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ABSTRACT

This study mvestigated a potential mechanism of action underlying the anticancer
activity of conjugated lmoleic acid (CLA), refernng to a mixture of posittonal and
geometric conjugated 1somers of Imoleic acid Ras, an oncogene necessary for normal
cell function, when mutated results in uncontrolied cell proliferation and consequently
tumour formation Western blot analysis suggested that ¢9, ¢11 and 10, c12 CLA
1somers inhbit (P<0 05) expression and activation of mutated ras compared with ethanol
control 1n SW480 cells, a numan colon cancer cell line Linoleic acid stimulated cell
growth, however 1t reduced ras expression, suggesting that events downstream of ras
may be more cntical targets for modulating growth by these fatty acids A second
objective was to investigate the cytotoxic effect of CLA-nch oils produced by the
fermentation of hnoleic acid by selected CLA-producimg strains Lmoleic acid-rich o1l
fermented by B breve NCFB 2258 reduced growth of SW480 cells 1n a time dependant
manner at a concentration of 84 pg fat/m! This o1l contamned 20 pg ¢9, 111 CLA/ml
When pure fatty acids were combined to mumic the fatty acid profiles of the microbially
fermented oils, the growth inlibitory effect observed was only partly attnbutable to the
CLA content of the o1l This study also examined a nutntional approach to the
ennichment of CLA m milk fat by dietary supplementation of pre-selected cows on
pasture with full fat rapeseeds Surpnsingly, there was no sigmificant effect on mulk fat
9, 111 CLA due to rapeseed supplementation In addition, elaidic acid, a fatty acid not
previously demonstrated to be influenced by rapeseed supplementation, increased
significantly 1n the milk of cows on the supplemented diet These unexpected results
may be attrtbuted to excessive rainfall throughout the penod of the tnal affecting pasture

quality and possibly an altered biohydrogenation process
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Table 1 1 Dietary sources of CLA (from Iioche, etal ,2001)

Source CLA Content (g/100g fat)
Whole milk 055
Low fat milk (2%) 041
Condensed milk 070
Butter 047
Plain yoghurt 048
Low fat yoghurt 044
Frozen yoghurt 028
Cheddar cheese 041
Processed cheese 050
Beef (uncooked) 043
Lamb (uncooked) 058
Veal (uncooked) 027

Consumption of diets rich in CLA has been shown to enrich blood and tissue CLA 1
humans (Huang, ef a/ , 1994, Jiang, et al , 1999) In addition, humans have been shown
to be capable of synthesising CLA 1n the body (Salminen, et a/, 1998) Frnitsche and
Steinhart, (1998) reported a daily intake of 05 to 15 g of CLA 1n the human diet
However, a Swedish study reported an average daily CLA intake of 0 16 g (Jiang, ef
al , 1999) Ths study also suggested that CLA intake today 1s lower than that in the
1960s, most probably due to the reduced consumption of animal fat in the diet

compared to the 1960s

1.2 Analysis of CLA

Trans fatty acids (TFAs) can be analysed using varying technmiques such as infrared
spectroscopy (IR), gas chromatography (GC), silver-ion (Ag") chromatography, gas
chromatograpgy-Fourier transform infrared spectrospectory (GC-FTIR) and gas
chromatography-mass spectroscopy (GC-MS) (reviewed in Fritsche and Steinhart,

1998)
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In the analysis of CLA 1t 1s important that the different 1somers are separated This 1s
typically done by GC Unlike industrially synthesised CLA, naturally produced CLA 1s
present at very low levels and in estenified form in foodstuffs making analysis of

natural CLA more difficult

GC separates components of a volatile sample To use GC, a sample must be 1n a
volatile state Therefore, lipids must undergo trans-esterification to form fatty acid
methy! esters (FAMEs) To produce FAMEs, acid- or base-catalysed methylation of
the sample must first be carried out CLA 1s present as both free and estenfied fauty
acids 1n foodstuffs In addition, the quantity and type of 1somers present varies from
one food to another Acid catalysed methylation 1s used to prepare both free fatty acids
and esterified fatty acids for GC analysis Typical catalysts for this reaction are
H,SO4/methanol, anhydrous HCl/methanol or BFi/methanol Earlier forms of this
method led to the formation of excessive amounts of trans/trans CLA 1somers and/or
allylmethoxy denvatives (AMD) (Yurawecz, ef a/, 1999) This problem was
overcome by reducing the temperature and methylation time to 60°C for 20 minutes
using 4% methanolic HCI or 14% BF3/methanol at room temperature for a longer tume
period (Kramer, et al , 1997, Yurawecz, et a/ , 1999) However, any CLA esterified in
triglycende or phosopholipid may not undergo full methylation Using compounds
such as tetramethylguamdine (TMG) or NaOCHj; (Shantha, et a/ , 1993) as catalysts to
methylate estenfied CLA can overcome this problem However, these catalysts are not
suitable for free CLA Base catalysed methylation derivatises esterified fatty acids
only One of the most popular catalysts for this reaction 1s 0 SN sodium methoxide 1n
anhydrous methanol, although in some cases potassium methoxide or hydroxide can be

used 1n place of sodium methoxide (reviewed 1n Chnistie, 2001)



Park, et a/ (2002) studied the optimum methylation conditions required by a number

of CLA samples (Table 1 2)

Table 1.2 Example of opttmum methylation conditions (Park, ef a/ , 2002)

