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Abstract

Colorectal Epithelial Cell Proliferation and Risk for Incident, Sporadic Colorectal Adenomatous

Polyps

By Dan Chen

Background: It is hypothesized thatolorectal epithelial cell proliferation kinetiege altered
in the normal mucas of patients at incr&sed risk for colon cancehe second leading cause of
cancer deaths in the United Stateswever, there are no reports of weihducted observational

epidemiologic studies that have investigated this hypothesis.

Objective: To as®ss whether colorectal epithelial cell proliferation in the notpglearing
colorectal mucosa may be a valid, potentially modifiable biomarker of risk for colorectal

neoplasms.

Methods. We conducted a pilot, colonoscoimased caseontrol study 80 cases50 controls)

of incident, sporadic colorectal adenoma. Cell proliferation was measured using
immunohistochemistryor MIB1 (epitope of Ki67). The labeling index(LI), the indicator of
overall proliferationwas calculated athe proportion of labeledtells in the cryptan Lkg and

Ll were also calculated to indicate the degree of proliferation in the upper 40% of the crypts
(differentiation zone) and the lower 60% of the crypts (proliferative zone), respectively
distributional index(l ) to indicate expansion of the proliferative zone into the differentiation

zone was calculated as the proportion of labeled cells in the crypts that were in the upper 40% of



the crypts. Cases and controls were compared using analysis of covariantegiatid

regression

Results In the adenoma caserelative to the controls, the LLlug Ll and G, were
proportionatelyilower by 17% (p = 0.03), 17% (p = 0.02), 28% (p = 0.68d28% (p = 033,
respectively the corresponding crude odds ratios (OR) and 95% confidence interval®.@@re
(0.15, 1.05)0.50 (0.19, 1.31), 0.62 (0.25, 1.54), and 0B8%, 2.17) The inverse associations
tended to be stronger with adjustment for other risk factors, such as calcium and total fat intakes.

Thel, was36% higher(p = 0.05)amongthosewith total calcium consumptioabove thanean

Conclusion  Opposite ® our hypothess, these preliminary data suggest thddwer cell
proliferation as indicated bylIB1 expression in the normal colonmucosamay be associated
with increased risk of incident, sporadic colorectal adenoma as well as with modifiable risk

factasthought to decrease ristr colorectal neoplasms.
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1. Colorectal Cancer and Descriptive Epidemiology

Colorectal cancer (cancer of the colon and rectisrthe third most common incident
cancerthe second leading cancer killer in the United Stéltedn 2007 (the most recent yei@r
which statistics are available), 142,672 Americans were diagnosed with colorectal cancer,
including 72,755 men and 69,917 womand 53,219 people in the United States died from
colorectal cancer, including 27,004 men and 26,215 wof®erColon cancer affects meamnd
women approximately equally, but rectal cancer frequeacybe up to twice as high in men as in
women (3, 4). Patterns ofincidence rates vary between countries, with lilghest ratesn
Australiag New Zealand, Europe, and North America, whereas the lowestaratiesAfrica and
SouthCentral Asia(5). The cobrectal cancer incidence rate stayed relatively unchanged during
the past 30 years, while the mortality rate decreasedestly particularly in femaleg6). The
United States is the only country with decreasing incidence rates in both males and females in the
most recent time period, which largely reflects detection and removal of precancerous lesions
through colorectal cancer screenifig 8). While colorectal cancer death rates have been
decreasing in several Western countr{8y largely resulting from improved treatment and
increased awareness and early deteatnrates continue to increase in many countries with
more limited resurces and health infrastructure, particularly in Central and South America and

Eastern Europés).

2. Molecular Basis of Colon Carcinogenesis

The molecular basis of colon carcinogenesis is a rstép process involving getic
alteration ofAPC, K-ras, a tumer suppressor gene in chromosome 48dp53 (Figure 1J9).
There are at least two not mssarily entirely mutually exclusive major pathways driving this
process.The first, theRAPC pathwag, accounts for familial adenomatous polyposis (FAP) and

approximately 80% of sporadic cancdrs.FAP, the affected person is both with an inactivating



mutation in one allele of thBpatheway gatekeepeAPCtumor suppressor gene, and has only to
acquire an inactivation of the second allele to begin development of a colonic neoplasm; whereas,
in the sporadic patient, inactivation of both alleles must beiigeat] either through somatic

mutation or epigenetic phenomena, predominantly the former.

Figure 1. The adenomacarcinoma sequencéfrom Weinberg, R.A. (9))
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The second pathway, th@Mismatch Repair (MMR) Pathwayaccounts for hereditary
nonpolyposis colon cancer (HNPCC) and approximately 15% of sporadic cancers. In HNPCC,
the affected person is born witin inactivating mutation in one of the mismatch repair genes,
predominantly MSH2 and MLH1. The sporadic patienin this pathway must acquire an
inactivation, either through mutation or epigenetic silencing, predominantly the Téteprotein
product & the Agetewayp gene, APC, functions to degradeb-catenin which is both
pro-proliferativeandregulates Ecadherin, a calciurdependent cell adhesion molecule necessary
for colon crypt structure and function. Progressive alteration of cell proliferatimhcell
adhesion from the normal colon crypt talemoma to carcinoma is a hallmark of colon
carcinogenesisWhen b-catenin is not degraded by APC, botmgc and, further downstream,
cyclin D1, are upegulated, promoting entry of colonocytes into the proliferative phatbe oéll
cycle, with the netféect being increased proliferation (direct effeat)d, indirectly, decreased

differentiationandapoptosis.

The DNA mismatch repair (MMR) genes serve to repair mismatches in paired DNA strands
post relication(9). When MMR genes are impaired mismatches in other genes can be propagated

and progressively expanded, eventually hampering the ability of the affected genes to function



properly. Genes that characteristically become impaired as a result of deficient mismatch repair in
MMR pathway colon carcinogenesis daxand TGFb RIl. Impairment of bax, a prapoptotic
regulator, causes a decrease in apoptosis, Whipairment of TGFb Rl results in increased
proliferation. The net result, as for the APC pathway, is increased proliferatimhdecreased

differentiationandapoptosis.

3. Risk Factors for Colorectal Neoplasms

Age

Age is a strong risk faat for colorectal cancefCRC). Diagnosis with CRC is rare before
the age of 40, with peak incidence around 60 ygds Age-specific CRC incidence raté®gin
to rise during the fifth decade of lif€l1). In a prospective cohort study of 75,266 Medicare
enrollees, researchers observedt throximal colon cancers occimg most frequently among
elderly patients, and the incidence of colorectal cancer increased from 1.59 cases per 1000 in
those 6569 years to 3.87 cases per 1000 in those 85 years and older; an alrdodd tworease
in incidence(12). Furthermore, the incidence rates increased with age for all anatomic locations
(rectum, digal colon, and proximal color(L2). Similarly, adenomatous polygsve been shown

to also increase with age.

Family History of Colorectal Cancer

Family history of colorectal cancer is positively associated witiiegfic coloretal cancer
risk. About 30% of sporadic colorectal cancer cases have a history of the disease in a first degree
relative (13), which is associated with a & 3-fold increased risk of colorectal cancéd, 15).
Moreover, having a history of CRC in a first degretative younger than 40 years of age is
associated with a-®ld increase in risk of the diseafb). Furthermore, having two relatives of

any age with CRC is associated with-toll increase in risk14, 15).



ObesityBMI

Obesity is strongly and consistently associated with an isededsk of colorectal cancer.
A recent metanalysis of 28 cohort studies foundstatistically significant 3% increase in CRC
risk per 1 kg/rfiincrease in BMIAs with physical activity, a more consistent association and a
larger increase in riskerefound for colon cancer than for rectal cancer, or fdorextal cancer
as a whol€16). It is also should be pointed diatBMI may not be an ideal measurement of the
adiposityin humans for CRC risk predioh becasuel) fat is not distributed equally around the
body; 2) there are two patterns of fat stores in the human body (periphdyalinal) that are
largely determined by genetic factors; and 3) the size of-amtd@minal fat stores influences
several hormone systems and predicts the risk of chronic diseases better than overall indicators of

body fatness, such as BMI subcutaneousaf measure€L6).

