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Over —expression of long noncoding RNA NEATI1 induces osteoporosis via promoting osteoclaste
differentiation and inhibiting osteoblast differentiation
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Abstract

andosteoblast differentiation. Methods: The transcript of NEATI in human normal and osteoporotic bone tissues was carried out;

Objective: To examine the expression of IncRNA NEATI in osteoporotic bone tissue and its effect on the osteoclaste

ovariectomized (OVX) and hindlimb —unloaded induced osteoporosis in the femurs of mice; process of hMSCs and MC3T3 -E1 cells
differentiating to osteoblast and the process of RAW264.7 cells differentiating toosteoclast were detected by Real—time PCR,respectively.
Moreover,when NEAT1 was silenced,the activity of osteoblast was determined by ALP staining and the activity of osteoclast was determined
by TRAP staining. Results: NEAT1 was significantly up—regulated in the osteoporotic bone tissues of the patients and the osteoporotic mice
models as well as in the process of osteoclast differentiation.Furthermore, NEAT1 was down -regulated in the process ofosteoblast
differentiation.In addition,when NEAT1 was silenced,the expression of Ctsk and the activity of osteoclast were decreased while the
expression of Alp and the activity of osteoblast were increased. Conclusion: Inc—-NEAT1 may induce osteoporosis viapromoting osteoclaste
differentiation and inhibitosteoblastdifferentiation, providing experimental evidence for NEATI as a potential therapeutic target for
osteoporosis.
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PUAE OP SRA BB SUh | /N BRI 2
AUl & RAW264.7 il a i & 34k i3 # ' NEAT1
1 Feik  MAE MC3T3-E1 Al hMSC 41 ffd i 4tk it
T2 NEAT1 63k 0 W RRAR . Bl 05 R 15 (alkaline
phosphatase , ALP) Yt I 7R B Neatl J il 20t
T Pk S 25 5, TRAP 24 8 /R K Neatl 5 %
YIS B A AR . ASBFSE S NEATL A OP fY
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1.1 I

111 SEE%t4 MC3T3-EL 40 (/N EURTeE-40
MiF ) RAW264.7 4 (/NERERAZ E AR ) .
hMSC A AL 58 5T 20 ) 3410 ) b R 2 e 40 M 2
C57BL/6 /N ERE [ b 5 4 1) 48 S50 s Y H R
FARRAF . /N RAE R R R 2= LR s rhoc
B/ A R R R R A28 s o
AR ERLE AR T o

1.1.2 FZiX%] DMEM EBFl MEMa £ 77 560
H SRS A ], i SRR G A Thermo fisher
/N7, Trizol SYBG W4 [ Takara 23 T , Recombinant
Human sRANK Ligand 14 HIREZ=ve N a\), Prip
PR B-W R H il b ZEKAN PE R LYY A TRAP J4
W Sigma /AR, ALP YLl & A 35 2R
1.2 PR 7 &

1.2.1  RNA M$2HC, %% 5% A1 Real-time PCR H]
Trizol ZH#HANNE , %I IRFHE 3min Ji7,12000 rmin
B0 30 min, WHR 20 6E RO IA 500 L
FENERIRS],-20 CHpE R, K H 12000 r/min &
> 20 min J5 A3 LG, A 75%09 LB DTTE ,
B A I I, A ULTE RIS RNAL LA DEPC 7K
% RNA. H DEPC 7Kl % 8 RNA J5, Il OD
{EL, THA3 RNA 45 K =i, AR 300 A Sl v B
WL 54 I ¢DNA, Real —time PCR ¥ [l Roche H
SYBR green JeRH5HAHE 5, HI LightCycler® {¥g5 5
WK k15 % . homo NEAT1 | : CTTCCTCCC
TTTAACTTATCCATTCAC; Fii#: CTCTTCCTCCACC
ATTACC AACAATAC ; musNEATL | 3% : GGGAAGG
GTGTGGTCAGAAG; Fijf: GGCAGGTTGGCTCCTAC
AAT;homoALP FHi::AACATCAGGGACATTGACGTG;
T : GTATCTCGGTTTGAAGCTCTTCC ;mus ALP |
% : ACACCTTGACTGTGGTTACTGCTGA ; Fif#:CCTT