Sample Methylation Temperature (°C)  Time (mins)
Agent

Free CLA 1 ON H)_SO4 55 5
CLA estenfied m 20% TMG 100 5
safflower o1l
CLA estenfied in 20% TMG 100 10
phospholiprd AND

1 ON H,SO4 55 5
CLA esterified megg  Base hydrolysis
yolk lipid AND

1 ON H,SO, 55 5

In general Carbowax capillary columns are used in GC analysis of fatty acids Long
retenfion times are associated with GC analysis of CLA as long columns are required
for adequate separation Despite the main CLA 1somers (c9, 711 and ¢10, c12) being
well separated on this type of column, they are not separated from other positional
CLA 1somers For example, ¢9, 11 and ¢8, 10 CLA overlap The 1somers elute in the

order cis/trans, cis/cis, and trans/trans (Christie, 2001) However, 1t 1s still possible to

quantify total CLA content

In foodstuffs other fatty acids such as C21 0 and C20 2 elute in the same region as the
cis/cis, and trans/trans CLA 1somers In such instances 1t 1s beneficial to use GC-MS
for analysis The advantage of this system 1s that 1t 1s possible to 1dent1fy the presence

of non-conjugated double bonds and to locate the double bonds



Thin layer chromatography (TLC) poses the problem of elution of conjugated dienes
with monoenes Therefore, 1t 15 more beneficial to use silver 10n high performance
liqud chromatography (Ag” HPLC) A method devised by Adlof and Lamm (1998)
has since been improved upon (reviewed 1n Yurawecz, et a/, 1999) In thus instance
hexane 1s used as the mobile phase containing a small quantity of acetonitrile, with an
ultraviolet detector at 234 nm Remarkable separation can be achieved by using six
columns 1n series This method can also be used to analyse free CLA without the need

to methylate prior to analysis (Cross, ef a/ , 2000)

{6) c 4,010 12-CLA

09,11-CLA
{5) c 4,011 13-CLA etk

Absorbance

[£3]

(3) £+9 11-CLA a,08,10-CLA

@) Le10 12.CLAll
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“—-(ﬂ)ccaﬂ-cm

LN\,\@) ¢,c-B 10-GLA

— T LN S 1 T ™7 T T L] T T T
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Figure 1 2 Separation of CLA 1somers using a single Ag’ HPLC column (Sehat, er al , 1998)

Figure 1.2 shows the separation of CLA 1somers achieved by using a single Ag"
HPLC column whereas Figure 13 shows the separation of CLA 1somers achieved

with Ag" HPLC columns in series
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Figure 1 3 Separation of CLA isomers using Ag’ columns 1n senes (Kramer, ef a/ , 1999)

With Ag" chromatography, 1t 1s also possible to analyse CLA i the form of p-
methoxyphenacyl esters using a mobile phase which consists of
dichloromethane/hexane/acetomtnile (Nikolova-Damyanova, er a/, 2000) All fatty

acids present can be detected via the p-methoxyphenacyl moiety

As CLA 1s often present in foodstuffs at very low concentrations 1t 1s sometimes
necessary to concentrate the CLA prior to quantification This 1s usually carmed out via
reverse-phase chromatography or Ag" chromatography, although better results are
achheved when these methods are used in senies Reverse-phase chromatography can
be used to obtamn a C18 fractton This fraction 1s then apphed to the reverse-phase Ag”

HPLC column resulting 1n a fraction enriched in CLA (reviewed 1n Christie, 2001)

As 1ndividual CLA 1somers have been associated with different health benefits,
accurate quantification 1s necessary It 1s clear that CLA 1s sensitive to methylation

conditions, stressing the importance of the optimum conditions of analysis



1 3 Health Benefits Associated with CLA

A vanety of health benefits have been attnibuted to CLA However, the majonty of
these health benefits have been observed in animal models Therefore, 1t 1s not certain
if CLA would benefit humans 1n the same way or to the same extent CLA has been
associated with a number of health benefits including an anti-carcinogenic effect, an
anti-atherosclerotic effect, improvements i bone metabolism, an anti-thromobotic
effect, a reduction 1n body fat, enhancement of immune function and improvements in
diabetes status (reviewed 1n Belury, 2002) This study focuses on the anticarcmogenic

effects of CLA and this particular health benefit 1s discussed 1n detail below

1 4 Effect of CLA on Carcinogenesis

The anticancer effect of CLA 1s probably the most studied health benefit associated
with the fatty acid Durning a study of the formation of mutagenic compounds during
cooking 1t was discovered that fried ground beef possessed anticarcmogenic properties
(Panza er al , 1979) In 1983, Pariza, et al 1solated the component responsible for the
antimutagenic effect and named it a mutagenesis modulator It was 1n 1987 that this
compound was 1dentified as a mixture of four CLA 1somers — ¢9,¢11, 19,¢11, ¢10,c12
and ¢10,/.12 CLA (Ha, et a/, 1987) Compared with LA, which has been implicated
with the incidence of prostate and colon carcinogenesis in humans (Erickson, 1998,
Zock and Katan, 1998), it has now been demonstrated that CLA has an ability to
antagonise mammary cancer (Ip, er a/, 1991, Durgam and Fernandes, 1997,
Cunningham, et a/, 1997, Ip and Scimeca, 1997), stomach cancer (Ha, et a/ , 1990),
skin cancer (Belury, et a/ , 1996) and prostate cancer (Cesano, et a/ , 1998) It has been
demonstrated that CLA can inhibit cancer mmtiation (Ha, er a/, 1987, Liew, er a/ ,

