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Background

 Crisis in new drug discovery

» Side-effect issue of successful drugs
* Repurpose/repositioning of old drugs
» Cancer is a systems disease

» Cells can be reprogramed



Drug discovery principle

* Multiple cohort gene expression data

Ul € VSE 3= ¢

 Integrate multiple data types

]

— gene expression F:[KF5E

— protein interaction & & & 7E
— gene ontology Z:[KIEETHA

« Drug repurposing & &7 -

« Systems treatment pg %% f3*
— Multiple network targeting
— No intra-cell side-effects N1~ 2 EI/EH



Drug discovery protocol

Finding cancer-related genes

Functional gene modules
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Drug prediction flow-chart
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ToP procedure for gene selection
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Use a sequence of
state specific gene-
gene interaction
networks to track
“growth” of hub
genes

Nor-Ade-CRC is a
ToP sequence

ILF2 is a ToP gene
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IBD i1s a weaker CRC precursor

than Adenoma

Normal-Adenoma-CRC

Normal-IBD-CRC - Both ToP sequences

ToP+SAM
Nor-Ade-CRC Nor-1BD-CRC
TUBS MOM] NUF2
1GER1 cD74
i 67 67 7 HSPAS
ACTNG EPRS PML
PSMAS DCN HLA-DRA
TRA® MOM10
KAT2B DNAJB11

Inflammatory bowel disease is a weaker CRC precursor

Markers for early CRC detection - 11 in Adenoma
21inIBD



— Microarray data from colorectal
cancer and adenomas and from
normal mucosa of 32 individuals
(GEO accn. GSE08671)

— Design drug compounds for multiple
network targeting

 Select functional group according to
“Hallmarks of Cancer”



Interaction map for functional modules

Nor Signaling Ade

transduction Apoptosis

DNA repair —————— ————
Immune system
process
RNA
metaboliSm
_——

Cell cycle

Pearson p < 0.001 ral

PP' . H PRD €r G1INErgoup INteractions

(7))
\" \ .’:\' : //'

Numbes of aenes.in group

Pacerdaa et intr g

kiten auTie s o o



GSEA - Gene set enhancement an

alysis
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Drug-function module association map

for 16 Hallmark functions for adenoma
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Predicted functional specific drugs and

carcinogen/mutagen or antitumor agents

= carcinogen/ :
drug degree module (ES) function s mutagen anticancer agents
cell cycle(-0.987), DNA replication(-0.983), apoptosis{-
1 phenoxybenzamine 7 0.977), cell proliferation(-0.962), transcription(-0.905), an a -adrenergic-antagonist FERERAR/ARLEESR [1,2]
signal transduction(-0.886), RNA metabolic process(-0.81)
cell proliferation(-0.972), signal transduction(-0.936), DNA R
2 GWB510 7 replication(-0.882), apoptosis(-0.867), cel cycle(D.834), Ao oot B {CAUREE . COK2IDHIN &)
transcription(-0.822), RNA metabolic process(-0.791)
apoptosis(-0.918), signal transduction(0.4), a nonselecuve INNIDIor of
3 thapsigargin 5 transcription{0.521), cell proliferation{C.528), RNA endoplasmic reticulum Ga’™* AR IECa% -ATPase:R B 14 D HAY [4-7] [8-11]
metabolic process(0.887) ATPase
transcription{-0.882), RNA metabolic process(-0.874), cell
4 phthalylsulfathiazole 5  proliferation(-0.767), immune system process(-0.771), antimicrobial BRESE AREEMSs EREREEEs
Bﬁﬁ rep:mﬁm(g‘;gg) 0.698), cell
replication(-0.755), transcription(-0.698), cel . g
5 medrysone 5 proliferation(-0.675), immune system process(-0.686), dArc:‘re:\ocomootromc hormone RLEEENESE
signal transduction(-0.658) g3
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8  0175025-0000 4 yansduction(-0.698). RNA metabolic process{-0.69) unknown *1
- - - flavone that have the
= DNA replication(-0.896), cell proliferation(-0.837), a J IEs
9 amacon 4 transcription{-0.796), RNA metabolic process(-0.784), gheg%&venwe AR RRE. WES [15-18]
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topogiomerase 11 (TOP2)
15 8-azaguanine 2 apoptosis(-0.87), cell proliferation(-0.83) eI TS IowS & WM IHERNE MAR, REES [32,33)
16 etacrynic acid 2 apoptosis(-0.891), cell cycle(-0.875) GST Inhibitor-2, diuretics F| R & . GST Inhibitor-2 [34]
17 alsterpaulione 2 signal transduction(-0.874), apoptosis(-0.866) CDK inhibitor CDKAD &8 [35]
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18 thioguanosine 2 DNA replication(-0.935), transcription(-0.811) antineoplastic agent SEEEY [39, 40]
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: 3 S L ing fl .
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22 thiostrepton 2 DNAreplication(-0.837), transcription(-0.816) anatual cyclic oligopeptide g simin e [43-45]
a flavonoid, antioxidant, anti-
23 luteolin 2 transcription(-0.856), DNA replication(-0.811) inflammatory, and an BYENE Ll Ak RE [46-48]

