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NEAT1 BB RGN ERERPHER

BEAY HEFY F—ATY TV REFVT
(" SRR Bz S e be . TEFE 110102; 2 Mok 3028B:, K75 130025)

E K#IE4I5RNA (long noncoding RNA, IncRNA) {EN AZH A SCHEAL 5y, BAS SRIGEANT, AR
WA AR R . B SERATIRE . ZUF5E R, IncRNATE B SR AR vh B EBAE R, (HHEARTE AL
TR SES B, IncRNA #% BB 25 412555 5548 1 (nuclear paraspeckle assembly transcript 1, NEAT1) J&—FPiiF. sh ¥ 41 i
EhE B EE M RNA, FEAARK . REMS P EmE A O, R0 BR800 70 T 40M (bone mesenchymal
stem cells, BMSCs) . B H 4l (osteoblast, OB). A H ZHifl (osteoclast, OC). #H ZHAAE B FECH QT R F EE 2
M. BEAh, NEATL a] FAE AL Pybr i 9 ok T A A5 0 85 B B2 Wi FDTE 7 $2 0008 19 DA, 40 SR BAME  (osteoporosis,
OP) ., HXT# (osteoarthritis, OA) FI A (osterosarcoma, OS) 55, X WA NEATI 7E H H 75 24 5 B A0 4L s ARk
Biat o ARCERR T NEAT U ERRASR 0L, URHAEZ P E# s P IOFERT, R T NEAT 1L [ 25471k AR5 Y

ERE, BTN A ORISR A SR S SR

KR NEATL, B, SR, SRR, &R
hE SRS Q5, G8

BHLWE R —Fh e AL )ik . s a AL
LT, AN RRBTAUKA SR SR, TE4ERRA:
Pk ry A RS Th I ECE O M A Y TR
A, BALURE T 2R A R E R, GE
SRR BEIE NS B IGEE, dieE RO R
FIIRE, X —IIRERTE R A . BETRE. &%
B, DR AN/ R SR R S R B OCE
B P K — R PR EEHLAORS B P8 IR e S X 4%
{7, HAPHN] BE S ECHH FACE H U R
AR

K 5% 4E 4@ B RNA  (long noncoding RNA,
IncRNA) J&— K id 200 nt 19 Z 58501,
R H = WS E A RE T ', (BRETER 2 4F
T T B S I 4% R S 5 4 2R g8 v e G B AR
JH ' IncRNAs ik Z2 R IR 4 5 R e 3k S st
KV, GFAENBE ., 5. IRRRER T, L
K NE g 55 4 P Y 5 RNA  (ceRNA) , 3 3oF W Fft
miRNA (U153 T4 ) fifk 5 O AT 1 41 o
M ERTEERZ, KEZEIncRNA i T HAK
FIRAE S AL 5k, AHOCTRERHILEI AT 5
S FNBRAG) O HAL RIS R SR A T (nuclear
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paraspeckle assembly transcript 1, NEAT1) #]/&—
MHA, AE R EL S AR T FE R
RNA " AJif RNA BAHFIT (RNA polymerase 11,
RNaseP) MK 1145 G (o 4 b i) 4 e 7 o505 o
FEARANRIAAE A, BINEAT1 1FINEAT1 2314,
NEAT1 75 40 i A= 1< K 5 SO0 o aod e v K 43
FERIAER D, i, NEAT1 GE i i - - 56 8]
7B+ 40 fif  (bone mesenchymal stem cells,
BMSCs) 43fk, TERCE M (osteoblast, OB) .
B 40HE (osteoclast, OC) FHEKH 4 & F LAYk
Feg AR U EEAYJE, NEATL IS TE B R HiAs
JiE (osteoporosis, OP) . ‘&K T7 K (osteoarthritis,
OA). ‘HN¥E (osterosarcoma, OS) ZEHB%BRHE
R A 2 F AR R P Rk,
NEAT 1 /K- AT 38 3o 22 Foft 75 45 5 308 356 522 W) -
PRI I ISR P2 BRI Z A, NEATL IR Al {E
BHESPIRIG (BshaliRIR =) 1 L s
* EZR HARIAAS (12072202) RBYIHUH .

s SRR A o
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B, %: NEATIESRER PR ERERTIER 931-

PRAE B B A9 IE A B s BRI 2 SR T
NEAT1 A e 2 H A - M i 2 54
SRIMT, NEAT17E Z i B 5 i Ras K . B
PRAE A B 5 06 R AT AR B R S . AR SCER IR
NEAT 75 4E 58 AR A R, R
TEZ T B I FRIRMIIRE, BT af R
BT IR IHT LA o

