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Abstract 

The insulin-like growth factor (IGF) pathway has been implicated as risk modifier in 

premenopausal breast cancer. In this study, we investigated associations between single 

nucleotide polymorphisms (SNPs) and diplotypes in the IGFBP1 and IGFBP3 genes and 

circulating IGFBP-3 levels, BRCA family status and breast cancer among women from high-

risk breast cancer families. Nine IGFBP1 and IGFBP3 SNPs were genotyped with PCR-based 

methods in 323 women. Nine IGFBP1 and ten IGFBP3 diplotypes were identified. Plasma 

IGFBP-3 levels obtained during cycle day 18-23 were available for 231 women, 87 current 

users of combined oral contraceptives and 144 non-users. IGFBP1 (rs1995051 and 

rs4988515) and IGFBP3 (rs2471551 and rs2854744) SNPs were associated with circulating 

IGFBP-3 levels (P<0.05). IGFBP1low diplotypes were associated with lower IGFBP-3 levels 

and were more common in BRCA2 families OR 2.05 (95%CI 0.97-4.30). IGFBP3high 

diplotypes were associated with higher IGFBP-3 levels and were more common in BRCAX 

families OR 1.68 (95%CI 1.04-2.74). After adjusting the models for BRCA family status, both 

the BRCA1 and BRCA2 family status (P≤0.006) and the IGFBP1 diplotype GTAC/ACAT 

(P=0.004) were associated with lower IGFBP-3 levels. Similarly, both the BRCA1 and 

BRCA2 family status (P≤0.03) and the IGFBP-3 diplotypes GCA/GCG (P=0.007) and 

GCG/CCG (P=0.002) were significantly associated with lower IGFBP-3 levels, adjusted for 

age, weight, OC use, and other IGFBP diplotypes. No individual SNP was associated with 

breast cancer. There were 23 cases of breast cancer and one IGFBP1 diplotype was associated 

with a decreased risk of breast cancer after age 18 (log rank P=0.05). In conclusion, 

independent effects from IGFBP1, IGFBP3 diplotypes and BRCA family status on IGFBP-3 

levels were observed. These factors may influence the risk of breast cancer among women 

from high-risk breast cancer families.  
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Introduction 

Breast cancer is the most commonly diagnosed cancer among women in the Western world 

and the lifetime risk is approximately 12%. Women with one first-degree relative with breast 

cancer have an approximately twofold greater risk compared to women in the general 

population. Mutations in the high-penetrance BRCA1 or BRCA2 genes confer 60-80% lifetime 

risk of breast cancer [1]. Still, >50% of the genetic predisposition to hereditary breast cancer 

remains unexplained and the influence of other low-penetrance genetic or non-genetic factors 

is under intense investigation [2]. 

  

Insulin-like growth factor I (IGF-I) is a polypeptide growth hormone that promotes cell 

proliferation and inhibits apoptosis of both normal and malignant breast epithelial cells [3]. 

Given the high circulating IGF-I concentration and wide tissue distribution, tight regulation 

and control of its actions is required to maintain homeostasis. The vast majority of circulating 

IGF-I is bound to IGF-binding proteins, predominantly IGFBP-3 in complex with an acid-

labile subunit, which restrict the bioactive IGFs and limit their interaction with receptors. 

Dysregulation of this control resulting in increased IGF-I levels or altered IGF-I/IGFBP-3 

ratios may contribute to an increased risk of breast cancer. IGFBP-3 has a well-defined role in 

sequestering IGF-I and thereby, attenuating its mitogenic actions. However, in addition to this 

regulatory role on IGF-I actions, IGFBP-3 may exert IGF-I independent effects promoting 

cellular growth [4,5]. High circulating IGFBP-3 levels have been associated with proliferative 

benign breast disease and increased breast cancer risk [6,7]. 

 

Non-genetic factors such as oral contraceptives (OC) have been shown to increase IGFBP-3 

levels in most women [8,9]. In addition to lifestyle and environmental factors, IGFBP-3 

plasma levels are likely to be influenced by genetic variation in the IGFBP1 and IGFBP3 
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genes [10]. The gene for IGFBP3 is located at chromosome 7p14-p12, in a tail-to-tail 

configuration with IGFBP1 at 7p13-p12 [11]. Twin studies indicate that genetic variants may 

account for up to 60 % of the inter-individual variation in circulating IGFBP-3 levels [12-14]. 

