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Prediction of the relationship between IncRNA and diseases

based on internetwork random walk algorithm
SHANG Min, HE Pingan
(School of Science, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: The similarity network model of diseases, IncRNA and genes was constructed. Based on the
existing correlation data among the three, an internetwork random walk algorithm was introduced to
predict the potential disease-related IncRNA. The algorithm was applied to the data of IncRNA and disease
association information in the existing databases. The 10-fold cross validation and AUC were applied to
evaluate the effect of the algorithm. The results show that compared with other algorithms, this algorithm
has better AUC value under 10-fold cross validation, demonstrating that the algorithm has a better
prediction performance. Furthermore, the algorithm was used to predict the IncRNA related to gastric
cancer and colorectal cancer. The predicted results are consistent with the known medical data, which
shows that the algorithm is effective in predicting new disease-related InRNA.

Key words: disease; gene; long non-coding RNA; network model; internetwork random walk;

similarity; prediction

RNA., ncRNA),
0 [2]
2 , ncRNA , N
2%, . .
70%  DNA RNA (Non-coding (3, RNA (Long noncoding RNA,
:2020—01—30 :2020—05—08
(61772027)
(1994— >,

, E-mail: pinganhe(@ zstu.edu.cn



( ) 2020 43

694
IncRNA) 200 ncRNA, IncRNA . ,Sun U
IncRNA , RWRIncD ,
B BUHIVE e IncRNA
N o Lol , (Random walk with restart, RWR),
IncRNA IncRNA . ,
, N ) IncRNA
R . Gu IncRNA
IncRNA . (Global network
, NeS random walk model for predicting IncRNA-disease
-1(BACED (BACEI-AS) associations, GrwLLDA) , IncRNA
. BACEIl- RWR., GrwLDA
AS BACE1 mRNA  BACEl1 , Xiao [
S, HI19 BPLLDA ;
IncRNA , IncRNA .
fiz13) , H19 Peng [ ThrRW
H19 S (PIND , (DCN)
) (FIND, ,
IncRNA , o ,
IncRNA LncRNADisease2 0%
IncRNA Lnc2Cancer-'™ | ncRNA .
MNDR!™ ,
IncRNA
R IncRNA IncRNA R R
JIncRNA  IncRNA
[l .IncRNA
) . IncRNA
, o , 3
. ,Chen M- ,
(Laplacian IncRNA .
regularized least squares for IncRNA-disease IncRNA ,
association, LRLSLDA) , 10 IncRNA
IncRNA , , AUC )
IncRNA IncRNA ;
s IncRNA s
IncRNA, LRLSLDA o s
s Zhao M IncRNA .
IncRNA , . N 1
, 707 1.1
IncRNA, , , L. 1.1 IncRNA IncRNA
; IncRNA Latod , IncRNA

N IncRNA



IncRNA 695

IncRNA, Bao ¥
LncRNADisease2. 0 ,
20 IncRNA ,
IncRNA H
IncRNA RNA (MicroRNA, miRNA)
RNA
. LncRNADisease2. 0
IncRNA IncRNA
1L 12
CREEDS (25 N
CREEDS
L 13
LncRNADisease2. 0 IncRNA
JIncRNA CREEDS
IncRNA
, 99 , 99
IncRNA ;
IncRNA IncRNA )
1395 IncRNA s 1395
IncRNA ; IncRNA
s 2902
, 2902
IncRNA .
, 99 .2902
1395  IncRNA o
1.2 . IncRNA
1L 21
e dsG,=(d, T, E»
, : Ty d
( d )5 E, Gy
. teT,,
t d , t=d, ¢t d D,()
Jl , t=d
D, (t) =<max{D, XD, (") | (@)
1 =N Yo ot £ d
: D, € [0,1] ele € E)

° d, d, Tay.dz

216761 nty, (Ddl([)+Dd2 (t))
e 0 2)
di1.d 2,67‘([ D, () + 2167‘(,2 D,, ()