EnergyIntake and Physical Activity

Physical activity has consistently been shown to have an inverse association with CRC.
Severalarge cohort studies and metaalyses found a 289% reduction of colon cancer risk in
individuals with high leels of physical activity @mpare to sedentary individua{47, 18).
However,no association w&s observefbr rectal cancefThere are several, likely complimentary,
mechanisms by which physical activity may protect agaowbrectal carcinogenesist)
stimulation of colon peristalsis resulting in reduced gut transit time and thus less carcinogen
contact timewith the colon epithelium); 2) reduction in insulin resistance; 3) favorable effects on
the immune system; 4) effects on endogenous steroid hormone metabalisB); reduction in

body fatnes$16).

Inflammation and Nonsterodial Antil nflammatory Drugs

In respmse to a range of toxic and pathogenic challenges, lymphocytes infiltrating into

colorectal epithelium can release proinflammatory cytokin€ontinual release of



proinflammatory cytokinesnay lead to increased generation ggnotoxic compoundssuch as
reactive oxygen species (RQ®) the colorectal epitheliurandcan cause chronic inflammation,
which has been reported to play a major role in colorectal tumorige(E3is Multiple
observational studies and randomized clinical trials foundréwilar use of aninflammatory

drugs (NSAIDs), such as aspirin and other NSAIDs, reduces the risk of colorectal neoplasms
(20-22). The anticarcinogenic effas of NSAIDs arethought to belargely through COX2
inhibition which can cause gastrointestibleeding and renal failur®andomized clinical trials

(20, 21, 23, 24) have shown a decreased risk of colorectal adenoma recurrence in subject who

was given agpin or selective COX2 inhibitors such as celecoxib and rofecoxib.

Tobacco

Cigarette and pipe smoking, especially ldagn and with early onset, is linked to the
development otolorectal neoplasm@5, 26). Compared to nosmokers, smokers had a greater
number of colorectal polyps, and large adenomas were associated wittimengmoking
(27-29). One of theproposed mechanisms for an association between tobacco smoking and
colorectal neoplasmis that snoking may affect methylation of the MLH1 promotexgion
resultingin decreased or absent MLH1 exgsimn and deficient DNA repa{26). Moreover,
tobaccosmoke contains many carcinogens, including polycyclic hydrocarbons, nitrosamines,
heterocyclic amines, and other blebdrne carcinogenthat may cause DNA mufahs (e.g.,

APC geng (30). When DNA repair mechanisms are altered, colonocytes may become more

susceptible to mutations that mapd to neoplastic changél).

Alcohol

The epidemiologic evidence aan association of alcohol consumption with coldaetc
canceiis not consistenAlthough the majority of the observational epidemiologic stuftiead a

positive association between alcohol consumption andrexthl neoplasms, most of them



yielded statistially nonsignificant resultdn a large pooled analysis of 8 cohort studigs600

CRC cases and 475,000 participantee group that had the highedtohd consumpt on ( 04 5
g/day)wasat 41% higherCRC iisk (RR= 1.41, 95% CI: 1.161.72) (32). Giovanucci et al. also
reported a positive association between alcohol intake and the risk of colon cancer in groups with
lower consumption of folate and methionine; however, this association disappeared in people who
had high levels of these nutrients in their &3, 34). The mechanism by which alcohol may
increase the risk of CRC is not yet fully understofdghlausibal explanatiomay bethatalcohol
(ethanol) is metabolized into acetaldehyddich degrades folate anday result in irregular

DNA methylation(35, 36). Alcohol may also inhibit DNA rpair and function as a solvefar

other carcinogenic moleculethusenhaning their penetrations intcolonocyteg15, 16). Lastly,

alcahol consumpbn may interact with tobacco smoki37-39).

Postmenopausal Hormone Use in Women

Data on postmenopausal hormone use and colorectal cancenrienvase not entirely
consistentnine studies reported decreased risk witimone replacement therapflRT) use
(39-47), two studies were nu(#8, 49), and one found an increased r{8K). Longer use of HRT
is probably associated with lower risk, but more studies needed to confirm thi®). In a
randomized clinical trial, treatment with estrogen and progestin considerably reduced invasive
colorectal cancerisk (hazard ratio= 056; 95% CI: 0.380.51) (51). In addition, a recent
casecontrol study found that conjugated estrogen with progestitoig strongly associated than
estrogen alone with risk for M3®w and MStstable, but not MShigh colorectal tumorg52).

Moreover,an inverse association offT use with colorectal adenomas was also fq@3d54).

Total Dietary Fat

The association between dietaat find risk of CRC remains inconsistent. While ecologic

and older studieswhich did not properly adjust for total energy intakeuggestd a positive



association between dietary fats and incidence of CRC, more recent studies that do properly
adjust forerergy intakegenerally report a null association between dietary fat and @BG5,

55). Theseanaly®s suggest thahere may be no energydependenéssociation between dietary

fat intake and colorectal cancddowever, dietary fat is the largest source of energyd
contributes to a high energy intake andesity. In addition, it is difficult to disentangle the
contribution of specific nutrients in the diet. Therefore, dietary fat may appear to be associated
with colorectal cancedue to its contribution to thenergy intakeand obesitythat are related to

colorectal cancer risk56).

Dietary Fiber

The substantial epidemiologic evidence on the inverse association between distary fi
and colorectal cancer rigk not consistent despitgrong biologic plausibility and a substantial
body of epidemiologic literaturd large metaanalysis of 20 cohort studies found a 10% decrease
in risk per 1@ of dietary fiber per day (RR = 0.905% CI. 0.840.97) with an apparent
doseresponse associatiofp7). However, a pooled analysis of 13 prospective cohort studies
(8,081 colorectal cancer cases and 730,000 participants) found a statisticadigmificant 6%
decreased risk for those with the highest intake of dietary fiber after adjusting for other risk
factors (RR = 0.94, 95% CI: 0.86.03) (58). The results bepidemiologic studies of a dietary
fiber i CRC association are inconsistent, probably because of the hetercgyeatane of fiber
itself, issuing with measurement of fiber intak8) and thepresence of otharompounds in fiber
rich foods.Intervention studies are much less consistent with the hypothesis that dietary fiber
reduce colorectal cancer riskhree randomized clinical trials that tested the effect of-filggr
diets did not show the reduction in colorectal adenoma recur(@dl). However, the results
of the randomized trials should be interpreted with caution, as the intervention was relatively
short term (B5 years) and was done in the patients who already had neoplastic changes such as

adenoma in their colons.



Folate

Folate is a generic term referring to the naturattgurring family of watesoluble Bgroup

vitaminsand is essential for normal DNA repairing, synthesis, and methylation

Epidemiologic data suggest an inverse association between folate intake aenlt iG&d;
however, data remain inconclusive and may rely more on the timing and dose of folate
interventiong(62). A recent metanalysis of 7 cohort and 9 casentrol studies observed lower

CRC risk with higher dietary folate consumpti@®R = 0.75 95%CI: 0.640.89 OR =0.76 95%

Cl: 0.600.96) (63). Conversely, a 2§eass descrigiive, populatiodbased studyn Chile found
thatfolate fortification of foods was associated with an increase in CRC risk. The highest relative
risk of CRC was observed among the age groupgdfears (RR: 2.6; Cl: 2.58.93) and 69

years (RR: 2.9; Cl. 2.88.25) (64). Recently, a randomized clinical trial of folic acid
supplementation found no reduction in colorectal adenoma recurrence, but statisticallyasignific
increases in the occurrence miltiple adenomas (RR = 2.32, 95% CI: 1.235) and large
adenomas (RR = 1.67, 95% CI: 1i.@®B0) (65). Similar findings were s in animal studies

After establistng microscopic neoplastic foci in the colohigh folic acid doses as well as a
folate intervention promoted, rather than suppressed, colon carcinog@@sikecently, it was
proposed that folate may play a dual role in carcinogenesis: it may act as a preventive agent
during the early stages of carcinogenesis in individuals with a low folate status, and it may
promote carcinogenesis during the latmges ofumorigenesis, especially if administered at very
high doseg67, 68). Also, the form of folate (natural folat® food vs. synthetic folic acid in

supplements) may play an important role in cancer prevention.

Vitamin D

Vitamin D is a group of fasoluble prehormones The active form ofvitamin D is

1 U ,-(@H),-vitamin D. Peopleacquire vitamin D from two sourcesutaneous synthesis after
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exposures to UVHRabout 90%)and diet(69). The hypothesis that vitamin D plays a role in
preventing cancer was first initiated by the observation in the 1930s of an inverse correlation
betwea cancer risk and sunliglexposure(70). Garlandfirstly proposed the hypothesis that
vitamin D status accounted for an inverse association between solar ultrBvtpbsure and

risk of coloncancer(71).

