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Today’s Presentation

• The hallmarks of cancer and the scope of the cancer 
problem

• Links between diet, obesity, metabolism and cancer in 
humans and animals

• Where are we today?  Diet recommendations (focus on 
phytochemicals, obesity prevention)

• Hot topics in nutrition, obesity and cancer: a focus on 
mechanisms

• Discussion

Cancer: A Complex Foe
The essential aberrations of cancer

∞
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Adapted from: Hanahan & Weinberg, 
Cell  (2000) and Cell (2011)
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1981

Factors Contributing to Cancer 
Risk in the United States

 Diet/Obesity:  ~35%

 Tobacco:  ~30%

 Occupational and Pollution:  ~5%

 Infection:  ~10%

 Other:  ~20%

• Familial

• Sunlight / radiation

• Alcohol

• Long-term exposure to some drugs

Doll and Peto, 1981
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Colditz, et al.  Applying What We Know to Accelerate Cancer Prevention.  Sci Transl Med, 2012
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9

Fatalistic Beliefs about Cancer

• “Almost everything causes cancer…”
– almost 50% agree or strongly agree

• “There’s not much a person can do to prevent 
cancer…”
– approximately 25%

• “It’s hard to know [which recommendations] to 
follow…”
– almost 75%

J Niederdeppe, AG Levy, Cancer Epidemiol Biomarkers Prev 2007; 16(5):998-1003

1997 2007

AICR/WCRF Expert Report
Recommendations

2008-2017: Continuous Update Project
http://www.dietandcancerreport.org/cup/index.php
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1940’s Advertisement from the United Kingdom1940’s Advertisement from the United Kingdom
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Ascorbic Acid

Polyphenolics

CarotenoidsFlavonoids

Anthocyanidins

Indole-3-carbinol

Stanols & sterols

Diets should contain a variety of plant-based foods
WCRF/AICR 2007

Folate
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Bioactive Food Components 
Influence Cancer Processes

DNA Repair

Hormonal 
Regulation

Carcinogen 
Metabolism

Apoptosis

Bioactive Food 
Components

Differentiation
Cell Cycle

The Shape of Things to Come.  The Economist 12/11/03The Shape of Things to Come.  The Economist 12/11/03

.
(http://www.economist.com/displaystory.cfm?story_id=2282754)
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The US Obesity
Epidemic

The US Obesity
Epidemic

• 69% of US Adults Overweight or Obese (BMI >25.0 kg/m2)

• 36% US Adults Obese (BMI >30.0 kg/m2)

• 6.5% US Adults Extremely Obese (BMI >40.0 kg/m2)

• 69% of US Adults Overweight or Obese (BMI >25.0 kg/m2)

• 36% US Adults Obese (BMI >30.0 kg/m2)

• 6.5% US Adults Extremely Obese (BMI >40.0 kg/m2)

No Data          <10%           10%–14%

Ogden, et al., JAMA 2014:

Metabolic SyndromeMetabolic Syndrome

Describes a state of metabolic dysregulation 
characterized by:

 Insulin resistance, hyperglycemia*
 Dyslipidemia (triglycerides*, HDL-C*) 
 Waist circumference*
 Hypertension*
 Proinflammatory state (cytokines, chemokines)
 Vascular perturbations (PAI-1, VEGF)
 Altered adipokines (leptin, adiponectin)
 Elevated bioavailable IGF-1 (NHANES) 

Describes a state of metabolic dysregulation 
characterized by:

 Insulin resistance, hyperglycemia*
 Dyslipidemia (triglycerides*, HDL-C*) 
 Waist circumference*
 Hypertension*
 Proinflammatory state (cytokines, chemokines)
 Vascular perturbations (PAI-1, VEGF)
 Altered adipokines (leptin, adiponectin)
 Elevated bioavailable IGF-1 (NHANES) 

 Associated with many types of cancer
25% (144K) cancer deaths/year in US caused by overweight/obesity

(Calle, et al., NEJM 2003; Colditz, et al. Science Transl Med, 2012)



Page 10

Mortality from Cancer According to BMI for U.S. Women 
in the ACS Cancer Prevention Study II

Calle, E. et al. N Engl J Med 2003;348:1625-1638

LOOMING QUESTION:  
How to Decrease Cancer Risk in the

~710 Million Adults Worldwide Currently Obese?