1995), promotion (Ip, et al , 1994a, 1996) and, progression and metastasis (Cesano, er



al , 1998) Visonneau, ef al (1997) attnbuted an anti-mutagenic eftect when the spread
of cancer cells to lungs, pertpheral blood and bone marrow 1n SCID (severe combined
immuno-deficiency) mice was prevented The ability of CLA to inhibit angiogenesis
may contribute to its efficiency as an anti-metastatic agent (Masso-Welch, ef a/,

2002)

Data suggest that there 1s a concentration at which CLA optimally nhibits
carcinogenesis In one particular study 1t was observed that a concentration of 1% CLA
reduced the mcidence of mammary tumours, however increasing the concentration did
not further reduce tumour incidence (Ip, et a/, 1991) It has been demonstrated that
better results are obtained when CLA 1s admimstered prior to tumour mitiation (Ip, er

al , 1995)

It 15 of interest that the majonty of the studies regarding the anticarcinogenic activity
of CLA have involved the use of free CLA 1somers Ip, et al (1999) found that butter
rich in CLA and free CLA were effective in reducing terminal end buds (TEBs) to a
stmilar extent TEBs are the prnimary site for mammary carcinogenesis induction in
both rat and human mammary cancer Ip, et al (2001) demonstrated that ¢9, 11 CLA
n a tnglyceride was as effective as free ¢9, r11 CLA n controlling rat mammary
epithelium proliferation The anticancer activity of CLA has been demonstrated despite
the type or level of dietary fat present (Ip, et al , 1996, Ip and Scimeca, 1997) Ip, et a/
(1996) compared the anticancer effect of 1% CLA 1n a diet nich 1in com o1l compared
to the same treatment n a diet nch mn lard Although the corn o1l and lard differed
greatly in their linoleate content, the anticancer effect of CLA was independent of the

type of fat present Linoleate 1s a precursor of arachadomc acid (AA) and 1n tum



eicosanoids A positive relationship between derivatives of eicosanoids and cell
proliferation and inflammation 1n mammary, colon and skin tumours has been reported
(Belury, 1995) Unhke CLA, LA has been shown to stimulate the development of

tumours (Cesano, et al , 1998, Ip, et al , 1985)

Differences 1n species are of great importance when extrapolating rodent data to
humans For example, CLA has been linked with an increase in the development of
hepatic cancer 1n a specific mouse model due to an ability to enhance peroxisome
proliferation (Belury, ef a/, 1997, Houseknecht, ef a/, 1998) Enhanced peroxisome
proliferation has been associated with development of hepatocarcmogenesis (Kraupp,
et al, 1990) However, CLA did not induce hepatic peroxisome proliferation in

Sprague-Dawley rats (Moya-Camarena, et al , 1999a)

Data relating to the effect of CLA m humans 1s limited, but one of the more promising
results comes from a study which demonstrated that there was an 1nverse relationship
between the level of CLLA in the mammary tissue and the risk of breast cancer
(Bougnoux, e al , 1999) Both dietary CLA and serum CLA were reported to be lower
m Finnish breast cancer patients than in control subjects (Aro, er a/ , 2000) However,
a recent epidemiological study showed no relationship between breast cancer nsk and
CLA 1ntake (Voorrips, et al , 2002) while CLA content 1n breast adipose tissue i a
population of French patients was not associated with relative nsk of breast cancer
(Chayes, er a/, 2002) It 1s therefore not yet certain if the suggested anticarcinogenic

property of CLA 1n animal and tissue culture models can benefit humans

10



1 5 Anticancer Mechanmisms of CLA

Despite the abundance of evidence suggesting that CLA inhibits tumour progression,
1ts mechanmism of action 1s not so clearly established Due to the differential effects of
CLA 1somers 1t 1s possible that anticarcinogemc activity may be the result of a number
of biochemical mechamisms It may be possible that the combined effect of different
CLA 1somers leads to the anticarcinogenic property of CLA, however individual
1somers have been shown to possess anticarcinogemc ability (O’Shea, 2000)

Schenberg and Krokan (1995) demonstrated that the anticancer affect of CLA was
specific to a number of cell hines Therefore, it 1s clear tha:. differing experimental
conditions regarding the CLA 1somers analysed or expennmental model used can lead

to varying results

Inihally 1t was believed that the anticarcinogemc activity of CLA was due to an
antioxadant property Studies by Ha, et a/ (1990), Ip, et al (1991, 1996) and Panza, et
al (1991) have all suggested this However this evidence 1s not explictt Such studies
have 1nvolved experimental conditions which do not replicate biological systems (Ha,
et al , 1990) or used measurements of oxidative damage which are indirect and not
specific (Ip, et a/, 1991) In contrast, a study by van den Berg, et a/, (1995)
demonstrated that CLA was not an effective antioxidant, having only a shight effect
after 1 hr of oxidative stress In addition, CLA was found to interfere with the
metabolism of a-tocopherol (a potent antoxidant) (Nicolosi, ef a/ , 1997) CLA has
been shown to induce lipid peroxidation 1 the MCF-7 human breast cancer cell line
(O’Shea, et al, 1999) The data suggested that accumulation of lipid peroxidation
products such as conjugated diene hydroperoxides may lead to internal cellular pro-

