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New drugs vs repurposing
Why

repurposing?

$H -

@@ KNOWN UNKNOWN

Success Rate Success Rate
1/10 1/10,000

Safety Safety
VS

Years to Impact Years to Impact
1-3 12-19

Costs

<$500,000 / Costs >$1,500,000,000
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Central dogma of molecular biology

CENTRAL DOGMA : DNA TO RNA TO PROTEIN g C 38

Protein
Transcrlptlon
Translatlon
Reve rse
transcription

Repllcatlon
Francis Crick in 1957
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Genes

DNA contains all the information necessary for the
functioning of an organism, in segmented units of
information called genes. Genes are the basic units of

heredity. A gene contains the information for the synthesis
of a protein.

https://www.youtube.com/watch?v=5MQdXjRPHmMQ
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https://www.youtube.com/watch?v=5MQdXjRPHmQ

Genes and evolution

* Genes and evolution )

e https://www.youtube.com/watch?v=G4VINRUe o4 fs"“

Deletion »

* Types of evolution

e E.g. Point Mutations DAL DA SRS %
%
e https://www.youtube.com/watch?v=DlhpvcgK >8&t=8> %
® Dupllcatlon Oebase is a&&ed.

e https://www.youtube.com/watch?v=G4VINRUe o4
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https://www.youtube.com/watch?v=G4VINRUe_o4
https://www.youtube.com/watch?v=G4VINRUe_o4
https://www.youtube.com/watch?v=DlhpvcgK_28&t=82
https://www.youtube.com/watch?v=DlhpvcgK_28&t=82
https://www.youtube.com/watch?v=G4VINRUe_o4
https://www.youtube.com/watch?v=G4VINRUe_o4

Human Genome

Noncoding Pseudogenes
—  DNA Gene fragments
810Mb .
Introns, leaders, trailers
Genes and gene-
related sequences
900Mb Coding Single-copy genes Tandemly
—— DNA - ‘ [ repeated
90Mb Multi-gene families =
— Dispersed

— Regulatory sequences

Satellite DNA

N Non-coding
Repetitive DNA tandem Minisatellites
420Mb repeats | Microsatellites
Extragenic DNA Genome- — DNAtr
L wide ansposons
2100Mb interspersed LTR elements
repeats
— LINEs
— SINEs
Unique and low-copy
number
1680Mb
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Human Genes

* About 3% of our DNA
* Average length of gene: ~ 8,000 bp
® About 5_6 exons/gene gene (DNA) exon exon exo exon

: n (0
——intron ——intron ——, intron ,——,

* Average length of exon : ~200 bp ‘promoter } wanscriptin

ANA ————————————

* Average length of intron : ~2,000 bp

{ splicing
MARNA | ——
‘ translation

* ~8% contain only one exon

* Some exons can be small 1-3 bp. e R R
| ez ) W\ 4/ /f»."}"[

NN
< [ NI e 74 7 h | .‘-:'. ".'\;—_*.'-':’
chan & &)™ (J "L

~ posttransiational
modification

protein

© 2008 Encyclopaedia Britannica, Inc.
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Measuring Gene expressions - Microarrays

Treated Cells Control Cells
Hybridization & Scanning
cG.C e LASER scannin
Cer @ Ce @ Cells in .
= x Condition A
i3
(
l DNA or RNAis l - ({*(J
isolatedfl‘om hmh ( ({-..\ ............................................................

Samples 5‘“‘"‘:‘“‘
(e ,

fluorescently IIlllllu[]“

Cys labelled cDNA or

1A L) samples, & ' )
transformed and ‘\f mRNA ¢DNA —’;ﬁ .'.._» :
amplified into \ ; i_mm’ = <

cRNA and labelled o § :
with flourophores Cells in :
/ Condition B : B

2 § '% » H
Image Analysis : p =T :
Labelled cDNA L - :
from control and : © :
test samples are Raw data Quantitation Gene expression : / g :
mixed matrices Data matrix : // X O :
Amray scans Conditions S Gane” .
l § tation Gene expression !
Mixed Labelled evels
cDNAis : :
hybridised onto : :
the microarrays H : : :
and scanned ‘ Gene Expression matrix :
LR CETTPTPTTPIPEN

Image Gene expression

quantification and Leveis
data analysis of
microarrays

Biomedical Informatics



Measuring Gene expressions — RNA-seq

= re=N

Ny
Cell or tissue sample

|

NN AAMMAAAA
s
Cellular RNA
Microarray l RNA-seq
approach ! approach
Labelled cDNA or RNA R
w - cDNA or RNA
Probe - ‘\
Infer presence (and relative Sompare with faget
uantity) of transcripts gem tor GEromes),
q y P and enumerate sequences

Analogue quantification

Nature Reviews | Microbiology
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Differentially expressed Genes

Microarray RNA-Seq

Hybridization. '

Scanning images. Sequencing.

