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Abstract

Effects of Bisphosphonates on the Proliferation and the Alkaline
Phosphatase Activity of Human Bone Marrow Derived
Mesenchymal Stem Cells

Junho Jung, Baeksoo Lee, Yong-Dae Kwon, Joo-Young Ohe, Young-Ran Kim

Department of Oral and Maxillofacial Surgery, School of Dentistry, Kyung-Hee University

Purpose: The purpose of this study is to find out the effects of bisphosphonates (BPs) on the proliferation and the alkaline
phosphatase (ALP) activity of human bone marrow derived mesenchymal stem cells (hMSCs), and thus state its correlation
with bisphosphonate related osteonecrosis of the jaw (BRONJ).

Methods: hMSCs was obtained by collecting and culturing cancellous bone fragments from a patient undergoing iliac bone
graft. Alendronate (Aln) and Pamidronate (Pam), Ibandronate (Ibn) were added to the culture media in the concentration
from 10° M to 10" M and cell toxicity, viability were measured, For ALP activity evaluation, Aln and Pam were added
to the culture media in the concentration from 5x107 M to 1x10® M and were cultured for 1 week, 2 weeks and 3 weeks,
ALP activity data were standardized using protein assay. Control groups were prepared for each examination,

Results: Aln, Pam and Ibn all failed to increase the proliferation of hMSCs, With 1 week, 2 weeks of 5%10° M of Aln
treatment, the ALP activity increased. Pam treatment increased the ALP activity with 2 weeks of 5X 10° M and 1x10° M,
Also Tbn treatment increased the ALP activity with 2 weeks of 5%10° M and 1x10° M,

Conclusion: It is considered that BPs are not capable of improving the proliferation of hMSCs. Also, after a transient increase
in the ALP activity with the lower concentration of BPs, the activity decreased again. Therefore, in patients on long-term
medication of BPs, the proliferation and osteoblast differentiation of hMSCs are restrained, and thus delayed wound healing

and increase in BRONJ complications may occur,
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Bisphosphonate (BPs)&= IFZA|322] 84 oARIZ & del4
o], = JIRE AR EN F U] FTIE o Fou)
[2-4], Paget's disease, O HAEIF, HFoldHS, =4
A5, WA, A7) ol% Evke% % 22 2l dAMd
Aghe] AgAR He] A= lehs5-11]. 22 =3} AlE
| et &5 71 sl Al gk Aol 20031 Marx
9} Sterno] BPse] gHF0o & <3k BPs = &I AKbisphos-
phonate related osteonecrosis of the jaw, BRONJ)E H 113}
o]F o= TRl A2E A5 Po] HArH12-15].
BRONJ& BPs 7] -8 Sxjollx] ok& F|Afe} 10|
N, 79 Fol s Eeth

BPsi= phosphatesol] $12% 27t €42 izl py-
rophosphate analogue Alge] 2FZo|H, Hydroxyapatiteol|
gko] =a1, Bl ofgk 7imEsl, dell ARMds A A7RE
AREA] 2 A2 = el Hol QlvH16,171. BPse] 72+
whao} A 7 S23fe] W3}, B= phosphates®] oflH| 23}
ofste] tFeAl dd = 3ler, o]dt analogued] xfold]
w2t = F5 Al sl 2o’} )IEH16,18]. Etodronate 53
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k-2 Ibandronate (Ibn, 1-Hydroxy-3-(methylpentylami-

no)propylidene bisphosphonic acid), Alendronate (Aln,
4-amino-1-hydroxy-1-phosphonobutyl phosphonic acid),
Pamidronate (Pam, 3-amino-1-hydroxy-1-phosphonopro-
phyl phosphonic acid)= 2 A2 2 §37F =31 53
Bage] W BrH19.20], 2 S BPsi famesyl py-
rophosphate (FPP) @& gt =X slEAxe] 245
A8l5tan, hydroxyapatiied] v ¥5}ee] A PgHow 2
B ol 59E A, AR Aeach2l,

