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Algorithm for Predicting the Associations Between MiRNAs and Diseases

GUO Mao-Zu', WANG Shi-Ming?, LIU Xiao-Yan?, TIAN Zhen?

Y(School of Electrical and Information Engineering, Beijing University of Civil Engineering and Architecture, Beijing 100044, China)
(School of Computer Science and Technology, Harbin Institute of Technology, Harbin 150001, China)

Abstract: MicroRNAs (miRNAs) play an important role in the process of life. In recent years, predicting the associations between
miRNAs and diseases has become a hot topic in research. Existing computational methods can be mainly divided into two categories:
methods based on similarity measurement, and methods based on machine learning. The former approaches predict miRNA-disease
associations by measuring similarity of nodes in the biological networks, but they need to build high quality biological networks. The
latter approaches apply machine learning algorithms to this problem, but they need to build a negative collection of high credibility. To
address those shortcomings, this paper presents a novel computational model called BNPDCMDA (bipartite network projection based on
density clustering to predict miRNA-disease associations) to predict miRNAs-disease associations. First, a miRNA-disease double-layer
network model is constructed. Then, similarity of miRNAs is used to perform density clustering. Next, bipartite network projection is
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applied to miRNA-disease double-layer composed of density clustered miRNAs and disease sets. Finally, predictions for miRNA-disease
association are performed. Further experimental results show that the proposed approach achieves AUC of 99.08% by using the
leave-one-out cross-validation test, which demonstrates better predictive performance of BNPDCMDA than other methods. Moreover,
certain miRNAs associated common diseases are predicted by BNPDCMDA.
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Fig.1 Illustration of the process of the algorithm
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, 5 526 miRNA- , , 296
miRNAs 375 , 1.
Table 1 Global characteristic of the miRNA-disease association network
1 miRNA-
miRNAs miRNA miRNA miRNA
296 375 5526 18.669 14.736 124 1 180 1
3.2
DBSCAN miRNAS ,MinPts  Eps , MinPts  2,3,Eps
0.27,0.3,0.315,0.33, 8 , 8 AUC 2. MinPts ,Eps ,
JAUC ;. Eps ,MinPts , JAUC . MinPts
, Eps , miRNA MinPts Eps,
miRNA . miRNA
, BNPDCMDA miRNA- . miRNA-
) , LAUC
Table 2 Effect of Eps and Minpts on AUC value
2 Eps,Minpts AUC
Minpts Eps AUC
0.270 20 135 8.05 0.990 819
) 0.300 21 111 8.95 0.989 838
0.315 17 99 11.59 0.988 478
0.330 12 88 17.33 0.978 552
0.270 13 159 10.54 0.989 190
3 0.300 13 138 12.15 0.987 821
0.315 10 128 16.80 0.984 491
0.330 9 107 21.00 0.977 853
3.3
, , : BNPDCMDA
, . Minpts=3,Eps=0.33, BNPDCMDA  NTSMDA!? RLSMDAR  Chen
(12 , ROC ' 2

o
o
=
—— BNPDCMDA
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Fig.2 ROC curve
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3 , 3.

Table 3 Comparison of AUC values on 15 common diseases by BNPDCMDA and the other methods

86.82%,80.15%,65.25%.

