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Abstract

Purpose Insulin-like growth factor 1 (IGF1) is a peptide
growth factor that promotes cell proliferation and inhibits
apoptosis. The bioavailability of IGF1 is regulated by the
insulin-like growth factor binding protein 3 (IGFBP3). The
purpose of this study was to examine the association of
genetic variants in IGF1 (rs6214, rs6220, and rs35767) and
IGFBP3 (rs2854744 and rs2854746) with risk of colorectal
polyps and colorectal cancer.

Methods In this ongoing colorectal cancer study of
Austria (CORSA), a total of 3,360 Caucasian participants,
consisting of 178 colorectal cancer patients, 328 patients
with high risk polyps, 1,059 patients with low risk colo-
rectal polyps, and 1,795 colonoscopy-negative controls,
were recruited within a large colorectal screening project in
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the province Burgenland and from three hospitals in
Vienna. Multiple logistic regression was applied to com-
pare individuals of the control group against three different
risk groups, namely, colorectal cancer group, high risk
polyp group, and low risk polyp group.

Results Carriers of the homozygous polymorphic geno-
type of the SNP rs6214 were associated with an increased
colorectal risk (OR = 1.79, 95% CI 1.04-1.90) compared
to the colonoscopy-negative controls; this was also found
when combining colorectal cancer cases and high risk
polyp group (OR = 1.39, 95% CI 1.01-1.90).

Conclusion Our results suggest that the SNP rs6214 of
IGF1 could have an impact on developing colorectal cancer
and colorectal polyps with villous elements.

Keywords Colorectal cancer - Colorectal polyps -
IGF1 - IGFBP3 - Molecular epidemiology - Polymorphism

Abbreviations

CRC Colorectal cancer

CORSA  Colorectal cancer study of Austria

IGF1 Insulin-like growth factor 1

IGFBP3 Insulin-like growth factor binding protein 3
SNP Single nucleotide polymorphism
Introduction

Colorectal cancer is the second most common cancer and is
responsible for 20% of all cancer deaths in developed
countries. In Austria, the incidence of colorectal cancer is
in the top third within the European Union and the second
most common cancer-related death in men and women
nationwide. There is a remarkable decrease in colorectal
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cancer rates from east to west in Austria, with the highest
incidence rates in the province Burgenland, followed by
Vienna [1].

Members of the insulin-like growth factor pathway are
important regulators of cell proliferation, differentiation,
and apoptosis [2, 3]. Insulin-like growth factor 1 (IGF1) is
a peptide growth factor that promotes cell proliferation and
inhibits apoptosis. Its proliferative activity is mainly reg-
ulated by the mitogen-activated protein kinase signaling
pathway and its antiapoptotic activity by the PI-3 kinase
pathway [4]. IGF1 spans 85 kb of 12q22-24.1 and is not in
strong linkage disequilibrium with neighboring genes [5].
Most of the circulating IGF1 are bound to an acid-labile
subunit and to one of six insulin-like growth factor binding
proteins (IGFBPs), among which the most important is
insulin-like growth factor binding protein 3 (IGFBP3) [6].
This complex regulates the bioavailability of IGF1 to the
target tissues. IGFBP3 is located on chromosome 7p13 and
contains five exons. This complex regulates the bioavail-
ability of IGF1 to the target tissues.

Studies have found increased expression of IGF1 in
several malignancies including that of the gastrointestinal
tract [7]. Some epidemiological studies suggested that high
levels of circulating IGF1 and/or low levels of IGFBP3 are
associated with an elevated risk of colorectal carcinoma [8,
9]. While nutrition is an important determinant of circu-
lating IGF1 levels [10, 11], twin studies have shown that a
large part of the interindividual variability in circulating
IGF1 levels is due to genetic variation [12, 13].

The colorectal cancer study of Austria (CORSA) is
nested within a large screening program of the province
Burgenland, which includes 3,360 subjects. The purpose of
this study was to examine the association between genetic
polymorphisms and haplotypes in IGF1 (rs6214, rs6220,
and rs35767) and IGFBP3 (rs2854744 and rs2854746) with
risk of colorectal polyps and colorectal cancer.