HE Eolk] BPst FREAIE] ruffled borders EQMs}
7 skat20l, SEAE ATAS] S Bes Arleh(22,23],
iz} Ads shaAlEe] AR APk fEghozy shaA
o] FE FAITH24]. o] 3] FPp 9 Aol
2J&}e] mevalonate pathway7} Wall7] Wito 2, 3= MZ2
2PER Qlete] dAiFlow F Fso] AsfErh21l

oloh= t=Al EEAE tiF A7lx] Mathov T3t
Giuliani ‘&2 S5 AZ A7Ale] F4e A=staL, Bslke &3
gkl Baslglom(25,26], Plotkin 5 FAZe} ZwAE
APke WAL B uslich27], of el FEAES] S
W3 IS FRlsks 7t Adled O Hee AT
L} Bpse] F5, sikzol wheh vkl irH28-301.

SEAES} 5 71EAEE) tigt BPso] G et

ololgort, szt 7kel Z7IME gt ZmAlEze] B3}

A= 107 M, 107 M9 Aln FEoM B3} Ex1go] Hagl
ub QIARK31 1 g7} Aek RE S fref kA Sl
of ME(ZOMIE, ASHE, APAZE, S22, 4, dd), A
DR B T Se v 7R viEs) AlEeB32] F d4s
o7 F Sl MER E3} 7hsdte] I thiabel gk 4
Aoz AR 11 SV SRAIE Hs APYRAIE
23] olgolAAlol wel % Bl Aol} WAl
e ERok 5ol Brv) )l e e ) Fen
Aoz Apkery, olo] & el EokEgeh gak 2 o}
d Z3lo] AAAZ AME-El= Alendronate, Pamidronate,
Ibandronate& o83t it sEolX] AlE =47 5ol
gk 7k, ERAlERe] B3l Aes S SRRl
3l A F P4 AT FRAEE 2elEE 27
Felr] 'Rl Gl ks Ex(alkaline phospha-
tase, ALP)S] 2ds Ao =HA Fristairt.
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A WS F 1~2 mm’ Z7]e] SEE AgiEigict, AEd
=32 Dulbecco's phosphate buffered saline (DPBS: Gibco,
Invitrogen, USA)E o]-83to] ~gHo] Freld w7bA] A=st
et 10 em’9] petri dishol] 1% 2 10% fetal bovine serum

(FBS: Gibco, Invitrogen, USA)Q} 1% antibiotics/antimyco-
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tics (100 U/ml penicillin, 100 mg/ml streptomycin, 0.25
mg/ml amphotericin B: Gibco, Invitrogen, USA)7} g
a-modified minimum essential medium ( @ -MEM: Gibco,
Invitrogen, USA)ell Zol| vt wllef 27L& 37°C, 5%
C0s, 95% ST FABIIem, b 22jeh wikalg: A3
o} E8E A2 peti dish® oJFAIR] F-0.25% trypsin-10%
ethylene diaminotetracetic acid (trypsin-EDTA: Gibco,
Invitrogen, USA)E ©]-83}] trypsinize 3 Alth viFS 24
shdet. 3~4tie] hMSCsE 853 § FAlE 4 (flow cy-
tometry) Alate] hMSCslE SRlskgint. FAIZ 4 (flow
cytometry)2 58 AEE anti-CD105-phycoerythrin (PE),
anti-CD95, anti-CD34 3419} WHS-A171 & Cell-Lab Quanta™
SC (Beckham coulter, USA)77|1& E3le] Aldsigct = Ay
CD105, CD95%} & FHale 2] 01 hematopoietic
lineage marker?] CD34 EHEAL K] gigkom oF 94%
ool MSCsz2 ZRIHr}.
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hMSCs: 96-well plated]] 10°/100 zl/welle] L5} B
sampled BB, Wk AL FAEEA 244070 F b
AT} o] wigklS wAste], MIEol| thet BPso] 4 Y
2 skt

