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FodE F AR RBEEBEMTARE B > RERATEHER > W)
U208 #fmftk o # i KELISAN 47 » VAR FHE Rt ta itk > 547 H B & &AL
Bz g Fde o IL lo,1pFeIL6X &1L o [ B 4L 5 #osteocalcin * alkalaine phosphatase
Z &M o Al AR ES Mg (alkaline phosphatase [ALP] activity) 2 #7 #4 # $2 4a Ra 4F Fl 48 2 & 14 o
VARTPCR 7 i% » #3840 J COX-209 &K B - YA & 75 B 25 5 #7 IR+ 40 L M 308 & & COX-2
protein ~ ERKinase ~ JNK kinase ~ caspase 3 ~ alkaline phosphatase, osteonidogen, osteonectin,
Fa osteopontinZ 89 K B > VA T R AATHHEM AT A EERE - B FAERAEREN
oy 2X B > ¥A60 % Sprague Dawley rattf ZHAZH % > ASRIMTALE BT M > % 5MIA
Hydroxy apatite 7F 24 #]48 > &t s Sk R JE 2 £ M o A A 3R 45 & parietal boneFo
subcutaneousfs & » BRI H A MM B RRIE > L REKZ o FTA B RE LR TR 54
s R o

CSH#+#7AU20Sta i A RAF X A MpAa WM > G IRZSAE A BF R 20 % > Hdm i
ARBERW - EFEREFCOX24RH E > CSEMTA—# I T4 F = XA W FACOX-
2% 8 > FERAI#&ZR o Interleukin 49 R I 7 & » IL1a > IL1BFIL6#Y R 3, > CST*MTAHY
R ER > fa bR e RIS o CSHAFHAMGO3 % g LA RIFZ 4 H4a B (Fgure
6.) MEEEEMAE R RFM s > Hwmind k3B % RIF - MTA¥LCSH#F2 ERKinase & H#
PedlamE o REAR RGZ min3g 7 RIE ; #3535 F4 R B -FALP, Type I collegenase,
osteocalcin, Bone sialoprotein ## osteopontinZ. & 3 4L4% Z LA FA R & ° T AMTARAZCS
PR R A B LA KRS 0 BB SRR AR - AR
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Abstract

Key words:

Calcium silicate cement, biocompatible western blot assay, animal study, inflammation ,
osteoconduction

The root end filling material is used on the root apex or pulp perforation repair. The material will
contact with tooth and surround tissue. It is needed material have good biocompatibility. The
ideal material should have good physical properties, biocompatibility and may have
osteoconduction or tissue regeneration ability. The purpose of present project was to 1.
Investigate the calcium silicate (CS) and MTA inflammation or immune reaction. 2. The CS and
MTA osteoconduction ability. 3. The material implantation reaction on rate. Material and
methods: Follow the previous study, CS were fabricated from our laboratory. The CS material
after preparation were compared with MTA. The control group in present were blank group. The
MTT assay were to study the cell survival rate. The western blot assay and RTPCR assay were
used to identify following marker expression. They were included: COX-2 protein ~ ERKinase »

JNK kinase ~ caspase 3 ~ alkaline phosphatase, osteonidogen, osteonectin, osteopontin proteins.
The material after preparation were implanted into rat submucosa and parietal bone. The HE stain
were to evaluate the inflammation reaction. The data were all statistically analysed to compare
the difference. The result showed as follows: 1. The CS and MTA were all biocompatible with
U20S cells. It can promote the cell growth. The ERK Kinase showed increasing expression . 2.
The inflammatory marker COX2 were appeared when initial contact with cells. And were
decreasing as culture time increased. It represent no inflammation reaction happened. 3.The
expression of IL1a > IL1B, IL6 showed MTA and CS were have different degrees changes. The
outcome showed materials were no immune reaction to cell. 4. The MG63 bone cell were also
biocompatible with CS and MTA. The bone marker expression were obviously appeared on ALP,
Type I collegenase, osteocalcin, Bone sialoprotein ,osteopontin proteins. 5. The implantation test
on rat, the subcutaneous tissue showed mild inflammation reaction, not in parietal bone
implantation. No dominant bone formation were found in bone tissue.

Conclusion: The CS material were biocompatible with cell in vitro study and in animal in vivo
study. This material can be used in clinical after further clinical study test.
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AHREAEMMTIA) L E LA BB RELSABBHHFUA L dabbk L RERLE LG
Ao gALERFE > LA A ses > BRI EAFEFZZIHE > ERXBATERZID
HAB AT IR AR B > R AR B A e B~ AL BRI F R AR E
R B E B -

% B

RFERAZFIEM T B AT RMTAZ — £ Z]RE SN SLBE N 2 4 e B R > B LHT R
By 3 -
— ~ ABEINRER  EHATERIMTAZ H i L &5 7 @RI
Z~ ABESNRER 0 T AATEASRZIMTAN g AN F A R B T8 84
VA T FRA R A tm i 2 GE A S o
= ARNRRK ETAITERIMTARE NHEAEZ A WL R JE -

X Rk HE 3

2 AR AR B XRRAE N 884 F
1. = £ R & HMTA) & %

ZAHER A W(HAMTA, Mineral Trioxide Aggregate)t £ % % 2 &tricalcium silicate,
tricalcium oxide Fusilicate oxide. ¥R > FAK A AER R LB M F—RIRTHAE
ERE > H KK R %G &(White mineral trioxide aggregate) ° MTAX4FM4e T : LA R
W2 B AR MTAR & Z initial pH{E %102 > = NEFA S 4125 CAH HH
compressive strength ° [1] RIEM B A Z 4k » MTAEA F 22 i@ g ¢ (1) A#E
Apexification ; (2)1F & A& & 1~ v F i@ (perforation)Z & BEME B A 5 (3)BEIEJE IR F i@ 2
S5 (DB T ARBRIMA L 5 G)EBMR RE LM (root end filling) 5 (6) T % EHE (pulp
capping) ° %4 EMTAJE AR EER EE S > 2d TR RER > MTAR B R A R
LR ELIEAE -

