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

CHAPTER 8
Conclusions and futuredirections

8.1. Introduction

The incidence of colorectal cancer is the highestrag westernised countries
and it is now one of the most common type of camafgcting Australians in
particular [4]. It has long been recognised thatvpntative measures including
changing one’s lifestyle and diet can reduce thk of developing this disease.
Therefore, the identification of dietary agentstthalp in promoting bowel
health is highly relevant and provides individualgh the knowledge to help

improve their colorectal cancer risk.

In addition to the identification of dietary agent$ is also important to
understand the molecular mechanisms by which gietgents interact with the
colonic luminal environment. Identifying how thapay affect biological
responses involved with the instigation of the tegenesis process, such as the
formation and removal of acute DNA damage is ofagrgalue. Such
information can greatly contribute to the genereldf of knowledge regarding
the process of colorectal oncogenesis. Furthernsmeh information may lead
to the use of these acute host responses as biereakCRC risk. These then
have the potential to assist in establishing thevemtative effects of dietary

modulation in future human intervention studies.

Fish oil was originally associated with having clogmeventative properties due
to epidemiological associations made with high fsiting populations and low
cancer risk. As a result, fish oil has been tedtadits chemopreventative
properties with varied results, as detailed inisest 1.4.4-6. Whilen vitro
studies provide strong evidence for the protecabfish oil against CRC, this
correlation weakens as data framvivo studies and randomised human trials are

compiled.
In vivo studies that specifically explore the effects hfoil on the acute

homeostatic response in colonic cells are minimBhese acute responses to a

carcinogen have been associated with CRC incidencetherefore, they are
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considered to play a crucial role in determining #ventual consequences for

the onset and development of oncogenesis.

8.2.  Summary of aims and hypothesis of thisthesis

The general objective of this thesis was to exptbeepotential of fish oil as a
regulator of the host responses in the colon aftemsult of a DNA damaging
agent and then associate this to the possible magtsof CRC.

The first area of study dealt with the concepthef host responses to carcinogen.
Prior to any studies using fish oil as a dietagiivention it was important that
the acute host responses to AOM were establishddrwontrolled conditions.
In short, the following aims were completed to ailas to establish a better

understanding of the response patterns over time;

« Establish a functional and reproducible immunostgirassay and image
analysis system that allows the detection and dfigaion of O°medG
in rat colonic epithelial cells.

. Measure the level d®°medG formation, apoptosis and cell proliferation
in response to an insult of an alkylating carcimoge rat colonic
epithelial cells over a set time course of 48h.

. Analyse the pattern ofO°medG formation, apoptosis and cell
proliferation over the 48h time period and identifgints of significant
change for each response.

« To investigate whether the onset of apoptosiserattute AOM rat model

is influenced by the BER pathway

The completion of these aims not only allowed usbétter understand the
response of the colonic cellular environment to DN#maging agents, but an

insight into their possible interplay was also gain
The next areas of study were central to this thast involved investigating

whether dietary fish oil regulated these acute arsps to AOM. The host

responses that were established in the time caiusly were measured in the
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colons of rats fed a wide range of diets that ipocaited both different forms and
doses of fish oil. In conjunction to this, lipightake in animal tissues was also
analysed in order to be able to relate any promisagulatory effects with the
physiological effects of the fish oil diets. Thaléwing aims were completed to

determine if modulation occurred;

« Establish the physiological effects of free or m@mcapsulated dietary
tuna oil on the lipid composition the phospholimémbrane.

. MeasureD°’medG formation, apoptosis and cell proliferatioritie colon
to an insult of alkylating carcinogen in animald f#ifferent doses of both
free and encapsulated tuna oil.

« Determine if a diet of either free or encapsuldtet oil can regulate any
of these host responses and identify the optima wil dose and form

for a positive effect.

