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A, Alx S22 e Az AEA s %
matrix metalloproteinase (MMP)-1, MMP-2, MMP-3, MMP-93}
MMP-13¢] mRNA @&, MMP-1, MMP-13¢] &9 2d s
B

g2 Ylo]EE A stA ¥i DMEM/F12 (10% FBS, 1% v/v

N\

7

==

penicillin/streptomycin, 25 pg/ml ascorbate) & 2w vj k3t F7+3 A
X kS oA txrTFow Akon DMEM/F12 (1% FBS, 1% v/v
penicillin/streptomycin, 25 pg/ml ascorbate) 0. & vl k3t F7ho Al E

s =4 2oz sk



Ad 1 FuERYEE F3 AXe wEHE A
b Blaske] AE FA 9 ou] Qi WEte WEEA ko
DNA F2lo= A4zt g 4L a3 vlauste] A5k
91 107 M 9 Fu=ERyolE Folite]A 201 % (p<0.05) Z7H ).
Fb AEo] 107 7 10° M| Huj=2dolES A3 A3 A%
Ao tis] RE a3E #F & 5 At HemocytometerE o] &
she] Ao AEA WSS 24 AIZHY 48 Al HoF EAe A
3 tixa (10% FBS)el Hls] Atz (1% FBS)olA Z+z 244
% 301 %9 AETol "Wolxia, FA Wixa (1% FBS)ol Hl &)
TNF-alphaZ AT AE58E dojmal AxoME Z+7 69 %9
30 % AEso] WolHth
F23 Al Zol A TNF-alpha (10 ng/mD2 24413 59 AX A&
g9 "olmd 3107 10 10° 10° Mo Fv=gyoES A
2UEE AYstA &2 FAHET vl 7
4 9%, 99 % (p<0.05)9] AEA ] TrHA, AE
AE T8 48 /\VJ o "ol A AU xRl B ZHzt
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RT-PCR % densitometryE Al A3} tfz3 vluwglS o 2
oA AlY wdd, ANYE w¥d, 183 aggrecand mRNA 2
o] Atol:= gIATE 1% FBSE TNF-alphaZ AlX AEFTHS 4o
wd F7Hg M XA MMP-2, MMP-3, MMP-9, MMP-13 mRNA
o Wy MMP-19] ©@huld Wy ke Frletqlov, gr=gyolE
& A9 S 45, MMPs mRNAS] & o9 gl Wste e
t, MMP-13% MMP-13 @4 o] v 8 Ao
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24 A% AEAS PRl FaF JBL Wk 53
A Abelols dzgro] AT o] F Bahe] Filwol

b FF L UAREe bl Pojybth MAEAEOE AAE
1

o
o~
el
i
o
o

2 24
AP A3 F3 AEo] 24T HATETY B AA 9

re

duEzdoEg Folatn, A¥ 24, 712 @4 w4 Tolnn
AN AE AEAL Wojma F0@ Aol FERUlEE Fo

ol ME A&, 718 B B A 5& Loluma sk

Fw 24 FA =4S AgE 1089 dA=TH AAFHGHA
t}. F-12, DMEM, $-Hlo} &* (fetal bovine serum, FBS), Trypsin/
EDTA, D-PBS, 38AA%5S Gibco BRL (Gibco-BRL, Grand island,
NY, USA)ALS] Al kS AF83F2 22, Oligo-d(T);s primere Invitrogen
(Invitrogen, Groningen, Netherland), AccuPower RT PremixT
Bioneer (Bioneer, t#, tl&w =) PCR-premix: Genet Bio (Genet
Bio, tid, dl@W1=)Ae] Al ok AL§-38F T ZFE collagenase 52
Sigma (Sigma, St. Louis, MO, USA)AFS] A %kS AFE3 3 T-25
flask= Nunc (NUNC, Rockilde, Denmark), 12well plate, 24well
plate®} nylon ¢ 3% = Falcon (Falcon, Franklin Lakes, NJ, USA),
[*S]1-sulfur, [*H]-Thymidine, PD-10 column-< Pharmacia
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(Amersham Pharmacia, Uppsala, Sweden)A}, Liquid scintillation
cocktail £ 9%L Beckman (Beckman, Fullerton, CA, TUSA),
scintillation countert Packard (Packard, Downers Grove, IL, USA),
Glass microfiber filter= Whatman (Whatman, Maidstone, England),
QIAGEN RNeasy mini kit Qiagen (QIAGEN, Hilden, Germany),
ELISA kits R&D (R&D systems, Minneapolis, MN, USA)E A}
SotRth FrERvolEx dHAG (M2, RIS A

