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ABSTRACT 

The main Objective of thip dissertvion was to explose the role of dietary fat and 

energy restriction @R) on the multistep process of d o n  carcinogeaesis and to 

investigare the œilular and molecuiar feanires of the morphological determinants of 

wious prcneoplastic and neoplastic States. It was hypothesized that ER and fot wouid 

aut diffmt eff- on the growth of preneaphstic lesic~ns depending on theif 

phenotypic feanires and that thar growth modulatiag abiities wouid be mediated via 

alteration of biochemical events hown to k involveci in ce11 gmwth and 

differentiation. A series of studies was conducteci ia d e  F344 rats to investigate the 

effats of ER (20%) in low (LF) and high fat (HF) corn oil diets on the number and 

giowth chamctaistics of abemnt crypt foci (ACF), miCCOQdenomas and 

a d e n ~ o m a s  repre~etlting eprly, intermediate, and late stages of colon 

carànogemds respectively. Changes in dietaq fat during the early stages exerted 

measwab1e fesponses on ACF development more mpidly than ER. Feeding a low fat 

dia during the early tirne point soon PACT initiation of colon carcinogenesis permitted 

the modulation of ACF, microaienomas and tumors by changes in fat and energy 

dwing the intermediate stages of carcinogenesis. Upoa exposure of the animais to high 

fat d i a  during the d y  t h e  point, a more striagent and growth conducive 

aivhmmcnt for modulation of ACF, it was demonstrated that ER in conjunction with 

LF retadeû the appearaaœ of macrosoopic lesions. The enzymes protein kinase C and 

tyrosine kinases did not exhibit s p d i c  or coasistcnt changes that were attributable to 

ER or bit associateci growth responses. Employing the techniques of reverse 

i 



transcription polymeme chain d o n ,  biologicai ciShence w a e  demonstrateci 

among the morphologicai determinants of the muitistep proass of colon 

carcinogenesis. The findings of îhe prcsent rcsearch demmstrated that biologicai 

responses elicited by ER and fat arc separable and that the amenability of the disase 

proce~s to a p w t h  modulatory environment depends on its biologicai state. 
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1. INTRODUCTION 

Cancer of the colon is the second lcading cause of cancer deaths in North 

Amerka (Schatzkin et al., 1996). Once the individuai is identified to have large bowel 

cancer, it is estimated that fewer than 60% wül survive past 5 years (Femandez et al., 

1996). 1t has been hypothesized that up to 90% of colon cancer could be prevented by 

dietary modification @dl and Peto, 1981). Therefore, prevention of the disease may 

be the best route taken to circumvent the development of colon cancer. Incidentaîly, 

diet bas becorne a paramount issue for seveial recent epidemiological studies (Lanza et 

al., 1996; Femandez et al., 1996; Schatzkin, et ai., 1996) measuring the occurrence 

and re~ccurrence of colonic polyps. 

With the advent of superior techniques in molecular biology, the genetic bais 

for colon cancer has becorne established (Fearon and Jones, 1992; Fearon, 1994; 

Vogelstein et al., 1988, 1989). However, there is a iack of knowledge pertainllig to 

the potential effects of diet on the expression of genetic aberrations in colon cancer. 

The effects of diet on colonic nimor incidence has been Uivestigated in several studies 

(Bird et al., 1996; Kunÿu et al., 1991; Reddy et ai., 198î) employing animal models 

and have identified potential modulators of the diseme. The mechanisms by which diet 

alters the di- outcume (aimor development) are not weU elucidated and has been 

suggesteû to be the coascquena of a lack of a m d o d  to study the stepwise 

deveiopmmt of colon cancer @ruce, 1987; Harris, 1991). 

in 1987, Bird (1987) hitially postuh?ed tbat akrnnt crypt foci (ACF) were 

pmeupiastic colonic lesions that exhibitcd the potential, as a bioasay, to study the 
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stepwise development of colon cancer and identify potential moduîatars of the disase, 

including diet. Ova the past derade, severai studies have supported ibat contention that 

ACF are precursor lesions of colon cancer (McLdm and Ba, 198&, 1988b; 

McLcllan er al., 1991a, 19991b; Pretlow et al., 1991, 1992a, 19912, 1992b;). 

Incidentally, the effm of various modulators of colon cancer on ACF growth 

characteristics has not been consistent and the value of ACF as precursor lesions has 

corne into question (Carter et al., 1994; Hardman et ai., 19Y1). However, a few 

studies have provided evidence suggesting that experhental protocol may signüicantly 

affect the pattern of ACF grawth and deveîopment, and their ability to predict tumor 

incidence (Bird, 1995b; Uagnuson and Bird, 1993; Magnuson et al., 1993). ACF have 

been demonstrate to exhibit biologid heterogeneity wîth certain populations more 

amenable to enhancement or inhibition by modulators of the disuise (Ba, 1996; 

Mapuson et ai., 1993). Such obsewations strengthen the need for fiitme studies 

explo~g the rolc of ACF in colon carcinogenesis. 

Restriction of dietary energy has long been associated with decreaseû end tumor 

incidence in several tissues Pannenbaum, 19459, 1945b; Tannenbaum et al., 1953). 

Recent investigations bave substantiated the ability of energy xestriction (ER) to 

significantly d u c e  chemicaüy induced rat colon tumor incidence in dieu with varying 

fat content (Kiurfdd et d., 19a1; Kumar et al., 1990; Kritchevsiry et al., 1986; Pollard 

and Luc&, 1985; Reddy et al., 1987). ER has dso bem implicated in the inhibition 

of age associated changes in ctlluîar fwctions resuïting in dffiausd susceptibility for 

tumor development (Weindnich et al., 199 1). However, the specific mechanism(s) by 
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which ER ptsludes tumor incidence have nos been elucidated. In addition, the effeds 

of ER in the prenqlastic rat colon have not b&n investigated. 

This dissertation woIved h m  the existing data supporting ER as a colonic 

tumor inhibitor and the lack of data a t p l o ~ g  the ef'rects of ER on the preneoplastc 

coion. Employing the ACF system to study the effets of ER in diets of varying fat 

contait provides a means by which the varying stages of colon carcïnogeaesis 

prcçeding tumor development may k investigated. Such studies could provide 

vaiuable insight towards identifjing cellular changes occUmag in the early stages of 

carcinogenesis that may indicated an i n c m  cn Gocreased potentiai for tumor 

development in the later stages of colon carcinogenesis. 

The hypothesis of this dissertation is that ER aiU ex& diffemnt effécts on 

the growth of preneoplpstle lesions dependhg on their phendspic features. This 

effect t mediated via direct ewrly  deprivation durhg speeirik stages of colon 

cadnogenesis andlor thtough aiteration of biochemicai events involvecl ha ce1 

growth and dürenntîation. Basecl on this hypothesis, the main objectives of this 

dissertation wexe: (a) to evafuate the effect of ER in low and high fat diets on the 

stepwise development of d o n  cancer; a d  (b) to assess the effects of ER on the 

biochemical and ceiiulat m n t s  relateci to ceîi growth and differentiation. 

In concert with these two broad objectives, seva studies were design& to 

systematicaiïy test the hypothesip. The specifîc objectives of rach shidy were to assess 

the effects of ER: 



and low fat diets in young and old rats in non carcinogai treated coloaic mucosa 

(cm= 4); 

@) at two levds (20% and 40%) in high fât diets on celluiar enzymatic and 

proliferative events in non carcinogen treated colonie mua>sa (Cbapter 5); 

(c) in low and high fat die& on the phenotypic characteristics of ACF in the early 

and intermediate stages of carcinogen tnMd colonic muawa (Chapter 6 and 7); 

(d) in low and high fat di&, in oonjunction with intervention of the disease process 

at a late t h e  point, on the n u m k  and growth characteristics of ACF, microadenomas 

and tumors (Chapter 8) and on enzymatic parameters in colonie mucosa and tumors at 

the later stages of colon carcinogenesis (Chapter 9). 

(f) analyses of morphologicpl deiernllaants of different stages of colon 

Catcinogenesis at the molecular level (Chapter 10). 



2. REVIEW OF THE LITERATURE 

Vhat gets cancer-the genes, the di, the organ, the organism? 

Perhaps even the population?" (Potter, 1993). 

Cancer is a hetemgeneous disease whose origins axe the foais of thousands of 

investigations, yet the disease itsclf escapes dehniticn. A les M e  appruach may be 

to simply refa to cancer as a group of diseases that display some level of disorder. 

As stated by Potter, even the ongins afe of a muîti-bel nature. It may be more 

appropriate to embrace a muiti-1- multi-hceted approach in order to understand the 

nature of the million and one diseases referred to as *cancer". 

2. O. I Mulnstge pll~cess of CLUiCUIogenesis 

Delay in the devdopment of tumors (Rous and Kidd 1941) , and the 

appeamœ of noncancernus lesion (Farber and Cameron, 1941) p h  to the 

appearanœ of the tumor, have shaped the way carcinogenesis is viewed. 

Carcinogrnesis is currently viewed as a multistage process induced by chemicai 

carcinogens (Farber, 1984, Weinstein, 1992) hvolving the induction of multiple 

genetic and epigenetic mats in celis which further undergo clonai expansion due to a 

seîective growth advantage (Hanis, 1991). 

Carcinogencsis has kai b m b  dom into t h e  definable stages, hownnr each 

stage itoelf repmsents a complex multi step process. The h t  stage is defined as 
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initiation and involves the exposure of a dl to a Earcinogen which an be chernical, 

virai or physical (such as radiation) in nature fesulting in changes at the gmetic level. 

Such aiterations result in a selective growth advantage and aïtered nsponsiveness to 

inter-and extracellular signais (Harris, 1991) 

The second stage of cancer development r e f W  to is considerat to be a 

promotional phase. Promotion involves the dective clonal expansion of the initiated 

celis into identifiable focal lesions (Fatber, 1984; Hatris, 1991). It has k e n  proposed 

that these initiated cells rernain latent untii they are expased to promothg agents 

(Franks, 1986). Tumor promoting agents are not inherently d o g e n i e  but may act 

to induce ceiis to &de in a initiateci tissue (Franks, 1986). They may also d u c e  the 

time rquired for Nmor development when given foliowing a low dose of carcinogen 

(Weinstein, 1988). 

Progression is the third stage of carcinogenesis and refers to phenotypic changes 

resulting in the development of maügnuicy and eventuai metastasis (Harris, 1991). 

Malignancy refen io the potential of a lesion to metastasize motta, 1992) and is 

identified by the presence of ceilular abnormalities and invasion of surrounâing tissues 

(Franks, 1986). Metastasis is d&ed as the transfer of disease h m  one organ or part 

to another not directly connected with it and may be due to the tMsfa of pathogenic 

organisms or celis as in rnalignant tumon (Hart, 1986). The tumon that develop are 

sites in the body distant h m  the primary tumor are considerrd to be seconndly tumors 

(Liotta, 1992). 



2.1 Colon Cardmgenesis 

2.1.0 Nomtaî c&a (slrudtrn) 

The colon consists of 4 layers termed the mucosa, submuoosa , muscuiaris 

extema and the serosa (Lw, 1990). The mucosa consists of verticai crypts arranged 

perpendicular to the muscularis mucosa and intervened with the connective tissue 

lamina propria (LN, 1990). These test-tube Wte crypts are refenod to as the crypts of 

Lieberkua (Lev, 1990). Colonic crypts are predominantly made up of goblet, and 

vacuolated absorptive, and entemendocrine d s  (Change and Leblond, 1971). 

Howeva, it is thought that all ceil lineages originate from a common stem ce11 at 

the base of the crypt (Kiridand, 1988). 

Colonic cells migrate fiom the bottom to the top of their crypt, attaining varying 

levels of differentiation. The lower one third is lined with immature divid'mg ceiis and 

is consideml the normal proliferative cornpartment (Simanowski et al., 1989). Ch 

migration toward the upper portion of the crypt, tells undergo terminal di£f'erentiation 

and transform into columnar and goblet d o .  WS at the top third of the crypt are 

M y  diffkrentiated, nonproliferating ceU, (Chang, 1984). 

2.1.1 CIutcer of the Cdon 

Golo-rectal cancers have been identifîed as one of the major sources of 

morbidity and mortality in most w e I m  populations (MiUer et aï., 1983). Colon 

cancer is reportai to k the second küng ause of death among cancers (Schatzkh et 

al., 1996). Human colon canca occun in the ascending, transverse and descendhg 



areas of the colon (Fry et al., 1989) and may be daJgned by tumor syndromes 

(Fearon, 1995). These syndromes are dassified by the location and morpho1ogicai 

characteristics, dong with the identihble geaetic alteration (Fearon, 1995). S e w a l  

ri& factors for colon cancer bave kea identified induding hezedity factors such as 

family history of colon cancer, gerieticaiiy transmitted disease (funilial plyposis, 

Gardner's syndrome, inflamrnatory bowel disease), inmashg age and dia (Fry et al., 

1989). Dietary factors identified as having an influence on the development of colon 

cancer in hurnans wil l  be discusseâ lata. Colonic mucosa possesse~ one of the largest 

interfaces between humans and the extanal environment and it is proposed that thmugh 

the nmoval of water in the intestine, the concentration of chernical exposed to the 

mucosa is greatly enhanced (Retlow, 1994). Therefore, it is not surprising that 

patients diagnosed with colon cancer usually have more than one identifiable lesion 

(Moertel et al., 1958). 

Colon cancer is of an epithelial ongin (Hermanek and Karrer, 1983) with 7 

types of identifiable lesions including; adenocafcinoma; mucinous adenocacculoma; 

signet-ring di carcinoma; squamous ceii carcinoma; adenosquamous carcinoma; 

undifferentiated carcinomas; and unciadid carcinoma and tias been zeviewed 

(Momn and Soôin, 1976). The most cornmon type of lesion is the adenocarcinorna 

which exhibits gianduiar structural characteristics (Lev, 1990) that can be vrllus in 

nature (Fearon, 1995). Such adenocarcinornas aiso ntain identifiable colonic crypt 

structures (Fearon, 1995). 



2.1.2 Ristogenesis of colon tancer 

Treatment of the colon with a carcinogai nsults in a sequenœ of initial 

evmts involving alterations at the genomic lwel foiiowed by changes in DNA synthesis 

and mitogenesis (Chang, 19û4). As a rrsult of these grnetic aberratims, s e v d  

identitiable morphologicai changes arise. S m r a l  dyspiastic changes accompany 

colonic pnneoplasia and neoplaria in the colon includhg; vvying degrees of 

hyperchromatic staining, pseudostratification (with and without los of polarity), 

incnased mitotic figures, enlarged nudci with prominent nucledi; cytopiasmic 

basophilia; high nucl- to cytoplasmic ratio; and changes in goblet di 

differentiation. (Chang, 1984; Descher, 1974; Pretlow , 19%). Normal colonic 

epithelium is polyclonal and arises from numemis stem d i s  (Fearon, 1990). In 

contrast, it has been praposed that co1on.i~ neophms are monoclonal and develop 

from single dysplastic crypt.9 which &se thmugh repopuiation of normal crypts by stem 

ceUs that have undergone carcinogen induced mutations (Bussey, 1975;Chang, 1984). 

Therefore, the evolution of an adenoma may stem from o single dysplastic crypt which 

proLiferates ta fom many crypts ail exhibiting dysplastic feahires (Bussey, 1975). 

Abnodties in tissue architecture distinguish dysplastic crypts h m  normal 

surrounding populations including; dilation, branching , changes in mucins (Bad et al., 

1990; Sharnsuddin et ai., 1985); increased diameter and invagination of the epithelial 

Illiing (Chang, 1984; Deschncr et ai., 1988). Changes in celi pmliferation (Lipkin, 

1983; Lipkin and Dtschner, 1976; McGarrity et al., 1988) and dttrcd enzymatic 

activity (Banows et al., 1990) have also km identificd in dyspiastic crypts. Whether 
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or not a colonic crypt rnust &tain all, or certain subsets of these identifid anomalies in 

order to pmgress to a higha state of preneopiasia is not hown. 

Simiïarly, the exact nature of the histagenesis of adenocarchomas is 

controvessiai (Shamsuddin et al., 1985). ûne prapasal suggests that oolorectal cancers 

arise from benign adaiornatous polyps called adenomas (Mut0 et ai., 1976) and are 

part of the "adenoma-carcinoma sequence8 coincd by Jackman and Mayo (1951). This 

theory bas bcai M e r  supported by recent studies demonstrating that the removai of 

polyps h m  human mucosa signifïcantly teduce the risk of cancer (Muakaani et al., 

1990) as weii as by the dewlopment of canas in individuais diagnosed with synQomes 

that strongîy predispose them to the development of hundnds of adenomas (Eurt and 

Samowitz, 1988). nius adenorms are accepteci as precwr lesions of carcinomas 

(Lm, 1990). The malignant potential of an adenoma may be assessed with rrspcct to 

its size, viiious development, and degree of dysplnsia (Konishi and Morson, 1982; 

RiddeU et al., 1983). 

An opposing theory mned the ' & mwn hypothesis suggtst that cancer rnay 

evolve directly from flat mucosa without a prior adenoma stage in rats (Makens and 

Dujardin-hitus, 1981). The evidence to support this thmq in human mucosa is not 

weli established. Eowever cancer is an asymptomatic disease for most of its M e  span, 

and once identifiai at the later stages of diseasc, it is hard to prow that the lesion did 

or did not evdve initially h m  an adenoma (Fenogiio and Lane, 1974). Consequently, 

the significance of this pathway in the histogeaesis of colon cancer continues to be 

debated (Bedene et al., 1992). 



2.1.3 hposed  genciic mode1 for colon concet 

With the adveat of powahil molecuiar biologicai techniques o v a  the iast Nteen 

years, the idea of a genetic basis for cancer has been substantiated (Fearon and Jones, 

1992) and estimated to account for more than 10 per cent of colorectal cancers 

(Utsunomiya and Lynch, 1990). Both inherited and somatic (arising in non-germ d s  

during the individuai's lifespan) mutations have been identified in human cancers 

(Fearon and Jones, 1992). In particular, colon cancer is cbntindy r e f d  to in the 

scientific iiterature as an i d d  mode1 for the study of the nature, d e ,  and origins of 

both types of mutations because of the nahual history and inherited syndromes of 

predispasition to cancer development ( F m n  and Jones, 1992; Vogelstein a al., 1988; 

Vogeistein et al., 1989; Weinberg, 1989). Colon cancer is unique in cornpuison to 

cancer of otha tissues in that many types of tumors of varying stages of malignancy 

may be obtained for study (Fearon and Jones, 1992). 

It is currrntly hypothesiirPA that the genetic damage in coloreztal cancers is of 

two lineages, the dominant oncogene and the recessive tumor suppnssor gene (Bishop, 

1991; Coopa, 1992; F*uw and Vogelstein, 1990; Levine, 1995). Oncogmes 

originate from normal ceiîulat gaies, termed proto-oneogene, as a anseQuence of 

genefic alterations resuiting in abnormal gare expression , or the spthesis of a l t d  

proteins (Cooper, 1991). Proto-oncog~e~ encode proteins imrolved in signai 

transduction pathways and cellular tcansaiption factors (Coopa, 1991, Levine, 1995). 

It is cu~c~ltly believed tbat the gaietic alteration of a proto-oncogc~lc , tnwd 

oncogene nfter conversion, resuits in a 'gain in fbnctionR lending towards abnormal or 
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enhanced growth of the œli (Cooper, 1991, Fairon and Jones, 1992, kvine, 1995, 

Vogelstein, 1987). TUmor suppressor genes encode proteins invo1veâ in repuiation of 

growth and diffkmtiation in a negative faShion and may indirectly suppress neoplastic 

development (hudson, 1985). Thus aïielic losses (loss of heterotygosity) are klieved 

to resuit in lip loss of hctionn of the tumor suppmsor gene (Knudson, 1985, 

LewK, 1995). 

Vogelsfein and Fuuon (Fearon and Jones, 1992, , Fearon et al., 1987, Fuuon 

er al., 1990, Vogeistein et al, 1988, Vogelstein et al., 1989, Vogelsteh and Fearon, 

1990) have discusseû and reviewed the foundations of the genetic model for co10rectal 

airnomgensis. This model acknowledges the multistage nature of colon cancer 

deveIopment and suggests that colorectal tumors arise as a result fimm the mutational 

activation of oncogenes couplexi with mutation inactivation of hunor suppressor genes. 

They M e r  hypothesize that mutations in at least 5 genes are necessary for the 

formation of a malignant tumor and that it is the total accumulation of mutations, rather 

than the order in which they occur, which determine the biologicai propertiw of the 

tumor. This mode1 has also relateci the speQfic chromosomal alteration and its 

location to varying stages of phenotypc developrnent M m  normal epithelium to a 

carcinoma and is detaiîed in Figure 2.1. It is important to note that the signifîcance of 

the various inherited and somatic mutation to the aina ceii phenotype has not kea 

identifid. This mode1 macly provides a foudation for the genetic nature of cana 

development. There is littie understanding of the datimship between dietary and 

environmental agents associated with ingeased risk of colorectal cancer and the 



Figure 2.1 The proposed genetic mode1 for colorectal tumorigenesis (Fearon and 

Vogelstein, 1990). The progression of tumorigenesis thugh  a series of genetic 

alterations invoiving the RAS oncogene and tumor suppressor genes famüial 

adenornatous polyposis (FAP), deleted in co10rectal cancer @CC) and p53. 

Tmsition h m  normal epithelium to invasive carcinoma is matched with particuiar 

chromosornal dterations. Howeva, the authors caution that the order of these changes 

is not invariant and the o v d  accumulation, rather than the order in which they occur, 

may be the most important factor in tumongenesis. 





mutationai evcats seea in normal and tumor d i s .  

2.2. Energy RcsMdion (ER) 

2,2. O Wh& ik ER? 

There is w definitive description of ER in the litemture, which may be the 

result of variances in its application to an experimerital pmfocol. ER has been induced 

simply by; reduchg the time of cxposure to food (Dm et al., 1989); reducing the 

arnount of ant (Kumar et al., 1990) or more than one marronutrient (Birt et al., 1993). 

ER has aiso been introduced in conjuction with a duction (Lok et ai., 1987) or 

maintenance of vitamins and mineral (Birt et ai., 1992, Kumar et al., 1990, Reddy et 

al., 1987). Variances are also noted in the time of introduction and length of aposurc 

to ER (Kritchevsky, 1993). Despite the variances these investigations cummonly 

reduced the intalte of enagy in experimental groups compared to the level of energy 

consumeci W y  by the control groups. Initial studies employing ER used the term 

"caloric restrictionn. However, recent investigations have adopted the term ER as a 

more pciiic term indicatuig the reûuction is in fact in the levd of energy in the diet. 

2.2al ER anà age, longcvity 

As Ear back as -th century ER has ken aSSOciated with increased 

longewity (Butler, 1918). Luigi Coronora rrportedîy led a lite of ex- until the age of 

40 and t h e  subsisted on oniy 14 ounccs of food per dry, plus wine and exexcise. 

Conseqwntly PAer atialliing the ripc old age of 100, he became known as the 'Venetian 

Centenarian" (Weindnich et ai., 1991). The first experimental shidy employing ER in 

dents  was conducted by McCay and Croweli (1934) who demonstrated that rats 
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subjected to ER liwd to an average of 850 days as comperrd to 480 days of their fd iy  

fed countaparts. wthin the last decade, there has ken a resurgence of intaest in the 

ability of ER to significantly retard the onset and the physiologicai changes associated 

with aging. Aging has ken dehed as a deciine in the morphologie integrity and 

functional capacity of organs and tissws usociated with a decline in ability to rnaintain 

homeostasis (Meites, 1990). In an attempt to understand the possible mechanism(s) by 

wbich ER diminishes the effects of aguig severai investigations bave bem conducted in 

rat models (Bmese et ai., 1991, Duffy et al., 1989, Hass et ai., 1992, Kalant et ai., 

1988, Leakey et al., 1989, U m m  et al., 1990). The rrsult of such studiies has lead 

to the development of several theories at the mechanistic level including the ability of 

ER to diminish the effet of aging on dmg metaboiizing enzymes (Leakey et pl., 1989), 

circulating hormones (Meites, 1990) and imrnunologicai fiinctions (Umezawa et al., 

1990, Fernandes, 1995). Such theories may in part explain the ability of nutrition (in 

this case energy) to influence the aging pracess. 

2m2m2 Physiolo&d WS of ER 

ER has been the focus of many animal and to a lesser extent human, 

investigations. These investigations have substantiated the ability of ER to significantiy 

a€fkt a plethora of physi010gical parameters. Most of the investigations in humans 

are confounded by the inabiity to control for aU experimental variables. Despite such 

h d k s  ER in humans has kai shown to affkct sevcral biologicaî parametus induding; 

the sympathetic nemous system (Eiiahou et al., 1992), insuiin sensitivity (Nakai et al., 

1992), sleep apnea ( S u M  et al.. 1992). body composition (Kteitzman, 1992), substrate 
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oxidation, (Franssila-Kallunki et al., l992), caicium homeostasis (Nishizawa et al., 

1992). lipoproteh and htty acid metabolism (Parenti et al., 1992, Tang et aï., 1993) 

and wlonic d proliferation (Steinbach er al., 1994). 

The rat mode1 provides an opportunity to oonduct more extensive and 

encompassing studies in which the mechanisms of ER may be M e r  elucidated. 

Parameters afféckd by ER in rat include; changes in resting metaboîic rate and 

thermogenesis (Van Gaal et al., 1992); decnaJed fat stores in the body (Kurnar et al., 

1990); deaeased body temperature (Dm et ai.. 1989; adrenocorticotropic hormone, 

pmiactin. corticosterone, thymid stimuiating hormone ( Armario et al., 1987; Park et 

al., 1987); semm growth factcr levels and their binding capacity (Bzeese et al., 1991; 

Hursting et al.. 1993; Rugerri et al, 1989a, 1989b); enzymes involved in giucose 

metaboîism (Kalant et aï., 1988); changes in P-450 isozymes, Mxed function oxidase 

system (dmg metabolizing enzymes) (Leakey et al, 1989; -mie et al., 1989); 

enzymes involved in fke radical formation (Rao et al., 1990, Walfrod et al., 1987); 

ceIl proliferation in wious tissues (Ldr et al., 1988); immune response (Umezawa et 

ai., 1990, Fernandes et ai., 1995); mRNA expression (Koizumi et aï., 1990; Spinder 

et ai., 1990); cellular oncogene expression (Baik a al., 1992); DNA polymeme 

activity (Srivastava et al., 1992); and enzymes involved in ceii growth and 

dinerentiation (PKC) and signai transduction (Birt et al., 1993; Crawn and 

DeRubextis, 1992; Kumar et aï., 1990). 

ER has a h  kai demonstrated to signifïcantîy modulate the development of 

chemically induced cancex in several tissues such as ; mammary (Pollard and Luckert, 
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1985); pancreatic (Roebuck a al.. 1993); siûn (Birt et al., 1993); iiver @ïgopoulos et 

ai., 1992; Sugie et al., 1993); lung flannenbaum, 1945); lymph (Weindmch et al., 

1986) and colon tissues (Pollard and Luckat, 1985; Kiurfeld et ai., 1987; Kumat et 

al., 1991; Reddy a al., 1987) 

Clearly. ER provides a modem in which several fkctors may work together to 

modulate an organism's response to its smunding environment. Therefore, it is not 

U y  that one mechanism per se will be identined as the sole reason for an obmed 

effea of ER on physiological event (s) in vho. 

2.3 Modulation of Colon Cancer - Experimentpl Approsches 

2.3.0 @diiniolosCcrJ Strcrties 

There is substantial epidemiological evidence to support a role of diet in the 

development of colon cancer @OU, 1992; Gorbach and Goldwin, 1990; Vogel and 

McPhason, 1989; Weisburger, 1989). mer the past few decades, the relationship 

between oolorectal cancer and dietary habits has been studied extensively with the aim 

of i d e n m g  components of a diet (types of foods, vitamins, minerais, macmnutrients) 

associated with increase or decrawl  ri& (Doil, 1992; Neuget et al., 1991; Potter et 

al., 1993). A cuinhation of such data suggests that wme aspect of a diet high in, 

meat, fat. protein, total emgy and low in fibre, vitamins and minerais are important in 

the etidogy of colon cancer- A ment study has aiso provided evidence to support that 

d i v d t y  (variety of food consumeci) may aiso k related to a moâerately decnased ri* 

in coloffctal cancer (Fernandes et al., 1996). 

The current meW of measurement for &teû ri& pertains to the 
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~ e o c c m c e ,  regression or conversion of adenornatous polyps into adenocarcinornas 

(hua et al., 1996; Little et al., 1993; Potter, 1993; Schatzkin et al., 1996). 

As mentioned in the previous section, most of the epidemiologic stuclies focus 

on a wuiety of di- factors, more notably fit intaiœ, anû do not directiy assoCiate the 

amount of f d e n e r g y  in the to cancer ri&. Such confounding ktors may be the 

balance among energy consumption , retention, expenditure and sources of aiagy 

(paaza, 1987). 

Epidemiologicai studies attempting to ddenaine the reiationship baween d o n c  

inmice and increased ri& of colon cancer are insightful yet at the present time 

inconclusive. Most studies have shown a positive association with energy intake gain 

et al., 1980; Bristol et al., 1985; Graham et al., 1988, WiUet, 1989). However obesity 

appears to be wealdy related to colorectal cancer (Wiîlet, 1989). Interpretation of this 

weak association may be confounded by such factors as weight 100s as a result of the 

disaise (Little et al., 1993) the balance arnoag energy consumption , retention, 

expenditure and sources of energy (Pariza, 1987). Consequently it has been suggested 

that the body mass index (as an indicator of obesity) is not associateû with inCrrascd 

ri&, whereas physicai activity as an indication of energy expenditwe is associateci with 

a decreascd risk (Little et al., 1993). 

Culmination of this epidemiologial data indiates a possible rrlationship 

between caioric intala and the genesis of cancer and provides the impetus for animai 

mode1 studies in which coafounding fàctors can be controiîed and the etiology of cancer 

can k manipuiated Md explored to a -ter atent. 



2.3.1 Animal models 

Animai mdels  provide a means by which the modulation of colon cancer by 

diet can be examined at several diffetent levels that are ofkn unable to be assessed in 

human stuclies. However, it is important to note Merences in arpcrimental variables 

that may affkct the resdts of animal mode1 studies in colon carcinogemsis (Bud et al., 

1985; Bird et ai., 1996; aamilton, 1989). The type, dose, route and scheduie of 

administration of a caianogen may produce variable muits. Diet composition, the 

amount of consumption and the time of intervention (during carcinogen treatmait, 

immediately after carcinogen treatment, or s e v d  months after carcinogen treatment) 

could result in very different effécts on the initiation, promotion or progression of the 

disease. Various endpoints may k employed ta measure the effects of a parti& 

treatment including animal suNival, cnzymatic measurement, and various -or 

characteristics. Conduding resuits of a particular -mental protocol rnay k 

dependent on the nature of the endpoint utiïizeâ. Cross~~~mparison of s e v d  studies 

should k in conjunction with admowledgement of such expaimental factors. 

2.3.1.0 Colon carcinogens 

n ie  advent of chemicais capabïe of inducing colon canœr bas fostered the study 

of colon carcinogaKss in dents which rardy develop the disase spontaneously. The 

two most commonly used chernicals hown to induce colonic neoplasms in rodent are 

1,2dimethyl hydrapne (1,2-DMH) and its metabolite azoxymethanc (AOM) (Greene et 

ai., 1987). Consequtlltiy, the naoplasms induced by these compounds Shan simiïar 

tissue architecture, histochemistry, and enzymatic characteristics with human 
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adenocarcinomas and therefore considereû to k appropriate models for the study of 

colon carcinogenesis (Bird et ai., 19ûS). AOM is the d o g a i  RpePtcdly used in 

this dissertation, k f o n  the dimission of metabolism will be lùnited to this particuiar 

Carcinogen. 

2.3.1.1 M e t a b o h  of AOM 

Steps in the metabolism of AOM are detailed in Figure 2.2 (Fiala, 1977). 

AOM is metabolized to methylazomethanol 0 by aipha-hydmxylation (Green et 

ai., 1987) in the liver. MAM m y  then k bansported to and rnetabolized in extra 

hepatic tissues , such as the colon, or it rmy undergo fiirther metabolism in the k r .  

The resuiting metabolite is methyl diazonium ion and is the reactive alLylating agent 

(Weisburger, 1971) and may finally form methyl cadmium ions. These ions are 

thought to be capable of methylating macromolecules such as DNA Fiala, 19î7). A 

subcutaneous injection of AOM results in colonic neoplasms, however its isorner, N- 

nitroso-dimethylamine, is suggested to be a i iva and kidney carcinogen (Sohen et al., 

1991). Stem ceiis are ôeiieved to the ultimate target for carcinogenic mutations in the 

colon (Change, 1984; Potten, 1992). 

2.3.1.2 Specics ami stiain ~ e n î a c e s  

Diffezences in susceptibility of himorigenesis among spacies and shains of nits 

has ken reported (Nito, 1981, Naus et ai., 1987; Np, 1985). Sprague-Dawley 

rats are considezcd to be mon susceptible than F344 (Nauss et pl, 1987), howmr 

F344 are a more inbred strain. 
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Figure 2.2 Metabolism of the colon carcinogen azoxymethane (AOM) (Fiala, 

i9m 



Azoxymethane (AOM) 
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Methylcarboniurn ion 



2.3.2 Endpoints 

2.3.2.0 e mors 

Tumor presentation is the most common benchmark used to signify the endpoint 

of colon cancer (Hamilton, 1989). Tumor developrnent is indicative of disclse and is 

important in aosessing the potency of cancer inhibition or promotion. However, cancer 

is a multi stage disease and the sole use of tumor incidence as the endpoint does not 

ailow for analysis of a potential cancer modulator at the varying stages of cancer. In 

addition, tumor presentation is a time-wnsuming, expensive and lengthy procas (Bird 

et al., 1989). The etiology of the dis- praess rnay be fûrther elucidatcd by 

comprehensive studies examining the s ~ g t h s  and weaknesses at several stages of the 

di-. 

2.3.3 Biomankecs t, the audy of colon caminogenesis 

BiomadmJ (risic markers) represent a group of endpoints that are used to study 

modulators of colon cancer. Boone et al. (1992) have suggested that a biomarlar must 

WfiU a minimum of two requirements in orda to be a potential intermediate endpoint. 

The biomarker must correlate with cancer risk and possess the ability to modulate 

towards normaï by an effective chemopreventive agent (Boone et ai., 1992). C+11 

pmliferation, oncogene expression and enzyniatic changes are aU considered to be 

intermediate biomarkers and are used to assess cancer risk in the prerieopiastic colon 

(Cooper, 1992; Lippman et ai., 1990, Pretïow, 1994). The advantage of utjli2ing 

intermediate biomarkrs stems from the s h o w  amount of time for dmlopmerit, thus 

studies employing these markers minirnizes tirne and expenses (Ba et al., 1989). 
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However, the alterations &sewed in these markers may be an indication of malignant 

poteatial but may not actuaiîy be invoived in the clucinogenic process @%etlow, 1994). 

