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Outline of the talk

e The Lundbeck Foundation funded 3 centers of excellence on
Nanomedicine in 2009 in Denmark

for a five year period (non extendible)
e with a total of € —14 million

The Lundbeck Foundation
e The call, Timeline
e Our view of Nanomedicine
e The three centers
e 3 short stories of science
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e The Lundbeck Foundation is a commercial foundation established in
1954. Its main objective is to
— maintain and expand the activities of the Lundbeck Group
— provide funding for scientific research of the highest quality.

e Revenue € —2 billion

e The Foundation holds a substantial interest in the share capital
of H. Lundbeck A/S, ALK-Abell6 A/S and Falck A/S. In
addition, a substantial portfolio of investments is managed
and the entity Lundbeckfond Ventures has been
established to investment in life science companies.

e In 2010, the Foundation granted € 51,5 million and expects to
grant approx. € 53 million to research in biomedical and
natural sciences in 2011.

e The Lundbeck Foundation has in recent years established
15 Centres of Excellence and several fellowships to
outstanding researchers - Danish or foreign - who wants to
establish their own research groups at Danish universities.


http://www.lundbeckfonden.dk/H.-Lundbeck-AS.125.aspx
http://www.lundbeckfonden.dk/H.-Lundbeck-AS.125.aspx
http://www.lundbeckfonden.dk/ALK-Abell%C3%B3-AS.126.aspx
http://www.lundbeckfonden.dk/ALK-Abell%C3%B3-AS.126.aspx
http://www.lundbeckfonden.dk/Falck-AS.127.aspx
http://www.lundbeckfonden.dk/Falck-AS.127.aspx
http://www.lundbeckfonden.dk/Frontpage.19.aspx
http://www.lundbeckfonden.dk/Frontpage.19.aspx
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Private and public funding in Denmark
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Timeline

Request for expressions of Interest, Jan 2008
Expression of interest, April 2008

1st round January 2009, 15pg

2nd round June 2009, 25 pg

Presentation August, 2009

Decision, Sept 2009

Signing of contracts, Oct 2009
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Definitions

e Nanotechnology is broadly defined as the
interdisciplinary science and technology whose
unifying theme is the investigation and manipulation
of matter at the atomic and molecular scale.

e Nanomedicine is defined as the application of
nanotechnology to improving human health and is
projected to impact specifically on prevention,
diagnosis and treatment of diseases.

e Added value is found in novelty
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technology (plastics, microelectronics etc.) is the result of
detailed mechanistic understanding at the molecular level.
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e The enormous success we have witnessed in materials-based
technology (plastics, microelectronics etc.) is the result of
detailed mechanistic understanding at the molecular level.

e A similar progress has so far remained elusive in the fields of
biological sciences, mainly due to the sheer complexity of
biological systems and the absence of appropriate
methods to investigate them.
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e Nanotechnology originated from attempts to investigate
and manipulate at the atomic and molecular scale hard—
matter, however several pioneering innovations over the
last decade have enabled the successful nanoscale study
of complex biomolecular systems.
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Engineering vs Medicine, Timing

e The enormous success we have witnessed in materials-based
technology (plastics, microelectronics etc.) is the result of
detailed mechanistic understanding at the molecular level.

e A similar progress has so far remained elusive in the fields of
biological sciences, mainly due to the sheer complexity of
biological systems and the absence of appropriate
methods to investigate them.

e Nanotechnology originated from attempts to investigate
and manipulate at the atomic and molecular scale hard—
matter, however several pioneering innovations over the
last decade have enabled the successful nanoscale study
of complex biomolecular systems.

e \We therefore predict and anticipate that Nanotechnology, in
the form of the newly conceived field of Nanomedicine,
will make substantial contributions in the areas of
prevention, diagnosis and treatment of diseases in the
coming years.
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Growth, Timing

The Nanotechnology Market in 2007
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Figure 1. Pharma and healthcare currently represent only 2% of the nanotechnology market and are
predicted to be one of its fastest rising segments.’
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US-EU-DK, Timing

e Nanotech funding 2005
— US $ 1,3 billion
— EU $ 1,8 billion

e Nanomed

— US $ 0.25 billion (8 NIH Centers in Nanomed)
— EU?

