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Introduction: 

Gene expression studies have enabled classification of breast cancers into different 
prognostic subgroups; intrinsic subtype is one among them (1, 2). There are five intrinsic 
subtypes: luminal type A, luminal type B, HER2/Neu-positive, Basal-like, and Normal-like (3).  
Luminal type A cancers, which express estrogen receptor alpha (ERα), have one of the best 
prognosis with a 90% 5-year survival rate (3). This is partly attributed to their sensitivity to anti-
estrogen therapy. However, resistance commonly develops to these hormonal therapies over 
time.  Luminal type B breast cancers, which express either ERα or Progesterone Receptor (PR) 
and ki67high with few cases being HER2-positive, is associated with worse prognosis than 
luminal A cancers (4, 5). 

Luminal type A tumors are characterized by elevated expression of three transcription 
factors: ERα, FOXA1, and GATA-3 (3, 6).  The coexpression of these three factors is associated 
with a better prognosis (3, 7, 8). In vitro as well as gene knockout studies have revealed a mutual 
interdependence of these factors for expression. For example, FOXA1 is an estrogen-regulated 
gene, whereas GATA-3 and ERα regulate each other’s expression (6, 9, 10). GATA-3 is also 
essential for FOXA1 expression during mammary development (11, 12).  FOXA1 is recruited to 
distal enhancer elements depending on the distribution of histone H3 lysine 4 mono and 
dimethylation; this facilitates ERα binding to regions that bind to both FOXA1 and ERα (13). 
Hence, FOXA1 is thought to be required for the expression of ~50% of estrogen’s target genes 
(9, 14). Similarly, GATA-3 binding sites are enriched in genomic regions that also bind to 
ERα (15). Based on their interdependence, these three transcription factors are suggested to 
constitute a cell-lineage specific hormonal transcription factor network (6).   

Most studies on anti-estrogen resistance have focused on the role of ERα:estrogen axis, 
transcription co-regulatory molecules and the kinases that phosphorylate ERα  and/or co-
regulatory molecules (16-18). However, signaling pathways that may disrupt the ERα:GATA-
3:FOXA1 hormonal network have received very little attention. GATA-3 was originally 
characterized as a signaling molecule involved in T-cell differentiation (19) and subsequently 
found to have a role in the differentiation of breast luminal progenitor cells (11). In T cells, the 
transcription factor T-bet, also known as Tbx21, is a negative regulator of GATA-3 activity (19). 
While T-bet is essential for differentiation of T helper progenitors to Th1 cells, GATA-3 
performs an equivalent function in Th2 cells. T-bet prevents Th2 lineage commitment by 
inhibiting GATA-3 DNA binding (20). T-bet is expressed in epithelial cells of the female 
reproductive tract where, along with GATA-3, is expressed cyclically suggesting a hormonally 
regulated expression (21). From these studies, we considered the possibility of T-bet regulating 
GATA-3 activity in breast cancer cells and disrupting the ERα:GATA-3:FOXA1 signaling 
network. Furthermore, since previous studies showing a role for T-bet in insulin-dependent 
diabetes, we evaluated the role of insulin in disrupting hormonal network (22-24). Serum insulin 
level is an independent prognostic factor in breast cancer (25-28). We observed insulin-
dependent overexpression of T-bet with subsequent reduction in GATA-3 expression in breast 
cancer cells. T-bet impaired estradiol (E2) and tamoxifen response in ERα-positive breast cancer 
cells implicating its role in the progression of luminal A breast cancers. 
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Body:  
Objective: Investigate whether Luminal type A breast cancer cell line MCF-7 implanted into 
nude mice with experimentally induced type I diabetes (no insulin but hyperglycemia) or type II 
diabetes (elevated serum insulin and hyperglycemia) progress to become Luminal type B or any 
other intrinsic subtype. 
 
