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Prediction of hsa-miR-206 target gene based on bioinformatics analysis
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[Abstract ] Objective The bioinformatics method was used to analyze the sequence of hsa-miR-206 ,the functional enrich-
ment analysis and signal pathway enrichment analysis of the target genes, and the protein-protein interation network was used to provide
atheoretical basis for the subsequent study of its function. Methods Analysis of hsa-miR-206 sequence and conservation, predict tar-
get genes by online tools such as miRbase, TargetScan, DIANA-microT, MiRDB database, VENN online tool, DAVID online data-
base, STRING database and Cytoscape software , GO enrichment analysis, KEGG pathway enrichment analysis and target gene enco-
ding protein analysis were performed, and key genes were screened. Results The hsa-miR-206 sequence was highly conserved a-
mong different species. GO analysis revealed that hsa-miR-206 target gene function was mainly enriched in biological processes such as
biosynthesis regulation, regulation of metabolism, and transcriptional regulation. KEGG analysis indicated that it mainly participated in
Wnt Signal pathway, T cell receptor signaling pathway, cancer pathway, etc. Protein interactions show complex interactions between
the encoded proteins, There are 27 proteins most closely related to hsa-miR-206, such as DDX5, FUBP1, DHX15, etc. Conclusion
hsa-miR-206 may be involved in important biological processes and regulatory mechanisms in tumorigenesis and development, providing
clues for further experimental validation.
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BEUEESEME miRNA' . 25 T A5 IR 76 9 19 1%
ZPIR I Z AL, B RIS 2R B miR-206 7€ M8
S5 Z TP vh e R TE A ok M T 1R 2R
MR R EZAERT . miR-206 & (178 NS5
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R, R 5 A0 M R S AL o Ak B R SR AR W e AT
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Py Z 8] B PRy 98 I g B 2 P A A T K R
Y4 R A5 B 0 (National Center for Biotechnology
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&1 EOYFHAFE miR-206 (RFFF 5

J¥51%5 (miRBase) YRp R JF51(5—3")
MIMAT0000462 A hsa-miR-206 53-UGGAAUGUAAGGAAGUGUGUGG-74
MIMAT0000239 N mmu-miR-206-3p 46-ACAUGCUUCUUUAUAUCCUCAUA-67
MIMAT0017004 /N mmu-miR-206-5p 8-ACAUGCUUCUUUAUAUCCUCAUA-30
MIMAT0017154 [FEATY mo-miR-206-5p 13-ACAUGCUUCUUUAUAUCCUCAU-34
MIMAT0000879 e % R mo-miR-206-3p 51-UGGAAUGUAAGGAAGUGUGUGG-72
MIMATO0006606 P IN cfa-miR-206 39-UGGAAUGUAAGGAAGUGUGUGG-60
MIMAT0036052 [ITES chi-miR-206 53-UGGAAUGUAAGGAAGUGUGUGGU-75
MIMAT0023846 AR cgr-miR-206 50-UGGAAUGUAAGGAAGUGUGUGG-71
MIMAT0002318 TR ppy-miR-206 53-UGGAAUGUAAGGAAGUGUGUGG-74
MIMAT0013864 g ssc-miR-206 50-UGGAAUGUAAGGAAGUGUGUGA-71

R 2 miR-206 $BEEH GO ThEER IR

GO 5 GO 4y FHIReH R P1H FEH B FL A FR

A AR ()
G0 0006357 RNA RA 8 115 shFi 5 iR 3.33E-08 45 ELF1, THRB, PAX6, CASK %
G0 ;0045944 RNA A 11 )5 8h TR e IR 4.47E-08 30 ELF1, THRB, PAX6, CASK %
G0:0045941 SR 1) IE % 5.27E-07 36 ELF1, THRB, GLIS2, PAX6 %
G0:0051173 AACE P R Y I AR 5.98E-07 39 ELF1, THRB, PDGFA, GLIS2 %
G0:0045935 WAL A AT TR FAZ R A QA B 1 E PR 45 7.58E-07 38 ELF1, THRB, PDGFA, GLIS2 %
G0:0010557 TR L R Y IE A 8.70E-07 39 ELF1, THRB, PDGFA, GLIS2 %

