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[ Abstract ] Objective: To predict genes related to multidrug resistance ( MDR ) in ovarian cancer based on the
microRNA ( miRNA ) regulatory network. Methods: To identify potential genes associated with multidrug resistance in
ovarian cancer based on published miRNAs and miRNA-target genes were identified using a comprehensive bioinformatics
approaches including text mining and network researching. Results: Eleven miRNAs related to ovarian cancer chemoresis-
tance were identified, including miR-130a, miR-214, let-7i, miR-125b, miR-376¢, miR-199a, miR-93, miR-141,
miR-130b, miR-193b " and miR-200c. A total of 47 077 putative targets were predicted using the TargetScan algorithm
and 1 675 other targets were predicted using the PicTar algorithm. Neuropilins ( NRPI ) was the most important Hub-gene
found in the cancer miRNA regulatory network. Conclusion: It is an effective method to construct a miRNA regulatory
network to predict genes related to MDR in ovarian cancer by utilizing the existing information on miRNAs. Using this ap-
proach, we predict that NRPI may play an important role in ovarian cancer chemoresistance and would be a potential ther-
apeutic target for ovarian cancer.
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Tab. 1 miRNAs were reported related to ovarian cancer chemotherapy resistance

Expression in EOC

miRNA Target gene . ) Reference
chemotherapy tissue/cell line

miR-130a M-CSF Down-regulation Sorrentino, et al. 2008 !
miR-214 PTEN Up-regulation Yang, et al. 2008( a s
let-7i NA Down-regulation Yang, et al. 2008( b ) **’
miR-125b Bakl Up-regulation Kong et al. 201 1he’
miR-376¢ ALK7 Up-regulation Ye, et al. 201117
miR-199a CD44 Down-regulation Cheng, et al. 2012"'*’
miR-93 PTEN Up-regulation Fu,et al.20120""
miR-141 KEAPI Up-regulation van Jaarsveld, et al. 20122’
miR-130b CSF-1 Down-regulation Yang, et al. 2012'%"
miR-193b NA Up-regulation Ziliak et al. 20122
miR-200¢ TUBB3 Up-regulation Prislei, et al. 2013 %

NA': Not available.
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Fig. 1 MiRNA regulatory network was constructed by
utilizing Pajek software with circular permutation
The red nodes represented miRNAs or genes, and the arrows

represented miRNAs regulating the expression of target genes
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FIHH Pajek B AFiH5E miRNA T8 45 W 45 DL K 4%
LB BE AR AT A BE R B R R BCE R NS A
FRIE S5 3 R AR (0 B AT R A VR
R B 1.50.0.0. 44 F1O. 14815 Ay
I BEFNFE R B R 0, 3878 57 s5U7E I 28 4 AR 5l Jmy 5
MAFEEREIG . &1 S BB B B
BZEIRINGE 2 FrR, 1 5 miR-141 8% NRPI 1£ I

SR BRSO TR 28 B LG

%2 miRNA 5 R & HMFIE
Tab. 2 Topological characteristics of miRNA

regulatory network

Node DC cC Node DC CcC
let-71 1 0.342 857 miR-376¢ 3 0.521 739
miR-125b 2 0.342 857 ACO1 2 0.428 571
miR-130a 1 0.363 636 BDNF 3 0.461 538
miR-130b 1 0.363 636 FAS 4 0.500 000
miR-141 5 0.631 579 HMGCR 2 0.428 571
miR-200c 2 0.363 636 NRPI 5 0.545455
miR-214 1  0.363 636

DC: Degree centralization; CC: Closeness centralization
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Fig. 2 The testing result of miRNA regulatory network

The red nodes represented miRNAs or genes,and the arrows

represented miRNAs regulating the expression of target genes

3 3t i

B LA R R BN . —
BE s AR bR i 0, 3 5 AR AR AR SR AU
30% ~45% 0 i IR £ i KR B e Ak b it
BAZEZ59) 0 3 09 R GuE R AL 7 e I i SLR bR
WEIRIT T 46 o AT AR ISR e B SR 25 By PRl



BREPE, 2. FET microRNA JEI4% W 25 T B 55967 22 25 it 245 A1 e R 1A - 207 -

TELNZ, H 32 2 2 B Re Ak T 25 1 1 7 A
SR, O S AT i 2 ML AS BB . A6 T A oY
o ARSI L 25 A T 4 B TF R R EEACK
PEASTR] 1 B S5 958 Ah 7 it 245 55 SURRO0) Y 3k RS B 3=
ik B4 45 ( GSE41499 . GSE33482, GSE15372 Al
GSE28739 ), Tl i1 B 5 95 22 24 it 245 ] g ¥ M 25
S fREHAFER DNA #1405 5162 A i, W &
ACOI .BDNF .CXCR4 .HMGCR .NRP1 .CDKN2C . FAS
1 SKP2 AFHEN 22 3R 0K . TEIGELRN I, Ao a8
I A miRNA Y46 W 45 33— 20 70 B & 31, NRP1 &
I 45 v B B L (1Y) Hub-3E 5, 58 1T BETE U0 B0 T
Tiif 2459 B 4 3 A 1 A €, SR O S T AR 0 24
YRV Ly

