
 

 

Introduction 
 
The epidermal growth factor receptor (EGFR; 
also known as ERBB1 and HER1) is a mem-
brane-bound tyrosine kinase that contributes to 
signaling cascades with multiple pro-
carcinogenic effects including cell proliferation, 
motility, adhesion, invasion, cell survival, and 
angiogenesis [1]. EGFR overexpression has 
been detected in several human cancers, in-
cluding breast, lung, ovarian, prostate, and pan-
creatic cancers [reviewed in [1]]; EGFR overex-

pression is observed in aberrant crypt foci [2], 
colorectal adenomas [3, 4], and colorectal can-
cer [3-5], and correlates with progression and 
metastasis [6, 7]. Several therapies targeting 
EGFR have been investigated and approved by 
the FDA for treatment of metastatic colorectal 
cancer, including cetuximab and panitumumab, 
(monoclonal antibodies against EGFR), and ge-
fitinib and erlotinib, (tyrosine kinase inhibitors) 
[reviewed in [8]]. Treatment of mice with EGFR 
inhibitors, such as gefitinib, results in de-
creased polyp formation [9-11], indicating that 
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Abstract: The EGFR signaling pathway is involved in carcinogenesis at multiple sites, particularly colorectal cancer, 
and is a target of colorectal cancer chemotherapy. EGFR signaling is linked to pro-carcinogenic mechanisms, includ-
ing cell proliferation, survival, angiogenesis, and more recently prostaglandin synthesis. Genetic variability in this 
pathway has not yet been studied in relation to colorectal carcinogenesis. In three case-control studies of colorectal 
adenoma (n=485 cases/578 controls), colon cancer (n=1424 cases/1780 controls) and rectal cancer (n=583 
cases/775 controls), we investigated associations between candidate SNPs, tagSNPs and haplotypes in EGFR signal-
ing (EGFR, Src, and HER2) and risk. We also examined associations with tumor subtypes: TP53 and KRAS2 muta-
tions, CpG island methylator phenotype, and microsatellite instability. All three studies were genotyped using an iden-
tical Illumina GoldenGate assay, allowing thorough investigation of genetic variability across stages and locations of 
colorectal neoplasia. The EGFR tagSNP 142572T>C (rs3752651) CC genotype was associated with a suggested in-
creased risk for both colon (OR: 1.40; 95% CI: 1.00-1.96; p-trend=0.04) and rectal cancer (OR: 1.39; 95% CI: 0.81-
2.41; p-trend=0.65). In tumor subtype analyses, the association was limited to TP53-mutated colon tumors. Using the 
Chatterjee 1 df Tukey test to assess gene-gene interactions, we observed a statistically significant (p<0.01) interac-
tion between SNPs in EGFR and Src for colorectal adenoma risk. The association with EGFR 142572 should be inves-
tigated in additional studies and the significant gene-gene interaction between EGFR and Src in relation to adenoma 
risk suggests that these two genes are jointly affecting early stages in colorectal carcinogenesis and requires further 
follow-up.  
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overexpression of EGFR may be an early event 
in colon carcinogenesis. In addition, egfr knock-
down mice have shown a 10-fold reduction in 
adenomas [9]. Taken together, these studies 
indicate that EGFR plays a key role in colorectal 
cancer development and progression, and that 
inhibition of EGFR may be a promising treat-
ment for colorectal neoplasia. 
 
HER2 (also known as ERBB2 or neu) is structur-
ally and functionally similar to EGFR [12]. HER2 
overexpression or gene amplification has been 
observed in multiple cancer types, including 
breast [13], ovarian [14], and gastric tumors 
[15]. As with EGFR, HER2 overexpression has 
been observed in aberrant crypt foci in human 
colon [2]. However, studies of HER2 expression 
in colorectal cancer have been mixed, with 
some, but not all studies reporting HER2 RNA or 
protein overexpression [reviewed in [16]]. 
 
Src is a non-receptor tyrosine kinase involved in 
the EGFR signaling cascade [17]; among many 
downstream effects, Src signaling affects cell 
growth and differentiation in the intestine [18]. 
Src kinase activity or protein levels are elevated 
in several cancers, including colon, breast, lung, 
skin, ovarian, endometrial, and head and neck 
malignancies [19] and were associated with 
tumor recurrence in one study [20]. Src kinase 
activity is also elevated in colorectal adenomas 
[21] and in ulcerative colitis [22], indicating that 
Src may play a role in the early stages of colo-
rectal cancer development. 
 
Although polymorphisms and point mutations in 
EGFR have been studied for survival in many 
cancer types [23-29] and HER2 has been inves-
tigated for its role in breast cancer risk [30-35], 
no study has yet assessed the role of genetic 
variability in EGFR signaling in relation to risk of 
colorectal neoplasia, nor specifically in tumor 
subtypes. Using a linkage disequilibrium (LD)-
based tagSNP approach, we have comprehen-
sively assessed genetic variation in EGFR, Src, 
and HER2 in three independent case-control 
studies of colorectal adenoma or cancer, includ-
ing tumors with specific alterations (TP53 or 
KRAS2 mutations, CpG island methylator phe-
notype (CIMP), and miscrosattelite instability 
(MSI)) using identical genotyping methods. In 
addition, we explored potential gene-gene inter-
actions using the Chatterjee 1df Tukey test. 
Thus, we were able to thoroughly evaluate the 
roles of genetic variability in EGFR signaling 

throughout the stages of colorectal carcino-
genesis, as well as in different tumor locations. 
 
Materials and methods 
 
Study populations 
 
Adenoma study 
 
Colorectal adenoma cases (n=485) and polyp-
free controls (n=578) were recruited through a 
large multiclinic gastroenterological practice in 
the Twin Cities area of Minnesota from April 
1991-April 1994, as previously described [36]. 
All participants received a colonoscopy. Cases 
were diagnosed with a first colonoscopy; con-
trols were polyp-free. Eligibility criteria have 
been described elsewhere [36]; participants 
were aged 30-74 years, English-speaking resi-
dents of the Twin Cities metropolitan area with 
no known genetic syndrome associated with 
increased risk of colon neoplasia and no individ-
ual history of cancer (except non-melanoma 
skin cancer), prior colorectal polyps, or inflam-
matory bowel disease. The participation rate for 
all colonoscoped patients was 68%. 
 
Colon and rectal cancer studies 
 
Colon and rectal cancer cases and controls 
were recruited from the northern California Kai-
ser Permanente Medical Care Program 
(KPMCP), Utah, and the Twin Cities metropolitan 
area of Minnesota (colon cancer only), as de-
scribed previously [37]. Two study populations 
are included in these analyses. The first study 
includes cases (n=1424) and controls (n=1780) 
from a population-based case-control study of 
colon cancer recruited between October 1, 
1991 and September 30, 1994 [37]. The sec-
ond study, with identical data collection, in-
cludes cases with cancer of the rectosigmoid 
junction or rectum (n=583) and controls 
(n=775) who were identified between May 
1997 and May 2001 in Utah and KPMCP [38]. 
Eligible cases were between 30 and 79 years 

old at time of diagnosis, English speaking, men-
tally competent to complete the interview, had 
no previous history of colorectal cancer, and no 
known (as indicated on the pathology report) 
familial adenomatous polyposis, ulcerative coli-
tis, or Crohn's disease.  
 
Controls were matched to cases by sex and by  
5-year age group. At KPMCP, controls were ran-
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domly selected from membership lists; in Utah, 
controls 65 years and older were randomly se-
lected from the Health Care Financing Admini-
stration lists and controls younger than 65 years 
were randomly selected from driver's license 

lists. In Minnesota (colon cancer only), controls 
were selected from driver’s license and state-ID 
lists. For the colon study, 75.6% of contacted 
cases and 63.7% of contacted controls were 
interviewed; for the rectal study, 73.2% of con-
tacted cases and 68.8% of contacted controls 
were interviewed. Response proportions (the 
number interviewed over all persons identified) 
were 61.4% for colon cancer cases and 52.5% 
for controls selected for the colon cancer study 
and 65.2% of cases and 65.3% of controls for 
the rectal cancer study. 
 
Tumor markers 
 
Tumor DNA was obtained from paraffin-
embedded tissue as described [39]. As de-
scribed in previous publications [40-43], tumors 
were characterized by their genetic profile that 
included: sequence data for exons 5 through 8, 
the mutation hotspots of the TP53 gene; se-
quence data for KRAS2 codons 12 and 13; mi-
crosatellite instability (MSI) status based on 
BAT26, TGFBR2, and a panel of 10 tetranucleo-
tide repeats; methylation specific PCR of so-
dium-bisulfite-modified DNA for five CpG Island 
markers, CDKN2A, MLH1 and methylated in 
tumors (MINT) 1, 2 and 31. Tumors with two or 
more methylated CpG islands were scored as 
CIMP+. At the time we undertook the methyla-
tion-status analysis, there was no consensus 
CpG-island panel or method of detection to de-
termine CIMP. However, we have used our 
panel to demonstrate relationships between 
CIMP and numerous clinicopathologic variables 
[40, 44], indeed, this work has supported the 
legitimacy of the CIMP concept in colorectal 
cancer [45, 46]. 
 
TagSNP selection 
 
An identical tagSNP selection and genotyping 
procedure was used in all three studies. The 
coding regions and 2 kB beyond the 5’ and 3’ 
ends of EGFR and HER2 were resequenced in 
23 individuals of European descent by the In-
nate Immunity Program for Genomic Applica-
tions (http://www.pharmgat.org/IIPGA2/
index_html) and the UW-NIEHS Environmental 
Genome Project (http://egp.gs.washington.edu 

respectively). TagSNPs in EGFR and HER2 were 
selected from these resequenced individuals 
using the LD Select algorithm developed by 
Carlson and colleagues [47], with a cutoff minor 
allele frequency (MAF) of 4% (i.e., any variant 
that occurred twice) and an r2 value of 0.90. Src 
has not yet been resequenced by any groups, so 
tagSNPs were selected from polymorphisms 
genotyped in HapMap’s CEPH population, using 
the same criteria as described for EGFR above. 
This resulted in the selection of 38 tagSNPs in 
EGFR, 5 tagSNPs in HER2, and 17 in Src, which 
were estimated by the Genome Variation Server 
http://gvs.gs.washington.edu/GVS/index.jsp) to 
cover ≥ 85% of the common (≥4% MAF) varia-
tion at these loci (see Supplemental Table S1 
for a list of the polymorphisms selected). A total 
of 55 SNPs were successfully converted to the 
Illumina™ GoldenGate genotyping platform. All 
polymorphisms that failed to convert were 
“singleton” SNPs, not tagging for any other poly-
morphisms; we did not pursue these further. 
 
Genotyping and QC 
 
An identical set of SNPs were genotyped in all 
three studies. All SNPs were genotyped using 
the Illumina™ GoldenGate bead-based genotyp-
ing technology at the Translational Genomics 
Institute (TGen, Phoenix, Arizona). Intraplate and 
interplate replicates at a rate of ~5% were in-
cluded on all plates and in all batches. Blinded 
duplicates were also included on all plates as 
another QC measure. Genotype data from 30 
CEPH trios (Coriell Cell Repository, Camden, NJ) 
that were genotyped by the HapMap project 
were used to confirm reliability and reproducibil-
ity of the genotyping. Genotypes were excluded 
from analyses by TGen if any of the following 
were true: GenTrain Score <0.4, 10%GC Score 
<0.25, AB T Dev >0.1239, Call Frequency 
<0.85, Replicate Errors >2, P-P-C Errors >2. 
Additionally, further exclusions were made for 
SNPs that had <85% concordance with blinded 
or non-blinded duplicates (see Supplemental 
Table S1) and for Hardy-Weinberg Equilibrium p-
values <0.0001. Six SNPs failed in all three 
study populations, mainly due to low call rates 
or Hardy-Weinberg disequilibrium; four addi-
tional SNPs failed in at least one study, and two 
EGFR tagSNPs were in high LD (r2>0.90), leav-
ing 44 SNPs in three genes included in the 
analyses presented here. Of these, one (EGFR    
-216G>T), was a candidate SNP. 
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Questionnaire data 
 
Adenoma study 
 
Information on lifestyle factors and diet, anthro-
pometry, demographics, and medical informa-
tion, including family history of cancer and pol-
yps, were obtained by questionnaire as de-
scribed previously [36].  
 
Colon and rectal cancer studies 
 
Data collection has been described previously 
[37, 38]. The referent period was the calendar 
year 2 years prior to date of diagnosis or inter-
view. Questionnaire data included information 

on physical activity, diet, medication use, family 
history of cancer, smoking history, and recalled 

height and weight 2 years prior to interview. 
 