Progress on the project and results obtained: 
T-bet is overexpressed in a subset of ERα-positive breast cancers:  
 

To consider the possibility of T-bet, a negative regulator of GATA-3 activity in T cells 
(19), controlling the function of hormonal network involving GATA-3 in breast cancer, we first 
examined the expression pattern of T-bet in the publicly available microarray databases. 
Although T-bet is expressed at higher levels in ERα-negative breast cancers compared to ERα-
positive breast cancers, a subset of ERα-positive breast cancers expressed higher levels of T-bet 
(Figure 1A) (29). Differences in the expression between T-bet-positive (N=94) and T-bet 
negative (N=131) subgroups within ERα-positive breast cancer are statistically significant 
(p=0.0001) (Figure 1B). Using the same dataset, we then analyzed the expression levels of 
GATA-3 and FOXA1 in T-bet-positive and T-bet-negative subgroups. T-bet expression 
negatively correlated with FOXA1 (p=0.0137) and GATA-3 (p=0.0063) (Figure 1C). T-bet 
expression was also associated with progesterone receptor (PR) negativity (p<0.00005) (30), a 
subgroup that is known to be associated with resistance to endocrine therapy (31) (Figure 1D). 
Analysis of T-bet expression among ERα/PR-positive breast cancer patients who received 
tamoxifen treatment in a different dataset revealed a trend of elevated T-bet expression in tumors 
of patients with recurrence (n=28) compared to patients who were disease-free (n=32) after five 
years of treatment, although this did not reach statistical significance (p=0.066) (32). Since 
microarray analysis was performed on laser capture micro-dissected tumor samples, this study 
demonstrates that T-bet is present in cancer cells.   

Insulin induces T-bet and/or reduces GATA-3 and FOXA1 expression:  
To determine whether T-bet is expressed in breast cancer cell lines and the expression is 

regulated by extracellular signals, we investigated the effects of growth hormone, insulin, 
insulin-like growth factor I and II (IGF I and IGF II), epidermal growth factor (EGF), 
inflammatory cytokines, and estrogen on T-bet expression in MCF-7 cells. Only insulin and IGF 
I induced T-bet expression (Figure 2A).  

We next examined the effects of insulin on GATA-3 and FOXA1 expression. If crosstalk 
between T-bet and GATA-3 is similar in both T cells and breast epithelial cells, insulin is 
expected to reduce the expression and/or activity of GATA-3. As expected, insulin reduced the 
expression of GATA-3 both at protein (Figure 2B). Results of multiple experiments on the 
effects of insulin on T-bet, GATA-3, FOXA1, and ERα proteins are shown in Figure 2C. 
Insulin-mediated reduction in GATA-3 correlated with 30% reduction in FOXA1 expression.  

To determine cell type specificity of insulin action, we examined additional ERα-positive 
luminal A (T47-D) and luminal B (BT-474, MD-361, and ZR75-30) cell lines for T-bet, GATA-
3, FOXA1, and ERα expression (33). Luminal B phenotype appears to be associated with 
reduced or loss of GATA-3 expression (Figure 2D). T-bet expression was markedly higher in 
BT-474 cells compared to other cell lines (Figure 2D). Insulin reduced FOXA1 expression in 
T47-D and ZR75-30 cells by ~30%. GATA-3 dependency of FOXA1 expression is cell type 
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specific because all luminal B cell lines expressed significant FOXA1. Taken together, these 
results reveal a cell type specific association between T-bet, GATA-3, and FOXA1 expression in 
breast cancer cells and the effects of insulin on their expression.  
 
T-bet overexpression in MCF-7 cells leads to altered E2 and tamoxifen response: 

To determine whether T-bet negatively regulates E2-inducible expression of specific 
ERα, GATA-3, and FOXA1 target genes, we generated MCF-7 cells overexpressing T-bet 
(MCF-7-T-bet, Figure 3A). The expression of GATA-3, FOXA1, and ERα was lower in MCF-7-
T-bet cells compared to parental (MCF-7p) cells, which is consistent with the effect of insulin on 
the expression of GATA-3 and FOXA1.  

XBP-1 is a potential downstream target of ERα, FOXA1, and GATA-3 network based on 
a meta-analysis and contains binding sites for all three transcription factors (7, 14). While E2 
readily induced XBP-1 expression in MCF-7p cells, it was markedly lower in T-bet 
overexpressing cells (Figure 3B, left panel). E2-inducible expression of GREB-1, which also 
contains both ERα and FOXA1 binding sites, was lower in MCF-7-T-bet cells compared to 
MCF-7p cells, although the magnitude of this effect was not as dramatic (Figure 3B, left panel).   
 We next investigated whether reduced E2-inducible expression of XBP-1 in MCF-7-T-
bet cells correlates with lower ERα binding to regulatory regions by performing a ChIP assay. 
XBP-1 has three distinct enhancer elements with ERα binding sites; enhancers 1 and 2 also 
contain FOXA1 binding sites (Figure 3C). E2-induced ERα binding to all three ERα binding 
sites of XBP-1 was substantially lower in MCF-7-T-bet cells compared to MCF-7p cells (Figure 
3C). Like XBP-1, GREB-1 is associated with multiple ERα binding sites; a few of these sites are 
enriched for FOXA1 binding (Figure 3D). ERα binding to one of these binding sites that we 
examined was lower in T-bet overexpressing cells compared to parental cells. Taken together, 
these results suggest a negative effect of T-bet on ERα binding to the genome. 

