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Regulation of bone metabolism by miRNAs located near the osteoporosis-related
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The prevalence of diseases such as osteoporosis among the elderly is
increasing in Japan; this leads to an increased burden on both the affected individuals and their
caregivers. Therefore, it is critical to elucidate the novel etiology and treatment methods for such

diseases. In recent years, genome-wide association studies (GWAS) have been associating genes with
disease traits; yet, the contribution of non-coding RNA, such as microRNAs (miRNAs), to the
gene-disease interactions remains poorly understood. This study aims to identify miRNAs derived from
single-nucleotide polymorphisms (SNPs) in proximity to bone density-related loci using GWAS data
and elucidate the mechanisms, by which the miRNAs contribute to bone metabolism. As a result, we
extracted 385 SNPs and identified 136 associated genes and 37 miRNAs in their vicinity.
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MEE LT 2 HAROHESEROT, SEERAORE, 2L xd, BHEREICHE ) KRG
SHERCER OB, 5% b 2O MLy FRFL ZERNTFRIEND, . 2)LEBH
BT MR EIE 22 & O BIE R B TN LIS 2D AD20%5F12 b DIX Y | FEKE DI
BWTEARREICR>TE, LER- T, 2)LEERBOFHHOKRHROMEIHC, 1BRIEL
EZDEILFRMICET ST AL ) BRSO =— X2 B LIEEICHETH D,

T, <D ) AU A REEAENT (genome—wide association study; GWAS) {7, F
BT EREOEDY ZEENITTEZ, LA L, microRNA (miRNA) 72 ¥ ®non-cording RNA
NI LTBIE T ERBOBEIZEDLIZEG LTV ONERE+DITIFEHI TV
W, miRNATZAY224 J B O IREHRNAT, — X ICHEA)E S 7 037 UTRIC AR S22 72 [F % %
S THEA L, BEAImRNAZ RZEL L TR G 247V, iR L LCH v NI HEA Il
HIZETRAE, MM LS, TR R EO R YR TE I B
BB 2 ) 2 E NN T E T2 (Vature, 2004), FlziE, avATo— L& dMEfEN O3
ZIRETL TV D — AL (SNP) OISR T AmiRNAY 7 ) AT A FIZRFET S, 2 b o
FEW)IBAR T (LOLR, ABCAI %) ~® 53 T Hl g 23 s S vz (Nature Med, 2015), [RIERD
ANTT V=g E R ORI IS 5 28T B EEBE OGWAS databasen b ) A
T A RIZIAL, ORI R B2 59 AniRNAZ R E L, F 3510 & A B HERIE O FiilgE &
TREIA D= X LN MHT 28 L 25 A REMEICHEE LT,

2. WEDB
GWAS databasem b bV 7- B 5 B BB O — LY (SNP) DT BRI 345 miRNAZ &)
LAUALRCHEEL, INLOERE, FICEHRIEDREICE ST A=A LeMHT L,

3. WO HIkE

EWIM 2%/ o B X, ‘BEEREOGWASDdatabased» 547 ) AU A RIZEHBEIZEE T
AmiRNAsZFFIE L. 251 L AEBHRE A B =X L E REHNIRIAT 5 2 L CTh b, ATRET
X, LLTF D20 DFBEIC W TR 5,

BREHL. % BESNPs OVTREIC R U, B85 S A 9 2 FEAEH G T 2 B O WTREMEAVRIE X
725> OmiRNADZEAT 247 5 .

BREE2. M SN 7-miRNADBARENC IS T 2B L FDIEM A B = R L& ET 5,

4. WFFERUR
PR, H 25 R BEHSNPs DT HEIZ ok U BB A il 9 A R E R - A FF O pIREME SRR S
7-5FEDOmiRNAD B 21T 9

t OB EREDGWASD T — & —~X— 2 (https://www. ebi. ac. uk/gwas/) 2H47 ) LU A
RIZ385{H DSNPs Al L. £ ZALDSNPAINIET 2 136{H DBAS 1 & . ITBE100kbp ANIZ Hik
T A3TEDOmiRNAs Z [6]7€ L7= (https://www. mirbase. org/) (1) .