2. MTA% 8 BME — b jo 5 &

Bl MTA X AMHAERARFTRAAFS A ABRFeRIR@HEAR L THEAN
RAEBFEANHEAFRERZLBERT AAKERF 7R - APz mpFZRaf R ra X
% HPERBMTARLA mfpin s it o [2-8] L+ g HHRAG AL EME > deKeiser
et al.(2000), Huang et al.(2003),Camilleri et al. (2004)[9]%F J& Fl methyltetrazolium ( MTT) 7 i%
SH w2 4w g #1E 0 Torabinejad et al.(1995) Bl & M agar overlay 7 R #frediochromium ##
T kS e e FHE - [8] waHaglund et al(2003) VASEMERL R H#7tm a2 7574 - Al 2
MTA # # macrophage Fefibroblast B A &m e &M  [10] 12 d EE /R L4 @ &K LA
MTAB A AEAT R B & BB > Bk $ 5F RIBAMTAM# 2 TR A YT
EE A



3MTAZ # X

B MMTAR Bl ta i £ R EZ R £ BAEH G N E( interleukin)Z ZRE % » A
AR fm i 2 - Ab(differentiation) 3, % © MTA &3 & %@ Jg Z inflammatory cytokine & 3
MRIF M ERIE - BERARTLHAHTAMIAKBIRS BRI HARER
(Huang et al. 2005) #8TMTA €245 F fa f(U20S)Z IL44e L1053 v > [11]  f£Loma
Linda X % > Mitchell et al.#F 72 B4 ELMTAAE A 40 o 42 1L-6, IL-8 € 3w > MIL-1adZIL-1B7
G o [12] 48R 6 > Koh et al B HIL-6 ° IL-10ZIL-1BE#AMTAM #H L tm i 32 AB £ 6 R
B A o [7,13] P KRR @ HR -

BRZRME > PGE2&H RZAH > & ML B I R 2] B dn AL 5 B2 2y 2] e A
Z R BEBEANTHBERMEZRKEHB - [14-16] Cycloxygenase (COX) %
prostaglandin endoperoxide synthase > '€ & & prostaglandin < 4 4 & &k ° COX B #* dual
enzyme * '€ 7T 1L = FEenzyme 49 R J& * 1.35 & cycloxygenase s arachidonic acid#% % %
PG2 ° 2.3 dyperoxidase& ¥ PG2 % &PGH2 » & K _ECOX 4 &constitute enzyme(COX1)Fe
inducible isoenzyme (COX2) > H ¥ COX2+ H Proinflammatory B FAfZ 7 &t R - @k
H BMTAZ L8 R 77 @ 2K R LA R%E 0 K320 URT-PCR K KT A e bz
MTA¥ & 476 RMTAZ fa ji 45 % COX-2 % H, ©

4. MTAZ #a Jf 3 3.8 B] T # 1L

Bonson et al. Bl # FLMTA € 4% & J& #1 7% 4w g, 12 45 42 4 4= Jits Z alkalain phosphatase &
RAEIG BB o [17] @& KA R E(2003) T & MTAHU20S 7 fafen 2 Bk A8 5k
U208 4a ity T MTAFE h ke % > Hodm il P SA9% 1% R 3R3% Erk kinase @ # PAZAZ R 3
¥m o R FERK B EKU20S F 4o i € A 3§ A (proliferation )Z A& A1 < [6] 7 bHy
¥ KB R EMNEAB AR EHE B IMTAM A g 4F A %+ alkaline
phosphatase, osteonidogen, osteonectin, #» osteopontin % #5122 K J& °

5. MTA#4 #h 48 Bl — ERHEA

% % £ ¥ (Moretton et al. 2000, Yaltirik et al. 2004) A #MTAMAF| & TR L RIE > 4
R % 3L A coagulation necrosisf» dystrophic calcification 3, © R J& [& B W] 38 o /o 0% 4% o
[18,19] i®%Kao et al.(2006)% £ 45 B AL MTAMA E RN R LM R G > SR
AR H R 4 R AL © [20]  Moretton et al. #F 45 AR5 F B | A osteogenesis H
#, o Saidon et al. (2003) # guinea pigs MAH RV ERFAABR SR LRV 2E X RE -
[21] Loma Linda X %#F % A B MTAM Atibiafe F 305 1% & e k48 AR AF > BAEBE LR
J& B BL > #tibia ¥ A B #8 5T (bone deposition ) H 3, © [1,22]

Ao ALMTAZ T AR 8 B 48Rk RE AT R R BLCTH SR M B2 A ik 0 T8 ik
4 ° [23] Economides et al.(2003)# FMTA-F IR & R EZ B, > 75 A8 B AR Ak
AR BRAR S A B IIMTA ST 3 oy 48 45 70 Ak, o [24] #73A T B — B RF H X MTA -
#R 7T & A #76)cementum © [25] KA B 0 R R AR B T E R BUE MTABAH A
BinAsR  MEL A KRB RE R R -



