Vibration FE R FEHE EZNEOBENICRIETEE

H AR ZE R A o A e Rt o 22 R
WE HA



AR, F & 70523553 Vibration stimuli accelerate orthodontic tooth movement
by TNF-a and activating cell cycles of PDL (International Journal of Oral-Medical
Sciences Yol T& IL3E) B I OEI & 22 555530 MIREVITRIZ E |t iR B
? TNF-a, PCNA, caspase 3 BB AEEST D (A RXAOERY e it
B 2ELOLEHLDOTHS,



Abstract:

Introduction: The purpose of this study was to investigate the mechanism how

vibration (VB) stimulus accelerate tooth movement.

Methods: Eleven-week-old male Wistar rats were divided into 2 groups: 10 g

orthodontic force applied to the maxillary first molar (tooth movement : TM), force

application plus applying VB stimulus (TM + VB). Both of groups, the first molars were

moved mesially using spring force for 3 weeks. In the TM + VB group, the VB stimulus

was applied occlusally applied for 8 minutes at the same time as force application. /n vivo

experiments were performed to determine investigate tooth movement and bone mineral

density (BMD) of surrounding bone and the expression of tumor necrosis factor alpha

(TNF-a), proliferating cell nuclear antigen (PCNA) and apoptosis on the pressure side of

the periodontal ligament (PDL) during experimental tooth movement with VB in rats,

using an immunohistochemical analysis and the terminal deoxynucleotidyl transferase

dUTP nick end labeling (TUNEL) method. Furthermore, under a continuous compression

force (CF) with VB stimulus of human PDL (hPDL) cells in vitro, the gene expressions

of TNF-a, PCNA, and caspase 3 were investigated in this study. CF was applied to

cultured hPDL cells for the pressure condition during orthodontic tooth movement. CF

with VB stimulus was defined as the CF + VB group. After incubation, cells were



collected at 0, 1, 3, 6, 9, 12, and 24 hours, extracted their RNAs, and subjected to

quantitative reverse transcription polymerase chain reaction in the CF and CF+VB group.

Cells without CF were treated as a control.

Results: The TM + VB group had increased tooth movement with decreased BMD

around the first molars compared with the TM group on days 17 and 21. The ratios of

TNF-a positive cells in the TM + VB group were increased on days 10, 14, 17 and 21

compared with the TM group. The ratios of PCNA positive cells in the TM + VB group

were increased on days 14, 17 and 21 compared with the TM group, and the ratios of

TUNEL positive cells in the TM + VB group were increased on days 17 and 21 compared

with the TM group.

TNF-o and PCNA gene expressions peaked at 6 and 12 hours, respectively. Caspase 3

gene increased time-dependently. The gene expressions of TNF-a, PCNA and caspase 3

indicated higher levels in the CF + VB group compared to the CF group.

Conclusions: These findings suggest that VB stimulus during orthodontic tooth

movement may cause inflammation, cell proliferation and apoptosis in PDL, and may be

effective in accelerating orthodontic tooth movement and reducing the traditional

orthodontic treatment time.
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HRHEIE O b AR EIRRE O KIZ LV, HRLEORE %
BIEL LD T AOBERBEML T D, BIEERHAERIT, FE0E, niE
BRED W EL L LHEEZSGET 2 2 & T, WA RIEDBE DOETEDOHE % [
FESHELZENTED, LNLARDEL, IABREITHEORE - EEDOa L b
— /BN 2R 352 T L CH 0, K IE o RHAEE M C Il i NS o o O B B
IR S D720, 16 EIEDORENHIIR S WD EMBH 5,

BT, A OHEREE IXBFEE TR TEL, e A0 72 <, migikis &3
IR, ZD7, WOBENEEARRICZR 0, IREHHARIET S [1] oL
DN D 5, FEIEREEZ RNV EE T 5 2 L Tl B R ED Y 27
HE <220, IREPITRACARE LA T D [2,3], ARG IEF M OBELE
JE AR U, R OBEMEN FTRE Th L, BB ORI T2 <, Bkt
FHEIC K 0 5l Sl 2 Sh D 0tk ERLR O R B AT 2 2 L8 TE 2,

