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R IN — FOSUIEHE MC3T3-E1 4 At IR SRei@ ik, SR S NV (Western blotting) FH A S GVERL I B WEAH G H A,
FE S WU R e AT TR o e IR . — F IR 400 pmol/L #H . — FF UMK 400 pwmol/L 13- F L JInnd (3-MA , 5 mmol/L)
211 3-MA 5 mmol/L 4143 il MC3T3-E1 4/l 4 h 5, K Western blotting ¥, e 5¢ ik, B 5 BT B 4845,
FFIH ALP 440, )¢ # RT-PCR Fl Western blotting #r M BiE g Ji. AR HAUIMAE S FIE AR S HLE 1t MC3T3-E1 41
¥ ALP 31, JFH 400 pmol/L — FEBUNZ ek MC3T3-E1 Al M BaE g . —FRAT0 (F#D. 200, 400 pmol/L
ZH 1K) LC3 II/T LU B K, P62/B-actin LLARIEMTIR /DN, LC3 5260 LM 1, 800 umol/L — HIXUINLH /) LC3 TV/I B3/,
P62/B-actin ELHIIER, LC3 GBI H SR MALLE, 400 pmol/L —HXUIZ K LC3 1/ LAEW] B3E K, P62/B-actin
FEAE W W REAIE (P<<0.05), LC3 ZGimfifmim. SATMALE, —FXUI 400 pmol/L ZHH LC3 IVL I HL{ARS R, P62 HRIHE
B> (P<0.05), LC3 %bompBettng, B AsaiL,; ALP WGP, WMEMCERME T OCN, COL1 [HRIEEE
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Research on metformin promotes osteoblastic differentiation of MC3T3-E1 cells
by activating autophagy

XU Qing, CHEN Xu, ZHANG Yan-chao, HE Jing-teng, LI Jian-jun
Department of Trauma Orthopaedics, Shengjing Hospital of China Medical University, Shenyang 110004, China

Abstract: Objective To investigate the effects of metformin promoting osteoblastic differentiation of MC3T3-E1 cells by activating
autophagy. Methods MC3T3-E1 cells were treated with osteogenic inducers containing different concentrations of metformin, and
the concentrations of metformin were 0 (control), 200, 400, and 800 pmol/L, respectively. The optimal concentration of metformin in
MC3T3-E1 cells was determined by ALP staining. Western blotting and immunofluorescence were used to detect autophagy-related
proteins, and the optimal intervention concentration of metformin was selected. The MC3T3-E1 cells in control group, metformin 400
pmol/L group,metformin 400 pmol/L + 3-MA 5 mmol/L group, and 3-MA 5 mmol/L group were interfered for 4 h, respectively.
Autophagy indexes were detected by Western blotting, immunofluorescence, and transmission electron microscopy methods. And the
ALP staining, semi-quantitative RT-PCR, and Western blotting methods were used to detect the osteogenic ability. Results
Metformin could promote the ALP activity of MC3T3-E1 cells in a dose-dependent manner, and 400pumol/L was the optimum
concentration for promoting the osteogenesis of MC3T3-E1 cells. In the metformin 0 (control), 200, and 400 umol/L group, the LC3
I/ ratio was gradually increased, the P62/B-actin ratio was gradually decreased, and the LC3 fluorescence intensity was gradually

increased. In the 800 pmol/L metformin group, LC3 II/I ratio was decreased, P62/B-actin ratio was increased, and LC3 fluorescence
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intensity was gradually decreased. Compared with the control group, the LC3 II/I ratio in the 400 pmol/L metformin group was

significantly increased, but the P62/B-actin ratio was significantly decreased (P < 0.05). And the LC3 had the strongest fluorescence

intensity. Compared with the control group, the ratios of LC3 II/I were significantly increased in the 400 pmol/L metformin group, the

expression of P62 protein was decreased (P < 0.05), the fluorescence intensity of LC3 was increased, and the number of

autophagosome was increased. The activity of ALP was enhanced, and the osteogenesis related genes and protein expression of OCN
and COL1 were increased (P < 0.001, 0.05, 0.01). After 3-MA 5 mmol /L was added to metformin, the ratio of LC3 II/I was decreased,

and expression of P62 protein was increased, but the fluorescence intensity of LC3 and the number of autophagosomes were

decreased. The activity of ALP and the osteogenesis related genes and protein expression of OCN and COL1 were decreased.

Conclusion Metformin can promote osteogenic differentiation of MC3T3-E1 cell line by activating moderate autophagy.

