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Theme of the talk:

Reductionist approaches have failed to provide an 
understanding of the pathogenesis of diabetes mellitus, 
methods to prevent it or cure it, and an adequate
pipeline of drugs to treat it optimally.

A systems biology approach is warranted.



WhatWhat is systems is systems biologybiology??

A A scientificscientific disciplinediscipline thatthat endeavoursendeavours to to 
quantifyquantify all all thethe molecularmolecular elements elements ofof a a 

biologicalbiological system to system to assessassess theirtheir
interactionsinteractions and to and to integrateintegrate thatthat

information information intointo models models thatthat explainexplain and and 
predictpredict emergentemergent behavioursbehaviours thatthat cannotcannot bebe
understoodunderstood by by lookinglooking at at thethe propertiesproperties ofof
thethe individualindividual componentscomponents ofof thethe system. system. 

DiseaseDisease likelike diabetes diabetes mellitusmellitus

Candidate genes



TraditionalTraditional thinkingthinking aboutabout diabetesdiabetes

•• Find Find ””thethe”” causecause

•• Find Find ””thethe”” curecure

CurrentCurrent statusstatus

•• PathogenesisPathogenesis unknownunknown

•• FewFew drugsdrugs

•• NoNo curecure

•• NoNo predictionprediction

•• NoNo preventionprevention

•• Type 2 diabetes Type 2 diabetes epidemicsepidemics





Zimmet P et al., Nature 2001;414:782-787
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Diabetes - a world epidemics

Numbers (in millions) for 2000 and 
2010 (top and middle values, 
respectively), and the % increase



You don’t need to be a 
systems biologist to 
understand why…



TheThe Lancet, 19 Lancet, 19 MayMay 20012001
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Exercise!



WhatWhat causescauses type 2 diabetes?type 2 diabetes?

The beta cells do 
not produce

enough insulin

The target cells
(muscle, fat, liver) 

do not respond
well to insulin

Genes

Nutrition

Lifestyle

Environment



Conventional wisdom regarding the respective roles Conventional wisdom regarding the respective roles 
of insulin resistance and beta cell function in of insulin resistance and beta cell function in type 2 type 2 

diabetesdiabetes

INSULIN RESISTANCE β-CELL FUNCTION

STARLING LAW OF THE BETA CELLSTARLING LAW OF THE BETA CELL
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FASTING GLYCEMIAFASTING GLYCEMIA
NORMAL ELEVATED

NORMOGLYCEMIA      NORMOGLYCEMIA      IGTIGT TYPE 2 DIABETESTYPE 2 DIABETES

DIABETOGENES DIABETOGENES

Lifestyle/nutrition/exercise
Obesity
Environment

Environment
Glucose toxicity

LipotoxicityLipotoxicityType 2 diabetes is a Type 2 diabetes is a 
signal signal transductiontransduction

diseasedisease

Type 2 diabetes is a Type 2 diabetes is a 
gene gene transcriptiontranscription

diseasedisease
Bergman’s disposition index



The signal transduction defect(s) in type 2 
diabetes: understanding the combinatorial

nature of signalling



Screening for Screening for candidatecandidate type 2 type 2 diabetogenesdiabetogenes
affectingaffecting insulin signal insulin signal transductiontransduction

Picture from Jan Nygaard Jensen and Oluf B. Pedersen, Picture from Jan Nygaard Jensen and Oluf B. Pedersen, 
StenoSteno Diabetes Center,  Gentofte, DenmarkDiabetes Center,  Gentofte, Denmark



Systems Systems biologybiology ofof signal signal 
transductiontransduction::

From linear From linear thinkingthinking to to 

fourfour--dimensionaldimensional thinkingthinking



second messenger

H

R

Signal Signal transductiontransduction in in thethe 6060’’ss

Earl Earl SutherlandSutherland, Nobel , Nobel laureatelaureate 19711971



R1R1 R2R2 R3R3





THE TIME FACTOR

THE 
SPACE 
FACTOR

CombinatorialCombinatorial nature nature ofof signalingsignaling specificityspecificity



Receptor tyrosine kinase family

Gray SG and De Meyts P, Horm Metab Res 35:857-871 (2003)



Insulin                                       IGFInsulin                                       IGF--II



ConventionalConventional wisdomwisdom onon insulin insulin vsvs IGFIGF--I actionsI actions



GeneticGenetic evidenceevidence for for distinctdistinct rolesroles ofof insulin and insulin and 
IGFIGF--I receptorsI receptors

• Ir -/- mice are born with almost normal size (90%) but die 
within a few days with severe hyperglycemia and diabetic
ketoacidosis.