Based orrecentbiological and epidemiologic evidence, vitamin D is a promising dietary
chemopreventive agentAnimal and invitro studies show that vitamin D and vitamin D
analoguesegulatecell proliferation, differentiation, and apoptosis; promote bile acid degradation
and xenobiotic metabolism; and influences growth factor signaling, cell adhesion, DNA repair,
angiogenesis, inflammation, and immune funct{@g75). In human cdllines fromthe colon
and other organgjtamin D increases expression of enzymes involved in antioxidant responses
thereby decreasing oxidative stress in the colorectal dipithg76-78), inhibits proliferation,
induces differentiation, and promotpoptosig79-85). Some idemiologic studiessuggesthat
vitamin D isassociated with lower risk for colorectal can(®@$-89) and adenom#930-93). In
studies that investigated dietary vitamin D intake without considering exposure to UVB light, the
association between vitamin D intake and colorectal adeitamzer was not consistent. This
inconsistency between these studies can be explainedidnjassification of actuavitamin D
exposure, which leads to an underestimation offseciationln those few studies that assessed
the main form of circulatingitamin D, 25(OH)-vitamin D, an inversessociation was observed
between 250H)-vitamin D levels and colorectal canc@4-96) or adenomag90, 91). The
results of these studies suggest that circulating vitamin D level is a better marker of vitamin D
exposure than indict estimates of vitamin D exposure based solely on aHtetever, the use
of circulating 25(OH)-vitamin D levels as vitamin D exposure has its own complications due to
seasonal variations in vitamin D levels and assay sensitivity/variability thatdsheukept in

mind during data analysis.
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Calcium

Calcium is an element that is essential for living organmitis multiple functions in the
body, includingas thebone structurend asecond messenger in intracellular signaling; and
modulatorof cell proliferation and differentiationCalcium homeostasis is controlled by three

hormones: vitamin D, parathyroid hormone (PTH), and calcit®n

The protective effects of calcium against colorectal neoplaarassupported by a large
amount of evidengehowever, its exact anticarcinogenic effects are not clear. &sed
mechanisms of calcium against colorectal cancer include protection of colonocytes against bile
acids and fatty acid¢98, 99), direct effects on cell cycle regulatiqd00), promotion of
colonocye differentiation(101, 102, and modulation of £ a d h e r icatenia exgresdion ai
the calciumsensing receptoCaSR (100 103 104). Further, there is some evidence that
extracellular calcium activates protein kinase C, which is associated with the differential
induction of p21 in the intestinal epitheliuf00). Calcium may also act as an oxidative stress
and DNA damage reducing agent in the colon. In the colon lumen, bile acids damage cell
membranes through an oxidative mechan{@®5), provoking an inflammatory response and
causing DNA damagél06), and calcium can bind the free bileids rendering them ine(9).

Further investigations are needed to understand the role of calcium in colon carcinogenesis.

Inverse associatiorfer calcium and colorectal adenoma have been consistently observed in
observational studieswo colort studieq93, 107), seven caseontrol studieg90, 108-113), four

casecontrol/cohort studies nested in randomized clinical trigd8, 114116 and two

crosssectional studieq37, 117). Several clinical trials found reduced colorectal adenoma
recurence with calcium supplementati(ii8120). The calciumadenoma association appears to
be nearing causal status, but requires some additional large clinalal drid mechanistic

confirmation.



12

4. Colorectal AdenomatousPolyps

Colorectal cancer results from colorectal mucosa progressing through multiple genetic
transformations which can be initiated by amherited condition, an external stimulus, or a
combinationof the two(121). Adenomatous polyps are an agreed upon prectwsoolorectal
cancer.The transformation from normal mucosa to adenomas is accompanied by increasing rates
of cellular proliferation and decreases in cellular apop({dg%. Most colorectal cancers (70% to
90%) are developed from adenoméke prevalence of adenomatous polyps is approxiynaeo
in the middleaged,andaround 50% in elderly persons; however, less than 1% of all adesno
develop into cancefhe likelihood of an adenomatous polyp transforming into a cancer depends

on several characteristics, such as size, histologic features, and appearanceiohtfi®|422).

Nowadays, colorectal adenomatous polyps are -@gtliblished precursors to most
colorectal cancersThe most reliable ethod for diagnosing colorectal adenomas is the

colonoscopy, which is labor intensive, expensarapoorly tolerated by patients.

5. Role of Cell proliferation in the Development of ColorectaAdenoma

Cell proliferation can be defined as a process involanggquential pattern of repeating
changes in gene expression leading to the physical division of the (t2Bs Increased
proliferation may increase the rate of DNA damage aadrahse the rate of repair, thus
facilitating colon carcinogenesislyperproliferation in the colorectal mucosa is thought to be a
phenotypic biomarker of risk for colorectal neoplasms, and may be modulated by multiple
interacting genetic, epigenetic, aadvironmental factorsTraditionally, in human studiethere
aretwo basic measurements of colorectal epitheldl proliferation kineticsone to indicate the
rate of proliferation of colon crypt epithelial cells and the second to indicate the distribfit

proliferating cells within the coloorypts(124). Hyperproliferation of the colorectal mucosa with
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a shift of tke proliferative zone to the upper portion of the crypt is thought to be an early step of a
complex transition from normal mucosa to adenoma to carcir{@2& 126). There have been

two large clinical trials of calcium and colorectal epithelial cell prolifera{ib27, 128 and
smaller trials(reviewed h ref. (124)). One large fill-scale clinical trial found no evidence for a
reduction in the overaproliferation leve] but a marked statistically significant shift of the colon
crypt proliferative zone downwardgl27). Five out of eight small studiefound a decrease in
proliferation at theop of the crypt relative to the entire crypt, two studies reported an increase in
the LI of the upper crypt compartments, and one study reported no cli@vigwved in

ref.(124)).
6. Biomarkers of Risk for Colorectal Neoplasms

There are no currently accepted, modifialftee@tabl@), preneoplastic biomarkers of risk
for colorectal neoplasms that would be analogous to ensiif risk for ischemic heart disease,
such as lipid profilesWith the advent of biological measurements are markers of risk for
ischemic heart disease B®B0 years ago, plausible preventive interventibmmth lifestyleand
pharmacologici could be radily investigated, response to preventive treatment could be
monitored, and, subsequently, with individual and population control offiti@markeb,

mortality rates from the disease began a dramatic 67% decline which continues taday.

Based on recent aduces in understandingiolecular basis of colon carcinogenesis,
researchers developed a panel of plausivle, reliable biomatketsdescribe molecular
phenotypes, including cell proliferation, differentiation, and apoptosis, of the nappahring
colorectal epithelium A marker of a cell in a proliferative phase is the MIB1 epitope e8Ki
(129; an informative long-term indicator © proliferation is hTERT, a catalytic subunit of
telomeras€130); and a marker of a celldhcan no longer proliferaendis differentiated is p21

(131). Detection of expression of inhibitors (B and promoters (bax) of apoptosis can be
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readily cemonstrated in characteristic gradients in crypts of normal colon t{482¢ and a

general indicator of apoptosis is €8 (cytokeratinl8) (133).

To the autho® knowledge,there is limited literature addressing the validity of cell
proliferation of the normahppearing colorectal epitheliyras a biomarker of risk for colorectal
adenomain casecontrol study To address this, we conducted a eesetrol study ofincident
sporadic colorectal adenoma in which we measthie@xpression of MIBlandthe distribution
of MIB1 expression within the crypts of the norragdpearing colorectal mucosad estimated

their associations with colorectal adenoma and knidsk factors for colorectal neoplasms
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Hypothesis

| hypothesize thasubjects witha higherMIB1 expressiorin the wholenormal colorectal
cryptare at higbrrisk of colorectal adenoma and thie association is modified by risk factors

for colonneglasms

| hypothesize thasubjects witha higherMIB1 expressiorin the bottom 60% of the crypt
are at higlr risk of colorectal adenoma and thhe association is modified by risk factoisr

colonneoplasms

| hypothesize thaubjects witha higherMIB1 expressionn the top 40% of the cryptre at
higher risk of colorectal adenoma and thhe association is modified by risk factoisr colon

neoplasms

I hypothesize that subjectgith a largershift expension othe proliferative zone to the
upper peotion of the cryptare at higbr risk of colorectal adenoma and thihe association is

modified by risk factorgor colonneoplasms
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Colorectal Epithelial Cell Proliferation and Risk for Incident, Sporadic Colorectal

Adenomatous Polyps

By Dan Chen

Abstract

Background: It is hypothesized thatolorectal epithelial cell proliferation kinetiege altered
in the normal mucosa gfatients at incr@sed risk for colon cancehe second leading cause of
cancer deaths in the Ueit Stateshowever, there are no reports of waihducted observational

epidemiologic studies that have investigated this hypothesis.

