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Abstract

BACKGROUND: MicroRNA-98-5p (miR-98-5p) can inhibit the high mobility group AT-HOOK 2 (HMGAZ2). The phosphatidylinositol 3-kinase/alkaline phosphatase/
glycogen synthase kinase-3p (PI3K/AKT/GSK-3B) signaling pathway is involved in cell proliferation. During the fracture healing process, it is unclear whether miR-
98-5p can act on the PI3K/Akt/GSK-3B pathway by activating HMGA?2 to promote the proliferation of osteoblasts.

OBIJECTIVE: To investigate the mechanisms of microRNA-98-5p (miR-98-5p) in promoting osteoblast proliferation and differentiation by regulating HMGA2 and

PI3K/Akt/GSK-3B pathway.

METHODS: MC3T3-E1 cells transfected with miR-98-5p mimics and HMGAZ2 plasmid by Lipofectamine 2000 were divided into a miR-98-5p mimics group and
a HMGA2 overexpression group, respectively. MC3T3-E1 cells transfected with dimethyl sulfoxide and scrambled plasmids were divided into a mimic control
group and a scramble group. Cells transiently transfected with miR-98-5p inhibitor using liposomes were as a miR-98-5p inhibitor group. Normal MC3T3-E1

cells without treatment were used as a blank control group.

RESULTS AND CONCLUSION: There were no significant differences in HMGA2, PI3K/Akt/GSK-3B, alkaline phosphatase activity and mRNA level between

the blank control group and the mimic control group. Compared with the mimic control group, the HMGA2 and PI3K/Akt/GSK-3B protein expression, cell
differentiation and proliferation, alkaline phosphatase activity and mRNA level were significantly reduced in the miR-98-5p mimics group. The interaction
between miR-98-5p and HMGA?2 predicted by Targetscan7.1 showed that compared with the mimic control group, the HMGA2 protein and mRNA were
reduced in the miR-98-5p mimic group, while compared with the miR-98-5p mimic group, the HMGA2 protein and mRNA had an increase in the miR-98-5p
inhibitor group. There were no significant differences in osteoblast proliferation, alkaline phosphatase activity and mRNA between the blank control group and
the scramble group. Compared with the scramble group, the PI3K/Akt/GSK-3B expression, cell differentiation and proliferation, alkaline phosphatase activity
and mRNA in the HMGA2 overexpression group were significantly increased. To conclude, miR-98-5p can inhibit the HMGA2 and PI3K/Akt/GSK-3B expressions
in MC3T3-E1 cells, inhibit cell proliferation and differentiation. HMGA2 is possible the direct target of miR-98-5p.

Key words: osteoblasts; microRNA-98-5p; high mobility group AT-HOOK 2; phosphatidylinositol 3-kinase; protein kinase B; glycogen synthase kinase 38;

transfection; MC3T3-E1 cells; proliferation; differentiation
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1 ##}F1755% Materials and methods
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1.2 BHE AbE SZEG T 2019 4F 9 H & 2020 4F 7 AEEH
A e N I 5 N FH B A B SR = S R

1.3 Akl

1.3.1 ZH /)N BRI TR0 T R R 4 B e B 14(MC3T3-E1
subclone 14) 4fiffd, 14T Eilg&EEEMRH A

1.3.2 SR A EERG] o-MEM B IR L iR
EDBEARAF BFMEE AN INZES A -
MBERR R HhZEKMA . BUIA MER ¥ B 3£ [H Sigma A Al
Lipofectamine 2000. TRIzol if #||. TagMan MicroRNA Jx #%
& 6 (RiboGreen) g &A% I 77 & #9556 [
Invitrogen 2 &; HMGA2 Jii R I H W 78 F IE A R A TR
AF R, 2R PR R B E LAY
BIHEARAF; CCK-8 14 H Higdl EAMFHH AR A B
T IR I v AR S B 6 SRR R R B A F] s RIPA
ZLRRAE B b 5 R SRR B AR IR A A o

14 7k

1.41 ¥ 3% MC3T3-E1 R H a-MEM 5 35 3t (2 44
580 10% fR B I . 75 & R 1x10° U/L, §EF & 1x10° U/L)
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ETCWE %M N 7R, B R MM E 37 C. AR H 5%
Co,.