Our group has previously reported significant associations between the AA genotype of the 

IGFBP3 SNP rs2854744 (A-202C) in the promoter region of IGFBP3 and higher circulating 

IGFBP-3 levels, especially in women from BRCAX families, in the present study population 

[8]. This polymorphism may directly influence IGFBP3 gene promoter activity [15,16]. To 

our knowledge, associations between multiple genetic polymorphisms and diplotypes in 

IGFBP1 and IGFBP3 and circulating IGFBP-3 levels among women from BRCA1, BRCA2 or 

BRCAX families have not been previously investigated. The aims of this study were to 

examine the associations between genetic variation in the IGFBP1 and IGFBP3 genes and 

IGFBP-3 plasma levels, BRCA status, and breast cancer risk among women from high-risk 

breast cancer families. 
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Materials and methods 

Study Population 

The study population included 323 women from 192 families from two inclusion arms, all 

belonging to high-risk breast cancer families in the South Swedish Health Care Region with 

DNA available for genotyping. The first inclusion arm has been described in detail elsewhere 

[17]. In brief, 267 young healthy women with no previous cancer history or prophylactic 

mastectomy or bilateral oophorectomy were enrolled in the study between 1996 and 2006. 

Eligible participants had to belong to high-risk breast cancer families and be either (1) known 

BRCA1 or BRCA2 mutation carriers or (2) first or second-degree relatives of a breast cancer 

case or (3) first- or second-degree relatives of a known male or female BRCA1 or BRCA2 

mutation carrier. In the second inclusion arm, an additional 40 BRCA1 and 16 BRCA2 

mutation carriers born between 1950 and 1988 were included irrespective of cancer status, in 

order to include all BRCA1/2 mutation carriers in the South Swedish Health Care Region with 

DNA available for SNP testing. Information on BRCA mutation status was obtained through 

medical records from the Oncogenetic Clinic at the Department of Oncology, Lund. Written 

informed consent was obtained from all participating women and the study was approved by 

the local ethics committee at Lund University. Extensive questionnaire data with information 

on reproductive factors, the use of combined OCs and other medications etc. were obtained 

from the majority of cohort members. Characteristics of the women are presented in Table 1. 

 

IGFBP-3 plasma levels 

IGFBP-3 levels were measured in plasma samples obtained between 07:15 am and 12:15 pm 

5-10 days prior to the predicted onset of the next menstrual period, i.e., during cycle day 18-

23 in most women, using the IMMULITE 2000 IGFBP-3 enzyme-labeled chemiluminiscent 

immunometric assay (Siemens) in Uppsala University Hospital (Uppsala, Sweden) as 
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previously described [8]. The assay sensitivity was 0.02 μg/ml. The intra-assay and inter-

assay variations were 4.1% and 7.3%, respectively.  

 

SNP selection and genotyping 

Four IGFBP1 (rs1995051, rs3763497, rs1065780, and rs4988515) in one haplotype block and 

three IGFBP3 haplotype-tagging (ht)SNPs (rs2471551, rs2854744, and rs2132572) in another 

haplotype block were selected to capture 95% of the genetic diversity of the IGFBP1 and 

IGFBP3 genes in a Swedish population, based on personal communication with Dr Mattias 

Johansson (International Agency for Research against Cancer, IARC, Lyon, France) and data 

from a Swedish cancer cohort [18]. Two additional IGFBP3 SNPs (rs6670 and rs2453839) 

between the blocks were also included.  

 

Genomic DNA was extracted from peripheral blood using Wizard Genomic DNA Purification 

Kit (Promega, Madison, WI, USA). Genotyping was performed in the Department of 

Genotyping and Sequencing at Region Skåne’s Competence Center of Clinical Research 

(RSKC, Malmö, Sweden).  