Statistical analysis 
 
Single SNP analyses 
 
Unconditional logistic regression was used to 
estimate odds ratios (ORs) and corresponding 
95% confidence intervals (CIs) for the associa-
tions between genotypes in EGFR, HER2, and 
Src and risk of colorectal adenoma or cancer. 
Most genotypes were modeled using indicator 
variables for the heterozygous and the homozy-
gous variant genotypes (unrestricted or co-
dominant model). If fewer than ten cases or 
controls had the homozygous variant genotype, 
we grouped the homozygous variant genotypes 
with the heterozygous genotypes for analysis 
(dominant model). Due to racial differences in 
genotype frequencies, our analyses were re-
stricted to Caucasian individuals >82% in all 
three studies). Likelihood ratio tests were used 
to assess the association of each SNP with dis-
ease risk. To obtain tests for trend, the geno-
types were treated as continuous variables. 
 
Pooled analyses of the two cancer studies were 
conducted using a categorical variable that indi-
cated both which study and the study site, be-
cause the Minnesota site contributed only colon 
cancer cases.  
 
SNP-SNP interactions were explored only for 
genes that showed statistical significance in 
gene-gene interactions from Chatterjee testing 
(see below).  
 
All models were adjusted for age and sex; the 

analyses of colon and rectal cancers were addi-
tionally adjusted for study site. All SNP analyses 
were carried out using SAS v.9. P-values < 0.05 
are considered statistically significant. Multiple 
comparison adjusted p-values were also ob-
tained, taking into account the correlation be-
tween tagSNPs using the method by Conneely 
and Boehnke [48]. To ease the presentation for 
the tables, we only present p-values that are not 
adjusted for multiple comparison. Adjusted p-
values indicated by adj.p or adj.p trend are pro-
vided in the text. 
 
Haplotype and principal components analyses 
 
Haplotype analysis was conducted using a 
modified version of HaploStats (Version 1.3.8) 
which allows adjustment for potential confound-
ers in R (Version 2.7.1). All haplotypes predicted 
to occur with more than 5% frequency among 
controls were analyzed separately. Haplotypes 
with frequency < 5% were grouped together for 
analyses. The most common haplotype among 
the controls was used as the referent group. We 
used the score test to evaluate whether a haplo-
type was associated with disease risk. For prin-
cipal components analysis (PCA) [49], we chose 
the number of principal components that ex-
plained at least 80% of the variance in a gene 
and performed logistic regression using those 
components. Gene-level significance was deter-
mined using a likelihood-ratio test, comparing a 
model that contained the principal components 
and one that did not. 
 
Tumor marker analyses 
 
Tumors were defined by specific alterations de-
tected; any TP53 mutation, any KRAS2 muta-
tion, or CIMP+ defined as at least 2 of 5 mark-
ers methylated. As the proportion of MSI+ tu-
mors in the rectal cases was <3% [50], there 
was insufficient power to examine rectal MSI. 
Population-based controls were used to assess 
associations for the population overall, while 
examining multiple outcomes defined by tumor 
status. To compare specific types of mutations 
to controls while adjusting for the other tumor 
mutations simultaneously in cases, a general-
ized estimating equation (GEE) with a multino-
mial outcome was used as case subjects could 
contribute to more than one outcome observa-
tion depending upon the number of mutations 
or alterations (TP53, KRAS2, CIMP+, and addi-
tionally MSI+ for colon cases) detected in an 
individual’s tumor DNA expressed [51]. The GEE 
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accounts for correlation introduced by including 
subjects multiple times and was implemented 
in SAS using the GENMOD procedure as de-
scribed by Kuss and McLerran [52]. All GEE 
models were adjusted for sex, age at diagnosis 
or selection, and study center. A co-dominant 
model with three genotype categories was ana-
lyzed with molecular subtypes when minor allele 
frequencies provided sufficient power to exam-
ine the minor-allele homozygous genotype; oth-
erwise, a dominant model was assumed. A re-
cessive model was analyzed in addition to the 
co-dominant, when indicated by co-dominant 
ORs. P for linear trend was assessed using 
three ordered genotype categories and compar-
ing the likelihood ratio of a model with the geno-
type variable (as continuous) to the likelihood 
ratio of a model without the variable using a chi-
squared test with 1 degree of freedom. 
 
Gene-gene interaction 
 
We evaluated gene-gene interactions using the 
Tukey 1 degree of freedom (1df) interaction test 
proposed by Chatterjee et al [53]. The 1df Tukey 
test is a method that tests for gene-gene inter-
actions with multiple SNPs within each gene in 
one model, using a 1df test, rather than a test 
with many more degrees of freedom or multiple 
1df tests of interaction that require correction 
for multiple testing. All gene-gene interaction 
analyses were conducted in R (version 2.7.1). 
 
Results 
 
Characteristics of the study populations are 
shown for the genotyped subset in Table 1. 
Briefly, the full study populations were mostly 
Caucasian (97.2% for the adenoma study; 
91.3% for the colon cancer study; and 82.3% 
for the rectal cancer study – data not shown); 
adenoma cases tended to be older and were 
more likely to be male than controls; the cancer 
case-control studies were frequency-matched 
on age and sex. 
 
Genotype associations 
 
Multiple single SNP associations were observed 
in one or more of the colorectal carcinogenesis 
studies. However, after adjusting for multiple 
comparisons, none of the associations re-
mained statistically significant. Below, we focus 
on those results that show similar associations 
across multiple study populations in direction 

and magnitude, which may indicate a possible 
association of the SNPs with disease risk. Asso-
ciations with all analyzed SNPs can be seen in 
Supplemental Tables S2-S4.  
 
In both the colon and rectal cancer populations, 
the EGFR 142572T>C (rs3752651) CC geno-
type was associated with an approximate 40% 
increase in risk compared to the TT genotype 
(colon OR: 1.40; 95% CI: 1.00-1.96; p-
trend=0.04; adj. p-trend=0.55; rectal OR: 1.39; 
95% CI: 0.81-2.41; p-trend=0.65; adj. p-
trend=1.00). When the cancer populations were 
pooled, the association was also statistically 
significant (OR: 1.39; 95% CI: 1.05-1.86; p-
trend=0.13; adj. p-trend=0.90; Table 2). How-
ever, the significant association did not remain 
after adjustment for multiple testing. 
 
For rectal cancer, EGFR -759C>A (rs759171) 
was associated with an increased risk (het OR: 
1.26; 95%CI: 0.99-1.61; hzv OR: 1.54; 95% CI: 
0.67-3.53; p-trend=0.04; adj. p-trend=0.55). A 
similarly increased risk of colon cancer was sug-
gested among the heterozygous genotypes. 
When both cancer populations were pooled, 
results were statistically significant, but only 
prior to multiple test correction (OR: 1.16; 95% 
CI: 1.02-1.32, p=0.03 adj. p=0.53).  
 
In Src, we observed a consistently decreased 
risk for -34985A>G (rs6017944) (Table 2). The 
pooled analysis of colon and rectal cancers 
yielded het OR: 0.86; 95% CI: 0.76-0.98; hzv 
OR: 0.91; 95% CI: 0.71-1.17; p=0.06, p-
trend=0.05; adj. p=0.47, adj. p-trend=0.40). 
Associations with adenoma risk appeared to be 
often opposite to those for colon and rectal can-
cer, for example for EGFR 172479C>T 
(rs17290559) and 141202T>C (rs759162). 
There were no statistically significant associa-
tions with the candidate SNP Arg521Lys 
(rs2227983) in EGFR, nor with the candidate 
and tagSNPs in HER2 (Supplemental Table S3). 
 
Haplotype and principal components analysis 
(PCA) associations 
 
Haplotype associations are shown in Supple-
mental Tables S5-S7. Among colon cancers, Src 
block 2 was associated with colon cancer risk. 
This haplotype block was comprised of                
-33208C>G (rs12106024) and -29667A>G 
(rs747182), neither of which was independently 
associated with colon cancer risk. Compared to 
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Table 1. Characteristics of the three study populationsa 
  Colorectal adenoma study Colon cancer study Rectal cancer study 

  Cases (N=485) Controls 
(N=578) p-value Cases (N=1424) Controls (N=1780) p-value Cases (N=583) Controls (N=775) p-value 

  Mean (SD) Mean (SD)   Mean (SD) Mean (SD)   Mean (SD) Mean (SD)   
Age 58 (9.6) 52.9 (11.0) <0.01 65.2 (9.7) 65.1 (10.3) NAc 62.3 (10.8) 62.6 (10.5) NAc 
Caloric Intake (kcal) 2101.6 (760.0) 2019.8 (733.1) 0.07 2427.9 (1116.6) 2306.5 (1017.4) <0.01 2702.5 (1294.7) 2592.7 (1203.7) 0.11 
Dietary Fiber Intake (gm) 21.8 (9.4) 21.8 (9.6) 0.95 24.8 (11.8) 24.9 (11.3) 0.84 26.0 (13.0) 26.7 (13.0) 0.35 

Location N (%) N (%)   N (%) N (%)   N (%) N (%)   
  Proximal 104 (21.6) NA NA 688 (49.6) NA NA NA NA NA 
  Distal 300 (62.4) NA   700 (50.4) NA   NA NA   
  Rectal 77 (16.0) NA   NA NA   583 775   

Sex             
  Male 304 (62.7) 227 (39.3) <0.01 797 (56.0) 946 (53.2) NAc 346 (59.4) 428 (55.2) NAc 
  Female 181 (37.3) 351 (60.7)   627 (44.0) 834 (46.9)   237 (40.7) 347 (44.8)   

Study Site             

  Kaiser Northern 
California NA NA NA 617 (43.3) 647 (36.4) <0.01 349 (59.9) 449 (57.9) 0.48 

  Minnesota 485 (100) 578 (100)   565 (39.7) 791 (44.4)   NA NA   
  Utah NA NA   242 (17.0) 342 (19.2)   234 (40.1) 326 (40.1)   
Regular Use of NSAIDs 
(Ever vs. Never)             

  Yes 180 (37.1) 257 (44.5) 0.02 562 (39.5) 865 (48.6) <0.01 263 (45.1) 417 (53.8) <0.01 
  No 305 (62.9) 321 (55.6)   862 (60.5) 915 (51.4)   320 (54.9) 358 (46.2)   
Smoking in pack-years (amt 
per day)b             

  0 163 (34.4) 276 (49.0) <0.01 840 (47.3) 581 (41.0) <0.01 271 (46.5) 401 (51.7) 0.05 
  1-25 (≤20) 152 (32.1) 171 (30.4)   336 (18.9) 250 (17.6)   106 (18.2) 133 (17.2)   
  >25 (21+) 159 (33.5) 116 (20.6)   599 (33.8) 586 (41.4)   206 (35.3) 241 (31.1)   
Post-menopausal Hormone 
Use (Women only)             

  Yes 71 (40.6) 181 (53.2) 0.01 130 (23.9) 221 (31.0) 0.006 110 (56.7) 132 (45.2) 0.01 
  No 104 (59.4) 159 (46.8)   414 (76.1) 493 (69.1)   84 (43.3) 160 (54.8)   
a Numbers may not total to 100% due to rounding and missing values; b For adenoma and rectal cancers, pack-years are reported. For colon cancer, number of cigarettes per day is reported.; 
c NA – this was a matching factor. 
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Table 2. Genetic variability in selected EGFR and Src SNPs and risk of colorectal neoplasiaa 
 Colorectal Adenomab Colon Cancerc Rectal cancerc Colorectal cancerd 

Gene SNPd Cases/ 
Controls OR 95%CI p p-trend Cases/ 

Controls OR 95%CI p p-trend Cases/ 
Controls OR 95%CI p p-

trend 
Cases/ 
Controls OR 95%CI p p-trend 

EGFR rs759171 (-759C>A)                     
  CC 353/411 1.00 (ref.)   1021/1315 1.00 (ref.)   407/579 1.00 (ref.)   1428/1894 1.00 (ref.)   
  CA 117/149 0.95 (0.70-1.27)   375/427 1.12 (0.96-

1.32)   163/184 1.26 (0.99-1.61)   538/611 1.16 (1.02-1.33)   

  AA 10/18 0.62 (0.27-1.41) 0.50 0.36 28/36 0.98 (0.59-
1.62) 0.37 0.26 12/11 1.54 (0.67-3.53) 0.12 0.04 40/47 1.10 (0.72-1.70) 0.09 0.04 

