetone, acetic acid, dimethylsulphoxide, TEMED and Tris (hydroxymethyl)
aminomethane (Tris) were obtained from BDH Ltd (Poole, UK). Ethylether was obtained
from Lennox Laboratories Ltd., (Dublin, Ireland). Ethanol was obtained from Merck KgaA,
(Darmstadt, Germany).
2.1.4 Plasmids and PKC inhibitors

The plasmids PKC e-EGFP and pEGFP were kindly provided by Dr. Naoaki Saito (Kobe
University, Kobe Japan). PKC pi-EGFP PKC 5-EGFP and PKC i;-EGFP plasmids were
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purchased from Clontech (Palo Alto, Ca). PKC inhibitors, Calphostin C, Indolocarbazole
(G66976), Bisindolylmaleimide were from Calbiochem Novabiochem Corp., (La lolla, CA).

2.1.5 Oligonucleotides and antibodies
NF-kB consensus oligonucleotide was obtained from Promega (Promega Corp., Madison,
Wl). polyclonal antibodies, anti-1 kappa B-alpha (iKB-a) and anti-p65, anti-p50 (sc-114X),
anti-RelA (anti-p65 (sc-109X) and anti-c-Rel (sc-70X)

and anti-Fos and anti-Jun (c-jun,

junD , junB, c-fos, fos-B, fra-1, fra-2) for gel supershift assays were purchased from Santa
Cruz Biotechnology (Santa Cruz, CA).

2.2 CELL CULTURES
2.2.1 Maintenance of cell cultures
All cell lines were grown in medium supplemented with 10% foetal calf serum (FCS), 100
Units/ml penicillin, 100 mg/ml streptomycin and 2 mM L-glutamine. The cells were used
between passages 5-20 and maintained at 1>T C in a humidified incubator containing 5 %
C 02. Media was renewed every third day and cells split every fifth day. Cells were grown to
70-80% confluence depending on the experiment. The medium was stored at 4“ C and used
within two weeks, as glutamine can become enzymatically converted by serum enzymes. A
stock solution o f penicillin/streptomycin and L-glutamine was prepared and stored in
aliquots at -20°C [Appendix A]. Aliquots o f FCS were prepared, by heat inactivating
complement at 56^^ C for 60 minutes.

2.2.2 Storing cells
Stocks o f viable cells were kept by cryopreservation. Sterile FCS containing 10 %
dimethylsulphoxise (DMSO) was used for freezing the cells, with aliquots o f IX 10^ cells/ml
in sterile cryoresistant tubes (Sarsted, Numebrech, Germany) at -70“ C and then transferred
to liquid nitrogen. Cells were subcultured after trypsinization. For resuscitation, frozen cells
were thawed and resuspended in 10 ml medium. Cells were then centrifiiged at 1500 rpm for
5 minutes, washed twice with HBSS and then resuspended in tissue culture flasks containing
medium in a C 0 2 incubator at 37" C.

2.2.3 Cell counting
Ethidium bromide (EB) and

Acridine orange (AO), fluorescence staining was used for

counting and determining the viability o f the cells. Cells were diluted (1/10) with EB/OA
solution for counting at Neubauer haemocystometer. The cells were counted and amount o f
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cells to be seeded was calculated. The cells were then seeded at 5 X 10^ cells/ml and grown
to 70-80 % confluence.
2.3 TRANSIENT TRANSFECTION
2.3.1 Transformation of bacterial cells
Competent E. Coli DH5a cells were thawed on ice for approximately 30 minutes.
Competent E. Coli DH5a cells were transformed by incubating 100 |^1 of the cells with 2-5
|4.1 of (5ng/ |xl) the plasmid DNA. The competent cells (100 jxl) were also incubated without
DNA as a control. The competent cells with plasmid DNA were incubated on ice for 30
minutes, followed by heat shocking the cells for 1-2 minutes at 42°C. Cells were cooled on
ice for 1-2 minutes before being transferred to 1 ml warm broth (LB) medium [Appendix A].
Cells were allowed to recover for 2 hours with gentle shaking at 37°C. Transformed cells
were then plated onto L-agar containing ampicillin or kanamycin and left for 12-24 hours at
37°C. Single colony purification was then performed by taking a single colony and growing
this on a new plate overnight at 37°C. Pure colonies from the plates were again incubated on
new plates for further 12-24 hours at 37°C. LB broth (5 ml) was inoculated with pure
colonies, and cells were grown for 8 hours at 37°C under ampicillin/kanamycin antibiotic
selection to make starter culture. Starter culture (100 i^l) was inoculated with 40 ml o f LB
medium with antibiotics selection and grown overnight at 37°C. Stock solutions were made
by adding 930 |xl aliquots of growing culture into sterile cryotubes containing 70 |xl DMSO
and stored at -70°C. Plasmid DNA was isolated from this secondary culture using Gene
Elute Endotoxin-free Plasmid Midiprep Kit (Sigma Chemical Co. St. Louis, MO).
2.3.2 Preparation and purification of plasmid DNA from E, coli DH5a (Midiprep DNA
Peparation)
DNA for transfection purposes was isolated using the Gene Elute Endotoxin-free Plasmid
Midiprep Kit. The procedure was as follows; 20 ml o f overnight bacterial culture was
pelleted in an Oak Ridge tube by centrifuging at 3,000-5,000 g (4000 RCF) on Beckman
centrifiige for 10 minutes. All the media supernatant was removed. The bacterial pellet was
completely resuspended with 1.2 ml of Resuspension Solution by pipetting up and down
until homogenous. The RNase A Solution was added to the Resuspension Solution Prior to
first time use. Resuspended cells were lysed by adding 1.2 ml of Lysis Solution and
immediately mixed by gentle inversion. The mixture was incubated at room temperature
until clear and viscous.
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Neutralization Solution (0.8 ml) of was added to the lysate, and mixed thoroughly by gentle
inversion. Cell debris was pelleted by centrifuging at 15000 g for 15 minutes at 4° C. The
cleared lysate was then transferred in to 15 ml conical tube. The steps were repeated to
remove debris fiirther. Endotoxin Removal Solution (300 (il) was added to the lysate. It was
mixed thoroughly by inversion for 1 minute. The tube was chilled on ice for 7 minutes and
mixed a few times during the ice incubation. The clearblue solution was heated in a 37°C
water bath for 5 minutes until turned cloudy. The tube was then centrifiiged at 4000 g in a
swing bucket rotor for 5 minutes at room temperature. The clear upper phase containing the
plasmid was transferred into a fresh 15 ml conical tube. The blue lower phase was discarded.
All the steps were repeated for fiorther removal of the endotoxins. The DNA Binding
Solution (0.8 mi) was added to the endotoxin-free lysate and mixed thoroughly by inversion
or vortexing. The lysate was loaded into a GenElute Midiprep binding column seated in a
collection tube. Fhe tube was centrifuged in a swinging bucket rotor at 3,000-5,000 g for 1-2
minutes. The flow-through liquid was discarded. Optional Wash Solution (2.0 ml) was
added to the column and centrifuged in a swinging bucket rotor at 3,000-5,000 g for 2
minutes. The flow-through liquid was discarded. The column was then washed with 3 ml of
diluted Wash Solution and centrifuged in a swinging bucket rotor at 3,0005,000 g for 5
minutes. The column was transferred to a fresh collection tube and 500 |xl o f endotoxin free
water added to the column. The mixture was centrifuged in a swinging bucket rotor at 3,0005,000 g for 4 minutes. The flow-through elute containing the DNA was collected and stored
at -20°C. Recovery and purity of the plasmid DNA was determined by spectrophotometric
analysis and the size and quality of DNA was determined by agarose gel electrophoresis.
2.3.3 Restriction endonuclease digestion for PKC ^
Restriction endonucleases are bacterial enzymes, which hydrolyze (cut) DNA into defined
and reproducible fragments. In bacteria, they form part of restriction-modification defence
mechanism against foreign DNA for example viruses. Bacterial DNA is protected from these
enzymes by process of methylation. The identification of restriction enzymes in 1960s and
1970s was the key discovery, which allowed the cloning of DNA to become a reality. In the
experiment restriction enzymes, Ndel was made to cut and analyse PKC ^ DNA and to
compare and contrast the fragments patterns after agarose gel electrophoresis. The microfuge
tubes were labelled and DNA. After adding 1 |j.l Ndel in one tube with 2.5 |il Restriction
enzymes Buffer (lOx) and ddH20 to each tube, the solution was mixed and centrifiage to
bottom of tubes and incubate for 4 hours at 37"’C. Agarose gel analysis was performed as
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described below. BP ladder was also included (Fig 2.1-2.5). As shown below Ndel cuts PKC
^ in 2, at 235 and 5547 bases. This is illustrated in Fig 2.5.

Digest o f pPKC zeta-EGFP; 6455 bases (circular)

Xho\

M ap o f pPKCC-EGFP Vector. All restriction sites are unique

B gl

I

N del

I

A atll

i

CTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACG
GAACCGTCATGTAGTTCACATAGTATACGGTTCATGCGGGGGATAACTGCAGTTACTGC

220

230

240

250

260

2.3.4 Agarose gel electrophoresis
Agarose gel was prepared by adding 0.32 gm o f agarose to 40 ml o f 1 X TAE buffer. The
mixture was then heated in the microwave to dissolve agarose. This 0.8 % agarose gel
solution was cooled and poured in to gel box. The loading gel buffer was added to the
sample DNA and DNA o f known concentration, mixed and loaded on to the gel. In case o f
PKC

restriction digest along with BP ladder were also loaded. The gel was run at 90V,

100 mA for 90 minutes. The gel was then stained with Ethidium bromide for 30 minutes and
examined under ultraviolet light and photographed (Figures 2.1-2.5).
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Fig 2.1 Agarose gel, showing PKC pi-EGFP plasmid DNA against a DNA of
known concentration. Quality and concentration of PKC p i plasmid DNA was
assessed for transfection experiments.
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Fig. 2.5B PKC C restriction digest and agarose gel analysis. PKC ^ DNA is
6455 bases. Restriction digest with Ndel cuts PKC QDNA in to 5547 and 235
base as shown.

2.3.5 Spectrophotometric analyses of PKC isoforms
A cubet, 78 |j,l o f sterile water and 2 |o.l o f the sample PKC DNA and the other with only 80
nl o f sterile water were loaded in to spectrophotometer and read at 260 nm and 280 nm. The
ratios o f absorbance determined at 260 nm to 280 nm (A 260 /A 280 ) was 1.7 to 1.9 for the DNA
o f all the PKC isoforms. used in our experiments. Similarly, concentrations were also
determined and appropriate concentrations o f PKC isoenzyme DNA and EGFP DNA were
calculated for efficient transfections.

2.3.6 Transfection of the PKC-EGFP fusion constructs to the cultured HCTl 16 cells
The HCTl 16, SW480 cells or MCF7 cells were seeded in 8 well Permanox glass chamber
slides (Nunc, Naperville, IL) or 6 well plate at a density o f 1 x 10"* or 2 x 10^ respectively.
The cell cultures were 60-90% confluent on the day o f transfection. The cells were
transfected with 1-5 ^ig o f plasmid construct carrying DNA (PKC pi-EGFP, PKC e-EGFP,
PKC 5-EGFP, PKC ^-EGFP or EGFP only), using GenePORTER transfection reagent
(Gene therapy Systems Inc., San Diego, CA) according to the manufacturer's instructions.
GenePORTER

Reagent

is

the

formulation

of

neutral

lipid

phosphatidylethanolamine (DOPE) and a proprietary cationic lipid derived
hydrophilic conjugation used in human gene therapy trials.

dioleoyl
from direct

It has high transfection

efficiency, low cytotoxicity, and exceptional stability. Briefly, the DNA (1-5 ng) was diluted
with serum-free medium using half o f the transfection volume (125 |il for 8 well and 500 ^il
for 6 well plates) and the GenePORTER reagent was diluted with serum-free medium using
the other half o f the transfection volume. The diluted DNA was added to the diluted
GenePORTER reagent and mixed rapidly and incubated at room temperature for 30 minutes.
The culture medium was aspirated from the cells and the DNA-GenePORTER mixture was
added to the cells and incubated at 37°C for 4 hours. Four hours post transfection, 250 )al
(500 1^1 for 8 well plates) o f the M cCoy’s medium containing 20 % FCS was added and
incubated ovemight under 5-10 % C 0 2 at 37°C in humidified incubator. The cells were
examined for transfection the next day fresh growth media was added. Photographs o f the
cells were taken to verify transfection efficiency comparing with EGFP only (Fig. 2.6). In all
experiments, EGFP transfection was performed for control.

2.3.7 Cell activation and analyses of EGFP-tagged PKC
Transfected HCTl 16 cells expressing PKC-p,-EGFP, PKC e-EGFP, PKC 5-EGFP were
treated with 150-300 |xM DCA, 1 [xM PMA, and 150-300 |iM UDCA alone for 2 hours or

55

PKC pi

PKC C

EGFP

• T

•

«.

^

c

>

"

.

r*

-# •

r
.

'

•

t

•*• *,
,

>

* s.

/-

• > ,

•

’. . -/'•

* > ■

V-^

•*'

t

••.■••>- A .Hv,.rf*V

vv.\^v 1

Figure 2.6 Transfection Efficiency of PKC p i, ^ 8, 5-EGFP compared with
Enhanced Green Fluorescent Protein (EGFP) alone.

pretreated with UDCA for 2 hours and then stimulated with DCA or PMA. Both DCA and
UDCA were freshly prepared and dissolved in DMSO to standardize the effects o f these two
bile acids. As the atypical PKC ^ do not respond to phorbol esters, C2-ceramide was used as
control for experiments with PKC

because ceremide is know to activate this PKC

isoenzyme. HCTl 16 cells transfected with PKC ^-EGFP were treated with C2-ceramide and
dihydroceramide at doses 25- 200 |iM. It was observed that 300

was the optimal

concentration of the bile acids to observe changes in all the PKC isoenzymes. During
pretreatment of the cells, UDCA was either left in or taken out before activation with DCA
or PMA for different experiments. SW480 cells and MCF7 cells were transfected with PKC
pi-EGFP and similarly treated. Fast rate acquisition photo microscopy using Photometries
KAF-0400 cooled digital CCD camera was employed to observe the effects o f treatments.
For CLA experiments, HCTl 16 cells were pretreated with c9,tll-CLA or tlO,cl2-CLA, LA
or OA at

100-200 |a.M concentrations for 24 hours for acute treatment and 50 |o,M for 14

days for chronic. Cells were grown in 8 well permanox glass chambers for acute treatment
and in small tlasks for chronic treatment. Cells were cultured in serum free media for six
hours before CLA treatment to minimise the interference of FBS with CLA. These treated
cells were then transfected as above and activated.
For NF-kB experiments, HCTl 16 cells were either pre-treated with 300

UDCA for 2

hours and the stimulated with 300 |o,M DCA or 20ng/ml IL-1(3 for 2 hours or treated alone
with UDCA, DCA or IL-1 (3.
For AP-1 experiments, the cells were either pre-treated with 300 |iM UDCA for 2 hours and
then activated with 300 p,M DCA, 20ng/ml IL-ip or 20 nM PMA for 4-6 hours or treated
alone with DCA, UDCA, IL-1 p or PMA for 4-6 hours.
2.3.8 Effects of PKC inhibitors on PKC-pi-EGFP translocation
HCTl 16 cells, transfected with PKC pi-EGFP were treated with Calphostin C, at doses 100600 nM, Go6976, 1-6 |j.M Bisindolylmaleimide, 1-6 |^M for half an hour and then stimulated
with either PMA or DCA to elucidate the mechanisms involved in PKC translocation and its
relevance to cell shape change.
2.4 IMMUNOLUORESCENCE PROTOCOL
2.4.1 F-Actin and nuclear staining
After establishing a consistent pattern of effects of treatment by real time photomicroscopy,
the cells were prepared for subsequent examination. The cells were washed with sterile
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filtered PBS twice and fixed with 400 |j,l of 4 % paraformaldehyde per well for 20 minutes at
room temperature. The cells were stained with tetramethylrhodamine isothiocyanate
(TRITC) conjugate of phalloidin (diluted 1/200 with PBS), for 20 minute at room
temperature to visualize PKC translocation to F-actin. The cells were washed gently with
PBS and then nuclei were stained with 4', 6-diamidino-2-phenylindole (DAPI) for 5 minutes
at room temperature. After a wash with PBS, excess liquid was removed from the slides. A
drop o f fluorescent mounting media (DAKO) was added to the slide, coverslip applied
gently to avoid trapping o f air bubbles. The slides were left to dry at room temperature in
dark for subsequent examination by fluorescent microscopy. Slides were later examined
using Nikon TE 300 inverted microscope equipped with Leica DC 100 color digital camera.
Photomicrographs were taken using oil immersion lens at 100 X magnification.
The TE300 is a multi-port inverted optical microscope with infinity optics and has
fluorescence capacity for FITC and Rhodamine excitation-emission wavelengths, differential
interference contrast (DlC) optics and a temperature regulated stage. The objectives include
10, 20 and 40X CF infinity plan fluor dry objectives. High-resolution immersion objectives
include a CFl plan fluor 40X oil (N.A. 1.30), a DFl plan apo 60X oil (N. A. 1.40) and a Cfl
plan apo lOOX oil (N.A. 1.40). It has fluorescence cubes cube A: UV - Excitation BP 340 380, Emission LP 425,Cube 13: Blue light - Excitation BP 450 - 490, Emission LP 515 Cube
N2.1: Green light - Excitation BP 515 - 560, Emission LP 590. Different filters were used for
FITC (green), TRITC (red), phalloidin (red), Dapi (blue) and GFP (green) anlyses.

2.4.2 Immunofluorescent staining for endogenous PKC isoenzymes
HCTl 16 cells were cultured on 8 well Permanox chamber slides (Nun, Naperville, IL)
for 24 hours to 60-70% confluence, treated with 150-300 |o,M DCA, 100 nM PMA, 150300 iiM UDCA and 50 |j.M C2-ceramide alone for 2 hours or pretreated with UDCA for
2 hours and then exposed to DCA or PMA or C2-ceramide. The cells were washed with
warm PBS and fixed by gentle immersion in acetone at -20°C for 10 minutes.
Permealisation o f fixed cells was carried out using 0.1 % Triton X-100/PBS for 30
minutes. This was followed by a blocking with 40 |j.l o f normal goat serum. PKC a, P,
8, 6, ^-rabbit polyclonal antibody kit (R&D, CA) were used to determine their
subcellular localisation. The cells were incubated with primary antibodies 1 hour at
room temperature.

The slides were washed and incubated with Alexa-Fluor 488

conjugated anti-rabbit secondary antibody, mounted under coverslips with fluorescence-
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preserving m ounting medium (DAKO) and photographed using N ikon TE 300 inverted
m icroscope equipped with Leica DC 100 color digital camera.

2.4.3 Immunofluorescent staining for NF-kB
HCTl 16 cells were cultured on 8 well Permanox glass chamber slides (Nunc, Naperville,
IL) for 24 hours to 60-70% confluence. The cells were then treated with 300 |j.M DCA, 20
nM PMA, 20 ng/ml IL -ip or 300 [iM UDCA alone for 2 hours or first pretreated with
UDCA. The slides were gently washed with sterile phosphate-buffered saline (PBS), fixed
with 4 % paraformaldehyde and permeabilized with 0.1 % Triton X-100 in PBS for 10 min.
The slides were incubated with primary antibody (anti-RelA) for 1 hour at room temperature,
and then washed three times in 0.1 % Tween 20 in PBS, followed by 30 minutes incubation
with TRITC or FITC-conjugated secondary antibody. Coverslips were mounted and images
were acquired on Nikon TE 300 inverted microscope equipped with Leica DC-100 colour
digital camera.

2.5 PREPARATION OF CELL PROTEIN
2.5.1 Preparation of whole cell extracts
Confluent cells in 6 well plates (2 ml volume) were treated, as described in previous sections
and whole cell extracts were prepared. Treatment was terminated by washing cells with icecold PBS, pH 7.4 [Appendix A], and cells were collected by scraping and centrifugation, and
subsequent steps were carried out on ice. Cells were lysed in 0.5 ml PBS containing 1 |j.l
PMSF (0.1 mM), 3 ]al leupeptin (2 mg/ml) and 0.5 ml 1% NP40 [Appendix A], vortexed
every minute for 5 minutes to deposit cell debris. The supernatants were removed and stored
at -20°C.

2.5.2 Protein estimation
The protein concentrations were determined by the dye-binding methods o f Bradford or
Lowry as described below, in order to standardize the amount o f the protein in each lysate
[Appendix A]. Bovine serum albumin (BSA) served as the protein standard.

2.5.3 Preparation of subcellular fractionation
Subcellular fi'actions o f PKC |31-EGFP transfected and treated cells were prepared with
protocols by Chakravarti (Chakravarti et al., 1989), with some modifications as described.
Cells were washed in ice cold PBS and resuspended in 0.5-1 ml o f hypotonic lysis buffer
(NaHC 0 3 ImM, MgCL 2 5 mM, 5 |xl o f .ImM PMSF and 15 ^,1 o f lOmg/ml leupeptin (all

58

reagents from Sigma). Samples were vortexed for 2 minutes and sonicated at 15 seconds
interval on power 3 for total of I minute at 4°C and spun at 600g for 5 minutes at 4°C to
remove nuclei and unlysed cells. Then supernatant was centrifuged at lOOOOOg in
ultracentrifiige for 30 minutes at 4°C. The resulting supernatant was designted as cytosolic
fraction. The pellet was then washed in ice cold PBS, centrifiaged at 420 g for 10 minutes,
washed and resuspended in buffer B (20 mM Tris-HCL, PH7.5, containing 1 % (w/v)
Nonidet P-40, 150 mM NaCl, 1 mM EGTA, 1 mM EDTA, 1 mM PMAF and lOmg/ml
leupeptin) and centrifiiged at 420g. The resuspended pallet was vortexed at 5 minutes
interval for 30 minutes at 4“C and ulfracentriflige at 100,000 g for 30 minutes. The
supernatant was designated as the detergent-soluble membrane fraction. Protein
concentrations were determined by Lowery reagent method (Lowery et ai, 1951), before
polyacrylamide gel electrophoresis (PAGE).

2.5.4 Lowry reagent method for determination of protein concentration

Protein concentrations of the subcellular fractionation were determined by method described
by Lowery. Briefly, 25 mg of Bovine serum albumin (BSA) was diluted with 25 ml of PBS.
Tubes were labeled and 0-100 % BSA as protein standard. In a separate set of tubes, 10 |o,l of
the protein and 90 nl of PBS were added to each tube. To all tubes 900 nl of Reagent C (25
ml Reagent A and 250 |il of Reagent B) [Appendix A], was added. This mixture was quickly
vortexed and left at room temperature for 10 minutes. Then 90 jil of Reagent D [Appendix
A], was added to all the tubes and incubated for 45 minutes. Photospectrometric reading was
performed at 660 nm. A standard curve was constructed using BSA solution at 0, 25, 50, 75
or 100 mg per ml of the solution. The sample concentration was determined wfithin this range
and test solution falling outside the range were diluted 1:2 ,1:5 ,1:10.
2.6 POLYACRYLAMIDE GEL ELECTROPHORESIS (PAGE)
2.6.1 Preparation of protein samples and molecular weight markers

After protein estimation, 50 |j,g of sample protein were aliquoted. This volume was diluted
1:5 with ice-cold acetone to concentrate the protein sample, vortexed and allowed to
incubate at -20°C for at least 30 minutes. The samples were then centrifuged at 15,000 g for
2 min and the supematant was discarded. Excess acetone was allowed to evaporate at room
temperature for 15 min. Samples containing 50 |ig were then suspended in 20 [xl of 1 X
sample buffer [Appendix A]. Samples were vortexed and boiled for 5-10 min and
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centrifuged to precipitate any insoluble solids. The molecular weight markers were prepared
in a similar fashion.
2.6.2 Polyacrylamide gel electrophoresis (PAGE)
Equal amounts of proteins were separated on 10% non-reducing polyacrylamide gel. Both
resolving and stacking gels were prepared in the order indicated in Table 2.1 [Appendix A
for composition of solutions]. The APS and TEMED were added last with gentle swirling of
the mixture. Samples containing 50 |xg and standards were loaded into the wells of the gel,
the electrodes were connected, and the gels were run at 25 mA. At the end of electrophoresis,
the proteins on the gel were electrotransferred to PVDF membrane (Gelman Sciences Inc.,
Ann Arbor, Ml, USA) by semi-dry transfer. Following transfer, the PVDF membrane was
processed for immunoblotting. The lane with the molecular weight marker was stained with
Commaasie Blue [Appendix A], followed by destaining with 50% methanol.

2.63 Immunoblot detection
PVDF membranes were incubated with a freshly prepared PBS containing 5 % nonfat
skimmed milk for 1 hour with gentle shaking (Orbital Shaker S03, Stuart Scientific, UK) at
room temperature to block non-specific proteins (Blotto- Tween solution) [Appendix A],
fhe membranes were washed twice with PBS and incubated with specific primary
antibodies (PKC p i , p65 or Ik B - q .) in sealed plastic bags in a dilution 1:500 to 1:1000 in
Blotto-Tween for 1 hour with shaking at room temperature followed by washing 10 minutes
each time, with PBS-Tween. Blots were then incubated with the relevant secondary antibody
(antimouse antibody. Swine anti-rabbit for polyclonal antibodies) horseraddish peroxidase
conjugate in a dilution 1:1000 to 1:2000 in PBS-Tween for 1 hour at room temperature with
gentle shaking. Blots were washed again (x3), 10 min each time, with PBS-Tween. The
immunoblots were developed using enhanced chemiluminescence method (ECL).
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Table 2.1; Gel composition for PAGE electrophoresis
R eso lv in g gel (1 0 % )

S tack in g gel (1 0 % )

D istilled w ater

8.23 m P

5.55 ml

R eso lv in g buflFer

5.0 ml

~

-

3.05 m l

C o m p o n en t

( 1 . 5 M T i s , p H 8.8)
S tac k in g b u ffer
(1 M T r is , pH 6.8)
A cry lam id e/B isacry lam id e

6.66 ml

1.33 ml

10% A P S

100 i l \

50 ^1

TEM ED"

10 nl

10 nl

10% APS: O.lg/1 ml
a: Volum e (20 ml) is sufficient for 2 gels

b: N ,N,N' ,N' -tetra-methylenediamine

2.6.4 Enhanced chemiluminescence (ECL)

Proteins in immunoblots were detected by enhanced chemiluminescence (ECL) method. The
blot membranes were incubated for 1 minute in a solution of iodophenol (400 |xM), luminol
(1.25 mM) and hydrogen peroxide (0.01 % v/v) in O.I M Tris-HCI (pH 8.8) [Appendix 1].
The membranes were then placed between two acetate sheets, wiped out to exclude air
bubbles, and any residual developing buffer solution. Blots were exposed to Kodak XOMAT S film for 10-30 seconds. The films were then developed using automatic developer
(CURIX 60, AGFA, Type 9462/100/140, Agfa Gevaert AG Miinchen, Germany).

2.7 ELECTROPHORETIC MOBILITY SHIFT ASSAY (EMSA)
2.7.1 Cell fractionation and nuclear extract preparation

The nuclear extracts were prepared as follows. The cells were grown in 6 well plates to 8090 percent confluence. They were treated as described above and treatments were terminated
by removal of the medium and washing the cells twice with ice-cold PBS. All subsequent
steps were carried out on ice using ice-cold buffers. Cells were removed with a cell scraper,
and transferred to centrifuge tubes on ice. They were pelleted by centrifugation at 1400 rpm
for 5 min and washed once in (1 ml) buffer A [Appendix A], and centrifuged at 10,000 rpm
for 10 minutes. The pellet of cells was then resuspended in 20 |j.l buffer A (containing 0.1 %
(v/v) Nonidet NP40 for 10 minutes on ice and lysed cells were centrifuged at 10,000 rpm for
10 minutes. The supematant was discarded. The nuclear pellet was extracted vsath 15 |o,l
buffer C [Appendix A] for 15 minutes on ice. After incubation, the nuclei were centrifuged
at 10,000 rpm for 10 minutes and the supematant was diluted with 4 volumes of buffer D
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[Appendix A], The nuclear extracts were also prepared from HuT 78 cells, constitutively
expressing NF-kB, and used as positive controls for EMSA assays. The protein estimation in
the nuclear extracts was performed using Bradford method described above and then used
for Gel shift assays or stored at -70°C.

2.7.2 Labelling of consensus oligonucleotides for EMSA

The 5'-end-labelling of the 22 base pair oligonucleotide containing the NF-kB consensus
sequence (5'-AGT TGA GGG GAC TIT CCC AGG C-3’)(3'-TCA ACT CCC CTG AAA
GGG TCC G-5') was performed. The reaction mixture was assembled in a sterile
microcentrifuge tube in a final volume of 50 ^il with sterile water. Table 2.2. The reaction
mixture was incubated in a pre-warmed perspex box at 37°C for 10 minutes and the reaction
was terminated by addition 2 |xl of 0.5M EDTA. To this mixture, 50 jxl of phenolxhloroform
solution (1 part TE-saturated phenol and 1 part choroform;isoamyl alcohol (24: 1 ratio) was
added to extract the DNA, and vortexed for 1 minute and centrifiiged at 13,000 g for 2
minutes. The upper aqueous layer was transferred to a fresh tube and 2 |j.l of 5M NaCl was
added. The tube was vortexed and 100 |xl of ethanol was added followed by incubation at 70°C for 30 minutes to allow ethanol precipitation of the DNA. The mixture was centrifiiged
at 13,000 g for 5 minutes, the supematant was carefully removed and the pellet was dried in
vacuum dryer. Finally, the pellet was resuspended in 50 p-l of TE buffer [Appendix A].

Table 2.2: Constituents o f consensus oligoneucleotide for labelling reaction

Component

Amount

5'-ends of DNA probe (l-50pmol)

5.7 |xl

T4 polynuclotide kinase (10-20 U)

2.5 ^1

lOX Kinase buffer

5.0 [l \

[■^^-p]A TP (3000 Ci/mmol, lOtnCi/ml,

15

50pmol)
Sterile water

21.8 ^1
Final volume=50 |il
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To calculate the activity o f the labelled oligonucleotide, 1 nl o f this solution was counted in 5
ml Ecosint and counted using a Wallac 1409 DSA Liquid Scintillation Counter. The labelled
oligonucleotide (10,000 cpm) was used per reaction for EMSA.

2.7.3 Preparation of gels for EMSA
The nuclear extracts proteins were separated on 5% polyacrylamide non-reducing gels using
the ATTO gel system (ATTO, Japan). The glass plates were washed and cleaned thoroughly
to remove any residue, which may interfere with running o f the gel and allowed to air dry.
The composition o f the gel is shown in Table 2.3. Both DTT and TEMED were added last to
the gel with gentle swirling o f the gel solution. The gel mixture was poured gently into a 1
mm thick gel mould, and allowed to polymerize at room temperature for 30 minutes.

2.7.4 Preparation of DNA-protein binding reaction
The binding reaction for detection o f NF- kB activity was prepared by electrophoresis.
Nuclear extract proteins (4 |j,g) were incubated with 10000 cpm o f the ^^P-labelled NF- kB.
I'he assay was performed in 20 }j,l binding reaction in the presence o f binding buffer
[Appendix A] and 2 p,g o f poly(dl-dC) as non specific competitor [Table 2.4].

Table 2.3; Gel formulation for EMSA
Component

Amount

Distilled water

19.4 ml

Acrylamide Mix (4 0 % /

3.125 ml

lOX TBE buffer

2.5 ml

Ammonium persulphate

0.05 g

TEMED'’

15 ^1

d tt=

5 (il

a: A ccugel (29:1) b: N ,N ,N ,N ’,N ’-tetra-methylenediamine c: Dithiothreitol

The reaction mixture was incubated at room tempjerature for 30 minutes. The binding
reaction was terminated by addition o f one tenth volume o f gel loading dye [Appendix A]
and samples loaded onto the gel for electrophoresis.
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Table 2.4: DNA-protein binding reaction

Component

Amount

Nuclear extract

2-4 ng

lOX binding reaction buffer

1^1

[’"-p] labelled DNA probe

1 |J,I

Poly (dl-dC)

2 III

Sterile a final volume of water up to

20 \i\

2.7.5 Electrophoresis of DNA-protein complexes
DNA-protein complexes were separated on 5 % polyacrylamide gels that had been pre-run
in 0.5X TBE buffer [Appendix A] for 30 minutes at 80V. The gels were run in 0.5X TBE
buffer at 150V until the bromophenol blue dye was three quarters of the way down the gel.
The power supply (Consort EUSS microcomputer electrophoresis power supply) was
disconnected from the gel box, the gels were removed from the plates, transferred to the filter
paper and wrapped with cling film. The gels were then dried on an automatic dryer and
exposed to Kodak X-OMA T S film for 24-48 hours at -70°C with intensifying screens. The
autoradiograph films were developed using CURIX 60, AGFA, Type 9462/100/140 (AgfaGevaert AG Miinchen, Germany).
2.7.6 Supershift and competition assays
The supershift assays or competition assays were performed to identify the specificity of
DNA-protein complexes for NF-kB and AP-1. For competition assays, 100-fold molar
excess o f unlabelled NF-kB/AP-1 oligonulcelotide was added to 4 ia,g of nuclear extract 30
minutes prior to addition of the labelled probe. In supershift assays, rabbit polyclonal
antibodies (400 ng) against various Fos m d J u n {cjun, junD, junB, cfos,fosB, Fral, Fral) or
NF-kB/RcI subunits (anti-p50, anti-RelA, and anti-c-Rel), was incubated at room
temperature with nuclear extracts for 30 minutes before the binding reaction.
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CHAPTER III
EFFECTS OF BILE ACIDS ON PROTEIN KINASE C
TRANSLOCATION IN COLON CANCER CELLS

C HAPTER III

EFFECTS OF BILE ACIDS ON PROTEIN KINASE C TRANSLOCATION IN
COLON CANCER CELLS

3.1 INTRODUCTION

The development of colorectal cancer is a multistage process involving environmental
factors and the development o f multiple sequential gene mutations. Early mutations in
the adenoma-carcinoma sequence affect the tumour suppressor gene, adenomatous
polyposis coli (APC) and activating mutation o f the oncogene K-ras. Late mutations
involve p53 and deleted in colorectal cancer gene. An alternative pathway of
tumorigenesis for a subset o f colorectal tumours has been proposed, characterized by
the presence o f microsatellite instability (MSI). MSI is observed in almost all
adenocarcinomas from patients with hereditary non-polyposis colorectal cancer (Jass et
a l, 2002; Leslie et al., 2002) .The events occurring proximal to the development of
mutations are, however poorly understood. An understanding o f the mechanisms that
explain the initiation and early evolution o f colorectal cancer will facilitate the
development of new approaches for effective intervention and prevention o f this
common malignancy.
There is considerable suggestive evidence from epidemiological studies that a high fat
content in Western diet predisposes to colorectal cancer (Armstrong et al., 1975). One
possible mechanism for the role o f a high fat diet relates to stimulation and abundance
o f tumour promoting bile acids (Imary et al., 1992; Bayerdorffer et al., 1993). A high
fat diet stimulates greater secretion o f bile acids into the intestine to facilitate absorption
and digestion o f fats (Hofmann et al., 1999). High serum as well as faecal levels o f bile
acids is found in patients with adenomas and colorectal carcinomas (Bayerdorffer et al.,
1993; Reddy et al., 1977). It has been suggested that bile acids act as tumour promoters
by disturbing the balance between proliferation, differentiation and apoptosis in colonic
epithelial cells (Hague et al., 1995) Deoxycholic acid (DCA) is the most predominant
secondary bile acid implicated in the colonic tumorigenesis Carcinogen-treated rats, fed
a diet supplemented with DCA developed more colonic tumours than those treated with
carcinogen alone (Hori et al., 1998; Narisawa et al., 1974). Furthermore, surgically
altering the bile acid flow in rat colon, hence changing the faecal bile acid excretion also
altered the incidence o f tumours (Morvay et al., 1989).
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Several mechanisms have been suggested by which bile acids influence colon cancer.
DCA is known to induce hyperproliferation in colon cells (Ochsenkuhn et el., 1999).
Evidence suggests that DCA exerts its tumour promoter effect through intracellular
signalling pathways including PKC and mitogen-activated protein kinase (MAPK)
(Qiao et al., 2000; Huang et al., 1992). Growth and inflammation regulatory
transcription factors AP-1 and NF-kB are regulated by PKC and MAPK activity (Qiao
et al., 2000). Impairment o f mitochondrial function and lipid peroxidation leading to the
generation o f free radicals (Hino et al., 2001) and suppression o f p53 by DCA (Qiao et
al., 2001) has also been suggested. Several growth regulatory genes such as 7-alpha
hydroxylase (Stravitz et al., 1995), cyclooxygenase 11 (Zhang et al., 1998) and c-myc
(Hallstrom et al., 1991) are regulated by bile acids through PKC.
Protein kinase C (PKC) is a family o f 12 Serine-threonine kinase isoenzymes, which are
subclassified as classical PKC (cPKCs), novel PKC (nPKCs), or atypical PKCs
(aPKCs). All PKC isoenzymes possess a catalytic and a regulatory domain. Depending
on the class of PKC isoenzyme, the regulatory domain can include a calcium binding
and DAG-phorbol ester-binding site. Activation o f classical PKC isoenzymes requires
interaction with phospholipids (Lee et al., 1991). Inactive PKC isoenzymes are located
predominantly in the cytosol. Once activated, PKC isoenzymes translocate to a variety
o f intracellular sites including cell membrane, nucleus and membrane associated
cytoskeleton (Hug et al., 1993). A number o f cytoskeleton proteins including vinculin,
vimentin, talin and filamentous actin (F-actin) target PKC translocation and may serve
as PKC substrates and regulate membrane and cytoskeleton interactions as an integral
part o f PKC signaling. Furthermore, changes in localization o f PKC are associated with
cell differentiation and transformation, indicating that determinants o f subcellular
localization of PKC can modify cell growth, differentiation and transformation (Janken
et al., 1996) as well as cell motility (Volkov et al., 1998). It is notable that prolonged
activation o f PKC may lead to down regulation o f the cellular content o f the enzyme.
Many studies have characterized the role o f PKC in colonic cancer. A number o f studies
have shown decreased PKC P, 5, and ^ in human and rodent colonic tumour relative to
normal mucosa (Kahl -Rainer et al., 1994; Doi et al., 1994). It has also been shown that
PKC 8 acts as an oncogene in rat colonic epithelial cells and over expression o f PKC s
is associated with increases cell growth rates (Perletti et al., 1996). Studies have shown
PKC pi was most effectively activated by secondary bile acids, suggesting possible
function o f specific isoenzymes o f PKC in colorectal carcinogenesis and tumour growth
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control (Pongracz et a i, 1995). PKC has also been shown to play a requisite role in the
Wnt/APC/P'Catenin proliferative signalling pathway, known to be involved in colonic
carcinogens (Cook et a i, 1996). The use of GFP fusion proteins has transformed our
ability to examine the translocation events o f PKC in real time and has identified many
pathways of PKC translocation not previously seen in simple translocation experiments.
Ursodiol, the ?P- epimer of chenodeoxycholic acid (CDCA) has been used in patients
with primary sclerosing cholangitis because it substantially improves biochemical
indices o f liver function (Trauner et al., 1999). Experimental evidence in animal models
suggests that ursodiol administration inhibits colonic carcinogenesis (Earnest et al.,
1995; Narisawa et al., 1998, 2002). In humans, patients with ulcerative colitis (UC) and
primary sclerosing cholangitis (PSC), who have taken UDCA, were significantly less
likely to develop colonic dysplasia than who did not use UDCA suggesting a potential
chemoprotective effect o f this molecule (Tung et al., 2001; Pardi et al., 2003).