 

The SNP (rs3763497, rs1065780, rs4988515, rs6670, rs2471551, rs2854744, and rs2132572) 

analyses were performed on a matrix-assisted laser desorption/ionization time-of-flight mass 

spectrometry on a Sequenom MassARRAY® platform (Sequenom, San Diego, CA, USA), 

using iPLEX reagents according to the manufacturers’ protocol. The Sequenom 

MassARRAY® designer software was used for multiplex SNP analysis design. The SNPs 

(rs1995051 and rs2854744) were genotyped using a Taqman SNP allelic discrimination assay 

in 384-well format on ABI PRISM 7900 Sequence Detection System (Applied Biosystems, 

Foster City, CA, USA). Six out of 323 women were not successfully genotyped for IGFBP3 
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rs2854744 SNP using TaqMan. For those six women, rs2854744 genotypes were available 

from iPLEX and DNA sequencing from the previous study [8] (100% concordance) and used 

in the study models. For quality control of genotype data, more than 10% of the samples were 

run in duplicates, with 100% concordance. The genotyping success rate was ≥ 95% for all 

SNPs.  

 

Diplotype assignment 

The htSNPs were used to predict the most likely haplotypes and their corresponding 

diplotypes, i.e., paired haplotypes. Each of the htSNPs within IGFBP1 or IGFBP3 was cross-

tabulated against the remaining htSNPs within their respective genes to generate possible 

linkage combinations and to identify non-existing or unlikely combinations. The most likely 

haplotypes were created and compared with previously published data [18]. The women were 

subsequently assigned to their most likely diplotypes. Diplotypes with an assignment of five 

women or fewer were combined together into a composite “rare diplotypes” category. 

 

Follow-up 

Women were considered at risk for breast cancer from age 18 and were followed until the 

development of a first breast cancer according to the Regional Cancer Registry, until the date 

of a self-reported prophylactic mastectomy or oophorectomy, or until May 31, 2009, whichever 

came first. The women in the study who were considered to have a high-risk of developing 

breast cancer were offered clinical follow-up including annual mammograms, ultrasounds or 

magnetic resonance imaging, and physical examination of the breasts. The report rate of the 

Swedish cancer registries is close to 100%.  

 

Statistical analysis 
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The statistical software SPSS 17.0 was used for most analyses and the multivariate linear 

regression models were also adjusted for family clustering by using the cluster option of the 

regress command in STATA. For analyses of IGFBP-3 levels, we excluded women who were 

breast-feeding at blood draw (n=4), women using hormonal contraceptives other than 

combined OCs (n=19), or both (n=1), as well as one woman who had not answered the 

question on hormonal contraceptive use, leaving 87 current OC users and 144 non-users. For 

SNP and diplotype analyses, frequencies and associations with circulating levels were 

calculated for all women as well as stratified according to OC status. Multivariate linear 

regression models were used to estimate the standardized [age(29 years), weight(ln67 kg) and 

no current OC use] mean IGFBP-3 levels for each SNP. Non-linear additive effects for the 

minor allele were accounted for in the analyses through the use of dummy variables for each 

copy of the minor allele and the wild type allele as reference. An interaction term between OC 

status and cumulative number of SNP alleles was created.  

 

Non-standardized means for circulating IGFBP-3 levels for each diplotype were obtained 

using one-sample t-tests. Kaplan-Meier survival analyses were used to investigate incident 

breast cancers after 18 years of age in relation to htSNPs or diplotypes. For healthy women, 

the authors censored at the woman’s age on May 31 2009, or at the age of a prophylactic 

mastectomy. Nominal P values are presented. All P values were two-tailed. 
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Results 

Frequencies of htSNPs in IGFBP1 and IGFBP3 and associations with IGFBP-3 levels 

Several SNPs in IGFBP1 and IGFBP3 were associated with circulating IGFBP-3 levels 

(Table 2). The strongest associations with IGFBP-3 levels were observed with IGFBP1 

(rs1995051 and rs4988515) and IGFBP3 (rs2471551 and rs2854744) (P<0.05 for all). The 

minor alleles of IGFBP1 SNPs rs1995051 and rs4988515 were associated with lower IGFBP-

3 levels. These minor alleles segregated at a higher frequency among women from BRCA2 

families (35.5 and 20.6%, respectively) than among women from BRCA1 (25.4 and 7.5%, 

respectively) or BRCAX families (27.3 and 10.9%, respectively) (additional data given in 

Online Resource 1). Similarly, the heterozygous variant of the IGFBP3 rs2471551 was 

associated with lower IGFBP-3 levels. In contrast, the minor allele of the IGFBP3 rs2854744 

was associated with higher IGFBP-3 levels. Women from BRCA2 families were less 

frequently homozygous for this variant allele (5.9%) than women from BRCA1 or BRCAX 

families (12.9 or 18.2%, respectively) (additional data given in Online Resource 1). These 

four SNPs were associated with changes in mean circulating IGFBP-3 levels ranging from 4% 

(rs2471551) to 12% (rs2854744). However, only rs2854744 remained significantly associated 

with circulating IGFBP-3 levels (nominal P=0.0002) after adjustment for multiple testing. 

