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Abstract The insulin-like growth factor (IGF) system
plays a prominent role in the cancer development. The IGF-1
receptor (IGF-1R) and its associated signalling pathway is an
important growth regulatory pathway that has been impli-
cated in colorectal carcinogenesis. This study was designed
to compare +3179G/A IGFIR (rs 2229765) genotype dis-
tribution in 110 colorectal cancer (CRC) patients to a group
of 143 healthy controls (HCs). We also investigated serum
IGF-1 levels in CRC patients and HCs in an association to
genotype. IGF-1 serum levels were measured by enzyme-
linked immunosorbent assay and genotyping for the
+3179G/A polymorphism was performed by restriction
fragment length polymorphisms—polymerase chain reaction
assay. Although the genotype frequencies were comparable
in both groups, higher frequency of dominant genotypes
[AA/AG; 71 vs. 62 %; odds ratio (OR) = 1.52] and lower
frequency of GG genotype (29 vs. 38 %) was seen in cases
versus controls. When CRC patient’s group was divided into
stages of disease by tumor—node—metastasis classification we
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observed the significantly highest frequency of AA genotype
in III stage compared to controls: 22.5 versus 15 %;
OR = 3.37, p = 0.026. There was a significant association
between IGF-1R 152229765 polymorphism and advanced
CRC (AA/AG vs. GG: OR = 3.06, p = 0.004). The fre-
quency of A-allele in advanced CRC was significantly higher
then early CRC (52 vs. 37.7, OR = 1.78). According to
genotype serum IGF-1 levels was significantly decreased in
patients with GG genotype then patients with dominant
genotypes. Our results showed a relationship between the
+3179G>A polymorphism of the IGF-1R and serum IGF-1
with the progression of colorectal carcinoma. A dominant
genetic model was established for IGF-1R rs2229765 poly-
morphism and CRC progression.

Keywords Insulin-like growth factor - IGF-1R -
s 2229765 - Colorectal cancer - Polymorphism

Introduction

The insulin-like growth factor (IGF) system is comprised
of ligands (IGF-I and IGF-II), receptors (IGF-1R and
IGF-2R), and a family of six binding proteins. The IGF
pathway plays an important role in growth and development
and in the maintenance of tissue homeostasis through reg-
ulation of cell cycle progression [1]. Both IGF-1 and IGF-2
exert their biological effects through activation of IGF
type 1 receptor (IGF-1R). IGFs binding activate intrinsic
tyrosine kinase activity, resulting in receptor autophospho-
rylation and stimulation of signaling cascades that include
the RAS/RAF/MEK/ERK and PI3K/AKT/TOR pathways.
Activation of the receptor and transduction of the intracel-
lular signaling kinase cascades culminates in cell prolifera-
tion, differentiation and anti-apoptotic effects [2].

@ Springer



8100

Mol Biol Rep (2014) 41:8099-8106

The signaling pathway of IGF-1R is an important
growth regulatory pathway that plays a crucial role in
cancer development [3, 4]. Increased levels of IGF ligands
and over-expression of IGF-1R have been observed in
many cancers and have been shown to affect proliferation,
differentiation, migration and apoptosis of cancer cells. In
tumors, such as colorectal, which may drive their own
growth and survival through over-expression of autocrine
IGF-1II, the role of IGF-1R is especially critical [4, 5].

Two meta-analysis studies support a significant elevated
risk for breast, prostate and colorectal cancer (CRC) among
individuals with the highest IGF-1 and IGF-binding pro-
tein-3 (IGFBP3) levels compared with individuals with the
lowest concentrations [6, 7].

A lot of studies investigated the association of IGF-1
related gene polymorphisms with serum levels and CRC
susceptibility. The most investigated polymorphism in
IGF-1 gene a cytosine—adenosine dinucleotide repeat
sequence (CA15-22) that resides in the promoter region
has been associated with serum levels and with CRC risk in
some studies [8—13] but not in all [14]. More recently,
polymorphic variants such as single nucleotide polymor-
phisms (SNPs) located in regulatory regions of IGF-1 and
IGFBP3 have been reported to be associated with risk of
CRC [7, 15, 16]. In contrast to IGF-1 and IGFBP gene
polymorphisms, only one paper reported data for associa-
tion of IGF-1R polymorphisms and colorectal neoplasia
[17]. LeRoy et al. examined the association between the
IGFIR 157166348 and IGF-1 levels with colorectal neo-
plasia. They showed the probability of colorectal neoplasia
was greatest (71.8 %) among carriers of any A allele for
rs7166348 of IGFIR [17]. Recently, SNP located in exon
16 (rs2229765) of IGFIR gene was found associated with
levels of free IGF-I and human longevity [18, 19].

