Individualiserad behandling —
var ar vi och vart ska vi ?

Blicka seminarium, November 11, 2010

Prof Mathias Uhlen
Science for Life Laboratory
Royal Institute of Technology (KTH)
Stockholm, Sweden
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Science 328,805 (14 May 2010)
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he Science for Life Laborator

® New resource center for high-throughput bioscience

® Joint effort of three universities (Karolinska, KTH and SU)
® May 2010. Start of center. 150 researchers in 2011.

® Next generation sequencers

® Next generation plasma/serum profiling

® Worlds largest collection of antibodies to human targets
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Individualized therapy — introduction
The human genome project — status
The Human Protein Atlas project

Personalized medicine
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Individualized medicine — an
Introduction



Drug development _

Basic >"'°"E°’¢'I’P° Preclinical \ 1 clinicalDevelopmen? FDA Fllng,l’

R Design or Approval &
rch Discove Developmer /'tPhase / Phase / Phase Launch
————————
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Identification of Optimizing the Streamline Clinical Trials
Disease Targets Safety Profile {Enrichment, Stratification)

[ Target Optimization

r

® Very expensive clinical trials (altogether 1 billion USD in cost)

® High failure rates in all phases



Dramatic decline in _
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Source: PRAMA, CMR, Genestech, Beor Allen Hamion: The Global Inmovation 1800, 7006



Personalized medicine

Traditional pharmaceutical drug
® An average drug to an average patient

® Find optimal dose with good efficacy without serious side-effects

Individualized drug treatment
® An individual treatment to an individual patient
® Stratify patients into responders and non-responders
® Develop diagnostic test for choice of treatment (or dose)

® Avoid treatment of patients which will have serious side-effects



The human genome project



Kunskap om var varld

1700-talet - Biologins systematik (Linné)
1800-talet - Kemins systematik (Berselius)
1900-talet - Fysikens systematik

2000-talet - Medicinens systematik
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”Genomikens” historik

1995 - forsta bakterien

1996 - jastsvamp

1998 - rundmask

1999 - bananfluga *
2000 - forsta vaxt (backtrav)
2001 - manniskan



Lasa livets bok - en milstolpe for manskligheten
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Vita huset, Washington, juni 2000



Kartlaggning av manniskans arvsmassa

e Juni 2000 (" komplett sekvens’) - 141, 821 gap

* Februari 2001 (" fardig sekvens’)

o April 2003 (” mer komplett sel(veﬂg’;f);, Nme

« Augusti 2007 (" aven mer komplett sekvens’) - 120 gap

® Antal gener: 20,000 (ca2% av arvsmassan kodande)
® Varjecell: 6 miljarder baser (2 CD-skivor)



Next generation sequencing

SEQUENCE EXPLOSION

Pyrosequencing: Ronaghi, Uhlen & Nyren (1998) Science 281, 363-365.

Langsiktigt mal: sekvensen for en
manniskas arvsmassa for 1 kUSD



Personalized genomics

Published online 1 June 2007 | Nature | doi:10.1038/news070528-10

James Watson's genome sequenced

Discoverer of the double helix blazes trail for personal
genomics.

Erika Check

Nobel laureate James D. Watson
peered deep into his genome
yesterday. And soon, anyone else
interested in his genetic makeup will
be able to do the same.

gEﬁEPMElEEONAl Scientists in Houston presented Watson

with a DVD of his genome sequence,

¥ g ey (IHA R which they said was the "first
individual genome to be sequenced for
less than £1 million". The carefully
worded claim may be an
acknowledgement that another
personal genome project has already

been completed: ]. Craig Venter has James Watson is the first
deposited his genome sequence into individual sequenced for
the public GenBank database, he told less than million.

Nature two weeks ago. National Library of

Medicine
Such personal genomes are for now

largely symbolic, because it's difficult
to draw concrete information about a person's health from his or her
genome sequence,

Generated with 454
(pyrosequencing)



Arvsmassan hos Neanderthal

Scientists Plan to Rebuild Neanderthal Genome

Ehe New Jork Times

From lefi, Michas! Egholm, Svanie Paabo and Rall ' W. Schmiz showing an orignal cas! of a Neandorihal bone

By MICHOLAS WADE

Researchers at the Max Planck Institute for Evolutionary Biology in

Leipzig, Germany, plan to reconstruct the genome of Neanderthals, the &
archaic human species that occupied Europe from 300,000 yearsago  §
until 30,000 years ago until being displaced by modern humans, o

The genome will initially be reconstructed using DNA extracted from
Neanderthal bones that are 45,000 years old, which were found in
Croatia, though bones from other sites may be analyzed later.