G0.0045893 S IE % DNA i 9.37E-07 32 ELF1, THRB, PAX6, CASK %
G0:0031328 YA A ) B Lt R A I R A 1.03E-06 40 ELF1, THRB, PDGFA, GLIS2 %
G0:0010628 Fe R 3k 1) IE R 4% 1.07E-06 36 ELF1, THRB, GLIS2, PAX6 %5
G0:0051254 RNA AR5 i A2 09 1 % 1.13E-06 32 ELF1, THRB, PAX6, CASK %

Y 20 A (S 47)
G0:0012505 W RS 4.15E-06 38 SYT1,CLCN3, MAL2 ,XPOG6 %5
G0:0031252 AT 7.91E-06 14 MTSS1,WASF2 ,ABI2 ,CDK6 %5
G0:0031982 ¥ 9.76E-05 31 SRI, MTSS1, SYT1, CLCN3 %
G0:0031410 Y1 e Jo A 7 1.13E-04 30 MTSS1,SYT1,CLCN3, YWHAZ %5
G0:0005856 EllYogegel 1.24E-04 51 CTTNBP2NL, MTSS1, UTRN %
G0 0005794 R SR 2.24E-04 36 CLCN3,0SBP ,AP1G1, UNC50 %%
G0 0042995 EER ) 4.44E-04 30 MTSS1, SYT1, NRP1, CNN3 %
G0.0031988 2 A 3 5.02E-04 26 MTSS1,SYT1,CLCN3, YWHAZ %%
G0:0001726 I PR 4 5.47E-04 8 MTSS1, NME2, NME1-NME2 %
G0:0015629 WLsh 2 ([ 20 i 4 6.76E-04 16 CTTNBP2NL ,MTSS1,TWF1, UTRN %

ST IR (R4 )
G0:0003700 e SR I M 2.15E-07 51 ELF1, BACH2, THRB, E2F5 %
G0:0030528 DNA 454 3.51E-07 68 HMGN1, ELF1, BACH2, THR %
G0:0003677 I S BEL 3 A 1.29E-05 87 HMGN1, ELF1, BACH2, E2F5 %
G0:0016564 YR DNA 454 7.45E-05 21 ZNF281, ELF1, CTBP2, THRB %%
G0 0043565 MR E QLA 1.39E-04 31 ELF1, BACH2, THRB, PAX6 %
G0:0008092 Wsh&E 44 1.99E-04 27 MTSS1,CNN3, UTRN, WASF2 %
G0:0003779 e SRR T IS 3.26E-04 20 MTSS1,TWF1, CNN3, MAP1A %
G0.0016566 RS 2 57 B i 1.57E-03 6 HDAC4,TGIF1, PAX3,TCF1L2 %
G0:0016563 e SR I 2.10E-03 21 ZNF281 ,ELF1,GLIS2, MAML2 %
00003702 RNA ZA 11 5 5% R 716 bk 5.97E-03 14 ZNF281 ,HMGN1, LEF1, PAX3 %

% 3 miR-206 S8 EE KEGG BREESITER

ID KEGG il 44 Fk P Hom P1E Z 53K

hsa04360 Mo Fm 13 1.11E-04 NRP1, MET, EFNB2, MAPK1, KRAS ,SEMA6D %
hsa04520 ZhB 10 1.47E-04 ACTB, MAPK1, MET, WASF2, LEF1, WASL %
hsa04320 W E TR 5 3.59E-03 NOTCH3, MAPK1, KRAS, ETS1, CPEBI1
hsa04310 Wt {5 538 f#% 11 5.55E-03 CTBP2, SFRP1, CCND2, PPP2R5A, NFATS5 %%
hsa05216 FHDR B9 5 6.23E-03 MAPK1, KRAS, LEF1, TCF7L2, TPM3
hsa05211 5 441 it g 7 9.19E-03 MAPK1, KRAS, ETS1, PAK3, MET, VEGFA %
hsa04810 LS 2 200 2R 13 9.50E-03 GIT1, ACTB, MAPK1, PFN2, KRAS, ARPC3 %
hsa05130 Howi R AT R 6 1.55E-02 ACTB, YWHAZ, ARPC3, YWHAQ, WASL, NCL
hsa04660 T 43z 44k 8 2.15E-02 MAPK1 ,KRAS ,PAK3, CBL, NFAT5, NFATC2 %

