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Effect of pearl powder on the proliferation, differentiation, and mineralization of MC3T3-El
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Abstract: Objective To investigate the effect of pearl powder on the osteogenic proliferation, differentiation, interstitial
mineralization, and apoptosis in MC3T3-El cells, and to explore the potential mechanisms. Methods MC3T3-El cells were
cultured with pearl powder or low-calcium pearl powder in vitro. The osteogenic proliferation was determined using MTT method.
And the differentiation was determined using alkaline phosphatase ( ALP) kit. The formation of mineralized nodules was observed
using von Kossa staining. The mRNA expression of Runt—elated transcription factor II ( Runx2 ), osteocalcin ( OC),
osteoprotegerin ( OPG ), and receptor activator of NK—«B ligand ( RANKL) was detected using RT-PCR. The cell apoptosis
induced by serum deprivation was detected using flow cytometry. Results In a certain range of concentration, pearl powder and
low-calcium pearl powder could significantly increase the secretion of ALP and the formation of mineralized nodules, and markedly
improve the mRNA expression of Runx2 and OC in MC3T3-Elcells. Furthermore, pearl powder and low calcium pearl powder
could significantly decrease the RANKL/OPG ratio, and ameliorate the apoptosis of the osteoblasts induced by serum deprivation.
Conclusion Both pearl powder and low calcium pearl powder can promote the differentiation and maturation in MC3T3-El cells.
And the effect of pearl powder is much stronger, suggesting a critical role of calcium contained in pearl powder in regulating the
osteogenic proliferation and differentiation in MC3T3-El cells.
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BN —Fh 2 st by, ERE R T
AILTAERDIL , 2R A IR & 2 I, £
AT R RS B 1T K BBk R BE B
Al B R B R AR TR MR E R
RS R P T I I 5 B B o
TR R B, Horh i 5 5 d = (377. 084 me/g)
SRS VB R A AR B TR
SRR JERORMIGE T R &
S TCR ML TC R X 8D R /N R
o0 WA A B B GEE  ARSOMER T
BB LU ARES 2 B 6 MC3T3-E1 41 A ) 3 4 |
Gt AR TR R XA E LT #E ) 20
FNAN

1 #MEFFE

1.1 259

POt (LKA SRR A RHA R A ;
MTT  Triton X400 ( 3&[E Amresco AT ) ; B-H IHBERR
B Hi R C(EE Sigma AH) ;a-MEM Ki 75 ik
A= 1fil 7% FBS (3 H Gibeo 23 7)) ; MC3T3-E1 40l (h
FEIRR2EBE A A Bl 22 5 e 40 B B U P Ly ) 5 Bl
PEBSRRREG ( ALP) 25 T 3750 W I 3500 6 (i et
Y TAEIFSERT) s Annexin V. FITC 8 146 1 128 5
£ (ZE[E BD Pharmingen A H)) o
1.2 Z9hb3 o
1.2.1 25¥9niab3. ;2B H H 1 mol/L HCL #
fife AR 1B T Akt A2 T PBS 22 ol A B
B~ WREE AR N2 ERM W, 7 BUE =2 ERM 5
W, IMABR RN W, 76 2 UOEES & 7, 1E K52
PRI . R FH R RSO R 2 0 2 B2 R AR
B, 2R IR 50 ng/mL Bk
FVIRES 2 2ok vp 45 25 1 Wk 52 43901 24 18. 81 pg/mL
F1. 89 we/mL, B NIEEM 9. 95 1%,
1.2.2 A Feosz il 25 Bl il i Ok H R IR 2
( Control ) , 2 ERH3 4H ( Pearl Powder , PP) FILE532 Bk
#324H (Low Calcium Pearl Powder , LCa-PP) ., 2 EkH;
FURASES B K23 91 ] PBS 22 i s B 31— B Wk ¥,
0. 45 AFLIEMI JEBRTH , 4 CA-AF, I FH AT 40
R 5% B R T W (5 peg/mlL, 50 pg/ml, 100
peg/mL) .
1.3 Fik
1.3.1 4185 3% MC3T3-E1 400 FH 10% FBS a-
MEM 8555 37E 37°C 5% CO, i IR 15 F 4 vh b
IR, B2 REHIEIREL, R840 M4l i 55 2T, H

