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14. ABSTRACT

Obesity increases postmenopausal breast cancer risk and increases mortality in pre- and postmenopausal women. While the majority of
breast cancers in obese women are estrogen receptor (ERa)-positive, ERa-negative tumors confer a much worse prognosis. The
mechanism by which obesity affects ER-negative breast cancer risk and prognosis is not clear, and strategies for offsetting the negative
effects of obesity are urgently needed. In this study, we utilized the MMTV-neu mouse model of luminal-type breast cancer to test the
hypothesis that energy balance modulation, through diet-induced obesity (DIO) or calorie restriction (CR) regimens, alters mammary
tumor development and progression through regulation of ER in the mammary epithelium. MMTV-neu mice form spontaneous mammary
tumors that progress from an ERa-positive hyperplasia to aggressive ERa-negative ductal adenocarcinomas. Female MMTV-neu
transgenic mice and non-transgenic host strain (FVB) mice (6-8 weeks old; n=90/genotype) were randomized (30/group) to receive: control
diet (modified AIN-76A); a 30% CR regimen (isonutrient); or a DIO regimen. A subset of mice (n=4 per group) was killed at 1, 3, and 5
months following diet initiation, and tissues were collected for analysis; remaining animals were followed for a 60-week survival study. We
found that, relative to control diet, the DIO regimen significantly increased body weight, percent body fat (p<0.0001), and obesity-
associated serum hormones and growth factors (IGF-I, insulin, leptin, and estradiol; p<0.01 for all) in both MMTV-neu and FVB controls.
Conversely, CR significantly decreased body weight, percent body fat (p<<0.0001) and decreased serum hormones/ growth factors, while
increasing adiponectin (each at p<0.01). Gene expression (QRT-PCR) and protein expression (immunohistochemistry) analysis revealed
that loss of mammary ERa expression, known to occur by 8 weeks of age in control MMTV-neu mice, was accelerated by DIO and
delayed by CR. Additionally, we found that CR (relative to control diet) significantly increased mammary ER expression (p<0.0001) and
delayed the onset of hyperplasia (p<0.001) in both MMTV-neu and FVB mice. Importantly, we found that after 60 weeks of feeding, CR
significantly increased tumor-free survival of MMTV-neu mice (p=0.01). CR tumor samples showed a decrease in vascularity and
presence of mitotic figures. In conclusion, dietary energy balance modulation impacts spontaneous MMTV-neu mammary tumor
development and ERa and ERf levels in normal and tumor tissue. In addition, increased mammary ER expression may represent a novel
mechanism underlying the anticancer effects of CR.
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INTRODUCTION:

Breast cancer is the leading cause of cancer death in women in the United States who are aged 20 to
59 years (/). In 2010, an estimated 207,090 new cases of breast cancer were identified in the United States
(7). Although breast cancer risk increases with age, approximately 35% of breast cancers occur during the
reproductive and perimenopausal years (2). Of the premenopausal breast cancers diagnosed, approximately
20% are both ER and PR negative (3), and tumors negative for estrogen receptor (ER-) confer a much worse
prognosis (4). The HER-2/neu/erbB2 proto-oncogene is amplified in 25-30% of human primary breast
cancers, and increased levels of HER-2/neu expression in tumors negatively impact prognosis regardless of
menopausal status (5).

Obesity is associated with increased tumor size (6), progression markers (7) and therapy resistance
(8), especially in ER- tumors, in both pre- and postmenopausal women (6). Although obesity is typically
associated with increased risk of breast cancer for postmenopausal women (9), new data shows that obesity
may also be a risk factor for premenopausal women 35 and older, who have additional risk factors for breast
cancer, including Type-2 diabetes (/0). Perhaps most importantly, data shown here, as well as decades of
calorie restriction research (9) show that avoiding weight gain after age 30 is increasingly being recognized
as a simple way to reduce risk of breast cancer (/7). Energy balance modulation (diet-induced obesity and
calorie restriction) modifies serum levels of many growth factors and hormones (9). However, the specific
mechanisms by which dietary energy balance modulation affects ER- breast cancer risk, progression or
prognosis are not clearly understood.

