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Inhibitory effect of miR-490-3p targeting FKBP14 on migration and invasion of

osteosarcoma MG63 cells
CHEN Fuyuan,SUN Liping,ZHU Yuanjian, MENG Meng
Author Affiliation:Department of Hand and Foot Surgery, Zaozhuang Mining Group Central Hospital, Zaozhuang,
Shandong 277000, China

Abstract: Objective To investigate the effect of miR-490-3p on the invasion and migration of osteosarcoma MG63 cells and its
mechanism. Methods  From September 2019 to April 2020, human osteosarcoma cell line MG63 was purchased from Shanghai cell
bank, Chinese Academy of Sciences, cultured in vitro and assigned into control group (untransfected), miR-NC group (transfected with
miR-NC), miR-490-3p group (transfected with miR-490-3p mimics), miR-490-3p+pcDNA group (co-transfected miR-490-3p mimics
and empty vector) and miR-490-3p+FKBP14 group (co-transfected miR-490-3p mimics and FKBP14 overexpression vector). The ex-
pression of miR-490-3p was detected by RT-PCR; the invasion and migration of MG63 cells were detected by Transwell; the protein ex-
pressions of E-cadherin, Matrix metalloproteinase-2 (MMP-2), epithelial-mesenchymal transforming factor Twist transcription factor
(Twist) and FK506-associated protein 14 (FKBP14) were detected by Western blotting. The targeting relationship of miR-490-3p and
FKBP14 was determined by double luciferase reporter gene assay.Results Compared with the control group, the expression level of
miR-490-3p in the cells of the miR-490-3p group was significantly increased [(3.68+0.37) vs. (1.02+0.10), P<0.05], while the number
of invaded cells [(33.25+2.02) vs. (76.52+6.00), P<0.05], number of migrating cells [(45.56+3.38) vs. (97.85+6.45), P<0.05] and the pro-
tein expression levels of MMP-2, Twist and FKBP14 reduced, and the protein expression level of E-cadherin increased, while there was
no significant difference between the miR-NC group and the control group (P>0.05). The results of double luciferase reporter gene ex-
periment confirmed that FKBP14 was a potential target gene of miR-490-3p. Compared with the miR-490-3p+pcDNA group, the num-
ber of invaded cells, number of migrating cells and the protein expression levels of MMP-2, Twist and FKBP14 in the miR-490-3p +
FKBP14 group increased, while the protein expression level of E-cadherin reduced (P<0.05).Conclusion miR-490-3p could inhibit
targeted FKBP14 expression to reduce the invasion and migration of osteosarcoma MG63 cells, which can be used as a molecular target
for osteosarcoma treatment.
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B R R — A kT AR EOLE R B
Jifggd o EUAR TR AR MUY 48 H IR T 5 A
AT B A A7 25 BT el (B 2808 R A H 400
NBREITVE R JEARBEAR " R, ey A 25 b 4y il
I T2 240 PR e B S IR T R R R A R . F
I B~ , /N RNAs (microRNAs, miRNAs) A i 15
2 R OG0 5 DR 1 TR TR 8 TN T 22 o e 1) 2 R
J ok F v R HE A BUE S AE Y . B RNA-
490-3p(miR-490-3p) /& miRNAs H7 (1) 85— b1, #iE
SEAELE R | R TEE A5 22 e 2 2l e e
SRR IR, BT PR s 0 i e 1R 2R R A
TS B R RIS . AR
&t , miR-490-3p 78 WM AH GUh Rk Nl , B
FIRIKOF 5 Im AL A% | DR e 0] R A A A7 R
SR AR AE AR R OG5 T R L Rk T e A )
JAE B R 1 A2 (HMG A2 ) 2 38410l 98 41 i
BT IT 5 T AR ML T AR, X TR R A AR
ZRERBVERIEAR . B, AR5 T 2019 4F
9 H 22020 4F 4 H #EAT VRS20 B 55 5, WL %% miR-
490-3p X B PRI MG63 41 il 42 28 FaE & s, &
FEHR 5T miR-490-3p 75 B PRJE 5% B vh i 4 R B HenT
REALEN, LA R R R TR T S b o140 Ao
1 #RE5H*®
1.1 FERKAEGNE  AHRBE AR MGo3 T
o RL B b A0 M R, miR-490-3p #4814 (miR-490-
3p mimics) \miR-490-3p il 7] (anti-miR-490-3p) [
HCAH R AR FL 4 B X6 B miR-NC 1061 551 B 1 o R
(anti-miR-NC) FI PCR 5| ¥4 T g 3/ w] . RP-
MI-1640 £5 3% 34 T 32 [# Hyclone 23 7], Transwell 7]y
W F 52 [ Costor 22 Al , AR 11 il A1 2 1L 15 W
% Gibeo A Hl , cDNA 55 —4i G i 71 65 W F 35 [
Thermo 2 7) , LipofectamineT'“ZOOO T YL W F 38
Invitrogen 23 ) , AU Fa Al 45 25 DA G 0 50 4
I F 3 [ Promega 23 Al , et A\ B-WLBH H H (B-ac-
tin) L5 BEPUAR A F AL b A2 S 4 A ] BT
FK506 A 5¢ % 11 14 (FKBP14) | 3t i 4 J& & [ i} -2
(MMP-2) 2 v LRI T 26 [E Abcam 24 7], AT A
B 8 1 E (E-cadherin) 5. 5w BEHTARFN Twist 22 v
oA T 3% [ Santa Cruz 23 F) . A FKBP1 % [H ORF
4K cDNA 5 [ 938 B AR S Ho s a8 pox BRI b
SCGAMINBHE A R AR . A b R4, 2 E
Thermo 22 &) ; PCR 1Y, Z& & MJ Research 2 7 ; HE I K
1B 245t , 52 [H BioRad A 7l 5 Y627 1 1ol BE M1 96 't 1
B, HZAR Olympus A Fl .