hsa05200 ST 16 2.20E-02 CTBP2, PDGFA, CBL, MET, IGF1, LEF1 %%
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FFRESE & 240 mRNA A9 3 dE#17% X ( Untranslated
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BAH SRR Z 3L 5 DIfE . miRNA 8 i 5
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KU F IR L 72 25 8 NS i 3 Fge
IR 20 BHRTE & 7E B R A &
TR =TT miRNA, 25 B 40 i 84 58 01k
T MU S 1 FUR & S5 o 2 AR SR AT
K miRNA 76 2 Fpg i i 2 ALY . IRAHE
5% miRNA 58055 AR DG M A B8 0 1 I PR 12
Wy K2 ii 7 S A R T SR

Bl 2 B AR 2 T 22 0 R e ok AR TR
PRAS Y miRNA |, 1 Northern blotting\%ﬂ;ﬁ‘ﬁﬂ?\
I Y SCIE E B PCR 48NSO Rl Tl
o SEI IR —— B E miRNA B 4§ 5 PR 5 Sy TR v HL
BB, BT E miRNA I PN F0 v AR A 2
TRk, X8 T miRNA B SCI oy HAT 2 L,

7% L& FIHEEL P 00 5 & H miRNA 5 mRNA W
R AR O R PEE E M miRNA 5 80 5L [ 45 4 037 5
(IFFSIICEE A0 RSP S R &R AR 9T e i 3 Fh
2 miRNA $E X 15 U T B Targetscan , miRDB
F1 DIANA -microT , FHAN [R] B4 31387 32 T 0 56 (R | B
SEAEAE R LR 4 A . miRbase J2 B S 1 14 K 2%
FIRIFSE A BT & B — N TELR B miRNA B 1% | %8
P E SR T R B 200 24P, 28 4 T1 A4 miR-
NA J3 80 T B (14 i 4 T A9 miRNA B8 P2 | i 1 i)
WHHE RS FA#F TR, B FETES T
miRNA BiRZEIREE 4 1751, H 2 U #1 f5 3R 15 1
B miRNA 751, LUK AE FAb Y A 8] 1 53 A 1
BLAF R FEAAE B, A SCH o A R4 P R Y miR-
206 5 A 2& miR-206 il it NCBI BLAST X437 %
I miR-206 19 BT 51 75 45 W b 22 [ 55 B AR <F , 42
ANHATBE R A HE R YA YIRE, FIH DAVID £
Lo LRIEAT GO 43 HrFl KEGG 73#T, GO 43 H M
YU RE L S FIIRE, Wi A o pr i 2L I |
FHRLE A W)~ #2E  KEGG 43 45 R R WL L ] &
LB i %, St GO AT IRATTAR S miR-
206 FESH5AYE I AL A AR
SRR AR ) R KEGG /0B B miR-206 32
BSY5 Wnt (5588 T 40032 15 5 B e iE 18
A, X5 A MIE5E K& SCHERRIE 1) hsa-miR-206
TEZ TR 2 48 7 1 — S8 1 R HL I A — 2%, UF B
AW B 2E A R T &5 SR B — e T AR AR
%4 %} hsa-miR-206 Y #F— 0 A 5% S k48 5 5 1
Fifi J5 38 32 String11.0 TE 28 B0 22 Fn Cytoscapev3.6.1
BRAEXT 420 /> 25 5 8 5L PR R AT B T 4 B % B,
A BBBRAR 1 0T 2 [A) A7 7R 52 A% 0 AH B T 0 2
27 AN JEEEIEIN | 40 DDXS FUBP1 DHX15 45, (Rt 3%
TTHENI X 26 L PR AT BETE miR-206 4425 14 £ 924 500
HORIEEZAE . DDXS R 7E4S FOEE IR dh ot %
KA ATP HMPE RNA i e Bl , 10Ok 4k 22 A0 E 35 36
B, DDX5 38 o (12 28 40 i 384 58 A % 1T 2 5 9 28 R
JEVERE  BF5E s, DDXS i i3 #1% mTOR/S6K1 %
SHEEAMA R, BRI mTOR i 748 2 5 =)
AT BB T T DDX5 A R4 Mg a1k
HMSZEG R FUBP 38 2o 39 5 b % 7 A1 ATP 7= A2 0K
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R Ao 20 20 M3 %) 240 B 04 B O Ik m A R T
DHX15 J& DEAH-box RNA fif# Jiig i 5 1 () 785 H 5
AR DAXIS 76 40 i T8 v 25
Hm IR 5 R 1005 A0 G, 45 7 HAE 40 A JH-968 a2
PR SCHEVE T