BODY:

In our original proposal, we hypothesized that: Obesity-induced increases in circulating IGF-1
levels promote IGF-1/ER crosstalk in the mammary epithelium, leading to a reduction in the
chemopreventive efficacy of tamoxifen. In Specific Aim 1, we outlined the characterization of the effects
of dietary energy balance modulation on metabolic hormones and mammary tumor development,
growth, and progression in MMTVerbB2 mice (referred to as MMTVneu mice in the rest of the
report). The model in which we have chosen to test this hypothesis is the MMTVneu transgenic mouse
model, in which mice were fed a standard diet-induced obesity regimen. Task 1 was to modulate diets in
MMTVneu mice and measure effects on tumor. The first Milestone was to receive IACUC approval, which
was accomplished on 13 August 2008, renewed on 06 July 2009, and on 03 August 2010, and as needed for
personnel and minor modifications. The USAMRMC has been notified of all major and minor protocol
modifications. Task 1.a was accomplished when 90 MMTVneu and 90 age-matched non-transgenic control
mice were mice ordered and put on diet regimens. Blood samples were taken for fasting glucose
measurements and for serum hormone analysis (Task 1.b). As tumors became palpable in the transgenic
mice, tumor weight measurements were taken (Task 1.¢). Tissues were harvested from the mice at the time
of sacrifice, including tumor, mammary fat pad, liver, visceral white adipose tissue, skin, and skeletal muscle
(Task 1.d). The following results section details our findings.

Results:
Dietary energy balance modulation regulates ERa/p mRNA expression.
Generation of DIO, control, and CR phenotypes

MMTVneu and non-transgenic FVB/NJ mice administered DIO, control or CR diet regimens
manifested three distinct phenotypes: obese, overweight and lean, which has been published in several
models by our laboratory and others (9). After 15 months on diet, body weights in MMTVneu mice were
significantly heavier (44.4 £ 0.56 g) in DIO mice and significantly lighter in CR fed mice (18.8 £ 0.13 g)
relative to control fed mice (36.8 + 0.67 g) (P<0.01) and similarly FVB/NJ mice on the DIO regimen were
significantly heavier (39.2 + 0.18 g) and the CR fed mice were significantly lighter (18.8 +0.12 g)
compared with control fed mice (34.5 £ 0.22 g) (P<0.01) (Figure 1A). This was due to a significant
difference in caloric intake over time between diet groups in both MMTVneu and FVB/NJ (P<0.01 both
genotypes). After 15 months, MMTVneu mice consumed on average 107 & 5.57 kcal per week on the DIO
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regimen, 99.7 + 3.83 kcal per week when fed the control diet, and 69.2 + 2.43 kcal per week when fed the
CR diet and FVB/NJ mice consumed on average 106 = 1.84 kcal per week on the DIO regimen, 105 + 4.83
kcal per week when fed the control diet, and 69.8 + 2.00 kcal per week in when fed the CR diet (Figure 1B).
Fasting blood glucose was reduced in CR mice (MMTVneu 42.5 + 6.22mg/dl; FVB/NJ 48.3 + 5.71mg/dl),
relative to Control mice at all timepoints measured (MMTVneu 129 + 26.8mg/dl; FVB/NJ 142 £10.4 mg/dl)
but DIO did not further increase fasting serum glucose (P<0.05 for both genotypes). Specific readings given
for the 5 month timepoint, but significance was found at 1, 3, and 5 months on diet (Figure 1C). Percent
body fat was modulated by the DIO regimen (MMTVneu 43.14% + 1.29%; FVB/NJ, 40.0% = 1.51%) and
was significantly reduced by the CR diet (MMTVneu 16.4% + 1.60%; FVB/NJ 16.2% + 1.27% ) compared
with control fed mice (MMTVneu 28.3% + 2.90% ; FVB/NJ 30.3% =+ 2.54%) (P<0.05) at all timepoints
measured (data points stated are after 6 months of dietary regimens) (Figure 1D).

Significant differences in serum levels of energy balance-related hormones and growth factors were
seen at all timepoints tested. Serum IGF-1 significantly increased in DIO mice and significantly decreased in
CR mice (P<0.01 for both genotypes). Additionally, we saw a significant increase in IGF-1 levels after 5
months on diet in FVB/NJ mice (P<0.01). Similarly, serum insulin increased in response to the DIO
regimen and significantly decreased in response to the CR diet (P<0.01; both genotypes). Calorie restriction
significantly reduced circulating serum leptin relative to Control and DIO (P<0.01; both genotypes). As
expected, CR mice had significantly higher levels of adiponectin relative to Control and DIO mice (P<0.01;
both genotypes). Also, CR mice had significantly lower levels of circulating 17-b estradiol versus Control
and DIO mice (MMTVneu P<0.01; FVB/NJ P=0.02) (Figure 2).

