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[Abstract] Objective To investigate the activation of the mammalian target of rapamycin complex 1 (mnTORC1) sig-

naling pathway molecules during the process by which kaempferol (Kae) promotes osteogenic differentiation of mouse

bone marrow mesenchymal cells (BMMCs) under cyclic and uniaxial tension. Methods BMMCs isolated and cultured

[¥eFs BH#A] 2020-07-21;  [f&E BHA] 2020-08-31

(HETE] EEAKRIES(81301651) ; WIFTA H AREL £ FE 4 (2018172015 ) 5 HS M T 45— AR B2 e 2 5.3 H (N2019-003 )
(YE& A ] A ARUR, B0, B +-0F58 4 6132, Email : 490460953@qq.com

[BE1ESE ) RS, FAEEN, -1, Email : jxw0927@163.com , Tel : 86-735-2343899



b

AE&EMBRE 2021648 $29% $4H

Journal of Prevention and Treatment for Stomatological Diseases, Apr. 2021, Vol.29 No.4 hitp://www.kqjbfz.com

- 235 -

in vitro were subjected to uniaxial dynamic tension with a 10% shape variable. The appropriate concentration of Kae
was selected by cytotoxicity testing. The endogenous mTOR signal was inhibited by pp242. Four hours after traction,
alkaline phosphatase (ALP) and osteocalcin (OCN) were detected by chemical colorimetry and ELISA, and the relative
concentration of intracellular calcium was detected by flow cytometry. Phosphorylation of mTOR, 4E/BP1, and ribosomal
protein S6 kinases (S6K), which are the main molecules of the endogenous mTORCI1 signaling pathway, and expression
of osteogenic transcription factors (Runx2 and Osterix) were detected by western blotting (WB), and mRNA expression
levels of the above factors were detected by qRT-PCR. Results The cytotoxicity test showed that 10 pmol/L. Kae had
little inhibitory effect on cell proliferation but had the strongest osteogenic ability. Four hours after stretching, Kae
effectively promoted the osteogenic differentiation of BMMCs. The expression of ALP was (153.04 + 18.72) U/mg, the
expression of OCN was (1.64 + 0.25) U. The mRNA and protein levels of Runx2 and Osterix were upregulated, and the
intracellular calcium content was decreased. The mRNA and protein phosphorylation of mTOR and S6K was upregulat-
ed, and the opposite effect was observed with 4E/BP1. After pp242 was added to inhibit mTOR signaling, mTOR and
S6K mRNA and protein phosphorylation were downregulated, but 4E/BP1 mRNA and protein phosphorylation was
upregulated. The osteogenic differentiation of BMMCs was also significantly inhibited, mRNA and protein expression
of Runx2 and Osterix were significantly downregulated, ALP and OCN expression were downregulated, and intracellular
calcium content was increased. Conclusion Kae promotes osteogenic differentiation of mouse BMMCs under uniaxial
dynamic tension through the mTORCI signaling pathway.

[ Key words] bone marrow mesenchymal cells; mammalian target of rapamycin complex 1; cyclic uniaxial
tension; distraction osteogenesis; alkaline phosphatase; osteocalcin;  runt related transcription factors; ribosomal
protein S6 kinase; kaempferol
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1 #RE7EE
1.1 ##