Iz @-MEM+10% FBS+1% antibiotics/antimycotics

-‘WJ

T\JE

A8t 10 )z wiekl+10"" M Aln or Pam or Ibn

A8 20 2T vl +10° M Aln or Pam or Ibn

AT 30 gz wjkd+107 M Aln or Pam or Ibn

AT 4 )z 8l +10° M Aln or Pam or Ibn

28t 50 Uz vkl +10° M Aln or Pam or Ibn
==

fil

BPse] /2 Aln, Pam, Ibng o|&s}e] Z4Ze] AdFS
Ao, 7+ BPso| Fret skl wt 24ARKE, 48AKNS
wjoksl F, Cell counting kit (CCK-8, Dojindo, Japan)& o]&
&}e] ELISA microplate reader (Bio-Rad, Australia)2 450 nm
I FREE SO AT 4L Bl 2t
W e SRS 1E0E 2t 297 jEel oD
(optical density)F}o2 3haksle] ZA5IICHOne-Way ANOVA
with Tukey-Kramer Posthoc, P<0.05).

3. AIE &S 7}

hMSCs:= 96-well plated]] 10*/100 l/welle] W57} Hw==
gL, wliF e FAlehEA 24ARE F- TR

AT R wiYFAS wAlEte, BPso] AIX 52 ] o =
Hrelsich. Al =74 %7} Aol wet Bbs w%F A% 7RES
ch ek

)z @-MEM+10% FBS+1% antibiotics/antimycotics
S 10 2 vkl +10° M Aln or Pam or Ibn
A7 20 R vk +107 M Aln or Pam or Ibn
187 30tz Hiokl+10° M Aln or Pam or Ibn

BPs¢] &R/E Aln, Pam, IbnE o|&3}e] A+ FA5H
o, zt Bps9} wol et 1, 3%, 798 vk H, Cell
counting kit (CCK-8, Dojindo, Japan)& ©]-&3}4] ELISA mi-
croplate reader (Bio-Rad, Australia) 2 450 nm 3ol 5%
T SRko s AE BEsS Fksielrt. A vlule iz
—TLQ %—01—%}-& 7120 = 7_} 27&;‘(]94 /\H;H;Go] OD (optical den-
sity)zko 2 lsle] ZA3519tHOne-Way ANOVA  with
Tukey-Kramer Posthoc, P<0.05).
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hMSCst= 12-well plated]] 3x 10"/ml/well] U&7} &
sample-g FAISHIL, Wik S FABAN 2441 F tix
3} Ao g ujkls wABIGIh e 34
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QMRS EL: Bl MAE JF

=371 98ke] 100 nM dexamethasone (Sigma, St.Louis,
MO, USA), 10 mM /B-glycerophosphate (Sigma, St.Louis,
MO, USA), 300 #M L-ascorbic acid (Sigma, St.Louis, MO,
UsA)S Avlele] s, AREe thet 2ol e
wlegelol Ti2ek 5i2e] Aln, Pam, b A71310] FAIILIEE
Aae] e AE AR el tiek 24052 = oflet
A ghe oz AR
iz @-MEM+10% FBS+1% antibiotics/antimycotics
+100 nm dexamethasone+10 mM [ -glycerophosphate +
300 #M L-ascorbic acid
AT 10 )2 wjFl+5%x 107 M Aln or 5x107 M Pam
or 1x10° M Ibn
AT 20 2T vl +1x107 M Aln or 1x107 M Pam
or 1x10° M Tbn
AT 3 O)ZF Hl+5%10° M Aln or 5x10° M Pam
or 1x107 M Ihn
AT 4 iz ikl 4+1x10° M Aln or 1x10° M Pam
or 1x10° M Ibn
BPs9] &7+ Aln, Pam, IbnE o83} A7 FA8A
o], 2 BRss] 55} Fwnich % 3] Hiekel Alse] 17,
27, 3 s FAdekSitt ol AIE AFSIAL lysisste] ALP2)
X8 =A3}93(Sigma, St.Louis, MO, USA), 2 HhE
AlelsE Thl A ks Es)(Micro BCA™ Protein Assay Kit,
Thermo, USA) 11 AEE EF3lsle] ZF Ay x2S
Huakdc}. ALP 84 2782 7-44¢] p-nitrophenyl phosphate
7} #-282] p-nitrophenyl2 H3}3F AE=E ELISA microplate
reader (Bio-Rad, Australia)2 595 nm Igol] 4=5 =34
sto] Fristolon, du vlae thxwe] Fighs EeR
3haksle] 23l t(Wilcoxon's rank-sum  test, £<<0.05).
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1. AIE 54 371

