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Effects of joint loading on matrix protein expression in
mandibular condylar cartilage of growing rat
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1) Division of Orthodontics and Dentofacial Orthopedics, Department of Oral Growth and Development,
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Abstract

The present study examined the effect of load on the
temporomandibular joint on the matrix synthesis of the
mandibular condyle. Biochemical and histological examina-
tions of the mandibular condyle were conducted after bite
raising. A bite plane was attached to the upper incisor of a
7-week—old Wistar rat. RNA was extracted from the con-
dylar cartilage 0—4 weeks later, and real-time polymerase
chain reaction was used for analyzing the expression levels
of type X collagen, osteopontin, and osteocalcin. In addi-
tion, sagittal sections of the mandibular condyle were pre-
pared, and the localization of these matrix proteins was ex-
amined. A positive reaction for type X collagen was ob-
served, but reactions for osteopontin and osteocalcin were
negative in the hypertrophic chondrocyte layer before oc-
clusal elevation. In contrast, the bone tissue was negative
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for type X collagen and positive for osteopontin and os-
teocalcin. Four weeks after bite raising, the expression level
of type X collagen was almost unchanged, whereas those of
osteopontin and osteocalcin were significantly increased in
the hypertrophic chondrocyte layer. In the mandibular con-
dyle, positive reactions for osteopontin and osteocalcin were
observed, not only in the bone tissue but also in the hy-
pertrophic chondrocyte layer, 4 weeks after the bite raising.
These findings indicated that the expression levels of osteo-
pontin and osteocalcin increased in the hypertrophic chon-
drocyte layer of the mandibular condyle on applying a load
to the temporomandibular joint. Thus, the mechanical
stimulus due to bite raising has been suggested to affect the
matrix synthesis ability of the chondrocytes and alter the

physical properties of the condylar cartilage.

Z O TS HER T D 2 BN R & B K ks
&, S HICHMENEITT S (Heeley, 1985 ; Copray et
al., 1988). I FIE OMHERE TIX, MHES R ASEIE
1796 1 Mag—7 ViHERP M 2 7 — 7 ViR o
CHAEMEICAATEL T o, WA I3 I8 o 5 —
TR EOWEEE WY E L, € ouiEH
oL i on, THEOKSMEEZMEEL TV
(Imamura, 1973). & 7= 3450 (2 AAAE 3 2 BBl ik



2 JEar iR S GHBEEIANOME AT v SR ORE Y 28y FEBUIG 2 b

M, FTHEORELVETFT) V7 2iloTw3
(Lubsen et al., 1985). AR K#kEHIafE OMa/F LR 13 T
Wag—7 2T REs 50, Wil BRbiztEw
TNAVERRT 75 —BiHEEZRTEH)ICHY, XB
a5 =4 V4T A (Schmid & Linsenmayer, 1985).
T, BRECBWTREFMsEET S [T —
FrBLORIT—FT MY R ETHLF AT AR
YFURFATAINY VR EPRDLN, FOHIKL
IZB5- L Cw 5 (Gorski, 1992 ; Young et al., 1992 ; Bel-
lows et al., 1999).
THEANEMAIEZMZ 5 &, WEHlao s X7 BE
BAZEALT B 2 LW SN TWwD (Copray & Liem,
1989). F 7z, Wil ECHBAMICBT A T u T
TIH OB EHTAHZE (Mao et al., 1998) <,
PRI & DI EZALR THBIC BT 537 —7r Y BL U
ar A FURROEMLRTFEAE LASEL L
(Sasaki, 1998) H/RENTWS. 5T, FHBHOKE
Ml 2MEANS TS -7 a7 7 h D
BB A FRAHEELZEHMON TS (Huang et al.,
2007). T X9, HIREETI R EDOIMRTEIL,
THEOLEMERIHEZ RITTEERZONLD, BH
2T Bz © NSV IR & 8y B O RAEIC D
WTIRIZE A LB SR Tw i,
THABUCMRIE Z IR B ik & LT, YRR
FHEAR 2 25 L, THEZRTHET 2 HEPMs i Tn
% (Rabie et al., 2001 ; Chayanupatkul et al., 2003 ; Xiong