Tai.d1 tt Tdi.da

R, = : : 3
Vdy.di tt Tdyda
R 3N o
1. 22 IncRNA
IncRNA
IncRNA (21, 26] IncRNA [,
D, ={dun, diss s din}s
IncRNA 7, :Dy={dy, days,s
doyto ) dn D,
S(dy, Dy, :
S(dn,Dz):drré%)z((Rdd(dn,d)) )
,IncRNA [/, l, 7010

Do SdusD) + D7 S(dysDy)

Pue = m+n
(5)
o T
R,=]| : : (6)
Pigan 0 Vi,
: R, IncRNA ;s
IncRNA .
L 23
(Gene ontology, GO)"
GO
. Wang [ GO
GO A,Goa=(d, Ta, E)
) : T4 Ga GO
, GO A GO sE A
Ga GO o
GO t€Ty, t A , NES
At A Sa)
Jl, t=A
Sa(t) =<max{W, XS, ") | P
1 "€t b, £ A
W, ; Lo, 11,
A V(A)



696 ( ) 2020 43
V(A = DS, (1) (8) B T SO B2 P 45 IncRNAT)y REAH LU Y 4%
teTA
A B G,=(d,
TA?EA) GB:(d, TB, EB)7 A B
Sco(A, B) :
>0 (S +S)
S« A,B :reTAﬁTB 9
6o ¢ ) V(A) +V(B) 0
GO o GO G={o:. @ s b s
O29 **°y Ok} U(09 G) : \\
A R )
U(o.G) =max(S;,(0,0;)) (10
1<i<t N \ |/
g g, GO im& \[/
:Gr="{01s 0125 ***s 01, } Gy =102 0325 ***s o § < 'J
S 815 =
, y IncRNA 5
02y} g & e FHWHHE L REAIAPER 4
1
> UG+ > Uloy Gy
- _ 1<<i<<m 1<j=mn Rdd \de \Ru N
81482
m+7’l (11) R,g Pgd P/d °
P o s
r;,l%'l rls'l'ﬁq “
R,=| + " az [, ), (13): . IncRNA
Tea-a1 Teqg IncRNA
R, 35q o ( . ), (14); ,  IncRNA
’Rdd \Rll Rgg o ( 11
1.3 ), (15),
R.,.R. R, IncRNA |, .RNA  IncRNA
. IncRNA o (
R, IncRNA, iRy /i sIncRNA  IncRNA
s iR, IncRNA, r ), ,
1, 0, ) t a) s
j , R. R P, =aPi' + Ry + (1 —a)Ry (13)
G j) 1, P, P, IncRNA b)IncRNA  IncRNA .o
, Py P, =aR, « P};' + (1 —a)R, (1)
IncRNA, P » ¢)IncRNA ,
° Pldt:ng 'P,,:ah] (15
. IncRNA a lncRNA
1) ’ [Ov
’ L 1gp, R, .
1 ’ ~ > ’ Pu P;:d °
IncRNA ; 2 R
2 a) ’ H
3 2 ’ ’gd :aplgjzl 'Rdd+(1_a)Rgd (16)
IncRNA IncRNA N b) . e
IncRNA o e =aR, + P+ (1 —a)R,, a7