ARG IE A0 OB ENE, BRI (periodontal ligament : PDL), HiR, HifE o

BERRIZ L > Th7ebad, TNHOMIRKIIRENICL - THIEEZSH



%1 B (compression force : CF) LW IHBREIIZHICE &N TW5b, LaL, ek
FGIEFH R OB ENTA Bt OB E-CHH B & 1T R 20, AT LIz 1D 5

TPDL OINZ LY, taiEFOHE2BEI L Cu\W<, PDL B IXOWAEEIX, i

=)

IR BAVTEFEENC X AP A2 & U7 [BlEsEE) 2 K > THEEfl & %5
My b s, PDL X, EHEMEZHEDIRLOOZEDELZIRD, KR
FHBHE ot JEAERR O 18 5 M OMER I BB R 2 4 > TV 5,

Alikhani & [4] |G ESRBHAERFIC, BIZFRBAI 722 IR E) (vibration : VB) i
WMaEHZDZLI2X0, RIEMESA NI A RBLOHER A I L ChE Mk
NIEFEIC72 0, B FE (bone mineral density : BMD) Z 8/ &4, OB EEE )N
fRET 5 & L7, 7> T VBRI, BIEREHER & HAEhE T T
LIFREA 2 FEOOE DL UTGEFRER STV DD, EDOEFR R AT
ZALZOWNWTIERE I STV, BOBENERE 2 (et S5 5
DFHEE LT, WUIVE LT (micro-osteoperforations : MOPs) 23855 [5,6] U
TW 5, Sugimori & [6] IE, MOPs 73 PDL {28\ C, RIEMES A M A THD
tumor necrosis factor (TNF) -o DIFEHL 2355 L, WML (proliferating cell
nuclear antigen : PCNA) O, B8 LT R b— 2 2D &2 U EHE £

HI B DR ENHEE 2 et 45 Z & 2l LTz,



AWFFEITIE EREHER > VB #II%2% MOPs [Flfk, PDL (2354 T TNF-a D%
WL, BX O & 7R b — ADTEMAL 2 LRSS EFRH 0B
B AR S5 SRR L, in vivo IZBWT T v b OERIEOBEIRIC VB
HR% A i L, 22518 OB EEEEEORE & BMD O 217V, & 5IZJEE ] PDL

IZFB W TR ERA R 0 T REBISR &, s b 2R e s TRIEME T 1 R
1A TR UR, BX TR M= A MEORBLERET LTz, T2, in
vitro {2V CIL CF Z&ff L7t b PDL (hPDL) #ifaiZ VB Hli4 % 5 %, TNF-a,
PCNA BL T R b — 3 ZBEK 1 TH % caspase 3 DB FFEHL% quantitative

reverse transcription polymerase chain reaction (QRT-PCR) %2 CTHiat L7,

BEB L UHE
In vivo

EREMWMB X OFEETSRHEF

ARENYEFRIT B AR 2 o EErfm BIC BA T 2 fa st OKE S
AP17TMD009-2 %) 12 U CTHT o 72, EBRICIE 11 i > Wistar REEMET > b (300
+30g) ZGEFT0 MW, fFE AL A ARFIRF R EREY o #—I12T

SPF 7 U —>F v 7 NTITW, BEIEEEL, FCEbK, REUZR 5 NS — D34l



L7icbDZfEM L, EEREMWIZEENES I tooth movement (TM) FFIZ VB Hil#
L7 TM + VB # &, VBRIl e S 722> b —ufiE (TM BE) @ 2 BEIC
SRR LT, MEIELEE OE LU VB BIIE, =FEEGRISE (BB AT F I
> 0.15 mgkg, XX 7 A2 mgkg, BAET MVT 7 —/v 2.5 mgkg, EHERH
7K 1.8625 mg/kg) % MEMENTESS L, B REe T~ T L7z, ESAEMSE o
I OBENT Asano & [7] DHFIEIZHEW, A VA7 Y 7 (K :0.005 inch, [E
#& : 1/12 inch, Accurate Sales Co. Chiba, Japan) & FZAAIE —HEZ AT LA
AT — )L DFEEHR (K E 1 0.008 inch, Tomy International Inc. Tokyo, Japan) THd 08,
A NVATY T DM AR & REATIT o 70, B5IE/)I1E Nakano & [8] (2L
10 g & L7z, VB #II#IE Nishimura & [9] OHFIEIZHEV, LFAEMIGE—F gk DOmg
BHEICK L CHRE M2 S 60 Hz, 10 m/s* O VB filld % 8 43, FERIEHE, B &
O#51 1,4, 7,10, 14,17, 21 BT o7, IREVEGE O ImIEEM TT v b D