Thaefore, there is a n d  to estabiish the vaiidity of obsuved changes in these 

aforementioned intemediate biomarkers (Bird et aï., 1989). 

2.3.3. O Cell pmwemtàbn 

The use of celi pmliferation as a biomarker for cancer has recentiy corne into 

question. One stream of investigations suggests that the p-ce of stimulated ceil 

proliferation without evidence of any other biochemical or morphologid alterations is 

itself an indication of increpsed rnalignant potentiaï (Ames and Gold, 1990; Cohen and 

Eiiwein, 1990; Clayson et al., 1991). C o n v d y ,  the other side of tht argument 

suggests that cdl proliferation is only one factor of many that lcads towatds the 

development of nooplasia parber, 1995; Melnick, 1992; Weinstein, 1992). The 

strength of the latter argument resides in the observation of a lack of association 

between di pmliferation and cancer occumnce in several tissues and organs and the 

ability of genotoxic carcinogens to inhibit ceil proliferation (Farber, 1995). In adation 

to this argument, it bas also bem postulateci that rapid proliferation of ceil rnay not be 

an indication of neoplacia (Toribara et al., 1989). From the technical side of this issue, 

the reproducibility of measured proliferative activity has also come into question. A 

recent study suggestp that high variability exists h m  oae lab to anofher when arsessing 

the amount of 'smrable tissuen for pWerative meanmernent (Roe a al., 1996). The 

stage of the d cycle at which ceii proliferation is measured may iüso be afkted by 

the porticular methodology employed in the investigation (Scalmati and Lipkin, 1992; 



LaFave et al., 1994). 

Altered di proiifiition has ken identified in the aitire human colonic 

mucosa exhibitkg ei tk  an adenorna or adenocarcinorna @pkin, 1983; ) and in those 

with uicerative colitis (Behaeip et al., 1985; B h  et ai., 1990). Penainiag to the 

rodent colon, administration of a carcinogen alters ceii proliferation in histologicaiiy 

normal appearing crypts, which suggests oiat alterd ceil proMeration is an early event 

in d o n  carcinogemsis (Chan et al., 1976; Deschner , 1974; Lipkin and Deschner, 

1976; Klurfeld et ai., 1987). Howrm, the value of ceii proMeration as a valuable 

Mpredictor" in end stage tumorigenesis is not weii established. S e v d  studies have 

demonstrated that changes in cdl proiiferation do not correlate with end stage tumor 

development (Cameron et al., 1990; Gaüoway et al., 1986; Geltner-Allinger et al., 

1991; Gliclaan et al., 1987; Kingsworth et al., 1986). 

Momver, it has also bem postulated that changes in proliferative pattern of 

colonic mucosa due to diet modifications may not be predictive of modulation of end 

stage Nmor incidence (Cameron et ai, 1990). Consequently studies monitoring 

changes in ceîi proMeration by diet modification, such as ER and dietary fat, are 

confiicting in na- (Albanes # ai., 1990; Bird and Stamp, 1986; Kîurtdd et al., 

1987; LaFave et al., 1994; LoL et al., 1988; Steinbach et al., 1993). 

Nonetheltss, measurement of celi proMeration remaias one of the most 

commanly used biomarkers in cancer resear&. However as stated by FYkr (1995) 

until a systcm is developed in which ceIl pmliftration becornes the 'only or at least a 

major variable unda study' the use of ce11 proHeration as a risk b t o r  must 'remain in 



the nalm of unpmven specuiationm. 

2.3.3.1 B m e s  inmlved 51 cell p w t h  d t@&eren&hn 

Normal edmyotic development is the d t  of a wmplex integration of several 

extra and inbaceUuIar events involving ceii proliferation and differentiation. The 

signais that tianduce throughout the celi proceed in a highiy ordered manner (Hug and 

Sam,  1993) and it is believad tbat neopiiasia rnay k the d t  of signifiant alterations 

in this tightly reguiated system (Cantley et al., 1991; Heldin and Westermark, 1994; 

Weinstein, 1987). Signai transduction pathways begin with a response to the binding 

of a ligand (hormone, growth faaor, cytokine), considend to be a signal, to a 

membrane receptor nsulting in a cascade of events ultimately resulting in modification 

of gene expression (Hug and Sam,  1993). 

There are s e v d  subsets of intraceiiuiar pathways which utiüze some cornmon 

and some exclusive targets in transduction of their message towards the nucleus. 

Phosphorylation and dephosphorylation of proteins is the major mechanism by which 

the signal travels within the c d  (Elunter, 1987; Tonks and charbo~ea~, 1989). Two 

major targets of phosphorylation are the serine/threonine and tyrosine residues 

throughout the celi. The family of enzymes termed protein kiaase C (PKC) repce~ent 

kinases which phosphorylates Serinelthreonine nsidues on iargeted d u i a r  substrates 

@lobe et al, 1994; Hug and Sam, 1993). Tyrosine kinase U a g e n d  name used to 

describe scvtral caymes which phosphorylatc tyrosine residues and may be m e r  

classified as rrceptor tyrosine limes (RTK or non-SRC) and non receptor tyrosine 

kinases (SRC) (amter and Coopa, 1988; ülirich and Schlessinger, 1990; Yarden, 



26 

1988). Incidentaliy, the two fhilies of enzymes have been demonstrated to exhibit 

integration or 9 ~ ~ - t a J k "  (Radinsky, 1993;Ullrich and Schlessinger, 1990; Weismuller 

and Wittighoffir, 1994). 

2.3.3.2 Aiotein ginase C p K 0  

PKC was initiaily discovefed by Nishin*a and colleagues (houe et ai., 1 9 7  

in the rat bain. They demonstrated its activity to be affected by iimited by proteolysis, 

caicium pakai et ai, 1979), phosphoiipids (Kishimoto et ai., 1980) and phorbol esters 

(Castagna et al, 1982). Initial investigations characterized the enzymatic reguiation of 

PKC assuming it was a single enzyme. However, Pfta clonhg PKC cDNAs, it 

becarne apparent that PKC is a M y  of products of distinct gaies representing closely 

related isozymes of PKC. To this date the scientific fiterature demonstrates evidence of 

tweive different cloned PKC isozymes @eldrer and Parker., 1994). These isozymes 

can k M e r  classifiai into gmups according to similarities in structure. 

Consequently, the ciifferences in sûucture arnong the groups results in varying 

nquirements for wfactor activation (Figure 2.3). The structure of PKC wnsists of a 

singie polypeptide chah containhg reguiatory and catdytic domains (Hug and Sarre, 

1993). AU isozymts contain the catalytic region at the CûûH tamllial of the 

polypeptide chah, the variances occur in the regulatory domaias. The chsicai PKCs, 

a ,p 1, p l  1 and y contain all reguhtory regions and thus are activated by caicium, 

diacylglyœrol and phorôol esters (Bi& et aï., 1994). The novel PKCs ,b, E ,  and 8 

iack the domain r e f d  to as C2 which contains the cslaum binding site, thus these 

novei foms are caîcium independent (Kaibuchi et ai., 1989). Atypid PKCs include 
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C, r , A, p and q and lack the C2 aad part of the Cl domain and therefore are calcium, 

DAG and phorbol ester independent (Bug and Sarre, 1993). Conseguedy, the CI 

domain caisists of 2 zinc finger proteins responsib1t for phospholipd and phorbol ester 

binding (Kaibuchi et al., 1989). Some of the atypical forms demonstrate a lack of 

bW1nding affinity in these regions or, as demonstateû for PKC C, possess only one zinc 

finger (On0 et al., 1989). It has been proposed that once the constant domains in the 

repulatory subunit are activated, the polypeptide undergoes a conformation change that 

opens the catalytic domain (Weinstein, 1987). Autophosphorylation, as a mechanism 

of activation, bas been demonstrated and reviewed in several studies (Hug and Sam, 

1993). 

The tissue and celluiar distribution of PKC isozymes has ken reviewed (Wester 

at al., 1992). It is evident tha< PKCs are widely distributcd in several types of tissues 

and in various organs. However, there appears to be quite a variation in the 

inüacelidar distribution betwem isoforms suggestiag divergent d e s  for the isoforms 

within a tissue (Hug and SPIC, 1993). 

In reference to activation and subsequent translocation of PKCs, one common 

theory persists throughout the literature (BIobe et ai., 1994, Hug and Sarre, 1993, 

Morris011 et al., 1990, Schiessinger, 1986) and is parîiaiiy depicted in Figure 2.4. It is 

widcly accepted that PKCs are mninly located in the cytosol. Upon binding of a 

p w t h  factor to th& respective rcctptor, üiek tyrosine kinase activity c h d y  or 

indirectly actives an aiyme called phospholipase C (PX) which serves to cleave 

phosphatidyl inositol bisphosphate (PIW into inositol tri-phosphate (Iw and DAG and 



iacreases intracelluiar calcium. Calcium and DAG are thought to account for the 

translocation and subsequent activation of PKC h m  the cytosol to the membrane. Xt is 

widely beüeved that the membrane fracton is in fact the active form. 

A review of the literature weals a iarge numkr of putative substrates in the 

PKC signai transduction pathway some of which are detailed in Figures 2.4 and 2.5. 



Figure 2.3 Classification of PKCs aacrding to structure (Transduction Labotatories , 

Lexington, Kentucky). 
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Three major categories of substrates emape includiag; pmteins involved in signai 

transduction and PKC activation (epidetmal growth fador , T ce11 and insuiin 

receptors, RAS and GAP); proteins in metabolic pathways; and proteins involved in 

rrguiatory fwictions in gene expiesnon (transcription and translation fàctors) (Hug and 

Sarre, 1993). 

Potential roles of PKC in severai types of cancers has been substantiated (Biobe 

et al., 1994) however, relevant to this dissertation, the d e  of PKC in d o n  cancer will 

k reviewed. The intaest in PKC as a colonic tumor pmmoter emerged fmm the 

observation of PKC activation by tumor promoting phorbol esters (Castagna et al., 

1982). In addition, the activation of PKC by lipid (Bdl and Burns, 1991) and bile 

acids (Craven and DeRubertis, 1986) both of which are present in the wlon pmvided 

impetus to explore the role of this enzyme in both human and rodent colon. 

Several investigations have demonstrated that colonic adenomas and 

adenocarchomas in humans (Attar et al., 19%; GuiUem a al., 1987; Kopp et al., 

1991; Kusunoki et al., 1992;Levy et al., 1993) and in rats (Cravea and DeRubertis, 

1992; Nelson and Holian, 1991) exhibit down reguiated levels of PKC activity as 

compand to n o d  and adjacent mucosa. This relationship held tnie for totai 

(membrane and cytos01). and membrane and cybsol fractions individuaiiy. Such an 

observation seem paradoxicai in nam. As discussed pmriousiy, PKC is enhanced by 

hown tumom promotas. Howeva, it hm kai proposai that PKC may be activafed 

initially by such substanas which rnay mntuaîîy lead to a pmlonged down regulation 

a aî., 1994). 
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Fig~re 2.4 Proposeci model for PKC activation and txanslocation to the membrane 

(RadinsLy. 1993). Abbreviations include; GF (growth ktor); PLC (phospholipase 

C); PI (phosphatidyl inodol); ~14.5-P'  (phosphatidyl inositol bis phosphate); 

IP'(inosito1 tri-phosphate); DAG (diacylglycerol); PKC (protein kinase C). 





Figure 2.5 Interaction of PKC in celidar fbctions (Cantley et aL.1991). 

Abbreviations indude; PU: (phospholipase C); PI (phosphatidyl inositol); ~ 1 4 , ~ - P Z  

(phosphatidyl inositol bis phosphate); IP'(inosito1 tri-phosphate); DAG (diacylgiycerol); 

PKC (protein kinase C). 
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In addition, decreasing level of DAG in cancer tissue may ais0 serve to decrease PKC 

activity @lobe et al., 1994). Converseiy , it has ken suggested that an obsemd 

increase in PKC activity may indicate a pmhousiy inactivateci state, and that docrrased 

activity indicated a pmiously activated state (Craven and DeRuMs, 1992). This 

argument suggests that PKC activity may be higher in rat and human neoplasms prim 

to measurement by assay conditions or that PKC activity couid be open to more than 

one interpretation. 

1t has been argued that the methods employed to masure PKC activity vary 

consideraôly and that PKC itself may vary considerably fiam one human colonic 

neoplasm to another (McGarrity and Peiffer, 1994) which wouid question the use of 

PKC activity as a nsk markm. 

Immunocytochemical and analysis of PKC revealed the presence of a, 6, E and 

C içoforms in rat mucosa ( Jiang et al., 1995). Detection of the amount of the isozyme 

by Western Blotting techniques have revealed the presence of a, P, 6, E,C and q 

(Craven and DeRubertis, 1994a, Davidson et al., 1994) in normal human mucosa and 

a, p, 6, E, and C in rat mucosa (Craven and DeRubertis, 1992, Davidson et al, 1994). 

Presenœ of mRNA by RT-PCR reveais a s h k  pattern of isozyme expression 

(Davidson et al., 1994; Jiang et al., 1995). 

H u m  adenocarcinornas have been reported to exhibit a higher amount of 

PKC p, 8,C, and q (Davidson, 1994) than normal mucosa. Rat colonic 

adenocarcinornas have beai examinai for the presmce of or, p, and y by 

immunoblotting techniques and have demonstrated the P fonn to be the predominant 



ismyme (Craven and DeRuberth, 1992). 

The sequential analysis of PKC isoform expression in normai, preneoplastic 

and neopiastic tissue within the same mucosa U lacking. However, colonic PKC 

activity has beai shown to k significantîy afkted by di- fat (LaFave et al., 1994) 

and fiber (Chapkin et al., 1993). ER has been demonstrated to signifcantly d u c e  

PKC activity in skin (Ba et al.. 1994) however, the effects of ER on coloaic PKC has 

not been determined. 

It is evident that PKC activity and distribution of isoform expression is altered 

in colon cancer in bah the rat and human. However, the sigdicance of increased 

activity, or changes in particuîar isozymes has not been elucidated. 

2.3.3.3 ~ m s i n e  glnoses 

As mentioncd previously, there are two types of tyrosine kinases. The 

transmembnme receptor famiy (nonSRC) and the cytosolic non-receptor family 

(SRC). Figure 2.6 (Cantley et al., 1991) depicts the location and fundon of both 

types of tyrosine loinases. Receptor tyrosine kinases undergo ligand induced 

dimerkation, when a growth fador binds with its receptor, resuiting in aws- 

phosphoxylation of the subunits on the tyrosine residues. The resulting tyrosine 

phosphorylated regions provide binding sites for cytosolic enzymes with SH-2 

domaias. SH-2 domains are noncataiytic SRC homology regions that are conserved 

amoag a d e s  of cytopiasrnic Q d i n g  proteins rcguiated by reccptor fyrosine 19naPcs 

(Koch et ai., 1991). Upon association, these proteins becorne substrates for the 

receptor protein tyrosine kinase. It is interesthg to note that the activation of PU: 



results in activation of PKC (Fi- 2.4). Reccptors demonstrated to k RTKs are 

genaaUy divided into Uuee groups; the epidamal growth factor receptors (EGFR-TK); 

platelet daived growth Wtor (PDGF-R); and the insulin receptor (I-R) (Yarden et al., 

1988). 

It is evident, fiom Figures 2.4, 2.5 and 2.6 that SRC tyrosine kinases m e t  the 

tyrosine residues on phosphatidyl inositol3-kinase (PI 3-Kinase) and RAS and GAP 

proteins. However, the function and activation of the SRC kinases are less wedl 

understaoci (Kypta et al., 1990). The SRC M y  of tyrosine kinases indude; p6W 

=(SRC); p61- (YES); p561tL@CK); p59@ (FYN); p S p  (HCK); ~ 5 6 ~  (Lw; p5SC. 

@ (FGR); and p5SY (BLK) (Park et al., 1993). The activation and repression of the 

SRC family kinases has bezn proposeû to be induced by changes in the activities of 

specifc kinases, phosphatase or allosteric effectors (Coopa and Howell, 1993). 

Interestingly, the integration of the SRC and non-SRC tyrosine kinases have been 

demonstrated with the PDFG-R and its activation of SRC, FYN and YES SRC tyrosine 

kiwes (Kypta et al., 1990). Conse~uently , the SRC and non-SRC are oonsidereû to 

be part of the growth factor and transducer of growth k t o r  nsponses categories 

c k s i f j h g  them as potenüal oncogenes (Cantîey et al., 1991). 



Figure 2.6 SRC and receptor type tyrosine kinases and their potential substrates 

(Cantley et ai., 1991). Abbreviations include; PU: (phospholipase C); PI 

(phosphatidyl inositol); PI-4,s-P' (phosphatidyl inositol bis phosphate); IP)(inositol tri- 

phosphate); DAC? (diacylglyce~ol); PKC (protein kinase C); SB (SRC homology 

regions). 
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Tyrosine Iriiÿlces have been implicated to play a role in the development of 

colon aaca ( M o w  et al., 1989; Bolen et al., 19û7; CarWright et ai., 1989, 1990; 

DeSeau et ai., 19û7; Matech-Panas et al., 1996; Sakanoue et al., 1991; Sing et al., 

1992). In humyu, elevated tyrosine kinases bas ken oôserved in neoplastic mucosa 

as cornparrd to normal m m s a  (Sakanoue et al., 199; Schwartz et ai., 1990). In 

piuticular, elevated levels of SRC and YES have ken demonstrated in wIonic adenoma 

and adenocarclllomas (Bokn et al., 1981; Cartwright et al, 1989). Elevateû levei of 

SRC in premalignant tissue bas also been demonstmted in epithelia of ulcerative colitis 

patients (Cartwright et ai., 1994) suggesting that SRC is important in early stages of 

neoplastic development. The tyrosine kinase associated with EGFR (EGFR-TK) has 

ken show to k elevated in human colon carcinoma cells and has been suggesteû to 

be a pmiictor of metastatic potential (Radinsky et al., 1995). 

In rat mucosa the majority of the investigations have employed a method of 

analysis which measUres the activity of aU tyrosine kinases without distinction behveen 

SRC and non-SRC activity. Carcinogen treatment of folonic rat mucosa resuits in 

elevated tyrosine kinase activity (Arlow et ai., 1989; Kumar et al., 1990; Rao et al., 

1993; Sing et ai., 1992). A novel study which employed a unique method to measun 

specifïc EGFR-TK activity demonstrated an increase in activity in AOM tteated colonie 

mucosa relative to non AOM trcated mucosa. 

Consequently, treatment of rat coionic muasa with cslaum (Adow et al., 

1989), piroxicam (a nonstemidal pnti-infiammatory dmg) (Singh et al., 1992) and 

cunumin (a phenolic compound) (Rao a ai., 1993) suggests a potenihi role for 
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decrease tyrosine kinase in the inhibition of neaplastic developrnent. In relation to ER, 

tyrosine bas been demonstrated to k degcared by 20% ER in colonic mucosa 

and tumors in rats (Kumar et al., 1990). However, there the effects of the amount of 

di- fit on tyrosine kinase has not been established. 

As in the literature involving PKC, the sigaificance of inczeased or decrease 

activity ancl expression of SRC and nonSRC tyrosine kinases is not definitive. Their 

worth as biomarLen shouid be cstablished through further rrsearch involving the 

changes in these enzymes tlvoughout the varying stages of Carcinogenesis. 

2.3.4 Precumor fisions 

As discussed previousiy, the utiiization of riEk markers as endpoints circumvents 

laigthy experimental duration and expense. Their limitation stems h m  the fact that 

they are not the disease itseif and merely represent a marker for increaseû nsk of 

disease development (Bird et al., 1989). The identification and utiiization of 

precursor lesions of colon cancer would provide an ideal endpoint, having the 

Avantage of king the octuaï biologid lesion of interest, aiiowing for the stepwise 

assessrnent of the disaise prarss, and a shorkr experimental duraton lending towards 

a decrrased awt (Bird et aï., 1989). Preneoplastic lesions and theh subsequent 

importance in understanding the mle of tumor promoters on the disease praxss bave 

ken eiucidated in the liver mou of carcinogenesis (Farbet, 1984; 1986; Pesaino et 

ai., 1983). These Wons arc in the fom of pltereû enzyme hepatk foci of the liva 

( F m ,  1984). Wlthin the colon, s c v d  putative preneopiastic lcsions have bœn 

identifid in colons of rodent9 treated with colon specific carcinogens (Barrow et ai., 
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1988, 1990; Cook et al., 1984; Chang, 1984; Deschner, 1974; Preltow et al., 1990). 

Thae is a great deal of intawt in preneaplastic lesions for their applications in 

chemoprevmtion studies (Won et al., 1992). An ideai preneoplastic lesion has been 

suggested a> possess ceratin qualities including; ease of measurement (non invasive 

techniques; appearance early in carcinogenesis; high sensitivity end accuracy dative to 

cancer; demonstration of modulation by chemopreventive agents; correlation of 

modulation with deaeased cancer incidence (Kelloff et al., 1992). IncidentaUy, the use 

of ail of the identified colon precuIsor lesions in the elucidation of the moduiating 

effets of compounds on colon cancer development has bem limiteci and wiii k 

discusseü M e r .  

Dysplastic oolonic crypts are recognized by their morphologicai changes in 

seriat sections of the colon and have been considerd to be early preneoplastic Mons 

of colon cancer (Chang, 19W; Deschner, 1974). Their limitation stems fFMn the 

difficuities in theh identification and enurnerations which is time consuming and 

quires extensive howledge of cytology pertaining to the colon. Such limitations 

circumvent their use as a means of quantifying the modulation of preneoplastic and 

neoplastic events by varying treatments (Bird, 1987). 

Enzyme-altered fa5 have been identified in carcinogai treated d e n t  cdonic 

crypts which otherwise exhibit normal rnorpholopical characteristics exhibit e barn,^ et 

aï., 1990; Pretiow et al., 1990, 1993). The fOa are typifïed by the lack of 

hexosaminichse activity which is ideiitified through spedimd histo10gicai preparation 

and staining (Buiow et al., 1990). However, the role of hexosaminidase activity in the 



carcinogenic process is not weU established W o w ,  1994) and these focal lesions 

bave ôeen identifid in normal mucosa not exposed to carcinogen treatment (Barrow et 

al., 1990). Incidcntally few studies have utüllai this qstem as a method to study 

modulators of colon carcinogenesis which may stem h m  limitations such as t h e  

mnsuming methods of analysis, unoubstantiated mle of hexosaminidacp in colon 

carcinogenesis and lnck of howledge pertaining to their significance in n o d  colonic 

mucosa. 

Recently, the location of aggregates of lymphoid nodules (ALNs) have been 

purported to play a promotionai role in the & MW formation of adenocarcinorna 

(meron et al., 19%; Carter et al., 19%; aatdman et al., 1991). However, there is a 

lack of evidenœ supporting theh d e  as preneoplastic coIonic lesions and they have not 

been assessed in the studies involving potential modulators of colon carcinogenesis. in 

addition, hCNs are normal featwes of non-carcinogen treated rat colonic mucosa 

(Cameron et ai., 1996), which in itself does not lend support to th& role as precmr 

oolonic neoplastic lesions. 

A select few stuclies have reported the occurrence of other putative colonic 

preneopiastic lesions utilitllig différent meththads of miaoscopy (Barkla and Tutton, 

1977; Cook et aï., 1984; Kimura et al., 1984; Sandforth et al., 1988). Conse~uently, 

these investigations did not M e r  explore theV significance in the etiology of colon 

carcinogenesis beyond simpk identification. 

2m3m4. O A b c m  C* fod 

Focal lesions of distincdy aberrant colonic crypt tissue architectwe were 



first identifid in mice treated with a colon carcinogai (BUd, 1987). These were 

tumed aberrant crypt foci (ACF) and pmposed to k putative preneopiastic crypts. 

ACF have Plso bexm refened to as midenomas  (Corpet et al., lm), precursor 

lesions (Rao et al., 1992) and dyspiastic cypt foci (Cademi et al., 199 1). It has b e n  

suggested that distinction among the tgms should be employed with the terms 

microadenonus and dysplastic crypts restncted to those lesions that are confirmeci 

histologically to display such histopathological features while reserviag the term ACF 

for lesions identifid topographidy in intact non sectioned whole mucosa (Bird and 

Pretiow, 1992; Pretlow , 1994). 

During the past nine y*in over one hundnd studies on ACF have been 

published and have supported their mle as preneoplastic lesions and their utiiization in 

the study of d e n t  and human colonic neoplasia @rd, 1995). The ACF mode1 

possesses several advantages over other pnnusor lesions in the study of colon 

carcinogcaesis due to the simple and rapid method of identification end subsquent 

analysis. The identification of ACF d a s  not mpke histologicai preparation or 

extensive knowledge of cytology @ird et al, 1989), aiiows for the whole colon to k 

evaluateû in a short paid of t h e  (Bird, 1987) and is achieved with low doses of 

caminogtn (McIAian and Bird, 1988a). 

2.3.4.1 BiobbiaiJpmpedes of ACF 

ACF are morphologically distinct from normal colonie crypts in that they are 

m, have a thickcned epithelial d layer, exhibit a an diipticaî shapcd lumn and 

posstss an inQCBSbd pericryptal zone that separates them from the adjacent mucosa 
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(Bird, 1987, McLellui and Bird, 1988b). A plethon of studies have detailed the 

biological properties of ACF. ACF have ken; induceci in mice and rats 2 wcelcs a f k  

a single AOM injection (McLeUan and Bird, 198ûa); predominantly found in the distal 

turnor appeariag region of carcinogen-treaated dents  colons (McLeiian and Bird, 

198ûa; M o w  et al., 1990); induced in a dosedependent mannet by colon carcinogens 

(McLeilan and Bird, 1988a; McLeîîan et al., 1991b; Tudek et al., 1989); observeci to 

dispiay in& proMerative activity (McLdlan et ai., 199 1b; Cheya et ai., 1993; 

û t o r i  et ai., 1999; shown to exhibit varying degrees of nuclear atypia (McLeiian et 

al., 1991a); dyspiasia (Retlow et al., 1992a); shown to exhibit decreased 

hexosaminidase activity m t b w  a ai., 1990); and demonstrated to display aitered 

mucin production (Cademi et al., 1995). 

2.3.4.2 Genclk pmpetties of ACF 

Considering the growing ewidence in support of a genetic mode1 for colon 

cancer development, the properties and potential aberrations of rodent ACF at the 

genetic level have becorne of inîsest. ACF have been demonstrateû to uhibit ; 

mutations in the p53 gaie ( S m  and Bird, 1993); elevated expression of c-fac 

( S m  et al, 1992); mutated K-RAS expression (Prelow et al., 1995; Stoperr et ai., 

1992; Shivapurkar et al., 1994; Singh et ai., 1994; Stopera et ai., 1992; Tachino et ai., 

1995;Vivon.h et al., 1994; Zaidi et ai., 1995); and DNA adduct formation (Qin et al., 

1994). Such studies lead support b th contention that ACF arc preneoplastic lesions 

which exhibit grnetic alterations comwni to end stage tumors (Femn and Vogelstein, 

1990). 



Figure 2.7 Topographie views QUO) of ACF consisang of vaLiou numkr of crypts in 

unsectioned methyiene bluenainsd F344 rat colon treateû with 2 injections of 15 

mgkg body weight AOM. Figure 2.7 a.) depicts a s i n e  ACF surzounded by normal 

aypa. Note the incfeased size, thicloer epitheîiai lining , mer paicryptai zone and 

eliptical lurnen. Figures 2.7 b,c, and d depict ACF cunsisting of varyïng crypt 

muitiplicities, 6.7 and 10 nspectively. 





2.3.4.3 Biologhd Letemgencitg 4111ong ACF 

ACF exhibit a markal biological heterogeneity with respect îo genotypic and 

phenotypic features @id, 1995). The heterogencity in the topopphical phenotypic 

features of ACF is illusüated in Figure 2.7. ACF may oonsist of one crypt (Figure 2.7 

a) or several crypts (Figure 2.7b,c,d) with viuying shapes and sizes. Such lesions may 

be identified within the same mlonic mucosai surfice. Sequential histologie anaîysis of 

ACF reveals that the number of ACF exhibithg dysplasia incnases as weU as the 

numkr of ACF with incnasing number of crypts within a focus (crypt multiplicity) 

, 1 The p e n c e  of dyspiasia a b  appean to be quite variable h m  one 

ACF to another (Roncucci et aï., 199 la) suggesting that dysplasia and clonai expansion 

of ACF may be reguiated by separate biological events (Bird, 1995). Consequently, 

hekmgeneity of ACF is in agnxment with hetemgeneity identified in other 

preneopiastic colonic lesions. Pretlow and colleagues (1994) have demonstrateci 

heterogeneity in -me aitaed f& and Mayer and colleagues (1987) have identified 

heterogeneity among mucus secrethg preneoplastic crypts. 

2.3.4.4 ACF in Ruman colonù mucosa 

A growing number of investigations are identifying ACF in human colonic 

mucosa with striking similarities to 1esions identified in rodent models. Pretlow and 

coUeagues (Ralow et ai., 1991, 1992) and Roncucci and C O ~ U C S  (1991, 1992) 

indeptndmtiy rcported the prtscnce of ACF-like lesions in human colonic mucosa 

wociated with high ri& for developing cancer. The structurai similarities bctween 

human and rodent ACF have ken estabiished are reviewed (Retlow, 1994). Emerging 



research in human colon is dinxted towafds determiaing both the phenotypic and 

genotypic atypia in ACF in relation to normal and neoplastic tissues. Human ACF 

demonstrate: aitacd enzyme activity (Pzetiow, 1994); hyperpiasia (Otori e$ al., 1995); 

K-RIS mutations (Yamashita et al., 1994); somatic APC mutations (Smith et al, 1994); 

genomic instability (Augdcht et al., 1996); expression of carcinoembryonic antigen 

(Pretiow et al., 1994). Such investigations pmvide irnpetus for the use of ACF in 

animais as a model for studying human colon cancer (Retïow, 1994). 

2.3.4.S ACF as a biwauy for colon ccu~inogeneds 

The prcaeding discussions have substantiated the role of ACF as precwsor 

lesions in wlonic cancer in human and animal models, thus the use of this system in 

determinhg the effects of potential modulators of the disease process is validated (Bird, 

1995). Firstly, as ACF are induced by known colon carcinogens (McLeUan and Bird, 

198ûa; Bruce, 1990; TakahaShi et al., 1991; Tudek et al., 1989) and, therefore, may 

be used to m e r  identify potentid wlon catcinogens. Secondly, ACF may be used to 

assess the effectiveness of various chemopreventive agents involved in the pmention of 

tumongaiesis (Kawamori et al., 1995; Ment0 et al., 1994; Reddy et al., 1994; 

Wargovich et al., 1992, 1996;) and of agents known to promote tumorigenesis (Corpet 

et al., 1993; Bird, 1995; Pereira et ai., 1994; Sutherland and Bird, 1994; Zarbvic et 

al., 1993). Lastiy, relevant to the present dissertation, the ACF model may be used as 

a bioas~~y  to explore the mie of diet in cancer e!tiology (Alabaster et al., 1995; Bird et 

al., 1996; Bird and LaFave, 1995; Bruce et ai., 1993; Wani et al., 1991; Carpet et 

al., 1995; Kendall a ai., 1992; Iüikami and Rcddy, 1994; Kawamori et al., 1994, 
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1995; Kristiansen et al., 1995; Wave et al., 1994; McLeîian and Bird, 1991; Ra0 et 

ai., 1993; Shivapurkar et al., 1992; Stamp et ai., 1993; Takaha&i et al., 1993, 1994; 

Thorup et al., 1994; Tudek et al., 1989; Pretiow et al., 1992b; Yao et al., 1996; 

Young et al., 19%; Zhang et al.. 1993). 

Across ail three categories of investigation, several growth chatacteristics of 

ACF development are detemhed in order to assess the progress of the di- and the 

e f fdvenes s  of the agent, or dKt, in their modulation. Modulation studies are initiaily 

induced by the chernical carcinogens, the animais are aflocated into control and 

treahnait pups,  and the growth characteristics of ACF are compand a f k  a varying 

time point as evidence of the promotion or inhibition of wlon cancer by the treatment. 

There are three main characteristics of ACF that can be quantifid which include; the 

total number of ACF per colon; the size (are-) of individuai ACF; and the crypt 

muitiplicity or the number of crypts within the focus (McLeilan and Bird, 1988b). The 

total number of ACF is the most common parameter assessed thioughout the ACF 

literature. However, it has ôeen demonstrated that crypt multiplicity may be the 

characteristic which best pZEdicts colonic turnor incidence in rat (Magnuson et al., 

1993; Zhnng et aï., 1992). 

hcidentaüy, the response of ACF growth to tumor promoters, inhibitors and 

diet have ken variable (Cademi et ai., 1991; Bird, 1996; Coqet et al., 1990; Pareira 

and Khoury, 1991; Rn0 et ai., 1992). This bacornes v q  evident whm rats were fed 

diets containing cholic acid (a known turnor promoter) which appead to inhibit the 

total number of ACF in the d o n  (Magnuson and Bird, 1993; Magnusbn et al., 1993; 
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Bird, 1995). However, cholic acid appeared to eliminate those lesions of a lower crypt 

multiplicity and enhance the growth of thor with a higher mdtipliaty (Magnus011 et 

ai., 1993). Consequently, discontinuing the cholic acid diet nnilted in a rapid inaea~e 

in the numba of ACF, establishing tbat the p w t h  inhibitory effit of the choïic acid 

diet was mersible (Bird, 1995). This cholic a d  model provides evidence that 

biologicai clifferences exist among ACF of vvying gypt multiplicities (Bird, 1995) and 

may permît the deteetion of those lesions which have attained a certain M of 

autonomy, enabling them to succushrlly transduce into tumors (Bird et ai., 1996). This 

mode1 dm supports the contention that the disase process may k regressed or 

retardeci as a result of intervention. 

Such evidence may provide some explanation towards the variability among 

investigations employing the ACF biosssay. The emerging conclusions may be 

dependent on the growth chatacteristic assessed and the nature of the experimental 

protocol. In order to delineate some of these effécts, sequential and comprehensive 

analysis of growth characteristics may be necessary. 