A AR T ik

— >~ MTAH K & @42

1. #Ca0 ~ SiO, ~ ALO3 YA & Fe,05 % 4k BB il & P fp| i Fn g 4 o

2. MASBEY  ZELEBER ARG o REBWRZI400E » BHEEm
HRRAB B > BEE TR o

3. ML BAEMIRE  FFERB K -

4. FFFESFEE R 0 A FLAE Ko B20umed B 4E B A o

5. MBERE M REE BIRBA 1G] > i APFSmAZ B F M e A K EXRE KRR
T4 (Hapt kA HEIMI) B REE (colleganse) 8B (gelatine) ° 44

BFm o

B AFESERIMTAM FHZ B R AR E3mmS E2mm= B 42582 » F2 20 A m iz iRk
oo HPMMTAREE LA — @bt —tw i &85 0Z8 =+
Bt X > 2Bl LEERMT @R -

A %3 EAF vAMineral trioxide aggregate (MTA) &4 AT REF ®iLZ G &
MTA] ~ calcium hydroxide ~ ¥1Hydroxyapatite = Kk %84t #H1F & #F £ 44 o AR 4% Sarker F
(2005, vol 33 J Endod) #F 52 48 BLMTA 88 ik o 3% /5 %% & 7 s Hydroxyapatite Z & 2~ i A Bh#4
BzA ke AAFEMREAMERA B @SR BERREZRR  BEARLRAS
EEL) RN A

=~ BT BRMTAZ e P9 #1285 £ K B FZ 0.6 1L

=. 1. U20S% g 3% %

4w i #k 3% & #~McCoy’s medium ° P2 10% feta bovine serum, 100ug/ml streptomycin, 100
ug/ml penicillin and 0.25 ug/ml amphotericin. ° # o it 3% & ¥+ ¥ & &k H #F — A 3% &
1,6,12,24,48,72, 144 and 192 hours. * Z 1% ¥Acarbon coating?% > L@ HE 3 R B o

Z2 BB R W

SHTEMAFHME A e fats 0 A A A BEILE e afgF4e 5 IL o, I1pFIL6Z 8L © F)

B 4L 5 #7osteocalcin ° alkalaine phosphatase Z &M ©

R 577 ik 4-# Koh et al. Z B Bz F 5% 1 [26]

1. fmPa 3 & P L& AT F— #4238 51,6,12,24,48,72, 144 and 192 hoursf® > X FRIEHRIR ° 3K
E-200F o B B BH 3 FELISAS

2. PAprotein washing bufferi#t > A A 100ml 1% BSAFS 370 F E#A K Rz — ] BF ©

3. #lug/ml mouse anti human IL &B50ul E#A3E AW+ > #4370 F4HEA > AwA10ug/ml
goat antimouse conjugated AP 50ul# 3% &8+ -

4. $mouse anti human IL4E 1 ] 8F > ¥Aprotein buffer £ =k

5. mANBT/BCIP (100ul/well)#*# %, & i T 45 K130 442

6. A FELISA reader 570nm P 3E 3 ©



—.3. i & B4 B2 A% (alkaline phosphat
# % BB Sigma 8] Z sk 7 ik
. MREBZ e A o
%= Jit, YA phosphate buffered saline 7& =K >

F] B Jje X 2-amino-2 méthyl-1-propanol buffer3% %& 15 min (Sigma, Procedure 104).
¥A10ml 0.05% NaOHAE & RJE ¥ 1L %% > 34400-420nm. % & F #Ip-nitrophenol

se [ALP] activity) 2~ #7

Eall

= B HMTAH b0 i B X £ & 7 & K & B K COX-2 expression --—- reverse
transcriptase polymerase chain reaction(RT-PCR %~ #7)]

#HMTA ~ calcium hydroxide - 3ZHydroxyapatitetE Al 7 8a jo 48 > 741, 3, 6. B 2 Bl 9k
BRNA BT THIERBAELERXRA -
B ¥ 5% 4% Joki et al. 32 Nathan et al. 7% i%[27,28]
#] Fl TRIzol (Molecular Research Center Inc., Cincinnati, OH)# #fRNA

. #15 ul 4 100 mg random hexamer#2200 units of Moloney murine leukemia virus reverse
transcriptase ¥ > > @ RNA% fi7 % JXDNA °
VA20 ul K R IERA4 » IR ¥ 23 pltE Bpolymerase chain reaction (PCR).
PCR reaction mixture 47 10 pmol 1E ) $2 & %) 5] F#92 units#y Tag DNA polymerase.
A BRI KR B A58 B 4E & GAPDHZ RUE » vA35E #A1E & Httireceptor2 K& °

— B IR L7 94°C 1 min %9 denaturation, 457°C 1 min#9annealing F2%472°C
Imin of extension.
7. 5T R
a) GAPDH Forward: 5'-TCCTCTGACTTCAACAGCGACACC-3'

Reverse: 5'-TCTCTCTTCCTCTTGTGCTCTTGG-3'

b) COX-2 Forward: 5'-TTCAAATGAGATTGTGGGAAAATTGCT-3'

Reverse: 5'-AGATCATCTCTGCCTGAGTATCTTT-3'
8. PCR#Y & ) ¥A agarose gel electrophoresis. 5 #7 ©
9. 5% & ¥Adensitometer (Alphalmager 2000; Alpha Innotech, San Leandro, CA) 4% #7 3¢ $k.

