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[Abstract] Normal bone metabolism is an important biological process to maintain bone health , which requires the participation

of Osteoclasts, Osteoblast and other important factors. Experiments showed that microRNAs, as an endogenous non coding RNA , played

an important role in regulating bone metabolism. With the deepening of researches, the role of nuclear factor of activated T cell cytoplas-

mic 1 (NFATc 1) in bone metabolism has been gradually found and has become a research hotspot in recent years. However, under the

regulation of different miRNAs, the final biological functions of NFATc 1 were also very different. This paper mainly reviewed the ex-

perimental research progress of NFATc 1 and miRNAs regulating bone metabolism, so as to provide a theoretical basis for the diagnosis

and treatment of bone metabolic diseases.
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WAL T 40 g 4% A 7 1 (nuclear factor of activated T
cell cytoplasmic 1,NFATe 1) 28 B 240 il 73 fb 9 3= 8 4
Y, 3 Bl sl L3 R 38 e VR4 NFATe 15 DR e 5
P i B 2, microRNAs A S —Ff i 8 1 A 4 1
RNA, 25 il B 40 i A A 40 g AR e, miR—-100~
5p"*' miR-92a-1-5pP 45 1] L) A7 i 5 i B 240 e 53k i
miR-331-3p" "% 1] DLRUR A 5 B T B . PRI, A SOk
miRNAs FI NFATe 1758 5298 75 1 # f 5T F 5 1 8
— LR, BRI I G B9 0E B LA

1 NFATc 1 FEERETHEIEA

1.1 NFATc | £ ¥12£Th &8

NFATc 1 K5 T 1% 46 T 4 Bt #% 5 2K % (nuclear
factor of activated T cell, NFAT)!", 20 {42 80 451¢ , JP
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NFATc 2(NFATc 1 and NFATc) . NFATc 3 (NFATc4) .
NFATc 4 (NFATc3 and NFATx) .NFATce 5(TonEBP and
OREBP) tHAH 449k & B, e [ 4 7 NFAT 5% S [ F K
o NFAT (A RIERAE S LY ¥ RA — e x5
V£, ATRES TN A B S A J 5 5 A B 2 42
RIS 5l IS4 P, NFATe 1/E A NFAT K%
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T B Ca> NN, NFATe 1 F6A W T FFHI0- 14
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SIAAR : FHEE, T4, R, % . NFATc 1 25 microRNAs R E S i 78 2 )] PEREE RS540, 2023,46 (2) : 180-184, % = .DOI:

10.3969/].15sn.2096—3351.2023.02.019



VIR BERIR 244 20234F SR46t Aol
Journal of Southwest Medical University Vol.46 No.2 2023

181

R RIBAE Y RH o R G5 5 il RANKL 25 HAE 5
A A ARG 5 0 At v O JUE R B 1) J5 248 L (valve in-
terstitial cell, VIC) iR SEEE FILG5E | HE 7 VIC FIAA R HE
B0 JIFE R 440 it &0 35 T (extracellular matrix , ECM) , Blj
1B O REREAR 1,
1.2 NFATc 1 @8R5

S FRIBE B A L 2 ) ) 20 28 A A R 4 1 AR
W, YR AR A BRI, 5 BB R
JETBRAATE 28 R DG 7 R A5 B IR PR o0
B 41 i ) R I8 A0 434k 32 g PR AE TR (tumor necrosis
factor, TNF) Fl [ I6E 411 i 45 7% 30 3% K ¥ (macrophage
colony - stimulating factor, M=CSF) . RANKL, Ca** .
NFATe 1 Ief 8 55 P 74520, RANKL 5 S0 TNF
Z PR M K A F 6 (TNF receptor—associated factor 6,
TRAF6) Fil c—Fos {5 53l % J5 , NFATe 1 &4 A 1™,
NFATe 1 #A Ay S B 704 1) 2Ry e e 08 7 2, o
25 RANKL \MAPK , Ca®* S5 5 18 JH T U7 422 A
ﬁ%%[]2,14,26—27]0

