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Cancer Patient Specific Driver Gene Identification
by Personalized Gene Network and PageRank

Jung Hee Won' - Park Ji Woo' - Ahn Jae Gyoon''

ABSTRACT

Cancer patients can have different kinds of cancer driver genes, and identification of these patient-specific cancer driver genes is
an important step in the development of personalized cancer treatment and drug development. Several bioinformatic methods have
been proposed for this purpose, but there is room for improvement in terms of accuracy. In this paper, we propose NPD (Network
based Patient-specific Driver gene identification) for identifying patient-specific cancer driver genes. NPD consists of three steps,
constructing a patient-specific gene network, applying the modified PageRank algorithm to assign scores to genes, and identifying
cancer driver genes through a score comparison method. We applied NPD on six cancer types of TCGA data, and found that NPD
showed generally higher F1 score compared to existing patient-specific cancer driver gene identification methods.

Keywords : Cancer Driver Gene, Gene Network, PageRank, Multi Omics Analysis

AAE fA4 MEYT 75 2 HolAYas
18T A Sold & T FAK A P

IR

e ST FAAE BE o Aol FEHA AL ol oleiT B4
(o]

v S 5 T R4 gL A 2HY & Nz 2
AR Al Q1A WS FR3tch B Soly o R AAAE BY] I B2

50 SlolA, oF FIE Holde %

A9 A7}t Gtk £ =RoAe &R Eold o § FAKE M| st NPD (Network based Patient-specific Driver gene

identification)2t= WS AIett. NPDE 34t Eol4 |42 VEQAE +5511 04 710l 474 ¥ PageRank ¥112|ES H85tf {4

Ao M5 Folgt & F44 ®o] HolHE AMES $E A4 WS Soto] o i fRAE 2 Al 9AR o]Fo]Xth TCGA HlolE

Hﬂol’\«] 0:1’“ 79l & dlolEo NPDE A-&3t A1, NPD7}F 7]|&€9] $2p 5ol oF 4 4417 A Skt MAHoRE &2 F1 {5
£ HoES gRIF 4 Slglth

7|94E Y RY [UX, |MX HEYZ, HOXHT, UE 292 4

LAOB olzigt Wi A *ﬂ 7HA] IFO 2 WYojRich A
8 47 B SGHolE 4
L1F 0 M2 cancer driver gene)E AESHA AE lﬂ—‘é:_g 5_3 chd.o whst okl Ho] g7}
A2 ol gt B} A2 o|siE 7hsobA sh, 1A
At=

%8953ltt. Next Generation Sequencing T

o

WA IE2 4 o fE E)ddo

B T P Dl
2

e E

PTG BAWOLS B2

(NGS) Al & HAHA] Hlole9] £2of whet o f8 74 31 mag y|ulo & sth2-5]. 7|4 8 7|uF H upal

A Ee sA¥elE AEsty] Ak w2 AHE W gy o HZ uo o o] =2 HYLE 1Y AHolg dit
ol 7ol Zhs A Hohe o] AT, I ¢ 4 BAol fAA
ol R QI AAEHI2021-0097) Slske] AFHgE: o 7k eyl whEel A 5 Shs 9 HelHe
K YU AL gL HER 1B A Tlofside. 2 o ouy

iu 3] e Zﬂ‘iﬂc’L"’ AFEBET A

4 8 0 QAo ARETAR R
Manuscript Received : September 16, 2021
Accepted : October 28, 2021

* Corresponding Author : Ahn Jae Gyoon(igahn@inu.ac.kr)

47} A HoITH S Uk Al WA 1ES
E U A R4 24 4N £ @ud-
S ATAE YEYA B FHA U=
3 YEYD A4 IuelEe H8WeH6, 7).

% This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/ licenses/by-nc/3.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



548 HEXM2I5s=2X|/ATEQ 2 Ho|H &8 HM103 AM125(2021. 12)

SlolA e Y REL o BHE & U
ARE Adehs © 8L 1 o 1o 598 o ¢
g2 7H1 A o B oAl o g 2l Abd 7

a4
QF &t dlolEolA AT At 179 oF I FAAE
7] 915l o2 "ol =it o]2f3h WHE thRE Al
HA 150 HEQYA HAZ 7|He R o, fjRHoR
DawnRank[12], Personalized Network Control(PNC)
[13], Single-sample Controller Strategy (SCS)[14],
PRODIGY[15] 5¢] S0l At

PNC+ Single Sample Network (SSN)gH= ®H-& o]-&
5to] 31} Eol3 442 YEY Ao Maximum Matching
Set Y ES A-Eoto] AA YEYA FFS vA=
F=rh SSN2 LE hAlo] At
A JEACIA fYrlt WIS
Hol= 3z Bold 3AA YEYIE WE & AUt SCS
+ CTC(Constrained Target Control)ZH= HHS AR
st A5 A 082 HdHE FHAAE Aofsh= o Bagt
Ed¥o] f4AE Ao, ol skt oF A
ot 5t 24 FAXE 49 o8 A% ReEs I
ZIt}. PRODIGY+ deregulated patho] dist Ed9
AR G AlAtete] oF A fARY] <91E W7=
Holo

