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Abstract. Previous studies from our group and others have
shown that increased circulatory levels of the ligand insulin-
like growth factor 1 (IGF-1) and decreased levels of the
predominant IGF-1 binding protein 3 (IGFBP-3) are asso-
ciated with an increased incidence of breast cancer and
poor outcome. Some studies suggest that, in addition to the
influence of environmental factors on the levels of IGF-1
and IGFBP-3, alterations in their gene polymorphisms may
play a significant role in the risk of cancer. In this study, we
investigated the association between gene polymorphisms
along the IGF axis and breast cancer, including the IGF-1
(CA) dinucleotide repeat, IGFBP-3 A-202C single nucleotide
polymorphism, and the 2-bp deletion and (AGG)n repeat
polymorphisms in the IGF type 1 receptor (IGF-IR). A
total of 654 subjects, including both African-American and
Hispanic/Latino subjects, were screened for various gene
polymorphisms. IGF gene polymorphism genotyping was
performed by PCR-GeneScan and PCR-RFLP methods. Our
results demonstrated a significant association between the
non-19/non-19 IGF-1 (CA)n polymorphism and breast cancer
(OR=1.75; 95% CI=1.07-2.88; P=0.027). Furthermore, absence
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of the wild-type-19 allele and alleles <(CA)19 were strongly
associated with breast cancer (OR=1.82; 95% CI=1.20-2.77,
P=0.005 and OR=1.70; 95% CI=1.19-2.43; P=0.003, respec-
tively). The association of the non-19/non-19 polymorphism
with breast cancer was also more significant in premenopausal
women (P=0.04). We did not find any significant association
of the IGFBP-3 polymorphism with breast cancer. In the case
of IGF-1R polymorphisms, the only significant trend was in
the (AGG)S allele; however, the frequency of this allele was
very rare. In summary, our study demonstrated a significant
association of IGF-1 polymorphisms and breast cancer. Future
studies are necessary to understand the mechanistic value of
these polymorphisms in breast cancer risk.

Introduction

Insulin-like growth factor-1 (IGF-1) is a critical growth factor
that plays diverse biological roles. Most IGF-1 is found in
circulation with the liver being the major source, but in vitro
studies have clearly shown that almost all tissues express
IGF-1 and the IGF-1 receptor (IGF-1R) (1). The bioavailability
of IGF-1 in circulation is regulated by IGF binding proteins
(IGFBPs) with the most highly associated IGF-1 binding
protein being IGFBP-3. The IGFBPs enact a role in IGF-1
action by increasing the half-life of IGF-1 and sequestering
IGF-1 from binding IGF-1R as a free ligand (1,2). Due to its
important role in cellular proliferation and apoptosis, IGF-1 is
an important mediator in oncogenic processes (3,4).

Multiple studies have shown an association between high
levels of IGF-1 and elevated risk of breast cancer (5-13). In
addition, IGF-1 and IGFBP-3 circulatory levels have been
associated with progression, recurrence and survival of breast
cancer (5,6). Although the levels of IGF-1 may be affected
by environmental and lifestyle factors, there is evidence that
a significant amount of IGF-1 expression may be influenced
by genetic variables (14). Studies have suggested that one
such genetic variable may be a (CA)n dinucleotide repeat
polymorphism 969-base pairs upstream from the transcription
start site which may affect transcriptional levels of IGF-1
(15). Polymorphic simple sequence repeats (SSRs), including
(CA)n repeats, have been extensively studied and implicated
in the etiology of many diseases, exerting regulatory roles
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over transcription often in an inverse manner (16). Thus,
the (CA)n promoter polymorphism in IGF-1 may modulate
tumorigenesis via increased serum levels (17-20). The repeats
of the CA dinucleotide sequence have been reported to
range from 13 to 25 times with the 19 repeat being the most
common (18). In the IGFBP-3 gene, the -202 locus has a
single nucleotide polymorphism adenine to cytosine (A>C)
that can produce three genotypes; AA (wild-type), AC
(heterozygous) and CC (mutant homozygous). The IGFBP-3
polymorphism is implicated in breast cancer since it may
affect the transcriptional levels of IGFBP-3 and consequently
regulate IGF-1 availability and function. Studies have found
that the serum levels of IGFBP-3 are inversely associated
with the polymorphic status (19,20). The IGF-1 receptor is a
well studied tyrosine receptor kinase which stimulates both
the pro-growth MAPK signal transduction pathways and the
anti-apoptotic PI3K/Akt pathway (1). Furthermore, IGF-1R
has been identified as being an important component in tumor
transformation and promotion of tumor growth via interactions
with oncogenes and tumor-suppressor genes such as p53
(21,22). Higher levels of IGF-1R have been associated with
various tumor types (23,24) where the increased levels of the
receptor could presumably provide increased IGF-1-mediated
signaling. Polymorphisms that affect the non-coding regula-
tory regions of genes, such as untranslated regions (UTRs)
which contribute to the stability of mRNA, may therefore
contribute to tumorigenesis and progression by increasing the
half-life of the mRNA transcript resulting in increased protein
translation. There are two gene polymorphisms of interest in
the non-coding regions of IGF-IR which were investigated in
this study. One polymorphism is a microsatellite trinucleotide
repeat of AGG, which can vary from being repeated five to
nine times, with seven repeats (AGG)7 considered the most
common and ‘wild-type’. The second polymorphism is a
2-base pair deletion (2 bp-del) in the 3'UTR region. Thus,
our current study aimed to assess the potential association
between genetic polymorphisms in the IGF-1, IGFBP-3 and
IGF-1R genes, and breast cancer.