Need a mechanistic approach to identify targets and
strategies to break obesity-cancer links
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Cancer: A Complex Foe
Obesity, calorie restriction impact each cancer hallmark

∞
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Calorie Restriction (~20%) Extends 
Lifespan in Multiple Species

Hursting, et al.  J Nutr, 2004

0 20 40 60

% Increase in Longevity (versus ad libitum-fed controls)

Yeast (S. cerevisiae)

Worm (C. elegans))

Fly (D. melanogaster)

Bowl and Doily Spider

Labrador Retriever

Hereford Cow
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Control CR

81125 81010

Feb.
1990

8.5 yrs. 9.0 yrs.

July 
2003

22.0 yrs.
22.4 yrs.

Weindruch: U Wisconsin CR Study in Rhesus Monkeys

NCI, 1992
Age: 33 years

U of Texas, 2005
Age:  46 yearsUniv. of Texas, 2006

Age: 47 years

Modeling Energy Balance and Human Cancer in 
Mice by Altering Key Genes and Pathways

Modeling Energy Balance and Human Cancer in 
Mice by Altering Key Genes and Pathways

Insert fig. 19.4

Hursting, et al., Mutation Res, 2005 
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CR (30%)

Overweight

DIO

Growth Factor Levels and MMTV-Wnt-1 Mammary 
Tumor Growth in Lean, Overweight and Obese Mice

IGF-1   Insulin   Leptin  Adiponectin  L/A Tumor Vol 
(ng/ml) (pg/ml) (ng/ml)    (ng/ml)                     (mm3)

390      380      1.9            9.5         0.2       120 

526    398       5.3           9.2          0.6       510     

718   596        16           9.1          1.8      1485    

(29% body fat)

(35% body fat)

(47% body fat)

n=12 mice/group

Nunez, et al., Nutrition and Cancer, 2007Dr. Nomeli Nunez

Transplanted Wnt-1 Tumor Growth in AZIP/F-1 
(Fatless) Mice Versus Wild-Type Mice

AZIP/F1

Wild-type

Hursting et al., Cancer Res, 2007
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Genetic Reduction of Systemic IGF-1
~75% of IGF-1 in serum is produced by liver

Ecuadorians with Laron 
Syndrome have very low 
IGF-1 and inflammatory 
cytokines, increased 
longevity, and virtually no 
cancer or diabetes. 
NY Times 2/16/11. 

Serum IGF-1
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Dr. Nikki Ford Ford, et al.  Endocrine-Related Cancer, in press

*
Serum IGF-1 Levels
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IGF-1 Infusion or mTOR Activation Impacts Transplanted MMTV-
Wnt-1 Mammary Tumor Growth in Calorie Restricted Mice

Nogueira et al. Endocrine-Related Cancer, 2012

Leticia Nogueira

Dietary Energy 
Balance Modulation of 
Akt/mTOR Signaling

(normal and tumor tissue)

Akt

mTOR

p70S6K4E-BP1

S6 ribosomal

GSK-3

Cyclin D

TranslationProliferation

PI3K

RTK’s 
(IR-A, IGF-1R)

CR

DIO

Skin
Liver
Prostate
Colon
Pancreas
Mammary

Hursting, et al., Cancer Res, 2007

Moore, et al., Cancer Prev Res, 2008;

Olivo-Marston, et al., Mol Carcinogenesis 2009

Lashinger, et al, Cancer Prev Res, 2011

Blando, et al., Cancer Prev Res, 2011

Nogueira, et al, Endocr Rel Cancer, 2012

deAngel, et al., Mol Carcinogenesis, 2013

LID

A-Zip
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RAD001 (Afinitor®) Inhibits mTOR and Wnt-1 Mammary Tumor 
Growth in Lean, Control and Obese Mice

DeAngel, et al. Mol Carcinogenesis, 2013

Rebecca DeAngel

Cancer: A Complex Foe
Obesity, CR impact the essential aberrations of cancer
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Inflammation and Cancer
• Malignancies often arise from areas of 

chronic infection and inflammation

• Chronic inflammatory conditions linked to 
tumorigenesis include:
-Gastritis (H. Pylori) – Gastric Cancer
-Cystitis – Bladder Cancer
-Bronchitis – Lung Cancer
-Esophagitis – Esophageal Cancer
-Dermatitis – Skin Cancer
-Ulcerative colitis – Colon Cancer
-Inflammatory bowel disease – Colon Cancer
-Hepatitis (including NASH) – Liver Cancer
-Pancreatitis – Pancreatic Cancer (up to 55-fold increased risk)