To determine whether insulin can mimic T-bet overexpression on E2-inducible 
expression of the above genes, we pretreated MCF-7 cells with insulin overnight and then 
exposed cells to ethanol or E2 for four hours. Insulin significantly reduced basal and E2-
inducible expression of GREB-1 (Figure 3B, right panel).  
 
T-bet overexpressing cells are less sensitive to tamoxifen in the presence of insulin: 

To further evaluate the effects of T-bet mediated changes in E2 signaling, we examined 
tamoxifen sensitivity of MCF-7p versus MCF-7-T-bet cells. Both cell types demonstrated similar 
sensitivity to 1 µM 4-hydroxy tamoxifen in the absence of insulin (Figure 4A). Insulin increased 
the proliferation of MCF-7p as well as MCF-7-T-bet cells; the magnitude of stimulation was 
significantly higher with MCF-7-T-bet cells. Although tamoxifen treatment reduced insulin-
stimulated growth in both cell types, overall level of proliferation was significantly higher in 
MCF-7-T-bet cells compared to parental cells (under insulin plus tamoxifen or a combination of 
insulin, tamoxifen and E2). Similar results were obtained at variable insulin and tamoxifen 
concentrations (Figure 4B and C). Concentrations of insulin used in these experiments are 
similar to the levels seen in breast cancer patients with hyperinsulinemia (34). Note that at 0.1 
µM tamoxifen, MCF-7-T-bet cells showed modest yet significant resistance to tamoxifen 
compared to MCF-7p cells and this resistance was further enhanced in the presence of insulin 
(Figure 4C).  
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 To examine the role of endogenous T-bet on cell proliferation, we treated MCF-7 and 
T47-D cells with siRNA against T-bet. Due to low basal levels of T-bet and the failure of T-bet 
siRNA treated cells to proliferate, interpretable results could not be obtained in MCF-7 cells 
(data not shown). Even with only a 30% reduction, T-bet siRNA treated T47-D cells showed 
reduced proliferation upon insulin or E2 stimulation (Figure 4D).  
 
Anti-estrogen resistant cells express higher levels of T-bet:  

We used clonal variants of MCF-7 that had acquired tamoxifen (MCF-7-T) or fulvestrant 
resistance (MCF-7-F) (35) to determine whether there is a correlation between anti-estrogen 
resistance and T-bet expression. Both MCF-7-T and MCF-7-F cells expressed higher levels of T-
bet (Figure 5A). FOXA1 expression was significantly reduced in these resistant cells compared 
to parental cells. Basal GATA-3 expression was unchanged in all three-cell types. Insulin 
reproducibly reduced GATA-3 expression in MCF-7 and MCF-7-T cells. Reduced FOXA1 
expression and T-bet overexpression in MCF-7-T and MCF-7-F cells correlated with absence of 
E2-inducible GREB-1 expression (Figure 5B). Thus, T-bet overexpression and reduced 
expression of either FOXA1 or GATA-3 are consistent features associated with acquired (MCF-
7 derivatives) or intrinsic (BT-474, ZR75-30, and MD-361) anti-estrogen resistance of breast 
cancer cell lines.   

We used short interfering RNA (siRNA) against T-bet to determine whether tamoxifen 
resistance of MCF-7-T cells can be partially reversed by reducing the levels of T-bet (Figure 
5C). T-bet siRNA treated cells failed to grow and, as in T47-D cells, E2 treatment did not result 
in cell proliferation. These results suggest that T-bet is required for redirecting ERα to genes that 
may be essential for E2-stimulated proliferation of cells.  

T-bet overexpressing cells display elevated EGF stimulated MAP kinase activation. 

