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DRUGS

Developing new drugs is a
lengthy and expensive
process

Prestwick Chemical Library®
containing 1120 FDA
approved compounds

Structurally diverse drug
molecules of known safety
and bioavailability in humans

(e.g, statins,
neuropsychiatry, cardiology,
Immunology, anti-
inflammatory, and analgesia
related drugs)
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“Low-Hanging Fruit”

Our approach is to identify new connections between
diseases, molecular targets, and drugs that can be
easily and cheaply translated into new treatments.

The proposed approach will test the direct effect of
hundreds of existing drugs on thousands of genes
and, indirectly, on hundreds of pathways and dozens
of diseases in which these genes are involved.

We will employ an informatics step that will identify the
best molecular target candidates
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Combine informatics and high throughput experiments:

a) the use of an information extraction system to extract protein,
DNA, and RNA lists from 18 million PUBMED abstracts;

b) application of keyword search and summarization technigues on
extracted data by utilizing graphical models and probabilistic
Inference techniques;

c) utilization of biological knowledge databases, such as pathway
Information, to identify lists of genes that are biologically related
and are also associated from the literature with drugs and
diseases;

d) high-throughput screening using the Prestwick Chemical Library®
containing 1120 compounds that have structurally diverse drug
molecules of known safety and bioavailability in humans, and
clorresponding to molecular scaffolds that likely hit multiple target
classes;

e) validation of potential biological targets using quantitative real-
time PCR (gPCR) [7] and Western blot analysis.
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INtEX: Bio-Medical Interaction Extractor

18 Million PUBMED abstracts

“*“HMBA could inhibit the MEC-1 cell proliferation by
down-regulation of PCNA expression.”

HMBA down-regulates | PCNA
expression

HMBA Inhibit MEC-1 cell
proliferation
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Mining Synergies

Recently, Dr. Nguyen
developed an undirected
graphical model that can be
succinctly used to mine the co-
dependence patterns among
groups of genes from their
pair-wise interactions.

We hypothesize that, these

structures will capture

biologically significant

relationships among:

O groups of common genes
between diseases and drug
compounds

o while alternative models
that examine pair-wise
relations of genes alone will
not be as expressive.
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Significant Subsets of Genes
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1 |Drug Mame |Disease Mame Common Gene Triplets Combined Triplet Score =
2 |lowastatin breast cancer i statins , pravastatin, lovastatin_ } 15 726456
2 |lovastatin breast cancer 1 fluwastatin , prawvastatin, lovastatin_ F 12.006495
4 |lovastatin breast cancer { atorvastatin , statins , lovastatin } 12.920878
5 |lovastatin breast cancer { atorvastatin, lovastatin, pravastatin_} 12.847203
6 |[lovastatin beta - thalassemia 1 gamma , alpha , beta } 12, 715045
7 |lowvastatin pancreatic cancer i1 p&S3,ras, pla & 12, 55407
2 |lovastatin breast cancer i beta, alpha , gamma T 12,207 747
9 |(lowvastatin breast cancer 1 estrogen , mitogen , kinase } 11.54467
10 |lowvastatin diabetes 1 prawvastatin, fluvastatin, lovastatin T 10,.879509
11 |lovastatin diabetes 1 prawvastatin, fluvastatin, simwvastatin_ 10.721474
12 |lovastatin breast cancer i1 beta, alpha , kinase } 10.507282
12 |lovastatin breast cancer 1 fluvwastatin , lovastatin , statins 7} 10.501529
14 |lovastatin breast cancer 1 atorvastatin, statins , pravastatin 10.051527
15 |lovastatin diabetes {1 kinase , enzyme , insulin_} 10.01778
16 |lowvastatin breast cancer {1 fluvastatin , lovastatin , atorvastatin F 9.,973872
17 |lowvastatin breast cancer 1 fluwastatin , prawvastatin, statins } 9,322737
18 |lowastatin breast cancer 1 fluwastatin , prawvastatin , atorvastatin_ 1 9.016095
19 |lowvastatin breast cancer 1 mitogen , kinase , p38 T 2.872528
20 |lovastatin pancreatic cancer i1 pE3, ras, oncogene t 2.2495
21 |lovastatin breast cancer i1 alpha , kinase , mitogen } 2.2622232
22 |lovastatin breast cancer { atorvastatin, fluvastatin, statins } 7.9826232
22 |lovastatin diabetes 1 prawastatin, fluvastatin, statins } 7.2899
24 |lovastatin diabetes 1 prawvastatin, fluvastatin , ataorvastatin_ r 7.827203
25 |lovastatin diabetes {1 p38., kinase , mitogen ¥ 7.691954
26 |lovastatin pancreatic cancer { simwastatin , pravastatin , lowastatin_ } 7.445238
27 |lovastatin breast cancer 1 antibodies , bheta , alpha - 7.269621
28 |lowvastatin breast cancer i1 ras , kinase , mitogen } 7.174084
29 |glimepiride ohesity 1 adipocyte , adipocytes , insulin 6.709125
320 |lowvastatin pancreatic cancer {1 simwastatin , statins , lovastatin ¥ 6., 469714 [
31 |lovastatin breast cancer { beta , alpha , integrin_ } 5.419385 Jﬂ
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Pathway topology
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Sample Matches between DRUGS & PATHWAYS
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1 |iovastatin IMAPK signaling pathway hsa04010 16 | ATF4,CD14,CDC42, CRKL, EGF,EGFR,FAS,FGF3,MYC,MF1,NGF,RACL, RAP 1A, RAPL1E,5R
| 2 |lowastatin MAFK signaling pathway GM_Human_MAPK signaling pathway 15 ATF4,CD14,CDC42, CRKL,EGF, EGFR,FAS, MY C,MF1,MGF, RACL,RAP1A,RAP1E,SRF, TNF J
| 3 |lowastatin EGFR1Signaling Fathway GM_Human_FEGFR1Signaling Pathway 13| CEL,CDCA42,CREB1, CRKL EGF EGFR,MYC, RACL RALE.SMAD3SP15RC5TATL
| & |lovastatin |IL-3SignalingPathway GM_Human_|L-3 Signaling Pathway 12 BAX,BCLZ,CEL,CDC42, CREBL, CRKL, LY, RACL, RAPLA,SRC,STATLSTATE
| 5 |lovastatin Adipogenesis Human GM_Human_Adipogenesis Human 12 BMF2,CREB1,FAS, GATAZ,LIF,LPL,OSM, SMADZ SP1,5TAT1,STATE, THF
| & |lovastatin B Cell ReceptorSignaling Pathway GM_Human_B Cell ReceptorSignaling Pathway 11 BAX,BCL2,CEL,COK2,CDKS,COKE,CREEL, CREL,LYN,RHOASTATL
| 7 |lowastatin Androgen ReceptorSignaling Pathway GM_Human_Androgen ReceptorSignaling Fathway 11 AES AR,BRCAL1,CDC2,EGFR,PTEM,RLUNXZ2 SMAD3,SMADS,5F1,5RC
L lowastatin TGF-beta ReceptorSignaling Pathway GM_Human_TGF-beta ReceptorSignaling Pathway 11 AR ATF3,CDC2,CDK2,COKS, COKE, MY C, RUMNX2 SMAD3,5MADS 5P
| 9 |lovastatin | Focaladhesion hsa04510 11| BCL2,CDC42, CRKL,EGF,EGFR, PTEN,RACT, RAF 1A, RAP1E,RHOASRC
| 10 |lawvastatin Cytokine-cytokine receptarinteraction hsa04060 10 CD40,EGF,EGFR,EFO,EPOR,FAS,LIF, OS5I, PRL,THNF