oxidation However, Wong, et al (1997) found that CLA did not increase lipid

11



peroxidation 1 mice with transplanted metastatic murine mammary tumours The
difference between these two studies may be due to species differences Elevated
levels of 8-150-PGF», (a biomarker of non-enzymatic lipid peroxidation) and 15-keto-
dihydro-PGF;, (a biomarker of enzymatic lipid peroxidation) in the unine and plasma
of humans after administration of CLA have been demonstrated by Basu, et a/ (2000)
Similar results were observed by Miller, ef @/ (2001) 1n human breast and colon cancer

cell lines

Another possibility 1s the interference of CLA 1n the pro-oxidant/antioxidant balance
via 1nterference with the expression of antioxidant defense enzymes This was
demonstrated 1n studies by O’Shea, er a/ (1999) and O’Shea, et @/ (2000), in which
the activity of three such enzymes was increased after CLLA treatment The presence of
CLA may lead to enhanced oxidative stress due to its conjugated double bonds
(Belury, 1995) resulting 1n increased levels of these enzymes It 1s widely accepted that
peroxides and superoxides generated from lipid peroxidation damage DNA and other
cellular functions 1n pathological conditions Hawkins, ef al , (1998) demonstrated that
the incidence of apoptotic cells m leukaemia and pancreatic cells treated with
polyunsaturated fatty acids (PUFAs) was correlated with the degree of lipid
peroxidation induced by PUFAs and the number of double bonds present in the
PUFAs Further analysis mvolving vitamin E, an antioxidant, demonstrated that

apoptosis mduced by PUFAs was oxidative (Tyurina, et a/ , 2000)

Prostaglandins are derived from AA metabolism and fall under the category of
ercosanoids along with leukotrienes and thromboxanes Figure 1 4 shows the pathway

involved in the synthesis of eicosanoids and the implications involved with the
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eicosanoids and in turn a reduction i eicosanoid stimulation of cancer cell
proliferation (Belury, 1995, Parodi, 1997, Liu and Belury, 1998, Banni, ef a/ , 1999)
A study by Miller, e a/ (2001) demonstrated that the ¢9, 111 CLA 1somer reduced
uptake of AA 1nto phosphotidylcholine (PC) in MCF-7 breast cancer cells PC 1s the
phospholipid which 1s preferentially hydrolysed to synthesise eicosanoids (Hanel, et

al , 1993)

It has been suggested that CLA may act as a higand for nuclear hormone receptors,
peroxisome prohferator-activated receptors (PPARs) (Kliewer, er a/, 1997, Moya-
Camarena, et a/ , 1999b, Vanden Heuvel, 1999) PPARs are responsible for activation
of genes 1nvolved 1n the regulation of ipid and carbohydrate metabolism PPAR-a and
vy are known to be expressed 1n cancer cells and CLA has been found to be a ligand for
these two 1soforms of PPARs (Kliewer, ef a/ , 1997, Moya-Camarena, et a/ , 1999b)
Activation of PPAR-y 1n human prostate and colon cells results in growth arrest and
the induction of cellular differentiation (Sarraf, er o/, 1998, Kitamura, ef a/, 1999,
Mueller, et al , 2000) Despite both ¢9, 111 and ¢10, c12 CLA possessing an ability to
activate PPAR-¢ (Moya-Camarena, et a/, 1999b), thus 1soform does not induce

differentiation 1n human colon cancer (Sarraf, ef a/ , 1998)

Apoptosis (programmed cell death) due to oxidative stress has been shown to 1nvolve
the oxidation of membrane phospholipids as part of a final common pathway
(Fabisiak, ef a/ , 1998) Palombo, et a/ (2002) reported an increase in caspase activity
due to treatment of MIP-101 (colorectal cancer) and PC-3 (prostate cancer) cells with

100 uM 110, c12 CLA, indicative of the induction of apoptosis by this CLA 1somer Ip,
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et al (2000) demonstrated that a mixture of CLA 1somers led to induction of apoptosis

m mammary cancer cells via downregulation of bc/-2, a membrane protein

Ip, et al, (2001) found that CLA suppression of mammary epithelium proliferation
was partly due to a decrease in components (cyclin D1 and cychin A), which play
important roles 1n the cell cycle Combined with the data from Ip, er @/ (1999) a theory
for CLA’s anticancer activity in mammary carcinogenesis has been suggested
administration of CLA during pubesence suppresses cyclm expression Reduced cyclin
levels results 1n a decrease 1n proliferation of TEBs and 1n turn a reduction 1n ductal
branching of the mammary tree Reduced ductal branching decreases susceptibility to

mammary carcinogencsis

Another possibility 1s that CLA may interfere with cell signalling via inhibition of ras,
an oncogene which regulates cell proliferation — however when mutated, ras can lead
to uncontrolled cellular proliferation and cancer development (discussed in Chapter
2) Data regarding the effect of CLA on ras 1s Immited Ip, ef al (1997) suggested that
the 1inhibitory effect of CLA on mammary cancer development 1s independent of the
presence or absence of the ras gene However, O’Shea (2000) demonstrated that when
incubated with human colon cancer cells, CLA mhibited the activity of protein
farnesyltransferase (PFTase) — an enzyme necessary for the activation of ras The
reaction between PFTase and ras leads to localisation of ras to the plasma membrane
Ras must be bound to the membrane to be 1n 1ts active state, therefore inhibition of
membrane bound mutated ras renders 1t inactive and prevents undesirable cell

proliferation Davidson, ef a/ (1999) demonstrated that PUFAs inhibited membrane

15



association of colonic ras in rats without affecting farnesylation (the reaction between
ras and PFTase) Singh, ef al (1997a) found that a diet high 1n corn o1l promoted colon
carcinogenesis in male F344 rats with a concomitant increase in ras expression,
whereas a diet high 1n fish o1l reduced colon carcinogenesis, 1n addition to a reduction
1n membrane-bound ras These data suggest that 1t may be possible that CLA interferes
with ras signalling, however much study 1s required in this area due to the complexities
involved as suggested by the varying results discussed above and the many factors

involved 1n ras signalling (discussed in Chapter 2)