3.2 OBJECTIVES
1 To investigate the role of the bile acid, DCA in mediating endogenous PKC
isoenzymes translocation events in colonic tumour cells
2 To investigate the role o f the bile acid, DCA in mediating GFPtagged-PKC
isoenzymes translocation events in colonic tumour cells
3

To investigate the role o f UDCA in mediating endogenous PKC isoenzymes
translocation events in colonic tumour cells

4

To investigate the role o f UDCA in mediating GFP tagged-PKC isoenzymes
translocation events in colonic tumour cells

3.3 RESULTS
The following sections describe the results o f immunofluorescence performed on
HCT116 cells for endogenous PKC isoenzymes treated as described in methods and
materials and also the analyses o f the EGFP-tagged PKC isoenzymes, transfected and
treated as described in materials and methods. Briefly for endogenous PKC isoenzymes
HCTl 16 cells were treated with DCA, UDCA or PMA alone or pretreated with UDCA
first, followed by stimulation with either DCA or PMA. The cells were fixed with either
acetone or paraformaldehyde and incubated with anti-PKC antibodies and secondary
Alexa fluor conjugated antibodies. The cells were also transfected with various PKC
isoenzymes fused with EGFP. Real time photomicrsocopy was performed after
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treatm ent to confirm the effects and then fixed and prepared for im m unofluorescent
microscopy.

3.3.1 Effects UDCA treatment on endogenous PKC a translocation in HCT116
cells (Fig. 3.1)
Both PM A 100 nM and DCA 300 |^M caused translocation o f PKC a to the cell
m embrane. UDCA did not cause PKC a translocation. DCA and PM A-induced PKC a
w ere inhibited by pre-treatm ent o f the cells by 300 )j M UDCA. Endogenous PKC (31
was not seen in these cells.

3.3.2 Effects UDCA treatment on endogenous PKC 8 translocation in HCT116 cells
(Fig. 3.2)
PMA and DCA caused translocation o f endogenous PKC 8 to the nucleus and to the
membrane. This was inhibited by pre-treatm ent o f the cells by 300 |xM UDCA. UDCA
did not induce PKC 6 translocation.

3.3.3 Effects UDCA treatment on endogenous PKC s translocation in HCT116 cells
(Fig. 3.3)
Both PM A and DCA caused translocation o f PKC e to the cell membrane. UDCA did
not cause PKC 8 translocation. UDCA also inhibited PMA and DCA-induced
translocation o f endogenous PKC e .

3.3.4 Effects UDCA treatment on endogenous PKC ^ translocation in HCT116 cells
(Fig. 3.4)
C2-ceram ide at 50 [xM caused translocation o f the PKC ^ isoenzym e to the nucleus.
N either UDCA nor DCA induced PKC ^ translocation and U DCA pre-treatm ent did not
prevent C2-ceram ide-induced PKC ^ translocation.

3.3.5 Effects UDCA treatment on PKC pi-EG FP translocation in HCT116 cells
(Fig. 3.5A)
DCA or PMA treatm ent o f PKC pl-E G F P transfected HCT116 cells resulted in
translocation o f PKC Pi from cytosol to the membrane. U D CA did not cause PKC (3i
translocation and pre-treatm ent o f HCT116 cells with UDCA, inhibited DCA-induced
m em brane translocation o f the PKC (31. Pre-treatment with UDCA did not prevent 1 jxM
PM A-induced membrane translocation o f the PKC (31 in either cell lines. There was no
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Fig. 3.1 Immunoflourescent staining for endogenous PKC isoenzymes a in
HCT116 cells, treated with Ursodeoxycholic acid (UDCA), Deoxycholic acid
(DCA) or Phorbol myristate acetate (PMA) for 2 hours, or pre-treated with UDCA
for 2 hours before stimulation with DCA or PMA. The cells were fixed and
incubated with primary anti-PKC a antibody (R&D, Berkely CA) for 1 hour,
followed by Alexa fluor 488 conjugated secondary antibody for 1 hour . Untreated
cells are labelled Rest. F-actin is stained using TRICT conjugate of Phalloidin and
nuclei with DAPI.
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Fig. 3.2 Immunoflourescent staining of endogenous PKC isoenzymes 5 in
HCTl 16 Cells. The cells were treated with UDCA, DCA or PMA for 2 hours, or
pre-treated with UDCA and then with DCA or PMA. The cells were incubated
with primary anti-PKC a antibody (R&D, Berkely CA) for 1 hour followed by
Alexa fluor 488 conjugated secondary antibody for 1 hour. Untreated cells are
labelled Rest. F-actin is stained using TRICT conjugate of Phalloidin and nuclei
with DAPl.
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Fig. 3.3 Immunoflourescent staining o f endogenous PKC isoenzymes e in HCT116
Cells. The cells were treated with UDCA, DCA or PMA for 2 hours, or pre-treated
with UDCA and then with DCA or PMA. The cells were incubated with primary
antibody, followed by secondary antibodies. Untreated cells are labelled Rest. FActin is stained using TRICT conjugate of Phalloidin and nuclei with DAPI. Merged
photos show co-localization of PKC isoenzymes to the F-actin, seen as yellow.
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Fig. 3 .4 Immunoflourescent staining o f endogenous PKC isoenzymes ^ in H C Tl 16
Cells. The cells were treated with UDCA, DCA or PMA for 2 hours, or pre-treated
with UDCA for 2 hours followed by stimulation with DCA or C2-ceramide. The
cells were incubated with primary secondary antibodies as described above.
Untreated cells are labelled Rest. F-actin is stained using TRICT conjugate o f
Phalloidin and nuclei with DAPI.
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Fig 3.5A Analyses o f PKC pl-EGFP in HCTl 16 treated with UDCA, DCA
or PMA for 2 hours, or pre-treated with UDCA for 2hours the with DCA or
PMA. Untreated cells are labelled as Rest. Empty Vector (EV), indicate
EGFP only transfected cells. F-actin is stained with TRICT conjugate of
Phalloidin and nuclei with DAPI. UDCA+DCA, denotes pre-treatment of the
cells with 300 nM UDCA, followed by activation with DCA.

change in fluorescence pattern in EGFP-only transfected cells w hether treated with
PM A or DC A. One important observation was localisation o f PKC p i to the membrane
corresponded to F-actin distribution pattern in cells treated by DCA or PM A, not seen in
untreated, UDCA treated or EGFP-only cells. These results suggest that PKC (31
activation by DCA was inhibited by UDCA pre-treatment.
To confirm

these data. Western blot analyses was perform ed on

subcellular

fractionations o f HCT116 cells transfected with PKC pi and treated as above. In
untreated cells and cells treated with UDCA, PKC Pi was found predom inantly in the
cytosolic fraction o f the HCTl 16 cells (Figure 3.5B). After DCA and PM A stimulation,
PKC pi was found predominantly in membrane fraction o f the cells consistent with
observation made by immunofluorescence. Pre-treatment o f cells with UDCA, inhibited
the membrane translocation o f PKC pi caused by DCA This data indicates that UDCA
inhibits membrane translocation and hence activation o f PKC p i caused by DCA.
3.3.6 Effects o f UDCA treatm ent on PKC p i-E G F translocation in SW 480 cells
(Fig. 3.6)
DCA or PMA treatm ent o f PKC pi-E G F P transfected SW 480 cells resulted in
translocation o f PKC pi from cytosol to the membrane. UDCA did not cause PKC p i
translocation and pre-treatment o f SW 480 cells with UDCA, inhibited DCA-induced
membrane translocation o f the PKC Pi. Pre-treatment with UDCA did not prevent 1 ^iM
PM A-induced membrane translocation o f the PKC pi in either cell lines. PMA or DCA
did not change fluorescence pattern in EGFP-only transfected cells. PKC Pi membrane
localization corresponded to F-actin distribution pattern in cells treated by DCA or
PM A but not in untreated UDCA treated or EGFP-only cells. These results suggest that
PKC Pi activation by DCA was inhibited by UDCA pre-treatment.
3.3.7 Effects UDCA treatm ent on PK C8-EG FP translocation in H C T l 16 cells (Fig.
3.7)
The cells transfected with PKC 6-EGFP were treated as described earlier. PMA and
DCA treatment resulted in translocation o f PKC 5-EGFP to the cell m em brane as well
as nuclear membrane, though the effect o f DCA was much slower, occurring in 30
minutes to 1 hour compared with PMA, which caused PKC 5-EGFP translocation in a
few minutes. Pre-treatment o f cells with UDCA inhibited the PKC 6-GFP translocation
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Fig 3.5B Subcellular localization of PKC pi-EGFP in HCT-116. The cells were
transfected with PKC pi-EGFP and treated with 300
UDCA, DCA or 1
PMA for 2 hours, or pre-treated with UDCA for 2 hours followed by DCA or
PMA. Equal amounts o f subcellular fractionation proteins were separated on a
10% SDS-polyacrymide gel, electrotransferred onto PVDF membrane. Membranes
were incubated with PKC pi-specific antibody followed by incubation with
secondary anti-mouse HRP-conjugated antibody. Protein bands were visualized by
enhanced chemiluminescence (ECL).C, cytosol M, membrane
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Fig. 3.6 SW480 cells transfected with PKC pi-EGFP or EGFP for 24 hours,
treated with UDCA, DCA or PMA for 2 hours, with and without pretreatment with UDCA. Untreated cells are labelled as Rest. Empty Vector
(EV) indicates EGFP only transfected cells. F-actin is stained with TRICT
conjugate of Phalloidin and nuclei with DAPI.
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Fig 3.7 HCT116 cells transfected with EGFP or PKC 5-EGFP, were then
treated with UDCA, DCA or PMA alone for 2 hours, or pre-treated with
UDCA and then stimulated with DCA or PMA. Untreated cells are labelled
as Rest. Empty Vector (EV) indicates EGFP only transfected cells. F-actin is
stained with TRICT conjugate of Phalloidin and nuclei with DAPI.

caused by o f DCA but not by PMA. The distribution o f PKC 6-GFP did not correspond
with F-actin pattern distribution.

3.3.8 Effects UDCA treatment on PKC e-EGFP translocation in HCT116 cells (Fig.
3.8)
Treatment o f PKC 8 transfected cells with DCA or PM A resulted in translocation o f
PKC e-EGFP from cytosol to the membrane. Pre-treatment o f HCT 116 cells with
UDCA and subsequent stim ulation with DCA did not result in m em brane translocation
o f PKC e-EGFP reflecting inhibition o f PKC s-EG FP activation. Prior treatm ent with
UDCA did not prevent PM A-induced m em brane translocation o f the PKC e-EGFP The
distribution o f PKC e also appeared to correspond with the F-actin distribution pattern.
Similar to PKC (31, DCA-induced activation o f PKC s was blocked by UDCA.

3.3.9 Effects UDCA treatment on PKC ^-EGFP translocation in HCT116 cells (Fig.
3.9)
Atypical PKC ^-GFP transfected cells were treated with C2-ceramide, PMA, DCA or
UDCA, with or without pre-treatm ent with UDCA. C2-ceramide at doses 25-150 [xM
had no effect on PKC ^-GFP, but at 200 [iM caused translocation o f PKC ^-GFP cell
membrane and also to the nucleus. DCA, UDCA or PM A treatment, on the other had no
effect on PKC ^-GFP at the doses described. Pre-treatment o f cells with UDCA did not
inhibit C2-ceramide PKC 6-EGFP -induced PKC ^-GFP translocation.

3.3.10 Effects UDCA treatment on PKC Pi-EGFP translocation in MCF7 cells (Fig.
3.10)
To elucidate the specificity o f results to colonic cancer cells, a breast cancer cell line,
MCF7 were transfected w ith PKC (3|-EGFP and then treated with U DCA, DCA or PMA
described above. However, PM A treatment, caused m em brane translocation o f the PKC
Pi-EGFP in these cell lines, UDCA and DCA treatm ent had no effect on PKC (3i
distribution. These data indicate that the effect o f these bile acids may be specific to
colon cancer cells, not observed in breast cancer cells, MCF7.

3.3.11 Effects of PKC inhibitors on PKC pi-EG FP translocation and cell shape
change in HCT116 cells (Fig. 3.11-3.13)
It was observed that the activation o f PKC isoenzym es was associated with the cell
shape change to rounded phenotypes. This effect was universal and occurred in all the
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Fig. 3.8 HCT116 cells transfected with EGFP or PKC e-EGFP, either pre
treated with UDCA for 2 hours followed by stimulation with DCA, PMA or
treated with DCA, PMA or UDCA alone. Untreated cells are labelled as Rest.
Empty Vector (EV), are the EGFP only transfected cells. F-actin is stained
with TRICT conjugate o f Phalloidin and nuclei with DAPI.
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Fig. 3.9 Effect of DCA, UDCA and C2-ceramide on transfected PKC ^-EGFP
in HCT116 cells. The cells transfected with PKC ^-EGFP or EGFP were
treated with UDCA, DCA or C2-ceramide, for 2 hours or pre-treated with
UDCA and then activated with DCA or C2-ceramide. Dihydroceramide was
used as negative control (data not shown). Untreated cells are labelled as Rest.
Empty Vector (EV) indicates the EGFP only transfected cells. F-actin is
stained with TRICT conjugate of Phalloidin and nuclei with DAPI.

PKC pi-EGFP

F-actin

Nuclei

Merged

EGFP+DCA

F-actin

REST

V

V

PMA
1 nM

DCA

300 jiM

UDCA

300 mM

EGFP+PMA

F-actin

EV

Fig. 3.10 MCF7 cells, a breast cancer cell line, were transfected with EGFP
or PKC pi-EGFP for 24 hours. The cells were either treated with UDCA,
DCA, or PMA or pre-treated with UDCA before stimulation with DCA or
PMA. Untreated cells are labelled as Rest. Empty Vector (EV) indicates
EGFP only cells. F-actin is stained with TRICT conjugate of Phalloidin and
nuclei with DAPI.
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Fig 3.11 Effects of PKC inhibitor, Calphostin C and PKC pi
translocation and cell shape. PKC pi-EGFP transfected HCT116 cells
were pretreated with increasing doses of Calphstin C for 30 minutes and
then treated with either DCA or PMA. Untreated cells are labelled as
Rest. F-actin is stained with TRICT conjugate of Phalloidin.
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Fig 3.12 Effects of PKC inhibitor Bisindolylmaleimide (Bisindo) on PKC
pi translocation and cell shape change. PKC pi-EGFP transfected
HCT116 cells were pretrearted for 30 minutes with different doses of
Bisindolylmaleimide and then with either DCA or PMA. Untreated cells
are labelled as Rest. F-actin is stained with TRICT conjugate of
Phalloidin.
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Fig 3.13 Effects of PKC inhibitor G66976 on PKC pi translocation
and cell shape change. PKC pi-EGFP transfected HCT116 cells were
pretreated with different doses of G66976 for 30 minutes and then
activated with either DCA or PMA. Untreated cells are labelled as
Rest. F-actin is stained with TRICT conjugate of Phalloidin.

cells where translocation o f the PKC isoenzym es was observed. Further association o f
PKC isoenzymes PKC [31 and PKC e to the F-actin was also seen in activated cells.
PKC 8 and ^ localization to m em brane associated F-Actin was diffuse and less clear. To
investigate the role o f PKC in cell shape change and F-Actin localization, PKC p iEGFP transfected HCT116 cells were first treated with different doses o f the PKC
inhibitors Calphostin C (Fig 3.11), Bisindolylm aleimide (Fig 3.12) or Indolocarbazole
(G56976) (Fig 3.13) for 30 m inutes and then activated with either DCA or PMA. DCAinduced shape change and PKC p i translocation to m em brane associated F-ctin was
inhibited by concentrations o f PKC inhibitors predicted to inhibit PKC activation,
however higher doses o f these inhibitors were required to prevent PM A-induced PKC
pi translocation. These data may reflect the higher potency o f PMA in mediating PKC
activation. The effect o f these PKC inhibitors on cell shape and inhibition o f rounded
phenotypes are summarized in T able 3.1.
3.4 DISCUSSION
UDCA improves the biochemical param eters o f cholestasis in various cholestatic
disorders including prim ary biliary cirrhosis and primary sclerosing cholangits (Trauner
et al., 1999). There is some evidence that UDCA may be protective in human colorectal
cancer associated with inflamm atory bowel disease (IBD), though most o f the
mechanistic evidence o f chem opreventive role o f UDCA in colorectal carcinom a has
come from animal models. It has been shown that UDCA treatm ent reduces hepatic
carcinogenesis

in

mice

fed

a

diet

supplem ented

with

UDCA

and

given

diethylnitrosamine (DEN) (O yam a et al., 2002). Rats treated with AOM and intrarectal
N-methylnitrosourea and fed a diet supplem ented with UDCA had a significant
reduction in Aberrant crypt formation (ACF) formation and a lower incidence o f colon
tumours (Momen et al., 2002, N arisaw a et al., 2002). In another animal model o f
colonic cancer study, feeding rats with UDCA significantly reduced the proportion o f
faecal deoxycholic acid (DCA) concentration (Batta et al., 1998). It has been suggested
that UDCA may prevent colonic tum ours and polyps by reducing the colonic
concentration o f DCA thus inhibiting its ability to m ediate potentially toxic effects
In this study, we examined com parative effects o f DCA and UDCA in hum an colonic
cancer cells. Our findings may explain some o f the differences between these agents in
terms o f potential role in carcinogenesis. Secondary bile acids have been shown to
activate PKC and evidence o f DCA as tum our prom oting agent comes from animal as
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Table 3.1 Effect o f PKC Inhibitors on PKC pi translocation and its relationship to cell
shape change

Calphostin C
lOOnM
200nM
40t)nM
6(X)nM

Go6976
IHM
2nM
4nM
6fiM

PMA-induced
PKCpi
translocation

Change in
Cell Shape

DCA-induced
PKCpi
translocation

Change in
Cell Shape

_

_

—
+
+

—
+
+

+
+
+
+

+
+
+
+

—

—

—

—

+
+

+
+

+
+

+

-+

+
+
+

+
+

Bisindolvlmaleimide
luM

2nM
4nM
6(iM

+
+

+

— translocation o f PKC pi and change in cell shape not inhibited, +, translocation o f PKC
pi and change in cell shape inhibited. Inhibition o f PKC p i translocation by PKC
inhibitors corresponds with inhibition o f cell shape change.

well as human studies. PKC isoforms are the major receptor for the tumour-promoting
phorbol esters and are therefore thought to play an important role in signal transduction
and carcinogenesis (Clarke et a i, 2000). Diacyglycerol (DAG), produced by the
receptor-coupled hydrolysis o f membrane phospholipids, activates PKC (Nashizuka
1984). Phorbol esters bind to the DAG binding site o f the regulatory domains o f the all
but atypical PKC and activate their catalytic activity (Nishizuka 1988).

DCA has

previously been reported to induce PKC activation using Western blot analysis. In the
current study, we first examined the effects o f these two bile acids on endogenous PKC
isoenzymes and then the effects on PKC translocation were investigated using GFP
tagged PKC isoenzymes. Specifically, we also examined the effects o f UDCA in
blocking these translocation events. In untreated cells, DCA induced activation o f the
different PKC isoenzymes and their translocation to subcellular sites. It caused
translocation of all the endogenous PKC isoenzymes used in the study and the trasfected
PKC isoenzymes. UDCA on the other hand caused neither endogenous nor GFP-tagged
PKC translocation; rather it inhibited the translocation o f the endogenous PKC a, 8, 5
and PKC ^ induced by DCA, PMA or c2-ceramide. It also inhibited the translocation of
GFP-tagged PKC pi and PKC 8 and PKC 5 caused by DCA but not by PMA. I ’he
potency o f DCA on PKC activation was found to be equivalent to the tumour-promoting
agent, PMA. As higher doses of PMA were required for the adequate translocation of
various PKC isoenzymes compared with endogenous PKC, this may explain the failure
of UDCA to prevent PMA-induced PKC-GFP translocation. It is not clear why higher
PMA concentration was required for GFP-tagged PKC isoenzymes.
A second observation was the finding that PKC |31 and PKC 8 localize to the F-actin in
activated cells. Activated cells showed significant shape change with appearance o f
rounded phenotypes of the cells. This phenomenon was universal and all activated cells
showed cell shape change and F-Actin localization o f the PKC isoenzymes. The
conformational change in membrane associated F-actin was associated with localization
of the different PKC isoenzymes to the F-actin and the rounded phenotypes o f the cells.
To investigate the role o f activated PKC in acquisition o f the shape change o f the cells,
experiments using PKC inhibitors were conducted. Various PKC inhibitors, some with
specificity for conventional PKC and others with non-specific and broad effects on PKC
were employed. The use of PKC inhibitors prevented the change in cell shape, which
corresponded with inhibition of activation o f the PKC isoenzymes. Colocalization o f the
PKC isoenzymes to the membrane associated cytosketal structures such as F-actin was
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also affected. Cytoskeletal structures including F-actin play an im portant role in cell
shape and migration as well as their adherence to matrix through connections with
surface molecules. These conform ational changes and rem odelling o f F-actin might
have important implications in cancer cell growth and migration.

In addition, shape

change would be predicted to have a significant im pact on tight junction function. It has
been suggested that agents causing PK.C translocation and activation play a critical role
in cell adhesion and can cause increase in tight junction leakiness. This increase in tight
junction permeability results in enhanced cellular flow o f solutes between the epithelial
cells with potential im plications for cell adhesion and differentiation (M ullen et al.,
1996). PKC 8 in particular has been shown to play a significant role in cell adhesion and
has been immunolocalized to the junctional region in gastrointestinal epithelia (Haller et
al., 1998, Saxon et al., 1994), hence it m ight play a role the cell shape modification,
observed in the study.

The effect o f bile acids on PKC activation was specific to

colorectal cancer as these agents had no effect on PKC in breast cancer cells in our
study. UDCA might mediate anticancer effects directly through prevention o f PKC
activation or alternatively by altering the outcom e o f downstream processes such as cell
shape change by m odulating F-actin function and this could have im plications for the
spread and metastasis o f the colorectal cancer. It has been shown that DCA causes
m igration o f the cancer cells (M ilovic et al., 2001) and UDCA by inhibiting the
cytosketal alterations induced by DCA m ight play a significant role in the progression
o f the cancer. Though it is known for a num ber o f years that secondary bile acids and in
particular DCA cause activation o f PKC, the m echanism s by which DCA activates PKC
is unknown. A number o f hypotheses have been put forward by different investigators
for the effects o f DCA on PKC activation. The calcium and the DAG are im plicated in
the activation o f the PKC and conventional PKC calcium and DAG binding sites while
atypical PKC isoenzymes possess none o f the sites. It has been reported that secondary
bile acids increase intracellular calcium, which may be one o f the m echanism s by which
DCA could activate conventional PKC, though it may not entirely explain the activation
o f novel PKC 6 and PKC s by DCA. On the other hand, neither DCA nor UDCA
activated atypical PKC

which lacks DAG-Phorbol binding and calcium binding site,

suggesting that bile acids m ight target signalling pathways similar to PMA. The effects
on phospholipids in the cell membrane, downstream cytoplasmic events ad even nuclear
receptors may be targets for DCA but further investigations are required to elucidate
these mechanisms.
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Several mechanisms have been suggested previously, by which UDCA m ight prevent
colorectal cancer. It has been suggested that UDCA dilutes more toxic bile acids in
enterohepatic circulation and colonic m ucosa (Rodriguez et al., 1995). It has also been
suggested that UDCA supplementation blocks two separate putative neoplastic
pathways i.e., alteration in protein kinase C expression and induction o f phospholipase
A2 expression and significantly attenuated levels o f phospholipase A2 were found in
colonic mucosa o f UDCA treated animals (Ikegami et al., 1998). W hile other studies
suggest that, multiple other processes that check tum origenesis m ight be involved.
These include modulation o f arachidonic acid metabolism (Lukivskoya et al., 2001).
This is the first study, which specifically exam ines and explores the molecular
m echanism s o f chemoprotective effect o f UDCA in human colorectal cancer and
specially its relation to toxic bile acid, DC A and all three classes o f protein kinase C.
We suggest that UDCA acts as chem oprotective agent in colorectal carcinogenesis by
inhibiting the toxic and tumorigenic effects o f DCA in human colonic m ucosa, mediated
though modification o f PKC signal transduction.
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CHAPTER IV

EFFECTS OF BILE ACIDS ON NUCLEAR FACTOR KAPPA B AND ACTIVATOR
PROTEIN-1 DNA-BINDING IN COLON CANCER CELLS
4.1 INTRODUCTION

There is plethora o f evidence from epidemiological studies that high fat diet predisposes
to colon cancer (Armstrong et a i, 1975). It has been suggested that diets high in fat
content cause increased secretion of bile acids in the intestine (Rafter et al., 1987; Lapre
et al., 1992). Secondary bile acids released in the colon due to bacterial metabolism are
cytotoxic and cause crypt proliferation, which may lead to the development of
colorectal carcinoma (Stadler et al., 1988). In this regard bile acids may act as tumour
promoters by disturbing the balance between cell proliferation, differentiation and
apoptosis in the colonic epithelial cells (Milovic et al., 2002). High serum and faecal
levels o f secondary bile acids are found in patients with colorectal adenomas and
carcinomas (Reddy et al., 1977; Bayerdorffer et al., 1993). Carcinogen-treated rats, fed
a diet supplemented with deoxycholic acid (DCA) developed more colonic tumours
than those treated with carcinogen alone (Hori et al., 1998; Narisawa et al., 1974).
Ursodeoxycholic acid (UDCA), on the other hand, is thought to have chemprotective
effects in colon cancer in animal models o f colon carcinogenesis (Wali et al., 1995;
Narisawa et al., 2002). Furthermore, there is evidence from clinical studies in humans
of protective effect of UDCA in colorectal cancer (Tung et al., 2001). A number o f
mechanisms have been proposed by which bile acids influence colon carcinogenesis.
Bile acids are thought to induce hyperproliferation in colon mucosal cells (Ochsenkuhn
et al., 1999; Barone et al., 2002). Others suggest that bile acids may exert their
cytotoxic effects through activation of intracellular signalling pathways such as Protein
Kinase C (PKC) and Map Kinases (MAPK) (Qiao et al., 2000; Huang et al., 1992). Bile
acids are reported to cause DNA damage in colon cells leading to genetic mutations
(Venturi et al., 1997; Kandell et al., 1991). In addition bile acids induce transcription
factors. Nuclear Factor Kappa B (NF-kB) and Activator Protein 1 (AP-1), which may
play an role in the pathogenesis of colon cancer (Glinghammer et al., 2002; Hirano et
al., 1996; Matheson et ai, 1996).
NF-kB is heterodimeric transcription factor consisting o f p50, p52 and RelA, Rel B and
cRel subunits. Most commonly encountered dimmer o f NF-kB in mammalian cells is
p65/p50 (Ghosh et al., 1998; Miyamoto et al., 1995; Siebenlist et al., 1994). NF-kB
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resides in the cytoplasm in an inactive form bound to the inhibitory m olecule Ik B. Once
a stim ulus is received, a number o f proteins such as Ik B kinases (IKKs), Protein Kinse
C (PKC) and MAP kinases are released and cause phosphorylation and degradation o f
I k B (M artin et al., 2001). Released N F - k B translocates to the nucleus w^here it binds to

specific DNA site and subsequently induces genes involved in cell transform ation,
proloferation, invasion and angiogenesis (Baldwin 2001; Mayo et al., 1997; Bharti et
al., 2002). Aberrant and sustained activation o f N F - k B has been reported in human
cancer including colon cancer (Rayet and Gelinas 19991; Lind et al., 2001). N F - k B
activation has been reported to induce resistance to apoptosis and confer survival to
transform ing cells (Gilmore et al., 1996; Gilmore et al., 2001). AP-1 is another
heterodim eric transcription factor com posed o f fo s and ju n family o f genes. Ap-1 is a
protooncogene and like N F - k B activates transcription o f proinflam m atory genes as well
as genes involved in cell proliferation and transform ation (M atheson et a l, 1996; Angel
and Karin 1991). It has been suggested that bile acids activate AP-1 through PKC
signalling pathways (Qiao et al., 2000).
Protein kinase C (PKC) is a family o f serine-threonine kinase isoenzyms, which are
subclassified as classical PKC (cPKCs), novel PKC (nPKCs), or atypical PKcs (aPKCs)
depending

on

cofactor

requirements.

Inactive

PKC

isoenzym es

are

located

predom inantly in the cytosol. Once activated, PKC isoenzym es translocate to a variety
o f intracellular sites including cell membrane, nucleus and m em brane associated
cytoskeleton (Nishizuka 1988). Bile acids are reported to activate PKC in colon cells
and hence may impact indirectly on transcription factors (Huang et al., 1992 ).

4.2 OBJECTIVES
1

To investigate the differential effects o f DC A and UDCA on transcription factor
N F- k B

2

To investigate the effects o f DCA and UDCA on AP-1

3

To investigate the role o f PKC in NF- k B activation

4

To investigate the role o f PKC in AP-1 activation
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4.3 RESULTS
The effects of DCA and UDCA on transcription factors NF-kB and AP-1 and their
interaction with PKC are described. HCTl 16 cells were treated with DCA, UDCA, ILip, PMA alone or pretreated with UDCA before activation with DCA, IL -ip or PMA.
Nuclear extracts and total cell extracts o f the cells were prepared for gel shift assays for
NF-kB or AP-1 and Western blot analyses for IkB- u or p65 levels. The cells were also
transfected with PKC pi and immunofluorescence performed for p65.
4.3.1 Effects o f UDCA on NF- kB DNA binding (Fig 4.1)

Exposure o f the cells to bile acids have distinct effects on NF- k B DNA binding activity.
Gel Shift assay performed on nuclear extracts o f IL-lp, DCA and UDCA treated
HCTl 16 shows that both DCA and IL -ip induce NF-k B DNA binding activity. UDCA
does not cause NF- k B DNA binding. The two bile acids have distinct effects. The
Human T cell leukaemia HuT 78 cell line constitutively expressing NF- kB was used as
positive control (C).
4.3.2

Effects UDCA on DCA and IL-ip-induced NF-kB binding (Fig 4.2a)

This gel shift assay on nuclear extracts o f the cells, either treated with DCA, UDCA, ILip alone or pretreated with UDCA and then stimulated with DCA or IL -ip shows that
UDCA had no effect on NF- k B DNA but inhibited DCA and IL-ip-induced NF- k B
DNA binding in UDCA pretreated cells. The Human T cell leukaemic HuT 78 cell line
constitutively expressing NF- kB, was used as positive control (C).
4.3.3

Effect of bile acids on I k B - u levels (Fig 4.2b)

N F- k B is found in the cytosol o f the unstimulated cells bound to an inhibitory molecule
I k B- o . On activation Ik B- u is phophorylated and degraded and N F- k B is released,

translocates to nucleus where it binds to DNA elements to cause induction. Western
blot was performed on the total cell extracts o f the treated cells to observe the effects on
Ik B o levels. This result shows that DCA and IL -ip but not UDCA reduce Ik B- u levels.

Reduction in levels o f iKB-a in cells pretreated with UDCA and the activated with DCA
and IL -ip was not observed. Reduced iKB-a levels correspond to the NF- k B DNA
binding as shown in Gel shift assay.
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REST DCA UDCA IL-lp

C

Fig 4.1 HCT116 cells were treated with 300
DCA, UDCA or
20ng/ml IL-ip for 2 h. The Human T cell leukaemic HuT 78 cell line
constitutively expressing NF-kB, was used as positive control (C).

DCA Rest IL-lp UDCA U+DCAU+IL-ip C
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Fig. 4.2a HCTl 16 cells were treated with 300 jiM DCA, UDCA or 20
ng/ml IL-ip for 2 h either alone or pre-treated with UDCA. The Human
T cell leukaemic HuT 78 cell line constitutively expressing NF-kB, was
used as positive control (C).

Rest

DCA

UDCA IL-lp

U+DCA U+IL-ip

I kB - o

Fig. 4.2b HCT 116 cells were treated with 300 ^iM DCA, UDCA or 20
ng/ml IL-ip for 2 h either alone or pretreated with UDCA and then
activated with DCA or IL-ip. Western blot analyses were performed on
total cell extracts for IkB- u levels.