1 K553E4RAIRNA NEAT1

Y/ —F IncRNA, NEAT1 & X T 2007 4F %
Hutchinson 55 70 N AZE BN G AR 11q 13.1 X
B 1R 22 1 R 0 b R e A R A R DR 7 i 2 SR
I, NEATI 6§ W A 25 44 85 & 09 3 78 5% SR AR
NEAT1_1FINEAT1 2, KE/35143.7 kb 123 kb
AW RYR R —3E B, & St e ES,
H e A 3w TR AL, e T A MR 095
FEB S RNARESMN R T, AEZET
T3 AR B P X T 3R 2
R MR 155 (polyadenylation signals, PAS)
PR . BT, XA ARG SRR 4 F R
FE B PAS B2 11, MR B T AN [A]H< BE 1 RNA 43

T o X—HLHH{E T NEAT1 1 FINEAT1 2 B AR5
F [a]—JE DA O B AR ] i) e st i 5, (ELREAS i
TEREAN R 4 3% i A A5 ™ A AT AN TR I RE RIS
PG RNA =4 220, NEAT1_2 f) 3" JE& B i 2 4B
tRNA FUZ5#, H1 RNase P V) EIHE il imii 4138 i3 poly-
ARFRIT., LB — —=E45 4 *''. NEATI1
fie 5 HA by B AR WU FEFE S5 AL B ) R M RNA 45
&% M (RNA binding protein, RBP) A9 JCHRAZ K
HFEM R BES Y, EES SRR,
i mRNA f B . mRNA Wr%d% ', NEAT1_1 Al fE
HRIPESAL SRR DI RERRTT B, T NEAT1_2 9%
PRONBIBE S AP AR 2SO, e T
A 0 v 1]l 9 5548 1Y non-POU B\ AR ZE &
£ H (non-POU-domain-containing octamer binding
protein, NONO) " R{KFraeE ) = (E 1),
I, XRE T F R B AL E B2
NEAT1 2 f7E T RIBER BN R AZ Lo, T NEAT
1L RIBRE RS B 1 R DI B 2 iR BN S5 A8 o 2 1Y)
AR —F B IREME ], X SEAEERTT NEAT1 &
AT A 0 B IRE S0 T B BB BT I AN AT 2

LAY

NEATI 1 _/

AAAAA

BB s (paraspeckle)

Fig. 1 Classification and structure of NEAT1 (created with BioRender.com)
E1 NEAT189F4£+E ( & FABioRender.com& | )

2 NEAT1Z5&REHRE

ARy A i A PN — > 28 50 T A A B
i, WA R AW B 505, AR R

SUIREROCHE B, JFRE OB, OC, HAIAE. 4K
A0 Z 0] 6915 5 5 5 LA S BMSCs 25+ 41 i A 4%
S ZG Y MRS Z L SR LN ) Ry
IS RS E VoS g AW PR INITES 2 (01 N
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OA FIHA B BB B A= o PRI, anfar 4% 22 A
BB 2 P 5 B R0 A S T8 BT B 11 R
S g% . NEATIAE g — GBI & SR 5L 5%, 18
Z M E A A R A Y AT R s BEOCHE R
YEHL.
2.1 NEAT1A#EBMSCsHIEES Nk 8k

BMSCs BAg Z 404k . AREH W S, Al
Bk OB g5 40 B AR AR A . o,
BMSCs [} Jl 5/ g o ot — 7 “HIH ™ iid
F 0, Jf Rl BMSCs (%%, BMSCs 5 ffi [n]
W R AIOE| 9= A A N = iRy = B2/
KA Y TR — AP A DG T TSGR s)
) 265 W) 52 3] J 2 A s DX sl Y 22 I 25 R A
M 7 42, AR AL H) BMSCs HiBLNEAT 1 #3535,
IEHEA AR 0% . A AR S5 RN 200 o
PG 7', NEAT1 /£ BMSCs £ 0 5 Hh Y 2 ik 1
TUIZ PRy RIRE 9, JF7E BMSCs % 15y
AL HERR TN AR A% ) R B B AR, R B ]
FIR) A L AR 1 D 240 B B A 3 I g [ 254 7, R
NEAT1 #£ A/ BMSCs H T DA i 57 55 I I 7
PASCHAnNEaE . oAb, MUERNEATI AT LI REL GO/
GUIBEEMEH RO 2 2% 17, IXRERE NEAT1
SRR YIAOCHY

