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Major Health Challenges

• Ageing
• Mental health
• Infectious, inflammatory

diseases
• Obesity/Diabetes
• Allergy, asthma
• Cardiovascular diseases
• Cancer

Complex diseases

systems biology,
bioinformatics,
‘omics’- approach



UK Biobank 

• Predicted cases in the next ten years/100.000
•
• Ischaemic heart disease (deaths) 4300
• Cerebrovascular disease (deaths) 1100
• Chronic airways disease (deaths) 590
• Breast cancer (new cases) 6270
• Colorectal cancer (new cases) 5410
• Prostate cancer (new cases) 3290
• Diabetes mellitus (new cases) 11500
• Myocardial infarction (new cases) 8250
• Stroke (new cases) 4500
• Dementia (new cases) 2000



Biology is information-intensive field

Cataloguingof biological information

Omics– going large scale



Basic/clinical science

Information
Processing

Instrumentation

Critical
Overlap

OMICS



Obesity

Ischaemic heart disease

ApoE
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Diet
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Blood 
Pressure

Exercise

ACE

Insulin

Clotting 
factors

280 risk factors

Smoking

LDL  
Cholesterol - A. Wright, Edinburgh



From the genome to the society

Genome

p53 
tumoursuppressor

EmbryoCell

Fruitfly

Protein

Mouse Human Development, 
Ageing Disease
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Life sciences, genomics and
biotechnology for health

millió €

GENOMICS, AS
PRIORITY IN
EU BUDGET

Almost tenfold increase
in FP7



NASDAQ



NCBI/The Human Genome/Map Viewer
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Retrospective approach

Patient 1
Patient 2
Patient 3
Patient 4
Patient 5
Patient 6
Patient 7
Patient 8
Patient 9
Patient 10
Patient 11
Patient 12

Good response
No response
No response
Good response
No response
No response
Good response
Good response
Good response
Good response
No response
No response

ATGCTTCCCTTTTAAA
ATTGTTCCCTTTTAAA
ATTGTTGCCTTTTAAA
ATGGTTGCCTTTTAAA
ATAGTTGCCTTTTAAT
ATAGTTGCCTTTTAAT
ATGATTGCCTTTTAAA
ATGATTGGCTTTTAAA
ATGTTTCGCTTTTAAA
ATGTTTTGCTTTTAAA
ATTTTTTGCTTTTAAA
ATCTTTTGCTTTTAAA

SNP:  single nucleotide polymorphism

Good response

Good response
Good response
Good response
Good response
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Pharmacogenomics Strategy Applied 
to the Practice of Medicine



Pharmacogenomics Strategy Applied 
to the Practice of Medicine

From McLeod and Evans, Ann Rev of Pharmacol and Toxicol, 2001: 41,101-121 

GCCCACCTC

GCCCGCCTC

Prospective approach



Complement factor H polymorphism in age-related
macular degeneration.

Klein RJ et al, Science, 2005, April, 15;308: 362-4

Age-related macular degeneration (AMD) is a major cause of blindness in the elderly.
We report a genome-wide screen of 96 cases and 50 controls for polymorphisms
associated with AMD. Among 116,204 single-nucleotide polymorphisms genotyped , 
an intronic and common variant in the complement factor H ge ne (CFH) is 
strongly associated with AMD (nominal P value <10(-7)). In individuals homozygous
for the risk allele, the likelihood of AMD is increased by a factor of 7.4 (95% confidence
interval 2.9 to 19). Resequencing revealed a polymorphism in linkage disequilibrium

with the risk allele representing a tyrosine-histidine change at amino acid 402. This
polymorphism is in a region of CFH that binds heparin and C-reactive protein. 
The CFH gene is located on chromosome 1 in a region repeatedly linked to AMD in
family-based studies.
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genome

immunome

In vivo
antigen processing
and presentation

In vitro
genome analysis tools
immunoinformatics
in vitro confirmation



Individual motifs
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-4x 44Kgenes on one chip
-a whole genomeexpression
for the price of one ELISA
-splice-,methyl-,microRNAarray
- customizede-arrays
-bioinformatics-e.g. Genespring



predictorgene sets in melanoma- hepatic metastasis

Bittner et al, Nature, August, 2000
Saghatelian et al, PNAS, 2004
14 papers in 2006



C
ancer

IL-2 im
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untherapy; supervised
analysis of E
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ic specific genes 

regulated by IL2
216 genes (p

2 <
0.005)

IL-2-D14-Ch
IL-2-D13-Ch
IL-2-D17-Ch
IL-2-D12-Ch
IL-2-D15-Ch
IL-2-D10-Ch
IL-2-D4-Ch
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IL-2-D26-Ca
IL-2-D16-Ca
IL-2-D24-Ca
IL-2-D7-Ca
IL-2-D25-Ca
IL-2-D22-Ca
IL-2-D20-Ca
IL-2-D8-Ca
IL-2-D2-Ca

374 genes (P
2 <

0.01)
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Cells

Gene networks?

gene A

gene B

gene C

gene D

Expression levels measure for
several conditions

microarray experiment
gene network model
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Changing the Paradigm of 
Discovery /immunology/ 

Research 

through S ystems Biology



NFkB

NFkBGaaaas

Cytokines

FEATURE EXTRACTION TEMPORAL-SPATIAL ALGORITHMS SOFT VERS

Pathway analysis



Micro RNA
•~22nt rna

•Precursor stem& loop

•Post-transcription 
regulation –gene
silencing and….????



microRNA expression profiles classify human 
cancers

Lu et al. Nature 435: 834, 2005

RNA-ome



Copyright ©2006 by the National Academy of Sciences

Pyknons- pyknome
Short blocks from the noncoding parts of the human
genome have instances within nearly all known

Rigoutsos, Isidore et al. (2006) 
Proc. Natl. Acad. Sci. USA 103, 6605-6610

127.998 pyknon patterns/mosaics/ 
in 30.675 transcripts from 20.059 human genes

� A crucial link between non-coding and coding genome-
A PYKNON-BASED REGULATORY LAYER

� Influences almost all annotated genes
� Phylogenetic conservatism
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„ bibliomics”
450.000 abstract (neuropsych+immune-inflammation)

39,000 bio-molecular
relations: 5,400 genes

Cytoscape – www.cytoscape.org

schizophrenia





Hét gén



SYSTEMS BIOLOGY

international bibliographic
data bases, „disease pathway

biobank



Genomic core facilities at
Semmelweis University

• Microarray(expression, splice, miRNA, CGH, 
methylation):    www.dgci.sote.hu/microarray

• SNP genotyping:
www.dgci.sote.hu/snpcore

• Biobanking/databanking: www.biobank.hu




