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Prevalence of diabetes: 170 million affected in AD 2000. Expected to 
double by AD 2030.



Roglic et al., (2005). Diabetes Care 28: 2130 -2135.

Diabetes Facts:
• 5th leading cause of death globally
• 5.2% of all deaths globally



Why mice?
• Use of the mouse as a model organism in systematic screens to 

define gene function is well established, and the value is proven 
through insights into human disease

• The success of the mouse derives from its:
– molecular, cellular anatomical and evolutionary similarity to 

humans 
– amenability to requirements for straightforward deductive 

inference; they are docile, permit control of breeding and 
experimental conditions, and scale in replicates required for 
robust inference within superior cost and space efficiency 
relative to other mammalian models  

– The mouse also offers a superior spectrum of existing genetic 
variants required for studies of the role of DNA variation in 
disease and, the required infrastructure and know-how for their 
production.
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• Identifying variants
• Genetic mapping of gene determinants
• Positional cloning of causal mutations
• Elucidation of functional mechanism underlying 

gene action in disease
• Candidate gene studies in humans

Use of reverse genetics to define 
causal basis of disease
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Mouse model pipeline: An integrated system for dissection of genetic and Mouse model pipeline: An integrated system for dissection of genetic and 
environmental determinants of disease susceptibilityenvironmental determinants of disease susceptibility

Discovery pipeline: Ayo A. Toye
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Segregation of parental chromosomes 
(C3H and C57BL/6) in F2 male mice 
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Genetic mapping of C57BL/6J insulin 
insufficiency glucose intolerance

1 2 3 4

5 6 7 8 9 10 11 12F1

G0
C57BL/6J C3H C57BL/6JC3H 

13 14 15 16 17 18 19 20F2

C3H Female
C3H Male C57BL/6J Male Hybrid male

C57BL/6J Female Hybrid femaleC3H Female
C3H Male C57BL/6J Male Hybrid male

C57BL/6J Female Hybrid female

1 2 3 4

5 6 7 8 9 10 11 12F1

G0
C3H C57BL/6J

13 14 15 16 17 18 19 20F2

1 2 3 4

5 6 7 8 9 10 11 12F1

G0
C3H C57BL/6J

13 14 15 16 17 18 19 20F2

C3H Female
C3H Male C57BL/6J Male Hybrid male

C57BL/6J Female Hybrid female
C57BL/6J Male Hybrid male
C57BL/6J Female Hybrid female

* Male map used for positional cloning
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A QTL determinant of glucose tolerance on 
mouse chromosome 19
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A QTL determinant of glucose tolerance on 
mouse chromosome 13
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A QTL determinant of glucose tolerance on 
mouse chromosome 11
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QTLs identified in a genome scan for 
genetic determinants of glucose tolerance 
and insulin secretion
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ANOVA Table for regression of Multiple 
QTLs on plasma glucose tolerance (AUC)

© Toye, CGenI  (2009)NSHBT 37TH ANNUAL SCIENTIFIC PRE CONFERENCE WORKSHOP, AUGUST 18 – 19, 2009: IGCLM, IBADAN, NIGERIA.



Nnt

Target Nnt

T o ye A.,  2 00 8

NntNnt

Target Nnt

T o ye A.,  2 00 8

• Identifying variants
• Genetic mapping of gene determinants
• Positional cloning of causal mutations
• Elucidation of functional mechanism underlying 

gene action in disease
• Candidate gene studies in humans

Use of reverse genetics to define 
causal basis of disease

© Toye, CGenI  (2009)NSHBT 37TH ANNUAL SCIENTIFIC PRE CONFERENCE WORKSHOP, AUGUST 18 – 19, 2009: IGCLM, IBADAN, NIGERIA.

A multimodal sequential nesting approach



Nnt

Target Nnt

T o ye A.,  2 00 8

NntNnt

Target Nnt

T o ye A.,  2 00 8

A 5 exon deletion in C57BL/6J Nnt determines 
insulin insufficiency glucose intolerance (GlucHos1)
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Quantitative RT-PCR assessment of 
Nnt gene expression in liver and islets
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T.T. Huang et al, (2006)
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NNT Protein is absent in C57BL/6 mice 
homozygouse for the Nnt gene exon 7 –
11 deletion
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N-Terminal 43K peptide

C-Terminal 20K peptide

Control

T.T. Huang et al, (2006)
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Probing the steps leading from 
glucose sensing to insulin action
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Insulin secretion in response to 
glucose in an IPGTT

© Toye, CGenI  (2009)NSHBT 37TH ANNUAL SCIENTIFIC PRE CONFERENCE WORKSHOP, AUGUST 18 – 19, 2009: IGCLM, IBADAN, NIGERIA.