5341, NEATI1 RERZ N BMSCs 4 fLRE ST . 76
% BMSCs 1, 3 %35 NEAT1 1] DL i#F BMSCs
MIRCE AL RE ST, JEMGISAR L, X —id R rh
AR SR R 2 (activating transcription factor
2, ATF2) RAFEZAMEMN ", MTEAHE BMSCs Hi
MAE A AR "7 2 FeIK NEAT1 35 FRAIK T 2ok 4
T fig A & ATF2. Bel-2 [A] J8 45 #1 % 1 (BCL2
antagonist/killer 1, BAK1) . Bcl-2/lf% 8 E1B A H.
&£ H # K 3 B (BCL2/adenovirus E1B 19-kDa
interacting protein 3 like, BNIP3L) Y3 ik /K,
[i] B e 3% T 5 % BMSCs 76 i bt B i 25 2
Pk Ak it 10 8K A5 5L I8 15 7 3 (silence information
regulator, sirtuin3, SIRT3) /i#H % 1k ¥y k7 1k i 2
(superoxide dismutase 2, SOD2) i % "', Zhang
A BRI, NEAT1 Bt kb nm 1 40
JE A R PR 2 (cyclin dependent kinase 2,
CDK2) & SRY-box #% 5 I ¥ 2 (SRY-box
transcription factor 2, SOX2) Z[RIMFHEAEH, X
LEAE B siCDK2 B YL i i, 575 NEAT1 i@ i 52
44 RNA 45 4 % [ SOX2 fll CDK2 Jf # 7 SOX2/

OCT4 &2 4 ¥ ok 4% ] BMSCs i) £ GE % . L4k,
NEAT 1 i3 i F 4 miR-27b-3p 3 # 5 2& 4F BMSCs
(2RI R T e F IS R o040 7. LIRS UL
NEAT1 7£ %% BMSCs i i 52 i 2 AR T e ke 2
BMSCs 7k iz .

AL, NEAT1 G5 A 5316 i BMSCs
] B 53 Ak B i e B S hBMISCs 1Y U 43
1k, NETA1l. Runt #H 6% 5K+ 2 (Runt-related
transcription factor-2, Runx2) Fl i V£ B iR B
(alkaline phosphatase, ALP) Ay AH ¢ 3 ik B B 7+
1, B NEAT1 Bk 4% Y £ hBMSCs 1 il T 5% 5 AH
KIEHIFRIE . ALP IGPE DL BSR4 3k R B
NEAT!1 7] DL 7 hBMSCs i B 704k . Bl BF 5%
AR, miR-339-5p 1] VE NEAT1 (1) T Jife 0 3k
1, miR-339-5p # il 77 AT 434K TH NEAT1 I8k
JIrats SR B AT AR BRI 50, I ak e £ o e g 3
VUWE & B, VIR W S 1 (Salmonella
pathogenicity island 1, SPI1) HJ{f & miR-339-5p A%
HU4%, 1M hBMSCs 1 NEAT1 &9 b ) (i SP11 3 i
454 NEAT1 i 8 R 0s Hit 5%, TR l—A1E R
BRI 1, Zhang % 9 8L, NEAT1 A 8@ ##%
miR-29b-3p/BMP1 il #% i i#f hBMSCs 1Y 8 H 73k .
5 FARSSIRA A, WU NEAT1 Al {2 #E0% Kz ot
#ZE (glucocorticoid, GC) H# 5] # A hBMSCs
B PR R A A, BB EE TR Y I i g
miR-23b-3p KA AL ZR PAS0 5405 1 K Tk A
b1 2 (cytochrome P450 family 1 subfamily A
member 2, CYP1A2) 3Rk, #EmMsl GCiFS:
) hBMSCs il B 43 fL . X 0] -5 H T Hisi Al &
FHOER), /NFIE ) GC ARt B 204k, T 9
(1) GC W AT DLk — A

Zi b TR, NEAT1 E & — Fh IncRNA, 7F
BMSCs (A4 e h k45 EEAEH, Frulz
TEIYE BMSCs (194346 )5 m Fag & i B b . NEATI
(1) 21k i 5 BMSCs M- RIR S B UIAH G, Hik
T84k AT LASE 0 BMSCs [ 81 550 8UE 7 1w i 43
b X —ab B, NEAT1 A GE ik 5% i 2 4K 11
Tihe . PR OGP Y 2R3k DL 2 5 AN [F] miRNA 11
FHH A 2 S2 906 BMSCs 43k fimis b . Rk
AIWF5E T LA 61 NEAT1 5 Hofth 20 7 A9 A B AE
FLAEAS [F) A= 3R 258 R A 3R G848 4k DL S XT
BMSCs b it F i AR SZ i 45 7w, LA 4 1
Hi#% 75 NEAT 1 £ BMSCs A= 122 Dhfie b iFE ] .
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2.2 NEATUEEREHMEREFK