RANKL/NFATe 11553 [ 215 5 W i) 28
i %, 75 RANKL T, 855 08w gl s 5 | & 54
i 5 NFATe 1 H A8 FI% ) 0r , Al 35 i 4 A 0
AEPS, ARSMIFFEIE ] RANKL 75 515 6 5 W 40 /i 48 h
J& ,NFATc 1, c—Fos mRNA FIZE [17K - i 2 42 112,
2, SRR R NFATe 19/ BL, LB 40 10 %
A BTSSR RE ,  BOE A R R T, A
ATAGHE | 5 32 s A1 30 v S SO0 RS ) PR 2 v 86
TR DX 3R, 70V A TR TR 1 1 R i (tartrate—resistant acid
phosphatase, TRACP) FHEZALP, £ RAW264.7 41 fitd
T SRR NFATe 1, 51055 A 53 AR AR S 5 s A
F 4n s iR w2 A OC B 5% Bl F (microphthalmia—
associated transeription, MITF) T 5 A R I 1 s R
(tartrate—resistant acid phosphatase 5, ACP5) \ZH41fE H
fiti K (cathepsin K, CtsK) 3% Mt i 2 T FE5Y, DL 5256
R $ER NFATe 1 AER B ALY oAk b A 4536 A ml
SR A VE T T HNFATC 19 B8 38 25 5% i HAth g
AHOC I TGP o BEE T BITRA | BOR B 22 5 5 [H 1
Y & B /E RANKL/NFATe 1 {7 53 i b & #8761 .
P38MAPK 1l GSK-3B/B —catenin {55 *5 i [ I3 1% 143
P 7 4 jR . i — 20 BIF 5T 2 B, P3BSMAPK 2 £
RANKL 415 AT T il c—Fos [NFATe 1 555152
LA AR IC R F3 S5 il — IR 5 K B0, AR B T
2RO M A B 1A1 (aldehyde dehydrogenase 1A1,
ALDHIAL) ¥ 2 5 8 NFATe 1 % ik F 3, U W
ALDH1A1/E2N NFATe 1 FiF, {2 #F 7 RANKL %5 5 1)
B E A A

SR, WA DE- 35 S B NFATe 17555 865 55
TR TR E AR —E A 2 EM . LUOSEA

&% B G £ H X 3Z 14 —4 (G—protein—coupled receptor 4,
LGR4) AJ L4 5 RANK 32 4+ 45 5 RANKL L {i& Gaq F1l
GSK3—B {5 1 , 1M i% (5 5@ HAN i NFATe 1 245 60%
BAEF , HETTT AT LA ] RANKL/NFATe 14050 1 4
JL A3 AR AR U] J) (fluid shear stress, FSS)/EH] T
MC3T3-E1 4fi }fl 45 min i}, NFATe 1 #0800 , 7% 1LY
NFATe 1 5ER% BV b R ERKS BERR AL , IR
PR ERKS S i 4 5 5 A B B2 1T, M i
L 4 M 55, NFATe 1 RINFATe 2 K3 14 i
AN B SUB S RS = HER A AR A s
200 % T R IS B % 1T A0 R A ) 2 e /0 R T
NFATc 1 M NFATe 2 7R 2E 175 50 T A Fl £ TS0 AL
Horl o AR I 38 5 BN 52 K L 67 38 38 3 (tran-
sient receptor potential melastatin 3, TRPM3 ) FlB#H 832
i HL 07 38 18 75 B K 37 1K 4 (transient receptor potential
channel vanillin receptor 4, TRPV4 )75 5 /)N B & 40 g
1 Ca”* {34 i1 HI RANKL 4 5 1) NFATe 1 () #3557,
X B HE A AT A G R Y B BB Y BTG A T 1Y
S

LR A IR B B AR S 45 5, NFATe 178 240
T 00T B S STR ANH oA A= W B L AT I 2 i)
P52 e HL B TR AR DG RE A A 1 9 SRk e E A i
Bl 5 BRI, NFATe 1 76 BERE5R A1 ) il 3%
AR A S X — A R T R R