4.3.4

Effect of bile acids on p65 levels (Fig 4.2c)

These data were further investigated by Western blot analysis, performed on the nuclear
extracts of treated cells for p65 component o f NF- k B. It shows that both NF- k B and ILip induce p65. UDCA does not induce p65, by contrast it inhibits DCA and IL-ipinduced p65 in the cells pretreated with UDCA. These data demonstrate UDCA by
contrast with DCA does not activate NF- k B but also inhibits DCA-induced N F- k B
activity.
4.3.5

Supershift assay for NF- kB (Fig 4.2d, 2e)

In order to identify the components o f the NF-kB DNA-complex induced by DCA
supershift assay was performed. A panel o f antibodies directed against various NF-kB
subunits (p50, p65, and c-Rel) were preincubated with nuclear extracts from HCT 116
cells treated with DCA (Fig 4.2d) and IL -ip (Fig 4.2e). Antibodies to p65 and p50
recognized this NF-kB-DNA complex, while anti-c-Rel had no effect in the supershift
assay. Moreover, competition assays with a 100-fold molar excess o f unlabelled NF-kB
oligonucleotide confirmed the specificity o f NF-kB DNA-complex induced by DCA
and IL-lp.
4.3.6

Immunofluorescence for NF- kB (Fig 4.3)

To provide further evidence for the presence o f activated NF- kB caused by the DCA ILip and abrogation of this effect by UDCA pretreatment , immunofluorescence was
performed on the cells treated with DCA, IL-ip, UDCA alone or cells pretreated with
UDCA first and then stimulated with DCA or IL-ip. After incubating the cells with
p65 primary antibody, FITC conjugated secondary antibody was used to visualize p65.
Immunofluorescence shows nuclear translocation o f p65 in DCA and IL -ip treated
cells. p65 remains in the cytosol in UDCA treated cells as in untreated cells.
Pretreatment with UDCA followed by DCA and IL -ip activation clearly shows p65 in
the cytosol rather than the nucleus, hence inhibition o f p65 induction by UDCA.
4.3.7

Effect of bile acids on PKC pi and NF-kB (Fig 4.4)

HCT 116 cells were transfected with PKC pl-EGFP and the treated with DCA, UDCA
or IL-ip alone or pretreated with UDCA followed by stimulation with either DCA or
IL-ip. Real time microscopy and fluorescent microscopy was performed to observe the
effects on PKC pi translocation. Cells were then fixed and stained with TRITC labelled
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Fig. 4.2c HCTl 16 cells were treated with 300 nM DCA, UDCA or 20
ng/ml IL-ip for 2 h either alone or pretreated with UDCA. Western
blot analyses wer performed on nuclear extracts of the cells for p65
levels.
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Fig. 4.2d,e Supershift and competition assays were carried out on nuclear
extracts fi-om HCTl 16 cells stimulated with 300
DCA (Fig. 4.2d) and
20 ng/ml IL-ip (Fig. 4.2e). A panel o f antibodies directed against various
NF-kB subunits (p50, p65, c-Rel), 450 ng were preincubated with nuclear
extracts from treated HCTl 16 cells for 30 minutes..
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Fig. 4.3 Immunofluorescence for p65. HCTl 16 cells treated with DCA,
IL-ip, UDCA alone or cells pretreated with UDCA first and then
stimulated with DCA or IL-ip. Cells were the incubated with p65 for 1
-2 hours followed by FITC conjugated secondary antibody for 1 hour.
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Fig. 4.4 Interaction between PKC pland NF-kB. HCT116 cells were
transfected with PKC pi-EGFP and the treated with DCA, UDCA or IL-lp
alone or pretreated with UDCA. Fluorescent microscopy was performed on
the cells, fixed and stained with TRITC labelled p65 antibody.

p65 antibody. Results show both DCA and IL -ip induce PKC pi translocation to the
cell membrane and N F- kB translocation to the nucleus. Pretreatment o f the cells with
UDCA inhibited PKC pi membrane and N F- kB nucleus translocation.
4.3.8

Effects of UDCA on DCA, IL -ip and PM A-induced AP-1 binding (Fig 4.5a,

4.5b)
Gel shift assay was performed on the nuclear extracts o f the cells treated with DCA,
UDCA, IL -ip or PMA alone or cells pretreated with UDCA and the treated with DCA,
IL -ip or PMA for AP-1 DNA binding. Result shows that DCA, IL -ip and PMA induce
AP-1 DNA binding (Fig. 4.5a). UDCA has no effect on AP-1 DNA binding but also
inhibits DCA. IL -lp and PM A-induced AP-1 DNA binding. To identify the com ponents
o f the AP-1 complex in stim ulated by DCA, supershift assays were performed. H C Tl 16
cells treated with 300 |iM DCA for 4-6 hours and nuclear extracts were prepared.
Antibodies against Fos and Jun proteins were added to detect AP-1 com ponents. The
results show that JunD, Fra-1, and c-Fos created supershift bands. No supershift was
created by the other antibodies.

This indicates that

JunD, c-Fos and Fra-1 are the

components involved in the DCA-induced AP-1 DNA binding in HCT 116 cells.
4.3.9

Role of PKC signalling pathway on N F- kB and AP-1 activation by the bile

acids (Fig 4.6 a, b, c)
Gel shift assay was performed on the nuclear extracts o f the cells pretreated with PKC
inhibitors and activated with either DCA or IL -ip . Results show that both PKC
inhibitors Calphostin C and Bisindolylm aleim ide prevented N F-kB DNA binding
caused by DCA at standard doses but fail to inhibit NF-kB DNA binding by IL -ip (Fig
4.6a). Western blot analyses on the total cell extracts showed that inhibition o f NF-kB
DNA binding was associated with inhibition o f I k B - u degradation in DCA treated cells
(Fig 6.4b). This may indicate that DCA and IL -ip activate N F-kB by different
mechanisms and PKC in not the target for IL -ip-induced NF-kB activation.
On the other hand both DCA and PM A-induced AP-1 DNA binding was blocked by
pre-treatment o f the cells with PKC inhibitors, indicating AP-1 activation by both o f
these agents through PKC signalling pathway (Fig 4.6c).
4.4 DISCUSSION
Transcription factors N F- kB and AP-1 are em erging as im portant targets in the
pathogenesis o f colon cancer. N F- kB is one o f the most im portant regulators o f
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Fg. 4.5a Gel shift assays for AP-1 DNA binding on nuclear extracts of
HCT116 cells, treated with 300 ^.M DCA, UDCA, 20 ng/ml IL-ip or 20
nM PMA, alone for 4-6 hours or pretreated with UDCA for 2 hours and
then treated with DCA, IL-ip or PMA.
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Fig. 4.5b Supershift assays on nuclear extracts from HCT116 cells
stimulated with 300 ^.M DCA for 4-6 hours. A panel of antibodies
directed against various AP-1 subunits ( c-Jun, JunB, junD, c-fos, fosB,
Fral, Fra2), 450 ng were preincubated with nuclear extracts from DCA
treated HCTl 16 cells for 30 minutes.
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FIG 4.6 b

Fig. 4.6 a,b HCT116 cells were pretreated with PKC inhibitors Calphostin C (Cal) and
Bisindolylmaleimide (Bis) at different doses prior to stimulation with either DCA or IL-ip.
PKC inhibitors inhibited DCA-induced NF-kB DNA binding but fail prevent NF-kB DNA
binding caused by IL-ip (Fig 4.6a). Western blot analysis on the total cell extracts shows
that IkB-o degradation is inhibited by PKC inhibitors in DCA treated cells (Fig 4.6b).

DCA
DCA
lOOnM 200nM400nM

luM

2uM

4nM

Cat

Cat

Cat

Bis

Bis

Bis

lOOnM 200nM 400nM luM 2 nU 4uM

Fig. 4,6c HCT116 cells were pretreated with PKC inhibitors Calphostin C and
Bisindolylnialeimide for 30 minutes at different doses prior to stimulation with either DCA
or PMA. Gel shift assays were performed on the nuclear extracts of treated cell.

inflammatory response and its activators include tum our necrosis factor alpha,
interleukin beta as well as many mitogenic stimuli. N F- kB has been reported

to be

upregulated in colorectal cancer. It is thought that high levels o f N F- kB may confer
survival benefit to colorectal tum our cells and rendering them more resistant to
apoptosis (Gilmore et al., 1996; Gilmore et al., 2001; Yu et al., 2003). M any antiapoptotic genes are under the transcriptional regulation o f N F- kB, which also regulates
genes involved in oncogenesis, angiogenesis and proliferation (W ang et al., 2003;
Huang et al., 2001). Tum ours expressing high levels o f N F- kB are resistance to
apoptosis and inhibition o f N F- kB has been reported to enhance sensitivity o f the
colonic tum our cells to chem otherapeutic agents (Cusack 2003; U etsuka et al., 2003 ).
This hypothesis is supported by the finding that proteasom e inhibitor CPT-11, used in
colorectal cancer is reported to increase Ik B- o . This inhibitory protein keeps N F- kB in
check by binding it and inhibiting its release. Hence, N F - kB can not translocated in to
the nucleus and its effects are blocked. By doing so, C P T -11 is reported to increase its
increase chem osensitivity

(Cusack

et al.,

2001).

Cyclooxygenase-2

(COX-2)

implicated in colorectal cancers and high levels o f COX-2 in colon cancer are
associated with more aggressive tumours. N F- kB is involved in the regulation o f COX2 (Liu et al., 2003).
AP-1 is another transcription factor im plicated in colorectal carcinogenesis. Recent data
has demonstrated that AP-1 is critical m odulator o f colorectal cancer proliferation and
that dominant negative c-jun significantly blocked both cell proliferation and tum our
growth (Suto et al., 2004). Like NF-kB, AP-1 regulates many genes involved in cell
transformation, oncogenesis including COX-2 in intestinal epithelial cells (Karin et al.,
1997; Guo et al., 2001).

These two transcription factors are reported to play a

synergistic role in many biological processes such as cell proliferation and cross
coupling o f these transcription factors is thought to enhance their effects on cell
proliferation (G lingham m er et al., 2002; Li 1997). Thus, agents inhibiting the activation
o f these two transcription factors may have a potential role in suppressing the tum our
growth in colorectal cancer.
Our study indicates that bile acids DCA and U DCA have distinct and differential effects
on the DNA binding of, N F- kB and AP-1 in colon cancer cell lines. DCA induced NFkB

and AP-1 DNA binding and hence caused their activation. This may be one o f the

mechanisms behind the tum our promoting effects o f DCA reported by many
researchers. UDCA on the other hand did not induce DNA binding o f either o f the

80

transcription factor. By contrast it inhibited DC A and IL -1p-induced N F-kB DNA
binding and DCA, IL -ip and PM A-induced AP-1 DNA binding. The effects on IkB-u
levels were also distinct. DCA treatm ent caused reduction in IkB - q levels, indicating
degradation o f Ik B - u by DCA, while UDCA pre-treatment blocked IkB - o degradation
induced by DCA. This may suggest a role for UDCA at cytoplasmic levels, where it
m ay inhibit some o f the kinases responsible for the phosphorylation and degradation o f
iKBa. One o f these kinases, PKC and other members o f kinase family are involved in
the regulation o f NF-kB. T o investigate the role for PKC in m odulating N F-kB and AP, the cells were treated with various PKC inhibitors at different concentrations. The data
show s that pre-treatm ent o f the cells with PKC inhibitors prevented DCA-induced NFkB DNA binding and inhibited IkB - o, degradation, suggesting a possible role for PKC in
DCA-induced N F-kB activation. An interesting observation was that IL-1 P-induced NFkB DNA binding was not blocked by the PKC inhibitors except partial inhibition at
high concentration o f Bisindolylm aleimide. These findings are consistent with previous
reports that NF-kB binding may be induced by multiple and diverse signalling
pathways. Phosphatidylinositol 3-kinase (PI 3-kinase) is involved in IL -ip-induce NFkB DNA binding while phorbol esters may induce NF-kB DNA binding through
activation o f PKC (Sizem ore et al., 1999; Hirano et al., 1995). The inhibition o f IL -ipinduced NF-kB activation at high doe o f Bisindolylm aleimide may be non-specific as it
may inhibit other kinases at such concentration. Flence, these data suggest that PKC
signalling pathway may play a significant role in the bile acid-induced N F-kB activation
in colorectal cancer cells. It has been reported that, DCA, like phorbol esters induces
AP-1 DNA binding in colon cancer cells and that the protein com ponents o f AP-1
induced by DCA are the products o f oncogenes c-fos and c-jun (Qiao et al., 2000;
M atheson et al., 1996). UDCA did not induce AP-1 and pre-treatm ent o f the cells with
UDCA inhibited AP-1 DNA binding caused by DCA and PMA.
UDCA has been used for more than a decade for cholestatic liver disease. More
recently, UDCA is shown to have protective effect against colorectal cancer in animals
as well as humans (M omen et al., 2002; Pardi et al., 2003). Despite abundant evidence
for the cytoprotective and chem oprotective effects o f UDCA in colorectal cancer, both
the target m olecules and pathways for UDCA effects remain elusive. Our data shows
UDCA blocks DCA-induced activation o f both transcription factors, AP-1 and NF-kB
possibly through PKC signalling pathways in colorectal cancer cells. This may be one
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CHAPTER V
EFFECTS OF CONJUGATED LINOLEIC ACID ON
PROTEIN KINASE C AND NUCLEAR FACTOR
KAPPA B TRANSLOCATION IN COLON CANCER
CELLS

CHAPTER V
EFFECTS OF CONJUGATED LINOLEIC ACID ON PROTEIN KINASE C AND
NUCLEAR FACTOR KAPPA B TRANSLOCATION IN COLON CANCER CELLS

5.1 INTRODUCTION
Protein kinase C are lipid dependent serine-threonine kinases, established as key
regulators o f signal transduction in cell proliferation, differentiation and apoptosis.
Classical PKC are diacylglycerol (DAG) and calcium dependant, novel PKC calcium
dependant and atypical PKC are both DAG and calcium independent (Nishizuka 1988).
PKC have been reported as important factors in cell proliferation and survival pathways
in colorectal cancer cells (Hochegger et al., 1999). Intestinal neoplasms express reduced
PKC activity relative to normal mucosa and attenuated activity o f PKC has been
reported in preneoplastic colonic mucosa suggesting that alterations in PKC activity
predate the well-defined genetic mutations in colorectal cancer (Baum et al., 1990;
Guillem et al., 1987; Kopp el al., 1991). PKC isoenzymes are located in the cytoplasm
in resting state o f the cells and on activation translocate to different intracellular sites
including membrane and nuclei (Nishizuka 1988).
Nuclear factor-kappa B is eukaryotic transcription factor and regulates many biological
functions such as inflammation, immunity, cell proliferation and apoptosis. NF-kB
consists o f p50, p52 and p65, Rel B and c-Rel subunits (Ghosh et al., 1998; Miyamoto
et al., 1995; Siebenlist et al., 1994). NF-kB resides in the cytoplasm in an inactive form
bound to the inhibitory molecule IkB. Once a stimulus is received, phosphorylation and
degradation o f IkB occurs and released NF-kB translocates to the nucleus and induces
genes involved in cell transformation, proliferation, invasion and angiogenesis (Baldwin
2001; Bharti et al., 2002; Martin et al., 2001; Mayo et al., 1997). Upregulation o f NFkB has been reported in human cancer including colon cancer (Lind et al., 2001, Rayet

et al., 1999). It also has been reported that NF-kB activation induces resistance to
apoptosis and confers survival to transforming cells (Gilmore et al., 1996, 2001).
Many epidemiological studies have shown that a diet in high fat predisposes to
colorectal cancer (Armstrong et al., 1975). It has been suggested that large amounts of
secondary bile acids are secreted in response to high fat content in diet. Predominant
component of these bile acids is the deoxycholic acid (DCA) which is regarded as
tumour promoter in colorectal cancer (Bayerdorffer et al., 1993; Eynard et al., 1997;
Imary et al., 1992, Lapre et al., 1992; Reddy et al., 1977). High serum as well as faecal
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levels of secondary bile acids is found in patients with adenomas and colorectal
carcinomas (Bayerdorffer et a i, 1993; Reddy et al., 1977). In Animal studies have
shown that carcinogen-treated rats, fed a diet supplemented with DCA developed more
colonic tumours than those treated with carcinogen alone (Hori et al., 1998; Narisawa et
al., 1974). The hyperproliferation o f the colonic mucosa is regarded as the first step in
colorectal carcinogenesis and DCA has been reported to induce colonic mucosal
proliferation (Ochsenkuhn et al., 1999; Hori et al., 1998). Furthermore, surgically
altering the bile acid flow in rat colon, hence changing the faecal bile acid excretion
also altered the incidence o f tumors (Morvay et al., 1989). DCA has been reported to
activated PKC and NF-kB and cyclooxygenase 2 (COX-2), all implicated in colorectal
carcinogenesis ( Fitzer e /a /., 1987; Huang e /a /., 1992; Payne e /a /., 1998; Zhang e/
al., 1998).
CLA are the geometrical and position isomers o f the essential fatty acid, linoleic acid
(LA), formed as result o f rumen gut microbial isomerisation. (Bauman et al., 2000;
Griinary et al., 2000). It is found in dairy products and meat of ruminant animals. Most
common isomers in diet are the c9,tl 1-CLA and tlO,cl2-CLA and are present in equal
amounts in synthesised CLA (Kritchevsky 2000). CLA are reported to have growth
inhibitory effects in many types o f cancers including colorectal cancer (Yeung et al.,
2000; Igarashi el al., 2001; Cesano et al., 1998; Schonberg et al., 1995; Liew et al.,
1995). CLA are reported to inhibit cell proliferation and induce apoptosis in colon
cancer cells (Miller et al., 2002; Kim et al., 2002). CLA administration has also been
reported to protect against carcinogen-induced colon tumours in rats (Liew et al., 1995;
Park et al., 2001). A number o f mechanisms have been suggested for anticancer effects
o f CLA, including reduction in arachidonic acid and prostaglandin E-2 (PEG-2) levels
and inhibition of eicosanoid synthesis (Banni et al., 1999; Belury et al., 1997; Sugano et
al., 1998; Liu et al., 1997). CLA feeding has also been demonstrated to reduce colon
tumours with effects on diacyglycerol (DAG) levels (Kim et al., 2003; Park et al.,
2001). DAG is a co-factor for PKC activation and hence CLA might modulate PKC
signalling in colorectal cancer.

There are many reports o f alterations in cell signal

transduction by CLA (IPC et al., 1991; Liu et al., 1997, Moya-Camarena et al., 1999)
but precise signalling pathways remain elusive. In our study transfection o f the cells
with GFP tagged PKC isoezymes made it possible to visualize some o f these signalling
dynamics in living colon cancer cells. Oleic acid is a cis- monounsaturated fatty acid
and is thought to be involved in mitogenic signalling pathways. Oleic acid is reported to
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activate PKC directly and is a more potent activator o f the Ca -independent PKC
2^ .

isoforms suggesting that that fatty acids are physiological regulators o f Ca independent PKC activity (Murakami et al., 1986; Khan et a i, 1993).

5.2 OBJECTIVES
1

To investigate the effects of the acute treatment with CLA Isomers c9,tl 1-CLA
and tlO,cl2-CLA on the PKC isoenzymes activation

2

To investigate the effects o f the chronic treatment with CLA Isomers c9,tl 1-CLA
and tlO,cl2-CLA on the PKC isoenzymes activation

3

To investigate the effects of the acute treatment with CLA Isomers c9,tl 1-CLA
and tlO,cl2-CLA on the NF-kB signalling in colon cancer cells.

4

To investigate the effects o f the chronic treatment with CLA Isomers c9,tl 1-CLA
and tlO.cl2-CLA on the NF-kB signalling in colon cancer cells.

5

To investigate the effects of OA on PKC and NF- kB expression

5.3 RESULTS
The effects o f acute and chronic and acute treatments o f c9,//7-CLA and tlO ,cl2-C LA
on EGFP-tagged PKC isoenzymes and transcription factors NF-kB are described.
HCTl 16 cells were treated with CLA or OA or LA for 24 hours for acute treatment and
14 days for chronic treatment. The cells were then transfected with PKC isoenzymes
and stimulated with DCA, PMA or with DCA, IL-I(i in untransfected cells for NF-kB.
The cells were examined with real time photomicroscopy and immunofluorescent
microscopy to investigate the effects on PKC and gel shift assays on nuclear extracts o f
the cells for NF-kB DNA binding.

5.3.1

Effects of acute c9,/7/-CLA and tlO,cl2-CL.X treatment on PKC pi

translocation (Fig 5.1)
PKC (31 is found in the cytoplasm o f the cells in resting cells. On stimulation, it
translocates to the cell membrane as shown in PMA treated cells. EGFP only
transfected cells were treated with PMA and DCA in a similar fashion for control. The
two CLA isomers used c9,tll-C LA and tlO,cl2-CLA and LA or OA did not cause
translocation o f PKC (3. Both PMA and DCA caused translocation o f PKC (31 to the
cell membrane but had no effect on EGFP only transfected cells. Pretreatment o f the
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Fig 5.1 HCT116 cells were treated with c-9, t-11, t-10, c-I2 CLA, OA or LA for 24 hours. The
cells were transfected with enhanced green fluorescent protein (EGFP) or PKC pi-EGFP and
then DCA or PMA for 2 hours. Untreated cells are labelled as Rest. EGFP only transfected cells
were treated with DCA or PMA. Nuclei are stained with DAPI.

cells with c9,tl 1-CLA and tI0,cl2-C LA, LA or OA for 24 hour did not block DCA and
PMA-induced PKC [31 translocation.
5.3.2

Effects of chronic cis-9, trans-11 and trans-10, cis-12 CLA treatment on

PKC pi translocation (Fig 5.2)
PKC pi transfected cells were treated with c9,tll-C LA and tlO,cl2-CLA for 14 days
and then effects o f DCA on PKC pi translocation observed.

The results show that

chronic pre-treatment of the cells with these two CLA isomers inhibited DCA-induced
PKC pi translocation. Chronic pre-treatment with LA or OA did not inhibit DCAinduced PKC pi translocation. EGFP transfected cells are shown for control.
5.3.3

Effects of acute c9,?//-C LA and ^7<?,c/2-CLA treatment on PKC 8

translocation (Fig 5.3)
PKC 6 is novel PKC isoenzymes and translocates to the membrane as well as nucleus
on activation. Both PMA and DCA caused translocation o f the PKC 6 to the cell
membrane and to the nucleus in untreated cells. Pre-treatment o f the cells with c9,tl 1CLA and tl(),cl2-CLA, LA or OA for 24 hours, did not inhibit DCA-induced PKC 5
translocation. Acute treatment with CLA had no effect on PKC 5 translocation in these
cells.
5.3.4

Effects of chronic c9,tl 1-CLA and tI0,cI2-CLA treatment on PKC 6

translocation (Fig 5.4)
In the cells, chronically treated with c9,tl 1-CLA and 110,c l 2-CLA show inhibition o f
PKC 5 translocation caused by the DCA. LA or OA pre-treatment for 14 days failed to
inhibit DCA-induced PKC 6 translocation. EGFP transfected cells are also shown.
5.3.5

Effects of acute c 9 ,tll-C L A and tlO,cl2-CLA treatment on PKC ^

translocation (Fig 5.5)
PKC ^ is an atypical PKC isoform without DAG or calcium binding sites. It did not
respond to stimulation with either PMA or DCA in our experiments (data not shown).
C2-ceramide was used to observe the effects o f PKC ^ translocation. C2-ceramide
caused translocation of PKC ^ to the cell membrane and nucleus. Acute treatment with
c9,tl 1-CLA and 110,c l 2-CLA did not inhibit C2-ceramide-induced PKC ^ translocation.
An interesting observation was that a higher concentration o f OA at 200 |o,M caused
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The cells were transfected with EGFP or PKC 5-EGFP and treated with DCA or PMA for 2
hours. Untreated cells are labelled as Rest.
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Fig. 5.5 HCTl 16 cells were treated with c9,tl 1-CLA, tlO,cl2-Chk, LA or 100-200
(iM OA for 24 hours, transfected with EGFP or PKC ^-EGFP and treated with C2ceramide, DCA, PMA for 2 hoiu^. Interestingly higher concentration of OA caused
PKC ^ translocation. DCA and PMA had no effect (data not shown).
Dihdroceramide used as control, did not cause PKC C translocation (data not
shown).

PKC (, translocation. The doses o f all the agents CLA, LA and OA were titrated for the
effects on PKC isoforms and this effect was only observed with OA.

5.3.6

Effects of chronic c9,/7/-CLA and tlO,cl2-CL,A treatment on PKC ^

translocation (Fig 5.6)
HCT 116 cells treated with c 9 ,tll-C L A and tlO,cl2-CLA for 14 days inhibited C2ceramide-induced PKC ^ m em brane and nucleus translocation. LA pre-treatm ent did
not inhibit PKC ^ translocation. C2-ceramide treatm ent had no effect on EGFP
transfected cells. Chronic OA treatment at 50 |xM did not cause PKC ^ translocation.

5.3.7

Effects of acute c9,tll-CLA and tlO,cl2-CLA treatment on NF-kB DNA

binding (Fig 5.7)
NF-kB is located in the cytoplasm o f the cell, bound to the inhibitory protein IkB a. On
activation, it translocated to the nucleus. To observe the effects CLA on NF-kB DNA
binding, gel shift assays were performed on the nuclear extracts o f the cells, treated with
either c9,tl 1-CLA , lI0,cl2-C L A or LA for 14 days and then activated with either DCA
or IL -ip. The results show that CLA and LA did not induce N F-kB DNA binding. Both
DCA and IL-1(3 cause NF-kB DNA binding in untreated cells. Acute treatm ent o f the
cells with either c9,tl 1-CLA, tlO,cl2-CLA or LA had no effect on DCA or IL -ip induced NF-kB DNA binding.

5.3.8

Effects of chronic c9,tll-C hA and tlO,cl2-ChA treatment on NF-kB DNA

binding (Fig 5.8)
These gel shift assay results show that chronic treatm ent o f the cells with c9,tl 1-CLA
and tlO,cl2-CLA inhibits DCA as well as IL -ip-induced N F-kB DNA binding.
Pretreatment with LA failed to block NF-kB DNA binding in these cells.

5.3.9

Effects of acute c9,tl 1-CLA and tlO,cl2-CLA and OA on NF-kB DNA

binding (Fig 5.9)
To investigate the effects CLA on N F-kB DNA binding and com pare it with those o f
OA, gel shift assays were performed on the nuclear extracts o f the cells, treated with
either c9,tl 1-CLA , tlO,cl2-CLA or OA for 14 days and then activated with either DCA
or IL -ip. The results show that both DCA and IL -ip cause N F-kB DNA binding in
untreated cells that CLA did not induce N F-kB DNA binding. Acute treatm ent o f the
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LA for 24 hours. The cells were then treated with 300 [jM DCA or 20 ng/ml ILip for 2 hours. Gel shift assays were performed on the nuclear extracts of these
cells for NF-kB DNA binding. Untreated cells are labelled as Rest. The Human T
cell leukaemic HuT 78 cell line constitutively expressing NF-kB, was used as
positive control (C).
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Fig. 5.8 HCT116 cells were treated with 50 |iM c9,tll-CLK , tlO,cI2-Chk
or LA for 14 days. The cells were then treated with 300
DCA or 20
ng/ml IL-ip for 2 hours. Gel shift assays were performed on the nuclear
extracts of these cells for NF-kB DNA binding. Untreated cells are labelled
as Rest. The Human T cell leukaemic HuT 78 cell line constitutively
expressing NF-kB, was used as positive control (C).

cells with OA caused NF- kB DNA binding though the effects were seen at a higher
concentration as observed for PKC
5.3.10 Effects of chronic c9,tlI-C'LA and tlO,cl2-CL,A or OA on NF-kB DNA binding
(Fig 5.10)

The effects of chronic treatment with CLA on NF-kB compared with OA were
investigated. These gel shift assay results showed that chronic treatment o f the cells
with c9,tll-C LA and tlO,cl2-CLA inhibited DCA as well as IL-ip-induced NF-kB
DNA binding. Pretreatment with OA caused NF-kB DNA binding in these cells.
5.4 DISCUSSION
Our study demonstrates that chronic treatment o f the HCT 116 colon cancer cell line
with c9, tll-C L A and Il0,cl2-C L A isomers inhibits DCA-induced translocation of
PKC p i, PKC 5 and C2-ceramide-induced translocation o f the PKC

To date this is the

first report o f CLA effects on interaction between bile acids and GFP-tagged PKC
isoforms in living cancer cells. PKC isoenzymes have been implicated in the regulation
o f the cellular and neoplastic transformation processes in the colon (Black 2000;
Musashi et al., 2000). A number o f studies have reported reduced expression o f PKC in
human colonic carcinomas and adenomas as well as preneoplastic mucosa compared
with colonic mucosa. (Kahl-Rainer et al., 1994; Kopp et al., 1991) PKC a, pi, and ^
seem to be lost early during intestinal carcinogenesis (Klein et al., 2000).
Overexpression o f PKC pi and y isoforms had resulted in increased growth rate, high
saturation densities, anchorage-independent growth and enhanced tumorigenicity in
rodent fibroblasts (Housey et al, 1988). PKC pi overexpression has also been
associated with resistance to apoptosis (Cesaro et al., 2001). Although PKC pi
expression is modestly decreased in aberrant crypt foci, it is markedly reduced in
APC"”" mouse adenomas and in azoxymethane-induced colon carcinomas in mice(Klein
et al., 2000; Gokmen-Polar et al., 2001). PKC 6 is involved in the regulation of cell
growth and differentiation and apoptosis and tumour development. (Emoto et al., 1995',
Ghayur et al., 1996). Decreased expression o f PKC

has been reported in both human

and experimental colon cancers (Kahl-Rainer et al., 1994).
It has been suggested that bile acids act as tumour promoters by disturbing the balance
between proliferation, differentiation and apoptosis in colonic epithelial cells (Hoffman
1999). High serum and faecal levels o f secondary bile acids are found in patients with
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Fig. 5.9 HCTl 16 cells were treated with 100 jjM c9,tIl-C hk , /70,c72-CLA
or OA for 24 hours. The cells were then treated with 300 nM DCA or 20
ng/ml IL-lp for 2 hours. Gel shift assays were performed on the nuclear
extracts of these cells for NF-kB DNA binding. Untreated cells are labelled
as Rest.
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Fig. 5.10 HCTl 16 cells were treated with 50 fiM c9,tII-CLA , tW,cl2-CLA
or OA for 14 days. The cells were then treated with 300 ^iM DCA or 20
ng/ml IL-ip for 2 hours. Gel shift assays were performed on the nuclear
extracts of these cells for NF-kB DNA binding. Untreated cells are labelled
as Rest. The Human T cell leukaemic HuT 78 cell line constitutively
expressing NF-kB, was used as positive control (C).

colorectal adenomas and carcinomas.(Reddy et al., 1977; Bayerdorffer et al., 1993).
Carcinogen-treated rats, fed a diet supplemented with deoxycholic acid (DCA)
developed more colonic tumours than those treated with carcinogen alone (Hori et al.,
1998; Narisawa el al., 1974). Bile acids are thought to induce hyperproliferation in
colon mucosal cells (Ochsenkuhn et al., 1999). Others suggest that bile acids may exert
their cytotoxic effects through activation o f intracelluar signalling pathways such as
Protein Kinase C (PKC) and Map Kinases (MAPK) ( Qiao et al., 2000; Huang et al.,
1992). Bile acids are reported to cause DNA damage in colon cells leading to genetic
mutations (Venturi et al., 1997).

In addition bile acids induce transcription factors.

Nuclear Factor Kappa B (NF-kB) and Activator Protein 1 (AP-1), both implicated in the
pathogenesis o f colon cancer (Glinghammer et al., 2002).
Our study also investigated the role of CLA treatment on transcription factor NF-kB
DNA binding in colon cancer cells. Our data shows that chronic treatment o f the cells
with either c9,tl 1-CLA, tW ,cl2-C L A inhibits both DCA and lL-1 (3-induced NF-kB
DNA binding. LA on the other hand did not prevent NF-kB DNA binding. None o f the
CLA or LA activated NF-kB DNA binding either with acute or chronic treatment. CLA
has recently been reported to inhibit LPS-induced NF-kB activation in RAW
macrophages (Cheng et al., 2004). NF-kB has a significant role in the pathogenesis of
colon cancer. The upregulation o f NF-kB have been reported in colon cancer and high
levels o f this transcription are associated with resistance to apoptosis by the
chemotherapeutic agents (Yu et al., 2003; Cusack et al., 2003). It has been
demonstrated that colon tumour are rendered more chemosensitivity by increasing the
levels o f inhibitory protein IkB (Cusack et a l, 2001). IkB proteins bind to and prevent
NF-kB activation. Once degradation o f IkB occurs, NF-kB nuclear is released and
becomes activated. NF-kB regulates many important genes involved in apoptosis,
oncogenesis, angiogenesis and proliferation (Huang et a l, 2001; Bharti et al., 2002).
Cyclooxygenase-2 (COX-2) overexpression is associated with aggressive colorectal
tumours and COX-2 expression is under the regulatory control o f NF-kB (Liu et al.
2003).

It has previously been reported that CLA modulates NF-kB and COX- 2 in

macrophages, thus affecting the inflammatory cascade (Cheng et a l, 2004). LA is
reported activate NF-kB in endothelial cells (Park et a l, 2001; Toborek et al,. 1996).
LA has also been associated with increased risk of colon cancer (Miller et a l, 2001),
hence inhibition o f NF-kB activation by the CLA may be a significant mechanism in the
anticarcingenic effects of CLA in colon cancer. An interesting observation was that OA
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treatment caused PKC ^ translocation and activated NF-kB. This effect occurred at a
higher concentration o f the OA. The concentrations o f all the CLA, LA and OA were
tirated in our experiments. Only OA caused activation o f PKC and NF-kB and others at
sim ilar concentrations did not activate either PKC or NF-kB. This m ight have
im plications for carcinogenesis as cw-PUFAs have been reported to enhance human
breast cancer cell adhesion to collagen IV by selectively activating specific PKC
isoenzym es (Palmantier et al., 2001). Studies have dem onstrated that oleic acid
activates calcium -independent PKC causing the phosphorylation o f the 40-kD a substrate
(Parka et al., 2003).
Previous studies have reported that several saturated and unsaturated fatty acids
potentiate PKC activity (Shirai et al., 1998; N ishizuka 1995). U nsaturated fatty acids
such as arachidonic and oleic acid are reported to enhance the activity o f several PKC
isoenzymes (Khan et al.