GTAGCCAGGCCCGTTA ;mus Ctsk |37 : GAAGAAG
ACTCACCAGAAGCAG; Fii#: TCCAGGTTATGGGCA
GAGATT;homo GAPDH Fii#: ACCCAGAAGACTGTG
GATGG; F i : TTCAGCTCAGGGATGACCTT ; mus
GAPDH L% : AGCAAGGACACTGAGCAAGA ; Filf:
GGGTCTGGGATGGAAATTGT .,

122 450 iss & 10%06 248 0
N 19%3HTH MEMa 55555, 78 37 CHI 5%CO0, 4%
PR {555 MC3T3-E1 Fl hMSC gAY . 5 Sl
B fE IR B RPN 50 we/mlL TR LR
10 mmol/L B—HR H A1 107 mmol/L Hh FEKH
WK — U, F& 109% 6 25 0005 1 19 370 1Y
MEMa 85 38 35, 7E 37 CHI 5% CO, &4 F 55 3%
RAW264.7 41, 550 B A0 i 7E 5 3= B hoim A
100 ng/mL #4375 5 KT RANKL, 7506 K 6 d,
2 d il —IK .

123 TRAP Z&ff, ¥ RAW264.7 40855 T 96 fL
M, w1 AL 1.5x10* . A 100 ng/mL
) RANKL f) DMEM b 32 3645 S5 9% 6 d Gk
FrHeil A FRIR PE W R B (TRAP) YL {0, Y (oI 34 14k
YRR FRILNS, FH PBS Wk 3 i ;4% 2 3 H I [
10 min, PBS %t 3 3 ;0.1%Triton X100 i#i% 10 min,
PBS ¥k 3 i ; PBST M%7 10 min; %R 96 fLHr 1L
100 L BRI AGH&E () TRAP QA , B T 37 C
HEFE RN 1 h; 18 4L 100 WL PBS, S 3048 N W
8 3 3 AL AR A AR B R R
IR

