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1. Pamidronateol] th3t Algh 7+ E7|A 29 AFZES A3 A7 lug/ml ©]
3te] ETolA 90%Y AFES BYi, 1 % 100ng/mle] sEo|A AlPase

FYEI 3 Eg

2. 2t 2 AlPase 8AEE SA3 Ay ug 3FA dlz=ad 0Se}
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o H]3 pamidronate T A gl Al &Ad o] THE =T

3. Pamidronate @52l ToA A 13 wP@] mRNA HdYFLS gz, 0OS
9} pamidronate A A &, OSol| pamidronate &3] 2%, pamidronate 3]
glatol vlwEtd S w 7Hg =9kow, pamidronate WA BTl A Al 1Y
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Alg 7t ES71A XY F 84 HF 29X pamidronated 9

SEE LR LR
7 F 7
L A &

=4 Wl EAlsle E71AXE A 28 E7] A E(hematopoietic stem cell)
& Z7)A E(mesenchymal stem cel)® Y& & At 28 Z7|AME+= oY
7HA A AIEE ALbsks AlEQD Wk, 1HY SV EE ArF QAR oy gt
AA Ao 37} Thedte] ZobAE, AFAE, AAE, L5,
AFAE 55 WE F de Aoz g don AFAGANAY A4 5
Ao FHE 1 5ol FHHYTHH, o] F ZolAEE dexamethasone, B
-glycerol phosphate, ascorbic acid®] osteogenic supplement(OS)E T 7+ =
NAEZFE 3171 7Msdta, o] Ao A alkaline phosphatase(ALPase)o] 2
1

37k 2% F90) FolowM FohdZRe Bat 79H AN,

S

Bisphosphonate¥ pyrophosphate?] §EAE2 & FFAAAZR & 484 9o
o, TS of7|sh= AW F HA AMEEI v EZolth fA S =

2+ etidronate, clodronate, tildronate, pamidronate, alendronate, incadronate,

i
ol

zoledronate, ibandronate”} 91 t}%® o] % pamidronate[Disodium-3-amino-1-hy-



—droxy-propylidene-1,1-biphosphonate]i= #| 24t amino-bisphosphonate #|#| =
A1, 53] bone turnover’t #EE 9]0 A] hydroxyapatite &7l Az &5
of A3lste 714 &S W A FEA LY

AxoZN FAHR B (Paget’'s disease), L7 %3 ZF (hypercalcemia), &84 =
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T Z8o AFgE F+ A
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phosphatase®] ©]/& doA FAFMEY 7|54 FdE zHYstd & &5 59
S A grte Burk Jop gy Viereck 5 2 Evans®] Ao o] s}
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Pamidronate(3+F& Al ¢F, Korea)¥ Gador(Argentina)oll 4] 7123k A 2 2 disodi-
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2. AT
AR 25 Y EAAEY AR NG

A A v x]el low-glucose Dulbeco’s Modified Eagle Medium(lg-DMEM;
glucose 1g/L, Gibco BRL, NY, USA)¥} 45 42 & 1500rpmol A 3&3F 4=}k
A E Aldgste] MxE DAEE skl Percoll§ 9 (SIGMA, MO, USA)S <]
&5 244 E9E Adste FHAMERNS FE AT 5% CO., 37T HIS7]

wj st A} wiA(10% -efol @ ol £3¥ Ig-DMEM)E 3 vttt ugks}
HA Abd 29 Y S7IAEe] Y wdS A=sta e 70-80% 8% et
A Al kst 3-52F Al wi ke AEE AP o] &k

ZolA ER ] #3tE FEsH7] 918k 100nM dexamethasone(dex.; SIGMA),
0.05mM L-ascorbicacid-2-phosphate(A.A; Wako), 10mM B-glycerophosphate(p
-GP; SIGMA)E #jAell A7} skl

