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ABSTRACT Objective: To screen the disease genes and its related miRNA, and to study the interaction between the two and the
role of genetic bone disease. Methods: This study applied the method of bioinformatics, firstly analyzed pathogenic gene of genetic bone
disease by mirwalk and "international standard classification of genetic bone disease". According to the screening out of the pathogenic
genes, Used mirwalk's 10 prediction miRNA search engine function, searched for the disease genes related to miRNA, and the excel
work table was used to analyze the target genes of miRNA, cytoscape software was used to analyze the interaction between pathogenic
genes and miRNA. Results: This study was closely associated with genetic bone disease genes can be divided into four categories: The
first category was osteogenesis imperfecta type gene such as COL1A1, COL1A2, etc; The second category was the decreased bone densi-
ty genes such as ACVRI1, ALXI, etc; The third category was the increased bone density genes such as CASR, DMTF1, etc; The fourth
category was functional backbone participates in bone density increase genes such as TGFBR1, MYCN, etc. With osteogenesis imperfec-
ta which most closely mirna was hsa-miR-26b, hsa-miR-19, hsa-miR-200c, the hsa-miR-138 and hsa-miR-505 were the most closely re-
lated to the decreased bone density, the mirna with most closely related to the increased bone density was hsa-miR-196a, hsa-miR-200b,
hsa-miR-19b. Conclusion: Mirna play an important role in the pathogenesis of genetic bone disease by regulating pathogenic genes,which
show that the above mirna may become a new therapeutic target of prenatal screening and clinical drugs.
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Table 1 Mirwalk and "international standard classification of genetic bone disease(2006 Edition)" together to screen the genetic results of hereditary

osteopathy

Type of disease

Pathogenicity gene

Osteogenesis imperfecta
Decreased bone density
Increased bone density

Functional backbone participates in bone density increase

COL1A1,COL1A2 ,GNPTA,COL3A1,COL5A2,COL9A1
ACVRI,ALX1,LBRNOG,COL2A1
CASR.DMTF1

TGFBR1.MYCN,.FBN1 ,HOXA11,GJAl,LEMD3
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Table 2 MiRNA quantitative analysis of miRNA target gene targeting of hereditary osteopathy

Gene 10 29 2 8 27 26 25 24 23 22 21
COL1A1 0 7 9 18 44 93 148 213 338 528
COL1A2 0 5 12 25 46 69 93 136 228 392
GNPTA 0 0 0 3 6 18 39 69 99 126
COL3A1 0 2 9 21 38 76 127 203 315 509
COLSA2 0 1 6 19 28 56 82 169 256 358
COLYA1 0 0 0 7 15 28 57 123 196 292
ACVR1 0 4 11 26 57 138 207 367 523 856

ALX1 0 3 9 15 29 49 96 203 420 593

LBR 0 0 2 7 16 29 56 123 204 297

NOG 0 0 1 5 16 27 49 99 156 207

% 3 miRNA RGN ERBFERN T
Table 3 Analysis of pathogenic genes of miRNA targeted hereditary osteopathy
MiRNA Gene number Gene type
hsa-miR-138 1 ALX1
hsa-miR-21 2 SEC24, DALPL

hsa-miR-26b 2 COL1A1, COL3A1

hsa-miR-196a 2 CASR, DMTF1

hsa-miR-505 4 ACVR1, COL2A1, LBR, NOG

hsa-miR-519a 2 COL1A1, COL3A1

hsa-miR-135b 5 COL1A2, COL2A1, COL3AlL, COL5A2, COL9A1

hsa-miR-135a 1 SLCO5A1,
hsa-miR-299-5p 4 COLI1AL, GNPTAB, COL3A1, GNPTAB

hsa-miR-144 2 COL1AL, COL3A1

hsa-miR-182 5 COL1A1, COL1A2, GNPTAB, COL3Al, SLCO5A1

hsa-miR-214 4 COLI1AL, GNPTAB, COL3A1, GNPTAB

hsa-miR-145 2 COL1A1, COL3A1

hsa-miR-103 4 COL1A1, COL1A2, GNPTAB, COL3Al

hsa-miR-107 1 COLIA1

hsa-miR-181b 4 ACVR1, COL2A1, LBR, NOG

hsa-miR-19b 2 CASR, DMTF1

hsa-miR-19a 4 COL1A2, COL2A1, COL3A1, COL5A2
hsa-miR-142-5p 4 COL1A2, COL5A2, FBN1, COL9A1