i IEE S SO P R P PR Y R 22—, TE MR K
A kR R 25 N RN T A ) THIATAE B S
AMRZESE . LD S P e S R K
FEAFER AR T LY S B R FER R AR
DA R DR 1 i 7= 400 8 1 S /K- R A8 b 55 ) T
P SIS 25 1 0 7= A R PR BE S — RPN
A YA Ak . HRTE L, NRPL J& NRP K5 Y
— B, B M A N 2 A4 K I F( vascular endothelial
growth factor, VEGF )32 K2 — , H& {2 ot il 1
YA A FRTEHRE T, A IR 0 R AR RN R R T R R A
PP NRPL ZEfE T SLIRE 4
SO REE B R EL A I 5 A A e e
AL S RS B SRR T S AR TS .
Baba %5 7 JIESC T NRPI 78 51 529 26 2 40 Jifa bk o
AbFad R R A, IF v S BUB N, NRPL J2
G AE P IIR IR YT A . DL Rk s R Y
AW FELETANTF o

FEAE AT A AR N AR FE S 220K 407 miRNA 845
P26, I H BT AN 2D 35 R 42 IO £ A8 0 455 47 /R
oA 24 15900 L v 87 ) 4 A 4041l 2 AR 44 A5
TIPS IR Ty AR AR R ) o A IR ) A AR
2t A 5 B R PR R 25 R 5 AR ey Kauffman' 44]%
e, LI, — AR AT 45 n
AN A BRR BIRCRAS , 0 sl Rk R 2, T L
J WL DR R I 45 1) 52 2% 1 L A BV RO A PR 5
FRAE o ARBFSEFTHIEERY) miRNA JEPE R4, S5 E I
A7 IR R4 R fg —Fofr

AEYIE B R R B A B KR T80
JE 0 miRNA L PR 7000 55 98 13, DA >y B9 359 1k
S 25 A M5 B2 iRt T — e . ek
JREAE R miRNA HE I PR 000 50408 4K 14 2 35 10 4
i, TargetSoan[ XU PicTar ' J2& H AT HLF A A

Torim AR BHPE 32 AR B B e, e A1 A IR AR B o —
ARFIERS — AR 0 35 IR 100000 500 PP . A A AL 2 Ak A
F,miRNA #7751 F1 mRNA ) 3'-UTR /551 H 4k,
JEEA miRNA $EJE R T PRI A5 RAE , BT
EA T AL, T PicTar 3 145 — 18 A 22 5048 1%
W AT RS, 2808 T YRR ARy . B,
MIX—FH BT, 38 ] TargetScan 77 A9 miRNA-§1 2L
PRS0 1A 7 5 DL R 4 0 285 # o, 7T ] PicTar Ho
1 miRNA-# 35 P 6 LA T, i Fp e B
—EM AT

ENGENE S RSN R T TS PS
miRNA i 172530 miRNA-# 5L KB A4S 2 miRNA
TRFE LS, 456 45 53 B & B, NRP1 52 miRNA i
P45 v e B LY Hub-FE R, 2987 114 D1 SR8 i 24
FSEFER K25 A 7 Mk . DL i 4 SR AE LATE
FEH R AR S , 5 S 50K 3 — 22X NRPI 4T
LR Tt % LA K A3 B A B89 v 16 R A S

[ £ % sC Wk ]

[1] Jung HJ, Suh Y. MicroRNA in aging: From discovery to biology
[J]. Curr Genomics, 2012, 13( 7 ): 548-557.

[2] Okamura K, Phillips MD, Tyler DM, et al. The regulatory activity
of micro- RNA™ species has substantial influence on microRNA
and 3’ UTR evolution [ J ]. Nat Struct Mol Biol, 2008,15( 4 ):
354-363.

[3] RoS, Park C, Young D, et al. Tissue-dependent paired expres-
sion of miRNAs [ J ]. Nucleic Acids Res, 2007, 35( 17 ): 5944-
5953.

[4] Carrington JC, Ambros V. Role of microRNAs in plant and animal
development [ ] ]. Science, 2003, 301( 5631 ): 336-338.

[5] Bartel DP. MicroRNAs: Genomics, biogenesis, mechanism, and
function [ J . Cell, 2004, 116( 2 ): 281-297.