N
L
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o2t
rot
riot
Y
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o
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A
ol
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WA A" F03 227S ZA A3, Ham's F-12 medium¥® 1 %
(v/v) penicillin/streptomycin®] 04 % (w/v) pronase$ 0.004 %
(w/v) DNaseg #H7Fsto] 37CeolA 603t ¥ A ZH k. Ham's F-12
medium 2 A2 & A7]9 T4 {89 0.025 % (w/v) collagenase
type II¢} 0.004 % (w/v) DNase@ H}¥ 37Col A 3A7F ¥F3-A] 7t}
FaE F13 AE¥E 10 % FBS, 1 % (v/v) penicillin/streptomyecin,
25 pg/ml ascorbate©] ¥3% Dulbeccos Modified Eagle Medium and
Ham's F-12 medium (DMEM/F-12)Z A% % Nylon ¢ #} %] (pore
size 70 ym)E AF&35te] & AL AASFT T-25 flaskol A 10
d &k 37T, 5% COz8tel A wiFatdvh. AlE =4 AAF B Al
Dres Atsto], Az FARS B Faw 44 4 APdE o
71 918kl 6 x 10" A E/mle] WER 24 well plated] A z+zbe] v}v]
=2 ol E (0,107 10°, 10° M) =82 AF3t 37T, 5%°] CO,dtol
A BA kel a, EF AE AEAY wes SAe7] e 8x10

ME/mY B2 12 well plateo] A 24 A1 zb3F 48 A1 7F Fok 714 A

o

H



AR 7)A AR mRNASH @l wd @3S =A-3517] 95t 2 x 10
AE/me] YEZ 24 well plateol] Al 48 AJZF &9t Suj==2 Y| o]E (0,
10" 10%, 10°%, 10° M) % = 2 37, 5%2] COs3kel A %} 9l

3. AE T4 g

5|\

7

Wk F wjF A S [PH]-Thymidine 5 uCi/meol #7bg 71% njx]
= wAske] 24 AZF sk Wikl 24 AP wi Y O AEE
D-PBSZ Ao, trypsin/EDTA E4AHZHOZ AxXE &, cell
harvesterE ©]43l%] Glass microfiber filteroll AXE F=A 7}
o] membrane< scintillation vialsoll %o}, liquid scintillation cocktail
|9 3w H7bstd AL F, 16 ARE ARolA WA AT

Scintillation counter< ©]&3tod DNA<9 &S F43A

o

ok & owloFul xS WAL 5994 [PS]-sulfur 20 nCi/mE £ &

@ dlgelon WASL 4 A Fo F7b st AFe

mM EDTA, proteinase inhibitors & M S 7}, 4= A 4847 &

F Faul S FEotdth WAL THUAE FAEHE G A=
A9l 48 98 Sephadex G-25MS ¥ %3 PD-10 columneol A3
2 EYAA =213 o2 £330k Liquid scintillation cocktail &
HE 6 ml H7bsto]l 42 F, 16413 Aol A WA st Al 2, 3, 4
HA Y §& & YRS scintillation counterg &3l =4 3} .



FHH MEAAS ME APEL 1 % FBSE 24A17F &9 37C, 5
% COs3toll Al wjeksto® fwstdtt”. M¥2 D-PBSE F ¥ A
o] 31, Annexin-V FITC apoptosis kitZ o] €3] 2 x 10° A £/ml
o] ¥ &% 1X Annexin-V Binding Buffer2 #%t. 2 > AXE
Propidium Iodide Buffer® 10%%F A3 3 flow cytometry® =4
Sk AT}

6. Al A=A 54

FT A Eo A AEAL Tumor Necrosis Factor-alpha (TNF-
@) 10 ng/mle] TE=Z 24 A ZFY 48 A FoF 37T, 5 %2 COq3}l
A "dojmH g g Eze D-PBSE F d AojFa, Egw 23 o
A& 3] hemocytometers ©]§3to] MEo AEANS A3 A T

7. A4EL

o

1% FBS wro2 AX AHES 2344 1% FBS o TNF-a (10
ng/mhE F7t2 A ste] Axze] AEAS Hojmd <l
I ool FrEzdelEE 0, 10% 10" 10° 10° M9 & 7}
A7tk 24 Az 48 Az Fob ket 72 wiF dolA d e

)
T
s
)
>

W A AE S MXE AEA 2 matrix  metalloproteinase
(MMP)-1, MMP-2, MMP-3, MMP-93 MMP-13¢] mRNA %d,
MMP-12 MMP-13¢] 2d =S SAs5HA

gu=2 o] EE AHElst# @& DMEM/F12 [10% FBS, 1%
(v/v) penicillin/streptomycin, 25 pg/ml ascorbate] o =W+ njoFsdt =
HE ME WSS A dxdoez Akoen, DMEM/FI2  [1%
FBS, 1% (v/v) penicillin/streptomycin, 25 ug/ml ascorbate] © = #j

