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IncRNA H19 {5 miR-149-5p/BMP2 i} BMSCs (1)
BT 7 A6 B B B A/ B 1 B 5 )

SRR, Wl FEBTAR - SR, B LR
(#ie & RABRAREREL M, 54 KF  830000)
ME BB U KEEESTS RNA(IncRNA) H19 762 8 B 4/ BUB 8 A 78 50 40 i ( BMSCs ) Jili i 2010 A i 4/ B 7
AP AERI L . FiE H BMSCs 43 41y RNA-149-5p (miR-149-5p) — #4814 B 14 % HE ( miR-mimic-NC ) £ il miR-
149-5p-#E 34 ( miR-mimic ) 21 343555 44 IncRNA H19-wt 1 IncRNA H19-mut T 20 i %7, 55 45 5156 e 5 % 5% 7R 1 2 (BMP2) 3’
UTR-wt F1 BMP2 3"UTR-mut 520 J50A , X5 ' 38 Tl 41 22 R0 A 00 552 3 A 00 4% 2H R 9 S 28 G 1% o (AR SMIFSE IneRNA H19 3% i
B A R AR P S P K BMSCs 43 g%t IR RS 75 T4l (i 4l ), X8 755 T 19 BMSCs 43 51l Y AH R 1) 0K 43
R+ si-NC 21 B + si-H19 4 i E + si-H19 + miR-inhibitor-NC 2H , J§i & + si-H19 + miR-inhibitor £ . J§i"B + si-H19 + peD-
NA-NC 4 i +si-H19 + pcDNA-BMP2 4, R TR PERE R ( ALP) 3% L5256 Ao 3R 2058 PPAN 0B 01k o 9 @/ U
BT % 36 HUNERBANLA AR TFARLL BRI L] A + peD-null 21 B + peD-HI19 41,520 9 H . % ALP {E 4 S2 0 3F
k. SERT ¢ % E F PCR (qPCR) K IncRNA H19  miR-149-5p . BMP2 )3 ik, Western blot ¥l BMP2 | & 45 2 [
(OCN) [ F BB i /3§ osterix(OSX) \Runt 5G5S 5% K 2 (RUNX2) (5 HF#E1H (OPN) )ik, &R FEH Y IncRNA
H19-wt FIZ0EH , miR-mimic 40 f)59% 22 15 1A% T miR-mimic-NC Z0( P <0. 05) , 7E%#4 4% BMP2 3'UTR-wt B9 42+ , miR-mim-
ic 19 EFE BTG AT miR-mimic-NC 41 (P <0.05) o 5% MRAL LY, sU-E 410 ALP 36 P 4 a9 (b B2 % L) & IncRNA HI19
BMP2 OCN ,0SX .RUNX2 .OPN fy k3871, miR-149-5p (355 KAK (P <0.05) . S8 +si-NC ZH 1L, i + si-H19 £ %) ALP
TEPE A LR DL IncRNA H19 . BMP2 OCN ,0SX ,RUNX2 ,OPN {14 3235 %I, miR-149-5p [ KX H M (P <0.05) , 5%
B + si-H19 + miR-inhibitor-NC 21 It,, & + si-H19 + miR-inhibitor £ ALP 75 1 . 2006 4k F2 B LA }2 IncRNA H19 .BMP2  OCN
0SX .RUNX2 ,OPN [JZ2ik4 i1, miR-149-5p (32 EFEAK (P <0.05) . S5HE + si-H19 + pcDNA-NC 41 kb, i + si-H19 + peD-
NA-BMP2 4 ALP %44 40w (L FL B L) B2 BMP2 OCN ,0SX . RUNX2 ,OPN {323k (P <0.05) . 5% F-ARL b BRI (1
ALP 3& ML &% IncRNA HI19 . BMP2 ,OCN ,0SX . RUNX2 ,OPN [ 3% 35 F A%, miR-149-5p [ FRXI N (P <0.05) , 5% + peD-
null 41 Eb 550 + peD-H19 41/ ALP 35 L) & IncRNA H19 BMP2 OCN ,0SX .RUNX2 ,OPN () 2558 i1, miR-149-5p [ # ik %
f&(P<0.05), #5i& IncRNA H19 it miR-149-5p/BMP2 Shifg i BMSCs %840k 5 2 B 847/ B Fik
KR IncRNA HI19; B8 404k BB BT /NR BT H 2 ; itk pi R g
hESES R 683
XERERER A 3IEZS 1000 - 1492(2025)06 - 1059 - 10
doi: 10. 19405/j. enki. issn1000 — 1492. 2025. 06. 012