 A functional ERα transcriptional network has previously been shown to suppress growth 
factor-activated signaling and this network is thought to be essential for ERα-positive breast 
cancers to respond to anti-estrogen treatment (36). Conversely, elevated growth factor-dependent 
MAPK and/or AKT activation is associated with anti-estrogen resistance in breast cancer (37-
39). To determine whether T-bet-mediated disruption of the ERα:FOXA1:GATA-3 
transcriptional network leads to altered growth factor-dependent MAPK and AKT activation, we 
examined the levels of phospho-ERK and phospho-AKT in MCF-7p and MCF-7-T-bet cells 
upon treatment with EGF, heregulin, or insulin. pERK levels were higher and prolonged in EGF 
treated MCF-7-T-bet cells compared to MCF-7p cells (Figure 6A). Basal pAKT levels were 
consistently higher in MCF-7-T-bet cells (1.44 fold, p=0.006, n=6) compared to MCF-7p cells. 
Consequently, overall EGF stimulated pAKT level was also elevated in MCF-7-T-bet cells 
compared to MCF-7p cells. Similar to EGF, insulin stimulated ERK activation was prolonged in 
MCF-7-T-bet cells compared to MCF-7p cells (Figure 6B). Interestingly, heregulin-mediated 
ERK and AKT activation, which relies mostly on ERBB2:ERBB3 heterodimers, was similar in 
both cell types (Figure 6C). The effects of T-bet on EGF and insulin-mediated ERK and AKT is 
independent of growth factor receptor levels as the levels of EGFR, ERBB2/HER2, and ERBB3 
were similar in both cell types. 

In vivo analysis of effects of hyperinsulinemia on growth of ERα-cancer cell-derived 
tumors:  
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 To study the effects of hyperinsulinemia on breast cancer cell growth in vivo, we 
established a xenograft models. 3T3L1 cells were implanted into the mesenteric region of six-
week old female nude mice. Mice implanted with one million 3T3L1 cells develop type II 
diabetes and associated hyperinsulinemia (Shibasaki et al., Diabetologia 45:518-526). A week 
following injection of these cells, slow release estrogen pellets (0.72 mg per pellet, 60-day 
release) were implanted into animals. The control group received only estrogen pellets. Two 
million MCF-7 breast cancer cells were injected next day into the mammary fat pad of these 
animals. In first series of experiments neither control group nor 3T3L1 group developed tumors. 
This was most likely due to poor quality estrogen pellets. Unfortunately, several animals injected 
with 3T3 cells became sick within 2-3 weeks and died. We repeated these experiments two more 
time (35 animals each time) with variable doses of  3T3L1 cells. In both of these experiments, 
most animals in 3T3L1 group died prematurely. Nonetheless, two animals in 3T3L1 group 
survived beyond 10 weeks in the third set of experiment.  

We analyzed tumors from control and 3T3L1 injected group by immunohistochemistry 
for the expression of ERα, FOXA1, and GATA-3. We did not observe any difference in the 
expression levels of ERα, FOXA1, and GATA-3 (Figure 7). Lack of differences in the 
expression of these markers in two groups could be related to the failure of 3T3L1 to induce 
hyperinsulinemia. That can also explain for the prolonged survival of these tumor-bearing 
animals compared to other animals. From these studies, we conclude that the current in vivo 
model is not suitable for investigating the effects of hyperinsulinemia on progression of ERα-
positive breast cancer.  

Key Research Accomplishments:  

♦ Insulin confers resistance to tamoxifen 

♦ Insulin represses GATA-3 expression and thus disrupt ERα:FOXA1:GATA-3 axis 
in Luminal type A breast cancer cells 

♦ Insulin induces the transcription factor T-bet, which also downregulates GATA-3. 

♦ T-bet enhances growth factor receptor signaling, which may contribute to tamoxifen 
resistance. 

 

Reportable outcome: 

1) Abstract presented in San Antonio Breast Cancer Symposium-2008: Kasi R. McCune, 
Poornima Bhat-Nakshatri, Mangesh Thorat, Sunil Badve, Harikrishna Nakshatri. Control of 
Luminal Type A Intrinsic Subtype Enriched Transcription Factor Network by Insulin: 
Implications of Diabetes on Breast Cancer Classification. This abstract received 31st Annual 
CTRC-AACR San Antonio Breast cancer symposium AstraZeneca Clinical Scholar Award. 

