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Lifetime Recreational Physical Activity & Breast Cancer Mortality
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Friedenreich, C. M., et al. Int. J. Cancer. 2009. 124, 1954–1962.



Obesity and Breast Cancer Mortality
6

Chan, et al. Ann Oncol, 2014;25(10):1901-14. 



Proposed biological mechanisms linking physical activity 
and breast cancer prevention

Adapted from Friedenreich, C. 

Recent Results in Cancer Research. 2011. 188,125-139
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Mechanisms Linking Obesity and Breast 

Cancer: Mouse Models

Adapted from Argolo, et al. Current Oncology Reports. 2018. 20: 47

What about anti-tumor immunity?
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Mechanisms Linking Obesity and Breast 

Cancer: Mouse Models
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What is the role of physical activity vs. a reduction in calories in this process?

Can we ask this question differently ?

The average American gains 1-2 lbs per year!

2007-2010 National Health and Nutrition Examination Survey, CDC

What can we learn about the prevention of weight gain over the course of life?



Weight matched

SED+AL
Sedentary cage

+ 

ad libitum

PA+AL
Activity wheel

+ 

weight matched 

to SED+AL

SED+ER
Sedentary cage

+

weight matched 

to PA+ER

PA+ER
Activity wheel

+

10% dietary 

restricted

Weight matched

Randomization

Weight 

maintenance

(WM)

Weight 

gain

(WG)

A

Study Design
Voluntary Running Wheel

10% Reduction in Calories



Experimental Design

Weight matched

Tumor injection: 5x104 4T1.2luc into 4th mammary fat pad
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Diet and activity intervention 
for 8 weeks prior to and 35 

days post tumor injection

Sacrifice:

Endpoints:

35

A

70

Exp 1. D35 post-tumor implantation (n=15-20/group)

Exp 2. Equal tumor volumes, 0.05-0.20 cm3 (n=7-11/group)

Exp 3. Survival analysis (n=7-8/group)

Primary tumor growth & metastatic burden

Metabolic & inflammatory mediators

Splenic pro- vs. antitumor immunity

Tumor gene array
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Body Weight & Running Wheel Activity

Turbitt, et al. Cancer Prevention Research. 2019;12(8):493-506.



The combination of physical activity and energy restriction 
reduces primary tumor growth

Turbitt, et al. Cancer Prevention Research. 2019;12(8):493-506.



The combination of physical activity and energy restriction reduces 
metastatic burden and improves survival

PA+AL

PA+ERSED+ER

SED+AL

Turbitt, et al. Cancer Prevention Research. 2019;12(8):493-506.



Physical activity and energy restriction alters gene expression 
in the tumor microenvironment

Tumors 0.05-2.0 cm3 Day 35 post tumor implantation

Turbitt, et al. Cancer Prevention Research. 2019;12(8):493-506.
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Physical activity and energy restriction increases CD8+ T cell infiltration 

and reduces the infiltration of MDSCs in the tumor microenvironment 

Turbitt, et al. Cancer Prevention Research. 2019;12(8):493-506.
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Day 35 post tumor implantation
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Turbitt, et al. Cancer Prevention Research. 2019;12(8):493-506.

Physical activity and energy restriction increases CD8+ T cell infiltration 

and reduces the infiltration of MDSCs in the tumor microenvironment 



Summary

• The prevention of weight gain by energy restriction and physical 
activity reduces mammary tumor growth, metastatic burden and 
survival. These beneficial effects do not occur with either single 
intervention, and are independent of body weight.

• These changes occur concurrently with an increase in CD8+ T 
cells and a reduction in MDSCs in the tumor microenvironment; 
and a change in the expression of PD1, and PDL1 and IDO on T 
cells and MDSCs, respectively.
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Summary

• The response to PD-1 blockade is influenced by weight status. 
However, this is likely mediated by beneficial changes in the 
tumor microenvironment as a result of physical activity and 
energy restriction.
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