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Abstract
Objective—African-American (AA) women with breast cancer are more likely to have advanced
disease at diagnosis, higher risk of recurrence and poorer prognosis than Caucasian (CA) women.
We have recently shown higher insulin-like growth factor II (IGF-II) expression in paired breast
tissue samples from AA women as compared to CA women. IGF-II is a potent mitogen that induces
cell proliferation and survival signals through activation of the IGF-I and Insulin receptors (IGF-IR,
IR) while IGF-II circulating levels are regulated by cellular uptake through the IGF2 receptor. We
hypothesize that differential expression of the IGFIR and IGF2R among AA and CA women
potentiates IGF-II mitogenic effects, thus contributing to the health disparity observed between these
ethnic groups.

Design—We examined IGF-IR and IGF2R mRNA, protein expression and IGF1R phosphorylation
in paired breast tissue samples from AA and CA women by Real Time-PCR, western blot analysis,
immunohistochemistry and ELISA techniques.

Results—Our results showed significantly increased expression of IGF1R in AA normal tissues as
compared to CA normal tissues. IGF1R expression was similar between AA normal and malignant
tissues, while IGF1R, IRS-1 and Shc phosphorylation was significantly higher in AA tumor samples.
Significantly higher levels of IGF2R were found in CA tumor samples as compared to AA tumor
samples.

Conclusions—We conclude that IGFIR and IGF2R differential expression may contribute to the
increased risk of malignant transformation in young AA women and to the more aggressive breast
cancer phenotype observed among AA breast cancer patients and represent, along with IGF-II,
potential therapeutic targets in breast cancer.
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Introduction
Survival disparities among the African-American (AA) population constitute a major challenge
that encompasses leading causes of morbidity and mortality such as breast cancer. Breast cancer
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is a multifactorial disease that affects all populations and represents the second leading cause
of mortality among women. Differences in breast cancer incidence and mortality rates among
AA and Caucasian (CA) populations suggest that etiologic factors differ in their biologic
expression and impact on disease outcome; poorer outcomes in AA women reflect, in part, the
fact that breast cancer tends to be a more biologically aggressive disease in AA than in CA
women [1]. The insulin-like growth factor-II (IGF-II) is a potent mitogen that plays an essential
role not only in normal growth and development, but also in breast cancer susceptibility, growth
and progression by signaling through the IGF1 and insulin receptors [2–6]. Moreover, we have
recently shown that AA tumor samples express significantly higher levels of IGF-II as
compared to CA tumors [7]. Furthermore, Pinheiro et al [8] showed significant differences
between circulating levels of estradiol, IGF-1 and IGFBP-3 consistent with breast cancer risk
between Caucasians and African-American women by using cross-sectional studies.

The IGF1R has been implicated in the initiation and progression of breast cancer [12]. This
receptor is developmentally regulated, with highest levels of IGF1R mRNA found at
embryonic stages [9,10]. Transcription of the IGF1R gene is negatively regulated by breast
cancer gene-1 (BRCA1), p53 and the Wilms’ tumor protein-1 (WT-1), all tumor suppressor
proteins implicated in breast cancer development and progression. Control of cell surface
receptor number is another way to regulate receptor activity through internalization and/or
degradation. In fact, alternative splicing of the IGF1R mRNA results in the synthesis of two
receptor proteins that appear to be internalized and/or degraded at different rates [11]. Previous
studies have shown that fibroblasts derived from mice embryos lacking the IGF1R were
resistant to transformation by most oncogenes, indicating that the presence of the IGF1R is
important for acquisition of the malignant phenotype [13]. On the contrary, metastatic stages
are usually associated with decrease in IGF1R levels [14]. In breast cancer, high IGF1R levels
are also associated with development of resistance to Herceptin, a monoclonal antibody against
the extracellular domain of HER2/NEU used in the treatment of ERBB2-overexpressing breast
cancer [15,16].