antineoplastic agent



Some predicted side-effect free

drug compound for colorectal adenoma

Abbreviation

ISP: immune system
process - trifusal or
morantel or gingolide or
cetirizine or imipenem

APO: apoptosis -
irinotecan or doxazosin or
cycloserine or repaglinide

CC: cell cycle —
'cal\oxorubicm or withaferin

ST: signal transduction —
6-azathymine or tyloxapol

TR: transcription —
sanguinarine

DR: DNA replication —
piperlongumine

CP: Cell proliferation —
bepridil

RM: RNA metabolic
process

TDNA: transcription and
DNA replication —chrysin
or thioguanosine or
luteolin or thiostrepton or
sulconazole

Code No. Components Ratio
components

1 2 phenoxybenzamine + ISP 71
2 2 GW-8510 + ISP 71
3 3" phthalylsulfathiazole + etacrynic acid + ST 5:2:1
4 4 daunorubicin + TDNA + APO + ISP 4:2:1:1
5 4 apigenin + etacrynic acid + ST + ISP 4:2:1:1
6 4 apigenin + alsterpaullone + CC + ISP 4:2:1:1
7 5 camptothecin + ifenprodil + DR + CC + ISP 3:2:1:11
8 5 vorinostat + etacrynic acid + TDNA + RM + ISP 2:2:2:11
9 6 ifenprodil + 8-azaguanine + DR+ CC + ST + ISP | 2:2:1:1:1:1
10 6 ifenprodil + etacrynic acid + DR + CP + CC + ISP | 2:2:1:1:1:1
1 6 ifenprodil + alsterpaullone + DR + CP + ST + ISP | 2:2:1:1:1:1
12 6 TDNA + 8-azaguanine + RM + CC + ST + ISP 2:2:1:1:1:
13 6 TDNA + etacrynic acid + RM + CP + ST + ISP 2:2:1:1:11
14 6 TDNA + alsterpaullone + BRM + CC + CP + ISP 2:2:1:1:11




« NCBI GEO, access. # GSE25066

C. Hatzis, et al., (2011) A genomic predictor of response and survival
following taxane-anthracycline chemotherapy for invasive breast
cancer. JAMA 305 (18), 1873-1881.

« Composed of two series, GSE25055 (untreated)
and GSE 25065 (treated).

GEO Grade1 Grade2 Grade 3 Other Total

No.