To expand our knowledge for IGF-1R related SNPs
implication in CRC risk we assessed the role of G>A
transition in exon 16, codon 1013 (rs 2229765) at IGFIR as
risk factors for CRC development.

Materials and methods
Subjects

A group of 110 Bulgarian patients (Caucasian) with CRC
were included in the study of distribution of the IGF-1R
polymorphism. Cases with new diagnosis of CRC attend-
ing the Trakia University Hospital and St Ivan Rilski
Hospital in Stara Zagora as well as the Oncology Center in
Pleven, Bulgaria were selected. All patients had no previ-
ous history of inflammatory bowel disease or any of the
known hereditary cancer syndromes. The histopathological
result confirmed the diagnosis of cancer. The patients
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group was composed of 67 (61 %) male and 43 (39 %)
female. The mean age at diagnosis of male versus female
among the cases was 64 £+ 10.8 versus 66.8 + 10.1 years
(p = 0.34; t test). The mean age of total group of CRC
patients was 65.4 £ 10.7 years. Tumor grading and staging
was performed according to the tumor—node—metastasis
(TNM) classification [20]. Patients did not receive che-
motherapy or radiation therapy before surgery. Demo-
graphic data and disease status of 110 CRC patients are
presented in Table 1.

Randomly selected 143 ages and sex matched healthy
donors living in the same regions of Bulgaria served as
control group. They were without any previous cancer
diagnosis. All patients and controls are from the Bulgarian
Caucasian ethnic subgroup.

Blood specimens from the patients before surgery and
healthy donors were collected in tripotassium EDTA sterile
tubes for DNA isolation. For quantitative determination of
IGF-1, plasma samples were separated from venous blood
and stored at —70 °C until use.

Informed consent was obtained from all subjects and
authorization was given by the Ethics Review Board of the
Faculty of Medicine, Trakia University, Stara Zagora.

DNA extraction and genotyping for the +3179G/A
polymorphism (rs 2229765) by restriction fragment
length polymorphism (RFLP)-PCR

Genomic DNA (gDNA) from blood samples was extracted
using a column-based blood gDNA purification kit (Amer-
sham Biosciences, Buckinghamshire, UK). The concentra-
tion of resulting DNA was measured spectrophotometrically
at 260 nm by using NanoVuetm Spectrophotometer 9GE
Healthcare, Buckinghamshire, UK. The ratio of absorptions
at 260 versus 280 nm was used to assess the purity of DNA
samples and stored at —70 °C until use.

To assess the rs2229765 genotype, a gDNA aliquot
(about 30-50 ng/pul) was amplified by polymerase chain
reaction (PCR) using the following primers: forward
5'-tcttetccagtgtacgttce-3’ and reverse 5'-ggaactttctetttacca-
catg-3’. The cycling parameters for IGF-IR G/A SNP in
43179 were as follows: initial incubation step of 2 min at
95 °C; 35 cycles: 30 s at 94 °C, 30 s at 58 °C, and 30 s at
72 °C and a final extension step of 7 min at 72 °C com-
pleted the reaction. The resulting PCR product of 255 bp
containing the polymorphic site were digested using
2.5 units of restriction endonuclease Mnll (Fermentas,
Latvia) per reaction for 3 h at 37 °C. The 152229765
genotype was examined after loading the corresponding
enzymatic digestions on an agarose gel electrophoresis unit
with standard 50 bp DNA marker ladder (Fermentas, Lat-
via) for instrumental lining-up. In each PCR run, hetero-
zygous control template was used to ensure accuracy. For
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Table 1 Demographic data and I stage II stage III stage IV stage Total

disease status of CRC patients at

the time of diagnosis Number of patients (%) 15 (13.6) 42 (38.2) 40 (36.4) 13 (11.8) 110 (100)
Male (%) 9 (13.5) 25 (37.3) 22 (32.8) 11 (16.4) 67 (61)
Female (%) 6 (14) 17 (39) 18 (42) 2(5) 43 (39)
Age (mean + SD) 585 +215 634+103 653+£98 631469  654+107

quality control, 10 % of randomly selected samples were
analyzed for the second time without finding any discrep-
ancies. PCR amplification was performed in a GeneAmp
PCR System 9700 (Applied Biosystems). Kits for PCR
reactions were supplied by Fermentas, Latvia.