hsa-miR-200c 6 COL1A2, COL2A1, COL3Al1, COL5A2, COL9A1, FBN1

hsa-miR-200b 7 HOXAI11, GJAL, LEMD3, MYCN, TRIP11, SLCO5A1, TGFBRI
hsa-miR-369-3p 2 SEC24, DALPL

hsa-miR-433 5 LRPS, GJA1L, TRIP11, SLCO5A1, TGFBR1




+ 3792 - DREMIESSHE  biomed.cnjournals.com Progress in Modern Biomedicine Vol19 NO.19 SEP.2019

3 Ptig

AL R R MR I A R A O R 2, AT 43k 372 R
LSRN i R N B SR ¢ 2 spad 1] = M N E B 2
PR A IR, R E PR R AR A HlE T
CHEBREAE R o 2 hnifE ), IR it Z BTG e T LAE
BRI KEEEAR CBEENIN HHARR LT EL M
Uit R AN RS 37 R R 8 AL Fi o AT Gibson BGUAE A
(AIFSE s H L 85 P I A B % AR AL - 2 B3 1 o
BOHEE, ERERTEREENEAAESTEREFT IR,
[l A, Havill LMU2E A RIS SR EIA A B AN 4 25 5 1Y
IR IR, MRS E A G R EY %R
YRR, I, ASCTEZ G (E BRI 2 AR e ) Al
mirwalk G BEAY 25 e T U A4 R R A L
TINAE Ry BRI ST

R HE R AL P B AR A ) TR R R AOAR
T, T2 T SO R 1) 28 A8 3T Bk e R B K R R Az
FPHAT, FET — RGBT E S, HETEPR EAA
(R IBL AL M B9 Bl T A 40 2B A 7 32 148 FGFR3 . T AL
JFJER COL1A1 #i1 COL1A2 | I BB JF I COL2A1, T AU
JEFEP COL1AT il COL1A2 J& - FAILIE & B 11 S S 47 3k
RS, T Ui R COLIAT il COL1A2 (45875 (s | i3
S I Y AT WAL Y, AR T LAl PUFP A Sy
BIPET JED 225 LR e [ DNA SCHEQ AT  RNA 5
Ylid 5558 %54, H COLIAL Fl COL1A2 AFHYA 5 4
MSHASNTY F, RARA 2R, T BRI IER
COLI1A1 il COL1A2 /) Z8748 0 ¥ 2> FECF FiGias . & Matsg
I S54RSS AN R IPR I R AN, FERATIBESE
wh I mirwalke G 2 53 £ P41 9 B0 Rk I, 15 Hh 52 I 1R
N4 By %0 B S COL1AT.COLIA2, 1 7 4% iF 9] T
COLI1A1 COL1A2 %75 j&475 & B N 4 st M B AR TR
TES BRI LB ey 8 B B R i TS B AS s
(14 0 LR, & —F DL s, B S MR, S 3 e
PRSI, BT AR PG I A RRAE (1 4 B A0 TR
(RIS 285 S i, I FH mirwalk 75 06 A% 1 B0 1 806 JE 1R ]
HITE, S 2 EE R IR A% 0 3 H A ACVRIALXL, L,
COL1A1,COL1A2 ACVRI ALX1 2 3= % ) 35 4% P B 9 B0
S TR PR X7 COL1A1 COL1IA2 ACVRI ALXI
SEDRHEAT AR AT | DT 38 S ot 11 B R LA A2,