12 WpEiER SESEE LIS 10% M4 10 .
100 U/mL 4% % & A1 100 U/mL 4% % & i RPMI-1640

SERREFRHET 5% A ALK (37 “CHIHL AN B 1Y) 48
J6L 55 3556 P H LRGSR 8 40 NG BE AR K 3 90% T
K1 0.25% [Pt AR AE A0 B AR R AT
FREIN MG63 4 il 73 %t BEZH (R AEFE) \miR-NC 2
(% & miR-NC) I miR-490-3p 41 (% & miR-490-3p
mimics) o 94T A BE K 70% B, 2 BEE Y iR
Lipofectamine™2000 15 W] 43 25 P44 miR-490-3p mim-
ics S miR-NC AR 4f 52 56 43 20 5% Y 28 MG63 4 Jifd v .
BE UL A8 h 5 WS A 40 M 4T JS 22 miR-490-3p K ik K
M A= 28 F1 3 7% S50 A 0 L 2 MMP-2 | E-cadherin
b Bz 8] 5 B AR TR Twist 5% 5% 7 (Twist) 25 R
W ST 5 91 55 % miR-490-3p+peDNA 21 (4% gy
miR-490-3p mimics F1 75 # /& X} ) | miR-490-3p+
FKBP14 2H (5% 3y miR-490-3p mimics fl FKBP14 =
KR, SR ER T e 48 h i WA X IR
B B P X TR (miR-NC) 41 . miR-490-3p # #L 4
(miR-490-3p) 41 . miR-490-3p £ L) 1) + 25 2% 14 X} R
(miR-490-3p+pcDNA ) 41 Fll miR-490-3p 5% 48[ 4] +FK-
BP14 ik 24K (miR-490-3p+FKBP14) 21 41 ifg i 47
{278 FIIiT % 5246 LA K2 MMP-2 . E-cadherin . Twist . FK-
BP14 & A

