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— What is Cancer?

> Cancer deve |4:rp5 when cells in 3 part of the body
begin to grow out of control.
- Although there are many kinds of cancer, they all

start because of out-of-control growth of abnormal
cells.

> Normal body cells grow, divide, and die in an
c:rrder|y fashion. Cancer cells do not follow this
order.
~ During the early years of a person’s life, normal cells

divide more rapidly until the person becomes an
adult.

~ After that, cells in most parts of the body divide only
to I'EPIE]CE wornh-out or flj‘;,n ng cells and to repair
Iniries
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- Wha

tis Cancer!

o Unlike normal cells,

cancer cells continue to

grow and divide, and instead cfdying, they

outlive normal cells
abnormal cells.

and continue to form new

> Cancer cells develop because cfclamage to DNA.

- Most of the time when DNA becomes damaged the
body is able to repair it. In cancer cells, the damaged

DNA is not repaired

~ PEDP'E can inherit d

amaged DNA, which accounts for

inherited cancers. Many times though, 3 person’s

DNA becomes dam
the environment, li
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S Male Cancer Death Rates
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Cancer Death Rates, for Women
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*Ane-adjusted to the 2000 U5 standard population.
== 19E0-2000, US Mortdity Wolurmes 153013583,
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. What is the molecular basis of cancer?

¢ Cancer is 3 genetic disease.

—~Mutations in genes result in altered
proteins
-During cell division
—External agents
—~Random event

—~Most cancers result from mutations
in somatic cells

-Some cancers are caused by

miutations in qerm“ne ce||5
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— Theories of c3 ncer genesis

* Standard Dogma

— Proto-oncogenes (Ras - melanoma)

— Tumor suppressor genes (p55 — various
cancers)

s Modified Dogma

- Mutation in a DNA repair gene leads to the
accumulation of u nrepaired mutations (Loeb,
1974) (xeroderma pigmentosum)

> Early-Instability Theory

— Master genes required for adequate cell
reproduction are disabled, resu Ilting in

R, - f.nl';I‘dEIPhia Cl]erDSDmE}
Made by A-PDF PPT2PDF




" Types of Cancers

> Based on cells in which they originate
- Carcinomas (skin, digestive tract)
- Leukemia (blood Fol*ming tissue)
- Melanoma (epidermis)
- Sarcoma (connective tissue)
— Teratoma (germ cells)
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| Some oncodene statistics

o Approx. 291 genes (1% of the genome)

_ -smuul:: [ Germina -nem-

Made by A-PDF PPT2PDF



5

ras oncogene

Point mutation in codon 12: GGC->GTC
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s The Cancer Genome Atlas

> Obtain a comprehensive description of the
genetic basis of human cancer.

~ Identify and c

1aracterize all the sites of

?e nomic alteration associated at significant
|

-equency wit

) all major types of cancers.

— Increase the egectiveness oFl*esearch to

understand

>tumor initiation and progression,

¢ susceptibility to carcinogensis,

> dcﬂ-*ﬁbpr"r?cir?t of cancer the apeutics,
> 3pproaches tor early detection of tumors and
> the design of clinical trials.
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Biomedical Rationale

> Cancer is a heterogeneous collection DFhﬁfEI'Dgﬁl?Eﬂm
diseases.

— For ﬁxE]IT"'|,|ﬁ prostate cancer can be an indo lent disegse
lemalning dormant +|1|@L|q|1u|+ life or an aggressive ¢ disegse
lzading to death.

- However, we have no clear understanding of why such tumors
differ.

> Cancer is fundamentally a disease of genomic alteration.
- Cancer cells typically carry many genomic alterations that
confer on tumors their distinctive
¢ abilities (sach 35 the capacity fo pm|i{era{:e ahd metastasize,
ighoting the hormal 3i¢] hals that Block cellalar gmw{:h 3 hd
migration) ahd

¢ liabilities CGsuch as unique dependence on certain cellu larpathways
whlch pcﬁ:erﬁzla by renderthem sensitive to cerain treatments that

sroen | [ B

¢
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Scientific Foundation fora Human Cancer Genome Project

Genomic loss and amplification.

— Cohsistent association with genomic loss ﬂramphf(icatiﬂh ih rmany
speciﬁc regiohs, indicating tEat these redions harbor ke cancer
associated genes

Gene resequencing.

— SF&eci{ic ge he classes (suchas kingses and phﬂsphat]ses] i 3 ticalar
cahcer bypes.

Chromosome reariangements.

— Activate kinase pathways through fusion proteins ot inactivating
differentiation programs through gene disruption.

— Hematological malighancies: 3 single stereotypical translocation in

sorme disegses Csachas CMLY and 35 ma hy 35 20 imporant
translocations in others (sach 35 AML)

— Adultsolid ftumors have not been as well characterized, in part owing
to technical b rdles.

Epigenetic changes.

— Loss of function of tumor sUPp ressot gehes by epigenetic mc:dil'(ica{:ic:n
of the gehome — such 3s DMNA methylationand histone modification.
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Genomic Basis
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@_ The New Synthesis

!EE;E?:n | Selection ”

Part-lists, Annotation, Ontologies
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0 Cancer Initiation and Progression

Mutations, Translocations,
Amplifications, Deletions

Epigenomics (Hyper & Hypo-
Methylation)

Alternate Splicing

Cancer Initiation and Progression

Proliferation, Motility,
Immortality,
Metastasis, Signaling
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Amp| ifications & Deletions

o e Development of a

Colon ol \( Colon Cancer Cell

Morx 1991
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Human Genome Structure
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EBD
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o ). B.S Haldane (1932).