The project is a collaboration between Dr. Svante Paabo of the Max Planck insuure 1or
Evolutionary Anthropology in Leipzig, Germany, and 454 Life Sciences, a Connecticut
company that has developed a new method of sequencing, or decoding, DNA.



Fran genetiska markorer till behandling av -

Varfor blir man sjuk ?
® Genetik (arv)
® Miljo
* Alder

® Slump




Proteiner - livets kemi

Katalys Signalering Struktur Reglering

Hormon / Collagen DNA-bindande Antikropp
Receptor protein




Proteiner - mal for nastan alla lakemedel

Mal for lakemedel %
Enzymer 28
Receptorer 45
Hor moner 21
Nukleéra receptorer 4

Totalt (proteiner) 98




Mapping the building blocks of life

26 SEPTEMBER 2008
VOL 321
PAGES 1758-1761

Proteomics Ponders Prime Time

Improved technologi es for track ing thous ands of proteins atonce have It not just talk. Uhlen and other pro-
. toomic s leaders gatherod bare g moath Lo

spawned talk of a full-scale project to reve al all the proteins ineach ouigh phes for an FIIP sndto soendontrep
tissue—but the price tag would be daunting rescrtatives of sounce Tunding apevcics that
would nead Lo pogy up the hasdrads of mul



The Human Protein Atlas project



The Human Protein Atlas project

e Multidisciplinary program (started in 2003)

e Systematic generation and use of antibodies to
functionally explore the human proteome

e Funding for the Wallenberg Foundation (non-
profit) and EU




The Human Protein Atlas project team
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Mumbai - .

Dr. Sanjay Navani

@ 12 certifierade pathologist
€ Web-based annotation
e Analyze 10,000 images per day



Protein expression profiling

Protein profiling at different levels

ORGANS TISSUES ORGANELLES




Immunohistochemical staining of human cerebellum using
an antibody CAB010763 towards neurofilament, light
polypeptide.




Version 7 (November 15) - more than 10 million images

Normal tissues (IHC)

GOL nge Protein Al - 48 organs and tissues

(including liver, kidney, Gl-tract,
heart, brain, pancreas, female/male
tissues etc)

Cancer (IHC)

O — - 20 different types of cancer
E R Al PR AL A (including breast, lung, prostate,

colon, liver, kidney etc..)

Cell lines (IF och IHC)

- 47 cell lines
- 12 clinical cell samples




50 % of all protein-coding-

THE HUMAN PROTEIN ATLAS#*

ABOUT & HELP

10,118 genes
November 15, 2010

HYDIN | Search || Clear | Flalds
: e

New design
From database to “knowledge-base”

New structure

COOOOO

Much more information

nature Uhlen et al “Towards a knowledge-based Human Protein Atlas”,
biotechnology Nature Biotechnology, in press (Dec 2010)



The next five years
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2010 2011 2012 2013 2014 2015

@ Approximately 8 new genes completed per day
@  First draft of the human proteome by 2015 (19,700 genes)
€ Long-term objective: paired antibodies to all human proteins



Personalized medicine



Personalized medicine - two strategies

Analysis of body fluids
- plasma/serum
- urine
- CSF
Analysis of specific cells and tissues
- biopsis (pathology)
- flow sorting (cells from blood)

- whole body imaging (PET, SPECT)



Cancer

1. Cancer borjar 1 en enskild cell
2. Cancer beror pa skillnader i proteiner (gener)

3. Nyckelprocesser i cellen har paverkats



Cancers in the Hu

Cancer type ‘Basis for TIncluded phenotypes Number of
stratification subgroups
Breast cancer Elston score and | Ductal and lobular 4
phenotype carcinoma
Cervical cancer Phenotype Squamous cell carcinoma 2
and adenocarcinoma
Colo-rectal cancer Dukes Adenocarcinoma 3
classification
Endometmal cancer FIGO score Adenocarcinoma k]
Head and Neck cancer | No stranfication | Squamous cell carcinoma 1
and adenocarcinoma
Liver cancer Phenotype Hepatocellular and 2
N cholangiocellular
Lung cancer Phenotype Squamous cell carcmoma 2
and adenocarcinoma
Mahgnant Carcinoids | No stranfication | Pnmary and metastatic 1
carcinoids
Mahgnant Ghoma Malignancy High-grade and low-grade 2
_ zrade clioma
Malignant Lymphoma | Mahgnancy High-grade, low-grade 3
grade and non-Hodgkin lymphoma
Malignant Melanoma | Breslow (Tumor | Pnmary cutaneous and 4
thickness) metastatic melanoma
Ovanan cancer Phenotype Serous, mucinous and 3
endometeroid
Pancreatic cancer No stranfication | Adenocarcinoma 1
Prostate cancer Gleason grade | Adenocarcinoma 3
Renal cancer No stranfication | Adenocarcinoma 1
Skin cancer Phenotype Basal and squamous cell 2
CNI AT
Stomach cancer Phenotype Dnffuse and intestial 2
i B adenccarcinoma
Testicular cancer Phenotype Seminoma and non- 2
1 Seminoma
Thyroid cancer No stranfication | Papillary and follicular 1
carcinoma
Unnary bladder cancer | Mahgnancy High-grade and low-grade 2
grade Urothelial carcinoma

