Consequences of the regulation of DNA damage dmef tipst responses by fish oil for colorectal omtesis.

CHAPTER 1.
INTRODUCTION AND LITERATURE REVIEW

1.1. Rationale

1.1.1. TheBurden of Colorectal Cancer

Cancer of the colon and rectum is the third moshroon type of cancer
worldwide. It is estimated that just under onelioml people develop this cancer
each year, and though recent improvements in eathction and treatment have
been made, mortality figures are approximately logléthat of incidence, with a

5 year survival rate of 40-50% [1].

The geographical spread of colon cancer cases rizape one of the more
striking aspects of this disease. It is very madancer that is widespread in the
more affluent, developed countries. Though 5-1G%oatorectal cancer (CRC)
cases can be attributed to strong hereditary dispas and a further 20% of
cases occur in people who have a family historthefdisease, high CRC rates in
the developed world can be heavily attributed twesternized lifestyle. Risk
factors include living a sedentary lifestyle, olgssmoking, high alcohol intake

and a diet high in fat and low in polysaccharides wegetables [2].

The influence of environmental factors on CRC riskcome even more
significant when taking migrant studies into comesation [3]. When
populations move from low-risk to high-risk aredbge incidence of CRC
increases significantly and within the first geniema individuals adopt the

country’s higher risk rates for this disease.

Within Australia, CRC has become a major healtlbj@mm and we now lead the
world in CRC incidence rates. More specificallpugh Australian figures now
see CRC representing approximately 16% of totateanases, coming in at the
second most common for women and men, behind b(28€8%) and prostate

(24.6%) respectively [4]. As a result of its exdmeness, CRC directly or
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indirectly affects many people, placing a large #omal and financial burden on

the community.

The multi staged progression of colon cancer costbiwith a relatively good
prognosis when diagnosed early makes this partidolan of carcinogenesis
optimal for screening programs. Fortunately, firigcess is quite effective and
has the potential to significantly reduce the miytdoad from CRC. Hence,
recent efforts in the battle against CRC have coimated on screening programs
and early detection. There are a variety of sengeprocedures and the risks,
costs and benefits have to be taken into accoushwieighing up the different

options.

In the 2005-06 Australian budget, $43.4 million ldrd was allocated over 3
years for the implementation of a national bowetesning program [5].
Commencing from mid 2006, faecal occult blood t¢68BTSs) were offered to
Australians turning 55 and 65, with general pramtr referrals and follow up
colonoscopies for those returning positive tegtarticipation rates are of course
fundamental to the success of a screening progratrecent developments in
test kit technology such as the introduction ofdéhémmunohistochemical tests
(FITs) has seen participation rates substantiaihprove [6]. It has been
estimated that with perfect compliance using curreoreening methods,
mortality from colorectal cancer could be reducgd30% [7]. Though this
would be an ideal outcome, this type of successires|continuous commitment
from all participants and an ongoing effectiveneiall tests. Therefore, though

ideal, screening programs are not fail proof.

For that reason and because of the potential tadabe onset of colorectal
oncogenesis completely, primary prevention by tidividual through lifestyle
and dietary changes would compliment screeningrarog and have great merit
in further assisting with the reduction of CRC atsdassociated costs. Changing
behavioural patterns, such as increasing physictity, being of a healthy
weight and reducing alcohol intake can contribute ldwering one’s risk.
However, perhaps one of the most relevant and satellied environmental
influences in relation to lowering CRC risk is ome'dietary habits.
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1.1.2. TheEffect of Diet on Colorectal Cancer

Foods that are encouraged to be eaten and thalatermell with lower CRC
risk include dietary polysaccharides, fruits andjetables. Though results for
fruit consumption are less persuasive, most publdisktudies demonstrate a

strong inverse association for these foods [8].

Dietary polysaccharides including resistant staand fibre act to lessen one’s
risk through a number of possible ways. Theseadiedgents may reduce risk
by decreasing faecal pH, increasing stool bulkestucing the transition time
through the colon as reviewed by D. Topping an€Hton [9]. As a result, it
has been estimated that the risk of developing @Ry be reduced by up to
10% for every 10g of dietary fibore consumed per (Bly As a fermentable
substrate for colonic microflora, resistant stacetm also cause an increase in
colonic fermentation thereby increasing the proucof short chain fatty acids
(SCFA) in the large bowel [10]. SCFA, specificdliytyrate is a primary energy
source for colonocytes and has been reported tocen@poptosis and inhibit

growth both in animal studies and in tumour celés [11-13].

Vegetables and fruits also contain fibre and tlweefsupport favourable
bacterial fermentation. Other mechanisms suggestdze responsible for the
chemopreventative effects of vegetables includér thietioxidant capabilities,
dilution and binding of carcinogens, alterationh@frmone metabolism and the
induction of detoxification enzymes by various dfeious vegetables [14].
Other compounds obtained through dietary means tiemate warranted
investigation and have shown some promising resatikide folate, calcium,

vitamin D and selenium [15].

At the other end of the spectrum, foods that magdresidered as high risk foods
include substantial amounts of red meat (usuallfQgld) [8]. Rates of CRC
correlate with the national per capita consumptbanimal fat and meat when
compared between countries [16]. While many sgidimonstrate an
association between a high intake of animal fateor meat and a raised CRC
risk [17], debate surrounding this topic still cooes, with some studies
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showing no such association [18]. The mechanispamsible for this possible
increased risk remains unclear and popular theotiie past has focused on the

formation of carcinogenic agents when cooking redim

When cooked at high temperatures, a reaction betweeatinine and amino
acids occurs in meat resulting in the formation mdlycyclic aromatic

hydrocarbons and heterocyclic amines [19]. Theseduyzts are thought to have
carcinogenic properties and therefore, they mayigeosome reason behind the
association between red meat and higher CRC (&tker possible explanations
behind this link include the presence of the ha@mpmonent, formation of N-

nitrosocompounds, the high protein content or tigh lramount of saturated

animal fat consumed in a high red meat diet [2Q-22]

Dietary fat and associated nutrients play an esdertle in maintaining the
functions and overall health of the body. Howewan, association between
excessive amounts of dietary fat and saturatednfgarticular has been long
associated with the development of a variety ogasgs. Originally it was the
strong link found between a high fat diet and aardscular disease that lead to
the introduction of public heath recommendationdsadg a reduction in dietary
fat. This recommendation has been strengthenethéyurther numbers of
ailments arising as a result of obesity includingbdtes mellitus, dyslipidemia
and hypertension [23].

Excessive intake of fat has also been associatdu eertain types of cancer.
This association has since been supported by a eruaflexperimental studies.
However the importance of not only the quantityfaif intake, but rather the
quality and type of fat has been a primary obsewmato come out of these
studies with regard to carcinogenesis. Issuetinglto dietary fat and colorectal
cancer in particular are influenced by the typdatfas much or more than the
guantity of dietary fat consumed [24]. At presenis understood that diets rich
in saturated fatty acids or omega-6 fatty acidsshtawnour promoting properties
while diets rich in omega-3 fatty acids lack suéteas and may even help to
reduce risk [25].
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1.1.3. Omega-3 polyunsaturated fatty acids and chemoprevention

Epidemiological studies in high fish eating popuas produced some of the
earliest data highlighting a correlation betweenw ICCRC risk and
polyunsaturated omega-3 fats in particular [26,.27]The long chain
polyunsaturated fatty acids (PUFAs), docosahexaemud (DHA, 22:6n-3) and
eicosapentaenoic acid (EPA, 20:5n-3) are impontaginbrane components and
precursors to a number of eicosanoids which affeatmerous cellular
physiological processes. Primarily found in oikrided from marine species,
DHA and EPA have also been strongly associated avitimber of other health

benefits surrounding cardiovascular disease, &iglamnd asthma [25].

Though the data are not yet over whelming, the ratieof fish oil containing
DHA and EPA as a chemopreventative agent for cotafeancer is significant.
While the mechanisms behind this protective rolea unclear, studies have
demonstrated a protective role from diets highhiese essential fatty acids by
reducing both tumour incidence and multiplicity.

This project will complement these previous studdesl aims to add to the
knowledge in this area in an attempt to clarify thmportance of omega-3 in
CRC. Furthermore, rather than looking at tumoumfation as an endpoint in
the later stages of the carcinogenesis pathwaygcdhe focus of this project is
instead on the formation, removal and repair of DN#mage — damage that

might initiate oncogenesis in the colon.

A better understanding of the early colonic hospomses to a genotoxic agent
will be of great benefit as these mechanisms avaght to play a vital role in
regulating the initiation and early developmenC&C. Furthermore, by using a
dietary intervention such as omega-3 PUFAs indhige model we can establish
if their reported chemopreventative effects aldeetplace during the initiation
phase of CRC. The specific aims and hypothesethisfproject are further

discussed in section 4.1.
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1.2. TheDevelopment of Colorectal Cancer

The progression of colorectal cancer follows a iraidiged adenoma-carcinoma
pathway that can evolve over a time period of appnately 5 to10 years in
sporadic CRC, although it may develop more rapiglycertain inherited
syndromes. The change from normal epithelial delldenocarcinoma has been
well described and is characterized by a progressiisordered genome. The
accumulation of genetic changes in colonic celsiits in a progressively altered
phenotype that eventually gives rise to invasivecea

The following section outlines the biology of neastic transformation in the
colon. It briefly outlines the histological chasgebserved in the colonic
luminal epithelium at the various stages of tumguswth and ends with a
summary describing some of the known genetic crareggerienced during

carcinogenesis development.

1.2.1. Thebiology of tumour formation

Approximately 99% of colorectal cancers are classsdadenocarcinomas.
These arise from epithelial cells that line theptsypresent in the mucosal layer
of the colon. These epithelial cells act as aibalretween the contents in the
lumen and the muscular layers. Colonic epithel&ls have a rapid turnover
rate with each crypt producing up to 11 new celisipur [28]. Generated at the
bottom third of the crypt, cells mature and traugl the crypt length to the
surface where they are shed into the lumen andetedtrwith other waste
products. The proliferation of these cells is naltgtightly regulated by various
control mechanisms. The loss of proliferative colndnd/or defective apoptosis
(programmed cell death) is central to neoplasie;ddpacity to invade is central
to the cancer (i.e. adenocarcinoma) phenotype.th&be changes however, are
generally considered to result in an unstable genom

When proliferation increases and the colonic epiihe accumulates, elongated

crypts lined by tall columnar cells are formed. isSTincreased proliferation of
normal cells together with increase in total cellsmis termed hyperplasia. This
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process however, can occur in the normal humanncdle to a number of
different ailments and physiological stimuli andnist necessarily considered a

premalignant condition as the genome is not unstasl].