e Denmark
— National program in Nanoscience
— Lundbeck could lead investment in Nanomed in EU
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Bionanotechnology
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Figure 2. Inauguration of the bionano
laboratories at Nano-Science Center in
2004 by Danish Prime Minister Anders
Fogh Rasmussen (right). That initiative
was supported by = 10 MDKK
extraordinary KU funding in 2004- 05 and
two new tenure track positions based at
the Health Science Faculty KU. Left
Rector Linda Nielsen, middle Center
Director Thomas Bjgrnholm
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NIH roadmap: From BioNano to Health Care
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NIH roadmap: From BioNano to Health Care

_ —» Nanomedicine] — Health Care'
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NIH roadmap: From BioNano to Health Care
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NIH roadmap: From BioNano to Health Care

Lundbeck Foundation Center

— Nanomedicine| - Health Care'
Applied
—_— | —_—

Research
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NIH roadmap: From BioNano to Health Care

Lundbeck Foundation Center
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Three Nanomedicine Centers

e Center for Biomembranes in Nanomedicine (CBN)
University of Copenhagen

e Nanomedicine center for individualized management of
tissue damage and regeneration (LUNA)
University of Aarhus

e Nanomedicine Center for Cancer Stem cell targeting
therapeutics (NanoCAN)
University of South Denmark

12
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Lundbeckfonden Center NanoCAN

) Funding: 4.7 mio € for 2010-2014

. Goal: development of cancer stem cell targeting nucleic acid-based
nanodrugs

.} 8 research groups (chemistry, physics, biology, clinical); total staff: 31
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NANOMEDICINE

THE LUNDBECK FOUNDATION NANOMEDICINE CENTER FOR
INDIVIDUALIZED MANAGEMENT OF TISSUE DAMAGE AND REGENERATION

> Grant 4 mill EURO IS
> PRMs control the degenerative and generative imbalance in CVDs and MSDs and
that characterization of the molecular processes will allow the identification of

new therapeutic targets
This knowledge can be exploited by nanomedicine approaches for:

new drug design -3
drug delivery | E
bioimaging

tissue regeneration

to improve prevention, early diagnosis and treatment of CVDs and MSDs

D WN =

14

Contact person: Jargen Kjems, iNANO, Aarhus University (Head)
kjems@inano.dk - www.iNANO.dk
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CBN is focused on: Signal transmission across biomembranes

.
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CBN is focused on: Signal transmission across biomembranes
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Aberant signal transmission is linked both to:
- Diseases of the brain (schizophrenia, depression, Parkinson’s, Alzheimer’s, neuropathic pain etc)

- Microbial infections (bacterial infections, viral infections)
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Signal transmission across biomembranes

WP1
WP2
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WP4
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Nanoscale investigation of protein-membrane interactions
Intermembrane interactions studied on the nanoscale
Nanoscale biosensors for transmembrane signaling

Drug delivery with lipidic nanocontainers, mechanisms and toxicology on the
nanoscale
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Signal transmission across biomembranes
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Nanoscale investigation of protein-membrane interactions

Intermembrane interactions studied on the nanoscale

Nanoscale biosensors for transmembrane signaling

Drug delivery with lipidic nanocontainers, mechanisms and toxicology on the

nanoscale
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Partners: expertise and contribution to WPs

Work Packages WP1 WP2 WP3 WP4
Nanoscale protein- Nanoscale inter- Nano-biosensors Drug delivery and
membrane interactions | membrane interactions nanotoxicology
CNS
Neuropharmacology * U Gether (UG) S | . —— =
Neurosecretion * J Sorensen (JBS) —/ I | . —/
Infectious Diseases * M Givskov (MG) == = |E ==
»SLoft (SL)
BioNano
Nanoscale membranes * D Stamou (DS) | —; | E— | ———|  — |
Nano-biosensors * KL Martinez (KLM) I e  — =
Biophysics
Optical tweezers * L Oddershede (LO) — — [ | 1——
Scattering techniques « K Mortensen (KM) I | e ]
NanoChemistry
Nano-bioorganic chemistry * KJ Jensen (KJ)) ] e | e B3
Single molecule chemistry * T Bjornholm (TB) | com—] o]  — ] B

17
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CBN our first year

e The Center has hired 12 staff

e The Center has published 56 peer-reviewed scientific
papers

e Including Science (x1), Nature Clones (x3) and
Proceedings of the National Academy of Sciences
of the United States (x3).

e Furthermore, CBN researchers and CBN affiliated
staff have received approximately 15 million
Danish kroner of cofinancing for their research.