1) BPs 37} 24X3F & AE B4 =7}

Alne] 7} A] 10° M oPde] Erois 15 vzl Hl’o‘k‘ﬂ
Aoz Soli Al AT ZA50] 74T 107 M
FEorE o = HIgte] fod JA AIE o] =
Ueldt}. Pami= 107 M oPde] ol thazol uisto] Al
0] el Al SR 2 & - 9lom, An R IAIE
107 MelME AE 4% 27 sttt

bne Aln, Pamol] B3} 10° Me] T E S4o] =7
S7FIA] egkon], 107 M =7k s} freldh 2fol7}
Qlgiet. 107 M, 107 Mo Ibn‘ﬂ—O] thzal ARk o8 go)4
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2) BPs 37} 48A1F & AIE =4 Fr}
Alng Aeek 4 48ARE vijekre] AE B4 107 M o]

[ Control
147 &3 An
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124 HH lbn
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Fig. 1. Cellular toxicity test of hMSCs according to the concen-
tration of bisphosphonates after 48 hours of incubation
(Mean=SD).

Z737} zpol7} e, 107 Mol E4do] 7|
/KRS & 5 QIgith Pame 107 MO] FERE o)A o=
2polE Holm, AInd nEF AR 107 Mol thasrs} & lol=
Hel}, b 244K vk} AR 10° M, 10° M 5%
oA ozl HIste] el Al AlE EAdo] S8 SIrkFig.
1, Table 1),

2. AIE BESs It

1) BPs J7} 19 & AlE Q=% 57}

Aln 7} A B otz vlsle] SAF R folst
Al ZRslet. e 24 el e xlol= IS PamS
AR 79107 M obdel FER AP sl uise] $
Aoz ol AESo0| 78, dtHog nErE A
7FkrE 71231900} 1hn IE3F 100 M oe] 52 A7) A
o) Hjste] BAHo R fosiAl AEso] 7t

2) BPs 37l 39 ¥ AT A5 7}

Aln 7} Al LR 23] s AEFo| felsh 14519
o} 107 M EEdXE gz} ztol7t 9ieh. Pam} Ibn
B 107 Mol frolaiA] Aol 7kt

Table 1. Cellular toxicity test of hMSCs according to the concentration of bisphosphonates after 24, 48 hours of incubation (Mean+SD)

Time Concentration Alendronate Pamidronate Ibandronate
24 h Control 1.06+0.02% 1.06+0.02° 1.06+0.02%
107" M 1.06+0.02° 0.97+0.04° 1.07+0.072
10°M 0.96+0.03° 1.01+0.00*° 1.07+0.06%
107 M 0.94+0.03° 1.00+0.04° 1.03+0.01°
10°M 0.92+0.03° 0.88+0.03¢ 0.95+0.01°
103 M 0.36+0.01°¢ 0.29+0.01¢ 0.91+0.01°
48 h Control 1.07+0.02% 1.07+0.02° 1.07+0.02°
10" M 1.03+0.07%° 1.07+0.01° 1.05+0.01%
10°M 1.04+0.00° 1.00+0.01° 1.07+0.00°
107 M 1.03+0.01° 1.03+0.01°¢ 1.07+0.01°
10° M 0.81+0.01°¢ 0.84+0.01¢ 0.98+0.06"
1073 M 0.31+0.01¢ 0.29+0.00° 0.63+0.01°¢

Data analysis was by One-way ANOVA. 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 bisphosphonates after 1,3,7 days of incubation (Mean+SD)