| 11 |lewvastatin gamma-Hexachlorocyclohexane degradation hsa00361 10 CYP1AZ,CYP2BG,CYP2CE,CYPR2C9,CYP2DE, CYPIAS, CYPIAS, PONL,PONZ,PONZ
| 12 |lowastatin Pancreatic cancer hsad5212 10| CDCA42,COK4, COKG,EGF.EGFR,RACIL, RALA RALE SMAD3 SMADS
| 13 |lowvastatin TCell ReceptorSignaling Pathway GM_Human_T Cell ReceptorSignaling Pathway 10 CBL,CDZ2,CD4,CDC42, CREBL, CRKL,LYMN, RAP1IASRCSTATL
| 14 |lovastatin WntSignaling Pathway GM_Human_Wnt Signaling Pathway 9 CDC2,LDLR,LRP1,MYC,RACL RHOARUNX2 SMAD 2 SMADS
| 15 |lewvastatin Genes specifictointernal organs GM_Human_Genes specificto internal organs 2 APOALlLAFOB,EGFR,LPA,MSTL,POMNL,TF,TFFPI
| 16 |lowastatin Arachidonicacid metabolism hsad0sa0 8 CYPL1AZ,CYP2ZB6,CYP2CE,CYP2CI, CYP2DE, CYP3A4, CYP 3AS, CYPAF2
| 17 |lovastatin p53 signaling pathway hsa04115 & BAX,BID,CDC2,COK2,CDKS, CDKE,FAS, PTEMN
| 18 |lovastatin | Tryptophan metabaolism hsal0380 8 CAT,CYP1A2,CYP2B6,CYP2CE, CYP2C9,CYP 206, CYP 3A4, CYP 3AS
| 19 |lowvastatin Caffeine metabolism hsalD232 7 CYPL1AZ,CYP2BE,CYP2CE,CYP2CI,CYP2DE,CYP2A4,CYPIAS
| 20 |lowastatin Androgen and estrogen metabolism hsa00150 7 CYP1lAZ CYF2B&,CYP2CE,CYP2C3,CYP2DE, CYPIAL, CYF 3AS
i lowastatin Metabolism ofxenobiotics by cytochrome P450 hsa00980 T CYPL1AZ,CYP2BGE,CYP2CE,CYP2CI,CYP2D6E,CYP3IAL, CYPIAS
| 22 |lovastatin Linoleic acid metabolism hsad0591 F CYPLlAZ CYP2BGE,CYPR2CE,CYP2CI,CYP2DE, CYP AL, CYF IAS
| 23 |lowastatin Cell cycle hsa04110 F CDC2,CDK2,CDKS, COKE,PCHNASMAD 2 SMADS
| 24 |lowvastatin TGF-beta signaling pathway hsa04350 7 BMP2,MYC,RHOASMAD2 SMADS,SPL, THMF
£ lowastatin Statin Pathway (PharmGKE) GM_Human_Statin Pathway (Pharm GKB) 7 ABCAl APOAL APOE CETP,LDLR,LPL,LRF1
| 26 |lovastatin TGFBetaSignaling Pathway GM_Human_TGFBetaSignaling Fathway 7 EGF,LIF,RUNXZ SMAD3SMADS STATL,THNF
| 27 |lowvastatin ldSignaling Pathway GM_Human_ldSignaling Pathway T ATFI,BMP2,CDK2,MYFS,MNGF,SMAD2,SMADS
| 28 |lowvastatin Cell cycle GM_Human_Cell cycle 7 CDC2,COK2,COKS, COKE,PCHNASMAD 2,5MADS
| 29 |lowastatin Apoptosis Mechanisms GM_Human_Apoptosis Mechanisms 6 BAX, BCL2,EBID,FAS,MYC,THF
| 30 |lovastatin MMechanism of Gene Regulation by Peroxisome Proliferi BC_Human_Mechanism of Gene Regulation by Peroxis &6 AFPOAL CD36,LPL MYC,SPLTHF
| 31 |lovastatin IL-2 Signaling Fathway GM_Human_IL-2Signaling Pathway 6 BCL2,CBL,CREB1,CRKL,LYMN,STAT1
| 32 |lowvastatin IL-5 Signaling Pathway GM_Human_|L-5Signaling Pathway & BAX,CBL,CRKL,LYMN,RACL,STATL
| 33 |lowastatin IL-7 Signaling Pathway GM_Human_IL-7 Signaling Pathway 6 BAX,CBL,CDK2,CDKS,LYN,STATL
| 34 |lowastatin Glto5S cell cycle control GM_Human_G1to5S cell cycle control 6| COKZ2,COKS4, CDKG, CREB L, MYC,PCHA
| 35 |lowastatin Delta-Motch Signaling P athway GM_Human_Delta-NotchSignaling Pathway 6 APP,CDK2 EGF,EGFR,SMAD I SMADS -
M 4 » »[%Pathway Counts Pathway Genes  F Iil I _|J_|

Drawe ~

b
Ready

AutoShapes = ™ \DOQ&{:}@& {%vﬁv

A - = ==

= a@apg




Flow of information in a Compound Library (Drug) Screening
and qPCR Validation Study

Validation & Refinement
of Informatics Pipeline
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Applied Biosystem’s 7900HT Fast Real-Time
PCR System
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Team

Dr. Hasan Davulcu Professor of Computer Science at
ASU; CEO of uSuggest.com; 8 years of experience
Into e-commerce and data mining. Dr Davulcu was
previously funded by US Army, DOD, NSF.

Dr. Hung V. Nguyen Vice CEO PetroVietnam — PAIC
and Senior Scientist at Information Technology
Institute (IT1), Vietnam National University. Dr.
Nguyen’s expertise is in data mining which utilize
probabilistic graphical models.

m Dr. Sukru Tuzmen is an Investigator and Head of the
Molecular Genetics Laboratory in the Pharmaceutical
Genomics Division at the Translational Genomics
Research Institute (TGen). %
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Conclusion

The innovative, and unconventional nature of the
research is that it lends itself to use in existing
drugs, which can be easily and cheaply translated
Into improved treatments for a wide spectrum of
diseases with enormous social impact.