The differences in standardized mean IGFBP-3 levels according to rs2854744 genotype were 

271 ng/ml (6%, P=0.009) for heterozygotes (CA) and 547 ng/ml (12%, P=0.0002) for 

homozygotes (AA) compared with the wild type (CC). 

 

OC use influences IGFBP-3 levels and was considered as effect modifier of the SNP and 

IGFBP-3 level relationship. Hence, analyses were also stratified for OC use (Table 2). The 

mean IGFBP-3 levels were lower in the 144 non-users 4768 ng/ml (95%CI: 4636-4899) than 
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in the 87 current OC users 5190 ng/ml (95%CI: 5039-5341). An interaction was observed 

between cumulative number of IGFBP1 SNP (rs3763497) and OC use (Pinteraction=0.034). 

 

Diplotype associations with circulating IGFBP-3 levels 

Eight IGFBP1 and nine IGFBP3 diplotypes were created from four IGFBP1 and three 

IGFBP3 htSNPs, respectively, based on assignment to >5 women (Figure 1). One additional 

composite group of each rare IGFBP1 and rare IGFBP3 diplotypes (≤5 women) were 

included in the analyses. Two IGFBP3 SNPs outside of the haplotype blocks (rs6670 and 

rs2453839) were excluded from the diplotype analyses. 

 

Four IGFBP1 diplotypes and four IGFBP3 diplotypes were associated with changes in mean 

IGFBP-3 levels of >200 ng/ml relative to the mean level of 4927 ng/ml for all women (Figure 

1). Among the four IGFBP1 diplotypes, GTAC/ACAT and the composite rare IGFBP1 

diplotypes group were associated with decreased mean IGFBP-3 levels (-654 and -427 ng/ml, 

respectively), while two IGFBP1 diplotypes (GCGC/GCGC and GTAC/GTAC) were 

associated with increased mean IGFBP-3 levels (201 and 227 ng/ml, respectively). Among 

the IGFBP3 diplotypes, GCG/CCG and GCA/GCG were associated with decreased IGFBP-3 

levels (-488 and -301 ng/ml, respectively), while GAG/GAG and the composite rare IGFBP3 

diplotypes group were associated with increased IGFBP-3 levels (314 and 673 ng/ml, 

respectively). Using linear regression models, the adjusted mean IGFBP-3 level associated 

with the IGFBP1 diplotype GTAC/ACAT was significantly lower compared with the 

reference diplotype GCGC/GTAC (P=0.004), adjusted for age, weight, OC use and other 

IGFBP1 diplotypes. Similarly, the adjusted mean IGFBP-3 levels associated with the IGFBP3 

diplotypes GCA/GCG and GCG/CCG were significantly lower compared with the reference 

diplotype GAG/GCA (P=0.004 and P=0.002, respectively). The associations between 
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diplotypes and IGFBP-3 levels differed between OC users and non-users (Figure 1). The 

IGFBP1 diplotype GCGC/ACGC had opposing associations on IGFBP-3 levels dependent on 

OC use, while the IGFBP-3 levels in GTAC/ACGC carriers was similar irrespective of OC 

status. 

 

After adjusting the models for BRCA family status, both the BRCA1 and BRCA2 family status 

(P≤0.006) and the IGFBP1 diplotype GTAC/ACAT (P=0.004) were associated with lower 

IGFBP-3 levels, adjusted for age, weight, OC use, and other IGFBP diplotypes. Similarly, 

both the BRCA1 and BRCA2 family status (P≤0.03) and the IGFBP3 diplotypes GCA/GCG 

(P=0.007) and GCG/CCG (P=0.002) were significantly associated with lower IGFBP-3 

levels, adjusted for age, weight, OC use, and other IGFBP diplotypes. This suggests 

independent effects from IGFBP1, IGFBP3 diplotypes, and BRCA family status on IGFBP-3 

levels. After adjustment for family clustering, all statistical associations between IGFBP1 and 

IGFBP3 diplotype data and IGFBP-3 levels remained. 