Time Concentration Alendronate Pamidronate Ibandronate
1 days Control 1.39+0.04° 1.39+0.04% 1.39+0.04%
10°M 1.32+0.01° 1.34+0.02%° 1.38+0.04
107 M 1.31+0.02° 1.33+0.03° 1.28+0.02°
107° M 1.29+0.02° 1.15£0.01°¢ 1.23+0.02°
3 days Control 1.43+0.03% 1.43+0.03° 1.43+0.03%
10°M 1.41%0.02° 1.42+0.02° 1.42+0.03%
107 M 1.36+0.02° 1.39+0.01° 1.42+0.03%
10° M 0.89+0.03¢ 1.14+0.01° 1.28+0.02°
7 days Control 2.41+0.00% 2.41£0.00° 2.41+0.00°
10°M 2.34+0.05° 2.22+0.05° 2.20+0.04°
107 M 1.96+0.09° 2.15+0.06° 2.20+0.03°
10° M 0.46+0.03¢ 1.36+0.03¢ 2.15+0.03"¢
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3) BPs 71 79 & ME W5 7}

AlnT} Pam, Tbn 25 37} 557} ALGE EAHo R f9
S AT AES0] 7h3Etor)t Pam bne] 107 M, 107
M Zholk= BA1F 2Jol7} §I%ieh AlnF} Pamold] 107 M9 B
257} Al AESo] Asimrel Hjste] 2 Fom fasigint
(Table 2, Fig. 2).

Aln} Pame] 37} A] vjeF 395 79 0]F el 10° M Fol)A]
AErearol| vlske] o4 Al o] st on, bne
785 vk zle] SYtsleRlE 3t Ewol whE S2kse] Xt

=7 ekl
1 Control
037 O Aln
Bl Pam
2.5 - lbn
a 2.0+
o
(]
2 1.5- *
o
4
1.0
05+ -
0.0 T T
107°M 107 M 107°M
Concentration
7 days

Fig. 2. Cellular viability test of hMSCs according to the concen-
tration of bisphosphonates after 7 days of incubation (Mean+SD).
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Fig. 3. Alkaline phosphatase activity test of hMSCs according to
the concentration of Alendronate (MeanxSD). *P<0.05 sig-
nificantly greater than control.
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Alng Aejgh 27} 5x10° Mo oA 15, 25 Wl frold
A ALPe] B90] S7IaIlOL, 152K 71 B3] =3k
B 110" M) Aln #e] Aoffz 27 voll 27401 S71He
Pamz #]2J3k 7ol 5x10° M 1x10° MoK 25 o]
o] el Wl S7RIICE 58k 107 M} 10° Me] IbnoiA]
ALP2] EAJo] thzroll Hlate] 23 Wel| fejst Z712 el
ok 10° Mo} o Helgh A9 25 ofFol= A AEgo]
vol Adel| Hash A|Ee] ok A Faiodrh 1x107 M}
5x107 MO A2t A9olis BE AP ALPS] B
Z7NFIA S8FckFig. 3~5, Table 3).
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Fig. 4. Alkaline phosphatase activity test of hMSCs according to
the concentration of Pamidronate (MeanSD). *P<0.05 sig-
nificantly greater than control.
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Fig. 5. Alkaline phosphatase activity test of hMSCs according to
the concentration of Ibandronate (Mean+SD). *P<0.05 sig-
nificantly greater than control.
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Table 3. Alkaline phosphatase activity test of hMSCs according to the concentration of bisphosphonates (Mean+SD)

Time Concentration Alendronate Pamidronate Concentration Ibandronate
1 weeks 1x10 8 M 1.13+0.05 0.94+0.12 10%Mm 0.49+0.10
510 & M 1.50+0.06* 0.95+0.09 107 M 0.56+0.06
X107 M 0.74+0.09 0.72+0.05 10°M 0.63+0.05
510 7 M 0.91+0.06 0.66+0.07 10°M 0.50+0.10
2 weeks X108 M 1.28+0.10* 1.18+0.11* 108Mm 1.37+0.06*
5108 M 1.17+0.04* 1.42+0.12* 107 M 1.30+0.09*
X107 M 0.72+0.10 0.85+0.08 10 M 0.70+0.08
5107 M 0.83+0.08 0.39+0.06 10°M
3 weeks 1x10°8 M 1.10+0.08 0.86+0.10 108 M 1.10+0.14
510 8 M 1.1720.12 1.08+0.09 107 M 0.24+0.11
X107 M 0.77+0.10 0.79+0.15 10°°Mm 0.08+0.09
510 7 M 0.44+0.06 0.63+0.13 10°M