• Igf1r -/- are born severely growth retarded (45%) and die within
minutes of respiratory failure; they have multiple 
abnormalities including muscular hypoplasia, delayed
ossification and thin epidermis. Also mild hyperglycemia
and decreased beta cell mass.

ReviewedReviewed in Kim JJ and in Kim JJ and AcciliAccili D, GH and IGF Res 12:84D, GH and IGF Res 12:84--90 (2002)90 (2002)



www.hprd.org



Oda K, Oda K, MatsuokaMatsuoka Y, Y, FunahashiFunahashi A, A, KitanoKitano H. Mol Sys H. Mol Sys BiolBiol online 2005online 2005



TheThe time factor in time factor in signalingsignaling specificityspecificity
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Scatchard plot of insulin binding
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1 - 100 nM insulin                           ≥ 1 μM insulin

pM insulin
L2/Fn1      L1 + CT insert



Crystal structure of the insulin receptor ectodomain

McKern NM et al, Nature 443:218-221, 2006



The architecture of negative cooperativity: antiparallel 
disposition of the four ligand binding sites

1

1

2

2

Lys 460
Lys 460

L1

L1

Fn1

Fn1 524 disulfide bridge





McKern NM et al, Nature 443:218-221, 2006

Insulin binding to the insulin receptor ectodomain
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Modelling by Vladislav Kiselyov

One-dimensional harmonic oscillator model
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Mathematical
modelling by 

Vladislav Kiselyov
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Modelling of insulin receptor dissociation kinetics



InsulinInsulin
InsulinInsulin
analoguesanalogues IGFIGF--IIII IGFIGF--II

IRSIRS--11 IRSIRS--22 IRSIRS…… SHCSHC

LigandLigand
binding binding 
kineticskinetics

FRET /BRET FRET /BRET 
analysisanalysis

Beta Beta cellscells

AdipocytesAdipocytes

MuscleMuscle

Modelling of signalling pathways



InsulinInsulin
InsulinInsulin
analoguesanalogues IGFIGF--IIII IGFIGF--II

Beta Beta cellscells

AdipocytesAdipocytes

MuscleMuscle

PhosphoproteomicsPhosphoproteomics (SELDI(SELDI--TOF)TOF)

cDNAcDNA MicroarrayMicroarray Gene Gene AnalysisAnalysis

siRNAssiRNAs



TheThe beta beta cellcell defectdefect in type 2 diabetes: in type 2 diabetes: 
transcriptionaltranscriptional, , functionalfunctional and and systemicsystemic

aspectsaspects



TranscriptionalTranscriptional networksnetworks controllingcontrolling beta beta cellcell developmentdevelopment and and functionfunction

ServitjaServitja JM and JM and FerrerFerrer J , J , DiabetologiaDiabetologia 47:59747:597--613 (2004)613 (2004)

MODY 1

MODY 2MODY 3

MODY 4

MODY 6

MODY 5



Insulin

Positive feedback Positive feedback ofof insulin insulin secretionsecretion onon beta beta cellcell functionfunction

Leibiger B et al, 
Biochem Soc Trans 
30:312-317, 2002



Beta Beta cellcell differentiationdifferentiation

Insulin

Beta Beta cellcell
secretionsecretion and and 
functionfunction

PeripheralPeripheral insulin actioninsulin action

MultiMulti--layeredlayered complexitycomplexity in in pathogenesispathogenesis ofof type 2 diabetestype 2 diabetes



Diabetes, 53 suppl.3: S6-S15, 2004



Diabetes, 48:1677-1685, 1999



TheThe Copenhagen model Copenhagen model ofof type 1 diabetestype 1 diabetes

Diabetes, 48:1677-1685, 1999



Extended mathematical model of type 1 diabetes onset
Diabetes, 48:1677-1685, 1999



Science, 306:640Science, 306:640--643 (2004)643 (2004)



Nat Rev Drug Disc 4:461Nat Rev Drug Disc 4:461--467 (2005)467 (2005)



WhatWhat is simpleis simple

is is wrongwrong, and, and

whatwhat isis

complicatedcomplicated

cannotcannot bebe

understoodunderstood..

Paul Paul ValeryValery (1871 (1871 –– 1945)1945)



Thank you!

pdm@novonordisk.com
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