1993; Diaz-Guerra et al.,

1991). However, much less

information is available on the effects o f CLA in PKC signalling. However, there is
abundant o f data on anticarcinogenic effects o f CLA in colorectal cancer and several
mechanisms have been described. It has been reported that CLA

inhibit cell

proliferation and stimulate apoptosis in colon cancer cells by dow nregulating ErbB3
signalling and the P 13-kinase/Akt pathway (Cho et al., 2003). In a recent study CLA
feeding has been shown to significantly increase natural killer (NK) cytotoxicity in
azoxym ethane-induced aberrant crypt foci formation

in a rat model o f colon

carcinogenesis (N ichenam etla et al., 2004). It has also been reported that CLA may
inhibit colon cancer growth through p53 dependant mechanism. (Kemp et al. 2003).
CLA is also thought to be a ligand for peroxisom e proliferator-activated receptor
(PPARy), a nuclear horm one receptor with growth inhibitory effects in cancer cells
(Bull et al. 2003; Yu et al. 2002).
PKC is an upstream m odulator for N F-kB activation and our data suggests that chronic
CLA treatment may affect NF-kB through m odulation o f PKC. It has been reported in
previous studies that CLA are incorporated in the cell m em brane phospholipids, with
the potential to modulate cell signalling. (Kim et al., 2003). The membrane
phospholipids play a significant role in signal transduction and inhibition o f
phospholipase A2 by other chem oprotective agents has been reported (Ikegami et al.,
1998). The diacylglycerol (DAG) is an activator o f PKC and CLA have been reported to
reduce CLA levels. We suggest that chronic treatm ent with CLA may affect PKC
signalling through modification o f membrane phospholipids or reduction o f DAG
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levels. The PKC isoenzym es and N F- kB play a pivotal role in many events leading to
carcinogenesis including cell growth, proliferation, cell m igration and apoptosis. The
alteration o f these signalling pathways by the CLA isomers may be significant
mechanism in the growth inhibitory effects o f CLA reported in many epidemiological
and animal studies.
High fat diets particularly saturated fatty acids and cholesterol has been reported to play
an important role in increased colon cancer risk (Navarro et a i, 1995)., Conjugated
linoleic acid (CLA), on the other hand is the only fatty acid reported, unequivocally to
inhibit carcinogenesis in experimental animals (National Research Council 1996 USA).
Diets high in animal fat seem to m odulate opposite effects in human colon cancer
development and relative concentrations o f the saturated fats and CLA may play a
crucial role in preventing this com mon malignancy. Inhibition o f PKC and N F-kB by
the two isomers c9,tl 1-CLA and tJ0,cl2-CLA may be a significant mechanism in the
protective effect o f these rum inant fats in colon cancer reported in many studied.
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CHAPTER VI
GENERAL DISCUSSION

C H A PTER VI
G ENERAL D ISCUSSION

8.1 Bile acids, PKC and colon cancer
Bile acids, particularly deoxycholic acid (DCA), are implicated in promoting colon cancer
growth and progression. The mechanisms by which secondary bile acids such as DCA exert
their tumour promoting are not clear. However, a number o f mechanisms and pathways have
been suggested. The interactions between bile acids and PKC signalling pathways have long
been the target o f research and PKC pathway is probably the best studied signalling
mechanisms in CRC (Huang et a!., 1992). This is because o f the importance o f the PKC in
regulating cell proliferation, apoptosis and differentiation (Clemens et al., 1992). Our study
concentrated on these interactions but with a difference that they were studied in living cancer
cells. As was described earlier PKC isoenzymes are probably secreted in pulses and are rapidly
downgraded after their release. Their importance in tumour promotion became known by the
finding that conventional PKC possess a phorbol ester-binding site, a known tumour promoter.
PKCs are the key elements in cell growth proliferation and apoptosis (Black 2000; Clem ens et
al., 1992; Musashi et al., 2000). The levels o f many PKC isoforms are reduced in human
cancers and their overexpression in particular PKC a and PKC p i, are associated with enhanced
cell growth and cell proliferation CRC (Kahl-Rainer et al., 1994; Guillem et a i, 1987; Housey
et al., 1988; Krauss et al., 1989). The other two PKC isoenzymes studied, PKC e and PKC 6
are involved in the cell growth, apoptosis and tumorigenesis and overexpression o f PKC 8 was
oncogenic in a rat colonic epithelial cell line (Perletti et al., 1998; Marras et al., 2001). PKC 8
overexpression is associated with increased cell growth and transformation in vitro as well as
tumorigenic in vivo (Weller et a i, 1999; Mischak et a i, 1993). PKC ^ is also thought to be
important in growth regulation in CRC and in an azoxymethane (AOM) model o f colon
carcinogenesis. A study has shown that three different chemoprotective agents markedly
reduced the frequency o f AOM-induced carcinomas by decreasing PKC ^ in levels (Wali et a i,
1996). In our study, PMA translocated all but the atypical PKC isoform. The activation caused
by PMA happened in matter o f seconds. Similarly, DCA induced PKC translocation o f all the
PKC isoenzymes to subcellular sites. This translocation caused by DCA, was as efficient as
PMA. This observation suggests that DCA may be as potent a tumour promoter as PM A itself
The effects on endogenous PKC isoenzymes were studied first. PMA and DCA activated all the
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endogenous PKC isoenzymes studied except PKC

PKC P is a conventional isoform of PKC

with important roles in cell proliferation and cell growth. It is also the isoform, which responded
most efficiently to the effects of bile acids. This PKC isoform disappears early in the
development of colon cancer and was not detected in the cell lines used in our studies. Hence,
transfected PKC pi-EGFP was employed to observe these responses in real time. ALL the
transfected EGFP-tagged PKC isoenzymes were translocated by both PM A and DCA, though
the dose of PMA required for these PKCs was higher than that required for the endogenous
PKC. The exact mechanisms for that effect are not clear, however, the suggestion is that EGFP
tagging may confer some unknown conformational alterations to the PKC, rendering them
resistant to the efFects of PMA. This phenomenon needs flirther investigations. Real time
microscopy was performed at the commencement o f the treatment for up to 10 minutes and
then periodically every 10-15 minutes for up to 2 hours. PKC 5 responded slowly to DCA and
overexpression of the PKC 6. UDCA treatment on its own, on the other hand, had no effect on
either endogenous or EGFP-tagged PKC isoenzymes. This observation distinguished UDCA
form DCA in its effects on PKC isoenzymes and encouraged further investigations. Dose
titration was performed for DCA and UDCA with a maximum o f 300 [iM, as the concentration
beyond this was toxic to the cells. The most interesting observation was that UDCA pre
treatment of the cells prevented DCA-induced translocation o f the PKC isoenzymes. This was
fijrther explored with different concentrations o f DCA and UDCA. In some experiments,
UDCA was left in before DCA stimulation and others UDCA was taken out and then DCA
added. UDCA pre-treatment inhibited DCA-induced translocation o f PKC whether left in or
taken out. This observation indicates that it is not only the dilution o f toxic DCA by the UDCA
responsible for its protective effects as described by other researchers. The concentrations o f
DCA used fall well within physiological range and efficiently caused translocation o f the PKC
isoenzymes. DCA and other secondary bile acids are important in the pathogenesis o f CRC as
shown by multitude of epidemiological and animal studies. Bile acids seem to play important
role in all the stages of histopathological alterations in colon cancer from conversion o f normal
epithelium to metastatic cancer (Debruyne et a i, 1999; Janne et al., 2000; Hanahan et al.,
2000). It has been reported that higher levels o f these bile acids are found serum and stools o f
patients with adenomatous polyps and colon cancer (Imray et al., 1992; Reddy et al., 1976).
Additionally bile acid-specific binding sites have been identified in mouse and human colorectal
cancers (Summerton at al., 1983, 1985; BayerdorfFer et al., 1993). Unconjugated DCA and
CDCA have been shown to be tumour promoters in animals (Reddy et al., 1977; Mahmoud et
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ai, 1999). In rats, intrarectal instillation o f bile acids promoted the development o f colorectal
adenomas and adenocarcinomas (Narisawa et ai, 1974; Reddy el ai, 1977). It has also been
reported that bile acids may act as direct mitogens on colonic epithelial cells as shown by
colonocyte proliferation in rat on DC A diet supplements (Barone et ai, 2002). The bile acids
mediated a number of important molecules implicated in CRC. Cyclooxygenase 2 (COX-2) is
probably the most important target gene of bile acid signalling in CRC. It may contribute to
colon carcinogenesis in several ways. COX-2 inhibits apoptosis and stimulates expression o f
matrix-metalloproteinase (MMP-2) involved in invasion in human colorectal cancer cells
(Tsujii et a!., 1995, 97, 98). DCA is reported to induce COX-2 promoter activity, which leads to
the formation o f the COX-2 enzyme and consequent increases in prostaglandin production
(Zhang et a l , 1998). Bile acids are reported to increase expression o f MMP-2 in Caco-2 cells
(Halvorsen et ai, 2000). It was recently reported that low concentrations of DCA significantly
increase tyrosine phosphorylation o f beta-catenin, induce urokinase-type plasminogen activator,
uPAR, and cyclin D1 expression and enhance CRC cell proliferation and invasiveness (Pai et

a!., 2004). Beta-catenin and its target genes urokinase-type plasminogen activator receptor
(uPAR) and cyclin D1 are overexpressed in colon cancers, and are linked to cancer growth,
invasion, and metastasis.

It was reported that DCA strongly inhibits BRCA-1 expression,

which helps in repair o f DNA and in induction o f apoptosis. BRCA-1 was found to be
substantially lower in colon adenocarcinomas. Compared with associated non-neopiastic colon
tissue (Romagnolo et ai, 2003). In this context, UDCA’s ability to block PKC signalling
pathway activated by DCA may provide an important base to carry out further investigations
into its effects on other signalling pathways involved in CRC.
Second important observation in our study was the effects o f these treatments o f F-actin
localization o f PKC and the shape change. DCA treatment induced shape change with
appearance o f rounded phenotypes with association o f PKC isoenzymes to the membrane
related cytoskeletal structures such as F-actin. The activation o f the PKC isoenzymes
seems to correspond to the association o f these PKC to the F-actin. UDCA treatment in
contrast to DCA did not induce these conformational changes and cell shape in the cells.
UDCA pre-treatment also inhibited DCA induced cell shape changes. To confirm whether
PKC activation actually is associated with these changes or not, experiments were
performed in which broad spectrum PKC inhibitors were used prior to stimulation with
DCA. These PKC inhibitors blocked the alterations in phenotype as well-associated
conformational changes in F-actin. The experiments were performed in cells transfected

94

with PKC (31 because o f the excellent transfection efficiency achieved with this PKC
iso form and because o f the fact that PKC pi was not found in the cell line used and hence,
interference with endogenous PKC was eliminated. We do not suggest that PKC pi is the
only PKC isoenzyme involved in the phenotype changes or aherations in F-actin and other
PKC are also involved. The association o f the PKC to the F-actin and inhibition o f this
effect by UDCA may have important implications invasion and metastasis o f the tumour.
Cytoskeletal structures including F-actin play an important role in cell shape and migration
as well as their adherence to matrix through connections with surface molecules. Thus,
conformational changes and remodelling o f F-actin induced by the activation o f PKC
might have important implications in cell polarity, cell spreading, tight junction fiinction
and ultimately cancer cell growth and migration (Haller et al., 1998; Saxon et al., 1994). It
is important to note that bile acids have been associated with cell migration and invasion o f
colorectal cancer cells. Studies have demonstrated that treatment o f human colorectal
cancer Caco-2 cells by LCA, resulted in an enhanced secretion o f matrix metalloproteinase
2 (MMP-2) and an enhanced chemotaxis towards serum (Halvorsen et al., 2000). Bile salts
at physiologic conditions may increase cell migration, regulated by NF-kB and TGF-|3
(Strauch et a l, 2003; Debruyne et al., 2002). It has been reported that bile acids stimulated
invasion through stimulation o f haptotaxis and it was dependent on the RhoA/Rho-kinase
pathway and signalling cascades using PKC, MAPK, and COX-2. Further, in addition to
its well-established role in the enhancement o f proliferation, DCA also stimulated colon
cancer-cell migration along the basement membrane matrix and this stimulation is
probably dependent on protein kinase C (Milovic et al., 2001). Hence, UDCA by blocking
signalling pathways induced by DCA may have far-reaching effects on not only the cell
proliferation but also invasion and metastasis o f the tumour.
Finally, there is abundance of data for the protective effects UDCA in CRC in animal
models o f colon carcinogenesis as well as clinical studies in humans. UDCA improves the
biochemical parameters o f cholestasis in various cholestatic disorders including primary biliary
cirrhosis and primary sclerosing cholangits (Trauner et al., 1999). There is some evidence that
UDCA may be protective in human colorectal cancer associated with inflammatory bowel
disease (IBD), though most o f the mechanistic evidence o f chemopreventive role o f UDCA in
colorectal carcinoma has come from animal models. Rats treated with AOM and intrarectal Nmethylnitrosourea and fed a diet supplemented with UDCA had a significant reduction in
aberrant crypt formation (ACF) formation and a lower incidence of colon tumours (Momen et
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ai, 2002, Narisawa et ai, 2002). A study in rats has shown that UDCA significantly inhibited
AOM-induced

colonic

carcinogenesis

during

either

tumour

initiation

or

in

the

promotion/progression phase (Wali et ai, 2002). UDCA has bee reported to inhibit COX-2
induction by /?af5-dependent and -independent mechanisms (Khare et ai, 2003). Studies in
humans have shown that UDCA pre-treatment suppresses DNA binding activity of AP-1,
accompanied by downregulation o f both extracellular signal-regulated kinase (ERK) and Raf-1
kinase activities stimulated by exposure to DCA. UDCA in contrast to DCA inhibited was
found to inhibit EGFR activity (Im et al, 2004). It has been reported that the prolonged
administration of UDCA to patients with PBC significantly decreased the probability o f
colorectal adenoma recurrence following their removal (Serfaty et ai, 2003). A recent study has
reported that UDCA significantly reduced the risk for developing colorectal dysplasia or cancer
in patients with UC and PSC (Pardi et al., 2003). These data has suggested a role for UDCA
quite opposite to DCA in the pathogenesis of CRC. Despite plethora o f evidence for UDCA’s
role in colorectal carcinogenesis, the mechanisms by which it might provide such protection
largely remain unclear. This study gives insight into some o f the molecular mechanisms behind
UDCA’s protective role in CRC. The precise site of action of UDCA in this signalling pathway
is still unclear, some proposed sites of its action are illustrated in figure 6.1.
8.2 Bile acids, AP-1, NF- kB and Colon Cancer

The investigations into the effects bile acids on the transcription factors NF-kB and AP-1
revealed interesting findings. The secondary bile acid DCA and UDCA had distinct and
differential effects on the DNA binding of these transcription factors. DCA induced NF-kB and
AP-1 DNA binding in colon cancer cells while UDCA treatment had no effect on these
transcription factors. Furthermore, pre-treatment of the cells with UDCA blocked DCA and ILl(3-induced NF-kB and AP-1 DNA binding and PMA-induced AP-1 DNA binding. DCA also
induced degradation o f the inhibitory molecule iKB-a. Both transcription factors NF-kB and
AP-1 play a significant role in colorectal carcinogenesis. Upregulation of NF-kB is has been
reported in CRC and it is involved in the regulation o f important genes associated with
oncogenesis, angiogenesis and proliferation (Gilmore et al., 1996; Yu et al, 2003). AP-1 and
NF-kB also regulate COX-2 with aggressive colorectal tumours. NF-kB and AP-1 regulate
many genes involved in cell transformation, oncogenesis including COX-2 in intestinal
epithelial cells (Karin eta l, 1997; Guo etal., 2001). These two transcription factors may to play
a synergistic role in carcinogenesis and cross coupling o f these transcription factors is reported
augment their effects (Li et al., 1997). Bile acids activate AP-1 and NF-kB (Hirano et ai, 1996;
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Fig. 6.1 Proposed sites o f action o f UDCA indicated by red arrows. UDCA may
act at cell surface receptors, the m em brane phospholipids such as phosphlipase
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also effect Ik B phosporylation through PKC or IKK and may affect nuclear
receptors or genes.

Matheson et al., 1996; Glinghammar et al., 1999). The putative mechanisms for UDCA on NFkB

expression and its effects on iKB-a were investigated. UDCA pre-treatment in contrast to

DCA did not reduce IkB - q levels and UDCA treatment restored DCA-induced reduction in
Ik B - q levels. This may give some insight in to the effects of UDCA at cytoplasmic levels as

inhibitors of IkB degradation in the cytoplasm have been reported to prevent NF-kB nuclear
translocation and hence reduce tumour size (Cusack 2003; Uetsuka et al., 2003). Many kinases
take part in the regulation o f NF-kB DNA binding and the use of PKC inhibitors have shed
more light on this mechanism. PKC inhibitors prevented DCA-induced NF-kB activation and
iKB-a degradation indicating that PKC signalling pathway may play a role in how bile acids
influence NF-kB DNA binding in colorectal cancer. Immunofluorescence studies involving
transfected PKC (31 and NF-kB further strengthened this argument. Similarly, the data on
experiments with PKC inhibitor AP-1 indicated that bile acids might influence AP-1 DNA
binding through PKC signalling pathways. Chronic inflammatory conditions such as ulcerative
colitis (UC) are implicated in the pathogenesis o f CRC and UC predisposes to colon cancer.
NF-kB activation is one the most significant step in maintaining this inflammatory cascade in
UC (O’Byrne et al., 2001). By inhibiting NF-kB activation, UDCA might block inflammatory
pathways orchestrated by NF-kB and NF-kB regulated genes such as oncogene ras and cycliti

D1 (Mayo et al., 1997). Despite the cumulative evidence o f the cytoprotective and
chemoprotective effects of UDCA in animal as well as human studies, both the target molecule
and pathway of UDCA action remain unknown. Our data has attempted to explore some of the
most complex signalling pathways implicated in colorectal carcinogenesis and tried to establish
a link between bile acids, PKC, NF-kB and AP-1. Further investigations are required, for
example, to explore the effects o f UDCA on cell surface receptors, its effects cytopalsmic
events such as IkB-q phosphorylation and degradation and effects on nuclear receptors.

8.3 CLA and colon cancer
The investigation o f effects o f CLA isomers on PKC and NF-kB expression in colon cancer
cells also resulted in interesting data. The effects o f the CLA isomers and their precursor LA
were compared with the effects o f unsaturated fatty acid, OA on PKC isoenzymes and
transcription factors NF-kB. Chronic by contrast with acute treatment with c9, ^77-CLA and

tlO,cl2-CLA isomers inhibited DCA-induced translocation o f PKC pi, PKC 6 and C2ceramide-induced translocation o f the PKC

Chronic treatment with these CLA isomers

inhibited DCA and IL-ip-induced NF-kB activation. On the other hand, LA did not prevent
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PKC activation or NF-kB DNA binding. Conversely, LA is reported activate NF-kB in
endothelial cells and has been associated with increased risk o f colon cancer (Miller et a i, 2001;
Park et ai, 2001; Toborek et a i, 1996). CLA has recently been reported to inhibit LPS-induced
NF-k B activation in RAW macrophages and that CLA modulates NF- kB and COX-2 in
macrophages, thus affecting the inflammatory cascade (Cheng et a i 2004). An interesting
finding was the activation o f PKC ^ and NF- kB by OA. The c/s-PUFAs have been reported to
enhance human breast cancer cell adhesion to collagen IV by selectively activating specific
PKC isoenzymes (Palmantier et a i, 2001). Previous studies have demonstrated that oleic acid
activates calcium-independent PKC and may also influence the transcription factors through
PKC (Parka et a l, 2003).To date this is the first report o f CLA effects on interaction between
bile acids and GFP-tagged PKC isoforms in living cancer cells. Hence, inhibition o f PKC and
NF-kB activation by the CLA may be a significant mechanism in the anticarcinogenic effects o f
CLA in colon cancer.
Previous studies have reported that several saturated and unsaturated fatty acids potentiate PKC
activity (Shirai et a!., 1998; Nishizuka 1995). Unsaturated fatty acids such as arachidonic and
oleic acid are reported to enhance the activity o f several PKC isoenzymes (Khan et al. 1993;
Huang et a i, 1997; Diaz-Guerra et ai, 1991). However, much less information is available on
the effects o f CLA in PKC signalling. There is abundance o f data on anticarcinogenic effects o f
CLA in colorectal cancer and several mechanisms have been described. It has been reported that
CLA downregulates ErbB3 signalling and PIS-kinase/Akt pathway and may inhibit cell
proliferation and stimulate apoptosis in colon cancer cells (Cho et al., 2003). It has also been
reported that CLA may inhibit colon cancer growth throughp53 dependant mechanisms (Kemp

et ai, 2003). CLA is also thought to be a ligand for peroxisome proliferator-activated receptor
(PPARy), a nuclear hormone receptor with growth inhibitory effects in cancer cells (Bull et al,
2003; Yu et al., 2002). Conjugated linoleic acid (CLA) is the only fatty acid reported,
unequivocally to inhibit carcinogenesis in experimental animals (National Research Council,
USA, 1996). Diets high in animal fat seem to modulate opposite effects in human colon cancer
development and relative concentrations o f the saturated fats and CLA may play a crucial role
in preventing this common malignancy. Our data has provided an alternate pathway for CLA
action. As PKC is an upstream modulator for NF-kB activation and chronic CLA treatment may
affect NF-kB through modulation o f PKC. However, acute CLA treatment had no effect
suggesting that CLA may not alter these pathways directly. It is known that CLA get
incorporated in the cell membrane phospholipids and this alteration o f membrane phospholipids
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in particular phospholipase A2 may play a significant role in inhibition of the mitogenic stimuli
such as DCA (Kim et al., 2003). The other mechanism may be the reduction of DAG levels by
CLA. an important cofactor involved in the activation of PKC. The PKC isoenzymes and NFkB play a pivotal role in many events leading to carcinogenesis including cell growth,
proliferation, cell migration and apoptosis. The alteration o f these signalling pathways by the
CLA isomers may be significant step in the growth inhibitory effects of CLA reported in many
epidemiological and animal studies.
8.4 Future Prospects
Colorectal cancer is a common malignancy. There have been great advancements in the
diagnosis and treatment of CRC. The clear definition of genetic basis o f the disease has helped
to devise new therapies for the disease. However, little is known of the cell signalling aspects
leading to these well-known genetic mutations. The fact that majority o f CRC are sporadic in
nature with no definite association vsdth the genetic alterations and that a long period o f time is
required to accumulate the genetic mutations, long-term preventative strategies in CRC have
clear implications. The investigations of the signalling pathways and their interactions with
known mitogens may provide a basis for these strategies. Our data attempts to provide insight in
to some of the molecular mechanisms regarded as pivotal in the genesis of CRC. The present
management strategies for CRC are inadequate, to say the least. The surveillance programmes
and available therapies such as surgery and chemotherapy have made rapid progress in recent
years but have not altered the prevalence of CRC. Probably the solution lies in the age-old
dictum, that prevention is better than cure. A number of agents are being investigated for their
potential effects in protection against CRC. Some have entered clinical trials but the search goes
on for a perfect chemoprotective agent, which is effective, safe, cheap and easily available in the
long-term. Our data concentrated on two such substances. UDCA and CLA are natural,
endogenous substances with little or no toxicity. Data from many epidemiological and animal
models studies supports their role in the prevention of CRC. UDCA is commonly used for
cholestatic liver disease and CLA is available in the diet from animal sources. The effects of
UDCA and CLA on PKC and NF-kB expression in CRC cells revealed encouraging results.
PKC and NF-kB are important factors influencing downstream genetic events involved in CRC.
However, PKC are heterogeneous group of enzymes. They are expressed in a variety of tissues
with variety of fianctions. Earlier efforts at targeting PKC enzymes for the cancer therapy have
not been very successful, partly because o f lack of understanding of the dynamics o f these
enzymes in the malignant process and their expression and varied effects in different tissues.
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For example, the significance of pulsed secretion and translocation of PKC to different
subcellular sites with subsequent rapid downregulation. The loss of some of the PKC
isoenzymes in established malignancy may mean the failing of protective mechanisms against
mitogenic stimuli resulting in loss of inhibitory controls on growth and the transformation of the
epithelial cells with autonomous growth potential. On the other hand, retention o f some of the
enzymes may mean that, they have a permissive role and aid malignant cells to develop in to
invasive cancer cells. The repercussions of PKC inhibition on the normal or non-malignant cells
are not yet fiilly understood. Further, PKC has a role as apoptotic and anti-apoptotic molecules,
the trigger and control being elusive. In nutshell, the mechanisms by which PKC are regulated
are complex. Our data suggests that UDCA and CLA may have some role in the prevention of
CRC with effects on PKC and other transcription factor expression. These transcription factors,
NF-kB and AP-1 have recently emerged as promising targets in CRC. They have clear role in
inflammation, are precursors for cancer and actively participate in the process of carcinogenesis
themselves. Our data unveils the some of the mechanisms by which UDCA and CLA may
influence these transcription factors but there are unanswered questions. For example how
UDCA restores k B -a levels. We investigated one of the signalling mechanisms, the PKC
signalling pathways in the UDCA’s effects on NF-kB activation. Other important questions
remain. For example, the role of IKK activity in UDCA’s effects on NF-kB needs to be
elucidated. The kinase studies and phosphorylation studies o f the IkB-o may be useful in this
context. A major multi-centre trial is now underway to determine whether ursodeoxycholic acid
can prevent sporadic adenoma formation in humans. Conjugated linoleic acids are the fatty
acids obtained from animal sources. They are derived from linoleic acid, a fatty acid from plant
origin. Ironically, LA from plant origin has been associated with increased incidence o f colonic
cancer whereas its derivatives fi'om animal origin, the CLA seem to possess inhibitory
properties against colon cancer growth. This is the paradox as fatty acids from animal origin
have been blamed for high incidence of CRC in affluent countries.
Further studies are needed to clarify some of the ambiguities in the regulation of PKC and the
transcription factors in CRC. The effects of bile acids and CLA on PKC and NF- kB need to be
characterised fiirther. For example to explore the exact site of action of UDCA or CLA in
regulating these molecules. Whether they affect the cell surface receptors, their interaction with
membrane phospholipids and effects on cytoplasmic events such as interactions with IkB, the
DAG, the calcium signalling and the role o f APC/p-Catenin in bile acid-induced PKC and
transcription factors. One important unanswered question is the site of bile acid action. There
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are a number o f hypotheses regarding DCA action. It may modify cell signalling through its
action on cell membrane phospholipds for example phospholipase C, D and through its actions
on DAG levels. Others suggest its effects on calcium and hence PKC activation. However, the
significance o f nuclear orphan receptors in mediating bile acid effects cannot be ignored as
DCA targets these receptors but UDCA does not signal through these nuclear receptors and
may target the glucocorticoid receptors. Functional interactions between nuclear bile acid
signaling pathways, PKC, and nuclear receptors for retinoic acid and vitamin D3 has also been
reported. The significance of these nuclear receptor interactions with bile acids need to be
further characterized. The effects o f UDCA and CLA on genes involved in CRC may be
significant step and DNA microarrays may prove useful in this regard. Studies are required to
explore the roles of UDCA and CLA in initiation and promotion of the malignancy and define
the stage of the disease where these agents may be most effective. Fortunately, both these agents
are non-toxic and pure forms of the CLA isomers are commercially available. Their role in
three cohorts, at risk population, population at adenoma stage and established cancer need to be
characterized. Another avenue for further investigations is their role as adjuvant therapy in
CRC. The important role of proteasome inhibitors with chemotherapeutic agents in CRC has
been elucidated and UDCA and CLA may provide relatively non-expensive and non-toxic
option for adjuvant therapy.

101

REFERENCES

REFERENCES
Aaltonen LA, Peltomaki P, Mecklin J-P, Jarvinen H, JassJR, Green JS et al., (1994).
Replication errors in benign and malignant tumors from hereditary nonpolyposis colorectal
cancer patients. Cancer Res 54:1645-8.
Abeloff MD, Slavik M, Luk GD, et al, (1984). Phase I trial and pharmacokinetic studies of
alpha-difluoromethylomithine a, an inhibitor o f polyamine biosynthesis. J Clin Oncol 2:12430.
Abeyama K, Eng W, Jester r / , Vink AA, Edelbaum D, Cockerell CJ, Bergstresser PR and
Takashima A (2000). A role for NF-kappaB-dependent gene transactivation in sunburn. J
Clin Invest \Q5.\1S\-\1S9.
Acs P, Szallasi, Z, Kazanietz MG and Blumberg PM (1995). Differential activation o f PKC
isozymes by 14-3-3 protein. Bicx:hem BiophysResCommun2l6.l03-\09.
Ahuja N, Mohan AL, Li Q, Stolker JM, Herman JG, Hamilton SR, et al., (1997).
Association between CpG island methylation and microsatellite instability in colorectal
cancer. Cancer Res 51 3370-4.
.

Aizawa S, Nakano H, Ishida T, Horie R, Nagai M, et al., (1997). Tumor necrosis factor
receptor-associated factor (TRAP) 5 and TRAF2 are involved in CD30-mediated NF kappa
B activation.. / Biol Chem 111'. 2042-2045.
Aktas H, Cai H, Cooper GM (1997). Ras links growth factor signalling to the cell cycle
machinery via regulation of cyclin D1 and the Cdk inhibitor p27KlPl. Mol Cell Biol 17:
3850-3857.
Alberts DS, Martinez ME, Roe DJ, et al. (2000). Lack o f effect o f a high-fiber cereal
supplement on the recurrence o f colorectal adenomas. N EnglJ Med M2. 1156-62.
Amano M, Mukai H, Ono Y, Chihara K, Matsui T, Hamajima Y, et al., (1996).
Identification of a putative target for Rho as the serine-threonine kinase protein kinase N.
Science 111 648-650.
:

Ambs S, Merriam WG, Bennett WP, Felley-Bosco E, Ogunfusika MO, Oser SM, et al.,
(1998). Frequent nitric oxide synthase-2 expression in human colon adenomas: implication
for tumour angiogenesis and colon cancer progression. Cancer Res 58: 334-341
Anderson KE, Coadwell J, Stephens LR and Hawkins PT (1998). Translocation o f PDK-1 to
the plasma membrane is important in allowoing PDK-1 to activate protein kinase B. Curr
BiolS: 684-91.
Angel P and Karin M (1991). The role o f Jun, Fos and the AP-1 complex in proliferation
mA ixBxMormshon. Biochim Biophys Acta 1072: 129-157.
Armstrong B and Doll R (1975). Environmental factors and cancer incidence and mortality
in different countries, with special reference to dietary practices. In tJ Cancer 15: 617-631.

Atkinson RL (1999). Conjugated linoleic acid for altering body composition and treating
obesity ln;Yurawecz MP, Mossoba, Krammer JKG, a/., AOCSPress 1: 328-353.
Azain MJ, Hausman DB, Sisk MB, et ai, (2000). Dietary conjugated linoleic acid reduces
rat adipose tissue cell size rather than cell number. JNtitr 130: 1548-1554.
Baeuerle PA, Lenardo M, Pierce JW and Baltimore D (1988). Phorbol-ester-induced
activation of the NF-kappa B transcription factor involves dissociation o f an apparently
cytoplasmic NF-kappa B/inhibitor complex. Cold Spring Harh Symp Quant. Biol 53: 789798.
Baldwin AS Jr (1996). The NF-kappa B and I kappa B proteins: new discoveries and
insights. Amm Rev Immunol 14: 649-683.
Baldwin AS (2001). Control of oncogenesis and cancer therapy resistance by the
transcription factor NF-kappa B. J Clin Invest 107: 241-6.
Banni S, Angioni E, Casu V, et a i, (1999). Decrease in linoleic acid metabolites as a
potential mechamism in cancer risk reduction by conjugated linoleic acid. Carcinogenesis
20 : 1019-1024.
Bayerdorffer E, Mannes GA, Richter WO, Ochsenkuhn T, Wiebecke B, Kopcke W and
Paumgartner G (1993). Increased serum deoxycholic acid levels in men with colorectal
adenomas Gastroenterology \0A. 145-151.
Beg AA and Baltimore D (1996). An essential role for NF-kappaB in preventing TNFalpha-induced cell death. Science 274 : 782-784.
Behrens A, Sibilia M, David JP, Mohle-Steinlein U, Tronche F, et a i, (2002). Impaired
postnatal hepatocyte proliferation and liver regeneration in mice lacking c-jun in the liver.
FMBOJIX. 1782-1790.
Behrens A, Sibilia M and Wagner EF (1999). Amino-terminal phosphorylation o f c-Jtm
regulates stress-induced apoptosis and cellular proliferation. Nature Genet 21 : 326-329.
Behrens J, Jerchow B-A, Wurtele M, Grimm J, Asbrand C, et al., (1998). Functional
interaction of an axin homolog, conductin, with beta-catenin, APC, and GSK3beta. Science
280 : 596-599.
Belury MA (2002). Inhibition of carcinogenesis by conjugated linoleic acid: potential
mechanisms o f action. JNiitr 132: 2995-2998.
Belury MA, Kempa-Steczko AN (1997). Conjugated linoleic acid modulates hepatic lipid
composition in mice. Lipids 32 : 199-204.
Belury MA, Nickel KP, Bird CE, Wu Y (1996). Dietary conjugated linoleic acid modulation
o f phorbol ester skin tumor promotion. Nutr Cancer 26 : 149-57.

Bentires-Alj M, Hellin AC, Ameyar M, Chouaib S, Merville MP and Hours V (1999).
Stable inhibition o f nuclear factor kappaB in cancer cells does not increase sensitivity to
cytotoxic drugs. Cancer Res 59; 811-815.
Benz C, Angermueller S, Toex U, et a i, (1998). Effect o f tauroursodeoxycholic acid on bile
acid-induced apoptosis and cytolysis in rat hepatocytes. JHepatol 28 : 99-106.
Berdinskikh NK, Ignatenko NA, Zaletok SP, Ganina KP, Chorniy VA (1991). Ornithine
decarboxylase activity and polyamine content in adenocarcinomas o f human stomach and
large intestine, hit J Cancer 47 : 496-8.
Berra E, Diaz MM, Dominguez I, Municio M, Sanz L, Lozano J, Chapkin R S and Moscat J
(1993). Protein kinase C zeta isoform is critical for mitogenic signal transduction Cell 74 :
555-63.
Beuers U, Boyer JL, Paumgartner G (1998). Ursodeoxycholic acid in cholestasis: Potential
mechanisms o f action and therapeutic applications. Hepatology 28 : 1449-53.
Beuers U, Spengler U, Kruis W, etal., (1992). Ursodeoxycholic acid for treatment of
primary sclerosing cholangitis: a double blind, placebo-controlled trial. Hepatology 16 : 70714.
Beuers U, Spengler U, Zwiebal FM, Pauletzki J, Fischer S, Paumgartner G (1992). Effect of
ursodeoxycholic acid on kinetics o f major hydrophobic bile acids in health and in chronic
cholestatic liver disease. Hejxitology 15: 603-8.
Bharti A, Kraeft S-K, Gounder M, Pandey P Jin S, Yuan Z-M, et al., (1998). Inactivation o f
DNA-dependent protein kinase by protein kinase C 6: Implications for apoptosis. Mol Cell
BiolX^. 6719-6728.
Bharti AC, Aggarwal BB (2002). Nuclear factor-kappa B and cancer: its role in prevention
and therapy. Biochem Pharmacol 64 883-888.
Bingham SA, Day NE, Luben R, et al., (2003). Dietary fibre in food and protection against
colorectal cancer in the European Prospective Investigation into Cancer and Nutrition
(EPIC): an observational study. Ijxncet'hfA. 1496-501.
Bird RP (1986). Effect of dietary components on the pathology o f colonic epithelium:
possible relationship with colon tumorigenesis. Lipids 2 : 289-291.
Black JD (2000). Protein kinase C-mediated regulation of the cell cycle. Front Biosci
5:D406-D423.
Blakeborough MH, Owen RW and Bilton RF (1989). Free radical generating
mechanisms in the colon: their role in the induction and promotion o f colorectal cancer.
Free Radical Res Commun 6: 359-367.
Blankson H, Stakkestad JA, Fagertun H, et al., (2000). Conjugated linoleic acid reduces
body fat mass in overweight and obese humans. J Nutr 130: 2943-2948.

Blobe GrC, Stribling DS, Fabbro D, Stabel S and Hannun, YA (1996) Protein kinase C beta
II specifically binds to and is activated by F- actin. JBiol Chem 271 ; 15823-30.
Bodmer WF, Bailey CJ, Bodmer J, Bussey HJ, Ellis A, Gorman P, etal., (1987).
Localization for the gene for familial adenomatous polyposis on chromosome 5. Nature 328:
614-619.
Boland CR, SatoJ, Appelman HD, Bresalier RS, Feinberg AP (1995). Microallelotyping
defines the sequence and tempo of allelic losses at tumour suppressor gene loci during
colorectal cancer progression. Nat Med 1: 902-9.
Boland CR, Thibodeau SN, Hamilton SR, Sidransky D, Eshleman JR etal., (1998). A
National Cancer Institute workshop in microsatellite instability for cancer detection and
familial predisposition: development o f international criteria for the determination of
microsatellite instability in colorectal cancer. Cancer Res 58 : 5248-5257.
Borresen A-L, Lothe RA, Meling GI, Lystad S, Morrison P, Lipford J, et al., (1995).
Somatic mutations in the hMSH2 gene in microsatellite unstable colorectal carcinomas. Hum
Mo! Genet 2065-72.
Bos JL, Fearon HR, Hamilton SR, et al., (1987). Prevalence o f ras gene mutations in human
colorectal cancers. Nature 327 : 293-297.
Bours V, Dejardin E, Goujon-Letawe F, Merville MP and Castronovo V (1994). The NFkappa B transcription factor and cancer: high expression of NF-kappa B- and I kappa Brelated proteins in tumor cell lines. Biochem Pharmacol 47 : 145-149.
Brentnall TA (2003). Ursodiol: good drug makes good. Gastroenterology 124: 1139-40.
Breuer NF, Dommes P, Jaekel S and Goebel H (1985). Fecal bile acid excretion pattern in
colonic cancer patients. Dig Dis Sci 30: 852-859.
Bronner CE, Baker SM, Morrison PT, Warren G, Smith LG, Lescoe MK, Kane M, Earabino
C et al (1994). Mutation in the DNA mismatch repair gene homologue hMLHI is associated
with hereditary non-polyposis colon cancer. Nature 368 : 258-261.
Brown K, Gerstberger S, Carlson L, Granzoso G and Siebenlist U (1995). Control of I kappa
B-alpha proteolysis by site-specific, signal-induced phosphorylation. Science 161 . 14851488.
Brumell J H, Craig K L, Ferguson D, Tyers M and Grinstein S (1997). Phosphorylation and
subcellular redistribution of pleckstrin in human neutrophils. J Immunol 158: 4862-71.
Bubb VJ, Curtis LJ, Cunningham C, Dunlop MG, Carothers AD, Morris RG, et al., (1996).
Microsatellite instability and the role o f hMSHl in sporadic colorectal cancer. Oncogene 12 :
2641-2649.
Bull AW, Marnett LJ, Dawe EJ and Nigro ND (1983). Stimulation o f deoxythymidine
incorporation in the colon o f rats treated intrarectally with bile acids and fats. Carcinogenesis
4 : 207-210.

