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[Abstract] Objective To explore the regulatory mechanism of miR-146a / transforming growth factor-
B1 (TGF - B1)/small mother against decapentaplegic (SMAD) signaling pathway in the progression of spinal
tuberculosis. Methods The spinal tuberculosis nucleus pulposus tissues were collected and the expression of
miR - 146a/TGF - B1/SMAD signaling pathway in tuberculosis nucleus pulposus tissues was examined. The
nucleus pulposus cells were isolated from tuberculosis nucleus pulposus tissues. Then miR - 146a mimics and
inhibitors were used to overexpress or knock down miR - 146a. The effect of miR -146a on TGF - 31/SMAD
signaling pathway was examined using qPCR and Western blotting assays. The effect of miR - 146a on the
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proliferation and migration ability of nucleus pulposus cells were tested using CCK - 8 and scratch assays.
Results The proliferation and migration ability of nucleus pulposus cells in patients with lumbar tuberculosis
was significantly reduced, and the expression level of miR-146a in the nucleus pulposus tissue of patients with
lumbar tuberculosis patients was also significantly reduced. We also found that the expression of SMAD
homologue 2 (SMAD2), SMAD3, SMAD4, and TGF-@ significantly increased, and the expression of SMAD7 was
reduced, indicating that the expression of miR-146a was negatively correlated to the activity of TGF-B/SMAD
pathway. Furthermore, overexpression of miR-146a significantly suppressed the expression of SMAD2, SMAD3,
SMAD4, TGF - B1, but suppressed the expression of SMAD7. On the contrary, knocking down miR - 146a
significantly promoted the expression of SMAD2, SMAD3, SMAD4, TGF -1, but inhibited the expression of
SMAD7. We also found that overexpression of miR-146a could promote the proliferation and migration ability of
tuberculosis nucleus pulposus cells, but knocking down miR-146a could significantly suppress the proliferation
and migration ability of tuberculosis nucleus pulposus cells. Conclusion miR - 146a is one of the key

regulators of spinal tuberculosis progression, which regulates the proliferation and migration activity of nucleus

pulposus cells by inhibiting the TGF-B1/SMAD pathway activity.

[Key words]  Spinal tuberculosis; miR-146a; TGF-B1/SMAD pathway; Nucleus pulposus cells

BRLEAZ R WA I NS, AT RS AHE(AR
SHEM R, M B R, 5 I 2 A R S5
W, FL B FEBET, CE M T A4S T
85 A e 18 AR U AR A [ SR [
AP . % 46E K B 1 (transforming
growth factor-B1, TGF-B1) 2 45k 8] LA Y L
PR, ] g b 5 0T 4 i 1 P 2 8 R 0
B P RREAR: , T S5OHE R] S IR TR] Ao Xol A (7] 5 40 it 3
SR A S R A LR, TR RS
FIARCHFZE 45 24 A8 TGF-B 1 RERS (L (i 41 P
SERZHT TR R BT, BRI A B W 200 1) A Wt
HK i TR A] 5 BN i A1 I 5 B IR 23 1
LA™ . T UL TGEF-B1 10 F: 25 % i A 11 9 B
AR EEEEAEH, H S TCF-B1 R H A5
R R A AL N B

/I RNA (miRNA) 80N J2& 2 55 Jim 7K T G
P R, LT A AR H AR mRNA /K2 5
SR VRS, TR M A PRI B R 0, STAR R,
miR-146a B 1iF 5% 2 52 1) PR M AR g RNA, HAE
VRIS G RAE SO, SR - S e AR T R P
PEFAER s A HFFEHER miR-146a 18 i3 #1081 155
PR 2249 4 (SMAD4) 5 TGF-B1 ik , JA 9%
Je Ut TGF-B1 Bl i 5 HAs vk 2 ik
4 401% SMAD [7] & 9 2 (SMAD2) .SMAD [ &4 3
(SMAD3) & H#E A 4 i 4% , H 3 iF SMAD4 SMAD
[ 290 7(SMAD7 ) 25 1 A4 VR 42 38005 ale il H A0 2 A
S DT A A2 VE D 5T S8 SMAD4 7E TGF
-BU/SMAD {55538 #% o i B A% O AT, SR A5 515 T
I FETEAA TR L, AT A B - miR-
146a 18 3 454 SMAD4 545 TGF-B1/SMAD 18 % , F
(IR EeSeR St 3