3 BNPDCMDA 15 AUC
iRNA AUC
MIRNAS BNPDCMDA NTSMDA RLSMDA Chen’s method
Carcinoma, hepatocellular 180 0.979 210 0.794 265 0.642 514 0.542 302
Breast neoplasms 179 0.983 082 0.886 653 0.763 529 0.629 856
Stomach neoplasms 161 0.949 696 0.838 562 0.706 574 0.616 371
Colorectal neoplasms 140 0.975 919 0.829 257 0.625 549 0.529 631
Lung neoplasms 139 0.976 362 0.882 935 0.786 392 0.537 713
Melanoma 126 0.976 615 0.889 856 0.836 859 0.625514
Ovarian neoplasms 117 0.968 336 0.846 958 0.818 635 0.645 817
Prostatic neoplasms 111 0.963 349 0.851 663 0.760 210 0.685 249
Pancreatic neoplasms 102 0.976 913 0.825 214 0.725 278 0.645 214
Glioblastoma 98 0.980 420 0.809 638 0.714 425 0.639 475
Carcinoma, renal cell 93 0.965 307 0.781 456 0.706 395 0.593 214
Urinary bladder neoplasms 82 0.988 659 0.778 825 0.695 521 0.574 128
Hiv 11 0.987 962 0.829 963 0.840 663 0.584 726
Acute coronary syndrome 8 0.996 006 0.774 258 0.823 541 0.752 510
Heart diseases 4 0.957 112 0.946 314 0.925 146 0.835 219
, miRNA ,BNPDCMDA AUC .BNPDCMDA
15 AUC 97.50%,NTSMDA,RLSMDA,Chen 83.77%,75.81%,
62.91%. ,BNPDCMDA
3.4 miRNA-
BNPDCMDA , , 3
dbDEMC2.0%% phenomiR2.0%*"  miRCancer!?®] BNPDCMDA ,
dbDEMC miRNA miRNAs,
dbDEMC2.0 , miRNASs;PhenomiR2.0
miRNA (deregulation), miRNAS ;miRCancer
, miRNA
, 0.25 miRNA 25 , 25
, 4, 0.25 miRNA 33 , 33 , 5.
20 , 6, 14 , 6
Table 4 Validation results of the potential associations of breast neoplasmsin databases
4
miRNAs miRNAs
1 hsa-mir-19b dbDEMC2.0 PhenomiR2.0 14 hsa-mir-212 ~ dbDEMC2.0 PhenomiR2.0 miRCancer
2 hsa-mir-106a dbDEMC2.0 PhenomiR2.0 15 hsa-mir-520e ~ dbDEMC2.0 PhenomiR2.0 miRCancer
3 hsa-mir-142 miRCancer PhenomiR2.0 16 hsa-mir-181d dbDEMC2.0 PhenomiR2.0
4 hsa-mir-150 dbDEMC2.0 PhenomiR2.0 miRCancer 17 hsa-mir-433 dbDEMC2.0 PhenomiR2.0
5 hsa-mir-99a  dbDEMC2.0 PhenomiR2.0 miRCancer 18 hsa-mir-130a  dbDEMC2.0 PhenomiR2.0 miRCancer
6 hsa-mir-185 dbDEMC2.0 PhenomiR2.0 miRCancer 19 hsa-mir-184 dbDEMC2.0 PhenomiR2.0
7 hsa-mir-92b dbDEMC2.0 20 hsa-mir-219 dbDEMC2.0 PhenomiR2.0
8 hsa-mir-98 miRCancer PhenomiR2.0 21 hsa-mir-95 dbDEMC2.0 PhenomiR2.0
9 hsa-mir-30e miRCancer PhenomiR2.0 22 hsa-mir-153 dbDEMC2.0 PhenomiR2.0 miRCancer
10 hsa-mir-196b dbDEMC2.0 PhenomiR2.0 23 hsa-mir-449a  dbDEMC2.0 PhenomiR2.0 miRCancer
11 hsa-mir-15b dbDEMC2.0 PhenomiR2.0 24 hsa-mir-331 PhenomiR2.0
12 hsa-mir-186 dbDEMC2.0 PhenomiR2.0 25 hsa-mir-144 miRCancer PhenomiR2.0
13 hsa-mir-32 dbDEMC2.0 PhenomiR2.0 - - -
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Table 5 Validation results of the potential associations of lungneoplasmsin databases