SN kW

o MAPK kinase analysis- %~ #7 %8 B 35 & MTAR] %% > M AEZ G Z R o

FIR G B2k 0 AAMTA - calcium hydroxide ﬁ%HydroxyapatiteVF)ﬂﬁé\ém feig >
Rt i, ‘1’COX-2 protein ~ ERKinase * alkaline phosphatase, osteonidogen, osteonectin, #
osteopontinZ & #L °

R F k4 F RE R T HL 44 E 2 F %4 Western blot analysis * # ¥ 84z F 29-30]

1. ¥ U20S cellsiA 489 PBSHE— Kk °

2. 1x105%a i@ 7 lysis buffer (1% Triton X-100, 0.5% NP40, 10 mM EGTA, 0.2 mM Na3VO4,
0.2 mM NaF, and 0.2 mM PMSF). + & # -

3. #f b AR [#EF 15,000 x rpm for 15 min at 4 °C.] ° 25ugZ& @ # 1 x SDS gel-loading
buffer (125 mM Tris, pH 6.8, 5% glycerol, 28 mM SDS, 1% beta-mercaptoethanol, and
0.006% brompophenol blue)Z; #:5 4-4% °

4. &G ra12.5% SDS-PAGE%-i#f > it 4% % polyvinylidend difluoride membranes. E » 74 %
TR IR NBF (54 43% BSA, 5% nonfat dried milk, 10 mM Tris, pH 7.5, 100 mM NaCl,
F20.1% Tween 20]

5. ZATBS-T buffer’t vk * membraneiZ# 4 # 0.5 pg/ml rabbit antibodyi# &

8



6. A second antibody & ¥ — N BF » 2 4% ATBS-T buffer #& 20 min.
7. % R yAdensitometer and the SCION image programi& 32 © [29]

I~ HHEARXR

#§H A subcutaneous Z A ¥t 4 pk —#8 0 —FAE R2mm/FE Smm A & X disc © A — B FEH IR

SBMEMFmMA ES 0 fE HEEAN R T 44k (subcutaneous) ° A5 A Parietal bone B 4

REBABAANET » 2500 F —8 > FxBHEE+ = L%‘iﬁi%‘ & o

TRFMHESSFBIAMREMN AR > R LABHMAANABRLEETIF

o BERET T X4 T

# R A Ketamine.( 0.14 mL/100 g body weight)# AL B F iE 4+

AREET A8 RSB F LA R ABEH &

#mid-dorsal F» pelvic dorsal#i 42 — 10mm& #9371 0 > AR EEMA FHHE A o

7 4h#Pouches & AL 4742 » K2 10mm& 8931 2 > ¥A4-0 silk suturestE4E & ©

AR5 7 — A8 H i 8L AME &4 # Eintraosseous A 0 A SRR SR TARE 0 A S

1 F ##6 round burfi 47 iR > HLEF IR # % F iBdura mater}g’ °

VA BRI AR & 4P 0 B K #1.5Smm A A2 X

7. BAFHEANMH 0 vA4-0 silk suturestE4E S o

8. EyhihFHTEF RN > & B 3T A Flo-cillin (0.1 mL) (The Fort Dodge Co., Fort Dodge,
IA) iE4F > 7 4% FiE4T Bl A Torbugesic (0.03 mL) & B —R A3 &K -

9. &3l %7 days, 6 weeks Fo 12 weeksAS Sy a4t > 44k AT — B & T SRR

10. ankin b > AT 7 iR B R G

.U’.'PPJ.Nl_‘[m}\-‘m

0

o

FRERIRRILE
[ %% Moretton et al. $2 % 7 i% 31, 32]
¥ T 488 (superior, inferior, and two lateral sides)% X REMF R 5% 2 5l% ¢
0 =none (no detectable inflammation);
1 = mild (scattered leukocytes);
2 = moderate (localized dense leukocytic infiltration);
3 = severe (diffuse dense leukocytic infiltration).

B 8RS R R B AR B epicranial surfacedf4%(the endocranial and lateral surfaces of the implant
are graded)M ¥ & Z 5% 575 ¢

0 =none (no detectable inflammation);

1 = mild (scattered leukocytes);

2 = moderate (localized dense leukocytic infiltration);

3 = severe (diffuse dense leukocytic infiltration)

The grades of the four surfaces are then averaged and that average score used as the final score
for that implant site.

F R AR R TR

0 = none (no evidence of osteogenesis);

1 = slight (occasional islands of osteogenesis over the respective surface);

2 = moderate (at least half of the respective surface partially covered by bone);

3 = extensive (complete coverage or “bridging” of the respective surface with bone)
B3t A

Stk g 2 ik o



HREHH (SEHRER)

ER—

CSH#H#78U20S tm i LA RAF 2 4 448 B4 (Figure 1) > K& % 0B % 178 7 B ) 20
o Hmpmd KA LRI -
HH—

B A XRD#F R AT » CSHAZ & B EMEMTAZ &A1 > MTA 763 % Uk L#a
THARE R R A R EMB AN > AT RACSEH £ #3405 otk Bk
HAAAE AR M o AT RERIREIEZ I m ZRE 0L KRB AR -

R

A LR FCOX2E&H L » CSEEMTA—RILEHTHFH = XA ABECOX2.kH
%t XA & £ % - (Figure 2)
HH=

— Akt L F AN SD R Z M A RE R IR F R AT 0 B g M AR A L igig 0
Mok T B &REEE > ahlisttals— £ 2|2 fREMRS > X P Rpadd—RELX - COX2x
ERBETEMRHEGNERRE  EREBE KRB ARBZRRAAATHE  KEk—HE
TREAIREER > B RERRAE > Bibal BisE2H4t - MR A F e
MTA & & A J80 25 KR -

EXR=

Interleukin 89 % 3.7 & ° IL1o > IL1BA=IL689 R 3 > CSTMTAMY R BL& £ R > {21k
Yedl4aey R RS o (Figure 3-5)
Hw=