- "A redundant
duplicate of 3 gene
may acquire divergent
mutations and
eventually emerge as 3

hew dene.”

> Susumu Ohno
— "Natural selection
merely modified,
while redundancy
cregted.”
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Repetitive Random Eccentric GOD

> Genome Ordanizing Devices (GOD)

> Polya’s Urn Model:
o F's: functions deciding probability distribations

{ F1 {decide an initial position)

e
L

F2 {decide selected length)

F3 {decide copy numher}l

k copies { —_—

‘//4 {decide insertion positions)
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J.B.S. Haldane
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N1 were compelled to give
my owh appreciation of the
L::|L|tlorﬂ|| vy process. .., |
SHL_L|| d Sﬁfffhlﬁ I the first
place it is very begutiful. In
that hﬂuh there is an
element L::i'+|:-|qci Inan
evolutiongr Y lihe | |Iﬁlr1q from
SIIT"PlIu_IJEI to L_omHmH:v then
often H”Irﬂq back to an
apparently primitive condition
befare its end, we percelve 3n
artistic unity
"To me 3t lezst the beguty of
evolution is far more striking
than its purpose.”
> J.B.S. Hal;ia he, The
Causes of Evolution.

gl



Human Cancer Genome
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Cancer

Normal epithelial mucosa [l Neoplastic polyp

Made by A-PDF PPT2PDF



& A Challenge

~ “At present, description of a recenﬂy diagnosed
tumor in terms of its underlying genetic lesions
remains a distant prospect. Nonetheless, we
look ahead 10 or 20 years to the time when the
diagnosis of all sc:rmatica"y acquired lesions
present in a tumor cell genome will become a
routine procedure.”

~ Douglas Hanahan and Robert Weinberqg

* Cell Vol . 100, 57-70, 7 Jan 2000
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Karyotyping
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CGH:Comparative Genomic Hy bridization.

\/ﬁu rmal DNA

+ Cot1 DMA

abfrorosormal D MNA
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Equa| arnounts of biotin-labeled
tumor DA 3hd digcxigehih—h beled
hotma | reference DNA, 3re h}rbridized
to hormal metaphase chromosomes
The tumor DM A s visualized with
fluorescein 3nd the normal DN A with
thodamine

The sigha| inte hsities of the different
fluorochromes re quantitated 3 |n::|r‘,|g
the single chromosomes

The over-and uhderrepresented DMNA
seqmetts 3re qu3 ntified Ere
computation of turmotr normal Bptio

images ahd average ratio prmfiles



!@ CGH: Comparative Genomic Hy bridization.
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Hybridize to
500,000 features
microarray
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Statsitical
Analysis ChR Al , dti B 0
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¢ Compare the genomes of
diseased and normal samples

+ Error Control:

The use of representations
Addmenting microarr ays
Representations reproducibly
sample the genome thereby
reducing its complexity, This
increases the signal-to-noise
ratio and improves sensitivity

Statistical Modeling the sources
of MNoise

Bayesian Analyvsis



e Microarray Anahfsis of Cancer Genome
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chp-l'eser?tatl'gns Jre Itpl'odc.lcl'Hc
samplings of DA populations in
which the |'c5c||‘cl'r1.g DA h3s 3 new
format and reduced complexity.

— Weartay probes derived from low
cotnplexity representations of the
hormal gehome

— We measure differences in Jene copy
hatmber between 53 mp|es
r‘sﬁ:iﬂr‘r‘.ns{:rica||*}ar

— Sihce represenfations have s lower
hacleotide cclmp|e;~:ify than total
qenotmic DMNA, we obf3in 3 stronger
speci{ic hybridization signa| relative to
hoh-sp ecificand noise



: Minimizing Cross Hybridization

(Complexity Reduction)

Genomic DNA (250 ng) RE Digestion g
5 4 i ’ e
Nsp | Nspl Nspl Ardﬂptur |
PCR: One Primer Ligation
Amplification I
_— e
Complexity _—

Raeduction

J‘
Fragmentation “ "—
and End-Labeling —L _i

Hybridization
& Wash

.Il
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s Copy Number Fluctuation
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Oligo Arrays: SNP genotyping

o Given 500K human SNPs to be measured, select
10 25-mers that over |ap each SNP location for
Allele A

— Select another 10 25-mers corresponding to SNP
Allele B.
— Problem : Cross Hybridization
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— Using SNP arrays to detect Genomic Aberrations

> Each SNP “probeset” measures
absense/presence of one of two Alleles.

& IFa redgion of DNA is ¢

one or both alleles wil

o If 3 region of DNA is ¢

eleted by cancer,
be missing
uplicated /amplified

by cancer, one or both alleles will be

amplified.

> Problem : Oligo arrays are noisy.
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A |

90 humans, TSNP (A=0.48)

Alele B, o
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A |

90 humans, TSNP (A=0.24)

Alele B 2 7

0.5 i 0.5 1 1.5 2 2.5
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90 humans, TSNP (A=0.96)

A |

Alele B
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-
— Background Correction & Norma
Sl :

> Consider 3 denomic location L and two “similar”
nucleotide sequences s, , and s, starting at that
location in the two copies of a dip loid
genomes. ..

- Eq., they ma r differ in one SNP.