Obesity Causes Inflammation in Organs 
and Visceral Fat

Obesity Causes Inflammation in Organs 
and Visceral Fat

Andrew Dannenberg, 
Weill-Cornell Cancer Center

Crown-like Structures (CLS)
(Macrophage/Adipocyte/Epithelial 

Tumor Cell Interactions)

Subbaramaiah K, et al. Cancer Prev Res 2011 
Ouchi, et al. Nature Rev Immunol, 2011
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KrasG12D/Ink4a+/-

0 20 40 60
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Lashinger, et al., Cancer Prev Res 2013

% Survival DIO increases, CR decreases:
- Pancreatic steatosis
- Pancreatic CLS
- Serum IGF-1 levels
- Leptin:Adpn
- Serum cytokine levels
- IGF-1R/Akt/mTOR signaling
- NF-kB signaling

CR

Control
DIO

Dietary Energy Balance Affects Pancreatic 
Tumor-Free Survival in Kras Ink4a+/- Mice

The Obesity-Cancer Link

Increased 
InsR/IGF-1R 
Signaling

Increased
Hormone/

Growth Factor
Signaling

Energy Balance, Metabolism  and Cancer:  
Transdisciplinary Research Approaches
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Translational Example 1:
CR Pilot Trial in 

Obese Postmenopausal Women

Proliferation
(Ki-67) 

Mammographic 
Breast Density

Serum
insulin, cytokines, 
adipokines, E&T,
IGF1, IGFBP-3

Response Biomarkers
FNA Tissue 

Markers

28 High Risk 
Women:  
BMI >30 kg/m2

No HRT 

6-month 
NHLBI Step 1
Diet Regimen

RPFNA Repeat RPFNA

RPPA;qRT-PCR;
insulin, cytokines,
adipokines, E&T, 
IGF1, IGFBP-3 

Dr. Carol Fabian

Breast Cancer Res Treat 2013 
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2012

Changes in Benign Breast Tissue (FNA) Biomarkers
After 6‐Month Diet and Exercise Intervention in Obese Women 

Fabian, et al.  Breast Cancer Res Treat 2013 (epub ahead of print)
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Example 2. Integrated Phase II Trial and
Animal Studies of Lovaza® (omega‐3‐acid ethyl esters)

C. Fabian, MD Placebo

1 yr

Lovaza (4g/d) 

High‐Risk Women

Serum/Benign Breast Tissue Biomarkers
1. Response: Ki‐67, cytomorphology
2. Mechanism: qRTPCR: ER‐genes; miR’s;
Proteomics:  mTOR, MAPK signaling; 
Cytokines  

Change  in 
Biomarkers

Lovaza (208 mg/kg diet) 

Placebo

Cancer 
Endpoint

3 mos

ER‐ Mouse Models

S. Hursting, PhD, MPH

Breast Cancer Research Foundation Grant;  Kansas Biomedical Authority Grant 

Lovaza Improves Glucose Tolerance and 
Decreases Serum Insulin and IGF-1 in Obese Mice

Ford, Fabian and Hursting, unpublished
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Inflammation-Related Genes Lovaza® (208 mg/kg)

10/176 on panel Fold change (relative to 
control)

P-value

Interleukin 10 (IL10) 3.9 <0.01

Chemokine (C-X-C motif) ligand 5 (CXCL5) -2.9 0.04

Chemokine (C-C motif) receptor 3 (CCR3) -3.2 0.02

Interleukin 3 (IL3) -4.0 0.01

Interferon alpha 2 (Ifna2) -5.1 0.03

Interleukin 2 (IL2) -2.8 <0.01

Chemokine (C-C motif) ligand 2 (CCL2) -2.0 0.03

Interferon beta 1 (Ifnb1) -5.2 <0.01

C-reactive protein (CRP) -2.4 0.04

Epiregulin (Ereg) -3.6 0.01

Lovaza Modulates Mammary Inflammation-Related 
Genes in Obese Mice 

Lovaza Ameliorates M-Wnt Mammary Tumor 
Growth in Obese Mice

in Obese Mice 

Ford, Fabian and Hursting, unpublished

!
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Mechanisms Underlying the Obesity-Cancer Link:  2013?

Microenvironment (EMT,
CSCs)

Epigenetic Regulation

Metabolomics

Adipose Remodeling,
Microbiome

Obesity and Cancer: Emerging Mechanistic Targets

S. Hursting and M. Hursting.  
Arterioscler Thromb Vasc Biol, 2012
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