 

Diplotype co-segregation with BRCA1/2 mutation status 

Possible co-segregation of diplotype frequencies and BRCA family status were examined in 

all women (Figs. 2a, 3a) and in the first included woman from each family (Figs. 2b, 3b). 

GCGC/GTAC was the most common IGFBP1 diplotype across the BRCA1, BRCA2 and 

BRCAX families (Figs. 2a, b). As previously reported, IGFBP-3 levels were higher in BRCAX 

than in BRCA1/2 families [8]. Based on the corresponding IGFBP-3 levels, the diplotypes 

were sub-grouped into IGFBP1low, IGFBP1high, IGFBP3low and IGFBP3high compared with 

the overall mean IGFBP-3 level. No evident co-segregation of IGFBP1 or IGFBP3 diplotypes 

was observed among the BRCA1 families. Women from BRCA2 families more frequently 

carried IGFBP1 diplotypes associated with lower IGFBP-3 levels (60.6%) OR 2.05 (95%CI 
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0.97-4.30) than women from BRCA1 or BRCAX families (40.8 or 45.5%, respectively) (Fig. 

2a). In contrast, IGFBP3 diplotypes associated with higher IGFBP-3 levels (IGFBP3high) co-

segregated among BRCAX families (57.3%) OR 1.68 (95%CI 1.04-2.74) compared with 

women from BRCA1 or BRCA2 families (45.1 or 41.2%, respectively) (Fig. 3a).  

 

Diplotypes associated with breast cancer 

Against a background of a limited number of breast cancer cases (n=23), there was a non-

significant tendency toward increased breast cancer incidence among women carrying a 

combination of IGFBP1high and IGFBP3high diplotypes (9/88, 10.2%) compared with 

IGFBP1low and IGFBP3low diplotypes (4/68, 5.9%). The incidences of breast cancer found 

among women carrying IGFBP1low/IGFBP3low diplotypes (4/69, 5.8%) and 

IGFBP1high/IGFBP3low diplotypes (6/91, 6.6%) were similar to the incidence of breast cancer 

among women with the IGFBP1low/IGFBP3low diplotypes. Among the 23 breast cancer cases, 

nine (39.1%) carried a IGFBP1high/IGFBP3high diplotype and only four (17.1%) carried a 

IGFBP1low/IGFBP3low diplotype (Figure 4a). One IGFBP1 diplotype (GTAC/ACGC) showed 

a tendency toward being associated with decreased risk of breast cancer (log rank P=0.050) 

(Figure 4b). 
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Discussion 

To our knowledge, this is the first study to examine genetic variants (SNPs) and diplotypes in 

the IGFBP1 and IGFBP3 genes in relation to both circulating IGFBP-3 levels and risk of 

breast cancer among women from BRCA1, BRCA2 or BRCAX families. Two SNPs in IGFBP1 

and two SNPs in IGFBP-3 were associated with circulating IGFBP-3 levels, but no 

associations between individual SNPs and breast cancer incidence were found. Several 

diplotypes in IGFBP1 and IGFBP3 were associated with circulating IGFBP-3 levels. Breast 

cancer incidence was non-significantly higher among women carrying a combination of 

IGFBP1high/IGFBP3high diplotypes associated with higher circulating IGFBP-3 levels. The 

frequency of IGFBP1high and IGFBP3high diplotypes differed between women from BRCA1, 

BRCA2 or BRCAX families, which further reflected in significant differences in mean 

circulating IGFBP-3 levels.  

 

The IGF axis plays important roles in normal physiology by regulating cell proliferation, 

differentiation, and apoptosis [3]. In addition, considerable evidence from laboratory, clinical, 

and epidemiological research demonstrates important roles of the IGF-I and its major binding 

protein IGFBP-3 in the development and progression of several tumor types, including breast 

cancer [3]. Large inter-individual variations in circulating levels of IGF-I and IGFBP-3 exist, 

which in part may be related to different genotypes. Previous studies have evaluated 

associations between circulating IGFBP-3 levels and risk of sporadic breast cancer in relation 

to individual IGFBP1 and IGFBP3 SNPs or haplotypes and reported conflicting results. 

Although many SNPs have been associated with the corresponding IGFBP-3 plasma levels, 

their respective associations with breast cancer risk have been inconsistent across studies. 

