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Abstract: Breast cancer is the most common cancer worldwide with significant global burden. Insulin-like growth factor 1 (IGF1) is an
important regulator of cellular growth, differentiation, and apoptosis and mitogenic and antiapoptotic activities. Some studies suggested
an association between cytosine adenine (CA) repeats gene polymorphisms of IGF1 and the risk of developing breast cancer while other
studies did not find such an association. This study aims investigate the role of IGF1 (CA) repeats gene polymorphisms in the risk of
developing breast cancer among Omani women.

Methods: We analyzed (CA) repeats gene polymorphisms of IGF1 by extraction of genomic DNA from the peripheral blood of
147 patients with breast cancer and 134 control participants and performed genotyping using DNA sequencing.

Results: Approximately 46% of patients carried the IGF (CA),, repeat allele, with 31.3% carrying two copies of this allele and 50% of
controls carried the IGF (CA),, repeat allele with 30.1% carrying two copies of this allele. The difference of the IGF CA repeat groups
was significant between cases and controls with (2= 0.02). In contrast, there was no difference in the distribution of (CA) , repeat allele,
(CA) , repeat allele and (CA),, repeat allele between cases and controls. The difference of the CA groups was significant between cases
and controls among postmenopausal women with (P = 0.026), whereas no difference was observed among postmenopausal subjects
(P =0.429). In both pre- and postmenopausal groups there was no difference in the distribution of (CA) , repeat allele, (CA), repeat
allele and (CA),, repeat allele between patients and control subjects. On further IGF1 genotypes classification, we found an association
between progesterone receptor status and the genotypes group where the non carrier of (CA),, repeat group was compared to (CA) ,
repeat carrier group (OR = 2.482; 95% CI = 1.119-5.503; P value = 0.023).

Conclusion: Overall there was no association between the IGF (CA) , repeat and breast cancer in Omani females.
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Introduction
Breast cancer is the most common malignancy in
women throughout the world.! It accounts for 18% of
all female cancers and approximately 600,000 annual
deaths worldwide.!” Among Omani women, breast
cancer is the most common cancer accounting for
one in every five new cancer cases detected among
females, with an age standardization incidence rate
(ASR) of 21.3 per 100,000.>* Even though the inci-
dence is increasing in Oman, it remains low compared
to western countries, but is consistent with other Asian
countries.> However, cases of breast cancer in Oman
often present in advanced stages with poor prognos-
tic features, as well as poor differentiation and preva-
lence of estrogen and progesterone receptor-negative
and Her-2/neu positive tumors.°

Insulin-like growth factor 1 (IGF1) is part of a
large family of peptide hormones including insulin
and IGF2 and it is located in chromosome 12q22-q24.
IGF1 1s composed of 70 amino acids spanning 100
kilobase (kb) pairs long with 6 exons.” IGF1 is an
important regulator of cellular growth, differen-
tiation, and apoptosis in combination with growth
hormone (GH), insulin, and sex steroids. It exhibits
strong mitogenic and antiapoptotic activity on breast
cancer cells and acts synergistically with estrogen to
enhance breast cancer growth.®'° IGF1 is regulated
by GH and is secreted mainly from the liver. Breast
tissue secretes IGF1 from the mammary connective
tissue and from adipocytes for their differentiation.!

Short tandem repeats (STRs) are repeated DNA
sequences of 1-6 base pairs and up to <60 bp in total
length.”> STRs are highly polymorphic and distrib-
uted throughout the mammalian genome.'? In the 5’
untranslated region of the IGF1 gene, a polymorphic
sequence consisting of multiple cytosine adenine
dinucleotides (CA), is located 1 kb upstream from the
transcription site. The number of CA repeats ranges
from 1024, with the most common allele containing
19 CA repeats.'®

