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Fig. 1. Dose-response to paclitaxel. MCF7 and MDA231 cells were 
treated with 2-fold serial dilutions of paclitaxel ranging from 5nM to 
160nM for 6 days in 6 replicates per drug concentration. MTS assays 
were then performed and % proliferation is shown relative to control. 
Control reflects cells treated with the paclitaxel solvent DMSO at amount 
present in the highest concentration of paclitaxel (160 nM). 

 
Obesity is an important risk factor 
associated with the development and 
progression of breast cancer (1-7), reduced 
therapeutic efficacy, and higher mortality 
rates among breast cancer patients (8-11). 
The obesity-associated hormones insulin-
like growth factor-I (IGF-I) and leptin are 
found at high levels in breast cancer patients 
(12-15), and their receptors, IGF-IR and Ob-
R (leptin receptor is also known as obesity 
receptor), are overexpressed in a majority of 
breast cancers (15-17). Increased expression 
of leptin and Ob-R correlate with increased 
risk for distant metastasis and reduced 
overall survival in breast cancer patients 
(15). Leptin induces proliferation of breast 
cancer cells via activation of STAT3 
(18,19), a transcriptional activator of the 
anti-apoptotic protein Bcl-2 (20,21). 
STAT3-dependent overexpression of Bcl-2 
was associated with resistance to the 
chemotherapeutic agent paclitaxel in breast 
cancer cells (21). We propose that IGF-IR and 
the leptin receptor interact, and that IGF-IR and 
leptin induce phosphorylation of Ob-R, 
activating STAT3 and upregulating Bcl-2, 
which in turn results in taxane resistance. Our 
hypothesis is that high levels of leptin and IGF-I 
increase Ob-R signaling, contributing to taxane 
resistance in breast cancer. Our long-term goal 
is to establish markers of Ob-R signaling as 
predictors of taxane response. The rationale is 
that these markers of Ob-R signaling, including 
serum levels of leptin and IGF-I, and tissue 
levels of phosphorylated Ob-R, STAT3 and Bcl-
2, can be used (1) to identify patients most likely 
to respond to taxanes, and (2) as therapeutic 
targets to improve response rates to taxanes in 
the treatment of breast cancer. 
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Fig. 2. Response of MCF7 cells to docetaxel in adipocyte
conditioned media. MCF7 cells were plated in DMEM + 
10% FCS (regular complete media), conditioned media (CM) 
from mouse 3T3 adipocytes, or CM from human abdominal 
omental cells (Om). Cells were untreated or treated for 6 
days in 6 replicates per group with 10 nM docetaxel. MTS 
assays were performed and % proliferation is shown relative 
to DMSO control. 

 
BODY 
 
Task 1 Apply nanotechnology-based methods for visualization of IGF-IR and leptin receptor (Ob-R) 

in real time.  
We are collaborating with Dr. Khalid Salaita in the Department of Chemistry at Emory University. As an initial 
experiment, Dr. Salaita used our BT474 cell line, which expresses high levels of IGF-IR and another receptor 
called HER2. He initially used an anti-HER2 antibody to test binding of fluorophore-conjugated antibodies to 



the membrane of these cells. Streptavidin-biotin 
labeling of the antibody was performed; cells showed 
efficient binding of the antibody to the cell surface by 
fluorescent microscopy. Thus, labeling was 
successfully achieved in this initial experiment. We are 
now able to collaborate with Dr. Salaita’s group to 
label anti-IGF-IR antibody and anti-Ob-R antibody 
with streptavidin-biotin and expose MCF-7 and BT474 
cells to these antibodies in the absence or presence of 
IGF-I or leptin. This aim was initially delayed due to 
difficulty in establishing a new collaboration at the PI’s 
institution since the PI changed institutions in 2007. 
Now that the collaboration has been established and the 
method has been tested, we are in a position to 
complete the aim. A no-cost extension has been granted 
allowing us to complete the remainder of this aim and 
do additional experiments in aim 3 below. 
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Fig. 3. Dose-response to JAK2/STAT3 inhibitor WP1066.
HCC1806, MDA231, and MDA468 cells were treated with 2-
fold serial dilutions of WP1066 ranging from 1uM to 8uM for 6 
days in 6 replicates per drug concentration. MTS assays 
were then performed and % proliferation is shown relative to 
DMSO control. 