1.6 Objectives of the Study

Due to the many health benefits associated with CLA the objective of this study was to
investigate methods resulting 1n the availability of enhanced levels of CLA in the
human diet The first objective of this study was to investigate one posstble anticancer
mechanism of CLA — interference with ras expression The second objective was to
mvestigate the ability of two probiotic strains of Bifidobacternium to produce CLA and
to analyse the anticancer activity of the CLA produced The third objective was to
enhance milk fat CLA wia selection of high CLA-producing cows and dietary

supplementation with rapeseed
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CHAPTER 2

CLA ISOMERS INHIBIT RAS
EXPRESSION IN SW480 CELLS
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Apoptosis 1s a normal cellular process that involves eliminating unwanted or useless cells
Without DNA reparir or apoptosis, malignant growth of the cancer cell takes place with the
possibility of metastasis (spread) of the cancer to other parts of the body Research 1s
ongomng to find new and better methods of cancer treatment At present such methods
mnclude chemotherapy, radiation and gene therapy There are three stages of cancer
imtiation, promotion and progression Initration occurs due to the presence of a chemical,
biological or physical agent The promotion stage 1s not as well understood, but involves
the mteraction of promoters with cell receptors Tumour progression is the result of

molecular genetic mechamisms such as chromosomal rearrangement or further mutations

212 Cancer and Oncogenes

Oncogenes are genes which, when mutated, deleted, or abnormally expressed can cause
growth of cancer cells When nomally expressed these genes play an important role 1n
normal physiological activities and are known as protooncogenes One example of a
protooncogene 1s the ras gene Ras 1s the collective term for the three mammahian ras
genes H-ras, K-ras (K-ras4A and K-ras4B) and N-ras This gene 1s necessary for the
regulation of cell proliferation and differentiation as 1t encodes a monomeric guanine
tnphosphate (GTP) binding protein that 1s involved 1n signal transduction Mutations 1n
the dominant oncogene ras represent the most commonl)i found gene mutations in human
cancer cells The most common mutations of this gene occur at codons gly-12, gly-13 or
gln-61 giving the gene the ability to morphologically transform established cells 1n
culture These mutations all lead to the same defect m ras (described in Section 2 1 5)

The ras mutation has been detected 1n 15% of all human tumours and 1s most commonly
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found 1n tumours of the colon (50%) and pancreas (90%) (reviewed m Bos, 1989) The
high frequency of this mutation m human cancers 1s witness to the central role played by

ras-encoded proteins 1n membrane-to-nucleus signal transduction (Ames, ef al , 1995)

213 Ras

Ras 1s an oncoprotein required for a vanety of signal transduction pathways involved 1n
cellular proliferaton and differentiation More than 50 low molecular weight protems
categonsed nto the Ras-related superfamily act positively to stimulate a cascade of
kinase-dnven phosphorylation events that culminate in the activation of nuclear
transcription (Ames, et al , 1995) Because of 1ts central role in membrane-to-nucleus
signal transduction, 1t has been proposed that modulation of the Ras superfamily of
proteins may provide a novel means by which growth of cancer cells can be inhibited

(Gibbs, et al , 1994)

Ras begins as a cytosolic precursor, which after post-translational modification, localises
to the plasma membrane Farnesylation of ras proteins by PFTase 1s an essential step for
their binding to the inner leaflet of plasma membranes and for activation of ras (Der and

Cox, 1991) and downstream effectors leading to cell proliferation (reviewed 1n Adje,

2001)

2 1 4 Post-Translational Modification of Ras

Post-translational modification involves the attachment of a farnesyl or geranylgeranyl

group (Figure 2 2) to the carboxy terminal cysteme residue (Goldstein and Brown, 1990)
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The integral GTPase activity of ras therefore converts active ras-GTP into mactive ras-
GDP The switch 1s controlled by guanine nucleotide exchange factors (GEFs) and
GTPase activating proteins (GAPs) The binding of GTP to ras 1s promoted by GEFs
(Quilham, et al , 1995), whereas, GTP hydrolysis and hence ras-GDP 1s promoted by
GAPs (Bollag and McCormack, 1992) GEFs and GAPs are themselves controlled by cell

surface receptors such as epidermal growth factor receptor (EGFR)

