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[Abstract] Objective To investigate the effect of long non-coding RNA H19 (IncRNA H19) on the
occurrence and development of non-traumatic femoral head necrosis (NONFH). Methods Serum samples
were collected from 42 NONFH patients and 30 healthy volunteers. RT-PCR was used to detect the expression
levels of H19 and RUNX family transcription factor 2 (Runx2) in serum. Osteogenic differentiation of human
bone marrow mesenchymal stem cells (hMSC-BM) was induced by recombinant human bone morphogenetic
protein-2 (BMP-2) and IncRNA H19 expression was detected. Small interfering RNA (siRNA) of IncRNA
H19 was introduced into cells,the effect of silencing IncRNA H19 on Runx2 expression was detected. CCK-8
was used to evaluate the effects of IncRNA H19 and Runx2 on cell proliferation. Results Compared with
healthy volunteers, the expressions of IncRNA H19 and Runx2 in serum of NONFH patients decreased
significantly(P<C0. 05). After induced by BMP-2, the expression level of IncRNA H19 in hMSC-BM signifi-
cantly increased (P <C0. 05). IncRNA H19 affected Runx2 protein expression in hMSC-BM. After IncRNA
H19 expression was inhibited, Runx2 protein expression decreased. After IncRNA H19 expression was inhibi-
ted, cell proliferation was reduced,and then restored after Runx2 overexpression. Conclusion LncRNA H19

may be involved in the occurrence and development of NONFH by regulating Runx2 protein expression.
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femoral head, ONFH) f JJy H: b 22 — [ 85 5% %< 95 , i
R I AT 1 0 B S B B AN AR PR G R X R
A TE R AR KR R, AT A e B R R
ONFH 7] 43R 6045 4 A1 3E 6145 £ (non-traumatic os-
teonecrosis of femoral head, NONFH) P # W 5,
NONFH % 8 30~50 % (W &, 2 B e 5
L7 TR R IR 7 RUEBRE™ . AHF5E 45 L NON-
FH [a] A 2 % 92 bl B i 25 88 4% . B B 5 M 2 0 L T
T AP R T R R g I B A AT OE . WA S R
7 5 18] 78 5T 1 40 e (MSCs) BUE 73 16 RE 77 1Y ol 22 5 2
B IRSE R E A R, 2 NONFH &9k 1 S8 &K,
# R MSCs [ JI5 17 40 M 53 Ak , {6 40 i 3 56 0 53
fLRE S TR, S ELIE B B8 5 68 ) B, ONFH il
&, H3 AR IE.NONFH & %% 1y 2 AR 21 HLf 5
R,

SIRAse N SR SN~ SN K R B S =GRl
FP AR R W58 N 51 238 Wk O 5 O A AR
i RNA (non-coding RNA, ncRNA) W) 4= ¥ 2~ ) e
. ncRNAs fER B K Rkl F 2 ¢ H 2 1/
S, Hod, KB I 200 AN A% R 1Y K BE AR g 1Y
RNAs(long noncoding RNAs,IncRNAs) iz 5 54
WA B A i ik B A A 3RO 5 A% 2 I SR R i S )R A
BAEN . LneRNAs 18I 52274 5 28 (5 ) A9 A1
HAERTY <51 S 8RR kR A A S 8h
SR R (s == T VY e SIS N D 2 SR (B v
M”55 RNA (miRNA) 38 H 5w 45 & . %
mRNA [ 3". HHEMA X IncRNAs 25 NON-
FH &4 R FEIFAZ UL, Runt AHCHE sk A+
2(RUNX family transcription factor 2, Runx2) fJ 3
ik MSCs ] J80H 40 M35 2R 43 A6 19 78 73 Ho 0 22454
S R A A AR T . Runx2 2 ik 48 0E R
4 Jfl 4346, T Runx2 k7K T Al e i #F NONFH
Ak L R, AR 5E 4 NONFH B In-
cRNA HI19 2 iK1 8. 3f 43 v H Al 68 /9 L6,
NONFH 12 Wi Fif J7 42 £ 57 8
1 R 57FE
1.1 H#

1.1.1 #RAR%E

WEH 2014 4F 1 H & 2018 4F 12 A 7EA BEIR YT (1
42 il NONFH # # (NONFH 41). % 25 #i, % 17
B s 4E W 30~69 %, F34(49. 248, 3 ¥ e 1~11
PG5 T2, 5) A [ I e AR IS ) o3 A A
T B 30 44 {5 7 VR Ry X BE AL HE R i e A PR
995 R I RIT4F 4% R 0 25 AL o0 i i A 0 S G Al 18
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PR . MR 17 B, & 13 s Y 28~72 B, F
7(48.3+6.6) % . ARWFFLARICHZ B S HLHE.
P sz E A E MG R B A . ABE Y KT AT 52k
FRHLA M 20 mL, % #E 90 min, 1 250 X g = it
B0 20 min, H & MLIEFRAS
1.1.2 £BMELRXA

