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Abstract

BACKGROUND: Filamin B (FLNB) can crosslink the actin cytoskeleton into a dynamic structure that is essential for the directional movement of cells. It can
regulate the proliferation, differentiation and apoptosis of chondrocytes. However, the effect of FLNB on osteoblast proliferation, migration and apoptosis has
not been reported.

OBIJECTIVE: To investigate the effect of FLNB on the proliferation, migration and apoptosis of MC3T3-E1 cells.

METHODS: The adenoviral vectors for knockdown of FLNB expression (sh-FLNB1, sh-FLNB2, sh-FLNB3) were constructed and infected with MC3T3-E1

cells. After screened by puromycin drug, the efficiency of FLNB knockdown was detected by western blot and RT-PCR. The MC3T3-E1 cell line with the best
efficiency of FLNB knockdown was selected as the stable transient cell line of MC3T3-E1 for subsequent experiments. The cells were divided into blank group,
mc3t3 group, sh-NC group (empty vector), and sh-FLNB group (sh-FLNB lentivirus). The blank group was cultured in cell-free a-MEM complete medium; the
mc3t3 group was cultured in a-MEM complete medium alone; and the sh-NC and sh-FLNB groups were cultured with a-MEM medium containing 2.5 ug/mL
puromycin. After 3 days of culture, cell counting kit-8 assay and cell scratch assay were used to detect the proliferation and migration ability of MC3T3-E1; flow

cytometry was used to detect cell apoptosis; and RT-PCR was used to detect the expression of apoptosis-related genes.

RESULTS AND CONCLUSION: Western blot and RT-PCR results showed that the efficiency of FLNB knockdown was the best in the sh-FLNB3 (P < 0.000 1),
which was used as a stable cell line for subsequent experiments. Cell counting kit-8 data showed that the proliferative ability of MC3T3 cells was significantly
weakened after knockdown of FLNB (P < 0.05). Cell scratch assay results showed that the migration ability of MC3T3 cells was significantly decreased after
knockdown of FLNB. Flow cytometry and RT-PCR results showed that the apoptotic rate of MC3T3-E1 cells increased after knockdown of FLNB, the expression
of pro-apoptotic factor Bax increased significantly, and the expression of anti-apoptotic factor Bcl-2 decreased significantly (P < 0.05). To conclude, knockdown
of FLNB can reduce the proliferation ability of MC3T3-E1 cells, decrease the migration ability of the cells, and increase cell apoptosis.
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0 5|= Introduction

IR BAAE & —Fh A2 S P E B AT TR, B B R
KAV I ERE I 625 B b2 AR W B I KA IE, &S
g MEtEs A E T R A . BEEAN D BRI E,
R B A RE A F R T I ) R T i R 1 A 1 AR
H BTYA T B R BAMEE 10 25 A7 R I8 TT R R AR AN R
S\ TOVE IO R A M B Ak DA R B A R
2545 2 1) 8 ®. Romosozumab, H R EFXH B R Bk FH I
PRIGIT 2540, & —Ff LA XU Thfk ) . v e R Ak = B dAk ™,
HAMThEE R T T 45 & MBI AL 8 AT R, M= AR 3
o T R B R PR T . SR, — T8 RCT B 78 o
{11 Romosozumab 7] T HUE JC T 48« i Ao ML A 4
RNEFLRRAE™S, Bl T8 REmRIET Bk BE
ot o

i1 22 £ 11 B(Filamin B, FLNB) & —SRMENZE AL G
ARG, & fEENRERENR. FINBS 52
Fhocst AW R, plangn s, S AE s " mR
I AR E 2o, FLNB 28748 i U ME - BT A 1E. &
AN R RN S DA i ) LI AR 4 A IE 25 2 P ok A 1
BRI IR A B0 S W — Tt o 6T i O 2 I 7T R B
FLNB 58 BRI R AR VIME, Hrla2 A E%EN S
JIEN MY, phAh, fE— TR 767 44 4o, 1085 4 TEE Lotk
SURAG T 1 315 4 KR A M m g B2, R L% FLNB
SRR (1) £ 2 AR BT e ki e (0 R AR S i, IX R B FLNB
TRAF A T L PR % 25K . WILSON 25 U2 5@ sl 1 e &
BRI, FLNB 55 B 30 A0 b 1B % FE 2 A AT 2 %
FEME. LL 2 TG PR EE 7R FLNB 7E 8 8 RGK B ik f2
W E B . B R A K S W bR e —, T
FLNB X Rl 55 % 021, Ui FLNB 76 e f2 & 4%
EHEBREDGE. B, WA FLNB fERCH ik & it
TR, X TR T R B 1R A0 L DL A BR 28