The increased proliferative activity or hyperplasiat can occur within single
colonic crypts can give rise to aberrant morphaalchanges. These lesions are
known as aberrant crypt foci (ACF) and are thet sign of a pre-neoplastic state
[30]. The increased proliferative activity attribd to ACF colonic lesions give
them specific characteristics including irregulanaged and dilated luminal
openings, increased crypt height and width whenpaoed to normal neighbouring
crypts and a thickened epithelial lining around tirgpt . From these actively
proliferating ACF lesions, adenomas can form, dresé¢ are a strong risk factor for

the development of CRC.

Adenomas, which sometimes take on the shape ofyp pmd then are termed
adenomatous polyps, are not homogeneous and aegfield by several different
schemes including their size, histological chargsties, number and the
patient’s familial background. Cells in an adenoara neoplastic and show
features of genomic instability. Certain adenom@sansidered to have more
malignant potential than others, for example, udlcadenomas have long been
recognised as being more likely to be advanced a@na@ higher stage of

progression than tubular adenomas [31].

The development from adenomas to frank cancers thedpossible further

progression on to metastasis occurs at a time iohwthe genome is becoming
increasing altered and unstable. The cancer pheaads reached when the cell
becomes invasive. At the stage of metastasis,um®ur has attracted a blood
supply, invaded surrounding basal membrane andipppssvaded the venous or
lymphatic circulation and then shed cells to distsites. In the worst case
scenarios, cancerous cells will migrate to manyadissites in the body and
implant themselves giving rise to secondary canekses where in the body [32].
At this point, the clinical prognosis for patients quite poor and long-term

survival is unlikely.
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1.2.2. Genomic instability in the adenoma-car cinoma sequence

At each stage, the biological progression of calancer is accompanied with a
variety of diverse genetic alterations. As the adungenic process becomes
more advanced and involved, genetic damage pragged3uring the very early
stages however, a normal cell can eradicate therityapf potentially harmful

DNA damage through either cell deletion or DNA repaechanisms. It is when
DNA damage escapes these processes, or when ke et able to repair such
damage or delete itself through apoptosis, thaatimts may persist. This in
turn, can give rise to progressively altered clotiest have the capacity to

progress on to cancer.

Genetic alterations that escape repair or remohanisms result in a variety
of modifications including genetic mutations, delas and chromosomal
rearrangements. Most of the time, such alteratisndDNA result in no

significant change. However, if located in sigraint regions of a genome, this
damage can alter the function of genes that cautyiroportant cell regulatory

functions. Important genes, that if damaged haeepotential to influence the
carcinogenic process include both proto-oncogens$ @mmour suppressor

genes.

Proto-oncogenes encode normal cellular proteinagkier, when spontaneously
affected by a genetic rearrangement or a point tioatausually caused by
damaging environmental exposures, proto-oncogemeadcivated and turn into
oncogenes. Oncogenes can be involved in the ptioduaf growth factors and

their receptors and with no form of regulation thencontrolled activity is

oncogenic. One of the most commonly studied ongegeinvolved with

membrane associated proteins and involved withuleelsignal transduction are
the RAS oncogenes [33]. The family of RAS oncogeare activated by point
mutations and maintain the configuration of a grote such a way that constant
activation of signal transduction events occur wéhy ligand or receptor,

regardless of their suitability [34].
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In contrast to oncogenes which require activattamour suppressor genes can
contribute to the carcinogenesis process due fo itrectivation or deletion by
DNA mutations. The normal role of the tumour s@ggsor gene p53, is to stop
cells from beginning the process of DNA replicatiand activate either cell
death or repair if DNA damage has occurred. Iggil@ory role in preventing
inappropriate cell proliferation is key as it casisell cycle arrest at the G1 phase
in response to DNA damage, suppressing potentimlotm formation [35].
When inactivated this regulatory role is lost aetlscare free to replicate without
any form of control. Unlike oncogenes, the inaation of tumour suppressor
genes, requires the mutation of both alleles, ddefore, this defect can be
influenced by one’s hereditary disposition as vaslifrom exogenous influences
[36].

Particular genetic events involving both oncogearas$ tumour suppressor genes
are known to be associated with either the earigdla or late stages of CRC
development. No single gene has been identifidoeasy solely responsible for
tumour development, rather, it is more likely thalignancy develops due to a
complicated network of molecular pathways involveagariety of these genes

and more.

A set sequence of events has been described thtd te genetic changes and
the development of tumourigenesis in the humanncak summarised in figure
1. One of the earliest events in this process sderbe global hypomethylation
of DNA [37, 38]. The methylation patterns of cemt@enes are known to be
significantly different between normal tissue andemomas, suggesting a
potential role in the initiation of carcinogenesiBhe mutation of the APC gene,
which is associated with dysfunctional proliferatias also found in small

adenomas and is considered to be an early evém jpathway [39, 40].

Mutations involving the K-ras and p53 genes thappsut the process of
neoplastic growth occur at later stages of theiwagenesis pathway and are
found in larger adenomas (K-ras) and invasive caceks (p53) [41, 42]. The
later stages are also accompanied with a rise enotrerall instability of the
genome. A key characteristic of tumourigenesigiogac instability steadily
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increases with neoplastic progression, contributiogthe loss of numerous
chromosomal segments in the later stages, otherlumssvn as a loss of

heterozygosity (LOH) as observed in the chromosonsahbility pathway.

Figure 1: The multi-staged development of colorect  al cancer and accompanying
affected genes.
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1.2.3. Typesand causes of genomic instability

It is known that as cancer progresses, the genauenies more unstable. But

what causes normal cellular genes to mutate ifirsteplace?

It is well understood that up to 5% of colorectahcers are due to a hereditary
disposition from either the mutation of the adentmaa poliposis coli (APC)
gene as found in Familial Adenomatous PolyposisRF;Ar the mutation of the
mismatch repair gene (MMR) in Hereditary Non-PolgigsoColorectal Cancer
(HNPCC) [43]. Hence, in these cases, the genomelresady primed for
initiation and progression to cancer. For healthgividuals however, the
spontaneous change from a healthy cell to one itmgaoncogenic mutations
can arise from either a number of spontaneous @mbng reactions or

environmental exposures.

As the primary function of the digestive systentiprocess and absorb the food
we consume, the colonic luminal environment is tamty exposed to adverse
compounds. When coming into contact with the t¢atlenvironment in the
colon particular chemical groups have the poteribahttach to and alter the
structure of DNA.

LS. Nyskohus, Ph.D. Thesis, 2009 28 of 233



Consequences of the regulation of DNA damage dmef tipst responses by fish oil for colorectal omtesis.

Though not considered to be mutations at this padirgse structural changes,
known as DNA adducts, have the potential to gige to fixed mutations and as
a result may play a significant role in the initb&t of carcinogenesis at a
molecular level. The following section reviews tkeowledge surrounding

DNA adducts and the potential role they play inithigation of carcinogenesis.
1.3. DNA Adducts

DNA adducts have become a subject of significatdrast in cancer research
over the last thirty years. The formation, repaird biology of individual

adducts were initially the primary focus of suclsearch, with more recent
experimental work looking at the use of adductdiasnarkers in response to
various carcinogenic substances [44]. Such dataegad from the past
combined with continuing research provides an hisigto DNA adducts and

their role in the initiation of carcinogenesis.

The following section outlines the biological redee of DNA adducts, their
formation, their role in the initiation of carcinegesis and their removal and
repair. It looks at a specific addu€®methyldeoxyGuanosinéfmedG) in this
relationship and its effect on homeostatic respgnsko finish with, the impact
of dietary agents on the levels®@fmedG is summarised.

1.3.1. What isan adduct?

A DNA adduct is formed when a chemical intermed@tealently reacts with a
DNA base. The chemical intermediate can arise faovariety of sources, both
exogenous and endogenous, and may include alkylatigents, oxidative
reactive species or bifunctional aldehydes [45]. heW one such chemical
intermediate becomes bound to a nucleic acid in DtRA resulting structurally
altered DNA is known as a DNA adduct.

Low levels of DNA adducts are expected in all tessat all times, partially due

to the ongoing formation of endogenous adducts.is Hackground DNA
damage is the result of a balance between the eatesmation, removal, repair,
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cell death and ‘dilution’ by DNA replication. Isiestimated that the level of
adduct formation in normal human DNA is approxinatemodification per 10
nucleotides and according to Farmer’s calculatigi®, this means that there

can be anywhere from 600 adducts upwards in one@hpadult cell at a time.

Endogenous influences can give rise to oxidativeAD&Iducts. These are
formed when reactive oxygen intermediates (ROIat tArise from oxidative
processes in the cell, interact with DNA to formdacks such as 8-oxo-7,8-
dihydro2-deoxyguanosine (8-oxodG) [47]. This wstlidied oxidative adduct is
the main product formed from the reaction betwe€lisRand DNA and if not
repaired, is capable of causing miscodes by DNA/metase and transversion
mutations in human DNA. ROls also react with pirigeand lipids in the cell,
however, unlike DNA adducts, formation of theseetypf adducts are thought to

have little impact on the operations of the cel][4

DNA adducts caused by alkylating agents rather thdative processes can
also affect proteins and lipids, however agains ithe damage caused to DNA
and the genome which has serious implications. [€kel and nature of an
alkylating adduct is dependent on the type of agbatDNA has come into
contact with and naturally, the quantity of addtmtmation can vary greatly
depending on one’s level of exposure to the variewegenous alkylating
compounds [45]. Exposure to these agents can émmea variety of sources
including certain environmental processes, tobasnoke, occupational

exposures or through one’s diet.
1.3.2. The O°methyldeoxyGuanosine DNA adduct

DNA damage by toxic exogenous alkylating compouisdknown to produce
over a dozen different types of alkylating addweksch either affect an oxygen
or a nitrogen group belonging to a DNA base [48{tention has largely focused
on O%lkylguanine and to a lesser extef'alkylthymine, with the methyl
version of these adducts being the most commonldiet. The N7-
methylguanine DNA adduct has also been commonigiextiuas it is an adduct
that facilitates depurination and which is formedstnreadily in the highest
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amounts. However, the most significant biologieffects with regards to
carcinogenesis is mediated by the add@methyldeoxyGuanosinddfmedG).
This pro-carcinogenic adduct has a tendency to \p#lr thymine during DNA
replication, facilitating GC to AT transition, i.a.change from a paired G and C
to a paired A and T [50].