Bifi % B A B A i 734k, NEAT1 A NEAT1_2
AR MR T im, IR A BB e SO
FENFIR R 2, NEATI 8% NEATI 2 @l S
FORBE SR . BRI FR AR, T
AINEAT1 13 FR M B B AR L 2, X s
TRIARIBESE 00 MHLHI 16, NEAT1 FIE]5E
S K SMAD $f 5% B3 32 2 R M OE 1
(SMAD specific E3 ubiquitin protein ligase 1,
Smurfl) A mRNA 4 8 7£ 40 ffg #% v L 15 OB 3
A, MR 40 5 b Smurfl 25 K, S5
97 Runx2 (& H Bk e M 2, AR, Dai 5§ BV
N NEATI 2 5 Wl B B % . s 2 B
(lipopolysaccharide, LPS) Hl # a9 A 55 N J#E
MG63 4 Jifd 1 NEAT1 835 F I, IFEA 9t ai i
R RN B 08 T i Tt &, UUER NEATT RERFAIC A
K, 1 OB M MIREIE . £ MC3T3-E1 4fijfd rh
ULBR NEATI 30 A WEbR S LC3IL., FEZ 1
(Beclinl, BECNI1) HI [ WEAHCHE 1S (autophagy
related 5, ATGS5) FIkFEAK, Pe2Fikygm ™, Jf
PR DEAN A BA SRR B, DJRE I, NEATI 5 miR-
466-3p 4545 I 1 & T I miR-466£-3p, MK A
Wi & A o 3 635 miR-466f-3p 1] LA i 3 WA O b
W (hexokinase 2, HK2) HYJ mRNA A4 H i3
ik B A Rk HK2 ¥k T NEAT1 efi iy
Ry A MR 1 IX 3R IR NEAT 1 38 i:h g 4 Ak
miRNA-466f-3p LU [5] HK2 #i)ii] OB H 1 .

HILE H, NEAT1 58 E 2 B & A7 %R
RZR . SR H R HRE # A7 FE 7 J& 5, NEAT1 3§
NEAT!1_2 B bR SRR R BE A, BRI B A&
fr2eik, (HANEAT1 1 #d ik o g ROR 2, 4R
M, WA BN, @R NEATL i@ o 1 47 1k
miRNA-466f-3p LUHR 6] HK2 #1H] OB [ i 10 sk 4t
7 G S Al g2 1 T NEAT1 1 & NEAT1 2 #5981
SEHAR GEFRBDUER) RN, TEER—L
B
2.3 NEAT1VEE® B4 K B UL

OC /& A% B g 4 M A ik o A% g 2
Miztid R RG, RATE R Z R OC
OC JE By # 2 80 HORS 40 1 P8 #2850, 46 IncRNA
() PN IR B o B O A R S e R TR ) S U
P 5 OC /b B, /N RS I 40 g

(bone marrow-derived macrophages, BMM) H1 i
NEAT1 HINEAT1_2 i35 IR F B 2Z 436 1L A
F It /& (receptor activator of nuclear factor-xB
ligand, RANKL) FIJ sy = iz o34k ) iz
drkahn, XAmEE]EEIE K T 05 i BMM & L
Z 1% OC B A AFTE o 18 0 B mil fI NEAT1 Al
NEAT1_2 & 2 [ BMM HRi 5 4t i DG R TG AL
T AZ N ¥ 1 (nuclear factor-activated T cell 1,
NFATcl) . $tiltif1FRIR VEBERR NG 5 (tartrate resistant
acid phosphatase, TRAP5) . %% & % B3 (integrin
subunit beta 3, ITGB3) Fl 2 241 & H B K
(cathepsin K, CTSK) HJZKik. OC %t ML,
JF 9P T AR SRR JE K v K (type T collagen
carboxy-terminal peptide, CTX) FlJLah & A9
Bk 2, X EB NEAT1 X F OC 434k & ah AN wf /b
() B 72 20 i v e 5 1 3k 2258 NEAT L AT DU /)N B
M B T as #3251, FF H B OC ) Flr i 146 1 R
i, SCUESE NEAT 38 53 £ i A4 3 OC Az BRI
A E R TR REIZ A SRS AL s 5 £ T miRNA,
FOCRBHRA T B, miR-7 AJ{E R NEAT1 (15
S, HAEOC /it B b miR-7 R IAFEAL, T
Y NEAT1 #8/S1F, OC /3L f5 ) miR-7 K F-OREE
ANAR PO, NEAT 3k 323K 38 38 fin 2 11 1 2 R V3 g 2
(protein tyrosine kinase 2, PTK2) &[40 o it 1
W s %, 4 PTK2 KA 2 8 TIL)5 , miR-7 5
NEAT1 19455 B 480, 275 NEAT1 5 miR-7 58
PR 2h G I BE W LR Y PTK2 f T E 2. 4k,
OC 1Al ids 37 31| LAt~ 240 b 25 20 Ji0 413 o 1 RS
A4 155, FE 4 BMSCs H NEAT 4% 1 5 7% 3l
B F 1 (colony stimulating factor 1, CSF1) T LA
I o 55 4 WA I AR E A R Ah 2%, bR ITGB3.
CTSK FIF#45 % 521K CALCR %Kik, LUFES 0CH
A 17 XA R NEAT1 A] GE7E 22 P 4 e = 8] (1) 32
SORE R AR
24 NEATIEERBHABREE