- Let B, and 6, hﬂ their respective copy numbers in the
whole qrﬂrﬁrﬁr‘rwﬂ and all copies are selected in the
reduced complexity representation. The gene chip
contains foul pl'czh.?a px = E-er.: Py, €51y Pue Py 7E G

- After PCR we have some £, - 0,
amount ’Wf f 5 Ia that is _f_"'r“r“'ﬂf-"r"r“f-"r“'f’il v to the pro h:
p,, etc | (22 K ) amount of DNA that is additio
Anhroximately ﬂr‘ﬂﬂ|&r‘r?erﬁa| v to the probe p,.
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— Normalize using a Generalized RMA

e

"=V -p,
= [0 6,7 = dyo.n (@ /D) /Dy (3" /b))
A+ BB /Dy /PO
+1by /B, 1)1
<A+ Dyyo,@/b)/ (B B I,
~-Wherea = U-p -a.6.% b =0, and
- =2 i =V +p] deontll = U+
wl)

-B_ =S bnn(ll, ~U+p 1)
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— Background Correction & Normalization

> I the probe has an affinity ¢, then the measured
intensity is can be expressed as

K 6, + K] ¢, +noise
[B + K'/K 1 ¢, + noise

- With Explpl + & 1], 3 multiplicative logNormal noise,
[p2 + & o2] an additive Gaussian noise,

and ¢, = K¢, an amplified affinity.
> A more general model.

=0, + K/K] ¢ er*scl + 2 + € 62

Made by A-PDF PPT2PDF



=, Mathematical Model

> |n palf’cicu|ar, e |1ave Fr::rur va|ues DF measured
Intensities:

. =10 ¢ +NJer+=cl +2 + £ G2
.= [N ] em+cl +2 + g G2

| =16,¢' + N ]Jer ol +2 +ec2
|, = [N,J] e¥*eol D + £ 62
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o Bioinformatics: Data model ng

e

> Good news: For each 25-bp probe, the
fluorescent sig hal increases linea |*|y with
the amount of complementary DNA in
the sample (up to some limit where it
saturates).

> Bad news: The linear scaling and offset
differ for each 25-bp probe. Scaling varies
by factors of more than 10x.

> Noise : Due to PCR & cross hybridization
and measurement noise.
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A Scali ng & Offset cliﬁfer

&
¥ 3C4

~ Each 25-bp sequence has different thermodynamic properties.

ing varies across probes:

> Scaling varies across samples.
— The sca hhing |3ser for different 53 mp|cs may have different lavels,

- Th-_:_ starting ClLA concentigtions m3y ._“Hi:fl'_: PCR may am p|l'1i;_fr
dl'hﬁcl'ﬁr?ﬂy.

o Offset varies across probes:
- Different levels of Cross Hybridization with the rest of the Genome.
o Oftset varies across samples.

- Different sample genomes may differ slightly (sample degradation;
Impurities, etc.)
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- Linear Model + Noise

i = gample

k = probe m probeset

FAM . = Obzerved DNA level
¢, = True DNA level

PM,=K,(N,+6,8 °*+C +5'c)
where

g,& are gaussian noise sources

o, 0, arenoise scaling factors
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S Noise minimization

Just estimate @, and parameters given PM
using Maximum Likelithood Estimate (MLE ).

This 1s much simpler 1t we have only one noise
term. We can approximat e with a single
multiplicative noise term :

PM,=K,(N,+06,¢, +F)e™™ +C,—KF
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& Final Data Model

A(PM,, +B) = (N, + 6,0, + F, Jo*
where
o, = st, &6, are thesame for all probes k m the
same probeset ;..
The corresponding probability density 1s :
2

—£,.°0 2
_ " € ik

P(PM,; |®)=- x
(PM, + B )\J275,"
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.T‘J MLE using gradients

Overall log likelihood (no priors) :
e Z log(PM , +B.)+log(s.t, )+
ik

g

A(PM . + B,
log® iy w0 ) ‘_f’(ZSi.Er;)
J

N + 0,0 + F,
For each parameter € € ®, gradient update :

AT /A
ol./d6
30— _

o i O A
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— Data Outliers

e

s Our data model fails for few data points
("bad probes”)
- Soln (1): Improve the model. ..
~-Soln (2): Discard the outliers

- Soln (3): Alternate model for the outliers. ..
Weight the data approprately.
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=, Outlier Model

P(PM )= wP(PM )+ (1—w )P, (PM )

where

P,(PM ,, )= Uniform Distributi on
w, = Prior probabihit v that data 1s NOT outlier.
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,F—-J Problem with MLE:
oo No unique maxima

The tollowing have no effect on probability :

l. Increase all F, and decrease all N, by C.

2. In any probeset ; : Increase 6, by N and
decrease N, by Ng,

3.Scale all 4, N, ,F.,6, bysame factor C

4 Scale s, and unscale 7, by same factor C

5.Inany probeset j: Scale ¢, and unscale
&, by same factor C
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-.fr-* Scali ng of MLE estimate

The MLE estimate of 6, must be rescaled :

r

6, =C,06,+D,
The correct scaling factors C';, D, cannot be

mferred from the data model.

However we can use priorson the copy number

6, and the relative frequency of alleles A and B.
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— Segmentation to reduce noise

> The true copy number (Allele A+B) is
normally 2 and does not vary across the
genome, except at 3 few locations
(brealpoints).

> Segmentation can be used to estimate the
location of brea kpoints and then we can
jverade all estimated copy number values
between each pair of breakpoints to
reduce noise.