Quantification. Base call.

Raw intensities I I Short reads
Preprocessing: Alifgned to
Background correction, ll'(e erence ?eno;ne,
Normalization, known isoform & exon-
Summarization. junction sequences.

Transcripts (continuous) Transcripts (counts) ranscripts

| Statistical analysis V—’l }—1 Statistical analysis |

I Expression levels of I Expression levels of |-' Novel |
t

Differentially
expressed
transcripts

Cellular
functional/pathway

analysis | | | |
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Analysis of gene expression

* (lassification

Genes that can discriminate Identification of new genes with the
phenotypes same patterns in specific phenotypes

[ ]
— W 1 i X
~9 R

f_Armslmng, Nature Gen 2002 - .. Alizadeh, Nature 2000
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| ProTein [

Gene products
carry out cellular

function
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Gene Expression Expression
profile level

G1 OFF 0

G2 ON 30

G3 ON 20

G4 OFF 0
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HEALTHY CELL CANCER CELL

Gene Expression Expression Gene Expression Expression
profile level profile level

G1 OFEE 0 G1 OFF 0

G2 ON 30 G2 ON 30

G3 ON 20 G3 ON 20

G4 OFF 0 G4 ON 20
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Motivation

Genes can be key to understanding what goes wrong / or get fixed under
certain condition (cancer, stress etc.)

In other cases, these genes can be used as ‘features’ for a classifier.

These genes can also serve as a starting point for a model for the system
being studied (e.g. cell cycle, pheromone response etc.)

Our goal is to identify the ‘real’ differences, that is, differences that can be explained by the
various errors introduced during the experimental phase.
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Sorlieetgl

Gene expression patterns of 85 experimental
samples representing 78 carcinomas, three benign
tumors, and four normal tissues, analyzed by
hierarchical clustering using the 476 cDNA
intrinsic clone set.

(A) The tumor specimens were divided into five (or
six) subtypes based on differences in gene
expression.

(B) The full cluster diagram scaled down. The
colored bars on the right represent the inserts

presented in C-G.
(C) ERBB2 amplicon cluster.
(D) Novel unknown cluster.
(E) Basal epithelial cell-enriched cluster.
(F) Normal breast-like cluster.

B 5 > 52 11 2 M > 8

(G) Luminal epithelial gene cluster containing ER.
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The Challenge

Data Analysis Across Multiple Dimensions of Biology

Systematic Generation of Novel
Biological and Therapeutic Insights

N
Find genes
: implicated in
Disease di
isease J
Processes f
N
Identify related cellular
Cellular processes, pathways
Processes o 3 : 5
APOPLOSIS ANgliogeness l
N
Generate hypothesis
Molecules of molecular
mechanism J
Experimental \
Platforms Informed in vivo, in
vitro assays )

Expression Arrays Proteomics Traditional Assays
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Genomic data sources

The two of the most important:

Gene-expression experiments

Molecular pathways and gene regulatory

networks (GRNs)

P33SIGNALING PATHWAY

DNA damage ——
Nuuition ,__
deprivation " g.

. s

Heatlonld __ M " \\
N i T e oxide
- “ \
Ay
Stress signals Onpogens activation ~
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Y

e Glamest
(sustained)
imadiation ,
v ~
~
Uv\\\ .
GEnoxic iy o 32 amest
dmgs Tl 1 {sustained)

Response

b celleyk et

/: : Apoptosiz
|

o Inhiition of sngiogenssis

and metastasis
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Inhibition of
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Biomedical Informatics




mwﬂay analysis - Problem definition

cases

POS

NEG

Genes

Initial expectation: microarrays would reveal specific
gene signatures for various phenotypes

IL-IR

But it seems to be bounded to a number of limitations
mainly because of the complexity and the individual
variations and heterogeneities associated with the
induced gene-signatures