2) Harikrishna Nakshatri, Kasi R. McCune, Poornima Bhat-Nakshatri, Mangesh Thorat, and 
Sunil Badve. Control of Luminal Type A Intrinsic Subtype Enriched Transcription Factor 
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Network by Insulin: Implications of Diabetes on Breast Cancer Subtypes. Era of Hope meeting, 
Baltimore, June 2008. 

3) Kasi McCune, Poornima Bhat-Nakshatri, Mangesh A Thorat, Kenneth P Nephew, Sunil 
Badve, and Harikrishna Nakshatri. Disruption of Estrogen Receptor, GATA-3, and FOXA1 
Transcription Factor Network by Insulin-Inducible T-bet: Implications in Hormone-Dependent 
Breast Cancer. Manuscript under review in Cancer Research. 

 

Conclusion: Figure 8 illustrates how insulin may promote progression of Luminal type A breast 
cancers to anti-estrogen resistant phenotype. Insulin through T-bet disrupts 
ERα:FOXA1:GATA-3 axis, which leads to loss of estrogen dependence and upregulation of 
growth factor signaling.  

 

Key personnel who received salary support involved in the project: 

Harikrishna Nakshatri (PI) 
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Figure legends: 

Figure 1: T-bet, GATA-3, and FOXA1 expression in primary breast cancer. A) Expression 
pattern of T-bet in ERα-positive and ERα-negative breast cancer. Gene expression levels from a 
published study (29) were extracted from Oncomine (www.oncomine.org). Difference in 
expression between two groups is statistically significant. B). ERα-positive breast cancers from 
the above study were classified into T-bet positive and T-bet negative subgroups based on 
significant differences in the expression levels. C). Expression levels of FOXA1 and GATA-3 in 
ERα+/T-bet- and ERα+/T-bet+ subgroups. D). T-bet expression negatively correlates with PR 
negativity. As in A, data was extracted from a published study (30). 

Figure 2: Insulin alters T-bet, GATA-3, and FOXA1 expression in breast cancer cells. A) 
Insulin increases T-bet expression in MCF-7 cells. Cells were treated with insulin (50 nM) 
and/or E2 (0.1 nM) for indicated time and T-bet expression was measured by western blotting.  
B) The effect of insulin on GATA-3, FOXA1, and ERα expression. Cells were treated with 
insulin and/or E2 for 24 hours and the expression levels of different proteins were measured by 
western blotting. C) Densitometric scanning data of 3 or more experiments showing insulin-
mediated significant increase in T-bet expression and reduction of GATA-3 and FOXA1 
expression in MCF-7 cells. Mean and standard error of the mean are presented. D). Variable 
expression of T-bet, GATA-3, FOXA1, and ERα in luminal B cell lines. All luminal B cell lines 
(BT-474, MD-361, and ZR75-30) showed significantly lower levels of GATA-3 compared to the 
luminal A cell line T47-D. Note that insulin reduced FOXA1 expression in T47-D and ZR75-30 
cell lines. 

Figure 3: T-bet inhibits chromatin binding of ERα  and E2-regulated gene expression. A) T-
bet overexpression results in general reduction in GATA-3, FOXA1, and ERα expression. 
Expression levels of indicated transcription factors were measured in parental cells transduced 
with empty retrovirus (MCF-7p) or T-bet expressing virus (MCF-7-T-bet). Densitometric 
scanning data from two or more experiments normalized to the control β-Actin are presented. 
*p<0.001, MCF-7p vs MCF-7-T-bet. B) E2-inducible expression of XBP-1 and GREB-1 in 
MCF-7p and MCF-7-T-bet cells (left panel). Results of three or more experiments are presented 
(mean ±SEM). *p=0.01. The effect of insulin (INS) on basal and E2-inducible expression of 
GREB-1 is shown in the right panel. Cells were pre-treated with insulin overnight and then 
exposed to ethanol or E2 for four hours. *p=0.01 control versus insulin treatment; **p=0.02, E2  
vs E2+ insulin (n=5). C) ERα binding to enhancer regions of XBP-1 was markedly lower in 
MCF-7-T-bet cells compared to MCF-7p cells. ERα and FOXA1 binding sites associated with 
XBP-1 from previous ChIP-on-Chip (13, 17) are shown on the top (black bars) along 
chromosomal location and direction of the gene (horizontal arrow). ERα binding in untreated 
and E2 treated MCF-7p and MCF-7-T-bet cells was determined by ChIP analysis followed by q-
PCR. Asterisks denote statistically significant differences in ERα binding under identical 
treatment conditions between two cell types. D) ChIP assay was used to measure ERα binding to 
one of the ERα binding regions (black bars) associated with GREB-1 gene (indicated by inverted 
arrow on the top).  

