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outline

A introduction
A 450 miRNA pre -amplification
A Mestdagh etal.,, Nucleic Acids Research, 2008
A [Mestdagh etal.,, Genome Biology ,in press]
A whole mRNAome pre -amplification
A prognostic gene signature in  cancer patients

A~

A Vermeulen et al., The Lancet Oncology , accepted

[en-t



pre -amplification 1T the one and only quality criterion

A preservation of differential expression (fold changes)
before (B) and after (A) sample pre -amplification
A [no introduction of bias]
(G1S1) 5/(G1S2) 5 =(G1S1) L/(G1s2) ,

G1,/G2, <>G1 ,/G2,

gene G, sample S, before B, after A
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pre -amplification 1T the scene

A pre: before actual gPCR

A amplification: make large amounts of RNA/(c)DNA from limited input
A single cell T picograms 1 nanograms >> micrograms

A transcriptome  wide

A all long RNA molecules
A advantages
0 no prior knowledge of target genes is needed
o study can grow
A disadvantages
0 somewhat more expensive
A focused pre -amplification
A predefined set of sequences
A advantages
o fast and simple
A disadvantages
o all targets need to be known in advance

[en-t



pre -amplification 1 the players

~

A transcriptome wide
A Eberwine method
0 T7-RNA polymerase based in vitro transcription > antisense RNA
o home brew protocols
A SMART method ( Clontech )
o template switch mechanism sense RNA
o T7-RNA in vitro transcription
A Phi29 based
o rolling circle amplification I strand displacement
o cDNA
A SPIA technology ( NuGEN)
o hybrid RNA/DNA SPIA primer
o cDNA
A focused pre -amplification
A limited cycle PCR (10 -14 cycles)

[en-t



Ebermine method

( 56 AAAAA 3 8
30— TTTTT [HEEM 5

ste

1> streng cDNA-synthese
(met T7-oligo(dT) primer)

56 AAAAA3 b
36 TTTTT 5
1°° ronde <
2% streng cDNA-synthese 50 AAAAA- 3
36 TTTTT LA 5
antisense RNA-amplificatie A .
\ (T7 RNA polymerase) 38 UUUUU 5 6
5 BINNNNN 3 6
[ 1% streng cDNA-synthese 5 INNNNN — 3 6
(met random hexameren) 36 UUUUU 5 6
2% ronde < 2* streng cDNA-synthese 58 AAAAA—» 36

(met T7-oligo(dT) primer) ¢ TTTTT 5

antisense RNA-amplificatie " .
(T7 RNA polymerase) 36 UUUUU 5 6
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SMART

RNA
11 aeG Y poly A 3

5 G.;;{: CDS primer HA
SMART™ T7 1. First-strand synthesis Sinale

Oligonucleotide and dC tailing by RT StE-g
2, Template switching P

and extension by RT
¥

T gGh o poly A R
5 ccl

3. Primer extension
Y

Double-stranded
T7 cDNA

4, In vitro transcription
L J

Sense RNA (mRNA)
5 AAh T3
AAA T
AAA F
AAA T
AAL T
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Whole Transcriptome Amplification using the Ribo-SPIA™ Process

SPIA S p—

Tﬂtal RNA B A A A B R RnA

NNNMNN—S  NNNNNN— 77T T T—a cONA Primer (DNA/RNA)

random and polyT
Step 1 .
Firet Strand cDNA Synthesis RT' Reverse Transcriptase
First-Strand cDNA
LT VYY)
RT NNNNNN\{ TTTTTT\
Step 2
Second Strand cDNA Synthesis POL DNA Polymerase
Double-Stranded cDNA
H  RNaseH

Step 3 POL DNA Polymerase
Amplification Cycle ~~gmmmmm  SPIA™ Primer (DNA/RNA)

SPIA™ Amplification

POL_ POL_POL_POL_POL PﬂLxPﬂL

%\ mew—*‘

% ¥ B

POL ™~ FﬂL_

NuGEN Technologies, Inc.



microRNA pre -amplification

A stem -loop megaplex reverse transcription using 20 ng total RNA
A limited -cycle pre -amplification (14)

A gPCR profiling 450 miRNAs and controls

A higher sensitivity

A minimal amplification bias ( Mestdagh etal., Nucleic Acids Research)

miRNA Stem-loop RT primer
IR
Stem-loop RT I
IEEEEEREERE R R ’
PCRI
Forward
LERERERERERR R
h
Reverse
LM
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(nd -8Cq@) NBL-S, IMR-32

eaxeCq

eaeCq

minimal

pre -amplification bias
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single cell profiling
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>

background research & goals
neuroblastoma
prognostic marker selection
study design and workflow
A RNA quality control
A sample pre -amplification
A normalization
data -analysis and results
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biomarker signature based stratification