3 TR R /N B (i HR R 22 AT 5 e 3 512
Ly, SYXK <ifil> 2020-0002) .

22 P AN M B A 2 B (IO TR %) 5 43 D66
X (Roch , %t 1) ; i X4 HLAL (Thermo, 51 ) o Per-
coll 73 B4 ¥ (Phamacia, 3 [¥] ) 5 10% Jifi 4= IfiL 7 (Hy-
clone, 2 [#) ; LG-DMEM %% 3% ¥ ( Gibico, 32 [ ) ; —
FH 3L 3F W ( Dimethylsulfoxide , DMSO) (Thermo, 3¢
) s PR A0 S Y O (R3S, TP IR ) 5 0 L ol 1
PR I (alkalinephosphate , ALP )35 & (ZE Al , )
B85 2 (osteocalcin, OCN) i 7 & (RD, 3¢ [ ) ; BCA
# H & &= ik ) & (Thermo, 3 [H ) ; Trizol i 7| &
(Gibico, & [H ) 5 i % 715 &5 (Takara, Ki%E ) o p-
mTOR —4 (Abcam, 9 [ ) ; p-S6K — 47 ( Cell Signal-
ing, & [H ) ; p-4E/BP1 — %1 (Cell Signaling, 3 [F ) ,
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Osterix —PL (Abcam , 9< [H ) ; Runx2 — 3T (SantaCruz,
Y[ ), GAPDH —4$i (SantaCruz, %[5 ) , £ 92 —HC
Pz, D .

1.2 Fi&*

12,1 /N BMMCs #9738 B 95 o gy Jowi 4%
853 15 3 7 W R /)N BROSUON JBE B FRIE 1, ot - i
R, R 25 FE R B B 0 4 U BMMGs . B0 )5
Z2BR NG 7 2H SRR AT 1 20 i B, SN Percoll 4 15
Jr T o W A ST AN 2 L T VRIS A 10% JiR 4
I8 KO LG-DMEM 35 3# 9 , 5] J5 SR T 8%

L ] - L 2
Before stretch t / ’

Silicone membrane

The cell after stretch
O

After stretch ’ ’

R

10% shape variable

122 FidkA W E Kae  %FJC I3 [ 2516 5 19
AN 3 BATT A 1.5.10.50., 100 pmol/L, Kae (LA
DMSO M) J517 2 h sh A% ik, 42 sk 45 0 5 R4 T
AR AR RO P R AT e,

1221 #fEsErEles ZE5RE5 RS A 200 pL
MTT % (5 mg/mL) , 4 h 5 W EREE 7258, A 5 mL
DMSO, JEFE R AR 4R35 10 min f5 £ 5 606
JEE ARSI 4% 10 F7 BA.9€ 490 nm I K F B9 OD {# 11
R

1222 4iffitge RS W5 1.4.8 h, BEEH
A I 28 7 200 6 5 R 400 b A R T
A A0 A E

1223 PERL Yt RS RE Ak S e A i Ky
FA PSR, 2~ 3 AW, 7 d 5 ZBBRIGFR I, PBS
Th U e B R RS A8 B IS B R G 3R L
49 22 5 W B [ 52 30 min , 79605 F- VTR VE A 96
RS YLV 5 min, 3755 YL T vk B AR @
JEAARR,

1.2.3  4iffasrel e sr DUl an o in o, A 41 % iR
2 ; B 41 : mTORC1 {5 5 38 i 4 # 41 5 C 41 : Kae
Qb B4 D 4 : Kae 40 215 ] mTORC {5 5 i
BRAH . AT, C 4R D ZH A 10 wmol/L Kae,
A L F B ALAE TN TR A SR FLDMSO ; i i )5

FEML N, 2~ 3 d 5 O e 55 9% 3L, Y4 40 Mg fil A ik
70% ~ 80% Bt [l il i Ak A% A, 356 FH 55 3 AR 4 M iR 17
TS, AR S AR ISR 8 AN REAA TR
iz FR A T 10 ) A8 ek L ¥ 2 x 10420 it B
PP R i IS A 37 CCAR B0 5% CO, 55 5546
K 9% 24 h J5 #MNE 10% i 28 13 1Y 15 77 58 10 mL
FigR 24 b, I TC MG FE R A4 12 h G R 2
FATT AN L A B (VU125 Tt 10% 2% & (1)
B Eh AR ) 2 hOFE R 0.2 Hz, TAERIR &
FEIWLE 1),

BMMCs: bone marrow mesenchymal cells
Figure 1  Schematic diagram of BMMCs before and after

stretching
1 BMMCs 40 ffl 22 5§ 3% J1 7R = &l

B 2 F1 D 2H 57 B A mTOR 15 S5 pp242(100
nnol/L) , A ZHLF1 C 2L A SR B PBS , 4 h J5 17 )5
SR .

