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Functional Genomics-Personalized Medicine

modified from Francis S. Collins, et.al.Nature 422, 835-847(24 April 2003)



FUNCTIONAL GENOMICS
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Proteomics
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DNA microarrays

DNA sequence (mutations)
DNA variation (SNPs, CNVs)

Structuralgenomics
Histone modifications
DNA methylation

Geneexpression
Splicing variants



http://www.fixingproteomics.org/docs/2D_Image_Capture.pdf

Microarray: Universal Biochemistry Platform

A microarray is a compact device that contains a large number of well-defined
iImmobilized capture molecules assembled in an addressable format.

Synthetic oligos, PCR products, proteins, antibodies, carbohydrates etc....

Up to 20000

a) You can expose an unknown

id protein (test) sample on it and then examine
bept es\ / where the molecule was captured.
ad OO O | ooso1sem
aln D ale b) You can then derive information on
I lolole] pum DNA identity and amount of captured molecule.
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Types of Array

cDNA Oligonucleotides
l Long oligos Short oligos Long oligos (50nt)
(50-80 nt) (<30 nt) address seq (29 nt)
Robotic Printing l l

Y

Synthesis in situ

l | ‘,

Ink Jet Maskless Photolithography Bead-random
Technology (60-70 nt (25 nt, Affymetrix) Arrays (lllumina)
(60nt, Agilent) Nimblegen)
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GeneChip® and Probe selection
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3) Probe pair

Each Probe Set contains Each Perfect Match

11 Probe Pairs (PM:MM) (PM) and Mismatch

of different probes (MM) Probe Cells are
Associated by pairs

: 1.28cm
Probe selectiom
3, —— 3 cDNAsequence v
—
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Probe set _ = —  Perfect match oligo (PM) ATTAACGGGCATTGCATTAGCACGT
— = Mismatch oligo (MM) ATTAACGGGCTTAGCATTAGCACGT

11-20 Oligonucleotides/ gene



ilumina.  BeadArrays: assembly of a random array

n-thousands bead types

Bead identifier Gene-specific

Bead probe
200y __50bp >
ad ressI probe
<>
3pum

DMAP Files

The BeadChip decode Decode each bead using
i files (dmap) - hybridisation to address sequence

Randomly array
beadsinto wells

48000 probe
average 30x
99.99 % of probes are
represented in each array



http://www.illumina.com/home.ilmn
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DNA microarrays applications
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http://www.illumina.com/Images/technology/infinium_methylation_lg.gif

Two color array
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C6H-array 4 , Y

Reference-DNA Test-DNA
29?2 292 GenomicDNA 22 22
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Resolution CGH co-hybridization CGH-array Resolution
5-10 Mb ~XA,‘/ W BAC-arrays:
MR e Printing of 32.433 overlapping

BAC clones >100Kb

Agilent CGH array;
244k 60mer ;
8.9 kb median probe spacing

Fluorescent
detection

NimbleGen HD-arrays
Long oligos probes
~2,100,000 (50mer-85mer)
1.1kb median probe spacing
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ChIP‘On-Chlp Eukaryotic cells
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SNP A
rrays snpaleler=A 4T N

SNP Allele B= G A SNP
...TAGCCATCGGTANGTACTCAATGAT....
G
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CpG Array: Infinium Methylation Assay
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B-Cell NHL Pathogenesis:

Cellular origens, primary genetic alterations and target genes
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Diagnosis in Hematopathology

From Morphology to an Integrated Diagnosis

.3'-‘:.:' = R e ’(5;\,.?;\)’5. TN AR R “_"_, ; { ,‘:n""‘ T AN (s’ % Nt s T’
TR R e ISR R SR SV ol R TN T S
o Yed 2o V. N e T ﬂ, ' g o ﬂ' , g V"'l'.:;. {4:\’,; oy Y % g -‘s ’ Ao '-\1}’ ’;’" “ 2

ol N

N I L L
0246810 14 18 22 26 30 4 3% 42 4 30 M 3

Cyele



Distinct types of diffuse large B-cell lymphoma
identified by gene expression profiling
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Diffuse large B cell lymphoma (DLBCL)
comprises at least two distinct diseases