2 microRNAs 7E &5 R #91E A

2.1 microRNAs ¥ ThEE

microRNAs (miRNAs) J& —F K2 &4 19 ~ 254
W H R L 21 ~ 23 N Bl 3 X Y XCBE P9 TR 1 IR g B
RNAPS H RNA AT T (RNAP I ) Mgt 7 LR 54 5%
B AR 1T G B 5 R PN T S A T
RNase [l B45¢1% 1 Dicer il 5, TAR RNA 455 2 1 (TAR
RNA binding protein, TRBP) i 5] Drosha/DGCRS 7E 41 ity
AL B miRNA 774 HAT 37 B3 A AR miRNA (pri-
miRNA) , i 15 3 24 A A 205 21 LA miRNARY, 7 5%
Jo R N 2 W A9 235 . miRNAs /EH miRNA 5530
RE G W) (miRSIC) A —#B 53, miRNA $ ) Fi A~
JLH 4 {5 f#i RNAs (messager RNA, mRNA) , i &
mRNAs [ ol & 0 il BT Ak, 24 miRISC i)
4 =I5t AGOZ(argonaute proteins 2) 5 miRNA 524 H %h
) mRNAs AHIB A, mRNAs 7E % N 24l FE K3k
K AR AR SR Bl 2R RS SR AR A 4 5
miRNAs XJ T i3 PR g i, XS R i s e 2
S5 ERMP NS AR KT EEYSR.
2.2 microRNAsIEBELE
2.2.1 miRNAs BRI EF T R miRNA-19a-3p i i
23 1 2= 2 AL 8 4 (histone deacetylase , HDAC4)
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(3235 SR E hWMSCs 1 BB 34k , 28 fff- i T A E 11 30E
JEW B AL B STAT3 T 451444 miR—7-5p, miR-7-5p
P R 9 8 5 -CRY2 &3k MM | 9 CLOCK/BMAL1/
P300, & #F 1 43 46, miR-26b i it B % 4 i)
GSK3B/B —catenin {8 7% S 8 i) Wnt {55 51 5% e fie i {A
A7 3 By 8 8] 78 5T 1 4f L (bone marrow mesenchymal
stem cells, BMSC) B4 h% B, miR—150—3p[45] . miR—
4974 miR-135-5p“*”  miR-106b—5p"“*1 45 &R 1 L) 1E [
LECESI )

2.2.2 miRNAs i %1842 B fe 548 75— 28 miR-
NAs AT DA i) 9 428 B 1 40 A, 1 a0 A 1 40 e 384 3
1k miR-224 ] SMAD4 12 3k K HAH {5 5 %
0050 A A0 B A A AR miR-320a 3 3 BT 45 4 1)
CTNNB1 FI ] Wnv/B -3 PR 8 U5 8 B, T4 {4k
Sh BMSCs B 2346 miR-23a Wit/ L5 %) R 21
A, AR BN E S S HOE B s I
%51 miR409-5p i Lrp8 Ml & & 4= , i Lrp8 1 K
Wt {55 19 IE OV T, Wt {5538 B K 45 21040

il A2 HE B A M o Ak 5 BOE = & R miR-
124535 miR-146a e B BT AL 35 B BRSO Hh &
H—EEH .

WA, [R5 il B T RESZ 2P F \miRNA 1
PR BT AR B AR Pl 2 R AN R PR T, 0 Wt 5
S, R, A A miRNA A RE IR 2 E
3 S R AR R R, A miR-21457V i 3o HE 6] Pren/
PI3k/Akt i B A HE 681 20 M 14 % A A1, miR—-214%
i ki ] DU i e S T 4 (activating tran-
scription factor 4, ATF4) % H 20 M v 58 S I T 5%
5% (osterix, Osx ) Bl sk 158 it 1 B—catenin R S
PR] 5~ TR 583 A LA 22815 A 14 8B SR A0

3 NFATc 155 microRNAs BB 45

NFATe 1[I AAAE T i 40 AR o A0 v, 2
5 miRNAs P £ H-A G R HL 2 508 I JLAFR R AT ST
SRR FCHTFE 2RI 104F, WK 1.

3 1 NFATc 1 85 microRNAs =B K
Table 1 NFATCc 1 isinvolved in microRINAs regulating bone metabolism

miRNAs PEAA TR R
miR—214 RAW 264.7 macrophages NFATc 11 ,promote osteoclast differentiation
iR —133 human monocytic cell line THP—1 and murine NFATc 1 1, promoted RANKL—induced differentiation of RAW?264.7 and
macrophage cell line RAW?264.7 THP—1 cells into osteoclasts.
miR—182 BMMs NFATc 1 T ,increase osteoclastogenesis
miR-21 murine macrophage cell line RAW?264.7 NFATc 11 ,promote osteoclastogenesis
miR—-301-b BMMs NFATc 1 T ,promote osteoclastogenesis

miR—151a—3p

The murine macrophage cell-line RAW264.7
and the human monocyte cell-line THP—1

miR-124 mouse BMMs

miR—125a peripheral blood mononuclear cell, PBMCs
miR —29b PBMCs

miR-146a Sprague-dawley OVX rats jawbone
miR—22-3p PBMCs

miR—30a BMMs

miR—139-5p  BMMs

miR—29a BMMs

miR—506—3p  BMMs

miR—143 Mice macrophage lines RAW?264.7 cells
miR—664-3p  BMSCs

miR—134-5p  BMM:s

miR—25 RAW264.7 cells

NFATc 1 T, promote osteoclast differentiation

NFATCc 1 translation |, ,Suppress osteoclastogenesis

NFATc 1| ,inhibit osteoclasts differentiation

NFATc 1 | ,impair osteoclasts differentiation

NFATc 1 | ,relieve relieved the effects of osteoporosis

NFATc 1 | ,reduce the osteoclastic proliferation and differentiation
NFATc 1 l ,inhibited the formation and function of osteoclasts
NFATc 1 l ,impair osteoclastogenesis