TEA S, FRAT TR ST miR-146a 2 Al i/ &
TGF-B1/SMAD i B a2 B 45 i i g, LU R TRA
TR S R A R R I WL, DA SR
SR BIR R HEE SR

MH57TE

— FrAIE

IO G TR T N R BE BE B HE MR T
SERI L B TR BCEAE MG TR T HUAS A6 A% S
IR ARAS A5 N SR N R . FE U A
TG R BRI Re AL, Foh a5 Al A 10491, 55
5,2 5, 4R N (34.2+10.3) % 5 AN AT BEAE AR A 10
B, 555,245, 4F i (32.1£14.0) %

AR UE : B AR AR AR (BT 1) Rl
PRAEAR , A5 B 2L 200 BAS # 25 BA 2 I, HERR HAth
Pgig o X BRZLE A HERR A R AR 5 | g
RAPELPIRE o AT FTAT i PRAR A SR 5 e
IREFLE TR KB G RE 5 3K
YN R R B B2 0 S vl (/R B AL S
KYLL20190412-1) .

.y | ST IE

P DU A PR AE A R A B FI A A HE ]
A% 20 o A 35 3R 3, R b [ DU A= R A BR

Bl CTHRA IR (a) FIK A (b) T 7 S5 A% SR Al 1) 45 B Al A
(EELEIN



WEF20244E 1 HE 1585 18 Orthopaedics, January 2024, Vol. 15, No. 1

A 4 1% miR - 146a 19 4171 il ) (inhibitor, J7 %1 4y : 5°-
AACCCAUGGAAUUCAGUUCUCA - 37) . #5319y
(mimics, JF 31 4 : 5°- UGAGAACUGAAUUCCAUG-
GGUU-3",5"-CCCAUGGAAUUCAGUUCUCAUU-3")
DL R B A= RN 2875 Y (miR - 146a 45 G 07 5 5875 )
SMAD4 J7 81 i) Kk 2 2R Wi 45 R Bk, 1t H
A TAKARA 2 7] W4 15 PrimeScript RT 325 , i1 b [
A RIS RIPA 24 22 bl . PBS I L ELC .
W, H 32 [ Invitrogen 415 liposome 2000 . Trizol x5
R A —Puik, B A TAYHE ARG R A R
A e & PCR I (R 1), H 52 [H Signalway
Antibody 2~ F) W4 15 & H$2 B0 &, i 92 [E Abcam
2% ) W 15 GAPDH (ab9485; 1: 5 000) . SMAD2
(ab280888; 1: 1 000) . SMAD3 (ab40854; 1:1 000) .
SMAD4 (ab40759;1:1 000) .SMAD7 (ab216428;1:
1 000)HTAA . Fh 55 [ A DR o0 A 75 293T 4 i,
1 925 Applied Biosystems 15 StepOne Plus %¢ 5
£ PCRAY, 125 [E ThermoFisher 2 &) MR- RN , HH
TE [ Leica 2\ Al W58 B 20 s

= B SRR

SERZ AR s NI B2 55 A 5] 5B A% 4 L Y 43
BT RS BRI SRk A0 R e A (] S BE A%
Ui 8 A R SR D R T AN R R A T (5% CO.,
37 °C), B3 RIEIIEFRW G BELH D 31 28 80% ,
0.25% R 35 1 BEHH AR 1R

DY e miR-146a 1400 il 77 A4 K 20 e
Y5k

i BUAE AR 48 2 miR-146a 301 7] (inhibitor)
AL (mimics) , T 20 M 2K 7w AIK A 63k
miR-146a, AL YL IR AT BB HE 25200

