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= and applications
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> Microarray
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i Thousands of probe molecules at high-
density onto a solid surface and use them to
\C measure the amount of complementary
= molecules in complex mixtures
L
)
— * DNA molecules, oligonucleotides
() * Proteins
Q * Peptides
L\T, « Antibodies
=
&
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__ Oligonucleotide in situ synthesis

Q Photolithography Inkjet

AFEYMETRIX, 4,
L

A, .Nimblesen' Agilent Technologies
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Single channel hybridisations

o=
=
o= * One sample per array
() RNA
E Sample Hybridisation * Labelled with Cy3 or biotin
‘ NP ON sample CRNA * Flexible research design
SN
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t l Reverse —
transcription
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sample Oligonucleotide
! cDNA microarray
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@ Transcription and
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Types of arrays

cDNA arrays (cloned “mRNA fragments”)
e Expression analysis
* Gene copy number analysis

Oligonucleotide arrays (synthetic DNA)
e Sequence (mutation) analysis
* Expression analysis
* Gene copy number
* Epigenetics

Genomic arrays (fragments of chromosomes)
* Gene copy number analysis
* Epigenetics

Protein arrays (antigens, antibodies, etc.)
¢ Protein interactions (also with DNA, small molecules etc.)

Today mainly using commercial
olinucleotide arrays
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o Which platform to use?

* Organism

o * Budget

< * Amount of total RNA
* Number of samples

QIMIiCS

Flexibility of the platform
(— * Custom
o « Different levels of information

*
‘ E : Oslo | sse
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Interpreta- Experimen-
tion/ tal Design /

Verification

/ Statistical Samples
Analysis Qc

/Microarray
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N Microarray experiment

Laser scannin -
g Image acquisition

G Signal intensity
8 !
Q_\

O, Amount of mRNA

(http://www.illumina.com)
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- Dataset
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(Quackenbush, NEJM, 2006)
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- Unsupervised Analysis

C Hierarchical clustering
ki Group samples and genes based on similarity

@ Group samples

oy Group genes

(http://rana.lbl.gov/EisenSoftware.htm)
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- Application of expression microarrays

=
[®
(C Experimental studies (Biological effects)
B * Genes affected by a treatment
Q@ * Chemical or physical, gene transfection, siRNA, etc.
‘E * Time series response
k/) Clinical studies
t)l Patterns of gene activity
LE * Suggest a certain treatment regimen
(E * Response to a given treatment
— * Drug resistance
L%‘ Identification of novel candidate genes
* Biomarkers
* Target for therapy
G versitetssykehus ‘ 'i'




Expression profiling lymphomas
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e ‘ } Signatures
L
DL-
Q\ BCL Characteristic for B cell lineage
<
(—~ ]
&
L‘ Follicular lymphomas
: represent a distinct B-cell
% differentiation stage
y
b
(=== |
: = ” Slow growth, i.e. not aggressive
o | tumors
.
Q
~ FL
b= l i Lymph node specific genes:
Q\ [ Markers for monocytes,
9 cLL macrophages and NK-genes (CD14,
k CD105), plus ECM-genes (MMP9,
. - - TIMP-3)
DL-BCL: Diffuse Large B-Cell Lymphoma
FL: Follicular Lymphoma .
CLL: Chronic Lymphocytic Leukaemia Alizadeh et al. Nature 2000
c\ Oslo soe
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Expression profiling lymphomas
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Q@ Overall survival (years)

Alizadeh et al. Nature 2000
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Supervised analysis

=) Differentially expressed genes
(©
=+ Aim: Find differentially expressed genes between
@ two groups
‘; * Groups: Different treatment, time points, phenotypes, etc.
)« What is differential expression?
tl' * Measurements before (1.5, 0.8, 1.2) and after (2.1, 1.7,
= 1.5) treatment
‘{ * Are the groups statistically different?
\E * Requires a model to help estimate this difference
@ * i.e. T-statistics, modify for multiple testing
Q‘\
Average contral Average treated
group group
c\ Sr?il\‘r)ersiletssykehus ‘ 15 .i.