Materials and methods
Study population

In this ongoing molecular epidemiology colorectal cancer
study in Austria (CORSA), 3,360 Caucasian participants
were recruited since May 2002 within a large colorectal
screening project in the province Burgenland, Austria. In
this “Screening project Burgenland against colorectal
cancer,” which uses fecal occult blood tests of 120,000
participants, aged between 40 and 80, whereof 2,500-3,000
participants per year have a positive fecal occult blood
testing and receive further diagnostic workup such as col-
onoscopies. These persons were asked to participate in our
molecular epidemiology study and after their written
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Table 1 Classification of polyps in high risk and low risk group

High risk group Low risk group

Adenomatous tubulovillous polyps
Adenomatous villous polyps Hyperplastic polyps
Adenomatous tubular

polyps

Adenomatous tubular and tubulovillous
polyps

informed consent, a short questionnaire on diet and
smoking habits was obtained from all participants. The
study was approved by the institutional review boards.

Cases were newly diagnosed within this screening pro-
ject, previously untreated, and histologically confirmed
colorectal cancer patients. Due to the expected low number
of cases diagnosed in this screening study, further colo-
rectal cases were recruited from three hospitals in Vienna
(Division of Oncology, Medical University of Vienna;
Department of Surgery, SMZ Siid; and Department of
Gastroenterology, KH Rudolfstiftung).

The polyp group consists of 882 patients with ade-
nomatous, 232 with hyperplastic, and 67 with adenoma-
tous/hyperplastic polyps. For statistical analysis, a
classification in high risk and low risk group (Table 1) was
performed, depending on the villous elements. The control
group consists of participants without pathological findings
that means free of polyps and colorectal cancer at the time
of colonoscopy. Based on the colonoscopy and in the case
of a pathological finding on histological confirmation, the
participants were assigned to four groups: colorectal cancer
patients, high risk polyp group, low risk polyp group, and
controls.

Genotyping

Blood samples (5 ml) from each participant were stored in
the hospitals in Burgenland and transported from there on
dry ice to the Institute of Cancer Research in Vienna. DNA
was extracted by standard protocols (Qiagen) from
peripheral blood. Genotyping was performed with ABI
Prism 7500 Sequence Detection System (Applied Biosys-
tems) using the fluorogenic 5’ nuclease assay with TagMan
Minor Groove Binder (MGB) probes. The reaction con-
tained 20 ng genomic DNA, TagMan 2x PCR Master Mix,
forward and reverse primers and probes for the wild type
and the mutant allele in a total volume of 10 pl. Sequences
and concentrations of primers and TagMan-MGB probes
used for each polymorphism analyzed are summarized in
Table 2. Universal reaction conditions were 2 min at 50°C,
10 min at 95°C, 40 cycles with 15 s at 92°C, and anneal-
ing/extension at 60°C for 1 min. Allelic discrimination was
carried out by measurement of fluorescence yields of the
two different dyes at 60°C. Genotyping was done blinded
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Table 2 Primers and TagMan-

MGB probes for genotyping Polymorphism  Primers and probes gl(l)\r/}c):entranon
IGF1 and IGFBP3
polymorphisms using rs6214 (IGF1)  F: 5'-AAT TAT TCC CTC TCA ACA AAA CTT TAT AGG-3' 900

fluorogenic 5’ nuclease assay

R: 5-TGA AGG AAA TAA GTC ATA GAC ACT CTT AGA A-3* 900

Wild type: CTG CAG ACT TAA CGT GT (VIC labeled) 200

Mutated: CTG CAG ACT TAA CAT GT (FAM labeled) 200

16220 (IGF1)  F: 5-AAC AAA GAG ATT TCT ACC AGT GAA AGG-3' 900
R: 5-GCC TAG AAA AGA AGG AAT CAT TGT G-3' 900

Wild type: AGT AAA ACC TTG TTT AAT AC (VIC labeled) 100

Mutated: AGT AAA ACC TCG TTT AAT A (FAM labeled) 100

1535767 (IGF1)  F: 5-AGA GTA GGA TTT CAA GCA GAA CTG TGT-3' 900
R: 5-TGG AAA TAA CCT GGA CCT TGA ATT-3' 900

Wild type: CTG AGA GTC ATG CGG A (VIC labeled) 200

Mutated: CTG AGA GTC ATG TGG AA (FAM labeled) 200

152854744 F: §-CAC CTT GGT TCT TGT AGA CGA CAA-3' 900
(IGFBP-3) R: 5-GGC GTG CAG CTC GAG ACT-3' 900
Wild type: CTC GTG CGC ACG C (VIC labeled) 200

Mutated: CTC GTG CTC ACG CC (FAM labeled) 100

152854746 F: 5-GCC GCT GCG CTG ACT CT-3' 900
(IGFBP-3) R: 5-GCT CGC AGC GCA CCA C-3' 900
Wild type: AAG CCC GCC GAG C (VIC labeled) 200

* Variable nucleotides in bold Mutated: AGC CCC CCG AGC T (FAM labeled) 200

letters

to case—control status, and 10% of samples were randomly
repeated for quality control, with complete congruence.
Selection of SNPs focused on those within exons, pro-
moter, or regulatory regions and with a relatively high
minor allele frequency (MAF) in Caucasians. SNPs were
selected from publicly available databases such as the SNP
500 cancer database (http://snpS00cancer.nci.nih.gov/) and
the NCBI SNP database (http://www.ncbi.nlm.nih.gov/).