®1 AW
L 514
TGF-B1 iEf] CAATTCCTGGCGATACCTCAG
JZli] GCACAACTCCGGTGACATCAA
SMAD2 iFl CGTCCATCTTGCCATTCACG
JZli]  CTCAAGCTCATCTAATCGTCCTG
SMAD3 iEl] TGGACGCAGGTTCTCCAAAC
i CCGGCTCGCAGTAGGTAAC
SMAD4 1EM  CTCATGTGATCTATGCCCGTC
JZ AGGTGATACAACTCGTTCGTAGT
SMAD7 iEf TTCCTCCGCTGAAACAGGG
i CCTCCCAGTATGCCACCAC
GAPDH 1IEM GGAGCGAGATCCCTCCAAAAT
i GGCTGTTGTCATACTTCTCATGG

57

N BERZ 20 M )RR T 12 AR R 96 FLAR , 737 41 it 2%
JEE 3K 50% , S 4 4% 3% 56 0 TG I 4% 3% 5L, W Lipo-
some 2000 4 miR - 146a mimics (mimics 2 ) Fl miR -
146a inhibitor (inhibitor 21 ) 7% 4 it A B 25 0% A\
BEAZ AN, [5) I3 control 4H , 6 /NI J5 B 46 1y 1E 3
B s B 3K

L HEFE LI

LA LA HE A BEAZ AN M | A/ 263K miR-
146a F H 25 A% 9 B8 42 40 B &l A 96 FL Al (100
RLAL) SR G B R A S IR AR Th s 3R . 247N
At ) B FL A 10 L f9 CCK-8 I TR, #5455 77 A B
FRFRAME 1~4 h5, LIS A0 96 FLAR
wh, N FH B (S 2 7E 450 nm AL AW OB , B4 52
WA 3K,

LA LA HE A BEAZ AN M | A/ 263K miR-
146a FAE S5 N\ REAZ A A AT AP T 12 LR, R 20 i
T BE 5, I LR 20 LA Sk ¥ ) b R R 2% | 5
241500 pm, PBS ¥ UEL B 0 40 M I L 355 9% MUCE T
37 °C,2% COAMMIEFAR T . HiF%24 .48 h 541 RIT
THAERIRE A AR XS , B S I H AE 3 IR, M
DA AT RS BE J1 L 40T RS = (R A R T
JEE-24/48 /N5 R S8 1) IR RIIR B X 100% .

£ \RNA 354610

o ] TRIZOL 4 U 28 A% 41 s A6 B2 95 A
BERZ L2 K AP L AR AT 258 miR-146a 15 H: 45
R s NBEAZ AN B A RNA SR 5 R FH 306 A Sl 3
;5% cDNA . i FH StepOnePlus %€ & PCR R4t i
P E T PCRY 1S cDNA . U6 FIH i - 3- B AR
S (GAPDH) 43 % HIAE miRNA F1 mRNA (1 N 2
ZIHA

J\ Western blot #:7K [ 334

el AR R IO G AR IS A A X R
Jog NBERZ 2L AT 323K miR-146a B4 45105
N REAZ 20 B 0 R 1, R 28 PR B 7 SDS-PAGE
& EE, RIG R B PVDF I E o 5 F K%
PVDF fiX 5 GAPDH (ab9485; 1: 5 000) . SMAD2
(ab280888; 1: 1 000) .SMAD3 (ab40854;1:1 000) .
SMAD4ab40759; 1: 1 000) . SMAD7 (ab216428; 1: 1
000) HLIRTE 4°C P A L5 i PVDF J5 5 AH M 1
W WU (A32731) 7625 C R 55 1/, &5 4%
ECL B (A 3] PVDF e DL R 8 (5