142 FRE A LB 24 MC3T3-E1 411 A b - 5 $i 2k K 1
i, I ER N 6 FLAR (R FLEY 6x10° 4l ML ). 44
JH A A 3] 80% (14 il BE IR, A AR AR 23 % 10% fif A LI
5 mmol/L L- H il B F2 5. 100 nmol/L Hi ZE K #A F1 50 g/L it
IR BT () BB s SR e RE B2 9% 14 d, i@ Lipofectamine
2000 43 %Il % ¢ 50 nmol/L [¥] miR-98-5p 14 L # 5 50 nmol/L
) HMGA2 Jii #i 1] MC3T3-E1 4 iy, 7 MC3T3-E1 4fi il KA
miR-98-5p B HMGA2, 4% %l iy miR-98-5p #% %k 21 FIl HMGA2
R, =W T ALEE F MC3T3-E1 4 i 5% Scramblez
L BURL S 44 28 MC3T3-E1 fE g xf J, - 23 70l g % G it HE4H R
FE BRI .

14.3 A0S SRS K RE T 55 I MC3T3-E1 4
Ji 4 e 1) 96 FLA Y ( FF AL L) 4x10° NI ), B0 B gLt IR
4. miR-98-5p #5 YLl % HMGA2 it ik 4, ki 48hJE, H
100 pL o-MEM % 7 2k 55 10 uL CCK-8 A 7E 37 C NI & 41 i
30 min, SRAIZOG 7600 BTG I &-2H 450 nm IO A,
B 401 5 N EAL.

144 JNCE 20 0BG 5E R I Sk 5 K RCE s 3 R
MC3T3-E1 41 i 422 31 96 FLAR 1 ( & FL4J 4x10" A4l ),
B Yt A miR-98-5p #% YL Jt HMGA2 j 1A 4,
B3R 48 h 5, FHVA PBS PRIRAIAN 2 IR, 40g/L 2 JEHIRE[E &
10 min, & T F 50 mmol/L 7 E 40 (pH 4.2) 444 10 min,
FAFEMG, IR IS 570 nm B ALIOGEE,  Bra 45
w5 MEAL.

1.45 EdR R SRs: R /1% T 5 1 MC3T3-E1
YA E] 96 FLAR b ( BEFLL) 4x10° NEIAR ), L et
HE2H . miR-98-5p ¥ Yuzl & HMGA2 it Rik2H, HUE-ZHANpu ks
I FIEWL, TR HE I B BRI R N U B R AR, R
PR 2T 520 nm 4030 5 Bl B9 R i V5 1k, T A 2L S
MEAL.

1.4.6 PEENAE AT FEAIMIALBEGE RS, A FH RIPA Z2AR K
PR MC3T3-E1 plH /b 40 M (1 85 53, {4 FH BCA B IR E
or i 7R 0 B A R AT E AR, KR ARSI R
10% SDS-PAGE HEfiz ok B45 I E b, SR E{tEER
3 PVDF B I, 7E= I N H 5% (1 B0 g 4= 9 141 5 i 2
Ml 1 h, ££ 4 °C A 0.01 mol/L PBS Mk —HIVa I &
R, % E e B A B S A PR,
ECL R (i, EMS = il IR M ik B E 27 52,
5 FH Image J B A0 B Ak AT BEAT R BT, BT A AL RS
MEAL.

147 SEROGE ER GRS A% 4% B TRIzol 557 5 B
oML S5 B A0 B EUEL RNA, R TagMan MicroRNA
S SR 0K L RNA U 55 B cDNA, - 4 ) cDNA SR ¢
Jt (RiboGreen) & & for 1277 & AT € BRI . & F G B 1E
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M BE: 5'-CCG AAT TCA TGT TGG CCT GTT CAA CT-3', Jx X #k:
5'-ATG TCG ACT TAG TTA TTT TCA TAA TAC CAA ATT CC-3’;
HMGA?2 1F X 4%: 5'-TCC CTC TAA AGC AGC TCA AAA-3', [z W %%:
5'-ACT TGT TGT GGC CAT TTC CT-3’; GAPDH iI: X 4#: 5-CTT TGG
TAT CGT GGA AGG ACT C-3', Jx X #%: 5'-GTA GAG GCA GGG ATG
ATG TTC T-3'. 5148 th g mt e ks A W) & . T A B A2
Kl s k.