Ras 1s a membrane-bound GTPase As mentioned above the most prevalent dominant
mutations 1n ras 1 codons 12, 13, and 61 cause a defect 1n the active ras-GTPase activity
such that 1t 1s always mn the active ras-GTP form This gives a false signal to activate
growth-promoting genes and undesired cell proliferation takes place even when growth

factors are not present

@ EGF

EGFR Plasma membrane

A GTP

Figure 2 4 Role of adaptor protewns in ras regulation, leading to the activation of ras (taken from Cooper,
1995) For ras to become active it must become localized at the plasma membrane Adaptor
proteins play an important role 1n this process
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Growth factor receptors such as EGFR are membrane-bound tyrosine kinases which are
upstream of ras in the signal transduction pathway For ras to be activated, EGF
(epidermal growth factor) must bind to EGFR (Figure 2 4) When EGF and EGFR bind,
EGFR’s tyrosine-kinase activity 1s stunulated, the cytoplasmic tail of EGFR 1s
autophosphorylated on tyrosine residues, the result bemng a Sy2 (src homology 2) protein
binding site The Sy2 domain of the adaptor proten Grb2 binds to the phosphorylated
EGFR tail, while the two Sy3 domains of Grb2 bind to the Su3 binding sites on SOS (son
of sevenless) which 1s a GEF The activation of EGFR results m Grb2 bringing SOS to the
membrane to activate ras SOS promotes the transformation of ras-GDP to ras-GTP wia
changes 1n the conformation of ras The result of these conformational changes 1s the
dissociation of ras from the GDP molecule (reviewed 1n Adjer, 2001) Cells that express
constitutive mutants of EGFR constitutively activate ras through the Grb2-SOS adaptor
complex Once ras 1s bound to a GTP molecule 1t 1s 1 1ts active state, and becomes

involved with a number of downstream effectors leading to cell growth

2 1 6 Downstream Effectors of Ras

Figure 25 presents the three most understood signal transduction pathways These
involve mitogen activated protemn kinase (MAPK), phosphatidylinositol-3-kinase (P13K),
and RalGDS (involving Rac and Rho) The MAPK pathway leads to the transmittance of
signals into the cell, the result being cell proliferation Active ras binds to the Ras Binding
Domain (RBD) of raf There are three forms of raf A-raf, B-raf, C-raf (Gunter, ef a/,
1994) with studies suggesting that C-raf-1 plays an mmportant role in ras signalling

(Morrison, 1990, Koide, ef a/ , 1993) This bindmmg localises raf to the membrane At this
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PI3K inhibits activation of Bad, Caspase 9 and Bcl-xp all of which are mvolved 1n
inducing apoptosis of the cell Both AKT (a sermme-threonine kinase and a downstream
effector of PI3K) and PI3K can lead to the activation of NF-xB which plays an anti-

apoptotic role therefore having implications in cell survival

2 1 7 Strategies to Target Cancer via the Ras Pathway

Many strategies have been devised to impair the dommant activity of ras and are reviewed
in detall in Xloog and Cox (2000) These include dislodging ras from i1ts membrane
anchorage sites (Marom, et al , 1995), restoration of ras GTPase activity (Ahmadian, et
al, 1999), interference with interactions between ras and its downstream effectors
(Hermann, et a/ , 1998), use of ras antisense oligonucleotides (Aok, et al , 1995), use of a
reovirus (Coffey, et al , 1998) or use of PFTase inhibitors (Gibbs, et al , 1994, Cox and
Der, 1997, Kohl, et al, 1993, James, et al , 1993) The latter have been shown not to
interfere with normal cell proliferation and are relatively non-toxic (James, et al , 1994)
As discussed above farnesylation of ras proteins by PFTase 1s an essential step for their
binding to internal plasma membranes and for activation of events downstream of ras (1
activation of Raf kinase, MAPK kinase, MAP kinase and phosphorylation of fos and jun)
leading to cell proliferation (Stacey, et al , 1991) Non-farmesylated mutants of oncogenic
ras that cannot appropnately localise into the plasma membrane remain no longer
transforming and have been shown to display a dominant inhibitory phenotype to

antagonise the activity of membrane-bound oncogemc ras (Stacey, et al , 1991)

26



2 1.8 Effect of Dietary Fat on Ras

Components of dietary fat have been shown to differentially modulate oncogemc ras
expression Several studies demonstrated that vegetable ouls high in LA enhanced colon
carcinogenesis m rats (Bull, et a/, 1981, Deschner, et a/, 1990, Reddy, et al, 1991,
Reddy, 1994) On the other hand, dietary fish o1l supplementation reduced growth of
colonic polyps 1 a phase II clinical tnal (Ant, et al , 1992) In an expenimental model of
colon carcmogenesis, ras levels were higher in rats fed a high fat diet composed of corn o1l
(59% omega-6 and 1 2% omega-3 fatty acids) compared to rats fed a lugh fat fish o1l diet
(8% omega-6 and 31% omega-3 fatty acids) Further analysis of the occurrence of
tumours showed that higher expression of ras correlated with increased incidence and
multipliaty of grossly visible colon tumours whereas, in ammals fed the high fish o1l diet
lower expression of ras correlated with decreased mcidence and a lower multipheity of
colon tumours (Singh, et al, 1997a) Dietary fish o1l also resulted in 1increased
accumulation of ras i the cytoplasm with a stmultaneous decrease 1n levels of membrane-

bound ras

Subsequently, Singh, et a/ (1998) demonstrated farnesylation of ras could be influenced
by the type and amount of dietary fat and that this influenced the promotion and
progression stages of colon cancer Their study demonstrated that a diet contaiming fish o1l
reduced PFTase activity in the azoxymethane-induced rat colon cancer model, whereas a
diet high 1n corn o1l increased PFTase activity It was demonstrated that corn o1l increased
ras expression and localization 1n the rat colon without affecting farnesylation of ras