JU I FR WS R 5 5

15 293T 41 it 322 Fh 5] 96 FLAR , Hi UHE A= 4 Fy



58 HEF20244F 1 A 15555 1] Orthopaedics, January 2024, Vol. 15, No. 1

A RN 9745 7 (miR - 146a 45 4037 55,5878 ) SMAD4
J7 30 1) 3 K HUSEIG 2R AT PR SO, 8 B3R B
41 5 5 miR - 146a mimics 2%, mimics control % 4 A
293T 41, 15 B Al Y i K IO R MR L A
KL R X BREH . [N, 1] 320 A S5 i i 2901
R B TR g 2 IR e gL 48 /NI I I it
PSR P A GIE P, ARG P

Gt

BRI R E AR EZE , 38 3T GraphPad Prism
7.5 (GraphPad Software, 3¢ [E ) #1743 #1 o] #4k .
i 22 4= Student ¢ K 3 LW A Z () () 25 5%, P <
0.05 #e/R =S A G o [HFH Pearson fHE &
B 71 Z [ ZRB A e

g R

— A IR (R S AN M G BE AR RS R ) ARk

AT RIYR S0 & B, S5 A% AU N\ SR AN 24 h
F148 h (A3 #5255 251G T 0 BEZE 908 A 7 A% 200 i
(12 a.b), [T CCK-8 SEuH& /s 445 A% 4 s A\ haA% 2
It Gy 8 M AR T IR AR A (B2 ¢) o Bk
SRR A5 A% B T 3 SUBE A AN AT RS B T
(ERTE TSN

— miR-146a TEZE %R NH A P Rk 5 48 E

miR-146a 755 1 45 4% N R BEA% 1 21 3R ik
I E KT R IR A (25 5945 %K: 0.55+0.24, P < 0.001,
3 a), miR-146a 75 A HEL5AZ 0 A B 4N E I 7 26
ik AR T A (22 B A% 40 0.56£0.36, P <
0.05, %13 b) , #75 miR-146a F ik i 5 A L5 10
AR,

= SMAD il i 7£ $6 1% 4 21 h 19 Rk K 5
miR-146a &3k & AH A

B (%)

100
80
60
40

20 -

FATHE— AT T Smad 1 % 5 B K K
FELE AL AR IR AL A RS ZUh i ik it
PCR 255 % BRBEAZ 4121 SMAD2 (22 5 A548: 2.58+
2.19,P<0.05) \SMAD3 ( 2= 54541 :9.69+4.44, P <
0.001) SMAD4 (2% 554541 : 10.11+6.48, P <0.001) .
TGF-B1 mRNA (25 F 5% :5.26+1.66, P <0.001) £
BAEE A N BEZ A S0 ) ek 1 B,
SMAD7 mRNA (22 524554 :0.47+0.33, P <0.01) £ ik
WK (K 4 a) , Western blot 5 R~ A F b4
5 qPCR—E(K4b.c). FARLIRIER miR-146a
Z$1k 5 5 SMAD2 . SMAD3 .SMAD4 \ TGF-B1 i 2 71
A2, 5 SMAD7 2 B F IEAHE . DL 25 R n7E
BEAZ AL 20 SMAD 3 96 PE 5 miR-146a 2.3 f1AH
X, TEREAZ AN MU T miR-146a %F SMAD 38 % 7] fE ELA
FHIER

DY . miR-146 I [i1] Smad4 4 SMAD/TGF-B1 il
PEYEE

B A WS /R miR-146a A] 4[5 254 SMAD4 3’ -
UTR sty iff T A0 il FEe ik, FRAT TAE SE g0 P i 8 Ty
SMAD4 3’ -UTR i B A= 7 m% 2745 Uy 51 (1) 98 G R il
A LR R (5 a) , 375 miR-146a mimics 2L [ 4%
YL 203T 4 fifd , &5 47 - S X RA1AH L, SMAD4 3’ -
UTR i 3 A= 70 25 S 22 il 4 4 JE R B RE 55 miR - 146a
mimics I YLRT , 5 GTE PR W RAIE, 17T SMAD4 3 -
UTR i B A= B8 5 28 4l 2 PR JBRE 55 mimices X
BB, L) N SMAD4 3’ -UTR ¥iiy 58 2% B 56 Y6 2 Bl 45
e A R 5 miR-146a mimics 2%, mimics % B 2196 5%
WM TCH AR, #2278 miR-146a mimics A 8 [a]1H 5|
SMAD4 3’ -UTR ¥ (15 b) o o~ T it —25 B miR-
146a 75 BEAZ 20 L rh %F SMAD 3 3% i PR VE L F64i ]
T RSN A A S5 A% N BEAZ A i Bk sl