Made by A-PDF PPT2PDF




Allelic Frequencies: Cancer & Normal

10
B
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| o Allelic Frequencies: Cancer & Normal

S

05 -
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-
S Segmentation & Break-Point Detection
Sl :

> Local Approach
- Change-point Detection
> (OSum, KS5-Test, Permutation Test)
> Global Approach
- HMM models
- Wavelet Decomposition
> Bayesian & Empirical Bayes Approach
— Generative Models
> (One- or Multi-level Hierarchical)
- Maximum A Posteriori
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S HMM
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Model with a very high
degree of freedom, but not
enough data points.

Small Sample statistics a
Overfitting, Convergence to
local maxima, etc.




HMM, finally...

Model with a very high
degree of freedom, but not
enough data points.

Small Sample statistics a
Overfitting, Convergence to
local maxima, etc.

[\

AN
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HMM [3st time

We will simply
model the
number of
break-points by
a Poisson
process, and
lengths of the
aberrational
segments by an
exponential
process.

Two parameter
model: p, & p,
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Advantages.

Small Mumber of
parameters, Can be
optimized by MAP
estimator. (BEM has
difficulties),

Easy to model
deviation from
Markvian properties
(e.g.,
polymorphisms,
power-law, Polya's
L like process,
local properties of
chromosomes, efc.)



o Generative Model

Breakpoints, Poisson, py
Sedmental Length, Exponential, p,
Copy number, Empirical Distribution

e L W, O

Amplification, c=3

e
I—

Celetion, c=0  Deletion, c=1

Made by A-PDF PPT2PDF



Segmentation Normal 7

Copy Number

+
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Segmentation Cancer -

Jzquunpy Adon
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Corrected
Segmentation Normal .
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{ Corrected
o Segmentation Cancer 7

LR |

Copy Mumber
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& Likelihood Function

o The likelihood function for first n probes:

* LCChy, oo iy By )
= Exp(-p;, n) (py, n)k
x (2 m 6?) V24" Expl-(v; - p)?/207]
» PE(#QIDI:QI}(’I_PE)(#IDGI)
— Where i, = n and i belongs to the it interval.

- Maximum A Posteriori a|gc::|*i‘c|1m
(implemented as a Dynamic Programming
Solution) optimizes L to get the best
segmentation

S LOCTy oy o, 1 o))
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i Dynamic Programming Algorithm

g

Generalizes Viterbi and Extends.

o

Uses the r:}p’cir"r?a| palar‘r?fiffilf, For the gﬁr?&l'a’r_h-’ci model:

o

Adds 3 new interval to the end:
S ATy e e ) O Ul B ) = (e M T B T
Par ) | |
|heremental com putation of the likelihood function:
o Lﬂg L({ i1, | 3 2 PR ik! l'l'k.- ik+1r | ))
= —Lﬂg L({ i1, | 3 ¥ PR ikr l'l'k>)
+ new-res./26? — Log(pyn) +(i 4 — i) Log (2nc?)

- I('ilv:+‘l - ik) [][glnba| L'Dg Pe ¥ ]I|nq| Lﬂg(1 - PE)]

o
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o Segmentation Analysis

NAME Algorithm Front-end Published

VMAP Bayes / t-statistic WEB Daruwala et al.
PNAS SciU S A, 2004

DMAcopy Circular binary R, Java Qlshen, AB et al.
segmentation Biostatistics, 2004
GLAD Adaptive Weights R, Java Lingjaerde, OC et al.
Smoothing Biocinformatics, 2005
CGH-explorer Analysis of Copy Java Hupe, P et al.
Errors Bioinformatics, 2004
Recent Willenbrock & Fridlyand, Bioinformatics, 2005;
reviews: Weil et al. Bioinformatics, 2005
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S Comparative Analysis: BAC Array

Segmentation Software Comparison of a Prostate Tumor
uslng a Roswell Park Cancer Institute 19K BAC array

s % G ~“
3 ,; A i ﬂ.;-}_

"-i
l"

jokBAC ;:
o (drop-out) i
w vMAP 11.2k-net : a GLAD
i Chr. 1= :
< 959 probes

DMAcopy
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=

g Comparative Ana|ysi5: NimHegen

4

)
Segmentation Software Comparison of a Prostate Tumor
using Nimblegen 386K arrays
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3687 probes
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| o Comparative Analysis: Affy 10K

Segmentation Software-Comparison of a Prostate Tumor
using Affymetrix 10K Arrays
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"o Simulated Data

> Array CGH simulations and an “ROC analysis”

- Using the same scheme as

¢ Weil R. L:1I ”allf D. Johhsoﬂ Fla|L| lnh_hﬁ||5|p“-.|t| and Petel
Pﬁll’_f’ 2003), "Comparative “-mahﬁlﬁ oi-a|qollthm£ for

I' ierﬁﬂ'Hlﬁq 1|H‘|P|H‘I-,_C11'IDI‘I'= and ic|ﬁt|oﬂ_5 Iharay COH datg,”

Bioinformatics, 21019): 3763-3770.

o Segmen’ced by Vmap and DNAcopy

> Vrap algorithm was tﬁstmf at 11 segmentation Pvalues of;
O.T, 5010 10="10 1010

o DMNAcopy algorithm was testﬁ_d at @ segmentation 3lpha
values of: @ 5, 1,102,103, 104 ..., 107,

> Analysis by Alex Pearlman et 3l (2006)
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| = VMAP

Segmentation w/Vmap @SN1:Wd40
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B2 DNACopy

Segmentation w/DNAcopy [@SN1:
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o Cancer Initiation and Progression

Genomics (Mutations, Translocations, Amplifications, Deletions)
Epigenomics (Hyper & Hypo-Methylation)

