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Abstract A growing number of evidences indicate that long non-coding RNAs (IncRNAs) play
important roles in many biological processes, and mutations or dysfunction in these long non-coding
RNASs can cause serious diseases in human bodies, such as various cancers. Biological methods have
been exploited to predict potential associations between diseases and long non-coding RNAs, which
are of great significance for the exploration of pathogenesis, diagnosis, treatment, prognosis and
prevention of complex diseases. Heterogeneous information network is constructed based on the
known disease-gene associations. The association strength between IncRNAs and diseases can be
measured by an association score in the heterogeneous network. A simple method called HeteSim is
applied to calculate the association scores between IncRNAs and diseases. The method used in this
paper is based on all paths existing between a given disease and a given IncRNA. The experiments
show that our method can achieve superior performance than state-of-art methods. Our predictions for
ovarian cancer and gastric cancer have been verified by biological experiments, indicating the
effectiveness of this method. The case studies indicate that our method can give informative clues for
further investigation. In conclusion, the only paths based on known disease-gene associations are
exploited, and it is can be expected that other disease associated information can also be integrated

into our method, and better performance can be available.
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Fig. 1 Heterogeneous information network instance and meta-path**
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Fig. 2 LncRNA-Disease heterogeneous information
network and meta-path LDLD
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Fig. 3 Before and after insertion of the intermediate type M

K3 A TEIZER M AT

I 48 ] A R R SR 5 1T B InecRNA FIHE
o Z T Y SRR A 2 1 S, AT 2 JEHE B 5 A8
ABE 25 o AR AT 3k M 3 R

X 2. Fe MR . E A ) I B A

A -SSR X5 A RIAS B 2 [ R W R (A
M B TR — KRBT Z B ES) A F1 B Z[H
MR AT LA O/1 SRIEHERE Wy /R T E 1 2R 2
A5 R L TEE 0 FoR 2 WS A 0/1 AR
B W s 4 500 BEAT 1) 2 R0 ) 4 39 77 o 1 5 18
BNV BE X ap FTY a5 X ap Y a5 J2 56 RS AR SR JH 2

SPIERA B FIB S A B 2 FAT 0% R AR
TR P 1 O, T LA )
X s :Y}}A Y :X};A-

TE X 3. AIIAME R MR 5 % ME 30 0 2 T 3k A
R R )RR e A M R B R IR R 1
JC AR YT a5 TR] 14 56 ZR 4 T T 3 ARE 5 4 4R ) R A
ETXHAERKERT IEAXRZR=R °R,°*°R,)
B T AN ERETREARR R HE LK

BP=A, A, e NaA L R PRI
XMEA 5 A ZE T BRI E LR Qp =
XAIAZXAZAS "'XA,A,+l VERN A, {ﬁg%ﬁé P FEAL
e 2 A L,

HRAE HeteSim FYE L, ZEM L P RT5 iR T oo
A2 P=LDLD £|288) D iy 15 1 2 8] (4 AH AL
RFER L BT SRS D orp o R AL E A 4
TETC A H) 28 B MOAR IS R L 1B A KR

HeteSim (L ,D|P)=HeteSim (L ,D|P, Pg)=
XioXonYurYio =X 10X ouX tuX b =
XioXon X X)) ' =00, Q1 » (D
DRV L A D ZE T AP WAHCHEZ 2
AL A3 A 1 AR
X T IncRNA FI g A v BAK X 4 1. d s
TR P REAR TN
HeteSim (I ,d |P)=Qp, (1.)Qp , (d+:), (2)
Hr Qp (Ly ) RHEFE Qp HIXF G L BTN B AT 1] B
J T i1 HeteSim 15 40 HUE 7 T X [A][0, 1],
TG BEXTTE S A IR AR 43 HEAT b o AL A B
HeteSim (1 ,d|P)=
Qp, (Le)Qp, , (dy:)

[or, t.oller, @ ol
A2 (D) ~ D FATHEL AT A5 IneRNA F1g
W5 2 18] 1 6 6 453 4% 0T LU 5L 118 HeteSim 543
BRI e S R R R g L5 P I 23 51 L 7 R g s )
W 3% ofe i B AR AL BE bR v Ak is 5.

3

2 XWEREHHN

2.1 LIG¥E

S5 v T ol 5 0 5 Rk PR G IO Yok A Sk
(251, A 4% IncRNA 5 595 3¢ I B 40 A K 2 81 S
fith 52 PR 5 958 95 6 B BB . IneRNA 5 952 5 56 B¢ K5 30
AW 2 N4y 1) K H LncRNADisease 3 )
A A & 480 AL I IE MY IncRNA 5 ¥



o BT HeteSim MR LB AEF S RNA i

1893

R ICZR L W & F) 166 Rk Al 118 Al IncRNA;
2)7E PubMed 47 XAZ ISR AY IncRNA 55
i G I B A, o A 7 380 4% IncRNA-J 55 G Bk 1Y
Bl A135 226 Fl IncRNA #1145 R s,

A Lk 2 PR, R AR T 578 &
IncRNA-K KB R, Hoh A 45 295 F IncRNA
214 FERG AL T IncRN A 5 {5 B M 4%

o B BE TR 5 9 0 G R B s ok B OMIM. %848
JEE B X B IneRNA-% 9 56 56 5080 o #5 & 31 1Y)
214 Pl s, o 160 Fpg i vl il o MIM %4 5 78
OMIM 4 FE b 4% 2320500 1 BO% 2L 9, Yang 5%
AP HRICT OMIM 408 FE i 160 Fe i 5 4 4
BB S 2R L 15 5] 980 4% g % 3L [N 15 15 6 Bk
M 8E 25 B AL 801 ANt FE R AN 160 Flve .