%1 real-time PCRH] ®primerd & Uprobe

etal, 2004). L2LZoJ)ikiE, THO[ T HEIC X
D, THEOMEEZRESETCLES). 22 THA
(&, THOHTFELIE T 5720, 7 v MK L
T VBOBEE FRE RS T R G LTIV E
M7 L72 (Nakao et al., 2015). = OFEEE 7 IV TlZ,
W28 AR APl & PATIC 2 5 K ) ISR L 727
O, THAWGHFETH I LR LREEEN TS,
RIFFE T, WBeA% IS X B EAN ST SR O
MM e & O EE & » /8 7 B D RAEIZ G- 2 5 5528
MG L7z, A% idNakao & (2015) OYBRERIE &
FEEFVEHV, WEAMEZEO THEIIBT LT VA
VHEARRT 7 8 — B0 BIEE L7, $7/-XRa
F=ry, BEEY XV HTHEFTAT AR F Uk
BNCHAT A ANY v ORI %, FLENE X

H 3.0 mm

- D 5.0 mm
W 7.0 mm

B 1 bypkdsee A% 2 o

&£ (W) 7.0mm, Hi#fE (D) 5.0mm, &£ (H) 3.0mm

Molecule Primer and probe sequence

Amplicon length Accession no.

Collagen type X Sense (5’-3’) CGCTGGTTCATGGAACGTTT 68 XM_001053056
Antisense (5'-3") GGCAAGTGCGCTCTTCACA
Probe (5’-3") TGCTGAGCGGTACCAAACTCCCACAG

Osteopontin Sense (5’-3’) CCTGCAAGAAGGGAACAGTTG 61 M99252
Antisense (5’-3") GAAAATGCCAAGACCTTTGGAA
Probe (5’-3") TGCGGCCAACCCCCTGTTGT

Osteocalcin Sense (5'-3’) ACGAGCTAGCGGACCACATT 67 NM_013414
Antisense (5’-3") CCCTAAACGGTGGTGCCATA
Probe (5’-3’) CTTCCAGGACGCCTACAAGCGCA

GAPDH Sense (5'-3%) TGCCAAGTATGATGACATCAAGAAG 71 AB017801
Antisense (5'-3") ACTAAAGGGCATCCTGGGCT
Probe (5'-3") TGGTGAAGCAGGCGGCCGA

% 2 end-point PCRH ®primer

Molecule Primer sequence Amplicon length Accession no.
Osteopontin Sense (5’-37) AGAGGAGAAGGCGCATTACA 498 M99252
Antisense (5'-3") GCAACTGGGATGACCTTGAT
Osteocalcin Sense (5'-3’) CATGAGGACCCTCTCTCTGC 408 NM_013414
Antisense (5'-37) AGCTGTGCCGTCCATACTTT
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1. BE%L

AR BT 22 COEW IR, IblEERFEKYH)
WEBRTRRZOFEFHEIIIED KB ERTEMS
7z, EBREHWICIE, Ath 7 HEEOWistarsRHEME T v F90
L&V, RLERO, 1, 2, 3, 4BEBEAZELE
1, 2, 3, 4:8I1Z5F, FI0ILFOHH L7z KRES
FEEEIE, 7 HET v b o RN 2 EISERE L, s
FIRBREAT Z 9 C Rk pI AL & (R, SRR TSI 3~
RYv LYY (BEAUTIFIL I, )&, =8, HA)
EHWCTERLZ. BREZ REEI, Ai#ES Omm,
TEEE7. Omm, EfE3.0mme L7z (1), Weaz b
DFEFIIE, WHRFEEH I KRY Y P LYY (BEAUTI-
FIL Flow, JE) % vy, FIsGE OB T3S —
FIRRT3.0mme 225 X ) IS L, LEHbIMIC24
L7z, 7, SEEROUIR b L o R B EE 0 9 A 2SR &
N7z, 7y o RFHERBICEREICL Y 2 VK
Dy MUYk, FEUYIR & 0l L C ke B
MEEF—EERDL)ITHEL .

2. EiMreal time PCRIAAT

BEBMBETER, 7y 2LV T7VT Y (Mylan,
Pennsylvania, USA) W ARIFREE T2 CTREEIE S, Ffk
SEAEE T C T SR 2 BRICL 72, 302> Stotal RNA
% RNeasy mini Kit (Qiagen, Hilden, Germany) % H\»TC
il L7zo %, Omniscript RT kit (Qiagen) % M\ T
CODNADFEE R IT 72, XA s -4, v, ¥ AT+ AN
Vv, FATARYF B LUGAPDH (WRYEEEE) o
cDNAIZK L CHfEAHRORE ZHREL, 2hzho
CONAER D7D DHEEEEL L7z, £72, T HDs)
T ® cDNAIZ &} 3~ % exonuclease probe (TagMan probe,
Qiagen) ZEWLL, Y94 ~— (1, 2) ZHWT
Step One Plus (Qiagen) C, mRNAZ% E®ALL 72,