(Dawidson, et a/, 1999) In another study the elevated ras membrane cytosol ratio 1n
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mahgnant transformed young aduit mouse colon (YAMC)-Ras cells, overexpressing v-H-
Ras, supplemented with corn o1l was not due to mcreased farnesyl protemn transferase
activity or prenylate state as nearly all detected ras was m the prenylated form This study
demonstrated that the ras membrane cytosol ratio was reduced m docosahexaenoic acid
(DHA) treated cells compared to LA treated cells DHA partially blocked events
downstream of ras such as reduction of the effector MAP kanase (Collett, ef a/ , 2001) A
decrease m cellular AA was also observed, a known antagomser of GAPs (Tsai, et al,
1991) Reduction 1n AA would be expected to lead to reduced antagonism of GAPs and 1n
turn a reduction mm GTP bound ras Inhibition of ras association with membranes could
also be due to an interference with palmitoylation, a process necessary for localisation of
ras at the inner leaf of the plasma membrane (Hancock, ef a/, 1989, James and Olson,
1989) Overall 1t 1s likely that dietary fat affects ras expression, membrane localization

and/or signaling pathways known to play a role in tumour development

Hydroxymethylglutaryl CoA (HMG-CoA) reductase, the rate-hmiting enzyme 1in
cholesterol biosynthests, catalyses the formation of mevalonate, a precursor to farmesol
Goldfarb and Patot, (1971) observed that dietary fat can interfere with the activity of this
enzyme El-Sohemy and Archer (1997) demonstrated a reduction in HMG-CoA reductase
due to dietary fish o1] which would lead to a decrease 1n levels of farnesol available fo; the
farnesylation reaction These studies strongly suggest that individual components of fat,
particularly n-3 PUFAs, may inhibit cancer development by nterfering with post-
translational modifications and membrane localisation of ras (Singh, ef a/ , 1997a, Singh,

el al , 1998)
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Previously, 1t was found that the ¢9, 11 CLA 1somer significantly reduced PFTase activity
in a colon cancer cell hne (SW480), a cell line in which the K-ras mutation 1s
overexpressed However, the 710, c12 CLA 1somer enhanced PFTase actvity Tlus
suggests that the anticarcinogenic activity of the ¢9, r11 CLA 1somer may be due to an
ihibition of membrane ras (O’Shea, 2000) One of the objectives of the present study was
to determme 1f a CLA mixture of 1somers or specific CLA 1somers have an inhibitory
effect on ras expression Of the individual CLA 1somers, ¢9, t11 has been implicated as
the most biologically active because 1t 1s the predominant 1somer incorporated into the
phospholipids of cell membranes (Ip, et a/, 1991, Hayek, et a/ , 1999) However, more
recent studies have shown the 710, ¢12 CLA 1somer to be even more potent In colon
cancer cell lines the potent anticarcinogemc effects of CLA have been attributed erther to
muxtures of CLA 1somers that contain primanly the ¢9, ¢t11 and 10, ¢12 forms m
approximately equal proportions, with other CLA 1somers at considerably lower levels
(Ha, et al, 1990, Schut, er al, 1997, Panza and Hargraves, 1985) or to the pure ¢9, t11
1somer or the pure 110, c12 CLA 1somer (Ip, et al, 1999) A dose- and time-dependent
growth mhbitory effect, induction of apoptosis and an induction of antioxidant enzymes
in CLA-treated mammary and colon cancer cells as an adaptive response to induction of
lipid peroxidation by synthetic CLA (O’Shea, et al , 1999, Miller, 2003, Miller, et al ,
2003) and CLA-enriched milk fat (O’Shea, 2000, Miller, 2003) has previously been

reported
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2 19 Objective of Experiment

The aim of this study was to determine if a mixture of CLA 1somers shown to be
anticarcinogenic (Hayes, et al, 1997, O’Shea, et al, 1999, O’Shea, et a/, 2000,
Schenberg and Krokan, 1995, Shultz, et al , 1992) or 1f CLA 1n the pure form (¢9, ¢11 and
110, c12 CLA), mhbited cell growth of the human colon cancer line, SW480, via

modulation of ras expression
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2 2 Matenals and Methods

2 2 1 Matenals

Human colon (SW480) cancer cell lines were obtamned from the Amencan Type Culture
Collection, (Manassas, VA) Culture media and supplements were purchased from
GIBCOBRL (Paisley, Scotland) The SW480 cells were maintained m Dulbecco's
Minimum Essential Medium (DMEM) supplemented with 5% (v/v) fetal bovine serum,
0 2 mM L-glutamine, 1 mM HEPES, and 1 umit/ml penicillin and streptomycin Triton-X
100, linoleic acid (LA) and trans-vaccemc (TVA) were purchased from Sigma-Aldrich
Ireland Ltd , (Dublin) The mixture of CLA 1somers were obtained from Nu Chek Prep
Inc (Elysian, MN), and pure ¢9, ¢11 and ¢10, c12 CLA 1somers were obtamned from
Matreya (Pleasant Gap, PA) Pnmary antibody, pan-ras monoclonal antibody, Ab2 and
p21 H-ras standard were obtained from Oncogene (Oncogene Science, Manhasset, NY)
Secondary antibody, anti-mouse horse radish peroxidase (HRP) antibody was purchased
from Amersham (Amersham, Little Chadford, Buckinghamshire, UK) Microcon
centnfugal filter devices (YM-10, with molecular cut off of 10,000 kDa) were obtained
from Milhpore (Milhpore Corporation, Bedford, MA) Hybond enhanced
chemilummescence (ECL) membrane was purchased from Amersham, Little Chadfort,