F—HWIZEE LIEH Sz, BByt o8I A5 21 HETT -7 (Figs. 1-3B),

B OB B ERERE & BMD
F5|BE4E 1, 4, 7, 10, 14, 21 HIZ in vivo micro-computed tomography (u-CT)
system (Rigaku-uCT®, Tokyo, Japan) (ZC p-CT #2217 o 72, oSt i3E 8L

90 kv, & EE 160 pA, 17 B 360 FERfiL & L7z, ks L7- p-CT Efg (K7 & LfiE



fREE 30 x 30 x 30 um) (2 TS| OBENREENE 217 > 72, BEhREEHE, B8k

DET DR A il SER IR L L7, 72, kB

e

TF AVE DR & H T H
SN p-CT B LV, =RouH ZHEERH Y 7 & TRI3D-BON (Ratoc System
engineering, Japan) % FH\N"C, Z25 | O HAR & FH O #AEH © BMD (mg/em?®) % 5t
M L7, BHLMEIK (region of interest : ROI) (&, Cheung & [10] D HFIEIZHEW, &

G OB E P 1 mm AN OBEE & L7,

AR

VI AR L7z 7 ME, ZHIRA BRI IE CHRRIEE U7tk ABRAIEK
& 10% HEEE AL~ U 2 CHEEREE Le, SHIC EEE AT LT, 10% H
PEREE A )L~ U 2T 4°CT 24 B HIRIEE E %, B4 10 % EDTA K (pH7.4)
2T 4 BREBLURAEE A2 1T - 7=, WK U7=3RHE, BRAKEES L, @iEICHE-> TR T
T4 vaiiT ey 7 AR, YR A BT R S 4 pm O#EEIE) R A R
L, BYEELRIT o T, Yt SNSRI OBIZ21T Gonzales & [11] O
(SHEV,  BAES — F i DR O AR 3 IR I 0 AR I~ 300 pm DI TIT - 7,
BIEFEIIY Kawasaki © [12] O ICHEIL L FFEEE— i OJEMR . ARSI
LD A ORI & ODBEARR O & EBREA TSR & EAT T A & TRI KO

TS 1/4 @ PDL & L7= (Fig. 4).



SR B ARRG E S L U i b F Ry s

~v hF Y v« =AY H (hematoxylin and eosin : H. E.) 4, el Pt
INT T 4 %, BB o T, SRR AT, HBOM T T 1R,
EEIZHEWEAT L7e, —RPLRIZIE, HT polyclonal TNF-a HL{A& (1:100, R&D
Systems, Inc. Minneapolis, MN, USA), T monoclonal PCNA #i{& (PC10, 1:100, Cell
Signal Technology, Inc. Tokyo, Japan) % H\ 7z, &AL, B/ XT7 7 1 1% 0.5 %
R KT A & ) — VBRI ZEIR T 30 oG &8, WIRE~ LA F o 2 —8
BOG DR EEAT o7z, &I 1Z, tris-bufferd saline (TBS) T L, Ak O —U4t
K% SR T 1 RS S 72, $T TNF-a JUASE#% I kPR & LT Histofine
Simple Stain MAX-Po (G) kit (Nichirei, Co. Tokyo, Japan) %, $T PCNA HUIR it
|2 " ¥R$LIR L L T Histofine Simple Stain MAX-Po (Multi) kit (Nichirei, Co. Tokyo,
Japan) ZfE/H L, 7’1 b 2 —/LIZHEW “IRGUASIL 21T > 72, 481 A1% TBS T
BE¥F L, 3, 3°-diaminobenzidine tetrahydrochloride (DAB) (Merck KGaA, Darmstadt,
Germany) (2 CHEE, v~ T—~~v bF U U E O TR EZITV,
A=)k F T L RINTTHAKRB KOOSR ZEITY, vV /) — VI TEAZIT-