W COX 2Z R B iFHetmin A B I X > BT o e L2 & a g > &M
BEBRZE =K ILla ILIBRIL6Z G X R I, » £ 3CS X IL1ak B 574AMTA < ILlak
H HEACS 2 ILIBRIEMMAMTA 2 ILIBERIE 5 MIL6EK &G X kB AIFAMTALCS &k H
B 2 M o R b R AL > BT RAG A IR A 500K G KB - MTA%
T RLBRTHA TR R L L ERFEZIL2, 6,8 &G RH -

&Ro

CSH#H#H7AMG63 4m i LA RAFZ A 448 5tk (Fgure 6.) ° FE 3R S14E ) B ] 20
%o Rt kAL R -
MTA1CSH #t 2 ERKinase & Figdedlantt » KEAHA RIFZ mpig R G » #HAFFH T4
A EFALP, Type I collegenase, osteocalcin, Bone sialoprotein F» osteopontinZ. & J4L 4% 2 3,
B #a R & (Figure 7.)
]

W AU20S 4a o bk 4m i & R R A5 € 0 B Budk A Bl & B 40 itk X MGF634E % 3% 45 #7F
% o MEM > CS MTAME A#AMGO3m e AMTTR R Lmpx 4 k> ERETEZ A
kK RAF » —AEMH R BA SHE EE2 R o & REMAHME A AU20Sta fe i o
77 BB M 0 MTA JLCS#H#MAPK kinase % ERKinase & BLEE 3 4 3 fm i 38 76 2.
R > Aa 7y dl A AAaNE m o JLEPMH A mpa A kA ERZ RJE o
B AR E R AR REF > —3R AT W 0 B — ik &M E R B A B R

10



BAT W RAEFERE > B A HPHE R AR i R B b2 A KRR B AT 0 0L
RTPCR A& ALP, Type I collegenase, osteocalcin, Bone sialoprotein #» osteopontinZ & 3, » &
RET M HAZREGHH TR MMIERE > RERMHERZEREEE
(Osteocoonduction )Z & R » b RM-FREBALSHHFEA FHFETER > BELFT
VAR 74 3R s v R 2 AE A o

#RA

AN Z B RIE R ES, 9 ATT o FHAMTARACSH A FH A H L
BB RRIE > B H+ = 0 5 RAER AR - 8ISy | & RAaT5#E10-15.
WwmE

nB% Sh 2 AR E AN AR M Z R BB T 0 ABRAAF IR X 0 B
PAMAE TR R RG> MEHEARFEAA > X ﬁﬁﬁ%#iz%ﬁ
HART BB —ABZIMHRIE  CSHAtE+ —#HE > Achagit BERILEG
& ERMTAMARIIATHERE & - ﬁWT%%l%m%&ﬁMmﬁm’E&K%Mm
HOSHATHRERE  REBEMAEE T €5 dmik -
ARZBALEFHEAMFA > G Ex g ibimskmmail > KRoF ezt 2RR 357\:%1& ’
KAy Z R L > MAVonKosa R & 15 > M -F 2 B MR K o ARREREZS 2 HFH
A AXGRBRE T MEARBEAROE LR AEF X AKRE -

B R

MR R EERACTER T ORI AMF > LARYEMRT - L2 E M
4bft#aZi%kﬁ@%%éba&%%iéiiﬁiga’kai%sgéﬁ#%#+ R AL ZMTAAR b & 87 8 L CSH
HEAE > BAEHRRZIERI Pl @% e - AW nNRR  EREATIICERHY
ZHBEREHL - A RAREDLEUMATUAELE R EX R > A THARE L
TR - AR BEETH I B PFIRBARE AR > wRFTHEHT BT E4E
S A R E )

R

WAMEZSRIE > FEARABHAUMH A BRT ETERAZI B AR £

AAZEH EZBEEARME BRERTASRES T HAHmBLHRAE -

11
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Figure 1. The Calcium silicate (CS) material treated on U20S cell viability test by MTT assay.
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Figure 2. The COX -2 expression comparison of CS material and MTA.
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Figure 3. Mean expression of IL-1 alpha from U20S cells in the presence of
different materials at 24 h. The sample size is four. Bar + standard
deviation.
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Figure 4. Mean expression of IL-1 beta from U20S cells in the presence of
different materials at 24 h. The sample size is four. Bar + standard
deviation.
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Figure 5. Mean expression of IL-6 alpha from U20S cells in the presence of
different materials at 24 h. The sample size is four. Bar + standard
deviation.
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Figure 6. (A) The XRD pattern of hydrated MTA and CS cement mixed with distilled water. The
C3S (3Ca0.5i02), C2S (2Ca0.Si02), and C3A (3Ca0.Al203) peaks were identified at
2q=27.3 _and 2q=32_to 34 . The two groups have similar major constituents. (B) The survival
rate of an MTA and CS cement treated MG63 cell line. Both are shown to be biocompatible with
MG63 cells. (C) The cellular proliferation signal ERk and p-ERK kinase expression of MTA and
CS cement treated MG63 cells. High ERk and p-ERK kinase expression were noted.
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Figure 7. Bone marker expression in the MG63 cell line treated with MTA and CS cements.
MTAI1, mineral trioxide aggregate after 1 day; MTA3: after 3 days; MTA7, after 7 days; MTA1S,
after 15 days. CS1, calcium silicate cement after 1 day; CS3, after 3 days; CS7, 7 days; CS15, 15
days; Col, type I collagenase; OC, osteocalcin; ALP, alkaline phosphatase; BSP, bone
sialoprotein; OPN, osteopontin.