Regulation of ERa/ mRNA expression

MMTYV mice have a well-documented tumor progression phenotype transitioning from normal
mammary glands (ERa-positive) to DCIS (ERa-mixed) to ductal adenocarcinoma (ERa-negative) (/2). We
confirmed that in non-tumor bearing mammary fat pad of Control MMTVneu mice, ERo mRNA levels
decreased over time versus Baseline (P<0.05 vs Baseline; at every timepoint). Interestingly, over time CR
significantly increased ERa mRNA levels in MMTVneu mice relative to Baseline (P<0.01) but did not
significantly increase ERa gene expression in the FVB/NJ model. In contrast, DIO significantly accelerated
loss of ERae mRNA levels (P<0.01 vs Baseline; both genotypes) Epidemiological studies have shown that
higher levels of ERP have been correlated with lower breast tumor grade and better prognosis (/3). We
found that CR significantly upregulated the putative tumor suppressor ER mRNA levels in both MMTVneu
and FVB/NJ non-tumor bearing mammary fat pad relative to baseline expression (P<0.01).

Calorie restriction prevents loss of ERa protein expression and decreases mammary gland
hyperplasia.

Regulation of ERa protein expression

In order to confirm that changes in mRNA levels resulted in ERa protein expression changes, we performed
immunohistochemistry on MFP samples from the same MMMTVneu and FVB/NJ mice used in the gene
expression analysis. In mammary glands, we saw a significant loss of ERa protein in DIO animals
compared with Baseline (MMTVneu P<0.01; P=0.03 FVB/NJ). In MMTVneu mice, CR protected against
loss of ERa protein expression (no difference vs. Baseline; at every timepoint). CR also protected against
loss of ERa protein expression In the FVB/NJ animals, although the effect was not as pronounced (at every
timepoint). As anticipated, we also saw a significant loss of ERa protein expression in mammary glands
over time (P<0.01 both genotypes) (Figure 4).

Changes in mammary gland hyperplasia

In order to determine the effect of dietary energy balance modulation on mammary gland hyperplasia over
time, we histopathologically scored sequential H&E sections from the same MMTVneu and FVB/NJ mice.
We found that at all timepoints examined (1, 3, and 5 months) in both MMTVneu and FVB/NJ mice CR
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completely prevented mammary gland hyperplasia, with the exception of one sample at 3 months (FVB/NJ).
Similar levels of hyperplasia were seen in Control and DIO mice of both genotypes. The pattern of
hyperplasia was variable and included diffuse (symmetrical thickening of the epithelium), solid, papillary,
and cribriform. The most common pattern of hyperplasia was diffuse. No DCIS were seen in samples
examined (Supplementary Table 1).

Calorie restriction significantly increases survival and decreases tumor vascularity and proliferation.
Impact of energy balance modulation on survival

Calorie restriction has been well documented to increase longevity in many species and models (9). As
anticipated, a 30% reduction in calorie consumption (in CR mice) significantly increased tumor-free survival
in MMTVneu mice (P=0.01). In this model of luminal ductal adenocarcinoma, DIO did not significantly
increase tumor initiation, as previously reported (/4). FVB/NJ mice did not present any spontaneous
mammary tumors, as expected; therefore, no effect of diet was seen in these mice (Figure SA).

Impact of energy balance modulation on tumor progression

Tumors excised from MMTVneu animals on DIO, Control, and CR diets were examined for
histopathological markers of tumor progression in H&E sections including vascularity (presence of blood
vessels), proliferation (# of mitotic figures per field), nuclear atypia (# per field), inflammation
(inflammatory cell infiltration), and necrosis. We observed that tumors in MMTVneu CR mice had less
vascularity and fewer mitotic figures per field. However, after 15 months on diet, CR was so effective at
preventing tumor initiation, there were only two tumors to examine; therefore, no statistical analysis was
performed. No difference was seen in other markers of tumor progression between diet groups
(Supplementary Table 2).

Dietary energy balance modulation regulation of ERp mRNA expression is dependent on Her2/neu
positivity.