Objective: To assess whether colorectal epithelial cell proliferation in the nempgaring
colorectal mucosa may be \alid, potentially modifiable biomarker of risk for colorectal

neoplasms.

Methods. We conducted a pilot, colonoscoimased caseontrol study 80 cases50 controls)

of incident, sporadic colorectal adenoma. Cell proliferation was measured using
immunohstochemistryfor MIB1 (epitope of Ki67). The labeling index(LI), the indicator of
overall proliferationwas calculated athe proportion of labeled cells in the cry@n Lkg and

Ll were also calculated to indicate the degree of proliferatiadgharupper 40% of the crypts
(differentiation zone) and the lower 60% of the crypts (proliferative zone), respectively
distributional index(t ) to indicate expansion of the proliferative zone into the differentiation
zone was calculated as the proportdf labeled cells in the crypts that were in the upper 40% of
the crypts. Cases and controls were compared using analysis of covarianéegiatid

regression
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Results In the adenoma caserelative to the controls, the LLIlug Ll and Gy were
proportionatelyiower by 17% (p = 0.03), 17% (p = 0.02), 28% (p = 0.68d28% (p = 033,
respectively the corresponding crude odds ratios (OR) and 95% confidence interval®.@@re
(0.15, 1.05)0.50 (0.19, 1.31), 0.62 (0.25, 1.54), and 0.88 (0.357)2. The inverse associations
tended to be stronger with adjustment for other risk factors, such as calcium and total fat intakes.

Thel, was36% higher(p = 0.05)amongthosewith total calcium consumptioabove thanean

Conclusion  Opposite to our hypothes, these preliminary data suggest thabwer cell
proliferation as indicated bMIB1 expression in the normal colonimucosamay ke associated
with increased risk of incident, sporadic colorectal adenoma as well as with modifiable risk

factorsthought to decrease ristr colorectal neoplasms.
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1. Introduction

Colorectal cancer is the third most common incident cancer and the secsihdomonon
cause of cancer death in the U.S. in men and women comiindtis amulti-factorial disease
that appears to be thesult of interacting lifestyle and genetic factorhe adenoma is a fairly
reliable biomarker of colorectal cancer risk, and removal of this polyp reduces risk of cancer
development(4). However screening procedures for adenoma are costly, labor intemrside,
poorly toleratedby patients.Pre-neoplastic biomarkers or gdites of biomarkers of risk for
colorectal neoplasms will help address these challenges. However, thereearently accepted,
modifiable ftreatablé), preneoplastic biomarkers of risk for colorectal neoplasms that would be
analogous to markers of risk for ischemic heart disease, such as lipid pkypesproliferation
in the colorectal mucosa is thoughttte a phenotypic biomarker of risk for colorectal neoplasms,

and may be modulated by multiple interacting genetic, epigenetic, and environmental factors.

To the authais knowledge, there is limited literature addressing the validity of cell
proliferation in the normalappearing colorectal epithelium as a reliable biomarker of risk for
colorectaladenoma. All of the publishedearlier studies, which useffH]thymidine ([*H]dThd)
(126, 134 or bromodeoxyuridingéBrdUrd) (135-137) asa marker of cell proliferatin, suggested
that hyperproliferationand an upwards expansion of the proliferative zone beaya common
featurein cases withcolorectaladenoma ocancer However,all of these previous studidmut
onehad very small sample sizes amtlused conveniecsamples and were not true casatrol
studies with unbiased selection of cases and controls or ascertainment of potential confounding or
effect modifying variables. daddress # limitations in the previous literatyree conducted a
casecontrol stug of incident sporadic colorectal adenoma in which we meastiredxpression
of theMIB1 epitope of Ki67 (an indicator of cells in or around theRBase of the cell cyclgd 29

within the crypts of the normalppearing colorectal mucosand estimated associationsf
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parameters of its expressignth colorectal adenoma and knownd suspectedsk factors for

colorectal neoplasms.

2. Methods

StudyDesign

The Markers of Adenomatou®lyps Il (MAP II, 20029 study is a pilot caseontrol
studydesigned to investigagotential biomarkers of risk for incident, sporadic colorectal
adenomas.Subjects were recruited from people scheduled felective outpatient
colonoscopy at Consultants in Gastroenterology, a large gastroenterology practice in
Columbia, South Carolin€l38). Subjectswere30 to 74years old, of both sexes and all
races, Englistspeaking, and capable of providing informed consent. Specific exclusion
criteria included history of previous colorectal adenomas, history or findings consistent
with familial adenomatous polyposi&AP) or hereditary nonpolyposis colon cancer
syndromes, inflammatory bowel disease, bowel resection, history of cancer other than
nonmelanoma skin cancer, and medical contraindication to colorectal mucosal biopsies
(medically unstable, bleeding disorders, andhncd stop warfarin or aspirin), and

polyethylene glycol coloftleansing preparations.

Over a bmonth period, 351 patients were identified for recruitment; 232 (76%) of
these agreed to participate in the study and 205 (51 cases and 154 controls) met final
eligibility criteria and were included in the study. Due to limited tissue and financial
resources, biopsies from only 80bjects(30 cases an&0 controls) were processed for

MIB1 expressiorandused for the analysis reported here.
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Data on medical histgr family history of cancer, diet, lifestyle, and
anthropometrics were collectaeding mailed questionnaires, including a modiffédiett
Food Frequency Questionnaire, before the colonosoapy and knowledge of

casecontrol status.

Biopsy Specimen Prassingand Immunohistochemical Staining

One millimeter thick biopsy specimens were taken from the mucosa of a valve or fold in the
rectum 10 cm above the level of the external anal aperture. The biopsies were then immediately
placed in normal saline andahsferred to an esite dissecting microscope where they were
immediately examined and reoriented. The biopsies were then immediately placed in 10% normal
buffered formalin, left undisturbed for at least six hours, and transferred to 70% ethanol 24 hours
after being placed in formalin. The biopsy specimens were embedded in paraffin blocks within
two weeks of the biopsy procedure, cut and stained within another four weeks, and analyzed
within another four weeks. Five slides with four section levels ea@nt4® microns apart were
prepared foKi-67 antigen, yielding a total of 20 levels. Heaediatedantigen retrieval AR)
was used to break the protein crinks formed by formalin to uncover the epitope.
Immunohistochemical (IHC) staining was done usind-SAB (Labeled Streptavidin Biotin)
method on the DAKO Automated stain®AKO Corp., Carpinteria, CA)The Autostainer was
programmed foMIB1 /Ki-67 antibody(DAKO Corp., catalog no. M7240, dilution 1:35@&nd
TBS buffer (DAKO S1968). The slides weretrtounterstained. After staining, the slides were
automatically coverslipped with glass coverslips with a Leica CV5000 Coverslipper (Leica
Microsystems, Inc., IL) and placed in opaque slide folders. In each staining batch of slides,
positive and negativeontrol slides were included. Tohsvas used as a control tissughe
contr ol ti ssues were fixed, embedded, and cut
negative and the positive control s kceptitbkas wer e

antibody diluent was used rather than primary antibody on the negative control slide.



22
Image analysis $coring

The unit of analysis was theemicrypt defined as one side of a colon crypt bisected from
lumen to base, whichn order to be eligile for analysis, had to be intact from the muscularis
mucosae (bottom of the crypt) to thamen (opening of the cryptn average of 16 to 20
hemicrypts on each of two out of the three biopsies was scored for each set of slides.
Hemicrypts with cell los >2 as artifact from handling or cutting cannot be usedimage of

each scorable hemicrypt was captunetth a digital light microscope camera.

MIB1 expression, detected by immunohistochemical stainiragg measured by counting
labeledand utabeledcdls. An unlabeled cell was defined as a cell with a blue nuclelebéied
cell was defined as a cell with a nuctethat was light brown in colofhis was distinguished
from any background stain that occasionally occurred. Whenever there was any lomutbt a
whether a cell was unlabeled or labeled, it was scored as unlabalezled cefl in this study
were coded ifi20. Unlabeledc e | | s wer e Once d scdrabla sryptiwh®located, the
biopsy specimen number, slide number, section level numiskcrpt number were enteredo
a scoring data entry prograhe crypt was always countedder 400x magnifications Cells
within a crypt were counted by beginning at the top right of the crypt and continuing down and

around to the top left.