1.3.2.1. Formation of O°medG

The ability thatO’medG residues have to form miscodes in human DNRema
this an extremely significant adduct when invedirgathe relationship between

adduct formation and the initiation of carcinogeses

The formation ofO°meG by alkylating species is not indiscriminateevé&al
factors influence the creation of this adduct, nigrttee attraction of methylating
ions to the oxygen atom at position 6 of the DNAdaguanine. Methylating
ions, such as the methyldiazonium ions metabolised the carcinogenic agent
azoxymethane (AOM), have an intermediate reactiletyel. This reactivity
level is very similar to the nitrogen and oxygeronas present in DNA.
Furthermore, oxygen atoms are slightly strongee®aas are these methylating
species, and therefore, as species of similar piepeare attracted to one
another, oxygen atoms in guanine bases are maly lik become methylated
[51]. A particular DNA sequence itself may alsdluence the binding of
methylating ions [52]. Data demonstrates that ssh\adkylating carcinogens fail
to show preferential binding in single strandedatiucleotides, suggesting that
secondary structure of guanine is a major factaramsing sequence dependant
binding [53].

Methyl adducts on the oxygen atoms of guanine arendd relatively more
extensively in DNA than RNA.O°medG comprises approximately 25% and
15% of the total amount of alkylated products fodme DNA and RNA
respectively when a cell is subjected to alkylatagents during experimental
work [54]. TotalO°medG formation does depend however, on the paaticul
alkylating agent used in each study. For exarmgd¢éa shows thad’medG is
formed in greater amounts when alkylating carcimsgeuch as N-ethyl-N-
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nitrosourea (ENU) and N-Nitroso-N-methylurea (MNWre used when

compared to agents such as Methyl methane-sulfgNRES).

1.3.2.2. Mispair and mutation properties of O°medG

The mere attachment of a methyl group to tfepBsition of guanine does not
influence or affect the initiation of carcinogersesiRather, it is the mispairing
properties that ensue as a result of this addwadt ¢hn lead to fixation of a

mutation, which might then be oncogenic.

If the methylation of guanine has occurred by dipalar alkylating agent and
the adduct is not removed by repair mechanisms®&bIA synthesis proceeds,
a base mispair can ensue. The actual base mispaiving theO°medG results
in a thymine base becoming paired to the modifieaihine instead of its normal
cytosine partner. Hence, instead of retainingcthreect and normal G to C base
pair in DNA, the mispaired G to T base is now iagd [55, 56].

In saying this however, it is also important toentitat though mispairs can occur
as a result of the changes causedfyedG, the base insertion does remain a
competitive process with the proper cytosine basesgill having a high affinity
for pairing to the modified (i.e. adducted) guanine vitro studies have shown
that one third 0©°medG lesions pair with the incorrect thymine babdentwo-
thirds pair with cytosine. Therefore, the baseripgi process is actually

precursor concentration dependant.

DNA adducts have the ability to form base mispdos one of three main
reasons as reviewed by Margison and Connor [54he first involves steric
interference. Certain adducts form on DNA in saclvay that the modified
structure affects surrounding atoms and createerfemence with the
corresponding base pair. The impact of these ddldaften involve the
inhibition of DNA polymerase during replication agd/e rise to errors in RNA
more than DNA. The second reason covers mispairsed by adducts which do

not involve hydrogen bond positions and the thiedson, and that which
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O°medG is pertinent to, involves the changing posgiof the hydrogen bonds

between base pairs.

It is very likely that the hydrogen bonding positsoof each nucleotide base play
a significant role during DNA synthesis. These rog#n bonds between bases
assist the DNA polymerase in identifying which pafar base needs to be
inserted for its corresponding partner. When tlydrdgen bond positions
between bases change, as is the case with thaliction of O°medG, the
polymerase reads and amplifies the tautomeric fofrtie base in the template
instead. As a result, allosteric changes are chus¢he polymerase and the
affinity for the incoming nucleotide is changedgd$mgure 2). It is likely that the
exonuclease activity (proof reading) of polymerhgealso changed, as in order
to become a mispair a modified base has to esdspedrmal selection and
corrective processes involved in DNA synthesisndfrepair mechanism is put
into place and the mispair remains, with a secanohad of DNA synthesis the

mispair can then be converted into a “fixed” A tonGtation.

Figure 2: From O°medG adduct to mutation — the mispairing properties of 0°medG
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These 4 structures demonstrate the bonding changes and creation of a mispair which take place
following the formation of the 0°MedG adduct. 1) A normal guanosine paired with a cytosine 2)
The attachment of a methyl group on the O position of the guanosine affects hydrogen bonding
and creates an Osmethyldeoxyguanosine and cytosine base pair 3) With changed bonding
positions, the Oemethyldeoxyguanosine is mispaired to a thymine 4) Finally, the mispair is
complete with the corresponding adenine base pairing up with the incorrect thymine base. *R
denotes sugar and phosphate backbone of DNA. (From Margison et al., 1979, [54])

THYMINE

Following the introduction of a mispair after omreund of DNA synthesis the
MGMT repair protein can still operate to remove thethylated lesion from the
damaged guanine and return the base to its notmaitwe. However, if this
mechanism is not put into place and a second raindNA synthesis goes

ahead, the mispaired base can be converted irfiwed™ A to T mutation.

The frequency in which this GC to AT “point” mutati occurs does depend on
the extent, location and nature of a reaction al agethe frequency of DNA
synthesis in cells. More specifically, studiesédound that particular guanines

that have been methylated are more likely to mutaae others. Burnst al
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[57] demonstrated through the use of oligonuclestithat a mutation in the first
guanine in a run of two or more guanine residuenois often observed. In
addition to this, guanine residues preceded byh&mojuanine or an adenine
were more likely to mutate than those preceded pgnpdine residues.
Nevertheless, all that is needed to make this pamitation biologically
significant to carcinogenesis initiation is its geace in a region of a gene which

plays a role in this process.

For example, the transformation of the significkhtas proto-oncogene to an
active oncogene is very likely to be related torttethylation of the normal gene
and its eventual point mutation. A normal sectbithe gene sequence found in
K-ras includes a GGA-CCT codon that encodes theéepraglycine. If the
second guanine in this particular sequence is et/ and progresses on to
become a mutation, the codon will change to oné bads GAA-CTT and a
glutamine acid will now take the place of the amai glycine protein. This
change in protein configuration, initially brougtt by anO°medG residue, can
cause the activation of a K-ras proto-oncogene landioing so expose the

cellular environment to various other oncogeniees.

1.3.2.3. 0°medG levelsin human and animal studies

Human studies have demonstrated a considerable rammfu variation of

O°medG levels in the DNA of tested human populatiofikis variation not only
differs from person to person, but also within eliént regions of the body.
O°medG adducts are readily detectable in the humim @md levels tend to be
higher in the more cancer prone distal colon asgg to the proximal colon
[58]. This variation may be a consequence of pwksexposure to specific
alkylating agents, derived from either exogenousrses, or alternatively,
endogenous agents arising from the chemical orebaticolonic nitrosation of

amines.

Rao completed a study in which Fischer rats wepeciad with two doses of

15mg/kg of the alkylating carcinogen azoxymetha&®N1). The entire colon
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of each rat was resected and adducts level werstifjed at 232 + 2dmol
0°MedG /mol of guanine in DNA [59].

Jacksoret al looked at the presence ®fmedG adduct in mouse colon after the
administration of DMH and found th&®medG levels varied with regard to
location, being higher in the distal region of #@on, and also time after the
carcinogen injection. Different dosages of carggmohowever, did not intensify
or changeO’medG levels in any way. When carried out to a 2@kvtumour
study, tumour yield correlated well with the cumivie amount ofO°medG

measured in DNA over the treatment period [60].

O°medG data obtained by immunohistochemical work dbgeHong [61]
indicate that levels of this particular adduct bagely detectable at Oh following
the administration of the carcinogen AOM and theadgally increase over a 12
hour time course. Adducts levels were slightlyt significantly higher in the
bottom third of the crypt which can be attributedeither a greater amount of

damage or lower levels of repair.

1.3.2.4. 0°medG as an early biomarker for CRC

Experimental data shows th@medG levels in the colon correlate well with
eventual tumour formation. Consequently, the presef this adduct in colonic
cells can be considered as an early biomarker oA ldmage and ultimate
colon cancer risk. The measurement3iedG levels in tissue is therefore a
valuable tool in analysing the early effects of ias dietary agents on

carcinogenesis initiation at a molecular level.

A few studies have looked at the effect that amewftvarious foods or food
components have on adduct levels in the hope Hréitplar dietary agents either
have a positive or negative effect on DNA damage&lwhan then be interpreted
into possible CRC risk. 0°medG in particular has been measured in a few
animal studies using different dietary componenihese studies are briefly

described below.
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Dithiolthione, a compound that naturally occurscmciferous vegetables was
tested for its potential anti-carcinogenic proptby Racet al [59]. The agent

oltipraz was given to a group of rats at a leveB0Op.p.m and compared to a
control group fed the standard AIN-76A diet. Adtlevels were measured 15h
after AOM administration and analysis of bdffimedG and N7meG showed
that the addition of dietary oltipraz did signifitly inhibit these induced adduct

species.

Barch and Fox looked further into the associatietwieen oesophageal cancer
and the combination of a zinc deficient diet ande thchemical
methylbenzylnitrosamine (MBN). This combinationksown to increase the
incidence of human oesophageal cancer and thisedsed incidence was
supported when reproduced in a rat model. WheophegealO’medG was
measured, rats sustained on a zinc deficient diétsignificantly higher amounts

than the control group, correlating well with ewgdtcarcinoma formation [62].