1.3 SCEFSE 3t E & PCR # iUl miR-490-3p B & i%
W 4E “1.27 v i Y 48 h J5 B9 9 I 40, A TmL
Trizol I FEHCE RNA, FEXT RNA ¥ B R4 7460
T4 IR cDNA 25— a0 & Ui B 5ok RNA i %
SEA AR cDNALKE 1wl cDNA PE B , A
Maxima SYBR Green qPCR Master Mix 10 }LL\%QE%J
10 pmol PCR IE 519145 0.5 pL ADRZEK 8 wL il AL
20 wL PCR AR Z , | PCRAY, H- & e iR 7l
95 °C .3 min(1 ™fF¥),95 °C.30s,58 C.30s,
72 °C.30 s(FL A0 M) , FRIH IS R 5 10 S g
PLU6 RSB, 27 1k 115 miR-490-3p 1 & ik
K

1.4 Transwell/NEERNABEZEMITR IE
“1.27 v R YL 48 b fE Y 2 M R A0 i % E R 1x10°
MNZFE o SLEHTHETT 1 d B Transwell /NE LA 24
FLA P, I 100 WL B 1 Matrigel 32 57 it ( TG LT
R REROBE) R T AR B . U H O AR
200 pL M AZ Transwell /NE F 2 IFE/NE FEM
A 500 L 75 LY Y 35 9838 Ak 3R AL, e
B FR A6 TR B 5 24 b, W b AR LA
/N R IR BB AN, L) 4% 2 R PR T = 40
MLHAT 8 22 30 min, FSEEWG , LLO.1% 4h i 52 4
15 min, RYEOWS , 7F B T BENLIEIR 3 4
PRBTF G0 11 28 R AR B A, 245 5 DA 3 4 P A4 e 4 ) 2%
HERRREM A, T 5 L5 b JC T X Transwell
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/NE i Matrigel JE T , HAR AP IR [ 225550 .

1.5 FEARENIE AN MMP-2,E-cadherin, Twist
FNFKBP14 E B RIRIE w15 0 40 it rpohn A FH 28
F R T oK 24 ah R B S BCA AR I
PR 5. 8 AR A V4 R
5x ARG v T 100 CrRZAEYE 6 mine HUER FIAE A
80 g A £ SDS-PAGE B fL P EATHL K o HL UK
SRR I K PVDE B B RR W55 w5 14] 2
ho 2 IXTBST W BENR S , A MMP-2(1:800) . E-
cadherin(1:800) . Twist(1:1000) .FKBP14(1:1 000)
Al B-actin(1: 1 000) —H TAER T, I+ T4 CTFIHF
R KH 4 IXTBST GRS , I A AR o 4
FEEEARIC A — T (1:2 000) EiRIFE 1 he ECL B
J B AG R G4, IE L) B-actin A NS08 H
AR R IB K-

1.6 % EELIENE miR-490-3p 1 FKBP14
#MEXZFR KH TargetScan ,miRanda 1 miRBase —
KAEYE B AT 2 FKBP14 19 3° UTR 17 1E fiE
% 5 miR-490-3p B 4M 5 & 17 s, R T 5 iE miR-
490-3p 5 FKBP14 J& 75 17 76 #0 [0 & &, 44 3 7% FK-
BP14 3° UTR ¥ 4= 45 #4) (%7 4= A FKBP14-WT) 1 FK-
BP14 3’ UTR 2575454 (FKBP14-MUT) i) FKBP14 3’
UTR %GB 4 A5 2R o 42 BB 2 Ju ol 7l il B 5 245
% 77 miR-NC+FKBP14-WT, miR-490-3p (mimics) +
FKBP14-WT. miR-NC+FKBP14-MUT. miR-490-3p
(mimics ) +FKBP14-MUT PUZH $t46 e 7 55 3546 v B
7248 h i, W AR 45 20 4 B RS I H: 56 ' 3 Tl 1, 2
A 2D IR 2 BB N e I 41 4 5 DR A 1 3 5) 6 i
iR D

1.7 SitZEAFE LR x £ s B AFRR, RH
SPSS 22.0 - 74t 11225301 , Z 40 18] LA PR 3R Ty
Z0HT, 2110 2 8 SR FH SNK-go miR-NC+FKBP14-
WT 2 5 miR-490-3p+FKBP14-WT 41 & miR-NC+FK-
BP14-MUT 41 5 miR-490-3p+FKBP14-MUT £H %% 5
MR LR IS A A R 85 . P<0.05 2 25 5%

AT E L
2 HR

2.1 #HFmiR-490-3p =14 FF MG63 4 Al miR-
490-3p RiEFA T 55X 1.02+0.10 L5, miR-
490-3p 7E miR-NC ZH 41 Jiid P 119 35 0.96:+0.09 oK UL B
22 (P>0.05) , {H7E miR-490-3p 41 241 il i 1 3% 3k
JKF-3.68+0.37 BH . T (P<0.05) .