o AL
-+ GRA
1.54
1.0 *%kk
*%kk
0.5
- T T 0 T T T @
0 24 48 0 24 48
i 18] () I 18] ()

B2 S5RADR A ROBER A TE (a b) BT RS RE JJ (¢ ) WAEWAR , A BAZL LE 4, P< 0.001



WEF20244E 1 HE 1585 18 Orthopaedics, January 2024, Vol. 15, No. 1

+50.

20 B AR 37 b L

—_
W
1
o

miR-146af 4} F ik it
=
*
"%
miR-146atE %} Rk i
[ )

=4
n

TEAE F AL %5 2

FRATTIR B B AE T 35 23K B AR miR - 146a X
FESS R N BEAZ A0 5 R T ST RS AR, 45
7R AT control 2H , 1 3K8 miR-146a(mimics 2H )
A A PR A AN R B ST A TS M R A T
T P, T A miR - 146a (inhibitor 41 ) 7 i 35 P& I
A% A0 i 1 B N A A% O 1 O 0 L T v R (R 7

0 ' ' 0 r .

A Fd MIEA HRA a~c), FIRZEFIE IR miR-146a 00 HEBER 40 it 5
B3 miR-146a TEFFE L5 ABERZ 4121 (a) FISME I () ik it T R T PR R e R 7
WA, R AL L4, P< 0.05,7"P< 0.001

K miR-146a (& 6 a) , I-A M SMAD/TGF-B1 i i#%
FiILAL, 45 R4 R i ik miR-146a 7] i 2
SMAD2 .SMAD3 .SMAD4 Fll TGF-B1 mRNA K& % 15
KK B T] 1 SMAD7 ik 7K 5 M, A miR-
146a 1] i 2 [l SMAD2 ,SMAD3 ,SMAD4 1 TGF-8
1 mRNA N [ 3RIA7KF- (B AT T I SMAD7 k7K
(B 6 b~d) o bR S 45 i — 25 IE S miR-146a
TEREAZ AU o] JE 4 SMAD/TGE-B 138 4%

T miR-146a WA FE 45 A% B 240 Mo 48 5 e 3

it

B B TS D) kA A, Hod
DIMEIRZE R R 280, R R , 25 R e T 5
] ZEREAZ IR, S it B (] B PR (R B L R

miR - 146a 1 2 1% 5L R 7 T N2 55 4L 4
LOC285628 FL A [ (155 —4F 2., miR-146a DI AEM
Hog K, 2E A EA R RS M EH A miRNA,
LB L Gt IR a2 RAE SN, A5 XU
PECT R LB S5 2 e Mps ', 23R

10 A * 20 ~ ke 30 - —_—
H oo ‘ 1 " i .
£ 9 15 A X
R’ R K 0 A
< 6 < <
2 A 2
a4 4 o ald <+ Ala
% g S Ala g 10 4 "
Z 2 - o  4atd & &
i o3imye :
0 T T 0 T T 0 'LI_
AL L AL L RIEL G
2.0 7 10 5
m[mﬂ Fedek
. 0 8 A
ﬁ 1.5 4 oo o ﬁ
% A < 6 7 Ala
2 1.0 1 % e
~ o4
a . @
Sos{ o A 5 |
@ agi = o3l @ JPEA @A
(]
0 T T 0 T T
WS A WA e TGF-p1 | A——
| IO
4 7 P SMAD7 | [ —
W 3 sMaDs | —
)
&’
{2 SMAD3 ”-
i
=
s D2 | -
0 - GAPDH @
SMAD2 SMAD3 SMAD4 SMAD7 TGF-f1 - -

