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Tetracycline™} 1 JEASL X|Fx| 5ol QoA
o] AelE]l= okAjolc) Tetracychne——- A|F2lst
o S FEON et 940 Gipst Bk oh

2/ parathyroid hormone, 3-& AJ7e] U=
o o8 #=He &5k JAIk: 8ol AUt
41 2ol tetracyclined) 9J3F mPF B
Ale] A 7]He] ohgt BHe] FsH gk
=X AJo|E7)elo] IL-18 ©F TNF-
a ol 28t IL— 6-—] RAE A Az 712
Than ] .E__E'H_'Q‘_x/: %] matrix metalloproteinases
(MMPs) 2} 32 HAlstL o o8 dF5 dWiE
A5 S 28] AFRB] FAE AN

7= Aoz AHA b’ 19) ole} Zol tetracy—
cline= AT QM =AML ohje}
MMPs, PGE2 59| @57} 229 24& 53}
Q2B EAE AT

1L} tetracyclineo]| X|Z2E S<of A og
JPg Fi o) B9l RANKLI OPGE] Z8o]
et BEale gl

olof B HioMe XZF7HA] YA tetracy—
cline®| G115 ZAZ A|Z2] 7|A hal Haj| oA
a7 7P Ackal €Al doxycycline©| WA ]
Zolgil ol RANKLT} OPG {-41R} whgof| )%
= ke Yokt sl

Teracycline2 <&

Il Y N2 AN WY

1. ¥4 NZEQICHNIZEO] HYY

A o] AFRIiA|Ze] Rl Matsuda 5 9]
ol Fstol ARSIt zlob UAH 5YEL
0.4% [ —aminopropionitrile (Sigma Chemical
Co.,, US.A) F+8H8E AFNFT. APsE

pentobarbital sodium 30 mg/kgZ B FAS}

b

of opAIZ] & Aot F, 5 A 1 R[S YA
ok E@A 12 3 @xjehlie] S AlAsH
APEg thg 35 mm HiFEAS] IEA FARAIA
1% antibiotic—antimycotic solution (GibcoBRL,
U.S.A)°| 24715 DMEM BijR}E o]-8-510] Aj2ZulF
= Agsiion, 39 7H4o= HijfNE W) F
ok Aol Adiuger 5-7A e AS AN
T,

2. HIHNIY doxycyclineQ] ™

Doxycycline hyclate (Sigma, U.S.A) + 3&} &

Frol =odA ARGSIgich ARGE  doxyeycline

hyclate®] 5%+ stock solution® = FHlslo] |
F5=7H1, 10, 25, 50, 100 wg/mio] H=E Ago
*k%‘o‘hf%.

3. NIEZZYE Ft

WA ZFRIYNEZE welld 1 x 1047]9) A|E
7} E)A| sk 96 well plate (Nunc, U.S A,)ol &H=
g 5 Wrslsin), AIZ7} o 0% BE0] Bl =
BHHE W 2% fetal bovine serum 3E3FE] DMEM
oo 2 welkslal dfdere doxycyclin hy-—
clate _Q. x—]7].5]. 1:,]- HHOI: 1 g]_ 30] '6‘01] MTT
ANE NaEiet Zh wellolA vjorole AAs}a
AejAldez 23] A& 3 Non—Radioactive Cell
Proliferation Assay kit (Promega, WI, U S A)E
ol-g3le] AFAR] AR 3-(4,5—dimethyl-
thiazole—2—yl)—2,5—diphenyl tetrazolium bro—
mide (MTT) 894 50 02 B7H5}E 4417 52F o)
Fsirt, WSS WA Ssted el7lel 20 ut
9] 10% SDSE #H7I3F & ELISA plate reader
(Microplate manager BioRad, USAE I}AF
490 nmoj|Ae] S F=E =45} tt Doxycycline
hyclateo]] THet A28 == o] tigh HEe
= FEASHH,
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4. Doxycycline hyclateQ] THMNO] 2Pt
QYY) N ZEQICHNIZOINS]  RANKLY
OPG |TIT YR