Statistical analysis

Genotypic counts of controls were tested for Hardy-—
Weinberg equilibrium using a 7> test. Haplotype estimates
were determined and the frequencies of the most common
haplotypes for gene IGF1 and IGFBP3, respectively, were
derived using the program FASTPHASE [14]. Linkage
disequilibrium (LD) statistics were computed using Hap-
loview 4.0 [15].

Multiple logistic regression was applied to compare
individuals of the control group against three different risk
groups defined in Table 1.

Separate models were estimated where each of the five
polymorphisms described in Table 4 was included as three-
level factor (homozygous wild type, heterozygous, homo-
zygous polymorphic), and each haplotype was included as
explanatory variable. Age, sex, and body mass index were
used as confounders. Odds ratios (ORs) and 95% confi-
dence intervals (CI) were estimated for each polymorphism

and haplotype; reference categories were wild type and the
most frequent haplotype, respectively.

Gene—gene interactions were investigated by estimating
models with two polymorphisms, one of each of the two
genes. Because of high LD between the polymorphisms on
IGFBP3, only polymorphism 1s2854744 was chosen.
Likelihood ratio tests were conducted to compare a model
with interaction effect between the two polymorphisms to a
model without interaction term.

Analysis of the data was performed using the software R
Ver 2.6.2. All P values are two-sided; P values <0.05 were
considered to be statistically significant.

Results

Characteristics of study subjects are given in Table 3. A
total of 3,360 participants were included in the CORSA
study. The study population consists of 178 patients with
colorectal cancer, 328 patients with high risk polyps, 1,059
patients with low risk polyps, and 1,794 colonoscopy-
negative controls, respectively. Overall, 1,854 study par-
ticipants were male and 1,506 were female. No differences
in the age distribution were found between cases and
controls except for the age group 70 and older where
colorectal cancer patients tend to be older than controls.
The genotype distribution in controls was in Hardy-
Weinberg equilibrium for the SNPs rs6214, rs35767,
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Table 3 Selected
characteristics of the study
population

CRC patients
n =178 (5.3%)

Controls
n = 1,794 (53.4%)

High risk group
n = 328 (9.8%)

Low risk group
n = 1,059 (31.5%)

Age (years)

<50 14 (7.9)
>50-<60 37 (20.8)
>60-<70 51 (28.6)
>70-<80 58 (32.6)
>80 18 (10.1)
Sex
Male 106 (59.6)
Female 72 (40.4)
Body mass index (kg/m?)
<19 2 (1.7)
>19-<25 31 (25.6)
>25-<30 48 (39.7)
>30 40 (33.1)
Missing 57
Smoking
Current 28 (15.9)
Former 71 (40.3)
Never 77 (43.8)

44 (13.5) 142 (13.4) 349 (19.4)
68 (20.8) 240 (22.7) 437 (24.4)
125 (38.2) 391 (36.9) 577 (32.2)
86 (26.3) 271 (25.6) 410 (22.8)
4(12) 15 (1.4) 21 (1.2)
216 (65.9) 694 (65.5) 838 (46.7)
112 34.1) 365 (34.5) 957 (53.3)
2 (0.6) 8 (0.8) 9 (0.5)
59 (18.6) 207 (19.8) 381 (21.9)
157 (49.4) 474 (45.4) 747 (42.9)
100 31.4) 355 (34.0) 605 (34.7)

10 15 52

61 (19.1) 211 (20.3) 240 (13.7)
103 (32.3) 331 (31.9) 488 (27.9)
155 (48.6) 496 (47.8) 1,024 (58.4)

1s2854744, and rs2854746. For SNP rs6220, a P value of
0.03 was observed indicating deviation from Hardy—
Weinberg equilibrium. The MAF frequencies of the three
IGF1 SNPs ranged from 0.38 to 0.17. The MAF of the
IGFBP3 SNP 152854744 and rs2854746 was 0.46 and 0.42,
respectively.