‘B 6 8] 75 % T 40 #9 ( bone marrow mesenchyml
stem cells, BMSCs) J& HA 2 [0 73 1k ¥ g 1Y i+
A, T 3 AR B AR R AR AR AR LT
PR BB P R R Y R e
I S N B i e /KT W 2 AR 50l B 4, Hh KAk
AE4m15 RNA (long non-coding RNA |, IncRNA ) i 13
BIERRES St i, BF5° 7 R W, IncRNA
A VE R f/)y RNA (microRNA , miRNA) ) “ 4> i
437k W PR miRINA fige R HOG 8 EE DR A4 R VR

2025 -04 -30 UL
FERIH SHERAEE K AR IX B ARESE S (445 :2023D01C318)
YEHE RIS kR 58, U3, AR RE, B AL B, 3l {7 /5 4% , E-mail: pan096

@ sina. com

M7 BMSCs BB 734k 401 IncRNA H19 8 541
4 miR-141 .miR-22 K B miR-149-5p {2 3k i 4y
Ao SR, IncRNA H19 275 1# i miR-149-5p/ 5 ¥
%42 H 2 (bone morphogenetic protein 2, BMP2)
iR BMSCs U0k, I R i B T A 123
AL o AR B

ZWF5E 38 3 35 F IncRNA H19 % miR-149-5p/
BMP2 fili 0 1, WA BMSCs Ji B 731k 14 72
Wl , A/ N BUR B B TR R T BB R
BITEEE RN, B 7 78 IncRNA H19 38 i miR-149-
Sp/BMP2 B2 i B A 2 5 BL, R BB AT
AL 1) YR T S PR SR
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1 #MR5ETE

1.1 FEZ## A BMSCs g B R IGE LY R
BTARAT, 36 U AEHENE CSTBL/6 /)Nl H BT
SRR R S g S oL, A 7V LIE 5 SCXK
() 2023-0001, Jif & Ifil 35 ( fetal bovine serum,
FBS) Ity F 35 [ Gibco 23], Ak ek R 557 5 (dul-
becco’s modified eagle medium, DMEM ) 3% £ty H
£ [# Thermo Fisher /A &), Lipofectamine 3000 Iy H
Z[E Invitrogen 2 H], IncRNA H19 B A= A (wild
type , wt) B{ & 28 B ( mutant type , mut ) Jfi ¥ .BMP2 3’
UTR wt 5 BMP2 3’ UTR-mut Jfk: . miR-149-5p 1 i
) (miR-mimic ) BAL Y ) ] 14 X B4 ( negative
control of mimic, miR-mimic-NC) &} %1712k IncRNA
H19 #9/MF3E RNA (small interfering RNA, siRNA)
ALK TR (si-ncRNA H19) | sIRNA {9 9] 1 4f 1
(negative control of siRNA, si-NC) [ Xf i F 3k In-
cRNA H19 ffj peDNA3. 1( + ) T 4LFk (peD-H19) |
peD-H19 1 %5 Bk X B ( peD-null ) | B X i 32 35
BMP2 () pcDNA3. 1( + ) 5 41 Jfi ki ( pcDNA-BMP2) |
pcDNA-BMP2 11 BH 4 X} BR ( negative control of pcD-
NA-BMP2, pcDNA-NC) .miR-149-5p #1351 BH 4 X
H& (negative control of miR-149-5p inhibitor, inhibitor-
NC) . miR-149-5p #8171 ( miR-149-5p-inhibitor )
P i N 7], TRIzol i3 . SYBR Premix
Ex Taq™ 11 3% &  PrimeScript RT 5 & Y410 [ 26
[E Thermo Fisher /], {4 #% % fif§ ( alkaline phos-
phatase, ALP ) & 14 46 I 12077 & | 94 3R 21 44 £ 3 5
& AU ER B Ak R AR & 4 W B F i
DRAEVRHA R A A R - &5 H (osteo-
calcin, OCN) ‘B &G4 i /346 Rl T osterix ( 0SX) |
Runt #H5&%% 5 A 7 2 ( Runt-related transcription fac-
tor2, RUNX2) ‘& 17 %& [ ( osteopontin, OPN) | # iz
vl EE B &L ( glyceraldehyde-phosphate dehydrogen-
ase, GAPDH) [1)—${ LA B R (1) 11 2Pt e 1sG L
¥ A 95 Abcam A H]