124 ALP 38 i T B o1k 7 d B4 H
4% 2 B PS5 30 min, PBS W 3 3, #MRiAH &
(58 A T & BCIP/NBT e o TARWR , fe)a—Ikik
UTEIUR , Z2BRVEE, N AGE 5 BCIP/NBT Ye i T.
VEWL, B PR RE T T A AR i, E IR BB IR B 5~30 min
ZYLEFBIFUHTRE . FEERGE TARR, 2R K
Y 2 URHIVATZ0E 1 68 52 07, b il S WA I
1.2.5 EREAE WA RIE Y siRNA 7
%1 ,Mouse siNeat1-1:GGGUCAUCUUACUAGAUAATT;
Mouse siNeatl -2 : GAUUGAAGCUUCUUAGAAATT,
H 4 pSUPER [ T (5] 35 45 43 1 A B — g D137 4t
(BglIl A1 HindIIl ), 7E 20 pL 1A £ Fpif B 86 IR &
T, A shRNA . GRG0 1 wL BB 150 £,
FEAMIRATEH 10 WL, F 3% B BB M e I H ik
S HAR A=W R IEM . Belll F1 Hind 11T
fiit] pSUPER Jikr, ¥ pSUPER F Bf 53R k& shRNA
#4%, ¥4 pSUPER-shRNA %4k DHS«u JE3Z 2541,
WA Z NEZ T LB VA, 37 Cid e % e R Bk
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HUAANTRVE 15~20 AT R, @ P PCR i e FH
PR R A AT FHRRE SR 2 ) 1/ N B b B2 B 2
R, S B 53255 J —20 CARAT: 3 B 1) Sk
EcoRI Fil Xhol F§] 2 h, 7E 2% 3 JEWEEE M FL Uk J 45
SE L ) B EE SR 300 bp BRIV Ay kg 4 B o ks
(B Ry 2s AR B D) e B B2 240 bp) s #k 3 4>
FHP: R 3 invitrogen 23 B o Kf 277 Ok 43541)
JH EcoRV Fi1 Xhol i) 1h, 1584tk Fok 277 ; [a] st
Ffl EcoRI fiit]] pSUPER-shRNA , 3f- Ffl T4 DNA R4
fifg A BRBEDD 74, Xhol Y] 90 min Ji5, FH#EAT 3%
WRESENEBEBE I LYK, 53] 300 bp £17% shRNA [
g, VIS MDA i B2k 1k 277 AT shRNA K5 7=
1t DHS o JERAZ AN AL, B 7% PCR S8 , /Nl Bk £
EFRIUTORL , BFY]YE F (BamHI £1 Xhol E§4) ), BH
YRR A B BE A 800 bp , 25 2 A B H B K 2
500 bp; Pkt 3 4~ B Bk 2% 4 MER 2N FIHEA TN
HENAIEFHIHY 277-shRNA
1.2.6  INE LHECE FIEMAR  2EH 3 A%
(R MEPE C5TBL/6 /MR, SE8e 3 MR SR 1 A,
2% 4 HEZ- 40 (40meg/keg ) I I BRI, BRUIRFRMOE , AR IX
PR BT SR BE . PR AR , 7/ RS U TR
Hh 177 1 em 2 TEHERCBULPT M 10 1 T 24
0.8 cm, $TFFJ BE B, VIR XN B 5, 375 BEAS 11 5 43
PIZEE G R RRFNEE )2 o DS R B 21 68 Rk 2
21, ZW L B IR M AL U s 35 , R op ik I i g
A, TR LR . XIR TR I vk 5 SR 4 A
W] (BT E I S5 A DIRRIR S . AR5 IEHIRE .6 1
FBIVAT 7 B T AR
1.2.7 REEHICE RGEMRET  EH 6 iR
A FRMEME CSTBL/6 /INERL, SE00 % MR 1 7. R
F/NREERE Mk /N RS iR 3%, kA, il
JHE b 5 GRS, SR il 5 KT & 300, f L
FERENRE A MIEsh, K, 28 d BVAT &y i
BN
1.3 “%itF 7k EHGHH SPSS17.0 #E4718K
AL TR R BORHA LA xes s, REAS R XA o
K HRH 27 2253 M (one—way , ANOVA) ¥ 7 ik 4T
H# . A GEHEE R P<0.05 NZERA G475 L,
2 #R
21 EFFUARAFTREMNEEZFTHAL T
NEAT1 #9452 A  MRHERIKZ SBERBEIE T
F- ARG B 1E 5 B 2 SR BB PAE £ I A
HHAE 6 4], $2BUR RNA J5 54T Real-time PCR,
2L B T AMIE B B 14U NEATL A9FE A
TR A, 22 R AGHE L(P<0.05)(F 1),
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Figl The transcript of NEAT1 in normal and osteoporotic bone tissue
22 FEXHOVOFREER(TS)FHF0F R
oA RAEA G AN R P Neatl #9 R E M
IEH XS RN B R (OVXD)6 D H JE AR R
B (TS)21 d Jary/N T AR FE BB B 4H 2, $2 K
B RNA J5i##47 Real-time PCR, SCUGZ5 B3R, 5
XTREFAEL ,OVX6 A~ H LA K TS 21 d J Bl A 56 3
Alp FYFRIR B EREAC, 1 Neat] BYFRIAAKE- T
(FE2), 22553 HA 512472 X (P<0.05).