. Pamidronate®] 93 A¥ F4EF A

A

Pamidronate’} 7+ E7I1A X9 AEAF vAE JIFS #AZ37] Yt
96 well platec] welld 1x10'71¢] At 7+ E7IAEE Yol 24478t vl g3
% pamidronateE 0, 1, 5, 10, 25, 50, 100, 200, 500, 1000, 2000ng/ml & == =g
3o 37ColA 3Y, 79 HFEAZl ¥ 345-dimethyl N-methylthiazol-2-yl1-2,
5-diphenyl tetrazolium bromid(MTT; SIGMA) AAIZ AtE 7+ E71A1F9 Al
E3dES SASAT MTTHA: 2429 w52 Aed A 1HY =71A2 8
phosphate-buffered saline(PBS)Z + ¥ A3tz MTTE NS 37CAA 343
Aele F, mgds Wil dimethyl sulfoxide(DMSO; SIGMA)Z  =oujo]

570nmel A FwE S 4e



t}. ALPase 84 = =3

Pamidronate?] &%o] wE AlPase? FAHEE =437 Y5t 6 well plate
o] welld 3x10'7M19] MEE 23319 pamidronateZ 0, 1, 5, 10, 25, 50, 100, 200,
500, 1000, 2000ng/ml &%= A& st Z+2k 1, 2, 337 vl gt & PBS buffer®
A& 01% triton x-100 200z H#E AE L3 E(cell lysates)

NI\
o
X

p-nitrophenyl  phosphate(SIGMA)¢F 1%  30%3F 95AAH EF

1o
ol
==

(spectrophotometer; Armersham Pharmacia, NJ, USA)=Z 405nmoll A & 4ol
A3 E p-nitrophenol?] EFEE =AH3le] FE N AlPase T4 E

Attt ALPase X4 =71 714 =2 pamidronate 3525 A A 3
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2 WUy o® ALPase EAEE SAH3IATL
2. A3dT

o] Aol HFFoRE AL 744 Z7)AFEo] 0S¢ pamidronateE A A 2]
3(0SP), 0OS 15 Ag ¥ pa
2]+ (P), pamidronate 15+ 7 % 5 A (P/OS)e 2 Yrdla, dxa o

© lg-DMEM2 & et (media) ¥ OSE A e (0S) 22 433

amidronate® %] 2] 3k (0OS/P), pamidronate T3]

v, mRNA F&3¢ JHAA-FF5L A3 (Reverse Transcriptase-
Polymerase Chain Reaction ; RT-PCR)

Zb R B3 A7 A EZFEE RNeasy mini kit(QIAGEN, CA, USA)E o] &
sted, cDNA Aol A" F RNAE 3 F, #Agd 237UV
spectrophotometer; Eppendorf, Hamburg, Germany)Z ©]-&3o] 260nm/280nmol
Aol FdEE FAste] RNAY &5 7AlMtete] F53 RNAE AZFeal s
2S8R Y. cDNA A4S A3+ 0512l RNAE reverse transcriptase(Promega,
WI, USA)$} oligo d(T) primerg ©]-&3Fo] 42ColA 1A 95Tl A 5&7F dbg-



A 712 4T A TS FAAAY. 4 H cDNAE 422 glyceraldehyde-3-

phosphate dehydrogenase(GAPDH)$} #] 13 w94, osteocalcin primer® ¢ &
2 AMNESS A AT FEEA AMNESS 94T A 5t T F, HAANES

S 94TCelA 30%, AFNHeS 58T lA

71 wEeha kA Fgunee

ot

%85 AUk (RT-PCR) AHE2 15% agarose gelolA

1.

¥ 1. Primer 7] A4

Primer Name Sequence(5>—3°) PCR product(bp)
Type I collagen - sense GACGAGACCAAGAACTG 599
-antisense ~CCATCCAAACCACTGAAACC
Osteocalcin - sense CATGAGAGCCCTCACA 310
-antisense  AGAGCGACACCCTAGAC
GAPDH - sense GGCAGCTGGAATTAAATGA 261
-antisense TGCTCGAAGCAACACATG
H}. Western blot analysis
Pamidronate A 2]ol wg 7] 18 wddo] FAgS nlastr] $135to] western
blot analysisE Algstsltt.  Z4zFe]  sample &l 5Wle]  SDS  sample

buffer(60mM Tris-HCL pH6.8, 4% SDS, 25% glycerol, 14.1mM 2-mercaptoeth-
-anol, 0.1%6 bromophenol blue)E ¥ 8% SDS-acrylamide gelel| 2A13F A 7] <