2.3.5 Diietory fot, ER , a ,  and colon cminogenesis 

The interest in disesse pmention as a means for ducing the cos& of health 

care is a paramount issue in pnsat day Society. As preyiously mentioned the linlr 

between cancer and di- fât is evident and has lead to several dietary 

recommedations by such agencies as Heaith Canada. Such rrcommendations an 

rcflcctai in the Canada food guide which ntcommends increased consumption of fiuits 

and vegetables, decreased intake of total fat, in particUrSv sahuated fat. In addition, the 
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fastest growing population in Society is the elderly. 'Ibus the health statu of these 

individuals ditsctly affects health carc wsts. A plethora of investigations have 

explorrd the e f f '  of diet on the aging procas. Incidentaüy, the incidence of cancer 

is greater mong the elQdy (Weindnich et al., 1991). Such evidence substantiates the 

importance of utiîizing animal models to study the effets dietary fa, ER, and age on 

colon carciaogenesis in orda to fùrther understand the mechanisms of the disaise and 

its abiiity to k modulateci by changes in diet composition. 

2m3m5m0 L W u y  Fot anâ Colon Crorcinogenesis 

S e v d  stuâies have demonstrated that inaeaUng the amount of fat (5% 

increased to 20% wlw) in dent dieu serves a promotional effect on chemically 

induced tumor development (Kwnar et al., 1990; Kritchevslry, 1993; Ra0 et al., 1993; 

Reddy, 1986). Howeva, the promotional effect is effkctive for corn oil, d o w a  oil, 

beef f'at, and lard (Canoii, 1991; Nigro et al., 1975; Rao et al., 1991; Reddy et al., 

19&0 yet sources of dietary fat denved h m  fish (Minoura et al., 1988; Nvisawa et 

al., 1998; Reddy and Maruyama, 1986; Reddy and Sugie, 1988; Reddy et ai., 1991) 

and coconut (Reddy and Uaniyama, 1986) appear to inhibit d o n  carcinogenesis. 

It bas btai proposed that the promotional effect of a hi& fat diet may stem 

from the increased amount of bile acid r e l d  in the intestine due to the increased f'at 

content (Bruce and Bird, 1986). Bile oQds have been demonstrated to act as 

promoten of cxpaimeiital colon carcinogmsis (BM, 1995; Bruce and Bird, 1986; 

Suthaland and Bird, 1993; MPgnuson et 1, 1993). The huwr inbibitory and 

promotional effet of fâts h m  dinerait sources stems from the hypothesis that 



alterations in âietary far may exert their effect9 by alterhg the cobnic membrane 

structure and function (Fischer et ai., 1981; Hopkins and West, 1976). Fi oil is rich 

in highiy polyunsatwated 0 3  fatty acids such as eicosapentanoic and docosahexanoic 

acid ("ïakahashi et ai., 1993) while corn oil is rich in linoleic acid (Carr0î.i et al., 

1986). Prostanoids derived h m  membrane lipids may be important in the 

tumorigenic process (Bennet, 1981;Farm et ai., 1981; Jaffk, 1974 ). It has been 

hypothesized that the increased linoleic acid content of corn oil serves as a precursor to 

prostaglandin synthesis which promotes tumongenesis (Caxroli et al., 1986). 

Convaseiy the docosahexanoic content of fish oil has ken shown to k a strong 

inhibitor of prostaglandin synthesis (Corey et al, 1983). The enzymes involved in the 

metabolism of phospholipid derived pmstaglandins have also k n  shown to be affected 

by the amount and type of dietary ht (Ra0 et al., 1996, Ra0 and Reddy, 1993). 

Feeding different types of fat has been demonstrated to effcct phospholipid 

composition of normal mucosa (Robblee et al., 1988). It has been demonstrated that 

the pmieoplastic colon epithelium differs fiom that of nomial epithelium with respect 

to prostanoid synthesis (Robblee and Bird, 1994). Increased dietary fat has k n  

demonstrated to enhance the development of ACF (LaFave et ai., 1994; McLeiian and 

Bird, 1990; Shivapurkar et al., 1992 ). In addition, the type of fat affects the 

development of ACF mird and LaFave, 1995; Shivagurkar et al., 1992; Tabhashï et 

ai., 1993, 1996;). G e n d y ,  the diet containhg fuù oil or its davatives resulted in 

decrrased crypt multiplicity anci total number of ACF VakahaShi et pl, 1993,1996). 

Corn oil exerteû a growth enhancing effat on ACF with a higha crypt multiplicity in 
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relation to olive oii, however this effbct was dependent on the dose of AOM (Bird and 

LaFave , 1995). Dietary cholesterol ha9 al00 kea demonstrated to enhance the total 

number of ACF in murine colons (Kendall ct al, 1992). 

The stage or stages at which dietary fat ex- its most prominent effects has not 

ben estabfished. The majority of investigations f&g either a low or high fat diet 

hmediately afta carcliogen treatment and continue until end stage tumor 

development. A recent saidy by Bird and colîeagues (1996) established that f-g a 

high fat diet during the eyly stages of colon carchogenesis p h d e d  a tumor 

enhancing effed that was not rnitigated by the reduction of dietary fat in the latu stages 

of carcinogenesis. Thip study provides evidence that the early stages of colon 

carcinogenesis are more susceptible to changes in diet. 

2.3.5.1 ER Md cohn ~ o g e n e s à s  

The concept of a relationship between ER and tumorigenesis began in the early 

1940s when Tannenbaum and coIIeagues pannenbaum, 1945a, 194%, Tannenbaum 

and Silverstone. 1953) indicated that ER inhibited spontaneous and cheddy-induced 

mammary and &in tumors. Interest in ER as a potent inhibitor of tumorigeriesis waned 

in the ensuing decades foilowed by a resurgenœ of interest in the mid 1980s. The nrst 

study to demonstrate that ER was a potent moduiator of chemically induced colonic 

tumors was conducted by Pollard and Luckezt (1985) who demonstrated that the effects 

of ER were dependent on the type of d o g a i .  Kritchevsky et ai., (1986) 

demonstrateci that abitity of USER to sipificantly inhibit the development of DMEI- 



induced colon tumors. Reddy and wîleagues (1987, 1991) have demoostrated the 

moduiating ability of ER in coloaic muwsa treated with the carcinogai AOM. In 

addition, they expIored the effects of different levels of ER on colouic tumor incidence 

and demonsûated that a level of 20% ER (in high fat diets) or greater was neces- to 

inhibit the development of tumors (Kurnar et ai., 1990). 

However, the amount of fat in the diet has confounded the issue of ER in colon 

tumongenesis. Signifîcant inhibition of colonic tumors by 40% ER has been observed 

even though the fat content of the diet was more than double that of the od libitwn 

group (Ictwfeld et al., 1987). Similai hdings have ôeen rrported in mammary 

carcinogaiesis (Boissonneault et al., 1986). Thus it has kai hypothesized that ER is a 

more stringent deteminant of tumor growth than fat intaken (KritchevsLy et al., 

1986). ER studies conductexi by Reddy and coileagues (1991, 1987) remove energy 

h m  the ER diets from carbohydrate sources only while keeping the amount of fat 

(w/w) quai in dation to the gmups eating M y .  Therefore the interest in comparing 

the effects of energy from fat with the effsts of aiergy h m  carbohydrate in 

oonjunction with ER emerged. Bir& and coileagues (1993) addressed this issue in an 

investigation involving chemidy induced skin tumorigaesis. Restriction of energy 

from either fat or carbohydrate dehyed the rate and nduced the incidence of carcinoma 

devdopment (Biit, 1993). Incidentally, the issue of energy h m  fat and carbohydrate 

rcmain wveso1ved (KritchevsLy, 1993). 

The e&a of ER on cilzymes purprtad to play a Iolc in c01on cardnogenesis 

have ken limitecl to one study in which 20% ER significantly degeaxd ornithine 
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decarboxylase and tyrosine Ionasc activity in norrnai mucosa and tumors (Kumar et al., 

1990). 

Simüar to the findings of dietary fat (Bird et ai., 1996) it has been proposeû that 

the earlier the ER is begun, the greater the inhibition of tumor growth (Iüihevsly, 

1993). Howeva, the effects of ER on the early versus the later stages of colon 

carcinogenesis have not been iavestigated. 

The mechanisms by which ER modulates colon carcinogenesis have not been 

elucidated. Considering the vast physiologicai effects of ER, describeci previousiy, 

s e v d  mechanurns involving such things as circulating growth factors, enhanced DNA 

excision and &, d-mediated immunity, less energy available for di 

proliferation, and oncogene expression to name a few rnay be involved in colon 

carcinogenesis. At the present time, these parameters have not beai measured in colon 

carcinogenesis in conjunction with ER. 

2.3.5.2 Age and cobn carcinogenesk 

Chemidy induced colonic tumors occur in oider rats which is more of a 

rtflection of the time required for the iesion to devdop (Weindruch, 1992). However, 

the relationship between modulation of age associateci cellular changes and colonic 

tumor dcvclopmicnt have not km addrtssed in the scimtific litcratwe. Despite the 

p w i n g  evidence that changes in diet such as ER are able b e t  age associated 

changes in parameters associated with cancer developmmt (Leakey et al., 1992, 

Sachan, 1982), this ana of iesarch remallis dormant. Majwndat and coileagues 
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(1988, 1989, 1990, 1992) have demonstrated age associated changes in tyrosine kinase 

activity and EGF expsion in cvcinogm treated and n o n d o g e n  treated colonic 

mucosa. These parameters have been mggesteci to play a mle in colon carcinogenesis 

(Ku= et 1, 1990). Such s tud ia  provide the imphis towards explorhg the effects 

of factors which modulate age aSSOciated changes involved in colon carcinogenesis. 

2.4 Suannny 

A culroination of the studies nviewed in this dissertation provideci the stepping 

Stones upon which the hypotheses began to evolve. The ACF system, as a bioassay, is 

a valuable tool for the study of colon carcinogenesis. Its usage ailows for the 

sequential analysis of the varying stages of colon carcinogenesis preceeding the 

appeamce of tumors. Thezefon, ACF may k employed to study the effcfts of 

potential moduiators of the disease process, such as fat, and W. Potentiai 

mechanisms involved in the inhibitory effects of ER and promotional effects of fat on 

colon tumor development are not weU established. Gmwth characteristics of ACF, and 

enzymatic parameters, as affkcted by such dietaq variables may lend insight towards 

the preneoplastic state of the colon as weii as the mechanism(s) by which they modulate 

the disease. In addition, the Rsponse of ACF p w t h  to changes in fat and ER in 

young and old rats may provide fiirthet howledge towards understanding age 

associated changes in colon cancer incidence. The stage at which diet intervention is 

paramount has not been establishcd. Thdore, altering the amount of fat and 

energy in the diet at varying stages may also M e r  elucidate the susceptibilities of 



prenqlastic lesions to modulation by diet. 

Each study undertaken in this dissertation has stemmeci h m  one or more than 

one of the above mentioned hypotheses. The individual research goals and specific 

objectives of each study are detaiied at the beginning of each çhapter. 



3. MATERIaLSANDMETLIODS 

Methods used in more than one shidy are summarited in this chapter. 

Most chernicals w a e  purchad h m  Sigma Chernid Co., Mississauga, Ontario, 

canada unies specified othenivise. 

Quo~ltt~cation of ACF 

AU rats w k  lrilled by CQ asphyxiation. Colons were removed, flushed with 

cold phosphate bUnered saline (PBS), dit longitudinally from caecum to anus and fixed 

flat on filter paper in either 10% neutral buf5cred formaiin or 70% ethanol. After a 

minimum of 24 h o m  fixation, colons were stained for 15-20 minutes in 0.2% 

methylene blue dissolved in PBS. ACF were identifid and quantified by light 

rnicroscopy. The colons were viewed mucosal side up at a magnification of 1OX. 

Characteristics of ACF used ta distinguish them from normal crypts have been 

previowiy described (McLdian et al., 1991). The number and multiplicity of ACF 

were determined dong the entire length of the colon. Crypt multiplicity refers to the 

number of crypts pa focus and was analysed in several ways. Average crypt 

multiplicity reprcsents that average of the mem n u m k  of crypts in a focus per colon 

or per group. in addition, ACF with différent gmwth featwcs were M e r  groupsd 

based on theh crypt muitipiicity into mai l  (1-3 crypts/fms), medium (46 

aypt/focus) and large ACF (> 6 aypts pet foçus). These ciassifications vvied siightly 

h m  one study to anothcr which i s  cietaileci in thPr individuai matuiai and methods 

sections. 

Cell pmlifemllLhon 



Mitotic figures for the metaphase amst technique is described in chapter 7. 

Prolif'ting cell nuclear antigen Cxpresgon (PCNA) was determined employing 

immunohistochemical techniques baseû on the methd of Richter and coileagues 

(1992). Appmxirnately k m 2  pro- and distal sections of the colons nxed in 70% 

ethanol were used. The tissues were embedded in peaffin wax and sectioned at a 

thickness of 5-pm. Longitudinal unstained colonic crypt sections were mounted ont0 

siides. Immunohistochemicai techniques were d e d  out utilizing the buik Histo-Stah 

SP kit from Zymed (London, Ontario, Canach). Tissue sections were depuaninized 

and flooded with n o d  goat semm and incubated for 20 minutes to block nonspecific 

binding. Anti-PCNA monoclonal antibody (Dimension Laboratones, Inc. Mississauga, 

Ontario, Canada) was diluted in PBS (1:40), applied to the sections and incubated for 1 

hou. The sections were thai incubateû with the anti-mouse IgG (antibody bridge) for 

20 min foiiowed by incuôation with mouse IgG peroxidase (îaôelhg agent) for 20 min. 

The paoxidase teaction was then initiated by immersing the slide in 0.06% 3,3'- 

diaminobenzidine tetrahydtochloride and 0.03% &O2 for 10-15 min. The siides were 

counterstained with haematoxylin (Sigma), dehydrated and mounted with Pennount 

(Fisher ScientSc, ûttawa, Ontario, Canada). Incubations through the procedure were 

carried out in a humid ambient chamber at m m  temperature, and were washed 

extensively with msh PBS in betweea incubations. PCNA labelfed d s  werc 

determined in tm cfypts per colon and chssiüed as darkly stained cells along the length 

of the aypt. The number and position of the labelleci alLP in each aypt were 

recordeci. The proriferative zone was denwd as the highest labeiled c d  position along 
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the lmgth of the aypt, with the base of the crypt as the bottom and the mouth of the 

aypt as the top. PCNA I?belliag index (LI) was caîculated as the number of Iabelled 

d s  per aypt divideci by the total number of cells along both sides of the crypt and 

muitiplied by 100. 

Ejtaacfion, Sepatioon of Colonc Cytard andMembr~lbe Fractions 

Fresh and thawed mu- (formerly fiozen at -80' C) 0.3 gnms, from aU 

groups were piaced in iœ cold cytosolic buffii (3 grams mucosa in 3 ml buffa) (pH 

7.5) containhg 25mM tris, 0.25mM PMSF @henyhethylsulfonyl fluoride) 5mM 

EGTA, 5mM EDTA, lSmM mercaptoethanol, 0.2!jM sucrose, 10 &nl leupeptin, 

pepstatin 10 pg/ml, 40 &nl apmtinin and lOpg/ml ttypsin inhibitor. AU tissues 

w a e  then homogenized with a polytron and centrifbged at 33,000 rpm (100,000 x g) 

rpm for 1 hou. The supernatant drawn mi0 the cytosolic fiaction and was p l a d  on 

ice. The peîlet was removeû and placed in 3 mls of icec01d rnembraneous bufkr, 

which is the cytoaolic buffa with the addition of Triton X-100 (0.8% v/v), and 

homogailled briefly and cenüifbged at 33,000 rpm (100,ûû x g) for 112 hou. The 

multing supernatant drawn was the rnembraneous fraction and was piaced on ice untü 

the tirne of the assay. 

PKC AsSay 

Colonie PKC activity was measured utilking a Biotrak kit from Amersham Life 

Sciences (Arlington Heights, IL). The kit meastues PKC activity ô a d  upon the PKC 

catalyseci transfa of the y-phosphate group of adenosinc-S'-triphosphate to a peptide 

which is specific for PKC. The reaction mix pvided in the kit included four buff', 
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specificaily; 1)lipid (0.3mghl La-phosphatidyl-L-serine, 24 pg/d phorbel 12- 

myristate 13-aœtate); Z.)specific PKC peptide bunet (900 pM peptide in SOmM ); 3.) 

calcium buffer (12mM calcium aœtate); 4.) DTT buffer ( 30mM dithiothreitol). AU 

four bu&rs were in 50mM Tris/HClO.OS% ( w h )  sodium azide, pH 7.5. Radio 

iabelled y - p  ATP (BEN, Boston, MA) with a specitic activity of 3000Cümmol was 

added to the kit magnesium ATP b* (1.21nM ATP in 3OmM Hepes, 72mM MgCl3 

at a levei of 0.5pCilSpl of buffix. Preïmmry 
. . studies conducted to optimize this 

method revealed a linear responr for appmxirnateiy 50-100 pg of protein fkom the 

cytosolic and membnnous fîactions. Therefore, this amount was utilized in each 

assay. Initially, the bUnm 1-4 were thawed on ice and mixed in q u a i  volumes. Each 

assay requireû 25 pî of this buffer reaction mixture. Cytosolic and membrane fractions 

were pioced in 600 pl eppendorf tubes, and briefly rnixed with 25 f i  of the buffer 

reaction mix. The assay was started by the addition of 5pl of the MgCl, y ATP 

buffer and allowed to incubate for 15 minutes at 37°C. The reaction was terminated 

with 10 @ of the kit stop reagent (300mM oahophosphoric acid with carmosine red). 

The cornpletc assay mixture was then spottecl ont0 gept..de binding paper providexi by 

the kit Pnd aïiowed ta dry. The binding papen were then subjected to Ume washes 

with 10% aœtic acid for 10 minutes cach, Acetic acid was then decantcd and the 

bindhg papers werc transferred iato scintillation vials containhg 10 ml of Cyto-Scht 

(EN, Montreal, Canada) and oounted for 1 min with an LS-6000TA Beckman 

Scintillation Counter. Duplicotes of each sarnple were perfbrmad. Eadi colonic 

fiaction was assayod in the p-ce of the sample (colonic fiaction), ATP and reaction 
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mix (buffers 1-4). In orda to account for endogenous phosphorylation the activity was 

assayed in the presence of the sample, ATP and d o n  mix Mthout the peptide buffet 

(buffers 1,3,4). In addition, the exogenous phosphorylation mu determineci by 

assaying the cytooolic and membranous buffers with the &on mix and ATP bufkrs. 

Specific activity was qressed  as pmol Pi tnuisfened/min/mg protein. 

Sample Caiculation of PKC activity 0: 

1. Calcuiation of speQtic activity of ATP (SA) 

5 pi of ATP mix contaias 6xlCt% ATP 

2. Caiculation of activity of m p l e  minus blanL (S) 

Activity of (reaction mU (buffer 1-4) + ceii fraction + ATP) - Activity of (reaction 
mix (buffér 1,3,4)+ d fraction +A=) = S 

3. Caîcuiation of pmol ATP minsferzed pa minute per mg protein 

This method of caicuiation was also applied to the Tyrosine Kinase and 

Epidennai Growth Fador Receptor Tyrosine Kinase assays, with slight modifications 

detaiied in Chaptets 4 and 9. 

Concc~~tratiion of protcin was determincd accordhg to Bradford (1976) using a 

CoomaSsie protein assay reagent (Pierce, RocHord, II.). Bovine semm albumin was 



used as the standard. 

Detection of Annsens by Wuanr B W n g  

Cytosolic and membrane fnctons wexe utracted and protein concentration 

determined according to the protocols stated previoudy. The b u f k  systems and gel 

recipes for western bloaing techniques are detailed in appendix A. Twelve pg of 

protein from each sample was combineci and boiled (90°C for 1 minute) with an equal 

volume of 2X concentration SDS (sodium dodecyl sulphate) sample bu&. Samples 

were separated on a discontinuous gel denaturing gds system using 0.75mm 5% 

stacking and 10% separating SDS-PAGE (polyacrylamide gels) as per the method of 

Laemmli, (1970) in 6001111 running b s e r  at 180 volts for 1 hour. The gels were then 

transfened to nitrocellulose üansfer membranes (Arnenham) utilizing a BIO-RAD 

(Mississauga, Ontario) Mini-Protean celi in approximateiy 600 ml transfa buffer at 

100 volts for 2 *A hom. To ensure equai lads and even transfer, the gels were 

stained with coomassie blue (appendix A). Immunoblotting was cartied out accordhg 

to the suggested protocol by Transduction Laôoratories (Udngton, Kentucky). The 

membranes were blocked for 1 hou, with rocking, with 5% nonfat dry miik powder in 

TBS-T uns buffered saline with O. 1 % Tiueen-20), then washed for 30 min (5x 50 ml) 

with TBS-T. Membrams were thai piobcd with the primary monoclonal anti- PKCa, 

y,  6, e, C mouse IgG (Transduction Laboratones, LaMgton, Kentucky) diluted 1: 1000 

in 5% slrim milL powda TBS-T overnight at 4.C. For each antibudy, a particular 

fiagrnent of the specific PKC isoform, corzesponding to Pprticuîar amino acid residue 

positions, were used as immunogens. Cross feactivity is reported betww PKC a and y 
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only. Afta incubation with the prïmary antibody, the membranes were washed for 30 

min (Sx Sû mi) with TBS-T. Incubation with the secondary antibody, rabbit mti- 

mouse horse radish pen,xi&se (HRP) oonjugated IgG (Sigma Chernical Co.), was done 

at a dilution of 1: 1000 in 5% skim rnik powda in TBST-T for 1 hour at room 

temperature. Membranes w a e  subjeded to a final wash with TBST-T and 

immunoractvity was detected using an enhanced cherniluminescence (ECL) kit 

(Amersham, Arlington Heights, .IL) and Kodak x-OMATAR film. To insure that the 

deteaion of immune-amplexes by ECL were linear initial triais wae eonducted utilipng 

increasing amounts of protein. nie response was hear between 2 and 25 pg of protein. 

The resulting films were scanneci using a Reliasys Image Scanner and Photoshop version 

2.5 software for Macintosh. The area of the protein bands (mm2) detected on the film 

was then caiculated using image version 1.49 software. This method of quantification 

involved an error of approximately M.05 mm2. Areas calculateci were then nomalized 

with the largest a m  nonnalized to one and lesser values sded proportionally. This 

aiiowed for cornparison of expression nom one film to another, but within the same 

antibody. Statistid anaiysis of protein band areas were limiteci to cornparisons of the 

sune antibody. 



4. C0IA)NIC PROTEIN KINASE C ( P m  AND TYROSINE KiNASE 

ACTIVITY IN MALE F344 RATS AS BY DIETARY FAT, 

ENERGY RESTRI[CTION (ER) AND AGE 

Several investigations have providecl evidence that the PKC isozymes, members of 

serine/threonine kinases. are involveci in the regdation of celi growtb, differentiation, 

apoptosis aad many other ceiiuiar fùnctions (de Vente et al., 1995; Dlugosz and Yuspa, 

1993; Nakamura and N~shiaika, 1994; Niskh, 1992). in addition, PKC has been 

implicated to play a role in a plethora of gastrointestinai fiuictions including panaeatic 

(Merrit and Rubh, 1985) and gastric secretions (Anderson and Hanson, 1985) and 

malignant wlonic tr811Sformation (Guillern et al., 1987; Kopp e$ al., 199 1; Kusunoki et 

al., 1992; McGanity and Peiner, 1994). Enhanced PKC activity has been associated with 

increaseâ ce11 prolifmtion, and therdore, hcrcased ri& of neoplastic development, 

whereas decreased activation has been suggested to decrease such a dsk. Colonic PKC 

activity may have been show to bc signi6cantly altereâ by wcinogen treatment (Craven 

and DeRubextis, 1992b). arposure to Vie acids (Craven et ai., 1987) and dietary fat 

( M v e  et ai.. 1994). Resüicthg the kvel of avaiiable di- emgy (Lui intalces) has 

air0 been shown to significantly modify PKC activity in epidamd skin ceüs ( f i s  et ai., 

1994) and in non-~~rcinogen treated colonic mucosa m b j d  to a 48-& hst (Craven and 

DeRubertis, 1992a). 



The distri'bution of PKC isozyme expression in human and rat colon, utiîizing 

immunocytochernid and immunoblotting procedures, has ban the focus of several recent 

investigations Wavidson d ai., 199% 1995; liang a ai., 1995; and McGanity et ai., 1996). 

PKC a ,P, a,€, and C have ail beai identifiai as isofomw expressed in rat and human 

colonic mucosa. It has been proposed that the individual isozymes may have speaiilized 

and distinct hctions in ceIl signailing due to their ciifferences in cohctor requirements 

and substrate spedicity @g and Sue, 1993). Consequmtly, dietary fàt and fiber have 

both been shown to alter colonic PKC isozyme expression in rat colons. 

Another fâmily of enzymes imrolved in cellular phosphorylation mctions is the 

protein tyrosine kinases (TK) (Huntcr and Cooper, 1985). Tn activity appeon, to be 

elevated in prolifêratinng nomial and neoplastic cells (Hunter and Cooper, 1985). 

Thenfore, lowering TK activity has been suggested to be a preventive measure in 

neoplastic cells (Gant et al., 1989). EIevated levels of TK activity have k e n  

demonstrateci in the carcinogen treated rat d o n  (Ariow et al., 1989; Rao et al., 1993; 

Singh et ai, 1992). In addition, elevated EGF-R TK (epidennai growth factor receptor 

tyrosine kihase) has b a n  shown to be activatecl by carcinogen treatment in rats (Malacka- 

Panas et ai., 1996) and in human colon carcinoma cdls (Radinsky et al., 1993). Two TKs, 

c-YES in a hurnan colon carcinoma cell h e  (Park et al., 1993) and c-SRC in premaîignant 

colonic epithelia of ulcerative colitis patients h been demonstrated to be elevated in 

dation to controb. Chrnee~ in diet composition have been asmciated with decreased 

1 4 s  of TK activity specificaily by including dictary curcumin (a phenolic compound) 

(Rao et al., 1993) and calcium (Mow et al., 1989). Changing the amount ofavaüable 
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cnergy in the diet has long been associatexi with a decreased tumor incidence in several 

tissues including chemicaily induad colonic tumors (raurfeld et al., 1987; Kumar et ai., 

1990; Reddy a al., 1987). Furthamore, aiergy restriction delays a variety of age- 

associateci pathological conditions and nuy retard deterioration of a plethora of 

physiologkal process associateci with aging in rodents @olehan and Mary. 1986; 

Masoro, 1985). 

The evidence provided in the prcvioudy Qted research provided the impetus for 

the presait study in which the efkct dietary fat and tnergy restriction, as related to the age 

of the rat, on colonic PKC and TK activity was exploreâ. 

The objectives of this study wen as follows; a) to determine the dects of age on 

CO~ONC PKC and TK activiw, b) to detennine the effects of varying l d s  of fat and 

energy on colonic PKC and TK activit)r, and c) to idendifil PKC isozyme expression in 

qtosolic and membraneous M o n s  of COIONC mucosa. 

4.2 Materiai and Metbods 

Animal Cme md Die& : The aaimals were housed in wire cages with sawdust bedding 

with a 12h light-dark cycle. Ternpenture and humidity were controlled at 22'C and 55% 

respsaively. l y . s  were given laboratory chow and wata ad liiitum until initiation of 

the experiment. Al A U s  were cared for acmrding to the guidelines of the Canadian 

Council on Animal are. The diets w a t  based on a Setni-synthetic AIN-76A (Amexican 

Institutt of Nutrition, 1977; 1980) standard diet with modifications specified in Table 4.1. 



Tabk 4.î 
Comporition of HF@@ fat), HFER (.gh fat energy restricttd), LF (lori fat), LFER (low fat 
tncrgydctcd)dictr, 

D-L Metbioninc 0.30 0.30 0.30 0.30 

Corn oil 23.00 23.00 5.00 5 .O0 

AIN076 Vit 1.18 
MVt 

Choline 0.24 
Biîaraîe 

*Refer to appcndix D for content. 



S* Design: 

40 weanEng and 40 10 week old d e  F344 rats (Charles Rivers, Montreal 

Cliiada) w m  UA. A f k  one weck of acclimatization on standard hb cbow, the animals 

were housed in single cages and randomîy allocated 10 per group into 8 experimentai 

groups. These groups were fed one of the HF, HFER, LF or LFER within the young and 

old groups . Diet constituents were pirdhased h m  Amasbarn (Ariington Heights, IL) 

with the exception of corn oil (Mimla Brand, Canada Safkway)). The diets and the 

feeding regime were based on those desaibed by Kumar and colleagues (1990). Energy 

was removed fkom the HFER and LFER diets h m  corn starch alone. These diets were 

also supplemented with increased h e l s  of ceUufil, vitamins, and minerals to ensure equaî 

intake of these constituents between the ER and th& d libitum counterparts. Diets 

within each fat clasufication wae relatively isocaioric, therefore ER (?PA) was 

accomplislied by feediag the ER groups 8 M  of the average ddy  intake of their 

respective HF and LF ad libitum cwnterparts. Initial and weekiy body weights were 

record&. AAer tennination (12 wedrs of feeding), the colons were removed, flushed with 

phosphate buffered saline (PBS), dit fkom the caecum to the anus and p l a d  on a cooled 

aunCe at 4°C and mucosai scrapings wae collecteci. One half of the scrapings (5/group) 

wcre placcd imrnecliately Uito the cytosolic bu& for the PKC -y. The other haif 

(S/group) wae designatcd for the TK assay and p l a d  into steriîe cqo-viais, fiozen 

immediately in lipuid nitmgen rnd storeci at -80' C for approximately 2 montlis. 

Exîmction, &parmanon of CoImc Q#mI dMenrbrcare Fr4~n~ons 

Colonic cell fractions wexe separateci and prepared accoIdUig to the methud in 



cbapter 3. 

PKC Assay 

Colonie PKC activity was measurrd u-g a BioW kit fkom Amersham Life 

Sciences and desaikd in Chapter 3. Activity was expresseû as pmol Pi 

transfemdlrninlmg protein. 

x a s a y  

TIC activity w9s measured utiluing a method developed by Rao et al., 1993. 

Appmximately 20-50 ~g of membrane fiaction protein was incubated in a 50 pi 

reaction mix containing 5OmM Tris @H 7.5). 20mM MgCl*, 0.02% Triton X-100, 

SOpM NaJO,, 20fig/50pi of the glutamic acid-tyrosine polymer (4: 1). and 50 pm 

ATP. The reaction was started by the addition of radio labeiïed y-pn ATP (N'EN, 

Boston, MA) with a specïfic activity of 3 ~ i m m o l  and added at a level of O.SrCi 

per assay tube. The assay was incubated for 15 min at 24'C and stoppeû by spotting 

on Whatmann Y3 filter papu. The nIta papas were aüowed to dry and subjected to 3 

washes with 10%trichioroacetic acid (TCA) with 10 mM sodium pymphosphate. 

Following the washes, the filter papers were piaœd in 10 ml scintillation vials with 10 

ml CytcHcint (EN, Montreai, Quebec, Cana&) and counted for 1 min with an LS- 

6000TA Beckmann Scintillation cwnter. TK activity was calculateci as the diffetence 

in activity assaycû in the prcsact of the samplc (colonie fiaction), ATP and &on 

mix and the activity assayed in the prcsaicc of the sample, ATP and seaction mix 

without the glutamc acid-tyrosine polymer. Specifïc activity was expressed as pmol 



Pi t r a n s f ~ m i a / m g  protein. 

Protein Analysis 

Prutein analysis was determined using the method developed by Bradford (1976) 

and detaited in Chape 3. 

Detccnin of Anngm by Western Blom'ng 

The detection of PKC a and y isofona in young and old rat cytosolic and 

membranous &actions were canieâ out accordhg the meîhods detaiied in Chapter 3. 

Statrtatrsîic4I Amtysis 

Statistical anaiysis of the data wu &ed out using Annlysis of Variance 

(ANOVA) in conjunction with Duncan's Multiple Range Test ushg the SAS statisticai 

sofhuare package for microcornputers (SAS Institute Inc., Cary, NC). The two-way 

AMNA was also used to determine the main effects of fkt, ER and possible fatxER 

interaction. A P value s 0.05 was considered significant. 

4.3 Ruults 

B e  weight and food consumption 

Initial body weights for the old (10 week) r a ~ ,  were significantiy hi* than the 

initial body weights for the w d g  rats ('Fi- 4.1 and 4.2). As early as the second 

week of fePlling the die& signifïcaut changes in body weight were obsaveâ. In generai, 

weights of the ER were lower than their HF and LI? counterparts fiom the second week of 

fMdin8 und the 12th week mong the old and young rats . In relation to the HF and LF 

groups, by week 6 the HF weights were greatu than the LF group in the old ullrmls 

(Figure 4.2), bowever within the young aaimals the weights of the HF and LF did not 



diner over the duration of the experiment 4.1). 

Colonie PKC acfivity 

W~th the exception of the older LFER group, membrane colonic PKC activity was 

higher in aü p p s ,  in both age categories, as comparecl to the cytosolic activity (Table 

4.2). There w u  no significant diet efféct on PKC activity in either fiaction. The high 

variance fkom one animal to another withh a group, r d h g  in large standard error of the 

mean, may account for tbis observation. Variance within the older groups appeared to 

be less than in the younger groups. However, there was a trend for the membranous and 

cytosoiic PKC activity to be higher in the high nit (HF and HFER) and the ad libitum 

groups within each age category. Membrane associateci PKC activity was significantly 

affécted by the age of the rat (two-way ANOV& P = 0.004) (Table 4.3) with the younger 

animais exhibithg higher activity. The statisticai d y s i s  ofpercentage of cytosolic and 

membranous PKC activity, relative to the totd activity, did not reveal any signifiant diet 

or age & k t s  ( data not shown). The measurement of PKC in non-injected colonic 

mucosa utilizing this particutar method has not been investigated previously, making it 

difficult to speailate about the ranges of calculated d u e s  for PKC activity (expressed as 

pmol Wmintmg protein) observed in tbis study. The statisticai anaîysis of percentage of 

cytosolic and mernbranous PPKC activity, relative to the total activity, did not reveal any 

signifiant diet or age effects ( data not shown). 
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Figun 4.1 Average body weights (values ut mean&EM[bJ) of young F344 rats fed 

one of four dicts, HF, LF, LFER for 12 weeks. Means not sharing a cornmon 

superscript CL) are siBaificanly diffaait @? ~0.05, repeated memures ANOVA and 

Duncan's multiple range test). 



HF 4 

HFER 

LF 4- 

LFER -+- 

O 2 4 6 8 10 12 14 

Duration of feeding (weeks) 
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Figure 4.2 Average body weights (values are m#SEM[bars]) of old F344 rats fed one 

of four diets, HF, HFER, LF, LFER for 12 weeks. Merns not sharing a cornmon 

s ~ p a s C n p ~ ~ ~ 3  arc significady dinient (P ~0.05, repcated maams ANOVA and 

Duncan's multiple range test). 