Materials and methods

Subject selection. The women from this study were recruited
from South Los Angeles County, CA. Women visiting the
Mammography Clinic or the Hematology/Oncology Clinic
at the Martin Luther King Ambulatory Care Center (MACC,
formerly known as King-Drew Medical Center) between
1995 and 2005 were offered the option to participate in an
ongoing breast cancer study conducted in the Division of
Cancer Research and Training at Charles Drew University
of Medicine and Science and MACC. Recruitment was
conducted by bilingual interviewers who obtained informed
and signed consent from the subjects approved by the Internal
Review Board at Charles Drew University. Upon consent,
participating women donated a 5- to 7-ml blood sample that
was separated into plasma, serum, red blood cells, and buffy
coat components and stored at -80°C until experimental use.
The women included in this study were subjects from our
existing database in the Division of Cancer Research and
Training at Charles Drew University. The majority of the
subjects were self-reported as African American or Hispanic/
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Latino, and only these two ethnic groups were included in the
study. The ethnic composition of the study reflected the patient
population at the MACC Medical Center in South-Central
Los Angeles which is comprised primarily of underserved
African-American and Hispanic/Latino populations. The 5%
of subjects who were self-reported as Caucasian and Asian were
not included in the study since it was not possible to perform
meaningful analysis with the small number of subjects from
these ethnicities. Personal history and medical information
were abstracted from the medical charts of the subjects.

Subject category definitions. Women categorized as ‘cases’
or ‘women with breast cancer’ were women for whom
breast cancer status was determined from biopsy/pathology-
confirmed neoplasm of the breast. Only subjects who had
clear documentation of biopsy/pathology information were
included in the study. The women categorized as ‘controls’ or
‘women without breast cancer’ included normal subjects who
came to the Mammography Clinic for routine mammogram
and had a normal mammography result; and women who
had radiology/pathology-confirmed benign breast disease.
Only subjects who had documentation of either disease-free
mammography or biopsy with benign results were included
in the study. Only African-American and Hispanic subjects
older than 30 years of age were included in the study in order
to closer match controls with the cancer patients in the study
who were usually older. An additional criterion for inclusion
into the study was the availability of a blood sample from the
subject and whether the quality of DNA extracted from the
buffy coat of the donated blood samples was amplifiable for
polymorphic analysis. We excluded women for whom breast
cancer was not the primary cancer; or their breast cancer was
not the first cancer in their lifetime; or subjects who were
undergoing current evaluation for cancer.

Clinicopathological definitions. Clinicopathological tumor
characteristics (stage, hormone receptor status) for breast
cancer patient information were extracted from the patient
medical records. Thus, availability of complete medical
records for each patient was also an inclusion requirement.
For the breast cancer patients, the histological classification of
the breast tumor was directly extracted from the patient's
surgical pathology report in the medical chart. The TNM
staging was defined according to AJCC definitions. The
lymph node status was defined as negative when N was NO,
positive when N was N1, N2, N3. Tumor size was defined
according to the AJCC definitions. The receptor status was
defined as ER*/PR*/HER2", ER*/PR*/HER2*, ER/PR/HER2*,
and triple-negative (ER/PR/HER2"). ER/PR status was
considered positive when >5% of the tumor cell nuclei were
immunoreactive, or negative if otherwise. HER2 status was
considered positive when HER2 was 3+, negative when HER2
was 0, 1+, and 2+ as determined by THC.

Genotyping of the IGF-1 polymorphism. Genomic DNA of
the subjects was extracted from buffy coat using a DNA
extraction kit (Gentra Systems, MN). The PCR-GeneScan
method was used to genotype the dinucleotide repeats
in the promoter region of the IGF-1 gene. PCR ampli-
fication was conducted using the following primers:
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forward, 5'-ACCACTCTGGGAGAAGGGTA-3'; reverse,
5'-GCTAGCCAGCTGGTGTTATT-3' (Retrogen Inc., USA).
The forward primer was Fam-labeled for fluorescence detec-
tion. The PCR mixture had a total volume of 10 ul and
consisted of 100 ng of genomic DNA, 6 pmol of each
primer, 0.2 gmol/l dNTPs, 2.0 mmol/l MgCl,, 1.5 U Taq
polymerase (Qiagen, USA) and 1 ul 10X PCR buffer (pH 8.0).
The cycling conditions began with an initial denaturation
at 94°C for 5 min which was then followed by 35 cycles at
94°C for 30 sec, 61°C for 30 sec, 72°C for 30 sec and a final
extension for 7 min at 72°C. PCR products were sent to
UCLA Sequencing and Genotyping Core for GeneScan. Of
the PCR products, 3 ul of each sample was mixed with 0.3 ul
of LIZ500 and 10 ul of HiDi formamide. Samples were then
denatured for 5 min at 95°C and cooled on ice before loading
on ABI3730XL. Analysis was carried out with GeneMapper
(version 4.0) software. We obtained the fragment size, height,
and area of peaks of each sample and calculated the number
of dinucleotide CA repeats. Furthermore, we confirmed
GeneScan results by sequencing random samples in order
to ascertain the accuracy of the resulting number of repeats
calculated in this manner.

Genotyping of the IGFBP-3 polymorphism. The IGFBP-3
PCR amplification was performed using the forward primers
5'-CCACGAGGTACACACGAATG-3' and reverse primers
5'-AGCCGCAGTGCTCGCATCTGG-3". The PCR mixture
had a total volume of 25 ul and consisted of 100 ng genomic
DNA, 1 pmol of primers, 1.5 mmol/l MgCl,, 0.1 mmol/l
of each dNTPs, 2 U Taq DNA polymerase (Qiagen), 5 ul
Q-solution and 2.5 ul 10X PCR buffer. The reaction was
carried out using a 10-min denaturation at 94°C, followed by
36 cycles of 40 sec at 94°C, 40 sec at 60.4°C, 40 sec at 72°C
and a final extension of 7 min at 72°C. The IGFBP-3 A-202C
polymorphism was identified using restriction fragment length
polymorphism (RFLP) analysis. From the PCR product, 8 pl
was digested with 5 U of Alw21I (Fermentas, Canada) in a
total volume of 15 pl for 16-18 h at 37°C. Digested products
were visualized on a 1.5% agarose gel stained with ethidium
bromide. The amplified IGFBP-3 PCR product contains three
Alw?21I sites, one of which is eliminated when there is a C at
-202. Thus, the AA genotype results in 242- and 162-bp prod-
ucts, AC genotype results in 280-, 242- and 162-bp products,
and the CC genotype results in 280- and 162-bp products.