=3 v} A7) 9G53 gelS semi-dry transfer(Bio-Rad, CA, USA)el A 3087+



nitrocellulose membrane®. = ©]-5 A Z t}. Nitrocellulose membrane 5% fat-free
dry milk-PBST buffer(PBS, 0.1% Tween-20)oll4 2417} %< blockingS 3+ %
ol PBST buffer® 3H# 53t AlHstadtt. 21 19 wdd @32 A (Abcam,
Cambridge, UK)E 3% fat-free dry milk-PBS bufferol] Z}Z} 10008] 3143 5%
2 @i o] &0 transfer ¥ nitrocellulose membranes ¥ 2417 &<k &5

1, tA] 58 +A o ® PBST bufferol A 33 A&tk Membranes zHz

I~

anti-rabbit-horseradish peroxidase conjugated-secondary antibody”} PBS buffer
of 20008) 8] AE &Aoo D oA 1A WA AT PBST buffer® 5
FZF 33] A3 3L enhanced chemiluminescence(ECL) detection kit(Amersham)

Agatel xoray BEA Aol Fystel AnE BATAL

i

A}. Von Kossa’'s 94

6 well plateo] welld 3x10"71¢] MEZES 2F35te] 9 supplementE o] &3}
3F7 wjeke & vixE A AL 10% formaline & AEZE LAAZ T FF7
T2 3 & AFs 108 7 o

T2 oA 5%(w/v) silver nitrate solution¥}
HES-AJZ T} o]o] SHGFZ o] U]

SAARAS v o] AEEE A4 THA
3 stk
o}, EAAT

MTT assay$ ALPase A= =4S wHE AgEglon thxa W 2ol tj
F 44 two sided t-test WL ol g3kl FAA ) o] g FA

= ) REEAE JERler, p<0.05 A e AAH S

l
e
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2. Pamidronated = 43

N

THE

AL R EVIAEY

3

7}. Pamidronate©l] o

¢

Pamidronate 2]
pamidronateE TEHZ

FA T

Ze} 74350 MTT assay® B35

bl 39l

S

e

&ol FA4 Hof A

=
T

A

-
X

90% ol Al

72}

lug/ml F=7hA & 393 78 Fo

A

Fol7b 91l o (p>0.05), 2ug/ml XA Al

b

&l
(p<0.05) &7

=
T

AetAtHZ ™ 3).

e} (e} 3
T4s &2

84

Q]
=

2 3

(%)qmor3

1000 2000

25 50 100 200 500

10

pamidronate conc.(ng/ml)

-

[e]
=

&
MTT assay® =

A

714 Z 9

4

A%
%714
bl ol 4] 90% o] de] AE AEES B

S

e

B =

19 3. Pamidronate

Pamidronate 2]

o AEEe

Ay
X

B

FA Tt lug/ml ©]

5|

_11_



AlPase®] &4

=
—

Y. Pamidronate® x| o}

Dex., A.A, p-GP7} #7149 wjA| o] pamidronateE T=E& 7}

Z7) M E£¢ ALPase

ez ]
H

#r
i

100ng/mlol A 71 =& A%

1
.

FATHIZE 4).

S

A2w [13w

Hlw

350

I I I I I
= S = = [ =
S Ve S v S v
con [q\l N — —

(3run) A31A1308 OSBRIV

500 1000 2000

200

50

25

10

0

control

pamidronate conc.(ng/ml)

ALPase &%
), 100ng/ml & XA 7}

=
L

29¥ 4. Pamidronate s u}t

sl &

A

pamidronateE TE=H =

JER T *p

=0.02

T 5o A AlLPase 4 %7} pamidronate

A& =

o
T

ABEEO] 90% ol

3L
s i

Al

d froldo] Ao mE(p=0.02), °] AF

100ng/ml %A 718 =

_12_



3. AME 7] EV71AE S FoAXE &£31 &<l
7}. 2t ¥ ALPase & &3

Pamidronate 100ng/ml 5= 2 A 2|3te] z} ¥ 2 AlPase A E WH3E =
Aol Mediad & WMR717H 5 WA Z7F sgon AA MR 5 o
S v vre s gl OS] AlPase €45+ WY 2+
AN F7hE woltsh 33l FadL, WY 2FdE T Avle dedun
EST OSPoll A= wieF 15 e d vusls W =2 &