IGF-1 determination

Enzyme-linked immunosorbent assay (ELISA) was used
for measuring IGF-1 in patients and healthy donors. The
amounts of IGF-1 were determined in plasma using com-
mercially available Quantikine® Human IGF-1 ELISA Kkits
purchased from R&D Systems (USA) following the man-
ufacturer’s instructions. Color reaction developed was
measured in OD units at 450 nm on an ELISA reader
(Multiskan® EX, Thermo ELECTRON CORPORATION,
Finland). The concentration of IGF-1 was determined by
using standard curve constructed with kit’s standards over
the range of 0—6 ng/ml and multiplied by the dilution factor
100. The minimum detectable dose of Quantikine® Human
IGF-1 ELISA kit is 0.02 ng/ml.

Statistical analysis

Allele and genotype frequencies were calculated by direct
counting. Using an interactive Online Software Package at
http://statpages.org/index.html, the statistical significance of
the difference was calculated by 2 x 2 table test and Hardy—
Weinberg equilibrium was tested for with a goodness of fit
%>-test with one degree of freedom to compare the observed
genotype frequencies among the subjects with the expected
genotype frequencies. Comparison of expected frequencies
with the values observed was performed using y>-test
goodness-of-fit test. The odds ratios (OR) and 95 % confi-
dence intervals (CIs) were calculated to assess the relative risk
and severity conferred by a particular allele and genotype.

Results

Association of IGF-1R +3179G/A polymorphism
with CRC susceptibility and severity

PCR products and restriction fragments were visualized on a
4 % agarose gel stained with ethidium bromide (0.5 mg/ml).

The +3179G allele yields four fragments: 132, 80, 23, and
20 bp, respectively; the +3179A allele yields three frag-
ments: 132, 100, and 20 bp (Fig. 1). The genotype distri-
bution and allele frequencies of +3179G/A SNP in IGF-1R
gene among CRC patients with respect to disease severity
and healthy donors are presented in Table 2. The genotype
distribution for IGF-1R +3179G/A polymorphism was in
agreement with Hardy—Weinberg equilibrium among cases
and controls (3> = 1.47; p = 0.479).

Using the OR method was studied the strength of the
association between the rs2229765 IGF-1R polymorphism
and predisposition to the disease. In the table were repre-
sented the assembly ORs for the patient group, relative to
the control age and gender matched group of healthy vol-
unteers, that were calculated for the homozygous (GG vs.
AA), heterozygous (AG vs. GG) and dominant (GG vs.
AG/AA) genetics model of comparison.

It was calculated following genotype frequencies in
healthy control (HC) group: GG, 38 %; AG, 47 %; AA,
15 % and respectively in patients with CRC: GG, 29 %;
AG, 53 %; AA, 18 %. Although there was no significant
association between the IGFIR genotypes and suscepti-
bility to CRC in the investigated Bulgarian population it
was a trend of higher frequency of dominant AA/AG
genotypes (71 %) among cases compared to controls
(62 %) with OR = 1.52 but without statistical significance
(p = 0.120). Further, we investigated the association of
43179 A/G IGFIR polymorphisms and progression of
CRC. After grading and staging the cases according to
TNM classification, we established that dominant geno-
types of IGFIR polymorphisms was more frequent in
patients with stages III and IV (82.5 and 84.6 %, respec-
tively) than patients with I and II stage (47 and 64 %).
Moreover the frequency of AA and AG genotypes in the
third stage determine the risk of approximately three-fold
higher for progression of the disease (OR = 3.37 and 2.81,
p < 0.05, respectively) compared to homozygous genotype
GG. The frequency of A-allele was also significantly
higher in CRC stages III versus controls. Next the patient’s
group was divided to early and advanced stages as follow: I
and II stages—early; III and IV stages—advanced. It was
confirmed that the presence of A-allele in homo and het-
erozygous genotypes of patients was significantly associ-
ated with advanced stages (OR = 3.12 for AA; OR = 3.37
for AG, p < 0.05) compared to early CRC. Moreover,
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Fig. 1 Genotyping of IGF-1R polymorphism rs2229765 (+3179G>A) on a 4 % agarose gel electrophoresis. The +3179G allele yields four
fragments: 132, 80, 23, and 20 bp, respectively the +3179A allele yields three fragments: 132, 100, and 20 bp

differences of A-allele frequencies between advanced and
early CRC was also statistically significant (OR = 1.78,
p = 0.035).