el i — R P FEUESE miR-206 7 £ Fh A 295
g HoA E LAY AR WA D Rg U LA v T iR A G
PIi , FZWFFE 4 K has-miR-206 7] 15 22 Fl il £
IS IEH AN 22 R ERIK, Zhou F R K
B, S4BT A IE H AL ZUM EE , miR-206 7 FL AR 9 41 il
RAFLIEA L B35 B, 42K Neurokinin-1
1) 263K 55 bR bk B2 S5 56 8% ( TNMD) [ BRIk B 45 4 7%
EMA I, miR-206 45 A 2 KM ZHK-1 {5 RNA
1 3-AERIPEIX T R I R IA . HIER P H A
AL, B SR AL i Y miR-206 AW B R, £
A5 EE Cox BIEHT 7R , miR-206 FE ik K R (A 4=
FERBR ST AN RIS R 3R, b, miR-206 #5244 76
HeLa 4 154 G4 G 08 i /0 40 i 3 58, 112 23 200 e 3
TR A0 AR LA Chang % W53 4
i FOXD2-AS1 3 4 78 24 miR-206 5 4 % I 8 miR-
206 AL EER R 1 A2( ANXA2) ik, Mz, 45
4% FOXD2-AS1 f£ HCC i i 3 IR B 4, 38
il B0 miR-206 # 4> O ANXA2 #1933k,
miR206 7 L4l 3 #8755 REST/HDAC4/Spl/Sp4/BD-
NF iR JE T MeHg 175 5 O M4t T FE 5
FgEa T MEEF] IncRNA HOTAIR $# J5 (191 8 Fl i
220 R BN, 2 /DR 5 g2 J8 o I ] Hela 40 0
miR206 FEIA AT MKL1 ) 7 il bR 41 B o v
miR206 i i i MET F1 EGFR £ mRNA 17 47K
SR EBC-1 40 M 3 5 L i B iR 28, B 4h,
ERK1/2 Fl AKT 155 &% 5 1% 0l R fb 48 g 240 A v 1Y
miR-206 PK& Frim il >

TESIYI S )7 1, 54 T miR-206 AYAIF T 32 B4
HF miR-206 £ 1 TGF-B1/Smad3 15 53 % 51 T2
S ) 348 5 R o Ak SR SIS P R L 45, miR-
206 38 13 ¥ 17] Notch3 Ji PR I8 15 - #% AL 20 Jf 1 14 5
FIZH M 8 114208 27 miR-206 1) ) AAV A R T
P8 T miR-206 AR IFHE I T BN RALA H i N
TEPEVRYT SR B Rk, BIRyT W& ol T/ iz
SIIRERIE F AR i 56T miR-206 7 il j 5
1T ) Sh s AL B RT3 D 3K — 8 0] DR R i
FHELIS %