__POS : NEG
Sub-Paths i
casel | case2 | case3 ! cased | caseS Barabasi et al*: “Given the functional interdependencies
i between the molecular components in a human cell, a
IL-IR>TRADO disease is rarely a consequence of an abnormality in a
single gene, but reflects the perturbations of the
¢ IL-IR>TRADO--|FLIP % . .
complex intracellular and intercellular network that links
. n”
IL-IR>MyDO8 tissue and organ systems.
IL-IR->MyD88->NIK

* Barabasi, Albert-Laszl6, Natali Gulbahce, and Joseph Loscalzo. "Network medicine: a network-
based approach to human disease." Nature Reviews Genetics 12, no. 1 (2011): 56-68.
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MinePath flow of operations

Data Collection

Pre-process

Annotation

Combine sources Analyze Data Visualize
. . AL ) & N B
( Microarray > Discretize ( =
SubPathArray Explore
Enrich network
' [ Normal TR
with MA data R = o
"._-.,"_1--‘ .-.I—.l‘T plj1 |1 |0(0[0]|0O =
’-t£}<% md e
e ] o T paf1l1|1]ofo]o
- pNj1|/0]J1/0]1]1 i
Pathway(s) Decompose (T
= - a. - | Clone
— | multi-probes
. X AN AN Tas Pad .
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51[525354 /55|56
A=>B of1]of1]1
A=>»B=>D ol1]of1]1
A=>B=>D—{c[1[o[1]0]0]0

The result is an array of sub-
paths with binary values for every
sample in the form of a

discretized microarray /




ErbB signaling pathway (KEGG)

EFBB BIGNALING PATHWAY |

CAME

— = Cellular targets

— —® Cellular targets

_ Receptor __ _ ;
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— Common sub-pat

Sub-paths which are
always activated may
fill-in the gap
(functional interaction)
between two sub-

paths and reveal a
complete  functional
and biologically

valuable route.

Colour coding:
e Red: sub-paths active at class 1

e Blue: sub-paths active at class 2
sub-paths that are
always active.

B
PREKCA

CRK ABL1

[NCK1 [——s{PAKd. | MAP2KF———~{1APKE]

REH
[ERes3] STATSA|
. MTOR Protein
-—> synthesis
== Cell survival
PIK3R5} AKT3 1’:\ — > Metabolism
Eéﬁl—!d - =3 Cell cycle progression
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Merged ER datasets & 14 cancer
related pathways

Load/visualize ErbB signaling
pathway

Double the thresholds (ER+ from 6
to 12, ER- from 8 to 16 & common
to 90%)

Delete inactive genes and
relations

According to the literature, the
results are quite relevant to the
estrogen-receptor status.

Hutcheson et al*: “..fulvestrant
treatment is sensitive to the
actions of the ErbB3/4 ligand
HRGb1 (NRG1) with enhanced
ErbB3/4-driven signaling activity,
and significant increases in cell
proliferation ..

M Inbo x
& - € [[) minepathorg

»  MinePath

2 | controls
5

Pathway
tmp/1410877039243
Micrarray file
4ERdatasets.txt

Class |

lName ERpos
Coding Red
WMean 6
55
Win 5 Max 28
Viewing : 21 sub-paths
& 16 reactions.
Sub-paths to view
i

Class 2

Name ERneg
Coding Blue
Mean 8
St 6

* | Min 5 Max 40

Viewing : 22 sub-paths
& 15 reactions.

Sub-paths to view
i

Overlapping Red 8 Blue
Coding Magenta

3 Overiapping edges.
[T Hide common Edges

9%

Viewing : 6 sub-paths &
reactions.

Sub-paths to view
I

Association/Dissociation
edges.
[C] Hide Edges

Change Pathway

Summary

(i Xpny X 5021 x

[ Ngin x 1 F] Gene x ¥ [@1uzq x ¥ M M W Bxpe x ¥ [ CON [ con [} Cont x ¥ [E] CON x ¥ &F C & N [Econ x { ¥
0 =
Viewer
:,:j::jﬁfEErbB signaling p;h;v;)z:t'z
(E’/ancrealic r.am:e\‘r}
Cafcium signaling patiijay I
T Cotz45 00078 AMK2A Nmm\—/smaH cell lung C%cer
[PLCG1} T
Coates [PRKCA]
CBLC
STAT5A
SRC PTK2
CRK ABL1

M/(P:k signaling pa{ﬁ@av

HRAS

STATEA|
[MTOR
: L‘\1¢|F4EEF|\ _—

mTOR signaling pathysay

(  clioma )