4 SMADJEHOCHEEER mRNA () FIEE 1 (b o) TEH AL B 2 A hakih i SoE , AN IRAL LU, "P< 0.05,7P< 0.01,7"P< 0.001



60

BRF 2024 4F 1 A 15555 1)

Orthopaedics, January 2024, Vol. 15, No. 1

SMAD4 3' UTR
5'..UUUUAAAGGCAGAGAAGUUCUCA...
EERERE
UCGGAUACCUUAAGUCAAGAGU
miR-146b-5p

3'

@

BE5 SMAD4 3’-UTR % miR-146a 25567 S T (a) B2 250 2 B S5 R 5250 40 0E (b ), ATt BRZH LA, ™ P < 0.001

TEIBFSE & B miR-146a 761k i 7R HE 45 4% T i
W, SR LTI e S A A A A AR DG (H AT fig
Z 5B A B ARGE

AT R 4 S N F R AT 75 miR - 146a 38 i
L [a] SMA DA YA S0P 20 B F a0 40 i i) 34 77
Liu ZE " BT & PX miR-146a 18 14 81 [ 45 SMAD4
HEME T TGF-B1 55 N L 2 (A 4 di il ik . b
WA Y SCER A48 78 T SMAD4 J2: miR- 146a 147
H . TGF-B1/SMAD i i & A 25 B M (8] 2L I8
KRR R ) AR 3R B, RS RGE =57 i TGF-B1
AL IS AR A2 RS SMAD2 \SMAD3 & i
N RELAZ S T 3 Ao A A A A QAR 1 AR
ARl - SMADAE TGF-B1/SMAD {5 538 % 5 e

o Hi iz, SMAD4 2 {2 1 SMAD2/3 8 A% i &
b G B T, T SMAD7 78 3 75 v ok 4% 30 46
A [E s, T E A UEYE E B SMAD4 5 HE (]
FAR AR B YT G, 7EME ] SR AR 4 2 v (1 A B
1o T E M B] B4 U T miR- 146a S8 SMAD4 fY
SCHERAN T, P TR ATTHEN miR-146a 72 B AT 4542
S5 AL 3 5 TGF-B1/Smads 1 [ 845 45 A 25 K% B 4%
RAE(E8),

FERRATRBESE h , FoATT 1 38 e A OGS BT e
S miR - 146a & 35 & 5 SMAD2 . SMAD3 , SMAD4 Al
TGF-B1 FRik & 5 i & A G, 1 5 SMAD7 &2 1EAH
%, #2718 miR-146a %F TGF-B1/SMAD i 4% EL A 4 i
YER . #E— 2D AR ML 2B IE S, 3 33K miR-146a

control4]l mimics4l inhibitor4H

15 & 50 - *kk
. TGF-p1 | M—
iz} )
40 A
® 10 A ala K smap7 | . o9
iy ' 30
2 . =z
E g Svaps | -G —
= 0.5 1 o
] f
g ‘E 10 sMaD: | .- o .
= @
0 T T T 0 —ai=t ok,
& & & & & smapz | S -
QO N > N O
CJQ ‘OQ &"0 OQ %CJQ 65’6&&
e (X<
& w S & GaDH | (D G S—
& & & ©
_ W control4l control4
10 B mimics#] 59 = mimicsZ]
W55 M inhibitor4l ok W inhibitor4l
8 4
i IR R I
ﬁ 6 Kok :& 3 4
x = R
E 4 ad g 2 4
2 o
% 2 *:* t:t *:* *i* Eﬂ{ 1 T

SMAD2 SMAD3 SMAD4 SMAD7 TGF-B1

SMAD2 SMAD3 SMAD4 SMAD7 TGF-B1

Bl6 Fff/id 235 miR-146a(a) % SMAD il % S&5 L mRNA (b) F1EE H (¢ d) FIEFEM , FIATBRZH HL#E, P < 0.05, P < 0.001