Bull AW, Steffensen KR, Leers J, Rafter JJ (2003). Activation o f PPAR gamma in colon
tumor cell lines by oxidized metabolites o f linoleic acid, endogenous ligands for PPAR
gamma. Carcinogenesis 2A. 1717-22.
Cacace AM, Guadagno SN, Krauss RS, Fabbro D and Weinstein LB (1993). The epsilon
isoform of protein kinase C is an oncogene when overexpressed in rat filroblasts. Oncogene
8: 2095-2104.
Cacace AM, UeflFmg M, Phillip A, Kyo-Ho Han E, Kolch W and Weinstein LB (1996).
PKC epsilon flinctions as an oncogene by enhancing activation o f the Raf kinase. Oncogene
13: 2517-2526.
Calle EE, Miracle-McMahill HL, Thun MJ, Heath CW Jr (1995). Estrogen replacement
therapy and risk o f fatal colon cancer in a prospective cohort of postmenopausal women. J
Nall Cancer Inst 87: 517-523.
Calmus Y, Gane P, Rouger P, Poupon R (1990). Hepatic expression o f class I and class II
major histocompatibility complex molecules in primary biliary cirrhosis: Effect of
ursodeoxycholic acid. Hepatology 11: 12-15.
Cao Y, Pearman AT, Zimmerman GA, McIntyre TM, Prescott SM. (2000). Intracellular
unesterified arachidonic acid signals apoptosis. Proc Natl AcadSci 97: 11 280-5.
Cao Z, Henzel WJ and Gao X (1996). IRAK: a kinase associated with the interleukin-1
receptor. Science Tl\ 1128-1131.
Cao Z, Xiong J, Takeuchi M, Kurama T and Goeddel DV (1996). TRAF6 is a signal
transducer for interleukin-1. Nature 383 : 443-446.
Carder PJ, Cripps KJ, Morris R, Collins S, White S, Bird CC, et a i, (1995). Mutation o f the
pH gene precedes aneuploid clonal divergence in colorectal carcinoma. Br J Cancer 71 :
215-18.
Caron de Fromentel C, Soussi T (1992). TPH tumour suppressor gene: a model for
investigating human mutagenesis. Genes Chnmosomes Cancer 4 : 1-15.
Castagna M, Takai Y, Kaibuchi K, Sano K, Kikkawa U, Nishizuka Y (1982). Direct
activation of calcium-activated, phospholipid-dependent protein kinase by tumor-promoting
phorbol esters. J Biol Chem 251 \ 7847-7851.
Cazaubon S, Bomancin F and Parker P J (1994). Threonine-497 is a critical site for
permissive activation of protein kinase C alpha. BiochemJ 301 : 443-8.
Cesano A, Visonneau S, Scimeca JA, Kritchevsky D and Santoli D (1998). Opposite effects
of linoleic acid and conjugated linoleic acid on human prostatic cancer in SCID mice.
Anticancer Res \S. 1429.1434.

Cesaro P, Raiteri E, Demoz M, Castino R, Baccino FM, Bonelli G, Isidoro C (2001).
Expression o f protein kinase C betal confers resistance to TTvfFalpha- and paclitaxel-induced
apoptosis in HT-29 colon carcinoma cells. In tJ Cancer 15 : 179-84.
Chakravarthy BR, Franks DJ, Whitfield JF, Durkin JP (1989). A novel method for
measuring protein kinase C activity in a native membrane-associated state. Biochem Biophys
ResCommun 160: 340- 5 .
Chan MM, Huang HI, Fenton MR and Fong D (1998). In vivo inhibition o f nitric oxide
synthase gene expression by curcumin, a cancer preventive natural product with anti
inflammatory properties. Biochem Pharmacol 55. 1955-1962.
Chan TA (2002). Nonsteroidal anti-inflammatory drugs, apoptosis, and colon-cancer
chemoprevention. Ixmcet Oncol 3: 166-74.
Chang L and Karin M (2001), Mammalian MAP kinase signalling cascades. Nature 410 :
37-40.
Cheah PY and Bernstein H (1990). Modification o f DNA by bile acids: a possible factor
in the etiology o f colon cancer. Cancer Lett 49 : 207-210.
Chen F, Demers LM, Vallyathan V, Lu Y, Castranova V and Shi X (1999). Involvement of
5'-flanking kappaB-like sites within bcl-x gene in silica-induced Bcl-x expression. J Biol
Chem 274 : 35591-35595.
Chen ZJ, Parent L and Maniatis T (1996). Site-specific phosphorylation o f IkappaBalpha by
a novel ubiquitination-dependent protein kinase activity. Cell 84 : 853-862.
Cheng G and Baltimore D (1996). TANK, a co-inducer with TRAF2 o f TNF- and CD 40Lmediated NF-kappaB activation. Genes Dev 10 : 963-973.
Cheng G, Cleary AM, Ye ZS, Hong DI, Lederman S and Baltimore D (1995). Involvement
of CRAFl, a relative of TRAF, in CD40 signalling. Science 161. 1494-1498.
Cheng WL, Lii CK, Chen HW, Lin TH, Liu KL (2004). Contribution of conjugated linoleic
acid to the suppression o f inflammatory responses through the regulation of the NF-kappaB
Agric Food Chem 14: 71-8.
Chin JE, Dickens M, Tavare M and Roth RA (1993). Overexpression o f protein kinase C
isoeri2^m es a, 131, y, and E in cells over expressing the insulin receptor. JBioi Chem 268 :
6338-6347.
Chinenov Y and Kerppola, TK (2001). Close encounters o f many kinds: Fos-Jun interactions
that mediate transcription regulatory specificity. Oncogene 20 : 2438-2452.
Cho HI, Kim WK, Kim EJ, Jung KC, Park S, etal, (2003) Conjugated linoleic acid inhibits
cell proliferation and ErbB3 signaling in HT-29 human colon cell line. Am J Physiol
Gastrointest Liver Physiol 284 : G996-1005.

Cho KR, Oliner JD, SimonsJW, Hedrick L, Fearon ER, Preisinger AC, et a l, (1994), The
DCC gene: strucrural analysis and mutations in colorectal carcinomas. Genomics 19: 525-31.
Choi PM, Tchou-Wong KM, Weinstein IB (1990). Overexpression o f protein kinase C in
HT29 colon cancer cells causes growth inhibition and tumor suppression. M ol Cell Biol 10:
4650-4657.
Chou M M, Hou W, Johnson J, Graham L K, Lee M H, a/., (1998). Regulation o f protein
kinase C zeta by PI 3-kinase and PDK-1. Curr Biol 8: 1069-77.
Chun J S, Ha M J and Jacobson B S (1996). Differential translocation o f protein kinase C
epsilon during HeLa cell adhesion to a gelatin substratum. J Biol Chem 271: 13008-12,
Chung DC (2000). The genetic basis o f colorectal cancer: insights into critical pathways of
tumorigenesis. Gastroenterology 119: 854-65.
Chung DC, Rustgi AK (1995). DNA mismatch repair and cancer. Gastroenterology 109:
1685-1699.
Claret FX, Hibi M, Shut S, Toda T, Karin M (1996). A new group o f conserved coactivators
that Increase the specificity of Ap. 1 transcription factors. Nature 383: 463-457.
Clark LC, Combs GF Jr, Turnbull BW, Slate EH, Chalker DK, Chow J, et al., (1996).
Effects of selenium supplementation for cancer prevention in patients with carcinoma o f the
skin. A randomized controlled trial. Nutritional Prevention o f Cancer Study Group. JAMA
276: 1957-63.
Clarke H, Ginanni N, Soler AP, Mullen JM (2000). Regulation o f Protein kinase C delta and
epsilon isoforms by phorbol ester treatment o f LLC-PKl renal epithelia. Kidney hit 58:
1004-15.
Clemens MJ, Trayner 1, Menaya J (1992). The role o f protein kinase C isoenzymes in the
regulation of cell proliferation and differentiation. J Cell Sc 103: 881-887.
Clement MV, Hirpara JL, Chawdhury SH and Pervaiz S (1998). Chemopreventive agent
resveratrol, a natural product derived from grapes, triggers CD95 signaling-dependent
apoptosis in human tumor cells. Blood 92: 996-1002.
Cohen BI, Raicht RF, Deschner EE, Takahashi M, Sarwal AN and Fazzini E (1980). Effect
o f cholic acid feeding on N-methyl-N-nitrosourea-induced colon tumors and cell kinetics in
rats. J Natl Cancer Inst 64: 573-8.
Coleman ES and Wooten, MW (1994). Nerve growth factor-induced differentiation ofPC12
cells employs the PMA-insensitive protein kinase C-zeta isoform. JM ol Neurosci 5: 39-57.
Colotta F, Polentarutti N, Sironi M, Mantovani A (1992). Expression and involvement o f cfos and c-Jun protooncogene in programmed cell death induced by growth factor deprivation
in lymphoid cell lines. J Biol Chem 161. 19278-18283.

Cook D, Fry M, Hughes K, Sumathipala R, woodgett J and Dale T (1996). Wingless
inactivates glycogen synthase kinase-3 via an intracellular signaling pathway which involves
protein kinase C. EMBOJ 15: 4526-4536.
Cook JW, Kennaway EL and Kennaway NM (1940). Production o f tumours in mice by
deoxycholic acid. Nature 145: 627.
Corpet DE, Tache S and PeifFer G (1997). Colon tumor promotion: is it a selective process?
Effects of cholate, phytate, and food restriction in rats on proliferation and apoptosis in
normal and aberrant crypts. Cancer I^tt 114: 135-138.
Counts JL, Goodman JI (1995). Alterations in DNA methylation may play a variety o f roles
in carcinogenesis. Cell 83 : 13-15.
Craven PA, Pfanstiel J and DeRubertis FR (1986). Role o f reactive oxygen in bile salt
stimulation of colonic epithelial proliferation. J Clin Invest 77: 850-859.
Craven PA, and DeRubertis FR (1992). Alterations in protein kinase C in 1,2
dimethylhydrazine induced colonic carcinogenesis. Cancer Res. 52: 2216-2221.
Crosignani A, Podda M, Battezzati PM, el al., (1991). Changes in bile acid composition in
patients with primary biliary cirrhosis induced by ursodeoxycholic acid administration.
Hepatology \4. 1000-7.
Cums LJ, Georgiades IB, White S, Bird CC, Harrison DJ, Wyllie AH (2000). Specific
patterns of chromosomal abnormalities are associated with RER status in sporadic colorectal
cancer. J Pathol 192: 440-5.
Cusack CJ, Liu R, Heuston M, Abendroth K, Elliott PJ, Adams J, Baldwin AS Jr (2001).
Enhanced chemosensitivity to CPT-11 with proteasome inhibitor PS-341: implications for
systemic NF-kB inhibition. Cancer Res 61 : 3535-3540,
Cusack JC Jr (2003). Overcoming antiapoptotic responses to promote chemosensitivity in
metastatic colorectal cancer to the liver. Ann Surg Oncol 10: 852-62.
Dancey JE, Freidlin B (2003). Targeting epidermal growth factor receptor p are we missing
the mark?. Ixincet 362 : 62-4.
Darmon E, Cleary KR, Wargovich MJ (1994). Immunohistochemical analysis o f p53
overexpression in human colonic tumors. Cancer Detea Prev 18: 187-95.
Darnell JE Jr, Kerr IM, Stark GR (1994). Jlk-STAT pathways and transcr/ptionelactlvalion
in response to IFTSIs and other extracellular signalling proteins. Science 264 : 1415-1421.
Davidson LA, Jiang Y-H, Derr IN, Aukema HM, Lupton IR and Chapkin RS (1994).
Protein kinase C isoforms in human and rat colonic mucosa. Arch Biochem Biophys 312:
547-553.
Debruyne P, Vermeulen S and Mareel M (1999). The role of the E-cadherin/catenin complex
in gastrointestinal cancer. Acta Gastroenterol BelgVXW: 393-403.

Debruyne PR, Bruyneel EA, Karaguni IM, Li X, Flatau G, Muller O, Zimber A, Gespach C,
Mareel MM (2002). Bile acids stimulate invasion and haptotaxis in human colorectal cancer
cells through activation o f multiple oncogenic signaling pathways. Oncogene 21;
6740-50.
Debruyne PR, Bruyneel EA, Li X, Zimber A, Gespach C, Mareel MM (2001). The role of
bile acids in carcinogenesis. Mutat Res 480 : 359-69,
de Kok TM, van Maanen JM (2000). Evaluation of fecal mutagenicity and colorectal cancer
risk. Mutat Res 46; 53-101.
Delany JP, West DB (2000), Changes in body composition with conjugated linoleic acid. J
Am CoUNutr 19: 287S-493S,
Deng T and Karin M (1993), JunB differs from c-Jun in its DNA-binding and dimerization
domains, and represses c-Jun by formation of inactive heterodimers. Genes Dev 7: 479-490.
Derijard B, Hibi M, Wu IH, Barrett T, Su B, Deng T, Karin M, Davis RJ (1994). JNKl: a
protein kinase stimulated by UV light and H-Ras that binds and phosphorylates the c-Jun
activation domain. C elll6. 1020-1028.
Deschner EE, Cohen B1 and Raicht RF (1981). Acute and chronic effect of dietary cholic
acid on colonic epithelial cell proliferation. Digestion 21 : 290-296.
Diaz-Guerra MJM, Junco M, Bosca L (1991). Oleic acid promotes changes in the
subcellular distribution o f protein kinase C in isolated hepatocytes. J Biol Chem 266 : 2356876.
Diaz-Meco MT, Berra E, Municio MM, Sanz L, Lozano J, Dominguez I, Diaz-Golpe V,
Lain de Lera M T, Alcami J, Paya C Vand, et al., (1993). A dominant negative protein
kinase C zeta subspecies blocks NF-kappa B activation. Mol Cell Biol 13: 4770-5.
Diaz-Meco MT, Dominguez I, Sanz L, Dent P, Lozano J, Municio MM, Berra, E, Hay R T,
Sturgill TW and Moscat, J (1994). Zeta PKC induces phosphorylation and inactivation o f I
kappa B-alpha in vitro. EmhoJ 13. 2842-8.
DiDonato J, Mercurio F, Rosette C et al (1996). Mol Cell Biol 16:1295-1304.
DiDonato JA, Hayakawa M, Rothwarf DM, Zandi E and Karin M (1997). A cytokineresponsive IkappaB kinase that activates the transcription factor NF-kappaB. Nature 388
:548-554.
Doi S, Gold stein D, Hug H, Weinstein IB (1994). Expression o f multiple isoforms o f
protein kinase C in normal human colon mucosa and colon tumors and decreased levels o f
proteins kinase c beta and eta mRNAs in the tumors. Mol carcinog 11: 197-203,
Dominguez L Sanz L, Arenzana S F, Diaz M M, Virelizier J L and Moscat, J (1993).
Inhibition o f protein kinase C zeta subspecies blocks the activation o f an NF-kappa B-like
activity in Xenopus laevis oocytes. Mol Cell Biol 13: 1290-5.

Dommels YE, Haring MM, Keestra NG, Alink GM, van Bladeren PJ, van Ommen B
(2003). The role of cyclooxygenase in n-6 and n-3 polyunsaturated fatty acid mediated
effects on cell proliferation, PGE (2) synthesis and cytotoxicity in human colorectal
carcinoma cell lines. Carcinogenesis 24: 385-92.
Douglass EC (2003). Development of ZD1839 in colorectal cancer. Semin Oncol SuppI 6:
17-22.
Duan RD, Cheng Y, Tauschel HD and Nilsson A (1998). Effects o f ursodeoxycholate and
other bile salts on levels of rat intestinal alkaline sphingomyelinase; a potential implication in
tumorigenesis. Dig Dis Sci 43 . 26-32.
Downward 1, Waterfield MD and Parker PJ (1985). Autophosphorylation and protein kinase
C phosphorylation of the epidermal growth factor receptor. Effect on tyrosine kinase activity
and ligand binding affinity. JBioIChem 260: 14538-14546.
DuBois RN, Gupta R, Brockman J, Reddy BS, Krakow SL and Lazar M (1998). The nuclear
eicosanoid receptor, PPARgamma, is aberrantly expressed in colonic cancers.
Carcinogenesis 19: 49-53.
DutTEK, Clarke AR (1998). Smad4 (DPC4) - a potent rumour suppressor? Br J Cancer 78:
1615-19.
Dumont A Hehner SP, Hofmann TG, Uefifing M, Droge W and Schmitz ML (1999).
Hydrogen peroxide-induced apoptosis is CD95-independent, requires the release of
mitochondria-derived reactive oxygen species and the activation o f NF-kappaB. Oncogene
18: 747-757.
Dunlop MG (1992). Screening for large bowel neoplasms in individuals with a family
history of colorectal cancer. BrJSurg 79: 488-94.
Durgam VR, Fernandes G (1997). The growth inhibitory effect o f conjugated linoleic acid
on MCF-7 cells is related to estrogen response system. Cancer Lett 116: 121-130.
Earnest DL, Sitrin MD, Brasitus T A Bissonnette M (1995). Mechanism o f action o f
chemoprotective ursodeoxycholate in the azoxymethane model o f rat colonic carcinogenesis:
potential roles of protein kinase C-alpha, -beta II, and -zeta Cancer research 55: 5257-64.
Eferl R, Ricci R, Kenner L, Zenz R, David JP, Rath M, Wagner EF (2003). Liver tumor
development. c-Jun antagonizes the proapoptotic activity o f p53. Cell 112: 181-192.
el-Deiry WS, Nelkin BD, Celano P, Yen R-WC, Falco JP, Hamilton SR, e ta i, (1991). High
expression o f the DNA methyl transferase gene characterizes human neoplastic cells and
progression stages of colon cancer. Proc NatJ AcadSci USA 88: 3470-4.
Emoto Y, Kisaki H, Manome Y, Kharbanda S and Kufe D (1996). Activation o f protein
kinase C 6 in human myeloid leukemia cells treated with 1-P-D-arabinofuranosylcytosine.
Blood ^1. 1990-1996.

Emoto Y, Manome Y, Meinhardt G, Kisaki H, Kharbanda S, et al., (1995) Proteolytic
activation of protein kinase C 5 by an ICE-like protease in apoptotic cells. EMBO J 14:
6148-6156.
Eppert K, Scherer SW, Ozcelik H, Pirone R, Hoodless P, Kim H, et al., (1996). MADR2
maps to 18q21 and encodes a TGFregulated MAD-related protein that is functionally
mutated in colorectal carcinoma. Cell 86: 543-52.
Erickson KL (1998). Is there a relation between dietary linoleic acid and cancer of the breast,
colon or prostate? Am JNutr 68: 5-7.
Eshelman JR, Casey G, Kochera ME, Sedwick WD, Swinler SE, Veigl ML, el al., (1998).
Chromosome number and structure both are markedly stable in RER colorectal cancers and
are not destabilized by mutation of pH. Oncogene 17: 719-25.
Esteller M, Sparks A, Toyota M, Sanchez-Cespedes M, Capella G, Peinado MA, et al.,
(2000). Analysis of adenomatous polyposis coli promoter hypermethylation in human
cancer. Cancer Res 60 : 4366-71.
Eynard, AR (1997). Does chronic essential fatty acid deficiency (EFAD) constitute a protumorigenic condition. Med Hypotheses 48 : 55-62.
Faubion WA, Guicciai'di ME, Miyoshi H, etal., (1999). Toxic bile salts induce rodent
hepatocyte apoptosis via direct activation of Fas. JC//>? biivest 103: 137-45.
Fazeli A, Dickinson SL, HermistonML, Tighe RV, Steen RG, Small CG, et al., (1997).
Phenotype of mice lacking functional deleted in colorectal cancer (DCC) gene. Nature 386:
796-804.
Fearon ER and Vogelstein B (1990). A genetic model for colorectal tumorigenesis. Cell
61:759-767.
Feinberg AP, Gehrke CW, Kuo KC, Ehrlich M (1988). Reduced genomic 5-methylcytosine
content in human colonic neoplasia. Cancer Res 48 : 1159-61.
Feuillard J, Schuhmacher M, Kohanna S, Asso-Bonnet M, Ledeur F, et al., (2000). Inducible
loss of NF-kappaB activity is associated with apoptosis and bcl-2 down-regulation in
Epstein-Barr virus-transformed B lymphocytes. Blood 95 : 2068-2075.
Fialka I, Schwarz H, Reichmann E, Oft M, Busslinger M, Beug H (1996). The estrogendependent c-JunER protein causes a reversible loss of mammary epithelial cell polarity
involving a destabilization of adherens junctions, J Cell Biol 132: 1115-1132.
Finco T and Baldwin A (1993). Kappa B site-dependent induction of gene expression by
diverse inducers of nuclear factor kappa B requires Raf-1. J 5 /o / Chem 268: 17676-17679.
Fishel R, Lescoe MK, Rao MRS, Copeland NG, Jenkins NA, et al., (1993). The human
mutator gene homolog MSH2 and its association with hereditary nonpolyposis colon cancer.
CelllS. 1027-1038.

Fitzer CJ, O'Brian CA, Guillem JG, Weinstein IB (1987). The regulation of protein kinase C
by chenodeoxycholate, deoxycholate and several structurally related bile acids.
Carcinogenesis 217-20.
Fodde R, Smits R and Clevers H (2001). APC, signal transduction and genetic instability in
colorectal cancer. Nature Reviews Cancer 1: 55-67.
Forrester K, Almoguera C, Han K, Grizzle WE and Perucho M (1987). Detection of high
incidence of K-ras oncogenes during human colon tumorigenesis. Nature 327: 298-303.
Fray MR, Saxon ML, Zhao X, Rollins A, Evans SS and Black JD (1997). Protein kinase C
isozyme-mediated cell cycle arrest involves induction of p21 (wafl/cipl) and p27 (kipl) and
hypophosphorylation of the retinoblastoma protein in intestinal epithelial cell. J Biol Chem
111: 9424-9435.
Freitas D, Goulao MH, Camacho E, et al., (2002). Clinical relevance of proliferation
biomarkers and p53 expression in rectal mucosa and sporadic colonic adenomas: a
prospective study.//e’/xJ/o-Gav/roew^ero/ogv 49 : 1269-74.
Frey MR, Clark JA, Leontieva O, Uronis JM, Black AR, Black JD (2000). Protein kinase C
signalling mediates a program of Cell cycle withdrawal in the intestinal epithelium. J Cell
Biol A 763-777.
Friedman B, Frackelton AR, Ross AH, Connors IM, Fujiki H, et al., (1984). Tumour
promoters block tyrosine-specific phosphorylation of the epidennal growth factor receptor.
Pnx: Natl Acad Sci USA 81 : 3034-3038
Fuchs CS, Giovannucci EL, Colditz GA, et al., (1999). Dietary fiber and the risk of
colorectal cancer and adenoma in women. N Engl J M e d 340 : 169-76.
Galle Pfl, Theilmann L, Raedsch R, Otto G, Stiehl A (1990). Ursodeoxycholate reduces
hepatotoxicity of bile salts in primary human hepatocytes. Hepatology 12: 486-91.
Gann PFJ, Manson JE, Glynn RJ, Buring JE and Hennekens CH (1993). Low-dose aspirin
and incidence of colorectal tumors in a randomized trial. J Natl Cancer Inst 85 : 1220-1224.
Ganther HE (1999). Selenium metabolism, selenoproteins and mechanisms of cancer
prevention: complexities with thioredoxin reductase. Carcinogenesis 20: 1657-66.
Garg A, Aggarwal BB (2002). Nuclear transcription factor as a target for cancer drug
development. Leukemia 16: 1053-68.
Genot E M, Parker P J and Cantrell D A (1995). Analysis of the role of protein kinase Calpha, -epsilon, and -zeta in T cell activation. J Biol Chem 270: 9833-9.
Ghayur T, Hugunin M, Talanian RV, Ratnofsky S, Quinlan C, Emoto Y, et al, (1996)
Proteolytic activation of protein kinase C 5 by an ICE/CED 3-like protease induces
characteristics of apoptosis. J Exp Med 184: 2399-2404.

Ghosh S and Baltimore D (1990). Activation in vitro ofNF-kappa B by phosphorylation of
its inhibitor I kappa B. Nature 344: 678-682.
Ghosh S, May MJ and Kopp EB (1998). NF-kappa B and Rel proteins: evolutionarily
conserved mediators of immune responses. Amm Rev Immunol 16: 225-260.
Gille H. Sharrocks A, Shaw P (1992) Phosphorylation o f p62TCF by MAP kinas stimulates
ternary complex formation at c-Fos promoter. Nature 358: 414-417.
Gilmore TD (1991). Malignant transformation by mutant Rel proteins. Trends Genet 7: 318322.
Gilmore TD (1999). Multiple mutations contribute to the oncogenicity of the retroviral
oncoprotein v-Rel. Oncogene 18: 6925-6937
Gilmore TD, Cormier C, Jean-Jacques J and Gapuzan ME (2001). Malignant transformation
of primary chicken spleen cells by human transcription factor c-Rel. Oncogene 20:7 0987103.
Gilmore TD, Koedood M, Piffat KA and White DW (1996). Rel/NF-kappaB/IkappaB
proteins and cancer. Oncogene 13: 1367-1378.
Giovannucci E, Egan KM, Hunter DJ, et al., (1995). Aspirin and the risk o f colorectal cancer
in women. NKnglJMed333: 609-14.
Giovannucci E, Rimm EB, Stampfer MJ, Colditz GA, Ascherio A, Willett WC (1994).
Aspirin use and the risk for colorectal cancer and adenoma in male health professionals. Ann
Intern Med 12 1: 241 -6.
Giovannucci E, Stampfer MJ, Colditz G, Rimm EB, Willett WC. (1992). Relationship of
diet to risk of colorectal adenoma in men. J Natl Cancer Inst 84: 91-8.
Giovannucci E, Stampfer MJ, Colditz GA, etal., (1998). Multivitamin use, folate, and colon
cancer in women in the Nurses' Health Study. Ann Intern Med 129: 517-24.
Giovannucci E, Goldin B (1997). The role o f fat, fatty acids and total energy intake in the
etiology of human colon cancer. Am J Clinical Nutr 66: 1564S-1571S.
Gimun GD, Smith WM, Drori S, Sarraf P, Mueller E, Eng C, Nambi P et al, (2002). APCdependent suppression of colon carcinogenesis by PPARgamma. Proc. Natl Acad. Sci. USA
99: 13771-13776.
Glinghammar B, Holmberg K and Rafter J (1999). Effects o f colonic lumenal components
on AP-1-dependent gene transcription in cultured human colon carcinoma cells.
Carcinogenesis 20: 969-976.
Glinghammar B, venturi M, Rowland IR and Rafter JJ (1997). Shift ft'om a dairy productrich to a dairy product-fi'ee diet: influence on cytotoxicity and genotoxicity o f fecal water —
potential risk factors for colon cancer. Am J Clin Nutr 66: 1277-1282.

Glinghammer B, Inoue H, Rafter JJ (2002). Deoxycholic acid causes DNA damage in
colonic cells with subsequent induction o f caspases, COX-2 promotor activity and the
transcription factor NF-kB and AP-1. Carcinogenesis 23 : 839-845.
Goel A, Boland CR, Chauhan DP (2001). Specific inhibition o f cyclooxygenase-2 (COX-2)
expression by dietary curcumin in HT-29 human colon cancer cells. Cancer Lett 172 : 111-8.
Goelz SE, Vogelstein B, Hamilton SR, Feinberg AP (1985). Hypomethylation o f DNA from
benign and malignant human colon neoplasms. Science 228 : 187-90.
Gokmen-Polar Y, Murray NR, Velasco MA, Gatalica Z Fields AP (2001). Elevated protein
kinase C betall is an early promotive event in colon carcinogenesis. Catrcer Res 61 : 13751381.
Goldstein DR, Cacace AM, Weinstein IB (1995). Overexpression o f protein kinase C beta 1
in the SW480 colon cancer cell line causes growth suppression. Carcinogenesis 16: 11211126.
Gomez J, Martinez C, Garcia A and Rebollo A (1996). Association of phosphatidylinositol
3 kinase to protein kinase C zeta during interleukin-2 stimulation. F.ur J Immunol 26 : 17817.
Greenfeder SA, Nunes P, Kwee L, Labow M, Chizzonite RA and Ju G (1995). J Biol Chem
270: 13757-13765.
Grigoriadis AE, Schellander K, Wang ZQ and Wagner EF (1993). Osteoblasts are target
cells for transformation in c-fos transgenic mice. J. Cell Biol 122 : 685-701.
Griinary JM, Corl BA, Lacy SH, et a i, (2000). Conjugated linoleic acid is synthesized
endogenously in lactating dairy cows by Delta (9)-desaturase. JN utr 130 : 2285-2291.
Grilli M, Pizzi M, Memo M and Spano P (1996). Neuroprotection o f aspirin and sodium
salicylate through blockade of NF-kB activation. Science 274:1383-1385.
Groden J, Thliveris A, Samowitz W, Carlson M, Grelbert L, et al.^ (1991). Identification and
characterization of the familial adenomatous polyposis coli gene. Cell 66: 589-600.
Grumont RJ, Rourke IJ and Gerondakis S (1999). Rel-dependent induction o f A1
transcription is required to protect B cells from antigen receptor ligation-induced apoptosis.
Genes Dev 13: 400-411.
Guan RJ, Fu Y, Holt PR, Pardee AB (1999). Association of K-ras mutations with p l6
methylation in human colon cancer. Gastroenterology 116:1063-1071.
Guillem JD, O' Brian CA, Fitzer CJ, Forde KA, LoGerfo P, Treat M, Weinstein IB (1987).
Altered levels of proteins kinase C and Ca^^ -dependent protein kinases in human colon
carcinomas. Cancer Res Al. 2036-2039.
Guldutuna S, Zimmer G, Imhof M, Bhatti S, You T, Leuschner U (1993). Molecular aspects
o f membrane stabilization by ursodeoxycholate. Gastroenterology 104: 1736-44.

Guo YS, Hellmich MR, Wen XD, Townsend CM Jr (2001). Activator protein-1
transcription factor mediates bombesin-stimulated cyclooxygenase-2 expression in intestinal
epithelial cells. JBiol Chem 276: 22941-7.
Gupta RA, Tan J, Krause WF, Geraci MW, Wilson TM, Dey SK and DuBois RN (2000).
Prostacyclin-mediated activation o f peroxisome proliferator-activated receptor delta in
colorectal cancer. Proc Natl AcadSci USA 97: 13275-13280.
Gustafsson JA (1999). Seeking ligands for lonely orphan receptors. Science 284 : 1285-1286.
Gwyn K, Sinicrope FA (2002). Chemoprevention o f colorectal cancer. Am J Gastroenterol
97: 13-21.
Ha YL, Storkson J and Pariza MW (1990). Inhibition o f benzo(a)pyrene-induced mouse
forestomach neoplasia by conjugated dienoic derivatives o f linoleic acid. Cancer Research
50 : 1097-1101.
Hague A, Elder DJ, Hicks DJ, Paraskeva C (1995). Apoptosis in colorectal tumor cells:
induction by the short chain fatty acids butyrate, propionate and acetate and by the bile salt
deoxycholate. Int J Cancer 60: 400-6.
Hahn SA, Schutte M, Hoque ATMS, Moskaluk CA, da Costa LT, Rozenblum E, et al,
(1996). DPC4, a candidate tumor suppressor gene at human chromosome 18q21.1. Science
271 : 350-3.
Hai T, Curran T (1991). Cross-family dimerization o f transcription factors Fos/Jun and
ATF/CREB alters DNA binding specificity. Proc Natl Acad Sci U SA 88: 3720-4.
Hakama M (1998). Chemoprevention o f cancer. Acta Oncol 37: 227-30.
Hayne D, Brown RS, McCormack M, Quinn MJ, Payne HA, Babb P (2001). Current
trends in colorectal cancer: site, incidence, mortality and survival in England and Wales.
Clin Oncol 13 : 448-52.
Haller H, Lindschay C, Maasch C, Olthoflf H, Kurscheid D, Luft FC (1998). Integrininduced protein kinase C-a and 8 translocation to focal adhesions mediates vascular smooth
muscle cell spreading. Circ Res 82: 157-165.
Hallstrom P, Svensson D, Blanck A (1991). Sex-differentiated, deoxycholic acid promotion
o f rat liver carcinogenesis is under pituitary control. Carcinogenesis 12: 2035-2040.
Halvorsen B, Staff AC, Ligaarden S, Prydz K and Kolset SO (2000). Lithocholic acid and
sulphated lithocholic acid differs in the ability to promote matrix metalloproteinase secretion
in the human colon cancer cell line CaCo-2, Biochem J 349 189-193.
:

Hammarsten O (1901) Untersuchungen uber die Gallen einiger Polarthiere. I. Uber die Galle
des Eisbaren. 1 Abschnitt. Hoppe-Seyler's. Z Physiol Chem 32: 435-66.

Han HJ, Maruyama M, Baba S, et al., (1995). Genomic structure o f human mismatch repair
gene, hMLHl, and its mutation analysis in patients with hereditary nonpolyposis colorectal
cancer (HNPCC). Human Molecular Genetics 4 . 237-242.
Han SS, Chung ST, Robertson DA, Ranjan D and Bondada S (1999). Curcumin causes the
growth arrest and apoptosis o f B cell lymphoma by downregulation o f egr-1, c-myc, bcl-XL,
NF-kappa B, and p53. Clin Immunol 93 : 152-161.
Hanahan D and WeinbergRA (2000). The hallmarks of cancer. Cell 100: 57-70.
Hardingham JE, Buder WJ, Roder D, Dobrovic A, Dymock RB, Sage RE, etal., (1998).
Somatic mutations, acetylator status, and prognosis in colorectal cancer. Gut 42 : 669-72.
Hartwig JH, Thelen M, Rosen A, Janmey P A, Nairn AC and Aderem A (1992). MARCKS
is an actin filament crosslinking protein regulated by protein kinase C and calciumcalmodulin. Nature 356 : 618-22.
He TC, Chan TA, Vogelstein B and Kinzler KW (1999). PPARdelta is an APC-regulated
target of nonsteroidal anti-inflammatory drugs. Cell 99 ; 335-345.
Heathcote EJ, Cauch Dudek K, Walker V, etal., (1994). The Canadian muhicenter double
blind randomized controlled trial o f ursodeoxycholic acid in primary biliary cirrhosis.
Hepatology 19: 1149-56.
Heiss E, Herhaus C, Klimo K, Bartsch H and Gerhauser C (2001). Nuclear factor kappa B is
a molecular target for sulforaphane-mediated anti-inflammatory mechanisms. J Biol Chem
276: 32008-32015.
Heldin CH, Miyazono K, ten Dijke P (1997). TGF-P signalling from cell membrane to
nucleus through SMAD proteins. Nature 390 : 465-71.
Herman JG, Latif F, Weng Y, Lerman MI, Zbar B, Liu S, et al., (1994). Silencing o f the
VHL tumor-suppressor gene by DNA methylation in renal carcinoma. Proc Natl Acad Sci
USA 91 : 9700-4.
Herman JG, Merlo A, Mao L, Lapidus RG, Issa J-PJ, Davidson NE, et al., (1995).
Inactivation of the CDKN2/pl6/MTSl gene is frequently associated with aberrant DNA
methylation in all common human cancers. Cancer Res 55 : 4525-30.
Herman JG, Umar A, Polyak K, Graff JR, Ahuja N, Issa J-PJ, et al., (1998). Incidence and
fianctional consequences of hMLHI promoter hypermethylation in colorectal carcinoma.
Proc Natl Acad Sci USA 95 : 6870-5.
Herrlich P (2001). Cross talk between glucocorticoid receptor and AP-1. Oncogene 20 :
2465-2475.
Heuman DM and Bajaj R (1994). Ursodeoxycholate conjugates protect against disruption of
cholesterol-rich membranes by bile salts. Gastroenterology 106: 1333-41.