Transcriptomics (Alternate Splicing, pRNA)

Proteomics (Synthesis, Post-Translational Modification, Degradation)

Signaling
Cancer Initiation and Progression

Proliferation, Motility,
Immortality,

Metastasis, Signaling
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Finding Cancer Genes

L OH/ Deletion Ana

H‘:f,fpvc;-ﬁhfi:aizﬁ 3 T5G (Tumor Suppressol Gene)

\¥sis an3

\/SiS

Scote tunction for each possib

containing the TSG

e Jenomic region

- Evolutionary history
- Interactions

- Fargmeters

This score can be computed using estimation from
data and also prior information on how the deletions
arise. WWe use a simple approximation; we assume
there is a Poisson process that generates

breakpoints along the genome and an Exponential
process that models the length of the deletions.
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IS Genetics of LOH

Tumor suppressor gene

™

i Germline scenario #2
scenario #1 DNA
deletion mutation
\\\ ..a*“j
* I |+ wild-type allele . .‘T

Susceptibility

/NN
[ T N

2-copies
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— Relative Risl Score

(set of consecutive probes) we detine 3

o Fao
M ||t||:::~|rﬁ‘r. score quantifying the str Prﬁqth of gssociations
between disease and copy number changes in |

A)
A)
P(A_ | disease) P( »f_l)
disease) P(A}

wllew A 15 thf: event “I amphfied’” (for oncogenes) and

SUPPressor genes).
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—, Relative Risl Score (cont)

o The first part can be estimated from data:

P (A | discase) n,

P (A | disease) o

© Tl?E SSLUIIY partgepenrgs vir e /g I‘glhal
probability of amplification (for
oncodenes) and deletion (for tumor
suppressor denes)
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Relative Risk Score: Marginal

> |n order to compute the ma |*c_:]ina|, we rely
on the generative model assumed to have
produced the data, as follows:

— Brea kpoin‘cs occur as 3 Poisson process at 3
certain rate 1, 1,

- Ateach ofthese bre; kpoints, there is an
amp|iﬁcafion/de|e’cion with length
distributed as an Exponen’cia| random variable
with parameter 2,, %4
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- Relative Risk Score: Marginal

> Assuming the generative process above, we can
compute the second part. It depends on the
parameters of the Poisson and Exponentiﬂ
random variables. These parameters are estimated

from data.
% =gl G-
; _ Ty i —#(G_b}e-m—ﬂﬁ—f; =
1. P(Ja.b]amplitied) =1-e g 4
[_g-ta | g ALG-2)
: —p(G-b
. T o 8 O [ (R U T 1 EJ—,u(b—.:r}Er #a 7 A P #e ) 2uaiG=h
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| Prior Score

Added prior score as a function of interval length Added pricr score 25 2 function of interval length
. I
i ' W]
| § -
3 i /
WooBe  ex W W ®
Lengh & rievi: b=
— I
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= Finding the Cancer Genes

> So far we have shown how to compute the score
for a certain denomic interva s
Intervals with high scores are interesting
— Given 3 larger genomic region, for example 3
chromosome arm, we compute the scores for all

possible intervals up to a certain length

— The maximum scoring interval in a region is the most

likely location for a cancer gene
> We propose two methods to estimate the
location onossiHe cancer denes in this region:
The Max method &
The LR (left-right) method
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o High Scoring Intervals

e

o H I'c_;]h SCDI“ir}P intervals are obvious
candidates for cancer genes.

- We assign signif:ica hce based on the estimated
number of breakpoints in a genomic region
with h g h score.

- We obtain an approximate p-va|ue using
results from scan statistics.
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Finding the TSG

e Max Method: choose the maximum-scoring interval as the candidate tumor
suppressor gene: namely, that interval I with maximum RR, ;.41 In @ genomic
region of interest (e.q., a chromosome or a chromosomal arm) is the most
plausible location of a causative tumor suppressor gene

« The LR method: estimate the left margin and the right margin of the tumor

suppressor gene as follows. We assign two scores, SL, and SR, to a marker
x £ [, G, The former, 5L, is the confidence that the point = is the left margin of a
tumor suppressor gene and the latter, 51, is the confidence that the point = Is
the right margin of a tumor suppressor gene. These scores are defined as follows:

S = J..%-, BB A
where I is the set of intervals that have as the left margin marker ». Similarly,

SR,= ¥ RR

TR, T |-!'|1'h:'| ]+

where TR, is the set of intervals with the nght margin .

« Using these two scores we can oblain an estimation of the true position of the

prommer mumeenonar mone oo folleees Ao aft (respectively, nght) margin we choose
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‘@ Model Simulation

311, Model 1. In the first model, there is only & TSG [300,350]. All people are dissased
trsczause of homaoz ypars deletion of the TSG

FiougRe 1. Modal 1
w0 Estimation o Posian of TSG -madall

M B




|
Model Simulation

114, Model . In the fourth moded, there are 2 TSOs and 50% of the people are dsmsed
hicause of homozvgous dadetion in the firsn TSG and the other hall are dseased bacase of

bomceygous deletion in the second TSE.
Frauie 4. Medal 4

Exsfimation ol Posiion of TSE —madeld
1 1 Li 1 1 L]
MTMGL!