NFATc 1 l ,downregulated osteoclast formation

NFATc 1 l ,attenuate osteoclast formation

NFATc 1 l ,inhibit osteoclast formation

NFATc 1 l ,inhibits osteoblast apoptosis

NFATc 1 | ,attenuate osteoclast formation

NFATc 1 l ,inhibit osteoclast formation

3.1 NFATc 1 #1miRNAs iE [@ A= B

WFE R I, miR-124 3 35 W] LI FEAR RANKL 175
BMMs (bone marrow—derived macrophages,, BMMs) ¥ &
YL NFATe 1 3£ R 235, X NFeB . p65 Fil c—Fos %5 1
FEE A M A A R B SRR BT R, S T UESE
NFATe 1 7E miR—124 P40 5 4 531k vh 1) DGR T

WA 5 A B A NFATe 1 A8 S MR X ) i S
B, AL A NFATe VANMUE S T RIS ME T AL,
117 L3R BH 1E T miR—124 i A #0840 i A B i 41
il , miR—124 7] GE18 12 B A RhoA Fl Rac [ 15 A1 il
T2 B 240 B I R 15 5 3 A% FN i gl 410 B 40 M
A E N DL C3HI0TL 40 i1 T30 B S 401k,
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it 3% 3K miR-124 fig F# K NFATe 1 3 ik K F 42 i
C3HI10T1 4 A FEANRE FHEE T, miR-
214 %F NFATe 115 R Rk B AT 22 5% . OHNUMA K
SENE IAE TNF—o AV B WA I R 7 16115 S 11
W5 20 Bl rh , miR-214 3 K3k A LU CisK . ACP5 . DC-
stamp Fl Ttgh3 SE 15 AH G KL I 2 3R 7KF i 3 F B, i
NFATe 1 3R 357K R B AL, 8 K-k
TR X AL B miR—-214 38 5 1 NFATe 1 &
2 58, 7EXF /N B BMMs 48 J T 55 vh & 30, it
F35 miR-134-5p [ NFATe 1 3235 , 8% B 40 ik 5
AN R Ah 8 3% RAW264.7 21 il 2 A 9% & 1L, miR—
25 11 IR JG Ca®*INFATe 1455 % - NFATe 1 mRNA
FEIRR A, 00T A P A
3.2 NFATc 1 #1 miRNAs £ [ B IR Uk

25 A 1k B % miR-301-b""" /)y B, BMMS 1, miR-
301-b FIEFMINFATe 1 455 52 1EAH S, HoAp - W e
N Rkt 2 T 9T 0 & B, 76 Rl %% miR-
301-b 19 BMMS H [ 98 417 1] P (8] 4 988 5 [T (eylin-
droma, CYLD) 3Rk i 25 [, p-NF-kB FRik i 2 %1%,
miR-301-b # [i] CYLD/NF-«B {553 B 18 5 ik B 20 o
B R . B SN T NFATe 15 Hofl 5 54 1B
VI ik T Ui IR 9 A B S0 00 o e S R )
5, R BT A0 I Ak 19500 miR—506—3p!o7 3 1 i )
W RANKL 755 (9 BMMs H NFATe 1555, i
NFATe 1A 19 AH AR B W R 7 4 T 28 1 9 (me-
talloproteinase 9, P9) . Ctsk )31k, T 1 Pten it i T 4
JHE RT3 A ) 284 4, I AE RANKL 55 A0 1 B 400 i
A A SCEEAE F , WANG 259858 15 Targetscan K
B PR Pren 76 H: 3" UTR H 40 & miR-21 8540 45, J&
miR-21 BB L 22—, miR-21 78 #H PR K F 7 45
Pten, $& 5 Akt fINFATc 1 8 F &35 7KF, X i3 B miR-
21 3 3 1435 Pren 3015 PI3K/Akt {5 S8 BEAE HERL B 20 i
B e A B WG, LT S5OV 246 28 I B TS s A LS5
ok B miR-133a 2 & A, 5 I HE B % B 5 Al
5, PE— 15T % PRI miR—133a A LMK NFATe 1,
c—Fos Fl TRAP # 12 7K °F- , #l # T~ RANKL 5 3 1)
RAW264.7 1 THP-1 £ jfd [a] i85 40 i (¥ 53k . s s
5k B miR—-146a 2315 T 185 Wnt/B-catenin {5 518
% Wnt2 1875 P [E)I55 NFATe 1.c-Fos and CTK & 4%
5 DT 0 o) 2 9 B K LRI BB SRS B S o miR-
NAs AT AFERE B 70 fh A ity 2 72 100 41 10 - 400 PR 1 1
ROSSI %7 % P4 5 223K miR—29b (R B 40 il 71k 56
7 d FAMAEES 18 d B NAFTe-1 ., Ctsk \MMP9 25 [ 36341
TR, HEIICTF 45 NS & A IR S
miR—29b 7E 515 4 i 1 90 ] C-FOS F14: & 2 1
2 (metalloproteinase 2, MMP2) , 1fif ¢—FOS % 1E & NFATc
1 F R cR s, PRI , miR—29b 451 35 oK s oAk 1 ik