Figure 4: Insulin confers resistance to tamoxifen. A) The effect of insulin on proliferation and 
tamoxifen sensitivity of MCF-7p and MCF-7-T-bet cells. Cells were plated on 96 well plates and 
treated with E2 (0.1 nM), 4-hydroxy-tamoxifen (1 µM) and/or insulin (50 nM) as described in 
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materials and methods. *p= 0.0001, MCF-7p vs MCF-7-T-bet cells under identical treatment 
condition. B) The effect of different concentrations of insulin on proliferation and tamoxifen 
sensitivity (1 µM) of MCF-7p and MCF-7-T-bet cells. *p<0.01 between MCF-7p and MCF-7-T-
bet cells under identical treatment condition. C) The effect of insulin on proliferation under 
variable concentration of tamoxifen. Experiments are done as in B. D) T-bet is required for E2- 
and insulin-dependent proliferation of T47-D cells. T47-D cells were treated with siRNA against 
T-bet or control non-specific siRNA targeting luciferase gene for four days. T-bet siRNA 
reduced T-bet protein levels by 30% (left panel). Cells were treated with E2, insulin or both for 
six days. *p<0.01 control vs T-bet siRNA. 

Figure 5: Changes in ERα:FOXA1:GATA-3 axis in MCF-7 cells that acquired resistance to 
tamoxifen (MCF-7-T) or fulvestrant (MCF-7-F). A). Basal and insulin-regulated expression 
pattern of T-bet, ERα, FOXA1, and GATA-3 in MCF-7, MCF-7-T and MCF-7-F cells. Right 
panel displays densitometric scanning results of T-bet from three or more experiments. The 
difference in T-bet expression between different cell types is significant (*p=0.01, **p=0.03). 
Similarly, reduction in FOXA1 expression in MCF-7-T and MCF-7-F cells compared to parental 
cells is significant (p<0.05). B) E2 fails to induce ERα:FOXA1:GATA-3 target gene GREB-1 in 
MCF-7-T and MCF-7-F cells. GREB-1 expression was measured by qRT-PCR (n=3). C) T-bet 
siRNA inhibits growth of MCF-7-T cells. Cells were treated with siRNA as in Figure 4D and 
cell proliferation was measured by BrDU-ELISA. As in T47-D cells, T-bet siRNA reduced T-bet 
protein levels by 30% (left panel) and transcript levels by 50% (middle panel).  

Figure 6: MCF-7p and MCF-7-T-bet cells show differential ERK and AKT activation in 
response to growth factor signaling. A) EGF-inducible ERK activation in MCF-7p and MCF-
7-T-bet cells. Cells were treated with 20 ng/ml EGF for indicated time and ERK and AKT 
activation was measured using phospho-specific antibodies. Ratio between phosphorylated ERK 
and the loading control β-Actin is presented. B) Insulin-inducible (50 ng/ml) ERK and AKT 
activation in MCF-7p and MCF-7-T-bet cells. C) Heregulin-inducible (50 ng/ml) ERK and AKT 
activation in MCF-7p and MCF-7-T-bet cells. 

Figure 7: Expression of ERα , FOXA1, and GATA-3 in MCF-7 cell derived mammary fat 
pad tumors of animals with or without 3T3L1 cell injection. 3T3L1 cells were injected into 
mescenteric region of nude mice before injecting MCF-7 cells into the mammary fat pad. 
Tumors were isolated after ~12 weeks and fixed in formalin. Sections were stained for antibodies 
against ERα, FOXA1, and GATA-3 as described previously (8). 

Figure 8: Model depicting the effects of insulin on progression of luminal type A breast 
cancer. LRIG is a repressor of growth factor signaling and its expression is dependent on ERα, 
FOXA1 and GATA-3. TLE3 is a transcription repressor, which represses ERBB3 expression. 
The expression of TLE3 requires ERα, FOXA1, and GATA-3. Insulin mediated reduction in 
GATA-3 expression could result in reduced expression of LRIG1  but increased expression of 
ERBB3. Consequently, cancer cells acquire estrogen-independence and activated growth factor 
receptor signaling. 
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