1400 T T
e TEE1={300 350
ol TEG1=| 271 331]

12000 - I?;:;‘__-

| ,.
| ' \

4000 - | Eﬂ

a8,

2000+ | ;
{ S
400 500 600 N0 B0 900 1000
TEENE Along e glndeil
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Sign iﬁ'ca nce Testing

> We now know how to estimate the most
likely location of 3 cancer gene in 3
denomic region of interest.
- Call the interval I,

Is this ﬁnding statistically sig nificant?
¢ We rely oh an Empirica| way to compute
an approximate P—va|ue
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o Significance Testing (for TSG)

o The P-va|ue s estimated from the
observed distribution of brea kpoints along
the chromosome

- Intu i’cive|y_, inthe null hypcﬂ:hesis, which
assumes that no tumor suppressor gene
resides on the chromosome, the brea kpoints
are expected to be u hiform ly distributed

— Howevetr if indeed lisq Is @ tumor suppressor
gene, then its neig hborhood should contain
an unusually large num ber of breakpoints,
sighifying a region with many deletions
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-:—-* Scan Statistics

o 1 N is the total num ber of breakpoints on the
chromosome and k is the number of
breakpoints in I, then we can compute the
probability D(DI'*SEI‘VII'TQ k out of N brea kpoints
in a window of length ||tsg|('=w} if these
breakpoints are un iform ly distributed > p-value

P(S, zk)= (bw™ — N -Db(k: N.w) + 2G, (k: N,w) where

N
bl N,w) = Clnkw® 1-w)" ™ and G, (ki N.w) = > b N, w)

i=k
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Scan Statistics

p=values for (k=#breakpoints in window, w=size of window)
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Simulation Model

Pre-cancerous Cell with a Causative
Copy-Number Aberration

Random Copy-Number Variations

‘g

mmmoooQo
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S Results — Simulated Data

> We simulated data on diseased peofgh assuming different scenarios.
Wevary the relztive proportions of types of patients Ih 3 s3 mp|c__:
some patients 3re diseased because of homozydous deletions of the
tumor suppressor gene (3), other because of hemizygous deletions
(b) and the rest are diseased because of other causes (c).

+ We megsure the p&l'i:c::l'mar?::e using the Jacaard measure of Dx-*f-_l'|:1p

between the estimated TSG and the trae position:

B e T
JED = o7
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Results

BMEncdied  Jaccned M. LR Jaceard B Miax Sstiviey LR Sensitivity Moo
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o Lung Cancer Dataset

o Dataset of Zhao et 3l. 2005

-70 lu ng tumors
- DNA copy num ber cha nges across 115,000
SNPs
s First, we infer the copy-nu mber values at
these probes and decide which of them are
deleted or amp|i1(ied,..
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=, Results

e

> Most of the regions detected have been
previously reported as implicated in lung
cancer (e.d. 5421, 14q11).

> Most significantly, some of the intervals
found overlap some good candidate
denes, that may play a role in lung cancer
(e.q. MAGI5, HDACIT, PLCBT).

o Also, the redions 5425 and 9p23 have
been found for the first time to be
homozygously deleted by Zhao et al.
(2005).
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B Chromosome |Comments
1p15.2 MAGI5
5p25.1 HDACT1
3425.1 Homozygous Del
44541 Del Lung Cancer

TSG |- i1

54213 Del Lung Cancer
16q24 CDH15
17421 BRCA1 HPACS
19p15.5 LKBT
20p12 PLCBT
""" "l Lung Cancer
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Chromosome Comments

5428 Over-expression in LC

5p15.3 LOC589267 (similar to
Onco- M
gene |6p225

8q24 PVTI/MYC

Tp15 OR51IAZ

12pT Amplification in Zhao et

al. (2005)
20q11.23 Amplification in Zhao et
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| Copy Number Data

Histogram for CN values in 70 lumors
.g- I [:& :‘i’:'"::“

M,
_'l‘_.

i '
il —lll_
'.L -'I-"-.
i =
5 Ly
;- i h
af \
i
LY
&5 - 1Ll
=32 = 1

e =0 03 o) 45

Made by A-PDF PPT2PDF



. All 70 Patients

T [ g L] B R o s _' ey el Lol
i : ¥ = i B ' I8 I ¥ & 5 L i E i i
A TLA LA LA LA LA A LA LA LA 1A LA
. 7. a1l o imrja il .;.--:,,.u [ETFTFe] [E T AT .-.-\.u Lot cen PR | e

e - _— - =7 - Lol o [ ] et =t o
[ L L L 1 13 ¥ ! i [ [
A LA LA A LA LA LA LA LA LA LA

HE s o [ ] bt fampan [ ey el Lt b Lt

=) 3 i Ll . Lo - - P o par
I I [y T ; I+ {1 ) ; v
1 1 --i . 1 L s | I 1 Is “1 . Il i
4 A Vo e 0 - 1 4 - g i i HE R . E ’ ' ¥
. L i L Ll i Ll wET e e L
o L [ = [ =4 Eix e - il _—
) . " I 3 or] P 14 | i |
L R |3 | J b { 1 'R 1 i i |
I'}I-Al-l '-'Li*l‘ﬁ I"l-*ﬁ iI-I*l'— ! l—L‘ :EI'A'H I L—*ﬁ‘ ] !At :Im‘_\ | m‘. :-m g
- " by 1 1 . 1 - ¥ i r
i 440 : . [ 1 44 [ [ o ' i\
i bl . T tenig s e deini g [ s s Hm paile

L = L Lo ' L1y will (L1 il i E-t) | =
. 1 ] . " P i
ki Il LA 1! 1§ [ 18 b | 3 I it |4
§V WLV SV WP WLV Wi W £V WLV LV . a
Ll ki i i e il e P L dzar 4 il nmiaE
p e ar

Made by A-PDF PPT2PDF - - [l (1 (LA

i




Breast Cancer Dataset

o We
on
=

-

tested our algorithm on a real dataset
breast cancer (Pollaclc et. 3l 2002).