Finally, the consequences of regulation by fishwate explored by conducting a
longer term animal study that looked at the eftddish oil on the formation of

preneoplastic lesions in the colon. Essentialis final component of research
allowed us to determine whether free fish oil wastgrtive against ACF

formation and whether fish oil, when encapsulatethtected against ACF
formation. This study also allowed us to determwiether the regulation of an
early host respons©fmedG) as observed in the acute AOM model transkated
suppression of oncogenesis as reflected in ACklémde. The following aims

were completed to help answer these questions;

« Carry out a longer term study that measures thecetf fish oil on the
development on preneoplastic ACF lesions in rabrcol

« To determine whether the regulation the acute hesponses by
encapsulated fish oil can be translated into anraveffect on the

suppression of oncogenesis as reflected in ACKHemae.

The following hypotheses were made and addressedghout various stages of

this thesis;
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. The initiation ofO°medG triggered apoptosis is mediated through a

mechanism in the BER repair pathway.

« The microencapsulation of tuna oil results in geeatmega-3 PUFA
incorporation into the phospholipid of the distalan.

A high dose tuna oil diet will increase the apojtotsponse and

decrease the colon@’medG load in response to an insult of AOM.

Omega-3 PUFAs do not interfere with the metabolisrAOM in the rat.

. Areduction in the totaD®medG load translates into a reduction of pre-
neoplastic ACF lesions.

Fish oil, high in EPA, has a greater protectiveeefffagainst ACF

formation than fish oil, high in DHA.

8.3. Acute host responses in rat colonic epithelium in response to an
insult of alkylating agent

Functional acute host responses to DNA damagingtagamsure that the cellular
environment retains its normal phenotype by avgdpotential mutational

events. This has implications for the developnoémlorectal cancer.

This research has explored these acute host respangolonic epithelial cells
after an insult of a colon specific carcinogen. tDfom this thesis shows that
time taken for colonic cells to respond to a DNAn@@ing agent is quite rapid.
O°medG DNA adducts are first formed in colonic epitdecells only 2h
following an insult of AOM. Theé°medG load continues to build in the nuclei
of epithelial cells until the 6h mark after the uitsof genotoxin, at which point
the O°medG load then steadily declines.

The decline if0°medG damage might be the result of a combinatioembval

of the adduct via repair by MGMT, removal of théeafed cell via apoptosis and
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the general maturation and discarding of oldersdelio the colonic lumen. The
latter is unlikely though because cell lifespaofishe order of 60-72h [173] and
too slow to explain a reduction of adducts, giviesytfirst occur primarily in the

proliferative zone, as early as 2-4h.

The concept that older cells still contadimedG when they are sloughed off
into the colonic lumen is supported by data in thissis that shows a clear shift
in distribution ofO°medG throughout the crypt over time. The develampnoé

the successful0?medG immunochemical assay has not only allowed the
measurement of the amount ©fmedG present in cells, but the high-quality
staining results have also allowed the patter®%fiedG in the cells of a colonic

crypt to be established.

Initial O°medG damage at 2h is concentrated in the lowerifgrative
compartment of the colonic crypt. As the load @imnedG increases to its
maximum level, so does its distribution throughthg crypt. This distribution
becomes more uniform along the crypt over time,levtiie later stages of 36-
48h post AOM sees the distribution @medG skewed in favour of the more
mature cells situated towards the surface. The tfaat these cells still have
O°medG lesions within their DNA implies that not déimaged cells containing
this adduct are repaired or removed before theglaed from the colonic crypt.

The pattern of apoptosis follows the patterrO8fedG formation quite closely.
These two important host responses are only sembbgt a delay of 2h. Hence,
the onset of apoptosis is observed 4h post AOM meaks at 6-8h post AOM
with rates declining from there on.