Heuman DM, Bajaj R, Lin Q (1996). Adsorption o f mixtures o f bile salt taurine conjugates
to lecithin-cholesterol membranes: Implications for bile salt toxicity and cytoprotection. J
Lipid Res 37: 562-73.
Heuman DM, Mills AS, McCall J, Hylemon PB, Pandak WM, Vlahevic ZR (1991).
Conjugates o f ursodeoxycholate protect against cholestasis and hepatocellular necrosis
caused by more hydrophobic bile sahs. Gastroenterology 100: 203-11.
Hibi M. Lin A. Smeal T, Minden A, Karin M (1993). Identification of an oncoprotein- and
UV-responsive protein kinase that binds and potentiates the c-Jun activation domain. Genes
D evi. 2135-2148.
Hilberg K, Aguzzi A, Howwlles N, Wagner EF (1993). c-Jun is essential for normal mouse
development and hepatogenesis. Nature 365: 179-181.
Hill MJ, Crowther JS, Drasar BS, Hawksworth G, Aries V and Williams REO (1971).
Bacteria and aetiology o f cancer o f large bowel. Ixmcet 1: 95-100.
Hillaire S, Boucher E, Calmus Y e ta i, (1994). Effects o f bile acids and cholestasis on major
histocompatibility complex class I in human and rat hepatocytes. Gastroenterology 107:
781-8.
Hino G A, Morita M, Une M, Fujimura K, Kuramoto T (2001). effect o f deoxycholic acid
and its epimers on lipid peroxidation in isolated rat hepatocytes. JBi(x:hem 129: 683-9.
Hirano F, Tanada H, Makino Y, Okamoto K, Hiramoto M, Handa H, Makino I (1996).
Induction o f transcription factor AP-1 in cultured human colon adenocarcinoma cells
following exposure to bile acids. Carcinogenesis 17: 427-433.
Hirano F, Tanaka H, Makino I (1993). Regulation o f the major histocompatibility complex
class I mRNA expression by bile acids in cultured human hepatoma cells. Biochem Biophys
ResCommun \9S. 1408-14.
Hirano F, Tanaka H, Makino Y, et al., (1996). Effects o f ursodeoxycholic acid and
chenodeoxycholic acid on major histocompatibility complex class I gene expression. J
Gastroenterol 31:55-60.
Hirano F, Tanaka H, Makino Y, Okamoto K, Hiramoto M, Handa H and Makino I (1996).
Induction of the transcription factor AP-1 in cultured human colon adenocarcinoma cells
following exposure to bile acids. Carcinogenesis 17: 427-433.
Hirano M, Hirai S, Mizuno K, Osada S, Hosaka M, Ohno S (1995). A protein kinas C
isoenzyme, nPKC epsilon is involved in the activation o f NF-kappa B by 12-0tetradecanoylphorbol-13-acetate (TPA) in rat 3Y1 fibroblasts. Biochem Biophys Res
Commun 206: 429-36.
Hixson LJ, Garewal HS, McGee DL, etal., (1993). Ornithine decarboxylase and polyamines
in colorectal neoplasia and mucosa. Cancer Epidemiol Biomark Prev 2: 369-74.

Hochegger K, Partik G, Schorkhuber M, Marian B (1999). Protein-kinase-C iso-enzymes
support DNA synthesis and cell survival in colorectal-tumor cells. IntJCancer 83: 650-6.
Hofmann AF (1994). Pharmacology o f ursodeoxycholic acid, an enterohepatic drug. ScandJ
Gastroenterol 29: 1-15.
Hofmann AF (1992). Bile acids in liver and biliary disease, in: GH Millward-Sadler R,
Wright MJP, Arthur (Eds ), Wright’s Liver and Biliary Disease, 3rd Edition, Saunders,
London, Chapter 13: 288-310.
Hofmann AF (1999). The continuing importance o f bile acids in liver and intestinal disease.
Arch hitemM ed 159: 2647-2658.
Hori T, Matsumoto K, Sakaitani Y, Sato M and Morotomi M (1998). Effect of dietary
deoxycholic acid and cholesterol on faecal steroid concentration and its impact on the
colonic crypt cell proliferation in azoxymethane-treated rats. Cancer Lett 124: 79-84.
House C and Kemp BE (1987). Protein kinase C contains a pseudosubstrate prototope in its
regulatory domain. Science 238: 1726-1728.
Housey G, Johnson M, Hsiao W, O' Brian C, Murphy J, Kirschmeier P and Weinstein LB
(1988). Overproduction o f protein kinase C causes disordered growth control in rat
fibroblasts. Cell 52: 343-345
Howe GR, Aronson KJ, Genito, et al , (1997). The relationship between fat intake and risk
o f colorectal cancer: Evidence from the combined analusis o f 13 case-control studies.
Cancer Causes Control 8: 215-28.
Howe JR, Roth S, Ringold JC, Summers RW, Jarvinen HJ, Sistonen P, et a i, (1998),
Mutations in the SMAD4/DPC4 gene in juvenile polyposis. Science 280: 1086-8.
Hu E, Mueller E, Oliviero S, Papaioannou VE, Johnson R, Spiegelman BM (1994). Targeted
disruption o f the c-fos gene demonstrates c-fos-dependent and -independent pathways for
gene expression stimulated by growth factors or oncogenes. EM BO J 13: 3094-3103.
Huang S, Pettaway CA, Uehara H, Bucana CD, Fidler IJ (2001). Blockade o f NF-kappaB
activity in human prostate cancer cells is associated with suppression o f angiogenesis,
invasion, and metastasis. Oncogene 20 : 4188-97.
Huang X P, Fan XT, Desjeux JF, Castagna M (1992). Bile acids, non-phorbol-esters-type
tumour promoters, stimulate the phosphorylation o f protein kinase C substrates in human
platelets and colon cell lines. In tJ Cancer 52 : 444-50.
Hubbard NE, Lim D, Summers L, Erickson KL (2000). Reduction o f murine mammary
tumor metastasis by conjugated linoleic acid. Cancer Lett 150: 93-100.
Hug H, Sarre TF (1993). Protein kinase C isoenzyme: divergence in signal transduction?
BiochemJ291: 329-343.

Igashi M, Miyazawa T (2001). The growth inhibitory effect o f conjugated linoleic acid on a
human hepatoma cell line, HepG2, is induced by a change in fatty acid metabolism, but not
the facilitation of lipid peroxidation in the cells. Biochem Biophys Acta 1530: 162-171.
Igarashi M, Miyazawa T (2001). The growth inhibitory effect of conjugated linoleic acid on
a human hepatoma cell line, HepG2, is induced by a change in fatty acid metabolism, but not
the facilitation o f lipid peroxidation in the cells. Bkx:himica et Biophysica Acta 1530: 162117.
Ikegami T, Matsuzaki Y, Shoda J, Kano M, Hirabayashi N, Tanaka N (1998). The
chemopreventive role o f ursodeoxycholic acid in azoxymethane-treated rats: suppressive
effects on enhanced group II phospholipase A2 expression in colonic tissue. Cancer Lett
134: 129-39.
Ilyas M, Straub J, Tomlinson IP, Bodmer WF (1999). Genetic pathways in colorectal and
other cancers. Eur J Cancer 35: 335-51.
Im E, Martinez JD (2004). Ursodeoxycholic acid (UDCA) can inhibit deoxycholic acid
(DCA)-induced apoptosis via modulation o f EGFR/Raf-l/ERK signaling in human colon
cancer cells. JN utr 134:483-6.
Imary CH, Radley S, Davis A, Barker G, Hendrickse CW, Donovan lA, Lawson AM,
Baker PR, Neoptolemos JP (1992). Fecal unconjugated bile acids in patients with colorectal
cancer or polyps. Gut 33. 1239-1245.
Inoue M, Kishimoto A, Takai Y and Nishizuka Y (1977). Studies on a cyclic nucleotideindependent protein kinase and its pro enzyme in mammalian tissues n. J Biol Chem 252:
7610-7616.
Ip C, Briggs SP, Haegele AD, et a i, (1996). The efficacy o f conjugated linoleic acid in
mammary cancer prevention is independent o f the level or type o f fat in the diet.
Carcinogenesis 17: 1045-1050
Ip C, Chin SF, Scimeca JA and Pariza MW (1991). Mammary cancer prevention by
conjugated dienoic derivative of linoleic acid. Cancer Research 51: 6118-6124.
Ip C, Scimeca JA, Thompson H (1995). Effect o f timing and duration o f dietary conjugated
acid on mammary cancer prevention. Nutr Cancer 24 : 241-247
Ip C, Ip MM, Loftus T, Shoemaker S, Shea-Eaton W (2000). Induction o f apoptosis by
conjugated linoleic acid in cultured mammary tumor cells and premalignant lesions o f the rat
mammary gland. Cancer Epidemiology Biomarkers Prev 9. 689-696.
Ishida T, Mizushima S, Azuma S, et al., (1996). Identification o f TRAF6, a novel tumor
necrosis factor receptor-associated factor protein that mediates signaling from an aminoterminal domain of the CD40 cytoplasmic K gionJ Biol Chem 271: 28745-28748.
Issemann I and S Green (1990). Activation o f a member of the steroid hormone receptor
superfamily by peroxisome proliferators. Nature 347: 645-650.

Iwasaki T (1936). Uber the Konstitution der ursodeoxycholsaure. Z Physiol Chem 244 : 18193.
Jaken S (1996). Protein kinase C isozymes and substrates. C un Opin Cell Bio 8: 168-173.
Janne PA and Mayer RJ (2000). Chemoprevention o f colorectal cancer. N Engl J M ed 342
; 1960-1968.
Jass JR, Whitehall VL, Young J, Leggett BA (2002). Emerging concepts in colorectal
neoplasia. Gastroenterology 123: 862-76.
Jen Powell SM, Papadopoulos N, Smith KJ, Hamilton SR, Vogelstein B, Kinzler KW (1994).
Molecular determinants of dysplasia in colorectal lesions. Cancer Res 54 : 5523-5526.
Jochum W, Passegue E and Wagner EF (2001). AP-1 in mouse development and
tumorigenesis. Oncogene 20: 2401-2412.
Jochum W, David JP, ElUott C, Wutz A, Plenk H Jr, Matsuo K, Wagner EF (2000). Increased
bone formation and osteosclerosis in mice overexpressing the transcription factor Fra-1.
Nature Med 6: 980-984.
Johnson JE, Edwards AS and Newton A C (1997). A putative phosphatidylserine binding
motif is not involved in the lipid regulation of protein kinase C. J Biol Chem TIT. 30787-92.
Johnson MD, Torri JA, Lippman ME and Dickson RB (1999). Regulation o f motility and
protease expression in PKC-mediated induction of MCF-7 breast cancer cell invasiveness
Kx\i Cell Res 247 : 105-113,
Johnson R, Spiegelman B, Hanahan D and Wisdom R (1996). Cellular transformation and
malignancy induced by ras require c-jun. Mol Cell Biol 16: 4504-4511.
Johnson RS, Spiegelman BM, Papaionnou V (1992). Pleiotropic effects o f a null mutation
in the c-ras proto-oncogene. Cell 71 : 577-586.
Johnson RS, Van Lingen B, Papaioannou VE, Spiegelman BM (1993). A null mutation at
the c-flin locus causes embryonic lethality and retarded cell growth in culture. Genes Dev 7:
1309-1317.
Jones PA (1996), DNA methylation errors and cancer.

56:2463-7.

Jones PL, Ping D and Boss JM (1997), Tumor necrosis factor alpha and interleukin-1beta
regulate the murine manganese superoxide dismutase gene through a complex intronic
enhancer involving C/EBP-beta and NF-kappa B, M ol Cell Biol 17: 6970-6981.
Kahl -Rainer P, Kamer-Hanusch J, Weiss W, Marian B (1994). Five o f six protein kinase C
isoenzymes present in normal mucosa show reduced protein levels during tumor
development in the human colon. Carcinogenesis 15: 779-782.

Kahl-Rainer P, Sedivy R, Marian B (1996. Protein kinase C tissue localization in human
colonic tumors suggests a role for adenoma growth control. Gastroenterology 110: 17531759.
Kaklamanis L, Ganer KC, Mortensen N, Baigrie RJ, Heryet A, Lane DP et al (1993). p53
expression in colorectal adenomas. Am J Pathol 142: 87-93.
Kallunki T, Deng T, Hibi M, Karin M (1996), c-Jun can recruit JNK to phosphorylate
dimerizatlon partners via specific docking interactions. Cell 87: 929-939.
Kallunki T, Su B, Tsigelny I, Sluss HK, Derijard B, Moore G, Davis R, Karin M (1994).
JNK2 contains a specificity-determining region responsible for efficient c-Jun binding and
phosphorylation. Genes Dev 2996-3007.
Kampfer S, Hellbert K, Villunger A, Doppler W, Baier G, Grunicke HH and berall, F
(1998), Transcriptional activation o f c-fos by
oncogenic Ha-Ras inmouse mammary
epithelial cells requires the combined activities o f PKC- lambda, epsilon and zeta, Embo J
17: 4046-55,
Kanazawa T, Shimazaki A, Sato T, el al., (1955), Studies on the synthesis o f
ursodeoxycholic acid, JpnJ Chem 76: 297-301,
Kandell RL, Bernstein C (1991), Bile salt/acid induction o f DNA damage in bacterial and
mammalian cells: implications for colon cancer. Ntitr Cancer 16 : 227-238.
Karin M (1995). The regulation of AP-1 activity by mitogen-activated protein kineses. J Biol
Chem n o 16483-16486.
Karin M, Liu Z, Zandi E (1997). AP-1 function and regulation. Curr Opin Cell Biol 9 : 2406.
Kaserer K., Schmaus J, Bethge U, Migschitz B, Fasching S, Walch A, el al., (2000). Staining
panerns o f p53 immunohistochemistry and their biological significance in colorectal cancer.
J Pathol 190: 450-6.
Kasibhatla S, Brunner T, Genestier L, Echeverri
F, Mahboubi A, GreenDR (1998). DNA
damaging agents induce expression o f Fas ligand and subsequent apoptosis in T
lymphocytes via the activation of NF-kB and AP-1. Mol Cell 1: 543-551.
Kato T, Hancock RL, Mohammadpour H, et al., (2002). Influence o f omega-3 fatty acids on
the growth of human colon carcinoma in nude mice. Cancer Lett 187: 169-77.
Keino-Masu K., Masu M, Hinck L, Leonardo ED, Chan SSY, Culotti JG, et al., (1996).
Deleted in colorectal cancer (DCC) encodes a netrin receptor. Cell 87: 175-85.
Kelsey M and Pienta RJ (1979), Transformation o f hamster embryo cells by cholesterol
epoxide and lithocholic acid. Cancer Lett 19: 322-327,

Kemp MQ, JeRy BD, Romagnolo DF (2003). Conjugated linoleic acid inhibits cell
proliferation through a p53-dependent mechanism: effects on the expression o f G lrestriction points in breast and colon cancer cells. JN utr 133: 3670-7.
Keranen LM, Dutil EM and Newton AC (1995) Protein kinase C is regulated in vivo by
three functionally distinct phosphorylations. O /rr Bioi 5: 1394-1403.
Kersten S, Desvergne B and Wahli W (2000). Roles of PPARs in heakh and disease. Nature

405: 421-^24.
Kerppola TK. Curran T (1996). Maf end Nrl can bind to AP-1 sites and form heterodimers
with Fos and Jun. Oncogene 9 : 675-684.
Kerr JF, Wyllie AH, Currie AR (1972). Apoptosis: a basic biological phenomenon with
wide-ranging implications in tissue kinetics. B rJ Cancer 26 : 239-57.
Khare S, Cerda S, Wali RK, von Lintig FC, Tretiakova M, Joseph L, Stoiber D, Cohen G, et
al., (2003). Ursodeoxycholic Acid Inhibits Ras Mutations, Wild-type Ras Activation, and
Cyclooxygenase-2 Expression in Colon Cancer. Cancer Research 63:3 517-3523.
Kieser A, Seitz T, Adler HS, Coffer P, Kremmer E, Crespo P, Gutkind JS, Henderson DW,
Mushinski JF, Kolch W and Mischak H (1996). Protein kinase C-zeta reverts v-raf
transformation of NIH-3T3 cells. Genes Dev 10: 1455-66.
Kikkawa U, Ogita K, Shearman MS, Ase K, Sekiguchi K, Naor Z, etal., (1988). The family
of protein kinase-C-its molecular heterogeneity and differential expression. Cold Spring
Harbour Symp Quant Biol 53: 97-102
Kim EJ, Jun JG, Park HS, Kim SM, Ha YL, Park JH (2002), Conjugated linoleic acid (CLA)
inhibits growth of Caco-2 colon cancer cells: possible mediation by oleamide. Anticancer
Res 22: 2193-7.
Kim KH, Park HS (2003). Dietary supplementation o f conjugated linoleic acid reduces colon
tumor incidence in DMH-treated rats by increasing apoptosis with modulation o f
biomarkers. Nutrition 19: 772-7,
Kim YI (2000), AGA technical review: impact of dietary fiber on colon cancer occurrence.
Gastroenterology 118: 1235-57,
Kindall JW, Bowen PE, Burgess MB, el at., (1989), Cigarettes and alcohol as independent
risk factors for colonic adenomas. Gastroenterology 97: 660-4,
Kinzler KW, Vogelstein B (1996), Lessons from hereditary colorectal cancer. Cell 87: 15970,
Kishida T, Taguchi F, Feng L, Tatsuguchi A, Sato J, Fujimori S, Tachikawa H, et al.,
(1997), Analysis of bile acids in colon residual liquid or fecal material in patients with
colorectal neoplasia and control subjects../ Gastroenterol 32: 306-311.

Kishimoto A, Kajikawa N, Shiota M, Nishizuka Y (1983). Proteolytic activation o f calcium
activated, phospholipids-dependent neutral protease. J B io l Chem 258:1156-1164.
Kitani K and Kanai S (1982). Tauroursodeoxycholate prevents taurocholate-induced
cholestasis. Life SciM . 515-23.
Khan WA, Blobe G, Halpern A, Taylor W, Wetsel WC, etal.^ (1993). Selective regulation
o f protein kinase C isoenzymes by oleic acid in human platelets. J Biol Chem 258: 50635068.
Klauck TM, Faux MC, Labudda K, Langeberg LK, Laken S and Scott JD (1996) .
Coordination of three signaling enzymes by AKAP 79, a mammalian scaffold protein.
Science 111 . 1589-1592.
Klein IK, Ritland SR, Burgart LJ, Ziesmer SC, Roche PC, Gendler SJ, et a i, (2000).
Adenoma-specific alterations of protein kinase C isozyme expression in Ape (MIN) mice.
Cancer Res 60: 2077-2080.
Kliewer SA, Lehmann JM and Willson TM (1999). Orphan nuclear receptors: shifting
endocrinology into reverse. Science 284: 757-760.
Kolodner R (1996). Biochemistry and genetics of eukaryotic mismatch repair. Genes Dev
10:1433-1442.
Kopp EB and Ghosh S (1995). NF-kappa B and rel proteins in innate immunity. Ad\>
Immunol SS 1-27.
Kopp R, Noelke B, Suater G, Shildberg FW, Paumgartner G, Pfeiffer A (1991). Altered
protein kinase C in biopsies o f human colonic adenoma and carcinomas. Ccmcer Res 51:
205-210.
Koretz, RL (1993). Malignant polyps: are they sheep in wolves’ clothing? Ann Intern
M e d X m . 63-8.
Kozoni V, Tsioulias G, Shiflf S and Rigas B (2000). The effect o f lithocholic acid on
proliferation and apoptosis during the early stages o f colon carcinogenesis: differential effect
on apoptosis in the presence of a colon carcinogen. Carcinogenesis 21: 999-1005.
Krappmann D, Emmerich F, Kordes U, Scharschmidt E, Dorken B and Scheidereit C
(1999). Molecular mechanisms of constitutive NF-kappaB/Rel activation in Hodgkin/ReedStemberg cells. Oncogene 18: 9439-9453.
Krauss R, Housey G, Johnson M and Weinstein LR (1989). Disturbances in growth control
and gene expression in a C3H/I0T1/2 cell line that stably overexpresses protein kinase C.
Oncogene 4: 991-998.
Krikos A, Laherty CD and Dixit VM (1992). Transcriptional activation o f the tumor necrosis
factor a-inducible zinc finger protein, A20, is mediated by kB elements. J Biol Chem 267:
17971-17976.

Kritchevsky D (2000). Antimutagenic and some other effects o f conjugated linoleic acid. Br
JNutr 83 : 459-465.
Kulkarni MS and Yielding KL (1985). DNA damage and repair in epithelial (mucous)
cells and crypt cells from isolated colon. Chem Biol Interact 52 : 2866-2874.
Kulkarni MS, Cox BA and Yielding KL (1982). Requirements for induction o f DNA
stand breaks by lithocholic acid. Cancer Res 42 : 2792-2795.
Kumar A, Haque J, Lacoste J, Hiscott J and Williams BR (1994). Proc Natl Acad Sci USA
91 : 6288-6292.
Kustikova O, Kramerov D, Grigorian M, Berezin V, Bock E, Lukanidin E and Tulchinsky E
(1998). Fra-1 induces morphological transformation and increases in vitro invasiveness and
motility o f epithelioid adenocarcinoma cells. Mol Cell Biol 18 : 7095-7105.
La Vecchia C, Negri E, Pelucchi C, Franceschi S (2002). Dietary folate and colorectal
cancer. Int J Cancer 102 : 545-7.
Laird PW, Jackson-Grusby L, Fazeli A, Dickinson SL, Jung WE, Li E, el ai, (1995).
Suppression of intestinal neoplasia by DNA hypomethylation. Cell 81 : 197-205.
Lamprecht SA, Lipkin M (2003). Chemoprevention o f colon cancer by calcium, vitamin D
and folate: molecular mechanisms. Nature Rev Cancer 3 : 601-14
LaMuraglia GM, Lacaine F, Malt RA (1986). High ornithine decarboxylase activityand
polyamine levels in human colorectal neoplasia. Ann Surg 204: 89-93.
Landolph JR, J ones P A (1982. Mutagenicity o f 5-azacytidine and relatednucleosides in
C3H/10Tt clone 8 and V79 cells. Cancer Res 42 : 817-23.
Lane DP (1992). p53, guardian o f the genome. Nature 358: 15-16.
Lapre JA, Van der Meer R (1992). Diet-induced increase o f colonic bile acids stimulates
lytic activity o f faecal water and proliferation o f colonic cells. Carcinogenesis 13: 41-44.
Lawson MJ, White LM, Coyle P, Butler RN, Roberts-Thomson IC, Conyers RA (1989). An
assessment of proliferative and enzyme activity in transitional mucosa adjacent to colonic
cancer. Cancer 64 . 1061-6.
Lazar V, Grandjouan S, Bognel C et ai, (1994). Accumulation o f multiple mutations in
tumor suppressor genes during colorectal tumorigenesis in HNPCC patients. Human
Molecular Genetics 3 : 2257-2260.
Le Good JA, Ziegler WH, Parekh DB, Alessi D R, Cohen P and Parker P J (1998). Protein
kinase C isotypes controlled by phosphoinositide 3-kinase through the protein kinase PDKl.
Science 281 : 2042-5.
Leach FS, Nicolaides NC, Papadopoulos N, Liu B,JenJ, Parsons R, et al., (1993). Mutation
of a mutS homolog in hereditary nonpolyposis colorectal cancer. Cell 75: 1215-25.

Lee FS, Hagler J, Chen ZJ and Maniatis T (1997). Cell 88: 213-222.
Lee HH, Dadgostar H, Cheng Q, Shu J and Cheng G (1999). NF-kappaB-mediated upregulation o f Bcl-x and Bfl-l/A l is required for CD40 survival signaling in B lymphocytes.
Proc Natl A cad Sci USA 96 : 9136- 9141 .
Lee MH, Beil RM (1991). Mechanism of protein-kinase-C activation by phosphatidylinostol
4,5-biphosphate. Biochemistry 30 : 1041-1049.
Lehel c, Olah Z, Jakab G, Szallasi Z, Petrovics G, Harta G, Blumberg PM and . Anderson
WB (1995). Protein kinase C E subcellular localization domains and proteolytic degradation
sites. JBioIChem 270 : 19651-19658.
Lemasters JJ (1998). The mitochondrial permeability transition: From biochemical curiosity
to pathophysiological mechanism. Gastroenterology 115: 783-6.
Lemberger T, Braissant O, Juge-Aubry C et ai, (1996). PPAR tissue distribution and
interactions with other hormone-signalling pathways. Ann N Y Acad Sci 804 : 231-251.
Leppert M, Dobbs M, Scambler P, O'Connell P, Nakamura Y, Stauffer D, Woodward S, et
al., (1987). The gene for familial polyposis coli maps to the long arm o f chromosome 5.
Science 2iS: 1411-1413.
Leslie FA, Carey NR, Pratt and RJC Steele (2002). The colorectal adenoma-carcinoma
sequence. British Journal o f Surgery 89 : 845-860.
Li W, Miachak H, Yu J-c, Wang L-M, Mushinski IF, Heidaran MA and Pierce IH (1994).
Tyrosine phosphorylation of protein kinase Coin response to its activation. JBioIChem 269 :
2349-2352.
Liao L, Ramsey K and Jaken S (1994). Protein kinase C isozymes in progressively
transformed rat fibroblasts. Cell Growth Differ 5: 1185-1194.
Li E, Bestor TH, Jaenisch R (1992). Targeted mutation o f the DNA methyl transferase gene
results in embryonic lethality. Cell 69: 915-26.
Li JJ, Westergaard C, Ghosh P, Colburn NH (1997). Inhibitors o f both nuclear factor-kappa
B and activator protein-1 activation block the neoplastic transformation response. Cancer
Res 57 : 3569-76.
Li N and Karin M (1998). Ionizing radiation and short wavelength UV activate NF-kappaB
through two distinct mechanisms. Proc Natl Acad Sci USA 95 : 13012-13017.
Liew C, Schut HAJ, Chin SF, Pariza MW and Dashwood RH (1995). Protection of
conjugated linoleic acids against 2-amino-3-methylimidazo[4,5f] quinoline-induced colon
carcinogenesis in the F344 rat: a study of inhibitory mechanisms. Carcinogenesis 16 : 30373043.

Lin K-1, Lee S-H, Narayanan R, Baiaban JM, Hardwick JM and Ratan RR (1995). Thiol
agents and bcl-2 identify an alphavirus-induced apoptotic pathway that requires activation of
the transcription factor NF-kB. J Biol Chem 131: 1149-1161.
Lind DS, Hochwald SN, Malaty J, Rekkas S, Hebig P (2001). Nuclear factor-kappa B is
upregulated in colorectal cancer. Surgery 130: 363-9.
Lindor KD (1997). Ursodiol for primary sclerosing cholangitis. N Engl J Med 336: 691-5.
Lindor KD, Dickson ER, Balsus WP, el al., (1994) Ursodeoxycholic acid in the treatment of
primary biliary cirrhosis. Gastroenterology 106: 1284-90.
Linsalata M, Russo F, Cavallini A, Berloco P, Di Leo A (1993). Polyamines, diamine
oxidase, and ornithine decarboxylase activity in colorectal cancer and in normal surrounding
mucosa. Dis Colon Rectum 36 : 662-7.
Lipkin M, Newmark H (1985). Effect o f added dietary calcium on colonic epithelial-cell
proliferation in subjects at high risk for familial colonic cancer. N E n g lJ Med 313. 13811384.
Liu B, Nicoiaides NC, Markowitt S, Willson JKV, Parsons RE, Jen J, et a i, (1995).
Mismatch repair gene defects in sporadic colorectal cancers with microsatellite instability.
Nat Genet 9 : 48-55.
Liu B, Parson RE, Hamilton SR, Petersen GM, Lynch HT, et ai, (1994). HMSH2 mutations
in hereditary nonpolyposis colorectal cancer kindreds. Cancer Research 54 : 4590-4594.
Liu B, Parsons R, Papadopoulos N, Nicoiaides NC, Lynch HT, et a i, (1996). Analysis of
mismatch repair genes in hereditary non-polyposis colorectal cancer patients. Nat Med 2:
169-174.
Liu KL, and Belury MA (1997). Conjugated linoleic acid modulation o f phorbol esterinduced events in murine keratinocytes. Lipids 32. 725-730.
Liu KL, Belury MA (1998). Conjugated linoleic acid reduces arachidonic acid content and
PGE2 synthesis in murine keratincytes. Cancer Letters 127: 15-22.
Liu W, Reinmuth N, Stoeltzing O, Parikh AA, Tellez C, et a i, (2003). Cyclooxygenase-2 is
up-regulated by interleukin-1 beta in human colorectal cancer cells via multiple signaling
pathways. Cancer Res 63. 3632-6.
Liu ZG, Hsu H, Goeddel DV and Karin M (1996). Dissection o f TNF receptor 1 effector
functions: JNK activation is not linked to apoptosis while NF-kappaB activation prevents
cell death. Cell 87: 565-576.
Livneh E and Fishman DD (1997). Linking protein kinase C to cell-cycle control. Eur J
Biochem 24S: 1-9.
Loeb LA (1991). Mutator phenotype may be required for multistage carcinogenesis. Cancer
Res 51: 3075-9.

Loeb LA (1994). Microsatellite instability; marker o f a mutator phenotype in cancer. Cancer
Research 54 : 5059-5063.
Lowery OH, Rosebrough NJ, Farr AL, Rondall RJ (1951). Protein measurement with the
foline phenol reagent. JBiol Chem 193: 265-275.
Luk GD, Baylin SB (1984). Ornithine decarboxylase as a biologic marker in familial colonic
polyposis. N E n g lJM e d 311. 80-3.
Lukivskoya OY, Maskevich A, Buko VU (2001). Effect o f ursodeoxycholic acid on
prostaglandin metabolism and microsomal membranes in alcoholic fatty liver. Alcohol 25 :
99-105.
Lynch HT, Smyrk T and Lynch JF (1996). Overview o f the natural history, pathology,
molecular genetics and management of HNPCC (Lynch Syndrome/ International Journal
o f Cancer 69. 38-43.
MacDodald HB (2000). Conjugated linoleic acid and disease prevention: a review of current
knowledge. J Am CollNutr 19: 1lS-118S.
MacDonald lA, Singh G, Mahony DE and Meier CE (1978). Effect o f pH on bile salt
degradation by mixed fecal cultures. Steroids 32: 245-255,
MacLennan R, Macrae F, Bain C, el al., (1995). Randomized trial o f intake o f fat, fiber, and
beta carotene to prevent colorectal adenomas. The Australian Polyp Prevention Project. J
Natl Cancer Inst 87: 1760-6.
Mahmoud NN, Dannenberg AJ, Bilinski RT, Mestre JR, Chadburn A (1999).
Administration o f an unconjugated bile acid increases duodenal tumors in a murine
model o f familial adenomatous polyposis. Carcinogenesis, 20 : 299-303.
Makino I and Tanaka H (1998). From a choleretic to an immunomodulator: Historical
review o f ursodeoxycholic acid as a m&X\cm\QX\X. J Gastroenterol Hepatol 13: 659-64.
Makishima M, Okamoto AY, Repa JJ, Tu H, Learned RM, et al., (1999). Identification o f a
nuclear receptor for bile acids. Science 284: 1362-1365.
Malinin NL, Boldin MP, Kovalenko AV and Wallach D (1997). MAP3K-related kinase
involved in NF-kappaB induction by TNF, CD95 and YL-\ . Nature 385 : 540-544.
Mann B, Gelos M, Siedow A, Hanski ML, Gratchev A, Ilyas M, Bodmer WF, Moyer MP,
Riecken FO, Buhr HJ and Hanski C (1999).
Target genes o f B-catenin-T cellfactor/lymphoid-enhancer-factor signaling in human colorectal carcinomas. Proc Natl Acad
Sci USA 96 : 1603-1608.
Marconcini LMarchio S, Morbidelli L, Cartocci E, Albini A, Ziche M, Bussolino F, Oliviero S.
(1999). c-Fos-induced growth factor/vascular endothelial growth factor D induces
angiogenesis in vivo and in vitro. Proc Natl Acad Sci USA 96: 9671-9676.

Marks F, Muller-Decker K, Furstenbeiger GA (2000). Causal relationship between
unscheduled eicosanoid signalling and tumor development: cancer chemoprevention by
inhibitors of arachidonic acid metabolism. Toxicology 153: 11-26.
Marras E, Concari P, Cortellezzi L, Dondi D, De Eguileor M, Perletti G (2001). Involvement
o f P13K in PKCepsilon-mediated oncogenic signal in rat colonic epithelial cells. In tJ Oncol
19 : 395-9,
Marrogi AJ, Travis WD, Welsh JA, Khan MA, Rahim H, Tazelaar H, e ta i, (2000). oxide
synthase cyclooxygenase 2 and vascular endothelial growth factor in the angiogenesis of
non-small cell lung carcinoma. Clin Cancer Res 6: 4739-4744.
Martin AG, San-Antonio B, Fresno M (2001). Regulation of Nuclear Factor-KB
Transactivation, Implication of phosphatidyl inositol 3-kinase and protein kinase C zeta in cRel activation by tumor necrosis factor alpha, JB iol Chem 216\ 15840-9.
Martin MS, Justrabo E, Jeannin JF, Leclerc A and Marin F (1981). Effect of dietary
chenodeoxycholic acid on intestinal carcinogenesis induced by 1.2 dimethylhydrazine in
mice and hamsters, B rJ Cancer 43 : 884-886.
Matais R. Wynne J, Treisman R (1993). The SRF accessory protein Elk-1 contains a growth
factor regulated transcription domain. Cell 73 : 381-393.
Matheson H, Branting C, Rafter I, Okret S. and Rafter J (1996). Increased c-fos mRNA and
binding to the AP-1 recognition sequence accompanies the proliferative response to
deoxycholate ofHT29 cells. Carcinogenesis 17 : 421^26.
May P, May E (1999). Twenty years of p53 research: structural and functional aspects of the
p53 protein. Oncogene 18: 7621-36.
Mayo MW, Wang CY, Cogswell PC, Rogers-Graham KS, Lowe SW, et al., (1997).
Requirement of NF-kB activation to suppress p53-independent apoptosis induced by
oncogenic Ras, Science 278 : 1812-5.
McKeown-Eyssen GE, Bright-See E, Bruce WR, et a i, (1995). A randomized trial o f a low
fat high fibre diet in the recurrence of colorectal polyps, J Clin Epidemiol 47 : 525-36,
McKillop CA, Owen RW, Bilton RF and Haslam EA (1983). Mutagenicity testing of
steroids obtained from bile acid and cholesterol. Carcinogenesis 4: 1179-1183.
McMichael AJ and Potter JD (1985). Host factors in carcinogenesis: certain bile-acid
metabolic profiles that selectively increase the risk o f proximal colon cancer. J Natl Cancer
Inst 75: 185-191.
McMillan L, Butcher S, Wallis Y, Neoptolemos JP and Lord JM (2000). Bile acids reduce
the apoptosis-inducing effects of sodium butyrate on human colon adenoma (AA/Cl) cells:
implications for colon carcinogenesis. Biochem Biophys Res Commim 273 : 45-49.

McSherry CK, Cohen BI, Blokkenheuser VD, Mosbach EH, Winter J, Matoba N and
Scholes J (1989). Effects of calcium and bile acid feeding on colon tumors in the rat. Cancer
Res 49 : 6039-6043.
Mechta F, Lallemand D, Pfarr CM and Yaniv M (1997).Transformation by ras modifies
API composition and activity. Oncogene 14: 837-847.
Mecklin JP (1987). Frequency o f hereditary colorectal carcinoma. Gastroenterology 93:
1021-1025.
Medina EA, Horn WF, Kleim NL, et a i, (2000). Conjugated linoleic acid supplementation
in humans: effects on circulating leptin concentrations and appetite, IJpida 35: 783-788.
Mercurio F, Zhu H, Murray BW, Shevchenko A, Bennett BL el al., (1997), IKK-1 and IKK2: cytokine-activated IkappaB kinases essential for NF-kappaB activation. Science 278: 860866 .
Merrill AH, Schmelz EM, Wang E, Schroeder JJ, Dillehay DL and Riley RT (1995). Role o f
dietary sphingolipids and inhibitors o f sphingolipids metabolism in cancer and other
diseases. J Nutr 125: 1677s-1682s.
Meyer CF, Wang X, Chang C, Templeton D and Tan T-H (1996). Interaction between c-Rel
and the mitogen-activated protein kinase kinase kinase 1 signaling cascade in mediating
kappaB enhancer activation. J Biol Chem 271: 8971-8976
Michael Karin, Yixue Cao, Florian R. Greten & Zhi-Wei Li (2002). NF- kB in cancer: from
innocent bystander to major culprit. Nature Reviews Cancer 2: 301-310.

Midgley CA, Lane DP (1997). p53 protein stability in tumour cells is not determined by
mutation but is dependent on Mdm2 binding. Oncogene 15: 1179-89.
Mietz JA, Unger T, HuibregtseJM, Howley PM (1992). The transcriptional transactivation
function o f wild-type p53 is inhibited by SV40 large T-antigen and by HPV-16 E6
oncoprotein. FMBO J 11: 5013-20.
Miller A, Stanton C, Devery R (2001). Modulation o f arachidonic acid distribution by
conjugated linoleic acid isomers and linoleic acid in MCF-7 and SW480 cancer cells. Lipids
36 : 1161-8.
Miller A, Stanton C, Devery R (2002), Cis 9, trans I I - and trans 10, cis 72-conjugated
linoleic acid isomers induce apoptosis in cultured SW480 cells. Anticancer Res 22 : 3879-87.
Milovic V, Teller IC, Faust D, Caspary WF, Stein J (2002). Effects of deoxycholate on
human colon cancer cells: apoptosis or proliferation. F.ur J Clin Invest 1: 29-34.
Milovic V, Teller 1C, Murphy GM, Caspary WF, Stein J (2001). Deoxycholic acid
stimulates migration in colon cancer cells. Fjir J Gastroenterol Hepatol 13: 945-9.
Min W, Ghosh S, Lengyel P (1996). The Interferon-inducible p202 protein as a modulator of
transcription: inhibition o f NF-kB, c - F o s , and c-Jun activities. M ol Cell Biol 16 : 359-368.

