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Goodwin et al. J Clin Oncol 2002; 20 (1): 42-51 

Breast Cancer and Endogenous  
Insulin Levels 



Does Bariatric Surgery Affect Mortality? 

• Retrospective cohort study 
– 9949 gastric bypass patients 
– 9628 severely obese driver’s license applicants  

(BMI ≥35 kg/m2) 

Adams TD et al. N Engl J Med 2007;357:753-761. 

University of Utah, 2007 



Does Bariatric Surgery Affect Mortality? 

 

Adams TD et al. N Engl J Med 2007;357:753-761. 

Surgery Group 
(#/10,000 person-yr) 

Control Group 
(#/10,000 person-yr) 

All causes of death 37.2 61.1 
CV disease 8.5 19.3 
Diabetes 0.3 3.5 
Cancer 5.4 15 
Other disease 11.4 17 
Non-disease 
causes 
Accident 3.7 2.7 
Poisoning 1.9 0.6 
Suicide 2.7 1.2 
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Historical - 1910 

Maynard GD. Biometrika 1910;7:276-304 

If there was a common factor in the causation of the dual increase……. 

Today we know that the risk of cancer in diabetes goes from <1/10 to ~1/6 
                                                 Diabetes care 2011 



How Can Obesity and Diabetes  
Affect Breast Cancer Development? 

Hyperinsulinemia 
Hyperglycemia 
Hyperlipidemia 

Nutrients 
IGF-I 
Leptin 
Adiponectin 
Cytokines 
Chemokines 



A Mouse Model of  
Type 2 Diabetes 



Genes and environment 

Type 2 
diabetes 

Impaired insulin 
secretion 

Insulin 
resistance 

Impaired 
glucose 

tolerance 

+ 

Etiology of Type 2 Diabetes 
Impaired Insulin Secretion  

and Insulin Resistance 
 



Type 2 Diabetes 

Muscle Insulin  
Resistance 

IGF-I/insulin 
receptor 
hybrids in 
muscle 

Fatty acid 
oxidation 

Increased lipolysis  
in visceral fat 

b cell  
compensation 

Increased fatty acids 

Hyperinsulinemia 

Insulin resistance in adipocytes 

Increased  
gluconeogenesis  

in liver 

Impaired  
glucose tolerance 

Increased glucose output 

Insulin resistance 
in liver 

b cell  
decompensation  

Loss of 1st phase  
insulin secretion 

Non-Obese 
Fernandez AM et al . Genes Dev 2001; 15: 1926-1934 

Animal Model of Insulin Resistance 
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Metabolic Characteristics of MKR Mice 
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Males Females 

Hyperglycemia ++ - 

Hyperinsulinemia +++ +++ 

Insulin resistance +++ +++ 

Hyperlipidemia ++ - 

Obesity - - 

Metabolic Abnormalities in MKR Mice 



Insulin resistance ­ Insulin 

Blood and tissue: 
¯ IGFBP-1 

­IGF-1/2 serum and/or 
tissue bioavailability 

Mammary epithelium: 
­­­ IR 
­ IGF-IR 
­ IR/IGF-IR 

­ IGF 

¯ Apoptosis 
­ Proliferation 

­ Tumor development 

IGF-IR 

IR 

IR/IGF-IR hybrids 



Metabolic effects 
Cell Survival, 

growth, 
proliferation 

IGF-I, IGF-II 
IGF-II 

IGF-II  
degradation 

Insulin IGF-I 

insulin  
receptor-A 

ß ß 
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receptor-B 

IGF-IR /  
insulin 

receptor-B 
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IR and IGF-IR Receptors 



Ins 
IGF-I? 

IGF-II Ins 

IR-B IR-A 

Metabolic  
effects 

Metabolic 
and mitogenic  

effects 

High levels of expression 
in fetal and neoplastic 

tissues 

DeMeyts and Whittaker. Nat Rev Drug Discov. 1: 769-83 (2002) 
Frasca et al. Mol Cell Biol. 19: 3278-88 (1999) 

Insulin Receptor Isoforms 



X MKR PyVmT 

PyVmT/MKR 

Transgenic Model 

Polyoma Middle T Ag 
          (PyVmT) 

Mouse Models of Breast Cancer 



PyVmT at 6 weeks PyVmT/MKR at 6 weeks 

Polyoma Middle T Ag 
          (PyVmT) 
 

Transgenic Model: Early Stages of 
Mammary Tumorigenesis 



WT MKR 
PyVmT+ 

Met-1 cells 
PyVmT+ 

Met-1 cells 

Novosyadlyy R et al. Cancer Res 2010; 70(2): 741-751 

Hyperinsulinemic  MKR Mouse 

 
Orthograft Model 



Insulin resistance ­ Insulin 

IR / IGF-IR 

IRS 

¯ Apoptosis 
­ Proliferation 
­ Migration 
­ Invasion 

­ Tumor progression  

Molecular Mechanisms Underlying      
Tumor-Promoting Activity in T2DM 



Insulin resistance ­ Insulin 

IR / IGF-IR 

IRS 

¯ Apoptosis 
­ Proliferation 
­ Migration 
­ Invasion 

­ Tumor progression  

Strategies to Reduce Tumor-Promoting 
Activity in T2DM 



Reduction of Mammary Tumors Using a Tyrosine Kinase 
Inhibitor, Despite the Marked Hyperinsulinemia  



Insulin resistance ­ Insulin 

IR / IGF-IR 

IRS 

¯ Apoptosis 
­ Proliferation 
­ Migration 
­ Invasion 

­ Tumor progression  

Strategies to Reduce Tumor-Promoting 
Activity in T2DM 



PyVmT Oncogene Expressing Cells 

Fierz Y et al. Diabetes. 2010;59(3):686-693. 

Reduction of Mammary Tumors Associated with a  
      Reduction in the Hyperinsulinemia 



Metastases 

• Metastases were measured both by in vivo imaging 
of c-myc (Mvt1)-induced tumors; cells were 
transfected with luciferase expression vector. 



WT 

WT 

MKR 

MKR 

Orthotopic Inoculation of Mvt-1 Cells 

Heterotopic Inoculation of Mvt-1 Cells 

Monitoring of primary tumor formation and development of pulmonary metastases 

Monitoring of pulmonary metastases in mice devoid of primary tumors 

Xenograft Model 
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Control MKR 

Rosalyn Ferguson unpublished. 

** 

Metastases 



To determine whether the increased metastases  
in MKR hyperinsulinemic mice was due to larger tumors,  
we removed tumors when still small (at different stages;  
earlier in MKR than WT controls. 
After recovery from survival surgery, mice were followed  
for another few weeks and then lung metastases 
quantified. 
 
Results: The increased metastases in MKR mice occurred 
whether from small or larger tumors. 
 
 
 
Conclusions: Hyperinsulinemia maybe the direct cause 
for increased metastases. 

Finally, the reduction in hyperinsulinemia reduced metastases. 