5178 | DEHERTIEHR | 5528% | 55328 | 2024F 118

R BUBAA VR AL, SRR R B AARE BT 85000 & AL R
HA H R AR & I Z 5 23

H AT, FLNB 75 B AR i ik B2 A i 2 6 8 i je 1 B 4k
PE R AL A TS 2. e YOI 72 LA /IS BRI TO0 R 1 A1 4 40 i
(MC3T3-E1) AWFFL 5T %, %50 RE FLNB f) MC3T3-E1 41 filg
FaltoM M 2, $RIE FLNB X MC3T3-E1 20 Jfa () 38 5 A R T 1 5
Wi, IR T fi# FLNB 7£ MC3T3-E1 41 i v (K4 AL DL B 7E
A R P R PR AR Th RS B Sk . TN B TBAA 1)
BITPRALHI AR, FHBIIRIT A, SRR R A B
ESQIR= PP/ N

1 #EIFN753E Materials and methods

1.1 %t SRR, WALIE ELBCR MO REA ¢ K56,
% 21 IF] LUK FH B DR 3R 07 22 490

1.2 B Ab,E S2EGT 2022 4F 10 A & 2023 4F 6 H E s
PR R K 2 28— B = B R i 5 R

1.3 ##t

1.3.1 SR RE /N BRI IO R R A4 4E i MC3T3-EL Il
Wy B (RPG HE); RIK FLNB R AR G
Polybrene( | JHIEFHAEMAF, HIE ).

132 FEZESRAF  o-MEM Br R, 54 M (Gibco, 3£
); 0.25% Jidi 25 [ /i —~EDTA(Biological Industries, L7 );
FHH R -HEERNPUAR. 8% K (Biosharp, [ );
CCK-8 77| & (Bioss, H1[E ); PE {5k Annexin-V #f T4 il X
71 (Biosciences, 5[ ); A4 RNA $2HGR A& (AR B,
HE); PCRIY (T, 1 ); TB Green® Premix Ex Tag™
I (Tli RNaseH Plus)(TakaRa, H 4<); FLNB #i/4. GAPDH #i
& (Proteintech, H1[H ); =% RIPA ZL# 7 (Solarbio, H[H ).
133 FESLIGMNAE COo, HIRANMRE IR £ WREREARIX
(Thermo, Z£[H ) ; {8 8 A2 B8 (Zeiss, EE); g0
Jf14x (BD, [ ).
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1.4 FEBJrik

1.4.1 HEEEUK FLNB ff] MC3T3-E1 4o 58! Mk 7 A KR
AR MC3T3 4, bL1x10° A / L3R T 6 LR, fF
LN 2 mL 5483735, 24 h 5, I 1 mL &4 5 ug/mL
Polybrene( {i¢ J& 7] ) 1) 5 4 55 77 4 DL J& 20 pL ] FLNB JI 9 55
(sh-FLNB1. sh-FLNB2. sh-FLNB3), J% &% A 1x10%(TU/mL),
W sh-NC AT HME . IATREE 24 h G RRIEA 4L, Bt
B FERRE TR 48-72 h 5 TG e N MR ek
HMRIE . B NARKEZOTOCMMET, G Es
F5ug/mL e IRE, Mk 7d. BEHNEGHERE
2 2.5 ug/mL B e R AR SR AN .