A FRIPAIEZE 100 mm dish (Falcon,
U.S.A)oll 255 & 10% FBS7} 238 DMEM Hj
Aol A wjekstict, Azt LAfell =USHE 0.3%
FBS7} Z3kE DMEM wjR|2 w3ksjal oF 8 A|7h
% doxycycline hyclate (50 ug/md)Z} p38 MAP
kinase AAA|2] SB203580 (10 4 M)E 1A]7F Zo}
A2 & 1L-18 (1.0 ng/m)E A7k 16~18A
ZAdl P

L 45 RNA 3%
RNA2| )= ufofohe: A AL 2 me2] Trizol®
(Promega, U S A)S A7lst] 21249] doxyeycline

hyclate s=oA w2E AZE 1.8 ml tubeo] 4
At 200108} chloroformE A713l] RNAE
G317l 2 47T, 12,000rpmoilA 1027 L4 2
3L}, AREoluRS: 33t 3 500 wf isoprophyl al—
Wil RNAS  WIAFR 40,
10,000rpmel4 1087+ 4 Eelsto] 2L A)
Attt gt RNA= T/E buffer 40ufo] =<1
% spectrophotometer® 1 & SA31G o —7
0 WY&ilol Rysist,

cohol=

Ly TN SR/ARLANEIS (Reverse tran—
scriptase—polymerase chain reaction; RT—PCR)
22X & RNAZ 5 ugS RT reactions £5}
AMRSIGITE Superseript II(GibcoBRL, U.S.A)E
ol&slo] 70T 10, 427 T0R, 37C 1559 A
OF cDNAS FTAstyrt PCREFSS 10x PCR &

PCR primers

GAPDH—antisense (-)

OPG-sense (+) 492
OPG~antisense (—)

RANKL—-sensge (+) 499
RANKIL—antisense (—)

GAPDH-sense (+) 418

CACCATGGAGAAGGCCGGGG
GACGGACACATTGGGGGTAG

TGTAGAGAGGATAAAACGG
CTAGTTATAAGCAGCTTAT

CAGCACTCACTGCTTTTATAGAATCC
AGCTGAAGATAGTCTGTAGGTACGCC

PCR programs

94 C 94 C 60 C 72 C 72 C
1 min 1 min 2 min 1 min 10 min
25 Cycles
94 C 94 C o0 T 72 C 72 C
1 min 1 min 2 min 1 min 10 min
30 Cycles

Figure 1. Amplification primer sets and conditions used in polymerase chain reaction. GAPDH
indicates glyceraldehyde~3-phosphate dehydrogenase: OPG, osteoprotegerin: and RANKL,
receptor activation of nuclear factor « B ligand.
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Figure 2. MTT assay for rat peridontal ligament cell viability with doxycycline.
*. indicates significantly difference with control group (p<0.05)

=8N 5 ul, 1.5 mM MgCl2 3 ul, 10 mM dNTP
mix 1 uf, Z+2}2] primer 2.5 uf, 5 unit Taq pol—
ymerase 0.2 @, TE cDNA 2 WS 33t 3 3
A FFRTE o8] F 50 w7t HA 3kach
PCR Hks E3=&E PCR cycler(Thermocycler,
US.A)E ol8slo] SE31qnt, 525 PCR ARE
=< loading buffer 2 WS A7}k & 10 W7}
E|A slo 1.5% agarose geloflA Z7]%g%53}3ich
HojRl PCR A= gel image analysis system
(QualityOne®, BioRad, U.S A)9|4] house keep—
ing geneQl GAPDHY] WL 7|Fo= sl z+
mRNAQ] 2 Ql 9 vI8-L AM&slart

GAPDH

5—{;’QNK1J —

5 819N 2N

2= B 33 Alelglon Ago doldl 4
A= one—way ANOVAR} Duncan W& AJRSigTt

. 3

1. DoxycyclineS| Hi/Y] N[ZFQICHNIZO] &
H=0f O =2

MTT assay 43} 1937} 39 25 AT EXEE=
doxycycline &% 100 ug/mf olAtoflA= djzatof
Hl8)| f-2lstA| Attt (Figure 2, p<0.05),

300

(%)

iiee RANKL/GAPDH

250 -
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gﬁ%
cont.