5 . IncRNA 697

¢)IncRNA , CREEDS ,
La :R/m . P! (18) JIncRNA
: Ly , 1,
(16); 7 IncRNA 2,
(17) ;lncRNA Ly, 3,
(18);P,, R, . 1
1.4
1. 0000 0. 3041  0.4220 0. 3192 0. 4220
) (ROC ) 0. 3041 1 0000 0. 4756 0.2437 0. 3041
(AUC ) . ROC 0. 4220 04756 10000 0. 3192 0. 4220
( »False positive rate) , 0.3192  0.2437  0.3192 10000 0. 3192
( » True positive rate) o 0. 4220  0.3041  0.4220 0.3192 1 0000
. AUC 1
0. 500~ 1 000 . AUC . o 1 . 1. 0000,
. , 1 0. 4756,
1.5 0. 2437,
> 10 ’
. 10 ° ’
10 9 ) 1
, 10 10 H ,
., 10 o
i 2 IncRNA .
R, 1 10 2 IncRNA 0
) 9 i 1 . 1. 0000,
0, R, Ry, R, , 10 s, 2 1. 0000, 0. 2554,
ROC AUC . 1. 0000 : A2M-ASI1
ABHDI11-AS1 . AC000067. 1
2 AC002070, 1 . A2M-ASI
LncRNADisease2 0 ABHDI1-AS1 ’
IncRNA .IncRNA o
2 IncRNA
IncRNA A2M-AS1 ABALON ABHDI11-ASI1 AC000067. 1 AC002070. 1
A2M-AS1 1. 0000 0. 3192 1. 0000 0. 2554 0. 2554
ABALON 0. 3192 1. 0000 0. 3192 0. 5275 0. 5275
ABHDI1 - ASI 1. 0000 0. 3192 1. 0000 0. 2554 0. 2554
AC000067. 1 0. 2554 0. 5275 0. 2554 1. 0000 1. 0000
AC002070. 1 0. 2554 0. 5275 0. 2554 1. 0000 1. 0000
3 . 3 Lysrs), : a [0, 1]
IncRNA 0 1 , Q1; L, [1,15] s
, 1. 0000, 1; r [1,15] s 1; Ly
, 3 0. 6708, 0. 3455, [1, 15] , 1; r, [1,15]

5 (a7119r19 1 15 40



698 ( ) 2020 43
3
A2M AACS AADAT AAGAB AAK1 AAMP
A2M 1. 0000 0. 5675 0. 3653 0. 6708 0. 6134 0. 5260
AACS 0. 5675 1. 0000 0. 3455 0. 4928 0. 6434 0. 4167
AADAT 0. 3653 0. 3455 1. 0000 0. 3636 0. 3962 0. 3503
AAGAB 0. 6708 0. 4928 0. 3636 1. 0000 0. 5978 0. 6477
AAK1 0. 6134 0. 6434 0. 3962 0. 5978 1. 0000 0. 4876
AAMP 0. 5260 0. 4167 0. 3503 0. 6477 0. 4876 1. 0000
4 lisrislasrs AUC AUC 0 820 12 6%; GrwLDA  AUC
4y T Ly Ty AUC 0 782 16 4%; BPLLDA AUC
2 2 2 2 0. 946 0. 872 7. 4%, AUC 2 ,
2 3 2 2 0. 932 , InRNA
2 1 2 2 0. 860 LRLSLDA GrwLDA  BPLLDA
2 5 2 2 0. 843 10
3 2 2 2 0. 917 .
3 3 2 2 0. 943 09 /
3 4 2 2 0. 831 "
a=0.1, %1 08 L '\ /
<Dt w
a 01 0.9 ,AUC
; L7, , lysr, 07r
AUC ; rislysrs L
( 4 YAUC [ ; LRLSILDA GvaLDA BPLILDA WJ%EE@IWJB?%HHE
Lislysry ri (4 YAUC 2 LRLSLDA,GrwLDA . BPLLDA
" i , o AUC
01, 4,=2.,r=2,01,=2,r,=2 ,AUC
s AUC 0. 946, IncRNA , 2 :
. R 2 IncRNA, a
Gu "1 GrwLDA ( Yy=09,a= 0.1, Li=2,r1=2,0,=2,r,=2
0. 1,84=0.1,9=0 3),Chen " LRLSLDA 5 IncRNA,
( lw=01) Xjao BPLLDA 5, IncRNA
( L=3,T=0 2), : LncRNADisease2. 0
AUC 0. 946,  LRLSLDA , .
5 5 IncRNA
5 IncRNA
HOTAIR™! H198 MEG3H! MALAT16 TUG15%
HOTAIR" H195% MEG3 UCA1%7 MALAT15
IncRNA,
3
IncRNA , LncRNADisease2. 0 IncRNA
. IncRNA , AUC
N o 0. 946,
.IncRNA o
, JIncRNA s

IncRNA LncRNADisease2. 0



IncRNA 699

[1]

[2]

(3]

(4]

(5]

[6]

7]

(8]

[9]

Claverie ] M. Fewer genes, more noncoding RNA []].
Science, 2005, 309(5740):1529-1530.

Clark M B, Mattick J S. Long noncoding RNAs in cell
biology [J]. Seminars in Cell & Developmental Biology,
2011, 22(4):366-376.