DawnRank® HEFH FHY PageRank[16]E 7]¥te
2 st=t), HPH PageRankolA19] ¥ ZE(damping
factor)= HEYIONA T LEZ ol 7449 +5
7Igto &2 AAte) ol fAx YEF S W2 H
I YEYZY 2 A==, o= YA 2H4E FH
e 9 vk YEYAY 7 8% = 1 EE #ol
A3t A4 WEoA o] 2ol BHALE w2 27| A
£ 7HA HH, ol§ & +8 AXY ZRE 48T F
§ 1@ 9 PageRanks °|2et 25 23t o
=2 251 "o wEkA DawnRanks 23

< Zopte= Wiolzty AA4Y £ glow, WHIPH
PageRank®| 3 o] f4A47F oF 4 AL 7+s
A& 9ustA "

2 =RolAs S 5ol oF i fAxE AEs] ¢
5Fo] NPD(Network based Patient-specific Driver gene
identification)2h= A YIEYA 7]8F REZ AQHe
t}. NPD+= DawnRank®} PRE7HA| & AxollA Q1S 2t
ol7k= ®oltt, A9 DawnRankQl= €8] SAMERZ ¢
Ax}F 7FA HE/AE #55, A4 HEYF Y A
-FI(self-loop)E2] 7FsAE ol-&ste] P HHE A4t
sH "ok & © FAFCE, shhe 4 X]ofXl (paired)

l

S D A B fAA FEF Ao]o] HAXE
CEAROR An-F10) AEAE 7o

i

N

o
1o
o
H1
i
L
e
=)
£
o
2
>
=,

EaY BE 7Y

A FAA HEQATE |
o}, ol2fet &AME FAAF YIEQA] PageRank FilZ|E
= A8t ZF Akl dig A4S Wizl &, AHE =
Ho|(somatic mutation), F3x}F A4 Hol(copy num-
ber alteration), DNA M@3Kmethylation) 52 F-%%]
Ho] gloJElE ol&3st] Al HE WA HF HeE 2

TCGAI17]9] 67HA] (s, 28, 2, w1, #
&, f1ehel NPDE 283t
H

2.1 7Me

NPDE 34 5ol ¢ £ fH4S A¥et7] 93 v

o

EQF 7|Ht o= 1) Tx} ol 4% YEYA +
2, 2) PageRankE &3t 3APE {429 M= B, 3)

S f44 W] AME o], 84 BA) & W
o, DNA #ds] Hlolg2 Brjz & $344 @4 540l
Al @Az TAE. Fig 19 ol4ke] Al 71| @A B3}
o] §rAxo] H4E Hofsh Whgo] AAEo] ek

2.2 X E01M QUK HEQT 5

A WA AR 2R; EolF {HR YEYAE F5517]
ot 241 Reactom[18], RegNetwork[19], TRRUSTI[20]
O] Al 7HA] FAXF HEH A FaFdol e AN &
Z F 7hAo] gle fAAE AHAsiA B3 WEYZE Tt
£t o719 7 S A& FAA IE Tlo|HE AR
of &2 Bold {HA HEYIE +53Uth o] MEA
= 93 ¥E WZ E¥otH, Equation (1)Z &It}

W={U-0)d+w (1)

Equation (1)oA 7= &9} FZolH, ve izt ¥
M, ZF iz A g A Foldl o ME Y B
g AE BolA Guit B AJolE HoleAE HojEth
o] Aole T BE -HHE ol8T -FAFLE HEht
o, o] t-SAFL Ha-Fd 2ALY(min-max scaling)
S F91A 0.1014 0.99 W9z etect. 3 &
AR A S0l e 2hdol i Aol 19 e 7HA

i



HUE RUAL HEQYS 75 & HOIXYIE 0183 At 501 & R RUA M &y 549

ﬁ

Patient specific
gene network
construction

(STEP 1)
Integrated gene network Patient specific gene
from Fi network, network
RegNetwork, and TTRUST
) ) Modified
% Genes B, C has genetic variants PageRank
(STEP2)
Gene | Gene | Gene | Gene Gene | Gene Gene | Gene

0.51 0.9 0.3 0.17 0.6 0.9 0.3 0.2

A B% C¥% D PR A B%| C¥% D

Equation
* 0]
BvsA CvsA Final Score ( = win rate, STEP3)
g Xz 8 g zz E Gene A Gene B* Gene C* Gene D
Bvsg CvsF oos | 821 12033 %2,
BvsF CvsG 27 6 6 2-
Bvs G
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Table 1. Detailed Description of Data Downloaded from TCGA Data Portal and Number of Driver Gene by Cancer Type

Cancer Type | Number of Samples (tumor / normal) | Number of Genes | CGC | Intogen | NCG | Num of Known Driver Gene
BRCA 972 / 113 16,473 54 99 713
COAD 278 [ 41 16,209 58 72 717
LIHC 360 / 50 15,853 29 31 1 714
LUAD 510 / 59 16,332 27 42 714
PAAD 171 / 4 17,019 32 52 714
STAD 407 / 35 16,526 35 35 718

Table 2. Detailed Description of Network Data

Num of Nodes Num of Edges Num of Total Edges
FI network 14,071 110,721 208,857
Regnetwork 23,336 372,774 372,774
TRRUST 2,852 9,383 9.383
Integrated network 25,167 490,200 648,336
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