1.2 {K5pSCIG

1.2.1 BMSCs @ty 1£ 37 C.5% CO, [
PRI R4 o, BMSCs 4ii L 61 & 10% FBS il 100
U/ml F 555 R ) DMEM $53e 5L gbAT 5%, 42 d 4
w1k,

1.2.2 RRAFXBHMRE XS IncRNA HI9 Fi
miR-149-5p [958 FL 25 5 7 & F StarBase ( ENCORI)
Bu¥E P2 (https ;//rnasysu. com/encori/ ) ZE17 T 43

o #E— 5 HF IncRNA H19 5 miR-149-5p f{ &
Fo & BN miR-149-5p Z55 07 i 19 B AR BURI 58 42
B IncRNA H19 (4351 24 IncRNA H19-wt 1 IncRNA
H19-mut ) 1) %% 't 28 i 7% Y 200 LA B 3% 01 miR-
149-5p 45 & v 15 11 B A= AU 58 48 A BMP2 3" UTR
(435124 BMP2 3'UTR-wt 1 BMP2 3'UTR-mut) [ 7%
SR ML Yk IR A T LIS I 0\ o ARYEHRAE
VLAY, K BMSCs 21 it 4 Fp7E 6 fLAR Hh IF48 ] Li-
pofectamine 3000 Ht & %% 4t miR-mimic 1 IncRNA
H19-wt #f, IncRNA HI19-mut, %} B& 24 lipofectamine
3000 B4 %Y miR-mimic-NC ] IncRNA H19-wt =,
IncRNA H19-mut ¢ BMSCs ZHffi3F07E 6 FLAR H 5f:
{fi | Lipofectamine 3000 EE & %% 4t miR-mimic F/l
BMP2 3’ UTR-wt 5% BMP2 3’ UTR-mut, %} #& %7 lipo-
fectamine 3000 Bt & %% 4% miR-mimic-NC I BMP2 3’
UTR-wt 58 BMP2 3'UTR-mut, #3¢J5 24 h &40
WL, 5, AU 28 il 4l 5 43 B & 48 ( 36 [E Pro-
mega) S} AT IncHAGLR 75 M6 RS £

1.2.3 BMSCs tmietg 4 %, HWFSE IncRNA
H19 %} miR-149-5p F1 BMP2 {1 & ik (%9 #4241 HI LA
K miR-149-5p X} BMP2 (1) =3k () ¥ 1E L, K BM-
SCs 4fl s 43 9 si-NC 41 . si-H19 4], miR-mimic-NC
2 .miR-mimic 41, H WK, FF5 IncRNA H19 & &
I 4R miR-149-5p X 41 g 8B 70 A6 BA TR 44
F B BMSCs 555 F BB 05 S35 SR 56, i 44
RS (R ), QE SR 0 40 A X B
Mo THb RSCETE TSR T AR 55 Gy si-NC
JEpr . si-H19 k7 | si-H19 Bt 45 miR-inhibitor-NC [
TRA RORL si-H19 B:4 miR-inhibitor (184 UKL . si-
H19 Bt 4 peDNA-NC (1R & ki & si-H19 B &
pcDNA-BMP2 (A TR, 43 5l iy 24 0 B + si-NC
2 BUH + si-HI9 4] 8 + si-H19 + miR-inhibitor-
NC 4H . H + si-H19 + miR-inhibitor 2H . i% & + si-
H19 + pcDNA-NC 4 | i{‘H + si-H19 + pcDNA-BMP2
o HARFEY 3k M &4 5 pl Lipofectamine®
3000 i 5 wg/ml {5 JFORL B IR A5 BRI B 5 5 5
FRIEWEE M 24 b,