Mischak H, Goodnight JA, Kolch W, Martiny-Baron G, Schaechtle C, Kazanietz MG
(1993). Overexpression o f Protein Itinase C delta and epsilon in NIH3T3 cells induces
opposite effects on growth, morphology, anchorage dependence and tumorigenesis. J Biol
Chem 268 : 6090-6.
Mitsuyoshi H, Nakashima T, Sumida Y, Yoh T, Nakajima Y (1999). Ursodeoxycholic acid
protects hepatocytes against oxidative injury via induction of antioxidants. Biochem Biophys
Res Commm 263 : 537-542.
Miyake M, Konishi M, Kikuchi-Yanoshita R, Enomoto M, Igari T, Tanaka K (1994).
Characteristics o f somatic mutation o f the adenomatous polyposis coli gene in colorectal
tumors. Cancer Res 54: 3011-3020.
Miyamoto S and Verma IM (1995). Rel/NF-KB/lKB story. Ad\’ Cancer Res 66: 255-292.
Miyoshi Y, Nagase H, Ando H, Horii A, Ichii S (1992). Somatic mutations o f the APC gene
in colorectal tumors: mutation cluster region in the APC gene. Hum Mol Genet 1: 229-233.
Mochly-Rosen, D. (1995) Localization o f protein kinases by anchoring proteins: a theme in
signal transduction. Science 268 : 247-251.
Momand J, Zambetti GP, Olson DC, George D, Levine AJ (1992). The mdm-2 oncogene
product forms a complex with the p53 protein and inhibits p53-mediated transactivation.
Cell 69 : 1237-45.
Momen MA, Monden Y, Houchi H, Umemot A (2002). Effect o f ursodeoxycholic acid on
azoxymethane-induced aberrant crypt foci formation in rat colon: in vitro potential role o f
intracellular Ca2+. J Med Invest 49: 67-73.
Montaner S, Ramos A, Perona R, Esteve P, Carnero A and Lacal JC (1995). Overexpression
o f PKC zeta in NIH3T3 cells does not induce cell transformation nor tumorigenicity and
does not alter NF kappa B activity. Oncogene 10: 2213-20.
Moorghen M, Ince P. Finney KJ, Sunter JP, Appleton DR, Watson AJ (1988). A protective
effect of sulindac against chemically-induced primary colonic tumours in mice. J Path 156 :
341-347.
Mori N, Fujii M, Ikeda S, Yamada Y, Tomonaga M, Ballard DW and Yamamoto N (1999).
Constitutive activation o f NF-kappaB in primary aduk T-cell leukemia cells. Blood 93 :
2360-2368.
Moriya S, Kazlauskas A, Akimoto K, Hirai S, Mizuno K (1996) Platelet-derived growth
factor activates protein kinase C epsilon through redundant and independent signaling
pathways involving phospholipase C gamma or phosphatidylinositol 3-kinase. Proc Natl
AcadSci U SA 93 \ 151-5.
Morvay Szentleleki K, Torok G, Pinter A, Borzsonyi M and Nawroth R (1989). Effect of
change of fecal bile acid excretion achieved by operative procedures on 1,2
demethylhydrazine-induced colon cancer in rats. Dis Colon Rectum 32 : 860-863.

Moseley RH (1999). Bile secretion, in; T. Yaniada, el a i, (Eds.), Textbook o f
Gastroenterology, 3rd Edition, Lippincott Williams & Wilkins, Philadelphia, Chapter 17:
380-403.
Mukhopadhyay A, Bueso-Ramos C, Chatteijee D, Pantazis P and Aggarwal BB (2001).
Curcumin downregulates cell survival mechanisms in human prostate cancer cell lines.
Oncogene 20 : 7597-7609.
Mullen JM, Soler AP, Laughlin KV, Kampherstein JA, Russo LM, et a i, (1996). Chronic
exposure of LLC-PKi epithelia to phorbol ester, TPA produces polyp-like foci with leaky
tight junctions and altered protein kinase C-a expression and localization. Exp Cell Res 221:
12- 2 2 .

Muller G, Ayoub M, Storz P, Rennecke J, Fabbro D and Pfizenmaier K (1995). PKC zeta is
a molecular switch in signal transduction o f TNF-alpha, bifunctionally regulated by
ceramide and arachidonic acid. E m hoJ\4. 1961-9.
Muller G, Storz P, Bourteele S, Doppler H, Pfizenmaier K, Mischak H, Philipp A, Kaiser C
and Kolch W (1998). Regulation o f Raf-1 kinase by TNF via its second messenger ceramide
and cross-talk with mitogenic signalling. E m h o J M . 732-42.
Muscat JE, Stellman SD, Wynder EL (1994). Nonsteroidal antiinflammatory drugs and
colorectal cancer. Cancer 14. 1847-54.
Murakami K, Chan SY, Routtenberg A (1986). Protein kinase C activation by cis-fatty
acid in the absence o f Ca^* and phospholipids. J Biol Chem 261 : 15424-15429.
Musti AM, Treier M, Bohmann D (1997). Reduced ubiquitin-dependent degradation o f cJun after phosphorylation by MAP kineses. Science 275: 400-402.
Muto T, Bussey HJ, Morson BC (1975). The evolution o f cancer o f the colon and
rectum. Cancer
2251-70.
Muzio M, Ni J, Feng P and Dixit VM (1997). IRAK (Pelle) family member IRAK-2 and
MyD88 as proximal mediators of IL-1 signaling. Science 278 : 1612-1615.
Myat MM, Anderson S, Allen LA and Aderem A (1997). MARCKS regulates membrane
ruffling and cell spreading. Curr Biol 7: 611-4.
Nagao M, Ochiai M., Ushijima T, Watanabe M, Sugimura T and H. Nakagama (1998).
Genetic determinant and environmental carcinogens. Mutation Research 402: 85-91.
Nagengast FM, Grubben M J A L and van Munster IP (1995). Role o f bile acids in
colorectal carcinogenesis. Eur J Cancer 3 \A 1067-1070.
Nakanishi H, Brewer K. A and Exton J H (1993). Activation of the zeta isozyme o f protein
kinase C by phosphatidylinositol 3,4,5-trisphosphate. J Biol Chem 268 : 13-6.

Nakano H, Oshima H, Chung W, et a i, (1996). TRAF5, an activator o f NF-kappaB and
putative signal transducer for the lymphotoxin-beta receptor. J Biol Chem 271: 1466114664.
Nakata H, Wang S-L, Chung DC, Westwick JK, Tillotson LG (1998). Oncogenic ras
induces gastrin gene expression in colon cancer. Gastroenterology 115: 1144-1153.
Narisawa T, Fukaura T, Takeba N, Nokai K (2002). Chemoprevention of Nmethylnitrosourea-induced colon carcinogenesis by ursodeoxycholic-5 aminosalicylic acid
conjugate in F344 rats. Jpri Cancer Res 93: 143-50 .
Narisawa T, Fukaura Y, Terada K, Sekiguchi H (1998). Prevention o f N-methylnitrosoureainduced colon tumorigenesis by ursodeoxycholic acid in f344 rats. Jpn J Cancer Res 89:
1009-13.
Narisawa T, Magadia N E, Weisburger J H and Wynder E L (1974). Promoting effect o f bile
acids on colon carcinogenesis after intrarectal instillation of N-methyl-N’-nitro-Nnitrosoguanidine in rats. J Natl Cancer inst 53: 1093-1097.
Narisawa T, Takahashi M, Niwa M, et a i, (1989).
Increased mucosal ornithine
decarboxylase activity in large bowel with multiple tumors, adenocarcinoma, and adenoma.
Cancer 63 1572-6.
National Cancer Registry in Ireland (2002). Incidence, mortality, treatment and
survival.
National Research Council (NRC 1996) Carcinogens and anticarcinogens in the human diet
(National Academy Press, Washington DC).
Navarro A, Munoz SE, & Eynard AR (1995). Diet feeding habits and risk o f colorectal
cancer in Cordoba, Argentina. A pilot study Jfjc p Clin Cancer Res 14: 287-291.
Neuman MG, Cameron RG, Shear NH, Bellentani S, Tiribelli C (1995). Effect of
tauroursodeoxycholic and ursodeoxycholic acid on ethanol-induced cell injuries in the
human Hep G2 cell line. Gastroenterology 109: 555-63.
Newmark HL, Wargovich MJ, Bruce WR (1984). Colon cancer and dietary fat, phosphate,
and calcium: ?Lhy\)o\hes\s. J Natl Cancer Inst IT. 1323-5.
Newton, AC (1995). Protein kinase C: structure, function, and regulation. J Biol Chem 270:
28495-8.
Newton AC. Regulation of protein kinase C (1997). Curr Opin Cell Biol 9: 161-7.
Nichenametla S, South E, Exon J (2004). Interaction o f conjugated linoleic acid,
sphingomyelin, and butyrate on formation o f colonic aberrant crypt foci and immune
functions in rats. J Toxicol Environ Health A67: 469-81.
Nicolaides NC, Papadopoulos N, Liu B et al., (1994). Mutations of two PMS homologues in
hereditary nonpolyposis colon cancer. Nature 371: 75-80.

Nigro ND, Bhadrachari N and Chomchai C (1973). A rat model for studying colonic cancer:
effect of cholestyramine on induced tumors. Dig Colon Rectum 16: 438-443.
Nishizuka Y (1984). The role o f protein kinase C in cell surface signal transduction and
tumour promotion. Nature 308: 693-698.
Nishizuka Y (1988). The molecular heterogeneity o f protein kinase c and its implications for
cellular regulation. Nature 334: 661-665.
Nishizuka Y (1992). Intracellular signaling by hydrolysis o f phospholipids and activation of
protein kinase C. Science 258: 607-14.
Nishizuka Y (1995). Protein kinase C and lipid signaling for sustained cellular responses.
FasehJ9: 484-96.
Nomoto K, Morotomi M, Miyake M, Xu DB, LoGerfo PP and Weinstein IB (1994). The
effects of bile acids on phospholipase C activity in extracts of normal human colon mucosa
and primary colon tumors. Mol Carcinogen 9: 87-94.
O ’Byme K, Dagleish AG (2001). Chronic immune activation and inflammation are the
cause o f malignancy. Hr J cancer 85: 373-483.
Ochsenkuhn T, BaydoriTer E, Meining A, Schinkel M, Thiede C, Nussler V (1999). Colonic
mucosal proliferation is related to serum deoxycholic acid levels. Cancer 85: 1664-9.
O'dwyer PJ, Benson AB 3rd (2002). Epidermal growth factor receptor-targeted therapy in
colorectal cancer. Semin Oncol 29(Suppll4): 7-10.
Ohue M, Tomita N, Monden T, Fujita M, Fukunaga M, Takami K, et al., (1994). A frequent
alteration o f pH gene in carcinoma in adenoma of colon. Cancer Res 54: 4798-804.
Okamoto M, Sasaki M, Sugio K, Sato C, Ivvama T, Ikeuchi T, Tonomura A, Sasazuki T, Miyaki M.
(1988). Loss of constitutional heterozygosity in colon carcinoma from patients with familial
polyposis coli. Nature 331: 273-277.
Oren M, Roner V (1999). Introduction: p53 - the first twenty years. Cell Mol Life Sci 55: 911.

Orr JW and Newton, AC (1994). Requirement for negative charge on "activation loop" of
protein kinase C. JB iol Chem 269: 27715-8.
Oshima M, Dinchuk JE, Kargman SL, Oshima H (1996). Hancock Suppression o f intestinal
polyposis in Ape delta716 knockout mice by inhibition o f cycloogenase 2 (COX-2). Cell 87:
803-809.
Oshima M, Murai N, Kargman S, Arguello M, Luk P, Kwong E, Taketo MM and Evans JF
(2001). Chemoprevention o f intestinal polyposis in the Apcdelta716 mouse by rofecoxib, a
specific cyclooxygenase-2 inhibitor. Catrcer Res 6\ . 1733-1740.

Ota S, Bamba H, Kato A, Kawamoto C, Yoshida Y, Fujiwara K (2002). COX-2, prostanoids
and colon cancer. Aliment Pharmacol Ther 16 Suppl 2: 102-6.
Owen RW(1997). Faecal steroids and colorectal carcinogenesis. Scand J
Suppl 222: 76-82.

Gastroenterol

Oyama K, Shiota G, Ito H, Mutawaki Y, Kawasaki H (2002). Reduction of
hepatocarcinogenesis by ursodeoxycholic acid in rats. Carcinogenesis 23: 885-92.
Ozanne BW, McGarry L, Spence HJ, Johnston I, Winnie J (2000). Transcriptional regulation
o f cell invasion: AP-1 regulation o f a multigenic invasion programme. Eur J Cancer 36 :
1640-1648.
Pahl HL (1999). Activators and target genes o f Rel/NF-kappaB transcription factors.
Oncogene 18: 6853-6866.
Pai R, Tamawski AS, Tran T (2004). Deoxycholic acid activates beta-catenin signaling
pathway and increases colon cell cancer growth and invasiveness. Mol Biol Cell 15: 215663.
Palmer RH, Dekker LV, Woscholski R, Le Good JA, Gigg R and Parker PJ (1995).
Activation of PRKl by phosphatidylinositol 4,5-bisphosphate and phosphatidylinositol
3,4,5-trisphosphate. A comparison with protein kinase C isotypes. J Biol Chem 270: 224126.
Palombo JD, DeMichele SJ, Boyce PJ, Lydon EE, Liu J-W (1999). Effect o f short-term
enteral feeding with eicosapentaenoic and ylinolenic acids on alveolar macrophage
eicosanoid synthesis and bactericidal function in rats. Crit Care Med 27: 1908-1915.
Palombo JD, DeMichele SJ, Lydon EE, Gregory TJ, Banks PL, Forse RA and Bistrian BR
(1996). Rapid modulation o f lung and liver macrophage phospholipid fatty acids in
endotoxemic rats by continuous enteral feeding with n-3 and y-linolenic acids. Am J Clin
Nutr63: 208-219.
Palmantier R, George MD, Akiyama SK, Wolber FM, etal., (2001). cis-Polyunsaturated
Fatty Acids Stimulate B1 Integrin-mediated Adhesion o f Human Breast Carcinoma Cells to
Type IV Collagen by Activating Protein Kinases C-e and
. Cancer Research 61: 24452452.
Pardi DS, Loflus EV Jr, Kremers WK, Keach J, Lindor KD (2003). Ursodeoxycholic acid as
chemopreventive agent in patients with ulcerative colitis and primary sclerosing cholangitis.
Gastroenterology 124: 889-893.
Pariza MW and Hargraves WA (1985). A beef-derived mutagenesis modulator inhibits
initiation o f mouse epidermal tumors by 7,12-dimethylbenz(a)anthracene. Carcinogenesis 6:
591-593.
Parka J-Y, Kimb YM, Songb HS, Parkb KY, et a l, (2003). Oleic acid induces endothelin-1
expression through activation of protein kinase C and NF-kB . Biochem and Biophy Res
Commun 303: 891-895

Park HJ, Lee YW, Hennig B, Toborek M (2001), Linoleic acid-induced VCAM-1
expression in human microvascular endothelial cells is mediated by the NF-kappa Bdependent pathway. Nutr Cancer 41 : 126-34.
Park HS, Ryu JH, Ha YL, Park JH (2001) Dietary conjugated linoleic acid (CLA) induces
apoptosis o f colonic mucosa in 1, 2-dimethylhydrazine-treated rats: a possible mechanism of
the anticarcinogenic effect by CLA. BrJN utr 86: 549-55.
Park KS, Mok JW, Kim JC (1999). The 6 7 7 C ^ T mutation in 5, 10methylenetetrahydrofolate reductase and colorectal cancer risk. Genet Test 3: 233-6.
Park Y, Albright KJ, Liu W, et a i, (1997)., Effect of conjugated linoleic acid and body
composition in mice. Lipids 32 : 853-858.
Park Y, Allen KG and Shultz TD (2000). Modulation o f MCF-7 breast cancer cell signal
transduction by linoleic acid and conjugated linoleic acid in culture. Anticancer Res 20: 669676.
Parsons R, Li G-M, Longley MJ, Fang W-H, Papadopoulos N, Jen J, et ai, (1993).
Hypermutability and mismatch repair deficiency in RER+ tumor cells. Cell 75: 1227-36.
Passegue E and Wagner EF (2000). JunB suppresses cell proliferation by transcriptional
activation o f pl6INK4a expression. FMBO J 19: 2969-2979.
Passegue E, Jochum W, Schorpp-Kistner M, Mohle-Steinlein U and Wagner EF (2001).
Chronic myeloid leukemia with increased granulocyte progenitors in mice lacking junB
expression in the myeloid lineage. Cell 104: 21-32.
Payne CM, Bernstein H, Bernstein C and Garewal H (1995), Role o f apoptosis in biology
and pathology: resistance to apoptosis in colon carcinogenesis. Ultrastruct Pathol 19: 221248,
Payne CM, Crowley C, WashoStultz D, Briehl M, Bernstein H (1998), The stress-response
proteins poly(ADP-ribose) polymerase and NF-kappa B protect against bile salt-induced
apoptosis. Cell Death Differ 5: 623-636.
Pears Cl, Kour G, House C Kemp JIE and Parker PI (1990). Mutagenesis o f the
pseudosubstrate site of protein kinase C leads to inactivation. E urJ Biochem 194: 8994.
Pearsons DA, Wilkison WO, Bell RM and Finn 1 (1988). Altered growth regulation and
enhanced tumorigenicity of NTH 3T3 fibroblasts transfected with protein kinase C-I cDNA.
T e //52: 447-458.
Pegg AE (1988), Polyamine metabolism and its importance in neoplastic growth and a target
for chemotherapy. Cancer Res
759-74.
Pegg AE, McCann PP (1982). Polyamine metabolism and function. Am J Physiol H y.
C212-21.

Perletti GP, Concari P, Brusaferri S, Marras E, Picciiiini F and Tashjian AH Jr (1998).
Protein kinase C epsilon is oncogenic in colon epithelial cells by interaction with the ras
signal transduction pathway. Oncogene 16: 3345-8.
Perletti GP, Folini M, Lin HC, Mischak H, Piccinini F and Tashjian A (1996).
Overexpression of protein kinase C epsilon is oncogenic in rat colonic epithelial cells.
Oncogene 12: 847-54.
Perletti GP, Marras E, Concari P, Piccinini F and Tashjian AH (1999). PKC acts as a growth
and tumor suppressor in rat colonic epithelial cells. Oncogene 18: 12511256.
Peterson TC, Slysz G, Isbrucker R (1998). The inhibitory effect o f ursodeoxycholic acid and
pentoxifylline on platelet derived growth factor-stimulated proliferation is distinct from an
effect by cyclic AMP. Immunopharmacology 39 : 181-91.
Philip S, Bulbule A and Kundu GC (2001). Osteopontin stimulates tumoi' growth and
activation of promatrix metalloproteinase-2 through nuclear factor-kappa B-mediated
induction of membrane type 1 matrix metalloproteinase in murine melanoma cells. ./ Biol
Chem 276 : 44926-44935.
Piechaczyk M, Blanchard JM (1994). c-fos protoncogene regulation and function. Cm Reil
Oncol Hemalol 17: 93 -131.
Pongracz J, Clark P, Neoptolemos JP and Lord JM (1995). Expression o f protein kinase C
isoenzymes in colorectal cancer tissue and their differential activation by different bile acids.
Int J Cancer 61 35-39.
Pronk GJ, Bos JL (1994). The role of p21ras in receptor tyrosine kinase signalling. Biochim
Biophys Acta\\9% 131-147.

Ponz de Leon M, Sassatelli R, Benatti P and Roncucci L (1993). Identification o f hereditary
nonpolyposis colorectal cancer in the general population. The 6 year experience o f a
population based on registry. Cancer 71: 3493-3501.
Porter CW, Herrera-Omelas L, Pera P, Petrelli NF, Mittelman A (1987). Polyamine
biosynthetic activity in normal and neoplastic human colorectal tissues. Cancer 60 : 1275-81.
Potter JD (1999). Colorectal cancer: molecules and populations. Jcmmal o f National Cancer
Institute 91 : 916-932.
Poupon R and Poupon RE (1995). Ursodeoxycholic acid therapy o f chronic cholestatic
conditions in adults and children. Pharmacol Ther 66: 1-15.
Powell SM, Petersen GM, Krush AJ, Booker S, Jen J, et al., (1993). Molecular diagnosis of
familial adenomatous polyposis. N E nglJM ed 329: 1982-1987.
Powell SM, Zilz N, Beazer-Barclay Y, Bryan TM, Hamilton SR, et al., (1992). APC
mutations occur early during colorectal tumorigenesis. Nature 359 : 235-237.

Prasad AV, Mohan N, Chandrasekai B and Meltz ML (1994). Activation o f nuclear factor
kappa B in human lymphoblastoid cells by low-dose ionizing radiation. Radial Res 138:
367-372.
Prekeris R, Mayhew MW, Cooper IR and Terrian, DM (1996). Identification and
localization o f an actin-binding motif that is unique to the epsilon isoform o f protein kinase
C and participates in the regulation o f synaptic function. J C ell Bioi 132: 77-90.
Prescott SM, Fitzpatrick FA (2000). Cyclooxigenase-2 and carcinogenesis. Biochimica et
Riophysica Acta 1470: M69-M78.
Pretlow TP, Brasitus TA, Fulton NC, Cheyer C and Kaplan EL (1993). K-ras mutations in
putative preneoplastic lesions in human colon. Journal o f National Cancer Institute 85 :
2004-2007.
Qiao D, Chen W, Stratagoules ED and Martinez JD (2000). Bile acid-induced activation o f
activator protein-1 requires both extracellular signal-regulated kinase and protein kinase C
signaling.
Chem 275: 15090-15098.
Qiao D, Gaitonde SV, Qi W, Martinez JD (2001). Deoxycholic acid suppresses P53 by
stimulating proteasome-mediated P53 protein degradation. Carcinogenesis 22: 957-64.
Rafter JJ, Child P, Anderson AM, Alder R, Eng V and. Bruce WR (1987). Cellular toxicity
o f fecal water depends on diet. Am J Clin Nutr 45: 559-563.
Raingeaud J, Gupta S. Rogers JS, Dickens M, Han J, Ulevitch RJ. Davis RJ (1995). Proinflammatory cytokines and environmental stress cause p38 mitogen-activated protein kinase
activation by dual phosphorylation on tyrosine and threonine. J Bioi Chem 270: 7420-7426.
Raloff J (2001). The good trans fat: will one family o f animal fats become a medicine?
Science News \S9: 136-138.
Rao CV, Simi B, Wynn TT, et al., (1996). Modulating effect o f amount and type o f dietary
fat on colonic mucosal phospholipase A 2 phosphatidylinositol-specific phosphospholipase C
activities and cyclooxygenase metabolite formation during different stages o f colon tumor
promotion in male F344 rats. Cancer Res 56:532-7.
Rao YP, Stravitz RT, Vlahcevic ZR, Gurley EC, Sando JJ and Hylemon PB (1997),
Activation o f protein kinase Ca and 6 by bile acids: correlation with bile acid structure and
diacylglycerol formation, J Lipid Res 38: 2446-2454,
Rashid A, Zahurak M, Goodman SN, Hamilton SR (1999). Genetic epidemiology o f
mutated K-ras proto-oncogene, altered suppressor genes, and microsatellite instability in
colorectal adenomas. Gut 44: 826-33.
Rath PC and Aggarwal BB (2001). Antiproliferative effects o f IFN-alpha correlate with the
downregulation o f nuclear factor-kappa B in human Burkitt lymphoma Daudi cells. J
Interferon Cytokine Res 21: 523-528,

Ravi R, Mookeijee B, van Hensbergen Y, Bedi GC, Giordano A, El-Deiry WS, Fuchs EJ
and Bedi A (1998), p53-mediated repression o f nuclear factor-kappaB RelA via the
transcriptional integrator p300. Cancer Res 5S: 453M 536.
Rayet B and Gelinas C (1991). Aberrant rel/NF-KB genes and activity in human cancer.
Oncogene 8: 6938-6947.
Rayman MP (1997). Dietary selenium: time to act. B rM edJ'iW . 387-8.
Rayman MP (2000). The importance o f selenium to human health. Ixmcei 356 : 233-41.
Razin A, Cedar H (1994). DNA methylation and genomic imprinting. Cell 77: 473-6.
Read MA, Whitley MZ, Gupta S, Pierce JW, Best J, et al., (1997). Tumor necrosis factor
alpha-induced E-selectin expression is activated by the nuclear factor-kappaB and c-JUN Nterminal kinase/p38 mitogen-activated protein kinase pathways. J Biol Chem 272 : 27532761.
Rebollo A, Dumoutier L, Renauld JC, Zaballos A, Ayllon V, Martinez-A C (2000). Bcl-3
expression promotes cell survival following interleukin-4 deprivation and is controlled by
API and API-like transcription factors. A ^o/C e//fto/20 : 3407-3416.
Reddig PJ, Dreckschmidt NE, Ahrens H, Simsiman R, Tseng CP (1999). Transgenic mice
overexpressing protein kinase C 5 in the epidermis are resistant to skin tumor promotion by
12-0-tetradecanoylphorbol-13-acetate. Cancer Res 59. 5710-8.
Reddy BS (1992). Dietary fat and colon cancer: animal model studies. Lipids 27: 807-813.
Reddy BS and Wynder EL (1977). Metabolic epidemiology o f colon cancer: fecal bile acids
and neutral sterols in colon cancer patients and patients with adenomatous polyps. Cancer
39 : 2533-2539.
Reddy BS, Martin CW and Wynder EL (1977). Fecal bile acids and cholesterol metabolites
o f patients with ulcerative colitis, a high-risk group for development o f colon cancer. Cancer
Res 37 . 1697-1701.
Reddy BS, Watanabe K, Weisburger JH and Wynder EL (1977). Promoting effect o f
bile acids in colon carcinogenesis in germ-free and conventional F344. Cancer Res 37:
3238-42.
Reddy BS (2000). The Fourth DeWitt S. Goodman lecture. Novel approaches to the
prevention o f colon cancer by nutritional manipulation and chemoprevention. Cancer
Epidemiol Biomark Prev 9: 239-47,
Reddy BS, Mastromarino A, Gustafson C, Lipkin M and Wynder EL (1976) Fecal bile
acids and neutral sterols in patients with familial polyposis. Cancer 38 : 1694-1698.
Reddy BS, Narasawa T, Weisburger JH and Wynder EL (1976). Promoting effect of
sodium deoxycholate on colon adenocarcinomas in germfree rats. J Natl Cancer Inst 56 :
441-442.

Regnier CH, Song HY, Gao X, Goeddel DV, Cao Z and Rothe M (1997). Cell 90: 373-383.
Reichen J, Krahenbuhl S, Zimmermann H (1994). Impact o f cholestasis on hepatic function;
retention o f cholephiles and their potential targets. Amsterdam: Elsevier Science 167-75.
Reichmann E, Schwarz H, Deiner EM, Leitncr I, Filers M, Berger J, Busslinger M, Beug H (1992).
Activation of an inducible c-FosER fusion protein causes loss of epithelial polarity and
triggers epithelial-fibroblastoid cell conversion. Cell 71: 1103-1116.
Reid T, Knutzen R, Steinbeck R, Blegen H, Schrock E, Heselmeyer K, el a i, (1996).
Comparative genomic hybridization reveals a specific pattern o f chromosomal gains and
losses during the genesis o f colorectal tumors. Genes Chnmosrmzes Cancer 15: 234-45.
Reimold AM, Grusby W, Kosaras B, Fries JWXJ, Mori R, et a i, (1996). Chondrodysplasia
and neurological abnormalities In ATF-2-deficient mice. Nature 379: 262-265.
Riggins GJ, Kinzler KW, Vogelstein B, Thiagalingam S (1997). Frequency o f Smad gene
mutations in human cancers. Cancer Res 57: 2578-80.
Riggins GJ, Thiagalingam S, Rozenblum E, Weinstein CL, Kern SE, Hamilton SR, et a i,
(1996). Mad-related genes in the human. Not Genet 13: 347-9.
Ritter CA, Arteaga CL (2003). The epidermal growth factor receptor-tyrosine kinase: a
promising therapeutic target in solid tumors. Semin Oncol
SuppI 1): 3-11.
Rodrigues C M Kren BT, Steer CJ, Setchell KD (1995). The site-specific delivery of
ursodeoxycholic acid to the rat colon by sulfate conjugation. Gastroenterology 109: 183544.
Rodrigues CMP, Fan G, Ma X, Kren BT, Steer CJ (1998). A novel role for ursodeoxycholic
acid in inhibiting apoptosis by modulating mitochondrial membrane perturbation. J Clin
Invest 101: 2790-9.
Rodrigues CMP, Kren BT, Steer CJ, Setchell KDR (1995). Tauroursodeoxycholate increases
rat liver ursodeoxycholate levels and limits lithocholate formation better than
ursodeoxycholate. Gastroenterology 109: 564-72.
Rodrigues NR, Rowan A, Smith MEF, Kerr IB, Bodmer WF, GannonJV et al (1990). pH
mutations in colorectal cancer. Proc Natl AcadSci USA 87: 7555-9.
Romagnolo DF, Chimomas RB, Ku J, Jeflfy BD, Payne CM (2003). Deoxycholate, an
endogenous tumor promoter and DNA damaging agent, modulates BRCA-1 expression in
apoptosis-sensitive epithelial cells: loss o f BRCA-1 expression in colonic adenocarcinomas.
Nutr Cancer 46 82-92.
Rommel C, Hafen E (1998). Ras: a versatile cellular switch. Curr Opin Genet Dev 8: 412418.

Rose DP, Hatala MA, Connolly JM and Rayburn J (1993). Effects o f diets containing
different levels of linoleic acid on human breast cancer growth and lung metastasis in nude
mice. Cancer Res 53 : 4686-4690.
Rothe M, Sarma V, Dixit V and Goeddel D (1995). TRAF2-mediated activation o f NFkappa B by TNF receptor 2 and CD40. Science 269 : 1424-1429.
Rozen R (1997). Genetic predisposition to hyperhomocysteinemia: deficiency of
methylenetetrahydrofolate reductase (MTHFR). Thromh Haemost 78 : 523-6.
Rozhin J, Wilson PS, Bull AW, Nigro ND (1984). Ornithine decarboxylase activity in the rat
and human colon. Cancer Res 44 : 3226-30.
Rubin RA, Kowalski TE, Khandelwal M, Malet PF (1994). Ursodiol for hepatobiliary
disorders. Ann Intern Med 121: 207-18.
Rubinfeld B, Souza B, Albert 1, Muller O, Chamberlain SH, Masiarz FR, Munemitsu S,
Polakis P (1993). Association of the APC gene product with b-catenin. Science 262 : 17311734.
Rudolph G, Endele R, Senn M, Stiehl A (1993) Effect of ursodeoxycholic acid on the
kinetics o f cholic acid and chenodeoxycholic acid in patients with primary sclerosing
cholangitis. Hefxiiology 17: 1028-32.
Saez E, Rutbcrg SE, Mueller E, Oppenheim H, Smoluk J, Yuspa SH, Spiegelman BM (1995). cFos is required for malignant progression o f skin tumors. Cell 82 : 721-732.
Sakane F, Kai M, Wada 1, Imai S and Kanoh H (1996). The terminal part o f diacylglycerol
kinase lacking zinc fingers serves as a catalytic domain. Biochem J3 \S . 583-590.
SarrafE, Mueller D, Jones e/a/., (1998). Differentiation and reversal o f malignant changes
in colon cancer through PPARgamma. Nat Med

1046-1052.

SarrafE, Mueller WM, Smith HM, Wright JB, Kum L, Aaltonen e ta i, (1999). Loss-offijnction mutations in PPAR gamma associated with human colon cancer. M ol Cell 3; 799804.
Saxon ML, Zhao X, Black JD (1994). Activation o f protein kinase C isoenzymes is
associated with post-mitotic events in intestinal epithelial cells in situ. J Cell Biol 126: 747763.
Saydjari R (1989). Townsend CM Jr, Barranco SC, Thompson JC. Polyamines in
gastrointestinal cancer. Dig DisSci 34 : 1629-36.
Sandler RS, Halabi S, Baron JA, et al., (2003). A randomized trial o f aspirin to prevent
colorectal adenomas in patients with previous colorectal cancer. N Engl J Med 348 :
883-90.

Scaglione-Sewell RA, Abiahani C, Bissonnette M, Skarosi SF, Hart J, Davidson NO, el a l,
(1998). Decreased PKCa expression increases cellular proliferation, decreases
differentiation, and enhances the transformed phenotype o f CaCo-2 cells. Cancer Res 58 :
1074-1081.
Schoelmerich J, Baumgartner U, Miyai K, Gerok W (1990). Tauroursodeoxycholate
prevents taurolithocholate-induced cholestasis and toxicity in rat liver. J Hepatol 10: 280-3.
Schonberg S, Kronkan HE (1995). The inhibitory effect o f conjugate dienoic derivatives
(CLA) of linoleic acid on the growth of human tumor cell lines in part due to increased lipid
peroxidation. Anticancer Res 15 : 1241-1246.
Schouten GJ, Vertegaal AGO, Whiteside ST et al (1997). E M B 0 J1 6 . 3133-3144.
Schreiber M, Kolbus A, Piu F, Szabowski A, Mohle-Steinlein U, Tian J, Karin M, Angel P, Wagner
EF (1999). Control o f cell cycle progression by c-Jun is p53 dependent. Genes Dev 13: 607619.
Schut HA, Cummings DA, Smale MH, Josyula S and Friesen MD (1997). DNA adducts of
heterocyclic amines: formation, removal and inhibition by dietary components. Mutat Res
376:185-194.
Schwartz S, Yamamoto H, Navarro M, Maestro M, Reventos J, Perucho M (1999).
Frameshift mutations at mononucleotide repeats in caspase-5 and other target genes in
endometrial and gastrointestinal cancer of the microsatellite mutator phenotype. Cancer Res
59 : 2995-2302.
Sen R, Baltimore D (1986). Inducibility o f kappa immunoglobulin enhancer-binding protein
NF-kappa B by a posttranslational mechanism. Cell 47: 921-8.
Shao X, Davletov RA, Sutton RR Sudhof TC and Rizo J (1996). Bipartite Ca2+ binding
motif in C2 domains o f synaptotagamin and protein kinase C. Science 273 : 248-51.
Scita G, Tenca P, Frittoli E, Tocchetti A, Innocenti G, Giardina G and Di Fiore PP (2000).
Signaling from Ras to Rac and beyond: not just a matter o f GEFs. EMB0JX9: 2393-2398.
Scott N, Bell SM, Sagar P, Blair GE, Dixon MF, Quirke P (1993). pH expression and K-ras
mutation in colorectal adenomas. GtitM. 621-4.
Seo YR, Kelley MR, Smith ML (2002). Selenomethionine regulation of p53 by a refldependent redox mechanism. Proc Natl Acad Sci 99: 548-53.
Serfaty L, De Leusse A, Rosmorduc O, Desaint B, Flejou JF, Chazouilleres O, Poupon RE,
Poupon R (2003). Ursodeoxycholic acid therapy and the risk of colorectal adenoma in
patients with primary biliary cirrhosis: an observational study. Hepatology 38 : 203-9.
Shaulian E and Karin M (2001) AP-1 in cell proliferation and survival. Oncogene 20 : 23902400.