  CA/AA 127/168 0.91 (0.68-1.21) 0.51 NA 403/463 1.11 (0.95-
1.30) 0.19 NA 175/195 1.28 (1.00-1.63) 0.05 NA 578/658 1.16 (1.02-1.32) 0.03 NA 

rs759162 (141202T>C)                    
  TT 242/307 1.00 (ref.)   764/900 1.00 (ref.)   308/426 1.00 (ref.)   1072/1326 1.00 (ref.)   
  TC 200/231 1.06 (0.81-1.39)   550/706 0.92 (0.80-

1.07)   235/290 1.13 (0.90-1.41)   785/996 0.98 (0.87-1.11)   

  CC 40/40 1.34 (0.82-2.20) 0.51 0.29 105/171 0.73 (0.56-
0.95) 0.05 0.02 40/59 0.94 (0.61-1.44) 0.51 0.67 145/230 0.78 (0.63-0.98) 0.09 0.10 

rs3752651 (142572T>C)                    
  TT 313/358 1.00 (ref.)   900/1178 1.00 (ref.)   369/468 1.00 (ref.)   1269/1646 1.00 (ref.)   
  TC 150/198 0.90 (0.68-1.19)   446/529 1.11 (0.95-

1.29)   183/278 0.83 (0.66-1.05)   629/807 1.01 (0.89-1.15)   

  CC 19/21 1.04 (0.53-2.05) 0.75 0.63 75/70 1.40 (1.00-
1.96) 0.09 0.04 29/26 1.39 (0.81-2.41) 0.11 0.65 104/96 1.39 (1.05-1.86) 0.08 0.13 

rs10277413 (151493T>G)                    
  TT 211/232 1.00 (ref.)   626/792 1.00 (ref.)   247/365 1.00 (ref.)   873/1157 1.00 (ref.)   
  TG 221/271 0.86 (0.66-1.14)   611/775 0.98 (0.85-

1.14)   272/313 1.28 (1.02-1.62)   883/1088 1.06 (0.94-1.21)   

  GG 49/75 0.64 (0.41-0.98) 0.11 0.04 182/206 1.10 (0.88-
1.38) 0.62 0.59 61/94 0.97 (0.67-1.39) 0.07 0.40 243/300 1.06 (0.88-1.28) 0.59 0.37 

rs17290559 (172479C>T)                    
  CC 442/546 1.00 (ref.)   1344/1655 1.00 (ref.)   552/720 1.00 (ref.)   1896/2375 1.00 (ref.)   
  CT/TT 35/27 1.55 (0.90-2.66) 0.11 NA 67/108 0.77 (0.56-

1.05) 0.10 NA 27/43 0.82 (0.50-1.35) 0.74 NA 94/151 0.78 (0.60-1.02) 0.07 NA 
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Table 2. (continued) Genetic variability in selected EGFR and Src SNPs and risk of colorectal neoplasiaa 
  Colorectal Adenomab Colon Cancerc Rectal cancerc Colorectal cancerd 

Gene SNPd Cases/ 
Controls OR 95%CI p p-trend Cases/ 

Controls OR 95%CI p p-trend Cases/ 
Controls OR 95%CI p p-

trend 
Cases/ 
Controls OR 95%CI p p-trend 

rs17337331 (172977C>G)                    
  CC 277/338 1.00 (ref.)   833/1003 1.00 (ref.)   354/429 1.00 (ref.)   1187/1432 1.00 (ref.)   
  CG 170/208 1.00 (0.76-1.31)   473/648 0.88 (0.76-1.02)   201/306 0.80 (0.64-1.01)   674/954 0.86 (0.75-

0.97)   

  GG 30/27 1.30 (0.73-2.31) 0.65 0.57 80/93 1.03 (0.75-1.41) 0.23 0.33 27/39 0.84 (0.51-1.40) 0.15 0.08 107/132 0.98 (0.75-
1.27) 0.05 0.08 

Src   rs6017944 (-34985A>G)                    
  AA 284/350 1.00 (ref.)   831/992 1.00 (ref.)   346/425 1.00 (ref.)   1177/1417 1.00 (ref.)   
 

 AG 171/191 1.16 (0.88-1.52)   494/660 0.88 (0.76-1.02)   204/302 0.82 (0.65-1.03)   698/962 0.86 
(0.76-
0.98)   

 
 GG 26/37 0.90 (0.52-1.58) 0.49 0.65 90/116 0.94 (0.70-1.25) 0.24 0.18 31/45 0.85 (0.53-1.38) 0.22 0.12 121/161 0.91 

(0.71-
1.17) 0.06 0.05 

a Only SNPs with p<0.10 in Table 2. The associations with all SNPs can be seen in Supplemental Tables S2-4; b Adjusted for age and sex; c Adjusted for age, sex, and study center; d Pooled analysis of the colon and 
rectal cancer studies, adjusted for age, sex, study center, and study; e The heterozygous and homozygous variant genotype groups are combined if the homozygous variant group had < 5 study participants. 
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Table 3A. Associations between selected SNPs and risk of colon cancer molecular subtypesa 

   Controls   TP53 mutation   KRAS mutation   CIMP+   MSI+ 

Gene SNP N   N OR (95% CI) p   N OR (95% CI) p   N OR (95% CI) p   N OR (95% CI) p 

EGFR 141202 T>C (rs759162)                 

  TT 898  253 1.00 (ref.)   156 1.00 (ref.)   116 1.00 (ref.)   83 1.00 (ref.)  

 TC 705  181 0.89 (0.73-1.07)   129 1.05 (0.83-1.32)   115 1.22 (0.95-1.56)   74 1.10 (0.81-1.50)  

 CC 170  28 0.64 (0.43-0.94) 0.03  22 0.87 (0.56-1.36) 0.63  16 0.84 (0.51-1.39) 0.85  12 0.85 (0.47-1.53) 0.77 

142572 T>C (rs3752651)                 

  TT 1176  280 1.00 (ref.)   199 1.00 (ref.)   167 1.00 (ref.)   112 1.00 (ref.)  

TC 528 158 1.27 (1.04-1.55) 85 0.91 (0.71-1.18) 68 0.87 (0.67-1.15) 52 1.02 (0.74-1.41) 

CC 69 25 1.35 (0.87-2.08) 0.02 22 1.70 (1.09-2.65) 0.22 11 0.98 (0.53-1.80) 0.86 6 0.80 (0.35-1.83) 0.82 

154784 G>A (rs17337107)                 

  GG 1624  407 1.00 (ref.)   273 1.00 (ref.)   225 1.00 (ref.)   154 1.00 (ref.)  

GA or AA 145 53 1.38 (1.03-1.84) 0.03 33 1.25 (0.88-1.77) 0.12 22 0.99 (0.65-1.51) 0.71 15 0.99 (0.59-1.67) 0.80 

161260 G>A (rs12532468)                 

  GG 596  177 1.00 (ref.)   104 1.00 (ref.)   76 1.00 (ref.)   58 1.00 (ref.)  

GA 853 220 0.86 (0.70-1.06) 143 0.98 (0.76-1.26) 133 1.23 (0.94-1.61) 83 1.00 (0.71-1.39) 

AA 316 65 0.70 (0.53-0.94) 0.03 58 1.16 (0.84-1.60) 0.76 37 0.97 (0.67-1.42) 0.91 27 0.92 (0.59-1.44) 0.61 

Src -25903 G>A (rs6017996)                 

  GG 1293  312 1.00 (ref.)   206 1.00 (ref.)   176 1.00 (ref.)   133 1.00 (ref.)  

  GA 440  134 1.22 (0.99-1.49)   92 1.25 (0.98-1.59)   65 1.02 (0.78-1.34)   34 0.71 (0.49-1.02)  

  AA 38  15 1.61 (0.96-2.72) 0.03  6 0.86 (0.38-1.93) 0.16  6 1.19 (0.54-2.63) 0.51  2 0.51 (0.12-2.12) 0.13 

 9597 A>G (rs6018256)                 

  AA 1483  376 1.00 (ref.)   244 1.00 (ref.)   207 1.00 (ref.)   153 1.00 (ref.)  

  AG or GG 291  88 1.19 (0.94-1.51) 0.19  64 1.33 (1.01-1.76) 0.06  40 0.93 (0.67-1.29) 0.96  17 0.52 (0.32-0.86) 0.02 

 9982 A>G (rs6018257)                 

  AA 1379  353 1.00 (ref.)   221 1.00 (ref.)   192 1.00 (ref.)   145 1.00 (ref.)  

  AG 357  100 1.10 (0.88-1.37)   76 1.35 (1.04-1.75)   49 0.95 (0.70-1.28)   21 0.53 (0.34-0.83)  

  GG 21  6 1.26 (0.55-2.87) 0.45  4 1.33 (0.50-3.55) 0.06  1 0.33 (0.05-2.12) 0.58  1 0.43 (0.06-2.89) 0.01 
aAdjusted for age, sex, and study center. 
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Table 3B. Associations between selected SNPs and risk of rectal cancer molecular subtypesa 
  Controls   TP53 mutation KRAS mutation CIMP+ 
Gene SNP N   N OR (95% CI) p N OR (95% CI) p N OR (95% CI) p 

EGFR -759 C>A (rs759171) 
CC 579 148 1.00 (ref.) 81 1.00 (ref.) 34 1.00 (ref.) 
CA 184 54 1.05 (0.76-1.44) 46 1.73 (1.20-2.50) 12 1.00 (0.52-1.93) 
AA 11 6 1.48 (0.71-3.07) 0.19 7 3.64 (1.69-7.82) 0.0002 1 0.98 (0.14-6.99) 0.65 

154784 G>A (rs17337107) 
GG 686 191 1.00 (ref.) 117 1.00 (ref.) 46 1.00 (ref.) 

GA/AA 87 18 0.76 (0.47-1.23) 0.27 17 1.26 (0.76-2.09) 0.64 1 0.18 (0.03-1.28) 0.02 

HER2 Pro1140 Ala (rs1058808) 
GG 361 83 1.00 (ref.) 59 1.00 (ref.) 19 1.00 (ref.) 
GC 337 94 1.19 (0.88-1.61) 60 1.04 (0.72-1.49) 22 1.18 (0.64-2.17) 
CC 73 30 1.70 (1.09-2.64) 0.03 14 1.01 (0.56-1.81) 0.57 6 1.37 (0.55-3.37) 0.33 

aAdjusted for age, sex, and study center. 

Table 4. Chatterjee 1df Tukey tests for gene-gene interaction 
  Colorectal Adenomaa Colon Cancerb Rectal cancerb 
Gene 1 Gene 2 Permutation p Asymptotic p Permutation p Asymptotic p Permutation p Asymptotic p 
EGFR HER2 0.71 0.77 0.24 0.26 0.47 0.50 
EGFR Src <0.01 <0.01 0.60 0.59 0.14 0.17 
HER2 Src 0.67 0.68 0.99 0.99 0.39 0.36 
a Adjusted for age and sex; b Adjusted for age, sex, and study center. 
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 Table 5. Selected interactions between tagSNPs in EGFR and Src and risk of colorectal adenomaa 

  Src -29667A>G  
  AA  AG or GG  

snp genotype Cases Controls OR 95% CI  Cases Controls OR 95% CI p-interactionb 
EGFR 179446C>T (Thr903Thr) CC 275 345 1.00 (ref.)  98 96 1.30 (0.92-1.82)  

 CT or TT 89 98 1.12 (0.80-1.59)  20 43 0.62 (0.35-1.12) 0.02 
  Src -41278A>C  
  AA  AC or CC  

snp genotype Cases Controls OR 95% CI  Cases Controls OR 95% CI p-interactionb 
EGFR 179446C>T (Thr903Thr) CC 196 252 1.00 (ref.)  176 187 1.24 (0.93-1.67)  

 CT or TT 72 72 1.21 (0.81-1.80)  37 69 0.78 (0.49-1.24) 0.04 
  Src -34985A>G  
  AA  AG or GG  

snp genotype Cases Controls OR 95% CI  Cases Controls OR 95% CI p-interactionb 
EGFR 122960T>G TT 79 101 1.00 (ref.)  45 73 0.70 (0.43-1.16)  

 TG or GG 206 249 0.96 (0.66-1.39)  152 158 1.24 (0.84-1.83) 0.04 
  Src -25903G>A  
  GG  GA or AA  

snp genotype Cases Controls OR 95% CI  Cases Controls OR 95% CI p-interactionb 
EGFR 122960T>G TT 99 127 1.00 (ref.)  26 47 0.70 (0.39-1.25)  