1.2.4 £ af 3¢ % 2 & PCR (real-time quantitative
PCR, qPCR) K& 41l s & Tk B, nA
TRIzol Z4f# 5 ~ 10 min, B AHEA EP 45, InA 1/5
PRFR =S ot MRTR A 5 76 4 CTR R 10 ~ 15
min, G, HIRGWTE 4 CFE.L 15 ming BUR
400 ~500 pl F¥EIF A EP &, A S
A SR, 76 4 °C R E 10 min, SRJ57£ 12 000
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r/min N ELG 10 min, FrAd ORI ] 75% CBEBEER,
FHEEIMA 50 wl 5L — £ ( diethylpyrocarbon-
ate, DEPC) 7K IR UL 58 415, SR G A AE -
80 C . MG R 748, 18 FH TRIzol 307 $2 IR
A RNA 25 miRNA il o 76 V8 16 & 58 3 411
1% SR RE AL b LBk 520 RNA g sg B0k fili
PrimeSecript RT B &MU 1 ng RNA A% eD-
NA, 3% F] SYBR Premix Ex Taq™ II i 7] & 3 17
qPCR KT, 285 5L R T 2 29 i 1 5 5 TR 1) 4 X 36
ik, GAPDH VE>N IncRNA HI19 [N ZHE N, U6 1EH
miR-149-5p WNZHEH . SIYIFHILE 1,

&1 qPCR3|#F7F
Tab.1 qPCR primer sequences

Genes Primer sequences (5'-3")
IncRNA HI19 F: GATGGAGAGGACAGAAGGACAGT
R: GAGAGCAGCAGAGATGTGTTAGC
GAPDH F: TGCCATGTAGACCCCTTGAAG
R: ATGGTACATGACAAGGTGCGG
miR-149-5p F. 5SGTTTGTGGCTCCGTGT
R: CAGTGCCTGTCGTGGAGT
U6 F: CTCGCTTCGGCAGCACA
R: AACGCTTCACGAATTTGCGT

1.2.5 ALP #om 53 Jf] Triton X-100 Z¢fif 2% 20
BMSCs, 10 000 r/min B5.0> 15 min £2BEH ., % E
ALP IG5 & U B B iE 4T ALP Befh, fEHE
JEHR A 50wl ALP JEE4) Sz B0 A S 4556 o fulf T i
A ( 15 . CLARIOstar Plus, f% & BMG LABTECH
A T]) PUSE 405 nm AR WO FE (Ays ), FF 15
BMSCs F) ALP 754,

1.2.6 #Famier s HMIEHEMT 6 fLik
W, IE SRR R 28 d TR e, HiAG 6
AU 6 FLAR, IR R B IR, o PBS IRUE 2
K 34% 22 R BEE] 72 15 min; 37 [ € W), BUGE K
3G EHLINA 0. 2% PR LY 2 ml, 4 {0 30 min;
FEEYRE, WAKERE 5 UG ek, BRALInA
T XK BT kAL A T, AR LA L
Image J BN Hr0 16 43 e o

1.2.7 Western blot 523 {fi F§ RIPA 2% i $2 BX
BMSCs 41 i ) B2 19, 3 ] Bicinchoninic Jig ]
EL G T %08 . AP E B 10% SDS-
PAGE 735, ¥ % 3| PVDF i I, K5 762 T 8
JREAE 5% AR A= W3 b EHA 2 b, JFAE 4 CTF I fdi-
BMP2 .OCN ., OSX ,RUNX2 ,OPN., GAPDH ) %5 55 M
Pk . BERE B IEAE —HT (1 2 1.000) o E 1

ho I e ARPEHHEE, 1 ECL AN R g 10 #1728
ZRA IR, I ARYE Tmage T HCPF 23 B 2501 19 0K
{Ho