RARE 2F 744 ks A 7E 3Fel Aasts AS @elstlth ¥, OS/Pt
= AA w7z sk g B s B, wErIzh sk &
AT Pl A= Alzto]l Aol wel A xe] FrhE FQld ¢ AN, dA
i E7IE T ol 3F A dELES vustdE W b w2 &
AHp=0.02). =3+ P/OSTAAAM = HA S71ek=

T M WEY S W v XS B (ZE 5).

e
)
o
L
u
=
32
o
T
§
)
rlo

700 - *
600 -
500 -
400
300 +
200 -
100

ALPase activity(unit)

3w

g lt>

Iw
—A—media —8— 0s —6—0Sp —A— 0S/p ——Dp —e—p/os

a9 5. ZF 28 AlLPase A %=, Pamidronate @5 oA 354 S =7}
7Hg =%t} #p=0.02
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1}. Pamidronated] 93 A 18 Y2 mRNA 23 £

mRNA 2ol HA} F7hstlar, OSwd OSSP 7] 15 oo F7ls 1
RATH7E 2, 3Fel = FAAskdh vl OS/Pure 1, 25 ogk M-S Holthrt
ek 3% wrao] =713+
mRNA 2&S gelste) i,
e 150 723 2dE Rolgrt 2, 3FoA 2 @doe] #AAsdu. 7+

GAPDHE %3] 2dA=E HASAHE 6).

Type I collagen GAPDH
1w 2w 3w 1w 2w 3w

39 6. Pamidronatee] ¢J% A 18 29 FA mRNA &4, 72t #E=2 A 18 u
Aol mRNA 2HdS dolrr] 9l3te] RT-PCRE F33tAth Mediaw S 7]+
o2 A 18n¢gZe] mRNAS w&dEE Folst A3} pamidronate * 2]l A A
W F7) s ek A1E wdde] mRNA Hd o] kAl el (a) media (b) OS
(c) OSP (d) OS/P (e) P (f) P/OS
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t}. Pamidronateo] 9% A 18 nwdd dwizg ity 4

A4 od BES g9sty] $ldte]l western

WS W Paroll A Al 19 wdde] 2

media (ON) P

19 7. Pamidronateo] 93 A 18 nPgA @A vF, Pamidronate #] gl
e A 18 wdd g dHA =S gotbsly] 93e] western blot analysisE
FYATE. Mediaw S 7lEe=z A 18 wdd oWds wugd A}
pamidronate A @A A 18 1YY

LA Gl o] ¢Fo] FIFSIATE (a) Al 13
24, (b) actin

il
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g}. Pamidronated] ¢ %t osteocalcin mRNA &¢&d H4A

Zh R A atdls w ZopAlE F3F $7] FAAR osteocalcin®] W&
RT-PCRZ ##3 Ay E3F=E22 0SE 35 A3 OSTolA osteocalcin

AL, mediawt& H T tHE AT E BE A 7]AdA

Osteocalcin GAPDH

1w 2w 3w 1w 2w 3w
o [ SR - 2 | — e —
o | —

¥ 8. Pamidronated] 93 osteocalcin mRNA ¥&d. MediawS 7502
osteocalcin mRNA®] WdE& #Fzst Az wF 3574 OSTollA osteocalcin

mRNA 2&& &<2let . (a) media (b) OS

L)

238} BHS $3to] von Kossa's 94S kit 72 +E =
silver nitrate® WH-&-3lo] #Z3E Ay OSTolA gk A3|sts #ET 5 e
U PrralAE A3stE #2E # glodth OSPaol A+ 100ng/mle] s%
o M3lsts 3 skl o, pamidronate] FE7F FoldFE A3|ste 3t
t}. P/OSTo A dAlo] ©l A SR Ho}l pamidronate:= 43|33 S Aesl= A

o7 AZHEH(ag 9).