HFER - 
LF -0- 

LFER -6- 
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Duration of feeding (weeks) 



Table 4.2 Protein Kioase C (PICC) adivity in young and old F344 rats fed one of 
four diets HF, HFER, LF, LFER for 12 weeks. 

PKC ACIlVlTY OF YOUNG AND OUI E344 RATS ' 

Activity expressed as pmol Wmialrng protein, values are meansISEM. 
Totd PKC repmsents cytosolic + membranous activity 



Table 4.3 Prdeia Kinase C (PKC)tw+way ANOVA P values 

Two-way ANOVA P values 

' Groups animals toge- by Ievel of fat ( ~ + H F E R ]  =d m+LFER]) regardlas of 
restriction of kilojoules. 
* Groups animais together as ad libitum (HF+LF) and restricted (HFER+LFER) 
regdess of level of fat. 
' Groups animais together by age, ngardiess of diet. 

Determines the existence of an interaction of aU variables (fU,KJ, and age) 
votai PKC reprwsts cytosolic+membranous activity. 

Variable 

~ a t '  

Küojouies (KJ)* 

~ g e ~  

I 1 I I 

Totals PaC 

0.51SI 

0.5308 

0.0081 

Membranous PKC 

0,4703 

0.7338 

0,0044 

Cyto60lic m(C 

0,5647 

0,1876 

0,0856 



colonic l x a c t j y j q  

TK activity was not consistently afliected by dietary treatment iu either of the ce11 

fiactions (Table 4.4). Howmr, TK activity does not appear to be as variable fiom one 

animai to anotâer as the PKC activity. It is wortb noting that there was a trend for the old 

animais to have lowa totai TK activity (membrane + cytosol activity) ( two-way 

ANOV4 P r 0.0427) (Table 4.5). (With the exception of the HFER and old HF groups, 

al1 other diet groups expressed the bigha TK activity in the membrane fiaction. The 

statistical anaîysis of percentage of cytosolic and rnembranous TK aaMty, relative to the 

total activity, did not reveal any signifiant dia or age &écts (data not shown). The 

range of calculated TK activity values does appear to be compatible with prevMus 

investigations in non-injected mucosa (Rao a al., 1993 and Singh a al., 1992) 

PKC Isofom Eqwession 

PKC a and y were detmable in both the membrane and cytosolic fiactions in aii 

groups (Figwes 4.3). PKC a was detected in the positive wntrol homogenates (HeLa 

ceUp for PKC a, Jurkat for PKC y, Tranduction Laboratones, Lexington, Kentucky), 

indicating that the antibody had suffident titre and binding mty. The ioofonn give a 

single band at appmximately 80 ma. Particular isofonn expression did not reveal any 

signifiant différence ôetween the diet or age groups (Figures 4.4.4.5). This held true for 

both isofomis. However, it is interesting to note that aithough not sigdicant, there was a 

trend for the younger animais to have a higher expression of PKC a and y tbrui the older 

animais. This paraUels the trend obsaved in the analysis of PKC activity. Conversdy, the 



Table 4.4 Tyrosliu Kinase (TK) activity in young and old F344 rPts f d  one of 
four dias HF, HFER, LF, LFER for 12 weeks. 

Total TIC'f 11 

-- 

LFER young 79.57*13.15 

old 1 49.84f 7.46 

Cytosolic TI(1 1 Membfzu~ous' TIC 1 

' Activity expressed as pmol Pihialmg protein, vaîues an rneansf SEM. 
* Total TK represents cytosolic + membranous activity 



Table 4.5 TyrosiiK Kinase 0 twwway ANOVA P values. 

' Groups animais togetha by level of fat ([HF +HFER] and [LF + L F w )  regardles of 
restriction of kiîojoules. 

Groups animals togethex as ad libitum (HF+LF) and meicted (BFER+LFER) 
tegardless of levei of fit. 

Groups anirnals together by age, regardless of diet. 
Detennines the existence of an interaction of ali variables (fat, KJ and age) 

vota1 TK qwesemts cytooolic+membrawus activity. 

r 

Variable 

Fat ' 

Kiiojoules (KJ) 

Age ' 
r 

FatxKJxAge ' 

Total TI< 

0.6958 

0.6085 

0.0427 

0.5090 

Membranous 
TE 

0.9598 

0,4744 

0,1328 

0,3238 

Cytosolic TIC 

0.4813 

0,7483 

0,1204 

0,3676 



Figure 4.3 Membranous and cytosolic PKC or isofonn expression in young and 

old rats. Protein bands were detected by enhanced cherniluminescence and developed 

on Kodak x-OMATAR film. 



PKC a as Detected by Western 
Blotting Techniques 

Cytosolic Fraction Membranous Fraction 

Young Old 
u- Young Old 

4--+- 
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Figure 4.4 Average normaüzed area (values are means *SEM[bm]) of protein bands for 

PKC a expression in manbranous and cytosoüc dl fiactions in young and old rats. 
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Figure 4.5 Average riormalucd a m  (dues are means SEMDars]) of protein bands for 

PKC y expression in membranous and cytomlic ce11 fiactions in young and old rats. 
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cytosolic M o n s  exhiited more intense signais for bth  isoforms as compareci to the 

membrane fiactions y* the ayrme activity was genaally higha in the membrane fiaction 

4.4 Discussion 

The pfesent study was the first to examine both PKC and TK in non injecteci 

colonic mucow in an ER environment. The convergence of these pathways has been 

postdated in signai transduction event at the receptor membrane lm1  (Uilrich and 

Schlessinger, 1990) and mer downsbeam (via the RAS signal transduction pathway) 

hvolving cell functions a the nuclear level wesmuller and Wittinghofer, 1994). 

The main finding of this study demonstrate age related changes in rat colonic 

mucosa in both PKC and TK activity, with the younger rats exhibithg higher activity than 

the older Mmals. Although previous studies have demonstrated the abiiity of energy 

restriction to significantly Wbit age related changes in several cellular finctions (Kalant 

et al., 1988; Du£Q et al., 1989). ER within the older animal group (hi& or low nit) did not 

a&a either of the enymes. Dietary restriction was implemented only at the level of 

200/., which may be classified as a mild level of restriction in the conteid of animal mode1 

studies which have restncted energy at levels as high as 60.h of the ad libitum group 

(Breese et al., 1991). Thadore, this level of restriction may have prevented m e r  

changes in aizyme activity. 

Dietaq fat did not sienificantly affect the activity of either enzyme. However the 

membrane assuciate PKC activity arhibited a trend for the high fàt animaIr to have hi& 

activity thm the low fbt raimils in both age groups. It is well documentad that PKC is 

p r M y  locatcd in the cytosolic M o n  of the ceil, until it is activated by various signals 
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(including lipid metabolites) it then traoslocates to the membrane whae it becornes active 

(Niubinib, 1992). Howcva, it U now recognizeci that PKC may dso tnaaocate to the 

nucleus (Simboli-Carnpbe11 et al., 1994) where it may i&a various proteins involvcd in 

transcription fàctors (Blobe a al., 1994). Thaefore it would seem logical that the 

amount of avaüable lipid in the diet, and perbaps total lipid content in cellular membranes 

may change the fiinction of tbis membrane usoaited, lipid activateci enzyme. 

However, a recent study conductecl in mice don d i s ,  ER signincantly reduccd 

PKC lactMty yet the total lipid and phospholipid composition w u  not a i t d  (Rris et 

ai., 1994) IntereSfingly ER sigdicantly hcreased the level of diacyl-glycerol, a membrane 

lipid derived cofbctor of PKC activation, in the &in cens @ris a ai., 1994). In rat 

colonic mucosa, HF diets have been demonstrated to exert little ened on lipid membrane 

composition with the exception of an i n a d  phosphatidyl choline/phosphatidyl 

ethanolamine ratio in relation to low fit diets CaFave et al., 1994). Such evidence 

suggests that HF and ER may modify PKC activity through a pathway other than 

aîterations in lipid composition. Although we o b s w d  a trend for the high fat ammals to 

have higher activity than the low Eat groups, this was not statistidy signifiant. This 

could have been the result of the large in between animal variance. 

The expression of PKC a in aU groups wu, expected because it has been identifiai 

as one of the major isofomu prcsent in wlonic mucosa (Davidson et al., 1995). 

Expression of PKC y was unexpected considallig it has km reportai to arist only in the 

central n m u s  system (Hug and Sam, 1993). However, the mucosai scraping prepand 

in this study may contain severai di&nnt types of colonic celis other than the epitheliaî 
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cells. The scrapings may have dso included ceIl types such as stroma1 cells. Expression 

of PKC isoforms in distinct populations of colonic tells has not been systematidiy 

eX8mjIIed. Therefore, the expression of PKC y in the pnsent study may refiect the 

existence of this isoform in a particular colonic ce11 type. In aâdition, the source of the 

anti'body and its potential cross-reactivities with other isofonns may do0 create 

discreprncies in the isofom detecteâ Born one study to another. Expression of PKC a 

and y isoforms reflect the amount of the isofonn at the protein level where as the 

measurement of PKC activity re&cts the fùnctioaal ab'ity of those proteins as enzymes 

capaôle of being activated by calcium and DAG. Both methods detected variability within 

the diet groups and ceiiuiar hctions, yet both identifiecl similar trends for the younger 

groups to exhibit higher Imls of expression and activity as cornparrd to the older groups. 

It is interesthg to note the mon intense staining of the isofomis in the cytosolic fra*ions 

as cornpand to the membrane fractions yet the enzyme activity exhibits the opposite trend. 

These obsewations suggest that the majonty of PKC remained in the cytosolic but that 

the t r d o u t e d  membranous PKC was the active form. Immunoblotting with a 

polyclonai Pan-PKC antibody, which would refîect the amount OP al1 isoforms at the 

protein levd, may provide a more acainte insight towards the relationship between 

isofonn expression and enzyme activity. 

Carcinogen treatrnent of rat colonic mucosa signüicantiy enhances the activity of 

both TIC (Mow e$ al., 1989; Rio et al., 1993; Sin& et al, 1992) and PKC ( C m  and 

DeRubertis, 1992b). The mrjonty of the diet intemention studies assaying TK fed a 

particular diet for a short paiod of tune and measured activity immediately ad up to 1 
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week d e r  injection of carcinogen (Arlow et al., 1989; Rao et al, 1993). The respoases 

ofthe normal colonic mucosa to diets of varying compositions implemented ova several 

wedrs is not wd establishd. Contradictory to the findings of the present investigation, 

colonk TIC activity has k e n  shown to increase with age (Majumdar and Tureaud, 1992). 

However, the ages ofthe old anhalls between the two studies are quite different which in 

part may account for the observeci disaepancies. 

The dietary treatrnents implemented in the present study may in fbct have more of 

an impact in a carchogen tnated colon. Conversely* the changes in diet may have in fs* 

atrtaed the activity of these enzymes at the eady stages of feeding, and may have adapted 

to these dietary changes over the duration of the experiment. In the present study, the 

response of colonie PKC and TK to exposure of different diets for 12 weks was studied. 

This duntion is considerably longer than those used in other studies. Thetefore* this may 

in part explain the lack of significant differences mong the groups. A non-carcinogen 

treated protocol in conjunction with changes in the level of dietary fat and energy 

provides a base-line for measuring such entymes for fiiture studies in which similar 

dietary protocols are to be implemented in conjunction with carcinogen treatment. 
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S. THE EFFECTS OF ENERCY RESTRICTION (20 20 40%) IN HIGH 

FAT DlETS ON DISTAL AND PROXIMAL COLONIC PROTEIN 

KINASE C (PKC) ACïIWïY AND PROLIFERATING CELL NUCLEAR 

ANTIGEN WRESSION IN MALE SPRAGUE DAWLEY RATS 

5.1 Introduction 

Structural and fiinctional di&rences in the regions of the colon are a topic that 

many scientifk investigations do not address when exploring the reaim of d o n  

carcinogenesis. The structure of the proximai and distai portions of the colon are very 

Merent even when examined with the naked eye. Faecal matter e n t e ~ g  the colon at the 

prommal end is very different fkom the faecal rnatter leaving the distal end, suggesting that 

the regions of the colon are exposed to very dierent environments and may m n  harbour 

veq diierent profiles in functions involved in nutrient uptake and transport. 

Dierences in proximal and distal ceii prolifmtion markers have been identified 

previously (Steinbach a al., 1993). However, the measurement of cell proHeration itself 

has bem subject to criticisn b d  on its reproduaiiity (Roe et al., 1996). Differences in 

methodology useû to measure prolifdve indices and the wuiation in asessrnent fiom 

one lab to another may account for disaepancies in the trends observed in proximal versus 

distal proiifierative indices (Roe et al., 1996). 

Cdonic p ro ta  kinase C (PKC) activity has not been Pssesscd in the veryllie 

regions of the colonic mucosa. However, a ncait study (Davidson et PL, 1995) hw 

demonstrated dSêrences in the expression of PKC isozymes in the pro* and di& 



regions of the colon in rats fed vuying types of fiber and fat. Consequentiy, PKC 

membrane activity has been positively comlated with prolifetative parameters in the rat 

colonic mucosa, suggesting that PKC plays an important role in cell growth and 

Merentiation (Chriplon et ai., 1993). 

The previous study (Chapter 4) did not r d  any significant dkcts of 2û?! ER on 

PKC activity however this levei is considereâ müd and may not have been Sgniticant 

enough to aiter enzyme activity. Therdore, based on the previously disaissed evidence, 

the objectives of the presmt investigation werc to determine the effkcts of 20 and 4û% ER 

in hi& ht corn oil diets on d i d  and proximal; 1) PKC activity; 2) ce1 proüferation; 3) 

expression of PKC a; and 4) the relationship of these parameters to each other. 

5.2 Materiai and Methods 

Animal cure and cire&: 

The animais were housed and cared for accordhg to Chapter 4. The diets were 

based on a semi-synthetic A N 7 6  standard diet with modifications as JpeQfied in Table 

5.1. 



D-L Mcthioairre 0.30 0.30 0.30 

Cotn oil 23.00 23.00 23-00 

Cholinc 0.24 0.29 0.34 
Bitaratt 

Refèr to appendix D for content. 



S* Design: 

Thirty weanling male Sprague-Dawley rats (University of Manitoba Central 

Breeding) were uxd. A f k  one wcek of acclimatization on standard lab chow, the animals 

were houscd in single cages and randomly iùlocated 10 per group into 3 experimental 

groups. These groups were féd one of the HF, HF20 or HF40 dits. Diets within each fat 

ciassification were i d o n c c  Thedore, an ER at 20 and 4 M  was accompiished by 

fceding the ER groups 80 and 6W, respectively, of the average Qüy intaLe of the HF 

counterparts. Initial and weew body weights were recordeci. Afta four weeks of 

fading all animals were Irüled, the colons were removed, flushed with phosphate bu&red 

saiine (PBS), dit fiom the caecum to the anis and placcd on a cooled sudkce at 4OC. 

Two 1 cm2 sections was taken Born the distal and proxhai regions of each colon and 

fked flat in between filter papas in 7W -01. Each colon was then divided into two 

sections, distd (0-8 cm) and proximal regions (8-12 cm) and scraped on a cold plate held 

a 4°C. AU sections were p l a d  in stede cryovials and fiozen immediately in iiquid 

nitrogen and stored at -80°C. 

ProIijieraîing CeII mrcIear Antigen expression 

PCNA expression was determined accordhg to the method d e m i  in Chapter 3 

and usessed in 5 colons h m  each diet group. 

E*adm,  &por0hporohon of Colhic ~moI&Membrcine Frrriions for PKC 

Q.ctivity cnd W a e m  Blotüng 

The fractions desiqiated for PKC activity and western blotting procedures were 



prcparrd accordhg to the protoc01 in Chapter 3. 

PKC Assay 

The PKC assay was conducted on the membrane and cytosol fiactions utiiizing 

the Amapbam kit as described in Chapter 3. 

Protein -sis 

Protein content was determineci by the method d d b e d  in Chapter 3. 

Detemion of Antigeas by Wmem BZom'ng 

The expression of PKC a was determineci in the proximal and distai cytosol and 

mernbranous fiactions accordhg to the method described in Chapter 3. 

Stananstrstricr AnaZysis 

Statisticai anaiysis of PCNA, PKC activity, and PKC isofonn data was carrieci out 

ushg d y s i s  of variance (ANOVA) in conjunction with Duncan's Multiple Range Test. 

Body weights were anaiysed by rejwated measures ANOVA Correlations were 

determined using Pearson's and Spearman's comlation wefncients. Al1 tests were 

conducted using the SAS statistid software package for microcornputen (SAS Institute 

Inc., Cary, NC). A P value o 0.05 was considemi si@cant. 

5.3 Results 

Bos& weight 

Body weights of the the gmups at the start of the qexhent  were not 

signiîicantly diffbrent (Figure 5.1). By the hrst WC& of feeding thQI reqective diets, 

the HF group wcighed more tban the HF20 group which weighed more tbaa the HF40 

group. niese differences nmained si@cant for the duration of the aperiment. 
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Figure 5.1 Average body weights of maie Sprague-Dawley rats fed one of three diets, 

BF, =O, HF40, wer the duration of 4 wctls. VPlws are means ISEM. 





CoIonic PKC activity 

PKC activity was assesvd after 4 weeks of feeding and is detailed in Tabîe 5.2. 

Cytosoiic and membranous activity within aii diet groups was quite variable. 

nierefore, statistid analysis did not meal any signincant ciifferences. However, 

th= was a trend for the activity to increase with inaeasiag lwd of energy restriction, 

with the specinc order of BF<HF20 < HF40. This trend was observeù in both 

regions and in both cellular fractions. The cytosolic activity was lower than the 

membranous activity. The region of the colon (proximal vasus rectal) did not exhibit 

any signifiant di&rences in activity. 

PKC a Erprtwion 

As shown in Figure 5.2, PKC a was present in the rat donic mucosa 

membrane fractions as detected by immunoblotting. PKC a was detected in the 

positive control homogenate (HeLa cells, Transduction Laboratories, Lexington 

Kentucky), indicating that the antibody had sacient titre and binding affinity . The 
isofom gives a signal band at approximately 80 kDa. Within the membrane fraction, 

the HF20 group exhibited a significantly higha expression of PKC or in the distal 

region than in the proximai region (Figure 5.3). Although not significant, there was a 

trend for the âistal regions to exhibit higher expression than the proximal regions. 

Pcnu Qpwsion 

The proMerative zone of the colonic crypt prokd with anti-PCNA w a ~  not 

Inected by the region of the colon withia a diet group vablc 5.3). Among the diet 



Table 5 3  Protein Kinase C 0 adlvity h mile Spmgue-Dawley rots fcd one of 
w a~ HF, m o ,  ~ ~ 4 0  rot 4 weeks. 

' Activity expressed as pmol Pi/min/Ïng prote&, values krneamf SEM. 
Total PKC represents cytosolic + membranous aicbivity 
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Figure 5.2 Proximal and disial membranous PKC a imform expression in rats fed the 

HF20 diet for 4 weeks. Protein bands were detected by enhanaxi chemiiuminescenœ 

and developeû on Kodak x-ûMATAR. PKC or p o h  conbol wu, H e h  œii line 

("ïransduction Laboratones, Lexington, Kentucky ). 



PKC a as Detected by Western 
Blotting Techniques 

HF20 Membranous Fraction 

------ - -- - 
80 kDa 

Positive Con trol 

l A 
l 

L Distal Proximal 
u- 
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Figure 5.3 Average n o m  anas of protein PKC a protein bands in membranous 

pmxinrai and distal colonic regions in rats fed one of tbree dias HF, HF20 and HF40 

for 4 weeks. Values are means f SEM(bus). Means not Jbaring a cornmon 

supcrscript are significantly dinarat (P ~0.05,  ANOVA and Duncan's multiple range 

test). 





Table 5.3 Rolifkrating Cdï Nueleor Antigen &pression (PCNA) in colonie 
pmylnial and distal sections in male Spmgue-Dawley rats fcd one of three diets, 
HF, HFZO, HF40 for 4 weeks '. 

' Vaiues are meanf SEM. Means in a column not sharing a cornmon supersCnpts are 
signifïcantiy different @s 0.05, ANOVA and Duncan's multiple range tests). 
' Represents the highest labeiled ceii in the crypt. 

LabeUed ddlûû cells in each group. 
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groups, the HF20 proximal region displaycd a significantly higher proliferative zone 

than in the distaï region of the HF group. Loklliag indices were not afZected by the 

@on of the colon within the diet groups. Within the proximal region of the colon, 

the BF2O exhibiteci a higher laWling index than the HF and HF40 groups. 

Correlation anaîysis did not reveal any signifiant relationships ktween PKC 

activity, PKC isoform expression or PCNA exprtssion (data not shown). 

5.3 D i d o n  

It hs k e n  previousîy demonstrated that PKC activity is signifïcantîy affectai 

by the amount of fat in the diet (Qiapkin et al., 1993). However, the effect of different 

lmls of ER on colonic PKC activity in different regions of the colon is not weU 

established. 

The present investigation explored the effeçtn of 20 and 40% ER in high fat 

diets on proliferative indices, PKC activity and PKC a isoform expression. PKC 

activity was higha in the membranous W o n  in ail groups dative to the cytosd 

which has been pmiously demonstrated in pmious stuclies (Craven and DeRubertis, 

1992). ER did not signifîcantly modify PKC activity at either level nor w a e  there any 

sipificant differences between the pmximal and distal regions of the colon. However, 

tbae was a trend for the ER rats to have higha PKC activity in bah cell fractions and 

regions of the colon and posscss higher PKC a in the membrane fiaction of the distai 

colon. Fccdiiig an HF20 diet sigaificantly incrcased the LI f a  PCNA in the proximal 

region of the colon. Such redts may s&m conflicting, considering the extensive 

cvidmcc supporthg ER as a tumor inhibitor and the iole of devatcd PKC and ceiî 



proliferation in carcinogenesis. However a previous investigation by Craven and 

DeRubertis (1992b) demonstrated similar fïndings with higher c d  pmliferation, PKC 

activity, and PKC u mass in fpstcd cornparrd to ad libitum fed rats. 

It has aiso been substantiateû that reduced PKC activity is oôserved in cells after 

sustained activation in vin0 (Murray et al., 1987). Such evidence suggests that an 

oôsaved reduction in PKC activity and PKC a expression may in Ew be an indication 

of @or activation. Additional studies have suggested that the dom-regulatim of 

enzyme activity, induced by fepeated application of phorbel esters, rather than an initial 

activation of PKC may be the main iàctor mediahg tumor promotion -sen et pl. 

1990;Fischa et al., 1989). Therefore, the trend for the activity to increase with 

i n d g  levei of ER may in fact be an indication of a lesser amount of pnor 

activation in relation to the HF group. The steady state leveîs of PKC activity in the HF 

group may have kea highex in relation to the ER gfoups and wuid be more prone to 

down reguiation upon stimulation by the phorbd ester (PMA) present in the assay 

reaction mixture. 

Another expianation may stem from the ewidenœ suggesting that the PKC 

isofoxms may in fact possess divergent mies in signal transduction (Hugg and Sarre, 

1993). The lmls of the varying ipoforms may in hct be vay  dinere~~t in the ER 

compmù to the HF groups. The measurernent of one isoform may not provide 

sufficicnt cvidcnœ to suggest that ail isoforms arc a&cted by ER. 

In adâition, PKC's an hcterogencous protein kinases that Shan a cornmon 

n~uirement for phospholipids for activity, but posses~ ~~t dependency on other 
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activators (Küey and Jalrms, 1994). The assay in the pfesent study hcludes the known 

activators of PKC, m2+, phosphatidyl-L-serine (PS) and a pholbel ester, PMA. The 

oniy cofiumr identiîïed for activation of the atypicaî PKCs (c, l , t )  is PS. These 

atypical forms may in fact require additional activation by Eactors within the ceil not 

pmently identified. PKC has also been identifieci in the nit colonic mucosa (Jiang et 

al., 19%). 

Confiicting results have been reported qarding the dationshp between 

colonie PKC activity and c d  proliferation (Ciilplch et ai., 1993, Craven and 

DeRubertis, 198~Craven and DeRuMs, 1992a; LaFave et al., 1994). Howcwr, 

these studies vary extensively in the type of dietary pmtocol employs, method of PKC 

activation and method of ceii prolifetation mawnment. In the pzesent study, the 

methd used to measure cedi proliferative indices was the expression of PCNA, which 

is considemi to be a non-invasive methd considering it circumvents the use of 

radioactive ( c 3 ~  thymidine) or cytotoxic (colchicine, bromodeox yuridine) cherniais. 

This method is ideal whai enzymatic and prolifimtive measurements are to be 

evaluated in the same colonic mucosa. Tbe HF2û exhibitecl a higher pmximaî P than 

the other gioups. However, the proximal PKC activity, aithough not signifcant, was 

the highest in the HF40 group. PKC activity tended to haaise with incrrasiag level 

of testriction, whaeas the LI tended to increase in the BF20 and remained sllnüar in 

the HF40 in relation to the HF gmp.  As in the shdy conducted by C m  and 

DeRubertis (1992a). the rcsults do not support a relationship between i n d  PKC 

activity and incrrased di proliferation. 
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It is interestkg to note that the pattern of proliférative Iones in the distal regions 

follows the pattcm of PKC a isofonn expression in the distai region. Fol both 

rncaswemcnts the orda h m  highat to lowrst was HF20 > HF40 > HF. ConverseIy 

the LI was the highest in the HF20 in the p m x i ~ ~ I  region, yet this diet exhibited the 

lowest level of PKC a. Such observations suggest that the level of thb isozyme may be 

indicative of the range of proliferation and not the LI within the coloaic crypt. 

In summary, these results suggest that ER may affect colonic PKC activity in 

non-carcinogen treated colonic mucosa without any regionaï disparities. Whether PKC 

activity nlam to the proMerative state of a piuticular tissue is not weil estaôiished and 

requires fùrther clarification. Finâings of the prisent study do not support the 

contention that increased PKC activity represents an increased n u m k  of pmliferating 

(cycling) ceiîs. PKC activity , and its relation to c d  pmliferation and expression of 

several PKC isozymes in the rnalignant transformation of colonic celis may be further 

ducidated in carcinogen treated colons. In addition, the role of increased PKC activity 

may need fiutha exploration in oder to determine whether or not it is positivdy 

associated with increased malignant ptential. 



6. MODULATIION OF TBE EARLY STAGES OF COLON 

CARCINOGENESIS BY ENERGY RESTRICTION AND DIETGRY FAT 

IN MALlE F344 RATS 

6.1 Introduction 

ER has been associated with decmwd incidence of spontaneous and chemicdy 

induceci tumors in various aniinal organs including chemicaiiy induced d o n  tumors 

(Klurfeld et ai., 1987; Kumar et ai., 1990; Reddy et al., 1987). These studies have 

demonstrateci that ER is effective in inbiiiting the development of colon tumors when 

introduced in the early stages ofcarcinogenesis and continued untü the tirne of tumor 

development. Consepuently, whether ER wüi be efbtive in retardhg the growih of 

early or preneopiastic lesions remains elusive. 

Aberrant aypt foci (ACF) are identified in carcinogen-treated rodent colons and 

hurnan colonic mucosa (Pretlow et ai., 1991; Roncucci et al., 1991), and purported to be 

putative preneoplastic Iesions (Bird, 1987). Severai studia substantiate th is  hypothesis 

(McLeiian and Bird, 1988aJ988b; McteUan et ai., 1991). ACF with vlrying growth 

featwes are reported to occur in a rat colon several weeks after a single injection of a 

colon carcinogen (Bu4 1987; McLe11an and Bird, 1988a) presumably representing 

preneoplastic lesions at different d d o p m a t a i  stages. 

The ongoing r d  in our labarntory foases on the evaluation of the ACF 

systcm to identifil modulators of colon carcinogenesis as wdi as the use of this systan to 

study growth regdation of the stepwisc devdopmcnt of colon cancer by diet. In the 

present study we investigated the ab'ity of the ACF system to prdct the tumor 



enhanhg or inhibitory e f f '  of a high corn 02 or ER d ia  y respectively, as eady as 4 

waks &a carcinogai administration. ThereforeY the two specifïc objectives of the 

present study were; 1) to assess if dietary fat and ER aBèct eady stages of colon 

carcinogenesis in an independent manneq 2) to assess the d u e  of the ACF oystem and 

proliferative indices in the identification of thse di* variables as tumor promoters or 

inhibitors and; 3) determine if dict elicits dinérat respoases in the d i d  vs. the proximal 

colon. 

6.2 Matcriais and Methods 

Animak 

Forty eight male weanîing F344 rats (Charles Rivers) were used. Animais were 

housed in suspended stainiess steel wire bottom cages with sawdust beddiig pans 

approxllnately 10 cm below the cages. Housing fâcilities were programmed for a 12 hour 

lightdark cyde. An animals were aiiowed fkee access to standard rodent laboratory chow 

and water as an acciimatization measure for two weeks (12 clays). Cam of the animals 

was in accord with the guidelines of the Canadian Cound on Animal Care. 

C'cinugen 

Azoxyrnethme (AOM) (Sigma) a carcinogai known to induce colonic tumors, was 

dismlved in a fnsb 0.9h saliire solution one hour pnor to injection After the acchtion 

period di animais wae injectecl S.C. with AOM for two weeks (15- body weight 

once wekly). 

Diet 



Semi-pwified diets were baseci on the AIN-76A diets descri'bed in chapta 4. 

Animais were randomly aiiocated to one of four diets (IF 12/gmup) immediately after 

final injection and placed in single cages. ThK groups d v e d  four dietary regimes, the 

AIN-76A hi@ fat @IF), bigh fàt aiergy d c t e d  @FER), low fat &F') and the low ht 

cnergy restricted (LFER) &S. Feedkg protocols w a  foilowed as descrii  in 

Chapter 4. Body weights were determineci weeldy t h a d  until the taminaton dates 

at 4 (nt 24/group) and 8 (IF 24/group) weeks. 

Quantrication of Abernant C&pt Foci. 

AU animals were killed, colons removd and ACF characteristics determined 

rccording to the method describecl in Chapta 3. SpeQncaüy, the ACF characteristics 

d y s e d  included the total number, average aypt mdtiplicity and the Nunba of d ( 1 -  

2 crypts/focus at wedt 4, 1-3 ayptdfws at week 8), medium (3-4 csipt/focus at week 4, 

4-6 cryptdfoas at week 8) and large ACF (>4 crypts(foais at week 4, >6 aypsdfocus at 

week 8). For each rat the average crypt mdtiplicity was cosrcfated with bit and energy 

intake for ail groups. 

Assesment of ProIifer~ng Cell N i c I ~  Antigen Eiqnes'on 

the method describeci in Chrpter 3 and ustssed in 6 animals per group. 

Sior*&*ml Anabsis 

SAS statisticai software for rnicrocomputcrs wu usd for di statistid d y s e s .  

Statistical analyses of ACP data and pmlifnatiw indicu wae performed by d y s i s  of 

variance (ANOVA) and Duncan's multiple range test (P10.05). This data was m e r  
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analysecl using a two way ANOVA in orda to determine the main &ects of fàt, ER and 

possible fàbrER interactions (fhtxER). Body weights and diet intake were d y s e û  by 

repeated mersuns of d y s i s  of miance. Comlation ktween two parmeters was 

established using the Speamian correlation coefnaait. 

6.3 Results 

At week 2 of feeding body weights Qigwe 6.1) wae signifïcantly lower in the ER 

groups with HF weighing the most, followed by LF and HFER (no di&renct between 

than) and LFER with the lowest weight. This trend persisteci until the finai termination 

date at week 8. The average KT/day and the average grams of fat consumed/day at wwak 

4 and week 8 time points were significantly diffaait between all groups (Table 6.1). Both 

the HFER and LFER groups consumed sigdicantly las KJ/day and fàtlday than theÛ 

respective counterparts. 

ACF wac present throughout the 1- of the k e d  colon with the majority in 

the distai region at week 4 and in the proximal region 8t week 8 (Figure 6.2). In all 

groups the number of ACF wa, higher in the proximal colon at week 8 than in week 4. 

However, the mean total of ACF pcr colon wae not dgnjficantly différent between any 

graips at wcek 4 or wedc 8 (data not shown). 

At week 4 average crypt multiplicity of ACF was si@antly lower in the LFER 

group cornparexi to the HF group whaeas the RFER and LF group crypt multipiicities 

w a e  not différait (Figure 6.3). Fat was identifid as the xnain -1e affecting week 4 

average aypt multipticity (two-way ANOVA W.038) among the groups. Further 

anaiysis of AC& grouped (~ccorâing to th& pypt mdtiplicity, meaieci no e f f i s  of ER 



TaMe 6.1 Mean da& in* of diet, energy and fat for male F344 rats f d  one o f  
four die@ HF, HFER, LF' and LFER 4 and 8 wedo aftcr injection. 

HF HFER LF LFER 

leu Values are mcan * SEM (IF 10 ntdgroup) 
Means in a row not shaMg a common superscript are signüicantly dZerent (P s 0.05, 
&NWA and Duncan's multiple range test). 

KI = kilojo@es. 



Fig. 6.1 Average body wughts of male F344 rata fd one of focr dias (HF; high fit , 

IiFER; high fàt en- restricted, LF; low fàt, LFER; low ht energy restricted). Values 

are mean0 * SEM (ii=12/group untii week 4, n==6fgroup unbü week 8). Means not sharing 

a contoion superscript at week 8 are significantiy d i n i t  (PrO.05, Repeated Measures 

ANoVA ). 



+ HF 
+ HFER 
4- LF 
-v- LFER 

O 1 2 3 4 5 6 7 8 9 

WEEKS ON EXPERIMENTAL DIET 
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Fïg. 6.2 Numba of ACF (aberrant aypt f&) in the distai and proximaî regions in the 

whole colonlgroup at week 4 and week 8 in rats fsd one of  four diets (HF; high fpf 

high fbt cnergy restricteâ, LF; low fât, LFER; low fbt energy restricted) 

immediateiy rfta azoxymethane injection. Vaiues are means * SEM (n=6lgroup). The 

asterisk denotes significant dinecence (PsO.05. ANOVA) within the same region of the 

colon within the same diet classitication 



WEEK 4 8  4 8  4 8  4 8  
REGION DIST. PROXm DisTm PROX. DDT. PROX. M T m  PROX. 
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Fig* 6.3 N u m k  of ayptslfws at week 4 and week 8 in rats f d  one of four dieu (HF; 

high fàt, HFER; high fit energy festncted, LF; low fat, LFER; low fat energy restricted) 

immed'iciy &a azoxymethane injection Vaiues are m a a s  SEM, (d/group). 