For scorimg reliability and quality assurance, slide sets from 10% of sbjectswere
randomly selected by the statistical team, blinded, and resubmitiethe scorer for

rescoringl139).

Statistical Analysis

The overall cell proliferation rat@s indicated by thiabeling index (LI)(see Formula 1)
was calculated for each biopsy specimen by dividing the iataber of labeled celldC) in the

cryptshby the total number of cells (T@) the cyptsand multiplying by 10094127). We were
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also interested in the cell proliferation rate in the bottom 60% of the driyaf) ((see Formula 2)
as well as the cell proliferation rate in the top 40% of the ciylpk) (see Formula 3)A measure

of the distributionof proliferating cells in the crypgs indicated by thdistributional index @ )
(see Formula 4), was calculated on each specintgn dividing the number of labeled cells
counted inthetop 40% of the crypt (LGyg) by the total number of labeled cells counted (LC) and
multiplying by 100%.The natural logarithmtransformation was udeto improve normality.

Before transformation, both théJga n d, ware adjusted by addiriy05to thenumerator

00— PTUTLR s Formulal
D00 —— PTTLR e Brmula2
00 — PTITR e, Earmula3

—— P TITLRieeeeeeiee e Formula4

TC: total number of cells

TCyso the number of cells in the bottom 60% of the crypt.

TCuo the number of cells in the top 40% of the crypt.

LC: total number of labeled cells

LCyeo the number of labeled cells in the bottom 60% of the crypt

LCuo: the number of labeled cells in ttap 40% of the crypt

Statistical analyses were done using SAS 9.2 statistical software (©2208dy SAS
Insti-tute). Thesubset ofMAP 1l study population 30 cases an®O0 controls)for whom slides
were immunolstochemically processddr MIB1 wereassessefbr comparability using the t test

for continuous variablesnd 6 test for categorical variables as appropriaféhe correlation
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amongMIB1 expressiormeasurements withieach patient wasot taken intaaccount in order to
ensuretheir normality Mean proportional differencewere calculated as the mogekdicted
mean MIB1 expressionfor cases minus that for controls divided by thean for ontrols

Statisticasignificance of these measurens differencesvas evaluated by t test.

Potential confounders were evaluated based on biological plausibility and whether the
variable of interest waassociated with the expore based on existing epideioigic, medical,
and basic science literature. Rdtel corfoundeas considered in this analysis included age, sex,
body mass indexBMI), physical activity,family history of colerectal cancer in a firslegree
relative, smoking, alcoh@onsumption, aspirin and nonsteroidal antiammatorydrug (NSAID)
use currenthormone replacement therapy (HRT) esed total intakes of energy, fat, fibslate,
calcium, and vitamin D. All nutrient values weagljusted for total energyceording to the
residual regreson method140. Caontinuous variables were dichotized based on theineans

in the controls.

The association betwedhlB1 expression and risk @ficident sporadic colorectal adenoma
was assessed witlog-linear models usingieans ofhemicrypt masurementgor eachpatient
The overall associatiobetweenMIB1 expression in the colorectal mucosa ais#t of incident,
sporadc colorectal adenoma was evated by calculating odds ratios (OR) fréogistic models
Both linear and logistic models cordined thesame set of potentialonfounders. A 95%
confidence iterval (95% CI) was calculated for each OR.budld themost parsimonious model
that adequately controlled faonfounding, first, all gpriori identified potential coimunding
variables werganked based on published la&ure on their hypothesized relative contributions to
risk for colorectal neoplasms and then again on the strergfthbeir associations with the
biomarkers investigated ithis study. Next, a summary rank was calculatedi @variates were

added to the ageand sexadjusted modebne at a time according tbeir rank from highest to
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lowest. The model that ageately controlled for confoumy and had the smallest number of

parameters waselected as the final multivariabdeljusted model.

The associations of B1 expression in the rectumith various demographidifestyle, and
dietary charateristics were assessed lmg-linear models. Potential confounders were entered
into the modebne at a timeThe modelalso includeda fixed effectto control for caseontrol
status and an appropriate interactierm to check for potential modification of the effeceath

characteristic by cassontrol status.
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3. Resault

The subpopulation of subjects whose biopsies were stainedi@®l (30 cases and0
controls) was compared with the entire MAP Il study population (51 cases and 154 controls) and
found completely comparable with respectalb considered characteristicdata not shown
Selected characteristics of casexl controlsof the population considered this analysis are
shown in Table 1. On average, cases tended tddee, more likely to be malenore likely to be
a current smoker arelrrentlydrink alcoho) more likely toregularly take a NSAIDIess likely to
regulaty take aspirinand tended to have higher intakes of total energy, fat, fiber, and calcium,
and lower intakes of vitamin D, vitamin E, and folate than controls, but only the difference for
total energy intakewas significant at 95% levelPhysical activig and BMI did not differ

substantially between casmsdcontrols.

Table 2 presentd ) crude, age and sexadjusted, and multivariabledjusted mean
MIB1 expression in casesnd controls and 2) odds ratios forassociations ofMIB1
measurements with Ksfor adenomaAfter adjusting for potential confoundérexpression of
MIB1 in the whole crypt, irthe bottom 60% of the cryp&andin the top 40% of the crypt was
respectively18% (p = 0.@), 18% (p = 0.@), and28% (p = 016) lower in adenoma casdsan in
controls. The distributional index was, on average, 12% lower in cases than in controls, but the

difference was not statistically significant (p = 0.47).

Risk of incident, sporadic colorectal adenomas was inversely associatedMiith
labeling inex in the wholecrypt (OR,, = 0.39 95% CI:(0.15,1.05)), in the bottom 60% of the
crypt (OR_peo = 0.50 (0.19,1.31), andin thetop 40% of the crypt@R o = 0.62 95% CI:(0.25,

1.54), as well aswith the MIB1 distributional index@®R; ,= 0.88 95% CI:(0.35,2.17). The

! Selection of covariate is based on TabEndTable 5 in appendix.

2 Age, sex, BMI, total energy intake, faglcium and hormone therapy
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inverseassociatiorfor Ll,s wasstronger aftecontrolling for ageandsex(OR jp60 = 0.44 (0.16,
1.19). After additionally adjusting for BMandtotal energy intakethe association for LI as well
as Uy, became songer andthe LI was statistically significantly associated with colorectal
adenoma (OR = 0.29; 95% CI:(0.09,0.95). The nultivariableadjusted associatiorof the,
with adenoma was more strongly inverse than wascthde association but also was not

statisticallysignificant(OR; ,= 0.72; 95% CI:(0.24, 2.12).

We also assessed the potential of MIB1 expression in the rectum as a modifiable biomarker
of risk by evaluating associations of MIBpressionwith various risk factors for colorectal
cancer (Table 3). The only statistically significant finding was that MIB1 expression in the rectal
mucosa was 36% (p = 0.05) higher in subjectssefatal (dietary plus supplementadalcium

intakes werebovethe meanlevels in the controfs

! Age, sex, BMI, total energy intake, faslcium and hormone therapy

2 Mean of calcium consumption in the control group.
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4. Discussim

To our knowledge, this is the firstportedcasecontrol studyto investigate associations of
colorectal epithelial cell proliferation in theormalappearingcolorectal mucosavith risk of
incident, sporadic colorectal adenomarad various risk factorf®r colorectal neoplasms, and thus
the potential validity of colorectal epithelial cell proliferation as a potential modifiable biomarker
of risk for colorectal neoplasm®pposite toour hypothess, our preliminary datauggesthat
MIB1 expression levein the normal rectamucosaand an expansionof the proliferation zone
into the upper portion athe crypt may beinversely associated with risk of incident, sporadic
colorectal adenoma (Table 2). These findimgere unexpected and opposite tiee commonly
held belief thathyperproliferationand/or an expansion of the proliferative zone to the upper
portion of cryptsn the normalappearing colorectal mucosa associatd with increasedisk of
colorectal neoplasms. Our data also suggeghat MIB1 expreson in the rectum may be
associated with modifiable risk factors for colorectal neoplasms (Tabfedections opposite

to those hypothesized.