Genotyping of the IGF-IR polymorphisms. Identification
of (AGG)n and 2 bp-del polymorphisms in IGF-1R was
performed using the PCR-GeneScan method as described by
Chen et al (25). The PCR primers used to amplify the region
of interest for the AGG repeat were the following: forward
(Fam-labeled), 5'-GCTGAGGGAGGAGGCGGC-3' and
reverse, 5'-GGCGAGGGGCAGAAACGC-3"; nested forward,
5-CCTGGATTTGGGAAGGAGCTCG-3' and nested reverse,
5'-GAAGTCCGGGTCACAGGCGA-3'". The primers used to
amplify the region of interest for the 2-bp deletion were the
following: forward, 5'-CTCCTCTCTGCTTCATAACG-3' and
reverse (TET-labeled), 5"-TCCGGACACGAGGAATCAGC-3.
The cycling conditions were according to the conditions
used by Chen er al (25). PCR products were sent to UCLA
Sequencing and Genotyping Core for GeneScan as described
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above. We received the fragment size, height and area of the
peaks of each sample and calculated the number of trinucleo-
tide repeats and identified the presence/absence of the 2-base
pair deletion.

Analysis. The parameters considered included age, ethnicity,
breast cancer status, IGF-1, IGFBP-3 and IGF-1R polymorphic
genotypes. IGF-1 genotypes were compared according to i) 19
CA repeat status in both alleles (19/19, 19/non-19 and non-19/
non-19) or ii) CA repeats in one allele. Based on previous
studies of the IGF-1 (CA)n reflective of the postulated tran-
scriptional consequences exerted by the length of the repeats
(15,17,26-37), the CA repeats in both alleles less or more than
19 CA repeats were also compared to those with equal 19
CA repeats [<(CA)19, =(CA)19, >(CA)19]. When IGF-1 (CA)n
repeats in one allele were used for comparison, the CA repeat
information from each subject was used twice [i.e. a subject
with a IGF-1 (CA)n genotype of 19/20, would be represented
in both the IGF-1 (CA)19 percentage and the IGF-1 (CA)20
percentage]. The purpose of the Group 1 comparison was to
assess the effect of the wild-type vs. non-wild-type genotype
in the association of this polymorphism with breast cancer.
The addition of the Group 2 comparison was to assess
whether the proposed functional relevance of the polymor-
phic dinucleotide repeat length was significant in the context
of cancer. As mentioned in the introduction, the length of
the repeats may be inversely associated with transcriptional
levels of the gene; since levels of IGF-1 have been associated
with breast cancer and outcomes, this was an important
comparison to consider. Group 3 assessed the presence of the
wild-type allele compared to the absence of the wild-type
allele. The IGF-1R 2 bp-del polymorphism was grouped by
the presence of the wild-type allele (non-del) compared to
the presence of the polymorphic 2 bp-del. The variables in
this resulting group were non-del/non-del, non-del/2 bp-del
and 2 bp-del/2 bp-del. The (AGG) polymorphism in IGF-1R
was categorized in two ways. In the first, called Group 1,
the polymorphism grouping was based on the presence or
absence of the wild-type (AGG)7 genotype compared to
the non-wild-type genotypes; (AGG)7/(AGG)7, (AGG)7/
(AGG)non, (AGG)non/(AGG)non. The second method, as in
Group 2, was the actual number of repeats; (AGG)n/(AGG)n.
These two grouping methods were chosen such that both the
overall affect of the presence or the absence of the wild-type
allele could be assessed, as well as the affect of the specific
polymorphic genotypes.

Statistical analysis was performed using SPSS software
(SPSS, Inc., Chicago, IL). Characteristics of the subjects
in the different groups were compared by the %> test. The
distributions of CA repeats in both alleles, and the variation of
19 CA repeats of IGF-1 were compared between breast cancer
and non-cancer using the > test. Similarly, the differences in
IGFBP-3 genotypes in breast cancer and non-breast cancer
were compared by ¥ test. The distribution of both the IGF-1R
polymorphisms, in all grouping methods, among breast cancer
vs. non-cancer subjects also used the y* test. The association
of breast cancer with IGF-1, IGFBP-3, and IGF-1R genotypes
were determined by logistic regression with univariate and
multivariate analysis. Furthermore, the association between
the IGF genotypes and the clinicopathological features were
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Table I. Characteristics of the study population.

Controls
no. (%) P-value

Cases
no. (%)

Total subjects in the study 268 (41) 386 (59)

Ethnicity

African American 138 (51) 85(22) <001
Hispanic/Latino 130 (49) 301 (78)
Histology (n=227)

Infiltrating ductal carcinoma 170 (75) - -
Infiltrating lobular carcinoma 41 (18) -
Infiltrating adenocarcinoma 9 4) -

Ductal carcinoma in situ 2 (1) -

Lobular carcinoma in situ 5 (2) -

Stage (n=218)

0-11 146 (67) - -
I-1vV 72 (33) - -
Lymph node (n=225)

Negative 94 (42) - -
Positive 131 (58) - -
Tumor size (n=221)

TO/Tis/T1 54 (24) - -
T2 102 (46) -

T3/T4 65 (30) -

ER/PR status (n=226)

ER/PR positive 127 (56) - -
ER/PR negative 99 (44) -

HER?2 status (n=195)

HER?2 negative 45 (23) - -
HER?2 positive 150 (77) -

Subtype (n=194)

Luminal A 85 (44) - -
Luminal B 16 (8) -
ER/PR/HER2* 28 (14) -
Triple-negative 65 (34) -

Age criterion for subject selection was >30 years.

assessed by the %* test. All multivariate analyses performed
were adjusted for age and BMI category (<18.5 underweight,
18.5-24.9 normal weight, 25-29.9 overweight, >30 obese).
Only the two-sided P-value <0.05 was considered statistically
significant.

