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Intracellular Energetics Paradigm
• Intracellular energy status is 

not constant
– Differs in normal cells under 

different conditions of energy 
balance

– Differs in normal vs tumor 
epithlial cells

• The cell’s ability to mount a 
response to external stimuli is 
limited by intracellular status
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Pre-Clinical Model for Positive Energy Balance:

What is the effect of different planes of energy nutrition? 
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Cellular Mechanisms
• Cell Proliferation

– Jiang et al Cancer Res. 
2003

• Apoptosis
– Thompson et al. 

Cancer Res. 2004

• Vascularization
– Thompson et al. 

Cancer Res.  2004
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Energetics and Cancer

Decreased circulating
insulin and glucose

Decreased percent

body fat 

Adipose as an endocrine 
organ (Leptin & 

Adiponectin)

Altered IGF 
metabolism

Cytokines (Inflammation)

Radical species 
(Mitochondrial function)

Reduced endogenous sex 
hormone levels

Adrenal cortical steroid 
metabolism

Which mechanisms are relevant to explore?
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Energetics Paradigm
• Intracellular energy status is 

not constant
– Differs in normal cells under 

different conditions of energy 
balance

– Differs normal vs tumor 
epithlial cells

• The cell’s ability to mount a 
response to external stimuli is 
limited by intracellular status

AMPK

Sirtuins
AMPK

AMP
Glycogen

NAD+/
NADH

Free
Fatty acids

ATP cGuanylyl-
Cyclase

PPARsE messengers

E sensors



Ancient Energy Sensors

• AMP-Activated Protein 
Kinase
– Activated by increased 

AMP/ATP, adiopnectin
– Phosphorylation of targets

• Catabolism
• Biosynthesis
• Growth

• Sirtuins: silent information 
regulators (Sir)
– Class III histone/protein 

deacetylases
– NAD+ –dependent (NAD/NADH)

– P53 and FOXO
• Death/survival/senescence
• Cell Cycle  Checkpoint arrest
• Stress resistance
• Energy metabolism
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Body weight 
gained, 
total g

48.3 +
2.6

61.0 +
4.0

66.3 +
2.8

68.4 +
2.8

82.1 +
6.9

94.9 +
4.1

107.6 +
5.2

Average daily
weight gain, 
g/d

2.3 +
0.1

2.9 +
0.2

3.2 +
0.1

3.3 +
0.1

3.9 +
0.3

4.5 +
0.2

5.1 + 0.3

Final body 
weight, g

93.9 +
3.8

106.0 
+ 3.3

111.4 +
2.6

113.0 +
3.6

127.4 +
9.9

144.1 +
11.1

156.2 +
8.8

3-hr meal 3-hr meal3-hr  fast 15-hr no food

Dietary energy restriction (DER) vs Diet induced obesity (DIO)

Discretely different or a continuum? Thin Fat
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Regulated by 
phosphorylation/dephosphorylation

http://www.williamson-labs.com/images/aa-rheostat-bulb.gif
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Effect of Dietary Energy Restriction on Gene Expression in 
LCM-Isolated MEC from Gland and AC

% Restricted Number of Affymetrix Chips

Mammary gland Mammary AC

0 9 9

20 9 9

40 9 9

27  animals, 9/gp
•RNA isolated from gland and AC (matching pair)
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LCM-Affy

Western

IHC-Activity-pACC



2-Deoxyglucose (2-DG)

•Glucose analogue

•Accumulates in tumor cells

•Blocks glycolysis

•Increases AMP/ATP



2-Deoxyglucose (2-DG)

•Glucose analogue

•Accumulates in tumor cells

•Blocks glycolysis

•Increases AMP/ATP



2-Deoxyglucose



•Inhibits OXPHOS-Complex 1 
•Owen et al BJ 200; El-Mir et al JBC 2000

•Alter cellular energy charge (AMP/ATP  )
•Activates AMPK

Metformin
Metformin use:

>100 M worldwide

Cancer risk 
Evans et al BMJ 
2005

Bowker et al 
Diabetes Care 2006

*thiazolidinediones: reported to activate AMPK/ complex 1 & adiponectin



Thinking About Physical Activity
•Three primary components

•Duration
•Intensity
•Frequency

I

FD

•DIF

•R
is

k

•Aerobic•Resistance



•Physical Activity & Cancer

•Decreased circulating
• insulin and glucose

•Decreased percent

•body fat 

•Adipose as an endocrine 
organ (Leptin & 

Adiponectin)

•Altered IGF 
metabolism

•Cytokines (Inflammation)

•Radical species 
(Mitochondrial function)

•Reduced endogenous sex 
hormone levels

•Adrenal cortical steroid 
metabolism

• Which mechanisms are relevant to explore?
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•Target tissue
•(epithelium)

•Liver

•Adipose •Muscle

•Brain

•Physical 
•Activity

•Complex Behaviors-Complex Biology
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Transcriptional
Regulation

Post Transcriptional
Regulation m-TOR

LKB1-AMPK

FoxO

PI3K-AKT

•Autophagy

•Cell growth

•Vascularity

•Cell death

•Stress 
Resistance

•Cell cycle 
arrest
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