Multiple logistic regression was applied to compare
individuals of the control group against three different
groups: colorectal cancer group; high risk group in com-
bination with colorectal cancer; and low risk group in
combination with high risk and colorectal cancer (Table 4).
Carriers of the homozygous polymorphic genotype of the
SNP rs6214 were associated with an increased risk for
colorectal cancer compared to the colonoscopy-negative
controls with an OR of 1.79 (95% CI 1.04-3.08). Fur-
thermore, an increased risk was found when comparing
colorectal cancer cases and high risk group versus the
controls with an OR of 1.39 (95% CI 1.01-1.90). The other
investigated SNPs in IGF1 as well as in IGFBP3 were not
found to be associated with colorectal cancer risk.

In a haplotype analysis (Table 5) comparing colorectal
cancer patients versus the controls, the rare TCT haplotype
for IGF1 had an OR of 5.61 (95% CI 1.78-17.75). The “at
risk” haplotype is defined by the rs6214 T allele, rs6220 C
allele, and rs35767 T allele.

Furthermore, we investigated the interaction of the IGF1
and IGFBP3 SNPs with a likelihood ratio test (data not
shown), confounders were age, sex, and BMI. The com-
bination of IGF1 rs35767 and IGFBP3 rs2854744 showed a
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substantially significant difference with a P value of 0.014
when comparing the carcinoma and high and low risk
group versus controls with an OR of 1.5 (95% CI 1.09-
1.69).

Discussion

We have performed a large case—control study (CORSA) to
assess the role of five genetic variants in IGF1 (rs6214,
rs6220, and rs35767) and IGFBP3 (rs2854744 and
rs2854746) on colorectal cancer and polyp risk. We found
a statistically significant association with increased colo-
rectal cancer risk for the SNP rs6214 and high risk polyps.
The functional consequence of this SNP, located in the 3’
region of IGF1, is yet unknown. In the CORSA study, none
of the other investigated SNPs of IGF1 nor IGFBP3
showed a significant association with colorectal cancer
risk, except one rare haplotype in IGF1, which was asso-
ciated with a more than fivefold risk of developing colo-
rectal cancer. However, this finding must be considered
with caution because of the small number of carriers with
this haplotype and the wide OR.

Colorectal polyps are classified as either neoplastic
(adenomatous polyps) or non-neoplastic (hyperplastic
polyps). Adenomatous polyps are classified histologically
as tubular, tubulovillous, or villous. Only a small propor-
tion of adenomatous polyps will develop into cancer, and
the chance is greater in polyps with a villous histology
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Table 5 Haplotype distribution of the SNPs in IGF1 and IGFBP3

Gene Haplotype Controls CRC P value CRC and high risk group P value CRC and high and low risk P value
group
Cases OR (95% CI) Cases OR (95% CI) Cases  OR (95% CI)

IGF1 CTC 1,558 102 1 0 381 1 0 1,317 1 0
TTC 672 54 1.26 (0.84-1.79) 0.19 180 1.14 (0.93-1.40) 0.21 561  1.03 (0.90-1.18)  0.65
TCC 407 34 1.31(0.87-1.98) 0.19 117 1.20 (0.95-1.53) 0.13 362 1.07 (0.91-1.26)  0.41
CTT 296 23 1.17 (0.73-1.88) 0.52 69 095 (0.71-1.27) 0.72 250  1.02 (0.85-1.24) 0.81
CTC 249 8 0.57(0.27-1.20) 0.14 61 1.06 (0.78-1.44) 0.72 222 1.10(0.90-1.34)  0.32
TTT 230 16  1.06 (0.61-1.58) 0.83 52 094 (0.68-1.31) 0.73 198  1.04 (0.84-1.28) 0.74
CTT 30 1 045 (0.06-3.42) 0.44 10 1.27 (0.60-2.66) 0.53 30 1.17 (0.69-1.97)  0.56
TCT 18 4  5.61 (1.78-17.75) 0.003 8 2.44 (1.03-5.79) 0.04 14 1.07 (0.52-2.20) 0.86

IGFBP3 AC 1,849 133 1 0 472 1 0 1,593 1 0
CG 1,458 103 1.03 (0.79-1.35) 0.81 369 1.03 (0.88-1.20) 0.75 1,252 1.03 (0.93-1.14) 0.62
CC 149 6 056 (0.24-1.30) 0.18 37 1.02 (0.70-1.50) 0.91 107 0.87 (0.67-1.14)  0.31
AG 4 0 0 0 2

Confounder: age, sex, and body mass index

Significant values are given in bold letters

[16]. The St. Marks Hospital study demonstrated that 4.8%
of tubular, 22.5% of tubulovillous, and 40.7% of villous
adenomas were malignant [17]. Therefore, for the statistical
analysis, we divided our polyp group into a high risk and
low risk group, based on the villous element. Patients with
villous histology are at greater risk to develop colorectal
cancer and are therefore assigned to the high risk group.