 TG or GG 247 298 1.03 (0.74-1.44)  110 107 1.37 (0.92-2.04) 0.04 
  Src 9982A>G  
  AA  AG or GG  

snp genotype Cases Controls OR 95% CI  Cases Controls OR 95% CI p-interactionb 
EGFR 151493T>G TT 168 187 1.00 (ref.)  44 46 1.20 (0.74-1.97)  

 TG or GG 232 270 0.92 (0.69-1.23)  38 79 0.53 (0.33-0.85) 0.03 
  Src -3411G>A  
  GG  GA or AA  

snp genotype Cases Controls OR 95% CI  Cases Controls OR 95% CI p-interactionb 
EGFR 124345G>A GG 396 469 1.00 (ref.)  36 51 0.87 (0.54-1.40)  

 GA or AA 43 59 0.87 (0.56-1.35)  8 3 3.40 (0.84-13.74) 0.04 
            
EGFR 140539G>A GG 302 370 1.00 (ref.)  25 44 0.71 (0.42-1.23)  

 GA or AA 137 158 1.09 (0.81-1.46)  19 10 2.61 (1.15-5.93) 0.02 
  Src -4395A>G  
  AA  AG or GG  

snp genotype Cases Controls OR 95% CI  Cases Controls OR 95% CI p-interactionb 
EGFR 142044A>G AA 186 230 1.00 (ref.)  84 91 1.17 (0.81-1.71)  

 AG or GG 161 175 1.05 (0.77-1.43)  52 85 0.68 (0.45-1.03) 0.04 
a.Adjusted for age and sex; only statistically significant interactions are shown; b Uncorrected for multiple comparisons. After Bonferroni correction, none of the 
interactions are statistically significant. 
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the most common haplotype (CA), the GA haplo-
type was associated with a statistically signifi-
cant decrease in colon cancer risk (OR: 0.81; 
95% CI: 0.69-0.96); whereas the GG haplotype 
was not associated with risk (OR: 1.03; 95% CI: 
0.90-1.19). No statistically significant haplotype 
associations were observed for colorectal ade-
nomas and rectal cancers, nor were there sig-
nificant associations using PCA (data not 
shown). 
 
Associations with tumor subtypes 
 
We evaluated whether polymorphisms in EGFR, 
Src, and HER2 were associated with specific 
colon and rectal cancer subtypes (MSI+, CIMP+, 
TP53 mutation, or KRAS2 mutation). Because 
these were exploratory analyses, we did not 
adjust for multiple comparisons. In the colon 
cancers, we observed that four EGFR SNPs and 
one Src SNP was associated with risk of colon 
cancer with a TP53 mutation (Table 3A). Of 
note, the increased risk of colon cancer for 
EGFR 142572T>C (rs3752651), which was as-
sociated with risk of both colon and rectal can-
cers above, was only observed for TP53-
mutated colon cancers (het OR: 1.27; 95% CI: 
1.04-1.55; hzv OR: 1.35; 95% CI: 0.87-2.08; 
p=0.02).  
 
In rectal cancer, in which MSI+ tumors are too 
rare to analyze, we observed a striking associa-
tion between EGFR -759C>A (rs759171) and 
risk of KRAS-mutated rectal cancer (Table 3B; 
p=0.0002). The CA genotype was associated 
with a 73% increased risk (95% CI: 1.20-2.50) 
and the AA genotype was associated with an 
almost 4-fold increase in risk (OR: 1.69-7.82). 
This SNP was observed with risk of rectal cancer 
overall (as described above), but the associa-
tions for TP53-mutated or CIMP+ rectal cancers 
were not significant. Although no associations 
were observed between HER2 SNPs and rectal 
tumor markers overall, HER2 -658C>A 
(rs4252596) was associated with a ~50% de-
creased risk of TP53 or KRAS2 tumor mutation 
in women and an interaction term for sex was 
nominally significant at the 0.01 level (data not 
shown). 
 
Gene-gene interactions 
 
Results from the 1df Tukey test are shown in 
Table 4. For adenomas, SNPs in EGFR and Src 
showed a significant interaction (p<0.01). To 

follow-up on this finding, SNP-SNP interactions 
between tagSNPs in EGFR and Src were ex-
plored (see below). No statistically significant 
interactions were detected for colon or rectal 
cancer. 
 
SNP-SNP interactions 
 
Prior to correcting for multiple testing, we de-
tected 8 statistically significant interactions be-
tween tagSNPs in EGFR and Src and adenoma 
risk (Table 5). However, when these interactions 
were corrected for multiple testing, none re-
mained statistically significant. It is worth noting 
that two EGFR SNPs, EGFR 179446C>T 
(rs1140475; Thr903Thr) and EGFR 122960T>G 
(rs6964705), each interacted with two Src 
SNPs.  
 
EGFR 179446C>T showed statistically signifi-
cant interactions with both Src -29667A>G 
(rs747182) and -41278A>C (rs6017916), 
which are in moderate LD (r2=0.46, Supplemen-
tal Figure). In both cases, the combination of 
variants in Src and EGFR resulted in the rela-
tively lowest risk, combined to all other groups 
(p-interaction=0.02 and 0.04, respectively).  
 
EGFR 122960T>G (rs6964705) showed inter-
actions with both Src -34985A>G (rs6017944) 
and -25903G>A (rs6017996), which are not in 
LD (r2=0.08, Supplemental Figure). For both of 
these, those with at least one variant Src and 
EGFR allele were at increased polyp risk (p-
interaction=0.04 for both).  
 
Discussion 
 
In this comprehensive study of genetic variabil-
ity in EGFR signaling across the continuum of 
colorectal carcinogenesis, we observed several 
associations between SNPs in EGFR and Src 
and risk of colorectal cancer; specifically, the 
EGFR 142572T>C CC genotype was associated 
with an approximately 40% increase in both 
colon and rectal cancer risk, compared to the 
wildtype. This replication of findings across 
these two tumor locations is interesting and 
potentially important. However, because we did 
not have access to an independent study popu-
lation for replication, we performed multiple 
comparison adjustment which attenuated the p-
values. We also observed several SNP-SNP in-
teractions, indicating that these tagSNPs may 
need to be considered within a wider context. 
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Several polymorphisms in EGFR have previously 
been associated with cancer outcomes. The 
Arg521Lys polymorphism has been associated 
with colorectal cancer survival in a small study 
(n=318) [23]. In that study, opposite associa-
tions were observed for men and women, indi-
cating that EGFR polymorphisms may interact 
with hormone status in colorectal cancer, al-
though this pattern of findings could also have 
been the result of small numbers. The           
Arg521Lys polymorphism has also been associ-
ated with response to the EGFR inhibitor cetuxi-
mab in a study of 32 colorectal cancer patients 
[24]. In the present study, we observed no asso-
ciation between Arg521Lys and colorectal neo-
plasia risk overall or when stratified by sex (data 
not shown), indicating that this EGFR variant 
may be more important for colorectal cancer 
progression or response to treatment than for 
cancer development. 
 
Another EGFR SNP, -216G>T, has been associ-
ated with changes in promoter activity [54] and 
with overall survival among non-small cell lung 
cancer patients [25], especially among those 
treated with the EGFR inhibitor gefitinib [26]. 
This SNP did not pass QC measures in our 
study. A third polymorphism, a CA-repeat poly-
morphism in intron 1, in which higher numbers 
of repeats results in lower EGFR expression, has 
been associated with risk of breast cancer risk 
[27] and with survival in head and neck [28], 
lung [29], colorectal [23] and non-small cell 
lung cancer [26]. Taken together, these results 
suggest that genetic variability in EGFR may be 
associated with increased risk of several cancer 
types and may predict response to EGFR inhibi-
tors. Given that several EGFR inhibitors have 
been approved for cancer treatment, it will be 
important in the future to determine whether 
the observed associations with cancer survival 
or response to treatment can be confirmed, and 
whether a pattern of polymorphisms can identify 
those most or least likely to benefit from treat-
ment with EGFR inhibitors. 
 
As KRAS mutation is a predictor of response to 
anti-EGFR antibody therapy in colorectal cancer 
[55], the association of EGFR -759C>A with in-
creased risk of KRAS-mutated rectal tumors is 
intriguing and further studies are needed to 
elucidate the role of common variants in EGFR 
in relation to KRAS mutations. 
 
To our knowledge, no study has investigated the 

role of HER2 polymorphisms in colorectal neo-
plasia risk. However, several studies have inves-
tigated the role of Ile655Val in breast cancer 
development, with mixed results. Several stud-
ies have shown increased risk with the variant 
genotypes [30-32] [reviewed in [34]], whereas 
others have shown decreased risk [33, 34], or 
no association [35], reviewed in [34], indicating 
that the role of this polymorphism, if any, re-
quires further elucidation. A small study of gas-
tric cancer patients and hospital-based controls 
in Japan found an increased risk associated 
with the variant genotypes [56], but this re-
quires confirmation in a larger study. We ob-
served no association with this polymorphism in 
our study populations; thus genetic variability 
HER2 may be less important for colorectal neo-
plasia. An exploratory analysis indicated HER2 
may influence risk differentially in men and 
women. In Src, we observed a decreased risk of 
colorectal cancer with -34985A>G. No other 
epidemiologic studies of Src polymorphisms 
have been conducted to date. In one small 
study, a rare coding mutation in Src was ob-
served in a subset of advanced colorectal tu-
mors [57]; however, two subsequent studies did 
not observe this mutation [58, 59]. 
 
Due to the number of statistical tests that were 
performed in this study, the likelihood of false 
positives is high. However, because we con-
ducted a parallel investigation of identical can-
didate and tagSNPs in three independent study 
populations, we decided to present uncorrected 
as well as corrected p-values and evaluate 
whether the associations with any of these 
SNPs were consistent across the three study 
populations. SNPs that are associated with colo-
rectal neoplasia risk in multiple study popula-
tions are more likely to be true positives. Fur-
ther, this is the first study that has comprehen-
sively examined common EGFR, HER2, and Src 
genetic variability in relation to colorectal ade-
noma and cancer risk; thus, we report any ob-
served associations to inform future studies. 
 
This study has several strengths. By using both 
tagSNPs and candidate polymorphisms in this 
pathway, we achieved comprehensive coverage 
of genetic variability in the EGFR signaling. For 
EGFR and HER2, we had access to resequenc-
ing data, ensuring that we captured all common 
variants that are likely to exist among Cauca-
sians. Further, we have comprehensively as-
sessed genetic variation in EGFR, Src, and 
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HER2 in three independent case-control studies 
of colorectal adenoma or cancer (including tu-
mor markers), using identical genotyping meth-
ods, thus allowing us to replicate any promising 
findings. It is, however, important to consider 
that the outcomes in the three study popula-
tions were not identical: colon and rectal cancer 
share some, but not all epidemiologic risk fac-
tors, and adenoma are precursors that occur 
years prior to invasive cancer.  
 
