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Abstract (J. Kor. Oral Maxillofac. Surg. 2009;35:397-402)

EFFECTS OF ALENDRONATE AND PAMIDRONATE ON THE PROLIFERATION AND THE ALKALINE
PHOSPHATASE ACTIVITY OF HUMAN BONE MARROW DERIVED MESENCHYMAL STEM CELLS

Young Ran Kim, Dong-Mok Ryu, Yong-Dae Kwon, Yong Pil Yun*
Department of Oral and Maxillofacial Surgery, ' Department of oral biology and institute of oral biology
Kyung Hee University Dental School, Seoul, Korea

The purpose of this study isto investigate the effects of alendronate and pamidronate on proliferation and the alkaline phosphatase activity of human
bone marrow derived mesenchymal stem cells and to relate the results with bisphosphonate related osteonecrosis of the jav(BRONJ).

With the consent of patients with no systemic disease and undergoing iliac bone graft, cancellous bone was collected to obtain human bone marrow
derived mesenchymal stem cells through cell culture. 96 well plate were prepared with a concentration of 10¢cell/ well. Alendronate and pamidronate
were added to each well with the concentration of 10°M, 10°M and 10"°M, respectively. Then proliferation capacity of each well was evaluated with
the cell counting kit. 24 well plates were prepared with a concentration of 10°cell/ml/well and with the bone supplement, alendronate and pamidronate
were added with the concentration of 10°M, 10°M and 10*°M, respectively on each plate. The plates were cultured for either 24 or 72 hours. Then the
cells were sonicated to measure the alkaline phosphatase activity and protein assay was done to standardize the data for analysis.

Asthe concentration of alendronate or pamidronate added to the culture increased, the proliferation capacity of the cells decreased. However, no sta-
tistical significance was found between the group with 10°°M of bisphophonate and the control group. Pamidronate was not capable of increasing the
alkaline phosphatase activity in all trials. However, akaline phosphatase activity increased with 24 hours of 10°M of aendronate treatment and with
48 hours of 10"M of alendronate treatment.

Cell toxicity increased as the bisphosphonate concentration increased. This seems to be associated with the long half life of bisphosphonate, result-
ing in high concentration of bisphosphonate in the jaw and thus displaying delayed healing after surgical procedures. Alendronate has shown to
increase the alkaine phophatase activity of human bone marrow derived mesenchymal stem cells. However, this data is insufficient to conclude that
aendronate facilitates the differentiation of human bone marrow derived mesenchymal stem cells. Further studies on DNA level and animal studies
are required to support these results.
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(BaE8+2 2009. 9. 21 / 1X+82 2009. 10. 6 / 2A}+&2 2009. 10. 15 / AMEEL 2009. 10. 30)

.M 2

= o} ¥ AH(Bisphosphonate-rel ated osteonecrosis of the jaws

Bisphosphonates(BPY) = w3 4 9] 23} 1 2212 o}
sto 2 M ZrhE=, Paget' s disease, fibrous dysplasia, can-
cer-induced bone disease, osteogenesis imperfectas} 7+ 2
oA 2555 A6 918 ABARE el AR EH L
RLTH9. T2t # 2 BPSE 47 B89 $A45 0] A BPs &

FEZ

130-701 A1 & 5 WA FoiiE7 3] 75 1
3 8] ot 3] o) ol o 8- R4
Dong-Mok Ryu

Hoegi 1, Dongdaemunku, Seoul, 130-701, Korea
Dept. of OMFS KyungHee University Dental School
Tel: 82-2-958-9440

E-mail: dnryu@khu.ackr

e

A
FebelEs) 3t

o

: BRONJ)SE 72 412tk @ 5o) AT Qov, ol
Marx<} Stemol] ©]8] 20034 A& %8 ol2]® @A 7%
ohorm ol Jo] AR APOE hFHT 9 A%
ol .

BPs= phosphated] 12 % 447 @42 oA #
pyrophosphate analogue #l <] 34 & = hydroxyapatite
crystalsol] of gk xlshd o] wf-9- A9, Aot AAHE 3
F2o) FHol wet 2EFE AATE Sl Fol 7} 3
t}. o & £, Alendronate(Aln, 4-amino-1-hydroxy-1 phos-
phonobutyl phosphonic acid) <} Pamidronate(Pam, 3-amino-1-
hydroxy-1-phosphonoprophyl phosphonic acid) 72 A4 &
3t BPse FAE FF3HA ¥ etidronater} clo-
dronate®} 7+ =gk BPsol| H]3l 100u] ©]/Fe] & 3E 7t

*o] o 7= 2007 7)) 8 i A H] A 2] o) g 2 7} (KHU-20071611).