Recent studies have examined CA repeat polymor-
phisms in the IGF1 gene because of its proximity to the
promoter region, 1 kb upstream from the transcription
start site. Polymorphisms are associated with IGF1
levels.!” A functional relationship was found between
this type of polymorphism and the circulating levels
of IGF1. People with the 192 bp allele (19 repeats)
or 194 (20 repeats) have higher levels of IGF1 than

non-carriers of these alleles.'* Moreover, some studies
have shown an association between increased levels of
IGF and increased cancer risk.'*!* In contrast, a study
conducted in the Netherlands concluded that people
with (CA),, repeats have lower levels of IGF1, par-
ticularly among postmenopausal women, suggesting
that this polymorphism is not associated with breast
cancer.'' Another study showed that the breast cancer
risk is higher among people with fewer than (CA),,
repeats and the association is strong among premeno-
pausal women.® In the same study, there was increased
breast cancer risk among postmenopausal women who
lacked (CA) , repeats, in particular in those with lower
body mass index (BMI).®

However, no study so far has been carried out
in Oman or Arab World to evaluate the relationship
between IGF1 (CA)_ repeats and breast cancer risk.
This study is of particular significance, given the
high rate of obesity and metabolic syndrome (MS)
in Oman, and the association of increased circulat-
ing IGF1 influencing the predisposition to obesity-
related diseases including cancer. In Oman, the crude
prevalence of MS was (17.0%) and the overall age-
adjusted prevalence was (21.0%), among women the
ASR was (23.0%)."¢

The aim of this study was to investigate the role
of IGF1 and the CA repeat gene polymorphism in
the risk of developing breast cancer among Omani
women.

Materials and Methods
Study participants

A hospital based case-control design was used to eval-
uate the association between CA repeats and the risk
of developing breast cancer. Breast cancer cases (old
and newly diagnosed) were histologically confirmed at
the two main teaching hospitals of Sultanate of Oman.
Sultan Qaboos University Hospital and the Royal
hospital were included in this study from January—
September 2010. Control subjects were enrolled from
health workers, the blood bank, and the community.
Controls were recruited from women who did not
have any history of benign breast disease, neoplastic
disease, or other major health problems. The controls
were not matched to specific cases, but age distribu-
tions of the case and control groups were stratified.
The Medical Research and Ethics Committee of
the College of Medicine and Health Sciences, Sultan
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Qaboos University approved the study and all sub-
jects gave their informed consent prior to participat-
ing and in accordance with the Helsinki Declaration.

Sample size was estimated using the equation
below with 95% confidence and a total of 320 case-
control subjects are needed (considering 12.9)"7 of
the controls are exposed to (CA non carrier —19/-19)
and to have 80% chance of detecting an odds ratio of
3.31.18

{Za/z\/2l_’(l—1_’)+ Z, ,NB(A-P)+P(1-P) }

n=

(F-B)

Genetic analysis

The genetic analysis was carried out in line with
previously described methodology described by
Cleveland et al'® and briefly, EDTA- preserved blood
samples were collected for both cases and controls.
The blood samples were frozen at —80 °C until DNA
was isolated by extraction using either QIAamp or
Gentra method. The number of the CA repeats in the
blood samples was assessed using fragment analysis.
IGF1 microsatellites (CA) were located 1,000 bp
upstream of the transcription site or promoter site
and the expected size of polymerase chain reaction
(PCR) product was approximately 192 bp, depend-
ing on the number of repeats. PCR primer used was:
Forward, 5-GCTAGCCAGCTGGTGTTATT-3" and
Reverse, 5-ACCACTCTGGGAGAAGGGTA-3).
PCR was performed as follows: one cycle of 5 min
at 94 °C, 30 temperature cycles consisting of 1 min
at 94 °C, 1 min at 59 °C and 1 min at 72 °C. The
final extension was done at 72 °C for 10 min. The
PCR amplified products were mixed with 0.7 uL of
ROX internal standard (size of 500 bp), 12 uL of
form amide and 1 puL of PCR product (the forward
primer already labeled with Hex fluorescence). ABI
3130 x 1 sequencer and was used to measure the size
(ranged from 174 to 198 bp according to number of
CA repeats), and intensity fluorescent products fol-
lowing denaturing for 5 min at 95 °C. In each run, the
homozygous allele was tested again using sequenc-
ing to confirm the size obtained by the fragment
analysis and used as a control for the other samples
in the same run.

Statistical analysis

Data were analyzed using SPSS for Windows version
16.0 (SPSS Inc., Chicago, Illinois). Statistical tests
were two sided and the level of significance was set
at o = 0.05. The difference of the allelic distribution
of the IGF1 CA repeats between cases and controls
were examined using chi-squared contingency test. In
this study, the IGF1 genotypes were divided into five
groups according to classification used by Cleveland
et al® that included as cited in their paper and shown
in Table 5.