Unlike in vitro studies that observe a late onset of apoptoss @fposure to an
alkylating agent [97] anah vivo studies that have reported a late second wave of
apoptosis after irradiation in small intestine [L,72 late second wave of
apoptosis was not observed. This was supporteztitifional TUNEL staining
that also failed to show a second wave. These claitacted from the time
course experiment support the results of otheiesé1, 77] that have observed

a similar pattern of AARGC in the distal colon.
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Interestingly, the 6h point following an insult ADM seems to be a significant
time point in which all endpoints measured recortlegir maximal response.
This was also the case with the rate of cell peodifion. The cell cycle was
effectively stalled at the 6h mark also, with angigant reduction in the number
of actively proliferating cells being observed. igstalling effect was retained
for a further 10h at which point cell proliferatioates increased above their

normal base line levels.

It appears that there is an interplay between thesssured host responses (and
also other repair processes) that may be suitdoesdt manage the effects of
damaging agents when exposed to DNA. In a summftkiese responses, it
appears that following the formation ©medG, apoptosis is initiated to remove
heavily damaged, unrepairable cells. At the same,tithe cell cycle is slowed
down. This may assist in stalling the replicatmndamaged cells, allowing
DNA repair to proceed and hence, preventing thatibx of mutations in
damaged DNA.

To complete this host response story and complethenbbservations made for
AARGC, the measurement of MGMT repair protein Ieviel colonic epithelial
cells would have provided a valuable insight ifte tole this type of enzymatic
repair has in the removal d®°medG lesions from DNA. Published data
referring to the levels of this protein after asutt of genotoxin are conflicting.
Particular immunoassay data seem to support theepprthat MGMT levels
increase during this time [61]. However, the mig&yoof research suggests that
MGMT levels are completely depleted and are onbgctable again 24-48h after
the insult of the alkylating agent [60, 64, 85].

Further research that provides an insight into MGMjpair levels in colonic

epithelial cells would help in clarifying the patteof repair during this time and
iIs recommended. By comparing this response toother measured host
responses in the colon, a better understandinyj ofexhanisms that act to retain

the normal phenotype of cells could be established.

LS. Nyskohus, Ph.D. Thesis, 2009 201 of 233



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

In addition to understanding the pattern of thet hesponses in greater detail, an
important observation was taken from the data fithis time course study

concerningd’medG mediated apoptosis.

As discussed in section 4.2.2, the prevailing themartaining to the mechanism
of O°medG mediated apoptosis, has been that followirdpetdformation, a
round of S-phase is needed to create the mispain, & second round is needed
to trigger mismatch repair and if this fails onhen is apoptosis triggered. This
concept has been derived from vitro work and is heavily supported by
experimentain vitro data present in the current literature as revielse&aina
[213]. Previous findings lead to this pathway Ilgeiquestioned due to the
discrepancy with regard to the time in which AAR@Gt began and its peak as
early as 6-8h in thm vivo setting.

The analysis of these acute host responses indloe of rats in this body of
work confirmed this reservation. This thesis raigaestions about the ability to
relate thisin vitro concept to then vivo setting. Our research shows only a 2
hour delay betwee®®medG and apoptosis.  The mere fact that apopi®sis
seen at 6-8h in the rat-AOM model and at 24h irlaculture model indicates
the innate differences that are present betweese ttveo models. It is suggested
that the application of information between thesge different settings should be

made cautiously.

The short time period between the formationQ5medG and the initiation of
apoptosis suggested that an alternative and moeetdiigger of anO°medG
mediated form of apoptosis may ocauivivo. Somehow, the cell can sense the
presence of adducts and in some cases, clearlylhais cells with adducts

persist as they migrate up the crypt, this trigggrsptosis directly.

To try and understand how this might occur, theadtlypsis that apoptosis is
mediated via BER repair was tested in this thdsis,this was not supported.
AARGC was measured in BER proficient rats and atsoats with a deficient
BER pathway, BER having been disabled by methoxgyamiWhile the BER

deficient rats did tend to have slightly lower ajmtje rates, the apoptotic rate in

LS. Nyskohus, Ph.D. Thesis, 2009 202 of 233



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

these groups were not significantly different freach other. Therefore it was
concluded that BER has no significant effect on ithiation of apoptosis via

either theO°’medG adduct directly or through other signallinggesses.