A supplement of 50p.p.m. of beta-naphthoflavone KBMNas trialed in the diet
of Wistar rats for 1 week by Tacchi-Bedfagtal.[63]. 0°medG were measured
in the colon at 1, 12 and 24h following the subnaetaus administration of DMH
andO°medG levels were found to increase in the coloBNIF treated rats when
compared to control levels. One explanation fos timexpected rise as discussed
by authors was the potential of this supplemeritijpact the rate of metabolic

activation of DMH, possibly raising its binding eaotial to DNA.

Jacobyet al tested a supplement of calcium at dosages of &®l71.8% by

weight on a Sprague-Dawley-DMH animal model. Gaitisupplementations at
both dosages were found to have no significantefia O°medG levels, repair
protein or proliferation rates in the colon eitlhefore or after the administration
of DMH [64].

Shimpoet al fed male Fischer rats a basal diet with the adslgaplement of
either 5% Aloe arborescence (ALOE) or 0.25% of anercially available
crude aloin [65]. Animals were sacrificed 6h aftee injection of AOM and
O°medG levels were measured in the colon. Whilenasnipplementation did
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slightly decreaseD’medG levels when compared with controls, the ALOE
addition significantly inhibited th©°medG levels measuring a 50% reduction of
positively stained cells. These results coincidh wxperimental data observing
an inhibitory effect of aloin and ALOE on the AOMduced ACF formation in

rat colon.

Lemon grass extract has also been tested in a®dd-Aodel, with doses of 0.5
or 5g/kg body wt administered by gavage, signifisamhibiting DNA adduct
formation in the colonic mucosa of rats. In adiuhtithis inhibitory effect was
also carried through and observed with regard td-A@d tumour formation
[66].

Maintaining Fischer rats on a diet supplementechv@p.p.m. selenium and
subjected to the administration of the methylatiobacco specific agent N-
nitosamine 4-(methylnitrosamino)-1-3-(3-pyridyl)eitanone (NNK) recorded
lower levels of O°medG by 16.5% when measured at 4h post carcinogen
injection and compared to control groups. When &dincreased level of
selenium at 15p.p.M°medG inhibition in liver tissue rose significantiyom
16.5% to 69.5%.0°medG levels in lung tissue were also significanégtuced

by 73.1% in the selenium fed groups [67].

Using this same tobacco carcinogen, el-Bayoeigl found that a high fat diet
significantly enhanced the formation ©medG in the rat lung 4h after the final

carcinogen administration [68].

A diet high in total fat however seemed to prom@®medG formation in
previous studies, Hong (2000) found that a diebgigish oil as the primary fat
source had an inhibitory effect on adduct levelgmvhompared to a control diet
using corn oil as a fat sourcé&®medG levels were lower at 6,9 and 12h after
AOM administration [69].
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1.3.3. Theremoval and repair of DNA adducts

Generally, all DNA adducts including®medG are repaired or removed by
mechanisms that are well established in the cefibreea mutation can be
established. The effectiveness of these mechanisnvital in maintaining a
relatively low steady state of DNA adducts. Actiemoval or repair of DNA
adducts can occur by several different processese of the most vital and
innate mechanisms of removal includes apoptosislewbkpair of adducts or
their effects are carried out by either a direpareprotein (such as MGMT as is
the case withD°medG), Base Excision Repair (BER) or the Mismataparr
system (MMR). The mechanisms of these systems)gained in more detail

below.

1.3.3.1. Apoptosis

Apoptosis is a form of programmed cell death orcigi@ that is central to
maintaining tissue homeostasis in all animals. nBpweous apoptosis can occur
in healthy tissue as a means of removing an unwaoteold cell in order to
maintain a healthy tissue structure. Alternatiyelpoptosis can also occur in
cells that have suffered DNA damage such as a Dédlet [70].

The process of removing these damaged cells thrapgptosis is an intrinsic
defence mechanism against tumourigenesis. DuriRg @evelopment it has
been shown that the pathways which regulate apisptescome increasingly
disordered [71]. As a result, genetically damagelts escape deletion and this
can lead to an increase in further clones with lasimdefects. Ultimately, the
break down of the apoptotic pathway adds to theradvénstability of the

genome during the initiation and progression of CRC

There are numerous genes which play an importémindhe onset of apoptosis.
The p53 gene, deemed the “guardian of the genomeViges a form of
surveillance and initiates a rapid response to Ohdnage [72]. It can either
cause cell cycle arrest at G1, allowing for tim@as$sess any damage or it can act
directly to initiate apoptosis by affecting Bcl-2ogeins[73, 74]. The Bcl-2
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family of proteins including the pro-apoptotic BAXnd anti-apoptotic Bcl-2
proteins are then able to control mitochondrialnpesbility. Cytochrome C is
then released from the mitochondria and this im tunitiates a downstream
activation of caspase enzymes which then carrytioem degradation of the
chosen cell [75].

The degradation of the cell occurs in a charadteriway that is unique to
apoptosis. These distinctive morphological chanoedude cell shrinking,
nuclear fragmentation and chromatin condensatids]. [7All of which are
identifiable under the light microscope and whigt apoptosis clearly apart

from other forms of cell death such as necrosis.

When subjected to an insult of genotoxic carcinoganh as AOM, colonic
epithelial cells undergo an acute apoptotic respdosa genotoxic carcinogen
(AARGC) [77]. This early host response is impottamdeleting any damaged
cells containing mutagenic DNA adducts that have potential to initiate
neoplastic transformation. By increasing this AAR@sponse, the likelihood
of any damaged cells escaping removal is lowerébderefore, any agent that
induces apoptosis can be considered beneficial emucing the risk of

tumourigenesis initiation.

1.3.3.2. Methylguanine methyltransferase (MGMT)

MGMT (also referred to as ATase, AGT and AGAT) isepair protein that not
only repairs unwanted methyl groups from DNA, suaiiso capable of removing
other alkyl, 2-chloroethyl, benzyl and pyridyloxdbuadducts. However, the
removal rate of the adduct does depend on theddizee alkyl group. Thus,
MGMT repairs methyl adducts much faster than oldweyer alkyl groups.

MGMT has little or no sequence specificity andsitde function is to remove the
adduct lesion from the affected guanine. It does have the capabilities to
interfere with or replace nucleotide bases withrtberrect partners and it is able

to repairO°medG independent of whether it is paired with dytesr thymine.
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As a result, if repair does occur post-replicagtlyel guanine-thymine mismatch

may be left behind.

The action of this repair protein involves the dir¢ransfer of the unwanted
methyl group from a guanine residue to a cysteguegtor group in the protein
itself. The cysteine residue is located internalithin the repair protein and the
O°medG residues are located within the internal siracof the DNA helix. As

a result, a specific amino acid is needed to bthmgy methyl residue and the
acceptor group closer together in order to segdhetion eventuate. Once this
amino acid is inserted into the targeted baseuses the base to rotate and the
methyl group gets expelled out of the DNA helix antb a binding pocket
containing the cysteine acceptor site. This imtuemoves the adduct and in
doing so inactivates the protein. The inactivalGMT protein is then

subsequently degraded through ubiquitination pays\jia8].

One MGMT molecule can only repair one alkyl addoefiore being inactivated,
therefore, the cells capacity for removi@jmedG depends on the number of
MGMT molecules present in the cell and the ratevhich the cell can re-
synthesize MGMT [79].

MGMT is not an essential protein as knockout micee aiable and
phenotypically normal, but they do show increasedegtoxicity and a high
frequency of tumours following treatment with a gwxin [80-82]. While in
the AOM rat model, MGMT inhibition was shown to iease the formation of

colonic tumour incidence and multiplicity [83].

Immunostaining of rat colonic tissue has shown giresence of MGMT
primarily located in the upper non-proliferative ngoartment of crypts.
Following the insult of an alkylating agent, thdseels peak at 9h and level off
through to 12h [61]. Studies by Zaidi reported imfindings with regard to
distribution in which MGMT levels were greatest tngs the top of the colonic

crypt in normal tissues [84].
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However, other studies using a tritium based assaygest that MGMT levels
are depleted in the colon to non detectable Idfadliswing the administration of
an alkylating agent. Jacol®t al put base line MGMT levels in the colon at
approximately 0.9fmol/ug DNA. Following DMH admstration MGMT levels
were not again detectable until 72h post injecti6d]. Jacksonet al also
measured the base line MGMT activity in colonictleglial cells at 1fmole/ug
DNA and at 56h post DHM administration MGMT levelgre still only 50%
that of the control tissue [60]. While Margis@h al. [85] reported a peak
induction of MGMT only 24h after exposure to theucing agent.

It has also been suggested that epigenetic silgnointhe MGMT gene may
occur in normal tissue and that this may have deacefon tumourigenesis.
Polymorphisms in the MGMT have been described hewdheir significance

currently remains unclear.

1.3.3.3. Base excision repair (BER)

The base excision repair pathway focuses on therrepa mispaired base rather
than the removal of an adduct itself. While it eens unclear as to whether or
not O°medG is repaired via this pathway, it is known tbeiter less oncogenic
alkylation adducts such as N7meG, N3meA and N3M&3a56].

Initially, a specific DNA glycosylase recognise< thistortion of the affected
base and a further glycosylase is enlisted to remie modified base by
hydrolysing the N-glycosidic bond, thereby leaviag apurinic site. DNA
polymerasep then inserts a single nucleotide in the repaiclpathile also

releasing a lyase which releases the 5° dRP redrdue the incised AP site.
Longer patches of up to 10 nucleotides can alstepaired with the additional
input from the Pal, Pob and PCNA proteins [87].

While MGMT appears to play a more vital role in @rimg theO’medG lesion

specifically and preventing its mutagenic effethe BER pathway appears to be

more important in the defence against adductsnorareplicating cell.
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1.3.3.4. The mismatch repair pathway (MM R)

Like BER, MMR does not deal directly with the repar removal of an adduct
itself, but rather repairs the consequence of atuetdsuch as a base mispair.
The extensively studied MMR pathway is criticaln@intaining the stability of
the genome and deals with base mismatches thatfesi® a number of sources
including base oxidation, demination, oxidationroethylation caused by the

formation of adducts or otherwise [88].