124 ALF ORI ALP 35 TR I 1k i gk
M, 53 mL 4 MIE R AR, O G
AR 3K, B0 JE YR L VE T S0 wLm AU
B v L 3R OVRORN 2% R 4% 500 WL, 37 C/K A 15 min
JE A 5] 1.5 mL, 37 BUAG I H: 520 nm 3% K F
W5t BE A, AR 4 28 28 (y = 1 000x/17.9) 315 Hi ALP
Wit

1.2.5 ELISA LA OCN &5 B In 1 5o B
FRW 1 mL 20 J5 W BV 7E AR A B AR A
FEIREAS 10 WL, P AR A # BRI 40 wL, 1R 4]
J& 37 CUF 30 min, F W VAL T, A TAE
50 wlL, 37 CHEE 30 min J5 SR GEHE T 5 FmA
B AAF] 50 wLiRAT, 37 CHhEYE i 4 15 min 5N 1E
W50 wL 20k )2 R i H: 450 nm 38 1R RO
(L, 388 3 b oA 0 S ) B o I R A L [T U
T (y = 3.732x+0.929) J7 B2 18 H B 2 M 5 45 R
LiEROR7 I

1.2.6 3t =X 41 A ASCRG: 1000 41 At PN 605 5 1 A G5 1
W4 PR 4 40 M S A Fluo-4, AM T A/E W & & ik
JE RS wmol/L, B T4 M 1 F2 4 W% 5 30 min, FBR
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Fluo-4 , AM T /E¥& , H PBS ¥t & 40 Ji0 J5 =5 2 41 i,
Hil B 1 x 10°4/mL A% W B T A M G R AR e A
10 min Ji7 37 B 7E 3 2040 B ASCT 247 2 645 25 - Far
W (3 A 4 506nm , & 51 4 526nm ) , 345 20 g
NS B - R AR B i G 9OBIR ) .
1.2.7  Western Blot £ Il nTORC1 15 518 % & %2 43
F R Sk I R RE AR T Y 4 A 2 S
BN SE A, LA o bs e dh , I BCA 85 H &
AR G S bR TR R, B AR
120 pg 4T SDS-PAGE L3k , #% PVDF fi5 , B fi W3 43
BHE— P E SR G P37 CE 1 h, BT A
Sl SAZ AN [ o S W, T AL HE IR ER
¥z Wl GAPDH | p-mTOR . p - S6K . 4E/BP1 . Osterix ,
Runx2 £ 125K, GAPDHAE N Z:
1.2.8 gRT-PCR ¥l mTORC1 {5 53 % £ 55 1
Jo H 5% s R F- mRNA ZKSF WSCEE R e S A 41
Ji 4% Trizol 12 1) &5 7l P2 £ HRUZH Ffd rh 52 RNA |, Jd iof 5
DY UOUE VL e 45 RNA , iF— 25 X B0 RNA 173 A 46
k. qRT-PCR ] 5E mTORC1 15 538 #% K B i %
B F mRNA, DL GAPDH NS, R % stk 51)
& 7F BioRad 1000™ I 2 % 5% % cDNA . P LLSS —
BE cDNA M, K F SYBR Green 144l #E1T qRT-
PCR ¥ o PCRY™ 4544 4:95 C 305;95C5 s,
57 °C 30 s, 40 MEH
1.3 %itFFiE

S ECHE R FH x £ 5 R, fd ] SPSS 13.0 #4:
HEATECE 5B o AT B A 0 B R B R 3R 7 2247
Mk I8, P < 0.05 WA G2 L,

60
501
401
30+

20

o)

