
7KH�8 VHRI�* HQH�$ UUD\ V�LQ�2 $ �5 HVHDUFK

7KRPDV�$LJQHU

OARSI – Chicago 2004



� �� ,QWURGXFWLRQ

� �� 0 DMRU�DSSOLFDWLRQV� / LP LWDWLRQV

2. Material - Technical platforms

3. Normalization - Biostatistics

4. Bioinformatics

5.   Final comments



human kneecartilage
normal - osteoarthritic time courseexperiments

RVWHRDUWKULWLV�DUUD\
7000 cartilage cDNA probes

Affymetrix
Clontech

differentially expressed genes



transcripts p(N/E) p(N/L) p(E/L)
40S ribosomal protein S5 0,099 0,007 0,004
40S ribosomal protein S9 0,239 0,010 0,006

5'-nucleotidase precurso (5'-NT)r; 0,289 0,001 0,004
60S ribosomal protein L10 0,045 0,010 0,004

60S ribosomal protein L13A 0,479 0,001 0,004
60S ribosomal protein L5 0,906 0,001 0,010

alpha1 catenin (CTNNA1); cadherin-associated protein 0,059 0,010 0,150
alpha-2-macroglobulin precursor (alpha-2-M) 0,724 0,001 0,004

arginine/serine-rich splicing factor 8 0,239 0,195 0,004
B-cell receptor-associated protein (hBAP) 0,077 0,479 0,010

BIGH3 0,377 0,001 0,004
biglycan 0,059 0,010 0,006

bikunin; hepatocyte growth factor activator inhibitor 2 0,157 0,013 0,010
BMP3B 0,025 0,013 0,004

differential expression: 67 genes p<0,01



RVWHRDUWKULWLV�
imbalance of cartilage matrix turnover
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&HOO�GHJHQHUDWLRQ
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Gene clusters: groups of differentially expressed genes
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genes of
NQRZ QUHOHYDQFH

„QHZ³ �genes

p-value approach
(P<0,00?)

normalization of data
ELRVWDWLVWLFV

ELRLQIRUP DWLFV

molecular networks
bioinformatic based
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GHYHORSP HQWDOP RGHO��
endochondral ossification

RVWHRDUWKULWLV

GHYHORSP HQWDOVWHSV P DUNHU�JHQHV
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geneexpression after stimulation with BMP-7 and IL-1b

IL-8
IL-6Col2

Agg

BMP-7 IL-1ß



GHWHUP LQDWLRQRI�JHQHH[ SUHVVLRQOHYHOV RI�
KXQGUHGV�WKRXVDQGV RI�JHQHV�LQ�SDUDOOHO
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JHQHUDOSRWHQWLDO



- phenotyping of cells
- cell lines clustering
- in vitro clustering

-> new marker genes

-> diagnosis
-> quality control (cellular transplants)

- phenotyping of samples

P DMRU�DSSOLFDWLRQV ,
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S�YDOXH��39( ������SURWHLQ

0.00091  85.2%  MMP2
0.00091  81.5%  BIGH3
0.00091  72.5%  DR-nm23
0.00091  73.2%  HHR23A; UV excision repair protein protein
0.00091  75.5%  glutathione-S-transferase (GST) homolog
0.00091  75.2%  60S ribosomal protein L5
0.00091  75.8%  polyhomeotic 2 homolog (HPH2)
0.00091  66.7%  growth arrest & DNA-damage-inducible prote
0.00091  86.9%  COL1A2
0.00091  91.6%  COL3A1
0.00091  60.6%  insulin-induced protein 1
0.00091  82.7%  alpha-2-macroglobulin precursor (alpha-2-M
0.00091  83.5%  5'-nucleotidase precurso (5'-NT)r; ecto-nu
0.00091  75.2%  NCK melanoma cytoplasmic src homolog (HS
0.00091  80.4%  23-kDa highly basic protein; 60S ribosomal
0.00091  67.2%  btg protein precursor; NGF-inducible anti-
0.00091  89.4%  placental calcium-binding protein; calvasc
0.00091  69.5%  poly(ADP-ribose) polymerase (PARP; PPOL );
0.00091  88.2%  COL6A3
0.00091  82.0%  endonuclease III homolog 1 (HNTH1) (OCTS3)
0.00091  62.0%  tumor suppressor QM; laminin receptor homo
0.00091  79.6%  ets domain protein elk-3;  NET; SRF access
0.00091  82.7%  tenascin; extracellular matrix antigen

0.00109  91.1%  hypoxia-inducible factor 1 alpha (HIF1 alp

0.00130  73.6%  osteonectin (ON); basement membrane protei
0.00130  84.6%  COL6A1
0.00130  61.3%  COL2A1
0.00130  66.5%  chitinase precursor
0.00130  61.7%  fibronectin (FN)

0.00155  69.6%  TNF type 1 receptor associated protein (TR
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Chondrocytic cell line – HCS-2/8
M. Takigawa, Japan 

T259
T258

HCS s1
HCS s2
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HCS c2

HCS o1
HCS o2
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- screening of gene expression levels 
-> functional genomics

- establishment of regulatory networks
-> cell biology

P DMRU�DSSOLFDWLRQV ,,



Validation of gene expression

• qPCR (LightCycler, TaqMan)

