Journal of The Korea Society of Computer and Information
Vol. 21 No. 3, pp. 65-71, March 2016

www ksci.re.kr
http://dx.doi.org/10.9708/jksci.2016.21.3.065

Target Prediction Based On PPl Network

Taekeon Lee*,

Youhyeon Hwang®*, Min Oh™**,

ok

Youngmi Yoon

Abstract

To reduce the expenses for development a novel drug, systems biology has been studied actively.

Target prediction, a part of systems biology, contributes to finding a new purpose for FDA(Food and

Drug Administration) approved drugs and development novel drugs.

In this paper, we propose a

classification model for predicting novel target genes based on relation between target genes and

disease related genes. After collecting known target genes from TTD(Therapeutic Target Database)

and disease related genes from OMIM(Online Mendelian Inheritance in Man), we analyzed the effect

of target genes on disease related genes based on PPI(Protein-Protein Interactions) network. We

focused on the distinguishing characteristics between known target genes and random target genes,

and used the characteristics as features for building a classifier. Because our model is constructed

using information about only a disease and its known targets, the model can be applied to unusual

diseases without similar drugs and diseases, while existing models for finding new drug—disease

associations are based on drug-drug similarity and disease-disease similarity. We validated accuracy
of the model using LOOCV of ten times and the AUCs were 0.74 on Alzheimer’s disease and 0.71 on

Breast cancer.*
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1. TTD(Therapeutic Target Database)
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3. PID(Pathway Interaction Database)
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4. Random Forest

=
o
=
[oN
o
=
ey
o
=
[©)
w
78
;
.{
>
9 {o
ol
)
)
>
=
)
P
o
ox
it
]
)

dE/l ‘T‘L]' _F‘Z]"/] 0]:%-1?_ =

Eelnt19) o] Eate AR
o] 7| ®HEa Forest®
g St 59 ﬁﬂ};
ForestE TA3l= Eglod 714 &
A HH20]. B AFAE ojv] A
oI sl el | @%m}e} o

ol
o
N
)
S

m

b 2
N oox
1o o

QL
> 9 M

fm o

—Ll
o
ot
-li
e o
2

I
ox

-
2 ot X o

o

o

)

o

)
o

L2 o2

2 9
ol

ol

O
2
o, il
i,
a
)
»
»

(
(

(

i

-
T
ﬁod
i
L
_?1_,
:Ll
mlg
J?‘J
]I
~
:L
—|—’
2
oy
H:l
i)
tlo
>
>
ofo
SL

ik,

I1l. Method

1. System overview
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Fig. 1. System Overview

2. Data collection and preprocessing
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3. Exploring Network
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One Out Cross Validation) ¥%9-& AF&-3tt} LOOCVE 3kt
o] MEZS Test seto® ARE3lal YA Hlo]EE Training

MoteculesNetuork o | 22 setO & AlgatE wapEZEWolt}h, Training seto® BH TF
o o | >z A& <53l Test set?] ClassE Wre AL WNZ ok
o @ . | SRR dlolE 9 JTt S WAl 2 Ao Sl
o : : Agsiet, wpehd] B ATl shle] BARAAE A9
rug Target Molecule Disease Related Molecule .
Target-DiseaseRelated Moleculesvector 14'1}1 ] —qu O qx]"_‘i ;I:{—X] 3 Ag/q O]"j Olg 7113; Xﬂﬂ&l
A9 sbe] FAFAALY] ClassE WHe A5S A4 B4+
/\ H 5
Fig. 2. Finding Shortest Paths & Generation of AL prbE e
Target—Disease Related Molecules Vector
Table 2. Feature Table Sample
Table 1. Target—-Disease Related molecules Vector m
olecules
ID 100052 | 100072 100186 | 100284 Class
Molecules ID of Influence Target Gené

Disease Related Genes ADAM10 0.25 0.25 0.17 0.17 TRUE
100052 0.25 AKT1 1.00 0.67 0.33 0.33 TRUE
100072 0.25 CCND1 1.20 | 0.25 | 0.20 | 0.20 | TRUE
100186 0.17 FYN 1.00 | 0.25 | 0.25 | 0.25 | FALSE
188222 8'12; TNFSF12 | 2.00 | 020 | 017 | 0.33 | FALSE
100369 0'33 UBE2A 1.25 1.00 0.20 0.40 FALSE

100384 0.17

100440 0.75

100591 0.20

100607 0.60

V. Results

4. Classification model
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(Class)dll TRUE,

1. Experimental environment and Data

1.1 Exper imental environment

£ A= Intel(R) Core(TM) i7-4790 CPU @ 3.60GHz
CPU, 32GB RAM, 64HIE A A o] HAlo R 8¢l om
A E = Microsoft visual studio 2012 AM&-3F3iT)

B Ao M= Weka 3.69 AHE3F] Random Forest #5
A gagEoR Bi BEEs 7T 19][22].