Unconditional logistic regression method was used
to assess the relationship between breast cancer risk
predisposition and IGF1 genotype with consideration
of the pathological features and menopausal status.
The odds ratios were estimated adjusting for age and
their 95% confidence intervals were also determined
under this model. The goodness of fit of the model
was tested using Hosmer and Lemeshow test."”

Results

A total of 147 patients with breast cancer and 134
control participants were included in the final anal-
ysis of study where analytical assays worked. The
percentages for successful analysis were 84.5% and
88.6% for patients and control subjects respectively.
Table 1 show all the clinical-pathological features of
breast cancer patients considered in this study. The
mean age of the patients was 48.0 (£8.24) years, com-
pared to the controls 45.0 (£8.22) years. Table 1 dem-
onstrates that 57.4% of cases developed a lesion in the
left breast while 42.6% had cancer in the right breast.
A majority of the patients (80.1%) presented with a
lump, 4.3% with nipple discharge, 4.3% with both
nipple discharge and lump, 1.4% with nipple inver-
sion, 1.4% with change in size or shape of the breast,
1.4% with both nipple inversion and lump, 0.7% with
skin dimpling, and 6.4% without any symptoms other
than pain or upon discovery of cancer by chance or
by mammogram regular check. Out of these patients,
73.3% had surgery, chemotherapy, and radiotherapy,
while 7.4% had surgery and chemotherapy, 7.4%
had both surgery and radiotherapy, 6.7% had only
surgery, and 3.0% only chemotherapy. The type of
breast cancer among the majority of patients was
invasive ductal carcinoma with 87.9%, followed by
invasive lobular carcinoma and only few cases with
other types. Out of all patients, the dominant grade
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Table 1. Clinico-pathological features of breast cancer
patients.

Feature Number  Percentage
Site of breast lesion

(n=136%)

Left 78 (57.4)
Right 58 (42.6)
Therapy (n = 135)

Chemo only 04 (3.0)
Surgery only 09 (6.7)
Surgery + chemo + radio 99 (73.3)
Surgery + chemo 10 (7.4)
Chemo + radio 10 (7.4)
None 03 (2.2)
Histological type (n = 132)

DCIS 04 (3.0)
LCIS 01 (0.8)
IDC 116 (87.9)
ILC 08 (6.1)
Modularly Ca 02 (1.5)
Sarcoma 01 (0.8)
Tumor differentiation (118)

Low 06 (5.1)
Intermediate 48 (40.7)
High 64 (54.2)
Lymph node metastasis

(n =140)

Yes 98 (70.0)
No 42 (30.0)
Distant metastasis (n = 146)

Yes 52 (35.6)
No 94 (64.4)
Estrogen receptor (n = 144)

Positive 64 (44.4)
Negative 80 (55.6)
Progesterone receptor

(n =144)

Positive 56 (38.9)
Negative 88 (61.1)
Her2/neu receptor (n = 128)

Positive 70 (54.7)
Negative 58 (45.3)

Note: “Number of patients where information is available.

was high grade 54.2%, with 70.0% involving lymph
node metastasis, and 35.6% had distant metastasis.
Estrogen and progesterone receptors were with 55.6%
and 61.1% negative, respectively; while 54.7% were
HER2 receptor positive.

IGF1 genotype and breast cancer risk
The distribution of IGF1 alleles is shown in Table 2.
Alleles ranged from (CA), to (CA),, with 174-
198 bp in size. Approximately 46% of the cases car-
ried the (CA) , repeat allele with 31.3% carrying two
copies of this allele and 50.74% of controls carried
the (CA) , repeat allele with 30.1% carrying two cop-
ies of this allele, followed by (CA),, and (CA),,.
The difference in the percentage distributions of the
CA groups between the cases and controls was sta-
tistically significant (P = 0.022). However, when the
components of (CA) ., (CA),, and (CA),, repeat allele
were considered, there was no difference in the pro-
portions of allelic frequencies of (CA) , repeat allele,
(CA),, repeat allele and (CA),, repeat allele between
cases and controls.