G FA A S A T ez AU



8. A I ¥ IId ¥4, aggrecan, MMP-1, MMP-2, MMP-3,
MMP-9, MMP-13¢] mRNAZ& 7 A}

Total RNAE QIAGEN RNeasy mini kitE ©]83Fo] 2|3},
Fht MEZY total RNA 1 we¥ oligo-d(T)izis  primer 1ul
(Invitrogen, 0.5 pg/w)ol THFTE S0u7tA ¥+ F, AccuPower
RT-premix (Bioneer)& % 7}3l9] reverse transcription polymerase
chain reaction (RT-PCR)= F83tAtt. 70ColA 52, 4TColA 53,
42°Coll A 60%, 94Tl A 5%, 4ColA 5%t Wks-3te] cDNAE T4
stol, Ztzke] ¢DNA 1 ub, Z+ZFe] sense primer?} antisense primer
10 pmoled]l FFFE 10 w7bA 29 Genet Bio PCR-premixo] ¥

a, Zpzbel Akl thg PCR WE8-& Al 88k th(Table 1).

Table 1. Sequences of primers used for PCR amgtiific of cDNA

Product

Gene Direction | Sequence (5'— 3') i cycles
size

Forward | GGT GAG GAA TAA CCA AGT GA
MMP-1 389bp 27
Reverse | CTT CAT CGC TGC CCA TGA AT

Forward | CTC AGA TCC GTG GTG AGA TCT
MMP-2 496bp 26
Reverse | CTT TGG TTC TCC AGC TTC AGG

Forward | GAA AAT CGA TGC AGC CAT TT
MMP-3 370bp 27
Reverse | AGG AGA AAA CGA ACA TTT CA

Forward | ATC CAG TTT GGT GTC GCG GAG C
MMP-9 540bp 35
Reverse | GAA GGG GAA GAC GCA CAG CT

Forward | TCT TCT TGA GCT GGA CTC AT
MMP-13 459bp 35
Reverse | GAA CTC ATG CGC AGC AAC AA

. | Forward | GGC GGA CTA TGA CTT AGT TG
beta—actin 238bp 26
Reverse | AAA CAA CAA TGT GCA ATC AA

RT-PCRel ®Hg a2 = beta—acting AF&st o™  TINA

i

program< F3 2 fAAe wd HA=E vu BAs Y.



9. ELISA°] g MMP-13 MMP-139] o=z A=

R&DAFS] ELISA kitss Ab-&3dtel MMP-1# MMP-13 4=
st Atk 24well plateoll Al 4841 7F FF Wi Fgr A ZolA WA=
Aoy, dF 23 A7F =8 ¥ o] A= microplate Z}2F2] welloll standard
o A 100 wA FaL, 2A17F Eob Aol wES Al ¥ wash
buffer® 4¥ A2 % pro-MMP-1-conjugate®} pro-MMP-13-conju

gates ZH7Fe] wellol 200 w0 A o] F AIZF FF Ao A wkg-E}

otk W3 ¥ wash beffer® 49¥ A A3sta, 714 & 200 W& 27
S welldl wol 208 ~30%7F W A AA FASs o,

ELISA plate readerg °©]83Fo], 450 nmol A =4 s} % o}

10. &A1 A 2]

A== SPSS (SPSS, Chicago, IL, USA)E o] &3t A5l o,

One way ANOVA H t-testz A k2 vzt $A4 +9
T2 p<0.05= A 3FA .



Age Weld FuszdoEE F4w M¥d FEWz Aew
A5t dzao maste] AE FA QoA on Qi W BB
o e

20.1% (p<0.05) =2 A& XY H(Figure 1-B).

A
1,800
1,600 -
—~ 1,400
£
o 1,200 r
L
~ 1,000
o
= 800
o
o 600
<
= 400
(=)
200
0 -12 -9 -6 -3

Concentration of pamidronate(LogM)



70 1

50 -
40 |
30 -
20 |
10
0
0 -12 -9 -6 -3

Concentration of pamidronate(LogM)

% of Proteoglycan/DNA total
content

Figure 1. Human intervertebral disc cell cultures with 1983 under the various
concentrations of pamidronate (0,’£010°, 10° M). A: Change in the DNA content
after pamidronat®: Change of the amount of de novo synthesized pgbtean. The
amount was standardized with total DNA content. édita were represented as the
mean of duplicate samples from three different eérpents(Mean + standard deviation,
* p<0.05).