Target Prediction Based On PPI Network 69

Table 3. Disease Related Genes

Alzheimer’s disease Breast cancer

ACHE CHRNB1 GABRA5 PDE9A ADAM10 CXCR4 HRAS MAP3K4 PTK6
APH1A CHRNE GABRA6 PIN1 AKT1 CYP19A1 HSD17B1 MDM2 RELA
APH1B CHRNG GCG PLA2G7 ANGPT2 CYP1B1 HSP90AAT MFGES SHH
APOE CRTC1 GSK3A PPP2CA BRCA2 EGFR HSPAS MMP2 SRC
BCHE CRTC2 GSK3B PRKCD CCND1 ENG IL12A NCOA3 TYMP
BDKRB2 CTSD KYNU PSENT CD34 EPHA2 IL12B NFKB1 TYMS
CDK5 FLT3 MAPK14 PSENEN CD3G ERBB2 JUN NRG1 VDR
CES1 FPR2 MAPT PTGS2 CDC25A ESR1 KDR PGR WNT5A
CFLAR GABRAT MPO PTPRC CDK4 ESRRA LHCGR PIK3CA

CHRM1 GABRA2 NCSTN RACT COPS5 FNTA MAP2K1 PLAUR

CHRM3 GABRA3 NGF SNCA CTSD FOS MAP2K5 POR

CHRNAT1 GABRA4 NGFR TNFRSF1A CXCL12 HLA-DRB1 MAP3K1 PTGS2

Table 4. Drug Target Genes

Alzheimer’s disease Breast cancer

APH1B ADRA2A GABRA4 MGEAS5 TTBK2 HSP90AA1 FOLR1 HLA-DRB1 CTSD PTGS2
HRH3 ADRA2C GABRA5S BET1 ENSA FNTA POR CD3G NCOA3 PGR
BDKRB2 CHRNA1 GABRA6 CRTC1 PTPRC PF11_0483 CD34 TOP1 At1g60490 UL39
GRM3 CHRNA2 GABRB1 CRTC2 CFLAR MMP2 HSPAS ENG ST14 SRC
GSK3B CHRNA3 GABRB2 TNFRSF1A KYNU JUN S100A4 GPNMB NRG1 ESR2
APH1A CHRNA4 GABRB3 PLA2G7 FGF8 CXCR4 SLC39A6 FOS MFGE8 VDR
PSENEN CHRNA5S GABRG1 CCR2 PRKCD AKT1 SHH PTN TPBG CYP19A1
NCSTN CHRNA6 GABRG2 ECE1 PTGS2 CDH2 KDR MAP3K4 MUC1 GNRH1
PSEN1 CHRNA7 GABRG3 ALOX12 HTR4 CLU ERBB2 MAP2K1 CXCL12 LHCGR
NGFR CHRNA9 GALR1 CES1 IDE STS CDK4 MAP2K5 SCGB2A2 TYMS
MPO CHRNA10 GALR2 CDK5 ACHE MDM2 ADAM10 CDC25A PTK6 EGFR
MAPK14 CHRNB1 GALR3 GRM2 BCHE ANGPT2 MAGEA1 CYP1B1 COPS5 TSPO
GCG CHRNB3 MAPT PIN1 PRLR CTCFL NFKB1 SNCG

CHRNB2 CHRNB4 PDE9A PPP2R5A TOPTMT CD46 NFKB2 SERPINBS

PPP2CA CHRND SNCA APOE ESR1 S1PR3 RELA DNMT3B

CHRM1 CHRNG NGF MKC7 IL12A IKBKE TYMP BRCA2

CHRM2 CHRNE FLT3 APCS IL12B HSD17B1 ESRRA STC1

CHRM3 GABRA1 GSK3A CTSD NMBR WNT5A PLAUR Smad9

CHRM4 GABRA2 RAC1T FPR2 GRPR MAP3K1 CCND1 EPHA2

CHRMS5 GABRA3 CFP CTSC BRS3 PIK3CA PRL HRAS

2. Experimental Results
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IMESE Aol $4Es S, dutdo® 0571 de

AUCE a9 milo] felge Eath,

Alzheimer's Disease

02 03 04 05

o6 07

Breast Cancer

og 0%

Fig. 3. ROC Curve
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Table 5. AUC Results

voigion ¢ | omers | o

1 0.76 0.71

2 0.74 0.71

3 0.72 0.72

4 0.72 0.69

5 0.74 0.69

6 0.78 0.67

7 0.73 0.74

8 0.74 0.71

9 0.76 0.71

10 0.75 0.73

AVG 0.74 0.71

STD 0.02 0.02

V.. Conclusion
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