Key words: metformin; autophagy; MC3T3-E1 cell; osteogenic differentiation
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pAb. FITC fric IRt 1gG (H+L) WH T
KA. BAREEbRIC L ESUR 1gG (H+L) W EH
¥4 M. BCIP/NBT il V1 B 1% i 2 (18 7 &
SDS-PAGE [ 220, SDS-PAGE iz i
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H BT FIG . B-actin HT 514 5°-GGCTGTATTCCC
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BRAM M BE A 3.3 mmol/L, & HudA IR Ak FEE
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ALP Qo D0 5ERE97, PBS 3006 3 Ik, H 4%
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L 3X10° ANALIE4IRF R T 6 fLBR . 4300
&4 0 CEHED L 200, 400, 800 pmol/L — H XU
()5 75 377 T- 70 MC3T3-E1 411 4 h )5 % JH Heis
El137F (Western blotting ) 3l & [F W AH ¢ 85 1 LC3I1,
LC31. P62, X 4H H 4 4 Bl S 4 H 4 g
MEA (LU, BCA EEEAWKE. 4
I 12% (LC311. LC31. P62, B-actin) SDS-PAGE
RIS S%kgEN, SAE A ERAEN 30 ng, H
VK, FHFEA PVDF B L, 5%BiIR9H: =i A 2 h,
—Hi4 CHEERLC31: 2000, P621 : 10000,
B-actin 1 : 1 000), —HT (1 :20000) =iIFHE 2 h,
TBST Ptk )5 ECL BEJt. Image J BAHSIENR 704
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H 50 7 58 E B S0

TEH BT 12 FUBF,  BL 2 X 10* AN/ FLIE 40 i ol
M. &4 0 ChH#ED. 2004 400, 800 umol/L
- FRUNCE B 35 S R T MC3T3-EL 41 i 4 h )=,
TP IETREHE, 4% 22 58 H R S E 20 min, A
0.5% Tritonx-100 Z B 5 min, A L= 105 %
£ 30 min, WXl=E1yE, &FLI0 abcom LC3 —
Pr (1:200) §E, 4 Cilw, 2K FITC %
Pt (101500 HREOCHF 2 h, NI =K DAPI
FIBEOEIFE 2 min, BEEPNZOE 400 5 HAH. 2%
R 2 s, MG 100 ms. K S 9 ik
REIAS R B — FEXUIRAL LC3 2 A 9 s

TH I S0 VB SO ) A T ROR S, A
W g T TR B oI EL WA, Bk R
IM+3-MA 44 (& ZFXT 400 umol/L. 3-MA 5
mmol/L FJEE 75 S HD o 540 3 215 5 A %6 ZH (Rl

HIFEFHD. HXUIMA = F XK 400 umol/L
FIRCE %S5 A 3-MA 41 (45 3-MA 5 mmol/L ]
JCE 2D T 4 44 5 /B MC3T3-E1 40 g .
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BL 3 X 10° A/ALIGNHa i T 6 FLB . X AL
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3-MA 5 mmol/L 41.3-MA 5 mmol/L 4171 MC3T3-
E1 40 4 h &5, KM Western blotting 5451 H A
JHE A LC3IL. LC31. P62 $RENAR 1A 5 W o
fic sl 12% (LC3II. LC3I. P62. B-actin) SDS-PAGE
AR S%M4giie, FRE. Hvk. R B
BF bprik, —$Hr4 CHHELA (LC31: 2000,
P62 1 : 10000, B-actin 1 : 1 000), —~Hi (1 : 20 000)
FEiWFHE 2h, TBST ¥E¥% 5 ECL B, H ImageJ
AT IHAT BB ST
2.7 ZHWANAN B BEHD ST X MC3T3-E1 4R
LC3 ERRE RN IEE RIS

JEF BT 12 FUBCF, BL 2 X 10* AN/ ALK 4i i F
MR o XHEgl. — XK 400 umol/L 2. —H
XK 400 pumol/L+3-MA 5 mmol/L 41. 3-MA 5
mmol/L #4117 MC3T3-E1 41/itd 4 h J&, K g%
FEIEATI LC3 2 s 5
2.8 ZHWANANN B EEHDSIFIXT MC3T3-E1 4Aa
B MR (R 55 =2 7Y 52 M