Wit A R IneRNA 5 505 52 BE AR | 40 70
B DR 5 s S R L A5 3 1558 i K AR g%
BED 5 B Y SC KOG R L P AL 4R 214 g g A
1096 FpEE PR (45 3L FH ol IneRNA) , AR 35 LA T £ 4R
i g R DR S A L T 45

iR 2 AR B BN 1 R

Table 1 Specific Information in the LncRNA/Gene-Disease

Heterogeneous Information Network

F1 IncRNA/ERA-EFFRESMEPHNEKER

Heterogeneous Number of

. o Number Number
Information LncRNA/Coding .
. of Disease  of Edges
Networks Gene
LncRNA-Disease 295/0 214 578
Gene-Disease 295/801 214 1558

2.2 MEBESH

X B PR -2 S o £ L T 2% v R A T B )
A 555, R HeteSim BB A RKR S HEZ
(8] (%) SCHRAT 3, 000 08 75 1Y IncRNA FI1ER g O Ik ¢
OO — P B OIS 70 7 topl0 /Y 5 ALK
Ry o FLVE A 1) E0 R T

HeteSim 7 IncRNA-¥E % 53 Fi {2 BN & i1y
P fig il 1T B — 32 X HIE (leave-one-out cross valida-
tion, LOOCV) LB R PFAG . i T 3 ) 4% P 08 1
AR 55 T O JBK 01 0 B ok 2 I RS 5 L, S BE Tl
Tk 9 4 Ty s AR A BT A4 L R AR Sy
TO 7 3 0 VA T AR X e T AR A . BT LA AR AT R
— AR Z BN IR X KL R AT T
532 %3l Hrb A 8 103 B Al 163 A JE [ (45
44 A~ IncRNA FI 119 A 9 i 5L D3k T Of B A 4 —
SR ORI A TP P L AT HE AT AR 4 /9 IncRNA

FRBEMLIE B 1 A4S IncRNA 5 3% 5% M 3% #4584 3¢
SEE Y SRR

TERF U B — A8 U AIE 3 47 3 A& b 3R AT B
1 AT A IneRNA-B MG I, SR 5 7E 5T 19 )
25 W HeteSim 88158 M BR 352 19 HeteSim
SCIRA A3 3 e ) 153 194 30 0 A Ay s TR A, )
(14 1) £ 285 A6y ot DN O 2 DI A AL 3 o 3 5 S ) 1 Y
B (top £ %, 1<<k<<100), ATl I ROC fili £& Fn
ROC M4k F X3 (AUC) 3P4l HeteSim 7E M 2%
FRIL.ROC il Ze 04 8 Bl 2 “ B FHPE R 7 (FPR)
B S PR GOREAR Al R i R ) R TE RE AR B L 5 90
HE“EAMESR"(TPR) , B2 A SR IEAEA 1 IE
RN S = o NS o 1 I £ = RN W

FP
TP

TPR K75 1 /2 7% B 1 GBI HE 24 78 £ 20 LAIN
(1 3% FPR R 002 AN A7 78 1 I3 HE 44 7 - %0
PLAY HER Y M & AE 1~100 22 [a) 28 AL s o] L4
MR ) TPR F FPR .l i 3% FhoJy 38, nl DL 2 6l
ROC £k, \TiiiH5 AUC. #= B DL A5 38, 31178
IncRNA-% % 5 I 5 B4 L f7 7 8 — &8 XL
WE, JFHUAE T 0.682 8 19 AUC. A I i ROC i £k n
B 4 FIrR .

1.0
09
0.8
o 0.7
< ‘n
~ 06 :
o .
2 P 4
= 05 # -
é f '/" ;
o 04 s o - i
= [ i < ot .
= 03 v |-~==— Gene-Disease(4UC=0.7835)
I A, —=— LncRNA-Disease(4UC=0.6828)
02 |7 S Gene-Disease(yang)(4UC=0.7455)
[~ ~" —— LncRNA-Disease(IRWRLDA)(AUC=0.6351)
0.1 [i— LncRNA-Disease(KATZLDA)(AUC=0.6080)
e --- Reference Line(4UC=0.5)

0.0 01 02 03 04 05 06 07 08 09 1.0

False Positive Rate
Fig. 4 Leave-one-out cross validation ROC curve
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