In vitro treatment with BMI stratified human sera

In order to validate the finding that dietary energy balance modulation regulates ERf mRNA expression
levels, we treated two human cell lines (SK-BR3, MCF-7) and two mouse cell lines (MMTVneu E18-9A-42,
ZR-75) with human sera stratified by BMI (<25 kg/m? vs >30 kg/m?). In SK-BR3 cells, which are a
Her2/neu-positive model of human Luminal B breast cancer (/5, /6), human sera collected from women
with a BMI<25 significantly upregulated ERf} expression (P<0.05), while sera from obese women (BMI>30)
did not affect ERf mRNA expression levels. In contrast, using MCF-7 cells, which are a Her2/neu-negative
model of human Luminal A breast cancer (75, 16), showed no difference between sera treatment groups.
Similarly, in the mouse cell line derived from the MMTVneu spontaneous mouse model (MMTVneu E18-
9A-42), which is HER2/neu-positive model of Luminal mammary cancer (/6), BMI<25 sera significantly
upregulated ERB mRNA expression relative to sera treatments from women with a BMI greater than 30
kg/m” (P<0.05). We also saw that in the ZR-75 cells, a Her2/neu-negative model of Luminal mammary
cancer (/6), there was no significant difference between sera treatment groups (Figure 5SB).

Materials and Methods:
All animal studies and procedures were approved and monitored by the University of Texas at Austin
Institutional Animal Care and Use Committee and the USAMRMC.

Effect of dietary energy balance manipulation on MMTVneu spontaneous tumor development.
Animals and study design. Upon arrival after purchase (Jackson Laboratory, Bar Harbor, ME), 90 naive, 6- to
8-week-old female MMTVneu (JAX stock #002376, FVB/N-Tg(MMTVneu)202Mul/J) mice and 90 naive,
6-8-week old female FVB/NJ (JAX stock #001800), a subset of mice (n=5 mice/genotype) were euthanized
for all “Baseline” readings within 48 hours of arrival. Mice were fasted for 6 hours and then euthanized (by



CO, asphyxiation followed by cervical dislocation). Blood was collected by cardiac puncture, allowed to
coagulate for 30 minutes at room temperature, and centrifuged at 10,000 x g for 5 minutes; serum was
removed and stored at -80°C for subsequent analyses. Mammary fat pad were collected for further molecular
and pathological analysis. Remaining mice were singly housed and fed a control diet (AIN-76A based diet;
catalog #D12450B, Research Diets, Inc., New Brunswick, NJ) ad libitum for one week of acclimation.

Mice were then randomized (n=30/diet group/genotype) to receive one of three dietary regimens for the
duration of the study (all diets purchased as pellets from Research Diets, Inc.): 1) control diet, fed ad libitum,
providing 3.8 kcal/g; 2) 30% CR diet (catalog #D0302702); 3) DIO diet, fed ad libitum (catalog #D12492),
providing 5.2 kcal/g with 60% kcal from fat. CR mice received a modified formulation of control diet such
that daily aliquots of food provided 70% of the mean caloric consumption (and 100% of the vitamins,
minerals, essential fatty acids and amino acids) of control mice. Mice were weighed weekly. After 2, 4, and
6 months on diet, all mice were analyzed for percent body fat using quantitative magnetic resonance (Echo
Medical Systems, Houston, TX). After 1, 3, and 5 months on diet a subset of non-tumor bearing mice were
sacrificed (n=4/diet group/genotype). Mice were fasted for 6 hours and then euthanized (by CO,
asphyxiation followed by cervical dislocation). Blood was collected by cardiac puncture, and mammary fat
pad were collected for further molecular and pathological analysis. Mice not sacrificed at 1, 3, or 5 months
were used for survival analysis (n = approximately 15/dietary group/genotype); non-tumor related deaths
were screened. Mice were palpated for tumors weekly. Once detected, tumors were measured twice weekly
in two perpendicular dimensions using electronic calipers, and cross-sectional area was calculated (maximal
length x width, mm?). When tumor diameter reached 1.0 cm in either dimension mice were fasted for 6 hours
and then euthanized (by CO, asphyxiation followed by cervical dislocation), and tumor was excised,
measured and weighed. Blood was collected by cardiac puncture, and mammary fat pad were collected for
further molecular and pathological analysis.