The MMR pathway has been extensively reviewed [3P-9n brief, there are 9
mammalian MMR genes including MLH1, MLH3, MSH2-6ceaRMS1-2. These
proteins interact with one another to create aetpf different complexes that
each have there own specific function. While theacé mechanism of
identifying each incorrect mispair remains uncleais thought that the MutS
homolog (a MSH2 and MSH6 heterodimer) in the MSlkhifg of proteins
directly scans the length of double stranded DNA itsliding clamp’ action in
search for any base mispairs [93]. When a migpagcognised the assembly of
other complexes including a MutL homolog of MLH1daRMS2 occurs [94].
The excision of the inaccurate DNA strand is therfggmed by endonuclease 1

followed by the re-synthesis of the correct seqadncPobd.

This MutS: homolog is able to repair single base substitgtiamd 1 bp
mutations, while the MSH2 and MSH3 heterodimer capair insertion and
deletion mutations of up to 4bp. It is these medras that are thought to be the
most important in repairing mutations and preventiancer formation in the
MMR pathway.

It is currently thought that MMR proteins also play role in preventing
carcinogenesis by initiating an apoptotic respdosgamaged DNA as reviewed
by B. Kaina [95]. Knockout mouse models have based to demonstrate a
significant reduction of apoptosis in a mouse deficin MMR. The mechanism
behind the influence MMR has on apoptosis remantdear, however, initiation

from the formation of double strand breaks viag@iMMR repair ofO°medG-
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created base mispairs has been proposed [96-98jis G°medG-mediated

apoptotic pathway requires the completion of 2 cgtles to occur.

Germline mutation in one or the other of the MMRigg hMLH1 or hAMSH2, is
a known cause of hereditary non-polyposis colotexdacer (HNPCC), with up
to 85% of HNPCC families having identifiable mutais in these two genes.
Additional data highlights the importance of MMR @olorectal cancer cases
with somatically acquired defects in MMR genesilatitted for up to17,000 new
CRC cases each year in the United States [99, 100].

1.4. Diet and disease interactions

The primary prevention of colorectal cancer throudhstyle, nutrition or
exercise has been the core focus for many researotier the past two decades.
The large international variation in CRC incidenaad many population
comparisons imply that one’s lifestyle, diet or ambof physical activity can
significantly impact the risk of developing CRC.

General lifestyle behaviours including exposuretdabacco products, excess
alcohol intake, physical inactivity and excess badsight are consistent risk
factors for colon cancer [2]. Diet and nutritionf@ctors are also clearly
important, particularly with CRC, as any type obdoconsumed has a direct

relationship with the luminal environment in thenso.

A large range of different types of foods and mmurimients have been tested to
try and determine their beneficial or detrimentffiees in relation to CRC
development.  While many tested components can gigaflicting or
inconclusive results, others, by means of repeastutiies, demonstrate
correlations to either an increased risk, such bhgyla fat or red meat diet or a
decreased risk, such as vegetables and a highdiisire

A diet high in fat has long been linked to variousalth related problems

including cardiovascular disease, diabetes anditybess a result the amount
and type of fat consumed has warranted high leseisvestigation into its link
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with various types of carcinogenesis. Numerouslistuhave looked into the
connection between fat and colon cancer in padrcahd this relationship is

discussed in more depth in the following section.

1.4.1. Dietary fatsand CRC

Accumulating evidence concerning the implication diétary fat in cancer
aetiology suggests an association between the Mareover, inconsistencies in
both epidemiological and experimental studies higitlthe fact that not only the
amount of fat is important but the origin and tygdso play a significant role.
Fats obtained through the diet can be separatedviat categories; saturated and
unsaturated. If we then continue to further divitteese two categories
depending on fatty acid chain length, we can thenenspecifically analyse the
relationship between type of fat and CRC risk.

An increased CRC risk has been associated witls tligh in saturated fat and
cholesterol. Medium chain fatty acids (MCFAs) aaturated fatty acids
including lauric and myristic acids (C14:0). Theportion of these MCFA are
determined by the relative contributions of fatsl @arbohydrates in one’s diet
and like total saturated fat, have been associaittda possible elevated risk of
CRC. However, unlike the MCFAs, experimental datathe longer chain
saturated fatty acids (LCFASs), that are predomigdntind in vegetable oils and
that fall in the length category of C16:0 to C2Zh@ye displayed no consistent
pattern associated with risk of CRC [16].

A similar type of pattern between the unsaturatatflyfacids has also been
observed. Monounsaturated fatty acids (MUFASs) tbuma variety of nuts, red
meat and dairy products such as palmitoleic, cdeid erucic have also given
unconvincing data when studying their relationgiigarcinogenesis. However,
the polyunsaturated fatty acids (PUFAS), have giwmemmising experimental and
epidemiological data showing an association betwibentype of unsaturated

fatty acid and a decreased CRC risk.
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1.4.2. Omega-3 polyunsaturated fatty acids

Long chain PUFAs are classified by their chain tan@8-26 carbon atoms) and
the 2 or more double bonds they possess (degraens#turation). From a
nutritional point of view, the most important PUFA= linoleic acid (LA 18:2n-
6), linolenic acid (LNA 18:3n-3), arachnidonic acidAA 20:4n-6),
eicosapentaenoic acid (EPA 20:5n-3) and docosahekaacid (DHA 22:6n-3).
Both LA and LNA are considered to be essentialyfatids and must be
obtained through dietary means as we do not poskesdesaturase enzymes

required for their synthesis.

The down stream derivatives of both omega-6 LA amegga-3 LNA (see figure
3) are critical components of cell membranes aretymsors of eicosanoids.
However, it has been shown that the conversionMA lto EPA and DHA is
quite limited in humans and therefore, due to theerous beneficial effects on
health these two omega-3 PUFAs have, a diet higboth EPA and DHA is
highly recommended [101].

The best source of both DHA and EPA is from maspecies. These omega-3
PUFAs are synthesised in the chloroplast of masimgoplankton, zooplankton,
microalgae and autotrophic bacteria [102]. Fistcggs then incorporate omega-
3 PUFAs into their visceral organs, their adipassue and into their muscle fat
by feeding on these micro-organisms. Therefosh, With higher fat ratios such
as the sardine, menhaden, mackerel and salmonhigiver levels of both DHA
and EPA.

However, this ratio can still vary within speciespending on the place and
season of capture. Water temperature does sekavéoan influence on omega-
3 oil content of fish. The theory behind this sesfg that the degree of
unsaturation of fatty acids in the tissues of fslincreased in colder waters to
compensate for the reduction in the fluidity of nieemes. Though the lipid
content in edible parts of marine fish is knowrvewy greatly, they can still be
classified into four groups depending on their camniipid content. These

groups include lean fish (<2% fat), low fat fish4% fat), medium fat fish (4-
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8%) and the high fat fish (>8%).

In general, itarcepted that fish with high

lipid content and that breed in colder waters & lhest source of essential

omega-3 fatty acids [103].

Figure 3: The pathway of omega-6 and omega-3 PUFA
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The various PUFA derivatives from omega-6 LA and omega-3 ALA fatty acids are listed above.
EPA (20:5n-3) and DHA (22:6n-3) can be synthesised from ALA, however this is not an efficient
process and it is recommended that these essential omega-3 PUFAs be obtained through the diet.
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1.4.3. Potential mechanisms of chemoprevention via omega-3 PUFAs

Growing evidence supports the chemopreventativieraof omega-3 fatty acids.
Though their inhibitory effect against the promatiand progression of colon
cancer has been shown, conjecture surrounding thehanisms behind this
action still remains. Several molecular mechanisiage been proposed, with
explanations involving influences on eicosanoidsirghesis, gene regulation,
transcription factor activity, membrane propertisd the creation of lipid
peroxidation products and their affect on apoptoSsme of these mechanisms

are revised and discussed in more detail in tHevihg section.

1.4.3.1. Inhibition of unfavourable eicosanoid biosynthesis

An important function of PUFAs involves their enzatic conversion into
eicosanoids. Once freed from membrane phosphsl|ipRlJFAs serve as
substrates for cyclooxygenases, lipoxygenases otoclessome P450
monooxygenases. The cyclooxygenases give rise rtstgglandins and
thromboxanes and the lipoxygenases produce leekesi hydroxyl fatty acids
and lipoxins. All of these are short lived hormdike lipids that are biologically
potent and have an effect on a wide range of @esvincluding the modulation
of inflammatory and immune responses, cellular gnowand cellular

differentiation.

Linoleic acid (LA, 18:2n-6) andx-Linolenic acid (-LNA, 18:3n-3) are the
prodominent plant derived dietary PUFAs. They al®o the precursors of
dihomo«-linolenic acid (DGLA, 20:3n-6), Arachnidonic acidAA) and
eicosapentaenoic acid (EPA), which are the thrag &cids from which these
eicosanoids are formed. The most important fabine is that eicosanoids
derived from the omega-6 fatty acids are quiteeddht and have shown to have
inflammatory and tumour promoting activity when qmared to those derived

from the omega-3 fatty acids [104].

Ordinarily, as the majority of cell membrane is aiy composed of omega-6

PUFAs, the various eicosanoids generated wouldrbm fomega-6 PUFAs
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including the 2-series prostanoids and the 4-ségidsotrienes. These particular
eicosanoids in general have proinflammatory progertare proliferation
stimulants and inhibit apoptosis, with some beingsitively linked to
carcinogenesis. Whereas, eicosanoids derived twrega-3 substrates are of
the 3-series prostanoids and 5-series leukotriandshave the opposite effect,
being anti-inflammatory, suppressing proliferatiand inducing apoptosis (see
figure 4) [105, 106].

Figure 4: Metabolism of AA and EPA via cyclooxygen  ase and 5-Lipoxygenase
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Omega-6 PUFAs (AA) and omega-3 PUFAs (EPA) give rise to different classes of prostaglandins
and leukotrienes. The prostaglandins and leukotrienes derived from omega-3 PUFAs are
considered to be more beneficial to cellular health having pro-apoptotic and anti-inflammatory
properties.

As a high dietary intake of omega-3 PUFAs is likéby result in a higher
incorporation of omega-3s into membrane phosphasdipthey can partially
replace omega-6 PUFAs and as a result decreaseattagiability as eicosanoid
precursors. Therefore, the biosynthesis of theseotirigenesis promoting
eicosanoids is suppressed by means of substitutiofavour for the more
favourable omega-3 derived eicosanoids [107].
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In addition to reducing these unfavourable eicognby means of substitution,
omega-3 PUFAs also actively compete with omega-BAd for desaturases and
elongases, with which they also have a higher igffiior. This in turn means

that dietary the conversion from dietary LA into Aé also reduced as is the

production of omega-6 eicosanoids.