BHR20244E1 A 1555 1] Orthopaedics, January 2024, Vol. 15, No. 1

inhibitorZH.

mimicsZl

control41

61

-e- control4l wekek 2.0 4 -o- control4
100 9~ mimics4l &~ mimicsZH —
-& inhibitorZi -®- inhibitorf
80 1.5
24h 2 & -
*é‘ S 1.0-
5 40+ X<
- 0.5
0 w T T 0 T T T
48k 0 2% 48 0 2% 48
@ A 18] (h) P[] (h)
IEH% (a . b) FIHGFH () 5200 , FIR B2 8, " P< 0.01,7"P<0.001

\ &
E8 miR-146a JE45 TGF-B1/SMAD il 47 2 & (L RVES . imids)

A S E ] TGF-B1/SMAD i #6375 M A2 -6 A% 40
a3 5 TR A T, 0 RAIK miR- 146a 25 S AH
S, #E—HAE S miR-146a 7] 3@ 52 4101 TGF-B1/SMAD
30 U A 200 B i B R T

IR AR TAAEAE—E AN o — D7 T, AT
FEAH PCR K T miR-146a 7E45 42 5% A AN E I
J A 21 ) A i, R BB TE 4 UK X miR-
146a A TGS IR 2458 A, LA S miR-146a 5
HBBRA PR S0 T e R AL AL B SC R 9T 5 75—
T, ASHIF ST 3L FREAAG I A RS T miR-146a 7EHAE 25
KB ) ik fa B, - AR A1 40 52 IR S T
miR-146a %t TGF-B1/SMAD 3 #% 76 1 K 6 2% 240 it 1
Bl SRR VE R TR PEAE T B B T B A S5 A% sh A
TR ASE A, BRI I fig A B 4 7K T B B miR -
146a X EAEE5 - IRI T IIR. TRI, R/ T
BT miR- 146a 76 17 T7 5 FE 25 4% 0 14 b

[iiB

Zr E R il A ST, AT A B miR-146a i
B S5 R e ) DGR R A, LT i 3 i i) TGF-
B1/SMAD 38 [ {iF P4 2 1717 9080 42 A% 4t A 34 5 S i E %
TEPE AR FRIRA T B A S5 kR R o+

BB AL 73R Y UL AR , ) f R A AR ZS AL IR T B 43t
%ﬁ/@%o

2 £ x u

[ 1] Jain AK, Rajasekaran S, Jaggi KR, et al. Tuberculosis of the Spine[J ].
J Bone Joint Surg Am, 2020, 102(7): 617-628.

[2] Leowattana W, Leowattana P, Leowattana T. Tuberculosis of the
spine[J]. World J Orthop, 2023, 14(5): 275-293.

(3] Zfel, Bl i, 55 B S AMRATT IR Kk ()]
AW ARSI IRATSE, 2023, 20(3): 84-88.

[4] ROGH, WHIE S, 2y, 55, B AEAS L B2 N i UL B3
ATHER BB AR BOR 2E—61 () ). B, 2021, 12(6): 566-569.

[5] Qu Z, Zhang F, Chen W, et al. High-dose TGF-B1 degrades human
nucleus pulposus cells via ALK1-Smad1/5/8 activation []J]. Exp
Ther Med, 2020, 20(4): 3661-3668.

[6] Sun Y, Lyu M, Lu Q, et al. Current perspectives on nucleus pulpo-
sus fibrosis in disc degeneration and repair [J]. Int J Mol Sci,
2022, 23(12): 6612.

[7] Yang Z, Lou C, Wang X, et al. Preparation, characterization, and in-
vitro cytotoxicity of nanoliposomes loaded with anti - tubercular
drugs and TGF-B1 siRNA for improving spinal tuberculosis thera-
py[J]. BMC Infect Dis, 2022, 22(1): 824.