GSK2B —

BAD |
PIK3R5 | G06981—» [ AKT3

EDkNTE — —
PI3K-AK signaling pathivay ( celleycle ) Endometrial cance)
" KNI "~ ~
- X,
- o+
A=)

Exploring ErBb for the 4ERdatasets using MinePath

* Hutcheson, L.R,, et al.: Heregulin betal drives gefitinib-resistant growth and invasion in
tamoxifen-resistant MCF-7 breast cancer cells. Breast Cancer Research 9(4):R50, (2007)
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_ eatiikiie ——

extra- membrane intra-cellular
cellular

ErbB-1,2
HER2/Neu

a differential route for

identified by MinePath

DKN1A
mTOR
/ pathwa
,@PSGKB |

MTOR
Epidermal £IF4EBP

Growth Factors
..x- Cell survival
---x_ Cell cycle

progression
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¥
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ER+

extra-
cellular

BTC

membrane

INRG1

[NRG2|

EGFR

intra-cellular

GR

B2

ErbB-1,2
HER2/Neu

ERBB3 GA

B1

\

Epidermal

Growth Factors

y

PIK3R5

a differential route for

identified by MinePath

Cell cycle
x"' progression
O ...
- ' mTOR
pathwa

Protein
synthesis

CDKN1E
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Craniosynostosis (GSE27976*)

® 199 patients compared against a control
population (n = 50)

MinePath identified Rap1 signaling pathway as

one of the most discriminant pathways and the

most informative for Synostosis:

CSF1->CSF1R>CRK>RAPGEF1->RAP1A>AP
BB1P>TLN1->ITGA2B leading to Focal
Adhesion

e Stamper et al*:

«  FGF7/CSF1 (the most discriminant gene)

« Focal adhesion pathway (the most
discriminant pathway )

CSF1->CSF1R->CRK->RAPGEF1->RAP1A->PL

CE1 leading to the PI3K-Akt signaling pathway.

e Dufour et al** identified that PI3K/Akt
attenuation plays important role in the control
of osteoblast survival by FGFR2 signaling
(member of the fibroblast growth factor FGFR
family).

dlion

Viewer

TITLE Rap1 signaling pathway

R |
ENRN | [GNAIT
[ 00935 101 |—[THBST)
1 !
[ |
11 Reguiation of actin cytoskpleton
H R@s signaling N’f"f“) B RAIA | " ¥
Pl — =5 :
11 [MRAS —RAPGEFE [ RACT | - ——
Focal achesion
[ |
1| = e ad! N
1
Ger{s C0R076 CORQT6  CALMLE z HAPIGAP /“N’ e GA28
T DOCK4 ’/r
[ X BIPATLT PFN3. ]
: PO, : e BiiR —arcTe
: - GNAS |—e-[ADCY1] COQ575 RAPGEFD \ b ~{VASF}
&l F; M
B C00165 -HASGRP \sipaiiz f Ll Lo
11 GNAQ PLCBI 3 \s
1 : \ \EiPATLY SRC FARPZ) - [COC42
1 \ o
11 Coheo7e \ o PARDEA
1 el RACT PARD3 PRKCI
: : Cal$um signaling pathyay IU\‘.M‘ _________________ et |
L = 3 ~ .
CS“——*—?&}“——’_ — PR LT |~ ETNRD1] —
1 : [KRIT1 | CTNNB1| -
! X - 2 ’ " (Kaherens junction
P A RGST4 cistcbel bt
! N
A1 RASSFE ITGAL |
FoHe > ’
T I'c'mN’a: RAP1A PRKD1]
1
11 BRAF |
1! G - >7-mpzm—. WAPKT
] I RAF1 . e
1! S
KyoTeE 2 MEPK ling pathway
Tt MAPK14 signaling pathway
[
[ |
[ |

AKT3 P13-Akt signaling pathivay

LCP2 SKAP1 L
15 [E2AY ) MAPZKS
PLCGT| — Cco@165 PRKCA PRKD3|
o 4 PIK3R5|
(o= %o T cell éceptor signaling pathway ~ C0QO76 HRAS £
Ve g - vy e CET]

* Stamper, Brendan David, et al. "Transcriptome correlation analysis
identifies two unique craniosynostosis subtypes associated with IRS1
activation."Physiological genomics 44.23 (2012): 1154-1163

** Dufour, Cécilie, et al. "FGFR2-Cbl interaction in lipid rafts triggers
attenuation of PI3K/Akt signaling and osteoblast survival." Bone 42.6
(2008): 1032-1039.
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