18
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Science Topics:

— Intrasample heterogeneity
— Counting SNAREs

— Zeptofluidics

19
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Intrasample nanoscale heterogeneity
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Lohse et al. JACS (2008)
Larsen et al. JACS(2011)
Elizondo et al. JACS (2012)

Histogram

Read out

>

Property
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Intrasample nanoscale heterogeneity

Label 1

(é d\} I/QJ} I’LabolZ
A Y Ne// 4

o
]
>

Histogram

E

- 'm-mqsu/ lc16-hu0
140- m Uncertainty

—_
ro
o

i

8
Read out

Property

Number of liposomes
<o
o

l“”l”lhi

0 ¥ g . 3
Normalized intensity ratio

Lohse et al. JACS (2008)
Larsen et al. JACS(2011)
Elizondo et al. JACS (2012) 20



UNIVERSITY OF COPENHAGEN

Intrasample nanoscale heterogeneity
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Intrasample nanoscale heterogeneity
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The SNARE-complex is essential for exocytosis

‘ Jakob Sgrensen, Science, 2011 l

écretion assay:

L5** mutant is dead for secretion

Zipper model for SNARE-action

Xozeidy

From: Jahn & Harson, Natwre 393, 14 — Synaplobrevin
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The SNARE-complex is essential for exocytosis

‘ Jakob Sgrensen, Science, 2011 l

écretion assay:

L5** mutant is dead for secretion

A JLL43310123440678 Syb
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Z 307
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A
3 10—
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600 -
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E =g:§BMmswc(cm)
- - "’(ko)
Zipper model for SNARE-action < 200 B SN258L5™ roscue (L5)

From: Jahn & Harson, Natwre 393, 14
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Titration with ‘dead’ L5** mutant reveals cooperativity of exocytosis

Cell-by-cell quantification of expression

p =
(* )
W
o

J

ratios using fluorescence tagging ‘ Jakob Sgrensen '
Poliovirus IRES
SFV lEMCWRes
atten. EMCV IRES

250 -

200 -
Co-expression of two variants in same cell 150 -

100 4

unperturbed fast burst amplitude (IF)

50

0 -

* Fast part of secretion has a higher cooperativity (~3) than slow parts (~1).

* Interpretation: fast part of secretion depends on a higher number of SNARE-complexes.

* Open question: does different secretion speeds in the nervous system depend on
SNARE-complexes with different stoichiometries?

Science, 2011
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HT ultra miniaturized enzymatic reactions 5

‘ Stamou, Nature Nanotech., 2011

Target SUV

Cargo SUV

Product

© tagetsw @ cagoswv @ enzyme

b _

=— All reactors
1000 - — Active reactors
- % active
(n e
= 1004
S
o
O =
10 H
1- L
T T T T T T T T
10° 10° 10* 10°

Reactor volume / zl 23



UNIVERSITY OF COPENHAGEN

HT ultra miniaturized enzymatic reactions

Target SUV . Cargo SUV c Enzyme

=

=— All reactors
= Active reactors
- % active

Counts

Reactor volume / zl

CBN, Department of Neuroscience and Pharmacology

‘ Stamou, Nature Nanotech., 2011

Targot SUV

Cargo SUV
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HT ultra miniaturized enzymatic reactions

CBN, Department of Neuroscience and Pharmacology

Counts

() Targetsuv . Cargo SUV c Enzyme
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Lundbeck Foundation Center for
Biomembranes in Nanomedicine

* U Gether (UG)
* ) Serensen (JBS)

* M Givskov (MG)

+ S Loft (SL)

* D Stamou (DS)
* KL Martinez (KLM)

*L Oddershede (LO)
* K Mortensen (KM)