2.01 * . -
JSham _ 25 . [ con
E ovX &
E 154 =] = 207 TS
z z
5 © 1.57
e 1.0 %
- ) o 107
£05 = 7
= T () <
= 3 0.5
=00
’ 0.0~
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B2 NEXBNRERBFSHNRERREH Neatl HRIA
Fig 2 The expression ofNeatl and Alp in theosteoporotic femur of

the model mouse

23 RE @iyt A2 NEAT] ¢9 Rk T4 7E
hMSC A K MC3T3-E1 2 A4 55 77 s i sl 43
1755 10 nmol HBZE KA (10 mmol B—H Il
FR4M .50 pg/mL HLIRIMAR , BERE 2 d 09, 7555 18 K
JEREIN ALP F NEAT1 BYFIRAE LR 25 R KW,
55 %F B8 4 A b hMSC F1 MC3T3-E1 & /3 1k )5
ALP FIk B EH L, 0 NEAT1 93 1k 1 B[4
L& 3), 225 HA G127 L (P<0.05).

MC3T3 hMSCs
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0l — 30 Dod
< 307 Elisd = 207 . s
Z 20 TR
= 10
= 10 =
R g
5 T 2 =
2 107 . £ 101 .
z Z
< 0.51 g 0.5
==l .
0.0- 0.0"
Alp Neatl Alp Neatl

B3 mEHEasEEdh NEATL BRIE
Fig 3 The expressions ofNEAT1 and ALPduring osteogenic
differentiation
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24 BB AL AR P Neatl 89 &K T4 7E
RAW264.7 4L i35 52 W TP 0 100 ng/ml. 1355
KIF RANKL, 5P KW . 55 6 d S kil i - 56
Ctsk Fl Neatl FRINMAE . SHrE5 R, S5Xt
HEZHAH L, RAW264.7 40 7515 T 01 40 b5 Cisk
Fl Neatl fRIA R D EWMZ (K 4), 27 BAS
TH2FR L(P<0.05) o

RAW264.7
80 7 *
60 7
407
207

CJod
Hlo6d

Relative level of RNA
w
]

Alp Neatl
B4 mEHMSLIEIESH Cisk 5 Neatl HFRiE
Fig 4 The expressionsofCtskand Neatl during osteoclast differenti—

ation

2.5 TFifl Neatl SR B @i tLe ok ENHE
PR 4 KK MC3T3-E1 40 FP YL RAE Neatl 114
155 7 30 R85 5, 72 h J5 Real—time PCR 4610
Neatl J Alp BFRIEMAE . SLEGA5 R R FAIK Neat 1
Je, XA A Alp IR K £ 2%
S HAG 5 X (P<0.05), ALP YL@ il 4k ik —
HAESZ AR Neatl J5 ALP (3G PERS &5 (18 5), 1568
Neat1 AJ4#H] MC3T3-E1 40 [ 8877 1 2k
MC3T3

504
401 [ shRNA-con

30 B Neatl-shRNA
20
107

1.07

Relative level of RNA

0.5

0.0d

Neatl Alp
shRNA-con Neatl-shRNA

i e

ALP

. p LA

5 B Neatl XA & iE IS0

Fig 5 The effect of silencing Neatl on osteogenic differentiation.
qPCR was performed to detect the Neatl and Alp when Neatl
was silenced (A). ALP staining was performed after silencing
Neatl (B).

2.6 T Neatl SFF w5 1L %eh BT
WE S 3 K1 RAW264.7 40 JEYLRAIC Neat1 ()
55 2 3 % BB 18955 7% , 72 h J5§ Real—time PCR 45 Il
Neatl % Ctsk [ 23k el AF o 5050 25 5L 3% B d IR
NEAT1 J&, 55X IR4AH L AniE T Cisk B35 KF
FEAG, 225 HA Gt L (P<0.05), TRAP JLtaf
G5 R — L UE S A Neat J5 B0 B 20 B 1% P A
FM Neatl AJfiEHE RAW264.7 40 1A 8 7 1815301k
(E6).