Mammary fat pad, and tumor processing and storage. After being excised, mammary tumors and mammary
fat pads were equally divided into 2 portions that were either: 1) fixed in 10% neutral buffered formalin for
24 hours, transferred to 70% ethanol for at least 24 hours, embedded in paraffin, and cut into 4 pm thick
sections for hematoxylin and eosin (H&E) staining or immunohistochemical analysis; 2) placed in a
cryotube, flash frozen in liquid nitrogen and stored at -80°C for subsequent molecular analyses.

Serum biomarker, molecular, and pathological analysis.

Serum biomarkers. All 4 animals per diet and genotype group were used for analyses of blood glucose (by
Ascencia Elite Glucometer, Bayer, Minnneapolis, MN); serum leptin, insulin, insulin-like growth factor
(IGF)-1, and adiponectin (by Luminex-based LINCOplex bead array assay, Millipore, Billerica, MA; read on
multianalyte detection system, BioRad, Hercules, CA); and 17-b estradiol (by ELISA; Alphay Diagnostics,
San Antonio, TX).

Real-time quantitative reverse transcription (qRT)-PCR of ERa/f3. Total RNA was extracted from cell lines
using a RNeasy Mini kit (Qiagen, Valencia CA) and from mammary fat pad tissue samples using a FastRNA
Pro Green Kit (MP Biomedicals, Solon, OH) (n = 4 per diet and genotype group). RNA concentration was
spectrophoretically determined using a nanodrop (Thermo Scientific, Logan, UT) and quality was confirmed
by an Agilent 2100 Bioanalyzer (Santa Clara, CA). RNA was reverse transcribed with Multiscribe RT
(Applied Biosystems, Carlsbad, CA). Resulting cDNA from tissue samples were assayed in triplicate for
PCR using Tagman® Gene Expression Assays for ERa and ER (Applied Biosystems). Resulting cDNA
from cell line samples were assaying in triplicate using human (SK-BR3, MCF-7) or mouse (MMTVneu
E18-9A-42, ZR-75) ERf primers (Origene, Rockville, MD) and the QuantiFast SYBR Green PCR kit
(Qiagen). PCR reactions were monitored by a ViiATM7 Real time PCR system (Applied Biosciences).
Gene expression data were normalized to the housekeeping gene b-actin and analyzed using the delta delta
Ct method.



Immunohistochemistry. Immunohistochemical staining was performed as previously described (n = 4 per diet
and genotype group) (/7) using a primary antibody for estrogen receptor (ER)-a (Catalog #sc542, Santa
Cruz Biotechnology, Santa Cruz, CA) at 1:500. The secondary antibody was horseradish peroxidase-labeled
anti-rabbit antibody (DAKO Cytomation). All photomicrographs were acquired using the ScanScope XT
(Aperio Technologies, Vista, CA) and quantification was done with the Aperio Digital Pathology platform
(Aperio Technologies) after generating the appropriate algorithm to identify positive nuclear staining.
Positive staining for ERa was further stratified by 1+, low; 2+, moderate; and 3+, intense staining.
Pathological analysis. All pathological analyses were performed by Donna F. Kusewitt, DVM, PhD, ACVP,
veterinary pathologist at the University of Texas MD Anderson Cancer Center Department of Carcinogenesis
Histopathology Core Facility (Smithville, TX). Mammary fat pads excised at 1, 3, and 5 months on dietary
regimens were analyzed for the presence of hyperplasia (symmetrical thickening of the epithelium, solid,
papillary, and cribriform were all included). Percentages were calculated as the number of animals per
group with any hyperplasia present in a single cross-section H&E slide. Spontaneous tumors in MMTVneu
mice were analyzed for vascularity (graded on a 0-3 categorical scale for the entire slide) and for the
presence of mitotic figures (counted in 5 non-overlapping fields of view). Statistical analysis could not be
performed because the CR group only had 2 tumors form in the 15 month study.

Effect of serum energy balance manipulation on ERJ expression in vitro.