The IGF2 receptor (IGF2R) is a widely expressed, single transmembrane domain,
multifunctional protein that is involved in lysosomal enzyme trafficking, peptide
internalization, and degradation of IGF-II [18]. By targeting IGF-II to lysosomal degradation,
this receptor plays a role in the maintenance of IGF-II levels in the circulation and in target
tissues. Overexpression of IGF-II was shown to increase the lysosomal enzyme cathepsin D
secretion in MCF-7 breast cancer cells [18]. Cathepsin D is secreted as an inactive 52 kDa
protein that is processed extracellularly to different active forms ranging from 51 to 42 kDa
[19,20]. Its secretion has been correlated with a poor prognosis, increased metastatic potential
and decreased disease free survival periods [21] for breast cancer patients. The IGF2R gene is
developmentally regulated and its expression is maximal during fetal development and
organogenesis [22]. Many human tumors (including breast carcinomas) show loss or mutation
of one copy of the IGF2R gene, in some cases accompanied by loss or mutation of the single
remaining copy [23–25]. Loss of IGF2R function is associated with tumor progression;
therefore, the IGF2R is often referred to as a tumor suppressor [23]. The IGF2R has been
implicated in some IGF-II stimulated actions, and studies in cell lines over-expressing the
IGF2R have strengthened the conclusions drawn from earlier in vitro studies that suggested
that the IGF2R may modulate G protein-regulated signal transduction by virtue of a pleckstrin
homology domain-like motif in its cytoplasmic tail [26].

Therefore, the present study focuses on the differential expression of the IGF1 and IGF2
receptors as part of the mechanism(s) leading to: 1) An increase risk of malignant
transformation in young AA women and 2) The overall increased mortality observed in AA
women with breast cancer as compared to CA women.
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Materials and Methods
Breast cancer tissue specimens

Paired frozen breast cancer (M) and normal tissue (N) specimens were obtained from the
Cooperative Human Tissue Network (CHTN) from AA and CA women with ages ranging
from 20–90 years (median age per group was AAM=60.2 years, CAM=60.1 years, AAN=51.9
years and CAN=62.7 years). All malignant samples were stage II or III (Bloom and
Richardson’s) infiltrating ductal carcinomas (IDC) or papillary carcinomas (AAM stage II
n=10, stage III n=17; CAM stage II n=12, stage III n=12). Total number of samples (n) per
group is as follows: AAN= 23, CAN= 20, AAM= 27 and CAM= 24. Non-stained slides were
also obtained with the tissue specimens as well as a pathology report containing information
about patient age, macroscopic and microscopic characteristics of normal and tumor tissues,
estrogen/progesterone/Her2 receptors status, and tumor grade/stage and metastases sites.

Western blot analysis
Total protein (30 μg) of tissue cell lysates were prepared in RIPA buffer [1XTBS, 1% Nonidet
P-40, 0.5% sodium deoxycholate, 0.1% SDS, 0.004% sodium azide, 10 μl/ml PMSF (stock
concentration of 10 mg/ml), 10 μl/ml protease inhibitor cocktail (stock concentration of 50
KIU/ml RIPA), 10 μl/ml sodium orthovanadate (100mM)] and used to load polyacrylamide-
SDS gradient gels (4–12%), transferred to a PVDF membrane (Invitrogen, Carlsbad, CA) using
a X-Cell SureLockR electrophoretic Transfer module (Invitrogen, Carlsbad, CA). Protein
concentration was measured using the Coomassie Plus Protein Assay Reagent™ (Pierce
Biotechnology, Rockford, IL). PVDF membranes were blocked with 1% BSA IgG free (Sigma
Chemical Co., St. Louis, MO) in PBS/0.05% Tween (for IGF-1R) or 5% milk powder (for
hIGF2R). Membranes were then incubated with anti-IGF-1R monoclonal antibody which
detects the receptor α-subunit (Santa Cruz Biotechnology, CA), rabbit anti-human M6P/IGF-
II receptor antiserum (hIGF-2R) kindly provided by Dr. Carolyn Scott (Kolling Institute of
Medical Research, Sydney, Australia), anti-phosphoIGF1R/INSR (Y1135/Y1136,
Y1162/1163 respectively) (R&D Systems), anti-phospho IRS-1 (Y632), anti-phosphoShc
(Y239/Y240) (Cell Signaling Technology), and total anti-IRS 1and Shc (Santa Cruz
Biotechnology). Membranes were incubated at 4°C overnight. The blots were also probed with
cytokeratin 18 and Pan-cytokeratin monoclonal antibodies (Santa Cruz Biotechnology, CA),
used as epithelial cell markers. After 3 × 10 min washes in PBS/0.05% Tween, the
corresponding biotinylated secondary antibodies (1:1000, Amersham, Arlington Heights, IL)
were added to the membranes (1 hr at RT), followed by 3 ×10 min washes and incubation with
HRP complexes (1:1000 Amersham, Arlington Heights, IL). Protein visualization was
achieved by using enhanced chemiluminescence (ECL) and autoradiography with Hyperfilm
ECL film (Amersham, Arlington Heights, IL). The signals on the x-ray films were quantified
using ChemiImager™ 4000 (Alpha Innotech Corporation).