1.4.2 SISO E R PCREE Frit et K& — e %
BF, 2 BT e A PR AR s RNA, B 4% k. 25 °C
5 min. 50 ‘C 30 min. 85 ‘C 5s, PCR [JfE¥2&1:: 95 °C 20 s
AR, 95 'C 5s. 60 °C 30s, 3t 40 MF¥F, LL GAPDH AN
W2, KA 2R EE N R IE KT, a2
H:[K GAPDH, sUIG#E ST 3 Wk, SIMITFHIE B IR 1.

x1 | 519F5ER
Table 1 | Primer sequence information

HE:[H SIF5 (5'-3") P (bp)

44281 B FORWARD 5'-AGG TTG AAT GGT GCG AAA GGG AAG-3' 112
REVERSE  5'-TGA AGC GAA CGG CAT ACT TAT CTG G-3'

GAPDH FORWARD 5'-GGC AAA TTC AAC GGC ACA GTCAAG-3" 81
REVERSE  5'-TCG CTC CTG GAA GAT GGT GAT GG-3'

BAX FORWARD 5-GAA GCT GAG CGA GTG TCT CC-3’ 229
REVERSE  5'-GAT CAG CTC GGG CAC TTT AG-3'

BCL-2 FORWARD 5'-AGC CTG AGA GCA ACC CAA TG-3' 157
REVERSE  5'-CGA CGA GAG AAG TCA TCC CC-3'

1.4.3 Western blot 5258 S48 7 N N 2 34K 4 (sh-NC)
sh-FLNB1. sh-FLNB2, sh-FLNB3 4 . sh-NC £\ 25 344 2 75 75
sh-FLNB1. sh-FLNB2. sh-FLNB3 ZH43 50\ sh-FLNB1 155 £5
sh-FLNB2 18358, sh-FLNB3 1895 . H& 4 2.5 ug/mL MZi4
BERMTERFRER R, FREANARERIFBAK
BB R, RIS . A R R
PMSF(1 mmol/L) [1) RIPA 25 i i) 45 4 R 24 #3413 FH BCA
A R e RS D B R . SRR TR 10% KN
W el g AT, 423 PVDF i |, 258~ F 50 g/L iiAS )
KBt 2h, FAHRLSPTE—4T FLNB(1 © 1000)4 C #EIRIS R,
TBST $E¥, =i N 3% — Pt (Proteintech, 1 : 5 000) i
H 1h, KA ECLAL¥RIIERT . K Image) BAFX 54
WK EEAERAT E B E, LHEE 3 XK.

1.4.4 CCK-8 5% % Blank 2. mc3t3 41, sh-NC 4. sh-FLNB
2H 4% B8 5x10° AN / FL 41 i %5 R B R T 96 FLIR, B SLINA
200 pL e ¥R, M S AR, B TR FHA TR I
Blank ZH M X & o-MEM 58415 F2 B TR A M, me3t3 2 i ali
o-MEM 58 4 55 75 L R5 75 (41 il sh-NC 2. sh-FLNB 2 &
AR E 2.5 pg/mL 1) o-MEM 58 &35 SRR R M4 . 17
RFRAE 1, 2, 3d, 4-BIECE 96 FLb, TG EER S IR,
TN CCK-8 Vi (10 uL/ L), 37 CEEGHFE 2 h, FEARIX Auo

MBI, SKIGS AR EAE, FERA NN AR, 2
)W FE AR TE A [RI B B) 58 Aotk B, SRR B 5T 3 UK

1.4.5 YMERSEL Se4 kIR R4 me3t3 4. sh-NC 41,
sh-FLNB 2141 il 223, LA 1x10° A / FLAN % i e 1 6 LR,
FEARIN 0-MEM 52485550 1.5 mL, 12 h J5 #5953, B 100 pL
Sk FREFLIG 3 25 PATREAT RIR, & RDIR AL T L ok,
PBS j&¥E. mc3t3 ZHAMA a-MEM 522572 3E 42 5%, sh-NC 2H .
sh-FLNB ZH i A\ & A RIS 25 3% 2.5 ug/ul ] a-MEM 58 4 K% 77
5, BH2MNE5. AT 0, 24, 48 h JEE M,
BB A RIIR RLALEE 5 A CL EAFEALE, X240 M B 72 kAT
T, SEREE 3R

1.4.6 WALEMPAIT: mc3t3 HIA o-MEM 72435725
K577, sh-NC 4. sh-FLNB I &F 2.5 pg/mL SIS E K (1]
o-MEM 5EA 597 5L, DL 1x10° A / FLAH ML % B e Fh T 6 FLAR .
FFE 24 h, WCEEANMRDTIE, PBS Wik 3 ¥k, HEALIIA 500 pL
1xBinding Buffer T {/EJ% A1 5 pL AnnexinV-PE, 5 uL AnnexinV-7AAD,
TR21E BRI ™, seib A 3 K.