1.4.8 miR-98-5p & /& FH M K F TargetScan7.1 fF £k T. H.
(http://www.targetscan.org/vert_71/) il Ml miR-98-5p ¥ 4,
MRk Ik £ “Mouse” , L microRNA 42 347 Eb X 20 #r,
TR LI R 7 51 vh miR-98-5p 55 HMGA2 [] mRNA 3'UTR P
(VA=

1.5 EZIEIEH MC3T3-EL 40 (5. 731k, HMGA2
1 PI3K/Akt/GSK-3B & 1414 .

1.6 %itF o4 350K H3E1E GraphPad Software /A &)
GraphPad Prism 7.0 BfF. BT &5 BB UL xts KR, 2400
725 LR L R 3R 07 22 50 M, 4181 PR R ELBCR H SNK A4
P<0.05 NERAREEE L.

2 258 Results

2.1 miR-98-5p A% 4\ # %+ MC3T3-E1 4@ A HMGA2 #= PI3K/Akt/
GSK-3B i@ 3¢9 % v N 7% miR-98-5p 7 MC3T3-E1 4f fifg vf
%} HMGA2 Fll PI3K/Akt/GSK-3B i i {1 £ i, % F miR-98-5p
B, 2753 4 MC3T3-E1 7L e, 2 0 HE AL R
B Y o B 20 () HMGA2 i1 PI3K/AKt/GSK-3B % 53 6 & # A8 1k
(P>0.05), SEYxtIBLLIAILL, miR-98-5p #£ YLl ] HMGA2
A1 PI3K/AKt/GSK-3B & [ i % %1 (P < 0.05), W.[E 1. £
miR-98-5p 1J . 2% il B B 41 ffl MC3T3-E1 [¥] HMGA2 & 3%
1%, [R5 PI3K/Akt/GSK-3B JE 7%

2.2 miR-98-5p 4% T & F 7 4] MC3T3-E1 4m it 69 3§ 74 v
4 AR miR-98-5p X MC3T3-E1 41 il (1) 384 %l 11 4344 1)
SO, DR T miR-98-5p L YL Am . FH CCK-8 A il 41 i
HEBE, 25 0 R ZE RN L et HEZH 41 B 40 22 S R S R
(P>0.05), H#:YuxtiasHAHLL, miR-98-5p ¥ YL 4 fudi & &
FFEC (P<0.05), WL 2. 76 RiE TS RE AL,
IO h T 24 h I - ZH G0 o A0 R R 22 e G Y 3 1 R L (P >
0.05), 7= [ AR A% e xod HRLZH 48 h 71 72 h 40 /A R P 2%
ATREMEZ L (P>0.05), S Y RAMEL, miR-98-5p
BP0 A REE 525 PRI (P < 0.05) o % 0T IR AL AN e x4
MC3T3-E1 4l g 35 22 7 B B & Ve X (P > 0.05), 5 gexd
FRALAH L, miR-98-5p 5 HL4d MC3T3-E1 4 ifd fr 184 4 i) 2 B A1
(P < 0.05). 7% [ %] HE ZH RN J o) HEZH R B 200 0 384 B A 10 420 ik
PEBE IR N5 £ X mRNA 72 57 0 8 35 PR (P > 0.05); 5% e
Xof FRZAAH LG, miR-98-5p 4 JL4i Bl 1t ff R B V5 14 S« mRNA 22 3%
FEAIK (P < 0.05), LI 3. iXULEHF5T 3K B miR-98-5p T i 2 i)
B4 MC3T3-E1 (1 3458 143 4L



2.3 miR-98-5p A 44y F 3 4] F| A HMGA2 & ¥e & i 45 15 B
Targetscan7.1 728 T BT 7 miR-98-5p 5 HMGA2 AH HAEH ,
S5 RIS E T miR-98-5p Xf HMGA2 (1451 . 5 %% 4exf i)
ZLHAEL, miR-98-5p #5 L4Lff] HMGA2 & 9 Il mRNA £k .35
F#fi (P < 0.05), 5 miR-98-5p #; YL 41 #H Lk, miR-98-5p 11 il
FILHI HMGA2 25 11 R mRNA 34 35 1 i (P < 0.05), L& 4.
X W] miR-98-5p A 4f 7 L] HMGA2 5 315, HMGA2
#& miR-98-5p [ B #AE FI I s H B 4] HMGA2 &5 .
2.4 HMGA2 iF %k ik ¥T 4% 3 MC3T3-E1 4m /i, PI3K/Akt/GSK-3B
Wk WA REY], miR-98-5p HJ 4| HMGA2 &5 H 3Kk,
N M PI3K/Akt/GSK-3B i ", R 4 HE 5 HMGA2 Xif
PI3K/Akt/GSK-3B i #% ) 52 . fF MC3T3-E1 40 i H ik & ik
HMGA2, 75 [ %] HE 41 F0 25 [ i ki 26 PI3K/Akt/GSK-3B 2 =7 TG
BEMZ N (P>0.05); 5AFKAAHML, HMGA2 i &Ik
ZH I PI3K/AKt/GSK-3B FiA /K- &1 N (P < 0.05), W.[ES.
X 2% B miR-98-5p i i #1141l HMGA2 K~ i PI3K/Akt/GSK-3B
T