Isolation of MMTVneu cell line. The MMT Vneu cell line was derived from the normal mammary fat pad of
an MMTVneu transgenic mouse, as previously described (/7). In brief, excised mammary fat pads were
dissected, mechanically dissociated into small pieces, and plated in 10ml of media in 100mm plates, grown
at 37°C in 5% CO, in DMEM media, 10% FBS, 1% penicillin/streptomycin and 1% Fungizone (all media
components from HyClone, Waltham, MA) overnight. After 24 hours, the supernatant was removed and
floating cells/mammary fat pad pieces were pelleted at 850 RPM for 5 minutes. The resulting cell pellet was
resuspened in 10ml of complete media in a new 100mm plate. The media was also replaced on the original
plate. Cell lines were cultured for a minimum of 4 weeks. The cell line resulting from animal E18-9A-42
was used for this experiment. Its cellular morphology is similar to other cell lines derived from non-tumor
bearing, untreated MMTVneu mammary fat pads. This line is denoted as MMTVneu E18-9A-42.

In vitro treatments. Serum was collected from postmenopausal breast cancer patients under an Institutional
Review Board (IRB) approved biorepository collection protocol at the Cancer Therapy and Research Center
at the University of Texas Health Science Center at San Antonio (UTHSCSA). Approval for this study was
obtained from the IRB of UTHSCSA (HSC20070684H). Serum was pooled, aliquoted, and stored at -80°C
according to the BMI category of the patient (normal weight: 18.5-24.9 kg/m?; obese: >30 kg/m?). SKBR3,
MCF-7, and ZR75 cells (ATCC) were maintained in IMEM (GIBCO Life Technologies) supplemented with
10% FBS. The MMTVneu E18-9A-42 cells were grown in DMEM (GIBCO Life Technologies) containing
10% FBS and 2 mM L-glutamine. These cell lines were all serum-starved for 18 hours, then exposed to 2%
pooled human sera or 2% FBS (in appropriate medium) for 48 hours prior to cell harvest and ERf} expression
was analyzed by qRT-PCR. In vitro serum treatments were performed in triplicate on separate days.

Statistical Analyses.

Summarized data are expressed as means =+ standard error of the mean, and analyses were performed using
SAS 9.3 (Cary, NC). Survival data was analyzed by the Kaplan-Meier estimator. Body weight and feed
intake were assessed by repeated measures analysis of variance (ANOVA) followed by Tukey’s post hoc
analysis. Fasting glucose, body composition, serum adipokines, mammary fat pad ERa and ERb gene
expression and ERa protein were analyzed by two-way ANOVA followed by Tukey’s post hoc test. When
significant interactions were detected (ERa gene expression), analysis of simple effects was completed. In
vitro ERb gene expression data were analyzed by one-way ANOVA followed by Tukey’s analysis. When



test assumptions were not met (serum insulin and leptin), data were transformed by natural log. Differences
were considered statistically significant at P <0.05.

KEY RESEARCH ACCOMPLISHMENTS:

* DIO, Control, and CR diet regimens caused significant differences in body weights, caloric intake,
and body composition of MMTV-erbB2 mice.

* CR significantly increases lifespan in MMTV-neu mice.

* CR maintained baseline levels of ERa expression (mRNA and protein) and significantly increased
ERp expression in the normal mammary fat pad of both MMTVneu and non-transgenic mice.

* Regulation of ERf expression in tumors by diet is Her2/neu dependent in both human and mouse cell
lines in vitro.

REPORTABLE OUTCOMES:

No reportable outcomes have yet resulted from this research. However, a manuscript will be submitted in
February 2013 entitled, “Calorie Restriction Prevents Basal-like Mammary Cancer in MMTV-Neu Mice
Through Modulation of Estrogen Receptor-a and 3.”

CONCLUSION:

We have accomplished all tasks outlined in the original proposal for the first year of the study. Here
we characterize the effects of dietary energy balance modulation on body weight, body composition, and
metabolic hormones/growth factors, as well as on mammary tumor development and progression in
MMTVneu (HER-2/neu overexpressing, ERo- model of luminal mammary cancer) mice. Our data
demonstrates that calorie restriction significantly decreases tumor initiation through upregulation of the
putative tumor suppressor ERf, prevention of the loss of ERa, and a reduction in mammary gland
hyperplasia. The finding that ER} expression is protective and modulated by caloric intake is directly
applicable to the patient population at high risk for recurrence of ERa- breast cancer, both for protection and
prognostic value. Significantly, we found that DIO did not further increase the risk of developing HER-
2/neu positive, ERa-negative luminal breast cancer. Therefore, Specific Aims 2 and 3 were not applicable in
this subtype of breast cancer. Instead, we more performed a more comprehensive study of the mechanism of
the protective effects of CR.

