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Abstract
Chromosome 8q24 harbors oncogenes known to be involved in pathogenesis of 

colorectal cancer (CRC) as well as uncharacterized genetic variants that have recently 
been shown to influence inherited risk of prostate cancer. In a population-based case- 
control study of colorectal cancer in northern Israel, we investigated the association between 
variation in 8q24 and risk of CRC. Among 1,861 incident cases and 1,937 population-
based controls matched on age, gender, ethnicity, and clinic, rs10505477  was associ-
ated with risk of CRC in a dominant model, with an odds ratio = 1.23, 95% confidence 
interval = 1.05–1.43, (p = 0.008). This association was independently validated in an 
analysis of cancer among relatives of carriers of the risk allele, with a hazard ratio of  
3.2 (95% bootstrap CI = 1.16–17.8). Genetic variation at rs10505477 on 8q24 
potentially accounts for 14% of CRC in this population and should be replicated in other 
studies.

ABBREVIATIONS
OR, odds ratio; 95% CI, 95% confidence interval; CRC, colorectal cancer

Introduction
There is substantial evidence that 8q24 is implicated in the pathogenesis of colorectal 

cancer based on the known oncogenic role of MYC amplification1. Other genes in 8q24 
such as BOP1 are overexpressed in CRC2, and both MYC and BOP1 overexpression are 
observed in approximately 40% of tumors3. Several lines of evidence suggest that common 
genetic variation in 8q24 also explains a substantial fraction of prostate cancer based on 
admixture mapping4, linkage analysis5 and case-control studies5–8. Approximately 21% of 
incident prostate cancer was attributable to a common allele of rs698327 near the pseudo-
gene POU5F1P1 in one study9, while a separate fine-mapping study found that multiple 
independent SNPs in 8q24 accounted for 32% of prostate cancer in European Americans 
and 79% of prostate cancer in African Americans, with other ethnic populations between 
32% and 79%7. To test the hypothesis that genetic variation in 8q24 was associated with 
risk of CRC we investigated genetic variation in rs10505477 within a population-based 
case-control study of CRC.

Patients and Methods
The Molecular Epidemiology of Colorectal Cancer study is a population-based case-

control study of incident colorectal cancer in northern Israel that includes 1,861 cases 
and 1,937 controls with complete interviews, centralized pathologic review, and DNA 
for genotyping10. Patients were eligible for participation if they were newly diagnosed 
with colorectal cancer between May 31, 1998 and March 31, 2004, and lived in the 
geographically defined area of northern Israel. Controls were identified from the same 
source population with stratified random sampling of Clalit Health Services (CHS) 
insurees. CHS is the largest health care provider in Israel and covers approximately 70% 
of the population at risk for colorectal cancer. Health care coverage in Israel is mandated 
and is provided by four not-for-profit providers akin to health maintenance organizations.   
Thus, all study participants had similar health insurance coverage and similar access 
to health services.  Controls were individually matched to patients according to the 
year of birth, gender, primary-care clinic location and ethnic group (Jews vs. Arabs).   

[Cancer Biology & Therapy 6:7, 1143-1147; July 2007]; ©2007 Landes Bioscience

www.landesbioscience.com	 Cancer Biology & Therapy	 1143



©2
007

 LA
ND
ES 
BIO

SCI
EN
CE.
 DO

 NO
T D
IST
RIB
UT
E.

Potential controls were excluded if they had a history of colorectal 
cancer.  Participants provided written informed consent at the time 
of enrollment, and all procedures were approved by Institutional 
Review Boards at each participating center in the United States and 
Israel. Methodologic details of the epidemiologic and biomarker 
data collection have been reported elsewhere11.  The response rate 
for cases was 67.5% of all eligible patients in northern Israel, and the 
overall response rate for controls was 52.1%.

Genotyping was performed by chip hybridization using whole-
genome amplified DNA. Snap-frozen tumor samples were also 
collected at the time of surgical resection. Transcript expression data 
were determined for known genes within 7.4 mB of rs10505477 using 
Affymetrix U133A, using methods as previously described12,13. 

Analytic methods included unconditional logistic regression 
to calculate odds ratios as implemented in R (version 2.4.1) and  
SAS (version 9.1). Results are reported for unmatched analysis 
for ease of interpretation and completeness, since matched and 
unmatched analyses did not differ substantively. All analyses were 
adjusted for age and gender, and analyses were also stratified by 

ethnicity (Ashkenazi Jewish, Sephardi Jewish, non-Jewish) and family 
history, using reported history of colorectal cancer in any first degree 
relative as a binary variable. Kin-cohort analyses were performed 
using marginal maximum likelihood methods as implemented in the 
kin.cohort package in R (cran.r-project.org)14. Expression analysis 
assumed a dominant model and compared expression data in a linear 
model.

Results
The distribution of demographic and clinical characteristics of 

cases and controls is given in Table 1. As specified by the study 
design, cases and controls were closely matched for age, gender, and 
Jewish vs. non-Jewish ethnicity, and the total sample size includes 
a small number of unmatched cases and unmatched controls to 
enhance power.  A family history of CRC was reported more often 
among first degree relatives of cases than controls. Tumor location, 
tumor stage, and the proportion of microsatellite instable tumors 
all reflect the population distribution of incident CRC in northern 
Israel. 

We found evidence of an association between the T allele of 
rs10505477 and the risk of CRC (Table 2). Furthermore, the risk 
was stronger among those under the age of 50 (OR = 1.96, 95% CI 
1.02–3.78) than in those 50 or older (OR = 1.2, 95% CI 1.03–1.4), 
although the multiplicative interaction did not reach statistical 
significance, p = 0.15. The risk did not vary substantially by strength 
of the family history, measured as a binary variable of family history 
of CRC in a first degree relative (p interaction = 0.57).