1 pwmol/LL 5 pmol/L 10 wmol/L. 50 pmol/L 100 pwmol/L

THE inhibition rate of cell proliferation (% )

&1 WS
Table 1  Sequences of primers for qRT-PCR

Gene Primer sequences
GAPDH F: AGTGCCAGCCTCGTCTCATAG

R: CGTTGAACTTGCCGTGGGTAG
Runx2 F:-TGGCATCATCTTCATTGTCC

R: CAGAGCATTGTCCTCCCACT
Osterix F:GCCAGAGTGGTTATCTTTTGATG

R: AGTGTGTTATCCCTGCTGTCAC
mTOR F:-TTGGAGAACCAGCCCATAAGA

R: ATGAGATGTCGCTTGCTTGATAA
4FE/BP1 F:ATAATGCTGGGGAGGATGC

R: TAGGGTGTCGCTGTGGAAAT
S6K F:ACTCATTCCAGACCCACGAC

R: ACACAATCTCCGCACCGTA

2 & B
2.1 Bt MTTR I mheit i s Faod & ik
10 pmol/L. Kae

ok MTT 20 i i 50 A A2 sk 45 S 4 b, MR
91.5.10.50.100 pmol/L i) Kae X 1% it 4H o411 1l %
(18 2a) 23 %1 A (3.11 £ 0.88)% . (6.87% = 1.40)% .
(10.17 + 1.34)% . (26.63 + 5.46)%F1(42.61 + 5.44)%,
Bk 5 wmol/L 5 10 wmol/L fl 20 7] 22 53 To gt i1 2 X
(P=0.073) ; Hop s dim 2R ¥ HAZITEE X
(P<0.05).

ZEEREEHSE 1.4 .8 h, n] LU & B N 50
100 pmol/L 1) Kae 2H 21 it 3 58 fig /1 (& 2b) B 4 52
AP HEE R 1.5.10 wmol/L Y Kae 2H 21 ffy 1%
FARE ) A —3

751
~ 65[
=
X
K
2 55T
:
3
© 45F

3.

3 1h 4h 8h

== 1 pmol/l. == 5 pmol/l. =10 pmol/L. == 50 wmol/L. == 100 pmol/L.

a: inhibition rates of cell proliferation 4 hours after stretching. The difference between groups was statistically significant, except for the 5 pmol/L
vs. 10 pmol/L (P =0.073); b: cells counting, 1 h: 1 pmol/L vs. 5 pmol/L, 5 pmol/L vs. 10 pmol/L, 5 pmol/L vs. 50 pmol/L,10 pmol/L vs. 50 umol/L,
P>0.05;4h: 1 pmol/L vs. 5 pmol/L; 1 pmol/L vs. 10 pmol/L, 5 pmol/L vs. 10 wmol/L, P > 0.05; 8 h: 1 pmol/L vs. 5 pmol/L; 5 pmol/Lws. 10 wmol/L,

P > 0.05; cell proliferation was significantly inhibited in group 50 pmol/L and 100 pwmol/L

Figure 2 Inhibition of cell proliferation and cell counting 4 h after stretching under various concentrations of Kae

2 AR Kae BEAT 240 MIAN 3 )5 4 h 48 B0 1) 5 F0 40 i 11 £k
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ZEREE IS 7 d K I 10 wmol/L [ Kae £ 75 %
I gen (K 3) fc MR, 5 wmol/L 1Y Kae 2H 4 (2,

W, AR AR O AT,

a: 1 wmol/L; b: 5 pmol/L; ¢: 10 wmol/L; d: 50 pmol/L; e: 100 pwmol/L

Figure 3 Alizarin staining images 7 days after stretching under various concentrations of Kae