(a) Activated [N C)
Germinal Center B-lika Clivate
B-Cell DLECL [Eade
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Probability
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in
!
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LI | 1

0.0 | I | | |

0 2 7 5 8 10 12
Overall Survival (years)
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DLEBCL
Biopsies
. I —
Expression ” 0.25 0.5 1 2 4

Modified from Louis M. Staudt
Annu. Rev. Med. 2002



DLBCL
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To be or not to be




Gene Expression Patterns in Burkitt Lymphoma

Burkitt

Diffuse Large B-cell Lymphoma (DLBCL)

CCL1Y
WV
TRAF
HEK
HLA.G
JAK3
BATF
NEKBIA
L2
044
CrLAn

Step 1: Comparison for 21

MYC target genes as defined
by MYC transfection

experiment in DLBCL

i Stage 1 Predictor
J(MYC Targets)

Step 2: Separate comparisons
of BL with DLBCL-ABC, GCB
and primary mediastinal B-cell
lymphoma (PMBL)

Stage 2 Predictor

Step 3: Construction of BL
predictor; also quantitative
predictor (0-100%)

ACLZA -

Relative Expressiol

Dave S et al N Engl J Med 2006



Molecular versus Pathology Diagnosis
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B3%
80%
Proportion
Cases
40%
20%,
0%
Pathology Ciassic Atypical DLBCL Hig DLBCL
Diagnosis BL L (N=20) Grado (N=240)
(N=25) (N=20) Lymphoma
(N=6)
S ] L ]
Submitting Burkitt Lymphoma/ DLBCL
Diagnosis Burkitt-Like Lymphoma

Microarray

Diagnosis
Burknt

= Lymphoma

B DLBCL

1.0
0.8
=
= 0.6
=
E Up"'"
% 0.24

0.0+
0 1

P= 002
2 3 4 5 6 7 B 9
Overall Survival (vears)

10

B niensive Regimens
E CHOP-Like Regimens

Sandeep D et al N Engl J Med 2006



Gene expression profiles of the major classes
of B-cell NHL

LymphDx Predictor Stage 1

Aggressive

lymphomas
-(DLBCL + BL)

Follicular
= hyperplasia

Follicular
= lymphoma

. ) 1 Mantle cell
Differentially lymphoma
Expressed Small

Genes B \ymphocytic
lymphoma

LymphDx Predictor Stage 2

ABC
DLBCL
GCB
. DLBCL
Biopsy Samples
(n'=515)
Aggressive lymphoma category can be further S Burkit
Subdivided into the different DLBCL subtypes lymphoma

and Burkitt's lymphoma

Aggressive Lymphomas
(n =262)



Mantle Cell Lymphoma
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Cyclin D1 Negative MCL Variant
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SOX11 expression is highly specific for MCL
and identifies Cyclin D1 -negative subtype

BL, n=33 DLECL, n=46 PMBEL, n=20 FL, n=44

Ana Mozos et al Hhaematolooica 2009
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Study design

Indolent MCL R N
‘2 4,
i Wl s
. |2years
;g 7

12 patients with indolent MCL (iMCL) not treated with chemotherapy
and did not have evidence of clinical progression during > 2 years.
Detection t(11:14) and overexpression CCND1
Initial diagnosis: SMZL (4), CLL (2),

Leukemic Lymphoid neoplasm (NOS) (4), “in situ” MCL (2)

CD19
Conventional MCL B @
- ? » b
>
< B8
«". ..‘

15 patients with conventional MCL (cMCL) that required chemotherapy at
diagnosis
Generalized Polyadenopaty; ECOG>2