* Male C57BL/6 mice secrete significantly less insulin in response 
to glucose
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Pancreatic islet insulin secretion 
in response to glucose
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Changes in intracellular Ca2+ in single 
islets (Fura-2 fluorescence)
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C57BL/6

C3H

*C57BL/6 calcium channels are less 
sensitive to glucose as measured by 
changes in intracellular calcium
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Effects of Glucose on KATP currents
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C57BL/6

C3H

Whole cell perforated patch recording from beta cells in response to ±20 mV pulses from -70 mV.

*C57BL/6 is less sensitive to glucose as measured by KATP channel closure
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Mean ATP concentration (KATP
currents) response relationship

© Toye, CGenI  (2009)NSHBT 37TH ANNUAL SCIENTIFIC PRE CONFERENCE WORKSHOP, AUGUST 18 – 19, 2009: IGCLM, IBADAN, NIGERIA.

Single channel currents recorded at -60 mV from inside-out patches excised from beta cells.

*No difference between C57BL/6 and C3H sensitivity to ATP as measured by KATP channel closure

C57BL/6 = C3H
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Huang et al (2006)
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• C57BL/6 is glucose intolerant relative to other strains and serves as a 
model of human disease

• C57BL/6 Glucose intolerance results from insulin insufficiency 
• At least three genetic loci determine glucose intolerance in C57BL/6
• The chromosome 13 QTL effect is the result of a 5-exon deletion in the 

transmembrane region of the Nnt gene in C57BL/6
• Nnt action in the insulin secretion cascade occurs prior to KATP channel 

action
• Loss of Nnt limits glucose stimulated ATP synthesis and consequently 

insulin secretion, as a result, glucose intolerance develops
• Based on our mouse studies, Nnt is a strong candidate gene for type 2 

diabetes causation in humans
• These studies highlight the utility of mouse based reverse genetics for 

defining the causal defects in heritable forms of metabolic disease as an 
adjunct to human studies

Conclusions
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Nnt is the dynamic regulator of acute ROS and UCP is 
the regulator of chronic ROS in mitochondria and both 
molecules work together to set limits of  homeostatic 

mitochondrial ROS and membrane potential.

Loss of Nnt drives compensatory UCP expression and 
function  thus inhibiting appropriate stimulus coupled 

ROS and membrane potential homeostasis

Loss of Nnt effects are subtle under normal conditions (at 
least in the example of C57BL/6J laboratory mouse which 

lacks Nnt). Administration of stress, acutely (insulin 
secretion in response to elevated glycaemia) however 

reveals critical Nnt function. Nnt may modulate response 
to additional stresses, for example, we and others have 
shown that mice that have genetic loss or impairment of  
Nnt function (C57BL/6J and 129) are more sensitive to 
insulin resistance and fatty liver in response to high fat 
diet stress (Toye et al., 2007) [18]. Further, such mice 

exhibit the broad hallmarks of oxidative stress syndromic 
conditions.

Current evidence suggests that Nnt is a flexible 
supermodifier of acute and chronic stress across a broad 

range of (non-) communicable diseases and 
pharmacological modulation of its action may constitute a 

very productive target for drug development.

Need: Epidemiology – various 
populations, various diseases e.g. 

oxidative stress, insulin 
insufficiency, and inflammatory 

syndromic conditions.

Need: commercial, reliable, rapid 
and sensitive cheap enzyme 

function assay.

Need: specific druggable agonist, 
antagonist and modulator – good 
candidates will be cue responsive 
and trifunctional, integrating ROS, 

∆P and NADPH regulation.

Need: cell and animal models of 
gene function – control of 

spatiotemporal action important for 
elucidating function e.g. inducible 

and tissue specific knockout 
models.

Application: mitochondrial 
ageing modulator.

Need: further experimental 
paradigms for testing effect of 

tissue specific and or 
inducible knockout models.

Diabetes, fatty liver and 
ageing currently exist. 

Infection underway. Cancer 
studies exploration

Need: definition of regulome 
– metabolic, transcriptomic 

and proteomic genes, 
pathways and networks.

Need: further mouse 
variomics.

Application: chemotherapy / 
photodynamic therapy/ 
toxicology modulator.

Application: ischemia / 
reperfusion injury modulator

Application: oxidative stress, 
insulin insufficiency, and 
inflammatory syndrome 

modulator.

Application: Nanomachines –
Nnt provides exquisite model of 

molecular linear motors 
incorporating vectorial and 
scalar properties.  May aid 

development of cue sensitive 
nanomachines for smart drug 

delivery.
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• Defining the systems approach
• Collection of data
• Unimodal and multimodal analysis
• Deduction
• Candidate gene studies in humans

Use of reverse genetics to define 
causal basis of disease
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A multimodal systems biology approach
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