B0 AR ARG BB R G0 DR 2 M 2
RIZ —, MU TTE S W BT, IS TEYER
BCH TR AR M T T R AR E N, 4R
B AN REE AR B RSN REpE R
i, NEATI fit 5% & miRNA M E AR, FhE R
PR sr ik o i FRI8 NEAT fig i 3 LR s
2 s 3L 4 @ 25 FH ¥ (matrix metalloproteinase,
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MMP)-3, MMP-9, MMP-13 . IfiL/IN¥ J52 i 2K 1 fift
BHE R4 EKEE S (ADAM metallopeptidase with
thrombospondin type 1 motif 5, ADAMTSS) . F4©
2 (interleukin, IL) -6 FIIL-8 i1k, Jiae o
i 2 1k miR-543 LI % 5 W 5 M A2 2 3 B 4A
(phospholipase A2 group IVA, PLA2G4A) £ ik,
AT 4170 6 20 15 240 B 3 A DT R E Al A i o Y, HL
NEAT1 €5 miR-150-5p #H H.1E F LI 3F B LH%
I (B-catenin) MYZRIEN, fH4K-H 40 -H MMP-13 F1
ADAMTSS FIZRIRIE TN, DI K45 A A R A
7, Bb4h, NEATI A figiE & miR-193a-3p/SOXS
%ﬁmmmﬁﬂsw W A M A R
(glycerol-3-phosphate dehydrogenase 1 like gene,
GPDIL) ftr e [m] 301 45 51 200 B0 1) 9 08 S 0 . 440 i
S O N S T ¢ extracellular matrix, ECM)
REfiE 0 BRILZ AN, NEATI R figS PIWIAH H AF
J RNA (PIWI-interacting RNA, p1RNA) KAFEAE
JH, hsa_piR_019949 7 IL-1p $3 (1) C28/12 4 Jf A1

OA HH H 20 rp 1 3k B B FE AL Y . 2 R ik
hsa piR_019949 I 145 C28/12 4KF 21 g A H4 4E AE
77 MRS A 3k A BRI & LR 43, I
AR T-RE 1. SR8 A BRI
££ %2 NLRP3 I NEAT1, hsa piR 019949 4Ll 4) nf
LI 9% NEAT1 Fl NLRP3 Y £ 35, 1fif NEAT1 Al
NLRP3 | 253741 hsa_piR_019949 X %5 & 40 il & i
R IEVER . FIRHGE R, NEAT1 8%
EFHE R miIRNA (W1 miR-543 . miR-150-5p%%) #il
piRNA LR VERT, DAVRE80CE i o fb . B4 78 |
JRT DA K 9AE NV

Zi b ik, NEAT1 @it 25184 BMSCs [7] A
Btk T OBEE LB .. OC KM LA
KARCE Ak B R 4ERE A (R D). H BRI
WABE AL, B — IS NEAT1 fE £ 5
T2 A s RE A R S T BE OGS T TR L B 1Y
SO, T AR H RS T iR T RS
SRR A

Table 1 Mechanism of NEAT1 in regulating bone metabolism
&1 NEATLEEZEEREHERVIE

W % PonmiilNiil] FARRR YERIBLI ZH LR
BMSCs NEATI/SIRT3/SOD2  Runx2. OCN. ALPJ}&, PPARG. PGC-laf#fik {E#FBMSCsiH 1k, Mk [17]
BE Ak
BMSCs NEAT1/SOD2/CDK2 ATF2. BAKI. BNIP3L#{f HEBMSCsZR Rk T BE [17]
BMSCs NEAT1/miR-27b-3p/ ATF2. BAKI. BNIP3L[#{% M35 BMSCs £ kiR Th BE [17]
BMP1
hBMSCs NEAT 1/miR-339-5p/ BCEHEE . ALPYETE. BUTRRT fEHBEBMSCs|al e 734k [43]
BMP1
hBMSCs NEAT1/miR-23b-3p/ JH L AETERE AL, A5 RAK HIHIBMSCs [ B 734K [44]
CYP1A2
SR AR 4 NEAT1/Smurfl BGLAP. COLIlalJt& i i JE AR 4 2344 [21]
MC3T3-E140ffi  NEAT1/miR-466f-3p/ LC3IV/I. BECNI1. ATG5F+H, PO2[#{% R i R A0 1 [19]
HK2
BMM NEAT1/miR-7/PTK2 NFATcl. TRAP5. Itgb3. CTSK. CTX. Hlzh#E A (Eutm 41t [20]
IR
BMSCs. THP-1 NEAT1/CSF1 ITGP3. CTSK. CALCRJ}% BMSCi# it 55 7 DL FoCc  [17]
EIES Pt
NJEARET 1M NEAT1/miR-543/PLA2  Bel-2B%k, MMP-3. MMP-9. MMP-13. IL-6. | 40Ma85s, (2atgniur:  [58]
G4A IL-8F+ T J5 ¥
NJERBE40H NEAT1/miR-150-5p/ MMP-13. ADAMTS-5F41 R E 3 AR [57]