Evidence of disease progression at diagnosis
Median follow-up 15 months, range 0.3-79



iIMCL & cMCL clusterize together

Diagnosis

B CLL

B MCL ndokent

B MCL cormentiorsl
SMZL
FL

B HCL

B HCL variant

B | B .
1O =006 02 0 00 10 Fernandez V et al. Cancer Res 2010



cMCL & iMCL Chromosomal Alterations by SNP Arrays

m Loss
pUPD




Gene Expression Profiling:
conventional vs indolent MCL

Genomic alterations

Diagnosis

Status IGVH

Cyclin D1
Proliferation signature
CDKN2a

ATM

TP53
TP53 mulations

Genomic alterations
I Imbalances

0 Acquired pUPD
Diagnosis

B Indolent MCL

B Conventional MCL

Status IGHV

B Hypermuied (>5%)
B Mutated (2-5%)

B Unmutated (<2%)

Cyclin D1
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(gene expression based)

B High expression
8 Low expression

CDKN2a, ATM, TP53 genes
B No alteration

B Gan

I Loss
B puPD
Mutated

LGALS3BP
1

KIAA1909

FARP1

Fernadndez V et al. Cancer Res 2010



SOX11 expression in a independent validation series
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Figure 4. A, Kaplan-Meier estimates of OS of the 112 MCLs in the
validation series according to SOX11 expression (P < 0.001). B, OS of
112 patients with MCL according to the nodal/nonnodal presentation and
S0OX11 expression (P = 0.05). The only patient with nonnodal
presentation and S0OX11-positive was not included.

Fernandez V et al. Cancer Res 2010



Next Generation Sequencing

Yeah! Be patient!
How long are we gonna you should have
wait in the line? seen this line

years ago!

- 10
Calm down man!
—

Human Genome 10th Anniversary



, chromosome

1953
DNA
double ' &
helix
Watson 1975.
Crick Frederick Sanger PRty 74 H ATV
Franklin Sequencing method vl
1986.
Firstautomated 1995 _ il
Sequencer by Applied Capillary electrophoresis
Sequencer by Applied
1990. 2003.
The Human Genome The Human Genome
Project start Projectfinish

$10,000

Moore's Law

genome.gov/sequencingcosts



http://www.ornl.gov/sci/techresources/Human_Genome/home.shtml
http://upload.wikimedia.org/wikipedia/commons/f/f8/Frederick_Sanger2.jpg

Sequencing Tecnologies Evolution

] 2004  Secuenciacion Sanger | 300 x10°$ > 10 afnos

2007 Secuenciacién Sanger | 100 x106$ | 2-4 anos

2008 Next-Generation 454 1 x106 2 meses

% 2008 Next-Gen Solexa | 0.25 x106 2 meses




About 2-3 weeks

2 days

Sanger Sequencing

DMNA fragmentation

in vivo cloning and amplification

O_,..

Cycle sequencing
3-... GACTAGATACGAGCGTGA...-5'  (template)

5-.. CTGAT L0 (primer)
...CTGATC p
...CTGATCT ,
‘ ...CTGATCTA p
...CTGATCTAT ,
. CTGATCTATG p
. .CTGATCTATGC
Polymerase ...CTGATCTATGCT "?O
dNTPs ...CTGATCTATGCTC ,.
Labeled ddNTPs . CTGATCTATGCTCG

Electrophorsesis
{1 read/capillary)

1 day

5-7 days

Jay Shendure and Hanlee Ji, Nature 2008

NGS

b DNA fragmentation

Cyclic array sequencing
(=1 0% reads/array)
Cycle 1 Cycle 2

LC/

Cycle 3
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Next-Generation Sequencing Technology

Sample Preparation Target )
Library Generation feénrichment

Cluster generation Sequencing
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NGS Applications: Genomics & Transcriptomics
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PERSPECTIVES

International network of cancer genome

projects

The International Cancer Genome Consortium®

The International Cancer Genome Consortium (ICGC) was launched to coordinate large-scale cancer genome studies in
tumours from 50 different cancer types and/or subtypes that are of clinical and societal importance across the globe.
Systematic studies of more than 25,000 cancer genomes at the genomic, epigenomic and transcriptomic levels will reveal
the repertoire of oncogenic mutations, uncover traces of the mutagenic influences, define clinically relevant subtypes for
prognosis and therapeutic management, and enable the development of new cancer therapies.
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Identification of the genetic alterations
present in 50 different cancer types