Table 3 shows the distribution of IGF1 alleles in
cases and controls according to the premenopausal
and postmenopausal status of the women. In both
premenopausal and postmenopausal case-control
subjects, the (CA),, allele was the most common
allele and (CA),, was the second most frequent,
followed by (CA),,. The difference in cases and
controls was significant among postmenopausal
women (P = 0.026), whereas no significant
difference was observed among the premenopausal
women (P = 0.394). It was further observed that
among both pre- and postmenopausal groups, there
was no difference in the proportions of (CA),
repeats allele, (CA), repeat alleles. However, in
postmenopausal group there was a difference in

Table 2. Allelic frequencies of IGF1 (CA), genotype in study population.

IGF1(CA),  (CA),, (CA), (CA),, (CA),, (CA), (CA),, (CA),, (CA),, (CA),,
Cases 1(0.34) 0(0.0) 2(0.68) 8(2.72) 82(27.89) 134 (45.57) 55(18.70) 10(3.40) 2 (0.68)
N = 294, n(%)

Controls 0(0.0) 2(0.74) 6(2.23) 9(3.35) 55(20.52) 136(50.74) 45(16.79) 10(3.73) 5 (1.86)
N =268, n (%)

P value 0.042 0.221 0.553

Note: P value = 0.022.
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Table 3. Allelic distribution of IGF1 (CA), genotype in study population.

IGF1 (CA), Premenopausal P value Postmenopausal P value
Cases Controls Cases Controls
N =88 N =232 N =148 N=38
(CA),, 0 (0.0) 0 (0.0) 1(0.67) 0(0.0)
(CA),, 0 (0.0) 1(0.43) 0 (0.0) 1(2.63)
(CA) 0 (0.0) 5(2.15) 2 (1.35) 1(2.63)
(CA),, 0 (0.0) 10 (4.31) 6 (4.05) 0(0.0)
(CA) 4 22 (25.0) 49 (21.12) 0.552 37 (25.0) 6 (15.78) 0.229
(CA),, 47 (53.40) 115 (49.56) 0.625 67 (45.27) 22 (57.89) 0.164
(CA),, 15 (17.04) 41 (17.6) 0.973 29 (19.59) 4 (10.52) 0.004
(CA),, 2(2.27) 8 (3.44) 6 (4.05) 2 (5.26)
(CA),, 2(2.27) 3(1.29) 0 (0.0) 2 (5.26)
P value = 0.394 P value = 0.026

(CA),, repeat allele between the cases and controls
(P =0.004). However, this difference was not found
in premenopausal group.

Combined analysis of IGF1 genotype
and breast cancer clinico-pathological

features
After adjusting the most significant risk factors (family
history of breast cancer, previous breast surgery, age at
menarche, and use of contraceptives), the participants
were classified into five groups based on Cleveland
et al® classification as shown in Table 4. There was
no significant association with breast cancer in all the
five groups as shown in Table 4. Even though, the
two populations are different but the distribution of
the allelic frequencies of CA repeats is similar so we
adopted the same classification as Cleveland’s study.
We further investigated the relationship of CA
repeats (Group 1 and 2) and breast cancer by consid-
ering the pathological features of the caner as shown
in Table 5. Among group 1 there were no statistically
significant associations with breast cancer clinico-
pathological features (Type, Grade, Lymph Node
Metastasis, Distant Metastasis, ER status, PR status,
HER?2 status) between cases and controls. However,
there was a statistical trend towards association
between positive PR among carriers in Group 1 gen-
otype with (OR = 2.444; 95% CI: 0.925-6.279;
P =0.077) as shown in Table 4. Among Group 2 there
was no statistically significant association with some
breast cancer features (Grade, Distant Metastasis,
ER status, HER2 status) between cases and controls.

However, there was an association between PR
status and Group 2 genotype (OR = 2.482; 95%
CI=1.119-5.503; P value = 0.023). Similarly, There
was an association between type of breast cancer
type and Group 2 genotype (P = 0.037). In addition,
(OR=0.423;95% CI=0.172-1.041; P value =0.057)
suggesting an increasing trend between lymph node
metastasis and Group 2 genotype it still not statisti-
cally significant.