RNA extraction
Total RNA was extracted using Tri reagent (Molecular Research Center, Cincinnati, OH)
according to manufacturer’s protocol. 40–80 mg of frozen tissue per sample was homogenized
in the Tri reagent by using a hand-held homogenizer (Kontes, Thomas Scientific, NJ). Total
RNA was kept at −80° C until assayed.

Real Time PCR
One Step SYBR real-time RT-PCR was performed to assess IGF1R mRNA expression (For-
5′-TTA AAA TGG CCA GAA CCT GAG -3′ and Rev- 5′-ATT ATA ACC AAG CCT CCC
AC -3′) IGF2R (For-5′-TAC AAC TTC CGG TGG TAC ACC A -3′ and Rev- 5′-CAT GGC
ATA CCA GTT TCC TCC A -3′). GAPDH was used as an internal control (For-5′-ACA ACT
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TTG GTA TCG TGG AAG GAC-3′ and Rev- 5′-AG GGA TGA TGT TCT GGA GAG C-3′).
PCR amplifications were performed using the iCycler (BIO-RAD). Reactions were performed
in a mixture consisting of a 50 μL volume solution containing 1X SYBR Green supermix PCR
buffer (BIO-RAD), (100mM KCL, 6 mM MgCl2, 40mM Tris-HCL, PH 8.4, 0.4mM of each
dNTP [dATP, dCTP, dGTP and dTTP], iTaq DNA Polymerase 50 U/mL, SYBR Green I,
20mM Fluorescein) 300 nM of each primer, 0.25U/mL MultiScribe Reverse Transcriptase
(Promega) and 0.4U/mL Rnase Inhibitor (Promega). The RT-PCR protocol starts with 30 min
at 42°C for the RT. Prior to the PCR step iTaq DNA polymerase activation at 95 °C for 10 min
was performed. Followed by 30 sec denaturation at 95 °C, 15 sec annealing at 57 °C, and 1.5
min elongation at 72 °C for 40 cycles. Fluorescence was detected at the end of every 72°C
extension phase. To exclude the contamination of non-specific PCR products such as primer
dimers, melting curve analysis was applied to all final PCR products after the cycling protocol.

Immunohistochemistry
IGF-II, IGF1R and IGF2R immunohistochemical analysis was performed using purified rabbit
polyclonal anti-human IGF-II antibodies (Y819, YenZym antibodies CA), anti-IGF-1R
monoclonal antibody (Santa Cruz Biotechnology, CA), and rabbit anti-human M6P/IGF-II
receptor antiserum (hIGF-2R) kindly provided by Dr. Carolyn Scott (Kolling Institute of
Medical Research, Sydney, Australia).

5 μm tick paraffin block sections were de-waxed, rehydrated and treated with 1X antigen
retrieval solution (Reveal, Biocare Medical). After endogenous peroxidase blocking (H2O2
3%), slides were incubated in corresponding primary antibodies (1:10) with blocking serum
(mouse or rabbit ABC staining Systems, Santa Cruz Biotechnology) overnight at 4°C. The
antibodies were revealed with the corresponding anti-mouse or anti-rabbit biotinylated
antibodies for 30 min at room temperature, followed by streptavidin/peroxidase label (30 min
at room temperature) using diaminobenzidine (DAB) chromogen as a substrate. The samples
were counterstained with hematoxylin, dehydrated and mounted. Tissue sections were washed
with 1X PBS between each immunostaining step.

Phosphorylation studies
IGF1R phosphorylation was assessed using the PathScan® phospho-IGF1 receptor β (tyr 1131)
sandwich ELISA kit (Cell Signaling). Of note, according to the manufacturer, cross-reactivity
studies using CHO-IR/IRS cell lysates showed that theIGF1R ELISA kit does not cross-react
with the insulin receptor. Tissue lysates were prepared using 50–80 mg of frozen tissue per
sample and homogenized in 1X lysis buffer (20 mM Tris-HCL pH 7.5, 150 mM NaCl, 1 mM
Na2EDTA, 1 mM EGTA, 1% Triton, 2.5 mM sodium pyrophosphate, 1 mM β-
glycerophosphate, 1 mM Na3VO4, 1 μg/ml leupeptin) by using a hand-held homogenizer
(Kontes, Thomas Scientific, NJ). Total tissue lysates were kept at −80° C until assayed.