1.3 A%

1.3.1 st fifensm AR FNE RN ITE
B LI A 1 B A B R D2 ) AR AL (i
5:KY20231221516) , ¥ 36 H {4t C5TBL/6
/NBR(6 JES) 7 BT A E 4 L ENIRIE 24 °C,
FLSROEIR ST IR 30% ~40% Hy 5286 % [ fdi F R AT
UE*S : SYXK (G8)2023-0004 | , 3 P8 AR SR 1 J4
BERLIEI O HU B fim 44 AR T AR 4L, FHAR B 0 8K
10% K5 AL 3 ml/ kg 77 46 0 1 S0 JRR I, %
Faf e A S, R B SR — B Bl
DL 9 /N 44 WAL [l i - AR 4 E A7 I8
JEE RSP IR o BRI AR KU, BB MO, 45 I [ o 7
BAEG b RS W IH R O D 7S — e
A1 T em BT, /NGO A2 R 87 2R — B, B
PRALEFIE T o RO e 3 4l a5 % FH B B A Lk 1
B FEUE VIS bR IC AL B B DR YD F P AT HORS M
WARICE IR S — B, PRI IR B 2 57, ) 5
Hh S G Sk 3 RSN o e S AR T Bk
TR /)0 25 5% A A 48 T 22 ) 1 i 2 1, R ke
PR BERE S 1 mm AR BEER K e U0 10 T R
JEFNHAMIE S B0 D% T AR XCIRTE i o A i I X 4k
XA O, ORI IE e W JE | A0 i S, mT LA I sk
AR S P WSS [ B R R AT I R[] 7 , DA ORFR )
B MR IR, IR EEG LA BT ZHELFN R IR,
KA ML LE G D HA W et i s . ARa
MEF&HERS I U H 1R, ETE3 do KR+
peD-null 4 AR R AL, T F AR5 24 h 7255 —
S AR T AL ) G ERSE TR A 10 mg/kg B peD-
null, TSR T 2 05 8 52 b 30 T S s DL AR
KA, B3 1k, ESETESY 3 Ao AL + peD-H19 21
MHRAE AR 2, T RS 24 h 7655 — BB RO
AbFY G EB AL (BB € A7) TE 4 10 mg/kg 1)
peD-H19, 45 Ji 1 W, #E 2L 455 3 . 8 JiJ5 L 3
mm® (/N AT A 1 4L SR ALP 35 4 L In-
cRNA H19 ,miR-149-5p .BMP2 ,OCN, OSX , RUNX2 |
OPN Hy3Kik

1.3.2 BH3piam B o st A om0
A3 )5, A Triton X-100 234#% 10 000 r/min B0 15
min $ECEEH . HARTER 1.2.5,

1.3.3 B4 34% IncRNA H19 F= miR-149-5p & A&
ae . S E T K B, TS, A
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TRIzol Z4f# 5 ~10 min, HoA 7R 1.2. 4,

N

1.3.4 B ¥ 342 BMP2_ OCN_0OSX.RUNX2 . OPN
By Rkwgm F RIPA 22 nh il BEHUA) 3 G 4l gt

B R, HRTTER 1.2.7,
1.4 ZEitZR4038 R SPSS 22. 0 #{F#EAT 4Lt
TP, A5 IEZS S0 BB LA B + AR (v +5)
E NSRRI 2 G §e SIS
PRI R J5 225307, IR FL R T LSD- K 4, DA
P <0.05 AZERAGIHE X,

2 #HR

2.1 BMSCs 1 IncRNA H19 #B[q]if = miR-149-
Sp Gl AV B F TN KA StarBase T A& B
miR-149-5p &4 IncRNA H19 p¥EAESS S0 5. 1E
BMSCs Hh i FFIBF 2 T8 58 A5 IncRNA HI9 525%2
214 (IncRNA H19-wt 8%, IncRNA H19-mut) #1571
PG R BHR A FER KM . 5 miR-mimic-NC 21 032,
miR-mimic 2 IncRNA H19-wt [15¢ 62 T e,
LA Gt L (P <0.05) , i IncRNA H19-mut
()29 E 2R B s M B AR (P >0.05) o Ib4h,
5 si-NC 41 [, si-H19 2 f miR-149-5p 721k /K- 7}
E(P<0.05), WWE 1A ~D,