Discussion
We examined the association between IGF1 CA
repeat polymorphisms and breast cancer in an Omani
population where there is high rate of metabolic
syndrome. We found that the most frequent allele
was (CA),, with approximately 46% of the cases car-
ried the (CA) , repeat allele with 31.3% carrying two
copies of this allele and 50.74% of controls carried the
(CA),, repeat allele with 30.1% carrying two copies of
this allele. In comparison, the allele containing (CA) ,
repeats was the most frequent in Chinese popula-
tion, but with lower frequency rates of 38% in cases
and 35% in controls.'®* A large study in a Caucasian
population reported relatively higher occurrence of
the most common allele containing (CA),, repeats
with rates of 63% and 65% in cases and controls
respectively.® The frequency rates of allele containing
(CA),, repeats is similar to those reported in African
American observed in a large multiethnic study.?!

We found no association between breast cancer and
IGF1 CA repeats genotypes among Omani women.
Previously, two studies showed that the (CA) , allele
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increases the risk of developing breast cancer.®*
Other studies found an inverse association between
the (CA),, allele and breast cancer." Some studies
found there is no association between IGF1 genotype
and breast cancer consistent with the current study.?>*
The reason behind the conflicting results between
the studies is still unknown but one explanation
could be the variation in the ethnic composition of
the study populations. Two other studies showed
similar genotype distributions as in our study, and
both studies reported no association between (CA) ,
repeat genotype and breast cancer.>** The association
between IGF1 CA repeats and breast cancer is not
conclusive, where the true relationship between this
polymorphism and the regulation of IGF1 expression
is unknown. However, effect of CA repeats may
have an effect on the transcription activity of IGF1.
Because of the proximity of CA repeats to the IGF1
transcription start site, it is possible that depending on
allelic size, transcription may affect IGF1 levels.® In
vitro studies reported that IGF1 has mitogenic activity
for both normal and cancerous breast cells.>2® Many
studies suggest an association between circulating
IFG1 and breast cancer risk, with higher levels of
IGF1 than controls among premenopausal women.'*!?
However, not all studies found that association.?”-?
A large collaborative study found that IGF1 and
IGFBP3 genes polymorphisms correlated with
circulating levels of IGF-I and IGFBP-3, respectively,
but did not predict breast cancer predisposition.” In
contrast, a pooled analysis of data from 17 prospective
studies demonstrated that breast cancer risk was
associated higher levels of IGF1.*° However, this
study did not correlate the IGF1 serum concentration
with IGF1 polymorphisms and there was great
variation in concentration of serum IGF1 between
the studies reflecting differences in assay methods. In
the current study, there was no significant association
between breast cancer risk among both pre- or
postmenopausal women and the (CA),, allele even
after adjusting for significant risk factors. However,
we interestingly found that in postmenopausal group
there was a difference in (CA),, repeat allele between
the cases and controls (P = 0.004). Cleveland et al
found particularly increased risk of breast cancer
premenopausal patients with genotypes fewer that
n (CA),, repeats.® In contrast, the study pooling data
from several studies found no association between

breast cancer risk, IGF1 levels, and menopausal
status.?' Similarly, Patel et al found no breast cancer
risk modification by menopausal status in relation
to IGF1 gene polymorphisms in a large study of
7000 patients who were predominately White and
postmenopausal.”’ In a recent large metanalysis by
Haung et al found no association between menopausal
status, IGF1 polymorphism in particular CA 19, 17,
and 20 repeats, and risk of breast cancer.*

In the current study we found a significant associa-
tion between IGF1 CA repeat genotypes and both PR
status and cancer type. (CA),, carriers are more likely
to express progesterone receptors compared to non-
carriers [OR 2.482, C195%: 1.119-5.503, P=0.023].
This is a particularly interesting observation given the
increasing evidence of interaction between estrogen/
progesterone and IGF1 pathways. It has been shown
that there is a positive correlation between IGF-1R
expression and ER and PR in breast cancer tissues.*
However, this association has not been made before
and to ascertain its significance IGF1 levels should
be assayed and correlated with Progesterone receptor
expression and tumor size.**

In conclusion, the current study has the strength
of being the first report from this part of the world
that studied the IGF1 repeats in almost 300 individu-
als and confirmed that the most common allele was
(CA),, in keeping with other ethnic groups. However,
we found no association between breast cancer and
IGF1 CA repeats genotypes among Omani women in
accordance with several large size studies.
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