[6] He L, Hannon GJ. MicroRNAs: Smal RNAs with a big role in
gene regulation [ J . Na Rev Genet, 2004, 5( 7 ): 522-531.

[7] FEsquela-Kerscher A, Slack FJ. Oncomirs-microRNAs with a role
in cancer [ J ]. Nat Rev Cancer, 2006, 6( 4 ): 259-226.

[8] Calin GA, CroceCM. MicroRNA signatures in human cancers
[ J]. Nat Rev Cancer 2006, 6( 11 ): 857-866.

[9] Calin GA, Dumitru CD, Shimizu M, et al. Frequent deletions and
down- regulation of microRna genes miR15 and miR16 at 13q14 in
chronic lymphocytic leukemia [ J ]. Proc Natl Acad Sci U S A,
2002, 99( 24 ): 15524-15529.

[ 10 ] Cimmino A, Calin GA, Fabbri M, et al. miR-15 and miR-16 in-
duce apoptosis by targeting BC12 [ J ]. Proc Natl Acad Sci U S A,
2005,102( 39 ): 13944-13949.

(11 ], WS, MicoRNA SAFEIZ G BB AP [T ].
Hh I R A i T kA, 2015, 220 1) 147

[ 12 ] Hou J, Lin L, Zhou W, et al. Identification of miRNomes in hu-
man liver and hepatocellular carcinoma reveals miR-199a/-3p as

therapeutic target for hepatocellular carcinoma [ J ]. Cancer Cell,



-+ 208 -

o [ foed A M a2 2015 4E 4 H L,22(2)

2011, 19(2): 232-243.

[ 13 ] Sorrentino A, Liu CG, Addario A, et al. Role of microRNAs in
drug-resistant ovarian cancer cells [Jl Gynecol Oncol, 2008, 111
(3): 478-486.

[ 14 ] Yang H, Kong W, He L, et al. MicroRNA expression profiling in
human ovarian cancer: MiR-214 induces cell survival and cisplatin
resistance by targeting PTEN [ J ]. Cancer Res, 2008, 68( 2 ):
425-433.

[ 15 ] Yang N, Kaur S, Volinia S, et al. MicroRNA microarray identifies
Let-7i as a novel biomarker and therapeutic target in human epithe-
lial ovarian cancer [ J ]. Cancer Res, 2008, 68( 24 ): 10307-
10314.

[16] Kong F, Sun C, Wang Z, et al. miR-125b confers resistance of
ovarian cancer cells to cisplatin by targeting pro-apoptotic Bel-2
antagonist killer 1 [ J ]. J Huazhong Univ Sci Technolog Med Sci,
2011, 31(4): 543-549.

[17]Ye G, Fu G, Cui S, et al . MicroRNA 376¢ enhances ovarian
cancer cell survival by targeting activin receptor-like kinase 7: Im-
plications for chemoresistance [ J ]. J Cell Sci, 2011, 124( Pt 3 ):
359-368.

[18] Cheng W, Liu T, Wan X, et al. MicroRNA-199a targets CD44 to
suppress the tumorigenicity and multidrug resistance of ovarian
cancer-initiating cells [ J . FEBS J, 2012, 279( 11 ): 2047-
2059.

[19 ] Fu X, Tian J, Zhang L ,et al. Involvement of microRNA-93, a
new regulator of PTEN/ Akt signaling pathway, in regulation of che-
motherapeutic drug cisplatin chemosensitivity in ovarian cancer
cells [ J]. FEBS Lett, 2012, 586( 9 ): 1279-1286.

[ 20 ] van Jaarsveld MT, Helleman J, Boersma AW, et al. miR-141 reg-
ulates KEAPI and modulates cisplatin sensitivity in ovarian cancer
cells [ ] ]. Oncogene, 2013, 32( 36 ): 4284-4293.

[21] Yang C, Cai J, Wang Q, et al. Epigenetic silencing of miR-130b
in ovarian cancer promotes the development of multidrug resistance
by targeting colony-stimulating factor 1 [ J ]. Gynecol Oncol,
2012, 124( 2 ): 325-334.

[ 22 ] Ziliak D, Gamazon ER, Lacroix B, et al. Genetic variation that
predicts platinum sensitivity reveals the role of miR-193b* in che-
motherapeutic susceptibility [ ] ]. Mol Cancer Ther, 2012,11( 9 ):
2054-2061.

[ 23 ] Prislei S, Martinelli E, Mariani M, et al. MiR-200¢ and HuR in
ovarian cancer J/OL ]. BMC Cancer, 2013, 13: 72[ 2014-11-
10 ]. http: //www. biomedcentral. com/1471-2407/13/72.

[ 24 ] Lewis BP, Shih IH, Jones-Rhoades MW, et al. Prediction of mam-
malian microRNA targets [ J ]. Cell. 2003, 115(7 ): 787-798.