1.4.3.2. Influence on COX-2 Expression

Another mechanism thought to be behind the chemeptative actions of
omega-3 PUFAs is their ability to suppress levefs tlee prostaglandin
endoperoxide synthase, known as cyclooxygenas®t. CThis enzyme resides
in the cell membrane and is involved in the coneersof PUFAs to
prostaglandins. It has 2 iso-forms, COX-1 and C®DX-While COX-1 is
expressed in all tissue types, COX-2 is a pro-mfteatory enzyme found in the
gut that is generally only expressed following sdoren of pro-inflammatory or

mitogenic stimulation.

The COX-2 enzyme has been shown to be importanblorectal cancer. It is
upregulated in 80-90% of colorectal carcinomas 40eb0% of adenomas in
humans [108] and is also up-regulated in rat tusmguoduced following the
administration of carcinogen [109, 110]. Furtherejoa variety of COX

inhibitors have been shown to protect against qatheeelopment [111, 112].

The mechanism behind COX-2 promoting colorectateams uncertain but it is
thought that either its ability to down regulate #poptotic pathway or its role in
converting AA PUFAs to pro-inflammatory prostaglarsl may be involved

[113].

1.4.3.3. Influence on gene expression and transcription factors

Long chain PUFAs through either their eicosanoidvagives, as free fatty acids
or as a result of there conformational changes émbrane structure have the
ability to affect the transcription of significagenes. Originally, these PUFAsS
were only thought to act on a single subfamily atlear receptors known as
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peroxisome proliferators activated receptors (PRAR 14, 115]. However, it is
now known that they have the ability to either dikg or indirectly affect many
genes through additional transcriptional factorshsas nuclear factap (NF-
kpB), retinoid-X-receptorr (RXR-at), sterol regulatory element binding protein-
1c (SREBP-1c) and liver X receptors. The influeticd omega-3 PUFAS have
on some of these transcriptional factors in favayira less malignant cellular

environment is discussed in more detail below.

PPAR is a family of transcription factors that haeen identified as possible
fatty acid receptors. The three isoforms of PPAR expressed in adipose and
muscular tissues and in high amounts in the colonicosa. They form
interactions with an array of nuclear proteins, Wnoas co activators, which
mediate contact between PPAR and the chromatin basal transcriptional
machinery which promote and repress gene activatidre activation of PPAR
is said to inhibit NR¢p function, cytokine and COX2 expression and as @y8g
PUFAs readily bind to PPARs and activate this ttapsion factor, they thereby

indirectly create a setting less likely to promttsourigenesis [116].

The nuclear transcription factef3 is involved in cytokine gene expression,
cellular adhesion and cell cycle activation andpapsis. The activation of this
NF-xp has been shown to be involved in tumour growthtaedncorporation of
omega-3 PUFAs has been reported to decreaseapNEBetivation thereby,

affecting tumour formation and growth [117].

1.4.3.4. Formation of lipid peroxidation products and apoptosis

Recent evidence suggests that oxidative streseddnsomega-3 PUFAs may
favourably modulate the apoptotic response in ceNdore specifically, when
DHA is incorporated into the inner mitochondrial mi@ane phospholipid,
membrane lipid oxidation occurs and this event asredated well with the
induction of oxidative stress and apoptotic signgll[118]. Furthermore, the
addition of antioxidants partially reverses thigeef, giving more weight to this

particular case.
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The opening of the mitochondrial permeability titios pore is mechanistically
linked to cytochrome c release in certain modelsnitbchondrial apoptosis.
Little is known about the effect that fatty acidave on the dynamics of this
pore, but it has been shown in recent studiesDikb& pre treated cells have a
higher resting membrane potential when compardditpre-treated cells [119,
120]. This effect on membrane potential via mitmutirial membrane lipid
oxidation may then favour the opening of the pareé encourage apoptosis. The
rise in apoptosis is favourable as cells with DNsdige that have the potential
to mutate are more likely to be eradicated [121].

1.4.4. Population, cohort and case control studies and omega-3 PUFAs

Epidemiological studies provide much of the avddaimformation about diet
and cancer risk. Early assumptions on the healtiefits of fish oils and omega-
3 fats originated from population studies highliggtthe good health of the

Eskimos, a community with a high intake of fattyrma fish [27].

Like the Eskimos, the Japanese have, historich#g, a relatively low incidence
of colon cancer. A diet abundant in fish is a naroccurrence in these cultures,
with daily consumption levels being 10 to 30 tinmggher than that consumed in
the average western diet. The case for omega AP J&ins considerably more
momentum when looking at migration studies of tapahese. These studies
show that Japanese migration to a western countlyagaptation to a western
diet high in omega-6 PUFAs is accompanied by amesse in colon cancer

incidence [3].

Trends such as these support the potential rotengfga 3 as chemopreventative
agents. In contrast however, other studies shithy br no association between
omega-3 consumption and colon cancer risk. Insteadherous population
studies show an increased risk with the consumpmtfandiet high in total fat as

discussed below.

Drasar and Irving showed a positive correlationMeein total fat consumption
and colon cancer risk in a study that looked at eéating habits of people
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throughout 47 countries [122]. Jain also reposiedilar results with a diet high

in cholesterol and saturated fat [123]. A studyried out by Haenszel that
looked at Hawaiian Japanese subjects also not@tteease in colorectal cancer
risk with a change of diet that saw fish being aepldl with intake of higher

amounts of red meat. Either the reduction in orreégtty acids or the inclusion

of extra animal fat or possibly the red meat itseHfy play a role in the reason
behind these results [124].

Perhaps, the most convincing data set suggestprgtactive effect of fish oil
was gathered by Caygill [103]. Not only did thisudy demonstrate the
association between a diet lower in fat and a @see colon cancer risk, but the
type of fat was also identified as an importanedeinant of cancer risk. Fatty
acids derived from fish oil were inversely correthtwith CRC and it was
suggested that a 3 fold increase in the consumgptidish oil could reduce the

mortality rate of colon cancer by approximately 30%

This however, is perhaps one of the few epidemioldgtudies that reports on
such a significant inverse association, with matheocohort and case control
studies reporting weaker correlation or no assimriaat all between omega-3

fatty acids and colorectal cancer risk.

Hursting [125] carried out correlation analysis iaternational data, looking at

the relationship between total fat and more spe¢tFAs with the incidence

rates of a variety of cancers including breaststate and colon. While omega-3
PUFAs did have a negative association with colamceaincidence, it was not

significant. Furthermore, correlations betweeraltéat and an increased colon
cancer risk were not found in this particular studplike those mentioned

previously. A Dutch cohort study published by Bussalso found that the

intake of fish was inversely associated with caltabadenomas, though again,
these results did not reach significance [126].

A cohort study by Terry looking at the dietary halof Swedish women showed

no association between cancer risk and a variegoofponents including total
fat, omega-3 fatty acids and the omega-3/omegat§ &xid ratio [127]. A
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Japanese cohort study by Kobayashi returned sineiaits with no trends found
between dietary fat and cancer risk. This studlyrdit support the role of fish
oils and omega-3 PUFAs in the aetiology of can&@B]. A more recent cohort
study by Oh involving 34 451 US women came to tAme conclusions with
regard to any possible protective effects by ontedats for colorectal cancer.
This study did however, suggest that an increaseega-3 intake may reduce

the progression of small to large adenomas [129].

At the other end of the spectrum, only one cohtutlys in the Netherlands by
Brink suggested that total, saturated and monoursied fat was not
significantly associated with colon or rectal cancehereas, a high intake of
polyunsaturated fat is associated with an increas&ld of mutated K-ras-
containing tumours in the colon [130]. In sayirfgst however, it must be
highlighted that this association involved polyunsated fats as a whole, with

focus on omega-6, not omega-3 fatty acids.

1.4.5. Invivo studies and omega-3 PUFASs

The evidence for the protective effect of fish @ilmore persuasive when it
comes tdn vivo studies. With the majority of studies overaltgiay supporting
the suggestion that omega-3 fatty acids have cheseptative qualities. The
following section will review the literature deajnwith omega-3 andh vivo
studies. The large majority of these studies wmied out using either the
Sprague-Dawley or Fischer rat model, but the measend points are varied.
To begin with, the effect of omega-3 on initiatidata (ie. adduct formation,
AARGC) will be revised followed by ACF and tumouatd.

1.4.5.1. Acute animal studies

Much of the published data in the area of omegaeBagcutan vivo models has
been completed by a research group lead by Hong, M&re specifically, a key
paper by this group in 2000 [69] concentrates @neffect of omega-3 on acute
apoptosis and adduct load. Using a Sprague-Dawl&®M model, rats were
fed either corn oil or fish oil at 15% of the totdlet. Following AOM
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administration, groups of rats were killed at 3,&@ 12h and apoptosis, MGMT
repair protein andd®medG levels were measured in colonic epithelialscel
While the apoptotic change throughout the wholettwas not significant, a
significant apoptotic increase was observed intoipel/3 of the crypt in the fish
oil group. A further key finding in this group inmed significantly lower levels
of O°medG. Diet had no effect in the colon with regisdhe MGMT repair

protein.

Their data was strengthened by a similar seconédrerpnt [131], which again
demonstrated an increase in apoptosis levels, aedugtion 0f0°medG load in
the colon of rats fed 15% fish oil. This partiautgoup has also looked into the
mechanisms associated with the increase in apspthg to fish oil [132].
When measuring Bcl-2 in fish oil fed rats, theyriduthat significantly lower
levels of Bcl-2 expression correlated with the @a&ge in apoptosis.
Furthermore, fish oil primed crypts that had alsserb exposed to butyrate
experienced a significant drop in mitochondrial rbeame potential and an
increase in caspase 3. When analysing the fisim ariore detail, it was found
that both EPA and DHA levels correlated with thecrdase in MMP and

increase in caspase 3.

The latest experimental data from this group hasided on the formation of
oxidative DNA damage, rather then alkylating damag®wever, the pattern is
consistent, in that a fish oil diet given to ratsrenistered DSS, has resulted in a
significantly lower level of 80OHdG adducts, signdhntly increased apoptosis
counts and in addition, decreased cell proliferatounts when compared to a
high corn oil diet [133]. Bancroft's work on thexidative adduct 80OHdAG
correlates well with this data also suggesting fisét oil can significantly lower
the amount of oxidative adduct load in the colaretls of rats fed a diet of 15%
fish oil [134].