7’»
—o
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Terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) £

TR = AMaR 07250 TUNEL 1L, SEIOR T 7 ¢ 1%, TACS
2TdT-DAB In Situ Apoptosis Detection Kit (Trevigen, Gaithersburg, MD, USA) % H]
WTTa b a— IR 21T o 7,

BRI T 7 ¢ Uk, T —E K 25T TBS ikH T 37°CIlc T 15 4>
[#1, 3% WEE{LKFET S A v FaX—a v Ltk ZAEKTHRE L, 2
DY)} % terminal deoxynucleotide transferase (TdT), &4 > {t dUTP {ZT 37°CIZ
T 1 KA % =2 _X—13 3 » L74&, streptavidin-horseradish peroxidase (Strep-
HRP) (ZCHLEE L, DAB IZCT 7R b— 3 Al & 5 £4.4%, 1% methyl green {2 Txt

gt 21T 72,

AR ek

e & P72 6 0> PDL FEE MIBES SBALAEIE & W2 (BRI T 5 TRRF AR
L. BRI & 4 B MEAIRS 2 FHR L 72, Sato B [13] ©HHEIRENLL T
DR 2 FiH LTz

PER (%)= (FBPEfiintk / Sf8EEinik) < 100
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In vitro

MfaER

H AR AL 7 B 50 B e O FG IE B BHORET L7 B (3 A, B3 A,
16-20 %) DkEL7=/MAH LY PDL(n=6) %£¢HL L 7=, hPDL %, Somerman
[14] DIFIEIZHEVWSBER#E L, Takano © [15] @ 5i%E% VT o-MEM (Wako,
Osaka, Japan) (Z 10% 7 VU ARIEINTE (FBS; Cell Culture Laboratories, OH, USA), 100
pg/ml ~=3Y > -G (Sigma Chemical Co, MO, USA), 0.3 pg/ml 7 AR 7 U 2 B
(Flow Laboratories, OH,USA) ¥ J O 50 pg/ml OHifg 7 > %~ A 2 (Sigma) %
BA Lo © 57 R £ TR L7z, BE1E, K95 %, —M{biksE 5 %1
£, Mg A > % = ~X— % — (Forma CO2 incubator MIP-3326; Sanyo Electric
Medical System Co, Tokyo, Japan) (2T 37°CC{To 7=, 72d5, RERITHARKFR
FHSEEGEE B ST (KRE 55 EC18-026 ) I[CHESXAREHT, 1~

T —hb RFartvr A EBEEICER LT,

gy EB 1B & VB JIEET v

G IE 2R o O B B O R RE IE ) R RIS 2 HBLT 5 72 01s, ARWF5E

TlX Yamaguch © [16] @ HIEIC TREEMIAICFH R B D 2Nz 2, £,

12



hPDL % 100 mm #AEREEE MICHERE L, 37°C, 5% —ER(LIR#EDIAHE FIZT,
10%FBS Z & T a-MEM HTHZE L7z, —BiA % 2~—2 9 > Liztk, #ifans
a7y MIELZZ L 2R L, 10%FBS 205 1% FBS 2569 % o-MEM
B AW LU 7=, hPDL #ifid EIZ, B 80mm ~ A 7 1 7/N—% 7 A (Matsunami
Glass Ind. Ltd, Osaka, Japan) % 3et, = 5208% VY, 1.0 g/em> @ CF =& L
= b O & BB IEA BT T Ve Lz, CFIZNA, VB filifiz 5 2 7-#% CF
+ VB H#EE L7z, VBHIIX, Zhang & [17] O FIEICHEVY, GIX-5 (Beijing Sending
Technology, Beijing, China) % T, AL 0.3 g, J&HE 60 Hz OH#RENZ 20 77
M, CF oA & FIRFIC G- %72 (Fig. 5), £72, CF AT H =TT 2D
W72t D% X HHREE (control %) & L7-, CF &%, CF+ VB £, 3 L O control #ED 4