• Northern blotting

• in situ hybridization

• immunohistochemistry

• Western blotting



VHQVLWLYLW\
· VSHFLILFLW\ �FURVV�K\ EULGL] DWLRQ�
· reproducability

· RQO\ P 5 1 $ �GDWD�QRW�SURWHLQ�
· VSOLFLQJ YDULDQWV
· SRVWWUDQVODWLRQDOP RGLILFDWLRQ
· GHJUDGDWLRQ
· P HWDEROLF VLJQDOOLQJ �E\ SKRVSKRU\ ODWLRQ������

· VWLOO��SRWHQWLDO�P HDQLQJIXOGDWD

UHOLDELOLW\ DQG�OLP LWDWLRQV
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RNA-quality is important



A B C

D E F

ClontechCancer 1.2 cDNA array

A. Cell cycle regulators
Growth regulators

B. Apoptosis Oncogens
Tumor suppressors

C. DNA damage response
Cell fate and development 

D. Cell adhesion E. Invasion regulators
cell-cell interaction

F. Cytokines
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Affimetrix 

AAAA

Scan Wash

Hybridize

Cells
Poly (A)+

RNA cDNA

IVT
Labeled transcript

Fragmentation
(Heat, Mg2+)

Labeled 
fragments

Data Analysis



$ II\ P HWUL[ * HQH&KLS

J. Saas, Sanofi Aventis

SUREH�FHOO� P LOOLRQV RI�FRSLHV RI�D�
VSHFLILF ROLJRQXFOHRWLGH�SUREH

* HQH&KLS��XS�WR�� � � � � �VHTXHQFHV ( [ SUHVVLRQ�$ UUD\ �' HVLJQ
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normalization: maximize consistency between all measurements

· ... JOREDOL] HG

· ... FHQWUDOL] HG

=LHQHW�DO��%LRLQIRUP DWLFV�� � � �



• P-value: Wilcoxon – t-test
-- Problem: thousands of genes detected in parallel: 
-- 10000 genes; p<0,001: ten wrong positives (maybe10 
out of 15 if only 5 genes regulated)

• -> FDR (falsediscovery rate): <0,1 okay



0. Introduction

1. Major applications - Limitations

2. Material - Technical platforms

3. Normalization - Biostatistics

4. %LRLQIRUP DWLFV

5. Final Discussion



WZ R FKDOOHQJHV

- how to narrow down the number of genes: 

VHOHFWLRQ

- how to identify genes of interest 
(not detected or not differentially detected): 

H[ WHQVLRQ



Gene expression profiling

ELRVWDWLVWLFV

ELRLQIRUP DWLFV
candidate genes
pathway-analyses
disease hypotheses

NQRZ OHGJH

LQIRUP DWLRQ

GDWD

LQWHJULDWHGFRQFHSWV RI�WKH�
SK\ VLRORJ\ DQG�SDWKRELRORJ\

IXQFWLRQDOYDOLGDWLRQ

&OLQ2 UWKRS � � � �



gene clustering
…
biglycan
BMP1
BMP3B
CD99 antigen; MIC2 protein
COL16A1
COL1A2
COL3A1
COL6A1
COL6A3
CYR61 protein
MMP2
S100 calcium-binding protein A4; MTS1 protein
…



&2 / � $ � � G�
  

osteonectin 0,045 
DNA-binding protein RFX5 0,124 

sonic hedgehog (SHH) 0,124 
tenascin (TN); hexabrachion (HXB); cytotactin; neuronectin 0,192 

protein C inhibitor; plasma serine protease inhibitor precursor 0,201 
BIGH3 0,207 

BMP3B 0,210 
COL3A1 0,223 
biglycan 0,231 

endothelial plasminogen activator inhibitor-1 precursor 0,231 
COL11A2 0,241 

 

Neighbourhood analysis



VLJQDOOLQJ P ROHFXOHV

SURWHDVHV

* 3&5
LRQFKDQQHOV

JURZ WK�IDFWRUV

NLQDVHV

F\ WRNLQHV

P HP EUDQHSURWHLQV

UHFHSWRU

VXOIDWHV\ QWKDVH

UHJXODWRU\ SURWHLQ

SURWHDVHLQKLELWRUV

RWKHUV

candidate genes
pathway modelling
disease hypotheses



' LVHDVH�+ \ SRWKHVLV DP HQDELOLW\ 0 DUNHU�* HQHV HYDOXDW
LRQ

Osteoarthritis is largely caused by a failure of 
anabolic activity of osteoarthritic 
chondrocytes

Yes Up: collagen Type II, IX, XI, VI,
aggrecan core,  link protein
decorin and biglycan

***

Osteoarthritis is largely caused by over-
activation of cartilage catabolism

Yes Up: MMPs-1, -2, -3, and -13
Down: TIMPs -1,-2,-3, and -4 **

Osteoarthritis is largely caused by changes in 
the subchondral bone altering loading 
conditions of the overlying cartilage

Difficult Not known np

Osteoarthritis is largely caused by some sort 
of inflammatory reaction in the synovial 
membrane

Difficult changes in gene expression pattern to Il-
1, and TNF

np

Disease hypotheses
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Biologi cal  
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