Results

Characteristics of the study population. A total of 654
subjects were assessed in this study, including 268 breast
cancer patients and 386 women with no breast cancer. A
description of the menopausal status and ethnicity of the
subjects is shown in Table I. When assessing the self-reported
ethnic description of the study subjects, there were a similar
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number of cases from both ethnicities (138 for African
Americans, 130 for Latinos). However, there was a significant
difference (P<0.01) in the distribution of controls, with
more Latino women in the study than African-American
women. The clinicopathological features of the breast cancer
patients are also described in Table 1. The majority of cancer
patients in this study had a breast tumor histology described
as infiltrating ductal carcinoma (75%), followed by infil-
trating lobular carcinomas (18%), with the remainder having
infiltrating adenocarcinoma, ductal carcinoma in situ, and
lobular carcinoma in situ.

Distribution of the IGF-1 (CA)n genotype in the study
population. The IGF-1 genotype distributions in the total
cohort and in subcategories based on menopausal status are
shown in Table II. In the IGF-1 genotype distribution, alleles
characterized by the number of CA repeats ranged from
(CA)14 to (CA)25. The (CA)19 allele was the most common
across all categories and subdivisions (>47%). Some general
trends in the different distribution of alleles between the cases
and controls were observed. When grouping the subjects by
the polymorphic genotypes (19/19, 19/non-19, non-19/non-19)
as in Group 1, there was a significant difference between the
cases and controls in the total cohort (P=0.03). The non-19/
non-19 genotype was present in 31.7% of the cases compared
to only 20.3% of the controls. Furthermore, when assessing
the difference in the genotype distribution by menopausal
status, a statistically significant association was observed
for the non-19/non-19 genotype in premenopausal women
with breast cancer. The non-19/non-19 genotype was present
in 32.1% of the premenopausal cases and only 18.9% of the
premenopausal controls (P=0.04). Stratification according
to the specific length of the genotype also revealed that the
<(CA)19 alleles were more frequently found in the cases
than in the controls. This trend was observed when grouping
the frequency of alleles by <(CA)19, =(CA)19 and >(CA)19
as in Group 2. The percentage of cases with the <(CA)19
allele was 21% compared to 14% of the controls. When
assessing the ‘presence of the 19 allele’ vs. the ‘absence of
the 19 allele’ in the study subjects as in Group 3, there was
a statistically significant association of the latter genotypes
with breast cancer in the total cohort (P<0.01) as well as in the
premenopausal cases (P=0.01). In summary, the distribution
of the (CA)n alleles revealed that there was an association of
the <(CA)19 allele as well as the non-(CA)n alleles with breast
cancer, particularly in premenopausal women.

Distribution of the IGFBP-3 genotype in the study popula-
tion. The distribution of the IGFBP-3 genotypes is shown
in Table III. In the total cohort, the most common genotype
was the doubly polymorphic CC (present in 42.4-46.4% of
the study subjects) and the least common genotype was the
wild-type AA genotype (present in 13.8-18.6% of the study
subjects). There were no statistically significant trends in the
distribution of the IGFBP-3 polymorphic genotype between
the cases and the controls in any of the categories.

Distribution of the IGF-IR genotype in the study population.
The distribution of the IGF-1R polymorphisms is shown in
Table IV. The distribution of the IGF-1R 2-base pair deletion
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Table II. Distribution of the IGF-1 (CA)n genotype in the study population.

Total Premenopausal Postmenopausal
Total subjects Case Control Case Control Case Control
(n=475) (n=199) (n=276) (n=106) (n=164) (n=93) (n=112)
(%) (%) (%) (%) (%) (%)
IGF-1 (CA)n genotype
(CA)14 0.3 - - - 05 -
(CA)15 0.5 04 0.9 0.6 0.0 -
(CA)16 20 24 19 2.7 22 1.8
(CA)17 43 1.6 4.7 2.1 3.8 09
(CA)18 144 10.2 13.7 9.1 15.1 11.6
(CA)19 48.0 553 479 570 47.8 522
(CA)20 14.6 11.8 15.2 95 14.0 152
(CA)21 14.1 17.1 152 16.5 12.9 17.9
(CA)22 1.5 1.1 0.5 1.5 2.7 04
(CA)23 0.3 04 - 0.6 05 -
(CA)24 0.3 - - - 0.5 -
(CA)25 - 0.2 - 03 0.0 -
Range (CA)n 14-24 15-25 15-22 15-25 14-24 16-22
IGF-1 (CA)n genotype groups
Group 1*
19/19 271 304 274 329 26.9 26.8
19/non-19 412 493 40.6 48.2 419 50.9
Non-19/non-19 31.7 20.3 32.1 189 312 22.3
P-value 0.03 0.04 0.39
Group 2
<(CA)19 214 14.5 21.5 14.6 21.5 143
=(CA)19 479 55.1 47.8 57.0 47.8 522
>(CA)19 30.7 304 30.7 28.4 30.6 335
P-value 0.19 0.13 0.86
Group 3°
19 allele present 68.3 79.7 67.9 81.1 67.9 77.7
19 allele absent 31.7 20.3 32.1 18.9 32.1 223
P-value <0.01 0.01 0.10

%CA)n=19 repeats is the wild-type (non-polymorphic genotype). All other repeats (CA)n <19 or (CA)n >19 are considered non-19. *The ‘19
allele present’ is either the 19/19 or 19/non-19 genotype. The ‘19 allele absent’ is the non-19/non-19 genotype.