2. Iul= 2| o] E 9] anti-apoptosis & 7}

22k AEze] 107 7 10° Mo Fu=2yeleES A Ax A

XA E s Re g3E #FF & 4 dAY. Annexin V WHH S

o] &3l flow cytometryE A AgE A3} oA hx (10% FBS)o
A= 57 = 14 %9 AxAdo] dojd Wi AEAIE S FEAZ
A Oxa (1% FBS)Al A& 181 + 3.6 %9 Al EAdo] dojylt),

F0F A EANA 1 %9 serumlE A EAE

=
107, 10° M9 ¥& W2 gneZyoEES Agd Ay vn =2y

-4 -



EE AdeA e SAET

jas

18 z+zF 265 %, 23.8 %, 29.3

% (p<0.05)9] AEAE ] a2 ES & F A (Figure 2).

A
FBS 10 % 1% 1% 1% 1%
Pam. OM oM 10M 1M 10Mm
| Ay Fd I‘, - 3| E-T
E 0 amm \ M ouew 7 1386% o 148 T 1y
SR -l L S g gy T e oy - """{5:’***“;51-""‘%1"“-“ : ""‘ﬁ"“%i’“%"'“{bﬂ
FL1 Log Flilog FL1 Log FL1Log FLiLog
B
250

ye]
=
=

0
©
[
2 150 *
"5 L
“5- —1 L
(=]
(=)
o 100
i)
&

50

o0

0 0 -12 -9 -6
Concentation of Paridronate(Logh)
FBES 10% 1%



Figure 2. Human intervertebral disc cell cultures with 16%4.% FBS under the various
concentrations of pamidronate (0,"£010° 10° M). A: Flow cytometric analysis.
Values in the squares represent the percentagaadfapoptotic cell8: Percentage of
apoptotic cells analyzed by flow cytometry. Alltalavere represented as the mean of
five different experimen{®dean + standard deviation, * p<0.05).

Axzo Efat EF A4S F3] hemocytometers o] -83te] X
o BEAE 24 AH} 48 A F FAT Ay A T (10%
FBS)el Hlal Sz (1% FBS)ol Al 77 24.4 %< 30.1 %2 Al
¥ AEA "WolHa, A dET (1% FBS)ol ¥sl TNF-a& F7}

g5 "ojmyd MEzoAeE 247 69 %< 30 %Y AE

Fh AlZ oA TNF-a (10 ng/mlE ©] &3t 24A17k5et Al
AEsEs gojmad & 107 10 10° 10° Mo wxdz sy
ZUEE A Ay Fu==2Yo]lEE A shA &2 ol vl &
7v7} 235 9%, 11.3 %, 264 %, 99 % (p<0.05)9] A X A=%Ho| =
7helal, 48 AIZF Fok AIE AETE S "ojxmd Ay 747t 7 %
%, 196 %, 7.8 % (p<0.059 AE AEFo] Z7lASS & F+ U
t}(Figure 3).
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Figure 3. Human intervertebral disc cell cultures with 1@ 1% FBS or 1% with
TNF-alpha (10ng/ml) under the various concentratiof pamidronate (0, 16, 10",
10°, 10° M). The cells were counted on a hemocytometerguiypan-blue exclusion
to assess cellular viability. All data were repreasd as the mean of duplicate samples

from seven different experime(idean + standard deviation, * p<0.05).

4. AT 2 118 Y92, aggrecan mRNA 2d

RT-PCRel t 3t densitometric assay A3, thExw3 v FPS uf
AgTolA Ay wPd, ANY wYd, 18]3 aggrecan®] mRNA

e o] lol= ¢l thH(Figure 4).



200 ¢ oom O 10-8M

180 ¢ Wi0-6M m10-3M
160 |

140
*
120

percert control{ %)
g

ColH CoHl Aggrecan
Figure 4. In densitometric assay of reverse transcriptiolyyperase chain reaction,
human intervertebral disc cell cultures with vasaiose of pamidronate (0L0°, 10°
M) showed no statistically significant changes iRNA expression of type | collagen,
type Il collagen and aggrecan compared to contn®NA expression was normalized
by R-actin mRNA expression. All data were represgéres the mean of three different

experimentéMean * standard deviation, * p<0.05).

5. MMP-1, MMP-2, MMP-3, MMP-9, MMP-13 mRNA &&d A%

1% FBS o TNF-a (10 ng/mDA & AL AETHS Hojx=d
A1 F2h A x4 MMP-2, MMP-3, MMP-9, MMP-13 mRNA
of wd-2 zH7f 455 %, 471 %, 67.1 %, 11.3 % (p<0.05) 7t &
U grEzvelES A B, o9 = A7 MMPs 2d
il

= ##2 & F gl v (Figure 5).