0. 25% FREHH AL , UK

1.3.2 X MC3T3-E1 4ia3GFE rY 52 m . 15 204 K )
() MC3T3E1 Z0fId% 1 x 10" 4>/mL % E R T 96
LR, B4L 100 L, 10% FBS o-MEM ¥ 559,37 C .
5% CO, MURRBRERE A PR . 24 h JF LA
5% FBS a-MEM 35554, [F] B 4% i 43 4 A 5% FBS
a-MEM £ Control 41, 321254 PP(5 pg/mL, 50
pg/ml, 100 pg/mL) ,L.CaPP(5 pg/ml, 50 pg/mL,
100 pg/mL) &40 6 FL, 4kZe153% 24 h i, BFLIN
A 10 pg/mL, 5 mg/mL B9 MTT,4 h J5 /N0 5 45
FEW, FEE AL A 150 L DMSO (43#r4i) | T il
RGP RT AN | 570 nm P AL A FLIBOEBEAE, 45
B ODsio Form, SWER 3 WK,

1.3.3 X MC3T3-E1 4N ALP 16T 520 - 41
1 x 10" A~/mL M T 24 fLAR, BFL 1 mL,
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JERR R RE SR, RN ALA 80% I , e LU H 175
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B, R B H B 41 A 5% FBS o-MEM fE
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pne/ml) AR 6 L, ESAZY 14 d, BAERIE W)
FEEEFRW, A 1% Triton X400 % 200 pL, & 4
CUKFTICE 1h I AN, 85 ALP K5t
6 B By i i AR o JE iR o i DN ALP i A
EES R IR AN B BRI
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pg/mL 4E/4E K C M 10 mmol/L B-H MR &N , 744
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fL,2 R 1 K, T4 28 RAEHIVK PBS B4 2
i, A 5% 19 AgNO; ¥, T8 MT F RS 1 h,
4 AgNO; W AR ZR IR YR 3 3, A 5%
() Na,S, 05 S min J5Re 40 FH 28 187K U 2 i
19% WY P PELLIR IR Y60 5 min, 20 3 2608 7K V% 2 i
DIFREBRZ A 1 e, IR G BT (200 x ) WLEEH™ k.
SER GG BOIFAIR, LR EAE 3 Ik,

1.3.5 XHyEYURIS SRR TR  BUE 5
AR MC3T3E1 4H0ELL 1 x 10°/mL 23R T 6
fL#,10% FBS o-MEM 15553 ,37 °C \5% CO, LAl
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TRRERE A PR 24 b JEFH PBS WRVE 3 Ik, BN
I3 15 75 3 - [F] st 4% B A3 2 A 5z 3R 259 PP (50
pg/mL) , LCaPP(50 pg/mL) , AZEHAY 1% FBS a-
MEM £5F2WAE M 15 X BEZH ( Normal ) | /S 75 I3 Y
a-MEM i%?%{@d’lijﬁ[ﬂl{%’mﬁkéﬂ( Control ) , o s I
F% 48 h JGWEANM, il A Annexin V/FITC 1 PI T
T AT AR TR O, SRR E R 3 IR,
1.3.6 X} MC3T3-E1 4l i B A G PR 338 1 5%
il e B E K MC3T3 81 4R LL 1 x 10°/mL %5
FERERI T 6 FLAR, 10% FBS o-MEM 15359 ,37 °C .
5% CO, MFNEEEEFAE 5%, Rrdi iRl & 80%
J&i , Ld 5% FBS oa-MEM 55353, R AA 50 pe/
mL Z4E4: 2 C 2 10 mmol/L B-H IMBEEREN , 44 AR 5L
By HMA 5% FBS a-MEM £ 4 Control 4 , 52124
) PP(50 wg/mL) ,LCaPP(50 weg/mL),2 d #¥ 1
W, 555521 d i, Bdaki st U RNA 2041
A3 EICEESRE N 260 nm 1280 nm Ak KGR LI
THE RNA WS FISl B, R siad B4 U s PCR
IR &V 4F . RealtimePCR R Light Cycler
System ( Roche Diagnostics ) & SYBR®  Green 1E
i DNAHF M2 G 9k, PCR OV SR 10
wl, 0451 ul cDNA FEAS 10 pmol 514 ( WL Tab.
1), Quantitect® SYBR®  Green master mix i
Fl, ST :95 °C 3 min, 40 fiEH4% 95 °C 30
$,60 °C 15 s 172 °C 30 s, LA GAPDH YE N2, %
I ACt SR FE R AR I8 KO
Table 1 Summary of the gene-specific

PCR primer sequences , and the length of production

used in the experiments

Gene Primer sequences (5'—3") Product size (bp)