100 μl of tissue lysate (125 μg total protein concentration) were diluted in 100 μl of sample
diluent and transferred to the IGF1R-coated microwells for overnight incubation at 4°C,
followed by incubation in detection antibody. HRP-linked secondary antibody was added for
30 min. The reaction was visualized by addition of TMB substrate. Spectrophotometric
determination was read at 450 nm. Wells were washed 4 times with 1X wash buffer in between
steps.

Statistical analysis
Statistical differences between mean values were determined by using one-way ANOVA (for
protein expression analysis between all groups), paired T test (for comparison between paired
normal and tumor samples) and independent T test (for comparison between AA-CA samples)
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by using the SPSS 17.0 software (SPSS, Inc., Chicago, IL). *Values are expressed as the mean
± SEM of three or more replicate experiments. A level of P < 0.05 was considered significant.

Results
IGF1R and IGF2R mRNA expression in AA and CA breast cancer and normal tissue samples

Overall breast cancer mortality rates are higher among AA as compared to CA women for all
ages. In this respect, we tested our hypothesis that differential expression of the IGFIR and
IGF2R among AA and CA women potentiates IGF-II mitogenic effects, thus contributing to
the health disparity observed between these ethnic groups. We started by analyzing IGF1R and
IGF2R gene expression using Real Time-PCR in paired breast tumor and normal tissue samples
from AA and CA women. Furthermore, since there is a slightly higher incidence of breast
cancer in pre-menopausal (<50 years) AA females than in CA women according to the
Surveillance, Epidemiology, and End Results program Stat Database (SEER), we also
compared IGF1R and IGF2R mRNA expression between AAN and CAN for this specific
group. Figures 1A–B show IGF1R RT-PCR data seen as mean fold change after normalization
using GAPDH as an internal control. Our results showed significantly increased levels of
IGF1R mRNA (3 fold) in CA breast cancer tissue samples (CAM) as compared to AA tumor
samples in pre-menopausal women (AAM) (Figure 1A). IGF1R mRNA levels comparison
between normal samples from AA and CA women showed that post-menopausal CAN tissue
samples expressed a 3.5 fold increase in IGF1R mRNA when compared to AAN in the same
age group (figure 1B). These differences reached statistical significance for pre-menopausal
CAM and post-menopausal CAN, correlating with an increased incidence of breast cancer risk
in older CA women as compared to AA women. Figures 2A–B show IGF2R RT-PCR data
seen as mean fold change after normalization using GAPDH as an internal control. The IGF2R
plays an important role in the maintenance of circulating IGF-II levels, thus a decrease in
IGF2R levels in cancer is associated with increased tumor cell growth and progression through
IGF-II mediated activation of the IGF1 and insulin receptors. In the present study, post-
menopausal CAM samples expressed a 2 fold increase in the IGF2R mRNA as compared to
AAM samples (figure 2A). No significant changes were seen between AAN when compared
to CAN tissue samples (figures 2B).

IGF1R and IGF2R protein expression in AA and CA normal and breast cancer tissues
Next, we used Western blot analysis to study the correlation between IGF1R and IGF2R mRNA
and protein expression in the breast tissue samples. Figures 3A–B show representative Western
blots of IGF1R in AA and CA breast tissue samples. Figures 3C and 4C shows bar graphs of
densitometric analysis of IGF1R and IGF2R densitometry units [integrated density units
(IDVs)] normalized to cytokeratin 18 densitometry units. As seen on figure 3C, our results
show that AAN tissue samples expressed significantly higher IGF1R protein levels than CAN
(p*=0.03) and CAM (p*=0.04) samples in pre-menopausal women. A statistically significant
difference continued to be seen among older women samples from AAN and CAM samples
(p*=0.02). The discrepancy observed between IGF1R mRNA and protein expression between
breast tissues samples from AA and CA women could be the result of different splice variants
expression, which has been shown to have distinct internalization and/or degradation rates. No
significant changes were found in IGF1R protein levels between tumor tissues from AA and
CA women (figures 3A–C).

