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Study on the Effect of P Ion on the Proliferation and Osteogenic
Differentiation of BM-hMSCs*
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ABSTRACT Objective: To investigate the effect of P ion on proliferation and differentiation of BM-hMSCs. Methods: BM-hMSCs
purchased from ScienCell Research Laboratories were subjected to serum free growth medium (control group) and serum free growth
medium with additional 4mmol Pi(4P) or 8mmol Pi(8P) for 21d. CCKS colorimetric method was used to assess the cellular proliferation;
RT-PCR was used to examine the mRNA expression of osteogenic marker genes, including alkaline phosphatase, collagen type I and
osteocalcin; Alizarin Red-S method was used to study the mineralization of BM-hMSCs. Results: The proliferation of BM-hMSCs
significantly increased in 4P and 8P groups in day 4, 7 and 14 whereas decreased in day 21 compared to that in the control group. The
proliferation of BM-hMSCs was more obvious in 8P group. The mRNA expression of OC was down-regulated in 4P and 8P groups in
day 7 whereas the mRNA expression of OC was up-regulated in day 14 and 21compared to control group.The mRNA expression of ALP
in 4P and 8P group was not different with that in control group. The mRNA expression of collagen type | significantly increased in 4P
group in day 7 and 14, but only increased in 8P group in day 7. The formation of mineralization nodules in BM-hMSCs were obvious in
both 4P and 8P groups in day 21. Conclusion: Our data indicated that Pi could promote proliferation at an early stage and induced
osteogenic differentiation of BM-hMSCs.at late stage.
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2.1 Pi ¥t BM-hMSCs 1358 52408
TEREFE 4 K 7 K 14 Koit, 4P F1 8P 40 OD {HIH B 55 T

N BEZH ;21 K R T % e 2

,BLHA 4P F1 8P 2+ BM-hMSCs
HIBEFEAERE SR 4 KT K14 RETERBE @ F X idl, H 8P4
i BM-hMSCs [ 34 5 75 T 4P 41 ;21 KB ,4P F1 8P 41

BM-hMSCs f35H W AR T X B (L3R 1.4 1),

% 1 Pi %t BM-hMSCs 585 22 0m(0D &)
Table 1 The effects of Pi on the proliferation of BM-hMSCs(OD)

GM 4P(P% ) 8P(P%) P(4P/SP)
4d 0.094% 0.006 0.166% 0.004*(177%) 0.174% 0.004**(185% ) <0.05
7d 0.148% 0.008 0.217+ 0.003**(147%) 0271 0.008%%(183%) <0.01
14d 0.250% 0.005 0.393% 0.006%*(157%) 0405+ 0.006%*(162%) <0.05
21d 0.210% 0.011 0.123+ 0.006**(59%) 0.091% 0.005%*(43%) <0.01

7+ P<0.05,**P<0.01 53FEBALLE,
Note:¥*P<<0.05, ** P<0.01 compared with control group.

0.45
8 0.4 M
/\ —.—4p
0.35 &
0.3
- // %
o /
0.15 / 5
0.1 -
0.05
0
ad 7d 14d 21d TIME

1 Pi 3 BM-hMSCs &35 1) 22 fia
Fig. 1 The effects of Pi on the proliferation of BM-hMSCs

2.2 Pi Xt BM-hMSCs f1 OC,COL [ & ALP mRNA ik 7k F

5%t FRZH A6 L ,BM-hMSCs 7E 75 il 4 mmol 1 8 mmol Pi
B FEIERE 36 7 I, OC HU%3k s 357 14 K 21 K,
OC Wk R FIR(ILEE 2), 4P il 8P 4Hrfr ALP 3k /KF
% IEH TCHH B 22 R (ULFE 3).7 K, 4P 8P #H Col I Ay kK
SEATEH S S X2 5 14 i, 8P 4 Col [ [y 38 ik K5 %+ 1R
A FEIA T B 2= T 521 KA, 4P 8P 4H b Col [ 1y ik K SE4R
H S RIRAAEA T 225U 4).

%2 Pixt OC RIEHIBM(22)
Table 2 The effects of Pi on the expression of OC(244¢)

4P 8P P
7d 0.40% 0.18" 0.42+ 0.03" >0.05
14d 60.14+ 26.02"  75.59+ 20.89™ >0.05
21d 68.04% 29.17°  66.10% 29.46 >0.05

i EXRALLE *P<0.05; SXHRALLE **P<0.01,
Note:*P < 0.05 compared with control group; ** P<<0.01 compared with

control group.