The fact that the inhibition of BER did not sigodintly alter the apoptotic
response also implies that apoptosis is not metia@ugh other DNA adducts
that are primary repaired by this pathway. Theesfa can also be implied that
the slowly repaired N7meG adduct and the 3MeA DNt are unlikely to

play a role in the initiation of apoptosisvivo.

Though unlikely, one must consider the possibiliigt the formation 0©°medG
and the initiation of AARGC are not directly reldtat all in this model. Rats
fed a high dose tuna oil diet in the dietary ingamon study had significantly
lower levels ofO°medG damage, but no affect on the level of the icp
response was observed. This summary of data geentgk against the concept
that O°’medG initiates apoptosis directly. One could asstimat if the AARGC
were to be mediated directly througfimedG lesions, then the level ©medG
would correlate with the apoptotic response. Was not observed in the data
gathered from the dietary intervention study. TEfae, although acute
responses followed a similar pattern over timey tmay be parallel events and

not necessarily causally linked.

It is apparent that this research has perhapsecteabre questions than answers
surrounding the relationship betwe@imedG and apoptosis. Further research
into the pathway 0D°medG mediated apoptosis in the rat-AOM model would
definitely assist in clarifying this relationshipahelp to better understand how

the host responses interact to eliminate DNA damage

In particular, it is recommended that an animadlgtusing a MMR deficient
model would be useful in clarifying the relationstietween these two
responses. The importance of the MMR complex éndinect initiation of
apoptosis vid’medG is well establishdd vitro, with apoptosis being disabled

in MMR deficient lines [214, 215]. Hence, measgrthese acute responses to
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AOM in a MMR deficient animal would help in eitheapport or dismiss the

O°medG mediated apoptosis pathway as supparteitro.

Another way to pursue this possibility would betwiihe use of a conditional or
dose-dependent inhibitor of MGMT, or some other inseaf precisely regulating
adduct load, followed by careful quantificationtbé associated apoptotic
response. A very simple way to do this would bgite different doses of AOM
and measure the related adduct formation and apopgésponse. Such has never
been reported in the literature.

8.4. Benefits of the microencapsulation of fish oil

Tuna oil was used as the primary dietary agenthia thesis. However the
amount of tuna oil and the form in which it was eddo the diet was varied in
the acte study. This allowed us to trial a varaftygliets and therefore, increased
the chances of finding a specific tuna oil intemi@m that would achieve optimal

regulation while potentially lowering CRC risk.

As an aside to the primary aim of investigatind fal, the testing of a novel
microencapsulated product containing tuna oil wss earried out at a variety of
doses. It was hypothesised that this microencapiilproduct could deliver
tuna oil directly to the colon, thereby resulting increased omega-3 PUFA
levels in the phospholipid membrane of the distdbic. It was thought that this
action may potentiate the possible chemoprevemrtatroperties of regular tuna
oil.

LCFA data however did not support the potential this product to achieve
direct delivery of oil to the colon. This was egfted in the products’ inability to

alter the lipid content of the phospholipid memlerah colonic tissue.

Though the phospholipid membrane of the colon also all other tissues
measured had equivalent levels of omega-3 PUFA rpacation in the
comparative free and encapsulated oil diets, thesadot necessarily dismiss the

initial hypothesis of direct delivery completely.
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It is possible that the claims of direct delivenytlhe colon may still be supported
and that the failure of the data to show this iiethe use of the LCFA assay to
demonstrate this. It is likely that some of thé was absorbed in the small
intestine and hence systemically delivered plusrign of the encapsulated oil
may have still been directly delivered to the catooells. This process of
absorption over the 4 week feeding period may hkeasl to an eventual
equilibration of omega-3 incorporation in all tissy masking any effects of
direct delivery. If this is the case, the potentfthis product to deliver any
health claims as a result of direct delivery may caeestioned if it simply

achieves incorporation levels comparable to whatilex fish oil achieves over

time.