In summary, our study provides a thorough in-
vestigation, not only of genetic variability in 
EGFR signaling, but also of the spectrum of the 
colorectal carcinogenic process. We provide 
some evidence that EGFR 142575T>C may be 
important in both colon and rectal cancer, but 
this should be confirmed in future studies. 
Given that genetic variants in EGFR may be re-
lated to colorectal cancer survival or responsive-
ness to treatment with EGFR inhibitors, further 
study of the impact of genetic variability in the 
EGFR signaling pathway, specifically replication 
of the tumor subtype analyses, should be con-
ducted. 
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Table S1. TagSNPs and candidate polymorphisms in EGFR, HER2 and Src 
      Colorectal adenoma Colon Cancer Rectal Cancer 

Gene SNPa 
dbSNP 

identifier 
Location  

within gene 
Tag or 

Candidate 

Successfully 
converted to 

Illumina? 
Passed 

QC? MAFb 
Passed 

QC? MAFb
Passed 

QC? MAFb 

EGFR 
142284G>A 
Arg521Lys rs2227983 exon 13 

candidate and 
bin 9 yes yes 0.26 yes 0.25 yes 0.24 

 -216G>T rs712829 5' UTR 
candidate and 
singleton yes 

no – duplicate 
concordance NA 

no – duplicate 
concordance NA 

no – HWE 
p<0.0001 NA 

 
127377C>T 
Asn158Asn rs2072454 exon 4 bin 1 yes yes 0.37 yes 0.39 

no – duplicate 
concordance NA 

 151493A>C rs10277413 intron 15 bin 2 yes yes 0.36 yes 0.33 yes 0.33 
 161260G>A rs12532468 intron 19 bin 3 yes yes 0.42 yes 0.42 yes 0.40 
 -759C>A rs759171 5 'UTR bin 4 yes yes 0.16 yes 0.14 yes 0.13 
 134196A>G rs11760524 intron 6 bin 5 yes yes 0.13 yes 0.12 yes 0.11 

 
179446C>T  
Thr903Thr rs1140475 exon 23 bin 6 yes yes 0.13 yes 0.13 yes 0.12 

 124345G>A rs4947984 intron 3 bin 7 yes yes 0.05 yes 0.06 yes 0.06 
 135784G>A rs17172451 intron 7 bin 8 yes yes 0.24 yes 0.24 yes 0.24 
 151006T>C rs17336974 intron 15 bin 10 yes yes 0.03 yes 0.03 yes 0.03 
 187113A>G rs884225 3' UTR bin 11 yes yes 0.09 yes 0.09 yes 0.09 
 -1225G>A rs41359546 5 'UTR singleton yes yes 0.01 yes 0.01 yes 0.01 
 122960T>G rs6964705 intron 1 singleton yes yes 0.46 yes 0.47 yes 0.48 
 127472G>A rs7801956 intron 4 singleton yes yes 0.09 yes 0.09 yes 0.09 
 132621CAA/- rs17336556 intron 5 singleton no — — — — — — 

 138169G>C rs13222549 intron 10 singleton yes 
no – duplicate 
concordance NA 

no – low call 
rate NA 

no – HWE 
p<0.0001 NA 

 134684G>A rs4947986 intron 6 singleton yes 
no – HWE 
p<0.0001 NA 

no – HWE 
p<0.0001 NA 

no – HWE 
p<0.0001 NA 

 138199C>G rs4947987 intron 10 singleton no — — — — — — 
 140539G>A rs17289984 intron 11 singleton yes yes 0.16 yes 0.17 yes 0.15 

 141082T>A rs1558544 intron 12 singleton yes 

NA – high LD 
with  

141202T>C NA 

NA – high LD 
with  

141202T>C NA 

NA – high LD 
with  

141202T>C NA 
 141408G>A rs17336765 intron 12 singleton no — — — — — — 
 141202A>G rs759162 intron 12 singleton yes yes 0.27 yes 0.29 yes 0.26 

 
142231C>T 
Gly503Gly rs17336800 exon 13 singleton yes 

no – low call 
rate NA 

no – low call 
rate NA 

no – low call 
rate NA 

 142572T>C rs3752651 intron 13 singleton yes yes 0.21 yes 0.19 yes 0.21 
 145755C>A rs17336919 intron 14 singleton yes yes 0.21 yes 0.21 yes 0.22 
 151116G>A rs10258429 intron 15 singleton yes yes 0.07 yes 0.07 yes 0.09 
 154784G>A rs17337107 intron 18 singleton yes yes 0.04 yes 0.04 yes 0.06 
 155811G>A rs712831 intron 19 singleton yes yes 0.19 yes 0.21 yes 0.23 

 161955T>C rs10241451 intron 19 singleton yes 
no – low call 

rate NA 
no – HWE 
p<0.0001 NA 

no – low call 
rate NA 

 
172479C>T  
Arg836Arg rs17290559 exon 21 singleton yes yes 0.02 yes 0.03 yes 0.03 
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Table S1 continued. TagSNPs and candidate polymorphisms in EGFR, HER2 and Src 
      Colorectal adenoma Colon Cancer Rectal Cancer 

Gene SNPa 
dbSNP 

identifier 
Location  

within gene 
Tag or 

Candidate 

Successfully 
converted to 

Illumina? 
Passed 

QC? MAFb 
Passed 

QC? MAFb
Passed 

QC? MAFb 
EGFR 172792G>A rs6970262 intron 21 singleton yes yes 0.38 yes 0.39 yes 0.36 
 172977C>G rs17337331 intron 21 singleton yes yes 0.23 yes 0.24 yes 0.25 
 179786G>A rs2293348 intron 23 singleton yes yes 0.31 yes 0.31 yes 0.31 

 180487T>G rs2740764 intron 23 singleton yes 
no – duplicate 
concordance NA yes 0.27 

no – low call 
rate NA 

 180504C/- rs17290650 intron 23 singleton no — — — — — — 

 
181945G>A  
Asp994Asp rs2293347 exon 25 singleton yes yes 0.10 yes 0.09 yes 0.12 

 182881G>A rs17290727 intron 26 singleton yes yes 0.002 yes 0.005 yes 0.003 
            

HER2 
27567 G>C/- 
Pro1140Ala rs1058808 exon 27 

bin 1 and 
candidate yes yes 0.33 yes 0.34 yes 0.31 

 -658 C>A rs4252596 5’ UTR singleton yes yes 0.13 yes 0.14 yes 0.15 

 -374 C>T rs4252599 5’ UTR singleton yes yes 0.002 yes 0.001 
no – low call 

rate NA 
 7225 C>T rs4252612 intron 2 singleton yes yes 0.07 yes 0.07 yes 0.06 

 
23106 A>G 
Ile655Val rs1136201 exon 17 

singleton and 
candidate yes yes 0.24 yes 0.23 yes 0.24 

            
Src -6776G>A rs6018148 intron 2 bin 1 yes yes 0.17 yes 0.18 yes 0.18 
 -2899A>C rs6018199 intron 2 bin 2 yes yes 0.15 yes 0.16 yes 0.16 
 9597A>G rs6018256 intron 5 bin 3 yes yes 0.09 yes 0.08 yes 0.09 
 -29667A>G rs747182 intron 1 singleton yes yes 0.13 yes 0.14 yes 0.14 
 4783A>C rs754626 intron 5 singleton yes yes 0.24 yes 0.23 yes 0.25 

 -31605G>C rs1547836 intron 1 singleton yes 
no – low call 

rate NA 
no- HWE 
p<0.0001 NA 

no- HWE 
p<0.0001 NA 

 -41278A>C rs6017916 5' UTR singleton yes yes 0.26 yes 0.28 yes 0.28 
 -34985A>G rs6017944 intron 1 singleton yes yes 0.23 yes 0.25 yes 0.25 
 -25903G>A rs6017996 intron 1 singleton yes yes 0.15 yes 0.15 yes 0.15 
 -21764A>G rs6018027 intron 1 singleton yes yes 0.25 yes 0.25 yes 0.25 
 9982A>G rs6018257 intron 6 singleton yes yes 0.12 yes 0.11 yes 0.12 
 -19229G>A rs6063022 intron 1 singleton yes yes 0.16 yes 0.16 yes 0.16 
 -3411G>A rs6090585 intron 2 singleton yes yes 0.05 yes 0.06 yes 0.05 

 -7281A>G rs6094509 intron 2 singleton yes 
no – HWE 
p<0.0001 NA yes 0.18 yes 0.18 

 -4395A>G rs7269342 intron 2 singleton yes yes 0.17 yes 0.16 yes 0.17 
 -7241T>G rs6090575 intron 2 singleton no — — — — — — 
 -33208C>G rs12106024 intron 1 singleton yes yes 0.22 yes 0.25 yes 0.24 
a Counting begins at the start codon. Variants located 5’ of the start codon are counted backwards from the base preceding the start codon and begin with a “-“ sign. In Src, 
the start codon occurs in exon 4. 

b Among controls only 
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Table S2. Genetic variability in EGFR and risk of colorectal neoplasia (all genotyped tagSNPs) 
 Adenomaa Colon Cancerb Rectal cancerb Colorectal cancerc 

SNP 
Cases/ 

Controls OR 95%CI p 
p-

trend
Cases/ 

Controls OR 95%CI p p-trend
Cases/ 

Controls OR 95%CI p p-trend
Cases/ 

Controls OR 95%CI p p-trend 
rs41359546 (-1225G>A)                    
 GG 474/561 1.00 ref.   1391/1721 1.00 ref.   569/762 1.00 ref.   1960/2483 1.00 ref.   
 GA/AA 8/17 0.49 (0.20-1.19) 0.26 NA 25/44 0.70 (0.43-1.16) 0.16 NA 12/13 1.24 (0.56-2.74) 0.87 NA 37/57 0.82 (0.54-1.25) 0.36 NA 
                     
rs759171 (-759C>A) 
(shown in Table 2)                  
 CC 353/411 1.00 ref.   1021/1315 1.00 ref.   407/579 1.00 ref.   1428/1894 1.00 ref.   
 CA 117/149 0.95 (0.70-1.27)   375/427 1.12 (0.96-1.32)   163/184 1.26 (0.99-1.61)   538/611 1.16 (1.02-1.33)   
 AA 10/18 0.62 (0.27-1.41) 0.50 0.36 28/36 0.98 (0.59-1.62) 0.37 0.26 12/11 1.54 (0.67-3.53) 0.12 0.04 40/47 1.10 (0.72-1.70) 0.09 0.04 

                     
rs6964705 (122960T>G)                    
 TT 125/171 1.00 ref.   398/503 1.00 ref.   149/204 1.00 ref.   547/707 1.00 ref.   
 TG 244/280 1.19 (0.88-1.61)   705/895 0.99 (0.84-1.17)   311/395 1.09 (0.84-1.41)   1016/1290 1.02 (0.89-1.17)   
 GG 113/126 1.21 (0.84-1.73) 0.48 0.29 317/380 1.05 (0.86-1.28) 0.82 0.66 121/175 0.95 (0.69-1.30) 0.60 0.80 438/555 1.02 (0.86-1.21) 0.96 0.82 
                     
rs4947984 (124345G>A)                    
 GG 431/516 1.00 ref.   1218/1553 1.00 ref.   516/676 1.00 ref.   1734/2229 1.00 ref.   
 GA/AA 51/62 1.00 (0.66-1.51) 0.99 NA 191/210 1.16 (0.94-1.44) 0.16 NA 67/99 0.89 (0.64-1.24) 0.49 NA 258/309 1.08 (0.90-1.29) 0.42 NA 
                     
rs7801956 (127472G>A)                    
 GG 400/481 1.00 ref.   1171/1473 1.00 ref.   469/635 1.00 ref.   1640/2108 1.00 ref.   
 GA/AA 82/97 1.04 (0.74-1.46) 0.83 NA 248/302 1.05 (0.87-1.26) 0.61 NA 113/140 1.10 (0.83-1.45_ 0.50 NA 361/442 1.07 (0.91-1.24) 0.42 NA 
                     
rs11770531 (133934C>T)                    
 CC 376/437 1.00 ref.   1104/1371 1.00 ref.   448/621 1.00 ref.   1552/1992 1.00 ref.   
 CT/TT 106/141 0.80 (0.59-1.08) 0.34 NA 306/397 0.95 (0.80-1.13) 0.58 NA 131/154 1.18 (0.91-1.54) 0.21 NA 436/548 1.02 (0.88-1.17) 0.70 NA 
                     
rs11760524 (134196A>G)                    
 AA 376/436 1.00 ref.   1113/1378 1.00 ref.   452/621 1.00 ref.   1565/1999 1.00 ref.   
 AG/GG 105/141 0.78 (0.58-1.06) 0.12 NA 306/397 0.95 (0.80-1.13) 0.56 NA 131/153 1.18 (0.91-1.54) 0.22 NA 437/550 1.01 (0.88-1.17) 0.86 NA 
                     
rs17172451 (135784G>A)                    
 GG 288/330 1.00 ref.   814/1023 1.00 ref.   336/445 1.00 ref.   1150/1468 1.00 ref.   
 GA 160/216 0.91 (0.69-1.19)   534/635 1.06 (0.92-1.23)   210/289 0.97 (0.77-1.21)   744/924 1.03 (0.91-1.17)   
 AA 34/30 1.52 (0.87-2.63) 0.20 0.61 66/103 0.81 (0.59-1.12) 0.26 0.82 34/41 1.09 (0.67-1.75) 0.88 0.99 100/144 0.89 (0.68-1.16) 0.55 0.85 
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Table S2 continued. Genetic variability in EGFR and risk of colorectal neoplasia (all genotyped tagSNPs) 
 Adenomaa Colon Cancerb Rectal cancerb Colorectal cancerc 