Mcrns not rbsriag a cornmon superscript are diSiirent (P(ps0.05, ANWA and Duncan's 

multiple range test). 
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Fig 6.4. Numba of d ( 1 3  crypts/focus), medium (4-6 cryptdfonis) and laqe (% 

crypts/focus) ACF at week 8 in rats fed one of four diets @IF; high fàî, HFER; high fat 

aiergy restricted, LF; low fit, LFW; low fit aiergy d c t e d )  immediately afta 

azoxymethane injection. Values are means SEICIL, 6. Means in each ciasdication not 

sharing a cornmon superscript are significantiy ciiffirent (Ps0.05, ANOVA and Duncan's 

muitiple range test). 



HF HFER LF LFER HF HFER LF LFER HF HFER LF LFER 

SMALL ACF MEDIUM ACF LARGE ACF 

(1-3 CRYPTS) (4-6 CRYPTS) (>6 CRYPTS) 
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or fht on the number of mail, medium and large ACF at waL 4. Howewr, by week 8 

(Figure 6.4) the LPER and HFER groups exhi'b'ied fewa medium ACF in relation to the 

LF group, with HF not mering h m  any group. Two-way ANûVA identifieci ER as the 

main wiable &&g the medium ACF category (P=û.0083). 

ComIations between dietary variables and ACF characteristics were Cameci out on 

a per rat basis. The individual average intakes of energy 0 and fit (gnms) per rat were 

correlateû with their individual ACF characteristics. A positive wmlation was noted 

betwem mean daily intake of fat and average crypt multipîicity of ACF at week 4 (d.49, 

W.013). and average aypt multiplicity dues  and mean daüy intake of energy @Cl) 

(~46, R.0263) and fht (grams) (r=.49, P=.O 17) at wedc 8. 

PCNA labelling index (LI) at week 8 (Table 6.2) in the proximai section of the 

colon was not affêcted by di- treatments. The distai LI were significantly lower in the 

LF and LFER groups relative to the HF group. LI values in the LFER were lower than 

th& respective LF counterparts, however the HF and HFER values did not diffir. ER 

(w.0087) and fàt (?=û.ûûûl) were both identified as variables significantiy affecting the 

distai LI values. W~th the exception of the LFER group, the PCNA LI in the distai 

regions were sienificantly higher than those in the proximal region across all. 

Correlationai d y s h  betwecn ACF charactdstics and proliférative indices in dinwnt 

regions of the dons revealed no strong positive associations. 



Table 6.2 

PCNA Libdling I i d u  o1 in proximal and distai sections of  colonic mucosa in 
maie F344 rats fed one of four diets, HF', HFER, LF', LFEa for 8 wetla 

LFER 3422 .7  a 3 4 2 1 . 5  
Two-way ANOVA 

Means SEM of PCNA (proliferating ceIl nuclear antigen) labeiied ceüsllûû ceiis in 
each group. 
Means in a wlumn not sharing a common superscript are significantly di&rent (P s 0.05, 
ANOVA, and Duncan's multiple range test). 

Depicts distai means which are sigMficamly d i e n t  fiom th& proximai counterparts 
pthin each dietary group. 
P values, 



6.4 Discussion 

In the present investigation the &éct of ER and a high corn oil diet on the eady 

stages of colon carcinogrnesis wu studied by employiag an arperimental protocd used in 

prwious -or incidence studies (Kumar a il, 1990). Aberrant crypt f& and co lo~c  

proliferative Udices wae u d  as the end points. The main findings were that the &ect of 

a high fht diet affectcd the aypt muitiplicity of ACF within 4 weda of feeding. The &kt 

of ER was aignificant at wecL 8 and was negatively correlated with the average aypt 

muitiplicity of ACF. At week 4, increased crypt multiplicity was sîgaincantly correlated 

with i n a e a d  fat intake and negatively correlated with decreaseâ energy intake. ER was 

effective in reducing the number of cells exhibithg proliferative di nucleac antigen in the 

distal region but not in the proximal region. This e f f i  was most pronounced arnong the 

animals fed a low fht diet. 

The ACF system provides the unique opporhinity to quanti@ preneoplastic 

changes Occumng in colonic mucosa by a simple method. Growth featwes of ACF 

which can be mcasured topognphially are, their distn'bution, totai nwnber, s h  of each 

A n  (ama occupied by each focus) and the numba ofcrypts prcsent in each ACF (crypt 

multiplicity). The quantification of the numôer and growth faturcs of ACF d o m  for 

cornparison of the preneopiastic state among difFerent groups. Within two weeks aiter a 

single injection of a carcinogeq the majonty of ACF consist of a singîe crypt ( M c L e h  et 

al., 1991). As time prolgcsseq ACF exhi'bit varying aypt multiplicities and arc hown to 

harbour genotypic anâ phmotypic atypia ( McLeilan et al., 1991 and Stopcra et ai, 1992,). 

Previous studies have suggested that average crypt multiplicity of ACF, or the number of 
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ACF with higher aypt muitiplicity in a group, is more Kiuitive in predicting the tumor 

modulating a b i i  of a wmpound than the aumba of ACF. Determination of the go* 

fa nue^ of ACF at more than one time point m y  indicate whether the disease process is 

accelerated or impoded and whether the growth moduîator unda investigation is affecting 

a population of ACF with specifïc growth fatum. Consequently , enumeration of the 

numôer and g r o d  featutes of ACF has been used mccesafiüly to identify 

chemopreventive agents (Pereira, and Khoury, 1991 and Wargovich et al., 1996 ). 

In the present study, the totaî number of ACF was not valuable as the end point in 

predicting tumor modulating abiîity of a high fat or energy restxicted diet. Crypt 

multiplicity was the most sensitive measufe, of ACF growth characteristics, in determining 

the effects of fat and ER. The food consumption data for each individual animal ailowed 

us to evaiuate whether there was a m l a t i o n  between intaka of fat or energy and 

growth fatutes of ACF. The ab%@ of a bigh or low fat diet with or without energy 

restriction to modulate growth features of ACF was analysed by groups as welî as by rat 

to see wmlations bctween fat or energy intake and ACF growth fatures. Such 

comlations provided substantial evidence supporthg previous hdings that individuai fat 

and energy W e  may sigdicantly aiter the disease prooess. In addition these hdings 

provide support to the contention that the &kt of fht is separaôle firom ths ER &a. 

The analyses of dietary variables and p w t h  featum of ACF as the disuses end point in 

cach rat was found to be a more sdtive approach than tbeir anaiyscs by group. Ushg 

this appmach, growth f- of ACF wac able to predict the tumor stimutatory ene4 of 

a high corn oii diet and inbibitory &éct of ER 



112 

ïhc  proMerative state of colonie epithelium has received a gnat deal of attention 

as a risk marLa for colon carcinogenesis. CeIl proliferation is a cornplex multi step 

process and is affecteci by severai acpaimental variables a d  may k rssessed by 

quantiQing specific events ocairriiig in one or more stages. Some of the cornmon 

asscssmcnt techniques includc quantification of cells in the S-phase (bromodeoxy uridine 

or %-thymidine labelled cells), cdls anestcd in metaphase (mitotic index) or cells 

aduiiting PCNA. There are only a few studies that have compared the prolifdve 

indices assessed as bromodeoxy uddine Li or PCNA LI ('Yamada et al., 1992). 

Our find'igs tht  the PCNA LI of the distal d o n  diiers fiom that of the proximal 

colon in the LF groups is not surprising in view of the fict that one wodd expect distal 

colon to be di&rent fkom proximai colon. What wu worth noting is that the proximal 

colon did not respond to the dietary variables, nit and ER This finding reawerted the 

notion that distal colon diEm fiom proximal colon physiologidy. Whether the distal 

colon normally has higha PCNA expression than the pro- colon is not weil 

estaôlished. A study of site dierences in celi proMeration within the human colon 

suggests thPt the rectal region does not dina fiom the sigrnoidal region (O'Suiiivan et al.. 

1992). In a recent study we obsaved in Spngue Dawly rats that the PCNA LI in the 

diseil and proximal colons ranged between 6-14 regardless of the level of âit (corn 03) in 

their diet (unpublished observation). In another study conductecl in feade nts PCNA W 

did not Mer between the distaî and pro- colons of rnimrls fed a low corn oil diet ( 

Lafkvc et d., 1994). An additional shidy conducteci in micc (Cademi et al., 1991) repotts 

that the LI (as assased by ['A] thymidine) and mitotic indices nsponded Mcrcntly to 



vacying sources of dietary starch in the proximal region of the colon. A systematic 

examination of the comparison of dinaent indices of ceil proliferation in different regions 

of the azoxymethane treated F344 rat colon is lacking. It is g e n d y  believed and 

reported in a few studies (Yamada a al., 1992 ) that the numbef of S-phase ceils and 

PCNA expressing d s  in a aypt represents the proliferative state of the colon Howwer 

it is important to note that this reiationship b reporteci to be perûhed in the carcinogai 

treated colonic aypts (Sutheriand and Bird, 1994) . In a previous study the proWerative 

status of colonic epithtlium assesd by two Herent techniques did not lad to the same 

wnclusion (Roblee and Bir& 1989). The values for PCNA reponed in previous studies 

are considerabiy Iowa than the values reported in the ptesent study (Laaive et ai, 1994 

and unpublished observation). The reason could be that F344 rats n o d y  have higher 

PCNA LI than Sprague Dawley rats. In addition, the rats in the present study were 

injected with a colon carcinogen which in itself may Séct  PCNA LI. In the same context, 

it can be suggested that the highcr PCNA LI in the distai colon than in the proximal colon 

noted in the present study is a rdection of the higha sensitivity of the distai colon to the 

acinogen AOM than the pro- colon. 

It is apparent bom the preceding discussion that there h &cient evidence to 

suggest thu several npaimental vlriables Inca the prolifêrative state of the colonic 

epithelium including variation in measurcments among laboratones (Roc et al., 1996 ). A 

rcant study by Roe et ai. (1996) usersed thc reproduciiity of the bmmodeoxy uridine 

iabdhg i n d a  quantification across four experimeatd laboratones. Their resuits sugeest 

that disacpancies exist h m  one site of anaiysis to another and bat standardized training 
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in scoriag techniques for ali sites paforming labeiling index quantification m y  be required 

to assure reproduciiüity across studies. To add to the eiristing cornpldes ,  only a limiteci 

number of stuclies have evaluated the &ect of ER or dietary fat on colonic cdl 

proliferation, and have Wed to achicvt coafodty in various proliferative indices 

(Albanes a al., 1990, Bud and Staxnp, 1986, W v f c d  a al.. 1987. Lok et al., 1988). 

However, in two recent studies conducted in rats (Steinbach a ai.. 1993) and humans 

(Steinbach a ai.. 1994), 2û% ER significantly reâuced the labeiling indices in the didal 

region of the colons. In the present study the a b i i  of fât or ER in the LF groups to 

affect proliferative indices in the distai region but not in the proximal region is worth 

noting, and is congruent to the findings of Steinbach et al. (1 993). 

The preceding discussion suggests that fûrther -dies must be conducted to 

delineate the effect of experimental variables on the cdl cycle associateci events and their 

role in carcinogenesis. An increasing number of investigators are using PCNA LI as an 

index of proliféraiive state and in the assement of ri& of colon carcinogenesis. 

Therefore, it is important to estabüsh the value of PCNA LI as a risk marker of colon 

carcinogenesis. 

The mechanism (s) by which dietary Iipid (ii this case corn oil) and ER mitigates 

growth ngulation in ACF or in colonic aypts rnaauW open to a variety of suggestions. 

The hdings of the present study suggest that whatever the plausible mechanism (s) idan, 

aztrinly they are operathg in a diffêrerd manner across the regions of the colon Since 

we did not observe a positive comlation betwcen the muaba of ACF and PCNA LI, it is 

rcasonable to suggest that growth rcgulation ais0 d i f f d  between normal appearing 



crypts and those tht wae developing into ACF. 

In conclusion, the findings of the prrseat siudy demonstrate tbat the growth 

faturrs of ACF expresscd as aypt dtipliüty by rat or by group wu the most sensitive 

masure for prediding the tumorigenic properties of fat ad ER In aâditiou, it was 

demonstrateci that a high corn oiî diet stimulateci the growth of ACF within four weeko 

and ER inhibiteci ACF growth by dght weeks. Dietary fit and energy may have aiEêcted 

the growth of ACF by two independent mechanisms. The d i d  colon rrsponded 

Merentiy than the pro>timal colon to dietary modulation as assased by PCNA U 

Further rcsearch is needed to understand the medwism (s ) by which ER exerts a growth 

moduiating &kt on ACF and nomial colonic epithelium. 



7. MODULATION OF ABERRANT CR= EY)CI BY DIETARY FAT 

AND ENERGY RESTRICTION= TEE EFFECTS OF 

DELAYEDINTERVENTION 

7.1 Introduction 

ER refm to a dietary regimen in which total energy bas kai reduced h m  

caibohydratc or ht sourœs while i n d g  the vitamin and m i n d  contait to ensure 

equal intakes between AL and ER groups. A plethora of physiological parameters may 

k altered by ER ( Koiaimi et aï., 1987; Lealay et aï., 1989; MacCay et al., 1939; 

DufQ et ai., 1989; Sem& et al., 1989; Weindnich et al., 1988). Some of these 

e f f '  include hormonal changes, alterations in circuiating growth fâctors and their 

reœpton and altered growth of neoplastic cells (Ruggen et al., l989a, l989b). These 

effm extend ER beyond the simple classification of energy deprivation or starvation 

and validate its proven ability to provide a "growth modulating aivironment' in which 

disease processes may be monitored. For s e v d  derades enagy restriction has been 

associated with dca*ised incidence of spontaneous or chernicatly induced tumors in 

various animal tissues including chemically induceû c010n.i~ tumors ( Xlurfeld et ai., 

1987; Kumar et al., 1990; Reddy et al., 1987). Such studies have convincingly 

demonstrated that ER is &active in inhibithg the development of mlonic tumors when 

inhroduœd at early stages of carcinogaiesis. Howeve., the mchanistic actions of ER 

which preclude the stepwise development of colon cancer nmain dusive and is the 

focus of the prisait investigation. The concept thaî is exploiteû in the present 



investigation is as foilows. The genesis of cancer is a multi-step process involving 

quentiai clonai selection and proliferation of initiated tells and th& fiirther 

deveiopment into identifiable focal lesions (Harris, 1991). The Mons, wer the, 

exhibit advanced growth features and p w t h  autonomy. Thezefon, it can be 

hypothesized that preneuplastic lesions exhibiting vprying growth features may fespond 

differently to a growth modulating envirionment. In iuseping Mth this concept whether 

mild ER is capable of retarding disasc development, by Pnécting the early or 

intermediate prcncoplastic stages of colon carcinogcnesis, rcmains to be evaïuated. 

ACF w e n  identfied in carcinogen-treated rodent colons and purporteû to be 

putative pieneoplastic lesions (Bird, 1987) with supporthg ewidence substantiating this 

hypothesis (McLellan and Bird, 198&, McLellan and Bird, 19881, and McLelian et al., 

1991). ACF with varying gmwth featwes are reporteci to arw in a rat colon after a 

single injection of  a colon carcinogen (Bird, 1987; MCIRllan and Bird, 1988a) 

pnsumably representing preneaplastic lesions at differemt deveiopmentai stages. 

Studies have supported the concept that ACF with a higha crypt multiplicity are more 

M y  îo dmelap into neoplastic lesions (Magnuson et ai., 1993 and Zhang et al., 

1992) suggesting ACF with increasing crypt multiplicity exhibit increasing potential to 

develop into cancer. The ACF model provides a fiamework in whicb the multi-step 

carcinogenic pmces subjbcted to a modulating aivironment nrh  as ER may be 

analysal. This model aiso prwides the unique opportunity to observe and analyse 

prerieopîastic lesions thot are veq primai (ACF with 1-3 crypts/focus) or very 
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advanced (Am with > 10 ayptdfocus) in the same mucosal surEace even at the later 

stages of ~ o g ~ e s i s *  

A culmination of the previously mentioned data substantiating ER as an 

effective himor suppressant in colonic mucosa, the multi-step nature of cancer 

development and the ACF mcdei pmvided the founâation for the present study. The 

basis of the preseat investigation was to asess the e f f '  of delayeci ER (20% l e s  than 

the normal counterpart group), several weeks after carcinogai injedon, on the 

intermediate stages of the colonie carcinogenic pmcess in both high fat (HF 23% wlw) 

and low fat (LF 5% wlw) dKts. ACF were employed as the biologicai end point of 

the disaise, mupled with the analysis of colonic prolifcrative indices. Analysis of 

varying phenotypic faturcs of ACF and ceil kinetic responses at two tirne points were 

carried out to gain information into the preneopiastic meri& and possible mechanistic 

actions assoCiated with ER which praclude colonic tumor development. 

7.2 Materials and Mkthods 

AnUnaLF 

Eighty six male weanling F344 rats (Charles River Canada Inc., Montnal, 

Quebec, Canada) wexe used. AaimalP were housed in stainîess s t a l  wire cages with 

sawdust bedding with a 12 hout lightdark cycle. Aii animals were aîîowed fke access 

to standard rodent laboratory chow and water (ad libitum) as an acclimatization 

messun fol two wccks (14 &YS). C~IC of the Pnimats was in accord with the 

guidelines of the CMsdiPn Cound on Animai Cam 

Cbrcinogen 



AOM, a hown colon specific carcinogai, was dissolved in a fresh saLine 

solution one hour prior to injection. After the acclimaîization period, ail anirnals were 

injectai S.C. with AOM for two weeks (15m%kg body weight once weddy). 

Diets 

Composition of the dids w a e  based on the AIN-76A did (see Chapter 4). AU 

animals (n = 86) were f d  an AIN-76A diet (5% corn oil w/w) Pfta the final injection 

and continuexi on this diet ad libitum for 11 weeks at which time six animals were 

killed (O TïME group) and the nmaining eighty were then hou& in single cages and 

randoîniy allocated to four groups (n = 20 pet group). These groups received four 

dietary regimes, the AIN-76A HF, HFER, LF and LFER diets. Feeûing protocols 

were foiiowed as described in chaptez 4. Body weights were determinai every two 

we& starthg at the time of injection and weekly thereafter until the termination dates 

at 4 and 12 weeks. 

Qwmffcrrn'on of Abcrronr CSpr Foci 

AU animais were küied by CO, asphyxiation. Two and a half hours pnor to 

termination one half of the MimPls in each group received an injection of dcbicine 

(lm- body weight) (Sigma Chemid Co., St. Louis, MO) in order to arrest cells in 

metaphase. The remaining animais were not injectecl and were designated for PCNA 

analysis. Colons were removed and ACF characteristic detennined accordhg to the 

merhods desuibeû in Chpter 3. Specificaüy, the totaî number and average aypt 

multipiitity w a e  detcrmined. In addition, the growth featurcs of ACF in each p u p  

were fiuther anaiysed by categorizing ACF into, srnall(1-3 crypWfocus), medium (4-6 



cryptdfocus) and large (>6 crypts/foais) classifications. 

lbnor ldmrfim'on 

Identifiable tumors wae de- using t h e  criteria. The entire colonic mucosa 

anis stained with methylene blue and examined under light mimscopy. 

Microadenornas were defincd as pmtniding rni~~~scopic lesions with an excessive 

number of crypts visuaiized rnicroscopicaily at 40x. These lesions r e f d  to as 

m i d e n o m a s ,  adenornas and admocarciaomas exhibitai dysplasia upon histological 

examination. Palpable lesions were fixed in 70% etban01 and embedded in patafiin 

wax. Sections were stained with haematoxylin and wsin and examinecl histologicaliy 

and classifiai as adenomas or aâenocyciiomas pccording to specifc pathologie 

aiteria described pmiously (Clinton et al., 1988). 

Assasment of PmlifeMtiVe Indices 

Tissues h m  colchicine injected animals were scained with haematoxylin and 

=sin and evaiuated for the presence of metaphase ceils in complete longitudinal 

sections of colonic crypts. Metaphase cells were identified as darkly stained 

cauliflower shaped cells that were easiiy disthguished from normal colonic d i s .  

Tissues h m  anïmals not injected with co1chicine were awssed for proliferating 

ceU nucltpr antigen (PCNA) as described in Chapter 3. 

Sroriticd h@Vsis 

SAS statisticai soAwarc for microcornputen mu used for ai i  statistid analyses. 

Statisticai analyses of: exmgy intak, organ and body weights, ACF data, proliferative 

indices and tumor multiplicity w m  @ormecl by analysis of varivre (ANOVA) and 
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Duncan's multiple range test. This data was M e r  analysed ushg a two way ANOVA 

in order to determine the main Mécts of fat, ER anâ possible fit-ER interactions 

(htxER). Tumor incidence was analyseci by Fisher's exact tests. Cozielations between 

ACF chacteristics and food intake parameters w a t  detennined using Spearman's 

condation coefficient. A P value s 0.05 was considenxi sigaificant in aii statistical 

tests. 

7.3 Results 

Mean daily in- of diet and fàt in gramdâay and energy in hüojoules O / d a y  

were asessed among the four groups at week 4 and 12. In aU measurements 

catcuiated, the ER groups consumed significantiy less than th& HF and LF 

counierparts uabie 7.1). Body and organ weights weze monitored. Dinerences in 

body weights w a e  evident at the third WC& of fesding with the restricteû groups 

wcighing significantly less than the HF and LF groups (Figure 7.1). At the tenth week 

of feeding signifiant differences were noted betwecn aU groups (with the HF weighing 

Uie most and the LFER gioup the least). This trend was maintained untü termination of 

the study, with the exception of the LF and HFER p u p s  attaining similar mas. The 

ER groups organ weights w a e  generaUy less than t .  respective HF and LF 

c o u n m .  



Table 7.1 MepD daiiy intake values for male F344 lrts fed one of four diets, HF, 
HFER, LF or LSER 4 and 12 weeks a f k  dietary implemenhtion '. 

Fat gl&y4 wk4 2.4*0.0' 1.9*0.@ 0.6IO.V 0.5 10.b 

wk12 2.5kO.V 2.1 *O.@ 0.7 I0.V 0.5 f0.e 
' Diets wexe implementeâ 11 weeks a f k  injection. 

Vaiues are mean f S.E. (n= 10 rats/group) 
Means in a mw not sharing a cornmon superscript are signüicantly dinerent (P s 0.05, 
ANOVA and Duncan's multiple range test). 
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Fig. 7.1 Average body weights [mean + S.E.(bm)] of ratJ fed one of four die& 11 

weeks after azoxymethane injection (n= 20 rats per gmup untii 4 week, n= 10 rats per 

group 4 week until12 WC&); HF, HFER, LF or LFER Means not sharing a common 

superscript at each week are significantly M i t  (Ps0.05, ANOVA and Duncan's 

multiple range test). 



0 HF 

0 LF 
v HFER 
A LFER 

WEEKS ON EXPERIMENTAL DIET 



HF EFER LF LFER 
COmN 1.50*0.1(Y 1.08 *O. Wb 1.33f O.OPb 1.07*0.Wb 

COIBN 0.44*0.03' 0.35*O.0lc 0.43 *0.0lkb 0.38 *O.O1b*e 
WEIGHT AS 
%OFBODY 
WEIGHT 

Values am mean*S.E. (n- 10 rats/gn,up). 
Means in a row not sbariag a cornmon superscript are sigdicantly differerit at 
P ~0.05 (ANOVA and Duncan's multiple range test). 
~ i e t s  WQC implemented 11 weeks aftcr injection. 
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Colonic weight and th& weight as a percentage of body weight were lower ody  in the 

HFER group cornparrd with the HF group uble 7.2). 

ACF wae present throughout the length of the fixed colon with the majority in 

the mid region (ôetween 5 and 10 cm from the rectai end). A rapid incraise in the toiai 

number of ACF in the HF group from the O TIME group (Ps0.05) was noteci at week 

4. However, there were no signibnt Merences mong the four experimental groups 

(Figure 7.2). At week 12, both the HF and LF had a significantly higher number of 

ACF than their conespondhg ER groups (234.7 vs. 167.2 and 2 18.6 vs. 175.3 

respectiveiy). 

The average crypt muitiplicity (Figure 7.3) was not affécted by ER or the level 

of fat in the diet at week 4. However, at week 12 the HFER group exhibited higher 

crypt multiplicity comparecl with the O TLME and LFER groups (3.5, 3. OS, 3.02 

nspbctively 

There were no apparent ef'fécts of ER on the number of small, medium and 

large ACF (see materiais and methods for definition) at week 4 (Figure 7.4). The HF 

group haâ a significantly higha numk of medium ACF than the O TIME group (53.4 

vs. 32.2). At week 12 the number of small ACF were higher in the HF and LF groups 

compand to the ER groups (Fi- 7.5). However, the difference between LF and 

LFER groups was not signifiant. The ER proups haâ bwer numkro of medium ACF 

tbpn th& AL countcrparts. Iae ciifference betwcen the HF and HFER groups was not 

signifiant. A similar trend was observeci for large ACP. 
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Fig . 7.2 Average number [mean + S.E. @MI] of ACF in the whole wfon/group at 

week 4 and week 12 in rats fed one of four diets 11 weeks aftn amxymethane injechion 

(n= 10 rats per gmup); HF, HFER, LF or LFER O TIME repments rats terminated 

at the beginning of dietary implementation (n= 6 rats/group). Meam not sàaring a 

common superscript at each week arc significantiy different (Ps O. (H , ANOVA and 

Duncan's multiple range test). 
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Fig. 7.3 Average numkr of crypt/focus [mean + S.E.(bars)]at week 4 and week 12 

(n= 10 ratslgroup) in rats fed one of four diets 11 wceh aRa amxymethane injection; 

HF, HFER, LF or LFER. O TIME represents rats terminated at the kginning of 

dictaq implementation (n= 6 rats/group). Means not sharing a comwm supascript are 

dineicnt (Ps0.05, ANOVA and Duncan's multiple range test). 
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Fig. 7.4 Average number [mean + S.E.@ars)] of sxnaii (1-3 crypts/focus), medium 

(4-6 crypWf0cus) and large (> 6 crypts/focus) ACF at week 4 in ratp fed one of four 

diets 11 w& a f k  azoxymethane injection (n = 10 rats per group); HF, HFER, LF 

or LFER. O TIME represents rats terminated at the beginning of dietary 

implementation (n= 6 ratdgroup). Meam in each classification not sharing a common 

supeiscript are significantly différent (Ps0.05, ANOVA and Duncan's multiple range 

test). 
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Fig.7.5 Average n u m k  [mean + S.E. (bars)] of undl (1-3 crypts/focus), medium (4- 

6 crypWf0cus) and large (> 6 crypts/ f~~~s)  ACF at week 12 in rats fed one of four 

d i a  11 weeks afta aÿoxymethane injection (n = 10 rats per group); HF, HFER, LF 

or LFER. O TLME represents rats terminated ai the beginniog of dietaq 

implementation (n= 6 rawgroup). Means in each chsification not sbaring a cornmon 

supersCnpt are sionificantiy different (Ps0.05, ANOVA and Duncan's multiple range 

=) 
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The main effects of fat and ER in modulatiag tocal ACF and ACF with c i i f f i t  

gmwth fahires are documented in Table 7.3. It is apparent that the main variable 

affBCtiilg the total number of ACF at week 12 was ER The interaction between fat and 

ER was signifiant in aff&ng the average crypt multiplicity at weck 12. 

Consequentïy, ER was identifleci as the sipnÜicant variable a f f i g  all threc ACF 

multiplicity categories, small, medium and large. in addition, a fit- interaction was 

identüied as having a sigaifiant affect on medium ACF. 

ConeIation coefficients were determiad between ACF characteristics and 

mergy and oit in* on a per rat basis. At wecL 4 the oniy sigdlcant positive 

correiation existed between the number of medium ACF and the amount of fat 

consumed (rs.34006, P= .OMS). At week 12, a positive corndation was observeci 

between the total number of ACF and the average energy intake (r=.46178, 

P= .0035). Medium ACF positively conelated with both energy (r = -64393, 

P=.OWl) and fat htahs (r=.40644, P=.0113) wh- large ACF correlated 

positively with energy intake (r = .39394, P= .Ol44). 

The mitotic activity of the two d i n i t  ngions of coloaic epitheiium is 

documented in Tabk 7.4. in the proximal region a sisaificant fit and ER interaction 

eff~wzrnotcdatwœk12dy. TheMIofthcdistairegionwasaf&ctedbyERat 

week 4, however at week 12, no différences wae noted among the groups. 

The values for PCNA MAling indices are presented ia Table 7.5. At week 4, 

ER groups had lower LI in the proximal d o n  than th& HF and LF counterppits 

howcwr, these ciifferences were not solely attributed to ER, but to a combined 



Tabïe 7.3 Two~way ANOVA P values for mak F344 rats fed one of fwr di&, HF, HFER, LF or LF 4 and 12 wcdts 
a k r  dietary implementation. 

Meanno. Mean Mean no. Mecin no. Mean no. Mean no. TBA'  TA^ 
ACF sizeACF crypW Small meûium h q e  

focus ACF ACF ACF 

WEEK 4 

FAT 0. 1654 0.0259 0,3163 0.3381 0.0943 0,0437 0.0001 0.0015 

- - - -- 

WEEK 12 

FAT 0.5219 0.0349 0. 1069 0.2652 0.3518 O. 5947 0.3 182 0. 8699 

ER 0.0004 O. 7279 0.8625 0.0079 0.0001 0,0224 0.3286 0.0780 

FATXER 0.7797 0.0020 0.0273 0.5526 0.0154 0. 1703 0.7998 0.4151 

'TBA = Tumodtumor bearing animal in each group. 
VA = TumOCS/anirnal in each group. 



Tablc 7.4 Mitotk lndd in and prmimnl ~ o n s  of AOM treated colonie 
mucom in rats fed one of four di&, HF, HFER, LF or LFER 4 and 12 w e e h  
aiter diehry hiiplementation '. 
Diet Roxhal  pmximal D i  DIstal 
(n=S/ Week 4 Week 12 Week 4 Week î2 

FAT 0.2482 0.4730 0.2066 0.2206 

' Mitotic index = Mean number of metaphase celld100 ceiîs in each gmup. 
Dietary treatments were initiateci 11 weeh after carcinogen injection. 
Maios in a mw not sharing a common superscript are signiticantly different 
(P s O.M,ANOVA, and Duncan's multiple range test). 
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significant fpt and fiaER interaction. The distal LI w a e  lowa in the LFER group in 

dation to the LF group with no Metcllcts betwecn th HF and EFER groups. 

Similar to the resuïts obtained for the proXimai section, the distal LI were affecteci by 

ER, tat and a faaER interaction. PCNA LI at both time points pmved to be 

puadortical in nature. The HF giwp exhibited greater values than either LF or LFER 

sroups with the exception of the proximal section LI. At week 12, decleased LI for 

the LF gmup in relation to the HF group was noted. Distaï Li did not reveal any 

differences ôetween the HF, LF and theh respective ER grnips, however the HF 

groups exhibiteci greater LI d u e s  than bot6 LF groups. Fat, ER and a fhtxER 

interaction were aU sipniticant variables in altering the distai LI values. There were no 

comhtions between the PCNA Li and the mitotic figure Mi or between ACF 

multiplicity classifications and these proliferative indices. 

The majority of the micraadenomas, adenomas and adenocarcinomas wexe located 

in the proximd region of the fixeci colon consequently whae the majority of the ACF 

wge also identified. At week 4, (Table 7.6) the only identifiable tumors were in the 

HF groups. By week 12 there were no disCCniable différences between any groups in 

tumor incidence or himor muitiplicity. niae w a e  no Werences in the number of 

invasive lesions among the treatrnent groups, however notable trends existeci. Invasive 

lesions and adenocarchomas in the HF group wczr twice ss numsnnu than those in the 

LF group and vhtuaUy n011cCXiSttnt in cithcr ER groups, but these differc~lces were not 

signifiant. A combined tumor incidence for the HF p u p s  and the LF groups over 

the two time points (n= 4ûlgroup) revealed a total tumor incidence of 45 % and 17.5 1 



TaMe 7.5 PCNA labelhg indd in diPtil and proDimsl sections of AOM treateù 
colonic rmicosa in rpts fed onc of four die& HF, HFER, LF or LFER 4 and 12 
weeb aftm dictu). implemenfation'. 
Diet PiQnolmorl R0Xiu.d Di!ml Distal 
(n= SI Weds 4 Week l2 Week 4 Week î2 

LFER 6.5* 1.3' 12.4 * 1 .Pb 19.9* 1.6 19.6f l.lb 
Tweway ANOVA 

FAT 0.0016 0.0093 0.0369 0.0001 

' Mean number of PCNA labelled dd100 d s  in each group. 
* Dieîary treatments were initiated 11 weeks after carcinogen injection. 

Means in a row not sharing a cornmon supedpt  are significantly differeiit (P r 
0.05, ANOVA, and Duncan's multiple range test). 



Tabie 7A Azoxymethane-induecd colon tumot incidence and tumor muiüplicity in 
makF344ribfedEF,HFER,LFandLFER dieîs4ind12wceLFafkerdia 
implementcitionl. 

No. 
Diet AnimaW ~otal* Micro- Adenomas Adeno- TBA~ TA' 

Group adenomas carcinoma 
WK4 

HFER 10 30'(3) 3V(3) V O' l.OO~O.O(Y 0.3OIO. 15' 

LFER 10 3V(3) 3(Y(3) lû"(1) 0' 1.67*0.33' 0.50*0.27' 
Combined week 4 and week 12 

No. of No. of 
animaid ~otal~Tumor anirnald ~otal'T'urnor 
group incidence group Incidence 

'Dietary treatmcnts w a e  initiated 11 wœks efta carciaogcn injection. 
Values in the same column not sharing a common superscript an significantiy different (P 
r 0.05, Fisher's exact test for tumor incidena and M A  with Duncan's multiple range 
test for huwr multiplicity. 
votai tumor incidence represent total number of animals with rnicroadenomas, adenomas 
and adenocafcinomas 
(actual number in brpcht). 
-A = Tumdtwnor keriag animal in each group. 
'TA = T'umors/animal in cach group. 



respectively. Combination of the HF, LF and EFER, LFER groups over the two time 

points (n- 40lgroup) zweaied a total tmor incidence of 40% and 22.5% respectively. 

7.4 D i i o n  

A novel agproach was employed to asses the eEect of ER on the intermediate 

preneoplastic stages of colon carcinogenesis. ACF exhibiting varying growth features 

were used as the target intamediate lesions. These lesions wexe hduced by AOM and 

allowed to develop for 11 wezks prior to cairyiag out the intexvention with ER or 

dietary fat. At the early time point, week 4.20% ER did not d u c e  the total number 

or the multiplîcity of ACF within the HF or LF groups. The oniy correiation observed 

ktween ACF characteristics and mean daily intalre panuneters was a positive 

correlation between the amount of fit consumed and the number of medium ACF. 

This demonstrated that dietary fat was abk to a f h t  the growth of ACF, 11 weeks after 

injection, in a &oit @cd of time. These findiigs also suggested that an increase in 

dietary fu a&Çts tissue growth characteristics more rapidly than ER. 