1e dataset consists of DNA copy hum ber
1aNges across 6,691 human denes in 44

primary breast tumors and 15 breast cancer
cell lines.

- We detected several interesting regions, many

o

fFwhich have previouﬂy been imp|ica’ced N

breast cancer or other cancers.
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Results-Breast Cancer

Chromosome  Exact interval pevalue Previous findings in literature

1g24.2 165.9 — 166.0ML 4.5 107"

p24.2-2p24.3 158 Mb 13.10°°

425 1121 = 112.7Mb - 8.6 107" _harbours TSGs (Wang et al., [16])

Gpl3.2 HE-353Mb 5107 _del - Bladder C. {Bochm et al., [1]};
DOCE = a putative TSG in Ovarian C,

Gp25 542 = T2Z3Kb 61077 —del - Cervical C. (Chatterjee et al., [2]

Tpld.2 36,40 - 36.44Mb 100 -del - Breast C, (Kurose ot al,, [9])

11g12-11gq13  G1.8Mb TR -BRMS1 - metastasis suppressor gene maps to 11g13
-putative THG located in this region
I:I'."';'l'-ﬂ__-'l'”f(-n'-f'nh [Hlu.uuu; el al., [IR]J

16pla.3 Ml = 381Kh f.4-10°" -TSC2/PKDI region del in Breast C. (Lininger ot al., [11])

ITpl3.d T.82 — 7.2TMb 3. 107 SIPRE, GABARAP Ifra']j map to thi= region

18pl13.13 12.00 — 12.04Mb 4. 1072 -e] - Breast C. {Yang et al., [17]}

20pl2.5 8.20 = 8.36Mb G-107" el - Breast C. (Li et al,, [10])

22q12:2 2980 — 3JADME 71077 del - Lioklastomas and others; putative TSG on 22q12.3:
TIMPA (Nakamura et sl [12]);
M2 |_I|1-11:I"I:|§||||.‘|r||mr-u=t5|.- T on Eﬂtil?.',!

!{;E.L.‘-L:lzﬂ 119.8 — 121.3Mb 1.8 107 a:':ql'l-.’] del in Brease O [ Plao and Malkhosvan, [IH]:I

Talille 4: HEIEH“I.L:H.I:IL Dieleded Hl-lu;hllm on the Real Datased, Polnbwise i:l-'..'n.l.llt-e- e Hi."."l.‘ll.
for each region. Im order to obtain a chromosomal povalue of 005 using & Bonferroni

ultiplied B 10
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o Extensions

> Combining with Gene Expression data

- Uses 3 pa’chway model (Inferred with 3
Truncated Stein Shrinkage)

— Uses Scan-statistics on 3 gl'aph to determine
genes associated with CNVs, cascades in
pathways, & "Others” (mutations,
translocations or epigenomics)

> Generalizes to other datasets (e.q.
proteomics etc.)
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S Software Architecture
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B Current Implementation

> NYV Array CGH
> Agnostic to Technology:

— Works well for BAC array, ROMA, Agilent,
Affymetrix
~ Raw Affymetrix data is noisier, but our new
algorithm for “background correction and
summarization (BCS)" makes Affymetrix-data
signiticantly better,
o Scalable: Fast imp|emen‘ca’cion, with visualization
and integration (Publicly Available)
¢ Generalized Global Analysis (LOH analysis,
detecting TSG and oncogenes)
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o Display

Chromosomal Segment (a,b)

i

Score, p-value,

for TSG or i
Oncogene i
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Preliminary Analysis

¢ 2232550895 33077888; pvalue: 1.310680e-01

- LARGE like-glycosyltransferase

GOOD CANDIDATE ¢

~ “The function of this gene has not et been
established; however, it may invclve 3 role in tumor-
:Jpeuha Jenomic |e3||’1rﬁ4firwﬂrﬁt Mutations in this
gene may be involved inthe development and |
progression of meningioma through modification of
gar?gheﬁide composition and other gl -_J
molecules in tumo |

r-\_l-._._-'f

— http.//www. nebinlm.nih.qov/entrez "uIL|P|”1LuJ| !db=¢
erefemdzratiiove S dopt=tull_report&list_uids=9215
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— Preliminary Analysis

o 95890426 6019644 pva|u e: 4+ 344025e-44
- MLANA me
3l
— Entrez gene;
http.// wnw, nebinlm.nih.gov/entrez, 'query.fegiddb=q

ene&cmd=retrieve&dopt=tull_report&list_uids=2315

= Paper T."Manly esablished clar cell mrcomm (malignant mehnons of soft pars) cll
lina axpressing melz noma 3ssocizted Mealan-4 3 itigen and overasprassing C-MY T
ohcodehe. *——7 Melan-A is expressad in = rcoma ¢

& thP:,-'r,-'rl."'-.l."-.l."-.l.I'.ICbi.I'.IlIT.'.I'.Iih.gmenfr'EIfquEW.EI_jidePﬂbMEd&CFﬂd:REEHEUE&.’“SE_E-IHS
=2 2200

an-A

- If_':'|-f 15 (nC

¢ Paper 2:*The lack of melahonm - ssocisted 3 mtigen [ MAA) exprassion ha= basn
amociatat withthe redoced ovenll sowival in melanoma patients

e — |ower axkassion —-+ lowaer sawival ite
& bt/ fewans ncbi nlm.nib gov/ent hez;"::[u..-zﬂj.f.{'T::E]i!".:H::'=P.:Jl:.'-.l"v“lnac}-;'.ﬁ.'crm:}= Ratrievaklist nids
=153 5155
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Preliminary Analysis