LL 2 X 10° A/ALIGN i T 6 FLB . X AL
ZHAT 400 pmol/L 4. —HIAUK 400 pmol/L+
3-MA 5 mmol/L #1. 3-MA 5 mmol/L £14} %) T-#i 4 h
Jo, FEiEEIRAL, N R R R,
RGNS, IINHT I B ] v S 52 2 hy
B2 4 CRAF. WK, B, U, 3, &
ST RLBE 20 000 fiF FULEE A IRAA
2.9 ZHWALAAN B EEHNHIFIX MC3T3-E1 415
ALP JE R0

Mo HEZH . FOOUIT 400 umol/L 41 — FF XU 400
umol/L+3-MA 5 mmol/L 4. 3-MA 5 mmol/L 443
M4 h G, FEmidsaedt, sl s v
SRR E 3d, 3dEHE R TEGR SR,
Rig% 7d JEEHT ALP %2t ALP YBR[ L.
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B HE X EE RS20

L2 X 10° AL AL T 6 FLER P o X 4L
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3-MA 5 mmol/L ZH. 3-MA 5 mmol/L ZH 4351777 4 h
o, FEBR, S AR R i S AR 3 d
JEHEEL RNA, gqRT-PCR LK MC3T3-E1 [ RH
FHSEHEE] OCN A1 COL1 . #4518 B 15 H] Trizol $2HL
RNA, BEbRACI 5 S, 1418 PCR PrimeScript ™ RT
Reagent Kit 5t B F5ECHl— A% 10 pL ARFR 1) S i %
mix, 37 C 15min XN, 85 ‘C 5s &ML
W5 RN . #% 1 TB GreenTM Premix Ex Taq ™ 11 43 %1
A OCN, COL1 Fi Ji5 51 ¥ HUK T 7K B 4 411¢) cDNA
BeshlP 1 mix, 2K 4800 Pi2Lik PCR 4%, ZH—
SHAEME, 1 AMEIR, 95 'C. 30s. 5525 PCR Jx
I, 40 MEFR, 95 ‘C. 5s, 60 ‘C. 30 s,
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REHEXEBHEMN

L1 X 10° AT IR R 6 FLAR o X6 4
XU 400 pmol/L 4. —FXUIK 400 pmol/L+
3-MA 5 mmol/L #1. 3-MA 5 mmol/L #1355 4 h
i, PRGN B 5 Ak L
H3d, 3d a8 BRI VAR, KR 14d )G
Western blotting #5ll MC3T3-E1 [1H A
OCN #I COL1 &1k, KLl 10% (OCN. COLI1,
GAPDH) SDS-PAGE 73 B/ 5%M4ile, A,
HPK el BHPRE LT, —$Hi4 CirE
& (OCN1:1 000, COLI 1:500, GAPDH 1:5
000), —Ht (1 :20000) =JFFH 2 h, TBST Pk
& ECL B, ] Image J #AF3EAT B0 HT
212 FitFESR

P s s REE 3 Ik, 455K SPSS 22.0
A1 GraphPad Prism V.6.00 3477047, H1E LA

xts Rk, RIURIN R 7 2290 MR Tukey’s K056 .
3 %
3.1 FREIRE ZBWALX MC3T3-E1 485 ALP &
{Ed:0b-A10)

LR 0. 200, 400 pmol/L — FURUIT41
MC3T3-El 4iffiiff) ALP 4631 ik, {2 800
umol/L — FIXUINAL ) ALP Bt 5 fir F I, WK 1.
PR HOBUNCRE S 7] S AH O Mt 2 2 MC3T3-E1 44
ML ALP 351, 9 H 400 pmol/L — H U & /R it
MC3T3-E1 4 i iy ) e s R i
3.2 ARIKEZBXAA MC3E3-E1 £05f 8 I+
e A=A

TUHOUIT 0 CREIED | 200+ 400 umol/L 4115 LC3
/1 LU B Wi K, P62/B-actin LLAEZWIIR/N: 800

umol/L " HIXUIR4LI¥) LC3 IVI {E#k/), P62/B-actin
Ll oe, WK 2,

EiX A LB, 400 pmol/L — FEXUIRAL ) LC3
/1 LEAE ]2 K, P62/B-actin LLAE WAL (P<
0.05), W& 1. a5 400 umol/L — H XUIKZH i
LC3 I/I EuilE K, P62/B-actin Ll H )N

LI

B pmol L)

1 REREZBENAI MC3T3-E1 404 ALP SE 895200
Fig. 1 Effects of different concentrations of metformin on
ALP activity of MC3T3-E1 cells