Figure 3. Semiguantitative RT-PCR of rat periodontal ligament cells showing steady state
MRNA levels of the following genes: RANKL, GAPDH. Treatment with Doxycycline 50
mg/ml decreased RANKL expression (lane 1; control, 2; IL-18 (1 ng/mi), 3; Doxycycline
(50 mg/ml), 4: Doxycycline + IL-18 , 5; SB203580(10 mM) + IL-1b.
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Figure 4. Semiquantitative RT-PCR of rat periodontal ligament cells showing steady state
mRNA levels of the following genes; OPG, GAPDH. Treatment with Doxycycline 50 mu/ml
didn‘t decrease OPG expression (lane 1; control, 2; IL-18 (1 ng/ml), 3; Doxycycline (50
mg/ml), 4: Doxy cycline (50mg/ml} + IL—18 (1 ng/mi), 5; SB203580 (10mM) + IL-18 .

2. DoxycyclineO| Hi/{ N|ZEOICHN| O]
RANKLZ} OPG mRNA LZ=0]| Cior Y

WA Z)FRATYA| Lol 4 S] RANKL mRNA 555
RT-PCRE TH3I9rt. RANKL mRNA F2
IL-18 Ap=rato] dizgto] Hlsto] 2,68 S718150.2
L}, doxycyclineC.2 A2 & IL-18 A=A &
ol vlste] 1,78 78k OF 33%9] HAE HS
o 8B203580°22 AXA|A| oF 52%2] Hrdo] 7
a5t tHFigure 3).

Y OPG mRNAY IL-13 F7F 952} dox—
yeycline X Zjof] Adglo] 1 ddo] A=A ¢k

I LS THFigure 4),

A UERA E=, o] 3ol AlFldiAlE
st o e Yt

A2 g BANESl) wae Bt 54
off ¥& vAle B RS 0] HEAAL
Stk 1 % SEAEY pale 2Esker) 2R
43S S w8 RANKLY J1319] decoy re-
ceptor@l OPGoJt} OPGi= tumor necrosis factor
superfamily®} 3I2 ZEA|ZL} Z=7HAM|2Z(bone

stromal cell)olA] Eu|= mhkA|e] HalE oA
gt RANKLE ZRAZe; S oA FH| 5]
o] FSEAIES] RANK receptor®} ZRste] 3k
Hzo] Balg feah . H2 AFUrhAlEolA
T RANKLY OPGE] Ho] BiEged oje &
BAEZ B ot ERIN|EE AREe] 0
2o ZR3 GRS TUtke AEJE ofnigt
S0 wheba] XFEQATM|EollA oRECY ThE £
of 2J)8t RANKL3} OPGE] o] 7hsstd A=
2 352 AL & 918 Ao= Bl

Tetracycline2 i]—?ﬂﬁ*]oﬂ 7V Wo| A¥nl=
oHAlolct, ol A2 HshAltol thigh e &
7} ol Wt ofje} JuYY 2o BALE,
FAERE 59 W) mEoR sel YA
ZALS WA 18 7 2 Joxycycline2 tet—
racycline®] B3l S&°] =oF Al Atdol o
3 gagol Aol AsplE 8] AT, 4]
HA= 71 ¥R7|1E vEido] art BARE A&5H
o, wg AeAT) FErh B o}
sk pan X edst Meulzel Tt ¢
F317) ol A5E ARE 3t AR FHH
3 QP