2.2 BMSCs 1 miR-149-5p ¥ % BMP2 7
BMSCs i F A= AU sl 548 7 BMP2 3'UTR %G5

fifi#k A& ( BMP2 3’ UTR-wt 5% BMP2 3’ UTR-mut) #£47
POCER R A LA . 25 R BoR, 5 miR-mimic-
NC 404 k., miR-mimic 4] () BMP2 3’ UTR- wt 2¢J%
ZHEIEHERFL(P <0.05) ,7fij BMP2 3"UTR-mut ¢
RS2 R LG E X (P >0.05), A, 5
miR-mimic-NC 41 #{ kb, , miR-mimic 4 ) miR-149-5p
FIRKF-THE (P <0.05) , BMP2 (%) 3K 7K1 B AR
(P <0.05) ;5 si-NC 1A L, si-H19 401 BMP2 1)
FRKF-FER(P <0.05) . WL 2,

2.3  H{K IncRNA H19 & iT iF = miR-149-5p/
BMP2 #h# & BMSCs BB B 2L SXHIR4A L,
BB A ALP 35 P 400 AL R B2 IncRNA H19 F
BMP2 (1335 7K V- #3555 , miR-149-5p (1) 435K -
FEAR, 22 F A G2 L (P <0.05) . 5HH + si-
NC 4 [, B + si-H19 41 ALP 35 ¥ 40w b 72
J& IncRNA H19 F1 BMP2 14 32 35 7K S #5 F4AI% , miR-
149-5p R B AR, ZRAGITFE X (P <
0.05) . 5E +si-H19 + miR-inhibitor-NC 2 [t , Ji%;
B +s1-H19 + miR-inhibitor 20 ALP 7% 40 o™ fb 72
JEFT BMP2 (1 33K K AR 35, miR-149-5p /)25
KRG, ZR A ST X (P <0.05), 5MH
+si-HI19 + pcDNA-NC 4 tb, Bl H + si-H19 + pcDNA-
BMP2 2 ALP {54 40 AT (LR A BMP2 [)323k K
SEERREIN, Z R A SR (P <0.05) , W 3,

A
? 15 Colse Pe gr
2T 1 IncRNA H19-wt E : i
2
> IncRNA H19-mut ; :'t .
: Al T
8 1.0} E 1.0+ —l_ é
2 5 Bal
g g °
2 2 g 4r
Q a 5
= = 8
2 05 051 3
o (5} w
= Iy o 2F
&) .% # .2
o} =
o 5]
0 0 & - .
miR-mimic-NC miR-mimic si-NC si-H19 si-NC si-H19

B 1 miR-149-5p ;& IncRNA H19 $E 5
Fig.1 miR-149-5p was confirmed to be the target of IncRNA H19

A; The StarBase database provided the presumed binding sites of IncRNA HI19 and miR-149-5p; B: Dual luciferase reporter gene assay confirm the
binding between IncRNA H19 and miR-149-5p; C: The expression of IncRNA H19 was detected by qPCR; D: The expression of miR-149-5p was detec-

ted by qPCR; * P <0. 05 vs si-NC group; *P <0. 05 vs miR-mimic-NC group.
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A D miR-mimic-NC miR-mimic E si-NC  si-H19

BMP2 BMP2

Q
>
o
]
jan)
Q
>
=]
o
jan)

21.5 -] BMP2 3' UTR-wt Cor " o L5r SRR
= BMP23'UTR-mut 5 | T E E
b3 2 o 5 =
5 1.0 Z 0 = 1L0p —- 2 o0b—L
S o 6 = 2
< £ < 8 £
Q [ | a, a,
E] o Z4 = I
Z0s S 5 05t 505 .
E 2 g , o i
= o) 2F = =]
o ~ - 5
[
0 0 = 0 N - -
miR-mimic-NC miR-mimic miR-mimic-NC miR-mimic miR-mimic-NC miR-mimic si-NC si-H19

E2 BMP2 2 miR-149-5p fy40 &
Fig.2 BMP2 was confirmed to be the target of miR-149-5p
A The StarBase database provided putative binding sites for BMP2 3'UTR and miR-149-5p; B:. Dual luciferase reporter gene assay confirmed the
binding between BMP2 3'UTR and miR-149-5p; C: The expression of miR-149-5p was detected by qPCR; D, E: Western blot analysis of BMP2 expres-
sion; #P <0.05 vs miR-mimic-NC group; * P <0. 05 vs si-NC group.