Table III. Distribution of the IGFBP-3 genotype in the study population.

Total Premenopausal Postmenopausal
Total subjects Case Control Case Control Case Control
(n=418) (n=172) (n=246) (n=103) (n=147) (n=69) (n=99)
(%) (%) (%) (%) (%) (%)

IGFBP-3 genotype®

AA 18.6 13.8 194 13.6 174 14.1

AC 39.0 39.8 41.7 40.1 348 394

CC 424 46.4 38.9 46.3 478 46.5
P-value 0.227 0.153 0.868

*The wild-type (non-polymorphic genotype) is AA.
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Table IV. Distribution of the IGF-1R genotype in the study population.

Total Premenopausal Postmenopausal
Total subjects Case Control Case Control Case Control
(n=496) (n=222) (n=274) (n=106) (n=166) (n=116) (n=108)
(%) (%) (%) (%) (%) (%)
IGF-IR 2-bp deletion®
Non-del/non-del 64.9 64.2 65.1 66.9 64.7 60.2
Non-del/2 bp-del 274 30.7 28.3 289 26.7 333
2 bp-del/2 bp-del 7.7 5.1 6.6 42 8.6 6.5
P-value 0.73 0.57 0.78
IGF-IR (AGG)n®
(AGG)S 30 09 3.1 1.3 29 0.5
(AGG)6 26.6 31.7 29.7 304 23.6 33.6
(AGG)7 69.8 674 66.7 68.3 72.7 65.9
(AGG)8 04 - 0.5 - 04 -
(AGG)9 0.2 - - - 04 -
Range (AGG)n (AGG)5-9 (AGG)5-7 (AGG)5-8 (AGG)5-7 (AGG)5-9 (AGG)5-7
Group 1
(AGG)7/(AGG)7 47.8 44.6 459 478 49.6 40.0
(AGG)7/(AGG)non 439 454 414 41.0 46.2 51.8
(AGG)non/(AGG)non 8.3 10.0 12.6 112 42 8.2
P-value 0.40 0.69 0.09
Group 2
(AGG)5/(AGG)6 04 - 09 - - -
(AGG)5/(AGG)7 5.7 1.8 54 2.5 59 09
(AGG)6/(AGG)6 7.8 10.0 11.7 112 42 8.2
(AGG)6/(AGG)7 370 435 35.1 385 38.7 509
(AGG)7/(AGG)7 478 44.6 459 47.8 49.6 40.0
(AGG)7/(AGG)8 09 - 09 - 0.8 -
(AGG)7/(AGG)9 04 - - - 0.8 -
P-value 0.30 0.98 0.10

*The wild-type genotype is the ‘non-del’ genotype which signifies there is no 2-base pair deletion present. The term ‘2 bp-del’ signifies the
polymorphic genotype with the 2-base pair deletion. *The (AGG)7 is considered the wild-type genotype.

polymorphic genotype in the study population showed the
wild-type genotype (non-del/non-del) present in >60% of the
subjects, with the heterozygous genotype (non-del/2 bp-del)
present in ~30% of subjects, and the doubly polymorphic
genotype (2 bp-del/2 bp-del) present in <10% of the subjects.
A modest trend was evident with the 2 bp-del/2 bp-del
genotype being more prevalent in the cases (7.7%) than in the
controls (5.1%); however, these differences were not statisti-
cally significant. This modest trend was also observed in the
premenopausal cases and controls (6.6 vs. 4.2%, respectively)
as well as in the postmenopausal cases and controls (8.6 vs.
6.5%, respectively).

When assessing the IGF-1R (AGG)n repeat polymorphism,
the distribution of the (AGG)n alleles was ~45% for the wild-
type genotype (AGG)7/(AGG)7, ~45% for the heterozygous
repeat genotype (AGG)7/(AGG)non, and ~10% for the poly-
morphic genotype (AGG)non/(AGG)non. The specific (AGG)
non genotype noted with a higher frequency in the cases was

the (AGG)5 repeat with ~3.0% of cases having this genotype
compared to ~1.0% of the controls. Furthermore, the >(AGG)7
alleles, (AGG)8 and (AGG)9 were only noted in the cases. The
(AGG)6 genotype was more prevalent in the controls than in
the cases, with the distribution difference at its greatest (by
10%) in the postmenopausal women (23.6 in cases vs. 33.6%
in controls). When stratifying the genotype distribution by
(AGG)7 vs. (AGG)non, the (AGG)non/(AGG)non genotype
was overall present at a greater frequency in the controls
than in the cases. In the postmenopausal women 8.2% of the
controls had the (AGG)non genotype compared to 4.2% of the
cases, although the difference was not statistically significant
(P=0.09).

0dds ratios and 95% confidence intervals for the IGF-1,
IGFBP-3, IGF-IR genotypes with breast cancer. The results
of the univariate and multivariate analyses of the association
between IGF polymorphisms and breast cancer are shown
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Table V. Odds ratios and 95% confidence intervals for the IGF-1, IGFBP-3, IGF-1R genotypes with breast cancer.

