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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.



What is systems biology?

A scientific discipline that endeavours to
guantify all the molecular elements of a
biological system to assess their
Interactions and to integrate that
Information into models that explain and
predictlemergent behaviours|that cannot be
understood by lo at the properties of
the‘individual co nents of the system.

Disease like diabet ellitus

Candidate genes



Traditional thinking about diabetes
e Find "the"” cause

e Find "the” cure

Current status

e Pathogenesis unknown

 Few drugs

 NO cure

 No prediction

 NO prevention

» Type 2 diabetes epidemics



Estimated global prevalence of type 1 and type 2 diabetes
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Diabetes - a world epidemics
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You don’t need to be a
systems biologist to
understand why...



The Lancet, 19 May 2001












HOW AMERICANS BECAME THE
FATTEST PEOPLE IN THE WORLD

‘The book everyone is talking about
-.. reading it should be enough to
put anyone off their quarter-pounder’
OBSERVER

The Dark Side of the All-American Meal
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What causes type 2 diabetes?
\

The beta cells do
not produce

enough insulin Genes
>A‘éNutrition
: Lifestyle
The target cells ‘\ y
(muscle, fat, liver) Environment

do not respond
well to insulin




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

DIABETOGENES diabetes pjABETOGENES
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FIG. 2. Curves of “normal” individusls {7 versus individuals with a
f-cell I:||'|E'|.| {5y, Note that ai elevated insulin sensilivity (8, 2.0 x
10~ min~ per pmoliy, i wonld be diieult to deteel diferences in

FlG. 1. The hyper bolic sensitivity/secration enrve. It is envisioned that,
in the eonrse of environmentally indueed reduetions in inslin sensi-

{ivity, “normal" panereatic islets wonld respond by upregnlation of the
[-rells’ sensitivity 1o glucose. In the example shown, individoals with
an &, of 20 x 107 min~" par pmol1 and first-phase nsolin response
(AIR; ) or 400 pmolll would have a disposilion index [delined a8 (e
produet (5 = AIR )| of 800, Heduction in insulin sensitivity ¢ror
example, to 04 = 107 min~! per pmoldy would resull in opregolation
of AIH; to 2,000 pmoll, with the DI remaining consiant b S
Reduetion in insnlin sensitivity may be doe to one of several faclors,
ineluding pregnaney, inereased adiposity, and puber Ly,

insulin response, as the AIR is I|'|H|I'I.I?|:I low due Lo the minimal siress
on the f-cells. When insulin resislance is present (&, = 0.4}, there is a
elearer diferentiation between AIR; values, rIIHH.irI|.} il easier 1o diler-
L=r||'|uh=}$-u|'|| Mumetion in individoals of similar reduced insulin resis-
tanee ¢ 14).

by insulin 1c*~shl<1m e, [nder resistant conditions (e.g., 5
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The signal transduction defect(s) in type 2
diabetes: understanding the combinatorial
nature of signalling



Screening for candidate type 2 diabetogenes
affecting insulin signal transduction
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Only week signal from MAPK to Pp1

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



Systems biology of signal
transduction:

From linear thinking to

four-dimensional thinking



Signal transduction in the 60’s

—H—

. second messenger

|
!

Earl Sutherland, Nobel laureate 1971










THE
SPACE
FACTOR

THE TIME FACTOR

Combinatorial nature of signaling specificity



Receptor tyrosine kinase family
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Gray SG and De Meyts P, Horm Metab Res 35:857-871 (2003)
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Insulin IGF-I



Conventional wisdom on insulin vs IGF-I actions

Insulin IGF-I Hybrid
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Genetic evidence for distinct roles of insulin and
IGF-I receptors

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

e Igflr - 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.

Reviewed in Kim JJ and Accili D, GH and IGF Res 12:84-90 (2002)
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Epidermal Growth Factor Receptor Pathway Map ...
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The time factor in signaling specificity
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Scatchard plot of insulin binding

Bound/Free 125|-insulin

T
0 0.5 1 1.5
Bound insulin (nM)



100

75

A &
o m
(o)
/O. [+ ]
& (reniui 4o o) S
2 punoguinsuiieg; T
0
-
=
=
- O
N
=
=
(V2]
=
[Ty
o2
=)
(@]
m
T T o
@ ©. N o
o o o o

UIINSUl-|gz; 9914/puUnog



100

'y)
=
.
c
O .m
IO(
n o
E
T
. %
4 m
(o)
/O. ]
& (reniui Jo %) N
2  punogquinsurleg; T
1)
~—
S
~-c
=
S
(V2]
£
[Ty
3
=)
(@]
m
7 T o N -
o, . dn N o ' T T T M
o S o 0 g by 3 e =

uiw Qg e punoq uljnsul-jezr

Insulin (nM)



pM insulin
2F

L2/Fnl L1 + CT insert

1-100 nM insulin 2 1 uM insulin



Crystal structure of the insulin receptor ectodomain

W | )