SNP 
Cases/ 

Controls OR 95%CI p 
p-

trend
Cases/ 

Controls OR 95%CI p p-trend
Cases/ 

Controls OR 95%CI p p-trend
Cases/ 

Controls OR 95%CI p p-trend 
rs17289984 (140539G>A)                     
 GG 326/412 1.00 ref.   1026/1233 1.00 ref.   419/553 1.00 ref.   1445/1786 1.00 ref.   
 GA 141/152 1.20 (0.90-1.60)   356/481 0.90 (0.76-1.05)   153/205 0.98 (0.77-1.26)   509/686 0.92 (0.81-1.05)   
 AA 15/14 1.45 (0.66-3.19) 0.33 0.14 35/58 0.74 (0.48-1.13) 0.18 0.07 11/16 0.88 (0.40-1.92) 0.94 0.79 46/74 0.77 (0.53-1.12) 0.22 0.09 
                     
rs759162 (141202T>C) 
(shown in Table 2)                  
 TT 242/307 1.00 ref.   764/900 1.00 ref.   308/426 1.00 ref.   1072/1326 1.00 ref.   
 TC 200/231 1.06 (0.81-1.39)   550/706 0.92 (0.80-1.07)   235/290 1.13 (0.90-1.41)   785/996 0.98 (0.87-1.11)   
 CC 40/40 1.34 (0.82-2.20) 0.51 0.29 105/171 0.73 (0.56-0.95 0.05 0.02 40/59 0.94 (0.61-1.44) 0.51 0.67 145/230 0.78 (0.63-0.98) 0.09 0.10 
                     
rs2227983 
(142284G>A/Arg521Lys)                  
 GG 270/321 1.00 ref.   802/1003 1.00 ref.   320/453 1.00 ref.   1122/1456 1.00 ref.   
 GA 182/211 0.94 (0.72-1.23)   520/656 0.98 (0.85-1.14)   223/269 1.18 (0.94-1.48)   743/925 1.04 (0.91-1.17)   
 AA 29/46 0.70 (0.41-1.17) 0.38 0.23 98/118 1.03 (0.77-1.37) 0.94 0.98 39/51 1.09 (0.70-1.70) 0.38 0.26 137/169 1.05 (0.82-1.33) 0.83 0.56 
                     
rs3752651 (142572T>C) 
(shown in Table 2)                  
 TT 313/358 1.00 ref.   900/1178 1.00 ref.   369/468 1.00 ref.   1269/1646 1.00 ref.   
 TC 150/198 0.90 (0.68-1.19)   446/529 1.11 (0.95-1.29)   183/278 0.83 (0.66-1.05)   629/807 1.01 (0.89-1.15)   
 CC 19/21 1.04 (0.53-2.05) 0.75 0.63 75/70 1.40 (1.00-1.96) 0.09 0.04 29/26 1.39 (0.81-2.41) 0.11 0.65 104/96 1.39 (1.05-1.86) 0.08 0.13 
                     
rs17336919 (145755G>T)                    
 GG 303/362 1.00 ref.   872/1103 1.00 ref.   365/461 1.00 ref.   1237/1564 1.00 ref.   
 GT 153/192 0.99 (0.75-1.30)   498/587 1.08 (0.93-1.25)   193/284 0.86 (0.68-1.08)   691/871 1.01 (0.89-1.14)   
 TT 26/24 1.48 (0.80-2.73) 0.44 0.48 52/78 0.84 (0.58-1.20) 0.33 0.87 23/29 1.00 (0.57-1.76) 0.43 0.34 75/107 0.88 (0.65-1.20) 0.70 0.70 
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Table S2 continued. Genetic variability in EGFR and risk of colorectal neoplasia (all genotyped tagSNPs) 
 Adenomaa Colon Cancerb Rectal cancerb Colorectal cancerc 

SNP 
Cases/ 

Controls OR 95%CI p 
p-

trend
Cases/ 

Controls OR 95%CI p 
p-

trend

Cases/ 
Control

s OR 95%CI p 
p-

trend
Cases/ 

Controls OR 95%CI p 
p-

trend 
rs17336974 
(151006T>C)                     

 TT 460/545 1.00 ref.   
1333/167

8 1.00 ref.   546/726 1.00 ref.   
1879/240

4 1.00 ref.   

 CT/CC 22/33 0.82 (0.46-1.46) 0.50 NA 91/99 1.15
(0.85-
1.54) 0.37 NA 36/48 1.00 (0.64-1.57) 0.99 NA 127/147 1.10

(0.86-
1.40) 0.45 0.53 

                     
rs10258429 
(151116C>T)                    

 CC 412/499 1.00 ref.   
1213/152

7 1.00 ref.   490/636 1.00 ref.   
1703/216

3 1.00 ref.   

 CT/TT 67/76 1.13 (0.7701.64) 0.53 NA 195/236 1.05
(0.86-
1.29) 0.62 NA 89/127 0.92 (0.68-1.23) 0.56 NA 284/363 1.01

(0.85-
1.19) 0.94 NA 

                     
rs10277413 
(151493T>G) 
(shown in Table 2)                  
 TT 211/232 1.00 ref.   626/792 1.00 ref.   247/365 1.00 ref.   873/1157 1.00 ref.   

 TG 221/271 0.86 (0.66-1.14)   611/775 0.98
(0.85-
1.14)   272/313 1.28 (1.02-1.62)   883/1088 1.06

(0.94-
1.21)   

 GG 49/75 0.64 (0.41-0.98) 0.11 0.04 182/206 1.10
(0.88-
1.38) 0.62 0.59 61/94 0.97 (0.67-1.39) 0.07 0.40 243/300 1.06

(0.88-
1.28) 0.59 0.37 

                     
rs17337107 
(154784G>A)                    

 GG 436/528 1.00 ref.   
1284/162

8 1.00 ref.   530/686 1.00 ref.   
1814/231

4 1.00 ref.   

 GA/AA 46/47 1.21 (0.76-1.90) 0.72 NA 135/145 1.19
(0.93-
1.53) 0.16 NA 52/87 0.77 (0.54-1.11) 0.16 NA 187/232 1.04

(0.85-
1.27) 0.72 NA 

                     
rs712831 (155811C>T)                    

 CC 299/382 1.00 ref.   876/1075 1.00 ref.   360/461 1.00 ref.   
1236/153

6 1.00 ref.   

 CT 165/176 1.17 (0.89-1.55)   467/605 0.96
(0.82-
1.12)   194/264 0.95 (0.75-1.20)   661/869 0.96

(0.84-
1.08)   

 TT 15/17 1.15 (0.54-2.45) 0.51 0.28 57/72 0.98
(0.69-
1.41) 0.86 0.65 26/44 0.77 (0.46-1.27) 0.57 0.34 83/116 0.90

(0.67-
1.21) 0.66 0.36 

                     



Genetics in EGFR signaling and colorectal neoplasia risk  

321                                                                                                                                   Int J Mol Epidemiol Genet 2011:2(4):300-315 
 
 

rs12532468 
(161260G>A)                    
 GG 157/188 1.00 ref.   511/598 1.00 ref.   217/272 1.00 ref.   728/870 1.00 ref.   

 GA 241/298 0.96 (0.72-1.28)   671/854 0.93
(0.79-
1.08)   270/376 0.91 (0.72-1.15)   941/1230 0.92

(0.81-
1.05)   

 AA 83/91 1.10 (0.75-1.63) 0.75 0.72 234/317 0.86
(0.70-
1.06) 0.36 0.15 96/124 0.97 (0.70-1.34) 0.72 0.69 330/441 0.89

(0.75-
1.06) 0.33 0.15 

                     
rs17290559 
(172479C>T) 
(shown in Table 2)                  

 CC 442/546 1.00 ref.   
1344/165

5 1.00 ref.   552/720 1.00 ref.   
1896/237

5 1.00 ref.   

 CT/TT 35/27 1.55 (0.90-2.66) 0.11 NA 67/108 0.77
(0.56-
1.05) 0.10 NA 27/43 0.82 (0.50-1.35) 0.74 NA 94/151 0.78

(0.60-
1.02) 0.07 NA 

                     
rs6970262 
(172792G>A)                    
 GG 191/218 1.00 ref.   566/672 1.00 ref.   221/322 1.00 ref.   787/994 1.00 ref.   

 GA 221/281 0.87 (0.66-1.15)   650/829 0.93
(0.80-
1.09)   281/350 1.17 (0.93-1.48)   931/1179 1.00

(0.88-
1.13)   

 AA 67/79 0.92 (0.61-1.37) 0.62 0.49 195/268 0.86
(0.69-
1.07) 0.37 0.16 80/100 1.16 (0.83-1.63) 0.39 0.23 275/368 0.94

(0.78-
1.13) 0.78 0.58 
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Table S2 continued. Genetic variability in EGFR and risk of colorectal neoplasia (all genotyped tagSNPs) 
 Adenomaa Colon Cancerb Rectal cancerb Colorectal cancerc 

SNP 
Cases/ 

Controls OR 95%CI p 
p-

trend
Cases/ 

Controls OR 95%CI p p-trend
Cases/ 

Controls OR 95%CI p p-trend
Cases/ 

Controls OR 95%CI p p-trend 
rs17337331 (172977C>G) 
(shown in Table 2)                     
 CC 277/338 1.00 ref.   833/1003 1.00 ref.   354/429 1.00 ref.   1187/1432 1.00 ref.   
 CG 170/208 1.00 (0.76-1.31)   473/648 0.88 (0.76-1.02)   201/306 0.80 (0.64-1.01)   674/954 0.86 (0.75-0.97)   
 GG 30/27 1.30 (0.73-2.31) 0.65 0.57 80/93 1.03 (0.75-1.41) 0.23 0.33 27/39 0.84 (0.51-1.40) 0.15 0.08 107/132 0.98 (0.75-1.27) 0.05 0.08 
                     
rs1140475 (179446C>T)                    
 CC 372/438 1.00 ref.   1085/1359 1.00 ref.   444/599 1.00 ref.   1529/1958 1.00 ref.   
 CT/TT 109/140 0.92 (0.68-1.25) 0.60 NA 327/410 1.01 (0.85-1.19) 0.94 NA 139/175 1.06 (0.82-1.37) 0.64 NA 466/585 1.02 (0.89-1.18) 0.74 NA 
                     
rs2293348 (179446C>T)                  
 CC 243/285 1.00 ref.   662/837 1.00 ref.   261/359 1.00 ref.   923/1196 1.00 ref.   
 CT 194/226 1.04 (0.79-1.37)   614/766 1.02 (0.88-1.18)   265/344 1.06 (0.84-1.33)   879/1110 1.03 (0.91-1.16)   
 TT 44/67 0.78 (0.50-1.20) 0.42 0.48 135/158 1.06 (0.83-1.37) 0.89 0.65 53/69 1.06 (0.71-1.56) 0.88 0.65 188/227 1.06 (0.86-1.31) 0.82 0.53 
                     
rs2293347 (181945C>T)                    
 CC 392/467 1.00 ref.   1148/1462 1.00 ref.   471/608 1.00 ref.   1619/2070 1.00 ref.   
 CT/TT 89/111 1.03 (0.74-1.44) 0.85 NA 270/314 1.09 (0.91-1.31) 0.34 NA 112/166 0.87 (0.66-1.13) 0.29 NA 382/480 1.02 (0.88-1.18) 0.83 NA 
                     
rs17290727 (182881G>A)                    
 GG 478/575 1.00 ref.   1414/1760 1.00 ref.   578/771 1.00 ref.   1992/2531 1.00 ref.   
 GA/AA 4/2 3.69 (0.61-22.22) 0.34 NA 8/16 0.62 (0.26-1.45) 0.53 NA 3/4 0.98 (0.22-4.39) 1.00 NA 11/20 0.69 (0.33-1.44) 0.60 NA 
                     
rs884225 (187113T>C)                    
 TT 407/471 1.00 ref.   1165/1461 1.00 ref.   486/646 1.00 ref.   1651/2107 1.00 ref.   
 TC/CC 75/106 0.88 (0.62-1.24) 0.46 NA 255/313 1.03 (0.85-1.23) 0.79 NA 97/129 1.00 (0.75-1.34) 0.98 NA 352/442 1.02 (0.87-1.19) 0.82 NA 
                     
rs1136201 
(23106A>G/Ile655Val)                   
 AA 284/331 1.00 ref.   821/1035 1.00 ref.   342/447 1.00 ref.   1163/1482 1.00 ref.   
 AG 171/217 0.88 0.67-1.15   522/653 1.02 0.88-1.18   202/283 0.93 0.74-1.17   724/936 0.99 0.88-1.12   
 GG 27/33 1.14 0.65-2.01 0.51 0.71 80/90 1.12 0.82-1.54 0.77 0.56 38/45 1.08 0.69-1.70 0.76 0.87 118/135 1.11 0.86-1.44 0.70 0.69 
a Adjusted for age and sex 
b Adjusted for age, sex, and study center 
c Pooled analysis of the colon and rectal cancer studies, adjusted for age, sex, study center, and study. 
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Table S3. Genetic variability in HER2 and risk of colorectal neoplasia 
 Adenomaa Colon Cancerb Rectal cancerb Colorectal cancerc 