Univariate Multivariate®
OR (95% CI) P-value OR (95% CI) P-value
IGF-1 (CA)n genotype
Group 1
19/19 1.00 (ref) - 1.00 (ref) -
19/non-19 0.94 (0.61-1.45) 0.774 1.10 (0.63-1.93) 0.739
Non-19/non-19 1.75 (1.07-2.88) 0.027 1.98 (1.01-3.89) 0.047
Group 2
<(CA)19 1.70 (1.19-2.43) 0.003 197 (1.21-3.22) 0.006
=(CA)19 1.00 (ref) - 1.00 (ref) -
>(CA)19 1.16 (0.87-1.56) 0.319 1.16 (0.79-1.70) 0.449
Group 3
19 allele present 1.00 (ref) - 1.00 (ref) -
19 allele absent 1.82 (1.20-2.77) 0.005 1.87 (1.05-3.32) 0.005
IGFBP-3 genotype
AA 1.00 (ref) - 1.00 (ref) -
AC 0.73 (0.41-1.29) 0.275 0.59 (0.27-1.27) 0.177
CC 0.68 (0.39-1.20) 0.182 0.73 (0.34-1.55) 0.409
IGF-IR 2 bp deletion
Non-del/non-del 1.00 (ref) - 1.00 (ref) -
Non-del/ 2 bp-del 0.90 (0.62-1.30) 0.560 1.04 (0.59-1.83) 0.902
2 bp-del/2 bp-del 1.57 (0.78-3.16) 0.212 1.16 (0.39-3.48) 0.796
IGF-IR (AGG)n
(AGG)5 3.18 (1.31-8.94) 0.028 222(043-114) 0.338
(AGG)6 0.81 (0.61-1.06) 0.434 0.93 (0.62-1.38) 0.703
(AGG)7 1.00 (ref) - 1.00 (ref) -
(AGG)8° - - - -
(AGG)9° - - - -
Group 1
(AGG)7/(AGG)7 1.00 (ref) - 1.00 (ref) -
(AGG)7/(AGG)non 0.90 (0.63-1.31) 0.589 0.94 (0.54-1.64) 0.831
(AGG)non/(AGG)non 0.77 (0.41-1.47) 0434 1.05 (0.46-2.43) 0.905
Group 2
(AGG)5/(AGG)6 - - - -
(AGG)5/(AGG)7 2.86 (0.99-8.28) 0.053 1.33(0.29-6.07) 0.716
(AGG)6/(AGG)6 0.77 (0.38-1.41) 0.350 0.99 (0.43-2.31) 0.984
(AGG)6/(AGG)7 0.79 (0.54-1.16) 0.230 0.86 (0.49-1.52) 0.600
(AGG)7/(AGG)7 1.00 (ref) - 1.00 (ref) -
(AGG)7/(AGG)8° - - - -
(AGG)7/(AGG)9P - - - -

*Adjusted by age and BMI category (underweight, normal weight, overweight, or obese). "Insufficient number to calculate OR. Bold text

denotes statistically significant values.

in Table V. For the IGF-1 (CA)n repeat, there was a signifi-
cant association of the non-19/non-19 genotype with breast
cancer by univariate analysis (OR=1.75; 95% CI=1.07-2.88;
P=0.027). When adjusting for age and BMI, there was still
a statistically significant association of breast cancer with
the non-19/non-19 genotype (OR=1.98; 95% CI=1.01-3.89;

P=0.047). Considering the association of single alleles with
breast cancer, the <(CA)19 allele was significantly associated
with breast cancer both in the univariate analysis (OR=1.70;
95% CI=1.19-2.43; P=0.003) and the multivariate analysis
(OR=1.97; 95% CI=1.21-3.22; P=0.006). Furthermore, the
‘absence of the 19 allele’ was strongly associated with breast
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cancer in both univariate (OR=1.82; 95% CI 1.20-2.77;
P=0.005) and multivariate analyses (OR=1.87; 95% CI=1.05-
3.32; P=0.005). The IGFBP-3 polymorphisms showed no
significant association with breast cancer. The IGF-1R 2-bp
deletion polymorphism analysis did not reveal any signifi-
cant association with breast cancer. The IGF-1R (AGG)n
repeat analysis did show some significant association of the
polymorphic genotypes with breast cancer. In the univariate
analysis, the (AGG)5 genotype was significantly associated
with breast cancer (OR=3.18; 95% CI=1.31-8.94; P=0.028).
However, when the analysis was adjusted for age and BMI, the
significance was lost (OR=1.64; 95% CI1=0.39-6.89; P=0.501).
The rarity of the allele in the study population may account
for this finding or it may be due to the influence of age and/or
BMI on the affects from this allele. When discretely grouping
the (AGG)n polymorphism by wild-type (AGG)7 vs. (AGG)
non, there were no statistically significant associations.
However, when considering the distribution of the various
allele combinations, the (AGG)5/(AGG)7 allele was bordering
statistical significance by univariate analysis (OR=2.86; 95%
CI=0.99-8.28; P=0.053). This associated observation was once
again lost when adjusting for age and BMI in the multivariate
analysis (OR=1.33; 95% CI 0.29-6.07; P=0.716).

Odds ratios and 95% confidence intervals for the IGF-1,
IGFBP-3, IGF-IR polymorphic genotypes with clinicopatho-
logical features. The clinicopathological details from breast
cancer patients were available for approximately 200 patients
out of 268 total cancer patients in this study. There were no
significant associations between IGF polymorphisms and
tumor characteristics and receptor subtypes (data not shown).

Discussion

Our current study provides additional support for the associa-
tion between IGF-1 polymorphic genotypes and breast cancer.
Our findings show that breast cancer patients, particularly
premenopausal women, were more likely to be carriers of
the non-19 (CA)n alleles, and these alleles were more likely
to be the <(CA)19 genotype. The association of the <(CA)19
genotype with breast cancer found in our study as well as
data from a much larger case-control study (31), imply that
the length of polymorphic repeats could inversely affect
transcription. There was no association found with >(CA)19
repeats with a decreased risk of cancer; suggesting that the
possible transcriptional effects resulting from the length of the
polymorphism may be limited to the <(CA)19 repeats.

Breast cancer patients were also more likely to have the
non-19/non-19 genotype when compared to women with no
breast cancer. This finding was most significant in premeno-
pausal breast cancer patients. We previously published the
findings of a significant association of increased IGF-1 serum
levels in minority premenopausal women with breast cancer,
decreased response to treatment, poor prognosis and outcome
(6). The findings in the present study, which includes the same
study population, found a significant association of the IGF-1
polymorphism with breast cancer, especially in premeno-
pausal but not postmenopausal women. Consequently, these
results suggest, to a modest extent, a potential role that IGF-1
levels and promoter polymorphisms may play in breast cancer
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in premenopausal women. The role of IGF-1 in premenopausal
women with breast cancer is further supported by the findings
of other investigations (20,31,38-41).