2.5 HMGA2 i & A+ 2 F¥74] MC3T3-E1 424934 74 4 5310
W98 2 B, miR-98-5p 1] #1i] HMGA2 & [ %%, HMGA2 1]
10 PIBK/AKE E 2 1, [ IS I T 400 ] 0 R P 8 5 4 B
MC3T3-E1 41 g1 7675 HMGA2 TJ$88% PI3K/Akt/GSK-3B 1H 5 .
NP 5 HMGAZ i 338 560 i 4 B 3 5 A 2 AL it sg mm, - DLOR
K ABLEE, 760 h Al 24 h B E ML ZE R TR E
B (P>0.05), 75X AR (1 FRL4L 48 h A1 72 h i,
B AN RIT (P> 0.05), 5% H R4, HMGA2 i
FIL AR S A RE P 2 TH iy (P < 0.05) B 20 i 19 B A
Mg HEFRBE, 2 O RRZELRN 25 1 R, 4 S B R 2 e O S 3
PERE X (P>0.05), 57 EALAAH, HMGA2 i ik 4 4
JL 3G 8 W R 3G (P < 0.05). = F 0 2 AN 2 1 Jo R 2 () e
TR B PE A mRNA 2 700 B E R X (P> 0.05), H52HR
FLZHARLE, HMGA2 Job 3 i 2H s 14 Tl 12 T i 726 A1 mRNA R34
HH B30 (P < 0.05), U.[E] 6 fl17.

3 iFi¢ Discussion

ARV Z B R IOR 1B E A o AR D B,
WE R RGE Y. BRET S RER T 2ME)T
FBORIGIT X, (7 AR a2 R . A
T3 B0 miRNAs 7540 BB B8 58 . 434k AR T o e 25 3 1 1R 4%
PE B2, Horh miRNAs 2 5 7 15 0B 40 i 20 1 B AR i
FIE T JR ST 4F R (R F 8 48 2220, il 4 ) miR-467g %
ST R B AR ST, R miR-467g W] i 1)
1 Runx2 {5 5@ B R PLIE 3B A ™ miR-221 l i@t A
Runx2 232 308 B B 40 i 20 AL AR B P9 DR, miRNAs
BT AR T B 1B AT I 950 RN A S B T R A (1) B
o

PI3K/AKT {5 5B B fEAN AR ) AR BGTE ANt h e

HEEAER P, PIBK/AKT Jli i mTOR J& {2 k4N i 17
Z 5 M AR BB AN I AR R PP ] PISK/AKT 5
5 AT Mg X KRR B 4B R SR B,
PI3K/AKT {5 5 it #% ] A 5 K Bl 40 it 386 i 4k B
GSK-3B J& —Fh Z The L &R / 75 AR B, VI AN 2
BB AC U IR B, AR A A A K AT
T2 PIBK/AKT [ Vi JiE 4 R v 4 Y, GSK-3B 2 i
T HZEK NS SRR B 4T H R T B HLAR Al A B
PI3K/Akt/GSK-3B 17 58 4% 18 717 K 51 88 1) 7 9 400 L 114 ke
Fridfe .