Figures 4A–B show representative Western blots of IGF2R in AA and CA breast tissue
samples. No significant changes in IGF2R protein expression were seen when comparing AA
to CA normal tissues (pre-menopausal women). Similarly, no differences were observed
between AA and CA tumor samples (pre-menopausal women), figure 4A. Noteworthy, CAM
samples from post-menopausal expressed significantly higher IGF2R protein levels (p*=0.03)
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than AAM samples (figure 4C). Higher levels of the IGF2R would translate into less circulating
IGF-II proteins, leading to decreased activation of the IGF1R, insulin receptor isoform A and
their hybrid receptors.

IGF1R phosphorylation in AA and CA normal and breast cancer tissues
A reduction in IGF1R expression per se may not always reflect and/or translate into a decline
in IGF-II signaling. Previous studies have suggested that the levels of phosphorylated IGF1R
may be a more reliable indicator of IGFs function and its contribution to disease progression,
thus we proceeded to analyze IGF1R phosphorylation levels in paired tissues from AA and
CA women by using the PathScan® phospho-IGF1 receptor β (tyr 1131) sandwich ELISA kit
(Cell Signaling). As seen on figure 5A, IGF1R phosphorylation (tyr 1131) was significantly
increased in AA tumor samples as compared to CA tumor samples (p*=0.03), AAN (p*=0.03)
and CAN (p*=0.02). Interestingly, although IGF1R phosphorylation was increased in AAM
(ER+) samples, only AAM (ER−) samples reached statistically significance. No significant
difference was observed between CAN and CAM tissue samples. To further confirm IGF1R
phosphorylation studies, western blot analysis using an anti-phosphoIGF1R/INSR (Y1135/
Y1136, Y1162/Y1163, which stimulates intrinsic kinase activity) was done. Figure 5B shows
higher levels of phosphorylation in ER (−) AAM samples as compared to CA samples (pre-
and post-menopausal women). Interestingly, post-menopausal ER (+) CAM samples showed
higher levels of IGF1R phosphorylation than ER (+) post-menopausal AAM samples. These
results are in agreement with statistical data showing increased incidence of breast cancer in
older CA women. Furthermore, we also analyzed two downstream signaling molecules IRS-1
(T632) and Shc (T239/240) phosphorylation (figure 5B, lower panels). Pre-menopausal AA
samples (normal and malignant) showed higher IRS-1 phosphorylation levels at T632, which
is a site predicted to bind SH2 domains in the p85 regulatory subunit of PI3K, resulting in
activation of p110 catalytic subunit. Phosphorylation of Shc (T239/Y240) was significantly
increased in premenopausal ER (+) AAM samples as compared to ER (+) CAM samples. In
response to extracellular signals, the SH2 and PTB domains of Shc interact with the activated
IGF1R, leading to Shc phosphorylation, binding to GRB2/Sos and activation of the Ras/Raf/
MAPK pathway. Figures 5C–D show bar graphs of densitometry analysis of phosphorylated
IRS-1 and phosphorylated Shc densitometry units [integrated density units (IDVs)] normalized
to total IRS-1 and Shc densitometry units. Significantly increased levels of IRS-1
phosphorylation (*p< 0.05) were seen in normal and tumor pre-menopausal breast tissue
samples as compared to CAN and CAM samples. Phosphorylated Shc protein was also
significantly increased in pre-menopausal AAM women as compared to CAM.

IGF1R and IGF2R immunohistochemistry
To further confirm IGF1R and IGF2R differential expression shown by Western blot analysis,
we proceeded to study their expression by immunohistochemistry. As seen on figures 6A–B,
normal tissue samples from AA women expressed higher levels of IGF1R as compared to their
CA counterparts (figures 6I–J) for both, pre-menopausal and post-menopausal tissue samples.
AAM (pre-menopausal) expressed higher levels of IGF1R than post-menopausal AAM
samples. Increased IGF1R expression was seen in AAM as compared to CAM (pre-
menopausal). No significant difference in staining was seen between post-menopausal AAM
and CAM. IGF2R protein expression was higher in tumor samples from CA women (figures
6O–P) than in AA tumor samples for pre- and post-menopausal tissue samples (figures 6G–
H). No significant difference in staining was observed among normal breast tissue samples
from AA and CA women.
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Discussion
Considerable efforts are being made to identify factors that contribute to breast cancer
disparities regarding incidence and mortality rates, and to translate this information into
effective interventions for ameliorating disparities among different ethnic groups. Although
racial disparities in breast cancer outcome can be attributed to many factors, including access
to quality care, overall survival rates for AA vs. CA women were lower despite adjustments
for uniform stage, treatment and follow-up in randomized phase III clinical trials [27,28].