The effeds of ER appead to be more aibtle and required a longer duration in 

orda to ex- measufablt ~esp011sts at the tissue level cornparrd with an inmase in 

dietary fat. The aôiity of ER to signiîïcantîy aitex (modify) the devebpment of 

preneapiastic ACF was evident at week 12 d y .  The amount of calories 

coasumed/day, or ER, was identifid as O significant variable respoasibk for aitering 

the charactexistics of ACF and proliferative indices more predominantly at week 12 
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than at weck 4. Total ACF were sisnificantly reduoed by ER in both the HF and LF 

gioups. Intertstingly, modifications in ACF crypt muitip1icity observeci in the HF 

and LF groups werc paradoxicai in nature. ER in the HF group appead to d u c e  the 

population of small ACF, whereas ER in the LF g r o g  reâuced the population of 

medium and large ACF. These resuits reflect possible disparities between the 

mechanistic, evo1utionary or inhibitory actions of ER prrsat in LF and HF diets 

during the induction and promotionai stages of carchogenesis. 1t has ken suggested 

that enexgy and fat in* urat d i n i t  effects on cobnic proliferation stemming fiom 

different mechanisms affecting colon carcinogenesis (Steinbach et al., 1993). ER in the 

HFER environment appeared to oppress the induction of new ACF, with no effect on 

the population of more advanced medium or large ACF relative to the HF group. An 

alternate interpretation is that the HFER diet inhibited the induction and stimulated the 

developrnent of existing srnail ACF into medium and large ACF, ~ 0 1 1 s i d e ~ g  there 

were no dinerences in the number of medium and k g e  ACF between the HFER and 

HF groups. ER in the LFER environment Pppeared to oppms the developrnent of 

medium and large ACF, with no effezt on the induction of s d  ACF relative to the 

LF group. However, the n u m k  of srnail ACF in the LF group i n d  by 

appmximatcly 50% from wctk 4 to week 12, whaeps the LFER exhibitcd a 20% 

inmase. This suggcsts that the LFER diet may actualîy stagnate the induction of new 

ACF relative to the LF group over timc. 

When ACF multiplicity data was expressal as peamtage of total ACF, thexe were 

no obsewable diffemces between any dietary gmup at either time point (&ta not 



Shown). 

The authors did not anticipate the appearance of sizeable micltoadenomas or 

adenomas in the present investigation nor was it part of the main soope or purpose of 

the papa. Interpretation of the data on lesions defined as microadenornas, adenomas 

and adenocarcinornas must be d e d  out with caution due to the small number of 

animais (n= lO/gtoupltime point) used in the study. Howeva, the data may provide 

insight into fiiture investigations examinhg the effects of ER on ACF and end himor 

incidence. The increase in the level of fat prapagated the appearance of 

microaienomas and adenomas in the BF and EFER groups accompanied by the 

complete absence of such identifiable lesions in either LF groups at week 4. The total 

energy intake between the HF and LF or the HFER and LFER groups did not differ 

whereas the dories h m  f&t were significantly higher in the HF p u p s  compareû with 

the LF groups. This supports the hypothesis that calories h m  fat are mon 

iasûumental in accelerating tumor development than total calories. 

Week 12 total tumor incidence was lowa in the ER groups relative to HF and LF 

CounttrparLs. Adenocarcinomas w a e  evident oniy in the HF and LF groups with the 

HF group tending to exhibit a greatcr incidence than the LF group although the 

diffcrencc was not sigaificant. Coasequently the oaly identifiable tumon in the HFER 

grwp d t e d  at the level of microadenomas (no paipable tumors), whuezp the HF 

grwp and both LF and LFW groups exhibitcd adcnoma f o d o n .  Pahaps ER 

within a HF environment significantly alters growth of lesions that are very prîmal 

(ACF with 1-3 crypts) or very advanced (identifiable odenomas) in nature with no 



detectable e f f i  on intermediate lesions. The comb'med data (HF with the HFER 

group and the LF with the LFER group) suggests that incread dietary ht employed in 

the Ua stages of tumm development enhanas the propagation of neoplastic growth. 

The analysis of this prelimiiipiy tumor data provides the M c  ~easoning for fiirther 

investigations examinhg the eff~ts  of ER on end hunor incidence employing a larger 

sample size in order to evaluate this proposal. 

Incmwd colonic pmliferative rate is c u m d y  bang labellexi as a 'colon cancer 

ri& marker" (Yamaâa et al., 1992). A few studies have attempted to determine the 

existing rdationship bebween ER, fot and cell pmliferation in colonic mucosa. These 

studies haw Wed to achieve coaformity in various prolifmtive indices (Aibanes et 

al., 1990, Bird and Stamp, 1986, Kîurfeld et al., 1987, and Lok et al., 1988) and 

eluded to the ïack of association between incnased tumor yield and cell kinetics among 

high fat diets (Steinbach et ai., 1993). Steinbach et al. (1993) report4 that a high fat 

diet deerrased ce11 pmliferation in the distal colon and increased proliferation in the 

proximal colon campaicd with a low fat diet afta 34 weeks of feeding, with no 

differeaces occurring at the eatlier time points. Lok et al. (1988) ais0 demonstrateû 

that a d-synthetic dia, which is dightiy highet in fat, d u c e d  ~010-rectal 

proliferation compareü with lab chow fed rats. Howmr, in both shdies ER 

sigdicantly d u œ d  colonic prolifczation. Klurfeld et ai. (1987) demonstrateci the 

Pbility of a diet colltaining thne times the amont of bit but 40% of utaï calories to 

significantly incrrasc wlonic pmliferation. Culmiaation of thse nsuîts suggests that 

colonic d pmliferation may not be consistently afkcted by the amount of calories or 



fat in the diet and thus may possibly depend on the fiequency and amount of 

carcinogen, the duntioa of dietary treatment and the stage of carcïnogenesis at which 

the anaiyses arr being conducted. Early stage rcspmses of cdl kinetics to dietary 

changes may not rrprrscnt the changes exhibitcd at the lata stages. The varyiag 

PCNA LI cxpreJEion results at week 4 and 12 may have ôeen the mult of an adaptive 

response. By week 12 there was a trend for the HF groups to have greater PCNA LI 

than the LF groups which refiects the rr~ponse of the wlonic muwsa exposed to the 

viuyhg dietary treatments ova a longer pedod of time. The finding that the distai and 

proximal section of the colons responded Werently to di- treatments, as assessed 

by tbQr proMerative staais, must k evaluated in future studies in order to determine 

the importance of this finding in -mental and possibly human colon 

carcinogenesis. 

The findings of the present investigation demonstratecl that carciaogen treated 

colonic epithelium is in a dynamic state exhibithg fluctuations in ce11 kinetics and the 

population of ACF. The present investigation supports a role for ER in cancer 

prevention. ER significantiy moduiated the growth of preneoplastic ACF without the 

introduction of any aogenous chernicals in the organism. Lnig term tumor incidence 

studies which administered ER d i a  immediately afkr carcinogen injection have weU 

established the suppresive e&*r of ER ova a long perid of time. This investigation 

has substantiarrA the aôiüty of a miM M of ER (20%) to sipniacantiy aiter the 

growth of intermediate preneaplastic lesions which wcrc aüowed to develop for 11 

weeh @ost carcinogen injection) prior to dietary intervention. Increased dietary fat 



affkcted tissue growth c-cs more rapidly than ER wbereas ER aitered the 

devdopment of ACF depending on the levd of fat and duration of firding. ER 

inhibited dinerent populations of ACF in HF and LF dicts suggesting possibk 

disparities ôetween the celluiar and moleculat mats Oceumag in each environment. 

Such findings support the contention that fat and ER a e c t  the genesis of colon cancer 

by diffkmt mchanisms that are unique to each environment. In addition, it was 

demmtrated that ACF exhibiting different gmwth features nsponded dWerently to 

growth modulation by fàt or ER,a finding which is compatible with the multi-step 

nahue of the carcinoge~c process. Information derived h m  the investigation of the 

intermediate lesions and th& ability to respond to a growth nguiatory environment 

may be useful in the management of high 6sk individuais harbouring preneaplastic 

lesions in th& colon by dietary or chemopreventive means. The ability of ER to 

inhibit the appearance of new ACF and retard the development of established ACF 

warrants fiirther studies. Such investigations may pmide insight into the mechanistic 

actions of ER at the cellular level and the efficacy of ER as a means for cancer 

prevmtion. 



8. INVESTIGATION OF TEE ABIISI"Y OF DIETARY FAT AND ER TO 

MODULATE VARIOUS RAT COUINIC PRENEOPUSTIC AND 

NEOPLASTIC LESIONS PROPAGATE IMThULY IN A IiIGH FAT 

8.1 Introduction 

It has been dernonstratecl previously that the amount of fat and energy in the diet 

exerts a meuurable response on the development of ACF in the esuly (Chapter 6) and 

intexmediate stages (Chapta 7) of colon aucinogaiesis. Prrviws studies have 

demonstrated the abiity of decmsed dietary fit and enagy restriction (ER) to 

signifïcantly decrease end -or incidence when introduced at the early stages and 

maintaineâ throughwt the disesse process (Klurfeld et al. 1987, Kumar a al., 1990 and 

Reddy et al., 1987). 

Carcinogenesio is a cornplex process and hvolves clonal seldon and expansion of 

initiateci cello. The tumor enhancing dect of a high fit diet can be exerted on ali, or a 

selected populations of preneoplrstic lesions. We have recently demonstrated, in male 

SpragueDawley rats, that the tumor enhancing &ect of a hi@ ôeef talîow diet was 

established quite d y  on, within 12 weeks of carcinogen and âietary treatment (Bird et 

al., 19%). It was specuîated that once preneaplastic lesions mach a cenain growth state, 

tbey wcre resistant to the growth modulating affects of diet. This aidy wiggested that 

.dministration of a growth permissive environment (high fbt ), won after carcinogen 

injection, diowed for the appearancc of more advanced preneoplastic lesions than those 



which grew in a less permissive avironment (low a). C o n v d y ,  a high fàt diet rnay 

sdect lesions with a genotype equipped for a mon rapid growth pattern than those 

selected by a low fàt diet. 

Chapter 6 explorexi the delayed &e* of intervention by HF', HFE& LF and LFER 

diets in colons üut wae iniWy exposed to a low fàt environment. However, this study 

was conducteâ utiüzllig a Iùnited mnaba of rats, insuffiCient for a long term tumor 

incidence study. 

Baseâ on these two previous studies it was masoneci that administration of a high 

nit diet soon d e r  carcinogen administration may provide a more stringent mode1 to assess 

the effêct of ER on the stepwise progression of colon cancer and fonned the buis of this 

study. 

Therdore, the objective of the present investigation was to assess the effeds of 

ER (20% less than the normal counterpart group) on; ACF of Mcyiag growth fatures; 

microadenomas; and tumors. The dietary interventions (HF, LF, LFER) were 

irnplemented 16 weeks after feeding a high fat diet. Specifically, d y s i s  of varying 

phenotypic fanires of ACF at three tirne points wae d e d  out to gain information into 

the preneopiastic events rPsocirted with ER which preclude colonic -or ddopment. 

Microadenorna and tumor incidence and muitiplicity w m  employed as the biologicai end 

points ofthe discase. Prolitbrating all nuclear antigcn expression was also assessed. 

8.2 Materid and Methoàs 

Amwu2 carre and die&: 
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The animals were h o u d  in wire cages with sawdust beddiag with a 12h light-dark 

cycle. Temjmature and hwnidity were controlied at 22°C and 55% fespectively. Animais 

were given fkee access to iaôoratory chow and wrta untiî initiation of the m e n t  ud 

over the duration of carcinogen injection All animais were careâ for 8ccord'ig to the 

guidelines of the Canaâirtn C o u d  on Animal care. The dias werc based on a semi- 

synthetic A N 7 6  standard diet with mdications as specified in Chapter 4 Table 4.1. 

Crrrcinogen 

AOM was prepared accordhg to Chapter 6. Animals were given 3 sub 

aitanmus (s.c.) injections of AOM at a dose of 15mglkg body weight. 

Std j  Design: 

A sumnuuy of the study protocol is detailcd in Figure 8.1. One hundred and sixty 

five male weanling F344 rats (Charles Rivas) were used. When the average weight of 

the animais reached 100 grams, ail anirnals were then injected with AOM once weekly for 

three weeks and wexe aUowed âee access to iab chow over the duration ofthe injection 

perîod. One week a f k  the last injection, aU animals wae Nntched to the modified AIN- 

76A diet HF for 16 weeks. A f k  16 w& of dietary treatment, 10 rats were killed by 

CO, asphyxiation and th& colons wae duated for ACF characteristim. The rrmainiag 

animais wae housed in single cages ad randomly doated 40 per group into 4 

exphentai  groups. These groups were fed one of the HF, HFER, LF or LFER diets. 

Diets witbm each fat ciasdication w a t  isocalonc, thdore  a reduction in oergy (20h) 

was recomplished by feedllg the ER lpoupa 8W!' of the average âaiiy M e  of their 

respective HF and LF countcrputs u desaibed in Chapter 4. 
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Figure 8.1 Study Protocd for Chapter 8 @kk arrows designate injections with AOW 

white arrows indicated t emidon  of rats). Anirmls were fed standard lab chow during 

injections, then pkccd on the RF diet one week after iast injection. Animels wcre aiiowed 

h e  access to the HF diet for 16 weeks at which time 10 animais were killed. The 

ranaining animais were placed in single cages, separateci into four groups (n=40/group) 

and fed one of four diets HF, AFEq LF or LFER Atta six weelrs (22 weeks a&r 

injection) and 12 weeks (28 weeks r&r injection) of fceding 10 animaidgroup and 30 
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Initial and weekly body weights were recorded. Afta 6 weeks of feedmg (22 week after 

injection) 10 rats per gmup were killed and their colons were analysed for ACF 

characteristics, miaoadenomas, tumors and proliferating dl nuclear antigen (PCNA) 

expression. The mnaining animais (30 per group) wae fed their respective diets for 

another six weelcs (28 weeks a t k  injection). Animals Irüled at this hst t h e  point were 

arsmined for maaoscopic tumors and then further dividtd into 4 groups witûin each diet 

including; ten animais per group were designated for ACF dysis ,  (present chapter); ten 

per group for protein kinase C @CC) d y s i s  and epidamsl growth factor tyrosine kinase 

activity (EGFR-TK) (see chapter 9); and the rtmainùlg were designated for RT-PCR 

(reverse tnnsaiptase polymerase chah reaction) d y s i s  (chapter 10). 

~ f i c m b n  of Aberrant Crypt Fmci (ACFJ 

Animals were killed , colons removed, and ACF characteristics determined 

accordhg to methods describe- in Chapter 3. Specificaüy, the characteristics analysed 

in this sWy include; total number of ACF;crypt mdtiplicity; number of smaü (1-3 

crypt/focw), medium (4-6 cqpts/focus), large (> 6 crypts/focus) ACF; and location of 

ACF with nryiiig crypt numbers dong the length of the colon. 

Tvmor Ident i imi~n md Quonnpcottbn 

Upon excision of the colon, JI palpable lesions (tumor or microadenoma) were 

recordeci with respect to their location and size (length and width). Non-palpable lesions 

wac identified ushg light microswpy in the colons uscd for ACF analysis and were 

d&td as pmtruding m i a o s ~ p i c  lesions wah an CXCtSSivc numbef of crypts Maulited at 

X40. Lesions which were lmrnf and d e r  were dehed as microadenornas. Lesions 
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which were îarger thon h m 2  were d&ed as tumon. Specific parameters wKssed were 

u foilows: incidence (pacentage of total iaimrls with lesions); dtiplicity calarlated as 

average muaba of lesions pcr aalliul and average numôcr of lesions pcr lesion-bearing 

animal; and burden (average of the total lesion a m  in each lesion-beuhg nt in mm?. 

The total number of lesions in the group, irrespective of the n u m k  of nts in the group, 

wasalsoasscssed. 

The parameters described aôove were usessed separatdy for tumors and 

microadenornas and for a combination of both tumors and microadenomas. 

A m ~ ~ l l e n t  of RoIiferatrng Ce22 Nuciear Antigen ~ e s s ~ b n  

Proliferating cdl nuclear antigen expression (PCNA) was examined in 1 groups 

at wedc 22 in the 7% ethano1 fixed colonic tissue in the proximai and distd regions for aii 

gmups rs described in Chapter 3. 

S t a r M d  A d y s i i s  

SAS statisticai software for microcornputas was used for aU statisticai analyses. 

Body weigbts were anaiysed by repeated measuns analysis of variance (ANOVA). 

ACF &ta, PCNA expression, tumor and microadenorna multiplicity were analysed by 

ANOVA and Duncan's multiple range test. This data was M e r  analysed using a two 

way ANOVA in orda to determine the main effcds of fat, ER, and possible fat-ER 

interactions (w). Tumor incidence was analysed by Chi square test. A P value s 

0.05 was considered sigdïcant in all statistical tests. 



Base-line ACF characteristics were detennined fiom the animals (n=10) terminated 

f i e r  sixteen weeks of feeding the HF diet, More the switch to the HFER, LF and LFER 

diets. The totai numbef of ACF ncady doubled in aü diet groups a the 22 week t h e  

point (6 week of feediag) c o m p d  to base-linc (Table 8.1). The avemge aypt 

multiplicity anis higûer in the base line group, which rtnects the lesser numba of small 

ACF and a similar number of large ACF as compareci to these characteristic in the 22 

week diet groups. It is interesthg to note that the increase in number of ACF at the 22 

week tirne point in di diet groups was mainly due to the increased population of s d  

ACF, rather than the large ACF. Wïthh the diet groups at 22 w a h ,  there were no 

significant Merences mong the various ACF characteristics. However, there was a 

trend for the HFER and LFER groups to have lower numbers of total, s d ,  and medium 

ACF and a higher number of large ACF than th& respective HF and LF counterparts. 

Two-way ANWA analysis of the ACF growth features at this time point did not reveal 

any significant main effects of ht or energy (data not shown). 

Afta 12 weeb of fiscdiag the four dietary regimens (28 weeks after injection) the 

total number of ACF i n d  in relation to the 22 week time point in di groups with the 

exception of LF (Table 8.2). The LF group exhiiited a sigdcantiy Iowa numba of total 

ACF than the HF and HFER groups. This suggests that switching fiom a HF to a low fat 

di*, ratha thm fcstricting aiergy (as in the HFER group), h more effective in reducing 

the total nuder  of ACF. C ~ I I S C Q U ~ ~ ,  ht was i d d e d  as the main -le aEecting 

12 wœk total munbcr of ACl? by two-way ANOVA anaiysis (Pr 0.0088, Table 8.3). 



TiMc 8.1 ACF chrmcterirtia' of F344 rata i t  bue line 16 wcch ' and at 22 week iftcr injection. 

- p p p p .  - -- 

ZVTAL ACFI ' AVERAGE ' ACF ACF ' ACF ' 
COLON CRYPT 1-3CRYPTS/ 4dCRlTïS /  >6CRYPTS/ 

MULT. FOCUS FOCUS FOCUS 

663.75 f 71.54' 2.41 f 0.05 547.87 * 59.38 ' l(n.25 k13.21 ' 13.63 * 3.36 ' 

'Vdues reprcsent mean * SEM (n=l Olgroup) 
Mews in a colurnn not sharing a common superscript are significantly diffemnt (PiO.05, ANOVA and Duncan's multiple 
range test). 
2ACF characteristics 16 wetka after injextion. 
' ACF chanctaistic 6 weks iffa switch to one of four diets HF, M%R,LF, LFER (22 weeks &a injection). 
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The average aypt multiplicity was not a f f i e d  by the amount of fat or mergy in the diet. 

The LF group displaycd sipaincady lower nimba of smaii and medium ACF dian the 

HF and HFER groups mpectivciy. It is interestin8 to note that thc number of medium 

ACF d d  in LF group &om the 22 to 28 week timc points. Consequently, the 

number of medium ACF in the LF and LFER gmups at 28 weeks was not sienificandy 

diffèrent than the base line numôer of medium ACF. Similariy. the LFER group exhibited 

a si@cantly lower number of medium rnd large ACF with than the HFER and HF 

groups respeaiveîy. Two-way ANWA analysis revealed a signifiant fat effect on the 

population of d and medim ACF ( Ps 0.0 178 and 0.0057 respectively, Table 8.3). 

&pression of PCNA 

PCNA expression was assessecl in distal and proxirnai sections at 22 wcdw after 

injection (Taôle 8.4). The labelling index (LI) in the proximal region of the LF group was 

signifïcantly lowa in cornparison to all other groups. There was a trend for the LI to be 

Iowa in the proxhd end as compared to the distai end, with the exception ofthe HF 

group. ER appeucd to dcaeasc the LI in the proximai region of the RFER group and 

conversely inamse the LI in the pro- region of the LFER group. The proliferative 

zone exhiiited a trend to be higha in the pro* regions for al groups. with the 

exception of the LF group. ER did not aftect the p ro l i fdve  zone in the HFER group, 

however within th LF diets the LFER group demonstrated a significantly higha prowaal 

prol i fdvc zone th.n the LF group. Crypt height did not vary signiücantly h m  region 

to region, or from diet group to diet group once again with the acception of the LF group 

h the prorrimal mgion. 



Tumor andMictm&noma Cha7actenerrstrtics 

Tumor and miaoadmoma parameters wae anaiyd by combiaing the 22 and 28 

week groups togetha (n= 3344/grwp) and on waL 28 aione (IF-27-33Ugroup). The 

location of tumors and microadenomas are smmrhi in Table 8.5. This data was not 

statisticaily d y s e d  therefore the results must be esaessed with caution. The majonty of 

both types of lesions were found in the 4-12 cm of the colon in ali groups which 

corresponds to the regions in which mon of the ACF are located. Dietary fht and 

en- intake did not appear to affect the distriion of lesions dong the I e a g h  of the 

colon, however the LF group appeand to have a highcr number of microadenomas in the 

12-16 cm in relation to the 0th- groups. In addition, the number of microadenomas in the 

LF 4-8crn region was higher than the rest of the groups, yet the nimba of tumors in this 

region was quite low. CoIonic tumor incidence (Table 8.6) was not statistidy Werent 

between the diet groups for the totai (% of animals with aunon d o r  microadenomas) 

tumor, or microadenorna and tumor incidence individudiy. The LF group exhiiited the 

highest incidence of microadenornas, which was almost significant at P = 0.05 1, yet 

exhibiteci the lowest tumor incidence. There was a trend for the LF, LFETk, and HFER 

(poups to have hi* totd lesion incidence than the HF gmup. Whai the abrolutc totai 

numba of lesions W examined (Table 8.6) it wu noted that the ER gmups to harbow 

fmer toul mimba of lesions than th& rrspeaive HP and LP counterparts. The mimba 

of microadenornas in the LF group was more than double the mmiber of microadenomas 

in the LFER group. 1t is interesthg to note that dthough the LF group exhibiteci a higher 

numôer of microadenornas yet a lowa nu* of nimors compared to the HF group. 



Table 8.2 ACF chrricteristia' of F344 rab r t  bise line 16 wceks ' and at 28 weeh alter injection. 

HF3 

HFBR 

LP 

LrnR 

Id week * 

TOTAL ACF/ ' AKEMGE' ACF ' ACF ' ACF' 
COLON CRYPT 1-3CRYPTS/ & a C R m /  >KRYPTS/ 

MULT. FOCUS FOCCIS FOCUS 

'Values represerit meui + SEM (n=lO/group) 
Means in a column Mt Jharing a cornmon superscript are significantly di fferent (PsO.05, ANOVA and Duncan's multiple 
range test). 

2ACF characteristics 16 weeks ifta injection. 
)ACF characteristics 12 weeks &er switch to one of four diets HF, HFER,LF, LPER (28 weeks a h  injection). 





Tabk 8.4 ProIiferating C d  Nudear Antigen Expression (PCNA) indices in colonic 
dirtil and proximd s d o u  of m i k  F344 rit3 fed HF', HFER, LF and LFEa dieb 
kiîied 22 wedo aaer injection1. 

LFER 

DWtd 

Prosimai 

Dietary treatments were initiated 16 weeks lfter carcinogen injection. 
Values reprcsent mean * SEM (n=S/group) 
Means in a wlumn not shariag a cornmon supasaipt are significantly Merrat 
(Ps0.05, ANOVA and Duna's multiple range test). 
Represcnts the munba of labelied ceiidlûû cells. 

' Repre~t~lts the highest labe11ed di within a colonic aypt. 
Represents the m i m k  of ceils dong the length of a colonic aypt. 



Examination of lesion dtiplicity parameters by groupiag the 22 and 28 week 

groups together did not meai any signifiant Merences for the number dlesiodanimal, 

numbei oflesions/lesion-bearing animai, or lesion burden (Table 8.8). However, when 

lesion multiplicity is examined at 28 weeks alone (Table 8.9), the LFER group was 

identifieci as having signifïcmtly lower numben of tumors and/oc miaoadenomas per 

animai, tumors d o r  minoadenomas per lesion bearing animal, and a lower nimber of 

rnicroadenomas p a  microadenoma-bearing animal than the LF group. There were no 

dinérences among the HF, HFER and LF groups. However, as reflected in the 

incidence values, th- ww a tnad for the HFER and LF groups to exhibit higher 

values in almwt aïi 1-n multiplicity and burdcn parameters (with the exception of the 

Li? tumorlanimai and tumorltumor bearing animai values) than the HF group. 



Table 8.5 D i i u t i o n  (as a peroent of tom of combinecl 22 and 28 week colon 
tutnos and mkmadenomas dong the length of the colon in rats fed HF, EFER, 

LFER 17 (8) 37 (17) 33 (15) 13 (6) 
Tumors 



Table 8.6 Colon tumor inciàence in mole F344 mts f d  HF', HFER, LF and LFER 
dEc(s and kmed 22 and a wccLs after iqjection.' 

Grarp No. of f 
animdd (% of tobl aaifMk/group) 
W P  

HF 44 7V(3 1) 3 7 v )  55'(24) 

EFER 37 73v7) 35Y13) 5721) 

X.F 40 8iY(32) 4S8(19) 52.Q 1) 

LFER 37 7608) 30yll) 59'(22) 

Total n m k r  of tesiodgmupS 

HF 44 61 2s 36 

HFER 37 57 23 34 

LF' 40 64 37 27 

LFER 37 46 17 29 
- - 

treatwnts were initiated 16 weeks after carcinogai injection. 
Values in the same column not sharing a common superscript are signifïcantly different 
(P s O.M, Chi square test) 

qotal tumor incidence repments the percmtage of animais with microadenornas and 
tumors. The numkr in paraithesis rcprcscnts the actuaï number of affected animals. 

Microadenomas repmmt microscopie lesions s 1 mm2. 
"ibors repmmt mac~~scopic exophytic lesions > 1 m d  
-ts totai numbcr of lesions in group irrespcctve on the number of 
-group* 



Table 8.7. Colon tumor incidence in male F344 rats fed HF, EFER, LF and 
LFEadietsandLlllcd28 weeksafteriqjection'. 

G m p  No. of 
admaw (96 of total nnimalslgmup) 
W P  

'Dietary treatments wae initiated 16 weeb &er carcinogen injection. 
Values in the same wlumn not sharing a common supemcript are significantly different 
(P r 0.05, Chi square test) 

2~otal tumor incidence represents the percaitage of animais with microadeaomas and 
tumon. 
The number in parenthesis reptesents the actuai number of affected animals. 

MiCrOBdenomas represent microsCopic lesions s 1 mm2. 
"hmon represcnt macroscopic exophytic lesions > 1 mm2- 



Table 8.8 Colon tumor and microadenorna multiplicity and size in maie F344 rats 
fcd HF, HFER, LZ and LFER dita and lrillcd 22 and 28 wedo aItu injection '. 

TUMOR AND 
D m  

m? HFER LF LFER 

'ILmor and MA2 17.12f 4.73' 26.48f7.84 20.91 f 5.62 16.16f 3.84 
britden 

T u m o r s p e r d  1.4210.10' 1.62*0.218 1.29i0.108 1.32*0.14' 
bearing animai 

* Dietary treatments wac initiatcd 16 weeb a f k  injection. 
2Vaiuesrep~theto td les i~~at22and28  weekandarepremteâasmean*SEM 
(n=3744/grwp). Mans in a iow not shuiag a cornmon supascript are sipnüicantly 
d i f f i i t  (Pa0.W. ANOVA and Duncan's multiple range test). 



Table 8.9 Colon tumor and microidenomi mdtiplicity and size in a& F'344 rats 
fcd HF, EFER, LF and LFER dieb and küid 28 weeks &et injection l. 

TUMOR AND 
MICIRnADENOMA DIlETS 
PAIUMETER 

HF HFEB LF LFER 

mnots p? 0.78 f 0.14' 0.78f 0.17' 0.73 f 0.14' 0.70*0.148 
animal 

'Tumors per tumo? 1.39 f 0.12' 1.471 0.19' 1.37 f 0.13' 1.19*0.14' 
bearing animal 

Tumotbwdeg 25.28~ 7.53 26.3517.73 32.311 8.44 20.81 I5.75 

I MA per MA bcarh# 1.31 * 0.21 * l.8OfO.m 1.85 f 0.25 ' 1.12 10.13 ' 
animal 

MA butde$ 1.23*0.17' 1.4310.16' 1.65 f 0.26' 1.2510.16' 



8.4 Discussion 

The main findings of the present study are two-fold. F'ïtly, switching to a diet 

lower in total aergy (HFER), fat (LF) or lowa in energy and fat (LFER) in the later 

stages of colon carcinogeaesis did not sipnincantiy modulate the development of tumors 

- (neoplastic llesions) which were initialiy exposeci to a HF environment during the earIy 

stages. Seoondly, dietary fat was identifïed as a more potent growth moduîator of 

certain populations of ACF (preneaplastic lestons) than ER. Previous investigations 

have demonstrated the abiity of EFER and LFER diets to sisnificantly d u c e  the 

tumor incidence in relation to theh HF and LF counterpatts ( Kumar et al., 1991; 

Reddy et al., 1987). Howeva, these studies have used experimentai protacols in 

which the animals were fed the HFER and LFER die& while d v i n g  or immediately 

a f b  injection of carcinogen. The present study employeû a pmtocol in which the diet 

intervention was irnplernented roughly haif way thmugh the carcinogenic process. The 

fhdings that delayed intervention by dinerent diets did not change the twnos outcorne 

curzoborated a rrçait investigation by Bird et ai. (1996) in which a similar protoool, 

although a différent type of fat was uti l id .  In that study it mu demonstrated tbat 

f&g a low and high beef tallow diet during the later stages of colon carcinogenesis 

was ineffkctive in modulating the gmwth of tumors ( Bird et ai., 1996). 

ûva the past few years, evidence has emerged supporthg that notion that ACF 

arc colonic preaeoplastic lesions (Bird, 1995; Jcn et ai., 1994; M o w  et ai., 1991, 

1992). Such investigations have idaitifid lay featurcs of ACF that have strengthened 

this notion including dyspiasia and pmWerative and genotypic atypia pardel to those 
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identifid in colonie cancer @hi, 1995). It bas bem ptoposed that ACF of a higha 

crypt multiplicity may have a pater state of autonomous growtù than those lesions 

with fewa crypWfdcus (hhgnuson and Bird, 1994). in addition 1 ha9 been proposed 

that a shorter t h e  is nquireû w reach an autonomous state in a HF graip than those in 

the LF group (Bird et al., 19%). Once an ACF attains a certain growth autonomy, it 

rnay be les amenable to growth modulation by the nutritional environment imposed 

upon the animal. 

One of the advantages of intemenhg the disease pnress smnl weeb a f k  the 

administration of azoxymethanc is bat at the timc of dietary initiation, the colons 

harbor a large population of preneopiastic lesions. These lesions repzesent a spectrum 

of preneopiastic States. Therefore, utüization of this appro~ch aiiows for the growth 

moduiating ability of a nutrient or diet to be asses& on various preneopiastic states. 

As expected ACF of vprying growth featwes were present in the colons of Yiimals at 

week 16. B a d  on the findings of our previous study (Ba et al., 1996) we expected 

that some of the pnaeapiastic lesions wouid have reached the state of an established 

phmotype, enabling them to &t modulation by diet. However, we alm expected that 

if ER was indecd a potent modulator of tumor development it wouid plro k able to 

retard or regress the p w t h  of preneopiastic lcsions which had not yet achieved the 

autonornous or estabrished phenotype. 

Switching from a HF diet to a LP or LFER dia eppaued to impede the 

development of the small and medium ACF yet did not ?&ct the numkt of iarge 

ACF. Interestingly, the effect of deaeased fpt on the large ACF was not signikant. 
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This is ais0 refiected in the lesser number of total ACF in the LF anci LFER groups, 

with the deaease mainiy due to the lesser number of smaiï and medium ACF. This 

aiso suggcsts that within the LF and LFER dieb, the iarger ACF had reached a higher 

state of autonomy than the s m a l l n  ACF, reflecting biologicai hetemgeaeity amoag 

ACF within the same colon. 

Reducing the amount of energy in the HF and LF diets did not appear to 

sipnüicantly affect the devdopment of ACF. It has ken demonstrated previousiy that 

reducing the energy content in HF and LF diets was able to signincantly aned the 

development of certain populations of ACF within each fat classification (Chapters 6 

and 7). It was ais0 established that dietary fat aerted its effect at an eariier t h e  point 

than the reduction in encrgy. Howeva, these studies have employed diffaent 

expallnental protocoIs in relation to the present study. In particular , the study in chapter 

6 introduced the diets low in fit and energy immediateIy dter injection and the study in 

chapter 7 introduced the diets 12 weeks da feeding a low fit diet. The inaôiity of ER 

to sieiiifidy affect ACF development in the HF rad LF diets in the present study 

substantiaîcs the notion that the &et in the early stages is more cruciai in determining the 

pccllcoplastic and neoplastic potential of the colon. 

In the prewnt study, the exposurc of ail dia groups to a HF diet initially appeared 

to provide a tumor promothg environment that pemisteû evm &a the switch to lesser 

amounts of ht and aiergy in the dict. Aithough not statisticriiy s ign i f i ~~~~ t  it L 

interesthg to note that thae was a trend for the mitmadenoma inadence to k higher and 

the tumor incidence to be lowa in the LF group in relation as compareci to the HF group. 



These fiadings corroborate our prcvious investigation @rd et al., 1996) in which the 

increaseâ tumor incidence of die HF-LF group in relation to the HF-HF group was due 

rminly to the appearance of smaU adenornas in the RF-LF group. IncidentaUy, simiiar 

findings have been reporteci in humans in which the ceoccurtence rate of poiyps was higher 

in individuais consuming a LF, high fiber diet as comparecl to those consuming more fkt 

and les  fiba (Essen et ai., 1994). Such findings suggest that feeding a LF diet may not 

Unpedc the development of microadenornas but may & i e d  th& progression to 

becoming tumofs. 