A possibleexplanationfor our findings may be that unhealthy lifestylnd dies may not
only damagecells but decrease their ability tapidly replace the, perhaps via a compensatory
decrease in apoptosis, which, in turn, would allow continuation of potentially deleterious
damaged clones of celldfhe question raised, then, ishether hyperproliferation or ¢h
diminished ability to renew damaged cellgrisst relevanto risk of incident, sporadic colorectal
adenoma.Other than chance, another possible explanation isM&fL or other cell cycle
S-phasebased proliferation markers are poor indicators of perhanore relevant average,
long-term proliferation as would be, for example, telomerase expression (as indicated by

hTERT).
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Proliferative abnormalities (hyperproliferation and an upward expaositme proliferation
zone)in the normal colorectal mucosave been proposed as a possible marker of enhanced
susceptibility to colorectal cancén earlier smallclinical studies using®H]thymidine ([*H]dThd)
(126, 134 and bromodeoxyuridine(BrdUrd) (135137 as a marker of cell proliferation,
hyperproliferationand an upwards expansion of the proliferative zone sgémbe a common
featurein cases witltolorectaladenoma ocancer Tempstra®s study 13 coloncarcinomall large
adenoma?2l one or more small adenomd®y controg) using[3H]dThd as the indicataof cell
proliferation observedigher cell proliferation for people with colorectal either carcinoma or
adenomd134). A smaller study (&olorectalcarcinoma 8 adenomatous polyps, antD controls)
usingBrdUrd to assess cell proliferation found proliferation index in patients with colonic polyps
and in those with colon cancer was significantly higher than in cofitB5)s Another
casecontrol study (21 colorectal cancer, Hlenomatouspolyps and 19 controls) using
[BH]dThd as an indicator of cell proliferation foumd significant upwards expansion of the
proliferative zone of intestinal glands jratientswith eithe polypsor cancer of the large bowel
(126). A clinical study (75 patients) of cell proliferation usiBydUrd also founda general
shifting of proliferative zone tahe upper part of the cryptd 37). Another study (200 adenoma;
150 adenocarcinoma; 50 adenoma plus adenocarcinoma, and 400 controls) of proliferation
detected by BrdUrd faind that hyperproliferation and the proliferative compartment shift coexist
but are independent in the fi@ictalmucoseof patients with colorectaleoplasig136). However,
all the previous studies buhe last one had very small sample sizes and all used clinical
population convenience samplesvhich were not true caseontrol studies with unbiased
selection of cases and c¢ools or ascertainment of potential confounding or effect modifying
variables. The results of our study are not consistent with the firedofghese previous studies
A somewhasimilar situationwasalsofoundin Gwin& study otbreast carcinomas which some
caseswith a low recurrence scorexhibited unexpecteduinexplainably high MIB1 expression

(141). The surprising proliferative activity observed our study may relate to treccumulative
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damage to the epithelia which dinghiedthe ability to renew cellsA study on cell proliferation

in different lesions in colorectal adenom@portedthat MIB1 was expressed in 96% of the
high-grade dysplasiaells but only in 3.5% of the carcinoAtasitu cells (p < 0.05)So, it is
possble that an unhealthy diet and lifestyle magontinuously, slowly damage colorectal
epithelial cells, andthe cumulativedamage mayliminish the ability of colon cryptsto rapidly

renew the colorectal epithelial lining This would be reflected in lowerelt proliferation
measurements and increase the probability diamaged cells could be retained for the more
immediate need to maintain a barrier against the gut lumen environment, at the expense of
allowing potentially deleterious damaged clones to lopggated and increasing future risk for

colorectal neoplasms.

Our study had several strengths and limitations.ur Gtudy is the firstreported
casecontrol study to evaluatéhe potential validity of cell proliferation aspmtentialbiomarker
of risk for colorectal neoplasms The studyhas several other strengtht) integration of
laboratory, clinical, and epidemiologic methpd® detailed information on risk factordor
colorectalneoplasmsvas collected beforeolonoscopy and adenoma diagnpgisisminimizing
possible recall bias; 3) theases and controls were based oaolonoscopydetected,
pathologyconfirmed adenomatous polygbuslimiting the chances of misclassificatiod) aur
study was tissue based, moving beyond traditional cell cultudéestand animal models, taking
advantage of being able to analyze the more relevant cell proliferation in human colon crypts.
Analysis of the normal colorectal epithelium provides greater insight into colon carcinogenesis in

humans, which is the result génegene interactions, as well as ganevironment interactions.

However, our study had a small sample size and our results should be interpreted with
caution. Larger sample sizes will be needed to validate our study results. A limitation of this study
is that since it wasetrospectiveit cannot be determined which came first, the adenomas or the

proliferation profiles. Also, since this study was colonoseogsed, cases and controls may
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have been more similar than if the study had been conductee getieral populatiorHowever,

such a limitation would most likely have attenuated our resiittsther limitation of this study
wasthe exclusion of high risgeneticconditions (e.g., FAP, HNPCChowever,sporadic colon
cancemakes up the majority ofoton cances. Proliferation measurements were made only on
rectal mucosa, and thus it is unknown whether the-caseol differences we found would have
been seen at other levels of the colon; however, other studies suggest that risk group differences
may be found throughout the col¢h34). Usually for correlated data, repeategasures models
which contain a randorimtercept toaccount for multiple correlated celt®untedwithin each
patient are usedn our study, in order to increase the normalitytted proliferation parameters,

we usedthe mean of the proliferation parameters for each biopsy sample to represent the
parameters of the patients. Since our studgdufghtly integrated laboratory, clinical, and
epidemiologic methodsndthe scoring quality was wedlontrolled our statistical results would
likely be very similar to the results if using mixed modelBEinally, as is generally true of most
colonoscopg-based caseontrol studies of colorectal adenoma, a family history bias was noted in
our study. However, colorectal epithelial cell proliferation was not associated with a family
history of colorectal cancer in a first degree relative, noiirditlisionof family history into our

models materially affect our results.

In summary, despite the commonly held belief that increased colorectal epithelial cell
proliferation is a biomarker of increased risk for colorectal neoplasms, in this preliminary
casecontrol study, we found proliferation to be inversely associated with risk for colorectal
adenoma as well as with risk factors known or suspected to be associated with increased risk for
colorectal neoplasms. Previous studies directed at assessing the Ipotehdidy of
proliferation as a biomarker of risk for colorectal neoplasms were small and used convenience
samples rather than unbiased selection of cases and controls. There is also biological

plausibility for our findings.  Additional, larger, propetynducted caseontrol and
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prospective studies are needed to resolve whether or not colorectal epithelial cell proliferation is a

valid biomarker of risk for colorectal neoplasms.
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In summary, to or knowledge, this ithefirst study to evaluate the potential validity of cell
proliferation as diomarkerof risk for colorectal neoplasms usiagasecontrol study desigand
MIB as an indicator of proliferationn particular.Our preliminary data sggest that lower MIB1
expression in the normal colonibucosamay be associated with increased risk of incident,
sporadic colorectal adenoma as well as with modifiable risk factors for colorectal neojplasms
opposite to hypothesized directioff$esefinding are unexpected and opposite to aammon
belief thathyperproliferatiorof the colorectal mucosa with a shift of the proliferative zone to the
upper portion of the crypt Bssociaté with risk of colorectal adenom&rom our study, we argue
that dimnished ability to renew damaged cellsly be moreelevantto risk of incident, sporadic

colorectal adenomidanis hyperproliferation.

Colorectal cancer pathogenesis involves combinatiomelbproliferation, differentiation,
andapoptosis Therefore further studies should investigate thier markers, such as apoptosis,
which is involved in colorectal carcinogenesit is possible thatMIB1 or other cell cycle
S-phasebased proliferation markers are poor indicators of perhaps more relevant average,
long-term proliferation than would be, for example, telomerase expression (as indicated by
hTERT). In addition, a study with a larger sample sigerecommendedo allow further
clarification of differences based on adenoma characteristics, such ag dégdysplasia,
adenoma size, or adenoma locatiotlltimately, a prospective study would be the best type of

study to assess whether proliferation is associated with future colorectal neoplasms.
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TableI' Selected characteristis ofincident, sporadic colorectal adenoma cases and

controls; the Markers of Adenomatous Polypdl Study (sub-population).