The prevention of obesity, through caloric restriction, has been shown in many models over many years
to be the standard method for prevention of many types of cancer (9). Key serum hormones and growth
factors, like IGF-1, have been demonstrated to be the upstream effectors for prevention. However, many of
the subsequent gene expression changes in normal target tissue, and how this affects cancer risk, remain
unknown. In this study, we demonstrate that caloric restriction has immediate and long term effects on the
expression of ERf3, which leads to a significant reduction of mammary cancer development in a model of
luminal breast cancer. Conversely, high energy regimens, in Control and DIO feeding, confer an increased
risk for mammary cancer. The mechanism for differential risk does not lie solely with ERf. In these
animals, we see that DIO significantly increases the speed of loss of ERa in the normal mammary fat pad,
and CR prevents the loss. Interestingly, we see the regulation of ERa and ER expression in both transgenic
and age-matched wild-type animals, driving home the broad implications of dietary energy balance.

This study will lay the foundation for larger translational/clinical studies investigating the role of IGF-1
in promoting the adverse effects of obesity on breast tumor development and progression, and validating
suppression of IGF-1 pharmacologically as an effective chemopreventive approach. Specifically, we
evaluated the crosstalk of IGF-1/HER-2/ER in the normal mammary fat pad. The publication of our findings
will highlight the importance of maintaining a healthy body weight over a lifetime in order to prevent obesity
and decrease risk for many types of cancer, including breast cancer.
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Figure 1. Effect of dietary energy balance modulation on body weights, caloric intake, fasting glucose,
and body composition. (A) Body weights and (B) caloric intake for MMTVneu and age-matched non-
transgenic (FVB/NIJ) controls (n=30 mice/diet/genotype at 0 months) The CR mice consumed 30% less
calories daily, per study design. (C) Fasting glucose readings were collected (n=4 mice/diet /genotype) and
analyzed after a 6 hour fast at 1, 3, and 5 months on diet. (D) Body composition was analyzed at 4, 6, and 8
months on diet. Data are presented as means + SEM. Different letters represent a significant effect of the

dietary intervention (P<0.05).



CR | CR
600+ Conirol MMTVneu E Contol FVBINJ
5004

Sinalol Sokal

T

Months on Diet Months on Diet
2.5 — a MMTVneu a 25 CR FVB/NJ
Control Control

o 20 E DIO 220

E E

S 1.54 ?1 5

% é 1.0

2 £

o

;ﬁﬁ ﬁﬁiﬁﬁ °

Months on Diet Momhs on Diet

;ﬁﬁl ﬁiﬁﬁi

MMTVneu CR FVB/NJ

- n

Control

a1 " DIO

£ £

S ?

g1 e

a a

1
Months on Diet Months on Diet
TR MMTVneu TR FVB/NJ
Control a a E Srgtro[

E E

? b b 2 | 3

§ b D b £ b

o o C

g 2

g 2

21 <1

3 5
Months on Diet Months on Diet

800 R MMTVneu ; 5001 TR FVBINJ .
+ tr
E 40 ol a E 4001 Bioro a
® .. 2 .
530 S 3004 ab ab
g b a a a § b —L e ol b ab
o 20 b SR [—
$ b 8 . P—
S0 | | I-'I 100+ r-.-_l