These acute experiments all included measuremérite AARGC between 3
and 12h. The summarised data demonstrate a signifdifference between the
AARGC responses between fish oil and high corndagits during this time
period. However, it is important to note that lebse reporting a difference, the
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majority only observed the increase of apoptosithetop third of the colonic

crypts, rather than an overall increase.

Furthermore, the AARGC response was measured uweasngUNEL assay in
these studies. This immunohistochemical assaytifolen apoptotic cells by
labelling the open ends of DNA which are exposedinguthe process of
apoptosis. Apoptotic cells counted this way maydbeeptive as cells that are
breaking down by other forms of cell death may dledly identified as being
truly apoptotic. This is emphasised even morensthe top third of the crypt

where many mature cells may be going through tbegss of anoikis.

1.4.5.2. Long-term animal studies

Studies looking at apoptosis at longer time paaftisr carcinogen administration
display various results. Apoptotic counts completefish oil fed groups at 24h,
48h and 18 weeks were significantly higher thars¢hrom corn oil fed rats
[135]. While, the only study found not to show dfaetience in the apoptotic
response between dietary groups including a 17%adnlipid diet, a 17% fish oll
diet and a 5% low fat corn oil diet was Retoal. [136]. In this case, apoptosis
was measured at 8, 23 and 38 weeks and at no tdeaed have an affect on the
apoptotic response. In saying this however, tumocidence from this study
did vary within the different dietary groups. Alhimals fed the mixed lipid diet
had ACF’s and tumours, while in the fish oil andrcoil diets, tumours were
found in 69% and 63% of rats respectively. Therefthe fish oil diet did result
in a lower number of tumours when compared to tlireednlipid diet, but not
when compared to the low fat corn oil diet.

The influence of fish oil on ACF formation has bedéescribed by Coleman
(2002) and Dommels (2003). Dommels compared a faigborn oil and fish oil
diet in Fischer rats and found that the incident&©M induced ACF’s were
significantly lower in rats fed fish oil, howevehis decrease was only reported
in the proximal colon [137]. Coleman compared &olfish oil diet with a 10%
sunflower oil diet and at 13 weeks the fish oiltdhad 19% fewer ACF’s. This
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protective effect was amplified when alpha-cellelagas added to the fish oil
diet [138].

Numerous tumour studies comparing the effectssbf ¢il and other types of oils
have been reported with mixed results. While tlagonity has seen a protective
effect associated with a fish oil diet, it is imfaort to note the type of control
diet that the fish oil is being compared to, as¢hare quite variable with regards

to both the dosage and type of oil used.

Reddyet al have carried out a number of studies comparisig dil to a variety
of diets with different fat sources. One of thedrrliest studies [139] compared a
high fat diet at 22.5% and a low fat diet at 5%dwbbth corn oil and menhaden
oil. At 34 weeks tumour incidence and multiplicity the high and low
menhaden groups was significantly decreased ontiagechigh fat corn oil diet.
This data was supported by an additional study years later, which looked at
tumour incidence between 5% low fat corn oil, 23¥ghhfat corn oil and an
18.5% menhaden oil diet. Again no difference wastl between the menhaden
oil and low corn oil groups, however tumour incidenand multiplicity was

significantly lower when compared to the 23% highdorn oil diet.

Again in 2005, Reddy compared high fat corn andh fisl diets only and
demonstrated the same trend as was reported ipréigous data. With the
addition of celecoxib at 250ppm, it was shown that inhibition of tumours in
the fish oil group become more pronounced, sugugsi synergistic effect

between the fish oil diet and drug administratibhl]].

Numerous other studies also found a significantgatove effect of fish oil on
tumour load when compared to a high saturated giv mixed lipid diet. Kim
reported that a diet of 12% fish oil reduced thadance of colonic tumours in
DMH treated rats compared to a diet of 12% beddwala highly saturated fat
[140]. Zhou also reported data in which tumourdeace and multiplicity was
significantly lower in the MNN affected rats fedli oil when compared to those

fed similar amounts of beef tallow, soy oil or alkaoil [141].
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These studies have often found significance inrésellts when comparing high
saturated fat diet to a fish oil diet of variousdges. However, studies have also
revealed the protective affects of fish oil whemgaring it a standard corn oil
control diet. A paper by Singh measured tumouidigrece at 36 weeks in AOM
treated F344 rats. A significant difference in tumincidence and multiplicity
was found between the fish oil diet and both thyh liat and low fat corn oil diet,
with incidence levels being detailed at 40%, 57% &8% respectively [142].

When comparing a corn and fish oil diet of simdasages in AOM treated F344
rats, Dwivedi [143] found a tumour load of 90% aii8% respectively,
suggesting a possible protective effect of fish dilhang compared a 15% fish
oil and corn oil diet and at 36 weeks rats fed sh foil diet had developed
significantly less tumours than the corn oil fedugr with an incidence of 56.1%
compared to 70.3% [144].

This study also had additional dietary groups thated the synergistic effect of
a fibre source and a fish oil diet. Unlike Colen{@002), Chang found that a
combination of pectin and fish oil, rather thanldeke, gave the lowest
incidence of tumours in the colon at 51.5%. Joostral also tested this
synergistic theory and while it was found that tleemal fish oil group did give

significantly lower tumour numbers than the norncakrn oil group, it was

reported that the addition of dietary fibre, eitherthe form of cellulose or

pectin, had no effect at all on tumour numbers [145

Linderet al (1991) studied the effect of different dietagyidis on DMH induced
tumourigenesis in rats. By looking at a variety dhfferent fats, including
saturated, monounsaturated and polyunsaturategaive association between

omega-3 polyunsaturated fats and tumour incideraefound [146].

Concentrating on polyunsaturated fatty aids aldviéoura looked into the
effects of 5% linoleic acid with or without the losion of 5% EPA. Rats fed
EPA had a significantly lower tumour incidence a¥@3compared to 69% [147].
On the other hand, Takahasi gavaged 0.7ml of DHA.@ml of water to F344
rats injected with AOM and though tumour inciderveas lower in the DHA
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group, the results were not significant after 3@k#e[148]. These results were
followed by a similar study by the same group inickhlml of DHA was
gavaged instead of the lower amount of 0.7ml. Agahough tumour
multiplicity in rats given DHA was lower, there wase significance between the
DHA and control group, with figures of 92% and 968spectively [149].

In summary, the effect of fish oil on long term ppusis, ACFs and tumours
seems to be mixed with studies both supporting disagreeing with the
proposed health benefits of fish oil. While fishltas in certain studies shown
to be protective against tumourigenesis when coetp&r control diets with a
similar fat content, the most convincing data isrs&hen a diet of fish olil is

compared to high total fat diets or diets highatusated fat.

1.4.6. Invitro studies and omega-3 PUFASs

Research using polyunsaturated fatty acids in hatglure setting has been
much more convincing and unified in presenting tesihat suggest a protective
effect of fish oil and its components. Of coursssults in cells removed from
their environment might, however, be misleadingarms of effect on cancers

even though they might provide great insight intechmnisms of action.

A number of studies using the colon cancer ce# HT-29 have demonstrated
the induction of apoptosis as a result of eitheh il, EPA or DHA treatment.

The administration of these fatty acids resultethminduction of apoptosis and
cell differentiation and also diminished cell pfetation. Furthermore, Chen
showed this induction occurring in a time-dose deleat manner in response to
DHA [118]. Hofmanova also used HT-29 cells to destoate a synergistic

effect between DHA and sodium butyrate. It wasnfbthat this combination

had the highest incidence of apoptosis and it wagyested that the DHA

treatment sensitised the cells, making them moseegtible to sodium butyrate
induced apoptosis [150].

Another colon cancer cell line CaCo-2, has alsonhes=d to show the effects of

fish oil in vitro. Results concur with those observed with the 19Tc2ll line.
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Jordan [151] observed the inhibition of cell grovettid increase of apoptosis in
fish oil treated cells, as did Narayann [152] wisedi5mM of DHA to obtain the

same results. Nano also noted similar responsesniega-3 treated cells and
also reported an increase in the membrane fluadty lipid peroxidation of these
cells [153].

Swamy used the HCA-7 cell line, which is a typecoiture that has been
modified to express COX 2. When using a rangeftérént DHA quantities on
these cells, apoptosis was induced and cell pratitm was inhibited at all
dosages ranging from 150 to 225mM [112].

1.5. Novel food technologiesinvolving omega-3 PUFAS

Over the last decade the food technology indusay $upplied the consumer
with a large choice of new products which offerages health benefits and with
a seemingly high demand for these products, theecumarket is aware of the
role diet plays in maintaining one’s health.

Traditional foods have been altered to include athl healthy components and
examples of these can be seen in the various juiceads and cereals that have
been fortified with iron, folate and also omegai3HAs. While simply adding
compounds to food products is one way of ensuriraglycts have a greater
health benefits, new and novel technology is aladused to produce different
forms of healthy food components that contain he&leénefits. One such

technology includes the encapsulation of fish oil.

1.5.1. Microencapsulation of fish oil

Designed by Food Sciences Australia (FSA) micropschation is the process of
transforming a free compound such as a lipid intoeacapsulated powered
product. Though the completion of various emulsaérd drying processes,
micro droplets of lipid end up becoming coated insgecifically designed

protein-carbohydrate complex. Essentially, by @umding each droplet of lipid
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by this complex, a dry, stable emulsion is creatgth the end product

resembling a fine, soft powder-like substance.

The applications of this technology in the foocesce industry are diverse. This
product protects the chosen lipid from oxidatiod #merefore, increases its shelf
life. Furthermore, due to the specific formulatiohthe outer layer of capsule
this product has the potential to remain intaarafigestion when exposed to the
various gastric fluids in the digestive system,yordleasing its contents when
reaching the colon (unpublished data). This feahas promising potential for
the delivery of chemopreventative agents such asgan3 PUFAs directly to the
lumen of the colon in the hope that direct delivemgy enhance protection

against tumourigenesis.

1.6. Research questions and aims

This thesis reflects the need to better undershanvd, 1) the colonic epithelial
cell acutely responds to DNA damaging agents, yHat extent the capacity of
dietary agents, fish oil in particular, regulatéstand 3) what, if any, are the
consequences of this regulation for colorectal geoesis. Given the
information available in the current literature dmned with our previous
experimental observations, it was decided that thisis will explore the
following core areas of work. The rationale behih@ undertaking of each

section along with some general aims is brieflgdssed.