Mercer T R, Dinger M E, Mattick J S. Long non-coding
RNAs: Insights into functions [ J]. Nature Reviews
Genetics, 2009, 10(3):155-159.

Pasmant E, Sabbagh A, Vidaud M. et al. ANRIL, a
long, noncoding RNA, is an unexpected major hotspot
in GWAS [J]. The FASEB Journal, 2011, 25(2):444~
448.

Congrains A. Kamide K, Oguro R. et al. Genetic
variants at the 9p21 locus contribute to atherosclerosis
through modulation of ANRIL and CDKN2A/B [J].
Atherosclerosis, 2012, 220(2) :449-455.

Zhang Q, Chen CY, Yedavalli VSR K, et al. NEATI1
long noncoding RNA and paraspeckle bodies modulate
HIV-1 posttranscriptional expression [ J]. mBio, 2013,
4(1) :e00596.

Johnson R. Long non-coding RNAs in Huntington’s
disease neurodegeneration [ J]. Neurobiology of Disease,
2012, 46(2) :245-254.

Ji P, Diederichs S, Wang W B, et al. MALAT-1, a
novel noncoding RNA, and thymosin B4 predict
metastasis and survival in early-stage non-small cell lung
cancer [ J]. Oncogene, 2003, 22(39):8031-8041.
Barsyte-Lovejoy D, Lau S K, Boutros P C, et al. The ¢
myc oncogene directly induces the H19 noncoding RNA
by allele-specific binding to potentiate tumorigenesis [ J].

Cancer Research, 2006, 66(10):5330-5337.

[10] de Kok J B, Verhaegh G W, Roelofs R W, et al. DD3

[11] Faghihi M A, Modarresi F, Khalil A M,

[12]

(PCA3), a very sensitive and specific marker to detect
prostate tumors [ J]. Cancer Research, 2002, 62(9):
2695-2698.

et al.
Expression of a noncoding RNA is elevated in
Alzheimer " s disease and drives rapid feed-forward
regulation of fB-secretase [J]. Nature Medicine, 2008,
14(7) .723-730.

Hao Y. Crenshaw T, Moulton T, et al
suppressor activity of H19 RNA []]. Nature, 1993,

365(6448) :764-767.

Tumour-

[13] Brannan C I, Dees E C, Ingram R S, et al. The

[14]

[15]

(16]

[17]

[18]

[19]

[20]

[21]

(22]

[23]

[24]

[25]

product of the H19 gene may function as an RNA []J].
Molecular Cellular Biology, 1990, 10(1) :28-36.

Gibb E A, Brown C J, Lam W L. The functional role
of long non-coding RNA in human carcinomas [ ] ].
Molecular Cancer, 2011, 10(1).38.

Bao Z Y, Yang Z.
LncRNADisease2 0: An updated database of long non-
coding RNA-associated diseases [ J ]. Nucleic Acids
Research, 2019, 47(D1).D1034-D1037.

Ning S W, Zhang J Z, Wang P, et al. Lnc2Cancer: A

Huang Z, et al

manually curated database of experimentally supported
IncRNAs associated with various human cancers [ ] ].
Nucleic Acids Research, 2016, 44(D1) :D980-D985.
Wang Y. Chen L. Chen B, et al. Mammalian ncRNA-
disease repository: A global view of ncRNA-mediated
disease network [J7]. Cell Death &. Disease, 2013, 4
(8):e765.

Chen X, Yan C C, Zhang X, et al. Long non-coding
RNAs and complex diseases; From experimental
results to computational models [ J]. Briefings in
Bioinformatics, 2017, 18(4) :558-576.

Chen X, Yan G Y. Novel human IncRNA-disease
association inference based on IncRNA expression
profiles [J]. Bioinformatics, 2013, 29(20):2617-2624.
Zhao T T, Xu J Y, Liu L, et al. Identification of
cancer-related IncRNAs through integrating genome.
regulome and transcriptome features [ J]. Molecular
BioSystems. 2015, 11(1): 126-136.