IGF-1R +3179G/A polymorphism and IGF-1 serum
levels

Serum IGF-1 levels in groups of CRC patients and con-
trols, distributed by genotype were shown in Fig. 2. The
mean of IGF-1 serum level in group of CRC was signifi-
cantly lower to those in healthy donors (55.31 vs. 68.67;
p = 0.031). When mean value of serum IGF-1 level of HC
was compared to CRC stratified by genotype a significant
differences was established for GG genotype alone
(44.8 vs. 71.1; p = 0.007). The presence of G allele was
associated with decreasing IGF-1 levels in both investi-
gated groups, more pronounced in patients’ group.

In Fig. 3 are presented data of serum level of IGF-1 of
CRC patients in early and advanced stages for each
genotype. Decreased level of IGF-1 in CRC patients with
GG genotype compared to AG and AA genotypes in CRC
group was significant. The lowest level of IGF-1 was
detected for genotype GG in both early and advanced CRC
and the differences were significant. For patients with AA
and AG genotypes were detected approximately the same
values for IGF-1 in serum.

Discussion
In this paper we demonstrated that IGF-1R +3179 poly-

morphism, a synonymous G-A for glutamic acid at ami-
noacid 1043 (rs2229765), play a role in progression of
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CRC. This polymorphism has also a functional effect on
IGF-1 plasma level in patients with CRC. In particular,
patients bearing at least one allele A at the IGF-1 A/G at
43179 site have higher plasma IGF-1 levels and higher
risk of developed advanced stages of CRC.

Both epidemiological population-based studies, which
showed a correlation between circulating IGF-1 levels and
cancer risk, and laboratory-based research performed by a
number of investigators, which showed that IGFs can
promote the growth of cancer cells provided validation for
the relevance of IGF signaling in colorectal carcinogenesis
[21]. The central components of the IGF system and the
main subject of this paper are the IGF-1R, a type 2 tyrosine
kinase receptor that is synthesized as a single-chain
1367-amino acid pre-propeptide from IGF-1R gene, which
is located on chromosome 15g26.3 [22]. Activation of
IGF-1/IGF-1R signaling pathway has been shown to affect
proliferation, differentiation, migration and apoptosis of
cancer cells. This suggests an important role in CRC
development and validates this pathway as a potential
therapeutic target [5, 23, 24]. Overexpression of the
IGF1-R has been identified as a hallmark of CRC pro-
gression by means of Northern blotting, immunohisto-
chemistry and real time PCR [25, 26].

To evaluate the role of IGF pathway-related genes in
CRC most studies investigated genetic variation within the
IGF1 and the IGFBPs genes for CRC risk. Morimoto et al.
examined the relationship of two common genetic poly-
morphisms in IGF-1 (a cytosine—adenosine dinucleotide
repeat) and IGFBP-3 (a G — C SNP) with CRC risk [10].
There was evidence that IGF-1 genotype modified the
relationship between body-mass index BMI and CRC
among women, in such way that high BMI increased risk of
CRC only among those with the 19/19 genotype. In the
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Fig. 2 Serum IGF-1 levels in groups of CRC patients and age-
matched healthy donors (HC), distributed by genotype of +3179G>A
IGF-1R polymorphism. The results are presented as mean valu-
e + SE. p <0.05; “p < 0.001
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Fig. 3 Serum IGF-1 levels in groups of CRC patients according to
+3179G>A IGF-1IR genotypes and disease activity: early stages
(I + II) and advanced stages (III 4+ IV) of CRC. The results are
presented as mean value & SE. “p < 0.05 AA versus GG;"p < 0.05
AG versus GG