B3 AR E Kae A2 5K 5 7 d #6 K40 G 4 45 1

22 #iK)E4h 440 ALP . OCN, %8 e W 45 & T 48
R $

ZikfG4h A4l B4 .C4.D4ALP 435 K
(82.56 + 7.61) U/mg. (65.78 + 14.51) U/mg . (153.04
+ 18.72) U/mg. (88.73 + 9.09) U/mg, [ A 41 5 D 4
] 22 SRS i L (P =0.359) , Hig & 21 7] 2%
KHAS 5L (P <0.05) (K 4a)

A4 B4 .C4H.D 4 OCN F ik K (0.78 +

0.15) U, (0.54 + 0.10) U, (1.64 = 0.25) U, (0.99 =+
0.07)U, £ 40 22 R B HA et ¢ 5 L (P < 0.05)
(K 4b).

FEIREE WG A4l B4 C 4l . D 4140 i 55 5
THAXT & N 96.63 £ 5.97.94.23 + 4.61.78.23 +
5.08.90.84 + 433, B A5 B41(P=035) B4l 5
DAL(P=0.189) B2 T G 3 , HApK4lm
ZRHAGEE L (P <0.05) (Kl 4c),

2000 * 20 T 1op : I o
(=]
160F - )
> 13 £ 280
55120' =) é =
= | =~ 1.0 . g
5 80F o o 7
= 3 £ 2
ok 05 LR
0 £
£

A B C D @ A

B

C 7D®

a: ALP, there was significant difference between groups (P < 0.05) except group A ws. group D, *: P =0.359; b: OCN, there was significant

difference between groups (P < 0.05); c: relative concentration of intracellular calcium, there was significant difference between groups (P <

0.05) except group A wvs. group B, group B vs. group D, *: P =0.350, **: P =0.189; group A: control group; group B: pp242 group; group

C: Kae group; group D: Kaet+pp242 group; OCN: osteocalcin; ALP: alkaline phosphatase

Figure 4 Levels of ALP, OCN and relative concentration of intracellular calcium in four groups 4 hours after application of
dynamic tensile force

4 KI5 4 h 440 ALP OCN S 20 it A 455 25 - FH DG e 36 ik

23 %354 h mTORCI @ 5% &5 F & B 4%
F BT AT

23.1 qRT-PCRZR  SXTMAHAHMIL:BAH
mTOR | S6K mRNA 7K *F- B & 57 £ 41 i , 4E/BP1
mRNA 7K3FJCH 1 284k, Runx2 & Osterix mRNA 7K
B R 5 € 44 mTOR . SGKmRNA /K SF 27 |3 ,
4FE/BP1 mRNA 7K~F"F I , Runx2 M Osterix mRNA 7K
S EIE L 5 CHAM D 4 P8 Kae ) mTOR |
S6KmRNA , Runx2 } Osterix mRNA 7K 4% pp242 B
AN, Bk Kae T4 19 4E/BP1 mRNA /K V-4 pp242

B E (& 5a~e),

2.32 Western Blot 255 F& B 20 Runx2 5 [ £ ik
5 AT B 2255, 45 4 p-mTOR 4 [ . p-S6K
% 14 .p-4E/BP1 % [4 . Osterix /& [4 . Runx2 % (4 %
IS 2 LS H mRNA Rk 7K — B 224k i e (&
5f)

3 3 i
Kae J& — 1 iz 55 N Z2BHE W) 1L 25 v 43 25 75 3|
B R G, FEREAATE TR (Bioe 4
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20 - 2.0
15F 15
<l
P 5
S10} . z 1.0
= (@)
05 05
0
p © A

A B C D

P-AE/BP] e - —

P-SOK  wwwmm o m— —

| PMTOR e e —
OSsterix -_— @

Runx2 e s S oo
c DI JEER N p—— ; ]

a-e: mRNA levels of mTOR(a), S6K(b), 4E/BP1(c), Runx2(d), and Osterix(e), group A: control group; group B: pp242 group;
group c: Kae group; group D: Kae +pp242group; *: P > 0.05; {: protein levels of p-mTOR, p-S6K, p-4E/BP1, p-mTOR, Os-

terix, Runx2; mTOR: mammalian target of rapamycin; S6K: ribosomal protein S6 kinases