FF H19 5 @ B 19/ T3 RNA (si-RNA) 18
G T R B & Runx? i 3635 ORI A _E I 5 81
PR R A\ . SEEF O 5 PCR(RT-PCR)
X [ Hi -+ Roche 23w, PCR 51 %t 4 T2 ) T F
CE) B A R A 7 A 8 BB A Runx2 $Tik (1 ¢
2000 Pt N GAPDH $ifk (1 : 1 000) &t 41 (1 ¢
2 000) ¥y B & [ Boster A A, A B #6678 T 40
il (hMSC-BM) Il F 22 [# ScienCell #FFT LI % .
1.2 F#%
1.2.1 @i

hMSC-BM 3% F& 10 a4 1y M 1% vt 4
E-PLEEE W (GEE Invitrogen 23 1)) [ 5 B DMEM
RigH, 37 °C.50 mL/L CO, i3, M4t K&
80 %6 ~90 %0 it Wt B ALAR . X T R A0 M A fb SE 5
B RE R I S 10 % M6 4R MLYE AT 100 ng/ml HEAH
NBES R EHEH-2(BMP-2, 3% E R&D Systems 2>
AR FR AL 555 6 d.
1.2.2 RT-PCR

TRIzol 2 HUE RNA, I 46 I 4 B K v . K
5 H A TaKaRa 28 &3 ) & Ud B 45 2F 17 390 3% 5% Al
PCR & Jii. H19 W L#E51 97 51 5'-GGT TGG
AGT TGT GGA GAC-3'", FiiFsI ¥ ¥ 31 K 5'- GCG
TAA TGG AAT GCT TGA A-3';Runx2 5|9
FHH 5'-CGG CCC TCC CTG AAC TCT-3', F i
SIS R 5'-TGC CTG CCT GGG GTC TGT A-
3, U6 1 EEsI ¥ F 5k 5-TTA TGG GTC CTA
GCC TGA C-3', FiigsI®F51k 5'-CAC TAT TGC
GGG CTG C-3", KM 272 it & i r X £k
Ko ACt=Ctyzjap —Ctys. VL U6 E RN S AT HH
XL, B 3,
1.2.3 mpnti

Lipofectamine 2000 4 1 2 i F1 17T BR 4% {4 e Y ik
AN 5L Y% 48 b J o WL ZZ 40 0 Ak AR 0, U 20 i
Fik—Pwr5E, SiH19£#1(5'—3"):CCU CUA GCU
UGG AAA UGA AUA (5] %45, UUC AUU UCC
AAG CUA GAG GGU (it % 85) 5 Si-H19 # 2 (5" —
3"):GCA CUA CCU GAC UCA GGA AUC (3| &
HE), UUC CUG AGU CAG GUA GUG CAG (3t
KEE)
1.2.4 Western blot
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B EUAH A 2K 1 A 8 00 SR TR M I G B G L AL
20 pg BRE; 80 V BUZ K. 120 'V 43 8 e ok 47 Ha 3K
100 V # B w9 2% (PVDF) I 90 min, 5 % 2F Il 1 &
H(BSA) # ] PVDF Ji 1 h,in—4t.4 CHE @ T K.
TBST PR m — 41,37 CEE 1 h, 8% N4,
GAPDH £ H N2 . Image] 83 BOK FEAE .
1.2.5 CCK-8 374 5 i

96 o %5 YL J5 24, 48,72 h A CCK-8 ik #.
37 °C.5% CO, & T 3% 2 h, Z T e B xS0 &
450 nm ZEWOGREME (A, (6D . B E 2 HEAL, 5%
WEE 3K,
1.3 %itsam

FH SPSS22. 0 K 4 i 47 52 11 43 A1, 1 &t 55 R LU
x5 Fon, ZULE R B 7 22 57 B PS4 T HL 3R
FHPI M SEREA ¢ K3, DL P<<0.05 NERA G+
2 & ES
2.1 NONFH #% # Z & f % X % £ 7% IncRNA H19,
Runx? & A5

RT-PCR 45 578, IncRNA H19 7 NONFH #
F MG Rk KT K 0.4340. 07, % IncRNA H19
T A FE 23 3 13 Kk K (1. 03420, 18) F#AIK, 22
SAHEGHFE X CP<<0.05. 8 1A), 1 Runx2 7F
NONFH & I & H 1 =35 K F R 0. 54+0. 108 F
a2 M5 P Runx? Fik/KF (1. 0540, 13),2%
SRS E L (P<0. 05,8 1B),
2.2 BMP-2 4£# IncRNA H19 £ hMSC-BM ¥ % i%