In saying this however, it is still possible thatygotential benefit coming from
the encapsulation of tuna oil may be achieved v@hanisms other than the
uptake and systemic action of additional omega-&A%Jin the colon. Though
this research does not support the concept of usmgoencapsulation
technology to increase colonic omega-3 PUFA incapon into tissues, this
product still has the potential for the regulatadrcellular responses and possibly

disease via other means. The potential of thisisussed further in section 8.4.

8.5. Theregulation of acute homeostatic r esponses by fish oil

Having established the pattern of acute host resgsomn colonic cells after
exposure to a DNA damaging agent, this informatvas used and a dietary
intervention study was conducted that sacrificeoinafs at the 6h time point
after an insult of AOM. Previous dietary studiesvé showed the promising
chemopreventative effects of fish oil, and for t@ason in combination with the
fact that further clarification in this field wageded, fish oil was chosen as the

dietary agent to be tested. More specifically HIdhA tuna oil was tested.
This research conflicts with the previously suppdrtoncept [69, 132] and also

our hypothesis that dietary fish oil regulatesdbeptotic response to an insult of
AOM. No regulation of apoptosis was observed waitly dose or form of tuna
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oil. Furthermore, there was no clear trend or icbpeth regard to the dose of
tuna oil used and the apoptotic response. Thete sgport the concept that
tuna oil in the diet has no regulatory effect &bal the acute apoptotic response

to an insult of alkylating carcinogen.

In addition to this, a diet containing tuna oil had affect on the proliferative
activity of cells in the distal colon. This impti¢hat the balance of marine oils
(EPA and DHA) in tuna oil does not modulate thd cgtle after an insult of
AOM.

However, regulation of the acu@medG DNA adduct load in the distal colon
was observed in animals fed a high dose tuna eil dMore specifically, the
15% free tuna oil and the 7% encapsulated tundieis resulted in the down
regulation of0°medG 6h post AOM. While the low dose tuna oil sligid not
have any significant affect on th®°medG load, a trend was noted in that
O°medG levels were lower in tuna oil fed animals whempared to animals fed

control sunflower oil diets.

The mechanism by whic®®medG is regulated by these high dose fish oil diets
remains unclear and requires further detailed imny&tson. As the higher tuna
oil dose achieved the highest levels of omega-8rparation into tissues it is
possible that the effect on the lipid profile issiies may play a role in the

reduction ofO®medG.

However, our findings suggest that this effect wloubt be the sole reason as the
LCFA lipid profile in the 7% encapsulated tunadigt was equivalent to the 7%
free tuna oil diet and the regulation@fmedG was not achieved in the later diet.
Nevertheless, the incorporation of omega-3 PUFAthatexpense of omega-6
PUFAs may have still primed tissues in the pre-feggeriod. This may have
promoted the production of more favourable compsuhdt may have provided

an advantage in dealing with the insult of DNA dging agents.

An alternative theory that may directly explain tieeluction of the total colonic
load 0fO°medG in the distal colon may involve an increastaéactual physical
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removal of O°medG lesions in colonic epithelial cells. This mée
accomplished through either their removal via deletion or their direct repair.
As no significant effect of these high dose tunlad@ts were observed on the
apoptosis rate, the theory pertaining to the rédnadf O°medG via increased
cell death is not supported by our findings.

Unfortunately, the possibility that an increaseekleof repair may contribute to
the reduction 00°medG can not be tested in the available tissuésatet! from
this rat-AOM study. An insult of AOM to an animaffectively reduces all
traces of MGMT in the colon immediately after itdnanistration. This is
supported by the various published works on thead60, 64, 85]. This was
also supported by our investigations. Using adlatielled microtitre assay, no
detectable trace of colonic MGMT protein could berfd at the 6h time point
post AOM. As a result, the effect of diet on thecific type of repair can not

be measured when using the rat-AOM model.