GSE250 19* 117 151 23 310
55

GSE250 13 64 107 14 198

65




Breast cancer drug-function association map

Grade 2 versus grade 3,
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Breast cancer drug-function association map

Grade 2 versus grade 3,
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Paclitaxel is detrimental to many functions
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Enrichment Score

Exemestane Is detrimental to

many functions
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 WHO-grading of astrocytoma — based on
appearance of features: atypia, mitosis, endothelial
proliferation, and necrosis

WHO Grade _| Astrocytomas

Grade 1 Pilocytic astrocytoma None of the features 2%
Grade 2 Low-grade astrocytoma One feature (usually atypia) 8%
Grade 3 Anaplastic astrocytoma (AA) Two features 20%
Grade 4 Glioblastoma multiforme (GBM) Three or four features 70%

« We used: GSE4290

— Grade 1 (non-tumor) (23 arrays)
— Grade 2 (7)

— Grade 3 (19)
— Grade 4 (77)



rocytoma drug-function association map (preliminary

Grade 3 versus non-tumor

bephenium hydroxynaphthoate N-acetyl-L-eucine

corynanthine
trimetazidine

gliclazide
medrysone
s / ._rimexolone
N LY 7y withaferin A
piperlongumine N £ cyproterone #
.cell death cell proliferation hymdBBinans
7 4 v vidarabine
tyloxapol ! eucatropine |\~ g > benperidol
thioguanoiine MG-262 L »
cellular component organization | \ - i
- e signal transduction
N &
4 L X .5 .
lincomycin trazodone B estriol
P-944629 :
alsterpaullone | guanethidine
parthenolid xyl linex YV
cell adhesion chrysin F
response to stress
o 4 GW-8510
tenoxicam 4 »
\\ b
nipecotic acid amiiggide } zoxazolamine \
" " \ CP-645525-01 tridihexethyl
bromopride ' A3 simvastatin \ ' phenoxybenzamine 4 Y
- ~ \ ’
protein Ioca"z‘ation trihexyphenidyl luteolin
N 2 . 2
L S cell-cell s:gnalmgwbramycin
s ~ e
proxyphylline \  bepridil \ P,
\\ piracetam
nortriptyline S
bacampicillin h
P \~\ ionomycin
semustine verteporfin
« P ucytosine \ quinostatin
5 2 ™ 1 ’
cell differentiation =g # cefalexin

- ” .
5
194442 eneration of precursor metabolites and ener
p Trottlerin tetramisole
) convolamine 01983060000 o
enilconazole ] ropafenone
§ % prop:
< ] %
angliogenesis
- cell activation
thioperamide " N
>
fevopropoXyphens practolol 4 ketanserin
harmol v sulconazole
3 ™ apigenin b
Prestwick-642 —IMMuUNe response . J
- S cell migration
Ifaxalone’ N engene
purgggin ®  t d .\ vorinostat of
canavanine o K < chlorphenesin !
< ' r ifenprodil .
guaifenesin mefeRahide N-acetylmuramic acid

ion transport
DNA metabolic process -

~ »

o mebhydrolin

>
5182508

Line color

-
o

o
tn o
2100S Juswl youue



rocytoma drug-function association map (preliminary

Grade 4 versus non-tumor
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* ToP - trend of disease progression applied
to multistate gene-interaction networks led
to powerful tool for cancer gene prediction

» Use of multiple functional modules (gene
sets) instead of whole genome expression
profile to screen drugs with Connectivity
Map yielded drug compounds that were
predicted:

— To be free of intra-cellular adverse side effects
— Good for systems treatment of diseases



Genomic functional signatures of

psychiatric disorders

* Are there functional characteristics in the

genomic profiles of patients of psychiatric
disorders

 Bipolar disorder, schizophrenia,
depression

» Cohort gene expression microarrays



Validation Underway

 Cell model validation - Predicted
drug compound now under validation
in cell model

 Mouse model validation planned for
future



Functional genomic profiles of the

psychiatric disorders: Bipolar disorder,
Schizophrenia, Depression

Condition Data sets Patient cases  Control cases

Bipolar
Disorder 12 253 240
Schizophrenia 9 185 193

Depression 4 48 51



Functional analysis of genomic profile of patients

of three psychiatric disorders |

There are many differentially overrepresented functions (compared with normal cohorts
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Functional analysis of genomic profile of patients

of three psychiatric disorders |l

There are many differentially overrepresented functions (compared with normal cohorts