N FHAS ) e BE /) BMP-2 %5 % hMSC-BM Y i B
Ak A BIRF 0.25.50,100,200 ng/mL BMP-2 4k
P hMSC-BM,RT-PCR £l IncRNA H19 & ik /K
54k Bt BMP-2 A B3, IncRNA H19 By %
KK B TP <<0. 05) {HFE BMP-2 Bl A & 100
ng/mL Ji, IncRNA H19 % 5 A F 0 8 8 (P >
0.05), WA 2,
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KL 8 3. P<C0. 05, 5% RR4H L4,
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# Runx2 FiL K F L i

a
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IncRNA H194B % ik 7Kk F
N
A

o
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0 25 50 100 200
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. P<C0.05,
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2.3 IncRNA H19 % ik 5 Runx?2 & %R

£ hMSC-BM 1 43 Jl] 3F 3% 35 A1 U1 3R IncRNA
H19, 8 B R BAE T AT 8 b si-H19# 1 B H
P T BR % FR (P <<0. 05, " 3A) ;2% ] RT-PCR #1
Western blot # I i 2 35 ok UT 2k IncRNA H19 &
Runx2 RiEKFH2E 1L, 45 R B IncRNA H19 #95%
B IEAGHE Runx?2 mRNA FIAZE{L (P >0. 05,
& 3B), MiXf Runx2 7K P48 4k 5% i B i (P <<0. 05, ]
30),

5 = NC
S En
o] i T
B IncRNA H19 o T
R) 2 101 ’ NC  si-H19#1 IncRNA H19
X 3 -l';}
[ b ‘/
-
% 2 4 fra Runx2 ‘ %
= Z 05 -
z
= — =
g N
c a X
ol D R
[ &
hMSC—-BM NC si-H19#1 IncRNA H19
A B I

ALK si-H19 Fid 235 BORETS IncRNA H19 3K 1680 B # Y4 si-H19 Ml 255 BB TS Runx2 mRNA FikE 8 ; C. 7 4 si-H19 # 1 filid
FE ORI G Runx? 51580 s NC .4 IG5 ok ;. P<C0. 05. 5 NC H#K .
& 3 hMSC-BM % si-H19 #E3 RIEFRFLBIF IncRNA H19 1 Runx2 RixE R
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2.4 IncRNA HI19 # Runx2 % hMSC-BM 3% 74 4%
4 % "

CCK-8 & ik IncRNA H19 1 Runx2 X} hMSC-
BM HAFEfE JI B2, B si-H19 # 1 J3 91 55 gL it A
hMSC-BM J5 . i i A9 34 58 g 0 BH b T F% . 78 DL L Rl
a3k Runx2 , B 40056 i 240 B i) 3 5 fig 07 38 o K &2
(P<<0.05), W& 4,

107 o e

- si-H19#1
si—H19#2+Runx2

0.81

0.61

0 1 2 3 4 5 6 7
AfIE] (d)
NC: X BER # JFohbi ;¢ . P<<0. 05,55 si-H19# 1 %,
4 CCK-8 B&iE H19 #1 Runx2 X hMSC-BM
18 B 1 # 5 0

3 i i

NONFH %5 K &2 4%, 0l By 2 F i D 5], % i |
Sk G S 52 B R PR B0 BL D S T
%2, HAY 4 WA FE NONFH #7170 5 7 & 50 2
RGBUR R ZE R E G S50% L Wk S 27 % RS i
FikE 2% b & S 21%Y . B4 NONFH
FLH RO DL TR i 25 L Bt 45t 24 R U R 6 25 9 95 R
F, 551 E W AN IE R, I T RE XS B T AR i Ak
B 97 RORAEN L X o R 2 R ICFE R A
57 IR AR R FH N T B e R (0 F RAELE 2 H
B KL I R E 2 AR L. Btk B — DR
NONFH &4 & JBLE 4+ K 4R 98 H ks
J A 25 T B PR B A 6 T, AT RE A IR R A T Y 5
wir,