3
LC3I 16X 10
| — - e o— 3
— —— e — 3
B-actin 43X 10
— 62X 10°
P62
. 43%x10°
B-actin
0 200 400 800

BN umol-L)

2 AREIRER ZEBWANY MC3E3-E1 ZHAfH M X E
BHRIF M

Fig. 2 Effects of different concentrations of metformin on
autophagy-related proteins in MC3E3-E1 cells

*1 FRELIRE BN MC3E3-E1 A BMEHEXER
LC3I1 71 P62 KX EBHIFM ( x+s, n=3)
Table 1 Effects of different concentrations of metformin on
the expression of autophagy-related proteins LC3II
and P62 in MC3E3-El cells ( x+s,n=3 )

U5 R/ (umol- L) LC3II/1 P62/B-actin
POy — 0.76+0.08 1.06+0.03
—H 200 1.14%0.10 0.620.01
BT 400 2.09+£0.02" 0.5240.01"
800 1.53£0.05 0.74+0.02

GRHRALLLE: TP<0.05
"P <0.05 vs control group
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3.3 ARIKE ZHEXANX MC3E3-E1 4 LC3 &
SRR A =0pA

0~400 pmol/L - FIXUIRALIK) LC3 %o &
G, 800 pmol/L — FXUIK 1) LC3 96 E T F%,
DL 3. Hod 400 pmol/L — UL LC3 %5
J& Bt

o - - - -
0 200 800

~ FSUDIA ol L)

3 AEREZEBWAS MC3E3-E1 415 LC3 EA%IE
RICIRE BTN

Fig. 3 Effects of different concentrations of metformin on
the LC3 protein immunofluorescence intensity in
MC3E3-E1 cells

3.4 ZEXANANA BREHDHIFI 3 MC3T3-E1 ZHAf
SlEEPER= A

XU LC3 I K, P62/B-actin
Eefde ;- FORUIT+-3-MA 41 LC3 IVT i/,
P62/B-actin ELE1E A 3-MA 41 LC3 /T E A fx
/N, P62/B-actin F K, UL 4.

Ej x4 LL#E, 400 pmol/L — FFFSUITZH ) LC3
/1 B 39K, P62/B-actin LEAE W WML (P<
0.05), WL 2.

LC3I 16X 10°
LC31I 14X 10°

. 3
B-actin et T — p— 43X 10

P62 — -l S <0

B-actin

— — S m— )

X SR HRUITH-3-MA 3-MA

El4 ZEXALAAN B REHDHIF F MC3T3-E1 HEEXER
LC3 #1 P62 AI5ZM

Fig. 4 Effects on autophagy-associated proteins LC3 and

P62 in MC3T3-E1 cells after metformin was added

to autophagy inhibitor

& 2 ZHXALANA BREFIFX MC3T3-E1 4858 5 B4R
XEALC3 P62 RIZZHFM ( x+s, n=3)

Table 2 Effects of the expression of autophagy-associated

proteins LC3 and P62 in MC3T3-E1 cells after

metformin was added to autophagy inhibitor ( x=s,

n=3)

25 Fil LC3II/I P62/p-actin
xof — 1.0940.09 1.16%0.08
THIRUIR 400 pmol-L 1.7440.04"  0.27+0.02°
HXHE4 400 pmol L'+

MA s ol L 1224009 1.05+0.11
3-MA 5 mmol-L™' 0.61+0.16  2.04+0.21

XAt "P<0.05

*P < 0.05 vs control group

3.5 ZHEHWALIA BEEHDFIFXT MC3T3-E1 £0A8
LC3 ERRE RN IEE RSN

O HUOWUIRAL IR LC3 B 198G fe it — W
IN+3-MA 41 LC3 HEEZOGmERSS; 3-MA 4l
) LC3 %t A i 55, LI 5.

- --..
o - -- -

UK FXUIT3-MA

5 ZHEXARA BREHFIFE MC3T3-E1 /) LC3 &R
RIERABELTNL
Fig.5 Changes of LC3 protein immunofluorescence intensity

after metformin was added to autophagy inhibitor

3.6 “HWALAN BEEHDSIFIX MC3T3-E1 4i5a
B R (R 25 2 7Y 52 M

XU B AR S, = XU+
3-MA 21 H ARSI D, 3-MA 21 H WA B
b, WK 6.
3.7 ZHWANANA B EEHDSIFIXT MC3T3-E1 4R
ALP JE RIS M

THOSUIRA Bttt ik, —HRUIN4-3-MA 414
ks, 3-MA ARy, WK 7.