397



CHTL8IX| 2009;35:397-402

Av} o) wE AL WEE S A0 2 FFHA AT
BPst 52 B3A 2ol 444, A 02 Hg5e] F

TTE AASE A0E Btk S, A x99 S A
TAH A AA A st A E ) FE FAaATIH T}
= A £ 9] ruffled borderE Eot4 a1A goz2n g4 2
St 3l BPs= farnesyl

e ANANGY. EH ALE F4
pyrophosphate(FPP) $t4 & A2 <] A 3}o] mevalonate path-

Az BAH AEA 2L
g T A S JAlste] Aol AlxAES 4o

T}i51),

ol HEol L Aol o8t BPse & A E ok A
O MEALS et TRA L] F43% F3kE &
BA7IE Ao E B ET §lome o] = invivo e ¢
TAME LL °‘U‘r2°’ 131‘% BPS"] ZEQ‘r*‘ 3 Eé

7 T8 7+Y Z 7] Al Z (human bone marrow derived
m&eenchymal stem cells: h(MSCs)+= v £33} Al X2 2 #}7] =

<

= 7HAH, S A ] ThFE A Z(Z oM E, A&
*ﬂi l‘ﬂ“ih AL, AS A, A F)E E3e 5 9
L 52 0. BeA ol FoA F 3 228 9
g g A0E FZ5n BPso o dt HFS-S Hol= X
ATl e A2 47s] v dde Lol At E) oW
AFoME =05 ARARE 7P 28 AR H L e
774 °FE9] Aln(Sigma, St.Louis, MO)9} &t} A A= =
F5o ARAZ ol AL HL Uk AW W FAA

Pam(Sigma, St.Louis, MO)E ©]-& 3} BPs7} hMSCse] =
N3 ZRAZZY oo oW e G FL vlAE A ot
Bz e dzbelyd Q1A 8l & 4 (alkalaine phosphatase
: ALP)= =38 A A A X (Osteogenic precursor cell)ol] €]
s wolEy TRAZZY R3S FahE 27 A5
oo o] E2o GHS Y 3te] BPYF ZRAE ¥3
of ol g F 2 v X =A AA A

I 97 we 2 2

1. HEET|MES| FE2[2t B

rlot

= S A AqH
&4 S H =2 A FH sk ﬁ}.
%i?ﬂ, PBSZ o g] ¥ A| & 3 3, 1% 10000u/ml = V)
A2, 10mg/ml streptomycin, 10% fetal bovine serum(FBS :
Wellgene, Korea)o] 3% DMEM (Dulbecco s Modified
Eagle Medium : Wellgene, Korea)ol] o B &3t th B4
o] vk 379l 37C, 5% CO,, 5% L& FA A
Hj okl & 2.39 714 o 2 WA 3 th o] & 0.25% trypsin-
10% EDTA (ethylene diaminotetraacetic acid) 2 Al tf vj %S
A A1sked hMSCsE A lom 4-6tf 2] A EE o] &3] 43

398

atdth. o] wf A H B Al 7 hMSCsQI A ZALat7] 98]
A E B (flow cytometry)2 Al &t ot vl %E A E2E
anti-CD105-phycoerythrin(PE), anti-CD95, anti-CD34 &} 4 <}
uk2-A] 71 %, Cell-Lab Quanta™ SC (Beckman coulter, USA)
7171 &3l EA sk stk 1 2 7 CD105, CD959} 72 &
W3- WA 5 9l © 1} hematopoietic lineage marker ¢l
CD34 x93 WA ke, o 95% o] o]

96-well plates] hMSCso] 10%cell/wello] = == samples
/33 & Aln, Pam2 o 2] 2 H7bsto] Al X AEol
o JFE vl A& A HEeA
W2 a 49T o ol #Ha
- &+ : DMEM + 10% FBS + 1% antibiotics
C AT 1o 2T vk +10°M Aln

=2 a
AR E 2 T2 9 k) +10°M Aln
- AP F 3 g 27wkl +10°M Aln
FARF 4 2 W) +10°M Pam
- ARE 5 2w e +10°M Pam
F 497 6: 22w % + 10°M Pam

7}l FZ 7 of| A 244) 7Y, 4841 75 vl ¢ H, Cell count-
ing kit(CCK-8, Dojindo, Japan)& o] £ & o ELISA
microplate reader (Bio-Rad, Austrailia) 2 450nm s} 2ol A &
FEE ZYs] AT AEES YksAT

3. QTN AMRSFA B

0

24-well platec] hMSCse] 10°cel/ml/well¢] = == sample
2 WA F, A8 w2l AIng Pamg A7ksted wl e
Atk oA7)ell FRAEZZ] 35S Fist7] 9la 50ug/ml
L-ascorbic acid(Sigma, St.Louis, MO), 10nM dexamethason
(Sigma, St.Louis, MO), 10«M B-glycerophosphate(Sigma,
St.Louis, MO)E # 7} 8} o
Wz AP e 2ol /A eH, 747t 10
7l ¢l samples & /3 3t A o
- &+ :DMEM + 10% FBS + 1% antibiotics +
50ug/ml L-ascorbic acid + 10nM dexamethason
+10uM B-glycerophosphate