In this respect, the present study addresses the need of a more comprehensive molecular
approach to better understand health disparities in breast cancer, by studying IGF1R and IGF2R
expression in AA and CA paired breast tissue samples. Although there is a slightly higher
incidence of breast cancer in pre-menopausal African-American (AA) women as compared to
Caucasians (CA), post-menopausal CA women have a significantly higher incidence of this
disease [1]. Several research groups have reported a correlation between survival disparities
and high incidence of triple negative (ER, PR, HER2/NEU) tumors in AA women [27–29]. Of
note, Albain et al showed a statistically significant decrease in survival for AA women with
receptor positive tumors as well, suggesting that there are other factors involved in the survival
disparity when the treatment type and ER status are similar by race/ethnic group. A study based
on survival data from the Cancer and Leukemia Group B (CALGB) trial 8541, where patients
with stage II breast cancer received chemotherapy, found that AA women were more likely to
have higher rate of disease recurrence. This study done in patients with metastatic breast cancer
demonstrated that AA patients have shorter survival despite achieving a similar response from
chemotherapy [30]. These data highlights the importance of studying potential pathologic
mechanisms of breast cancers in AA women in addition to demographic differences.

In the present study we have shown a significant increase in IGF1R protein levels in normal
tissues from AA women as compared to AA and CA tumor samples and CA normal tissues.
So far, the vast majority of studies describing overexpression of IGF1R in breast tumors has
been based on mRNA analyses of tissue homogenates or established cancer cell lines for which
appropriate normal controls do not exist. More focused studies of IGF1R expression in prostate
tumors through use of immunohistochemistry or matched cell lines that correspond to normal
and tumor tissue revealed that normal epithelium and early-stage tumors express abundant
IGF1R, and that IGF1R expression is significantly reduced in advanced cancer [31]. Shin et
al showed by using quantitative RT-PCR analysis that IGF1R mRNA expression levels in
patients recruited from the Shangai Breast Cancer Study [32] were reduced in breast cancer
tissues as compared to the adjacent normal tissues, and further reduced in more advanced
tumors. An important role for the IGF signaling in mammary tumorigenesis has been
demonstrated. Carboni et al [33] showed that overexpression of the IGF1R in transgenic mouse
models resulted in the rapid appearance of mammary gland tumors; these tumors were
transplantable into nude mice and their growth could be inhibited by a novel inhibitor of the
IGF1R kinase. Jones et al [34] generated transgenic mice containing human IGF1R under a
doxycycline-inducible MMTV promoter. Tumor formation was associated with increased
levels of IGF1R signaling molecules (phosphorylated Akt, ERK1/2 and STAT3) and concluded
that IGF1R overexpression is sufficient to induce mammary epithelial hyperplasia and tumor
formation in vivo. Although these studies certainly illustrate the potential role of the IGF1R in
mammary tumorigenesis, these in vitro experiments may not accurately reflect the in vivo
environment found in human breast cancers. In addition, numerous BRCA mutations have been
reported among AA breast cancer patients [35,36]. Since AA have higher levels of mutations
in the BRCA1 gene, and this protein inhibits the expression of the IGF1R, it is possible that
higher levels of IGF1R are a result of lower BRCA inhibition or a gain of function of BRCA1.
P53 is a tumor suppressor gene that inhibits the IGF1R and IGF-II; however mutations in p53
are associated with increased levels of both, IGF1R and IGF-II, caused by a gain of function
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in the mutated p53 protein. It has also been found that AA women tend to have more ER (−)
tumors [37], p53 mutations [38], and c-met (stem cell factor/hepatocyte growth factor receptor)
[39]. Maor et al [40] showed an association between higher IGF1R levels and BRCA1 mutation
carriers. This could be a possible mechanistic explanation for the lower IGF1R levels observed
in tumors derived from non-BRCA1 mutation carriers. The significantly increased IGF1R
levels in normal AA tissues seen in our study may also be associated with the increased risk
of malignant transformation in these women, since this receptor has been implicated in the
initiation of breast carcinomas [12,13].