At least 500 patients for each tumor
Uncover traces of mutagenic influences
New targets for diagnosis and treatment

New therapies based on genomic
alterations identified in tumors
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Chronic Lymphocytic Leukemia

- Most frequent leukemiain Western
countries (5-7 cases /100,000 /year)

- Heterogeneous disease with different

stages of progression and molecular
subtypes

* No effectivetherapy

- Pathogenesis

[eAIAINS

01

’ Binet g
— Unknown initiating genetic alterations o2 4 8 12 16 20 24 28
Years
— Microenvironment oo
— Evidence of genetic predisposition lg Mutations

Geographic distribution

50
Familiar clustering

Survival

Susceptibility loci p = 0.001

* Environmental influences?
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4 CLL
IGHV Unmutated
IGHV Mutated

v

WGS
Exome
\ 4

Non-synonymous
Frameshifts
Splicing sites

\ 4 - Expressed

Clinical Validation-1
Whole Gene Pooled Strategy
169 Patients

\ < Mutations
l = 3% patients

Clinical Validation-2 = rEtiarel
194 Patients Studies




Profile of Somatic Mutations in Four CLL Genomes
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Genes recurrently mutated in CLL

Mutated Overall Frequencyin Frequencyin
Gene Mutation cases/ frequency IGHV- IGHV- mutated
total (%) unmutated (%) (%)
P2515Rfs*4 29/255
NOTCH1 Q2503* 1/255 12.2 204 7
F2482Ffs*2 1/255
MYD88 L265P 9/310 2.9 0.8 5.6
E571K 3/165
XPO1 E71G 1165 24 4.6 0
F49L/L65P
KLHL6 L90F 3/160 1.8 0 4.5
L58P/T64A/Q81P

Puente et al, Nature 2011



WGS in CLL: Summary

CLL carries approximately 1 somatic mutations /MB (1000 per case)

Identification of a potential mutational mechanism in IGHV hypermutated CLL
related to the activity of DNA polymerase eta

Identification of 46 somatic mutations in coding regions with potential
functional effect. 5-20 per case

Identification of 4 recurrent mutations with clinical implication

NOTCH1 mutations are a frequent event in CLL
— NOTCH1 mutations truncate and stabilize the protein and activate NOTCH1 pathway in CLL
— Predominant in IGHV unmutated CLL and associated with high risk factors (ZAP70/CD38)

MYDS88 mutations
— Same mutation found in ABC DLBCL
— Activates NFkB pathway (IRAK1, STAT3)

— Promotes a high production of several chemokines (CCL2, CCL3, CClI4, IL6, ILR1A) in response to
TLR stimulation



Exome sequencing identifies recurrent mutations of the
splicing factor SF3B1 gene in chronic lymphocytic leukemia

Victor Quesada!, Laura Conde?, Neus Villamor?, Gonzalo R Ordéiiez!, Pedro Jares?, Laia Ba ssaganya s3,

Andrew ] Ramsayl, Silvia Bea?, Magda Pinyol?, Alejandra Martinez-Trillos®, Ménica Lopez-Guerra?, Dolors Colomer?,
Alba Navarro?, Tycho Baumann®, Marta A}'merichz, Maria Rozman?, Julio Delgado5, Eva Giné,

Jestis M Hernindez®, Marcos Gonzilez-Diaz®, Diana A Puente!, Gloria Velasco!, José M P Freijel,

José M C Tubio®, Romina Rn}m?, Josep L Ge]pi?, Modesto Orozco’, David G Pisano®, Jorge Zamora®,

Miguel Vizquez3, Alfonso Valencia®, Heinz Himmelbauer?, Ménica Bayés!?, Simon Heath1?, Marta Gut!9,