1.5 FEIRILIF  FEIE FLNB % MC3T3-E1 21 ffa s Bt fie
TR eI KT

1.6 St F a4t i SPSS 25.0 Guit2& A xt 4 B AT
ST, THEBIRFT G RS 255, WA R LUK AL
FEA t 150, ZHMBCR SRR R T 258 P<0.05 B,
IWNERAEZFER L. CESG 7% CiE e 5 s E Rk
SR EERR G R KA .

2 Z53R Results

2.1 A IHHI K FLNB 49 MC3T3-E1 2mfieth

211 POLEMBINE SEY48h 5, TUOLEME T
REHBREIRICRIENGO (B 1A), 2R ERITEHNSH
2.1.2 Western Blot Al RT-PCR #&:illl &5 SR, MI#:T sh-FLNB1
1 sh-FLNB2 #H, sh-FLNB3 41 FLNB [fJ mRNA FlIZE [ [\ 31k
Z N4 (P<0.000 1, 1B-D), iiHH sh-FLNB3 (195 55 /7 41 1
BRSO B, PRI # sh-FLNB3 1 Ay J 3 Sz 56 () B4 58 RAIR
FLNB f#) MC3T3-E1 4il g ¥k (JF: J& I K sh-FLNB3 4145 i A
sh-FLNB #H ).

2.2 FUIK FLNB %t MC3T3-E1 4m /i3 78 4k ) 49 %vh 4 CCK-8
VLM 52 sh-NC 2, sh-FLNB ZH4H /8 1, 2, 3d A {H. &}
WoR: sh-NC 4 2 it o5 If [B] AU 14 hn, B4 58 e 70 3& W 7t
M AR T sh-NC 41, sh-FLNB 4141 H B 5 1 R) () 2B, M A R
J1EHT FBE (P<0.05), UWLE 2. S5FKE, mfl FLNB JR55 T
MC3T3-E1 4 i 13 4 g

2.3 ik FLNB st MC3T3-E1 @it 45 /69 %ok mc3t3 41
H1 sh-NC ZHAA I AE 24 h I FFAG R I W T B, M
T mc3t3 20l sh-NC 2, sh-FLNB ZH 41 g 75 24 h I} (#1374 ik
FEIRIRGS, MARIE HEIEEEN; 48h )5, mc3t3 41
F1 sh-NC 41 % L A 223, sh-FLNB 41 i %198 475 47 78 ik
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[AI . [ 3 25 JRoR, Rk FLNB AJ DR 2 Bk MC3T3-E1 4]
JiERERE ).

A sh-NC

sh-FLNB1 sh-FLNB2

sh-FLNB3

(o]

Jutii}
15 a 1]
FLNB 278k b 13
R [ Y c
g
=10 Z 10
e o
GAPDH 38kD < =
= s
C D DD £O0° Hos
RIS o
S S S 2 Z
BN z “ oo
CoDd D C oD D
SO SIS
LSS S S

B B A N G 8 2 (4R (05 Rk B, D 4 il N Ik FLNB 1)
Western Blot 455 J2 58 573 BT C i fIk FLNB f) RT-PCR &5 L (1) 8 #7047 -
5 sh-NC #HLt#;, *P<0.05; "P<0.001; P<0.0001.