Data analysis was by Wilcoxon’s rank-sum test. *P<0.05 significantly greater than control.

o H

I M| BAS JARIE BPss Xl F A2le Aoy
= Ak Qlojr] wie- E&Zo)ar AefshA| AMS-E 5 deH,
gk de| 2ol= XsAlole}, ol & Heke] A|me AMERE
BPs+ 20031 BRONJ7} & Ha1E o]F ekl o4
o] 22 A7 AP} Fdci12-15], BPSE EAIEe] FEd
actin F2HE WelElaL, ruffled borderE BRFHSH shH
20,33], F2AIE HA7AS] S22 Bag JAlBkan22,23], 2]
Ao} A gZA|Ee] AEAPES fEgoen Arzor
= 578 ks 7IKeR ARssAl =, o] whiEel Tk
A=A Pt HEBtar, =] Hehgo| vk Wk ofma AT
o] O & & WX BRONZ} T¥eh= A og Azbert o9
et FRAE} F7IEAME, vliEst ZFGAIE] ek FEFe
okl =L glon, I FRe} w5, A kel weh
TEAEe] 25 ohE ] Adw TRkl BarEar ity

Sl thet ekt Aol oE 107 Mol 10° M7}
9] FLollM izl vjsle] AlEZ F2lso] g Hilske]
on, 1 ofste] tRkgE sEok= S2lsol Sl HEEL
t}, Reinholz 52912 IR FRAZo| theh Pame] oJaF A7l
A 107 M oPde] FEol T2 64RE o H]
frolid QA EH, 107 M el 6L o ElEl
Aolgl= AE7F 95% 7HAEAL, 4% 10° M ool Ewoa=
A7} 523 HH, Dojx| 1, AFAP} dold-s B st
Im S{28]-& ekl 559] Aln, risedronate2 MG-63 celld]]
A7KeE ArellA direct cell countingS: 01838l S245-& W7}
g 9ol 107" MO FRolME thzrel nHiste] A=
107 Mol 107 M Ajolelrdis 52150 S7=n, 107 Mojrl=
zlol7} 98-S B IEkal, MTT assay 37} WHolxE 10°
MelA] 48AITF wljeet -9 o] AlE F2FsS BorkaL sk9l
t}. Fromigue®} Bodyl34l= Pam 7ol ofH Fox=

Z2s0] Z7kslA] 39kl 107 Mol Z2150] 7125153

i

BN o

o]
o

B

315ic}. Garcia-Moreno 51351¢] 218 Aselr 10° Mo] F%
ofatoll] F2lsoll ol §ilem, 107 Mol S2bse) 7
2,107 M oPde] sl Aot e AE} fI9kee Has)
it

17t 71 &AM E(human bone marrow stromal cells)l|
o BPse] A7 mdh thkstirt. Klein S1301 107 M}
107 Mo izl vlgte] B571 AT ] F40] F7HES
waslglon, 10° Mol BARCR ol = Ajol2 Ho)
A eF=r}ar 819k von Knoch 513619] $Folid= 107 Me]
Aln F7lrold 793} 14U4] 14%, risedronate F7RollA=
747} 1494 16%, zolendronate H7lellME 794 15%,
1494 14% vzl vjste] NES7F 71 Bals]
o} still 371 F] S571EAE BPsE 371 A3ellA
Aln, risedronate 7} 25 107 Mo Ae] tirite] 7o]
olAlge] BAHAL, 107 MoA 107 M Alolorf= FHlo]
freld Al S7de] BEERICE olell wH etidronate H7 ks
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