=R1. BHREBED GWAS SBXOMEMBRRIZEYME SN T- SNP LB EEIZF. SNP DR
100kbp LANIZTETET 5 miRNA

N K
Btk SNPY BMEEE T T4 SNPULLBED  ieNA (hsamir)
miRNA %%
1 32 6 WNT4, WLS, DNM3, KCNH1, 5 4418, 1262, 214

LOC105372926, FMN2

SLC8A1, PKDCC, SPTBN1,
ARHGAP25, CTNNA2, TCF7L1,

3120, 199a-2

2 30 10 GALNT3, LOC 100506124, PLCL1, 2 8080,4771-2
DGKD
LOC105377045, USF3, LINC00886,

3 16 4 LEKR1 1 4446

4 13 2 IDUA, FGFRL1 0

5 12 4 MEF2C, SRP19, CEP120, CSNK1G3 0

6 37 7 SUPT3H, LOC105377989, RSPOS3, 2 586,588

EYA4, CCDC170, ESR1



JAZF1, AQP1, NMES, DYNC1I1,
SEM1, ZKSCANS, TSPAN12,

7 44 12 CPED', WNT16, FAM3C, ABCF2 e
SMARCD3
8 11 3 ZMAT4, TNFRSF11B, COLEC10 0
g 8 3 PATCHI, LOC1053762, FUBP3 1 6856
MPP7, LOC105376305, KCNMAY,
10 12 6 LOC105378481, TACC2, 2 8086, 3041
PLEKHA1
PSMD13, LOC102724957,
LOC105376570, SOXG, C110rf5
BDNF, DCDC, LOC105376626, 8087, 4658, 31601
11 55 25 LDLRAD3 DGKZAMBRAT 7 31602, 5582, 6745
ZNF408_ CKAPS, LRP4, C110rf49, STO2, 5002, BT
DDB2, CELF1, LRP5, PPPGRS, 12501
CPT1A, LINCO1488, LOC10539422,
TMEM135, DYNC2H1, MIR100HG
LOC107984507, DDX23,
0 " ., LOC105369757, TUBAIC, SPATS?, 4 6505, 4701, 19622
ESPL1, SP7, ATPSMC2, HOXCH 615
LOC105369890, TMEM263, MED13L
13 13 3 SMADS, LINC02341, TNFSF11 0
y " 5 LOC053705 SWOC1, RPSBKAS, .
RIN3, MARK3
LING02345, CYP19A1, SMADS,

15 g 5 anGas 00 3 4713,79731, 79732
16 11 3 AXIN1, PDXDC1, ADAMTS18 2 1972-1,6511b2
HIC1, SMG6, TOM1L2, DRC3, GID4,

MYO15A, SOST, C170rf105, MPP3,

17 30 17 PYY, LSW12, HDAC5, C170rf53 5 152212 877155,

UBTE, LINC02210-CRHR1 MAPT, 6782
CEP112,
18 2 1 TNERSF11A 0
19 3 3 TSHZ3, RHPN2, GPATCHI 0
20 6 3 JAG1, MACROD2, OSBPL2 2 6870, 4758
21 6 2 CLDN14, LINCO1700 0
i 385 136 37

FF L. Gene ontology T TEHZE B R B, Wnt signalinglBE T L zE Rz F.

WIZ. Peoples’ 1000(Z3UNTLD in EAS>0. SWSNPIZ-DUNT . conservationfifAT 24772 - 7=,
UCSC Genome browserZ FIWNT. SNPNLOARNED 7 7 AEEHIH39FE (human, rhesus, mouse, dog,
elephant, chicken, x. tropicalis, zebrafish, lamprey) (TN TfE CREFFIN TV A,
SNPERAISVISTAT — & —~_—Z (Mouse, Chimp) TENL HWOHBEE TR OND DONERBE L
7. 5T, JASPART — &% —~X—2 (https://jaspar. genereg. net) 12T, SNPOE(#51bp DL
Sl AL, Blo AR CEELZZITHAELEODIIHEER TV A NT v Lz (F2) ,

# 2. SNP I DFBRMRFRIR (4/9 LLL) LEEERFADEE
Jasper MDEHT; SNP [ZkUBE

GRCh38 GRCh37 * 2T 5EERFDH
Chr SNPID  UCSC (nf9) st’g Chimp - +
2 4233049 4 00013 : 6 3
2 10048745 5 1.60E-05 : 10 2
2 144832051 5 : 8 4
2 6716216 4 : 2 3
3 74394007 4 : 19 3
6 7741085 5 1.90E-09 0.04 1 0
6 17423748 4 5.80E-08 4 1
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UCSC [Z& 57X, 9% (human, rhesus, mouse, dog, elephant, chicken, x. tropicalis, zebrafish, lamprey) Zxt & &L 1=,
Chr: FB{K,