1 | ®IMLLE R B(FLNB) 18R EHE YR

Figure 1 | The transfection efficiency of Filamin B lentivirus

a

25- ™1 P P EEshNC
“Fao0 EEIshFING ey, °P<0.05.
< s 2 | BSR4 E 8 B(FLNB) X\ R
=10 TR B BT A 4A (MC3T3-E1) 1E5EA0S/N
% 0.5 Figure 2 | Effect of Filamin B knockdown
o 0 on proliferation of MC3T3-E1 cells
1d  2d  3d
mc3t3 sh-NC 4 sh-FLNB 41
oh
24h
48h

B3 AHE T me3t3 41H01 sh-NC 41, sh-FLNB ZHZHffi¢E 24 h I {f13T H%

FE WSk 55 48 h J5, mc3t3 4181 sh-NC 21 (1) %I JE S AN 52 4%, sh-FLNB

HANAFLERR AR

3 | BUR4RZ2ZE B B(FLNB) X/ R AR AK B BT AR ZBAR (MC3T3-E1) 1T
oAl

Figure 3 | Effect of Filamin B knockdown on migration of MC3T3-E1 cells

2.4 FRAK FLNB *#F MC3T3-E1 @/l 69 %7h Thiag iR,
3% 24 h J5, mc3t3 41A1 sh-NC 440 - 1Y, LEE
PEZ 5, sh-FLNB AHRIUNANM S TR 20 EAEH (P <
0.05), [FIFEHE, PCR &5 REIR, BT me3t3 471 sh-NC 41,
sh-FLNB 41 % FLNB [fJ mRNA i, 12 T- K F Bax mRNA
FIEEERM, T T Bcl-2 mRNA 3k B FEAK (P <
0.0001), .[E 4.

5180 | PEHERTIEHE | 5528% | 55321 | 2024F 118

= -
EJ' Jlj.a.%
A mc3t3 sh-NC sh-FLNB
0k
200k 0k
8 Qe Q
< < <
< < <
~ 100} L ™ oo
sk
s o 200k ok ok 200K
Annexin V-PE Annexin V-PE
B C b
a
a b b
10
‘e i 1 l_lb i 20 —
— 8 X X
R ®” ﬂ’é 15
6 5 1.0 =
H ® £ 10
E 4 S <
£ £0° Z s
&2 5 :
< ]
0 2 0 “ o
SIS P & ® P S ®
&8’ X X (‘\8’ X QX &8’ X QX

Kld: 1 AN AnnexinV-PE/7-AAD Z3 BT 45 R ] B 4 T3 LU
C YA TR LR 1) RT-PCR Rl 45 8. 5 me3t3 ZHAH L, °P<0.001,
°P<0.000 1.

4 | B{E4RL2E E B(FLNB) X\ ARITUAK B BN ERAR (MC3T3-E1) JBTS
B2

Figure 4 | Effect of Filamin B knockdown on apoptosis of MC3T3-E1 cells

3 i{fif Discussion

FLNB /& —Fh 2 f U130 2 11 4545 B 1 Filamin ZER 1 IR
JE I AT T VL0 B e 4 R 2 ) 00 PR SR R T 4 A B
TEEE B RS SRR N 22 R 4 ®. FLNB AR 4
SEZ MBI R A PR AR, FLNB 848 ]
FEE T B R AR, 0 R AR AN B AN AT AR Al L s
B DA R B I A e B KB WE TR, FLNB X R
4 2 EEAETIRE, Hom i g A DU SRR G
lbo BRI M ez B VIO AR R, AT 8 1 400 i 4 )
g 00, LU 2 PR RAR bR, R FLNB IR/ B
(G 4R TR G . 7F FLNB 2 Rk /N B R R I, K
HOEHREEAR, WENMBHNREER. DL Egs R,
FLNB fERR B4 Ml & < 5. b DA R Tt fE b R 45 35
HEEWIREER .

FLNB 8 3 1/ 17 40 M 1 280 3 4 B s B = /E . ik
Ab, 2R AR 2 T R 4R B AR B R B EH .
AT Sy S 7 240 L 1 S 0 AR S 1) A A7 A B ol e o 1R R
P—ANTJ5TH . Ik, PEFFEH T FLNB X flE 20 i 38 5
A B A B B AR 5. MC3T3-E1 4 R L AT A%
IS A PR GBS AR A R D BRRRAE, & H T
FORCH A0 2R B FH (AR AN TR 22 — 2230 BRI AR R A
MIFER = 45 R W], #EE 1 FLNB R fIKfK) MC3T3-E1 21
FaoE F A bk CCK-8 VARIRIJR S Bt 45 iR, FLNB ik
(1) MC3T3-E1 £l Jitd [F] 5 4= 84 MC3T3-E1 21 Jitd £ 25 4 44 93 5 11
MC3T3-E1 ZH A bk, o 403G A e 0 R B iR %
3 AR, 2R B FLNB 1] DU E B 4 A PR 38 5 B R 1 A A