RECSA T —80H, HER TR miR-206
FOSLPR T 8 1 A AR 2 vk — A, B2 miRNAs
TEAN R SRAE T AN ] 40 B ) A (] 58 R i #E AN T] 1Y)

VER , 3 n] BES2: R M TR]— miRNA REf% 45 2§03k
G T R E BN R] 16 R BRI R AR Y T RE Y S
et AP ) BT BN [R) 25 M 3201 3%
FhORE B E K22 527 ABFRES R Tar-
getScan . miRDB . DIANA-microCT3 ™ #I J [A 73 0 %%
it EAS B AT A5 R A v 0 S R TR AR O o) HH R
17 GO DIfigd B KEGG {5 5 % 538 % & #5047,
JEHEAT O BE R 8 | e A7 B T X5 miR-206 fF £ 5
LR F i R A — A BEA AN, S gk — 2B R AT
FEHINREBE 1ALl AH i T 0000 B L DA 2o 7 oA
IS A A BE P 238 T L Ko 0000 705 381 7% 8 e [
PR AR Y = D Re 5 2 AT 3 — P i S
L1158

[ &% 30Hk]

[1] Zamore PD, Haley B. Ribo-gnome. The Big World of Small RNAs
[1]. Science, 2005, 309(5740) :1519-1524.

[2] Mo YY. MicroRNA regulatory networks and human disease[ J].
Cell Mol Life Sci, 2012, 69(21) :3529.

[3] VMR, R s, K B. miRNA 5 XC RAOBIRSER[T].
A E PR 25,2014,16( 1) :73-75,80.

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

[5] Sasako M, Inoue M, Lin JT, et al. Gastric Cancer Working Group
Report[ J]. Jpn J Clin Oncol, 2010, 40( Supplement 1) ;i28-i37.

[6] MaG, Wang Y, Li Y, et al. MiR-206, a key modulator of skele-
tal muscle development and disease[ J]. Int J of Bio Sci, 2015,
11(3) :345-352.

(7] Pan JY, Sun CC, Bi ZY, et al. miR-206/133b Cluster: A Weap-
on against Lung Cancer? [J] Mol Ther Nucleic Acids, 2017, 8
(9) :442-449.

[8] van Rooij E, Quiat D, Johnson BA, et al. A family of microRNAs
encoded by myosin genes governs myosin expression and muscle
performance[ J]. Dev Cell, 2009, 17(5) :662-673.

[9] Ettinger DS, Wood DE, Aisner DL, et al. Non-Small Cell Lung
Cancer, Version 5.2017, NCCN Clinical Practice Guidelines in
Oncology[ J]. J Natl Compr Canc Netw,2017, 15(4) :504-535.

[10] Szklarczyk D, Franceschini A, Kuhn M,et al.The STRING data-
base in 2011 :functional interaction networks of proteins, globally
integrated and scored [ J].Nucleic Acids Res,2011,39 ( Database
issue) ; D561-D568.

[11] Shannon P,Markiel A,Ozier O,et al. Cytoscape:a software envi-
ronment for integrated models of biomolecular interaction networks
[J]. Genome Res,2003,13( 11) :2498-2504.

[12] Leung SW, Wilson JR, Shanbhag SM et al.MultiContrast Delayed
Enhancement ( MCODE ) improves detection of subendocardial
myocardial infarction by late gadolinium enhancement cardiovascu-
lar magnetic resonance: A clinical validation study[J]. J Cardio-
vasc Magn Reson,2012,14.83.