The bone marker expression of MG63 cell line treated with MTA and CS cements.
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Figure 8. The inflammation reaction of the CS implant

1wk 6 wk 12wk
Subcutaneous 1.63 = 0.31 2.26 = 0.41 1.72 £ 0.53
Parietal bone 1.21 £0.42 1.89 = 0.54 1.76 £ 0.46
Figure 9. The inflammation reaction of the MTA implant

1wk 6 wk 12wk
Subcutaneous 1.78 £ 0.44 2.88 £0.54 1.61 £0.51
Parietal bone 1.10 £ 0.37 1.63 = 0.49 1.87 £0.42
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Fig 10. Radiology examination of root-end filling-material MTA implantation a). 1 wk b) 6wks c)
12 wks d) control group.
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Fig 11. Radiology examination of root-end filling-material CS implantation a). 1 wk b) 6wks c)
12 wks d) control group.
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Fig 12. Histological observation of root-end fillers (MTA) implanted on the muscle layer of the
rat leg (phase contrast microscope, original magnifications x40 and x100, hematoxylin and eosin

stain): control group (a);1 wk (b), 6 wks (d), 8 wks (f) at 40 x magnify. 1 wk (c), 6 wks (e), 8 wks
(g) at 40 x magnify
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Fig I3. Histological observation of root-end fillers implanted (CS) on the muscle layer of the rat
leg (phase contrast microscope, original magnifications x40 and x100, hematoxylin and eosin
stain): 1 wk (a), 6 wks (b), 8 wks (c) at 40 x magnify. 1 wk (d), 6 wks (e), 8 wks (f) at 40 x

magnify
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Figrue 14 Implant on rat skull.
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Figure 15 CS Implant on soft tissue. The mateiral is white embaded in tissue.

Figure 16. The MTA implant in soft tissue, the mateiral showed gray color.
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Abstract

569 Low-level diode laser therapy reduces lipopolysaccharide (LPS)-induced bone

cell inflammation

Thursday, March 17, 2011: 2 p.m. - 3:15 p.m.
Location: Hall C (San Diego Convention Center)
Presentation Type: Poster Session

I-H. HUANG, C.-T. KAO, and Y.-C. LU, Chung Shan Medical University, Taichung, Taiwan

Objectives: The aim of this study was to investigate the cytologic effects of inflammatory
bone cells after in vitro low-level laser therapy (LLLT). Methods: A human osteosarcoma cell
line (MG63) was cultured, infected with lipopolysaccharide (LPS) and exposed to low-level
laser treatment at 5 J/cm?2 or 10 J/cm2 using a 920 nm diode laser. MG63 cell attachment was
observed under a microscope, and cell viability was quantified by mitochondrial colorimetric
assay (MTT). LPS-treated MG63 cells were irradiated with LLLT, and the inflammatory
markers, iNOS, TNF-a and IL-1, were analyzed by reverse transcription polymerase chain
reaction (RT-PCR) and western blot. The data were collected and analyzed by one-way
analysis of variance (ANOVA); p<0.05 indicated a statistically significant difference. Results:
Low-level laser treatment on MG63 cells increased their ability to attach and survive. After
irradiation, the expression levels of iNOS, TNF-a and IL-1 in LPS-infected MG63 cells
decreased over time (p<0.05). Conclusions: Low-level diode laser treatment increased the

proliferative ability and decreased the expression of inflammatory mediators in MG63 cells.

Introduction

Low-level laser therapy (LLLT) has applied more in regenerative medicine and
dentistry [1]. Photodynamic therapy is become a feasible medical technology in the
1980s. Laser diode is formed by doping a very thin layer on the surface of a crystal
wafer. It is also known as an injection laser. Laser diodes differ from conventional
lasers, such as small size and weight, low current, low intensity and wide-angle beam.
It is reported that LLLT appears to increase mitochondrial respiration and adenosine
triphosphate (ATP) synthesis [2, 3] and possesses biostimulatory effects on wound
healing, collagen synthesis [4], and fibroblast proliferation [5,6]. Literatures review
showed that LLLT can accelerate bone formation by increasing osteoblastic activity,
vascularization, organization of collagen fibers and ATP levels [7-9].

LLLT demonstrated with anti-inflammatory, analgetic and regenerative effects
[10,11]. The photodynamic therapy can reduce the numbers of viable bacteria in
periodontal diseases [1]. In orthodontic tooth movement, LLLT can reduce patient

pain without interfering with the tooth movement [12]. The orthodontic pain is
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derived from the secretions of inflammatory cell that stimulate the nerve. The release
of pro-inflammatory cytokines and lysosomal enzymes can promote tissue resorption
at orthodontic tooth movement compression site [13]. Prostaglandins, IL-1, IL-6,
TNFa, and receptor activator of nuclear factor kappa B ligand (RANKL) are all
elevated in the periodontal ligament during tooth movement [13]. Thus it can applied
LLLT to reduce the orthodontic pain and increase the tooth movement.

The purpose of present study was to investigate the cytologic effects of inflammatory

bone cell after LLLT treatment in vitro.
Materials and Methods

Laser conditions

The diode laser (Ga-Al-As , Arts-Laser. Arts International Biotechnology Inc.
German) 920 nm was used in this study. The beam was clipped to cover the entire
area of the plate (3.3 cm®). On average, a power output of 0.5W was measured, and
this was calculated to deliver 5 J/em® and 10 J/cm® (experimental group).
Non-irradiated (0 J/em? cells were used as control group and were kept under the
same conditions. Both irradiated and non-irradiated samples were re-incubated at
37°C in a humidified atmosphere of 5% CO,.