[ 25 ] Krek A, Griin D, Poy MN, et al. Combinatorial microRNA target
predictions [ J ]. Nat Genet, 2005, 37( 5 ): 495-500.

[ 26 ] Mrvar A, Ljubljana VB. Pajek and Pajek-XXL programs for analy-
sis and visualization of very large networks. Reference manual list
of com- mands with short explanation version 3. 11[ EB/OL J.
[ 2014-11-10 ]. http: //it. kmutnb. ac. th/teacher/FileDL/DrSun-
anthal 112255610050. pdf.

[ 27 ] Ozgiir A, Vu T, Erkan G, et al. Identifying gene-disease associa-
tions using centrality on a literature mined gene-interaction network

[ J]. Bioinformatics, 2008, 24 ( 13 ): i277-i285.

[ 28 ] Siegel R, Naishadham D, Jemal A. Cancer statistics, 2013 [ J .
CA Cancer J Clin, 2013, 63(1): 11-30.

[29 ] Jemal A, Bray F, Center MM, et al. Global cancer statistics [ J J.
CA Cancer J Clin, 2011, 61(2): 69-90.

[30 ] Jemal A, Siegel R, Xu J, et al. Cancer statistics, 2010 [J]. CA
Cancer J Clin, 2010, 60( 5): 277-300.

[ 31 ] Beck B, Driessens G, Goossens S, et al. A vascular niche and a
VEGF-Nrpl loop regulate the initiation and stemness of skin
tumours [ J . Nature, 2011, 478( 7369 ): 399-403.

[ 32 ] Grandclement C, Borg C. Neuropilins: A new target for cancer
therapy [ J ]. Cancers ( Basel ), 2011, 3(2): 1899-1928.

[33] Hong TM, Chen YL, Wu YY, et al. Targeting neuropilin 1 as an
anti-tumor strategy in lung canced J ], Clin Cancer Res, 2007,13
(6): 4759-4768.

[ 34 ] Ghosh S, Sullivan CA, Zerkowski MP, et al. High levels of vascu-
lar endothelial growth factor and its receptors ( VEGFR-1, VEGFR-
2, neuropilin-1 ) are associated with worse outcome in breast canc-
er[ J]. Hum Pathol, 2008 , 39( 12 ): 1835-1843.

[ 35 ] Staton CA, Koay I, Wu JM, et al. Neuropilin-1 and neuropilin-2
expression in the adenomacarcinoma sequence of colorectal cancer
[ J 1. Histopathology,2013,62( 6 ): 908-915.

[ 36 ] Piechnik A, Dmoszynska A, Omiotek M, et al. The VEGF recep-
tor, neuropilin-1, represents a promising novel target for chronic
lymphocytic leukemia patients [ J . Int J Cancer, 2013 ,133( 6 ):
1489-1496.

[37 ] Baba T, Kariya M, Higuchi T, et al. Neuropilin-1 promotes un-
limited growth of ovarian cancer by evading contact inhibition [ J ].
Gynecol Oncol, 2007, 105( 3 ): 703-711.

[38 ] Akutsu T, Miyano S, Kuhara S. Inferring qualitative relations in
genetic networks and metabolic pathways [ J ]. Bioinformatics,
2000,16( 8 ): 727-734.

[ 39 ] Shmulevich I, Dougherty ER, Kim S, et al. Probabilistic Boolean
Networks: A rule-based uncertainty model for gene regulatory net-
works [ J ]. Bioinformatics, 2002, 18(2 ): 261-274.

[ 40 ] Friedman N, Linial M, Nachman I, et al. Using Bayesian net-
works to analyze expression data [ J ]. J Comput Biol, 2000,7( 3/
4): 601-620.

[ 41 ] Imoto S, Kim S, Goto T, et al. Bayesian network and nonparamet-
ric heteroscedastic regression for nonlinear modeling of genetic net-
work [ J ]. J Bioinform Comput Biol, 2003, 1(2): 231-252.

[42 ] Vohradsky J. Neural network model of gene expression [T1].
FASEB J, 2001, 15(3): 846-854.

[ 43 ] Herrero J, Valencia A, Dopazo J. A hierarchical unsupervised
growing neural network for clustering gene expression patterns [ J .
Bioinformatics, 2001, 17(2): 126-136.

[ 44 ] Chen T, He HL, Church GM. Modeling gene expression with dif-
ferential equations [ J ]. Pac Symp Biocomput, 1999: 29-40.

[ 45 ] Sakamoto E, Iba H. Inferring a system of differential equations for
a gene regulatory network by using genetic programming [ C 1//

Proc. Congress on Evolutionary Computation, 2001, 1: 720-726.

[WFEEE] 2015-01-23
[ AXmE] #HEA

[f8EIEHH ] 2015 -03 -07