DoxycyclineS T2 tetracycline®l TRRIZIX|Z
Ty Bajaso) oAfYe A3 BEel IA
58 Bolo] XS WS A= ANE
velditt 12 doxyceyclineo] &3t Z8<+ A
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7F Z|F=lehA| 2ol A EH|ER= RANKLY} OPGE] &
Aof 2Jgt ZQIx|of] T3t H 1= ofF] glr} ojof] E
HollAl= doxycyclined] &Jate] A|FRIthA| 2]
RANKL F%8A} ddo| AAE=AIE  Takslo
doxycycline®] 23t & AA|713E Yok iz}
Skt

ZJFRAA| 2 9] B4l tetracyclineo] H|Z|= F
gRe IS ALEA|, Zaho S tetracycline
St 100 ug/meolstollA ARe] Z|FQITHA|ZoA]
sS4 Tzl AgHdo| felstAl SUISEAIR,
500 wg/miol ol MES] Edo] A=
doxycycline®] Z-%oll= 20 ug/m®] oAt
DNA A¥gHdo| S718FHAL 500 ug/meolde] sicof
A= Mo 2] At Bt ohujzt Al Fejvt W
gtk B uslgdtt E3F Tsukuda 9} Gabler™ %
ARz 50 ug/mee] doxycyclineS 2-§A]
A|EZO) ZHdo] [-LJoHAl et AeEe] dox-
yeycline AJ222| 442 AAAZ|R] UA|TE 315
%.9] doxycycline> A|ZE2] 2L AAA|A Fzla)
Aol IS FhL st ol Are] 7] A
FEA A% doxyeycline % 100 ug/mio|A}
oA 183} 3| Al BT} FostA 2R
O1H{(p<0.05), 1 °oJ5le} FEo M= A =
Frofgt H3LE HoA] oo} ¢ko] HuEal GAHY
o, @WEbA} o] AFtollAl= doxyeycline 50 ug/ml ©|
5t9] oM @7t &, 24ARE ool X5
QArhAzo] thote] MEZZALS AdfetR| =t
12%]o] RANKLY} OPG -S-#x} wta oAk, 1kals}
= FEE Adsiit

TetracyclineZ| OFE-2> 2|28 AglAF=2] oA
of aFHAQIH, tetracycline®] 7390l 7] x5
el A FEe 4-8 ug/mio|H X5
I HAE o] Hetg AA] A ~
30 ug/mi7} BREFF**  Doxycycline®] 74 Al
2 Fof 48A17F 3 A2 FAY Q] FE= 3-10 wg/
mAER AHA YT, webk 2 Al Hg
gt doxycycline®] FE= X|F2A2e] YAH EAs
=HTH oF 5-10v e Eo e o gkst A

ZoJlA doxyeycline®] Fx o} n g3 Bagal) &
et TEE A ETRL dA| FEoll= 2o} 9l
t}, 2572 Al X 24-G1A| o] doxycyclined:
EoJA] matrix metralloproteinase—32] 40| 100
ug/meo|stoll A FrastTial dl%lal, Lig28) = A}
o] zhat Alm A ZoA MMP-92] E4o] doxycy—
cline =& 100 ug/méol|A 7343192, Shlopovs
e AZAE] 10 ug/mee) doxycyclined FoiA|
11-69] §307} o] folol) Zslgiche B
o2 n|Ro] Hol 24t WM AAAFI

