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mTORC1 {5 518 B £ KM /1 T X/ R & BE 8] 72
R RR R & 3 HIER

B, HRX, FHK, GeH
Hr ERRFHBMMN T H —ARKR A &R FHAESHTFR, $d #RM(423000)

[#ZE] Br HWiIWIlsiEMmERE S 1 (mammalian target of rapamycin complex 1, mTORC1 ) {5518 %
T JE A 5 A 2 5k S VR T X /DS BR8] 72 5 40 B (bone marrow mesenchymal cells , BMMSCs ) 9 Ji B 43 L 11
e ik MRS B 1R B9/ B BMMSCs it i A48 5 10% 19 S sh 2522 5K 7, 722 5K J5 0.1.2.4 .8 h A
HH western blot A& P P ¥ mTORC1 {5 538 % = %2 43 F mTOR | Raptor \ WA 25 (4 S6 1 (ribosomal proteinS6
kinases , SOK ) [ 1K A8 4k , I 1) FH Ak 2% BU €20 724G I i 14 9% B2 i (alkaline phosphatase , ALP) (75 #£25 {k , ELISA
K I A 45 2R (osteocalein , OCN ) ik i, RT-PCR 754 Ul Runt AH & 4% 5% A ¥~ (Runt-related transcription fac-
tor 2, Runx2) A mRNA K548k o K BMMSCs 73 o #2303 20 S % B2, 2 il i A T2 2 PP242
MHY 1485 }2 PBS, 11 J3 2 h J& JH b3 J5 24600 S6K 5 B 5 S ARG TG M s ki Bk, 2R Western
blot 45 2R W7 , mTORC1 A5 538 i E 25y FAER K IERE I 8 h NS KA IFEEM N F 2 h Kb fd . 5
Xf BRZHAH LG, #0] mTORC1 {5 53 B R 3AJ5 , ALP i ¥ L OCN 3k T B, Runx2 () mRNA ZKF BFt, 22 ¥ B A
Geit R (P <0.001) ; #% mTORC A7 538 % £ 3K )5 , ALP 1% 14 .OCN ik E T}, il Runx2 mRNA /K- F [,
EFYHAGI#EL(P<0.001), it mTORCHFE SIS T 4K 1 N/ B BMMSCs iU 4 fbid 2,
PO %A T 3 % AT DA ik H R o o

(X82iR] A#EE RN, WIS BREMGERLEAL S FIIERMZEK
AEORACE;  PRPEBEIREG; BE5EE;  RuntMCHEEET;  AZHEREE 1 S6
[(FES XS] R78 [X#FFED] A [XEHS] 2096-1456(2020)04-0219-05 T
[SIAHERERX] ZiH, R0, 8RR, 45 . mTORCI {5538 B AL 7K I 77 /0N B i ) 38 55 40 i il i 40
AR I, F IR iR, 2020, 28(4): 219-223.

The role of the mTORC1 signaling pathway during osteogenic differentiation of mouse bone marrow mesen-
chymal cells under tension stress PENG Haiyan, JIANG Xiaowen, HUANG Huaqing, CHEN Jinyong. Depart-

ment of Stomatology, The First People’s Hospital of Chenzhou City, The South Medical University & Institute of Transla-
tion Medicine, University of China South, Chenzhou 423000, China

Corresponding author: JIANG Xiaowen, Email: jxw0927@163.com, Tel: 86-735-2343899

[Abstract] Objective To investigate the expression of the mTORC]1 signaling pathway during the osteogenic differ-
entiation of mouse bone marrow mesenchymal cells (BMMSCs) under cyclic uniaxial tension and explore its possible
role. Methods The BMMSCs of mice were affected by uniaxial dynamic tensile force. Western blot was used to detect
the expression changes of major molecules (mTOR, Raptor, S6K) in the endogenous mTORC1 signaling pathway at 0, 1,
2, 4, and 8 hours after stretching. Chemical colorimetry, ELISA and PCR were used to detect alkaline phosphatase
(ALP), osteocalcin (OCN) and Runx2 mRNA, respectively. Then, inhibition, activation and control groups were estab-
lished by administration of the drugs PP242, MHY 1485 and PBS, respectively. Two hours after the stress, the expres-

sion of S6K was detected by western blot, and the expression of the osteogenic signal was continuously detected by the
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above methods. Results Western blot analysis showed that the main molecules of the mTORCI signaling pathway
were all expressed within 8 hours after traction, and the highest expression was 2 hours after the stress. Compared with
those in the control group, the ALP activity and OCN expression decreased and the Runx2 mRNA levels increased after
the mTORCI signal pathway was inhibited (P < 0.001); ALP activity and OCN expression increased after the mTORC1
signal pathway was activated, while the Runx2 mRNA levels decreased (P < 0.001). Conclusion The mTORCI signal-

ing pathway participates in the osteogenic differentiation of mouse BMMSCs under tension. The osteogenesis of

BMMSCs under cyclic uniaxial tension would be enhanced if the mTORCI signaling pathway was activated.