(=3

A 25r B 15r
. * * * *
5 T T T T
g 20 <
S O B2 qof T
EQ\°]5_ *A L‘S'g *A
':: ug
g3 g =
10 F =
E< 0 *& * gng sk wg * .
<
E I E ﬂ
L1 L=
a b ¢ d e f g h a b ¢ d e f g h
C . D 15
= P '*é
= 6k
z2 Z&10f ey * x
gz EeN
S <4t &=
5Z 5 o
(‘L)m O =
z 2 & x ZEO05F
= — * * =
= 2F = * * *A
) (000 @ CIC T
oL 0
a b ¢ d e f g h a b ¢ d e f g h
8_
E & .
QEQ = *[]
a b ¢ d e f g h s 6r kA
=
BMP2 2
s4r
GAPDH Z w& % "
Al ’_Y_H_“ ’_Y_‘
2
=
s L[]
d f g h

a b c e

3 BRfE IncRNA H19 j&;53i#% miR-149-5p/BMP2 43 & BMSCs KR B 51k
Fig.3 Knocking down IncRNA H19 inhibited osteogenic differentiation of BMSCs by regulating the miR-149-5p/BMP2 axis
A ALP activity test results; B: Alizarin red mineralization test results; C, D: qPCR were used to detect the expression of IncRNA H19 and miR-
149-5p; E: Western blot was used to detect the expression of BMP2; a: control group; b: osteogenesis group; c: osteogenesis + si-NC group; d: osteo-
genesis + si-H19 group; e: osteogenesis + si-H19 + miR-inhbitor-NC group; f: osteogenesis + si-H19 + miR-inhbitor group; g: osteogenesis + pcDNA-NC
group; h: osteogenesis + pcDNA-BMP2 group; * P <0.05 vs control group; “P <0.05 vs osteogenesis + si-NC group; P <0.05 vs osteogenesis + si-
H19 + miR-inhbitor-NC group; P <0. 05 vs osteogenesis + pcDNA-NC group.
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2.4 BEi{E IncRNA H19 i 3T i = miR-149-5p/
BMP2 #i#1%] BMSCs #§ OCN,OSX ,RUNX2,OPN
MEARIE SXTHE4, W4+ OCN, 08X,
RUNX2 (OPN [} 5 /KR 3 & , ZRA Gt 2 2
X (P<0.05), SHEHi G +si-NC AL, s
+5si-H19 41 OCN ,0SX ,RUNX2 ,OPN fitj 25 ik 7K - %5
FEIR, 22 e A geit 2 @ L (P <0.05) . 5HiE + si-
H19 21 5% i + si-H19 + miR-inhibitor-NC 41 [t , i
H + si-H19 + miR-inhibitor Zf OCN . OSX, RUNX2 .
OPN [ ik /K SFARSE N, 22 R A G L (P <
0.05) . SHuH +si-H19 4B + si-HI9 + peD-
NA-NC 41, B + si-H19 + pcDNA-BMP2 41 OCN ,
OSX .RUNX2 ,OPN [y 5 K F-HRIG I, 22 R A Geit
RN (P<0.05), WK 4,

2.5 j¥3%&i% IncRNA-H19 /N EEHREHLH
i SR TARALL, BERIAH A ALP 3E HEH In-
cRNA-H19 BMP2 [¥) % ik F#AI%, 1 miR-149-5p 1) 3
RN, R A G E X (P <0.05), 5
MR + peD-null ZHAH L, BB + peD-HI9 4111y
ALP 35 F1 IncRNA-H19 . BMP2 fit) 22 ik #h34 hin, i

A a b ¢ d e f g h
OCN

0OSX

RUNX2

OPN

GAPDH

a
v}

8r ~ 8r
< 2% od *
2 5 e
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The role of IncRNA H19 in regulating the miR-149-5p/BMP2
axis on osteogenic differentiation of BMSCs and bone

regeneration in metatarsal fracture
Zhang Huaigui, Guzaiayi Maimaiti, Tang Weidong
(Dept of Plastic Surgery, Xinjiang Uygur Autonomous Region People's Hospital, Urumgi 830000 )