A second approach to quantify risk of putative susceptibility 
alleles is to take advantage of family history data and measure the 
cumulative incidence of cancers reported in relatives of carriers and 
non-carriers15. This kin-cohort method provides another indirect 
validation of the association, although typically this approach has 
limited power due to smaller number of events in the relatives 
and is vulnerable to misclassification of reported cancer by family 
history. Reported family histories of colorectal cancer in first degree 
relatives were analyzed by tabulating the cumulative age contrib-
uted by each relative to estimate the total person-years of risk, and 
counting the number of first degree relatives reported to have had 
CRC. Age was censored at time of diagnosis, so that relatives did 
not contribute additional person-years after diagnosis. Relatives 
were not interviewed, and cancer diagnoses were not confirmed 
in relatives. We identified 386 reported cases of colorectal cancer 
in 1,606,200 person-years of experience among first degree rela-
tives of MECC cases and controls. Using the marginal likelihood 
method, we found that relatives of carriers were 3.2 times more 

Table 1	 Characteristics of cases and controls

*Mean age in years; †Reported history of CRC in a first degree relative, data missing from 11 (0.6%) 
cases; ‡Tumor site data not classified/unavailable for 156 (8.4%) of cases; §Tumor stage not classified for 
190 cases, missing for 34, and therefore unavailable for 224 (12.3%) of cases; **MSI data missing from 
462 (24.8%) of tumors with blocks that could not be retrieved or had insufficient tissue for analysis.

Table 2	 Risk of colorectal cancer associated 	
	 with variation in SNP rs10505477

*Adjusted for age, gender and ethnicity. Genotype calls were equivocal for 1 case and 1 control, and these 
individuals were excluded from analyses.
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Cumulative risks for carriers and non-carriers, as well as the age 
specific cumulative risk ratios are shown in Table 3.

The population of Israel is comprised of multiple ethnic groups, 
and to test the hypothesis that the relative risk and population 
attributable fraction were similar among Ashkenazi Jews, Sephardi 
Jews, and Arab/non-Jewish individuals we estimated stratum-specific 
odds ratios after adjustment for age and gender and looked for 
evidence of heterogeneity. The risk allele frequency was nearly 
identical in these three groups (0.51, 0.50 and 0.52, respectively). 
However, the relative risk was slightly lower among Ashkenazi Jews  
(OR = 1.13, 0.94–1.36), than among either Sephardi Jews  
(OR = 1.49, 1.04–2.14) or Arab/non-Jews (OR = 1.45, 95% CI 
0.94–2.23). This translates into a higher population attributable 
fraction for Sephardi Jews (27.2%) or Arab/non-Jews (25.2%) than 
Ashkenazi Jews (8.9%), although these estimates are imprecise based 
on small numbers.

We then compared the clinical characteristics of the cancers 
arising in carriers of the risk allele to non-carriers, and the cancers 
were similar with respect to stage (p = 0.88), tumor location  
(p = 0.64), and survival (p = 0.38). After adjustment for age, stage, 
grade, gender, ethnicity, and microsatellite instability, the hazard 
ratio for survival of carriers of the risk allele was similar to non-
carriers (hazard ratio = 1.09, 95% CI 0.89–1.32). The risk of cancer 
of the right colon, left colon, and rectum is given in Table 4.

Finally, we evaluated whether there were any detectable expres-
sion differences in the tumor expression of known genes within 
this region. MYC is located on 8q24, approximately 400 kb from 
rs10505477, and other genes in this region might also be reasonable 
candidate susceptibility genes, especially if a gene is differentially 
expressed in tumors corresponding with variation in a risk genotype. 
Using RNA derived from 133 snap-frozen tumors from cases, we 
tested probe-sets from the Affymetrix U133A chip corresponding 
to 15 genes within the chromosome 8 region between nucleotides 
124,762,215–132,123,854. We found no significant differences in 
MYC expression within the tumor by genotype, with no significant 

differences in any of the other genic probe-sets 
within this 8 Mb region (Table 5).

Discussion
Genetic variation at rs10505477 is associated 

with risk of colorectal caner, and this risk appears to 
be stronger among younger cases and controls. This 
is consistent with the younger age distinguishing 
many forms of familial predisposition to cancer16,17. 
The present study is quite large and the 95% CI are 
narrow, offering some reassurance that these results 
did not arise by chance. However, validation of 

association studies is critically important to reduce the possibilities 
of false positive findings and publication bias. We used a second, 
independent strategy to confirm our findings by taking advantage 
of the reported family histories of cancer in relatives of carriers and 
non-carriers. Our observation that relatives of carriers were 3.2 
times more likely to have CRC than non-carriers (95% bootstrap  
CI 1.16–17.8) provides independent confirmation of the association 
within the same study.

The functional variant responsible for susceptibility to CRC 
within this region of 8q24 remains elusive. It seems likely that 
rs10505477 is in linkage disequilibrium with a regulatory element 
that modifies the expression or functional capacity of a nearby gene, 
although it is possible that the variation could have a regulatory 
influence anywhere in the genome via non-coding RNA. Our results 
also highlight the value of measuring risk in different well-charac-
terized ethnic populations, similar to the recent recognition that 
the risk of prostate cancer associated with variation in 8q24 differs 
among ethnic groups7. Finally, these data support the hypothesis that 
common genetic variation accounts for a large fraction of common 
diseases like CRC, and that even small relative risks are important to 
understanding the distribution of disease in the population.
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Table 3	 Cumulative risk of colorectal cancer in relatives 	
	 of carriers and non-carriers

*Adjusted for age, gender and ethnicity. 

Table 4	 Risk of colorectal cancer associated with variation in SNP rs10505477 by tumor location

*Adjusted for age, gender and ethnicity.
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