B-catenin
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WA 5 53 F- L R AR YEHIHL EEPUN
INRJFEAKE 40 NEAT1/miR-377-3p  PERK. BIP. ATF4. CHOP. IL-6. TNF-aJt& 22 A i I 575 [26]
Ly g =giiliio) NEAT1/miR-193a-3p/  MMP-3. MMP-13. ADAMTS-57&, ACAN. ik 48 i /o B A 40 B 1 [59]
SOX5 Col2al P
B4 NEAT1/miR-181a/ IL-18. IL-6. IL-8. COX2. MMPI3T} PEBEJ A S MR E T, 2 [60]

GPDIL HEAR 48 5

BMSCs: “H i) 7 5T T 4112 (bone mesenchymal stem cells) , NEAT1: 4% &l Bl s 41355 5 4 1 (nuclear enriched abundant transcript 1) ,
SIRT3: % ZWifbBE (Sirtuin 3), SOD2: B & LYk fk 2 (superoxide dismutase 2) , Runx2: Runt A %44 3¢ F 2 (Runt-related
transcription factor-2), ALP: Gl{{:#%l2H# (alkaline phosphatase), OCN: 452 (osteocalcin), PPARG: i % fb MBI 5 M0 i T6 2 1A y
(peroxisome proliferator-activated receptory) , PGC-lo: sk % 1k 4 fiff {4 348 78 27 4 v i #4075 N F o (peroxisome proliferators-activated receptor
ycoactivator 1), CDK2: #Hfits &M FIH A 2 (cyclin dependent kinase 2), SOX2: SRY-box #3%[HF 2 (SRY-box transcription factor 2),
ATF2: ZRRiARN 3 FF 2 (activating transcription factor 2), BAK1: Bel-2 [Al P47 1 (BCL2 antagonist/killer 1), BNIP3L: Bel-2/iik#
E1B Ml HAFE & A 3 # (BCL2/adenovirus E1B 19-kDa interacting protein 3) , BMP1: 5 2% %& 4= # 4 1(bone morphogenetic protein 1),
CYPIA2: ZiE(3E P450 K% 1 W55 A W5t 2 (cytochrome P450 family 1 subfamily A member 2), Smurfl: SMAD F§5E B3 12 2 8 (4%
fii 1 (SMAD specific E3 ubiquitin protein ligase 1), BGLAP: ‘B y-F#& I 4 22 5 H (bone gamma-carboxyglutamate protein), COLlal: 17%!
JE B al (collagen type I alpha 1 chain), HK2: B (hexokinase 2), BECN1: ¥4 & 1 (Beclinl), ATGS: HWEAMHLHEHS
(autophagy related 5), BMM: ‘HH8E W4 (bone marrow-derived macrophages), PTK2: Z& [1# 242 ¥4/ 2 (protein tyrosine kinase 2) ,

#% 4y % B3 (integrin subunit beta 3), CTSK: 121 1K (cathepsin K), CTX: IZHIJEFRILA NG (type I collagen carboxy-terminal
peptide), CSF1: £EJEHIMIE T 1 (colony stimulating factor 1), PLA2G4A: WfgHE A2 4% 1 4A (phospholipase A2 Group IVA), MMP:
4B A (matrix metalloproteinase) , ADAMTSS: Ifil/IMi 5 i 2 FUF 4% & 2 2 )8 Ik 5 (ADAM metallopeptidase with thrombospondin
type 1 motif 5), IL: FI4084r & (interleukin) , PERK: i [ Al RNA kE P 5t W 4 /i (protein kinase RNA-like endoplasmic reticulum
kinase), BIP: fifi#44& 2 'l (heavy-chain binding protein), ATF4: J{IG#%5%HF4 (activating transcription factor 4), TNF-o: FRIRFEH +
(tumor necrsis factor), SOXS: SRY %% 5[ F 5 (SRY-box transcription factor 5), ACAN: RAEEIEM (aggrecan), GPDIL: Hili-3-#%
PRI SRR 2L (glycerol-3-phosphate dehydrogenase 1 like gene) .