same direction are studies of Wong et al. which have
examined polymorphisms in the /GF-I and IGFBP3 genes
in relation to plasma levels of the respective gene products
and in relation to CRC risk in a case—control study nested
within a prospective cohort of 63,257 Singapore Chinese
[9, 13]. Zecevic et al. indicated a statistically significant
association between shorter IGF1 CA-repeat lengths and
increased risk for CRC in hereditary non-polyposis CRC
[11]. In contrast Pechlivanis et al. did not find any asso-
ciation between the CA repeat length of the two SNPs in
the IGF1 (rs35767 and rs7136446) and four SNPs in the
IGFBP3 genes and the risk of CRC [14].
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Compared to the large number of genetic association
studies for polymorphisms of IGF1 and the IGFBPs genes
data on IGFIR polymorphisms are scarce. Le Roy et al.
investigated 521 SNPs in 18 IGF pathway related genes
including 2 SNP in IGFIR (rs7166348 and rs496601) [17].
Their analysis indicates that one SNP in IGFIR (rs7166348)
was the optimal first split, and probability of colorectal
neoplasia was greatest among carriers of any A allele for
1s7166348 in IGF-IR. Our finding that another SNP in
IGF1R gene (1s2229765) is implicated in CRC development
confirms a pivotal role of IGF-1R signaling in CRC. The
IGF1R has also been reported to form heterodimers with the
HER2/ERBB2/NEU tyrosine kinase and to contribute to the
development of resistance to HER2 inhibition with the
monoclonal antibody trastuzumab [27, 28]. Recently pub-
lished data demonstrates that IGFIR polymorphisms are
potential predictive and prognostic molecular markers for
cetuximab efficacy in wt KRAS mCRC patients [29, 30].

Our result showed that IGFI-R +3179A/G polymor-
phism is associated with circulating IGF-1 in CRC patients
where dominant genotypes (AA homozygous and hetero-
zygous) exhibit significantly higher quantity of plasma
IGF-1 compared to GG genotype. Simultaneously the
probability of advanced CRC was greatest among carriers
of any A allele for rs2229765. We are not the first ones to
hypothesize that genetic variation in IGFIR influences
plasma IGF-1 levels. Bonafe et al. reported that healthy
elderly subjects who carried AA genotype of the +3179
A/G in IGF1-R, had lower levels of free plasma IGF-1 and
are more represented among long-lived people [18]. Few
years later, Albani et al. confirmed the importance of the
43179 A allele in IGFI-R for male longevity and plasma
IGF-1 level, which dropped significantly after 85 years of
age [19].

Two meta-analysis studies support a significant elevated
risk for CRC (approximately 30 %) among individuals
with the highest IGF-1 levels compared with individuals
with the lowest concentrations [6, 7]. Our results are in
accordance with these observations and contribute to a
better understanding of the role of IGF-1 in CRC devel-
opment. They have demonstrated that enhanced plasma
IGF-1 supports the progression of CRC from early to
advanced stages. Previous studies reveal that at an early
stage certain tumor cells exhibit growth factor dependence
progression [3, 4]. For example strong and statistically
significant upregulated IGF-IR mRNA expression was
found only for the group of early stages of CRC [25, 26].
At these early stages, IGF-I activates the MAP kinase
pathway, which triggers proliferation, and the PI3 kinase
pathway, which promotes cell survival and stabilization of
B-catenin [1-6, 29, 30]. In summary IGF1 is a potent
mitogenic activator via the Ras/Raf/mitogen-activated
protein kinase signaling pathway and a powerful
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antiapoptotic molecule through the phosphatidylinositol
3-kinase (PI3K)/Akt pathway and thus favors tumor pro-
gression. Our results for enhanced level of IGF-1 in CRC
patients with dominant genotype (AA and AG) and sig-
nificant association of progression to advanced stages are
in the same direction. Moreover IGF-I may also contribute
to higher invasive and metastatic potential of colon cancer
cells due to its effects on cell motility, migration and
VEGF expression [31-34].

Some limitations of the present study should be
addressed. The number of patients is relatively small
notably when they were divided into stages thus, caution
should be adopted when explaining our results. For this
reason we divided patient groups into two (early and
advanced cancer) instead to four groups for final discus-
sion. Further investigations are necessary in order to con-
firm the significance of the +3179 A/G in IGFIR in CRC
progression and applications of data for clinical practice.

In conclusion the results of this study support the role of
genetic polymorphism in the IGF pathway genes, particu-
larly the +3179 A/G in IGFIR in CRC development. Data
included in this paper suggest that investigated functional
polymorphism of the IGFIR gene (rs2229765) participates
in the maintenance of CRC progression rather than in its
initial development. This effect is mediated partly by plasma
level of IGF-1.
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