+ 588 « WA 5 4 5t &

Drugs & Clinic

34 FHIH 0 20093 H

it R

s AN e

ZHXUIT+3-MA

Bl 6 ZEXANAMABREANGIFF MC3T3-E1 BIEFEETL
Fig. 6 Changes of the number of autophagosomes in MC3T3-E1 after metformin was added to autophagy inhibitor

LIS

THXN+3-MA  3-MA

X} ZHBUNE

E7 ZEBRXANNABEIEIFE MC3T3-E1 41/8 ALP &
MK
Fig. 7 Changes of ALP activity of MC3T3-E1 cells after

metformin was added to autophagy inhibitor

3.8 ZEAXANANA B REHDHIFI* MC3T3-E1 ZHAf
a=iEPL-YesN:0bA )

T HIUITALY OCN Al COL1 KR Ik ik,
THOTA3-MA 41/ OCN Al COL1 FERFR LK
59, 3-MA 4] OCN F1 COL1 J: MRk fe 55 . 55X}
AR, —H XU 400 pmol/L ZHf) OCN mRNA.
COL1 mRNA WIRKGK, WALz A5
X (P<0.001. 0.05), W% 3.

% 3 ZHXNAMMABEHEIFIE MC3T3-E1 BEHXE
OCN #1 COL1 RiZEMEWL ( x+5, n=3)
Table 3 Changes of the expression of osteoblast-related genes
OCN and COLI1 in MC3T3-E1 after metformin was
added to autophagy inhibitor ( x+s,n=3 )

4151 flEss OCN mRNA COLI mRNA

Paics — 1.0040.00 1.00+0.00

T 400 pmol- L 1.9440.16™ 1972036
- -1

SR 400 mol L 008 1044007
3-MA 5 mmol-L

3-MA 5 mmol-L~" 0.59+0.10  0.86%0.03

LxteAl b "P<0.05, "TP<0.001
"P<0.05, ""P<0.001 vs control group

3.9 ZHWANANA B EEHDSIFIXT MC3T3-E1 4R
MEHEXERNRN

T XUIRZL I OCNL COL1 ARk Teom; —
FXUIT+-3-MA 41 OCN.COLI1 & H R IAW TS ; 3-MA
4t OCN. COLI HHKIARYY, WK 8.

L B2 L, — HRUIT 400 pmol/L 21 1) OCN/
GAPDH. COL1/GAPDH B Hi K, P4 LR xR
HAG R L (P<0.05. 0.01), W 4.

oov RN s 10
COLI iy - W . 30X10°

3
GAPDH - -_— -— 36X 10

payle XN = HXUIT+3-MA 3-MA

B 8 ZHXANMANBEEHISFIE MC3T3-E1 BEBHEXE
H OCN 71 COL1 %1k,

Fig. 8 Changes of the expression of osteoblast-related proteins
OCN and COL1 in MC3T3-El after metformin was
added to autophagy inhibitor

x4 ZHYAMMABREIMFEIFIGE MC3T3-E1 HBEHEXE
M OCN #l COL1 RiZEMTW ( x5, n=3)

Table 4 Changes of the expression of osteoblast-related

proteins OCN and COL1 in MC3T3-E1 after

metformin was added to autophagy inhibitor ( xts,

n=3)

25 Piilh=s OCN/GAPDH COL!/GAPDH
papics — 0.75+0.03  0.73%0.06
ZHXUIK 400 pmol- L7 1.01£0.04" 2.39+0.09"
XU 400 pmol- L7

. 0.67£0.03 1.37£0.05

3-MA 5 mmol-L

3-MA 5 mmol-L™! 0.42+0.04 0.8440.03

xR "P<0.05, TP<0.01
"P<0.05, " P<<0.01 vs control group
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4 g

Bl N EEAL ARG 7 U s, 2 pER
o R TOBAAE JE BTG 2 . ORI 16T 2
RUHE PRI IR — £ 2590, H A AU B SUDION
RGN TR, BENS (LR B 40 M A B 43
A 4k, HA L — F ST RS I #S AMPK/
USF-1/SHP i B {2 3 Runx2 {35, M ek e
S, Mu 5L B/ s A rh XU A
TR sirt6 1113 I8 S A 1E By 40 R 1) e i 70 4k
Cortizo 5PVR B — HIXUITAE M N IR LI ERK.
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