R

conventional
therapeutics

N_

time

survival
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biomarker signature based stratification

R RS

v

conventional biomarker profiling e
therapeutics / \ 1 | I
profile 1 profile 2
P high expression
B low expression
Y therapy 1 therapy 2
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aim

development and validation of a robust prognostic gene signature for
neuroblastoma using real -time gPCR

identifying patients with
A increased risk in the current low risk and high risk group
A good molecular signature in the current high risk group
better choice of risk  -related therapy

profile 1 profile 2

B high expression
B low expression
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neuroblastoma

>

most frequent extra  -cranial solid tumor in
children

originates from primitive (immature)
sympathetic nervous system cells

1:100,000 children (< 15 years)

A 20 cases/year Belgium | 700 cases/year
USA

15% of childhood cancer deaths
prognosis is dependent on

A tumor stage (localized vs. metastatic
disease)

age at diagnosis (< or > 1 year)

genetic defects: amplification MYCN, ploidy ,
loss of 1p, gain of 17q

>

> > >

> >
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prognostic classification

A misclassifications resulting in overtreatment or undertreatment
A need for additional tumor -specific prognostic markers
A current microarray gene expression studies
A data overfitting
unstable gene lists
lack of overlap

> >

>

biological & technical noise

much more genes than samples
probe annotation / platform

different risk definition

different data processing and analysis

> > > >
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study workflow

Ameta -analysis of 7 published microarray gene
expression studies

Aliterature screening of almost 800 abstracts from
single -gene studies

selection of a top ranking
list of 59 prognostic
markers

RNA quality control 423 Atwo PCR -based assays
samples Acapillary gel electrophoresis (Experion )

sample pre -amplification
(WT -Ovation)

analysis of 366 primary

untreated neuroblastoma

tumours using real -time
gPCR

APrediction Analysis of Microarrays
data -analysis AKaplan -Meier
ACox proportional hazards
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towards real -time PCR signature profiling

~

A 100 ng total RNA
A 30 ng quality control
A 10 ng unbiased amplification
WT-Ovation ( NuGEN)
A PCR assay design and validation
A sensitivity, specificity and efficiency
RTPrimerDB
(Pattyn etal., 2006, NAR; Lefever etal, 2009, NAR)

A absolute standards

~

A real -time PCR using 384 -well format
A sample maximization strategy
(Hellemans et al.,, Genome Biology, 2007)
A 366 tumorsand 1 gene/plate
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WT-Ovation reproducibility

35,00
mean of 5, 15 and 50 ng of total RNA amplified
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WT-Ovation 1T no amplification bias
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WT-Ovation 1T no amplification bias

100

% A no need for DNase treatment

80 A no need for cleanup of amplified products
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preservation of differential expression

deltaCq GI-ME-N vs IMR-32
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gPCR reproducibility

~

A within a 384 -well plate: 4 x 96 replicates

10,000 # 1,000 # 100 # 10 #

40

35

30 PNSUI FUW __ TSN

25

20

15

10

0 50 100 150 200 250 300 350 400

[en-t



gPCR reproducibility

A between two identical 384  -well plates
A maximum §Cq: 0.45
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absolute standards

Py

A synthetic control

55 nucleotides

PAGE purification

blocking group

5 points dilution series: 15 molecules > 150.000 molecules

> > > >
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absolute standards

~

A reproducibility across master mixes (5) and instruments (2)

35
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15 O MM4
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o[
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absolute standards cross lab comparison

366
samples

5 standards
(triplicates)

5 reference
genes + 5
other genes
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absolute standards cross lab comparison

N

A 5 standards (triplicates )
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absolute standards cross lab comparison

~

A ARHGEF7 gene

mastermix 1

Cq gPCR instrument 1,

A

-~
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366 samples

A use of 5 standards (triplicates) for correction
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Cqg gPCR instrument 2,

mastermix
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rigorous control of RNA quality

423 primary untreated  NB (100 ng total RNA)

5806 a gHPRT): SPUD assay (Nolan et al, 2006):
evaluation of mMRNA integrity detection of inhibitors

30 ng

Computed gel analysis (Experion, Biorad):
evaluation of total RNA quality

366 RNA samples
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