Immunofluorescent stain

MG63 cells were seeded to adhere to the 3 cm dish (Techno Plastic Products, 92006,
Germany) at a density of 5 x10" cell/mL for 24 hours. The lipopolysacharride (LPS,
Sigma Co.) were added to culture for four hours. Cultured MG63 were irradiated with
the lids off in the dark, at room temperature, with 5 J/cm® and 10 J/cm? at 920 nm.
Non-irradiated cells were used as controls and were kept under the same condition.
After tone hour and 12 hours cells were fixed with 10% methanol (Sigma, St Louis,
MO) for 20 minutes. Samples were blocked in PBS supplemented with 5% bovine
serum albumin (Sigma) and then incubated in blocking buffer containing rabbit
anti-phospho-FAK primary antibody (FAK; Abcam, Interlab Co, Ltd, Taipei, Taiwan)
(1:1000 dilution in PBS) and iNOS antibody (rabbit; Invitrogen). After washing the
cells with PBS, the cytoskeleton and cell nucleus were stained by incubating the cells
with the secondary antibody (Biotin-conjugated goat anti-rabbit antibody) and
phalloidin- FITC (Invitrogen) (1:1000 dilution in PBS), for 1 hour and with DAPI
(Invitrogen) (30 nmol/L in PBS) for 20 minutes, respectively [15]. The stained cells

were visualized by using a Zeiss (Carl Zeiss, Oberkochen, Germany) fluorescent
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microscope.
Western blot assay

The Western blot analysis is used to determine the expression of MG 63 cell iNOS
and pErk markers at 1 h, 3 hr and 12 hr after irradiation. According to our
previous method [16], cultured cells were lysed in lysis buffer [ RIPA lysis buffer (50
mM Tris HCI pH 7.4, 1% NP-40, 150 mM NaCl > 1 mM EDTA °> 1 mM PMSF, 1 mM

Na3VO4, 1 mM NaF, protease inhibitor cocktail tablet)] on ice. Cell extracts were

sonicated, and protein concentration was determined with a Coomassie® Brillrant
blue G-250 (Bio-Rad, 500-0006, US). Ten micrograms of protein were loaded in each
lane. After SDS-polyacrylamide gel electrophoresis, the proteins were transferred to
polyvinylidene diflouride membranes, (Immunoblot PVDF membrane, BioRad,
162-0177).

Membranes were blocked overnight in blocking buffer containing Tris-buffered saline
[TTBS—50 mM Tris; 150 mM sodium chloride (NaCl), Separation Scientific,
7647-14-5] containing 0.1% Tween 20 and 5% non-fat milk. The membranes were
then incubated in primary antibody [rabbit IgG anti-human iNOS
(1:1000,upstate,07-520,US) ~ rabbit IgG anti-phospho-ERK (1:1000,cell signaling) ~
mouse IgG anti- B-actin (0.5:1000, Chimecon,MAB1501,US)] diluted in blocking
buffer (as above) at room temperature for 1 h. The membranes were washed in TTBS
and then incubated in secondary antibody [HRP-conjugated goat anti-rabbit IgG
(1:5000, Chemicon, AP132P) ~ HRP- conjugated goat anti-mouse IgG (0.5:5000,
Chemicon, AP124P)] diluted in blocking buffer (as above) at room temperature for 1
h. The membranes were washed and stained with 1X TMB/H
(3,3,5,5’-tetramethylbenzidine, Chemicon, ES014). The blots were then exposed to
Xray film (Kodak MXG, Rochester, USA, 326052). The films were developed and
then used BioDoc system to take record and LabWorks 4.5 soft ware to detect the
bend density.

Reverse Transcription Polymerase Chain Reaction (RT-PCR) Assay

MG63 cells were seeded to adhere to the 3 cm dish (Techno Plastic Products, 92006,
Germany) at a density of 5 x10* cell/mL for 24 hours. The lipopolysacharride (LPS,
Sigma Co.) were added to culture for four hours. Cultured MG63 were irradiated with
the lids off in the dark, at room temperature, with 5 J/cm®and 10 J/cm®at 920 nm.

Non-irradiated cells were used as controls and were kept under the same condition.
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Procedures were followed our previous experiment method [16]. Total RNA was
isolated according to the manufacturer’s instructions. MG63 cell were harvested by
0.25% tripsin-EDTA and extracted with TRIZOL reagent (Invitrogen, 15596-018,
India) 10 minutes. Added 200 ul chloroform (Tedia, CR-0360, US) 10 minutes, at
12,000 rpm, 4 °C centrifugation for 15 minutes. Added 500 ul isopropanol (Fluka,
USA) to supernatant 10 minutes, at 12,000 rpm, 4 °C centrifugation for 15 minutes.
Remove the supernatant and washed with -20 °C  75% alcohol twice. The RNA in
aqueous solution was reserved in -20 °C and detected by spectrophotometry ate
260nm.

1 pg of total RNA in aqueous solution was reverse transcribed in a volume of 50 pl
containing 400 uM of each NTP, 10 units of RNase inhibitor, 10 pl 5 x Tris buffer, 2
ul RT-PCR enzyme mix and 800 nM of TNF o and IL 1 primer.

Reverse transcription was carried out at 50 °C for 30 min. After an initial denaturation
step at 95 °C for 15 min, 40 PCR cycles were run, each consisting of denaturation at
94 °C for 1 min, annealing for 1 min at the respective temperature, extension at 72 °C
for 1 min, and finally elongation at 72 °C for 10 min. The PCR products were
separated by electrophoresis of 20 pl of each reaction mixture in a 2% agarose gel at
100 V/em in 1 % Tris acetate EDTA buffer. Following electrophoresis, the gels were
stained with thidium bromide, destained in distilled water and photographed with a
charge-coupled device camera. The Lab Works 4.5 soft ware was used to analysis
band density.