P>
i
32

_16_



I8 9. A 7tE S71AIE9 433 #Z. Pamidronate Ao wE Al 7
A =7 AE] A3 3 BHS 98te] von Kossa's MS F3s A3l OStoll A
et A3l 2ol YElgal, OSPol A+ pamidronate®] %7 Zold 45 A
3lsf HARS AT PadlA s A3lst s 49T 4 itk (a) media,
(b) OS, (c) OSP(100ng/ml), (d) OSP(200ng/ml), (e¢) OSP(500ng/ml), (f)
OSP(lug/ml), (g) OSP(2ug/ml), (h) OS/P, (i) P, (j) P/OS
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I

i

2 13

o] AT+ A Y E71AMx9 & A Ao A pamidronatee] & ol

st A2 A, A7 74 pamidronated] 3 A= TAE o & S oA

ol
i
=2
i)
o
i
2
e
<
I
Ay
W
ook
&
2
e
4
QL
rir
K=
mf
[
et
o,
flo
K
o
W

A g BNAEE oY v Range A ZolAE, ABAZ, AW
A, 2HAE, AAE Fow tgels] 2HE 5 ot s8e g 25
oA AAR Aol kg FNMEE 7L A W ole} T AA zHow
o ®a7h sste] A@AelAe B @ARA] o FHA AEelt), o] F
FHWA(0S)E ol 3t mmA H7A 23} F=

45 Qo] B I A% AT 2w AgHm Qo

i

=

ik

A = dexamethasone 59

Pamidronatex= 1Al W oAl 2 B v & F79 AEs A&H= oFg A
ze] mFat] Wil F=AAN dolA AP AFAHRe} A ATV =
ofe]&el ATH Reinholz 5% & Aol A 2 &3k 5= (75me/ke/vear)ol 7]
3t ZolAlAE o] pamidronated st TE=W AXe HAFE
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Abstract

The role of pamidronate in osteoblastic differentiation of
human mesenchymal stem cell

Ju Kyoung Ryu

Department of Medical Science

The Graduate School, Yonsei University

( Directed by Professor Jin Kim, D.D.S., Ph. D. )

Mesenchymal stem celllMSCs) are pluripotent progenitor cells that are
differentiated into a variety of cells such as osteoblasts, chondroblasts,
adipocytes and myoblasts under their appropriate microenvironment.

Bisphosphonates have been widely used to treat bone diseases exerting
excessive bone resorption. However, the mechanism of bisphosphonate action
on bone has not been fully understood. Studies of direct action of
bisphosphonates on bone resorption have been limited to their effects on
bone-resorbing osteoclastic cells, little known about the direct effects of
bisphosphonates on osteoblasts.

In this study, we aimed to examine the direct action of pamidronate on cell

proliferation and differentiation by cultured human mesenchymal stem cells.

Four experimental groups and two control groups were designed;

Experimental groups included both osteogenic  supplement(OS) and
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pamidronate—treated group, pamidronate—treated group after 1 week OS
treatment, only pamidronate-treated group, OS-treated group after 1 week
pamidronate treatment. Control groups included DMEM-treated group and
OS-treated group. Human MSCs were isolated from bone marrow, and cultured
for 7, 14, 21 days in monolayer. AlLPase activity was measured by using
p—nitrophenyl phosphate. mRNA expression of type I collagen and osteocalcin
were evaluated by RT-PCR. Western blot analysis was performed for proteins
expression of type I collagen. Von Kossa's silver stain was performed for the

examination of calcification. The results were on follows:

1. The proliferation rate of hMSC was maintained to be more than 90% by
lug/ml of pamidronate. ALPase activity showed the highest value at the

concentration of 100ng/ml of pamidronate.

2. In pamidronate-treated group, ALPase activity reached a peak at the third

week.

3. In pamidronate-treated group, mRNA and protein expression of type I
collagen was enhanced compared to other experimental and control
groups, whereas osteocalcin expression was found only in OS-treated

group.

4. OS-treated group showed the strong positive reactions by von Kossa's
silver stain, however, calcification was decreased by a dose dependent
manner in both OS and pamidronate-treated group. Further, no

calcification was shown in the pamidronate-treated group.

This study suggests that pamidronate treatment may be able to enhance
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the osteoblastic differentiation of hMSC at the early stage. On the other hand,

calcification appeared to be inhibited by pamidronate treatment.

Key Words : pamidronate, human mesenchymal stem cell, osteoblastic

differentiation, type I collagen
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