Reducing the amount of energy in the HF and LF diets did not sieaificantly a f k t  

any tumor incidence parameter. Wwth respect to tumor multipiicity, the LFER diet 

exhibited signîficantly lower tumors andlor microadenomas per lesion be-g animal than 

the LF group in the luiimals lrined at 28 w&. However theses d u e s  w m  not Merent 

than the HF group. Aithough not sisnifimt, the microadenorna incidence was higher in 

the LF compareci to the HF group suggesting that switching fiom a HF to a LE diet may 

provide a microadenorna shulating environment which may in tum be mitigated by the 

addition of ER. 

Distnition of the colonic tumors for aU dia groups was very similu, with the 

exception of the location of miaoadenomu in the LF group. The appearance of several 

m i d - m a s  in the 12-16cm region of the LF colons suggests that either the HF diet 

wu i n b i i  or the LF diet wr, stimulating the conversion of preneoplastic lesions into 

new micrdcnomas. In addition, the numbcr of microadenomas in the 4-8 cm of the LF 

group wu the highcst, yct the number of tumors in that region wae the lowest. 
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Consequentiy the HF group d'bited the West numba of tumors in the 4-8- region, 

yet vay low tumors in the 12-16 region, This mggests that there was a regional eff- 

ofLF d i e .  This diet appearrd to inhi'b'i the conversion of old microadenornas into 

tumors in the 4-8 region, while enhancing the developmeot of n m  microadenornas in the 

12-16 region. This trend was dso demonstrateci in the previous study by Bird d al. 

(1996). Carbohydrates serve as the main source of ai- in LF diets which may M a t e  

a rok for increued &hydrate in* in enhancd growth potential of certain 

preneoplastic lcsions. 

Proliferative indices, as meaguted by PCNA expression, refiected similar trends 

exhibitcd in the ACF, tumor and microadenorna data. There wae no dramatic deaeases 

or increases in the indices as a result of changing the amount of Eat or energy in the diet. 

Previous studies have dernonstrateci the abiity of ER to significantly deaease cell 

proliferation panmetas ( Steinbach a ai., 1993, chapter 7). The resuits in the present 

study suggest that changing the amount of fât or aiagy in the diet withlli this study 

protocol does not significancy rffkct ceil prolifdve parameters as assessed by PCNA 

expression. 1t is intaesthg to note the decreased LI, proîi£érative zone and crypt height 

within the LF pro* regkm in cornpuison to ail other groups. This region also 

corresponds to the region whae the majority of the niicroadenomas were locatd. Such 

au obswation d a s  not support the contention thu incmad ce11 prolifération represents 

an inmascd risic for cancer dcvdopment (Cohen rnd Elîwien, 199 1). Raxmy, the 

vaiidity of ceIl proiifèration as a major ri& factor for anca has corne into question 

(Farba, 1995). The r d t s  in the present study supports the suggestion that until a 
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system in which cell protiferation is the O*, or the major, wiaôle under saidy its role as 

a risk &or should remain in the "r& of unproven specuLtionn (Farber, 1995). 

The major concept that U estaôiished in the prroart stuôy is tht feeding a HF diet 

in the eariy stages of d o n  arclltogenesis arats a prolongecl sustainable neoplastic 

growth promotional &ect cven &a the amount of fit and en- is changed during the 

later stages o f  carcinogenesis. Dietary fit was able to moduîate the growth of 

smaWmedium ACF wtiile ER was uneMe to S i  any population of preneoplastic lesions 

which eludes to the possiiity that fat and ER exert theû efFiects independent of each 

other. This concept substantiates the importance of idaitifyiag eariy, d~ectible biornarkers 

which are indicative of the presence or absence of disease in orda to embuk upon an 

effective and prmntative didreeime. The next step would be to determine whether or 

not energy restriction employed at the early stages wouid be effective in moddating ACF 

and microadenoma/huaor incidence affa switching to a non-energy restricteû environment 

in the hter stages. 



9. EGFR-TK , PKC ACTMTY AND PKC ISOFORM EXPRESSION IN 

COLONIC MUCOSA AND TUMORS IN MALX F344 RATS 

9.1 Introduction 

Several investigations have supported the contention that tyrosine kinases, which 

catalyse phosphorylation oftyrosine residues in protehs, play an integral role in the 

regulation of di proiifieration, difFerentiation and Wotm8tion (Ibnter and Cooper, 

198S;Yarden and Ullrich, 1988). The -y of PKC isozymes, which catalyse 

phosphoryiation of serindthreonine residues of proteins, have ais0 been substantiated as 

integral members of the regulation of cdl growth and ttansformation (de Vente a al., 

1995; Dlugosz and Yuspa, 1993; G d e m  et al., 1987; McGarrity and PfeEer, 1994). 

Convergence of these pathways has been postdateci at the membrane levei, in particuiar 

with the interaction between the tyrosine kinase asmciated with the e p i d e d  growth 

factor receptor (EGFR-TK) and its "cross taW> with membrane sssociated PKC (üiirich 

and Schlesainger, 1990). 

Activity of both PKC and EGFR-TK have been shown to be signiscantly affected 

by carcinogen treatment (Cnven and DeRubertis, 1992b; Maiecka-Panas a ai., 1996). 

However, it is not known how the activity of these enzymes may respond to changes in 

dietary fit and en- implemented at an intennediate stage of colon carcinogenesis (refer 

to Chapta 8 study protocol). In addition, the activity of these enzymes have not ban 

uwssed in conjunbion with mch 0th. 

In the pnseat study, it was of interest to analyse the d t y  of these enzymes in 



cdonic mucosa and tumors in rats fed dias varying in fât and en- content during the 

iast 12 weeks prior to their termination (28 w& rfta injeaion of AOM). The specinc 

objectives of the study wen to determine the &ects of ER in high (23%) and low (5%) 

far diets 00; a) PKC and EGFR-TK activity in coloaic mucosa and tumors; a d  b) the 

expression of PKC Uoforms in colonic mucosa and tumors. 

9.2 Matcriais and Metbods 

Animai$, Die&, Carchtoge n, Stuc& pro facol 

Anùnals used were those designated for PKC and EGFR-TK in chapter 8. Speci£ic 

details pertahhg to the type of animals, diets, carcinogen and study protocol are detaired 

in Cimpter 8 materials and methods. 

Extraction, Separafiafion of Colonic Cytosol a d  Membrane Fractions for P ' C  

activity and Western BIoaing 

The colonic mucosa designated for PKC activity and westan blotting procedures 

were prepand according to the protocol in Chapter 3. Tumors ikom each diet group were 

pooled together to amount to 0.3 p (approximately 3-5 tumors) and processed accordhg 

to the protocol for separation for the PKC assay as deraibed in Chapter 4. 

PKCAscqy 

The PKC assay was conducted on the membrane and cytosol ttadom on colonic 

mucosa aad tumors utiü9ag the AmetSham kit as d - i  in Chapter 3. 

lWwtiian. Separcrtrcrtrm ojMembrme FrQCfi*m fm EGER-ïK <rc@ 

The initial stages of separation to obtain the cytosolic hction and manbranous 
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pellet are desaibed in Chrpter 3. After these stepq the method of membrane preparation 

for the EGFR-TK assay followed that of Malecka-Panas et ai. (1996). The membranous 

pdlct was then rcsuspadcd in 3 mls of rrsuspension Wkr containing 10mM Hepes, 150 

rnM NaCi, ImM MgC12, 1 mM PMSF, 1 mM N%VO,, 1 m M  1.10-phenauthroline, 10 

~ @ m l  Laipeptin, lflml Aprotinin, O. 1% Triton-X 100 and 0.5% Nonidet P-40. The 

membrane M o n s  were then fiozen at -80°C. 

Imwnmoprecipiicrhon of EGm 

Jmmunoprecipitation wu, conducted acarding to the mettid descri'bed by 

Maiecka-f anas et al. (1996). Immunoprecipitation of the EGFR nom the membranous 

M o n  (isolated by the method d e s c r i i  in the previous section) was required in order to 

assess the activity of the tyrosine kinase! a s d t e d  with this receptor. Initially, P8tlsorbin 

cdls (CdBiochem, La Jolla, Califomia) were centrifbged as 3000 x g for 10 minutes, then 

suspended in an equJ volume of PBS @H 7.2), containing 1% w/v P-mercaptoethanol 

and 3% w/v SDS. The cells were then Wied for 30 minutes and centrifiiged for lOmin at 

3000 x g. The peiiaed d s  wen then d e d  in PBS to remove the P-maclrptoethanol 

and SDS. The ceus were then useû for the immunoprecipitation procedure. 

In order to activate the receptor, 200 pg of membrane fiction protein was 

incubated with 6 ATP and 1x104 M of transforming growth Wor-a (TGF-a) for 15 

mimites on ice. and stoppai with an c q d  volume of RIPA kina (se appendix B) with 1 

pi of polyclond anti-EGFR shecp antihdy (üBI, Lake PIacid , NY). The fiactions were 

thai incubated for 2 houn at 4'C with the uiti'body. 

mer 2 hours, 35 pl of treated P8nsorbin cells were aâded to each membrane 



170 

M o n  and hcubated for another 2 houn. The M o n s  were thm microfbged at l0,ûûû 

x g for 10 minutes. The peilet was naispendecl in 60 pi ofthe resuspension bu& and 

spiit into two fiadons (30 pl each, in orda to have a dupüate nrdiag in the assay) and 

kept on ice until the time of the assay. 

E G F R - I X ~ E . ~  

The EGFR-TR assay was oonductd on the same àay and immedhtely i&r 

imrnmoprecipitation. Each 30 pl sample was incubated with 20 pl of cocldaü contakg 

2.5 pl IBS (1 M Tris pH 7.8, lMMgCI, 2 mMN%VO,), 3 pi ATP (60 IiM) and 12.5 pl 

polymer of glutamic acid:îycosine (4: 1) (Sigma) (20 pg/ 5 pl) and 2 )iI ~P-ATP (5 pCii 

3000CimmoI). Innibation was conducted for 10 minutes at room temperature. The 

reaction ans then stopped by spotting the whole d o n  (50 pi) ont0 mter papa (P 81, 

Whatman) and then placcd imrnediatcly h o  5 ml of Io./. tricholoro-acetic acid (TCA) and 

0.2% sodium pyrophosphate (NaPP). Smples wae then d e d  once and incubated in 

viais containhg 5 mls of TCANaPP solution ovemight at 4'C. The next day, samples 

were washed three times with the TCAMaPP, piaced in 5 mls of Cyto-Scht and r d  for 

one minute on a L-6ûûû B e c h  Scintillation Cornter. The blank was prepued by 

conducting the -y on 35 pl oftrcatd Pansorbin cdls. The assay wu also conducted on 

the membranous hctions without stimulation by TGFs. Results wae caiculated as the 

average ôetween the duplicates minus the biank and arpressd as pmol Pi transfîand1100 

Protein in cdonic mucosa and tumor membrane and cytosol ihctions wu 



deterrnined acarding to the mdhod d e s c n i  in Chapter 3. 

Detectrctron ofPRC lsofonns eqwesmsmm by Westem BIofting 

PKC a andy isoforms wae detecteâ in colonie mucosal cytosolic and membranous 

frirctiom. PKC a, y. 6, E, C, wae detected in colonic ûunors . The methodologies and 

celculatiom are d e s c r i i  in Chapter 3. 

Sm*strwl Amkysis 

Statistical -sis of PKC adivity' PKC isofonn expression and EGFR-TIC 

activity w u  carrieci out wing Analysis of Variance (ANOVA) in mnjunction with 

Duncan's Multiple Range Test. This data was Mer analysed using a two-way ANOVA 

in orda to detamine the main e&as of fit, ER, and possiile harER interactions. 

Correlations between PKC activity and PKC isofom expression were performed ushg 

Pearson's and Spuumaa's condation m&cients. AU test were conduad using the 

SAS statistical software package for miaoccmputers (SAS Institute hc.. Cuy? NC). A 

P value s 0.05 was considered sigdcant. 

9.3 mults 

PKC uctivily 

Colonic and tumor PKC activity is detailed in table 9.1. In genefaz membranous 

PKC activity was bigha than the cytosolic activity in iII diet gmups. However this 

difftrci11ce was sisnifiCant only for the tumors and the LFER groups . As in the pmiious 

studics (Chaptcrs 4 d 5) the mrhbïky witbin diet p u p s  was quite bigh for both the 

cytsolic and membrane fnctons. Although not sigdcant, it is interesthg to note that the 

ER groups tended to have higher activity in the membrane fiaction, Md lowa activity in 
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Table 9.1 Colonie mucosa and tumor Protein kinase C ict iviw in m.k EUI rats fcd 
one of four dieb HF', HFER, LF, LFER and küld 28 weeh iftu arcinogen 
iijcaion. ' 

tumor 1 1026.44 ( 43.64 1 982.8 

DIET 

HF mucosa 

l I 
p p p p p  

LF mucosi 216.18 f 69.26 44.93 k20.47 1 171.29 î67.91.. 

TQM PKC 
ActMw 

289.22 f 74.21' 

HFER mucora 

tumor 

279.51 k117.14 

200.23 57.95 

Cytosolic PKC 
Activity 

48.86 * 29.09 ' 

tumor 

LFER mucou 

' Activity cxpressed as pmol Wmidrng pmtein, values are meansISEM. Means in a 
column sharing a cornmon supeMipt are not significantly different (Ps 0.05 ANOVA 
with Duncan's multiple range test). ' Diet treatments werc initiateci 16 weeks afta injection. 

Total PKC represents cytosolic + mernbranous activity 
*Denotes siflcant âiikrencc betwem the membmous and cytosoiic fiction (Ps 0.05 
ANOVA with Duncan's multiple range test). 

Mtmbnaour 
PKC 
Activity 

242.30 f 54.%* 

tumor 
Average of 
AU Tumors 

40.10 

366.55 f 114.24 

689.15 

489.01 S26.18 ' 

12.41 

25.08 f 8.89 

27.69 

341.47 f 107.29 b* 

17.87 

33.00 I10.76 

671.28 

456.01 * 224.67 '* 
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the cytooolic fiaction as compareci to thek respective HF and LF counterparts. Tumor 

PKC .ctivity was d m  higha in the memônne fiactions in dation to the cytosol for aii 

diet groups. In cornparison to the mucosa, the tumon amiiieâ higher membrane 

lusociated activity in relation to the EIF and LFER graips, and Iowa cytosolic activity 

thoa the HF, LF and LFER groups. The average size of tumors used in the assay was the 

lowest in the LF group (22 mm') compareci to HF, HFER and LFER groups (38 mm2, 30 

mm2, 48 mm2 respeaively). Thedore, the decrease in PKC activity in the LF tumor 

group nmy reflect possible e f f i  of tumor size on PKC activity. Totd PKC activity, 

which qrestnts the membrane and the cytosolic activity , wu not significantly différent 

among the groups. Two-way ANOVA did not mal any sipifiaint main eff- of bit, 

ER, or a faaER interaction (data not shown). 

PKC isofom Bpresnesnon in Cokmic Mucos4 d Tùmors 

PKC a and y expression are detailed in Figures 9.1 and 9.2 respectively. 

Immunobloffing wu conduacd on equal arnounts of protein in the cytosol and membrane 

&actions lrom rll diet groups and tumors that were us& in the PKC assay. Both isofomrs 

gave strong protein band signais at approximately 80 B a  Figure 9.3 details the loading 

gel pattem for a parti& diet. Five ~ m p l e s  nom a parti& diet were nin on the Mme 

gel with both the cytosoüc aud memûratlous fhctions (ta samples pa gd). AU groups 

exhi'bitd strong signais in each isoforxn except for the HFER cytosolic fiaction which did 

not ahi'bit uiy expression of PKC y. Tbae was no consistebs observable pattern of diet 

&ect on dthu iwforrn. The ody signincant diffef~~lce observeâ w u  the expression of 

cytosolic PKC a h the LF group bang hi* than the LFER and aPER groups. There 



Figure 9.1 Average nomislimd areas of protein kinase C a proteh bands in colonic 

mucosa cytosoiic and membrane fractions in rats fed one of four diets, HF, LF, 

LFER and iàüed 28 wedrs &a injection (diets wae implemented 16 weeks after 

injection). Values are rneaw&SEM@ars). 





Figure 9.2 Average nonnaüzed areas of proteh kinase C y protein bands in coloaic 

mucosa cytosotic and membrane !hctions in rats fd one of four diets, HF, HFER, LF, 

LFER and killed 28 weeks &a injection (dias wae miplunenteci 16 weeb &a 

injection). Vaiues w r n ~ ~ a r s ) .  
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Figue 9.3 Membrrwus and Cytosolic PKC y in HFER and PKC a in HF colonic 

mu- from rats kiiîeû 28 weeks after injection (diets were implemented 16 weeks 

Pfta injedon). Rotein bands wae detected by enhanced cherniluminescence and 

developed on KoQL X-OMATAR film. Positive controis were HeLa and Jurkat d 

iines for PKC a and y rtspcctively (Transduction Laboratories, Lexington, Kentucky ). 
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were no si@cmt correlations between any PKC activity and PKC isofonn parameter 

(data not shown). 

Tumor cytosoiic and membranous isoform expression is detailed in Figures 9.4 and 

9.5 respectively. Approximately 2-4 tumors were pooled together nom erch of the four 

diet groups with the cytosoiic and membranous fiactions nin on the slme gel (aght lanes 

per gel with the cytosolic and membra~us hction Eom each of the four diets). AU 

isofomis gave signais at approximatdy 80 kDa. This data waa not statistidy analysed, 

due to the sudl number of samples and the inabiity to compare one isofonn to another. 

Therefore, the results must be wessed with caution. There were no disCernabte patterns 

or afects of diet on any of the isoforms. However, it is interesthg to note the lack of 

PKC 6 in the cytosolic M o n  and the iack of PKC C in the membranous tumor fîactions 

(Figure 9.6). 

EGFR-îX activll?, 

EGFR-TK activity is daaileci h Tables 9.2 and 9.3 and was measured with and 

without stimulation by TGF-a. Stimulateci EGFR-TK activity was significantly higher in 

the HFER group in relation to aU otha gmups. The range of activity for ail groups was 

Born 4.85 - 9.5 1 pmol Pi incorporated/100 pg protein which are comparaôte to a previous 

investigation maiysin8 EGFR-TK in AOM treated donic  mucosa (Maîecka-Psnss et al., 

1996). Thae was a trend for the activity to be higher in the HF groups as refîected by the 

signifiant ât @&ct (P = 0.0454, Table 9.3). ER was rlso identifiai as a signifiant 

variable a f f i g  stinnilated EGFR-TR (P.; 0.0253) which is refiected by the hi* 

activity in ER groups Although not sigdicant, stimulated average tumor activity (as an 
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Figure 9.4 Normaüzed areas of protein kinase C qy, E, and c protein bands in cytosoiic 

fiactions of colonic tumors in rats féd one of four diets, HF, HFER, LF ,U;ER and kiiied 

28 wceks a f k  Jedon (di- were implemented 16 weeks after injection). 
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Figure 9.5 Normaîized amas of protein kinase C a, y, 6, and E protein bands in 

membrane fhctions of colonic turnors in rats fed Gne of four diets, HF, HFER, LF, 

LFER and lolled 28 w a k  der injection (dW were implcmented 16 weda a b  

injection). 
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Figure 9.6 Membranous and cytosdic PKC isofomu a, 8, and C colonic tumors in rats 

fed one of four diets, HF, HFER, LF, LFER and killed 28 weelcs Pfta injection (diets 

wexe implemented 16 wseh aRa injection). Rotein bands were detected by enhanced 

chemiiumincscacc and devdoped on Kodak X-OMATAR film. Positive controls were 

HeLa , mouse macrophage and MDCK c d  lines for PKC a ami 8 and C respectively 

(Transduction Laboratories, Lexington, Kentucky ). 
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Table 9.2 Colonie mucosa and tumor EGFR-TK activiîy in mile F'344 rats f d  one 
of four die& HF, HFER, LF, LFER and I<i(led 28 wetks aiter urcinogen injection2. 

a cdumn sharing a common supemcript are not signifïcantly different @s 0.05). 
' Dia treatments wem initiated 16 weelrs a f k  injection. 

EGFR-TK activity as stimuiated by previous incubation with TGF-a. 
' EGFR-TK activity without p d o u s  incubation with -a. 

DIET 

HF ~ U C O S I  

tumor 

EFER ~ U C O S I  

tumor 

LF mucosa 

tumor 

LFER mucosa 

tumor 

Average of ail himon 

Activity epressed as pmol Pi/min/lOopg protein, values are meansISEM. Means in 

Stimuhted EGFR-rn 

5.71 0.44 

3.15 

9.51 1.63 

4.38 

4.85 0.39 

5.77 

6.00 * 1.02 

4.78 

4.52 A 0.54 

Non-stimulrted EGFR-TK' 

0.21 k 0.07 

5 -29 

0.57 0.16 

1.19 

1-09 * 0.33 
3 .70 

0.69 * 0.11 
6.30 

4.12h 1.11 ' 



Table 9 J 'Lkto-wa y ANOVA P V ~ U C I  for EGFR-TK ictivity in mile F344 rats f d  
one of four die& HF, HFER, LF, LFER and Irüled 28 weeb itter injection < 

Variable 

-- 

P vrlucr 
Stimulated EGER-* Non Stimuïated EGFR- 

TK' 

FAT I 0=Ms4 
( 0.0200 

' EGFR-TIC activity as stimulated by previous incubation with TGF-a. 
EGFRR-TK activity without pmiious incubation witâ TGF-a. 

FAT x ER interaction 0.2054 0.0675 

Diet tmtments were initiated 16 wetks a f k  injection. 
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avarge of tumors h m  aii diet poups) was lower than mucosai activity in d diet groups. 

Non stimulatcd EGFR-TK activity was bigha in the tumors compared to the mucosa 

fhm aii groups . Consequentiy, fat was identifieci as the oniy signifiant variable affecting 

the non-stimulated activity (P = 0.0200, two-way ANOVA Table 9.3), with the higher 

activity in the low fkt groups. 

9.4 Discussion 

The main findings of the present study are that ER and fit signïficantly &kt 

EGFR-TIC activity whueas neithcr variable si@cantly rffected PKC Sctivity. The PKC 

activity appears to be more variable than the EGFR-TK activity. High vuiabüity of PKC 

aaivity in no@ and neoplastic human donic mucosa has been previously reported and 

suggessed to be one of the limiting factors in utilking PKC activity as a marker for 

coiorectai neoplasia (Levy et al., 1993;McGarrity and PeEer, 1994). However, ssimar 

trends benVeen the two assays are obsemd, mainly with the ER groups exhibithg higher 

activity than th& respective counterparts. 

PKC and EGFR-TK activity have not been previously assessed in colonic mucosa 

of nts at this iate stage of carcinogenesis or in conjunction with each other. It has been 

reported bat  the EGFR-TK is bighly Stùnulated by the binding of TGFir to the EGF 

rectptor (MateclCa-Panas et al., 19%). T h d o m  t is of intaest to detttmine the 

stimulateci and non stimulateci activity of the EGFR-TK A previous investigation 

conduad by Kumrr and coUeagues (1990) examinai g e n d  tyrosine Linase activity (not 

specific for EGFR-TK) in colonic rnucosa five days after injection of AOM ad in end 

rtlge tumors and demonstrated k t  tyrosine kînase activity was significantly Iowa in 
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HFER (30%) mucosa, and tumors compared to the HP counterparts. The results ofthe 

presmt study are paradoxical 4 th  the HFER (20"!) d i i t b g  the bighest activity. 

However, the d i f f i c e s  in c x p a i m d  protoool may in part expiain the obsaved 

différences. Total TK was meuurrd in the study by Kumar et ai., (1990) where as the 

prcsent study mewnd EGFR-TK only, which represents oniy one form of several 

tyrosine kinases within a di. In addition, the activity meriairrd in the present study was 

in colonic mucosa 28 week after injection, whereas the Kumar study (1990) measured 

activity 5 days after injection. The activity of the enzyme measured at the iater stages of 

carcinogenesis may represent a more stable adapted responsc to changes in diet, where as 

the activity merairecl 5 days after injection may stül k under the influence of the 

d o g e n  and d y  rcsponscs to changes in dia. 

Changes in enzyme activity may be the result of a plethon of possibüities such as; 

increased synthesis, increased co-fbor requkement, decreaseû turnover rate, decreased 

or increased abstrate availability. Therefore, the obsemed increases in EGIiR-TK 

activity in the ER groups could be the r d t  of s e v d  physiologicai events including; an 

increased growth statc; increascd EGFR-TK synthesis., dcaecwd turnover rate; and 

i n d  recepton due to iack of ügand substrates. 

Phosphorylation of proteins on tyrosine residues, through the activation of 

intrinsic tyrosine lOwe of the EGF& has been associateci with mitogeaic cellular 

respomes (Ullrich and Schiessinger, 1996, Usbko ad Cohen, 1980). It has baa 

prdousiy dcmonsüated that the cellular avMwa ntcs of the colonic mwosa is one of 

the highest in any tissue of the body (Schnamui, 1993). Therefore, a decreme in celiular 
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tumova could leaâ to a situation whae the normai rate of sloughing off di&rentiated 

cdls is altered. Such a phenornenon d d  1 4  to a build up of an abnormal c d  mess. 

Thercforc, inaeased activity of enzymes imrolved in celi growth and Werentiation, such 

as PKC and EGFR-TK, could possbly be a positive response in attempts to reduce b d d  

up of oM differentiated celis. This theory may , in part, expiain the obsaved trend for 

inaused activïty of these enzymes in the HFER and LFER groups relative to their 

respective counterparts in the p m t  study. Incidentally, Huang and Ives (1987) have 

prCvious1y demonstrated the ocamencc of signifiant growth inhibition, as demonstrated 

by decreased mitogenesis, when PKC aaMty was maximal in d a r  smooth celis. 

Moreover, it has been suggested tbat cells exhiiiting PKC dom-regulation may be more 

susceptible to tnnsformation ('hsunoki et al., 1992). Converseiy, as d i s a i d  in 

Chapter 5, the elevated activity observeci in the assay could be an indication of pnor 

inactivation in vivo. 

Perturbation of the hormonal milieu in ER rats, comparecl to ad libitum, is another 

proposed explatution for the tumor inhibitory effects of ER Several studies have 

demonstrated the abiity of ER in rats to sigmficantîy rlta the circulating level, bindin8 

capacity, and mRNA expression of s e v d  growth fkcton a d  hormones involved in 

rrgulrting ccilular metabolism (Brctse a al., 1991; Claimions and Undcnuood, 1992; 

Dauncy et aî., 1994; Kalant a ai., 1998; Oberkotta rnd Rasmussen, 1992; Ruggeri et aî., 

1989; Spindelcc et al., 1990; Straues, 1994). In rame cases, the ER rats demonstnted an 

increascd ôiiding capacity of a growth homone to its receptor (Rugerri et J., 1989). 1t is 

weil documenteci in human nutrition that cyclical ER may increase the ef6iciency of 



conversion of food mi0 storeci enagy (Browneii, 1987). In addition, the amount of 

cirIcul.tiag TCiFa ligand rnay be reduced be ER. Considering the evidence in bumPn and 

rat studics, it may be poskrfated tâat the increesed EGFR-TK activity in the present study 

may be a resuît of an i n d  &ciency in bimding capacity of TGF-a and consequent 

activation of the EGFR-TK 

Observed inaeases in mucosai EGFR-TK activity may be an indication of s e v d  

physiological consequences and may not ahvays be indicative of increased neoplostic 

potentiril. Although EGER-TK was devated in bot& ER mucosa and tumors, increased 

activity in the ER environment could be the result of a lack of ligand whereas increaseâ 

tumor activity cwld be an indication of an i n d  growth statc. In aâdition, the 

arpression of enzyme activity in a certain amount of protein could be mis1eading if the 

interest is in activity as the celiular Id. Tumor cells contain mon proteinlceii than 

no& cens (R.P. Bird, persona1 communication) which would underestimate the totai 

activity per total protein in tumor cells. The observation of higha activity in the non- 

stimdated environment for sorne of the tumors could be the r d t  of this particular 

experirnental protocot. Fractions wae incubated with TGF-a for a designateci period of 

tirne. If the activity was assessed in a timed response manner 0.e. sequential anaiysis of 

activity fiom 1-15 min.) it mriy have been noted thrit tumor EGFR-TK activity was higher 

during the eady stages of incubation. 

It is ais0 important to note that the natwe of the cxperimcntai protoc01 of the 

prisent study (detaüed in Chapter 8) is vay diffcrrsit nom most dKt inttfvcntion sftidies 

in carcinogai trrued colonie mucosa. The changes in enzyme activity reflect the abiity of 
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diet to modulate .ctMty sevail week &a carcinogai treatmcnt. Changes in d i e t q  fat 

and en- content wae implemented roughiy halfway through colon carcinogenesis in 

rats at least 20-22 waks old, whaeu most studies imp1ement changes in dia More or 

shortly der  carcinogen injection among rats at a wnsiderably younger age. 

Similar to the previous studies (Chapters 4 and 5) the expression of PKC Uoforms 

did not aiwrys corroborate the trends obsaved in PKC activity. As mentioned prcviously, 

the measurcment of two isoforms out of a M y  of twelve, may not accuntely represent 

the expression of aU isofomu at the protein levei. 

As mentioned previousiy, the isofonn expression in tumon is merely the firsi 

attempt to process tumors with thïs methd of separation anci the results must be taken 

with caution. However, the aôsence ofPKC 6 in the cytosol and the absence of PKC ( in 

the memôrane may suggest divergence in the expression of PKC isofonns in colonic 

tumors. PKC C has rtcently been demonstrated to be the only isofom that is not 

transiocated from the cytosol to the membrane by a parti& phorbol ester in rat 

colonocytes (Bissonnette et ai., 1995). This data sheds Light on the obsavation of the 

pr-t study. nie la& of PKC C in the membrane M o n  of the p m n t  study may 

indicatc that this isofonn is not activated due to its îack of translocation fiom the cytosol. 

Interestingly, this isozyme has a h  ban demonstrated to be rnainly cytosolic in a number 

of c e U  lines &om tissues otha than d o n  ( h g  and Sam, 1993). In addition, Cnvm and 

DeRubertis (1994b) have obpaved a variabk and decnued immunoreactive response to 

PKC 6 in human adenocarcinornas. 1t has ken mggested that depending on the celi type, 

PKC 0 appears to be diffaatiaüy distri'buted within the cells (Hu8 and Sarre, 1993). 



Therefore, the absence of PKC d in the cytosolic M o n  of tumors is not surprWng. 

Monover, PKC 6 hrr been purportecl to inhi'bit prolifmtion ( Goodnight et ai., 1995) 

while PKC C has ôeen suggested to be a criticai isofonn in mitogenic signai transduction 

@erra et ai., 1993). Such data provides the basis for additional studies in which tumor 

PKC isoforxn expression as detected by immunoblottbg rnay be fiitther anaiysed in several 

twnors. 

The carcinogen treatd colonic mucosa is a combiition of millions of no& 

aypts and perhaps thousands of ACF. The method of mucosal preparation in the present 

study r d t s  in a mixture of these two phewtypes. Therefore a !imitation of the present 

study stems fiom the bict that the r d t i n g  activities and isofomi expressions are not an 

indication of one patticular popdation but rather an indication of the colonic mucosai 

activity and iroform expression as a whole. Further work involving in silu protocols and 

microdissection of s-c aypt populations may cùcumvent this limitation. 

In summary the activity enzymes involved in ceii growth and ditrerentiation 

measured in mucosa at the later stages of colon carcinogaiesis were aitered by changes in 

diet that were imptemcnted W w a y  through the colon carcinogenic procesS. ER appears 

to enhance the activity of these enzymes which could k a reflection of prior inactivation, 

or as an adaptive rrsponse to enhan& tum over rate of oolonic d o .  The sigdicance 

of i n d  or dccrrwd PKC d o r  EGFR-TK activity in relation to end tumor 

incidence may bc ftrtbcr elucidatcd by sequential anaiysis of azyme activity at severai 

time points during the varying stages of wlon carcinogaiesis. Due to the high variabiity 

of PKC activity , its v i a b i i  as markcr for colomctaî neoplasia rnay be iimited. Future 
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studies explorin8 the divergence of PKC isoform expression in rat colonic tumors may 

provide Mer knowleâge towards the signiecance of this fâmüy of enzymes in colon 

tumorigenesis. 



10. DETECilON AND SEMIQUANTiTATIVE ANALYSES OF PKC 

ISOFORM , EGFR AND SRC mRNA EXPRESSION BY RT-PCR IN 

NORMAL COLONIC MUCOSA, ACF , MICROADENOMAS AND 

TUMORS 

10.1 Introduction 

The proposed genetic modd for do-rectal tumor development (Vogelstein et al., 

1988) has aeated a vast interest in fûrther identification of modifieci gene expression 

pattern in notmel vaaur preneoplastic (Stopera et al., 1992; M o w  et al., 1992) and 

neoplastic colonic tissues (L«y et al. 1993; Davidson et ai., 1994). W~th the advent of 

improved techniques in mol& biology (Ausuôel et ai., 1995) rapid identification and 

quantification of altered gene expression has becorne a key ficet in the emerging research. 

Early detection of aitered gene expression may play a key role in identwg and 

tnating the disease before tumor development. Therefore, several studies have explored 

genetic aberrations in preneoplastic ACF. ACF have beai demonstrated to exhibit ; 

mutations in the p53 gaie ( S t o p  and Bud, 1993); eievated expression of egos (Stopera 

et ai, 1992); mutated K-RAS expression (Pdow et ai., 1995; S topera et al., 1992; 

Shivapurkar a al., 1994; Siagh et al., 1994; S t o p  et ai., 1992; Tachino et ai., 

1995;Vivonia et al., 1994; Zaidi et al., 1995); and DNA dduct formation (Qin a ai., 

1994). Such studies lend support to the contention that ACF are preneoplastic lesions 

which &%it genetic alterations conunon to end stage tumors (Fearon and Vogelstein, 

1990). 

The pn#ding chapten have eluded to the potential alterations in PKC Uoform 



expression and PKC, tyrosine kinase and EGFR-TK in carcinogen treated colonic 

mucosa harbouring a mOmne of nomial and ibant crypts. In orda to distinguisù the 

potentiaî differences between the two populations a mdhod m u t  be ubüind in which ACF 

and norxnal erypts are malyseci independently. 