3. SIEMKRAL A T

—8DF v P ALV TNVT Y (Mylan) WA TR
TICCTHEERB Lz, BEHNE 4 %37 F VAT VT
E R0 IMY & FRARME I (pHT. 4) T 24K & 15 [ €
L7z, Z0t%, 4CTIO%EDTA (pH7.4) 12T 41
BUK L, BEAHENST 7 4 U L7, W L 2R
PHERW (S 7um) OB 2ER L. U
#PoS5 74 %, 3TCTLHM, 0.5% 7=
& —<¥ (Sigma-Aldrich, St. Louis, USA) (Z{Z{E L, HLE

DOBIAL % AT > 72, PRPESVF F 2 57— 8 2 RN
$5HMNT, 0.3%#MBILKFITTI05MLELz. £
D%, 3 %Bovine serum albumin (BSA, Sigma—Aldrich)
T30l 7a Yy ¥ 7 L7z, 1 %BSA% & trPhosphate
buffered Saline (PBS, pH7.4) TI1000f5IZA ML 727
FRYZ7u—F gy bXBaI -7 Uik (LB-
0092, LSL, Tokyo, Japan), ~¥% A&/ 7 a—F LHLy &
* AT+ A IV Pk (clone OCG3, abcam, Cambridge,
UK) BEOYHFRY) 7 0—F T v b+ AT+ E
v F ik (Nakamura et al., 1997) % Sili T 2 B X
JBEE7e. ZO®PBSTHEL, Witk (kX7 7
£y TITIWVATA YTy PMAX-PO, =F L AN
AP AT A, Wy, HA) 2T 1RRS S
4, Diaminobenzidine (DAB, Envision kit, DAKO, Santa
Clara, USA) THIEBGIRZ S L7z, SaEmikib s
L7z R & XA F V7)) — v TR L7z

4. TNHVERRAT 75 —Ehefh

MY 2 B85 7 1 >~ 1%, Alkaline phosphatase
staining kit (Merck, Kenilworth, USA) % JI\W T T 2
KB SOG S &, TUH )RR T 7 & —EOiEME % il
L7z, PBSIZX ¥k tR, A F V7)) — v TRY@L
7z.

5. FEaErAR LR
FTRTOFEERIE 5 ML T 72 FEBRICK D iEoh/:
fifild, HWZEREFHUE & Student’s t—test CENT L 72, & TEIC
BUFAHEEL, fal5 %A (P<0.05) %3 -T
METAEEA L L. WEHENT ISR E T Y 7 b
(IBM SPSS Statistics ver23, IBM, New York, USA) % fi
L7

] £

1. fREZAL

W% b 3 BRI RLERE AN, RN %
AL7z ULy LR ZE LT, RLER a2 L
HOREICHBELRZE AL N ah o7z (X2).

2. XHa5—4 Y OmRNAES

AMLERETIX, EBRUHZEL TXBa -7 >0
MRNAZEBUCH B2 Ld A b dr o7z, A% LI
(2B T b ARALERE L AR 4 8 T CHRBRICAHE
mAEBHONW P o7 (M3a). 72, KEELEHEE
WLIEREDFEBUR IOV T O H AR AETRRD = h o 72,
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3. XMas—»rofgiEkhf
FAERE 0, 4B X OWEZ FRE 4B THHEIC
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K3 XMa5—4 > OmRNAFKHL L ek geta i
(a) XEla5—47 Y OmRNARHEOERFNT (n=5, meanzSD., *P <0.05)
(b) RALEEEOMEHE (U Ow) OXEIa S —4 V{7
(c) FRMLIERE4HB (U 4w) OXM a5 —47 V)T
(d) BeAZEL48%B (T 4w) OXE S —7 V(T
FZ : #iERg, Pz - BsmtiiaiE, Hz : KEaMiiekE, B &, Ob (KH)) : H3FHi

b, ¢, d : bar 100 um. 35K1% © bar 50 um

HOTHEIEE HIZ, BRKEMEE X T -7 >
OEEeE R L7 (B3b,c d). 72, oG
8 e A P D MKt e 0 i i s & OV
WERIPROILE T < A b7z, —J5, kR, i
JEB L OEHEETIZ, XM 2T -7 Y OREEALNE
o7z