Reports from the Nurses Health Study II and from the NCI Breast and Prostate Cancer Cohort 

Consortium found associations between IGFBP3 polymorphisms and circulating IGFBP-3 
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levels, but no substantial influence on breast cancer risk [19,20]. In some studies, genetic 

variants and IGFBP-3 levels were inversely associated with breast cancer risk [21,22], while 

in other studies, IGFBP-3 levels were positively associated with breast cancer risk [7,23]. In 

addition, meta-analyses report that high circulating IGFBP-3 levels were associated with 

increased risk of premenopausal breast cancer [24,25].  

 

The results suggest that women carrying the heterozygous variant of IGFBP1 SNPs 

rs1995051, rs4988515 or IGFBP3 SNP rs2471551 have lower IGFBP-3 levels, consistent 

with results observed by others [26]. Notably, these heterozygous variants all co-segregated 

among women from BRCA2 families. A recent study reported positive associations for the 

rare allele of the extensively studied IGFBP3 rs2854744 (A-202C) with both IGFBP-3 levels 

and proliferative benign breast disease, a marker of increased breast cancer risk [6]. The 

higher circulating IGFBP-3 levels observed with the AA genotype are consistent with the 

functional differences between the A and C alleles indicated in vitro, describing significantly 

higher promoter activity of the A allele compared to the C allele [15,16]. Consistent with 

these findings, our group has previously reported that women carrying the AA genotype have 

higher IGFBP-3 levels and that this genetic variant segregated at a higher frequency among 

women from BRCAX families in the present study population [8], while the CC genotype 

segregated among women from BRCA1 families [8]. However, there were residual effects of 

BRCA family status on IGFBP-3 levels beyond the effect of the rs2854744 genotype and 

beyond the effects of diplotypes. 

 

Although mutations in the high-penetrance BRCA1 and BRCA2 genes predispose to early-

onset breast cancer, considerable individual variation in tumor incidence and onset exist. In 

addition, only one-third of women from Swedish high-risk breast cancer families carry 
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disease-causing mutations in BRCA1 and BRCA2. Considering that differences in individual 

breast cancer susceptibility probably result from the additive effect of multiple genetic 

variants, where each variant contribute but a modest risk increase [2], associations between in 

vivo IGFBP-3 levels and IGFBP1 and IGFBP3 diplotypes were investigated. The diplotype 

analyses revealed significant variation in circulating IGFBP-3 levels between the highest and 

lowest IGFBP1 diplotypes (range ~900 ng/ml). Interestingly, the homozygous IGFBP1 

diplotypes were all associated with the highest IGFBP-3 levels. Similar variation was 

observed for the IGFBP3 diplotype associations with circulating IGFBP-3 levels (range 

~1100 ng/ml). Two out of three homozygous IGFBP3 diplotypes, of which one contained the 

AA genotype of IGFBP3 SNP rs2854744, were associated with the highest IGFBP-3 levels.  

 

By applying diplotype analyses in preference to individual SNP analyses, a tendency toward 

increased breast cancer incidence among women carrying a combination of 

IGFBP1high/IGFBP3high diplotypes was found. The higher frequency of IGFBP3high diplotypes 

among BRCAX families implies that the subgroup of these women who carry a combination 

of IGFBP1high/IGFBP3high diplotypes may have an increased breast cancer risk related to high 

IGFBP-3 levels. This is the first study where IGFBP1 and IGFBP3 diplotype analyses have 

been applied to examine influence on breast cancer risk; previous studies have only examined 

haplotype data [19-21]. One IGFBP1 diplotype (GTAC/ACGC) was borderline associated 

with decreased breast cancer incidence after age 18. However, these observations warrant 

replication in larger study populations.  

 

Current OC use increases the overall mean circulating IGFBP-3 levels [8,9]. However, the 

associations between diplotypes and IGFBP-3 levels differed between OC users and non-

users. The variations present at position 2 and 3 in the IGFBP1 GCGC/ACGC and 
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GTAC/ACGC diplotypes suggest that the CC and GG genotypes of these polymorphisms may 

causally influence IGFBP-3 levels during OC use, or tag for other unknown functional SNPs. 