This is not to say however, that fish oil cannotdulate the level of MGMT or
other repair systems. It is still possible thaliet containing high dose tuna oil
may assist in the up regulation of MGMT in the eolorhis could be measured
in rats not administered AOM or alternatively measluat a much later time
point. If tuna oil did increase the amount of MGMfiesent in cells, this would
give the cellular environment a greater capacitydpair damage and hence
reduce their totaD’medG load. It is suggested that levels of MGMTdits fed

a high dose tuna oil diet should be measured gdoan insult of AOM to
determine whether this dietary agent does in factagulate the repair protein
MGMT and hence reduces t@8medG load.

This body of work has also investigated the conaiyat the reduction of
O°medG as seen in these high dose fish oil diets beyan effect of the
interference in the metabolism of AOM by fish oilhe level of the N7meG
adduct, which was effectively used as a biomarkéhe dose of the carcinogen
insult given to tissues, was found to be signifitsatower in the high fish oll

group. Therefore, these data do support the théwmatyomega-3 PUFAs may
inhibit enzymes important to the metabolism of tascinogen. It is proposed
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that the conflicting results from several studikattuse the rat-AOMn vivo
model to test fish oil may be explained through plgential of this agent to

cause the interference of AOM metabolism.

This theory however, still needs more clarificationthe rat-AOM model and
further detailed work identifying and analysing ma@ccurate markers of AOM
metabolism are required. Of particular intereghes effect of a fish oil diet on
the drug metabolising enzyme, CYP450 2E1. It isonemended that such
investigations are undertaken and the soundnestheofrat-AOM model is
ensured before embarking on any further dietargrugintion studies using fish

oil in this model.

The down regulation 0©°medG was observed in animals fed both a high dose
free fish oil diet and a slightly lower dose of teecapsulated form of fish oil.
This instigated some further thought into the dff@mess of the encapsulated

tuna oil product as a regulator of host respons&<aM.

O°medG regulation was achieved with a dose of 7% ainahen encapsulated
but at the higher dose of 15% when tuna oil wasmyin its regular free oil form.
This suggests that the microencapsulation of tuihad@es in fact have an
advantage over the free tuna oil in modifying tlteita O°medG response to
AOM. Even though the encapsulated tuna oil did inctease the omega-3
content in the lipid membrane of tissues when cosgpto its free oil equivalent,
it is possible that this regulation might have beehieved by other means not
dependant on the composition of the phospholipidnbrane of tissues.
Whether this involves the product’s ability to patially deliver the tuna oil

directly to the colon or by entirely other unrethteeans is unclear.

One such possible unrelated explanation is thattmebination of the capsule
ingredients and the tuna oil interacted to achreggilation. An increase in both
caecal and faecal butyrate levels were observeth waspect to the 7%
encapsulated oil groups. Butyrate is derived ffermentation in the colon of
the carbohydrate. Therefore, this increase waibattd to the formulation of the
protein and carbohydrate matrix that forms the océg@sule product. Butyrate is
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a known regulator of the apoptotic response andnptes colonic health [77,
195]. Therefore, it is possible that the combimratf the high dose tuna oil and
the butyrate-generating carbohydrate outer capswdg have regulated this

effect.

While the outer capsule product and the oil werpasged and tested
individually at a dose of 3.5% in this thesis, fafjon was not observed at this
level and hence this information was not of use.hihdsight, this same dietary
group at a dose of 7% would have been of greatevaluinvestigation this
concept. To eliminate the possibility of this i@y between capsule and olil it
is recommended that a study testing the individuamponents of the

encapsulated oil product at dose of 7% is carrigd o

8.6. The conseguences of regulation of acute homeostatic responses by
fish oil for oncogenesis

It is important in the scheme of this researchrémglate any early regulatory
effect observed in the cellular environment to atual effect on oncogenesis.
Both theO’medG load and apoptotic acute host responses esre dssociated
with eventual cancer incidence in past studiesuasngarised in section 1.3.2.4.
ACF incidence is commonly accepted as a biomarKetumourigenesis as
outlined above in section 7.1.2. Therefore, it wagothesised that any
regulation of these acute responses in the colonldvbe translated into
regulation of the number of colonic ACF lesions.