miRNA 2 535 (&M E5 (8 e [ N AR BIF 5 Sk 2
ZAEH BAFE W . AT KB PmiR-489,miR-27a Al
miR-148b 7£ 7 B F kP A HEAEH, o miR-489,
miR-27a i@ i —# L[ 40 5 AHSG \PEX7TRD L3 43k, 1
miR-148b | i 43k, I H. miR-148b, miR-27a A A 1
MRS EE I ( GCA) I ZHEMIA T EH . FRHA HRE T 8
TR 326 Bl PR E R B MRARAS, 2ET 25 Ak Rk
miRNA [ % #1, miR-145 .miR-30e Fl miR-1297 i 11 5%
M — & 28 1) B A 5C {5 53 5% 4 Wit .ERK/MEK  Hedgehog
FVTEIE G R, 0] DL BB TR AR S A S PR T,
M S BGRAEE B AN PR & AR, AR o, AT

TR E R Y BoR 56 (COL1A1 (COL1A2 ACVRI . %§)

1) mirna BRI ST , A5 R AL A RO DR AR 1) AN

[FI%CE Y mima, S 2L COL1A1 COL1A2 ACVRI1 ALX1 .CASR,

DMTF1 ,TGFBR1 MYCN # 5] 1) mima ${ &% % (1€ 2.2),

PR TT A H 380 PR 1) 00 A PR ISR 1] S [R) 2R A0 ) mir-

na, { mirna i@ i A FHECR R 2 58 E R R TE A
TE 35t A8 1 B 9 A AL, miRINA BB 7E 14 P 3 i 5 40

(6] BE PR 25 G 3 3 R 1o ik RY )2 38 5 AR e R, 0 o) e

PRI T B 33t , DT -5 88 ) e PR 9 2 B ) 981 4, 6 i

SR B0 B RN BB AL ME B e B A BIF S SR B,

miR-29b AT DI 7 i 4 Ak , HAL & il AR 2 2

BEAGRE 4,5 AL E KR B3, NIEFREE 11 -B ELBh &R 1 1 S5 IR

AR AR D A 3" S G it s EL ARG & JF i Rk T

miR-29a F1 miR-210 1, 7] 43~ 51] 38 i 417 i 2 X Dikkopf-1 £1 1B

RUIBOG R A SR B POR (L 8 R A0 M 77 [t A7 4 1

& 1129, miR138 fEHN ] FAK 25 [ B9 R 5FI IR AL 7, AT

Xof JAC A 53 P B 3 7 VR A P L DT e U i 400 L ) 23 A

JINIT B B AN R BRI Kk o BO iRFR IRt 1,

miR-145 miR-30e F1 miR-1297 AEH i 5 M —LE 28 #L Y H 4 5C

{r 5 m # 40 Wnt . ERK/MEK Hedgehog 2345 - fE plid 72, ik

AT B T A A4 A 55 U T, AT S 08 A i A

PRI R A ZREENRIBEESE Y, miR 138 GEf FAK

B MR IR FIBERR A R , DT SXeh J B 4 4 fh e 38 67 s A

FH L DT EARR B 1 200 ) 53 A RE 3 DTS B0 SR R P FY

Ko TEARWETEH, FIH] Cytoscape KA 73 Hr B 5 K 4L 1]

miRNAs 2 [i] i) A B W 2% AE T (a0 3k 2.3), S5 lE A4

(COL1A1.COL1A2 %) % k%4 i mima J& hsa-miR-26b .

hsa-miR-19 -hsa-miR-200c; 55 B % & & il (ACVR1 . ALX1 4)