5
miRNAs miRNAs
1 hsa-mir-92a dbDEMC2.0 PhenomiR2.0 miRCancer 18 hsa-mir-302c dbDEMC2.0 PhenomiR2.0
2 hsa-mir-199a PhenomiR2.0 19 hsa-mir-194 dbDEMC2.0 PhenomiR2.0 miRCancer
3 hsa-mir-106b PhenomiR2.0 20 hsa-mir-149 dbDEMC2.0 PhenomiR2.0
4 hsa-mir-19b PhenomiR2.0 21 hsa-mir-129 ~ dbDEMC2.0 PhenomiR2.0 miRCancer
5 hsa-mir-141 ~ dbDEMC2.0 PhenomiR2.0 miRCancer 22 hsa-mir-302a dbDEMC2.0 PhenomiR2.0
6 hsa-mir-218 miRCancer PhenomiR2.0 23 hsa-mir-99a  dbDEMC2.0 PhenomiR2.0 miRCancer
7 hsa-mir-133a  dbDEMC2.0 PhenomiR2.0 miRCancer 24 hsa-mir-92b  dbDEMC2.0 PhenomiR2.0 miRCancer
8 hsa-mir-16 miRCancer PhenomiR2.0 25 hsa-mir-423 PhenomiR2.0
9 hsa-mir-429 dbDEMC 2.0 miRCancer 26 hsa-mir-367 dbDEMC2.0 PhenomiR2.0
10 hsa-mir-20b dbDEMC2.0 PhenomiR2.0 27 hsa-mir-409 miRCancer PhenomiR2.0
11 hsa-mir-24 miRCancer PhenomiR2.0 28 hsa-mir-452 PhenomiR2.0
12 hsa-mir-296 PhenomiR2.0 29 hsa-mir-15b miRCancer PhenomiR2.0
13 hsa-mir-204 dbDEMC2.0 PhenomiR2.0 miRCancer 30 hsa-mir-196b dbDEMC2.0 PhenomiR2.0
14 hsa-mir-195 miRCancer PhenomiR2.0 31 hsa-mir-302d dbDEMC2.0 PhenomiR2.0
15 hsa-mir-122 dbDEMC2.0 PhenomiR2.0 32 hsa-mir-520d dbDEMC2.0
16 hsa-mir-302b  dbDEMC2.0 PhenomiR2.0 miRCancer 33 hsa-mir-193b dbDEMC2.0 PhenomiR2.0
17 hsa-mir-125b miRCancer PhenomiR2.0 - E —
Table 6 Validation results of the potential associations in top 20 in databases
6 20
miRNA
1 hsa-mir-21 Lupus vulgaris -
2 hsa-mir-31 Heart failure -
3 hsa-mir-16 Salivary gland neoplasms -
4 hsa-mir-92a Melanoma PhenomiR2.0
5 hsa-mir-92a Stomach neoplasms -
6 hsa-mir-17 Carcinoma, renal cell -
7 hsa-mir-143 Carcinoma, hepatocellular miRCancer PhenomiR2.0
8 hsa-miR-20a Carcinoma, renal cell dbDEMC2.0
9 hsa-mir-143 Ovarian neoplasms PhenomiR2.0
10 hsa-mir-125b Muscular disorders, atrophic -
11 hsa-mir-21 Adrenocortical carcinoma miRCancer
12 hsa-mir-200b Breast neoplasms dbDEMC2.0 PhenomiR2.0 miRCancer
13 hsa-mir-92a Lung neoplasms dbDEMC2.0 PhenomiR2.0 miRCancer
14 hsa-mir-210 Ovarian neoplasms miRCancer PhenomiR2.0
15 hsa-let-7b Stomach neoplasms miRCancer
16 hsa-mir-210 Stomach neoplasms miRCancer PhenomiR2.0
17 hsa-mir-199a Lung neoplasms PhenomiR2.0
18 hsa-mir-29a Pancreatic neoplasms miRCancer PhenomiR2.0
19 hsa-mir-125b Muscular disorders, atrophic PhenomiR2.0
20 hsa-mir-181a Muscular disorders, atrophic PhenomiR2.0
4
BNPDCMDA miRNA- . ,
Eps MinPts , , .BNPDCMDA AUC NTSMDA,
RLSMDA Chen , ,BNPDCMDA . ,
BNPDCMD miRNASs ,BNPDCMDA
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