B[R] B R A OG . FLA WFSE3E I NEAT1 332
FEAH A AN ik ), R NEAT 7 B
16 OA PG ST TR . 34K NEAT 1 AT LU

3 NEATIZNERERIZERE
TG, H W BB B & S A

A NEAT1 YR IAKF- 25 (K2), NEAT1 AJGEMY
R B BB ) R 2 Wi bR 4 . NEAT1 & ] o
LR TR 2 545 OP, OA. OS 25 H B 5
WiERE, JH5i88h . AYEZFPIAERRBR IR
M VI E 20 @, JEF I, NEAT1A AN B
PR AL . WIS T A R . AT E
FIE NEATTFEH W55 Hh i i A
31 BXTHR (0A)

OA J&— ] LS S5 B A ] BBl 41 2 3z 48 1) 3R
FrvEgens, LAY . EEE A1 SCHY Thfe e 45 M br
AU R B A, SR EIRNIEE G
71 AT R R A A W R T TE OA I R T kS
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Fig. 2 The expression level and role of NEAT1 in common skeletal diseases (created with BioRender.com)
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Table 2 Molecular mechanism of NEAT1 regulating bone diseases

Fz2 NEAT1EESBEERES FHLF

S WFFT R #1% AL YEFHLH EE BTN
OA N IE R 2 i NEAT1/miR-146a-3p/TrkB/ShcB  Bcl-2f# ik, Bax. caspase-3Jtw, feikat i [67]
HIHIER AR 2%
OA  LPSESHF4NIE NEAT1/miR-378 P MG TR, TSR R g T [66]
OA  LPSi% FATDCS4HJ1 NEAT1/miR-16-5p AT R P EUGEIEA ] ot [25]
OA JRARE B 4 NEAT1/miR-377-3p PERK. BIP. ATF4. CHOP. iP5 M S [26]
IL-6. TNF-a. RELATI
OA g Eitli) NEAT1/miR-181¢ MMP13. IL-6. OPN[#i I R A 0 8 E S LAl [68]
P 5
OP OVX /MR, HEmiw NEAT1/miR-466f-3p/HK2  HK2TFiE, g s R S 24 A [19]
OP JEiB M/, JEA NEAT 1/Smurfl/Runx2 ALP. BGLAPHICollal (S gD [21]
0S  ANOS4ife®, #i NEAT1/ miR-483/STAT3 N-cadherin, Vimentin, SnailFtfE {2 OS2 22 FTEMT  [91]
Ay T, AR/ BRI 7
OS  OS#ifd. # A NEAT1/miR-186-5p/HIF-1a.  E-cadherin 15, {2k 4K Py fiJ8 (2 i OS 40 i 1) 3% 5 ANEMT  [24]
Ay R AR R T
OS  OSZHfl. ¥ MBI  NEAT1/G9a-DNMTI1-Snail/CDH1 E-cadherin.  a-catenin [# 1% , {E#EOSHMEMEMTAI/NE  [88]
Vimentin. N-cadherinT} /& filif %
IVDD NP4 NEATI/Nrf2/ARE MMP-3, MMP-13 7}, Col TI. {2 iF4ifu &ML o 4 fift [96]
Aggrecan[#1ik
IVDD  NiBAFMENPHANE NEAT I/ERK/MAPK ADAMTS-4. MMP-13 F& &, {Eikam i oh 58 o b fi [62]
Col II. Aggrecan[#1I%
PCa MK/, PDX NEATI/CYCLINLI/CDKI9E & {3k A Kl % RtEE R, 4im/RME  [99]
4 YIIRUNX2 Fea il
PCa PCa4lifiil % NEAT1/SFPQ/PTBP2/ ALP. COLIAl. RUNX2. OCN HHBMIAEE P Esh kg [18]
miR-205-5p/RUNX2 Fhi, B IGE ff Ay
MM MM R NEAT1/miR-125a AR 328 440t 344 / L101]
SNFH hBMSCs NEAT1/miR-23b-3p/CYP1A2 #5455, ALPIT 1 F#1 051 £ P35 BE R RS 434 [44]