Sun J, Shi H B, Wang Z Z, et al. Inferring novel
IncRNA-disease associations based on a random walk
model of a IncRNA functional similarity network [J].
Molecular BioSystems, 2014, 10(8): 2074-2081.

Gu C L, Liao B, Li X Y, et al. Global network random
walk for predicting potential human IncRNA-disease
associations [ J ]. Scientific Reports, 2017, 7 (1):
12442.

Xiao X F, Zhu W, Liao B, et al. BPLLDA: Predicting
IncRNA-disease associations based on simple paths
with limited lengths in a heterogeneous network [J].
Frontiers in Genetics, 2018, 9:411.

Peng W, Wang ] X, Chen L, et al. Predicting protein
functions by wusing unbalanced birandom walk
algorithm on protein-protein interaction network and
functional interrelationship network [ J ]. Current
Protein & Peptide Science, 2014, 15(6) :529-539.
Wang Z C. Monteiro C D, Jagodnik K M, et al.
Extraction and analysis of signatures from the gene
by the crowd [ ] ].

expression omnibus Nature



700

) 2020 43

Communications, 2016, 7:12846.

[26] Wang D, Wang J, Lu M, et al. Inferring the human
microRNA functional similarity and functional network
based on microRNA-associated diseases [ J .
Bioinformatics, 2010, 26(13):1644-1650.

[27] Gene Ontology Consortium. Gene ontology annotations
and resources [ J]. Nucleic Acids Research, 2013, 41
(D1) . D530-D535.

[28] Wang J Z, Du Z, Payattakool R, et al. A new method
to measure the semantic similarity of GO terms [J].
Bioinformatics, 2007, 23(10):1274-1281.

[291XuZY, YuQM, DuY A, et al. Knockdown of long
non-coding RNA HOTAIR suppresses tumor invasion
and reverses epithelial-mesenchymal transition in
gastric cancer [ J]. International Journal of Biological
Sciences, 2013, 9(6):587-597.

[30] Wu M S, Wang H P, Lin C C, et al. Loss of
imprinting and overexpression of IGF2 gene in gastric
adenocarcinoma [ J]. « Cancer Lett, 1997, 120(1):9-
14.

[31] Sun M, Xia R, Jin F,

noncoding RNA MEG3 is

et al. Downregulated long

associated with poor
prognosis and promotes cell proliferation in gastric
cancer [J]. Tumor Biology, 2014, 35(2):1065-1073.

[32] Wang J, Su L, Chen X, et al. MALATI1 promotes cell
proliferation in gastric cancer by recruiting SF2/ASF
[J]. Biomedicine &. Pharmacotherapy, 2014, 68(5):

[33]

[34]

[35]

[36]

[37]

[38]

557-564.
Zhang E, He X, Yin D, et al. Increased expression of
long noncoding RNA TUGI predicts a poor prognosis
of gastric cancer and regulates cell proliferation by
epigenetically silencing of p57 [J]. Cell Death &
Disease, 2016, 7(2):e2109.

Kogo R,

noncoding

Shimamura T, Mimori K, et al. Long
RNA HOTAIR

dependent chromatin modification and is associated

regulates polycomb-
with poor prognosis in colorectal cancers [J]. Cancer
Research, 2011, 71(20):6320-6326.

Hibi K. Nakamura H, Hirai A. et al. Loss of H19
imprinting in esophageal cancer [ J]. Cancer Research,
1996, 56(3):480-482.
Yin D D, Liu Z ], Zhang E, et al. Decreased
expression of long noncoding RNA MEGS3 affects cell
proliferation and predicts a poor prognosis in patients
with colorectal cancer [J]. Tumor Biology., 2015, 36
(6):4851-4859.

Han Y. Yang Y N. Yuan H H. et al. UCA1, a long
non-coding RNA up-regulated in colorectal cancer
influences cell proliferation, apoptosis and cell cycle
distribution [J]. Pathology, 2014, 46(5):396-401.

Xu C, Yang M, TianJ, et al. MALAT-1: A long non-
coding RNA and its important 3’ end functional motif

LJ1
Journal of Oncology, 2011, 39(1):169-175.

( : )

in colorectal cancer metastasis International