eIt 200 20 A B, a0 R 0 & B R K
HGE TR R IR A AR . KEMF RN A .
ncRNA ) Rk & BER LAWK N R Z
L Pz B 5 A A i a AR A0 Y R A
A5 Al T S E N 2 25T . NONFH i & 4 75 3
ncRNA f2 5, L1V e 1 Wb R R E A S W
NONFH R 28 T 11 A7 fig2 5 NONFH %
R ER miRNAs, i WEI 2% f1 CHEN 4200 43
W& T IncRNA HOTAIR Fl lIncRNA AWPPH #]
fEZ 5 NONFH HH 3¢ i 5L 0 5 i 4% . AR5
K, IncRNA H19 78 NONFH 3 ifi i 1 32 ik K %
W5 A%, AT BE 2 5 NONFH (955 38 A= B oL F2 . In-
cRNA H19 Ef T A 11pl5. 5, /&8 — LS b B
AECE R LY IR IR I Rk AR R KRR T
B 1T A R A iR K HE b g b OO B, In-
cRNA H19 i 3% 35 [A] ifn 45 A8 Bl R 4A A 3% 58 % D) A
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SRR, 5 Ik IneRNA H19 7] L% 5 5P 1
S AN 0 b Bz ) Ak (EMT) A #E AR 28 55 72
HHWF5EIA N IncRNA H19 4+ F MSCs 19 Z For ki
2.2 5 NUA S 88 R 50 A 3B et 72 o AT
.ngjj;}l“::ﬂ] 3

BB Y AR 32 2L 2 H i A 20 A L R A 40 e R 4
AIEE 5 B ) VR FH 58 A% T 20 A 3 A S Ak L 4n i Ak 5 R
B BT A A LR T B A A O BT R 4 A
FEH B AR Al s ek AR & NONFH &4 & J#
TR AP S B AR AL L i BMP-2 BE 5 5 S R
AL . A BFSE & B, IncRNA H19 7F hMSC-
BM 2 ik 7K °F [6) BMP-2 i A5 2 A ¢, BMP-2
DL B AR #5119 77 AR i IneRNA H19 £ hMSC-BM
W 2235, #2571 IncRNA H19 25 T 508 40 M 44k 11
P, AT LS R W, IncRNA H19 il Runx2 1
NONFH f8 35 Ifi i 44 3= 35 B A% 1 £ hMSC-BM
% 35 IneRNA H19 J5 68 %8 7€ % 5% J5 /K F 2 it
Runx2 BRI, ZEM S T IncRNA H19 /Y £ ik
J& Runx2 (235t bl 2 B AR . T 76 200 it 189 4 19 [ b
Sy b R B ] IneRNA H19 J5 20 i (4 39 54 g 77 0k
55, 1M 23k Runx2 J& , 4 M A9 34 55 BE 0138 /- Ik &L 42
7~ IncRNA H19 XF 4l ffd ¥4 58 68 J1 /9 52 ) J2 18 5
Runx2 SZHLHY .

g5 b R ik, 5 fl B X BEAH . NONFH % In-
cRNA H19 35 F#, IncRNA HI19 &E#% 4 ¥ hM-
SC-BM H Runx2 ik, 5 F Al Eibsm. Hik, In-
cRNA H19 ] figii i $2 1 Runx2 £ ik2 5 NONFH
By & A e AH 3 2 (R) R 4 0 H R AL AT —
AR, HEAb . ML PN BE I 2 DN R 45 R 2R G B
T B4 I P R it T R R R N I AR N SR BE Y
R NONFH #8315 47 78 /N AR 35 e e 3 1
T TRE ML R B T Y R AR Z4F R AL IneRNA
H19 Ml Runx2 7E 1 H o 493 3 09 f @45 A B, 3
2 T 31 3 el 1) i PR A i — > BB Ty ] .

2% 3k

[1] CHOI H R,STEINBERG M E,Y CHENG E.
Osteonecrosis of the femoral head: diagnosis
and classification systems[]J]. Curr Rev Muscu-
loskelet Med,2015,8(3):210-220.

[2] OKAZAKI S,NAGOYA S,MATSUMOTO H,et
al. Development of non-traumatic osteonecrosis of
the femoral head requires toll-like receptor 7 and 9
stimulations and is boosted by repression on nucle-
ar factor kappa B in rats[J]. Lab Invest, 2015, 95
(1):92-99.

[3] ASSOULINE-DAYAN Y, CHANG C, GREE
NSPAN A,et al. Pathogenesis and natural his-



FTREF 2021 % 1 A% 50 4% 2 M

[4]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

tory of osteonecrosis [ J ]. Semin Arthritis
Rheum,2002,32(2) :94-124.

LEE J S,LEE ] S,ROH H L,et al. Alterations
in the differentiation ability of mesenchymal
stem cells in patients with nontraumatic osteo-
necrosis of the femoral head:comparative anal-
ysis according to the risk factor[J]. J Orthop
Res,2006,24(4) :604-609.