4. TUHVMEERRT 7 7 —BiEHORIE

RAULERE 0, 4B X OKREZ E#E4EHO FTHEY
Bl 4a~X4ciIRnyg. RWLEROE, 48BXOKESE
B ABEOTHEFIZELE DI, TV VERRT 7 7 —E
Wk A Kk R RE & ARk TR0z (K44 b,
o). MERHKAHINERE 30T 2 B PEBOS L,  He Atk i iE 1)
IBLAERLNE o 72h, BHKICED C L #RE
Mifa T < B oz, MR TIE, BRIIICEYIT %




s R R MERE 39(1)

AN 2 4

X 4

7»ﬁ0@+x779 XYt
() RUBEIEOMEE (U Ow) T LAY RRT 7 ¥ —EiFEo R
(b) RMLERE4EE (U 4w) OT VA YVERR T 7 ¥ —BiGMEO R
(c) % 4B (T 4w) OFT VA VKRR T 7 ¥ —ViEHEORTE

FZ : ftERE, Pz @ Bmciieke, Hz @ Rk flakE, B :
a, b, ¢ bar 100 um. BHILARAE © bar 50 um

CIZBOME TR 572, F7oAIKILikEIEE &

FEREOBEFII, SRICT VA VWA RT 7 & — B
MORISZ 07z —J5, MHEE & HImMILRE <&,

PEEA SN0 7z.

5. FATFRYFIVBEIWFTATF AV Y DmRNA
JEBl

FATFRYFULRLWICHATF I IVY ¥ DOmRNA
L, BKEBELH1, 2B X0 3BEBTIIRLERE
kt@?bfﬁ%tf%ﬁ EAaLNLeho7 (M5a 6a).
—77, WAE LR 4 BB TIIARMER & R L CRElE
7575% _J:ﬁbf:.

6. FAFFEYF v ORIERBALENRAE

RALERE 0, 488 X OWAEZ LB 480 T HEK
FIZBT BT AT F KU F ¥ ORIERRRAL et g % X
5b~E5diZ/Rd. RLERO0H, 4HTIE, FHED

. Ob (ZEN) 5 3EHH

L2 &5 PICHRFRETIIA AT R F oK
BlxA N Loz (K5b,c). F72, FHEOHHM
FRAIZERRIC T AT R F 2 OB SA R0 i,

ARACHRE JE B33 % i AR AR LS i B SO 28
Aoz (M5b,c). ZOmuEERINE, kg /e
JEPR O IR b A SN BRE% R4
TIEEMMRITIN R T, MRS H N RE O ks fife < 4 2
TARYF v OBERKIEAA SN (K5d). LaL,

C O JUB S HHERE L BRI 1 E A D e otz B
HHE T OO E FMIEE & O8I TRHUR
Wb n7z (K5d).

~I1u

7. FATF BT ORIERRALAIRAE

RALERE M, 48B X OMAZ LR 48O T HEK
FIZBIF BT AT+ BN ORIERRRAL Yt %2 X
6 b~ 6 diZ/RY. RALERO0H, 4HTIE, FHED
AN & ISR REICBWT, FATFFANY Y



6 B HyR S FHBIEIANOMEAMN ST v b TR ORE Y 28 B2 b

FATHRF

R5 *AF4+KrF 2 OMRNATH L GBS et (g
(@ FAFFHRYF Y OMRNATHE D ERMEIT (n=5, meantSD., *P < 0.05)
(b) REFEOHEE (U Ow) OF AT IR F VIGTE

(c) RULER 458 (U 4w) OF AT IRV F v RFE

(d) HeEZ 4% (T 4w) OFATFF R F VR

FZ : #iMERE, Pz WEHRIE, HZ @ IEA#EMIE, B4, Ob (KH) &3l
SR N g )

b, ¢, d : bar 100 pm. #&35 KM% : bar 50 um

DEERISIERD Sk h o7z (K6b ). FHED  FEERTH, INE2ZEICHEMT L Lid, Himic
FIEIITR OSSR S, FHieikg#l  W#ETH 2 (Hylander, 1985 ; Boyd et al.,1990 ; Kimura,
MCIBESIZIEEAEADN 72 (K 6b, — 1990). KBTI, WK AEEEFIVEM, %
o). —KIEME ORI T 2 ARG HRETD 4+ BEi~NOMEAMN 21T, FPHEOMREBE L. o
ATFANY Y ORIGZRD bNeho7zhs, Zofkya OFEBREFNVCIE, BEHEOMAIZI Y, BETIRE
ZHY O E RS ROS 2 R Lz, F28RmICE HIEROIEE R L, BB 2 as g
WS 55 mETH- 72 KEBRLEHAEOF A EROBENELYA TS (Nakeo et d., 2015). 72 F
TAANY v OREREE, FEECEFMBTHRGE  FHEO KM E B E R ER TS (L
WS ERD7z (K6d). iz, BREKEMICBENT 5, 2019). ESICAMEICB VTS, THEIC TS
LB ASN (K6d). BEMAICBI Yt AELLZ &R, BEY VX7 BOFRBUZALI D
T, BRI Tl RO LN =T, ZOE bhie §Eo T, TOERETIVIE, FHBIHEIC A E AR