A RAW264.7
1.57
= =3 shRNA-con
E M Neatl-shRNA
= L.0f
°
z
o 0.5
-
O
=00

Neatl Ctsk

shRNA-con

Neatl-shRNA

6 TLEX Neatl XM & iE RIS

Fig 6 Silencing Neatl influences osteoporotic differentiation. gPCR

was performed to detect the Neatl and Ctsk when Neatl was
silenced (A). TRAP staining was performed after silencing
Neatl (B)

3 it

B AR R BRI A S AV FH A 3 i
W B AV E RS o B RBAMAE F2 22 TR
Sy AR PRSI B 43 A A FH 1 3 5 iy S 38
DRI , A6 % A0 o) ol R H A T P ) 6 R
T B o B AR S JERi oy 24
FESMIS SR (A FE DR T 9 28 W BB R B oA A
TR AN PR 4GS KIS
5y it . TCF-B i #% . BMP2 i #% . Wnt i
# . Notch i % Hedgehog i % MAPK i % \PTH
T % A5 AR 22 A LA 5 3 B S B ) L R S
AW A3 A ad A5, AT 3 B o A ) Bt
TR, JEAER , —SEF 55 3R B miRNAs 7EA35 8 Tisi
PAJETE N ) 2R v A AE T 2L VE T, 5 miRNA
FHEL , 7 40 N G 55 U 55 79 IneRNAs B HLAT )
HAZ Zmi EE YA TRe, AT E &
“WEPE” , AR FAIL AR A 7 SR,
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T 4R Fom BIF 28 7, IncRNAs 1] DL F 55
sk 5EE A g EER , Gz
T X Qe fkiis . SEHEA 0L R T 1
SO kTR N A i A 2 R R
Fio HEAE IncRNAs 19535 32355 A B HH G ,
WIFEF4EAL BT R RMEBRIR( AD) OIS IR
S FIRRAE SE 1, SR, IncRNAs 763 B o &
SRR PR, A 5% IncRNA 7 RCE AR 431k
R AVE FH M = TR AAFSE . B AT & PR 7E L
B oAl B v 8 A ) IncRNAs 45 MIR31HG ,
H19.MEG3.MAIT 1 NONHSAT009968%24 MIR31HG
Al EH3EYS IkBa 254 008 NF-«B il #%, B S —4~
IE R, A S o AE ™, T H19 4 il
AL FEIEE T ceRNA BIHLH] 76 4+ 254 miR-141
1 miR-22, NG Wnt/B—catenin i 1 I1E i7F AL
B, AT A L IncRNA-NEATI 5 OP &,
R LA S ISR . AR IR AT
NEAT1 £ OP & W BN E 4120 /N B B As 1
H LU L M MC3T3-E1 Fl hMSC 1B 434k 3k
23k B S RIS s T 78 RAW264.7 BB 43kt 75
TR WL, $R NEATI 2 587 g Su e
A3 Ak KB BRI AAAE . NEAT1 Xk MENe/B, & I
MRS 11 S Yefafh iy RNA B4R IS mik,
B 2RI IR . NEAT1 3255 (v AE 4 A% P 1
WAL G5B T, S 555 5E I 2, DF5E k3
NEAT1 7EMP e i b @3 e, Holid ceRNA
A HLTE D 6] miR-449-5p X BUw HE I c—Met YR
FH, DA 1 J5 968 40 B () 34 5 e B iR 280, I
A NEAT1 fERFANMEIRE . RS0 R L R L h 2%
K [RIAE i 0 v, LSk S i (55 7% s 2 D
FHOGISS, ZEARBFFE A58 o #4 EE RAIR NEATI
18R IEAR, [5G Real-time PCR 45 S-31E 52 T 18
/INBRURTT B 40 A 22 MC3T3-E1 H1AJA] 78 5 1 41 ity
hMSC H ik NEAT1 J5 5[ ALP mRNA 7KF-HH i
Fhim e [FIEE ALP e Ot UFSE AR NEATT f2 i i
WS e /N B W 4 I R RAW264.7 A A
NEAT1 7] 5| 2 i 40 M Ar 25 4 56 B Crsk 3K F
I, TRAP Y {545 JE 52 @Ik NEATL 0046 i B 1%
PEo DL ESESTEN] NEATT {2205 B 240 i Ak -4
HIE AN, S NEATL 8 VAT B B A e
(AP TE S i R T — 2 A B SE R A S IR A
B3 3L ik
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