Characteristics’ N (cases/ Cases Controls pA
controls)
Demographics
Age (yrs.) 30/50 56.1 (6.7) 55.5 (78) 0.70
Male (%) 30/50 63.3 52.0 0.32
Caucasian (%) 30/50 96.7 98.0 0.86
Body mass index (kg/h 29/49 29.6 (6.1) 30.3 (7.4) 0.87
1% relative with colorectal cancer (%) 28/46 17.9 21.7 0.69
Lifestyle
Physicalactivity (METs/day) 30/49 48.4(10.9) 47.0 (12.4)  0.33
Alcohol consumption (%) 30/49
Never 13.3 14.3 0.68
Former 16.7 14.5
Current 70.0 61.2
Smoking (%)
Never 30/49 46.7 51.0 0.70
Former 36.7 38.8
Current 16.7 10.2

Take NSAID at least once per week (9  29/49 31.0 24.5 0.53


file:///C:/Users/Dan/Desktop/My%20Dropbox/Thesis/Dan/tables/table%201%20(stat%20vs.%20risk%20factors).xlsx%23RANGE!_edn1

Take aspirin at least once per week (¥

Take hormonéeherapy(women) (%)
Dietary intakes

Total energy(kcal/d)

Totd fat® (g/d)

Dietary fiber® (g/d) *

Totaf vitamin D® (1U/d)

TotaF vitamin E (mg/d)

Totaf folateequivalent§ (mcg/d)

Total® calciun® (mg/d)

29/49

11/20

30/49

30/49

30/49

30/49

30/49

30/49

30/49
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37.9 42.9 0.67

45.5 45.0 1.00

2,028.2 (612.9) 1,471.1(586.7) <.01
67.5 (15.8) 65.2 (13.0)  0.48
16.4 (5.7) 14.7 (41)  0.09

373.2(304.1) 377.0(269.1) 0.88
16.0 (12.3) 17.9 (14.1)  0.56
760.0 (458.4) 838.4 (472.3) 0.40

914.7 (414.8) 886.2 (414.6) 0.60

" Continuous variables presented as mean (SD), categorical variables as proportions in percent.

ABased on-t e st for continuous nor mal | y-sudiesttfor i but e c

contnuousnomor mal | y di st Ftésbfar categbrical marigblasb | es, 6

YNSAID i Non-steroidal antinflammatory drug (not including aspirin).

$Energy adjusted using residual method.

€ Total = diet + supplements.
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Table 2. Mibl protein expression in normaklappearing mucosa of incident sporadic

colorectal adenoma cases and controls; the Markers of Adenomatous Polyps |l

Study.
Mib1 expression mean (SE) Diff (%) ° Py A ORY (95% Cl)
Cases Controls
Model 1 Crude
LI 16.03(1.07)  19.23(1.05) -17 0.03 0.39(0.15,1.05)
Llpso 25.87(1.06) 31.00(1.05) -17 0.02 0.50(0.19,1.31)
Llwo 1.38(1.16)  1.92(1.12) -28 0.08 0.62(0.25,1.54)
Qn 3.93(1.13) 4.59(1.1) -14 0.33 0.88(0.35,2.17)
Model 2 Adjusted for age and sex
LI 15.97(1.07)  19.27(1.05) -17 0.03 0.39(0.15,1.05)
Llpso 25.76(1.07) 31.08(1.05) -17 0.02 0.44(0.16,1.19)
Llwo 1.38(1.16)  1.92(1.12) -28 0.08 0.63(0.25,1.60)
On 3.94(1.13) 4.59(1.1) -14 0.35 0.87(0.35,2.19)

Model 3 Adjusted for age, sex, BMI and total energy intake

LI 15.67(1.07)  19.15(1.05) -18 0.03 0.29(0.09,0.95)
Llpso 25.47(1.07)  30.94(1.05) -18 0.02 0.48(0.15,1.48)
Ll 1.39(1.18)  1.91(1.13) -27 0.14 0.49(0.17,1.46)
G 4.06(1.14) 4.6(1.1) -12 0.48 0.76(0.26,2.22)

Model 4 Adjusted for age, sex, BMI, total energy intake, fag§ciung and hormone therapy



LI

LI b60

Lluo

Uh

15.76(1.08)  19.29(1.06) -18
25.42(1.07) 31.12(1.05) -18
1.42(1.18)  1.97(1.14) -28
412(1.14)  4.7(1.11) -12

0.04

0.03

0.16

0.47

0.28(0.08,0.95)

0.48(0.15,1.56)

0.49(0.16,1.48)

0.72(0.24,2.12)
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Abbreviations:

OR, odds ratio; 95% CI, nindtye percent confidence interval], labeling

index (#labeled cells in crypt/total #cells in crypt),eo labeling index in the bottome 60% of the

crypt; Llyo, labeling index in the top 40% of the crypt;, distributional index (#labeled cells in

the top 40% of th cryptlabeled cel in cryp}; BMI, body mass index,

Difference between means (casesntrols) divided by mean in controtsl00%.

A DifferenceP value for comparison of means (analysis of covariance).

V" The level of MIB1 expression was dichotomized using the meaaritrols.

§

Includeddiet + supplementenergyadjustedising the residual method
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Table 3. Associations of MIB1 expression in normahppearing rectal mucosa

according to potential risk factors for colorectal neoplasms; the Mrkers of

Adenomatous Polyps Il Study

MIB 1 expressiorf mean (&)

Characteristics
LI LI peo LI 140 Un
Demographis
Age(yrs.)
> 55 18.63 (1.06)  30.09 (1.06)  1.85(1.14) 4.58 (1.12)
<=55 17.36 (1.06) 28.02 (1.05) 1.58(1.13) 4.14 (1.11)
Diff (%) 7 7 17 11
Pyt ° 0.38 0.36 0.39 0.52
Sex
Male 18.19 (1.05) 29.32(1.05) 1.75(1.13) 4.38(1.11)
Female 17.46 (1.06) 28.26 (1.06)  1.6(1.15)  4.23(1.12)
Diff (%) 4 4 9 4
Puir 0.61 0.63 0.64 0.82
Body mass index (kg/m)
O 30 1774 (1.06) 28.90 (1.06) 1.59(1.14) 4.11(1.12)
<30 17.85 (1.06) 28.54 (1.06) 1.82(1.14) 4.67 (1.12)
Diff (%) -1 1 -13 -12
Pt 0.94 0.87 0.47 0.41



Family history of colorectal cancef
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Yes 18.33(1.1)  29.62(1.09) 1.6(1.24)  3.98 (1.19)
No 17.80 (1.05)  28.56 (1.05) 1.81(1.11) 4.67 (1.09)
Diff (%) 3 4 -12 -15
Puitt 0.78 0.72 0.60 0.42
Lifestyle
Physical activity'
O 22 MET 17.06(1.06) 27.82(1.06) 1.44(1.14) 3.88(1.12)
<22 METs/day  18.61 (1.06) 29.62 (1.05) 1.99 (1.B)  4.90 (1.11)
Diff (%) -8 -6 -27 21
Pt 0.3 0.43 0.09 0.14
Take aspirin/NSAIDAA
Yes 18.43 (1.06) 29.69 (1.05) 1.74 (1.13) 4.34(1.11)
No 16.97 (1.07) 27.50(1.06) 1.64 (1.16) 4.42 (1.13)
Diff (%) 9 8 6 -2
Puitr 0.33 0.35 0.78 0.91
Smoking
Current 18.07 (1.12) 29.43(1.12) 1.34(1.31) 3.37(1.25)
Former/never 17.74 (1.04) 28.59(1.04) 1.76(1.10) 4.56 (1.08)
Diff (%) 2 3 -24 -26
Puitt 0.88 0.81 0.35 0.20

Alcohol consumption



Current

Former/never

Diff (%)

Pt

Hormone replacement therapy
Current

Former/never

Diff (%)

I:)diff

18.38 (1.05)

17.10 (1.07)

0.39

17.28 (1.D)

17.72 (1.09)

-3

0.84

29.53 (1.05)

27.75 (1.07)

6

0.44

28.17 (1.09)

2835 (1.08)

-1

0.96

1.82 (L.12)

1.56 (1.17)

17

0.45

1.72 (1.24)

1.81 (1.22)

-5

0.87

41

4.56 (1.10)

4.14 (1.14)

10

0.56

4.67 (1.19)

4.67 (1.17)

0

1.00

Total energy intake”
High

Low
Diff (%)
Pdiff

Total fat™
High

Low
Diff (%)
Pdiff

Dietary fiber ”
High

17.61 (1.06)
18.05 (1.07)
-2

0.70

17.30 (1.06)
18.22 (1.06)
-5

0.52

17.65(1.05)

28.41 (1.06)
28.74 (1.07)
-1

0.89

28.08 (1.06)
29.15 (1.06)
4

0.63

28.24 (1.05)

1.60 (1.14)
1.87 (1.17)
-14

0.46

1.62 (1.14)
1.80 (1.14)
-10

0.58

1.71 (1.13)