MMP -1
MMP -2
MMP -3
MMP -9
MMP-13

B- actin

FBS 10% 1%

THF=a(10ngfml) - +

Pamidronatel_ogM) 0 0 0 -12  -10 -3 -5

Figure 5. Human intervertebral disc cell cultures with 10%1&% FBS or 1% FBS with
TNF-a(10ng/ml) under the various concentrationpaidronate(0, 18, 10, 10°,
10° M)

6. MMP-13 MMP-13¢] @iz 2y A&

2203 AE] 107 T 10° Mo Fm=ayelEE Ay A
MMP-19] 79, TNF-a®% A& g o] uls] wwzd o] 593 % ~
727 % (p<0.05) 239, MMP-132 25 % ~ 339 % 7HAdS

S ¢ F dAH(Figure 6).
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Figure 6. Human intervertebral disc cell cultures with 10%1&% FBS or 1% FBS with
TNF-a (10 ng/ml) under the various concentratiohpamidronate (0, It, 10 107,
10° M) : ELISA kits were used to analyze the cellul@vel of MMP-1 and
MMP-13 and they were read in a 450nm using a mlatepreader. All data
were represented as the mean of duplicate sampi@sthree different experimenta:
MMP-1 B: MMP-13(Mean + standard deviation, * p<0.05)
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Abstract

Biologic Effect of Pamidronate on Degenerated Hunméervertebral
Disc Cells

Sung Hwan Yoon

Department of Medicine
The Gtaduate School, Yonsei University

(Directed by Professor Hwan Mo Lee)

As potent inhibitors of bone resorption, bisphosptes(BPs) are widely
used for the treatment of bone disorders becausei@ased osteoclast activity.
BPs are also broad-spectrum matrix metalloprotei{®8vVIP) inhibitors which
involves cation chelation. Apoptosis appears tovige® an important
mechanism that contributes to the death of dids eeld thus disc degeneration.
In articular chondrocytes, BPs appear to preventamhethasone induced
growth retardation and apoptosis. Accordingly, ¢hgective of this study is to
investigate the effect of pamidronate, N-contairdi®y on human intervertebral
disc cells in terms of cellular proliferation, matsynthesis, mRNA expression
of matrix components, apoptosis, and mMRNA expressfaviMP.

Human disc tissues were obtained from three patigith degenerative disc
disease. Intervertebral disc cells were isolateddmyuential enzymatic method.
Apoptosis was induced by using TNF-alpha. Eachucelivas allocated to 1)
positive control cultures with 10% FBS; 2) negatoantrol cultures with 1 %
FBS; 3) experimental cultures in 1 % FBS with TNpka (10 ng/ml); 4)
experimental cultures in 1 % FBS and TNF-alpha f@dnl) with a various
dose of pamidronate (1§ 10, 10°, 10% 10° M). [*H]-Thymidine for DNA
synthesis and 3TS]-Squate incorporation for proteoglycan synthesisre
performed. The cells were counted on a hemocytometeng trypan-blue
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exclusion to assess cellular viabilitReverse transcription polymerase chain
reaction for mRNA of beta-actin, collagen type dllagen type II, aggrecan,
MMP-1, MMP-2, MMP-3, MMP-9, and MMP-13 was perforthe

Disc cell cultures with various concentrations a@fpdronate (18° 10°
10'6M) showed no significant increase in DNA synthesisnpared to control
culture. However disc cell cultures with pamidrenathowed significant
increase in proteoglycan synthesis, 20.1% incredte 10° M pamidronate
(p<0.05), compared to control culture. Disc cellsthwvarious dose of
pamidronate showed similar patterns of mRNA expoessf collagen type |,
Il, aggrecan compared to culture without pamidrendnh serum starved
condition (1% FBS) with TNF-alpha(10ng/ml), pamidate with concentration
of 10" to 10° M demonstrated a stimulation effect of cell vidil Cultures
with 1 % FBS showed upregulation of MMP-2, MMP-3MR-9, MMP-13
MRNA expression and MMP-1 protein expression, whildures with given
dose of pamidronate showed no change in the esipreef MMPs mRNA.
However, cultures with given dose of pamidronatewstd down-regulation of
MMP-1 and MMP-13 protein expression.

Pamidronate, N-containing BP has anabolic andresorptive effect and
stimulation of cell viability on intervertebral digells and their matrix.

Key Words : intervertebral disc cells, bisphosptenproteoglycan
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