The strength of the CORSA study is that controls were
known to be polyp-free and free of colorectal cancer at the
time of colonoscopy and blood sampling. Using a control
group, which did not undergo colonoscopy, could include
some undiagnosed participants with colorectal polyps or
colorectal cancer because in this age group these conditions
are relatively common. Furthermore, this molecular epi-
demiology study consists of a large sample size, although,
as expected in a screening program, there are predomi-
nantly patients with colorectal polyps and polyp-free
persons.

A limitation of this study is that there is not enough
power to investigate gene—gene interactions, especially for
cancer patients.

The genotype distribution in controls for SNP rs6220
was not found to be in Hardy—Weinberg equilibrium for
unknown reasons. However, we can exclude a genotyping
error because in each run, a self-designed wild type probe
and homozygous polymorphic probe were included as
controls, and 10% of samples were randomly repeated.

We are aware that by genotyping three SNPs in IGF1
and two SNPs in IGFBP3 we have not covered the whole
genes. But a haplotype tagging SNP approach, genotyping
all tagging SNPs of IGF1 and IGFBP3, was not the scope
of this study. The recent progress through the application of
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genome-wide association studies will bring new insights in
colorectal cancer etiology. Recently, genome-wide asso-
ciation studies have identified colorectal cancer suscepti-
bility loci at 8q24 and 18q21 [18, 19].

Our criteria for selecting the SNPs were relatively high
MAF in Caucasians, location in exons or regulatory regions
and therefore a possible influence on circulating plasma
levels of IGF1 and IGFBP1. Some of the genotyped SNPs
in the CORSA study have been found to be associated with
differences in circulating IGF1 and IGFBP3 plasma levels
in previous studies.

The three IGFl and one of the IGFBP3 SNPs
(rs2854744) genotyped in our study were also investigated
in a Caucasian breast cancer study by Canzian et al. [20].
For none of the investigated IGF1 SNPs, a strong associ-
ation on circulating IGF1 levels was found; only a modest
effect on mean circulating IGF1 levels was found for IGF1
SNP rs6220 and rs35767. In accordance, Palles et al. [21]
reported for the IGF1 SNP rs35767 a borderline significant
association of higher IGF1 levels. However, Al-Zahrani
et al. [22] found in their Caucasian breast cancer study, a
statistically significant association of the polymorphic
allele of IGF1 SNP rs6220 with plasma levels of IGF1 in
females but not in males. The IGF1 SNP rs6214 was not
associated with IGF1 plasma levels in this study [22].

Some studies show influence of the IGFBP3 SNP
1s2854744 on plasma IGFPB3 levels. Canzian et al. [20]
observed a strong association between increased IGFBP3
plasma levels and SNPs in the 5’ region of the IGFBP3
gene belonging to the same haplotype, raising the question,
which of these SNPs causes the association with IGFBP3
levels? An in vitro study by Deal et al. [23] confirmed that
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the polymorphic allele of the IGFBP3 SNP rs2854744
affects the IGFBP3 transcription. Al-Zahrani et al. [22]
confirmed this finding as they found the polymorphic allele
of the IGFBP3 SNP rs2854744 also associated with an
increase in IGFBP3 plasma levels.

Recently, a German group investigated also the SNPs
152854744 and rs2854746 of IGFBP3 and their association
with colorectal cancer in a case—control study consisting of
661 colorectal cases and 607 matched controls, randomly
selected from a list of residents. In accordance with our
study, they found no significant association with colorectal
cancer risk for these two SNPs [24]. The MAF of SNP
1s2854746, located in exon 1 of IGFBP3, was in controls of
our CORSA study in accordance with the findings of the
German study and the MAF for Caucasians in the SNP 500
cancer database. The MAF for the IGFBP3 SNP
152854744, located in exon 1, was in our CORSA study
also in accordance with the data in the SNP 500 cancer
database but somewhat higher in the German study.

In summary, our results suggest that the SNP rs6214 of
IGF1 could have an impact on developing colorectal cancer
and high risk colorectal polyps. However, this finding
needs to be replicated in further studies.
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