4.18 (1.11)
4.71 (1.14)
-11

0.49

4.32 (1.11)
4.52 (1.12)
5

0.77

4.46 (1.D)



Low
Diff (%)
I:)diff

Total’ *vitamin D™
High

Low
Diff (%)
Pt

Total’ Yitamin E™
High

Low
Diff (%)
Pdiff
Total’ *folate equivalents”
High
Low
Diff (%)
Pdiff
Total” Ycalcium”™
High

Low

18.03 (1.07)
-2

0.80

17.58 (1.05)

18.11 (1.07)

-3

0.73

17.32 (1.06)

18.42 (1.06)

-6

0.48

17.73 (1.06)

17.91 (1.06)

-1

0.9

17.68 (1.06)

17.85 (1.06)

29.58 (1.06)

-5

0.57

28.03 (1.05)

2967 (1.06)

-6

0.49

27.51 (1.05)

30.17 (1.06)

-9

0.26

28.14 (1.05)

29.35 (1.06)

4

0.59

27.86 (1.05)

29.59 (1.06)

1.61 (1.16)

0.74

1.78 (1.13)

1.63 (1.16)

0.65

1.72 (1.14)

1.73 (1.15)

1.00

1.77 (1.14)

1.65 (1.15)

0.71

1.96 (1.13)

1.46 (1.14)

42

4.07 (1.13)

10

0.56

4.64 (1.D)

4.13 (1.13)

12

0.47

4.57 (1.11)

4.30 (1.12)

0.71

457 (1.11)

4.25 (1.12)

0.64

5.08 (1.11)

3.75 (1.12)
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Diff (%) 1 6 35 36

Pitt 0.91 0.44 0.11 0.05

*k

Expression detected immunohistochemically and labeling quantified by counting method;
results shown asleling index of the full crypts (LI), labeling index of the bottom 60% of the
crypts (Lbso), labeling index of the top 40% of the cryptsyf)l andd i st ri but k.onal
All variables except age and sex adjusted for age and sex; smoking status also adjusted for
alcohol consumption and alcohol consumption also adjusted for smoking status; total energy
intakealsoadjusted for physical activityotal fat, fiber, vitamin D, vitamin E, folate, and

calcium intakes also adjusted for total energy intake.

SE- standard error.

DifferenceP value for comparison of means (analysis of covariance).

Family history of colorectal cancer in a fiuddgree relative.

Physical activity and total energy intake mutually adjusted for each other

"Low" - below 50th percentile of sespecific distribution in controls; "High*'at or above

50th percentile of segpecific distribution in controls.

AA Aspirin/NSAID - takes aspirin or other nonsteroidal @nflammatory drug at least once a

week.

Y'Y Total = diet + supplements.
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Appendix

Table 4. Crude and adjusted associations of MIB1 exgession in normaktappearing rectum with the risk of incident, sporadic

colorectaladenomas the Markers of Adenomatous Polyps Il Study(confounder assessmeit

Covariates LI LI beo LI 10 Un

OR Diff% OR Diff% OR Diff% OR Diff%
Crude 1 (no confouder) 0.39 Ref. 0.50 Ref. 0.62 Ref. 0.88 Ref.
Age, sex 0.39 -1 0.44 -13.3 0.63 2.3 0.87 -0.3
Age, sex, famcrc 039 08 0.40 -8 049 -215 0.73 -16.7
Age, sex, famcrc, BMI 034 -11.9 0.38 -6.5 044 -11.1 0.66 9.1
Crude 2 (including agesex, famcrc and BMI) 0.34 Ref. 0.38 Ref. 0.44 Ref. 0.66 Ref.
Age, sex, famcrc, BMI, mets_x 0.35 29 0.39 3.5 0.45 3.4 0.69 3.8
Age, sex, famcrc, BMI, drirtk 0.31 -8.5 0.35 -6.9 0.38 -125 0.68 2.9
Age, sex, famcrc, BMI, smoke 0.35 2.3 0.38 24 0.45 1.6 0.70 5.9

Age, sex, famcrc, BMI, aspirin/NSAD 0.31 -9.4 0.35 -6.1 0.42 -5 0.63 -3.9



Age, sex, famcrc, BMI, htt 032 -65 037 -21 0.39 -11.4 0.58 -11.5
Age, sex, famcrc, BMI, calor 0.30 -13.2 0.38 2.4 0.38 155 0.80 21.4
Crude 3 (including age, sex, famcrc, BMI and calor) 0.30 Ref. 0.38 Ref. 0.38 0.80

Age, sex, famcrc, BMI, calor, fat 0.31 4.1 0.41 7.6 0.56 11 0.84 4.5
Age, sex, famcrc, BMI, calor, fiber 0.31 4.4 0.41 57 0.50 -1.2 0.80 -0.4
Age, sex, famcrc, BM calor, viaminD 0.29 -3.7 0.38 -0.5 0.50 -1.2 0.80 0.4
Age, sex, famcrc, BMI, calor, dminE 0.26 -11.1 0.36 -6.3 0.49 4.1 0.80 -0.7
Age, sex, famcrc, BMI, calor, folate 0.27 -9.5 0.36 -6 0.49 -3.7 0.77 -3.7
Age, sex, famcrc, BMI, calpcalcium 0.25 -16.7 0.35 4.4 0.51 4.5 0.82 6

Abbreviations: OR, odds ratio; 95% ClI, nindiye percent confidence interydDiff%, proportional difference = [100% (adjusted OR crude

OR)/crude OR].
A
BMI: body mass index.

Y mets_ex: physical activity.

drink: alcohol consumption.

famcrc: family history of colorectal cancie a firstdegree relative.

NSAID: nonsteroidal antinflammatory drug (not including aspirin).



" hrt: hormone replacement therapy

" calor: total errgy intake



Table 5. Parsimoniousmodel selectiorfor parameters of MIB expression in

normal-appearing rectum; the Markers of Adenomatous Polyps Il Study

Models OR 95% ClI Diff%

Full model (including all variables) 0.30 (0.07,1.27) -

BMI calor VE Cafolate asn&fiber drink age sex 0.30 (0.08,1.0) ref
BMI calor VE Cafolate asns fiber drink 0.31 (0.09,1.09) 5.4
BMI calor VE Cafolate asns fiber 0.31 (0.09,112) 5.4
BMI calor VE Cafolate asns 030 (0.08,1.8 -0.7
BMI calor VE Cafolate 0.29 (0.09,094) -44
BMI calor VE Ca 0.28 (0.08,0.94) -6.0
BMI calor Ca 0.29 (0.09,097) -1.3

Full model (including all variables) 0.43 (0.10,1.87) -

age sex famcP@MI calor fat 0.41 (0.12,1.38) ref
age sex famcrc BMI 0.38 (0.13,1.10) -9.2
age sex famcrc 0.46 (0.14,1.15) -2.9
age sex 0.40 (0.16,1.19) 5.6

Full model (including B variables) 0.56 (0.15,2.10) -



BMI drink|smoke hrt calor fat mets_‘egalcium age sex famcr 0.466 (0.14,1.61) ref

BMI drink|smoke hrt calor fat mets_ex calcium 0.46 (0.14,151) -0.2
BMI hrt'calor e_tfat mets_ex 050 (0.16,1.58) 8.2
BMI hrt calor e_tfat 0.48 (0.16,1.43) 2.4
Un

Full model (including all variablgs 1.04 (0.30,3.72) -
famcrc BMI hrt calor mets_ex smoke calcium age sex 0.77 (0.25,2.36) ref
famcrc BMI hrt calor mets_ex smoke calcium 0.74 (0.25,2.23) -3.9
famcrc BMI hrt calor mets_ex calcium 0.75 (0.25,2.25) -3.1
famcrc BMI hrt calor mets_ex 0.75 (0.25,2.22) -3.6
famcrc BMI calor mets_ex 0.82 (0.28,2.42) 6.5
BMI calor mets_ex 0.81 (0.28,2.36) 4.7
BMI calor 0.76 (0.26,2.17) -1.9

Abbreviations: OR, odds ratio; 95% CI, nindiye percent confidence interyaDiff%,
proportional differences [100% x (adjusted OR ref. OR)/crude OR].

calor: total emergy intake

asnsnonsteroidal antinflammatory drugincludingnon-steroidal antinflammatory drug
andaspirin)

Y drink: alcohol consumption.

famcrc: family history of colorectal caecin a firstdegree relative

mets_ex: physical activity.



T hrt: hormone replacement therapy