FLNB ] 3 Jok 18 75 240 fif B 42 099 265 1) Th g SR 4 i B2 AR AL
SCRE, I BT 4 i s s s R H BE SR S IEiE E
IRR £ 141 A7 ok 40 2 TR SED TG A 400 2B ST R ds h B B



HAREE

PEEATERR @)

Chinese Journal of Tissue Engineering Research  www.CITER.com

HAUERAN B BRSO TR, X AN B2 ]
Xt TS EMAGT VRS EREE Y, fEER
IR, B RE PA E RUSCRY B, R A R A L A
(A5 5 BB 1) N 20 WABOE AR 51 HH OB, 8B 40 B i 4
ARSI E P P, G REN W, R R LT
AHCE AR S, R A S A BB B A . ek
WE5E o~ FLNB ] DR 3k s 4 i a0 . Rkt
A T T 7 v R ek v = 2 1 58 A 17 3 1 UL A

VR ST LE i E FLNB 1) 5 MC3T3-E1 48 o 389 48 f2 i
FEfAEAn b, 3 —PHRIT T FLNB EfIXT MC3T3-E1 40U T
s, 25 R R RE FLNB J5, MC3T3-E1 4HARFT- X 2%
Hahn, iXEBRE FLNB 7] BELE MC3T3-E1 40 i 13 £ b st
EEREMO, R TRNAE R B RRALE], SR ESE
PR TR BT E A, SRS RN RELK
FRBUR SR AR S5 1E 3 A B AR R 4 AR B B R A I
A LA PR B, 32 B TR 40 B 1 RO
T 78 57 28 B E 4 1) B T J 2 1) B Bl 25 P i R i B
FHEAEIET (NI B BT AP TIRERAE )
e FPAAE T R, Wk — RIVERRE S, XS
I e A R iE, R A T T R YR B AE
F B, phik TS SRR, R FLNB J5, MC3T3-E1 41y
ToRAER: H RT-PCR 7R, {2MT:H A Bax IR IA & E Y
b, MR TR BCL-2 RIA B EREK. XK E T
FLNB FJ Gid ik 4% BCL-2 SR LA S BRI TR A0S, i
R ] IR BT AR e, RIS A0 IR P BT, AT 52
I

IR FUAN B0 IE FLNB X i 3 5 . il fe . PR AR
A IEEIA, AR S FLNB 2 BSR40 M 20 4 LA B AR AR 56
BLEI T T, K 7E I S5 580 h AT BEIER N AR ER

2% FRTIR, VR IT R B FLNB T DL 45 R 2 L f T
o HTHULA R TIRI R, HIRAN T R FINB 7EH B K & it
TR R DR BE s et A3 B g SR o B B A 2 11 44
TS V2 TT R BTG 97 B 5 2 FLNB I 35030t 4% P B i 1RV
ITIRALET ST B .

EElk: FIAEEMAL T 2, H—F2mwis, @ik
HEH F A,

FIENZE: LF M4 F Y, ERAFALFIRE TR TR
A B R,

FrHREERE: X8 — A AR F, 4B (SRt ZF Tl
“F 4 - AT AL - AE 5 X F 4.0 FoRR, ESEIIAGHEALT,
RAABACAIE T ALt B 69 KT RN B s, AT &, R AHE
FTR P . FTH. #N. Fi#. 379, k. BBKEZIK, 4
Z IR, AR ASIE R LT AR R,

RRAREELL: U AT A 5 A F T ARG i,

HESE: XFREEFTT (FAHR LR LIRE E S L) 54
LR FABEFENRY . LFEMAT 2T+ LRI 5 LAk R %47
3kEBEE, XFZPRUTINT ERAFING, RATIFBUAA L FHH
FILFAFE .
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