2.2 8 miR-490-3p #} # MG63 4 ff1 {2 & fniF
% H5XIE4(76.52+6.00,97.85+6.45) L # , miR-
490-3p £ 7 1= 28 40 I KSORN AT A% 40 i 5 (73.48+5.35
98.02+5.84) ¥ B I8 % £ (P<0.05) ; {H miR-NC 41

(73.48+5.35,98.02+5.84 ) FIXJ MR 2 AH Lb 45 i 25 = G
it X (P>0.05), =42 2240 %k 5T 4n it
B 2 5 522 B L (F=76.42.94.45, ¥ P<
0.001), WL 1,

2.3 7 miR-490-3p # il MG63 4 it FA E-cad-
herin. MMP-2, Twist 1 FKBP14 EEHIRIE 5
X R FE#, miR-490-3p 2 21 ffg o MMP-2 , Twist Fl
FKBP14 2 [ (19 357K - W] BEAIK , 1 E-cadherin £
93235 7K B 5 725 (P<0.05) , {H miR-NC 20 5%
HEZH F AR LI I e A (P>0.05) o DLIE 2, % 1.

6 7 8
S —— —

TE  1—B-JLBh 2 1 (B-actin) ; 2—55% 25 1 E (E-cadherin) ;3—
T 42 A A T -2 (MMP-2) 5 4— 1 2 8] S0 5 Ak PR Twist 5 5 R 1
(Twist) ; 5—FK506 A5 FE 11 14 (FKBP14) ; 6—XF B4 ; 7— B304
X IR (miR-NC) £H ; 8—miR-490-3p #4814 (miR-490-3p) 4H .
2 R BENE LA E-cadherin . MMP-2  Twist 1 FKBP14
HHRS

R1 BHMMH E-cadherin MMP-2 , Twist fl FKBP 14 25 [ 1)

PRIk IKF/x + s
4159 o E-cadherin ~ MMP-2 Twist FKBP14
Xf R ZH 3 0.12£0.03 0.76£0.05 0.72+0.06 0.68+0.04
miR-NC 3 0.13+0.02 0.78+0.06 0.74:0.05 0.7320.06
miR-490-3p 3 0.4620.03" 0.38+0.03" 0.33+0.03" 0.27+0.03"
Fi§ 153.14 65.31 68.70 93.98
P4 <0.001 <0.001 <0.001 <0.001

TE : E-cadherin J 452685 11 £, MMP-2 o 3L T 45 J8 25 1112, Twist
g b B 1) B A R T Twist % 5% R, FKBP14 24 FK506 AH 0G4 1
14, miR-NC AU B X i, miR-490-3p A7 miR-490-3p 54047 .
D584 He A, P<0.05.

2.4 FKBP14 2 miR-490-3p 74 EE FKBP14
3' UTR 5 miR-490-3p fF fE H AN &S G0 . 5
miR-NC+FKBP14-WT 21 FL #% , miR-490-3p+FKBP14-
WT 41 200 Jfd 7y ¢ S 25 i 14 B dnb B2 1K (0.34£0.03 [
1.02+0.06, =17.56, P<0.05) , {H miR-NC+FKBP14-
MUT £H 1 miR-490-3p+FKBP14-MUT ZH 41 Jf1 Y ¢ ¥
FETE PR WL R 35 25 5 (0.97+0.06 H 0.99+0.07, 1=
0.38, P=0.726) . FKBP14 5| 4 ¥ 5 & 5"UACCAC-
GACAUGAGACCAGGUUA3’, miR-490-3p 5| ¥ % 4
4 3'GUCGUACCUCAGGAGGUCCAACS', 4547 1.
}1319-326 of FKBP14 3’ UTR.
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2.5 _FiAFKBP14 Rk miR-490-3p % MG63 Fan \Zhang:m]ﬁﬁ%*g H, miR-490-3p TR IR 95 PCa