Furthermore, the levels of phosphorylated/activated IGF1R or downstream signaling effectors
represent another indicator of IGFs function and its contribution to disease progression along
with the number of receptors. Studies in an animal model of leiomyoma (the Erk rat) revealed
that the progression of normal uterine cells to leiomyomas was accompanied by a reduction in
IGF1R expression levels with a concomitant significant increase in IGFs and phosphorylated
IRS-1 [41]. The expression of the endogenous IGF1R gene in most cells and tissues tends to
be low, and the up-regulation seen in many tumors and transformed cell lines is not dramatic.
A reduction in IGF1R expression per se may not always translate into a decline in IGF-II
signaling, for example Knowlden et al [42] observed that in MCF-7 and T47D breast cancer
cell lines, comparable levels of IGF1R phosphorylation could be seen despite significantly
higher receptor levels in the former. Noteworthy, AA tumor samples (despite lower IGF1R
levels compared to normal AA samples) showed significantly higher levels of IGF1R
phosphorylation than CA tumor samples, although no significant difference was found in
IGF1R protein expression. Moreover, recent studies in our laboratory have shown that tumor
tissues from AA women express higher levels of IGF-II as compared to tumor samples from
CA women [43]. Given the complexity of this disease, we propose that measuring activation
of signaling pathways may more accurately reflect the aggressiveness of the tumor and maybe
more informative in the assessment for treatment and follow up.

Insulin receptor substrate (IRS)-1 and Shc are adaptor proteins in the insulin-like growth factor
II/IGF1R/INSR pathways that mediate cell proliferation and survival. In addition to their role
as scaffolding proteins in the cytoplasm, they are able to translocate to the nucleus and regulate
gene transcription [44]. Our results showed higher levels of IRS-1 phosphorylation in AAM
as compared to CAM at all age groups, while Shc phosphorylation was only increased in ER
(+) premenopausal AAM samples as compared to CAM samples. IRS-1 phosphorylation has
been associated with transformation of mammary epithelial cells, and increased cell
proliferation and survival of breast cancer cells through activation of the PI3K/Akt pathway
[44], while higher levels of Shc phosphorylation have been associated with proliferation of
transformed cells and c-myc activation through phosphorylation and activation of the MAPK
signaling cascade [45]. Combined molecular analysis of receptor activation and effector
signaling proteins are complementary, and more specifically identifies signaling pathways
involved in breast cancer cell survival, proliferation and chemoresistance.

Another important protein involved in IGF-II regulation is the IGF2 receptor. The IGF2R has
evolved in mammals to carry out multiple functions. IGF-II binding to the IGF2R results in
internalization/degradation of the ligand, thereby down-regulating the levels of this mitogenic
factor [46]. IGF2R also binds M6P-bearing ligands and targets them to lysosomes [19,47].
Binding of the IGF2R to the latent form of TGF-β promotes this growth factor activation
leading to growth inhibition [47]. The IGF2R also binds prorenin [48], proliferin [49], and
leukemia inhibitor factor [50]. The multiple functions of the IGF2R suggest a role for this
receptor as a growth inhibitor. Furthermore, loss of heterozygosity (LOH) at the IGF2R locus
has been correlated with poorly differentiated states in early breast carcinomas [41]. In our
study, CA tumor samples expressed significantly higher levels of IGF2R protein than AA tumor
samples. The serious implications for this significant difference in the IGF2R expression
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between AA and CA women with breast cancer are that tumors from AA patients will have
increased levels of available IGF-II. We and others have shown that increased levels of IGF-
II will stimulate tumor proliferation, reduce apoptosis, decrease TGF-β activation, and increase
Cathepsin D, all of which will contribute to more aggressive and more chemoresistant tumors.
In summary, our study contributes to a better understanding of how alteration in the IGF1 and
IGF2 receptors expression and increased IGF signaling pathway contribute to the survival
disparities observed between African-American and Caucasian women affected with breast
cancer and these receptors represent, along with IGF-II, potential therapeutic targets.
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Figure 1.
IGF-1R gene expression in African-American and Caucasian paired breast tissue samples
assessed by Real Time-PCR (RT-PCR). Figure 1(A–B) shows IGF-1R gene expression
represented as fold change after normalization using GAPDH as an internal control. Two (2)
or more fold change was considered significant (*). Figure 1A shows IGF-1R mRNA fold
change between AAM and CAM samples divided into pre-menopausal and post-menopausal
women. Figure 1B shows IGF-1R mRNA expression shown as fold change between AAN and
CAN.
AAN=African-American normal tissue, AAM=African-American malignant tissue,
CAN=Caucasian normal tissue and CAM=Caucasian malignant tissue. Total number of
patients (n) analyzed per group was as follows: AAN= 23, AAM=27, CAN=20 and CAM=24.