T8GR

BESSEREIRTRER2EI

grﬁgwlr

ann nn*"\lf\ﬂ\l +r\rmr\

urine rs»onuleosxae Lriphosphate A«abonc process.
purine riboaucleoside triphosphate bios; ic process-
ATP bxouﬂthelu pm( ess -
ATP {:“nuu coupled proton transport
purine ri u(leo'.iﬂe (FlPH:I'.F"‘I»t (nabolk( proces:
ATP metabolic pro
GTP =etabolic pro
Fibonucleosice trighosshate bios ic process
ribonucleoside triphosphate Cataboric Process:
nucleoside triphosphate biosynf prhetic process-
nucleoside triphosphate catabolic process---
purine nucleoside triphosphate seunoh.( process
purine nocleoside triphosphate b)osgg(nusc process
purine nucleoside ni;MspN(e catabolic process.
| nucleoside phosphate c. lic process
nucleoside metabolic proce: e
Fibonuc 1easide metabotic process----
ribonuclecside catabolic process

5
organo, no sphate Eetabolic process
oxidat reduct.
esponse to Huulus»
response to ¢ ]
response (o lmrganx( Suﬂs(aﬂ(e
response to reactive Oxygen species-

gellular response 1o reactive owygen species
| cellular response to hydr .
se to hycrogen peroxide
response to metal ion-
response to cadaium lou-
‘esponse to organic substance-
| response to oytoxine stimlus
Cellular response to Cytokine stimilu
cellular response to chemical stimulus.
cellular response to oxidative stress-
cell chesotaxis---
cellylar response to :»organt( substance-
ellular response
Alul.l’ rup:m'.o to caﬂ
esponse 0 Stress:
response to ’\dl
lnflam(ar‘ respon:
acute mf a-wlory response

= don

response to ro;solo§ cally lr\mrrtu pro
response to unfolded protes.
meune response--------
adaptive imeune respons
adaptive immune 'tspoﬂse based on smth rt:o\biﬂs:lm of imaune receptors.
8 cell medisted immunity..----
smunoglobulin mediated immune response
ellular response 0 stimulus-
signal transduction
Cell surface receptor sizr\uir' pathway
{ntracellular signal teansduction
ransduction involved in cell cycle checkpoint
ugnn transduction imvolved in ONA integrity checkpoint
I signal transduction dnvolved in ONA damage checkpaint
1gndl transauction imolved 1n G1/5 transltion checkpol
signal lraﬂsﬂu(l on involved in HKOH( cell cycle G1/S checkpo:
ignal nsco{‘lm involved in mitotic cell cycle GUS Krlrn!l
ved in mitotic ceil eycl

-

egulation: - --
regulation of biological quality
regulation of neurotranseitter
| neurotranseitter uptake

levels-

(dﬂoﬂ homeostasis-
o0
fegulation o “oF mlogml process

Lmm

re
Fegulation of cellular setabol s
| megulation of cellular amine setabolic process
eulation of cellular axing acid setabolic process-
regulation of cel
csgultionof of cell peoliferation.-
tion of metabolic process--
“Feguiation of sscrosolecuie aetabolic pro
regulation of protein metabolic process-
regulation of cellular promn metabolic process-
regulation of pratein modification process
regulation of protein \mnmunan aee
Regative regulation of protein ublavitination-
sitive regulation of protein ubiguitinatice
positive regulation of ubiquitin-protein ligase activ ¥
Aitive regulation of ublquitin-protein Tigase activity.
regulation o in-prot ase activit 4
Feguiaticn of uBiauitin-pr ase activity involved in
| | negative reguiation -protein 1igase activit
| ive reguiation of blutein:protetn lgase activit
Pegative regulation of cellular protein metadolic
negative reguly rotein modific
re sulticellular organismal process
replanoﬂ of system
o of neuro
zation

cess-

regulaticn of transparter activity
negative regulation of transporter a(nv‘ly
regulation of growt
positive regulstion of bioiogical process
positive regulation of cellular process