GGTTGTCTCCTGCGACTTCA
GAPDH TAGGGCCTCTCTTGCTCAGT 20

GAAGGGTTGGACACCTGAATGC
RANKL TCGTCAGACCGAGAAGTGGT 128
TCCTGGCACCTACCTAAAACAGCA

PG ACACTGGGCTGCAATACACA 125

oc TTCTGCTCACTCTGCTGACC 203
AGACCACTCCAGCACAACTC
Runx? TCGTCAGACCGAGAAGTGGT 21

TTCAAGGTGCCGGGAGGTA

1.4 ZEiteabs

B BIEIVSERIE + ARiEDR (x £ SEM) £
7N, R SPSS BRAFGE RN B Ty 22 53 )5 kA T 03
BT, ZHIR] L3R FH Dunnett ’ s test £ 55, P <0.05 &
RZEFRAGI R L,

2 4R

2.1 X MC3T3E1 20 L H 5 15 0

i Fig. 1 Fr7s, 5 Control HAHLEY,5 we/mL . 50
pe/mL 100 pe/mL 4 PP 150 peg/mL 100 pe/mL
) LCa-PP 7E 24 h YERIYE Bl P9 XF MC3T3-E1 4iifig 2
A EER R FEE T (P <0.05,P <0.01)
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Fig. 1  Effect of the treatment with PP and LCa-PP on the
proliferation of MC3T3-El cells. Cells were treated with a range
of 5 ~ 100 pg/mL for 24 h, and the proliferation rate was

assessed using MTT method. Values were expressed as x +
SEM. " P <0.05," P <0.01 compared with Control. This assay

was performed in triplicate

2.2 XF MC3T3-E1 4HAfE ALP 3G A2

YIMIAE A 50 we/mL 442K €10 mmol/L -
BRI R SR T B A R R R 14 d )5
Qb3 Fig.2 W~ , 5 Control ZHAH ., PP 4H Al L.Ca—
PP 2 ALP 3% J3 43 BI3E i T 92.77% (p <0.001) |
34.63% (P <0.01) , $E7R X Ab F e 20 i kB 4
Jid, PP 1 LCa—PP 68 B (2 7000 ALP, 17 fiE
HEEEE AL, SR, P4 2 (R A B2 57 (P <
0.001), PP YEFHZCR BT LCaPP,
2.3 X MC3T3-E1 Afa f2s 15 s 52 e

MC3T3-E1 iE S 50 wg/mL 4E4:% €10
mmol/L B—H B EREN I 1 760 T s S H 245 24 28
d J5#E4T Von Kossa 44, ] WA AL 2555 4 B, Von
Kossa JutJ5 S IR/ B — 1 S BH 4515
(Fig.3), 5 Control ZHAH LS, PP 41 HI LCaPP 41
LS A B 2 (HE PP AR 2 T
LCa-PP 4,
2.4 X IE YU 00 20 ML T i s e

i Fig. 4 [ UL, MC3T3-E1 #H7E TG M I% 55 5 )
TSR 48 h ML I R 9R T T PP 41 LCa—
PP 4H i B A S TR 5 Control ZHAH FL43 51 T [
T 43.53% 35.22% ,H AW #2555 (P <0.001) .
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Fig. 2  Effect of the treatment with PP and LCa-PP on

differentiation of MC3T3-E1 cells. ALP activity of MC3T3-£1
cells after continuous treatment with 50 pg/mL PP, 50 pg/
mLLCa-PP, or vehicle for 14 days. Values were expressed as x
+SEM. “ P <0.01," P <0.001 compared with control ,"*P
< 0.001 compared with PP. This assay was performed in

triplicate

2.5 X MC3T3E1 4iffd OPG mRNA 5 RANKL
mRNA 355 1520

RT-PCR 255 (Fig. 5) iR, &40 2 25 A Bk
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It HMA e i E P22 5% (P <0.01) , PP 41EH
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FIRHI N

RT-PCR 2558 (Fig. 5) @R, &4 2 25 db B4

i

st dn
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BEMZEF(P<0.01), PP AHMEHRT LCaPP 4,
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Fig.3 [Effect of the treatment with PP and LCa-PP on the mineralization of MC3T3-El cells
(200 x ). von Kossa staining was performed after cells were continuously treated with 50 pg/mL
PP (B), 50 pwg/mL LCaPP (C), or control vehicle (A) for 28 days. The calcium containing

area was stained as black in color. The number of mineralized nodule was obviously increased in