SNP 
Cases/ 

Controls OR 95%CI p p-trend
Cases/ 

Controls OR 95%CI p p-trend
Cases/ 

Controls OR 95%CI p p-trend
Cases/ 

Controls OR 95%CI p p-trend 
rs1058808 
(27567 G>C/Pro1140Ala)                  
 GG 228/262 1.00 ref.   613/769 1.00 ref.   251/361 1.00 ref.   864/1130 1.00 ref.   
 GC 207/245 0.92 (0.70-1.20)   652/801 1.02 (0.88-1.18)   257/337 1.10 (0.87-1.38)   909/1138 1.04 (0.92-1.18)   
 CC 47/69 0.77 (0.50-1.20) 0.49 0.25 153/189 1.00 (0.79-1.27) 0.97 0.90 73/73 1.43 (1.00-2.06) 0.15 0.07 226/262 1.12 (0.92-1.36) 0.53 0.27 
                     
rs1136201 
(23106 A>G/Ile655Val)                  
 AA 284/329 1.00 ref.   821/1035 1.00 ref.   342/447 1.00 ref.   1163/1482 1.00 ref.   
 AG 170/216 0.86 (0.66-1.13)   522/653 1.02 (0.88-1.18)   202/283 0.93 (0.74-1.17)   724/936 0.99 (0.88-1.12)   
 GG 27/32 1.20 (0.68-2.12) 0.41 0.73 80/90 1.12 (0.82-1.54) 0.77 0.56 38/45 1.08 (0.69-1.70) 0.76 0.87 118/135 1.11 (0.86-1.44) 0.70 0.69 
                     
rs4252596 (-658 C>A)                    
 CC 378/433 1.00 ref.   1067/1319 1.00 ref.   440/560 1.00 ref.   1507/1879 1.00 ref.   
 CA 90/135 0.80 (0.58-1.10)   328/420 0.95 (0.81-1.13)   134/199 0.86 (0.67-1.11)   462/619 0.92 (0.80-1.06)   
 AA 13/10 1.53 (0.63-3.71) 0.22 0.54 26/38 0.85 (0.51-1.41) 0.72 0.44 9/16 0.73 (0.32-1.67) 0.40 0.18 35/54 0.81 (0.53-1.25) 0.37 0.17 
                     
rs4252612 (7225 C>T)                    
 CC 424/501 1.00 ref.   1234/1552 1.00 ref.   517/690 1.00 ref.   1751/2242 1.00 ref.   
 CT/TT 57/77 0.84 (0.57-1.24) 0.38 NA 186/221 1.07 (0.87-1.32) 0.53 NA 66/85 1.03 (0.73-1.45) 0.86 NA 252/306 1.06 (0.89-1.27) 0.53 NA 
a Adjusted for age and sex 
b Adjusted for age, sex, and study center 
c Pooled analysis of the colon and rectal cancer studies, adjusted for age, sex, study center, and study. 

 



Genetics in EGFR signaling and colorectal neoplasia risk  

324                                                                                                                                   Int J Mol Epidemiol Genet 2011:2(4):300-315 
 
 

 
Table S4. Genetic variability in Src and risk of colorectal neoplasia 
 Adenomaa Colon Cancerb Rectal cancerb Colorectal cancerc 

SNP 
Cases/ 

Controls OR 95%CI p p-trend
Cases/ 

Controls OR 95%CI p p-trend
Cases/ 

Controls OR 95%CI p p-trend
Cases/ 

Controls OR 95%CI p p-trend 
rs6017916 (-41278A>C)                    
 AA 267/323 1.00 ref.   769/921 1.00 ref.   314/400 1.00 ref.   1083/1321 1.00 ref.   
 AC 177/210 1.11 (0.84-1.45)   535/695 0.91 (0.78-1.05)   226/320 0.89 (0.71-1.12)   761/1015 0.90 (0.80-1.02)   
 CC 37/43 1.07 (0.65-1.75) 0.76 0.54 111/152 0.88 (0.68-1.15) 0.36 0.17 40/54 0.95 (0.61-1.46) 0.61 0.44 151/206 0.90 (0.72-1.12) 0.23 0.11 

                     
rs6017944 (-34985A>G) 
(shown in Table 2)                 
 AA 284/350 1.00 ref.   831/992 1.00 ref.   346/425 1.00 ref.   1177/1417 1.00 ref.   
 AG 171/191 1.16 (0.88-1.52)   494/660 0.88 (0.76-1.02)   204/302 0.82 (0.65-1.03)   698/962 0.86 (0.76-0.98)   
 GG 26/37 0.90 (0.52-1.58) 0.49 0.65 90/116 0.94 (0.70-1.25) 0.24 0.18 31/45 0.85 (0.53-1.38) 0.22 0.12 121/161 0.91 (0.71-1.17) 0.06 0.05 

                     
rs12106024 (-33208 C>G)                    
 CC 274/350 1.00 ref.   822/992 1.00 ref.   325/446 1.00 ref.   1147/1438 1.00 ref.   
 CG 173/196 1.19 (0.90-1.56)   511/657 0.93 (0.80-1.08)   224/285 1.07 (0.85-1.34)   735/942 0.97 (0.86-1.10)   
 GG 35/32 1.48 (0.87-2.51) 0.22 0.09 86/117 0.89 (0.66-1.19) 0.53 0.26 31/39 1.09 (0.66-1.78) 0.81 0.54 117/156 0.94 (0.73-1.21) 0.83 0.54 

                     
rs747182 (-29667A>G)                    
 AA 364/440 1.00 ref.   1047/1323 1.00 ref.   433/570 1.00 ref.   1480/1893 1.00 ref.   
 AG 108/127 1.07 (0.79-1.46)   335/413 1.01 (0.86-1.19)   139/191 0.96 (0.74-1.23)   474/604 0.99 (0.86-1.14)   
 GG 10/11 1.07 (0.43-2.69) 0.90 0.67 39/36 1.39 (0.88-2.21) 0.37 0.39 11/13 1.10 (0.49-2.49) 0.91 0.86 50/49 1.31 (0.88-1.96) 0.41 0.54 

                     
rs6063022 (-19229G>A)                    
 GG 344/412 1.00 ref.   1023/1249 1.00 ref.   385/545 1.00 ref.   1408/1794 1.00 ref.   
 GA 126/148 1.01 (0.75-1.35)   365/488 0.92 (0.78-1.08)   179/209 1.21 (0.96-1.54)   544/697 1.00 (0.88-1.14)   
 AA 12/18 0.78 (0.36-1.69) 0.81 0.76 29/36 0.96 (0.58-1.58) 0.57 0.34 19/18 1.48 (0.76-2.86) 0.17 0.06 48/54 1.12 (0.75-1.66) 0.85 0.79 

                     
rs6017996 (-25903G>A)                    
 GG 345/422 1.00 ref.   1024/1297 1.00 ref.   405/561 1.00 ref.   1429/1858 1.00 ref.   
 GA/AA 136/154 1.13 (0.85-1.51) 0.39 NA 393/478 1.03 (0.88-1.20) 0.74 0.79 176/208 1.16 (0.92-1.48) 0.21 0.29 569/686 1.07 (0.94-1.22) 0.34 NA 

                     
rs6018027 (-21764A>G)                    
 AA 284/332 1.00 ref.   807/984 1.00 ref.   309/438 1.00 ref.   1116/1422 1.00 ref.   
 AG 172/211 0.96 (0.73-1.25)   515/682 0.91 (0.78-1.05)   231/284 1.15 (0.91-1.44)   746/966 0.97 (0.86-1.10)   
 GG 25/34 0.80 (0.45-1.42) 0.74 0.49 85/100 1.02 (0.75-1.38) 0.40 0.42 39/46 1.16 (0.74-1.83) 0.46 0.24 124/146 1.06 (0.82-1.36) 0.78 0.98 
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Table S4 continued. Genetic variability in Src and risk of colorectal neoplasia 

 Adenomaa Colon Cancerb Rectal cancerb Colorectal cancerc 

SNP 
Cases/ 

Controls OR 95%CI p SNP 
Cases/ 

Controls OR 95%CI p SNP 
Cases/ 

Controls OR 95%CI p SNP 
Cases/ 

Controls OR 95%CI p SNP 
rs6018148 (-6776G>A)                     
 GG 324/401 1.00 ref.   953/1201 1.00 ref.   405/519 1.00 ref.   1358/1720 1.00 ref.   
 GA 143/157 1.18 (0.88-1.56)   412/501 1.02 (0.87-1.19)   161/227 0.91 (0.72-1.16)   573/728 0.98 (0.86-1.12)   
 AA 15/20 1.07 (0.52-2.23) 0.54 0.34 43/64 0.83 (0.56-1.23) 0.61 0.70 16/29 0.71 (0.38-1.33) 0.46 0.24 59/93 0.79 (0.57-1.10) 0.38 0.32 

                     
rs7269342 (-4395A>G)                    
 AA 347/402 1.00 ref.   997/1246 1.00 ref.   389/534 1.00 ref.   1386/1780 1.00 ref.   
 AG 122/159 0.90 (0.67-1.20)   382/474 1.01 (0.86-1.18)   173/219 1.08 (0.85-1.38)   555/693 1.03 (0.90-1.18)   
 GG 13/16 0.83 (0.38-1.81) 0.71 0.41 35/49 0.89 (0.57-1.38) 0.85 0.85 18/21 1.15 (0.61-2.20) 0.75 0.45 53/70 0.97 (0.67-1.39) 0.87 0.79 

                     
rs6090585 (-3411G>A)                    
 GG 439/524 1.00 ref.   1260/1574 1.00 ref.   523/697 1.00 ref.   1783/2271 1.00 ref.   
 GA/AA 43/54 0.98 (0.63-1.53) 0.95 NA 158/199 0.97 (0.78-1.22) 0.82 NA 59/78 1.00 (0.70-1.43) 0.99 NA 217/277 0.98 (0.81-1.19) 0.84 NA 

                     
rs6018199 (-2899A>C)                    
 AA 345/425 1.00 ref.   1023/1267 1.00 ref.   432/554 1.00 ref.   1455/1821 1.00 ref.   
 AC 125/139 1.15 (0.85-1.54)   355/450 0.96 (0.82-1.13)   140/198 0.90 (0.70-1.16)   495/648 0.94 (0.82-1.08)   
 CC 11/12 1.42 (0.58-3.45) 0.52 0.26 36/49 0.89 (0.57-1.38) 0.80 0.51 11/23 0.62 (0.30-1.29) 0.34 0.19 47/72 0.80 (0.55-1.17) 0.40 0.20 

                     
rs754626 (4783A>C)                    
 AA 289/335 1.00 ref.   799/1033 1.00 ref.   327/439 1.00 ref.   1126/1472 1.00 ref.   
 AC 163/212 0.91 (0.69-1.19)   536/645 1.07 (0.92-1.24)   223/280 1.06 (0.85-1.33)   759/925 1.07 (0.94-1.21)   
 CC 30/31 1.13 (0.64-1.98) 0.67 0.83 79/87 1.15 (0.84-1.59) 0.52 0.25 31/49 0.85 (0.53-1.37) 0.64 0.94 110/136 1.05 (0.80-1.36) 0.58 0.36 

                     
rs6018256 (9597 T>C)                    
 TT 413/484 1.00 ref.   1185/1486 1.00 ref.   491/637 1.00 ref.   1676/2123 1.00 ref.   
 TC/CC 66/91 0.90 (0.63-1.30) 0.58 NA 238/292 1.02 (0.84-1.23) 0.87 NA 92/137 0.86 (0.65-1.15) 0.32 NA 330/429 0.97 (0.83-1.13) 0.69 NA 

                     
rs6018257 (9982 T>C)                    
 TT 400/454 1.00 ref.   1103/1383 1.00 ref.   465/610 1.00 ref.   1568/1993 1.00 ref.   
 TC/CC 82/124 0.81 (0.58-1.12) 0.20 NA 304/378 1.01 (0.85-1.20) 0.93 NA 118/165 0.93 (0.71-1.22) 0.60 NA 422/543 0.99 (.85-1.14) 0.85 NA 

a Adjusted for age and sex; b Adjusted for age, sex, and study center;  c Pooled analysis of the colon and rectal cancer studies, adjusted for age, sex, study center, and study. 
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Table S5. Haplotypes in EGFR, Src, and HER2 and risk of colorectal adenomaa 
Gene Haplotype Cases (%) Controls (%) OR 95% CI p-value
EGFR block 1b AAGAAA      21.3% 20.5% 1.00 ref.  
 AGGAGC 19.5% 20.6% 0.90 0.67-1.19  
 AGAGAC 17.3% 15.2% 1.08 0.81-1.45  
 AGGAAC      16.6% 15.4% 0.93 0.69-1.25  
 GGGAAC 11.7% 13.1% 0.78 0.56-1.07  
 AGGGAC 11.2% 11.3% 0.87 0.62-1.22  
 rare 2.4% 3.7% 0.67 0.37-1.21 0.40 
       