[8] kA2, FRAR, AW, 5. miR-542-3p %5 AR A IR 28 /8 1 19
S S HCHE LTI L1 ]. BBk, 2018, 9(1): 50-55.

[9] Wang J, Li X, Guo X, et al. MicroRNA-34a-5p promotes the pro-
gression of osteoarthritis secondary to developmental dysplasia of
the hip by restraining SESN2 - induced autophagy [J]. J Orthop
Res, 2023, 42(1): 66-77.

[10] Olivieri F, Prattichizzo F, Giuliani A, et al. miR-21 and miR-146a:
the microRNAs of inflammaging and age-related diseases[J]. Age-
ing Res Rev, 2021, 70: 101374.

[11]Zou Y, LiS, Li Z, et al. MiR-146a attenuates liver fibrosis by inhib-
iting transforming growth factor-B1 mediated epithelial-mesenchy-
mal transition in hepatocytes[ J |. Cell Signal, 2019, 58: 1-8.

[12] Zhang Q, Cai R, Tang G, et al. MiR-146a-5p targeting SMAD4 and
TRAFG6 inhibits adipogenensis through TGF-B and AKT/mTORC1
signal pathways in porcine intramuscular preadipocytes [J]. ] An-
im Sci Biotechnol, 2021, 12(1): 12.

[13] 2 RMG, R, KON, 5. ABIANNE 53 25 A 35 07 i
SR ST ] IR EEZY, 2017, 57(32): 1-4.

[14] Wang B, Wang Y, Hao D. Current study of medicinal chemistry for



<62

treating spinal tuberculosis [J]. Curr Med Chem, 2021, 28(25):
5201-5212.

[15] Iacona JR, Lutz CS. miR-146a-5p: expression, regulation, and func-
tions in cancer [J]. Wiley Interdiscip Rev RNA, 2019, 10(4):
el533.

[16] Liu JN, Lu S, Fu CM. MiR-146a expression profiles in osteoarthri-
tis in different tissue sources: a meta-analysis of observational stud-
ies[J]. J Orthop Surg Res, 2022, 17(1): 148.

[17] Zhong H, Wang HR, Yang S, et al. Targeting Smad4 links microR-
NA-146a to the TGF-beta pathway during retinoid acid induction
in acute promyelocytic leukemia cell line[J . Int J Hematol, 2010,
92(1): 129-135.

[18] Liu Z, Lu CL, Cui LP, et al. MicroRNA - 146a modulates TGF-B1-
induced phenotypic differentiation in human dermal fibroblasts by
targeting SMAD4[ ] ]. Arch Dermatol Res, 2012, 304(3): 195-202.

[19] Yang H, Wang L, Zhao J, et al. TGF-B-activated SMAD3/4

complex transcriptionally upregulates N - cadherin expression in

WEF20244E 1 HEE 1585 18 Orthopaedics, January 2024, Vol. 15, No. 1

non-small cell lung cancer| ] |. Lung Cancer, 2015, 87(3): 249-257.

[20] Zhang YM, Xu WB, Li BZ, et al. Identification and functional anal-
ysis of drosophila mothers against decapentaplegic protein gene 1
(Smadl) from the red swamp crayfish Procambarus clarkii: the first
evidence of Smadl involved in immunity in invertebrates [J]. Fish
Shellfish Immunol, 2022, 127: 13-22.

[21] Xie S, Zhao C, Chen W, et al. Recombinant human bone morphoge-
netic protein 2 and 7 inhibit the degeneration of intervertebral
discs by blocking the Puma-dependent apoptotic signaling[J]. Int
J Biol Sei, 2021, 17(9): 2367-2379.

(ki H31: 2023-07-27)
(AR SChif - 3BT 1)

51 A=K

2/, D5, FEFH, 4. miR-146a 38 3 TGF-B1/SMAD 38 B 42 ¥ 41

25 B R B 4y ML (T, B, 2024, 15(1): 55-62. DOT: 10.3969/.

issn.1674-8573.2024.01.011.