1 3 1 3 . 5
Months on Diet Months on Diet

Figure 2. Effect of dietary energy balance modulation on metabolic growth factors and hormones.
Fasting serum levels of IGF-I, insulin, leptin, adiponectin, and 17b-estradiol were measured after 1, 3, and 5
months of dietary intervention (n=4 mice/diet/genotype) for MM T Vneu and age-matched non-transgenic
(FVB/NJ) controls. Data are presented as means = SEM. Different letters represent significant differences
between dietary groups (P<0.05); serum insulin and leptin data were log transformed to meet test
assumptions. Bars represent significant changes of serum factors over time (P<0.05).
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Figure 4. The effect of dietary energy balance onERo protein expression in mammary fat pad tissue of
MMTVneu and FVB/NJ mice. (A) Quantification of ERa-positive cells and (B) Representative
photomicrographs of mammary ducts stained using an antibody against ERo and counterstained with
hematoxylin. Scale bar=25mm. Data are expressed as Mean = SEM (n=3-4 slides/diet/genotype; 5
representative fields of view/slide). Positive staining for ERa was further stratified by 1+, low; 2+, moderate;
and 3+, intense staining. Different letters represent significant differences between diet groups (P<0.05).
Bars represent significant changes in expression over time and the number of asterisks depict differences by
group (P<0.05).
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Figure 5. The impact of energy balance regimens on overall survival of MMTVneu mice and
HER2/neu dependent ER-f mRNA expression alterations in vitro. (A) MMTVneu mice (n=30
mice/diet) were placed on a DIO regimen (60% kcal from fat), Control diet which induces a slightly
overweight phenotype (10% kcal from fat), and 30% calorie restriction (CR; 30% reduction in calories from
Control ad-libitum diet, lean phenotype) for 15 months. Data are presented as mean = SEM and significant
effects on survival are noted by an asterisk (P < 0.05)(B) ER-f mRNA expression in human (SK-BR3, MCF-
7) and mouse (MMTVneu E18-9A-42, ZR-75) cell lines treated with pooled female human sera (BMI <25 or
BMI >30). A 2% fetal bovine serum (FBS) treatment was used as a positive control. Different letters
represent significant differences between treatment groups (Performed in triplicate, P<0.05).
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Months on Hyperplasia present

Genotype Diet Diet (n=4/group)
MMTVneu CR 1 0%
MMTVneu Control 1 67%
MMTVneu HF 1 80%
MMTVneu CR 3 0%
MMTVneu Control 3 0%
MMTVneu HF 3 0%
MMTVneu CR 5 0%
MMTVneu Control 5 100%
MMTVneu HF 5 33%
FVB/NJ CR 1 0%
FVB/NJ Control 1 0%
FVB/NJ HF 1 33%
FVB/NJ CR 3 33%
FVB/NJ Control 3 50%
FVB/NJ HF 3 80%
FVB/NJ CR 5 0%
FVB/NJ Control 5 60%
FVB/NJ HF 5 75%

Supplementary Table 1. The impact of calorie restriction and a DIO regimen on mammary gland
hyperplasia in MMTVneu and age-matched FVB/NJ mice. Data are presented as percentage of mice
presenting with hyperplasia (n=4 mice/diet/genotype).
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Tumor # Genotype Diet Vascularity Mitotic figures
Field of Field of Field of Field of Field of
view: 1 view: 2 view:3 view:4 view:5 Mean

1 MMTVneu CR 3 1 2 0 1 0 0.8
2 MMTVneu CR 0 0 0 1 0 0 0.2
Avg Score 1.5 0.5+/-0.4
1 MMTVneu Control 3 6 4 2 5 2 3.8
2 MMTVneu Control 3 6 4 3 4 4 4.2
3 MMTVneu Control 3 0 2 2 3 5 2.4
4 MMTVneu Control 3 0 4 2 3 3 2.4
5 MMTVneu Control 2 0 1 0 0 1 0.4
6 MMTVneu Control 2 0 1 1 0 2 0.8
7 MMTVneu Control 3 2 6 7 5 12 6.4
8 MMTVneu Control 2 2 3 6 0 1 2.4
9 MMTVneu Control 2 0 1 0 2 1 0.8
Avg Score 2.6 2.6 +/-0.5

1 MMTVneu DIO 3 5 7 1 0 1 2.8
2 MMTVneu DIO 2 0 1 0 3 3 1.4
3 MMTVneu DIO 3 0 0 1 1 1 0.6
4 MMTVneu DIO 1 4 2 5 6 2 3.8
5 MMTVneu DIO 1 0 5 1 1 1 1.6
6 MMTVneu DIO 3 2 3 10 2 5 4.4
7 MMTVneu DIO 2 4 3 3 2 3 3

8 MMTVneu DIO 3 1 0 1 4 3 1.8
9 MMTVneu DIO 2 3 2 3 3 2 2.6
10 MMTVneu DIO 2 4 2 1 2 3 2.4

Avg Score 2.2 24+/-0.3
Supplementary Table 2. The impact of energy balance regimens on Calorie vascularity and mitotic
figures in MMTVneu tumors. Key for vascularity: O=none; 1=mild; 2=moderate; 3=marked. Key for
mitotic figures: Numbers represent actual number of mitotic figures in each field of view. No P-value
obtained due to the small number of CR tumors.

24



	Cover-UnlimitedDistributionA DUNLAP
	SF298UnlimitedDistributionA DUNLAP
	toc DUNLAP
	Report Body 2012