EGFR block 2c CTGC 46.8 45.5 1.00 ref.  
 CGGC 32.9 36.1 0.82 0.67-1.01  
 CTGT 12.8 11.5 1.03 0.76-1.38  
 <5% 7.5 6.9 1.05 0.73-1.53 0.23 
       
EGFR block 3d GC 39.0 39.3 1.00 ref.  
 AC 36.9 37.9 0.94 0.77-1.16  
 GG 24.1 22.8 1.04 0.82-1.32  
 <5% 0 0 — — 0.74 
       
EGFR block 4e CCT 52.7 49.2 1.00 ref.  
 TCT 29.4 31.3 0.91 0.74-1.11  
 CTT 9.6 10.1 0.94 0.68-1.29  
 CCC 8.4 9.4 0.91 0.66-1.27  
 <5% 0 0 — — 0.81 
       
HER2f GACC 39.8 36.7 1.00 ref.  
 CACC 18.5 18.9 0.92 0.70-1.22  
 GGCC 16.9 16.8 0.99 0.73-1.33  
 GAAC 12.1 13.4 0.87 0.65-1.16  
 CGCC 6.4 7.5 0.74 0.48-1.13  
 CACT 6.2 6.7 0.85 0.58-1.25  
 <5% 0 0 — — 0.70 
       
Src block 1g AA 73.9 74.3 1.00 ref.  
 CG 23.0 23.0 1.04 0.84-1.28  
 <5% 3.1 2.7 1.26 0.72-2.19 0.71 
       
Src block 2h CA 74.8 77.4 1.00 ref.  
 GG 13.3 12.8 1.09 0.84-1.43  
 GA 11.9 9.7 1.32 0.99-1.76  
 <5% 0.0 0.1 — — 0.25 
       
Src block 3i GG 66.4 67.3 1.00   
 GA 18.0 16.9 1.14 0.90-1.46  
 AG 15.6 15.8 1.01 0.79-1.30  
 <5% 0.0 0.0 — — 0.57 
       
Src block 4j AA 90.7 88.5 1.00 ref.  
 GG 7.1 8.0 0.92 0.65-1.30  
 <5% 2.2 3.5 0.73 0.42-1.26 0.44 
a.Adjusted for age and sex. 
b.SNPs included in block: 134196A>G, 135784G>A, 140539G>A, 141202A>G, 142572T>C, 145755G>T 
c.SNPs included in block: 151493T>G, 151116C>T, 154784G>A, 155811C>T 
d.SNPs included in block: 172792G>A, 172977C>G 
e.SNPs included in block: 179786C>T 181945C>T (Asp994Asp), 187113T>C 
f. SNPs included in block: 27567 G>C/- (Pro1140Ala), 23106 A>G (Ile655Val), -658 C>A, 7225 C>T 
g. SNPs included in block: -41278A>C, -34985A>G 
h. SNPs included in block: -33208C>G, -29667A>G 
i. SNPs included in block: -19229G>A, -6776G>A 
j. SNPs included in block: 9597A>G, 9982A>G 
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Table S6. Haplotypes in EGFR, Src, and HER2 and risk of colon cancera 
Gene Haplotype Cases (%) Controls (%) OR 95% CI p-value
EGFR block 1b TG 47.1 46.5 1.00 ref.  
 GG 45.8 47.3 0.96 0.86-1.06  
 GA 7.1 6.2 1.14 0.93-1.40  
 <5% 0 0 — — 0.23 
       
EGFR block 2c AAGAAA 20.9 20.7 1.00 ref.  
 AGGAGC 20.9 18.7 1.10 0.94-1.29  
 AGGAAC 17.3 16.4 1.04 0.88-1.23  
 AGAGAC 14.8 16.2 0.91 0.77-1.07  
 AGGGAC 11.7 12.6 0.92 0.77-1.10  
 GGGAAC     11.4 11.8 0.95 0.79-1.14  
 <5% 2.9 3.6 0.81 0.59-1.10 0.15 
       
EGFR block 3d TCC 44.8 45.2 1.00 ref.  
 GCC 34.3 33.4 1.03 0.92-1.15  
 TCT 13.5 14.4 0.95 0.81-1.11  
 TTT 7.3 6.9 1.07 0.88-1.30  
 <5% 0 0 — — 0.73 
       
EGFR block 4e GC 40.3 37.6 1.00 ref.  
 AC 36.8 38.5 0.89 0.80-1.00  
 GG 22.8 23.8 0.89 0.78-1.02  
 <5% 0 0 — — 0.12 
       
EGFR block 5f CTTCT 31.3 30.6 1.00 ref.  
 CCGCT 23.5 26.5 0.87 0.76-1.00  
 CCTCT 13.3 12.0 1.08 0.92-1.28  
 TCTCT 12.1 12.3 0.97 0.82-1.15  
 CCTTT 10.1 9.0 1.10 0.92-1.33  
 CCTCC 9.1 9.1 1.00 0.83-1.21  
 <5% 0.6 0.5 0.95 0.28-3.21 0.17 
       
HER2 block 1g CCA 56.0 56.1 1.00 ref.  
 CCG 23.9 23.4 1.03 0.91-1.16  
 ACA 13.3 14.0 0.95 0.82-1.10  
 CTA 6.7 6.5 1.04 0.85-1.27  
 <5% 0 0 — — 0.78 
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Table S6 continued. Haplotypes in EGFR, Src, and HER2 and risk of colon cancera 

Gene Haplotype Cases (%) Controls (%) OR 95% CI p-value
Src block 1h AA 73.0 71.6 1.00 ref.  
 CG 23.6 25.1 0.92 0.82-1.03  
 CA 3.3 3.2 1.03 0.78-1.36  
 <5% 0.1 0 — — 0.35 
       
Src block 2i CA 75.8 74.7 1.00 ref.  
 GG 14.4 13.7 1.03 0.90-1.19  
 GA 9.7 11.6 0.81 0.69-0.96  
 <5% 0.2 0 — — 0.04
       
Src block 3j GAG 67.4 66.5 1.00 ref.  
 GGA 17.7 17.7 0.97 0.85-1.10  
 AAG 14.8 15.7 0.93 0.80-1.07  
 <5% 0.1 0.1 — — 0.79 
       
Src block 4k AGA 69.0 68.4 1.00 ref.  
 GGA 16.0 16.1 0.98 0.85-1.12  
 AGC 9.4 9.7 0.94 0.80-1.11  
 AAC 5.7 5.7 0.96 0.77-1.20  
 <5% 0 0.1 — — 0.96 
   
Src block 5l AA 88.2 88.3 1.00 ref.  
 GG 8.5 8.1 1.05 0.87-1.26  
 <5% 3.3 3.5 0.94 0.72-1.24 0.82 
a. Adjusted for age and sex. 
b. SNPs included in block: 122960T>G, 124345G>A 
c. SNPs included in block: 134196A>G, 135784G>A, 140539G>A, 141202A>G, 142572T>C 
145755G>T 
d. SNPs included in block: 151493T>G, 151116C>T, 155811C>T 
e. SNPs included in block: 172792G>A, 172977C>G 
f. SNPs included in block: 179446C>T (Thr903Thr), 179786C>T, 180487T>G, 181945C>T 
(Asp994Asp), 187113T>C 
g. SNPs included in block: -658 C>A, 7225 C>T, 23106 A>G (Ile655Val) 
h. SNPs included in block: -41278A>C, -34985A>G 
i. SNPs included in block: -33208C>G, -29667A>G 
j. SNPs included in block: -19229G>A, -7281A>G, -6776G>A 
k. SNPs included in block: -4395A>G, -3411G>A, -2899A>C 
l. SNPs included in block: 9597A>G, 9982A>G 
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Table S7. Haplotypes in EGFR, Src, and HER2 and risk of rectal cancera 
Gene Haplotype Cases (%) Controls (%) OR 95% CI p-value
EGFR block 1b TG 47.6 48.1 1.00 ref.  
 GG 46.4 45.3 1.03 0.88-1.21  
 GA 6.0 6.6 0.92 0.67-1.28  
 <5% 0 0 — — 0.79 
       
EGFR block 2c AGGAGC     20.7 21.4 1.00 ref.  
 AAGAAA 20.3 21.6 0.97 0.76-1.24  
 AGGAAC 16.9 17.5 1.00 0.78-1.29  
 AGAGAC 14.7 15.0 1.01 0.78-1.31  
 AGGGAC 11.7 10.9 1.14 0.86-1.50  
 GGGAAC 11.7 10.7 1.14 0.86-1.51  
 <5% 4.1 2.9 1.47 0.92-2.34 0.59 
      
       
EGFR block 3d TCGC 44.8 44.8 1.00 ref.  
 GCGC 33.9 32.3 1.05 0.88-1.25  
 TCGT 13.1 14.2 0.94 0.74-1.19  
 TTAT 4.5 5.6 0.79 0.54-1.14  
 <5% 3.7 3.2 1.19 0.77-1.84 0.52 
       
EGFR block 4e CCC 33.5 32.7 1.00 ref.  
 CCT 31.6 30.7 1.01 0.83-1.22  
 GCC 21.5 24.1 0.87 0.70-1.08  
 CTC 13.0 11.7 1.07 0.83-1.37  
 <5% 0.4 0.8 0.54 0.14-2.11 0.45 
      
HER2 block 1f CCA 57.3 55.7 1.00 ref.  
 CCG 23.7 23.9 0.96 0.80-1.15  
 ACA 12.8 14.9 0.85 0.67-1.07  
 CTA 6.0 5.4 1.06 0.76-1.49  
 <5% 0.2 0.1 — — 0.68 
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Table S7 continued. Haplotypes in EGFR, Src, and HER2 and risk of rectal cancera 
Gene Haplotype Cases (%) Controls (%) OR 95% CI p-value
Src block 1g AA 73.5 71.9 1.00 ref.  
 CG 22.8 25.0 0.89 0.74-1.06  
 <5% 3.7 3.1 1.17 0.77-1.79 0.28 
       
Src block 2h CA 75.2 76.2 1.00 ref.  
 GG 13.6 13.9 1.00 0.79-1.25  
 GA 11.0 9.7 1.13 0.88-1.46  
 <5% 0.2 0.2 0.86 0.14-5.19 0.83 
       
Src block 3i GAG 65.0 65.7 1.00 ref.  
 GGA 16.3 18.4 0.90 0.73-1.10  
 AAG 18.3 15.9 1.17 0.95-1.45  
 <5% 0.4 0 — — 0.07 
       
Src block 4j GA 86.1 84.3 1.00 ref.  
 GC 8.8 10.6 0.82 0.63-1.06  
 AC 5.2 5.2 0.96 0.68-1.36  
 <5% 0 0 — — 0.33 
       
Src block 5k AA 88.8 88.2 1.00 ref.  
 GG 8.0 9.2 0.86 0.65-1.12  
 <5% 3.3 2.7 1.23 0.79-1.93 0.36 
a. Adjusted for age and sex. 
b. SNPs included in block: 122960T>G, 124345G>A 
c. SNPs included in block: 134196A>G, 135784G>A, 140539G>A, 141202A>G, 142572T>C, 
145755G>T 
d. SNPs included in block: 151493T>G, 151116C>T, 154784G>A, 155811C>T
e. SNPs included in block: 172977C>G, 179446C>T (Thr903Thr), 179786C>T
f. SNPs included in block: -658 C>A, 7225 C>T 23106 A>G (Ile655Val) 
g. SNPs included in block: -41278A>C, -34985A>G
h. SNPs included in block: -33208C>G, -29667A>G 
i. SNPs included in block: -19229G>A, -7281A>G, -6776G>A
j. SNPs included in block: -3411G>A, -2899A>C 
k. SNPs included in block: 9597A>G,  9982A>G 
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Figure S1. Linkage disequilibrium among controls in the three study populations; a-c=colon cancer controls; d-f=rectal cancer controls; g-
i=adenoma controls. a, d, g=EGFR; 
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