MimEEMEBAIMEER S5 RA LK, miR-
490-3p 41 1= 22 41 M B A B 40 i B0OFN FKBP14
MMP-2 , Twist 2 [ 19 2 35 7K F I i F A , E-cadherin
I RIBACE U 8 (P<0.05) ;11T miR-NC 41 5
miR-490-3p 41 Z [0] 22 F LG 1T 2% L (P>0.05) 5 5
miR-490-3p £ L #5 , miR-490-3p+FKBP14 41 1 {3 28
A1 i 3 % 40 i £ FKBP14 . MMP-2 , Twist 2 [
A 25 35 7K 0 2 T 5, E-cadherin 25 () 2 35 7K
W & [ I (P<0.05) , {2 miR-490-3p 4 5 miR-490-
3p+peDNA A Z ] bk 4R 22 5 o gt it 58 L (P>
0.05). WK3,%2,
3 itig

AHIEFE R L R MG63 41 it H miR-490-
3pRikJE KM, MG63 4 i {7 28 ML F2 6e ) B W2
2 . miR-490-3p J& — Fl i 1L - R BE AR ST Y
miRNA, &7 F A 175 G4 4 L B 527 3 1 i
5 R G I B DR A b e e e B el R h R A T
PR ™ . Kang 5 78 £ 45 B bR 41 i 9 F 52
5t , 194 miR-490-3p 3 15 7] 3 i 4 ] 5 % HM-
GA2 1 5] o988 40 i 119 4= 28 B B8 RN I 2 ] T Ak

6 7 8 9 10

. . _ i g

| D — — —

3 N c— ——

) —— ——— — —

| - S S S ——

1 —B-WLEh & 1 (B-actin) ; 2—45 % 7 1 E(E-cadherin) ; 3—
B 45 B AR -2 (MMP-2) 54— b B [8] e AL DR 7 Twist % 5 K 7
(Twist) ; S—FK506 M1 32K 1 14(FKBP14) ; 6—Xf M 20 5 7— L3047 [
PE X5 18 (miR-NC) 4 ; 8—miR-490-3p £ 48 ¥ (miR-490-3p) 4 ; 9—
miR-490-3p #L U 4] + 75 3% 14 XF i (miR-490-3p+pcDNA) ; 10—miR-
490-3p S 4+ FKBP 14 3R iA /4 (miR-490-3p+FKBP14)
B3 AT A I FKBP 14 Twist . MMP-2
1 E-cadherin 25 [ 19 %15

i rh Rk R R, TR IR IR AT 1] R 5 HDAC2 fiE
HEIRE AL A R B RS . AW 45 A B IR
it — 25 1IE 52 miR-490-3p Bt i 8 4 i 4% & 9 VE .
XA~ , miR-490-3p T BEAF B W R FE L i fE rh
KA R HIER

AT miR-490-3p 7 ifil MG63 4 il 5% 4 11 53
FAILT A B 5 2R FH AR 11 J5 B 3 3 A6 0 & 30, b ]
miR-490-3p 3% ik J5 7] fiff MG63 4t 1 H MMP-2 il
Twist T35 FEAIL, 11 E-cadherin 235 T 5 . MMP-2 &
BE 0T 4 i AR TSI L, T AR figk 4t L A1 35 S v )
B T, 7 E RUE A LR 2B R RS S R h R
FEAE T bR ) 5T A R T 4 i R 28 R
R TR 7 #2 ,  E-cadherin /& B /Y | 7
PR, Twist 240 & A 1 J 8] il AL i T 2005
KT, EEIY e M E-cadherin 345", E-cad-
herin Fl Twist 21 7€ 15 A J81 ZH 80 rp S0 238, 76 i
YU fZ R L R i R vh R4 BRI, SR
$E/R , miR-490-3p AT 8 3 7 ] MG63 4f i _I- Jiz [11]
O A T 8 555 9 200 L AR 22 RS