50 pg/mL PP and 50 pg/mL LCa-PP treatment group than that in control group
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Effect of the treatment with PP and LCa-PP on serum-deprived induced cell
MC3T3-E1 cells were cultured in the presence or absence of 1% FBS for 48 h

respectively, and the serum-deprived cells were also treated

with 50 pg/mL PP (C) or 50 pg/mL LCa—PP (D) for 48 h. This assay was performed in

triplicate. Values were expressed as x + SEM.
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L AN I — 20 e AR D e R, 4k
e o Ol et i = DR A R T D T
HARY RS A0 A T T R B TR I, RER IS
B=H VMR BN ) B IR ST 2L, NI B = s R 3
MUBERAR EE | 2 RS ER TR R I B o v DAL -4
MIAESAAEER C X B-HmBE RN 52 N 4R
KBEF= A AR L5 , Von Kossa Yefai e T
MR TR L G T-BE " L ARSZs b PP Al LCa-
PP 0] LI hner k2 ﬁ*ﬁﬁ’liﬁl H g 15 BEepg KN,

FRUIHAZHE T BCE i 0 o3 A e, & 85 1053 19 PP



R AR 2014 4E 6 45 20 #2455 6 ] Chin J Osteoporos, June 2014, Vol 20, No.6 671

OPG
.
E=
% 44 *hk
&
8] K%k
< 3 —_
z
E 2
[
2
Nim
I3
24
0 T T T
Control PP LCa-PP
A
RANKL/OPG
1.5
@ 1.04 ——
e
= — #=—
é Fkk
< 0.5 *
M Hk
0.0 T T
Control PP LCa-PP
C
Runx2
]0 d "
]
= 1T
g 84
3
2
< *
Z 4 T
g
2 2
;L
~ 0 T T T
Control PP LCa-PP
E

RANKL
207
g
= » L
g L5 I
]
[Sa}
<10
Z
g
205
=
& 00
' Control PP LCa-PP
B
oc
4_
ke oS T
=
3 T
o
;_E *
%: ) o el
a4
E
=
&
0
Control PP LCa-PP
D

Fig.5 Effect of the treatment with PP and L.Ca PP on the expression of OPG (A), RANKL (B),
OC (D) and Runx2 (E) of MC3T3-El cells. C represents the ratio of the expression of RANKL

and OPG. After 21-d treatment, total RNA was isolated and analyzed using quantitative real +ime

RT-PCR. Bars represented a relative mRNA expression of tested gene normalized to the levels of
GAPDH. Values were expressed as x + SEM independent PCR analyzes. ' P <0.05, ™ P <0.01,
" P <0.001 compared with the control group , *P <0.05, P <0.01 compared with PP.

LHACR SR T R BRES AL #Y LCa—PP 4.,

B AR T R S A O, B
M) —EE R, KK 70% , 555 EHENBE
SRR TETS BRI, A28 R AR A S
TV R ECE 5 JE AT, DT B 48 28 5 B
Friiba kA R B SR , ASSCRAIESS PP Al LCaPP
BYRT DA i v LR 5 T 1 B A R T, SR
HYEAPORCE AR TR, PR ALIR R AR
FHES,

Runx2 J& T Runt Z5# 33 K 58 0% |, & —Fh i i
YRR S SRR, BB RE S MR R BT 45 A1
ZAFEH J2 3T ) PyGpyGGiPy 751, 5 i 41 3t

R SE . Runx2 35 ZE7E BE 20 B AN IE 4K & 2 Al Hh
ik, R 4R 53 A A2 e Y SCHE P -, Runx2
AT LA i i B 5L o A R D A 258, AT )
Ao A B ] J5 40 A a5 2 43 Ak () LA SIS Y 1) 200 i ]
R Oy B A i = 1 DR A S Ay
FEFR S OC 2 i BB A0 T A — =l e S 2
H, B2 T A AN LT, X 5L s e ffb Ak
W, R A e RS . RTPCR
SIIAE T R PP AT LCa—PP 4 7] L | Runx2 F1
OC (R K | U RH 9 5 B REAS 1 i ml B 20 At 174
W53k R RG R K I 34k, PP AR ISR 3 T
LCa-PP (P <0.01, P <0.05),
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ICAER B BFFE & B0, OPG F1 RANKL 2 9 5 ik
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S0k 40 B S 3 L A A s 1) — 2R s AR —
RANK (receptor activator of NF—«B) SZ {445 51 1) 25
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(P <0.001 ), M 156 BH 9 2 A (0 HLA 02 3 8 AR
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