Buckinghamshire, UK The Trans-blot electrophoretic transfer cell was purchased from

Bio-Rad, Hemel Hempstead, Hertfordshire, UK

222 Cell Viahihity
SW480 cells were seeded at 1 x 10° cells 1n 75c¢m” flasks 1n DMEM (O’Shea, et al , 1999)

The pH of the media was maintained at 7 2-7 4 by a required flow of 95% air and 5%
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fues

CO; Cells were cultured for 24 h to allow the cells to attach to the substratum The
medium was then replaced with medum alone contaming ethanol to a final concentration
of 0 1% (v/v) (control) or medium supplemented with 20 pg/inl CLA, LA, ¢9, t11 and ¢10,
¢12 CLA dissolved 1n ethanol Following 4 days of incubation, cells were harvested using

trypsin-EDTA and counted using trypan blue exclusion

2 2 3 Cell Culture for Western Blot Analysis

SW480 cells were cultured and maintained as described in Section 222 SW480 cells
were seeded at 5 x 10° cells/150cm? flask m DMEM (O’Shea, et al , 1999) The media
was then replaced with media containing either (1) a CLA mixture of 1somers (11) ¢9, ¢11-
CLA (1) 110, c12-CLA and (1v} hnoleic acid (LA) (v) C18 1 ¢11 (vaccenic acid) (all at a
concentration of 20 pg/ml and dissolved in ethanol) An equivalent volume of ethanol was
added to a control flask Quercetin was used as a negative control at a concentration of 10
pM  Quercetn 1s a plant flavanoid which has been shown to mhibit ras expression 1n
human colon cancer cell lines and the growth of human colon carcinoma cell lines and

primary colorectal tumours (Hosokawa, et al , 1990, Ranellett1, ef a/ , 1992, 2000)

2 2 4 Preparation of Cell Extracts

Cells were harvested after 24 h and 4 days incubation using phosphate buffered saline
(PBS) containing 0 25% (w/v) trypsin Cells were spun 1,000 x g for 5 mm The resulting
pellets were washed twice mn 1ce-cold PBS For total ras determination cell pellets were
sonicated on 1ce for 10 mun 1n 500 pL lysis buffer (contaming 10 mM sodium phosphate

buffer (pH 7 2), 100 mM NaCl, 10 mM sodium deoxycholate, ] mM PMSF, 1% Triton-X
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100, 0 1 mM leupeptin and 02 pg/ml aprottmin) The lysates were concentrated using
Microcon YM-10 filters The lysates were centrifuged at 10,000 x g at 4°C until 100 pL
remamed 1n the upper chamber of the tube This chamber was then inverted and
centrifuged at 1,000 x g for 3 min to collect the concentrated lysate The protein content of
the lysates was determined using the Bradford assay (Bradford, 1976) For membrane ras
determination, cell pellets were sonicated on ice in 500 uL PBS/PMSF buffer (containing
10 mM sodium phosphate buffer (pH 7 2), 100 mM NaCl, 0 2 mM PMSF, ¢ 1 mM
leupeptin and 0 2 pg/ml aprotinin) for 10 min [he suspensions were centnfuged at
100,000 x g 1n a Beckman Ultracentrifuge for 1 h at 4°C The supematant (cytosolic
fraction) was removed and the pellet resuspended m lysis buffer as for total ras The
suspension was incubated on 1ce for 20 min followed by centnfugation at 15,000 x g for
15 mm The resulting supernatant (membrane fraction) was removed, concentrated and

analysed for protein content as for total ras

2 2 5 Gel Electrophorests and Western Blot Analysis

Cell lysates were electrophoresed using 12% polyacrylamide gel, adding 70 pg of protein
1 loading buffer (16 pL i total) to each well The loading buffer consisted of 62 5 mM
Tns-HCl (pH 6 8), 2% w/v sodium dodecyl sulphate (SDS), 10% glycerol, 50 mM
dithiothrestol (DTT) and 0 01% bromophenol blue The gel was run at a current 0 06 mA
for 1 hr The separated proteins were transferred onto a Hybond ECL membrane n a
Trans-blot electrophoretic transfer cell at 80V for 1 5 hr The membrane was then covered
with Ponceau S stain (0 1% Ponceau S 1n 5% acetic acid) to ensure transfer of protemns To

account for degradation of samples and differences in sample loading, the intensity of the
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stain was measured using densitometry (NIH Image, Version 1 61) and the value obtamned
was used to quantify ras, as described below Blocking buffer consisted of 5% non-fat
dried milk m PBST The membrane was mcubated with the primary antibody {1/5,000 -
dilution m phosphate buffered saline containing 0 1% Tween-20 (PBST) and 0 5% non-fat
dry milk overmght at 4°C followed by rinsing with PBST The membrane was incubated
with the HRP-linked secondary antibody 1/10,000 dilution m PBST contammg 0 5% non-
fat dry milk followed by rnsing with PBST Presence of ras was analysed using ECL and
autoradiography (Amersham Pharmacia Biotech Hyperprocesser, Model AM4) Ras was
quantified usmg densitometry, with an accurate measurement bemg achieved by
multiplymmg the mtensity of a band by 1its area (Singh, et a/ , 1997a, Cerda, et al , 1999)

Thus value was then multiphed by the intensity of the corresponding Ponceau S stam

2 2.6 Statistical Analysis

Three mdependent experiments were performed in triplicate The Student’s 7 test was used

to determine significance between treatments
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