[Key words] bone marrow mesenchymal cells; mammalian rapamycin target protein complex 1; cyclic uniaxial

tension; distraction osteogenesis; alkaline phosphatase; osteocalcin;  Runt related transcription factors; ribosom-

al protein S6 kinase
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HFBARE LA L EG T  C JF R AEHL
2255 — T e BRI G2 e R O T R 4R
Xof % 5 3 i B ) IO 2 200 D ARRI B A BRY E EEA
il — & %8 18] 78 T 4 i (bone marrow mesenchymal
cells, BMMSCs ) 7 4% 5K Ji 1 A i (9 ELAAHIL ot

B A K 1 23 AL AT SE IR YT A S H A
TR S Z B TT AN L A TR A X A it o Sl
WPy A2 5K 0y, OF BAT S 5 B R R A 2
PRSI 7% 5 0T A0 M52 W) F) S5 S A A

T AR B 5 A 0 TR A EE R 2R H (mechanistic
target of rapamycin, mTOR ) {5 538 B 76 B &K B
PP BB E AR KPR R 2 i
A A% %R 2 A% 1 (mammalian target of rapa-
mycin complex 1, mTORC1) {5 5 i % F 2 H
mTOR .mTOR #H5¢ 475 & [ (Raptor ) Ml mTOR #4751
I HEH SECT3 IR 7L 31 BUEEE 11 8 (mammali-
an lethal SEC13 protein 8, mLST8) 20 i , BE 4% 5% I
ENCES NSRRI S i 8 VR & U S DN
N TR 245 %) 85 WA B 2% (rapamycin ) 8RR {0 HAE 22 9K
JCE D5 IR FE R o AR S DL 22 BT A0 S i
8 T 5 % /N B BMMSCs Jil fin J& 1 44 205 2 5
J1J5 W& IR IE mTORC {7 53 8 114 3¢ 15 78 AL 3L
i, [ TR 252 IR mTORC {55 il
(19 2 IR SRR 1238 4 5K I 1R BMMSCs BT 1Y
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1.1 ## 5 X A

SCH S o 1 A i I /N BLU(SYXK < 3 >
2010-0006, F§ R 2E S SL g by ), AR 5E RS

L) B T O N AN = gl < 7 5 1 A
(N2015094562) o 2 5150 4 M 337 1 3% 2 (U 1]k
)5 o O AL (F IR, Hi 1) o Percoll 73 B
(Phamacia, & [ ) ; LG-DMEM 3% & %t (Gibico, 3
)5 1 AU K (ABIL, SE1E) s BCA 8 11 € 1ol
£ (Thermo, £ [E ) ; ALP {71 &5 (A, T E ) ; OCN
5 & (BIM, £ [H ) ; mTOR —$T (Abcam , F2 [# ) ; p-
mTOR — $T (Abcam, %< [£ ) ; GAPDH — #{ (Santa-
Cruz, 32 [E ) ; Raptor —#T (Cell Signaling, 3¢ [ ) ; p-
Raptor — $T (Cell Signaling, € [ ) ; S6K — T (Cell
Signaling, £ [ ) ; p-S6K —#7T (Cell Signaling, £ ) ;
Trizol i | & (Gibico, 3 [H ) ; PP242 (Cayman, ES
) ;s MHY 1485 (MedChemExpress , EH),
1.2 /s . BMMSCs #9 %~ & Fo 3% 5