L doxycycline®] 5o} w YA Bagiv) I8

o} B AolEr1e) o) FEol o7t 982

% %7} Sk

RT-PCR®] 23} doxycycline 50 ug/ml =& 1
AZFESE AXA| & IL-18 A=Al OPG mRNA=
“7 930o] doxyeylineS & x| 3t & IL-18 =
=3k b IL-18 2R A= o Alelo]| 2 Apo)
7F itk ol= o] Ao ARl doxycyclineo|
OPG2] mRNA =30 Gk U|R]X] 32 Qo]
sict, e} ol Aol AZAGMEE 15
= %}5A] RANKL o] thzzo] Hlslo] oF 2,6
a ZAAsEh 1L-18 o ) AR ZEAEY
AR A2 RANKL mRNA o] lo} A
A 2= mitogen activated protein (MAP) kinases,
71 ZolA4 p38 MAP kinase®| QIS E4ES S5
A=Elo] VERdtial YA kY. o] AFojA
% p38 MAP kinase AR A Sle=
SB203580°.2 XA RANKL mRNA o)
IL-18 25k A=33F Fof uiste] 52% S Hde
H| o]+ p38 MAP kinase®]| 2|3t RANKL 5-3A}2]
ZZo| osteoclastogenesisE AAAZI=H S35
& AARBIRCE  Doxyeycline® = ZAz| $9
RANKL mRNA 2o IL-18 gto 2 23t Zoj
Bl8le] 33%2] Hag-E YERNO] doxycycline 4]
o] 2Jgt RANKL mRNA 59| 7HAE BAe
sigie

Doxycyclined]] oJgF X|FRITiAM|Z RANKL
mRNA H& AAof gt XARE 7132 & A3
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2o
rr

B5|A otARl B 7ER] R2Eo] 7H5dich
<. doxycycline©| A3 p38 MAP kinase mRNA
o) Welo] Y3k FUe A9, Kirkwood 5
H5A|3Eo)| A ¢DNA microarray w4IA] chemically
modified tetracycline(CMT)—8 & p381} JNK
MAP kinase mRNA T& A a3} ioka 1%
o}, e IL-18 of SJste] SwE IL-6 A
&E- chemically modified tetracycline®] A&A]7]
ARk ol= p38 MAP kinase &/ A= #Ho]
Yk SU ARES) A2 AFRIVE g
Al 7P 4= St Doxyeycline X|FFQIhA| 2
p38 MAP kinase®| 21H%Ql Foka T4 YA,
doxycycline®] Zx|x|o]] 9J5}o] proinflammatory
cytokineso|Lp B == A=of gt RFRIThA)29)
Wgo] st $2 HEe] A5 AAp]
Jue 2 WEos FHY + Ao ey
doxycycline©] 2J3F RANKL mRNA W& o4 7|4
& ) wely] e o e A7} Basl
NyzrEic

o] AT ML doxyeycline®] ZH= og] 71X
o, tARg, P Bl aazkg 9 gredat
5o AR E55 o Fadt ]l
RANKLY} OPG mRNAQ] Udof uj2|= §FS 4
Esoirh Al WX XA doxyey -
cline &2 IL-18 AL £X9L Aol OPG
MRNAS| WS WHSEOL, IL-1p 2 A
RANKL mRNA 20| tjz+tof| vl 71|12
™ doxycycline 50 uwg/m{E ZAXHRA] RANKL
mRNA H&o| ZHAdle] doxyeyeline®] osteoclas—
togenesis S AT 4 9le e AWK 1a}
ojH Adol| A ARR-E doxyeycline?] HE= AukA
A 2AFgh Mt A Tkt B2 FeE, Y
b ANGA] A At astat Adusse) 713
4d W 7|et gubAel 22Rgo) 97 St} wet
A 3 A8} doxycyclineo|ut St dE-S A|A
Sk CMTo] 2J§F RANKL mRNA HA|azte] djgt &
77} Beshy A5Aeke] X5t oARS $i5te) A
FRAAAZEY Z=A|2Eo| A p38 MAP kinase £3