X FE B % Y)Y mirna 2 hsa-miR-138 (hsa-miR-505; 5 & % &

4 im (CASR.DMTF1 4§ ) X & fix K % U] () mima J2&

hsa-miR-196a hsa-miR-200b . hsa-miR-19b, X 1 7& 43 it B

hsa-miR-26b hsa-miR-19 -hsa-miR-200c i# i3 74 ¥ COL1A1,

COL1A2 1y & ik K 1 HI U A 4 19 B B ;hsa-miR-138

hsa-miR-505 & 1 45 ACVRI ALX1 1) 3215 % AE B 55 B j%

B9 T % s hsa-miR-196a . hsa-miR-200b . hsa-miR-19b i/ 33 & 45

CASR . DMTF1 (KA & B R 1

PRI , AS S 3 4  mirwalk S54% mirna B4 PRI, 234

AR B0 B A mirma Z [ Y36 R, RHUE S RE AR

xR B AR TR PR 1 % s KL PR AT miirna 1) i 420G

F, MIfiHE/R T it B mirna FE0R 3L 1 TR DLS

RN BB R RO H SR AL T B AR o R g2 i 1

A B30 D A mirna s kg 35344 1 B9 TR A RS AL T 24

PrE IR A

% % 3 #k( References )

[1] Miotke L, Lau BT, Rumma RT, et al. High sensitive detection and
quantitation of DNA copy number and single nucleotide variants with
single colordroplet digital PCR [J]. Anal Chem, 2014, 86 (5):
2618-2624

(2] SR SRR A RSB R RN T B 25 b & E(EF
&), 2015, 7(4): 9-15



DREYESSHE  biomed. cnjournals.com Progress in Modern Biomedicine Vol19 NO.19 SEP.2019

- 3793 -

[3] FEIRARTRIG SAT . B AR M B o B = AR B AR R 9 (1] 4R
R GiAN B A 3 gk R 2 &, 2017, (3): 203-208

[4] Ward-Caviness CK, Neas LM, Blach C, et al. Genetic Variants in the
Bone Morphogenic Protein Gene Family Modify the Association be-
tween Residential Exposure to Traffic and Peripheral Arterial?Disease
[7]. PLoS One, 2016, 11(4): €0152670

IR+ AR R R E RS0 TS k5 %

Ze &, 2013, 5(2): 73-76
Toki T, Yoshida K, Wang R, et al. De Novo Mutations Activating

[5

[}

[6

[}

Germline TP53 in an Inherited Bone-Marrow-Failure Syndrome [J].
Am J Hum Genet, 2018, 103(3): 440-447

[71 Ho Duy B, Zhytnik L, Maasalu K, et al. Mutation analysis of the

—

COL1AL1 and COL1A2 genes in Vietnamese patients with osteogene-
sis imperfecta[J]. Hum Genomics, 2016, 10(1): 27

[8] TAkA M2, A, % miR-133a s B HELAEG 2 F 509 RAT
AR 8 I 64 % vfa B AR A ALEI[J]. F B E4F, 2014, 26(7): 3-7

[9] Warman ML, Cormier-Daire V, Hall C, et al. Nosology and classifica-
tion of genetic skeletal disorders: 2010 revision [J]. Am J Med Genet
A, 2011, 155A(5): 943-968

[10] Hik—, B & EXERERTHRG S TFREZFTHED.TE
AL EAE L&, 2009, 17(12): 122-124

[11] Gibson BG, Briggs MD. The aggrecanopathies; an evolving pheno-
typic spectrum of human genetic skeletal?diseases[J]. Orphanet J Rare
Dis, 2016, 11(1): 86

[12] Havill LM, Coan HB, Mahaney MC, et al. Characterization of com-
plex, co-adapted skeletal biomechanics phenotypes: a need ed
paradigm shift in the genetics of bone structure and function [J]. Curr
Osteoporos Rep, 2014, 12(2): 174-180

[13] Cho SY, Jin DK. Guidelines for genetic skeletal dysplasias for pedia-
tricians[J]. Ann Pediatr Endocrinol Metab, 2015, 20(4): 187-191