a

b c

b c M | I positive regulation of cell cycle process y
a1 positive regulation of cell cycle arrest
" 32 | regulation of molecular function .
a3 regulation of catalytic activity :
a4 | Pegulation of ligase activity: e
s positive regulation of ligase activity- e
] s | negative regulation of ligase activity:- e
347  imeune system process--- -
- 348 | antigen pro«snn? and presentation jm
3 349 antigen processing and presentation of po;muc ann]M <
350 | | antigen processing and ;'-ewnunm of peptide antigen “via mx chu 1- 1
. 351 antigen processing and pre: on of exogencus antigen. <
- 352 | ‘ antigen processing and p"ntn(a(lcr\ of exogenous peptide antigen.. N~
3 | antigen processing and presentation of exogencus peptide antigen via MiC.... put
3 354 antigen processing and presentation of peptide or polysaccharide antigen via...-
3 355 cellular cosponent organizaticn or biogenesis- - - -
- 356 | cellular component organization- - p—
o 357 | [ cellular cosponent disassesbly e — -
1 T [ B e T : -
- -
3 . . 2 -
: -
Cellular component organization | === — :
- —— -
= CE1IUIOT MECIUMOIECULST CORPIEX SUDUNIT DrEENiZSTiCN- - —— —
366 | rotein complex subunit organization  p—— -
367 | | cellular cosponent morphogenesis a0
368 cell part morphogenesis----- :
35 cell projection sorghogenesis =
37 neuron” projection sorphogery - =
1 | | centutar comonent organization o celiuise Tavel: - -
372 | cellular cosponent organization or biogenesis at cellular level - - .
' 373 | |"cellular cosponent biogenesis at cellular level- N = 3
ribonucleoprotein complex biogenesis-- N 3
. "
T g e - - 3
' N T - -
¥ - ———— - —
» H . H - — . —
staplisnment Oof 10CallZation | ::: = f—
3 :
383 | | cotranslational protesn targeting to mesbrane 2
384 protein targeting to sitochondrion B
nitochondrial trans - .
| | mitochondrial ATP S)Mhesls coupled proton transport S
cytoskeleton-dependent intracellular transport------- T
| -
X0Cytosis
"
| ]
| estaf) H H -
1% Establishment of protein — 2 -
| . . -
|1} _localization o
-
| - -
- s _— .
| - =
- -
l - -
N~
' Cjm
- -
| "
on transsenbrane transport- - pam
| mygrogen transpor - - »
proton transport - - »
[ energy coupled proton transsesbrane transport, against electrochemical -
ATP hydrolysis coupled proton transpor - =
neurotransaitter transport - -
| 85 LraNSPOrtssersns -
oxygen transport -
| intracellular transport of vh‘nl unerhl .
| egress of virus within host cell .
secrotion
| trans: M‘!C"H\f rampart
: :
i >
| :
| < ———
developmental process- -
| anatomical structure UPVQIOWV\( ~
| aefvors syscen developseat- :
multi-organice nracecc Cmme -
| viral | L '
reprodu . - J— -
wac-b Nalti — —
| visr— Ve - -
viri - -
lng.e - - - o .
1lular pv‘c(es; invol: - pE— -
viral transcription- 5 -
suiticellular organisaal process -k
single-organ 55 N
single- rul!)ze h
systes proc h
reuralc‘ual 1ynM process- =
CORNItion==srevseres - =
—) T, T T T T — T T T — T T
50 100 150 200 250 50 100 150 200 250 50 100 150 200 250 50 100 150 200 250 50 100 150 200 250 100 150 200 250
Bipolar disorder Depression Schizophrezia Bipolar disorder Depression Schizophrezia
¥ log(p) using WABE  -X, log(p,) using WABE -, log(p) using WABE -¥, log(p,) using WABE log(p) using WABE X, log(p) using WABE




“sd
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443

445
446
447
448
449
450
451
452

Functional analysis of genomic profile of psychiatric disorder

patients (detail)
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