Figure 5 The mRNA levels of the major signaling molecules of the mTORC1 signaling pathway and

osteogenic transcription factors in BMMCs 4 hours after appplication of dynamic tensile force

B 5 A5k 4 h mTORCT 3 i £ B4 K i 75 S I mRNA Al [ &k 15 0

FEAZE I B B2 b R AT i RS R B
HEAT Z M E S Kae GEUEFE R 78 525 v
R 2 o AT 3 B AT A, v R B P ALP
TR ORI E ALP J5 1 2 38 1 20 i A1 9 1 3
Tit I 38 R Z AR R se B, RS IBR sh 4
R rp -, 2% 3W Kae 30 358 412 327 BB 200 A 8, 30036
HERE 7 AL AT B o AR S8 o MTT 20 i 2 14
RIS K BLRE 5 Kae ¥ B2 142 81 14 &5 , 40 300 41 R 1
o L Tr, RS RE ) N R, P R A R
1 Kae ¥ 5 8 10 wmol/L 2578 F 1Y 1B 50R e
ULIITE 10% I 28 5 B9 425K 71T 10 mol/L ) Kae HE
% I A AR T R R AR, L AN B G 5 RE ok A7 E
BH Al

mTOR J& — Ff 4 5F (1) 22/ 75 & 8 35 1 i
T 40 B 22 b A B 1% 9 48 b Ab A0 Hi A, H
W AF 98 %5 £ ) mTORC1 B mTOR , Raptor il mLST8
N, BeHESZ A K R N I A O X R R R
(rapamycin ) fUEE "  S6K Fll 4E/BP1 J& mTORC1
KAEFLDIREI B RN 4> T o WFoT & B
mTORC1 {55 & S6K Wi R 1t , (H 41 ] 4E/BP1 W12
16120, ARSI pp242 5, mTOR il F jji7 S6K ()
mRNA 7K B Bl 8 Ak B 11 38 3k 1 32 B4, i 4K/
BP1 iK1 A7 52 28 W52, 1 B mTROC {55538

%32 B4

Runx2 2 5% B 41 43 b ok 7 v i J 22 5 S A
T, O AR T () 7 IO A AR e AR A A
AR T S A2 1 B Er 40 A G B . Osterix J& —
Pl Fe R 7, REER B N A8 ke 5%
Fik . Chiou %5 % M Kae % B & {2 JE MC3T3-
ELRCE 0 ALP 16, LIRE 2R VB E A
AU I mRNA 35 75 T8 4571 B B, 10 13X R
YE 5 H 30 Runx2 MBS A 56 . Kim 55144
TE MC3T3-E1 8 20 i % 3K Kae 38 523 075 Runx2
F1 Osterix & K Fe ke vt g . ABFFEH, C 4 (Kae
A FRA ) 25 AR IR, Kae BERS A R #E ALP L OCN ()
TR 3k DL % 55 I Runx2 Fil Osterix A9 5
N R Rk, 5 LA B g ) —%. 1B, 7Em
A mTOR #l il  pp242' "5 , mTORC1 {5 53 % &
ZL4rF mTOR K S6K 114 5 R 32 38 F & 1 W R 1k 7K
SE R, 55 4 ALP . OCN . Runx2 £l Osterix Y 7%
TR A I 32 B, $E R Kae 3 i mTORC1 5 53
B AR S 5K 0 0 R 40 Rl 4 AR, T EL Runx2 | Os-
terix W4 F- A7 S5 PR 5% S8 L AT BE AL F mTOR 15 %5
i fi T o

Kae J2& — il 4 R A5 25— B JE H0E 71, Ge 6%
R ARG Co LA B 2R AR 5 2 71, AR 41 B ) Wk S 3
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