(0 Supervised classification
L Two groups
e With metastasis

fc

e Without metastasis

T T TN T T T v+

Cor

CS

Which genes can
differentiate these
groups?

e 70 genes

* Poor prognosis signature

CNOMI
Poor pr

Good pr
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Clinical applications

S agendia
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(=EnAMmA

MammaPrim

http://www.agendia.com Buyse et al., NCI, 2006
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- DixGenic  Early detection

o
O
ﬁ Alzheimer Disease early detection
ADtect® is a blood test to aid in the early detection of
F\ Alzheimer's disease. Detects changes in the gene activity of
G 96 genes. These changes are disease specific.
@ Rye PD et al, J Alzheimers Dis. 2011
a
4 Breast Cancer early detection
= BCtect® is a blood test to aid in the early detection of breast
G cancer. Detects changes in the gene activity of 96 genes.
(— These changes are disease specific and BCtect® is able to
@ detect early stage breast cancer.
Q‘ Aarge J et al, Breast Cancer Res. 2010
c\ S?il\‘fersi:ezssykehus The Norwegian Radium Hospital ) .°




> Gene signatures

E Information

L * Molecular mechanisms involved in physiologic
Q) or pathologic processes

5 Identification

% * New genes involved in a pathway or disease
= * Potential therapeutic targets

E e Biomarker

\LL: Classification

Q_‘ * New biological subgroups

O * Stratification of samples or patients

‘ . . Oslo
universitetssykehus

Genomic Microarrays
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S Genomic microarrays

&

t Genomic representation in an array format
L

@ Printing genomic DNA

o * PAC or BAC DNA

@ * cDNAs

t} * Oligonucleotides (long and SNP)

= Measure copy number aberrations
g * Gene amplification

E * Deletions

)  Copy number variation (CNV)

‘ K»‘, Oslo | ‘
universitetssykehus

. Array Comparative Genomic Hybridisation
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Identifying candidate cancer genes
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Tumour classification

Sarcomas (soft tissue tumours)
* Leiomyosarcomas
* Gastrointestinal stromal tumours

<= Genomic clones

NSTANNOVONN®XM—ANOSTmMIN o
ATV AN M AT AN ANNNTdN DN D
VVLSSVSVLLLLLLLLDLOLSSS
S>5525>2>2>2>22>=>2=>2=>=>555
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DNA copy number changes reflexes the biology

Meza-Zepeda et al., Cancer Res, 2006
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- High-Density Genotyping Microarrays

DNA copy number

) * e w— ar
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Genotype

Affymetrix SNP6

1 M SNP probes

0.8 M CNV probes

DNA copy number & Genotype

* Chromosomal regions

* Segmental duplications or deletions
* DiGeorge syndrome (22g11.2 deletion)

C * Down’s syndrome (trisomy 21)

b

Emanuel & Saitta, Nat Rev Genet, 2007

‘ K»‘, Oslo |
universitetssykehus

13



il

ore [-

Other applications
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@ Genome-wide methylation maps

G Gene silencing
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Bisulfite Conversion

Unmethylated Methylated
e Bisulfite

- Conversion

Methylated cytosines remains a cytosines
Unmethylated cytosines convert to uracils

‘ N 0slo . . .
"7 Universitetssykehus | The Norwegian Radium Hospital

lllumina Infinium Technology

Unmethylated locus Methylated locus
L
AG o AGC
CT (] T @

DN i

_) Single bead type [ cpGlocus Bisulfite converted DNA

‘ N 0slo . . .
""" Universitetssykehus | The Norwegian Radium Hospital

15



. Methylation and gene expression
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I HSPA2 methylation HSPA2 methylation and expression
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DNA methylation fingerprint

Fernandez A F et al. Genome Res. 2012
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S mMiRNAs

© miRNAs

£ expression
" e 20-22bp

e OO

78

y * Non-coding RNAs which regulate gene '

|
QQ

LI

(& i i i ) e En®
¢ Involved in various biological
)
O processes, e.g. development,
= differentiation, apoptosis and
= proliferation Wl
D) . . . ey D= S
\E e Acts by translational inhibition or e \
@ mRNA degradation : T e e,
e N, |2
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prr— miRNA Gene Expression
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@ " miR-29a/b
miR-103/107
miR-130/301

L : miR-17-92
(& miR-106b-25
o=
o miR-134
- miR-133a/b
= miR-451, miR-195
Q@
=
Q_\ miR-1/miR-206
B miR-363
k miR-451, miR-144
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Osteosarcoma cell lines

Heidi Namlgs et al

‘ N 0slo . . .
""" Universitetssykehus | The Norwegian Radium Hospital

17



. Systems Biology

Q Epigenetics

4% * DNA methylation
L * Chromatin structure

Q) Genome Structure

(- * DNA copy number changes
Q Genome Variation
- « SNP

1 * Copy number variation
= Transcriptome

= * mMRNA expression

G * miRNA expression

= * Splice variance

E Proteome

Lb * Protein-Protein interactions

* DNA-protein interaction
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