909

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



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







Insulin binding to the insulin receptor ectodomain

@—

Insulin

Fnlll-3-2-1 -2

IR in basal state IR in high-affinity state

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



One-dimensional harmonic oscillator model
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Modelling by Vladislav Kiselyov
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Vladislav Kiselyov



Modelling of insulin receptor dissociation kinetics
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Insulin

insulin analogues  IGF-ll  IGF-|

Ligand

binding
L Kinetics

Betc ‘

Adlng
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IRS-1 IRS-2 IRS... SHC

Modelling of signalling pathways



Insulin
insulin analogues  IGF-ll  1GF-|

Beta cells

Adipocytes _
SIRNAS

Muscle

Phosphoproteomics (SELDI-TOF)

cDNA Microarray Gene Analysis



The beta cell defect in type 2 diabetes:
transcriptional, functional and systemic
aspects



Transcriptional networks controlling beta cell development and function

Early bud Ductal <D Ngn3- cell
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Servitja JM and Ferrer J , Diabetologia 47:597-613 (2004)



Positive feedback of insulin secretion on beta cell function

glucose
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Leibiger B et al,
Biochem Soc Trans
30:312-317, 2002
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Multi-layered complexity in pathogenesis of type 2 diabetes

Ngn¥cell Beta cell differentiation
Ngn3 -I--}.

Beta cell
secretion and
function
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Only week signal from MAPK to Pp1

Peripheral insulin action
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FIG. 1. Schematic illustration of energy control system regulation relevant to diabetes and the metabolic syndrome.

Metabolic Syndrome and Robustness Tradeoffs

Hiroaki Kitano,"*? Kanae Oda,* Tomomi Kimura,’>* Yukiko Matsuoka,® Marie Csete,® John Doyle,’
and Masaaki Muramatsu®

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



Perspectives 1n Diabetes
Onset of Type 1 Diabetes
A Dynamical Instability

Birgitte Freiesleben De Blasio, Per Bak, Flemming Pociot, Allan E. Karlsen, and Jgrn Nerup
LIN=TAELE

State(a,h,ﬂ..,tzj

STABILITY
SUURFACE
-

Etate[a,h,c..,tlj
—IT&ABLE

Diabetes, 48:1677-1685, 1999



Environment

Co-stim.
T signals
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T- and B-
Lymph.

~ clonal
expansion

The Copenhagen model of type 1 diabetes

TABLE 1
List of symbols

A, amount of B-cell antigenic proteins in volume.

M, numbers of macrophages in volume.

M, numbers of antigen-expressing macrophages in volume.
T numbers of activated Th-lymphocytes in volume.

A, the derivative of A with respect to time, i.e. 7.

M, the derivative of M with respect to time.

M, the derivative of M, with respect to time.

T the derivative of T with respect to time.

a, recruitment rate of macrophages to volume.

b, IL-1 -, TNF-a—induced recruitment rate of macrophages.

¢, efflux rate of macrophages from volume.

g, uptake rate of -cell antigens in macrophages.

k, decay rate of activated macrophages.

l, effective rate of IL-1-, TNF-a—-induced B-cell damage.

m, clearance rate of free B-cell proteins

p, effective rate of IFN-y—induced pB-cell damage.

g, effective rate of B-cell damage caused by effector-
macrophages.

s, proliferation rate of Th-lymphocytes.

t, death rate of activated Th-lymphocytes.

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

Diabetes, 48:1677-1685, 1999



VIEWPOINT

Systems Biology and New Technologies Enable
Predictive and Preventative Medicine

Leroy Hood,'* James R. Heath,>* Michael E. Phelps,® Biaoyang Lin’

Systemns approaches to disease are grounded in the idea that disease-perturbed
protein and gene regulatory networks differ from their normal counterparts; we have
been pursuing the possibility that these differences may be reflected by muilti-
parameter measurements of the blood. Such concepts are transforming current
diagnostic and therapeutic approaches to medicine and, together with new tech-
nologies, will enable a predictive and preventive medicine that will lead to per-
sonalized medicine.

Science, 306:640-643 (2004)



PERSPECTIVES

Can cell systems biology rescue
drug discovery?

Eugene C. Butcher

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



What is simple
IS wrong, and
what Is
complicated
cannot be

understood.

Paul Valery (1871 — 1945)
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