Ivo Gut!?, Xavier Estivill*>, Armando Lépez—Guil]ermnE, Xose S Puente!, Elias Campnml & Carlos Lépez-ﬂtilll=”
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Exome Sequencing: target enrichment

Microarray-based genomic selection
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Profile of Somatic Mutations in 105 CLL Exomes
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Recurrent Mutated Genes in CLL

Mutated Overall Frequencyin Frequencyin

Gene cases/ frequency IGHV- IGHV- mutated
total (%) unmutated (%) (%)
NOTCH1 31/255 12.2 10.1 2.8
SF3B1 271279 9.7 20.5 7.9
POT1 5/105 4.8 11.1 0
CHD2 5/105 4.8 0 8.3
LPP1D 5/105 4.8 5.0 5.0

Quesada et al, Nature Genet 2012



WGS in CLL: Summary

Exome sequencing of 105 CLL patients
Identification of 1246 somatic mutations afectting about 1100 genes.
Mutations in 78 genes are found in more than one patient.

The initial functional analysis showed that the genes found mutated in
CLL significantly clustered in specific gene pathways including Toll-
like receptor pathway, RNA splicing and processing, among others.

The different mutations are associated to different clinical groups.
SF3B1 mutations are identified in patients with worst prognosis.

— WT SF361
— MUT SF3E1
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Consorcio ICGC - CLL
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NOTCH1 oncogenic mutations in CLL
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Mutacions Somatiques en la maquinaria
molecular del processament del RNA en LLC
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SF3B1 Mutations in CLL
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Somatic Mutations in Exome/Transcriptome

Mutated
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Tumor Genes Frequency ol
% a0
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Somatic Mutations in WGS Studies

Tumor (yr)

AML (2008,2009,2010)

Breast
Lobular Met (2009)

Basal-like (2009)

Lung
Small-cell (cell line) (2009)

Non-small cell lung (2009)

Melanoma (cell line) (2009)

Hepatocellular Ca HVC (2011)

Multiple Myeloma (2011)
20 cases

Somatic
Mutations

750

23,000

33,000

11,000

7,500

Non Synonymous

10-12

32
50

100
378

187

70

35

Clinical Validation

DNMT3A (22%)
IDH1 (16%)

ERBB2 (1.5%)
HAUS (1%)

Not-performed

Not-performed

Not-performed

10
Different pathways



NGS Applications: Genomics

Genome alterations than can be detected by NGS

Reference sequence Men-hurnan
Chrl 'Chr 5 sequence

Homozygous Hermizy gous Tranlslncatir::n
Point mutation Indel deletion deletion Gain breakpoint Pathogen

|
Copy number alterations

Meyerson M, et al. Nature Reviews 2010



Non-nodal, leukemic

and splenic MCL
Sox11-
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SOX 11, a new MCL gene or just a biomarker?

CpG methylation array; ==
ool | e
V] u | =

il

N=132 samples SOX11
_ 7138 (Sox11+) . JVM2 (Sox11-)
SOX11 ChIP-on-chip X m},

| C j W ‘-" _’

=

2 1 M Promoter array

SOX11Ab = L4 @ |

SOX11



GENE TITAN MULTI-CHANNEL INSTRUMENT

Wed ~

st Strand

Rover e VT Purification Fragmentation
Transcription Incubation through through
and 24 4-16 Hrs Quant/Norm Hybridization
strand ¢cDNA Cocktail prep
synthesis
_J/
PEG arrays
16, 24, and 96
Beckman Coulter Biomek FX*
Target Prep Express System GeneTitan™
Multi-Channel

Instrument



1. Presénciad’unes 1000 mutacions somatiques en el genoma
decadalLLC

2. ldentificacio de 46 mutacions en les regions codificants del
genoma, 5-20 per cas

3.ldentificacido de 4 mutacions recurrents amb implicacions
cliniques

4.Desenvolupament d’un métode bioinformatic altament
eficac per detectar mutacions somatiques