These data suggest that women from high-risk families carrying specific combinations of 

IGFBP1 and IGFBP3 diplotypes may be more susceptible to IGFBP-3 level modulation by 

OC use, which could further modify their risk of breast cancer. Further studies and the 

identification of causal mechanisms are needed to better understand how these genotypes and 

diplotypes may modify non-genetic factors related to IGFBP-3. 

 

In conclusion, this is the first study to investigate associations between multiple genetic 

polymorphisms and diplotypes in IGFBP1 and IGFBP3 and circulating IGFBP-3 levels 

among women from BRCA1, BRCA2 or BRCAX families. The findings suggest that individual 

SNPs and diplotypes are associated with circulating IGFBP-3 levels. These associations vary 

according to OC status and may influence the risk of breast cancer among women from high-

risk breast cancer families. A co-segregation of IGFBP1low diplotypes among BRCA2 families 

and of IGFBP3high diplotypes among BRCAX families was obeserved. This study highlights 

the informative advantage of applying diplotype analyses over individual SNPs or haplotypes. 

The findings warrant confirmation in independent study populations.  
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Figure legends 

Table 1. Characteristics of all women and of women with available IGFBP-3 levels 

 

Table 2. Associations between IGFBP1 and IGFBP3 SNP genotypes and standardized mean 

IGFBP-3 levels 

 

Figure 1. Associations between common diplotypes in the IGFBP1 and IGFBP3 genes with 

the corresponding mean circulating IGFBP-3 levels (ng/ml) and OC use among women from 

high-risk breast cancer families. The solid line represents the mean IGFBP-3 level for all 

women (n=231: 4927 ng/ml), the dashed lines represent the mean IGFBP-3 levels among non-

users (n=144: 4768 ng/ml) or current OC users (n=87; 5190 ng/ml), respectively. Shaded 

areas 95%CI of the mean plasma IGFBP-3 levels for each group. Results are shown as mean 

values for each diplotype with 95%CI. The stars represent the corresponding standardized 

[age(29 years), weight(ln67kg) and current OC use] mean IGFBP-3 levels for each diplotype. 

 

Figure 2. IGFBP1 diplotype distribution among women from BRCA families. Frequency (%) 

of the IGFBP1 diplotypes among all women (a) and among the first included woman from 

each family (b). Results are shown as percentage of women among all BRCA families (white 

bars), BRCA1 families (grey bars), BRCA2 families (dashed bars) or BRCAX families (black 

bars).  

 

Figure 3. IGFBP3 diplotypes distribution among women from BRCA families. Frequency (%) 

of the IGFBP3 diplotypes among all women (a) and among the first included woman from 

each family (b). Results are shown as percentage of women among all BRCA families (white 
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bars), BRCA1 families (grey bars), BRCA2 families (dashed bars) or BRCAX families (black 

bars).  

 

Figure 4. Associations between IGFBP1 and IGFBP3 diplotypes and breast cancer incidence. 

(a) Diplotype distribution among the 23 breast cancer cases. Results are shown as frequency 

(%) of the four diplotype combination groups associated with high (IGFBP1high/IGFBP3high; 

n=9), intermediate (IGFBP1high/IGFBP3low; n=6, or IGFBP1low/IGFBP3high; n=4) or low 

(IGFBP1low/IGFBP3low; n=4) circulating IGFBP-3 levels among the 23 breast cancer cases. 

(b) Kaplan-Meier estimates of breast cancer free survival in relation to the IGFBP1 diplotype 

GTAC/ACGC. Only one out of the 52 women carrying this diplotype had developed breast 

cancer (log rank P=0.050). Statistics in the lower part of the plot represent the number of 

women at each decade after age 18.  

 

Supplementary data: Table 1. Distribution of IGFBP1 and IGFBP3 SNP genotypes among 

all women and women from BRCA1, BRCA2 or BRCAX families. 