*KJ Jensen (KJJ)
* T Bjornholm (TB)
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Lundbeck Foundation Center for
Biomembranes in Nanomedicine

* U Gether (UG)
* ) Serensen (JBS)

* M Givskov (MG)

.S Loft (S) Thank you
&
D Stamou (DS) The Lundbeck Foundation

* KL Martinez (KLM)

*L Oddershede (LO)
* K Mortensen (KM)

*KJ Jensen (KJJ)
*TBjornholm (TB)
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Lundbeck Foundation Center for
Biomembranes in Nanomedicine

Directors: Dimitris Stamou and Ulrik Gether
Administrator: Tinne Midtgaard

Steeering Group: Dimitris Stamou
Ulrik Gether
Jacob Balslev Sgrensen
Michael Givskov
Karen Martinez

Advisory Board: Brian Kobilka
Claus Braestrup
Jay T. Groves
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Nanoscale Membrane Anatomy: a conserved & regulated phenotype

5 Endoplasmic
reticulum

Free ribosomes—

= Ribosomes
(dots)
Cell Nucleus
membrane ——,
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Nanoscale Membrane Anatomy: a conserved & regulated phenotype
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Sensing of Membrane Curvature

CBN, Department of Neuroscience and Pharmacology

FEBS Lett., 2010
JBC, 2010
EMBO J., 2009

Membrane

| Collaboration with U. Gether I

29
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Sensing of Membrane Curvature

| Collaboration with U. Gether I

Membrane Peptide

FEBS Lett., 2010
JBC, 2010
EMBO J., 2009 .
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Sensing of Membrane Curvature

| Collaboration with U. Gether I

Membrane Peptide

FEBS Lett., 2010
JBC, 2010
EMBO J., 2009 .
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Model: same type of defects but at different densities

CBN, Department of Neuroscience and Pharmacology
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Model: same type of defects but at different densities
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Model: same type of defects but at different densities
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Prediction: Alkylated Proteins are sensors of membrane curvature

Nat Chem Biol, 5 (11), 2009 G protein provided by
J.L. Baneres
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UNIVERSITY OF COPENHAGEN

Prediction: Alkylated Proteins are sensors of membrane curvature

Nat Chem Biol, 5 (11), 2009 G protein provided by
J.L. Baneres
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Rafts & Membrane Curvature
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Rafts & Membrane Curvature

*x
*Caveola
*
x
x
* x
Syntaxin-6

Formation of DRM-associated
caveolar carrier | caveolin oligomers

Accelerated by
cholesterol, GMI

High cholesterol
High glycosphingolipid

Simons et al, Nat Rev, 2007
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Rafts & Membrane Curvature

CBN, Department of Neuroscience and Pharmacology

*x
*Caveola
*
x
x
* x
Syntaxin-6

Formation of DRM-associated
caveolar carrier | caveolin oligomers

Accelerated by
cholesterol, GMI

High cholesterol
High glycosphingolipid

Simons et al, Nat Rev, 2007
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Optical measurements of agonist induced activation of b> Adrenergic Receptor

Influence of Membrane Curvature

CBN, Department of Neuroscience and Pharmacology

| Collab. B Kobilka'

\
C265-
BODIPY

ISO Cytosolic wiev
_{d’ m Basal

E Active

Tt - TM6 11.4A

Rasmussen, Nature, 2011

PEG-Biotin \E Neutravidin —
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Existing International
Collaborations
Berkley, Columbia, Max
Planck, MRC, Oxford, Stan-
ford, Vanderbilt, Yale etc.

LF CBN New Strategic
Alliance with
Gether, Stamou established
HEALTH & NAT & LIFE Nanomedicine
Centers

KU

CE Antimicrobial-
Research
Givskov, HEALTH

UNIK Synthetic Biol,
Bjornholm, Gether, Mortensen, Moler
NAT. & HEALTH & LIFE

EIT
STAR BioScaRT STAR MolPhysX STAR Single Proposition for KIC
Gether, Oddershede Bjornholm on Nanomed.
HEALTH & NAT NAT. NAT. & HEALTH by KU HEALTH

- ETP Nanomed
BioNano Lab. at NSC - Forward Look
Stamou Nanomed.

HEALTH & NAT
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