[14] Haase B, Mazrier H, Wade CM. Digging for known genetic mutations
underlying inherited bone and cartilage characteristics and disorders
in the dog and cat [J]. Vet Comp Orthop Traumatol, 2016, 29 (4):
269-276

[15] Sieff CA. Introduction to Acquired and Inherited Bone Marrow Fail-
ure[J]. Hematol Oncol Clin North Am, 2018, 32(4): 569-580

[16] Stephen J, Shukla A, Dalal A, et al. Mutation spectrum of COL1Al
and COL1A2 genes in Indian patients with osteogenesis imperfecta
[J]. Am J Med Genet A, 2014, 164A(6): 1482-1489

[17] Wang X, Pei Y, Dou J, et al. Identification of a novel COL1Al

frameshift mutation, ¢.700delG, in a Chinese osteogenesis imperfecta
family[J]. Genet Mol Biol, 2015, 38(1): 1-7

[18] Xia XY, Li WW, Li N, et al. A novel mild variant of osteogenesis im-
perfecta type I caused by a Gly1088Glu mutation in COL1A1[J]. Mol
Med Rep, 2014, 9(6): 2187-2190

[19] Briggs MD, Bell PA, Wright MJ, et al. New therapeutic targets in rare
genetic skeletal diseases [J]. Expert Opin Orphan Drugs, 2015, 3(10):
1137-1154

[20] % A ,E 54 4858 34 b 0k % 5% Ak B A M 3R 4 69 i3 [J]. P
A BE BT R T 2 &, 2017, 6(1): 9-13

[21] R, FHAK 102 AMRA R4 K % COLIAL o COLIA2 &£
[Cl/ &+ Ry BasFRARREEEERTEF S
2L L GERF, 2014: 1-1

[22] E4%.F R AL fo S A5 M B 9% 09 AR B #5715 A= = 97 95 W7 [D]. ) 1

EA X 2, 2013

Schoolmeesters A, Eklund T, Leake D, et al. Functional profiling re-

A
B IR AN

[23

[t}

veals critical role for miRNA in differentiation of human mesenchy-
mal stem cells[J]. PLoS One, 2009, 4(5): ¢5605

[24] Karamifar H, Ilkhanipoor H, Ajami G, et al. Cardiovascular involve-

[y

ment in children with osteogenesis imperfecta[J]. Iran J Pediatr, 2013,
23(5): 513-518

[25] ) & w9 b i B o 04 Sk B
2011

[26] Pan T, Song W, Gao H, et al. miR-29b-Loaded Gold Nanoparticles

%t 5 7 w14 B D] d IR K A,

Targeting to the Endoplasmic Reticulum for Synergistic Promotion of
Osteogenic Differentiation [J]. ACS Appl Mater Interfaces, 2016, 8
(30): 19217-19227

[27] % % R &%, B IE, 5 miRNA-29b 84 8 88 14 70 T 20 00 kR 04
BOR e K AL AR R AR [T]. 5 = % B K 5 54k, 2015, 37(10):
952-956

[28] van Wijnen AJ, van de Peppel J, van Leeuwen JP, et al. MicroRNA
functions in osteogenesis and dysfunctions in osteoporosis [J]. Curr
Osteoporos Rep, 2013, 11(2): 72-82

[29] Davis-Dusenbery BN, Chan MC, Reno KE, et al. Down-regulation of
Kruppel-like factor-4 (KLF4) by microRNA-143/145 is critical for
modulation of vascular smooth muscle cell phenotype by transform-
ing growth factor-beta and bone morphogenetic protein 4 [J]. J Biol
Chem, 2011, 286(32): 28097-28110

[30] #/4,#2% X, % T MicroRNA 45 & F 410 5 B R siAd g2 48 56 1
Byt ] P BB Rsas 4 &, 2014, 20(3): 338-342, 346