C AT 1Y 2w el +10°M Aln
CAB T2 U 2w kel +10°M Aln
c A3 22 wjoFel +10°M Aln
- AR 41 )22 ] ) +10°M Pam
AP 5 R v G + 10°M Pam
- AP F6: T2 vl kel +10°M Pam



Z} W k2 A A 244 7F, T2A 7S Hl oksk & cell S
2] 3o sonicationA] Z t}. o] = ALPS] &84S B89

Alendronate®} PamidronateZ} 2IZ}

(ALP-S, ASAN, Korea) v+ & A 2 =3 (Micro BCA™

Protein Assay Kit, Thermo, USA) 1 Z &=
AR vl Tk D g B

A% ekt

=}
o =
OD(optlcaI densﬂy)%AL 2 3kake A3 A

e BET BolASE AT AES)

= 3 10*°M 2] BPs7} %“.7} group7tell = &

2 7 %74

g gz 2
=R B
T

;‘qg/] }\]-1;]]7(40
In¢} Pam =5 3
AstE ATk =

]}G 0_4/\-]()]

1.1
' e ot Fl
(I ] =
e
e = -
: -
O i .
o) !
g
= .:
©
(0]
o
T -
=
i
59 - e
—
T
E) T T T =
Coddrpi bl ] o= Toee
Concentration
24 hours

STl ZHEETIMES] SH

ey clE g4 BYO O)XE &

Ao} 10°M, 10°M ] BPs7} & 715 group} 2] zpo]+
EAAHCE &8t (Fig. 1-2, Table 1-4, One-Way
ANOVA with Tukey-Kramer Posthoc, P < 0.01).

4 3 ALP %‘* S ARSI IRAE YEEY

T 3k A3}, 10°M 2] Alni 2z 3 A
T 24X 71 o] o], 101°M-4 AlnE 2 &3t A% 724 7+ Y
Oﬂ ALPe] &40 EAHOE G4 oA Z7tatdt
(Wilcoxon, p<0.001). ¥HH, Pame & o A ALP2] <

F =Y
)
[o
N -
T
r
9
rﬂ

< S7HA71A £} 10°M €] AInE A g gk 7 9o & Al
EAEE ﬂ”ﬁ”ﬁﬂﬂ°§%%ﬂWi§%§¢ﬁ
o A9 o] &7t 3sk4l th(Table5).
150
. = L
o "
Jjes= F
() T
O i el
(0]
2 i
2 m
o ;
- b 1
Conrel | 044 1094 104
Concentration
48 hours

Fig. 1. Cellular viability test of hMSCs according to the concentration of alendronate after 24, 48 hours of incubation.
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Fig. 2. Cellular viability test of hMSCs according to the concentration of pamidronate after 24, 48 hours of incubation.
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Table 1. Cellular viability test of hMSCs according to the
concentration of alendronate after 24 hours of incubation.

Table 4. Cellular viability test of hMSCs according to the
concentration of pamidronate after 48 hours of incubation.

Concentration N Mean+SD Concentration N Mean+SD

0 10 0.98+0.05 0 10 1.03+0.06

10*M 10 1.00+0.03* 10*M 10 1.05+0.06

10*M 9 0.95+0.06* 10*M 9 0.76+0.04

10°M 9 0.57+0.02 10°M 9 0.46+0.04°
1)Statistical significances were tested by oneway ANOVA among

groups
2)The same letters indicate non-significant difference between
groups based on Tukey-Kramer posthoc test.

Table 2. Cellular viability test of hMSCs according to the
concentration of alendronate after 48 hours of incubation.

Table 5. Alkaline phosphatase activity in hMSCs

Alkaline phosphatase activity is represented as a fraction of untreated
cell control and normalized to protein quantity at each time period.
Cells were treated with alendronate and pamidronate at different con-
centration as indicated. Data is presented at mean + standard devia

Concentration N Mean=+ SD tion.
0 9 1.05+0.072 Time Concentration Alendronate Pamidronate
10*M 9 1.11+0.06° 10"°M 0.99+0.06 0.96+£0.12
10°M 11 0.94+0.11° 24hrs 10°M 1.13+0.09 0.98+0.12
10°M 12 0.46+0.07° 10°M 0.95+0.06
Control 1.17+0.14 1.04+0.08
10°M 1.23+0.16 0.97+0.06
Table 3. Cellular viability test of hMSCs according to the 72hrs 10°M 1024029 0.98+0.05
concentration of pamidronate after 24 hours of incubation. 10°M 0.81£0.05
Concentration N Mean=+ SD Control 1.03+0.15 1.22+0.08
0 10 1.05+0.08
10°M 10 0.94+0.11=*
10*M 9 0.88+0.08
10°M 9 0.60+0.08°
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