TC ST 485 1 7 8 B /D BROSUN B B
JI By, BTl s P 55 % 6 o b L B0 3R IR
197 )2 J5 WRH T 4] 8 240 B 5, T A Percoll 43 B W
B0 W T A0 T 5 % G4 ILTE Y PBS
TRV U A B 3 RS 5 L E L A 10% Jig 4= 1LV Y
LG-DMEM 5 7 B We i 20 el B e m T 55 3N
Rige2 d e e g AL (S AR T LS S 40 it
fil £ 35 70% ~ 80 % it Y 0.25 % 14 I 2 141 it 115 16 440
MIAZAR , 2 FH 2R 3 AR A Mt BUs 4T T — 2258,
AR AR AR 8 DAEAAT AN
1.3 Zapaihe /) B o4a

e ek = R K R S 450 TR AR 1.5 mL(0.012 pg/
mL) | 7 B2 e A e J 2 2 58] 240 i 15 5% FR G I
(i) Fsf 7 ik J R b ke e i PRI 24 (40 % 30 mm)
D42 i) 40 i 42 b 3 B R 2 mL 2% B2 O 2 % 100/
mL 1) 40 B VR R Tk IR | IS 7R 37 CHARAR
B5% COREFRA B 7 24 b J HUH REJ IS4 TR 37
KIS 10% M 4 1035 19 DMEM 1 37 3 10 mL 15 3%
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24 h, BEARTCIL TG B IR R 204 12 h S A 2 oo
240 i A R 2R (DU TR ) it i 109 722 114 £ By
AEFEK S 2 h(FFEF02 He) o B 1,

6 stretching units and stretching devices placing in a cell incu-

bator
Figure 1  The photo of the multi-unit cell stretching

device

B Z Iu g S A

FE [R5 Ak B B K g By Bom 1 B0t rh 557
mTORC1 {5538 0 il 21 O A PP242 100 nM ) Xt
WL (I A5 4R FH PBS) Il mTORC1 15 53 4 38005
HOMAMHY1485 10 wM) , Il S 4535 2 h U4 15
TR AT N — 58
1.4 mTORC1 455 il & B B 45 5t 4]

141 Al He e ok 46 0 248 e i P B35 1R 15 (alkaline-
phosphate , ALP) {if P K ik i S 1= 79 50 28 in
F AL 53 51 PBS Ve BREGIE AL, 5 3 ml 4 1L
BRI AT B0 5 LW, A 2 ml PBS £ TR
A1 3T LW B A 90 wl PBS A4 41 i .
W 20 it S5 52 VR 3 Uk, B0 JE MO B VS0 i
A TR & v 5 T R R G2 P 4% 500wl TR AT R
37 C/K 15 min J5 DA B AR 1.5 mlIE2) 5, FIH
A3 566 BE AR I L 405 nm I 4 TR WO (R, AR A
N[y =2000(A-A 54)/18.5 |5 H ALP 15 ¢, 45
B UMml Tos .

1.4.2  ELISA 0 %2 & 5 & (osteocalcin, OCN) &
AR ME S 450 nm KT S AR
YE 2R R mUE Oy AR B RR i ) AL A s
FRIML P85 2231 ml B0 J5 W B35 1 8 F5 T A
A FERPR AL AR TP ARFIAEA 10 L, FEINAEAS TR
PR 40 wWlIR 215 37 “CHR T 30 min, 37K BEA 1K
JE BT A EEbR TAE# 50 wl, 37 “CHE 30 min
J& SRR AR L IS M 57 50 iR AT,
37 CHE G A4 15 min J5 02 1R 50 pl 2% 1k )
Jei Kz HE 450 nm P KR A, @y R (y=
3.654x + 1.029) T H 5 SR P OCN A XMk B

1.43  Western blot 1] =& mTORC1 {55 5 1 [ = 43
T (mTOR , Raptor DA B S6K) 35 H5 fitk Ji JIEE 1 (%)
ALl fin ) B AN R R S A5 B B A, DA T
bR b, R BCA 8 11 8 St a7 6 g o b vf il
2 THRLEER IR B OBV 1 20 wg 1T SDS-PAGE
ML YK , 5% PVDF JBE, B A 5 % 8 P15 93 0l — Bt T4
W B SR GE P TR 37 CHE 1hET A
A ASC S [ T S 52 9, AL U R
Il mTOR . p-mTOR . Raptor . p-Raptor , S6K } p-S6K
EHFEBAKFE, GAPDHAE M,
1.44 Real-time PCR 1] %€ Runx2 mRNA 7KF ¥
Tk e W | % BAL 20 i oy T 2H 4 M 442 Trizol 32855 &5 7%
FE B AN B RNA A 5 5 9 I 000 3 6 Wk 4
RNA, i — 2% S RNA f1id #E4lifb . RT-PCR &
Runt #1554 5% K F 2 (Runt-related Transcription Fac-
tor 2, Runx2) mRNA (5" %% 51 ¥ & : 5’ - CCCAGC-
CACCTTTACCTACA-3", 3" ¥ 5| ¥ Ky : 5" - TATG-
GAGTGCTGCTGGTCTG-3") , LA GAPDH Jy N 2 (5
S 514N : 5'-AGGTCGGTGTGAACGGATTTG-3", 3’
W31 M+ 5'-GGGGTCGTTGATGGCAACA-3") . F
FH 5% 5738 7] 2 7% BioRad 1000 TM | J2 #% 5% 1,
cDNA. T L% — 4 cDNA b 15 ) , 5% JI] SYBR
Green | YL HEF TSI} 286 € 7 RT-PCR 2 . PCR
P4 R 95 °C 305,95 C 55,57 C 30 s, 440
AMEER, 72 CCHEAHR 7 min J5 45 0419 52, BUY 1
PR R AT B R S LUK, I AR R R R &
WL HL K45 5
1.5 %t o