 

 

 

 

 

 

 



Table 1. Characteristics of all women and of women with available IGFBP-3 levels

Median (IQR)1, Median (IQR)1,
(% or n) n (% or n) n

Medians

Age (years) 30  (25-36) 323 29  (24-35) 231

Year of birth 1969  (1964-1975) 323 1969  (1964-1976) 231

Weight (kg) 64.3  (58.1-73.9) 267 63.8  (57.8-72.8) 231

Height (cm) 168  (164-172) 267 168  (164-172) 231

BMI (kg/m2) 22.8  (20.9-25.4) 267 22.6  (20.8-25.1) 231

Waist-to-hip ratio 0.76  (0.73-0.80) 267 0.76  (0.73-0.80) 231

Age at menarche (years) 13  (12-14) 310 13  (12-14) 230

Percentages (%)

Parous 54.8 303 47.2 231

Ever use of oral contraception 92.2 267 91.3 231

Current use of combined oral contraception 34.1 267 37.7 231

Current use of progestin-only pills 4.5 267 0 231

Current use of other hormonal contraception 3.4 266 0 231

Current smoker 22.9 266 23.4 230

Number of women (n)

BRCA1 family 134 323 76 231

Mutation carrier 69 22

Negative 49 44

Untested 16 10

BRCA2 family 34 323 14 231

Mutation carrier 23 7

Negative 7 5

Untested 4 2

BRCAX family 110 323 100 231

Untested family 45 323 41 231

All women With IGFBP-3 analyses

1 Interquartile range



SNP N IGFBP-3 N IGFBP-3 N IGFBP-3
(n =231) (ng/ml) p -value (n =144) (ng/ml) p -value (n =87) (ng/ml) p -value

IGFBP1
rs1995051 GG 120 4952 75 5002 45 5193

GA 93 4722 0.025 60 4738 0.041 33 5011 0.282
AA 16 4709 0.214 9 4500 0.056 7 5262 0.812

rs3763497 CC 95 4855 58 4789 37 5206
CT 111 4804 0.628 71 4839 0.704 40 4988 0.185
TT 24 5000 0.394 15 5208 0.054 9 4970 0.385

rs1065780 GG 82 4894 47 4858 35 5174
GA 111 4842 0.633 74 4845 0.926 37 5075 0.552
AA 37 4761 0.367 23 4910 0.788 14 4793 0.095

rs4988515 CC 207 4889 127 4906 80 5110
CT 23 4538 0.031 17 4519 0.046 6 4697 0.178
TT 0 NE 0 NE 0 NE

IGFBP3
rs6670 AA 143 4850 91 4896 52 5046

AT 76 4792 0.580 47 4711 0.168 26 5186 0.398
TT 12 5202 0.114 6 5417 0.098 6 5196 0.627

rs2453839 TT 139 4876 88 4889 51 5162
TC 82 4788 0.397 51 4806 0.542 31 5015 0.366
CC 3 4797 0.857 2 4484 0.462 1 5720 0.439

rs2471551 GG 135 4912 88 4955 47 5106
GC 80 4707 0.049 50 4684 0.042 30 5005 0.542
CC 16 5059 0.454 6 4990 0.913 10 5384 0.262

rs2854744 CC 93 4630 53 4638 40 4930
CA 103 4901 0.009 63 4886 0.064 37 5237 0.056
AA 35 5177 0.0002 25 5285 0.0003 10 5268 0.178

rs2132572 GG 127 4869 81 4889 46 5135
GA 86 4853 0.879 50 4834 0.697 36 5108 0.870
AA 18 4680 0.314 13 4795 0.683 5 4787 0.305

Current OC useNo OC useAll women

Geno
type

Table 2. Associations between IGFBP1 and IGFBP3 SNP genotypes and standardized mean IGFBP-3 levels
among all women, women not using OC, and women currently using OC.

Bolded numbers highlight P-values < 0.05
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IGFBP1 diplotype distribution among BRCA families

F
re

qu
en

cy
 (

%
)

GTAC/ACAT rare GCGC/ACGC GCGC/ACAT GTAC/ACGC GCGC/GTAC ACGC/ACGC GCGC/GCGC GTAC/GTAC

A.

0

5

10

15

20

25

30

35

0

5

10

15

20

25

30

35

F
re

qu
en

cy
 (

%
)

GTAC/ACAT rare GCGC/ACGC GCGC/ACAT GTAC/ACGC GCGC/GTAC ACGC/ACGC GCGC/GCGC GTAC/GTAC

B.

All   n=323

B1   n=134

B2   n=34

Bx   n=110

All   n=194

B1   n=60

B2   n=21

Bx   n=72

100113

Figure 2. 

IGFBP1low IGFBP1high

IGFBP1low IGFBP1high



IGFBP3 diplotype distribution among BRCA families
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IGFBP1 diplotype associated with disease free survivalFigure 4. 
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