B4 1,3,6,9, 12,24 Bl A o F 2 _X—3 3 VRIS Z[EIN L7,

qRT-PCR

RNeasy® Mini kit (QIAGEN Co. Maryland, USA) % FV>C RNA % hPDL #flifid >
R L, WERE G L 721, gqRT-PCR % Ffii L7z, Prime Script RT Reagent Kit
(Takara Co, Shiga, Japan) & SYBER Premix Ex Taq (Takara Co.) #H\TH¥—< /L

%A 27 7 — (TP-800 Thermal Cycler Dice; Takara) {2 T qRT-PCR #1772 [15],

13



A L7777 A ~—% Table 1 |7,

HEataLzE

B EhEEEE, BMD 35 K OV a5 P 3813, &R FIIME & A E(R 2 % R o 7z,
GAPDH & (xR H BT % TNF-a, PCNA, caspase 3 DiE{n R HBEOE ST,
ZE 1 Relative Quantity & U CHH L7-, BEHEEE, BMD, MfaGMERE L O
B THRBLE D Z DM AT, T Y 7 K Toh D IMP® (SAS, Institute Inc.,
Cary, NC, USA) % H\», Mann-Whitney U fE % W TITo 70, AEAKEIL P <

0.05 B8 X P<0.01 & L7z,

s R
In vivo

B DR EY R
FOIHOBENIEREX TM BE L i L TM + VB BETIE, WP oZHAH IcB W

THREWEAICH D, 517,21 HETIIHEERZL LTRD L (Fig. 6).

14



BMD

BMD (X TM B X OV TM + VB BEdklz, #51#% 10 HE TIKTF L, 2D
K FRITFEE & 7272, TM+ VB BEDOZES |t O it JE PH o #i #5  BMD X TM
BEL L, WTNOFHIIFIZBWTHIRWEMICH Y, #5] 10 AL TIEA

BEEZRDT (Fig 7).

TREAHARPT R (H. E. Jf2)
oIt 1 HHE, WS bEHEMRE SRR & SUHE SRR O AL 722 BT 0338
B, 72 TM+VBEEIZE W TR EMia & 23l o BlRiIE bR b,
7 H B LR, TM BEIC & B RINE 2 588 7223, TM+ VB BEIZ Lb b3 0 72 W AN
BTz, F72, TM + VB #EIE TM #f & bl L, 14, 21 H BIZZ B0 E R E D

it O b (Flg 8)

SRR LRI FT R
JEIEM PDL IZ351F % TNF-o FBEEMIEIE, TM BEZ 30 TREFMK AR M
A%~ L, TM + VB ff CTIZRFRHHR RIS EIME M 47~ L7z, TM + VB #£iE, TM
REEEERLL 10, 14, 17, 21 H BIZAEICHEETH > 72 (Fig. 9). PCNA 5

1L, TM BEICEBWTES £ 10 H I — 27 2o L, Z0O#%BEA L7223, TM + VB

15



HECIX21 BEHECHIMERMZR LTz, £72, TM+VB #EiE, TM BEIC R 14,17,
21 HHIZAEBIZEE TH - 7= (Fig. 10), 7 A b— AHIEIL, TM + VB £, TM
R ORI RSN L7223, TM + VB BRI, TM BE & beik L 17,21 H BICH

BlCEETH -7 (Fig. 11),

In vitro

CF #£36 LUV CF + VB FED TNF-a Bix PR BLEIE, I 12 R T — 7 2R
L7z, F72,CF+VBBHIXCFREE IR L 1,6,9, 12 KFHZICH BRI &350 7-
(Fig. 12),

PCNA O fx 13 Bl&IL, CF + VB B2 CF fE & LB L 6,9, 12 FEZ ICH RIS
ML, BEFRIAEOE—7 X6 KM TH-7- (Fig. 13),

Caspase 3 DIE{n I B &1L, CF+ VB 25 CF BE & Hi L, 6,9, 12, 24 FFfH#£1Z
AREICHEML, BB FRBLEIL 24 FFfif: £ THINL 72 (Fig. 14), Control # Tix
TNF-a, PCNA 3 L O caspase 3 @ mRNA FEHUZ K& 22 Z{LITFRD iz 7z