The present study wu dcsigneû to use a novd method by which alcohol h e d  

ACF are rnicro dissecteci h m  noxmal surrounding crypts a d  and@ for speofic 

mRNAs by RT-PCR. a technique which hs not been prcvioudy attanpted. Spccific 

objectives of the investigation include; 1.) suocesSnil microdusection and RT-PCR of 

alcohol fixed ACF , normal crypts, microdenomas and tumon; 2.) semiquantitative 

measurement of mRNA expression of PKC isofomis in each tissue type; 

3.) semiquantitative measuement of mRNA expression of EGFR and SRC in each tissue 

10.2 Materu and Methods 

Preparation of Tissues fiw RALA extraction 

To detennine the optimal mcthod of t h e  W o n  and prrsavltion for successful 

RT-PCR, tMI colonic mucosa wu treated in s e v d  diffcfent ways. Triaîs werc 

completcd on îrcsh tissue (non k e d  non fiozen), &ozen non-nxed, and &ozai formsliD 

fmcd tissue. Formihi, fixecl tissue did not yiclâ any mRWA Fixation and î b h g  in 

&oh01 did not aitu the yield of mRNA aa compared to f b h  tissue(data not shown). 

Therefore, JI tissues were fixed in 70% ethanol and bzen a .  -80°C. 
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Aii procedures were carriecl out unàer RNASE-fiee conditions ushg s t d e  gloves, 

autoclaved solutions, filter papers and diethylpyrocarbonate (DEPC, appendix C) treated 

di- instruments. Approximately 5 animais h m  cach diet group were u d  at the 

naril tcrmination point (28 wecks) fiom the study detailed in Cbapta 8. Animais were 

terminateû by CO, asphyxiation. Colons wac cxciscd, slit Born ceaim to anus, and 

flushed with RNASE-fia ice cold phosphatebufferad saiine (PBS). Colons were then 

p l a d  flat on fflter papa anci nxed in 7W ethano1 and imrnediately fiozen at -80°C. 

Fixation of the colon was conducted on aa RNASEk cold plate maintained at 4'C. 

Colons were ranoved from the -80°C fkeezer and placcd on the Gd of a s tde ,  clear petri 

di& filled with icc to insure a cdd surfirce for micro-dissection. Tumors and 

microadcomas were quiddy excised from the mucosa. Classifications used to distinguish 

tumon fiom microadenomas were as d e s c n i  in cbapter 8. The petri di& w then 

immediateiy placeci unda a niicro-âissecting microscope at IO-2OX mgnification. 

Colonk crypts not displayiq any abberant features were disloàged fiom the rnucosa fkom 

areas dong the entire length of the colon. ACF consisting of grcater than 4 crypt/focus 

were plucked quickly nom the normal munding  mucosa ushg DEPC treated aad 

autoclavai rnicrdsseaing forceps #55 Dumont Bio inox Forceps, 0.05' 0.02mm 

tip)- 

RNR Extraction RtxeciErres 

M reagcnts and enzymes wcrc obtaind h m  G i i  BRL (Bwiington, Ontario, 

Canada) uittss specined othmvisc. Extradon of RNA wu based on the methoci 

ddoped by Chomcqnski and S a h i  (1987). Tmors ad miaoadenomas wae  placed 
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in 200-40 pi denaturation solution (4M guanidine thiacyanate, 25mM sodium citrate,pH 

7.0,0.5% m s y l ,  0.1 M 2-mercaptoetbanol). Appmximately 500 n o d  crypts and 

500 ACF were pîaced hto 100- 200 pl denaturation solution The suaples were power 

homogenized in 1.5 ml conid rniaocentrifiige tube with a tissue grinder pestle (Kontes 

il7495 15900) for 30 seconds. 1/10 volume W soûium acetate pH 5.2 and 1 volume 

water saturatcd ultra pure phcaol with 0.1% hydroxy quinolinc (W/W) wae added, 

vortexed, t h a  incubated at 60°C for 10 minutes. 1/5 volme of cbloroform-isoamyl 

aicohol(49: 1, vh) was added, vortexed then incubated on ice for 30 minutes. During this 

incubation, the suspension separates into the top aqueous phase and the bottom organic 

phase. The suspension was centrifuged 30 minutes at l6,OOOx g at 4'C. The aqueous 

phase wu, transférred to 8 new tube with an equd volume of cb~orofonn-iisoamyl alcohol 

(29: l), vortexed then centrifiiged for 10 minutes at 16,000 x g at 4OC. The aqueous phase 

was transfened to a fiesh tube and mixed with 2 volumes absolute ethanol and placed at - 
80°C for a minimum of 30 minutes to precipitate the RNA The RNA was recovered by 

cennifiiging at 16,000 for 30 minutes at 4'C. The RNA peiiets were washed by adding 

400p18(r/. ethanol, centrifiiging 10 minutes a 16,000 g at 4OC. The ethanol was 

removeci and the peiiets were air-dned at room temperature for 15 minutes. The pellets 

w a e  mspendd in 33p1 autoclavad ultra pure deionized watcr. 3 N  DNAse 1 and 

38.9U RNA guard (Phannacia, Qutbec, Canada) wae added to a solution consisting of 

40mM Tris pH 7.5 and 6mM M e  and incubated at 37.C for 60 nimutes in a volume of 

SOpl. The DNase wu inactivatecl by lûûmM EDTk then phend extractecl and ethanol 

prscipitated. The RNA pellet was resuspended in 15-30 pl autoclaved, ultra pure 



deionized water. The concentration was determineci by the absorbante at 260 am 

cDNA yntksis by Reverse Tro~tscnptim 

Reverse tnnsaiption was paforrned on 1 pg total RNA in a 20 pl d o n  

vohone accordhg to the methods detaüed by G i i  BRL. InitiaUy, 1 pg of RNA, 8 pl of 

H20 and 1 pl of ofigo dt (500 @ml) wen comb'ied and heated at 65'C for 10 minutes, 

followed by 5 minutes on ice. Following the incubation on ice wu the addition of 1 pl 

(39U) of RNA guud (Pharmach), 2 pl of 100 mM Dm, 2 pl of 5mM dN'ïP and 4 pl of 

Sx fint s tmd  b* (appendix C). The mixture wu vortexed and Centrifiiged briefiy. 

Reverse tnnsCnptase was pafonned by the addition of 1pi (2ûûU/pl) of M-MLV 

~oloney  M ~ e  Leukprda V u )  at 42°C for 2 h o u .  

Potymerare Chah Reuction 

The sources of the primer sequences and their characteriotics are detailed in Table 

10.1. Once the scpuences were obtaineâ, the primers were synthesized by Gibco Life 

Technologies. PCR was carried out using a PTC-100 Thennocycler (MJ Research Inc.). . 

In attempt to semiquantfi PCR producu, the primer dropping m*hod (Wong et 

al., 1994) was employed in orda to CO-ampw the product of interest (PKCs, 

EGmSRC) and the housekeephg gaie Pactin. The expression of the 0-actin gene is 

reportedly e q d  horn one d to anotha (Wang et al., 1994). Thdore ,  the ratio of 

expression of the ampliEied PCR product of interest (PKC isoform, EGFR, SRC) to that of 

P-actin was u d  to detamin d i f f~~ l l ces  Born one group to motha. 

FoUowing dlNA synthds, 1.6 pl of the cDNA d o n  mix wu, amplified in a 50 

pl PCR reaction in two 25 pl steps. The initial 25 pl mction mix containal 1.6 pl of 
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cDN4 16.96 pi H20, 2.50 pl 10x PCR bu&r (appendix C), 2.50 pl 2 mM dNïP, 0.75 pl 

50 mM MgCl& 0.50 pl 25 pmol PKC (a,fll,i,~,o, EGFR or SRC 3' and 5' primas and 

O. 1875 (5U/pl) Taq DNA polymerase. The &on was mixeci gently and ovdayed with 

mineral oil (Sigma) and preheated for 2 minutes at 94°C th= for 2-15 (cycle number 

depending on the type of primer) cycles at 94'C 1 minute, 52'C 2 minutes, 72°C 3 

minutes. ABa these initial cycles, a maintenance stage at 80°C for 10 at the end of the 

iast cycle to dowed for addition of the second stage r e o n  cocktail. This second 

reaction cocldail was idaiticai to the previously descriibed cocktail with the addition of 50 

pmol of 3' and 5' B-Actin priniers. Af€er the addition of the seand stage cocktaii the 

mixtures were then subjectexl to another 28 cycles of PCR ampMcation as describecl 

above and maintaineci at 4'C until storage at -20°C. As a control to check for any 

endogenous sourar, of DNA contamination, PCR was pedomed on the reaction cocktail 

identid to allother samples without the addition of sample cDNA 

V'istlailiu~fi~on <ad Quantifcanon of PCRprOarc&s 

The PCR produds were iuralysed on a 2% agarose gel in TBE b s e r  (see 

appenda C) using the Gibco BRL Horizon 11-14 gd dectrophoresis apparatus at 

lûûvolts for 1 1/2 hours. The rcsulting geis wae photographed unda UV ülumination 

with Polamid nIm. The r d t i n g  photognphs wae scanned usine a Reiiasys Image 

Scanner and Photoshop v d o n  2.5 sofhware for MBcintosh. The area of the produa 

bands (mm2) detccted on the film was thm calculateci using Image version 1.49 software. 

The area of the band corrcsponding to the particular piima was expressed as a ratio 

reiative to the area of the band corresponding to p-.otuL fi-actin is considered to be a 



Tablt 10.1 Primers for RT-PCR 

PRMER SEQUENCE Raduct size Number of TM %CC content 
Cyck 

PKC a' 

PKC pl2 

PKC 8' 

PKC e' 

PKC C1 

wm3 

SRC' 

P-ACIW 

Fonrvatd 
Reverse 

P d  
Reverse 

Forward 
Reverse 

F d  
Reverse 

Fornard 
Reverse 

F O T W ~  
Reverse 

Fonivand 
Reverse 

F d  
berse 

' Davidson et al., (1994): H a y  et ai., (1988)' Carroil et al., (1996)' A v i p ,  (1994) 
' Huang et al., (1995). 
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"housekeephg gme" waich is present in equd mounts in ail d s  (Wong a al, 1994) and 

has r d y  beai used in con~ct ion  with PKC 6 primas in rat colonic xseoplasas in 

attcmpts to qunitify PCR products (Yoshimi a ai., 1994). 

-rrrd-m-C4J adysis 

Statistical PaaEyas of PCR products were conducteci by ANOVA with Duncan's 

multiple range test. A P value s 0.05 was considered signiûcant. 

10.3 Results 

The most tedious aspect of the isolation of genomic RNA is to avoid degradation 

by endogenous R N . .  A great deal of care was taken to use R N h  net conditions. 

As expected isolation of intact genornic RNA fiom alcohol nxed tissue was succesdû1 

since alcohol does not a&nt its structural inte*. 

A sample consisting of 100-150 ACF consisting of greater than 4 cryptdfocus 

yielded .n average of 9.46 pg of RNA for RT-PCR N o 4  colonic crypts sample of a 

population of approximately 500 crypts yielded a similar concentration of RNA Analyses 

could be carried out succeSSfillly on 4 out of 5 ACF samples (8W). Analyses of 

miaoadenoma , tumor and normal mucosa RT-PCR was succedûi for 1Wh of the 

samples processeà. The approWaated aror between repeated cDNA and PCR reactions 

was approximately 5% aud 14%respectivdy. For each primer, PCR was conducteci on at 

least 3 ACF populations (500 crypts cach), 3 normai populations (500 crypts each), 4 

microad~~~omas ad 4 tumors. Figure 10.1 details an example of the d t i n g  primer 

products for EGFR ad SRC reiative to p-actin for populations of no@ crypts, ACF, 

microadenornas and tumors. 



~ e s s ~ ~ o n  of PKC isofom 

Analysis of the r d t i n g  PCR products for the PKC irofomis are detailed in Figure 

10.1. The r d t s  are expressecl as a ratio of particulu isofonn expression to p-acth 

expression. PKC isofom expression wu not sienificantly différent among the CO~ONC 

tissues. Ahhough not statistidy sigmfiunt sevarl trends may be obraved. The 

microadenornas appeared to cxhi'bit a trend for highest expression for four out of the five 

isofomw. Relative to no& mucosa, the tumor and ACF populations qressed simiiar, 

if not süghtly lower, PKC isoform expression 

Expression of EGm 

Figure 10.2 details EGFR expression anaiysis for the various coloaic tissues. 

Simüu to the PKC isofom expression, statisticai significance wu not obsemed. 

However, the order of EGFR expression nom highest to lowest was tumon > 

microadenornas> n o d  >Am. 

Expression of SRC 

SRC expression d y s i s  is detailed in Figure 10.3. ACF exhibited a signîficantly 

higher lm1 of SRC expression that the mt of the tissues. The absolute value caiculated 

for a.vaigc ACF was 9.03S.97 which was more than four times the nad fnghest tissue, 

that 'being the nimon. Figure 10.4 is a representativt photograph of a 2% agarose gel in 

whïch SRC and P-actin primer &NA products wen separated. Ahbough not statistidy 

sigmScant, the rniaoaâenomas and noirml crypta exhibiteci slightiy lowa levels of 

expression than the tumors. PCR on the Mdion mix cocldail and various primas did not 

merl any DNA contamination (data not shown). 



Figure 10.1 RT-PCR of PKC isoforms DNA fragments in normal aypts, ACF, 

microadcnomas and tumors. Values arc expressed as a ratio of the anas of the 

visualiseci pmcluct bands for the PKC:p-actin primers. Values are means &SEM@ars). 





Figure 10.2 RT-PCR of EGFR DNA fhgments in normal crypts, ACF, 

mimadenomas and tumors. Values are nprrsred as a ratio of the aieao of the 

visuaiised product bands for the EGFR$-actin primers. Values are means 

* S=f(bars). 
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Figure 10.3 RT-PCR of SRC DNA fragments in normal crypts, ACF, microadenornas 

and tumon. Values are cxpressed as a ratio of the ai*u of the visualised pIOduct bands 

for the SRC:P-actin primers. Values are means &SEM@am). Denotes signifiant 

 ce Ps0.05, ANOVA with Duncan's multiple range test. 
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Figure 10.4 2% Agarose gei analysis of SRC DNA fragments by RT-PCR. 



10.4 Discussioir 

This approach provided the unique opportunity to explore gene expression in 

ACF. To the author's knowltdge, tbis was the fmt atternpt to measure gene expression 

in micro dwMed preneoplastic coionic ACF fiom aîwhol fixed tissue. Successfid micro 

d i d o n  of ACF under completely RNAse f?ee conditions was one of the major goals of 

the present study. 

A limitation of this approach is that the analyses was Cameci out on a pooled 

sample of ACF. Howmr this limitation was muumized . .  . 
by isolathg the population of 

ACF of similar growth characteristi~~ that being greater than 4 cxypts per foais. This is an 

important point to consider if different preneoplastic stages are to be investigated and that 

experimental evidence suggests that aypt multiplicity of ACF represent its preneoplastic 

state @fapuson et al., 1993, Zhang et al., 1992). 

The purporteci housekeeping gme P-a& was utilued in attempts to 

Semiquanti@ PCR products. Although this method has been used previousiy in rat colon 

neophm (Yosbimi a al., 1994). it has been demonstrateci that mRNA levels of Pactin 

and another cornmonly used housekeeping gene, known as gSceraidehyde-3-phosphate 

dehydrogenasc (GADPIQ rnay have signifïcant inter-tissue and inter-individuai variation 

in rat liver, spleen and bnin (Shgboom et ai., 1990). Incidentally, the inter-individual 

variations of these genes has not ban explond in colon. However, the use of these genes 

as intanal standards for quantitative PCR continues. Seval other methodologies for 

quantitative PCR are unerghg (Siegiing et J 1994). 

The smaiî sample sizes of each tissue type may have prevented the observation of 



signincant ciifferences in mRNA expression for the genes of interest. Howwer, the 

observed trends appear to reflect those presented in previous investigations. PKC isoform 

expression does appear to ôe consistentIy elevated in twnors, which has been 

demonstrated prcviousiy (Davidson et ai., 1994; Levy et al., 1993). The notably trend for 

the microadenornas to express higher levels of almost al l  isoforms in relation to all other 

tissue is quite interesting. As prcviously discusd,  the down regulation of PKC activity 

and perhaps PKC mRN& in tumon may be a d t  of prolongeci activation (Craven and 

DeRubertis, 1992a). There has been no attempt to explore the profile of PKCs in 

micmadenomar. Perhaps the elevated levels of PKC mRNh in the present study reflect 

the stage at which PKC expression is maximai and precedes the d o m  regulation observed 

in tumors. Elevated PKC expression may be a requirement for the formation of 

microadenornas which may subside upon obtaimag a certain levei of growth autonomy 

dowing them to proceeû to the amtor stage. Therâore, eelevateâ PKC expression may be 

optimai at transitional stages of development. 

With the exception of PKC e, ACF exhiiitd the lowest level of PKC isoform 

expression as cornpareci to 0th tissues, inc1uding n o r d  mucosa. This was the first 

attempt to explore PKC isofom expression in ACF, therefore the r d t s  canot be 

discussed relative to previous findings. It io interesting to note that both ACF and tumors 

appeared to have dom regulated expression relative to mimadenomas and normal 

mucosa. Such observations support the hypothcsis that PKC expression may be maximal 

in ccrtuin stages throughout the transition fiom n o r d  to prencoplastic to neoplastic 

stages of colon carcinogenesis. 
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Sigdicantly elevated SRC expression of ACF wu not surprishg considerhg the 

reprtedly devateci levds of SRC activity in pradignant epithelia of ulcerative colitis 

(Cartwright et al., 1994) wbich barboum thousands of dysplastic colonie crypts. 

However, mRNA levek of SRC have not bem previously investigated in preneoplastic 

cdonic mucosa. Such obsemtions suggest that Jevateci SRC mRNA expression and 

activity may be an miportant event duriog the early stages of colon carcinogenesis. 

Consequently, elevated SRC activity has b a n  reponed in rnalignant tumors (Cartwright et 

al., 1993;1994) suggesting that Unwre PKC, elevated SRC activity may not undergo dom 

regdation throughout the varyllig stages of carcinogenesis. 

EGFR expression was not sigdicantly difEerent amoag the tissues suggesting that 

the amount of this membrane reaptor involved in signai transduction may not change 

during the varying stages fiom n o d  to neoplastic colonic development. However, this 

receptor harbours intrinsic tyrosine kinase activity which may be itseifbe i&ntod during 

colon carcinogenesis (Cbpter 9). 

The present study successiMy used a novel method for RT-PCR on micro- 

dissectecl ACF. It wu demonstrated that PKC isoform expression is variable and 

potentirlly down iegdated in tumors and in ACF. SRC expression is elevated in 

preneoplastic ACF and EGFR expression may not be affected tbroughout varying stages 

of d o n  carcinogmsis. This study provida the foudation for biture studies in which 

specific populations of ACF and tissues extractai fiom vuying time points which preceâe 

amior dmlopment may be anaiysed for various gaie products. 



11. G- DISCUSSION AND CONCLUSONS 

Specific d t s  of each stuây in this d i d o n  have been discussed in detail in 

their rrspccrive chaptns. The focus of the prisait chapter WU be to discuss the rpsults 

in context of theh contributions towards M e r  understanding the multi-step process of 

colan carcinogenesis. 

Mechanisms by which tumor modulators Pnect the disease outcorne are often 

unable to identify. Investigations which explore the of -or madulators in 

non-carcinogen treated colonie mucosa may indicate initial, or "base linen, cellular 

changes which may or may not be dependent on carcinogai treatment. Chapters 4 and 

5 served as such studies. in both studies, ER did not oonsistently alter PKC activity or 

isofonn expression. Age appeared to be the main variable affecthg PKC and tyrosine 

kinase enzyme activity. The high levd of variability obsaved in PKC activity in both 

studies bas also been demonstrated in human colonic adenornas (Craven and DeRubertis 

, 1992). These fîndings generate s e v d  implications. Firstly, the inability of these 

enzymes to be altered by changes in diet composition, which have been previousiy 

identifieci to be modulators of colcm carcinogawsis, suggem thpt modulation of thei. 

activity in colonic m u m a  may not be an important ewm prior to initiation of the 

disease. Seco~~dly, the high vaziabiiity and lack of consistent diet enect on PKC 

activity questions the validity of PKC as a ri& marker for enhanced malignant potential 

in stages @or to initiation of the di-. 

nie most important fïndings of this dissertation arc those deWed in chapters 6- 



8 which collectivdy dexnonsîratad that changea in dietary fat and mergy moduiated 

specifïc phenotypic populations of ACF, miCIOQdenornas and tumors and that the time 

of dietary intervention had a significarit impact on the ability of the disease to be 

modifieci. 

Colonic lesions w a e  aUowed to develop in low and high fht environments 

before bang intérvened with ER. It is important to expose the developing lesions to a 

high fat environment to detanine if ER is an effective rnoâulator of the growth of 

preneopiastic lesions with established phenotypes. This dissertation has clevly 

demonstratd and confumed the purported existence of biologid heterogeneity in both 

prenqiastic and naplastic colonic lesions. These studies have addressai the 

questions which formuîated the hypotheses of the dissertation. 

At what stage of the multi-step pmess of colon camgllogenesis do changes in 

dietav fa anà ER acn me4sumble respomes? Sîudies 6.8 imply that the ability of 

the disease to k modulateci is greatly affecteci by the stage at which the diets are 

changed with nspect to Eat and energy. Changes in diet composition sawi after 

carcinogen injection, during the eady stages of carcinogaiess, identified fat to be a 

more rapid modulator of ACF development than ER (Chapter 6). When diet 

intervention was insoduced at the intermediate stages, foiiowing cxposwe of the early 

stages to low fht dicts, fht and ER sipnincantly afTccted ACF and microadenorna 
a 

devdopmeat (Chaptea 7). As in Cbapfcr 6, fat nerttd measwable mponses more 

rapidly than ER at these intermediate time points in Chapta 7. Chapter 8 demonstrated 
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the inability of changes in fht and ER to significantly alter total end tumor incidence 

when diet intervention was introduced during the lata stages of carcinogenesis with 

prior exposure of the euly stages to high fat diets. 

Culmination of this data implies that intervention of the disase by changes in 

dietary fM and aergy is more effective if introduceû at th earîy stages of colon 

carcinogenesis. Feeding a high Eat diet duhg the early stages (Chapter 8) appead to 

impmt a levd of growth autonomy on the developing pmeophtic lesions enabling 

them with the potent'ial to develop into neoplastic lesions that could not be affected by 

changes in diet. However, when the early stages were exposeû to a low fat diet 

(Chapter 7) the levd of p w t h  autonomy attained was not sufficient to overcorne the 

changes in fat and energy introduced at the intermediate stages. A recent study 

wnducted in our iaboratory demonstrateci sirnilar fïndings with respect to changes in 

dietary fat content (Bird et al., 1996). 

The findings of the present dissertation regarding these issues provide 

substantial evidence supporting the contention that preventative stratepies for altering 

the disease prarss an more effective when introduced at the early stages of disease 

promotion and progression. 

A n  speayc pihcnorypicpopJrrn'ons of ACF. microadenom~~, Md tumots 

sekctiwty @ected by changes in dietary fa Md energy? The concept of biological 

heterogmeity among microadenornas and tumon U readiiy accepteci. Howewr, the 

cxisfaiœ of biologicai hctwgaiaty among ACF is a concept that has been addrtssed 

in rciativdy few studies (Mapuson and Bird., 1993; Bird et al., 1996). Changes in 
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the total number of ACF may not provide sufficient hsight towards the paaitial effects 

of a perticuiar moduiator of the diseasc. Crypt multiplicity has been indicated to be the 

parameter associated with the ability to predict end hMor incidence (hrIagnuson et al., 

1993; Zhang et al., 1992). Men ACF are grouped into populations scrnrding to their 

cqpt multipiicity, the e f f i t s  of a particuiar moduiator may be limitcd to a m c  

population of Am. Chaptes 6 mealed that the lesions most affected by changes in ER 

were those containing 4-6 crypts per f m s  (medium ACF). Chapter 7 demonstrateci 

that ER within HF and LF diets affectai dBereiit populations of ACF. The HFER diet 

inhibited the development of smaü ACF (1-3 cryptslfocus) where as the LFER diet 

inhibited the development of medium ACF (4-6 aypts Ifocus). Chapter 8 ais0 

demonstrated the ability of fat to d u c e  the numba of small and medium ACF without 

affecting the number of large ACF. Consequentiy, ER was not identified as a 

signifïcant variable affiting any population of ACF within chaptes 8. 

niese studies clearly demonseàte the hetmgeneity arnong ACF in response to 

growth modulation by dia. In addition, the effécts vary h m  one study to another, 

suggesting that these effects are also dependent on experbnental potocol. 

W~th respect to micmaclenoma and tumor dmlopment, Chapter 7 demonstrated 

the ability of ER within a high fu diet to significantly inhibit the conversion of 

rnicroadeaomas to tumors. Chapter 8 demonmaml that ability of a LF diet to erihance 

the dcvelopmmt of micmaclenomas, yct did not incnese the developmmt of tumors. 

Dietary fat and ER individuaîly, modulate the disease in a distinct mariner. In 

both situations, when the disease pnxxss was allowed to develop in low and high fat 
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envimnments, fat and ER exerteû th& effects independentiy without any signifiant 

interactions. 

'Ibis disertation demonstrates that changes in diet Pnect wy.ig populations of 

micloadenomas and their developmcnt into tumors, substantiating the presenœ of 

biological hetemgeneity. Sirniiar to the modulation of ACF, the e f f w  of diet on 

microadenomas and tumors are dependent on the experimental protocol. 

Biologicai hetemgeneity arnong ACF has kai demonstrated previousiy in 

dation to dyspiastic changes (McLellan et ai., 199 la). Howcver, thh dissertation 

aibstantiates the abiity of particular changes in diet to adow a particular level of 

autonomy on certain populations of ACF creating biologicai heiaogeneity with respect 

to growth autonomy. Figure 11.1 (Bird, 1995) depicts a scheme detaiiing the multi 

step proces~ of colon carcinogenesis. This  chern ne proposes that only a select few ACF 

with a certain lcvel of autonomy WU progress ont0 microadenornas and adenomas. 

This scheme also proposes that the growth of ptecllfsor lesions can be modulated at 

diffèxent stages. 

Growth rates of lesions may also display heterogeneity. For example, not aii 

ACF consisting of 1 aypt wiii convert into an ACF with 2 crypts. Certain lesions 

muid zequire a longer duration to p- to a lesion of higha multiplicity. This 

concept also applies to micmadenomas and tumots. Not aiï micLOadenomas caivert 

into tumors, P rapid growth rate couid equip certain populations of microadenomas with 

ihe ability to propcss intD a himm O n a  thesc lesions nach a certain she or 

phenotype, they may rcgrcss or pertiaily or M y  differentiate (remdel). 
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Figure 11.1 Proposai scheme depicting the multistage process of colon carcinogenesis 

by Bird (19%). The scheme rqmsent a modd by which the selective growth 

advantage of only a fm prrairsor lesions which aui k modulateû at different stages of 

colon arrinogenesis. 



AûCRZUWT CRTPT POCI ABERRANT CRIPT ÇOCI WITU 
CROWm AND 1IORPHO~ICAL 
HtTCRûGLWEITY 

lttGRtSS ION? 
UnODtLLING? 
1 WDoLtNT? 
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In concert with the concepts prqmsed in this scheme and the hiings detailed in this 

dissertation dietary fit and energy are signifiant modulators of colon carcinogenesis. 

In addition, they appear to exert theV e f f '  by imparting different levels of growth 

autonomy on capin populations of ACF miaoadmornas and tumors, resuiting in their 

w o n  or remodelling at the various stages of colon Caranogenesis. 

Do changes in fa lud ER nrodulcre ACF and Mnor dewibpment by dinet 

energy deprivan'on or speccÿFc cellulàr alterations inwlved in ce11 gmwh and 

differmiution? This question has, in part, ken a n s w d  by this d i d o n .  Ceil 

pmliferative parameters as measund by mitotic figures and PCNA expression were not 

consistently sirYected by fat and ER in carcinogai treated mucosa (Chapters 6-8). 

Therefore, the resulting phenotypic modulations by dietary bat and energy do not 

appar to be the mult of altered celi pmliferative patterns. 

T'he expression of PKC isoforms in carcinogai treated wlonic mucosa ( ai the 

protein level) w u  not modulated in any &ctinct manna by dictary fat and ER, 

suggesting that the amount of these isozymes do not affect the development of colonic 

pmeopiastic lesions. However, a distinct isozyme expssion pattan was observed in 

colonic tumon, regardles of the diet treatmcnt. Thaeforc, the atprcssion of these 

isofms appears to play a d e  in tumor pmgresOon which is not amenable to changes 

in diet. 

PKC and EGFR-TIC activity pppeared to be elevafed by ER in injccted colonic 

muccwo sugg&g tbat alterations in theit activity cwld be me of the mechanisms by 

which ER aâécts preneoplastic developmerit. However, a limitation of this finding 



stems fiom the faa that the homogenate of injected colonic m u a m  assayed consisteci 

of a combination of normal and ebenant aypts. Therefore, measurement of enzyme 

activity, and expression at the protein ieveî, in such colonic homogeMtes is merely an 

indication of the state of the whole mucosa, without dinaentiathg betvveen 

morphologicaliy normal or aberrant crypts. In oder to investigate whaha the ACF 

exhibit altered enzyme activity or expression, in relation to nonaal crypts, a method 

must ôe uutiliEed in which ACF are succesPfully isoiated h m  normai sufzounding 

crypts* 

An important contribution of this disseriltion was to successfUy pex50rm RT- 

PCR on alcohol fixed ACF in order to study gene expression. By employing RT-PCR 

it was demonstrated that ACF differ from microadenornas and hunots biologidy and 

that the ability of these lesions to respond or resist growth modulation may reside in 

their genotypic féatures. The next step wiU be to isolate and m o m  RT-PCR on ACF 

from different diet treatments exhibithg varying phenotypic characteristics. Such an 

acoompllphment may elucidate the mechanistic actions of dietary fat and energy with 

respect various enzyme and oncogene expression. 

Cbnekrrions. 

The findings of the present dissertation support the hypothesis that changes in 

di- fht and energy P&ct specific phenotypic populations of ACF, microadenornas 

and tumots. In addition, the contention that biologicai heterogeneity exists mong ACF 



was M e r  substantiatPA by the pnsent disertation. However, the hypothesis that 

dieîary fat and ER flbcts the development of preneoplastic and nespiastic lesions by 

direct aiergy deprivation during speciûc stages of colon carcinogenesis andk thmugh 

alteration of biochemical evcnts involved in d gwh amd differcntiation mu 

a n s w d  in part only. Changes in âiet composition affected lesion development at 

vvying stages of colon carcinogenesis albeit more effectively at the early stages of 

development. Alterations in the expression and activity of enzymes involved in ceil 

growth and diff-tiation w a e  of limited value in the present research. The method 

utilized to isolate alcohol h e d  ACF provides the impetus to further investigate the 

cellular mechanism(s) by which diet alters colon carcinogrnesis and may serve as the 

starting point for future investigations towards more comprehenoive studies in which 

the cellular mechanisrns involved in the modulation of colon carcinogenesis may 

bemme elucidated by incorporating the ACF bioapsay and the method utüired to 

measure gmetic aberrations of ACF. 
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Western blotting Buffers and Gel Recipes (based on the method d d b e d  by Laemmü, 

AU reagents and ncipes are from Bio-Rad. 

Mok to 300 ml with deionized H20 and storeû at 4.C in the dark. 

10 gm SDS dissolved in 90 ml H20 with gently stirring and brought up to 100 

ml volume and stored at m m  temperature. 

H20 
0.5 M Tris HCl (pH 6.8) 
Gl ycaol 
10% SDS 
2-mercaptœthanol 
1 % (wfv) bromphewl Mue 

5% 
H20 
30% Acrylamide mix 
0.5 M Tris HQ @H 6.8) 
10% SDS 
10% APS 
TEMED 
(N, N, N' , W~Tetramethy1ethylenediamine) 



Hz0 
30% Acrylamide mix 
1.5 M M  HCI (pH 8.8) 
10% SDS 
10% APS 
TEMED 

Tris base 9 P 
Glycine 43.2 gm 
SDS 3 gm 
to 600 ml with deionilPA H20 

Stored at room temperature and diluted to appropriate volume before use. 

Tris base 3.03 p 
Glycine 14.4 gm 
Methanol 200 ml 

The Tris, giycine were mixed in 2ûO ml methanol and adjusted to a volume of 
Io00 mi with the addition of deionized H20 and s t o d  at 4'C. 

u. 1 % Coomassie blue R-250 
40% methanol 
10% aoetic acid 
50% deionized H,O 

Stain for 45 hour with grnile rocking. 



40% methanol 
10% aœtic acid 
50% deionized H20 
De-stah with s e v d  changes for % to 1 hour. 

IaST-T 

100 mM Tris HC1 
0.9% NaCl 
0.196 Tuf- 20 

Stored at m m  temperature, or 4'C for severai months. 



As detailed in Current RotocoIs in Moleculv Biology, ed. Ausubel et pl., 1995 
(volume 2, 10.16.8) 

With the exception of SDS, ail reagents were purchased h m  Sigma Chernical Co. 

1 % triton-X 100 
0.1 %SDS 
0.5 % sodium deoxycholate 
150 mM NaCl 
5 m .  EDTA 
5 m M  PMSF 
10 &ml leupeptin 
1 m M  Na3V0, 
5 m M  NaPP 
20 m M  sodium phosphate 
1 p i h l  apmtinin 
1 m M 1,lO phenanthmline 



RT-PCR bUners and Gel recipes baseci on methods detailed in Cunent Protocds in 
Moiccuîar Biology, volume 1 chapter 2.5 (Ausubel et ai.(&), 1995) 

AU rcagmts arc b m  G i k o  BRL. 

250 mM Tris HCL (pH 8.3) 
375 m M  KCL 
15 m M  MgCl* - 
200 mM T ~ S  H a  (pH 8.4) 
500 mM KCL 

20% F i d  400 
O. 1% SDS 
0.25 % Bromphenol bluc 
O. 25 % Xylene cyan01 
Added 5 pi to 50 pi PCR reaction mix. 

Tris HCL 108 gm 
Boric Acid 55 gm 
0.m EDTA 40 ml 
BNig up to 1 litre volume with deionized H20. 

AU insüuments were immersed and 
stirred in the DEPC solution for 
iA hour prior to autoclaving . 



Thiamin Hcl 
Riboflavin 
Pyridoxine Hc1 
Niacin 
Calcium Pantothenate 
Folk Acid 
Biotin 
Vitamin B, 
Dry Vîtamin A Palmitate 
Dry Vitamin E Acetate 
Vitamin D, Ttituratiion 
Menadione Sodium Bisulfite Compkx 
Sucrose, fine powda 

Calcium 
Phosphorus 
Potassium 
Sodium 
Chloride 
Sulphur 
Magaesium 
Iodine 
Iron 
CapPa 
MWw- 
Zinc 