T AN AW I K, miR-490-3p ik [ ik
A LIS MG63 4 i FKBP14 265 F%(% . FKBP14
JEFKS506 45 G A E A, BAZ IR G515 .
VAR AR T S AR 2 A AR Y T e, A B e A
1Y 5 90 A5 22 Mg v R R AR RT3 o O 4 A
1278 GER S AL e 1) AR R R TRl
AT R H AP B 2F kol & 81, FKBP14 3
UTR X I A7 76 BERS 5 miR-490-3p H KM 45 G0 5 .
XE G R i 52 B0 3IE 5%, FKBP14 2 miR-490-3p 1Y 7
TEREIE D . Huang 55 Al Wang %5 B 98 3IF 52 FK-
BP 14 7B R 4L LR AN i R v B ik, LR A IK
5 R RS R R RO R AR A I R] S5 56 Tl
I 2 2 9 A4 A2 2% FRURS B 45 70 B TR R ) 0 v 2
R EEFAE R . ARWFIE5E Y FKBP 14 %35 Fikr
A i FKBP14 K355 & B, FKBP14 7] 3154 miR-

R2 SHZRMMEL TR A BEECR FK506 AHOCHR I 14 . b 3z [H) 4% A0 R T Twist % S R BR B 43 i 4 1 il-2 FS A AR I E
HHRIKK /x5
4151 HIZWRE  RRAIEL TR AN AL FKBP14 Twist MMP-2 E-cadherin
Control 3 78.64+5.56 102.25+5.54 0.65+0.05 0.660.04 0.83+0.06 0.16+0.03
miR-NC 3 75.55£5.18 99.73+6.25 0.67+0.04 0.68+0.05 0.80+0.05 0.14x0.02
miR-490-3p 3 34.43+2.157 48.38+3.43" 0.24+0.03" 0.21+0.03" 0.42+0.03”  0.4520.03"
miR-490-3p+pcDNA 3 35.05+2.36 50.15+3.62 0.26+0.03 0.22+0.03 0.38+0.04 0.48+0.03
miR-490-3p+FKBP14 3 63.58+4.13% 87.68+6.54% 0.48+0.04% 0.38+0.03% 0.54+0.04%  0.18+0.03%
il 81.44 76.59 84.50 116.03 65.12 105.83
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

T : FKBP14 N FKS06 A0S 45 (4 14, Twist A b 52 18] % A0 I T Twist 5% L, MMP-2 Sy 35 42 Jm 5 (A -2, E-cadherin N #5558 E,
D5 miR-NC 4 H#%, P<0.05. @5 miR-490-3p+pcDNA 41 H 4%, P<0.05,
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490-3p X MG63 i i {2 4% iF#% L) S FKBP14  Twist |
MMP-2 Fil E-cadherin £ [ & ik B AR E ] . X2
7~ , miR-490-3p 1] 3 15 #1 [i] I 4% FKBP14 2 15 31 ]
H I MG63 A i 22 AT
EN =R/ G L BUR N Ak P A R |
miR-490-3p A # [ 1 ] FKBP14 (1) 3¢ IR FRA% B I8
41 B 1 3T B8 AR 22 6 17, miR-490-3p/FKBP14 i i]
AE M H AR IR T 4R 08 TR FE I 2 T30 AR . (EAR
W5 ACLE 48 M J2 T 2E T T HE5% , H miR-490-3p/FK-
BP 14 5l T W# {5 5 3 5% X RRE 55 8% 1) 52 i) 348 oK
PEATHRSE , IR, AR R 5% 2 T o ik — 25 3l i s )
SIS TEAR I IE miR-490-3p/FKBP 14 fl1 758 P8 &
A B PIPE A, JE R AR ST U5 3 o
PRI R A R T s, SRR N T i TRV R R A R e
FAAIL ] B 7 0 S A BE PR L S S0 A 3 -
(A 1,4 W =)
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