OA: H XK (osteoarthritis), TrkB: &% RILAEFZ A B (tropomyosin-related kinase B), BAKI: Bcl-2 [A]JE 5405 1 (BCL2 antagonist/
killer 1), BNIP3L: Bcl-2//lf J% & E1B #H & 1F Ji & 1 3 ¥ (BCL2/adenovirus E1B 19-kDa interacting protein 3 like) , LPS: JIg £ H#
(lipopolysaccharide), caspase: 7 24H%(R 1Y KA S TR EE FIK R (cysteinyl aspartate specific proteinase), PERK: & 13l RNA A P J5i [
P (protein kinase RNA-like endoplasmic reticulum kinase), BIP: #%5%4% 4 2 [ (immunoglobulin heavy chain binding protein), ATF4: J§if
5k F 4 (activating transcription factor 4), CHOP: C/EBP [F]J#ii# [ (CCAAT enhancer binding protein), IL-6: F413-6 (interleukin-6),
TNF-o.: 8 SRFEH F o (tumor necrosis factora), MMP13: JE5i 4 JE & FIfilf (matrix metallopeptidase 13), OPN: ‘H#fZ& 1 (osteopontin),
OVX: BIHLIEEA (ovariectomy), HK2: CUAHELfF (hexokinase 2), ALP: BiMhEWifRME (alkaline phosphatase), BGLAP: & y-iRIERH
28 1 (bone gamma-carboxyglutamate protein), COLI1AL: 1% )54E [ alpha 1% (collagen type I alpha 1 chain), Smurfl: SMAD $55E
E3{Z EXHE %M 1| (SMAD specific E3 ubiquitin protein ligase 1), Runx2: Runt#5&#%5%HF2 (Runt-related transcription factor-2), OP:
‘B T B AN E  (osteoporosis) , 15 5 % 5 Fl % 5% i 3% [N F 3 (signal transducer and activator of transcription 3, SIRT3), OS: ‘& [AJ
(osterosarcoma), HIF-1: Hl41% T HF 1 (hypoxia inducible factor-1), EMT: [ - 75 Fi%% 1k (epithelial-mesenchymal transition), E-Cad:
E45%h%E® M (E-cadherin), IVDD: HME[E]{HIEA (intervertebral disc degeneration), NP: ###% (nucleus pulposus), Nrf2: #%FF E2 #CH
F 2 (nuclearfactor erythroidderived 2-like 2) , ARE: i % fk [z il 76 {4 (antioxidant response element) , ERK: #fl il 47 % 8 5 ik il
(extracellular regulated protein kinases), MAPK: Z2Z4JFiHLH 1IH (mitogen-activated protein kinase), ADAMTSs: & IALIlil/Mi 456
FJE TR B E B B4 J8 & 1 i (a disintegrin and metallo-proteinase with thrombospondin motifs) , PCa: i 41| If #8 (prostate
adenocarcinoma) , SFPQ: 4+ % M fiie 05 4% [H F (splicing factor proline and glutamine rich gene) , PTBP2: £ F W& X 45 & & 1 2
(polypyrimidine tract binding protein 2), MM: 2 & M8 #E/8 (multiple myeloma), SNFH: Z&[H B S B S IR%E (steroid-induced
necrosis of femoral head), CYP: Ziffi{a 2 P450 5% (cytochrome P450 proteins) o
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Abstract In the process of maintaining the steady state of bone tissue, the transcription network and signal
pathway of the body play a vital role. These complex regulatory mechanisms need precise coordination to ensure
the balance between bone formation and bone absorption. Once this balance is broken, it may lead to pathological
changes of bone and cartilage, and then lead to various bone diseases. Therefore, it is of great significance to
understand these regulatory mechanisms for the prevention and treatment of bone diseases. In recent years, with
the deepening of research, more and more IncRNA has been found to be closely related to bone health. Among

them, nuclear paraspeckle assembly transcript 1 (NEAT1), as an extremely abundant RNA molecule in
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mammalian nuclei, has attracted extensive attention. NEAT1 is mainly transcribed from a specific site in human
chromosome 11 by RNA polymerase II (RNaseP), which can form two different subtypes NEAT1 1 and NEAT1 2.
These two subtypes are different in intracellular distribution and function, but they participate in many biological
processes together. Studies have shown that NEAT1 plays a specific role in the process of cell growth and stress
response. For example, it can regulate the development of osteoblasts (OB), osteoclasts (OC) and chondrocytes by
balancing the differentiation of bone marrow mesenchymal stem cells (BMSCs), thus maintaining the steady state
of bone metabolism. This discovery reveals the important role of NEAT1 in bone development and remodeling. In
addition, NEAT1 is closely related to a variety of bone diseases. In patients with bone diseases such as
osteoporosis (OP), osteoarthritis (OA) and osteosarcoma (OS), the expression level of NEATT is different. These
differential expressions may be closely related to the pathogenesis and progression of bone diseases. By regulating
the level of NEATT, it can affect a variety of signal transduction pathways, and then affect the development of
bone diseases. For example, some studies show that by regulating the expression level of NEATT, the activity of
osteoclasts can be inhibited, and the proliferation and differentiation of osteoblasts can be promoted, thus
improving the symptoms of osteoporosis. It is worth noting that NEAT1 can also be used as a key sensor for the
prevention and treatment of bone diseases. When exercising or receiving some natural products, the expression
level of NEAT1 will change, thus reflecting the response of bones to external stimuli. This feature makes NEAT1
an important target for studying the prevention and treatment strategies of bone diseases. However, although the
role of NEAT1 in bone biology and bone diseases has been initially recognized, its specific mechanism and
regulatory relationship are still controversial. For example, the expression level, mode of action and interaction
with other molecules of NEATT1 in different bone diseases still need further in-depth study. This paper reviews the
role of NEAT1 in maintaining bone and cartilage metabolism, and discusses its expression and function in various
bone diseases. By combing the existing research results and controversial points, this paper aims to provide new
perspectives and ideas for the prevention and treatment of bone diseases, and provide useful reference and

enlightenment for future research.
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