One of the most convincing studies that demonstrate a
direct link between the IGF-1 (CA)n repeat and risk for breast
cancer was the Long Island Breast Cancer Study Project by
Cleveland ef al (31). These investigators examined 1028 breast
cancer cases and 1086 controls. They observed an increased
risk of breast cancer for genotypes that included alleles with
fewer than (CA)I19 repeats when compared to (CA)19 repeat
carriers. This association was stronger among premenopausal
women. No significant association was observed between an
IGF-1 genotype with no (CA)19 repeat compared to (CA)19
repeat genotypes in either pre- or postmenopausal women.
However, when traditional breast cancer risk factors were
considered, premenopausal women with genotypes that
lacked a (CA)19 repeat had a nearly 60% increased risk of
breast cancer among those who had ever used hormonal birth
control, while never users had a significantly reduced risk.
Among postmenopausal women, those with genotypes lacking
a (CA)19 repeat allele had significantly increased breast cancer
risk among subjects with a lower than median body mass index
(BMI), while no association of the IGF-1 genotype was noted
among women with a higher than median BMI.

Several other groups have suggested that polymorphisms
of the IGF-1 gene and of genes encoding for the major
IGF-1 carriers may predict circulating levels of IGF-1 and
have an impact on cancer risk. Canzian et al (19) tested this
hypothesis with a case-control study of 807 breast cancer
patients and 1588 matched control subjects, nested within the
European Prospective Investigation into Cancer and Nutrition
(EPIC). The authors found a weak but significant association
of polymorphisms at the 5' end of the IGF-1 gene with breast
cancer risk, particularly among women younger than 55 years,
and a strong association of polymorphisms located in the 5'
end of IGFBP-3 with circulating levels of IGFBP-3. Although,
we observed a direct correlation with breast cancer risk in
premenopausal African-American and Hispanic women with
an increase in IGF-1 plasma levels, together with a decrease in
serum IGFBP-3 levels (6), we did not determine these associa-
tions with their IGF gene polymorphic status.

Cheng et al (42) examined a large multiethnic cohort for
an association between IGFBP-1 and IGFBP-3 genotypes
with either prostate or breast cancer risk. However, unlike
our current study, their breast cancer cohort was primarily
postmenopausal. Their data did not observe a strong asso-
ciation between IGFBP-1 and IGFBP-3 genotypes with
either prostate or breast cancer risk. The number of African
Americans and Latinos in their study included cases/controls
as follows: AA 284/418 and Latinos 330/380. Although the
present study had fewer subjects, our data also confirmed no
association between the IGFBP-3 polymorphism (A-202C)
with breast cancer in either population. Other investigators
reported similar findings primarily for Caucasian women (19).
Al-Zahrani et al (43) observed similar risks for breast cancer
between premenopausal and postmenopausal women with
either IGF-1 or IGFBP-3 SNPs.

However, it is necessary to note that a limitation of our
study was a smaller sample size (~500 women) than the afore-
mentioned studies, and this may play a role in assessing the
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associations of this genotype with breast cancer. Nonetheless,
the suggested importance of this genotype playing a role in
premenopausal women, particularly perhaps minority women,
does merit some consideration. These data, however, must be
interpreted noting that this was a hospital-based comparison
study, where there was a trend in difference in age distribution
between cases and controls. Although a comparison study is
a limitation, the fact that there is an association of the IGF-1
genotype with cancer in younger women, while cancer is
predominately considered a later-age malady, does somewhat
support the strength of the relevance of these findings.

To date, there have been only a few studies which have
evaluated the distribution of the IGF-1 (CA)n alleles in
African-American and Hispanic/Latino women with breast
cancer (36,41-46). Slattery and colleagues (45) reported that
non-Hispanic white (NHW) women in the Southwestern
US, who were not recently exposed to hormones, and did
not have the 19 CA repeat of the IGF-1 gene, showed an
association with breast cancer. The R allele of G972R of the
IRS polymorphism was less common in Hispanic women
and was associated with breast cancer risk in women not
recently exposed to hormones. These authors demonstrated
several interesting additional associations. For instance,
among postmenopausal Hispanic women recently exposed
to hormones, the A allele of the -202 C>A IGFBP3 polymor-
phism increased the risk of breast cancer. The IGF-1 19 CA
repeat polymorphism interacted with hormone replacement
therapy (HRT) among NHW postmenopausal women. Women
who carried the 19/19 IGF-1 genotype had a reduced risk of
breast cancer when they did not use HRT. Their study also
demonstrated an association between body mass index (BMI)
and IGF-1 19 CA repeat (P=0.06) and between weight gain
and the -202 C>A IGFBP-3 polymorphism (P=0.05) in NHW
postmenopausal women not recently exposed to hormones. In
the present study, due to limited sample size, we were not able
to examine with statistical significance, the breast cancer risks
associated with BMI and the use of HRT in either the IGF-1
and/or IGFBP-3 genotypes. However, these are important risk
factors and warrant further studies in African-American and
Hispanic women.