All above measurements were made in duplicate and are expressed as mean = SD of
three independent experiments. In addition, one-way ANOVA and Tukey’s multiple
comparison test were used to reveal significant differences between the different

investigation groups. The level of significance was set at P < 0.05.
Results

MG63 cell attachment and viability of attached cells

At each time interval, cell density and distribution were examined by light
microscopy. It is evident that the first or second hour observation of MG63 attachment
was no obviously difference. The MG63 cell attachment were higher in 5 J/cm? and
10 J/em® irradiated groups at 12 hours (Fig. 1).

In all samples the number of attached viable cells increased during the cultivation
period. After one hour and twelve hour observation, the cell viability existed statistical

difference (p<0.05) between the control and experimental group (Fig.2).

iNOS expression of MG63



In fluorescent stain of MG63 treated with different LLLT showed iNOS expression
decreased (Fig. 3). After one hour of LLLT showed red dots (iNOS marker) were
decreased as laser power was increased (Fig. 3). After 12 hour of LLLT showed no
iINOS expression in irradiated groups (Fig.3).

The irradiated groups’ iNOS expression were lower than control group after one hour
and three hour time period (p<0.05) but no difference after 12 hours (p>0.05) in
western bolt assay (Fig.4).

pErk expression of MG63
The MG 63 cell’s pErk expression showed irradiated groups were higher than
non-irradiated group at different time period (p<0.05, Fig. 5).

TNF-o and IL 1 markers expression of MG63

The inflammatory markers TNF-o and IL-1expression were shown in figure 7 and 8.
The TNF-a expression level were lower in irradiated groups (p<0.05) after 1 or 12
hour treatment (Fig. 6).

The IL-1 expression level was lower in irradiated groups after 12 hour treatment
(p<0.05), but found no difference between irradiated and non-irradiated groups in one
hour treatment (p>0.05, Fig. 7).

Discussion

The present in vitro study evaluate the effects of LLLT on inflammatory MG63 cells
and showed that LLLT on adherent and viability of MG63 cells were higher in cells
treated with 5 J/em® and 10 J/em® . It is also found that LLLT can reduce the
inflammatory markers iNOS, TNF- and IL-1 expression in infected MG63 cells.

The viability assay was irradiated after MG63 cell attached to dishes. The results
showed that after irradiated 12 hours, the MG63 viability was significant difference
with control (P<0.05 Fig. 2). It represented that LLLT do have biostimulatory
effects. The present study showed similar results as previous studies findings that
LLLT can enhancement of fibroblast and chondral proliferation (17,18). This result
also demonstrated from present pErk marker expression (Fig.5).

The higher expression of pErk signal showed cell was in high proliferation state (19).
LLLT of diode laser can promote the cell to growth in present study.

To understand the effects of LLLT on inflammatory cell, present study applied the
LPS into cell culture. This method is seldom seen in present LLLT studies.
Lipopolysaccharide (LPS) is one of the most powerful bacterial virulence factors in

terms of proinflammatory properties (20). Endotoxin, a cell wall component of
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Gram-negative bacteria, plays a central role in the pathogenesis of septic shock. In
conjunction with these changes in organ function, a wide variety of inflammatory
mediators are released which appear to contribute to these responses. These include
the release of proinflammatory cytokines (e.g. tumor necrosis factor-alpha, IL-1 beta,
IL-6, IL-8) (21). In present study, to prove LLLT has anti-inflammatory activity (22),
author compared TNF-a and IL-lexpression of the LLLT effects on LPS induced
inflammation MG63 cells. The present result agree with it and showed diode laser
with 5 J/em®and 10 J/em® irradiation to inflammation MG63 can reduce the TNF-o.
and IL-1expression as compared with control (Fig. 6 and 7).

In inflammation, proinflammatory cytokines and lipid mediators play an important
role in triggering the expression of the inducible isoform of nitride oxide (NO)
synthase (iINOS or NOS-2) in various types. It is proved that proinflammatory
cytokines, such as the TNF-a and IL-1 can induce the expression of INOS in vitro or
in vivo (23). Platelet activating factor (PAF) can induce iNOS and enhance
lipoploysaccaharide (LPS) induced expression of iNOS in macrophages (24). With
this mechanism, the present study was using LPS to induce the cell inflammation and
detect iNOS expression by fluorescent analysis and western blot analysis. The results
showed MG 63 cell after LLLT treated, the iNOS fluorescent strength were decreased
(Fig.3) and iNOS protein expression were decreased too (Fig. 4). It is support that
LLLT has anti-inflammation effects.

In dentistry, tissue engineering of bone is an important field in periodontal disease,
implantology orthodontic tooth movement. This concept is an exciting technology
in regenerative medicine. LLLT phototherapy can provide the biostimulation effects to

tissue. To enhance using the LLLT in clinical application will be beneficial to patient.

Conclusion
By applying the diode laser with low level power can promote the cell adhesion,
increase the MG63 cell proliferation, reduce LPS induce inflammation markers iNOS,

TNF-a and IL-1 expression.
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The results showed that application of LLLT on LPS infected
MG63 cells can increase cell proliferation (pERK high
expression).

MGE-TNFa

After irradiation, the expression levels of INOS, TNF-a and
IL-1 in LPS-infected MG63 cells decreased over time
(p<0.05).

11



& 1hr
& 3hr
= 12hr

0J/em2 5J)/cm2 10J/cm2

The MG63 cells attachment showed

statistic difference between control and
experimental group (p<0.05).
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