[13] Dong H, Lei J,Ding L,et al. MicroRNA : function, detection, and



ArEPTEEZY 2020 4E 3 A 22 B 2 W Military Medical Journal of Southeast China ,Vol.22,No.2,March, 2020

- 123 -

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

bioanalysis[ J].Chem Rev,2013,113( 8) :6207-6233.
Wu HH, Lin WC, Tsai KW.Advances in molecular biomarkers for
gastric cancer;miRNAs as emerging novel cancer markers|[ J].Ex-
pert Rev Mol Med,2014,16:el.
Beezhold KJ, Castranova V, Chen F. Microprocessor of microR-
NAs ; regulation and potential for therapeutic intervention[ J]. Mol
Cancer, 2010, 9.134.
SKRERIS BE B, ML, SE. B RNA-Seq 3 A i B8 7 [
BEm BB SRAG QSG-7701 AR 1 22 57 Rk HE N [ 1] AR R I
BiEE245,2016,18(1) :1-5,16.
Du C, Li DQ, Li N, et al. DDXS5 promotes gastric cancer cell
proliferation in vitro and in vivo through mTOR signaling pathway
[J]. Sci Rep, 2017,7:42876.doi: 10.1038/srep42876.
Jiang P, Huang M, Qi W, et al. FUBP1 promotes neuroblastoma
proliferation via enhancing glycolysis-a new possible marker of ma-
lignancy for neuroblastoma[ J].J Exp Clin Cancer Res,2019,38
(1) :400.
Xie C, Liao H, Zhang C,et al. Overexpression and clinical rele-
vance of the RNA helicase DHX15 in hepatocellular carcinoma
[J]. Hum pathol, 2019,84.213-220.
Zhou Y, Wang M, Tong Y, et al.miR-206 Promotes Cancer Pro-
gression by Targeting Full-Length Neurokinin-1 Receptor in Breast
Cancer[ J |.Technol Cancer Res Treat,2019, 18.doi;: 10.1177/
1533033819875168.
Ling S, Ruiqin M, Guohong Z, et al. Decreased microRNA-206
and its function in cervical cancer[J]. Eur J Gynaecol Oncol,
2015,36(6) :716-721.

Chang Y, Zhang J, Zhou C, et al. Long non-coding RNA

FOXD2-ASI1 plays an oncogenic role in hepatocellular carcinoma

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

by targeting miR206[ J]. Oncol Rep, 2018,40(6) :3625-3634.
Guida N, Valsecchi V, Laudati G, et al. The miR206-JunD cir-
cuit mediates the neurotoxic effect of methylmercury in cortical
neurons| J ]. Toxicol Sci, 2018,163(2) :569-578.

Zheng P, Yin Z, Wu Y, et al. LncRNA HOTAIR promotes cell
migration and invasion by regulating MKL1 via inhibition miR206
expression in Hela cells[ J]. Cell Commun and Signal,, 2018, 16
(1).5.

Mataki H, Seki N, Chiyomaru T, et al. Tumor-suppressive mi-
croRNA-206 as a dual inhibitor of MET and EGFR oncogenic sig-
naling in lung squamous cell carcinoma[ J]. Int J Oncol, 2014,
46(3) :1039-1050.

Huang QK, Qiao HY, Fu MH, et al. MiR-206 Attenuates Dener-
vation-Induced Skeletal Muscle Atrophy in Rats Through Regula-
tion of Satellite Cell Differentiation via TGF-betal, Smad3, and
HDAC4 Signaling[ J].Med Sci Monit, 2016,22.:1161-1170.
Zhang Z, Chen Y, Li B, et al. Identification of a novel miR-206-
Notch3 pathway regulating mouse myoblasts proliferation [ J ].
Gene, 2019,695.57-64.

Bulaklak K, Xiao B, Qiao C, et al. MicroRNA-206 Downregula-
tion Improves Therapeutic Gene Expression and Motor Function in
mdx Mice[ J]. Mol Ther Nucleic Acids, 2018,12:283-293.

Ft L ENPEAR, JE 156 microRNAs 7 B IR L B2 1 Ay v 119 22
SRR ] BEAAITFAER,2017,30(6) :619-622.
T E M, E R S miR 1447451 F D8 FE I 15 190 45 1Y
FEWIE BT )] RS 244, 2012,25(3) :229-233.

(¥fm B #7:2019-08-14;
(REHRE: 42,

&2 B #4:2019-09-27)
TR S48F)