R 3 Pi Xt ALP RizHI MM (22A)
Table 3 The effects of Pi on the expression of ALP(2242%)

4P 8P P
7d 5.27+ 4.34 4.55+ 3.75 >0.05
14d 6.19% 4.66 5.64% 3.85 >0.05

21d 1.34+ 0.49 1.01+ 0.21 >0.05

3= 4 Pi X COLI RikHISME(222)
Table 4 The effect of Pi on the expression of COL I(224¢)

4P 8P P
7d 133.18% 19.76™ 163.25+ 7.38" >0.05
14d 13.77+ 6.73" 10.69+ 7.29 >0.05
21d 1.86% 0.79 1.79+ 1.14 >0.05

S RALLE *P<0.05; SXTHRALLE **P<0.01,
Note:*P << 0.05 compared with control group; ** P<0.01 compared with

control group.

2.3 Pi %t BM-hMSCs # 4L £ 75 B I =4 i

IR 21 KN, PRHRULESHN AR 200 545 TG H 41
- AbEE et , v I AP 8P LI A 2 Ab LT Yt bk Y, ikt R
WA AT Yem 2577 (B 2.3), KW BM-hMSCs 1] #£ 4
mmol z¥, 8 mmol Pi i35 T id 7k, B A Ma o fb 4575

% ~ gpY

2 HEATHETRE

Fig. 2 Mineralized nodules staining by alizarin red

3 BRIRTUEERLT LETHRE(X 200

Fig.3 Mineralized nodulesstaining by alizarin red under microscope(* 200)
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B S Jrie Be AT AR A, TR
BM-hMSCs 3458 F1 56 ] B 194 FH T LA A 3R FH G D )
HH LB —FPR iR R (Hig 4 Rk, T Pi Xt BM-hMSCs
IV FH M A 58 S B o P T I B o B2, Syl e e iy, A
SERCEST AEVRANTC MG KE 3R 4, S A T4t 4 58 A
o B op A ) — SRR E FE AR5 Pi X BM-hMSCs 34
FEAB B AL REE R, B AE R4k BM-hMSCs 76 & 2121
TR B A P PR e SR

MSCs ) BB b A — B FE LU R LA BB 5k 18
AP BB A K T B R T, MSCs &2 4, 3 A B
bR BRI B ALP fOIA TS, WE-R: 4 & il 37 2
T, AP IR B A B 40 0 R RS P S AT L, 0 A Y A/
s B ARSI B AR, WAL TIYE U, REEgE 4
mmol/L F1 8 mmol/L Pi $%3% BM-hMSCs4 X .7 K .14 K}, H
B8 Y1 OH 0 v ok S B R 21 R A B A
FWITERTIA A, Pi AT UL BE BM-hMSCs AR 3658, i 39
BM-hMSCs "] RgitE A 534k - fhB B .

ALP B AR R ZIIRER, [ T RS,
BEMEAAZ R 4 T idn 5 W BR LA 5 K At 25 i 32 SR 38 Jon )=y 5 260
BERBEIRAR s F5BUAE 1L IR SR g R Eh AR FAR 5 9 1k
Ca Pi 7 ALP fEH FUIBUENR R b 5E si-d 3L 50k, ALP &
YR E AR R BITRR Y, 7RIS Sh RIS B B (b i i
EEMEO 8 AR b4 mmol/L 1 8 mmol/L Pi % 3%
BM-hMSCs7 K .14 K .21 Ki}, H ALP §3&A 5% A0
B2 STHIR A, FTRESE N AMIRANFE Y Pl 4 RE T 2 3k
FET AL TEEL, s T % ALP {8 F =535 Pi RGN iy 75 2,
COLI 2L E b I bR Sy, B fbriEshE i 32 2245
MUY, AR E S B A WL 90 %241, BRRPER T =
EMRIFEA , BT —RIERIFEE A, I OC, OC X4 y- 18
HAFEREA, AL PR RE A 15 %2, 2k — H e
BB AN Bk B R S R R o %8R U RT LGE S HAR A A
SR T A Ve i 2 3 IR A AT B B R 7E — S, T i I
s AT AR T 0™ A s (A 898 o RN (AR, 2 AT e 43 Ak G B 1
MY P ARBESE 4SS R WK ,4 mmol/L A1 8 mmol/L Pi K5 3¢
BM-hMSCs 7 AH R 4 A i) 5 38 sl B o fe - A S Rl COL 1 Al
WAL OC RyRIAKF, Bboh, B Lai iy R s, 4
mmol/L F1 8 mmol/L Pi % 3% iy BM-hMSCs #8451k 45 75 2k
T T B A LT e fb 4577 , 1] BM-hMSCs B[V 7 TG IfiL
TSR WAL PLsR T UE o0k, Al fh 515 .

RZ AR R, AV T M B3R 4500, P AL
AT LA b 140 i BM-hMSCs 93654 , A 7] LIS BM-hM-
SCs WML E /it , B —FEAE B S 5, 2E 51
ABEHL TR R AR5 N5 SR F 41 BM-hMSCs
B8 I LB AR L T —FP ik, BB TR AR TR =
w0 Pi SR F 4 BM-hMSCs f345E 515 55 il BLE
SRR FIRLE] B AT RTERE B R N — st .
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