Shaulian E and Karin M (2002). AP-1 as a regulator of cell life and death. Nature Cell Biol
4 : E131-E136.
Shapira S, Harb OS, Caamano J, and Hunter CA (2004). The NF-kB signalling
pathway: immune evasion and immunoregulation during toxoplasmosis. International
Journal Parasitology 34 : 3393-400.
Shekels LL, Lyftogt CT and Ho XB (1996). Bile acid-induced alterations o f mucin
production in differentiated human colon cancer cell lines. Int. J. Biochem. Cell Biol 28 :
193-201.
Sheng ME, Thompson MA, Greenberg ME (1991). CREB: a Ca2+regulated transcription
factor phosphorylated by calmodulin-dependent kineses. Science 252 : 1427-1430.
Shike M, Winawer SJ, Greenwald PH (1990): Primary prevention o f colorectal cancer. The
WHO Collaborating Centre for the Prevention of Colorectal Cancer. Bull WHO 68: 377-85.
Shimao Y, Nabeshima K, Inoue T and Koono M (1999). TPA-enhanced motility and
invasion in a highly metastatic variant (L-10) o f human rectal adenocarcinoma cell line
RCM-1: selective role of PKC-a and its inhibition by a combination of PDBu-induced PKC
down regulation and antisense oligonucleotides treatment. Clin P^xpMetastasis 17: 351-360.
Shirai Y, Kashiwagi K, Yagi K, Sakai N, Saito N, et al., (1998). Distinct effects o f fatty
acids on translocation of gamma- and epsilon subspecies o f protein kinase C. ./ Cell Biol
143: 511-521.
Shoda M (1927). Uber die Ursodeoxycholsaure aus Barengallen und ihre physiologische
Wirkung. J Biochem 7: 505-17.
Shu HB, Takeuchi M and Goeddel DV (1996). Proa Natl AcadSci USA 93 : 13973-13978.
Shultz TD, Chew BP, Seaman WR and Luedecke LO (1992). Inhibitory effect o f conjugated
dienoic derivatives o f linoleic acid and beta carotene on the in vitro growth o f human cancer
cdh. Cancer Lett 63: 125-133.
Siebenlist U, Franzoso G and Brown K (1994). Structure, regulation and function ofNF-xB.
Anriu Rev Cell Biol 10: 405-455.
Silverman SJ and Andrews AW (1977). Bile acids; co-mutagenic activity in the Salmonellamammalian-microsome mutagenicity test: brief communication. J Natl Cancer Inst 59 :
1557-1559.
Singh S, Chauhan A, BrockerhoflTHa and Chauhan V P (1993). Activation o f protein kinase
C by phosphatidylinositol 3,4,5- trisphosphate. Biochem BiophysRes Commun 195: 104-12.
Sirotnak FM (2003). Studies with ZD 1839 in preclinical models. Semin Oncol 30(1 Suppl 1) :
12- 2 0 .

Sizemore N, Leung S, Stark GR (1999). Activation o f phosphatidylinositol 3-kinase in
response to interleukin-1 leads to phosphorylation and activation o f the NF-kappa B
p65/RelA subunit. M ol Cell Biol 19: 4798-805.
Smalley W, Ray WA, Daugherty J, Griffin MR (1999). Use o f nonsteroidal anti
inflammatory drugs and incidence of colorectal cancer: a population-based study. Arch
Intern M ed 159: 161-6.
Smeal T, Hibi M, Karin M (1994). Altering the specificity o f signal transduction cascades:
positive regulation o f c-Jun transcriptional activity by protein kinase A. EMBO J 13:60066010.
Smeyne RJ, Vendrell M, Hayward M, Baker SJ, Miao GG, Schilling K, Robertson LM,
Curran T, Morgan J (1993). Continuous c-fos expression precedes programmed cell death in
vivo. TVaft/re 363: 166-169.
Smith WL, Garavito RM, DeWitt DL (19960. Prostaglandin endoperoxide H synthases
(cyclooxygenases)-l and-2. J Biol Chem 211. 157-60.
Sokol RJ, Devereaux M, Khandwala R, O'Brien K (1993). Evidence for involvement of
oxygen free radicals in bile acid toxicity to isolated rat hepatocytes. Hepatology 17: 869-81.
Solomon, E, et al., (1987). Chromosome 5 allele loss in human colorectal carcinomas.
Nature 328:616-619.
Sossin WS and Schwartz J H (1993). Calcium-independent protein kinase Cs contain an
amino-terminal domain similar to the C2 consensus sequence. Trends Bi(x;hem Sci 18: 2078

.

Su L-K, Vogelstein B, Kinzler KW (1993). Association o f the APC tumor suppressor
protein with catenins. Science 262: 1734-1737.
Sovak MA, Bellas RE, Kim DW, Zanieski GJ, Rogers AE (1997). Aberrant nuclear factor/Rel expression and the pathogenesis of breast cancer. J Clin Invest 100: 2952-2960.

kB

Sozeri O, Vollmer K, Liyanage M, Frith D, Kour G, Mark GE III and Stabel S (1992).
Activation of the c-Raf protein kinase by protein kinase C phosphorylation. Oncogene 7:
2259-2262.
Spirio L, Samowitz W, Robertson J, Robertson M, Burt RW, Leppert M, White R (1998).
Alleles of APC modulate the frequency and classes of mutations that lead to colon polyps.
Nat Genet 20: 385-388.
St John DJB, McDermott FT, Hopper JL, Debney EA, Johnson WR, Hughes ESR (1993).
Cancer risk in relatives of patients with common colorectal cancer. Ann Intern M ed 118:
785-90.
Stadler J, Stem HS, Yeung KS, McGuire V, Furrer R, Marcon N, Bruce WR (1988). Effect
of high fat consumption on cell proliferation activity of colorectal mucosa and on soluble
faecal bile acids.
29: 1326-31.

Stangl GI, Muller H, Kirchgessner M (1999). Conjugated linoleic acid effects on circulating
hormones, metabolites and lipoproteins, and its proportion in fasting serum and erythrocytes
membranes of swine. E nrJN utr 38: 271-277.
Stehlik C, de Martin R, Kumabashiri 1, Schmid JA, Binder BR and Lipp J (1998). Nuclear
factor (NF)-kappaB-regulated X-chromosome-linked iap gene expression protects
endothelial cells from tumor necrosis factor alpha-induced apoptosis. J Exp M ed 188: 211216.
Steinbach G, Lynch PM, Phillips RK, el a/., (2000). The effect o f celecoxib, a
cyclooxygenase-2 inhibitor, in familial adenomatous polyposis. N E n g lJ M e d M l: 1946-52.
Steinhart C (1996). Conjugated Linoleic Acid The Good News about Animal Fat. J Chem
FJitc 73 : A302.
Stem HS and Smith A (1995). Recognition screening and medical management o f familial
adenomatous polyposis. Semaria Colegio Recueil des Surgery 6: 19-24.
Stiehl A, Benz C, Sauer P (1999). Mechanism o f hepatoprotective action o f bile salts in liver
disease. Gastroenterol. Clin N A m 28 : 195-209.
Stiehl A, Rudolph G, Raedsch R, el al., (1990) Ursodeoxycholic acid induced changes o f
plasma and urinary bile acids in patients with primary cirrhosis. Hepalology 12 : 492-7.
Strauch ED, Yamaguchi J, Bass BL, Wang JY (2003). Bile salts regulate intestinal epithelial
cell migration by nuclear factor-kappa B-induced expression o f transforming growth factorbeta. JA m CollSurg 197: 974-84.
Stravitz RT, Vlahcevic R Gurley EC, Hylemon PB (1995). Repression o f cholestrol 7 alphahydrxylase transcription by bile acids is mediated through protein kinase C in primary
cultures of rat hepatocytes. J Lipid Res 36: 1359-1369.
Sugano M, Tsujita A, Yamasaki M, e la i, (1998). Conjugated linoleic acid modulates tissue
levels of chemical mediators and immunoglobulins in rats. Lipids 33: 521-527.
Sugata F and Shimugu M (1974) Retrospective studies on gallstones disappearance. Jpn J
Gastroenterol 11: 75-80.
Summerton J, Flynn M, Cooke T and Taylor 1 (1983). Bile acid receptors in colorectal
cancer. Br J Surg 70: 549-5 51.
Summerton J, Goeting N, Trotter GA and Taylor I (1985). Effect o f deoxycholic acid on the
tumour incidence, distribution, and receptor status of colorectal cancer in the rat model.
Digestion 31: 77-81.
Suto R, Tominaga K, Mizuguchi H, Sasaki E, Higuchi K, Kim S, Iwao H, Arakawa T
(2004). Dominant-negative mutant of c-Jun gene transfer: a novel therapeutic strategy for
colorectal cancer. Gene Ther 11: 187-93.

Szallasi Z, Bogi K, Gohari S, Biro T, Acs P and Bluniberg P M (1996). Non-equivalent roles
for the first and second zinc fingers of protein kinase Cdelta. Effect o f their mutation on
phorbol ester-induced translocation in NTH 3T3 cells. JB io l Chem 271 : 18299-301.
Tabor CW, Tabor H (1984). Polyamines. Amm Rev Biochem 53: 749-90.
Takayama T, Katsuki S, Takahashi Y, Ohi M, Nojiri S, Sakamaki S, Kato J, Kogawa K,
Miyake H, Niitsu Y (1998). Aberrant crypt foci o f the colon as precursors o f adenoma and
cancer. N E n g lJ M e d 329: 1277-1284.
Takai Y, Kishimoto A, Inoue M and Nishizuka Y (1977). Studies on a cyclic nucleotideindependent protein kinase and its pro enzyme in mammalian tissues I. Purification and
characterization of an active enzyme fi'om bovine cerebellum. J Bioi Chem 252 : 7603-7609.
Takeda A, Akagi M, Bar-Eli M, Gallick GE, Ellis LM (2003). Cyclooxygenase-2 is upregulated by interleukin-1 beta in human colorectal cancer cells via multiple signaling
pathways. Cancer Res
3632-6.
Tamatani M, Che YH, Matsuzaki H, Ogawa S, Okado H, et a i, (1999). Tumor necrosis
factor induces Bcl-2 and Bcl-x expression through NFkappaB activation in primary
hippocampal neurons. J Biol Chem 274 : 8531-8538.
Tanaka H, Makino Y, Miura T, et al., (1996). Ligand independent activation o f the
glucocorticoid receptors by ursodeoxycholic acid. Repression o f IFN-y-induced MHC II
gene expression via a glucocorticoid receptor dependent pathway. J Immimol 156 : 1601-8.
Taresaki S, Nakanuma Y, Ogino H, Unoura M, Kobayashi K (1991) Hepatocellular and
biliary expression of HLA antigens in primary biliary cirrhosis before and after
ursodeoxycholic acid therapy./4/w J Gastroenterol 86:1194-9.
Terry P, Jain M, Miller AB, Howe GR, Rohan TE (2002). Dietary intake of folic acid and
colorectal cancer risk in a cohort o f women. Int J Cancer 97: 864-7.
Thanos D and Maniatis T (1995). NF-kappa B: a lesson in family values. Cell 80: 529-53.
Thiagalingam S, Lengauer C, Leach FS, Schutte M, Hahn SA, Overhauser J, et a i, (1996).
Evaluation of candidate rumour suppressor genes on chromosome 18 in colorectal cancers.
Not Genet 13: 343-6.
Thun MJ, Namboodiri MM, Heath CW Jr (1991). Aspirin use and reduced risk o f fatal colon
cmcex. N E n g lJM ed 325 : 1593-6.
Toborek M, Barger SW, Mattson MP, Barve S, McClain CJ, Hennig B (1996). Linoleic acid
and TNF-alpha cross-amplify oxidative injury and dysfiinction of endothelial cells. J Lipid
37:123-35.
Toker A, Meyer M, Reddy KK, Falck JR, Aneja R (1994). Activation o f protein kinase C
family members by the novel polyphosphoinositides PtdIns-3,4-P2 and PtdIns-3,4,5-P3. J
Biol Chem 269 32358-67.

Tiauner M and Graziadei IW (1999). Mechanisms o f action and therapeutic applications of
ursodeoxycholic acid in chronic liver diseases. Alimentary pharmacology & Iherapeutics
13 979-995,
;

Treisman R (1992). The serum response element. Trends Biochem 17: 423-426.
Treisman R (1994). Ternary complex factors; growth factor regulated transcriptional
activators. Curr Opin Genet Dev 4 96-101.
:

Tsigos C, Kyrou 1, Chala E, et al., (1999). Circulating tumor necrosis factor alpha
concentrations are higher in abdominal versus peripheral obesity. Metabolism 48 13321335.
:

Tsujii M, DuBois R (1995). Alteration in cellular adhesion and apoptosis in epithelial cells
overexpressing prostaglandin endoperoxide synthase 2. Cell 83 493-501.
:

Tsujii M, Kawano S and DuBois RN (1997). Cyclooxygenase-2 expression in human colon
cancer cells increases metastatic potential. Proc Natl Acad Sci USA 94 3336-3340.
:

Tsujii M, Kawano S, Tsuji S, SawaokaH, Hori M and DuBois RN (1998). Cyclooxygenase
regulates angiogenesis induced by colon cancer cells. Cell 93 705-716.
:

Tung BY, Emond MJ, Haggitt RC, Bronner MP, Kimmey MB, Kowdley KV, Brentnall TA
(2001). Ursodiol use is associated with lower prevalence of colonic neoplasia in patients with
ulcerative colitis and primary sclerosing cholangitis. Ann Intern M ed \ 34 . 89-95.
Uetsuka H, Haisa M, Kimura M, Gunduz M, Kaneda Y, Ohkawa T, Takaoka M, Murata T,
Nobuhisa T, Yamatsuji T, Matsuoka J, Tanaka N, Naomoto Y (2003). Inhibition o f
inducible NF-kappaB activity reduces chemoresistance to 5-fluorouracil in human stomach
cancer cell line. Exp Cell Res 289 27-35.
:

Van Dam H, Duyndam M, Rattier R. Bosch A. De Vries-Smits L, et al., (1993) Haterodimer
formation of cJun and ATF-2 Is responsible 'or Induction of c-jun by the 243 amino acid
adenovirus E l A protein. EMBOJM. 479-487.
Velazquez OC, Zhou D, Seto RW, Jabbar A, Choi J, Ledere HM and Rombeau JL (1996). In
vivo crypt surface hyperproliferation is decreased by butyrate and increased by deoxycholate
in normal rat colon: associated in vivo effects on c-Fos and c-Jun expression. J Parenter
Enteral Nutr 20 243-250.
:

Vendemiale G, Grattagliano I, Signorile A, Altomare E (1998). Ethanol-induced changes of
intracellular thiol compartmentation and protein redox status in the rat liver: Effect of
tauroursodeoxycholate. J Hepatol 28 46-53.
;

Venturi M, Hambly RJ, Glinghammer B, Rafter JJ, Rowland IR (1997). Genotoxic activity
in human faecal water and role of bile acids: a study using alkaline comet assay.
Carcinogenesis 18 2353-2359.
:

Vincent S and Settleman J (1997). The PRK2 kinase is a potent effector target o f both Rho
and Rac GTPases and regulates actin cytoskeletal organisation. M ol Cell Biol 17: 2247-2256.

Visonneau S, Cesano A, Tepper SA, et al.^ (1997). Conjugated linoleic acid suppresses the
growth of human breast adenocarcinoma cells in SCID mice. Anticancer Res 17: 969-973.
Vlahcevic ZR, Eggertsen G, Bjorkhem I, Hylemon PB, Redford K and Pandak WM (2000).
Regulation of sterol 12a-hydroxylase and cholic acid biosynthesis in the rat.
Gastroenterology 118 : 599-607.
Vogelstein B, Fearon ER, Hamilton SR, Kern SE, Preisinger AC, Leppert M, Nakamura Y,
White R Smits AMM and Bos JL (1988). Genetic alterations during colorectal-tumor
development. NE.JM3X9. 525-532.
Vogt P K (2002). Fortuitous convergences: the beginnings o f JUN. Nature Rev Cancer 2 :
465-469.
Volkov Y, Long A, Kelleher D (1998). Inside crawling Tcells: leukocyte function-associated
antigen-1 cross-linking is associated with microtubule-directed translocation o f PKC
isoenzymes pi and 6. The Journal o f Immunology \6 \. 6487-6495.
Wadgaonkar R, Phelps KM, Haque Z, Williams AJ, Silverman ES and Collins T (1999).
CREB-binding protein is a nuclear integrator of nuclear factor-kappaB and p53 signaling. J
BiolChem llA. 1879-1882.
Wagner EF (2001). AP-1—Introductory remarks. Oncogene 20: 2334-5.
Wali RK, Frawley BP Jr, Hartmann S, Roy HK, Khare S, et al., (1995). Mechanism o f
action o f chemoprotective ursodeoxycholate in the azoxymethane model o f rat colonic
carcinogenesis: potential roles o f protein kinase C-alpha, beta-II, and -zeta. Cancer Res 55 :
5257-5264.
Wali RK, Stoiber D, Nguyen L, Hart J, Sitrin MD, Brasitus T, Bissonnette M (2002).
Ursodeoxycholic acid inhibits the initiation and postinitiation phases o f azoxymethaneinduced colonic tumor development. Cancer Epidemiol Biomarkers Prev 11: 1316-21.
Wali RK, Bissonnette M, Khare S, Aquino B, Niedziela S, Sitrin M, Brasitus TA (1996).
Protein kinase C isoforms in the chemopreventive effects of a novel vitamin D3 analogue in
rat colonic tumorigenesis. Gastroenterology 111: 118-126
Wang CY, Cusack JC Jr, Liu and R Baldwin AS Jr (1999). Control o f inducible
chemoresistance: Enhanced anti-tumor therapy through increased apoptosis by inhibition of
NF-kappaB. NatM edS. 412-417.
Wang C-Y, Mayo MW and Baldwin AS (1996). TNF- and cancer therapy-induced
apoptosis: Potentiation by inhibition of NF-kB. Science 274: 784-787.
Wang CY, Mayo MW, Korneluk RG, Goeddel DV and Baldwin AS Jr (1998). NF-kappaB
antiapoptosis: Induction of TRAFl and TRAF2 and c-IAPl and C-IAP2 to suppress caspase8 activation. Science 281 : 1680-1683.
Wang H, Chen J, Hollister K, Sowers LC and Forman BM (1999). Endogenous bile acids
are ligands for the nuclear receptor FXR/BAR. Mol Cell 3 : 543-553.

Wang Q, Wang X, Evers BM (2003). Induction o f cIAP-2 in human colon cancer cells
through PKC delta/NF-kappa B J Biol Chem 278 ; 51091-9.
Wang W, Abbruzzese JL, Evans DB and Chiao PJ (1999). Overexpression o f urokinase-type
plasminogen activator in pancreatic adenocarcinoma is regulated by constitutively activated
RelA. Oncogene 18: 4554-4563.
Wang ZO, Liang J, Schellander K, Wagner EF, Grigoriadis AE (1995). c-fos-Induced
osteosarcoma formation in transgenic mice; cooperativity with c-jun and the role of
endogenous c-fos. Cancer Res 55 ; 6244-6251.
Wang ZQ, Grigoriadis AE, Mohle-Steinlein U and Wagner EF (1991). A novel target cell
for c-fos-induced oncogenesis; development of chondrogenic tumours in embryonic stem
cell chimeras. FM BOJ 10; 2437-2450.
Watanabe G, Saito Y, Madaule P, Ishizaki T, Fujisawa K etal., (1996). Protein kinase N
(PKN) and PKNi related protein Rhophilin as targets of small GTPase Rho. Science 271 ;
645-648.
Wargovich MJ, Eng VWS, Newmark HL and Bruce WR (1983). Calcium ameliorates the
toxic effect of deoxycholic acid on colonic epithelium. Carcinogenesis 4 ; 1205-1207.
Wame PH, Viciana PR and Downward J (1993). Direct interaction o f Ras and the aminoterminal region of Raf-1 in vitro. Nature 364 ; 352-5.
Way KJ (2000). Identification of PKC-isoform-specific biological actions using
pharmacological approaches. Trends in Pharmacological Sciences 21; 181-187.
Webster GA and Perkins ND (1999). Transcriptional cross talk between NF-kappaB and
p53. M ol Cell Biol 19; 3485-3495.
Weitzman JB, Fiette L, Matsuo K and Yaniv M (2000). JunD protects cells from p53dependent senescence and apoptosis. Mol Cell 6; 1109-1119.
Weller SG, Klein IK, Penington RC, Karnes WE Jnr (1999). Distinct Protein kinase C
isoenzymes signal mitogenesis and apoptosis in human colonic cancer cells.
Gastroenterology 117 ; 848-57.
Wesche H, Korherr C, Kracht M, Falk W, Resch K and Martin MU (1997). The
interleukin-1 receptor accessory protein (IL-lRAcP) is essential for EL-1-induced activation
o f interleukin-1 receptor-associated kinase (IRAK) and stress-activated protein kinases (SAP
kinases).J/^/o/C//e/w 272 ; 7727-7731.
West DB, Blohm F, Truett AA, Delany JP (2000). Changes linoleic acid persistently
increases total energy expenditure in ARK/J mice without increasing uncoupling protein
gene expression. JTVw/r 130; 2471-2477.
West DB, Delany JP, Camet PM, et a i, (1998). Effects o f conjugated linoelic acid on body
fat and energy metabolism in the mouse. AM J Physiol 275 ; R667-R672.

Westlake PJ, Bryant HE, Huchcroft SA and Sutherland LR (1991). Frequency o f hereditary
nonpolyposis colorectal cancer in Southern Alberta. Dig Dis Sci 36: 1441-1447.
Wheeler JMD, Beck NE, Kim HC, Tomlinson IPM, Mortensen NJMcC, Bodmer WF
(1999). Mechanisms of inactivation of mismatch repair genes in human colorectal cancer
cell lines: the predominant role of hMLHI. Proc Not! Acad Sci USA 96: 296-301.
Wheeler JMD, Bodmer WF, Mortensen NJMcC (2000). DNA mismatch repair genes and
colorectal cancer. Gut 41. 148-53.
Wheeler JMD, Kim HC, Efstathiou JA, Ilyas M, Mortensen NJMcC, Bodmer WF (2001).
Hypermethylation of the promoter region o f the E-cadherin gene (CDHI) in sporadic and
ulcerative colitis associated colorectal cancer. Gut 4S: 367-71.
Whiteside ST, Epinat JC, Rice NR and Israel A (1997). I kappa B epsilon, a novel member
of the I kappa B family, controls RelA and cRel NF-kappa B activity. FMBO J 16: 14131426.
Whitfield J, Neame SJ, Paquet L, Bernard O and Ham J (2001). Dominant-negative c-Jun
promotes neuronal survival by reducing BIM expression and inhibiting mitochondrial
cytochrome c release. Neuron 29: 629-643.
Wijnen JT, Vasen HFA, Khan PM, Zwinderman AH, van der Klift H, etal., (1998). Clinical
findings with implications for genetic testing in families with clustering o f colorectal cancer.
N E nglJM ed 339: 511-518.
Willett WC, Stampfer MJ, Colditz GA, Rosner BA, Speizer FE (1990). Relation o f meat, fat,
and fiber intake to the risk o f colon cancer in a prospective study among women, N Engl J
Med 323 1664-72.
Willett W (1989). The search for the causes o f breast and colon cancer. Nature 338:389394.
Wilpart M and Roberfroid M (1986). Effects o f secondary bile acids on the mutagenicity of
MNNG, 2-AAF and 2-nitrofluorene towards Salmonella typhimurium strains.
Carcinogenesis 1. 703-706.
Wilpart M, Mainguet P, Maskens A and Robertfroid M (1983). Mutagenicity o f 1,2dimethylhydrazine towards Salmonella typhimurium: co-mutagenic effect o f secondary bile
acids. Carcinogenesis 4: 45-48.
Wisdom R, Johnson RS and Moore C (1999). c-Jun regulates cell cycle progression and
apoptosis by distinct mechanisms. E M B O J 18: 188-197.
Wood KM, Roflf M and Hay RT (1998). Defective I kappa B alpha in Hodgkin cell lines
with constitutively active NF-kappaB. Oncogene 16: 2131-2139.

Woronicz JD, Gao X, Cao Z, Rothe M and Goeddel DV (1997). IkappaB kinase-beta: NFkappaB activation and complex formation with IkappaB kinase-alpha and NIK. Science 278
: 866-869.
Wu H and Lozano G (1994). NF-kB activation of p53. JB iol Chem 269: 20067-20074.
Wu J, Issa J-P, Herman J, Bassett DE Jr, Nelkin BD, Baylin SB (1993). Expression of an
exogenous eukaryotic DNA methyl transferase gene induces transformation ofNTH 3T3
cells. Proc NatJAcad Sri USA 90 : 8891-5.
Wu M, Lee H, Bellas RE, Schauer SL, Arsura M, et ai, (1996). Inhibition of NFkappaB/Rel induces apoptosis of murine B cells. FM BOJ 15: 4682-4690.
Wu MX, Ao Z, Prasad KV, Wu R and Schlossman SF (1998). lEX-lL, an apoptosis
inhibitor involved in NF-kappaB-mediated cell survival. Science 281 : 998-1001.
Wu Y, Nystrom-Lahti M, Osinga J, Looman MW, Peltomaki P, et a i, (1997). MSH2 and
MLHl mutations in sporadic replication error-positive colorectal carcinoma as assessed by
two-dimensional DNA electrophoresis. Genes Chromosomes Cancer 18: 269-278.
Xu J, Attisano L (2000). Mutations in the tumour suppressors Smad2 and Smad4 inactivate
transforming growth factor P signalling by targeting Smads to the ubiquitin-proteasome
pathway. Proc Natl Acad Sci USA 97: 4820-5.
Yamaguchi A, Makimoto K., Goi T, Takeuchi K., Maehara M, Isobe Y, et al., (1994).
Overexpression of p53 protein and proliferative activity in colorectal adenoma. Oncology 5\ .
224-7.
Yan Z, Subbaramaiah K, Camilli T, Zhang F, Tanabe T (2000). Benzo[a]pyrene induces the
transcription of cyclooxygenase-2 in vascular smooth muscle cells. Evidence for the
involvement of extracellular signal-regulated kinase and NF-kappaB. J Biol Chem 275 : 7
;4949_4955
Yoshikawa M, Tsujii T, Matsumura K, et ai, (1992). Immunomodulatory effects of
ursodeoxycholic acid on immune responses. Hepatology 16 : 358-64.
Young MR, Li JJ, Rincon M, Flavell RA, Sathyanarayana BK, Hunziker R, Colbum N (1999).
Transgenic mice demonstrate AP-1 (activator protein-1) transactivation is required for
tumour promotion. Proc Natl Acad. Sci USA 96 : 9827-9832.
Yeung TCH, Yang L, Huang Y, et a i, (2000). Dietary conjugated linoleic acid mixture
effects the activity o f intestinal acyl coenzyme A: cholesterol acyltransferase in hamsters. Br
JNutrM. 935-941.
Yu HG, Yu LL, Yang Y, Luo HS, Yu JP (2003). Increased expression o f RelA/nuclear
factor-kappa B protein correlates with colorectal tumorigenesis. Oncology 65: 37-45.
Yu Y, Correll PH, Vanden Heuvel JP (2002). Conjugated linoleic acid decreases production
o f pro-inflammatory products in macrophages: evidence for a PPAR gamma-dependent
mechanism. Biochim Biophys Acta 1581: 89-99.

Zambell KL, Kleim NL, Van Loan MD, et a i, (2000). Conjugated linoleic acid
supplementation in humans: effects on body composition and energy expenditure. Lipids 35 :
777-782.
Zandi E, Rothwarf DM, Delhase M, Hayakawa M and Karin M (1997). The IkappaB kinase
complex (IKK) contains two kinase subunits, IKKalpha and IKKbeta, necessary for IkappaB
phosphorylation and NF-kappaB activation. Cell 91: 243-252.
Zhang F, Subbaramaiah K, Altorki N and Dannenberg AJ (1998). Dihydroxy bile acids
activate the transcription o f cyclooxygenase-2. J Biol Chem 273 : 2424-2428.
Zhong H, Suyang H, Erdjument-Bromage H, Tempst P and Ghosh S (1997). The
transcriptional activity of NF-kappaB is regulated by the IkappaB-associated PKAc subunit
through a cyclic AMP-independent mechanism. Cell 89 : 413-424.
Zhou S, Buckhaults P, Zawel L, Bunz F, Riggins G, Le Dai J, et al., (1998). Targeted
deletion o f Smad4 shows it is required for transforming growth factor P and activin
signalling in colorectal cancer cells. Proc Nod Acad Sci USA 95: 2412-16.
Zock PL and Katan MB (1998). Linoleic acid intake and cancer risk: a review and meta
analysis. Am J Clin Nutr 68: 142.153.
Zimniak P, Little JM, Radominska A, Oelberg DG, Anwer MS and Lester R (1991),
Taurine-conjugated bile acids act as Ca2+ ionophores. Biochemistry 30 : 8598-8604.
Zondag GCM, Evers EE, ten Klooster JP, Janssen L, van der Kammen RA and Collard JG
(2000). Oncogenic ras downregulates Rac activity, which leads to increased Rho activity and
epithelial-mesenchymal transition. J Cell Biol 149: 775-781.
Zong WX, Edelstein LC, Chen C, Bash J and Gelinas C (1999). The prosurvival Bcl-2
homolog Bfl-l/Al is a direct transcriptional target o f NF-kappaB that blocks TNFalphainduced apoptosis. Gems Dev 13: 382-387.
Zuber J, Tchemitsa 01, Hinzmann B, Schmitz AC, Grips M, Hellriegel M, Sers C, Rosenthal
A and Schafer R (2000). A genome-wide survey o f Ras transformation targets. Natl Genet
24 : 144-152.

APPENDIX

Appendix A
Buffers and Reagents
Cell Culture Reagent
Culture cocktail
Penicillin/Streptomycin
L-glutamine
2-mercaptoethanol
This mixture was stored at 20°C in
aliquots of 10 ml

100 ml
100 ml
37 |j,l

Complete RPMI1640 medium
RPMI 1640
FCS
Culture cocktail

500 ml
50 ml
10 ml

Complete McCoy’s medium
McCoy’s calcium free medium
FCS
Culture cocktail

500 ml
50 ml
10 ml

Complete L-15 medium
L-15 medium
FCS
Culture cocktail

500 ml
50 ml
10 ml

Hanks balanced salts washing solution
HBSS
HEPES buffer (IM )

500 ml
10 ml

Cryopreservative solution
Foetal calf serum
Dimethylsulphoxide

9 ml
1 ml

Ethidium bromide (EB) stock
EB
PBS

100 mg
20 ml

Acridine orange (AO) stock
AO
PBS

20 mg
20 ml

EBI/AO working solution
EB solution
AO solution
PBS

4 ml
4 ml
100 ml

Cell Protein Preparation
10 X Phosphate Buffered Saline (PBS)
Na 2HP 04.2 H 20 (8 mM)
KH 2? 0 4 ( 1.5 mM)
N aC I(137m M )
KCI (2.7 mM)
Adjust to pH 7.4 and made up to 1 litre

14.24 g
2.04 g
80 g
2g

1 % Nonidet P40
PBS
EGTA
Nonidet P40

100 ml
0.038 g
946 ^1

Protease inhibitors
Leupeptin
PMSF

2mg/ml
1M

BSA buffer solution
Bovine serum albumin
This solution was made up to 50 ml
with a 1:1 mixture o f PBS and 1 % NP40
Bradford reagent
Coomassie Blue G
95% ethanol
0.85% orthophosphoric acid
This solution was made up to 1 litre
with distilled water

50 mg

100 mg
50 ml
100 ml

Lowery Protein Assay Reagents
Reagent A

NajCOS

2 % w/v
0.4 % w/v
0.16 % w/v
1 % w/v

NaOH
PC/Na Tartarate
SDS
Keeps indefinitely
Reagent B

CUSO45H2O
Reagent C
Prepare fresh
Reagent D
Folins

4 % w/v
1 volume B + 100 Volume A

dilute 1/3 with H 2 0

Total Protein Extraction Buffer C
20 mM Tris-Hcl PH 7.5
1 % SDS
150m M N aC l

1 mM EGTA
1 mM EDTA
Polyacrylamide Gel Electrophoresis

5x Sample buffer
Glycerol
2-mercaptoethanol
20% SDS
Stacking gel buffer
0.2% Bromophenol blue
Make up to 25 ml with distilled water
Resolving gel buffer
Tris base
Distilled water
Adjust to pH 8.8 with concentrated HCI
Stacking gel buffer
Tris base
Distilled water
Adjust to pH 6.8 with conc. HCI
1 % Ammonium persulphate (APS)
APS
Distilled water
Make up fresh before use.
10% Sodium dodecyl sulphate (SDS)
SDS
Distilled water
Acrylamide/Bisacrylamide Mix
Aciylamide
Bisacrylamide
Distilled water
Water-saturated butanol
Butanol
Distilled water
This was mixed well, allowed to
settle and pipetted from top layer
10 X Electrode running buffer
Tris base
Glycine
SDS
Distilled water
Dilute 1/10 in distilled water before use

4-Semi-Dry Transfer buffer
Tris base
Glycine
SDS
Methanol
Make up to 500 ml with distilled water

2.9 g
1.45 g
0.185 g
100 ml

Coomassie blue gel stain
Coomassie Brilliant Blue R
Methanol
Glacial acetic acid
Distilled water

0.5 g
200 ml
35 ml
265 ml

Gel destain solution
Methanol
Glacial acetic acid
Distilled water

400 ml
70 ml
530 ml

Immunoblotting
Blotto-Tween blocking solution
Skimmed dried milk (Marvel)
PBS
Tween 20
Make up fresh before use

5g
100 ml
46 |j.l

0.05“/o PBS-Tween washing solution
PBS
Tween 2

1000 ml
0.5 ml

Primary antibody solution
Primary antibody
Blotto-Tween

10 [xl
10 ml

Secondary antibody solution
Swine anti-rabbit peroxidase-conjugated Ig
Blotto-Tween

10 |j,1
20 ml

Enhanced Chemiluminescence
Developing solution
Luminol
lodophenol
DMSO
H202
0.1 M Tris-HCl (pH 8.8)

14 mg
4 mg
500 ^1
18^1
50 ml

5 % Para-formaldehyde solution
Para-formaldehyde
PBS
The solution was heated up to 65°C to be
dissolved, cooled, filtered and stored at 4°C

5g
100 ml

Nuclear Extract Preparation
Extraction buffers
All stock solutions should be autoclaved
Buffer A
Hepes, pH 7.9(10mM )
Magensium chloride (1.5 mM)
Potassium chloride (10 mM)
PMSF
DTT
Make up to 10 ml with sterile water

Volume
100 [il
15 lil
100 [i\
5 |xl
5 |j.l

Stock
IM
IM
IM
IM
IM

Buffer C
Hepes, pH 7.9 (20 mM)
Magensium chloride (1.5 mM)
Sodium chloride (420 mM)
EDTA (0.2 mM)
Glycerol 25%
PMSF (0.5 mM)
Make up to 10 ml with Sterile water

200 ^il
15^1
840 ^1
4^il
2.5 ml
50 ^1

IM
IM
5M
0.5M

Buffer D
Hepes, pH 7.9 (10 mM)
Potassium chloride (50 mM)
EDTA (0.2 mM)
Gylcerol 20%
PMSF (0.5 mM)
DTT (0.2 mM) IM
Make up to 10 ml with sterile water

100 1^1
400 III
1.6 |o,l
800 |al
20 ^1
2 |j,l

Electrophoretic Mobility shift assay
10 X Tris borate buffer (TBE)
Tris base
Boric acid
0.5M EDTA
Make up to 1 litre with distilled water
TE buffer (IX)
Tris-HCI (pH 8.0)
EDTA

Binding reaction buffer (lOX)
Tris pH 7.5(100 mM)
N aCI(lM )
Glycerol (40%)
EDTA (10 mM)
DTT (50 mM)
Nuclease free BSA (1 mg/ml)
Make up to 500 1 |il with sterile water

—

100 mM

IM
IM
0.5M
—

100 mM

108 g
54 g
40 ml

lOmM
1 mM

Volume Stock
50 1^1
IM
100 ^1
5M
200 1^1
10^1
0.5M
25 III
IM
50 1^1
10 m^

Plasmid Preparation
All stock solutions should be autoclaved
L-broth medium (LB)
Tryptamine
Yeast extract
Sodium chloride
Agar
Make up to 1 litre with distilled water
Agar Plates
LB Agar
Distilled Water
Autoclave
Storage of Plasmid DNA
BHI
DMSO
Loopful o f colonies in 1 ml o f the solution
Stored at -70°C

10 g
5g
5g
15 g

4 gm
200 ml

9.4 ml
200 |xl

Antibiotic Selection
Ampicillin
Kanamycin

100 mg/ml
30mg/ml

STE solution
N aC I(O .lM )
TE

0.292 g
50 ml

Acetic acid (57%)
Acetic acid
Distilled water
Potassium acetate solution (5 M)
Potassium acetate
Distilled water
This solution should be filter sterilised

5.7 ml
4.3 ml

4.907 g
10 ml

Agarose Gel Electrophoresis
TAE buffer (TOx)

Tris base
Glacial acetic acid
EDTA, pH 8.0 (0.5 M)

24.2 g
5.71 ml
20 ml

Agarose gel (0.8%)
Agarose
T A E (lx )
This solution was heated up until dissolved

0.32 g
40 ml

Electrode running buffer

Distilled water
Gel loading dye
Bromophenol blue (0.25%)
Xylene cyanol (0.25%)
Glycerol (30%)
Make up to 50 ml with distilled water