(Figs. 12-14),
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Z %

Phusuntornsakul & [18] 1%, H:H /1% 1 Z2 7= hPDL a3\ T VB HIFH
cyclooxygenase (COX) X a I L, RIEMES A A > ToH % interleukin (IL) -6,
IL-8 ZHNsw 5 LA L TW5b, £72, Benjakul & [19] 1% in vitro IZFBWT
hPDL #Hfe2Y VB I K » TEA SN D RIEMEY A MU A &5 L, Wi
DIRDPMELE A, BRI ATEE(L T2 Z L2 E L TWhH, 72, TNF-a %
BENKRB LT, v 7T 0 b~ U ATIEEOBENHREENME T L7z & #®E [20]
INTWD, AWFETH, VBRIEIZ LY invivo TDZ v NEERET /LD PDL IZ
FUNT TNF-o B Ia o BN & s AR JE DR 1B o8 58 B DD 2338 b, &
72 in vitro TOJEIEET /LD hPDL (23T TNF-o BAR 7 F B & O M AT
DOz, THDI LG, EBARNMZ v/ PDL X VB #IKIC & 0 KIE
BOSEMAL S 4L, RIEVES I DNV AT 4 =—F — % L CRRINANEFIZ 72
DAREMENE 2 BTz, TNF-a ld, RIESSICRB W TR L, IL-6 < IL-8
&, MORIEVEY A N A o ZFHFHT D, Krishnan & [21] 1%, BENEINZ 72
B PDL 23EME S, R OBENEE X 2EIEET 523, TO®%RERIZARD,
PDL M1 L, FELNTE T 5 & thOBEHE X FERET 5 2 & 2w
LTW%, ABFZEICIV T, TNF-o B3 ET 1 BRI T0E IS LTy

D, FDO% 12 R E TRIEBICHML CT\Wb, CF 8L VB filig % fis L 7=
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hPDL HEfZ X SAELG & LT TNF-a 2 U ICHIIN &, & O % R EHE IE 20t o
BEIE & [F U A = X N CREBICHEIN L7 ATREMEAN B 2 BT,

McCulloch & [22] 1%, PDL MR LAIREEGE & ML D 2> Z L2 L -
T, HFEMEZHERF LT 5 L5 L, Mabuchi & [23] (%, PDL fifldix A 7 =H /v
ARV AEMZ S &, MBS RIZRYD, TO®%T A b— 22X DM
FEHIEFIT /0D LG Lo, £72,0ue © [24] 1 PCNA AflfafE#ic BT % Gl
BB L S Wl BT 2MnEBBE 2 "7 ETH Y, MinEiE~— 7 — &
LTHATH S LHELTWD, Invitro DFERIZE T, PCNA BB T H BRI,
6 RFIZICE— 272 L, 7R b— ABHEER T Th D caspase 3 1L 6 KFfi] LA
Bl BICHIN 258072, AAFZEIZE T, POCNA &5 T3 BRI 6 Bl 2 & —
Z 12 LTS 75, PDL MIEIC 361 2 Ml i bE5E & Aia5E o it 2 fr D72 0,
I JE ] OVEVE I I3 O R 1 3 EE B 5- L T D & B 2 5415, Funakoshi &
[25] 1% PDL MR KRR 722 i ) 2 N2 5 & AR B I E T AL 5 2 & 2 is
LTCW5%, X 52, Thammasitboon & [26] %, PDL fARIZFRVNT, RIAESUGSHFIZ
TNF-a 2T LT, 7R F—V RAZFEREIELLHMELTVDL, ZNHDT &b,
B 20 OB B, PDL MR 7 AR ~— 3 & L [FIRFC PDL M HEE & T
EFTLZELETPDLOF = F—N"—ZiE LT PHETHL LEZ DN