SCHMITT A M,CHANG H Y. Long noncod-
ing RNAs in cancer pathways[] ]. Cancer Cell,
2016,29(4) :452-463.

BARTONICEK N,MAAG J L,DINGER M E.
Long noncoding RNAs in cancer: mechanisms
of action and technological advancements[ ] ].
Mol Cancer,2016,15(1) :43.

MORRIS K V,MATTICK J S. The rise of reg-
ulatory RNA[J]. Nat Rev Genet,2014,15(6):
423-437.

MATTICK J S,RINN J L. Discovery and anno-
tation of long noncoding RNAs[]]. Nat Struct
Mol Biol,2015,22(1) :5-7.

SALMENA L,POLISENO L,TAY Y,et al. A
ceRNA hypothesis: the Rosetta Stone of a hid-
den RNA language? [J]. Cell, 2011, 146 (3):
353-358.

ZHANG X,YANG M, LIN L,et al. Runx2 overex-
pression enhances osteoblastic differentiation
and mineralization in adipose: derived stem
cells in vitro and in vivo[ J]. Calcif Tissue Int,
2006,79(3):169-178.

PENGDE K,FUXING P,BIN S,et al. Lovasta-
tin inhibits adipogenesis and prevents osteone-
crosis in steroid-treated rabbits[]J]. Joint Bone
Spine, 2008,75(6) :696-701.

MATSUBARA T,KIDA K,YAMAGUCHI A,
et al. BMP2 regulates osterix through Msx2
and Runx2 during osteoblast differentiation
[J].J Biol Chem,2008,283(43):29119-29125.
FUKUSHIMA W,FUJIOKA M, KUBO T,et
al. Nationwide epidemiologic survey of idio-
pathic osteonecrosis of the femoral head[]].
Clin Orthop Relat Res, 2010, 468 (10); 2715-
2724.

ALDRIDGE ] M 3RD,URBANIAK ] R. Avas-
cular necrosis of the femoral head: etiology,
pathophysiology, classification, and current
treatment guidelines[ J]. Am J Orthop (Belle
Mead NJ),2004,33(7):327-332.

SULLENGER B A, NAIR S. From the RNA

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

197

world to the clinic [ J]. Science, 2016, 352
(6292) :1417-1420.

SCHMITZ S U, GROTE P, HERRMANN B
G. Mechanisms of long noncoding RNA func-
tion in development and disease[ ]J]. Cell Mol
Life Sci,2016,73(13):2491-25009.

MUERS M. RNA: genome-wide views of long
non-coding RNAs[J]. Nat Rev Genet,2011,12
(11):742.

LI Z,JIANG C,LI X, et al. Circulating microR-
NA signature of steroid-induced osteonecrosis
of the femoral head[]]. Cell Prolif, 2018, 51
(1):e12418.

WEI B,WEI W,ZHAO B, et al. Long non-cod-
ing RNA HOTAIR inhibits miR-17-5p to regu-
late osteogenic differentiation and proliferation
in non-traumatic osteonecrosis of femoral head
[J]. PL0oS One,2017,12(2):e0169097.

CHEN X,LI J,LIANG D,et al. LncRNA AW-
PPH participates in the development of non-
traumatic osteonecrosis of femoral head by up-
regulating Runx2[J]. Exp Ther Med, 2020, 19
(1):153-159.

MATOUK I, RAVEH E, OHANA P, et al.
The increasing complexity of the oncofetal h19
gene locus: functional dissection and therapeu-
tic intervention[ J]. Int J Mol Sci,2013,14(2):
4298-4316.

RAVEH E,MATOUK I J, GILON M, et al.
The H19 long non-coding RNA in cancer initi-
ation, progression and metastasis: a proposed
unifying theory[]J]. Mol Cancer,2015,14:184.
MATOUK 1 J, RAVEH E, ABU-LAIL R, et
al. Oncofetal H19 RNA promotes tumor me-
tastasis[J ]. Biochim Biophys Acta, 2014, 1843
(7):1414-1426.

HUANG G,KANG Y,HUANG Z,et al. Iden-
tification and characterization of long non-cod-
ing RNAs in osteogenic differentiation of hu-
man adipose-derived stem cells[J]. Cell Physiol
Biochem,2017,42(3) :1037-1050.

NISHIMURA R,KATO Y,CHEN D,et al. Smad5
and DPC4 are key molecules in mediating BMP-
2-induced osteoblastic differentiation of the
pluripotent mesenchymal precursor cell line
C2C12[J 1. J Biol Chem, 1998, 273 (4).1872-
1879.

IS H 1. 2020-04-18 & 8] H 1 : 2020-09-02)