WNT, HDHEBTD 3 UIR IZHFET S SNP 23 miRNA (25 % 5 B8
database (miRNASNP v3, http://bioinfo. life. hust. edu. cn/miRNASNP/) 1T X VW #5F L7~ (% 3),
3 UTR fEIIZH D SNP (2L 0 | FEEBEERINZY, WH SN0 325 niRNA BBV, 5
DI K 0 B RBHIEN LT 5 Z LRS-,

{2V Tid, miRNA-SNP

% 3. BIEFD 3 UTRIZTETET 5 SNP AY miRNA binding IZ5 2 22222\ T

SNP T gain/loss 3% miRNA #{

Chr SNP ID Ref/Alt Gene gain loss
3 1026364 GIT USF3 4 1
7 34670419 GIT ZKSCAN5 7 3
11 2278907 CIT CAPT1A 13 20
17 7501812 G/A TOM1L2 1 3

ARIC, B LRI SNPs IZB 2 136 OBART- OFEREMENT (http://pantherdb. org/) 21772 -
72 (¥ 4), Biological process. Metabolic process DA{REERE, FEASCE(ICEEE L TCWAi&

faF ML W E 0N 7 S 7=, Biological process |
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—

BT,

bone mineralization/



ossification, canonical Wnt signaling pathways, animal organ morphogenesis (Zf8i 5iE

5T OERDRD b,

4. SNP BAE&1EF 110 DI EEMEHT

Biological process %
Biological adhesion G0:0022610) 0.8
Biological regulation GO:0065007) 227
Cellular component organization or biogenesis (0074840) 13.6
Cellular process (G0:0009987) 10.6
Developmental process (G0:0032502) 6.8
Immune system process (G0O:0002376) 0.8
Localization (GO:0051179) 9.1
Metabolic process (GO:0008152) 235
Multicellular organismal process (G0:0032501) 3.8
Reproduction (GO:0000003) 0.8
Response to stimulus (G0:0050896) 3.8
Signaling (G0:0023052) 3.8
Total # genes 111, Total # process hits 132

Molecular function %
Binding (G0O:0005488) 46.7
Catalytic activity (GO:0003824) 222
Molecular function regulator (GO:0098772) 5.6
Molecular transducer activity (GO:0060089) 3.3
Structural molecule activity (GO:0005198) 3.3
Transcription regulator activity (G0:0140110) 111
Translation regulator activity (GO:0045182) 1.1
Transporter activity (G0O:0005215) 6.7

Total #genes 111, Total # function hits 90

Cellular component %
Cell junction (GO:0030054) 2.3
Cell (GO:0005623) 43.2
Extracellular region (GO:0005576) 6.8
Membrane (GO:0016020) 8
Organelle (GO:0043226) 20.5
Protein-containing complex (G0:0032991) 13.6
Supramolecular complex (GO:0099080) 2.3
Synapse (G0:0045202) 34

Total # genes 111, Total # components hit 88
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BRI B AN B U CRasCilids STV 28 R 135 D Dynaming BAsF OB HHRT 5
hsamir-214 £ 199a (RNA Biology, 2014/2015) % ABFGEOMIERIGEN B IIHFSTETHE DB Thi
Sz bl LTV, miRNADtarget scan®ffE & B E 2. FREIOMBING ., E&H ST,
hsa—-miR-106a—-2/615, 132, 212, 33d, 6870MOEFTHZ L L Lz,

L)L, &z Lo, AEEIRICB O TORE TEL/MRIZIZETE o7, Fillan
F A NVREGSEDBIEIZ LY | B L ORFPEOFAEDOHET —~ %L LTHEE « UE—

FNCITH Z L ERHEE LI b DICAETE T 5 2 L2 RMIRICOIZ ) KR Sh, B LEDTHF
RETOMENRFH SN2 L L EOELBEIET b5, EOM, SNPHFIEN S D A Z fif
WrEiTH 2 L7 ELRBRIZN, 2 2 THRET DI RERIIRTEE LN TR BT, ARk
T bk L TR L T T#FTH B,
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