Abstract Objective To investigate the role and mechanism of long non-coding RNA (IncRNA) H19 in osteogen-
ic differentiation of bone marrow mesenchymal stem cells (BMSCs) and bone regeneration in mice with foot frac-
ture. Methods BMSCs were divided into microrNA-149-5p ( miR-149-5p ) -mimic negative control ( miR-mimic-
NC) group and miR-149-5p-mimic ( miR-mimic) group and transfected with IncRNA H19-wt and IncRNA H19,
respectively. Mut recombinant plasmid, or bone morphogenetic protein 2 ( BMP2) 3'UTR-wt and BMP2 3’ UTR-
mut recombinant plasmid were transfected, respectively. Dual-luciferase reporter gene assay was used to detect the
luciferase activity of each group. To study the regulatory effect and mechanism of IncRNA H19 on osteogenic differ-
entiation in vitro, BMSCs were divided into control group and osteogenic induction group (osteogenic group). After
osteogenic induction, BMSCs were transfected with corresponding plasmids and divided into osteogenic + si-NC
group, osteogenic + si-H19 group, osteogenic + si-H19 + miR-inhibitor-NC group, osteogenic + si-H19 + miR-in-
hibitor group, osteogenic + si-H19 + pcDNA-NC group, and osteogenic group si-H19 + pcDNA-BMP2 group. Os-
teogenic differentiation was evaluated by alkaline phosphatase ( ALP) activity assay and alizarin red staining. A
mouse foot fracture model was established, and 36 mice were randomly divided into sham operation group, model
group, model + pcD-null group, and model + pcD-H19 group, with 9 mice in each group. Osteogenic differentia-
tion was assessed by ALP activity assay. Real-time fluorescent quantitative PCR (qPCR) was used to detect the ex-
pression of IncRNA H19, miR-149-5p, and BMP2. Western blot was used to detect the expression of BMP2,
OCN, OSX, RUNX2, and OPN. Results In cells transfected with IncRNA H19-wt, the luciferase activity in
miR-mimic group was lower than that in miR-mimic-NC group (P <0.05). The luciferase activity of miR-mimic
group was lower than that of miR-mimic-NC group (P <0.05). Compared with the control group, the alkaline
phosphatase activity, the degree of cell mineralization and the expression of IncRNA H19, BMP2, OCN, OSX,
RUNX2 and OPN increased, and the expression of miR-149-5p decreased in the osteogenic group (P <0.05).

Compared with the osteogenesis + si-NC group, the alkaline phosphatase activity, the degree of cell mineralization
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and the expression of IncRNA H19, BMP2, OCN, OSX, RUNX2 and OPN significantly decreased, and the ex-
pression of miR-149-5p increased in the osteogenesis + si-H19 group (P <0.05). Compared with the osteogenesis
+ si-H19 + miR-inhibitor-NC group, the ALP activity, the degree of cell mineralization and the expression of In-
cRNA H19, BMP2, OCN, OSX, RUNX2 and OPN increased in the osteogenesis + si-H19 + miR-inhibitor group.
The expression of miR-149-5p significantly decreased (P <0.05). Compared with the osteogenic + si-H19 + peD-
NA-NC group, the alkaline phosphatase activity, the degree of cell mineralization and the expression of BMP2,
OCN, 0SX, RUNX2 and OPN significantly increased in the osteogenic + si-H19 + pcDNA-BMP2 group (P <
0.05). Compared with the sham-operation group and the model group, the alkaline phosphatase activity and the
expression of IncRNA H19, BMP2, OCN, OSX, RUNX2 and OPN decreased, and the expression of miR-149-5p
increased (P <0.05). Compared with the model + pcD-null group, the alkaline phosphatase activity and the ex-
pression of IncRNA H19, BMP2, OCN, OSX, RUNX2 and OPN significantly increased, and the expression of
miR-149-5p decreased in the model + pcD-H19 group ( P <0.05). Conclusion IncRNA H19 promotes osteogenic
differentiation of BMSCs and bone regeneration in mice with foot fracture through miR-149-5p/BMP2 axis.

Key words IncRNA H19; osteogenic differentiation; foot fracture ; mice; bone morphogenetic protein 2 ; alkaline
phosphatase
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