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What is type 2 diabetes? 
 

Two major players: 

glucose main energy source for most cells 

insulin produced by pancreatic β cells; 

signals cells to take up glucose from blood 

The disease: 

defined by severe hyperglycemia 

caused by combination of 

insulin resistance 

ɓ-cell failure 

influenced by genetics and environment 

characterized by insufficient insulin 
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Type 2 diabetes dynamics 
 

 



 

 
 



Type 2 diabetes dynamics 
 

 

decline in insulin sensitivity* with time 

severe insulin resistance in diabetics 

β-cell compensation for insulin resistance 

β-cell failure initiates diabetic 

hyperglycemia 

 

 

* insulin sensitivity 
1 

 
 

insulin resistance 

 

The problem: precise mechanisms of the 

development of insulin resistance and 

β-cell dysfunction are unclear. 



 

 

Figure: adapted from [Tabak et al., 2009] 
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Where we begin 
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Skeletal muscle insulin resistance 
 
 
 
 
 
 
 
 
 
 
 
 

 

  1 superoxide production 

  2 mitochondrial selection   
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Subsystem I: superoxide production 

 

ETC: electron transport chain MT: mitochondrial 
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dt |{z} |{z} |{z}|{z} 

| {z } clearance 

   

production insulin-independent 

Plasma glucose: ů + hg − kg G − SGI 

            
production 

Subsystem I equations 
? ȹG reference parameter for food intake, with ů an increasing function of ȹG. 

? F mitochondrial function variable; form specified in feedback coupling. 
 

dG 

 
  

dI G2 
uptake uptake 

Plasma insulin: h iB 
2

 2 − kiI 
dt G  + Gh 

|{z} 
 

Intracellular glucose: 
dGi 

v SGI − k G 1 gi  i dt |  {z  } | {z } 
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uptake from plasma glucose processing 

insulin-dependent food intake 



|{z} |{z} |{z}|{z} 

| {z } clearance 

   

                     

         

         
− − 

            
production 

2 gi i tot c r 

activation  energy superoxide 
production production 

c r rs s s rs 

Antioxidant: 
dAs

 aaE − qakrs RsA s 

Subsystem I equations 
? ȹG reference parameter for food intake, with ů an increasing function of ȹG. 
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Mitochondrial dysfunction: assumptions 
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| {z } 

MARS: A network theory of aging 
 
 
 
 
 

 
Mitochondria 

Aberrant proteins 
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[Kowald & Kirkwood, 1996] 
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Modeling mitochondrial selection: setup 

µ 

 
 

b0 b1 

 
 
 
 

Two-state stochastic model 

M0(t) := the number of healthy (class C0) 

 thethe
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Modeling mitochondrial selection: state transitions 
 

Assume that each mitochondrial turnover event results in a growth event. 

 
Transition matrix          

 

A 

"  

ȹ M0 

ȹ M1 

# "  

1 

−1 

−1 

1
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X Y 

Mean time to total damage 

Let Ti  := the expected time to total damage starting



 

14 



Rs0 

dt 
j−1 j j j+1 

Superoxide-to-damage feedback 

damage transition:  µ(t) := µ0 
h
1 + ɟ 

( 
Rs(t)  

− 1
)i

 

 
 

probability distribution: ́ j(t) := Pr(M1 j) 

Master equation: 

dˊ0 

dt 
−q̂0ˊ0 + p̂1ˊ1, . . . , 

dˊj 
q̂  ́ − (q̂  + p̂ )  ́ + p̂   ́ , . . . , 

dˊK 
q̂  ˊ − p̂  ˊ 

dt 

 
 

damage likelihood: 

K−1 K−1 K K 

 

 

 
 

D(t) = Pr(M1 ≥ 1) = 
K 

ˊj(t) · j 
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dt 

Feedback models I 
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FTMDM = (1 − L)(1 − D) 
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Results III: response to mitochondrial selection 



Results IV: response to selection parameters 
 

 

 
 

 

 

 

 
 

   

 

 

 
 

 

 










	Erica Graham (BMC ‘04)
	ÐÓ°ÉÔ�°æÓ°Òô September 22, 2014
	What is type 2 diabetes?
	Type 2 diabetes dynamics
	Type 2 diabetes dynamics
	Where we begin
	Skeletal muscle insulin resistance
	Oxidative stress accumulation of reactive oxygen species, e.g., superoxide, hydrogen peroxide

	Skeletal muscle insulin resistance
	1 superoxide production

	Subsystem I: superoxide production
	e−: electron MnSOD: antioxidant, manganese

	Subsystem I: superoxide production
	ETC: electron transport chain MT: mitochondrial

	Subsystem I equations
	Subsystem I equations
	Mitochondrial dysfunction: assumptions
	1 Homogeneity: intrinsic defects at the individual level (ineﬃciency)

	Mitochondrial dysfunction: assumptions
	1 Homogeneity: intrinsic defects at the individual level (ineﬃciency)

	Mitochondrial dysfunction: assumptions
	1 Homogeneity: intrinsic defects at the individual level (ineﬃciency)
	2 Heterogeneity: selective pressure at the population level (damage)

	Skeletal muscle insulin resistance
	1 superoxide production

	MARS: A network theory of aging
	Subsystem II: mitochondrial selection
	growth growth

	Modeling mitochondrial selection: setup
	µ

	Modeling mitochondrial selection: state transitions
	Mean time to total damage
	Superoxide-to-damage feedback
	probability distribution: πj(t) := Pr(M1 j)
	, . . . ,

	damage likelihood:

	Feedback models I – IV: specifying F
	Complex: dC

	Results I: null selection
	Results II: assessing the timing of dysfunction
	Results III: response to mitochondrial selection
	Results IV: response to selection parameters
	Why insulin resistance is bad for you, good for your cells
	Thank you!