Following on from the acute host response datahwvsimwed that a reduction of
O°medG was achieved in the 7% encapsulated tunamibgan ACF study was
carried out to determine what consequences this hee for colorectal

oncogenesis.
ACF incidence however, was not reduced by 7% entaiesl tuna oil and

therefore the findings did not support the contbat a lowered®°medG load is
associated with suppression of oncogenesis. Sesgpédnations might account
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for the lack of association between these two brera as shown by this

research and these are discussed below.

First, it is possible that the lack of associatmeans that there is no association
of adduct load with consequent oncogenesis. It sggemature to come to such
a conclusion, however, not all ACF are destinegrticeed to cancer and it has
been shown by Youngt al. that some dietary interventions are stage-specific
[216]. Furthermore, the biological consequencesnabgenic mutations induced
by O°medG adducts might be for progression (or lackaf®r the ACF stage.
Thus, studies that measure cancer as a final emdpbould be undertaken to

fully explore this possibility.

Second, there is a possibility that dietary omegdJBAs may have impeded the
amount of carcinogen delivered to rat tissues dmd, tin turn may have
unknowingly affected the results of the ACF studyo further explore this
possibility, levels of AOM metabolising enzymes Wwbhave to be measured as

previously discussed.

Third, it is also feasible that a clear associatess not established due to
limitations in the experimental designO°medG was measured in the acute
model 6h post AOM. This time point was decidedarmthe dietary intervention
as it was the peak time @°medG formation to the colonic epithelial cells.
However, the measurement of this DNA adduct ahglsitime point after AOM
may not be appropriate in predicting the conseqeienitthis regulation for
oncogenesis. A more appropriate measu@®ofedG may include a cumulative
measure taken over time as shown by Jacletoal. [60] or alternatively a
measure 0©°’medG some time after 6h when unrepaired or unrechadelucts
are likely to be of greater biological consequenc&uch a later measurement
may better reflect an association as the addititina in which the cells will
have been subjected to repair and removal mechamsay actually give rise to

more biologically significant levels @°medG.

Fourth, the association may have been lost in thester of data from the

O°medG stain to the image analysis ratio. Whileithege analysis system was
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suitable in picking up different intensities @medG positive staining in the
nuclei of cells, the appropriateness of then megathis intensity into a level that
is biologically significant is unknown. It is pakke that while different staining
intensities were expressed as different ratiospthieer of this immunochemical
assay is not sufficient to differentiate betweerels of damage that give rise to
different consequences. To achieve this, a highBcific, quantitative but more
cost intensive assay such as a mass spectromgay ehromatography method
may have to be considered. Such methods are dyrresttsufficiently sensitive
to enable this.

Apart from the inability to demonstrate a cleaatiginship betwee®’medG and
ACF lesions, the long term ACF study did suppashfoil as being protective
against ACF formation. This result is promising tbe role of fish oil as a

possible chemopreventative agent in the fight axjaiolorectal cancer.

8.7. Implications of thisresearch and future steps

This body of work has resulted in the creation ofal technologies and the

initiation of new concepts. The implications foese outcomes are listed below.

1. The design and implementation of the successfmunohistochemical
assay allowed the detection 8medG in rat colonic epithelial cells. The
quantifiable data that this specific and sensitigsay produces, regarding both
the amount and distribution @°medG, is invaluable in the field of acute DNA
damage. It is a tool that can be adapted andeabtsi measur®®medG in other
tissues as well as other time points. Furthermort an alternative stable and

specific primary antibody, the protocol can be usedetect other DNA adducts.