& F3 RANKL &g dAMZ 4= Sl orzolt
A zAe) Tl s Aos A,

v.d E

SEAZEL S| 20| &J8f) 8| == receptor
activation of nuclear factor ¢ B ligand (RANKL)
2 oA H3LE Fede 5a% Do,
o] RANKL®] zZo| x|F28ks 2Rt Z4et A
ol 83t FpAojrt AFEIAAZANA HS5/d A
o|E7}0I] IL-18 A}F=A] RANKLO] Walo] Z7}g]
= B2 AFRIA[Z7F 2| 230) 2Nt
offz} z|FAR] Zigofe Tefstil SlE= AAL
3t} Tetracyclined] YAlEZ AR loiA]
o] Meisl= o2 d5A SEgke] A=me} ofi
of £2 BE Z=rhal dEA

o] ol AT BEEAY 71 Bl a3
7} ATk el doxyeylined] WA A|FIRE
o|x] RANKL H}de] AAIE E3l] osteoclasto—
genesiss HARBI=1E dolr]| $Jsto] A= ST

Doxycycline©] WA Z|E=RITHA|EZL] EHAdof| B]X]
= FE BAs| 91510 doxycyline sk 0,
10, 25, 50, 100 ug/mS A)Zo] AL} 197} 3
U Fof| Al B4E MIT assayS 33l THEIIA
ok, MIT ZAF Z23E ZARE AFRAAAIE 50 g
/md doxycyline2 1A|7Fs9F AA]A| & IL-18 (1.0
ng/m)E A2Jdle 14-16A17F BiRE T RANKL
7} OPG mRNA®] 452 RT-PCRS E3f #2s
e 2 2uE Aslth

1, ZFAPAze] tht doxycyline®| Al =/
£ FE 100 ug/meoilA 143} 3ol Al E 2/
o] Fols}A FAAsFATHp0.00).

9. RT-PCR EA4o]4 OPG mRNALX doxycyline
Eo f5of Aol B oA LA
135 Jch RANKL mRNA 98 58 111
B A=to] x| nisie] 2,64 S7H6H
©1} doxycycline® & A& & IL-15 A=
Al IL-18 Z23F A=53t 7Hofl Bl8l mRNA &
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o] oF 33%2] 74313 0m SB203580°% A
AAE IL-18 AFAofe 1L-18 29 A=3
Foll vl oF 52%9) W 7HAS BT}

oAl A}l  doxycycline2  Z|FRIYA|Z O]

RANKL mRNA &2 AABEORA] osteoclasto—
genesis7} ZAE|0] X|FARO ZPS ASIA7|=
o =22 & ACE A7
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Inhibition of MRANKL Expression by Doxycycline in Rat
Periodontal Ligament Cells |

Kwan Pyo Chol, De—Zhe Cuiz, Young Joon Kim"’

Department of Periodontologyl, Dental Science Research Institute’

Chonnam National University

Osteoblast or bone marrow stromal cell-derived RANKL is the major effector molecule essential for
osteoclastogenesis, Previous studies have shown that tetracyclines have beneficial therapeutic effects
in the prevention and treatment of inflammatory bone disease including periodontal disease.
Periodontal ligament cells are thought not only to play an important role in the progression of pe-—
riodontal disease, but to play an important role in alveolar bone remodeling, Previous studies in-—
dicated that receptor activation of nuclear factor k¢ B ligand (RANKL) and osteoprotegerin (OPG) are
expressed in periodontal ligament cells by pro—inflammatory cytokine, such as IL-18 and TNF-—«a .

This study was designed to investigate the inhibitory effect of doxycycline on RANKL and OPG
mRNA in rat periodontal ligament cells induced by IL-18 (1 ng/ml),

The results are as follows,

1. MIT assay showed that doxycycline at the concentration of 1-50 ug/mf didn't result in statisti—

cally significant cell death at day 1 and 3 .,

2. RANKL. mRNA expression was increased to 2.6 folds by IL—-18 . When cells were treated with
doxycycline (50 ug/mf), IL-18 —induced mRANKL expression was reduced by 33%. In contrast to
RANKL, OPG mRNA expression was not inhibited by pre—treatment with doxycycline,

These results suggest that doxycycline decrease the expression of mRANKL resulting in regulation

of osteoclastogenesisp in rat periodontal ligament cells,

Key words : RT-PCR, doxycycline, mRANKI,, mOPG, periodontal ligament cell
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