SEHG BOHE R x o+ s Fon, B 4 M A
SPSS13.0 # 4  4H [1) bb e fiff AR FH S R 280 22 49
A6, o = 0.05 M H6  7K i

2 & B

2.1 4w fam A JE MR mTORCL 43 5 i@ %4 &
PR AE 5 A A

2.1.1 KT 4 mTORC {5 538 I 0% West-
ern blot 45 F W7, A2 IR A5 5 0 ~ 8 h i 4 1 34 5=
i% mTOR | Raptor , S6K {5 5 , 18 1t %} 8 B2 1k I i A
T BRI % B, 20 i () p-mTOR | p-Raptor 55 p-S6
AR R G BB W ETH(O~2h) , 7E2 h &
NE . 2hE, EIREARBEZH TR, I
K2,

212 WHESRBZEMAEIS mTORCL {5 518
M3 MMAEKERF0~8h)F, b bk
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Figure 2 The expression of the major signal
molecule protein of mMTORCI signal pathway of
BMMSCs at 0-8 hours after the application of 10%
uniaxial dynamic tensile force for 2 hours
2 JEMIEAE A 10% R s A% K IIfE 2 h
JFi 0-8 h mTORC1 EZA5 55 F 8 H RL AL

R 45 5 7w, ALP PTG PEFE O ~ 2 h B i i, 2 h
AR S i S, 2 ~ 8 h 2 N REH# . ELISA ¥kl
OCN & # L M Real-time PCR %l Runx2 mRNA 7K
A ZE R R, OCN  Runx2 #a % 5 ALP — 2, ¥ 11
WA AR IR, R K3,

2.2 MR M mTORCIAZ 5 i@ %% T AL 20 kB 15
e

2.2.1 mTORCI1 {5 5l B g 40 ] i 8E  H west-
ern blot 25 S 0] WL, 29k i HAEFHZE R 2 h s, 5%
HEZHAH LE , mTOPC 38 & 41 1 41 /%) p-S6K ik T B,
1117 38 5% 21 p-S6K 1k b T, 156 W B ) £ P U 1k
mTOR 15 5 @0 , 344 558 21 P9 VM mTOR {55 4 14
([ 4),

222 I EE G SR mMORC 38 % v] 8 15 40 ffd nl B
BRI fLE RIS R BN, 5 xR
ZH A HE , mTORCT #0512 i ALP A9 35 1 AR (P <
0.001) , M358 ZH ALP 3% M T+ (P < 0.001) ; ELISA
ARG OCN AR X 55, 55 X6 HALELAR L, 30046 4H (9 4

R ML AL 10% RS ASA2 KT VERT 2 hJ5 0 ~ 8 h BMMSCs U fi 5 4521
Table 1 The osteogenic signal data results of BMMSCs after the application of 10% uniaxial dynamic tensile force for 2 hours from O to 8 h

xS

Oh 1h 2h 4h 8h F P
ALP (U/ml) 22.725 + 4.549 68.961 + 7.866 150.521 + 10.500 99.083 + 8.229 48.609 + 6.868 315.379 < 0.001
OCN (U) 0.152 + 0.035 0.331 +0.047 1.449 + 0.333 0.825 +0.073 0.520 + 0.088 81.408 < 0.001
Runx2 (E)” 0.575 = 0.081 0.665 + 0.072 1.369 + 0.215 1.231 +0.186 1.091 + 0.150 42.588 < 0.001

#P = 0.247 between O h and 2 h; P = 0.077 between 2 h and 4 h; P =0.073 between 4 h and 8 h