2. The fact that the findings do not support thevpiling theory pertaining
to the mechanism d®®medG mediated apoptosis, namely that following atidu
formation, a round of S-phase is needed to crdaentispair, then a second
round is needed to trigger mismatch repair anti# fails only then is apoptosis
triggered is not reason to dismiss tmsvitro concept. Rather, in this case, the
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validity of translatingin vitro data into ann vivo setting has been questioned.
As extensive work has been carried out on this aredatro, the concept of
O°medG mediated apoptosis should be extensively esdudth rat colonic
epithelial cells so a more comprehensive assesstaertte made. Somehow, the
cell can sense the presence of adducts and in sases this triggers apoptosis
directly. Data from this thesis has initiated swebearch and has concluded that
apoptosis is not triggered via the BER pathway atliyeor indirectly through
other adducts such as N7meG, 3MeA or potentiafiyedG.

3. This research has clearly demonstrated theteffea fish oil diet upon
the physiological effects of tissues. This thesipports the concept that a high
tuna oil diet is not toxic and that the level of ega-3 PUFA equilibrated
throughout the body and incorporated into tissiesletermined on a dose-

response relationship.

4. This research did not support the concept thah foil, when
encapsulated, selectively increases the omega-roaf tissue phospholipid
membranes in the colon. Though this does not cet@lyl dismiss this product’s
concept of direct colonic delivery, it is suggestiedt furtherin vitro andin vivo
studies are undertaken to more clearly understamgroperties of the capsules

and their release mechanism.

5. It has been established that doses below 15fe@fdietary tuna oil do
not regulate any acute host response in the rat-Aidel. A diet of 15% and
7% encapsulated tuna oil does however significaettyice the coloni®’medG
load following an insult of AOM. This demonstrathat a dietary agent such as
fish oil can in fact modulate these early resporisea DNA damaging agent.
This supports the concept that dietary regulatian amfluence the cellular

mechanisms and can therefore potentially impaeiagis outcomes.

6. The down regulation of the coloni®®medG adduct load was not
obviously associated with a protective effect aghithe formation of pre
neoplastic colonic ACF. This implies that reguatiof the total load of
O°medG induced by AOM is therefore, not protectivaiast oncogenesis. This
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casts doubt on the concept that the td®8medG DNA adduct load is a
biomarker for consequent oncogenesis. It may bwgekier, that measurement of
the adduct load at a subsequent time point, wheair’ mechanisms have had
time to regulate the adduct load, might be a betiere to assess the
consequences of adduct load for oncogenesis. Sttik further investigate a
wide range of adduct loads measured at variousstiagginst consequent cancer
formation, are essential to fully investigate thegulatory effects of host

responses and their consequences for colorectabjenesis.

7. While dietary agents can regulate measuredlaellesponses, this thesis
highlights the potential for dietary agents to aisfluence other unidentified
compounds in the body, such as enzymes that regoéatinogen metabolism.
This is of importance when testing dietary agens anust be considered
especially when using the rat-AOM model. The pb&tf fish oil to interfere

with the metabolism of AOM can influence the endp®i The need for a
thorough investigation into the exact enzymes iwedlin the metabolism of
AOM is crucial as is further research into the direffects of omega-3 PUFA on

drug metabolising enzymes.

8. Although an association between a reductiontal ©°medG damage 6h
after carcinogen and a reduction in ACF could rotebtablished, this research
has supported the concept that a diet of 7% reduier oil and menhaden oil is
protective against the formation of pre-neopla®&t€F lesions. This implies
protection against oncogenesis by including fishiwithe diet. While the
mechanism of this protective effect remains unclélae use of fish oil as a
chemopreventative dietary agent is supported lsyrdgearch.

L.S. Nyskohus, 2009.
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