WP1066 (uM)

 
Task 2 Demonstrate that IGF-I activates the 

leptin receptor via IGF-IR crosstalk. 
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Fig. 4. Effect of combined inhibition of IGF-IR and JAK2 
on MCF7 cell proliferation. MCF7 cells were treated for 6 
days in 6 replicates per group with DMSO (C), IGF-IR 
inhibitor PPP ranging from 250nM to 1000nM, JAK2 inhibitor 
ranging from 5uM to 20uM, or a combination of the two 
inhibitors. MTS assays were performed and % proliferation is 
shown relative to DMSO control. 
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Aim 2 has been completed and published (reference 
22). Results from this publication were summarized in 
the 2009 annual report. 
 
Task 3 Demonstrate that Ob-R signaling 

activated by leptin or IGF-I contributes 
to taxane resistance.  

Dose-response profiles were established for MCF7 and 
MDA231 cells treated with paclitaxel (Fig. 1). The cell 
lines responded similarly to paclitaxel, with both lines 
showing 50% inhibition of proliferation (IC50) at 
approximately 10-20 nM. In our initial DoD 
application, we hypothesized that obesity-associated 
hormones will reduce taxane sensitivity. Thus, we 
treated MCF7 cells with DMSO control or 10 nM 
docetaxel while being maintained in regular cell culture DMEM media containing 10% fetal calf serum, 
conditioned media (CM) from 3T3 mouse adipocytes, or CM from human abdominal omental adipocytes. MTS 
proliferation assays were performed after 6 days (Fig. 2); all treatments were done in 6 replicates. Our results 
indicated that 3T3 CM reduced response to docetaxel, but that omental CM did not change response. Due to the 
conflicting results with 3T3 CM versus omental CM, this preliminary assay will be repeated in MCF7 cells and 
additional breast cancer cell lines to verify results. In addition, we hypothesized in the initial application that 
inhibition of Ob-R and IGF-IR signaling will increase taxane sensitivity. As reported in the previous annual 
report, we have been unable to validate siRNA or shRNA against Ob-R. Thus, we have used pharmacologic 
inhibition of downstream JAK/STAT signaling to determine if inhibition of Ob-R signaling affects taxane 
response. HCC1806, MDA231, and MDA468 breast cancer cells were treated with 2-fold serial dilutions of 
WP1066, a JAK2/STAT3 inhibitor, and proliferation was measured after 6 days (Fig. 3). All cells showed 
similar response with IC50 approaching 8uM. We will now treat cells with WP1066 plus docetaxel or paclitaxel 
to determine if WP1066 blocks inhibition of proliferation in response to taxanes. We have already treated 
MCF7 with the IGF-IR inhibitor PPP plus JAK2 inhibitor (Fig. 4), and have not observed any additive or 
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Fig. 5. Leptin mutant did not inhibit MCF7 cell 
proliferation. MCF7 cells were treated for 6 days in 6 
replicates per group with DMSO (C), 250 nM IGF-IR inhibitor 
PPP (P), 2.5 ug/mL recombinant human leptin mutant (L), or 
a combination of P+L. MTS assays were performed and % 
proliferation is shown relative to DMSO control. 
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synergistic effects. Interestingly, despite having high 
endogenous levels of IGF-IR, MCF7 cell 
proliferation is unaffected by IGF-IR inhibition alone. 
In contrast, cells appear to be partially dependent 
upon JAK2 signaling, as JAK2 inhibition produced a 
dose-dependent decline in cell proliferation. The IC50 
of JAK2 inhibitor in MCF7 cells was consistent with 
the IC50s observed in response to WP1066 in 
HCC1806, MDA231, and MDA468. Since cells 
appear to be sensitive to JAK2 inhibition, we will co-
treat with docetaxel and JAK2 inhibitor to determine 
if there is synergy or additive effects. Based on our 
initial hypothesis, we expect that JAK2 inhibition will 
improve sensitivity to taxanes. Finally, since we have 
not found an effective siRNA against leptin receptor, 
we tested a mutant recombinant human leptin peptide. 
Mutant leptin did not increase inhibition of MCF7 
cell proliferation achieved by the IGF-IR inhibitor PPP (Fig. 5). These results are consistent with data shown in 
Fig. 4, indicating that PPP does not increase the effect of JAK2 inhibition on MCF7 cell proliferation. 
Interestingly, in Fig. 5, PPP alone did reduce proliferation, in contrast to Fig. 4. Thus, combined IGF-IR and 
Ob-R/JAK2 inhibition may not be beneficial, but rather JAK2 inhibition or IGF-IR inhibition alone may inhibit 
proliferation of breast cancer cells.  
 