BB 5T LA MC3T3-EL N BF 52 6F %, £ Targetscan7.1
75 28 T H 70 I miR-98-5p [¥] ¥ 55 /& HMGA2, it — b Ht
MC3T3-E1 4l i 3@ i 5% 4% miR-98-5p Bl Fl HMGA2 Jii ki,
RN IR, SFYTIRAAA L, miR-98-5p FEYusH v] ik 2 )
il HMGA2 FI PI3K/Akt/GSK-3B &5 [ ik, 5 Yuxf IR ZH AH
bb, miR-98-5p % Y 2H W] i 2 411 ] MC3T3-E1 4 i fr) 48 5,
iYL, miR-98-5p 5 YL i ] I 2 H i R L B R
BEiE e, SR IRALMI EL, miR-98-5p % YL 2H T 5 3 41 )
T VE 185 i 1§ mRNA K1k, 5 miR-98-5p %% 4L 2H #H L, miR-
98-5p #I il 7 ZH () HMGA2 25 (1 fll mRNA Rk B E . 5
2RI A L, HMGA2 i ik 4111 PI3K/AKt/GSK-3B ik
BERI. 52 AFRAMEL, HMGA2 i 3k 4 40 i (1) 7>
WEERENE. SEARAAME, HMGA2 i Rk 4 AT
R MC3T3-E1 4ifussE . 525 AR 4LAELL, HMGA2
Tt Ak ] 2 S DR PR TR MR AT BRI B R B mRNA
ik, AWK miR-98-5p W] A S 3 3 5 K i HMGA2 &
ik, W PI3K/AKL/GSK-3B JE K%, 25 AR 41 A 138 4 A 43
1k, B miR-98-5p T &% @ ioF 41 1 HMGA2 % F i PI3K/Akt/
GSK-3B {5 530 %, Yok 55 B 40 L (¥ 38 B R 43 Ak, $0 ) miR-
98-5p S it B 47 A 4 I R T . RN SCktE o, 7
HH A LFEF, miR-98-5p FJ 4 1755 (1 B H 41 i frg 43
LRI, HMGA2 I 33k v] ¥ 4% miR-98-5p IEFH, #&/R
miR-98-5p T Hi & i ¥ [5] HMGA2 101l ji i 43 4 R A1 240
A=K K BH IE A P A B, miR-98-5p &% YL RS A5 11 Hep-2 41
M3, 0 RR E K, 5 miR-98-5p i HMGA2 ifij
0 1) W AR P RE RS AL, miR-98-5p T B A Ay Wk i I 12 ¥ 1)
BTHE AP, {H miR-98-5p J L% HMGA2 76 Bl i 41 a8 i
SRR U S S E B TR IR FE, B — B
A WV E K miR-98-5p & HMGA2 dL 3% YL 2% %% miR-98-5p
% HMGA2 R IB 14 o

25 iR, miR-98-5p A i HMGA2 A PI3K/Akt/GSK-3B
P, T4 miR-98-5p F {2k HMGA2 25 13815, 1Y 5& PI3K/
Akt/GSK-3B JH %, 5k plE 40 s s A oL E . Utk
YW 70N B T A R 7S AT 3248 7 B . {H HMGA2
VA2 PI3K/AKt/GSK-3B i 2 55 LR 41 40 i F) EL A4 A FH ML ]
3R T B — B 7T

Chinese Journal of Tissue Engineering Research | Vol 25 | No.26 | September 2021 | 4115



A EEXF Y miR-98-5p {Oj ;B
WAL JRAL R T2 150
o= Sy
T 100 ,
& =
W % 50
SE
o= 0
Pl
TR HRAL
Yt AL
miR-98-5p 4 jeéil
¢ 23 150
74 331507 ﬁj =
s hs
oz = K2 1004 ==
% 21001 . oy a
= - r EE) —_
B Ea
EX s0 "E g 50
] e
e i
& 0- L = 0
a

E o Bl B A Dk 4 02 B i 43 AT
310 HMGA2, PI3K/Akt/GSK-3B Z& [ #H
Efu? ool Ft#ik; B A HMGA2 2 (AT %
g a ks CONPIBK R H AN £IE; D
=3 5o N Akt B [ M X R k5 E N GSK-
HE 3B RAMNRIE, SEANEA
3% o LR AL L, °P<0.05

1 | MC3T3-E1 £H Bl &1 miR-98-5p % HMGA2 1 PI3K/Akt/GSK-3p i 2%
HHNHIER (n=5)

Figure 1 | Inhibitory effect of microRNA-98-5p on HMGA2 and PI3K/Akt/
GSK-3B pathways in MC3T3-E1 cells (n=5)
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Figure 2 | Inhibitory effect of microRNA-98-5p on proliferation of
MC3T3-E1 cells (x200)
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Figure 3 | Inhibitory effect of microRNA-98-5p on proliferation and
differentiation of MC3T3-E1 cells (n=5)
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Figure 4 | Direct regulation of HMGA2 mRNA by microRNA-98-5p (n=5)
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Figure 5 | Overexpression of HMGA2 promotes the expression of PI3K/
Akt/GSK-3B pathway in MC3T3-E1 cells (n=5)
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Figure 6 | Inhibitory effect of HMGA2 overexpression on proliferation and
differentiation of MC3T3-E1 cells (x200)
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