GAPDH

Figure 3 The PCR electrophoresis results of BMMSCs
after the application of 10% uniaxial dynamic tensile
force for 2 h from 0 to 8 h
B3 AL 10% 550 3h A4 sk e 2 hJs

0 % 8 h BMMSCs Runx2 PCR H1 7k 45

XN B (P < 0.001) , 36584 N I & (P <
0.001) ; [ #£:Hf1 , Real-time PCR ] Runx2 mRNA 7K
B 25 SR o R AL B K- TR (P < 0.001) 3
PR KT (P <0.001), W#E2,

3 3t i
mTOR J& — Pl IR 5F {22155 2 T8 25 11 I 3 g
TE 20 Bl Z2 Fp A= BRI Bl 0 I8 458 v A A0 Hi A il

Inhibited Group Control Group  Activated Group

p-S6K —— —

CAPD! o >

Figure 4 The expression of p-S6K protein among three
BMMSCs groups 2 h after the application of uniaxial

dynamic tensile force

B4 321 BMMSCs il /14555 2 h p-S6K £ H R ik 1 i

T2 341 BMMSCs &G 2 h BB 155 &8 1E 0

Table 2 The expression of osteogenic signal at 2 hours after

the end of BMMSCs in three groups Xts
Groups ALP(U/ml) OCN(U) Runx2(E)
Inhibited group 113.060 + 26.102 0.939 + 0.154 0.875 = 0.172
Control group 150.170 £ 21.199 1.329 + 0.291 1.431 + 0.262
Activated group 186.356 +29.144 1.950 + 0.314 1.950 + 0.314
F 16.280 30.314 35.376
P <0.001 <0.001 <0.001
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75 mTOR {5 53 8% 1 A 35 47 5tk 5 16 PRATE 9% 1) 34
AT, mTOR R EAEAMHN S HE S FIRRE A
YA e i v, BT R F LA WA E &Y
mTORCI fl mTORC2, H i #iff 55 4 £ ) /& mTORCI
F mTOR ., Raptor 1 mLSTS , 1% {5 71 % £ H BE 4% 52
MR VERKFE T NS R, I X rapamycin 8
U SOK FNEAZ AN B IS th N T 4E 5 A E A 1
J& mTORCl A9 3 28 N 4y F . i 4F ok & 3
mTORC1 {5 5 il P 75 i o #2 b e % 52 0 4F
H o W58 & B & B mTORC1/Raptor J& 5 3 W H 43
T B, IEE i (2 7 Runx2 2K K 15F
WERZEN . ABTE R RS PR KN B 3 R B
PIBA J BLA ] mTOR {5 5 E0 AEAS F2 HE g s

AT K BLAETE AR 5 oh 109 1 .4 J&] 99 22 5K
71°F mTORCI {5 5 18 #% ) £ Z {5 5 4> F (mTOR .
Raptor . S6K) 7E I 1 J5 8 h (NI REBL A , I H & B
HA WG BRI TR IR sk, e 2
h Tk B W (E JE 20T R X 5 R I 2 AL 18 A
(ALP ,OCN #1 Runx2) B MUY R IE 4L . Zeng
AR S B E TK NE J RE 98 38 1 U mTOR/S6k
155 18 B A HE SR AR 0 I e AR, D34,
A AT R BT AR 2 sk B & B, p-mTOR FH
PERIB TR 5 XSS F= T A0 R I BMMSCs i
Flexcell fill 1 (6% ) #4014 7K Wi 15 & 3 mTOR . Rap-
tor . p70S6k 5 HER/KF I B Th i . X 5 AWML,
AL, UL mTORCHE S 2 5 T 4l sk 1
FRCE R . T T B i AR
YEHT, A< BIF9E F) F MHY 1485 (21 38 3% 1 mTOR i
Fl3) A1 PP242 (G 32k BH W7 4 i b 67 5 5t 0 AKT
AR RAM A mTORC1 F mTORC2 87 U351 7)) ik
5 NI mTORCLHE 5 3R I8 98 JiE , 3 4 % mTORCI
155 F i BN 4> T S6K Fik & 3L T B 25 kg
55 5] P9 PR PE mTORCLE S K3k, MG &
B mTORCLAF 5 B il J5 BB 15 5t B S 0s 55 , i
WO ZAE 5 5 R TG B A, $E 8 mTORCLF
53 [ FE B N 7 A R R A A AR Ak T A0 b
B, 23k % mTORC 5 538 J% 7 40 ff 5K i
J17F BB T EAR T HLH A R e S 58
A2 5k BCE ML, A RS TR T 4 gk R
HZ—
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