> 15 63803230 63817520;pvalue: 1.433303e-33

- DENND4A DENN/MADD domain containing 4A
- “c-myc promoter binding protein”

- interacts with TP73, tumor protein 73
~ http.//www. nebi.nlm.nih.gov/entrez/query.feqitdb=g
ene&emd=Retrieve&dopt=full_report&list_uids=7161
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Enmusme 15, ~86Mb
- Example
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Dat3

> 14,145 genes
> 1,975 microarrays

* spanning 17 categories (according to the

condition they present)

Stimalated PEMCs
183 (5%}

Samidaiad immuna
53 (3%

NGB0 152 (MG} L
f

e
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Data (contd.)

¢ 2 849 bic:.-|c:.~c_:]ica||y mea ningfu| dene sets
— coexpressed genes
- genes E}{PI‘ESSEd In specif:ic: tissue types

— genes belonging to the same functional
category or pathway

Made by A-PDF PPT2PDF __"*~




o Computational Pipeline

14,145 genes, 1,875 amays

+ Find amays whane Find Find arranys whers
E npreession gene sats changs undeying modules changs Find signilicanthy
data | sgnsicantiy [paTEs significanthy enrched aray condilions

¥E, amays Wh. AffAYyS condMions

> Gene sels | » Modulas ) Modulas » Modules vs.

T s ) 1]
Gane sets  — WL 2 A i)
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S Step 1

> Find arrays where gene sets cha hge signiﬁca nﬂy

= 0
" 8 B
[T T BT
¢ 2 @ @ @ © 9 @ & & &
5 5 5 668858 O©OCOP
8 0 O 8 8 4 O 4
Gane et 1
Gane sal 2
Gane set 3 r-l

Array 1
Array 2
Array 3
Arfay 4
Array 5
Array 6

Repressed Iruchaced
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o From Gene Sets to Modules

s Gene sets reflect biological modules only
approximate |y

> Only a subset of genes in a set may
contribute to its expression signature

o Different gene sets may have similar
signature across the 3rrays
= Ov&rhp btw the gene sets
- col*eguhtion r::-Fnc:-aneHaping dene sets

o Module: combines several related dene

sets
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—

| = Steps 2-4

> Find arrays where modules change significantly
> Find signiﬁcan’cly enriched array conditions

T
5 8 B
Maosdule 1 f ™M W B Bk E E E
EEECE E 5§
O oo @ o L T TR
- o oMm
- - @ G el 1
$ 8 8 & :
g 4 & eng sal 2
o oo P
AITEY 2
ArrEy 3
Arriry 4
r1 L4 J-'-'r-?l!.l."l )

Moadule 2

»> Gene sat 3 - E E
- ] Repressed Itiduced
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B Modules and Conditions

e

o 456 statistically sic_:]niﬁca nt modules,
spanning varlous processes and Func’cic- ns
- metabolism, transcription, translation
- gl*ow’clu cell cyc|e_, apoptosis
o 265 biological and clinical conditions
— tissue and tumor type
- diagnostic and prognostic information
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Signalingé
growth reqalation
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— Some Observations

> Some modules are shared across multiple
tumor types

= CE” CYC'E
¢ Some modules are more 5|:>eci(ic to the
tissue origin or progression of particu lar
tumors

—modules related o neural processes are
repressed in a su bset of brain tumors (relative
to other central nervous system tumors)
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Examples

o Related modules such as cell cyc|es modules (3)

> More specia ized modules such as gl*-:::rw’ch

requlatory (b)
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—, Uses of Module Map

o Characterizes each condition by 3
particular combination of modules

o |ndicates that related conditions involve
related modules, although in distinct ways
— the pattern of involvement separates di'FFEI*E nt

tumor types and subtypes

o Gives important insights into the
mechanism underlying specific
malignancies
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Growth Inhibitory Module

=

> Responds sic_:]nh(ica ntly to one speciﬁc
condition:
— acute Leukem ia

N T ¥

12

| 1 = Two-component signal transduction system (phosphorelay)
2 - MAPKKK cascade

E— 2]
{Laukamaa’)

MAPIKTIP
ADORAZE
KOMNM2
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S From Module to Pathway

b m&al
|
1
%
MmekKs ||mapakzie1| |pusea| |ou

=
-
-y

—pe  Direct actvabion N

e Direct inhibition h INK

= = =g INdirect activation

[ ] Growth suppressor o e
- |f.ﬁ.pupln;Tp ”#I:ruhlaratlnnh“

[ 1 Module genes e sy g, e
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= Bone Osteopathic Module

T

> Responds sic_:]nh(ica ntly to multiple
conditions:
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o Take aways

> Provides global view of cancer

o Shows Tumors can be characterized l'vy
combinations of 3 relatively small number
of modules

> Uses existing biological lknowledge
directly, in ﬁ?e form Gfgene sets 3nd
c|inicarannm‘catic::- ns
s Provides a valuable tool for understa nding
the molecular basis of cancer
- spechcic tumors
- tumoridenic brocesses in general
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o Redescription mining

e

* Qur own expressive alc_:]-::-rl"chm
(CARTwheels) for relating biological
vocabularies [KDD 2004]

> Input

- Gene set
- Gene subsets (multiple vocabularies)

> Qutput
- Equivalence relationships
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To be continued...
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