1.6.1. The pattern of acute homeostatic responsesin rat colonic epithelium
following an insult of alkylating carcinogen

To study whether a dietary agent may possibly @guhe acute host responses
to AOM, one must first understand the general patté these responses under
controlled conditions. Though some information dan found for particular

responses, it was important to this body of woek thdetailed time course of the

host responses in the rat-AOM model were measurddiaderstood.

The essential responses that take place in cokpitbelial cells in response to
an insult of the AOM alkylating agent include therhation ofO°medG DNA

LS. Nyskohus, Ph.D. Thesis, 2009 61 of 233



Consequences of the regulation of DNA damage dmef tipst responses by fish oil for colorectal omtesis.

adducts, the apoptotic response and the rate bpisiferation. TheO°’medG
adduct in particular was considered to be a keysoreaent in representing the
level of early DNA damage in the rat-AOM model. tivinformation lacking in
regard to this response in the rat-AOM model, iswaal that a functional and
reliable assay be established in order to undetstaren and wher©’medG

formation occurred in the colon.

Therefore, the first essential aim of this projedtated to establishing a way of
measuring theO’medG adduct in colonic cells and is as follows. isTis

addressed in chapter 3;

« To establish a functional, consistent and reprddacimmunostaining
assay and image analysis system that allows thectdwt and

quantification 0f0°medG in rat colonic epithelial cells.

With a functional assay set up, the patter®&hedG formation and persistence
could be measured over an extended time courséhof 4n addition to this,

measurements of apoptosis and cell proliferatiomewaso collected. The
collection and analysis of this data fulfilled thext 2 general aims as were

addressed in chapter 4.1,

. To measure the host responses in the colon, imgud@’medG
formation, apoptosis and cell proliferation, to iasult of an alkylating
carcinogen in rat colonic epithelial cells overatime course of 48h.

. To analyse the pattern o®°medG formation, apoptosis and cell
proliferation over the 48h time period and identifgints of significant

change for each response.

Once the relationship between these homeostafomess was established and
the onset of formation, maximum response and tleetiree were noted for each
response a suitable time point could be selected flietary intervention study.
Furthermore, a better understanding of the possitierplay between the

responses could be developed.
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Results from this time course experiment justifi@@vious reservations that
were held with regard to a current theory thatdittkeO°medG adduct with the

onset of apoptosis.

Previous studies carried out usimgvitro models point towards a late onset of
apoptosis at least 24h after the exposure to artiogan alkylating agent and
the induction ofO°medG adducts.In vitro studies support the idea that two
rounds of cell replication and DNA synthesis aredezl during this time period

to trigger apoptosis.

Data gathered from the time course study howewggests that this process is
not feasible in ann vivo model. This is due to an insufficient period he
between theO®medG formation and the commencement of apoptogis. a
result an additional study was designed out ofr@stieto determine whether the
initiation of acute apoptosis may be through aarakte pathway. This study is

detailed in section 4.2 and addresses the followaing

To determine whether the onset of apoptosis irathee AOM rat model
is influenced by the BER pathway by comparing aptiptrates in AOM
injected BER efficient and BER deficient rats.

1.6.2. The effect of both free and encapsulated tuna oil on the lipid profile
in animal tissue

Following on from the time course study, a dietaugrvention study in the rat-
AOM model was carried out. Before determining ieet any of these
experimental diets successfully modulated the abot®eostatic responses to
AOM, it was important to explore what changes eaicthe diets had caused to

the physiology of the animals.

One possible theory as to how fish oil may protagdinst oncogenesis suggests
that a fish oil diet changes the composition of g®spholipid of tissues by
increasing the omega-3 PUFA content. This alteneeéga-3 to omega-6 ratio
then contributes to a more beneficial class of -mfiimmatory and pro-

apoptotic eicosanoids being made in the body. Gthes information, the lipid

LS. Nyskohus, Ph.D. Thesis, 2009 63 of 233



Consequences of the regulation of DNA damage dmef tipst responses by fish oil for colorectal omtesis.

profiles of tissues were measured. Given a widgeaf fish oil diets would be
tested, this information would also allow us to lexp the potential correlation
between the amount of fish oil in the diet and linel of omega-3 uptake in

different tissues.

Measuring the lipid profile of tissues also allowegito investigate the properties
of the new microencapsulated form of fish oil beitegted. This novel
microencapsulated product was selected to be testuin vivo model because
of preliminary data that showed a preferentialvadgly mechanism of oil directly
to the colon. It was hypothesised that by passibgorption in the small
intestine and delivering fish oil directly to thelan, the level of omega-3
incorporation into the colonic phospholipid maytigher than that achieved in a
free oil diet.

The general aims for this section are addresseldapter 5 and are as follows:

« To establish any differential effects of a tuna ail microencapsulated
tuna oil diet on the weight and the colonic ferna¢ioh properties in the

colon.

« To establish the effects of free or microencapsdlatietary tuna oil on
the level of omega-3 PUFA incorporation into theogbholipid

membrane by establishing tissue long chain fatity piofiles.

In order to fulfil these aims, a dietary intervemtianimal study first had to be
carried out. This was done by feeding groups t&f specifically composed diets
containing either free tuna oil or encapsulatedataih for a period of 4 weeks.
Following the euthanasia of all rats 6h after anM\@isult, a range of tissue
samples were collected including the distal colad these were analysed for
their long chain fatty acid profiles.

Additionally, a number of other physiological endpgs were also measured

(weight, faecal pH and SCFA profiles) to determargy other physiological
effects caused by either the free or microencapesiifssh oil diets.
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1.6.3. Regulation of acute homeostatic responses in rat colonic epithelium
following an insult of alkylating car cinogen using dietary fish oil

The third core area of this thesis drew the fingd elements together. The host
responses to AOM that were established in the towse study would now be
analysed in the colonic tissue of animals from dnetary intervention study.
Effectively, the level of émedG, apoptosis and cell proliferation would be
analysed in these animals to determine whetheroarie fish oil diets had a

regulatory effect on these responses following AOM.

Dietary fish oil has shown promising results inpoeis studies that suggest that
this agent can cause an inhibitory effect on calalecarcinogenesis. However,
few studies have looked at the effect of fish @iltbe very early host responses
in the colon to an insult of alkylating carcinogerthese responses can be
indicative of eventual carcinogenesis developmemd #erefore, they can
provide an insight into the mechanism by which f@hmay protect against

colorectal oncogenesis.

It was hypothesised that a fish oil diet high inema-3 fatty acids would increase
apoptosis and reduce the level@imedG DNA adduct load in the distal colon
of rats. And that these early effects on redutivegacute levels of DNA damage
in the colon, may in part explain the potentialrolbpreventative qualities of fish
oil that have been observed in longer term tumemegis studies. This
hypothesis was then extended to suggest that ttegpsulation of fish oil may
potentiate any regulatory effects ®imedG due a possible increase in omega-3

levels when compared to a free fish oil diet.

Additionally, the wide range of fish oil diets thaere trialled incorporated diets
of both different forms and doses. As well as g@jra possible insight into the
mode of acute regulation that fish oil promotesyas hoped that an optimal fish

oil diet could be identified that gave the mostmiging regulatory results.

The general aims pertaining to this section werdresbed in chapter 6 of this

thesis and are summarised below;
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. To measure the host responses in the colon, imgu@°medG
formation, apoptosis and cell proliferation, toiasult of alkylating

carcinogen in animals fed both free and microendapesd tuna oil.

« To determine if a diet of either free or microeraapted tuna oil can
regulate any of these host responses, and if sdemtify the optimal

tuna oil dose and form for this effect.

In light of data gathered from this study, a snadditional experiment was
conducted that explored the effect of fish oil ba tat-AOM model itself. This
study aimed to confirm that any regulation of tlsthresponses was in fact the
direct result of the fish oil and not the result arfiy interference with the
metabolism of the AOM carcinogen in the rat.

The following aim was address in section 6.2;

« To establish whether a diet high in omega-3 PUFas influence the
metabolism of AOM in thein vivo rat—AOM model of colorectal

carcinogenesis by measuring the N7meG DNA addact io the colon.

1.6.4. The regulation of acute homeostatic responses in rat colonic
epithelium and possible consequences for colorectal carcinogenesis

Having established whether or not dietary fish a@h regulate the acute host
responses to AOM, it was important to extend tHeslings further and relate

them to the consequences for colorectal oncogenesis

A longer term study was designed over a 12 weelogéan which rats were fed
an assigned diet and given an AOM dose sufficieproduce colonic aberrant
crypt foci in the colon of these rats. Aberrantptrfoci are widely accepted as a
type of preneoplastic lesion that can give risetye advance cancerous
tumours. ACF incidence and size have been coectlat the eventual
development of colorectal cancer. Therefore, A@i$ study allows us to

explore the concept that any regulatory effectfisgfyoil on the acute host
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responses to AOM can be translated into an ovpralective effect against

colorectal carcinogenesis.

The total level 0f0°medG adduct formation has been correlated with ACF
incidence and tumour incidence previously as hasfoptotic response.
Therefore, we hypothesise that the regulation gfadrihese responses in
animals fed fish oil will be translated to a redowctin ACF incidence in animals

fed the corresponding diet.

In general, it is hoped that as well as gainingnaight into the relationship
between the acute responses to AOM and the formafidCF, this study will
also allow us to identify a specific fish oil disiat can be recommended as
protective against colorectal oncogenesis.

The following aims were addressed in the final ¢cbaghat dealt with the ACF

study;

To conduct a longer term study that measures pptagtic ACF lesions

in rat colon following a double insult of an alkijtay carcinogen.

« To determine whether the regulation of any of theasured host
responses by fish oil is translated into an ovee#iiect on the early

developmental stages of colorectal cancer.

« To identify an optimal fish oil diet that is prota@ against the formation
of ACF.

In addition to these central aims, this study was aextended in that two types
of fish oil were trialled in the ACF study. Tun#, ¢nigh in DHA was this time

tested along side menhaden oil, which is high iABB allow us to explore the
concept that one type of fish oil may deliver mpremising results with regard

to the prevention of ACF formation.
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