A i o NAFTe—1 ., Ctsk . MMP9 F 2235 R 8h 25 15 FR A
AN el

IEH /N ZHE B B E A S5 NFATe 1 35 F
R, B R, T miR—-29a 4% 3 /N BRZE 200 e B R
W55 28 d )i, AT LA b e B 3 42 5 NFATe 13834,
miR—29a W] LU 0 e 508 2075 5 0 o5 A A=k
A ZHOEDL R NFATe 13 /5 miRNAs T i
R R A E R o — IO S R A I R
25 W TR T U0 71 57 FKS06 4111 il NFATe 1 F) 34035 , & B
miR-182 [ ik 37 24§, NFATe 1/E4 miR-182
VI OG- LR i AN R . Pk
PR 2= P B E 5T A K B T miR-664-3p YT ER )5,
NFATe 1/F ) PI3K/Akt/GSK3B/NFATe 138 #% T jif7 4 Hk
PRI 2% 3k 32 BP0 0] s 20 i 8 1, A2 F BMSCs
HagE ",

4 microRNAs #0 [a] 1 2 NFATc 1 & 5 & i
8 =< T

T A 3 e PR 4 E Home — miRWalk
(uni-heidelberg.de ) TN T AN FI K ELAY NFATe 11
miRNAs, 3312 F§ VENNY2.1 (http://bioinfogp.cnb.csic.es/
tools/venny/) YE A FE & (& 1) , & BE miR-297 Fl miR-
487b=5p T REHL [ 4% NFATe 12 58, B
MU T ST o i AQH I 28 S — TR B 8 S 4%
s BT WD RIS T 1B A7 00 S R T A 25 I 4%, DAL
KT NFATe 1 2543 AR 7 T IR L o 2k — 2
%

Predicted hsa-microRNA
targeting Runx2

Predicted rno-microRNA

targeting Runx2

Predicted rno-microRNA
targeting NFATC1

Predicted hsa-microRNA
targeting NFATCI

miR-297, miR-487b-5p

1 BUBEXE A NFATc \Runx2(CBFal ) Bl A9 £ R iF%
miRNAs(miR-297 .miR-4p)
Figure 1 Co—regulatory miRNAs (miR—297,miR—4p) predicted by
the osteogenesis—related proteins NFATc and Runx2 (CBFal)

5 INEERE

NFATe 1) 122 5% R0 B AT O BRI AN
() s P T B S5 A AR e o e AR T, R
55 RGE FR A A B S BRI R ) & AT
NFATe 18 AE R B 4 AR OC e 54 -7 miRNAs/
NFATe 138 # fe ™ e & #EAVE T, B3 ul a2 0 2 i
R, MAEATE miRNAs P45 NFATc 1t m] DL i
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B A M3 AN Ak, B AR R R A & AR 2 R
TES LR BRAE IR, NFATe 1 3R R ik 22 5
2352 miRNA 38, B2 HE 48 miRNA FINFATe 1 2
[B) A AE SO R AL, A R — 2P . BETCT
NFATc 1 F1 miRNA 8425 FC8 0 5% i 18 224 1l 1R
WP R AN R K A Ak, T T PR B T RO DG
B XA R A R NFATe 1 A6 B AR 7 T
FIFE AL T WF 58 D7 1l o
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