5o Invivo IZBWTYH, 7 v hOwOBEIRFIZ MOPs #{ff19 5 Z & TPDL ®
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TR b= R LRI S O IZTEML S A, ERNE IE A0 OB EE E AMiE
D LA [6] STV D, ABFFEOFMERNS, T v FEBRET /LD PDL IZ
BT VBRI KD 7R b — Al & M #5812 B4 5 PCNA (5l
DA B 7RBEMN, £72EBET /O WPDLICEBW TS VBARKIZ XL Y 7R h—v
ZIZBHH#E % caspase 3 DB TFEL L, HIIEHEFHIZEI 5 PCNA B 130
HICHFISHEINESND Z LD bholz, LLEDHRERNG, VB HIlIL MOPs [FIfk
(ZRAES I % VSR S E ARSI O & 7 AR h— o R & TS 5 2 & TH —
YA=N—EAEL, WRHEIE PRI OB EEE A (EET D Z L ARB S i, %
BRIC VB RIS & 2 o FBHRG 21t O R8s B D g 2 BRIR IS - 2 72 91213,
SHRDLAH=ZALOfRIE, AR X O DM OMIBIED U X 712D

TOBFBBETH B,

i

2

WRME EFH R OBEIRICB IS VB Bl A2 R LR, UL TFofbima25s
7=,
1. WOBEEE IV NOHNBIZBWTH KREVWHEBIZHD, 5] 17BXIO

21 B#%I1Z TM + VB BEClE TM BE & bils UG 3542007,
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2. 5| OWEREFH O E O BMD I8V T TM + VB BEE TM Bf & bhig L,
WIROFHA R IZB W THIRVMEBICH D, #5] 10 BLURBICHBEICRETH -
72

3. JEEMHl PDL IZ351F 5 TNF-a BPERREIE, TM + VB 1% T™M BRIC =, 5[ 10
HUBRIZABEICEMETH Y, 21 HE ECHEIMEM %2R L7z, PCNA BEtEHERRI,
TM+VB BT T™M B & el LFEA] 14 AUBRICHBICEETH Y, 21 AR X TH
IR Z R LTc, 7 b — 3 ARG/ T, TM + VB BEd X OV TM REE 2 KR
RAFHOIZHI AN L7223, TM + VB BfiE TM BE L bhils LS| 17 A RIS H B &l
Th o7,

4. CF %Z#Aff L7z hPDL M2 3 C, TNF-o & {s 78L& (%, CF + VB #%
TILCF BEL HHE L, CF B LT VB RIIHTL 1, 6, 9 72 5 TNT 12 FfA] THEIZAIE
T -7z, PCNA OEfEF-FHBLEIX, CF+ VB B CIX CFREL LB L, 6,9 22 BN
(2 12 BRI A BICEE Td o 72, Caspase 3 D& FHIE, CF + VB #ETIX
CFREEL LI L, 6,9,12 72 HONT 24 RFfHIRZICHRICEE TH - 72,

U bEDZ &Ly, PG EZRIHE OBEIRIZIIT 5 VB HIEIE, PDL IR 5
RIESOSZ IR I, 7R b— v 2 EMlaE A LI T 52 L Ty — A
— =% L, OB K S, /- T, VB IR & ARG R E & ff

M35 2 & THRIEwRFHRIRO IR 2 F 4 2 FTREtEN & 5 2 L VR S vz,
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Table

Table 1 7" 7 A ~— D IR

TNF-a :
Forward:5'-GACAAGCCTGTAGCCCATGTTGTA-3’
Reverse: 5'-CAGCCTTGGCCCTTGAAGA-3’

PCNA :

Forward: 5'-GGCCGAAGATAACGCGGATAC-3’
Reverse: 5'-ACCACTTAAACGTGCATATACGG-3’

Caspase 3 :
Forward: 5'-AAGGCAGAGCCATGGACCAC-3’
Reverse: 5'-CTGGCAGCATCATCATCCACACATAC-3’
GAPDH :
Forward: 5'-GCACCGTCAAGGCTGAGAAC-3’
Reverse: 5'-TGGTGAAGACGCCAGTGGA-3’

TNF- ., PCNA, caspase 3 3 & O GAPDH @ 7° 7 A ~ — O Hifid ¥ % Takano &
[15] (ZfE-> TRt L7,
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