KEY RESEARCH ACCOMPLISHMENTS 
During this past year, key accomplishments on this project are: 

(1) The paclitaxel dose-response of a panel of breast cancer cell lines was determined. 
(2) Initial results of adipocyte conditioned media on docetaxel dose-response demonstrated that adipocytes 

may reduce response to docetaxel but must be repeated. 
(3) JAK2 inhibition produced a dose-dependent decline in MCF7 cell proliferation. 
(4) Studies suggest that combined inhibition of IGF-IR and JAK2 may not be beneficial, but that single 

agent inhibition of IGF-IR or JAK2 may be effective. Future studies during this last year of no-cost 
extension will focus on the sensitizing effect of JAK2 or IGF-IR inhibition on taxanes. 

 
REPORTABLE OUTCOMES 
Receipt of this DoD Award as an indication of expertise in the area of breast cancer endocrinology and drug 
resistance has contributed to several opportunities for the PI. During the past year, the PI has been invited to 
serve on several grant review study sections: 

(1) Department of Defense / CDMRP Breast Cancer Research Program (BCRP) Postdoctoral and IDEA 
Award Study Section #3 (IPA-3), 2009 

(2) European Research Council, Reviewer for Advanced Grant Program - Physiology, Pathophysiology and 
Endocrinology (LS4) Panel, 2009 

(3) New York State Peter T. Rowley Breast Cancer Research Project and Postdoctoral Fellowship peer 
review panel, 2010 

(4) United States-Israel Binational Science Foundation, review panel member, 2010 
In addition the PI has become an Editorial Board Member of the journal Breast Cancer: Basic and Clinical 
Research (3/2009-present). 
 
CONCLUSION 
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As published in reference 22, we have made the following discoveries. (1) The IGF-I and leptin receptors 
interact in human breast cancer cells. (2) Cross signaling occurs from IGF-IR to Ob-R in breast cancer. IGF-I 
stimulation induces phosphorylation and activation of Ob-R, while IGF-IR kinase inhibition blocks IGF-I-
mediated Ob-R activation. Downstream signaling molecules JAK2, STAT3, Akt, and ERK1/2, all of which are 
functional in the leptin and IGF-IR pathways as well as in multiple other signaling pathways, were activated by 
IGF-I stimulation. (3) Cross talk is unidirectional, as leptin does not activate IGF-IR. Thus, leptin is not likely to 
affect IGF-IR oncogenic function in breast cancer. However, since IGF-IR cross talks to Ob-R, it is feasible that 
Ob-R may contribute to IGF-IR molecular or biological effects, and is worthy of further study. Thus, we have 
identified a novel receptor interaction and unidirectional cross talk involving the IGF-IR and leptin receptor. As 
discussed in the previous annual report, we have also shown the following. (4) Insulin appears to stimulate Ob-
R phosphorylation as well, although inhibition of insulin receptor does not block IGF-I-mediated Ob-R 
phosphorylation. Insulin is known to bind and activate IGF-IR; thus, insulin may be activating Ob-R via IGF-
IR. (5) Our pilot study shows that IGF-I does partially reduce response to docetaxel. Results described in this 
report indicate that adipocyte-secreted factors found in conditioned media collected from adipocytes may in fact 
alter response to taxanes. Furthermore, MCF7 cells appear to be dependent upon JAK2 signaling, which is 
downstream of leptin receptor and potentially upregulated during obesity. Thus, JAK2 inhibition downstream of 
leptin receptor is a potential strategy for combating obesity-associated breast cancer and possibly for improving 
chemosensitivity of obesity-associated breast cancers.  
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