Similar to our study which includes a suitable number of
African-American women, other studies assessing IGF-1
genotype and IGF-1 levels found that African-American
women were more likely to be carriers of the non-19 allele,
particularly the <(CA)19 alleles, when compared to mostly
non-Hispanic Caucasian women (36,41). Furthermore, our
study supports previous findings that the most common
IGF-1 genotype is the heterozygous 19/non-19 IGF-1 geno-
type (36,41). An important study to consider was one
performed by DelLellis et al (36). This study included
African-American and Hispanic/Latino subjects from Los
Angeles, Southern California. The authors found that the
non-19/non-19 genotype was more prevalent in African-
American women compared to Hispanic/Latino women. In
addition, the distribution of the IGF-1 alleles between the
two ethnic groups showed a pattern similar to ours, with
the highest prevalence once again being the heterozygous
genotype, followed by the homozygous wild-type genotype,
and finally the homozygous non-wild-type genotype (36).
The distribution of the IGFBP-3 genotype in our study
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was similar to other studies that had included Hispanic/
Latino women (45,46). There was a greater prevalence of the
heterozygous AC and the homozygous CC genotypes than
the homozygous wild-type genotype AA. Here, it should be
noted that in our study, pooling both African-American and
Hispanic/Latino women into one ‘total subjects’ category
was carried out in order to gain an understanding of the
distribution of IGF gene polymorphisms and to have a suitable
number of women to perform meaningful statistical analyses.
A possible limitation of the present study may be that the
subjects were not matched by ethnicity, and there were more
Hispanic/Latino women represented than African-Americans
in this clinic-based comparison study.

Perhaps the strongest association between IGF-1 CA
repeats and risk for colorectal cancer cases is found in the
hereditary form of CRC (47,48). Zecevic et al (47) investigated
the relationship between IGF-1 promoter cytosine-adenine
(CA) dinucleotide-repeat polymorphism length and CRC risk
in 121 MMR gene mutation carriers using Cox regression and
Kaplan-Meier analysis. This study was primarily carried out
in Caucasian patients. Their data demonstrated a statistically
significant association between shorter IGF-1 CA-repeat
lengths and increased risk for CRC in hereditary non-poly-
posis colon cancer (HNPCC) carriers. Similar observations
were made recently by Reeves et al (48), who examined both
Australian and Polish patients with MMR gene mutations
(equally in MLH1 or MSH2). The authors concluded that the
IGF-1 CA repeat is an important modifier of disease onset in
HNPCC and the first polymorphism to yield consistent results
across different populations.

In a study of prostate cancer patients of African-American
ethnicity, Hernandez et al (44) showed that the two polymor-
phisms, rs7965399 C/T SNP and IGF-1 (CA)n repeat, do not
affect IGF-1 serum levels nor prostate cancer risk. In addition,
these authors showed that, although the IGFBP-3 serum levels
are not associated with prostate cancer risk, the C allele of the
202 A/C SNP increases risk and lowers IGFBP-3 serum levels.
The authors caution that the impact of these genotypes may
not be significant, given the high rates of aggressive disease in
their prostate cancer population. This possibility was recently
examined by Hoyo ef al (49) in albeit a small population of
African Americans and whites from the Durham Veterans
Administration Hospital. Essentially, they grouped 47 cases
with Gleason sum >7, and 50 cases with Gleason sum <7 and
compared them to 93 controls. Their data confirmed that the
inverse association between carrying the IGF-1 (CA)19 repeat
variant did not vary with grade or ethnicity. However, the
association between the IGFBP-3 C allele and prostate cancer
was grade-specific in both ethnic groups.

Recent studies on non-small cell lung (50), ovarian (51) and
pancreatic cancer (52) provide further support for studying
IGF family member SNPs as predictors for cancer risk and
prognosis (49). In the case of pancreatic cancer, Suzuki et al
(52) found that the IGF-1 -177 GC/CC genotype was related
to lower frequency of diabetes in the controls and higher
frequency of diabetes in cases among the genotype carriers.
We plan to examine this SNP variant in our patient popula-
tion.

The two IGF-1IR polymorphisms assessed in our study
population have only been examined in the context of cancer
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by only one other study (25). The authors examined the influ-
ence of IGF-1R polymorphisms on IGF-1 levels and prostate
cancer risk. The study found that having a polymorphic
genotype composed of fewer than two copies of the (AGG)7
polymorphisms [i.e. non(AGG)7/(AGG)7 or non(AGG)7/
non(AGG)7] was associated with an increased risk of prostate
cancer, and interestingly, lower levels of IGF-1. The associa-
tion with lower IGF-1 levels and increased prostate risk found
in the study is an unexpected finding since increased IGF-1
levels have been associated with an increased risk of multiple
cancers in large meta-analysis studies (40). We identified a
modest trend towards the significance of the (AGG)5 geno-
type and (AGG)5/(AGG)7 genotype with an increased OR
with breast cancer. The association with the <(AGG)7 repeats
in the aforementioned prostate study and our finding of the
(AGG)5 repeat association with breast cancer both link this
IGF-1R polymorphic genotype with cancer. In our study,
however, upon adjusting for age and BMI, the significance of
this association was lost. These results warrant careful inter-
pretation since this allele was found at a low frequency in our
study cohort and may present a chance finding. Furthermore,
the functional relevance of this polymorphism is still unclear;
therefore, understanding the contribution of the polymorphism
to gene expression and ultimately cancer is required before this
polymorphism may be useful as a risk-associated biomarker.

In conclusion, our study confirms that the IGF-1 (CA)
repeat is associated with breast cancer, and this polymor-
phism may play a functional role in the transcription of IGF-1
and influence plasma or circulating IGF-1 levels. This study
provides further support for a link between IGF-1 serum
levels (6) and breast cancer in premenopausal minority
women, and that this cohort of minority women is more likely
to express non-19/non-19 IGF-1 genotypes. Additionally, our
study found a significant association of the IGF-1R (AGG)5
polymorphic genotype and breast cancer. These findings
modestly suggest that polymorphisms in the IGF axis (ranging
from the ligand to receptor) may be potentially important
cancer risk-association biomarkers. Additional studies should
analyze combined polymorphic panels along the IGF pathway
which will assess whether combinations of risk-associated
IGF polymorphisms may reveal stronger predictive associa-
tions with cancer.

Further consideration of ethnic-specific differences, if
any, requires additional investigation and an increase in the
number of women studied. More studies are necessary to
elucidate the underlying mechanisms which can explain the
associations found between IGF gene polymorphisms and
breast cancer.
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