Kalla Singh et al. Page 12

Growth Horm IGF Res. Author manuscript; available in PMC 2011 June 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
IGF2R gene expression in African-American and Caucasian paired breast tissue samples
assessed by Real Time-PCR (RT-PCR). Figure 2(A–B) shows IGF2R gene expression
represented as fold change after normalization using GAPDH as an internal control. Two (2)
or more fold change was considered significant (*). Figure 2A shows IGF2R mRNA fold
change between AAM and CAM samples (pre-menopausal and post-menopausal women).
Figure 2B shows IGF2R mRNA comparison between AAN and CAN. AAN=African-
American normal tissue, AAM=African-American malignant tissue, CAN=Caucasian normal
tissue and CAM=Caucasian malignant tissue. Total number of patients (n) analyzed per group
was as follows: AAN= 23, AAM=27, CAN=20 and CAM=24.
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Figure 3.
Representative Western blot analyses of IGF-1R in paired tissue samples from African-
American (AA) and Caucasian (CA) women. The samples were separated into pre-menopausal
(figure 3A) and post-menopausal (figure 3B) groups based on the higher incidence of breast
cancer in AA women younger than 45 years (but not after 45 years). Immunoreactive bands
for IGF-1R and cytokeratin 18 were identified using ECL, scanned by densitometry and
normalized to cytokeratin 18. The 130 kDa band represents mature IGF-1R. Cytokeratin 18
was used as an epithelial cell marker (45 kDa). Lower panel (3C) show bar graphs of IGF-1R
data normalized to cytokeratin 18 and presented as the mean ± SE of all samples per group.
Asterisks indicate values statistically different (*p<0.05). Total number of patients (n) analyzed
per group was as follows: AAN= 23, AAM=27, CAN=20 and CAM=24.

Kalla Singh et al. Page 14

Growth Horm IGF Res. Author manuscript; available in PMC 2011 June 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 4.
Representative Western blot analyses of IGF2R in paired tissue samples from African-
American (AA) and Caucasian (CA) women. The samples were separated into pre-menopausal
(figure 4A) and post-menopausal (figure 4B) groups. Immunoreactive bands for IGF-1R and
cytokeratin 18 were identified using ECL, scanned by densitometry and normalized to
cytokeratin 18. The 270 kDa band represents pro-IGF2R. Cytokeratin 18 was used as an
epithelial cell marker (45 kDa). Lower panel (4C) show bar graphs of IGF2R data normalized
to cytokeratin 18 and presented as the mean ± SE of all samples per group. Asterisks indicate
values statistically different (*p<0.05). Total number of patients (n) analyzed per group was
as follows: AAN= 23, AAM=27, CAN=20 and CAM=24.
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Figure 5.
IGF-1R phosphorylation study using the PathScan® phospho-IGF1 receptor β (tyr 1131)
ELISA kit. Figure 5A shows a bar graph representation of IGF-1R phosphorylation measured
as OD 450 for all samples per group (AAN= 23, AAM=27, CAN=20 and CAM=24).
Asterisks indicate values statistically different (*p<0.05). Figure 5B shows representative
western blot analyses of total and phosphorylated IGF1R, IRS-1 and Shc proteins. Figure 5C–
D show bar graphs of phosphorylated IRS-1 and Shc normalized to total IRS-1 and Shc proteins
and presented as the mean ± SE of all samples per group. Asterisks indicate values statistically
different (*p< 0.05).
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Figure 6.
Immunohistochemistry of IGF-1R and IGF2R in human normal and malignant breast tissue
samples. Malignant AA and CA samples correspond to ER (+) invasive ductal carcinomas
(IDC) Bloom and Richardson’s grade III. Panels A-D corresponds to IGF-1R and IGF2R
immunostaining from AAN samples. Panels E-H corresponds to IGF-1R and IGF2R
immunostaining from AAM samples. Panels I-L and M-P correspond to IGF-1R and IGF2R
immunostaining, in CAN and CAM samples respectively. Original magnifications 20X (insert
represent a 40X section). Total number of patients (n) analyzed per group was as follows:
AAN= 15, AAM=15, CAN=13 and CAM=13.
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