20 different types of cancer

216 patients

12 different patients of each type

Tumors stratified according to histopathology




Tidig upptackt av cancer oerhort viktigt

100

90

80
Survival 70 - L.ocal
rate 60 B Rcegional
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Colorectal cancer Breast cancer

Tidig upptackt kan ge 70-80% minskad dodlighet



High-throughput workflow
A 00
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150,000 assays in one run !!!



Population-based biobanks

¢120 large (> 10 000 participants)
Y/, of all biobank samples are found in the Nordic Countries

%

-l‘

. ::‘

Extracted from P3G
Observatory




Collection of disease cohorts -

Lung cancer

Prostate cancer
Colorectal cancer
Breast cancer

Ovarian cancer
Malignant melanoma
Pancreatic cancer
Stomach cancer
Kidney cancer
Bladder cancer
Minimal cognitive impairment
Alzheimer dementia
Parkinson
Amyotrophic lateral sclerosis
Multiple sclerosis
Instable angina
Cardiac insufficiency
Cardiac arythmia
Venous tromembolism
Aortic aneurysm
Osteoporosis




Type of biomarkers

Diagnostic markers
® High specificity - detection of specific disease

@ Blood or body fluids (early detection)
® Tissue (differential diagnostics)

Prognostic markers
® Differential expression - correlation with patient outcome
® Stratification of high versus low risk patients
® Guide for patient information and monitoring

Predictive markers
® Differential expression - correlation with response to specific therapy
® Stratification of responders versus non-responders
® Guide to determine selection of therapeutic regime



Affibodies for tumor targeting

Kidneys

F i

Fn W
“_ = 2

\
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Tumor

Anti HER2-Affibody

6 hr, 6 hr; 24 hr;
50 nM 20 pM 20 pM
binder binder binder




Future prospects



Human health (translational medicine)

The exploitation of molecular bioscience to develop new diagnostics a
ultimately improve the treatment of patients

Diagnos
Behandlin . .
'S Kliniker/Forskare Biobankning
Fenotypning — , : 3}
. Patienter Prover inkl. vavnader
av patienter Eracestillni
Uppfélining ragestallningar
Experimentella
Patient data
data
V i

Kliniker/Forskare ~ Science for Life Laboratory
Analys Gener, proteiner, sekvenser PE—

Implementering bilder-bildhantering , modeller




Traditional drug versus individualized therapy

Traditional pharmaceutical drug
® An average drug to an average patient

® Find optimal dose with good efficacy without serious side-effects

Individualized drug treatment
® An individual treatment to an individual patient
® Stratify patients into responders and non-responders
® Develop diagnostic test for choice of treatment (or dose)

® Avoid treatment of patients which will have serious side-effects



The Swedish Protein Atlas Team (20

AlbaNova Stockholm: SciLlfeLab Stockholm:
* Lisa Berglund « Emma Lundberg
 Johan Rockberg « Jochen Schwenk

* Peter Nilsson * Gunnar von Heijne

» Kajsa Algenéas » Joakim Lundeberg

» Henrik Wernerus
» Sophia Hober
* Jenny Ottosson

* Holger Eklund PathSurg, Mumbai, India:

* Louise Yderland

e Sanjay Navani
* Basia Hjelm
* Linn Fagerberg

SciLifeLab Uppsala:

* Fredrik Ponten
* Caroline Kampf
» Kenneth Wester
* Anna Asplund

Malmdé/Lund hospital:

« Karin Jirstrom

Max Planck, Munich, Germany:

* Matthias Mann
» Tami Geiger
* Jurgen Cox

AbFrontier, Seoul, Korea:
* Jong-Seo Lee

Epitomics, Shanghai, China:
* Peter Lee
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