AR e WA g Tl A S N h o 72, B Z 7 BOERREBET L TREELTHEHTH S
LEZONS.
% %= *

XH 25— IR HIIBIC L > TER S, #&k
FEI 2 I & ERNFRBIEMTH Y, EMH BB B CEERREZET L 2 EHMEINT
LB EPEHIIER L, EBIC X > TRLLNY¥E 5D (Kwan et al., 1989 ; Poole & Pidoux, 1989 ; Schmid

(6)
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A RTFF BN L el Tt Fz
1 * HE (2]

O eapm
[ ESEE NE

K6 FAFFHNYrDOMRNATHL L R A g ta kg
(@) FATFANVY Y OMRNAFBEDZEMEN (n=5, meanzS.D., *P < 0.05)
(b) RWEFHOMEH (U Ow) OFATFHIVY Y ORI
(c) RMEHE4H%E (U 4w) OF AT F IV ¥ DRTE
(d) A 48B (T 4w) ODFAFEAIVY > DRI

FZ : %fERg, Pz : WEMINaRE, HZ : IK#EMILE, B : 45, Ob (JFN) 4 3iia

U EIVN &gl

b, c, d : bar 100 um. 535K : bar 50 pm

& Linsenmayer, 1985 ; Schmid et al., 1990). 727 V7 AT 75 —BIHEICE LT b e o7t EZ b
VERZAT7 75— 3EB L OERKEMIEEICEB 5. WEHKES LET7 V% T SERE A~ Ofif i
L, AIKALEEIERICE S $ 2% (Gaur et al., 2005, BAfMAHAKIETD, KEZELH»SRD SN LXHa
2006 ; Golub & Boesze-Battaglia, 2007). AWFFETIE, K S—F U ETVAIVEFRAT 7 —FORIEICH LT
G x4 EET-o T, THEOMKKEMIEETX X, RMTIREESD RV EHEINS.

a7 -7 oL RIEICEftEALN o7z (K FATARYF L, B, BHH AV MEBIOD
3). 72, TUWAVEARRAT 75 —EORIEICEE NS OEEMILICRAES % (Butler, 1985 ; Den-
AoNlhole (H4). —7, Jv MIHKEEITWE  hardt & Noda, 1998). —7J7, * AT 4 7V ¥ Y iZHIKAL
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Abstract

Dens invaginatus is a type of teeth abnormality in which vaginatus by using a micro CT device (CT imaging). Im-
the enamel of the crown invades the area of pulp. Dens in- ages obtained by CT imaging were constructed in3D form
vaginatus is asymptomatic and often discovered by accident by using image processing software. Thereafter, we per-
on intraoral radiograph. However, the intraoral radiograph formed a morphological analysis of these images. The con-
of the Dens invaginatus is often overlooked because it is tinuous ingrowth of enamel in the crown beyond the ce-
unclear due to the overlap of the invaded part and the lin- ment-enamel junction was confirmed by the reconstructed
gual nodule. In recent years, nondestructive three—dimen- 3D image, and the tooth that we used for analysis con-
sional (3D) observation of samples has been made possible firmed the presence of Dens invaginatus. Moreover, the in-
by computed tomography (CT) technology. CT has been vaginated part was narrow and branched into two parts. It is
applied in the morphological analysis of complex root canal presumed that the micro CT setting used in this study was
morphology and abnormal morphology of teeth. However, effective in diagnosing Dens invaginatus and understanding
there has been few report that had analyzed the morphology the structure of the Dens invaginatus because of the small
of Dens invaginatus by using micro CT. Therefore, in this voxel size and the high resolution of the 3D image.

study, we performed 3D morphological analysis of Dens in-

g DORERF T, 18564F WD THE 217z (Poyton &
' Morgan, 1966). BB ORI A% BigET 2L 1 oD
BEPIE L, PR — SR IS o THAA L2 OIS s oA TN L) BRSNS -

I
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bdHsd CHFHD, 1996). FRADWRS DS, BELRER T
FEILE DN HEROLE, SHEL D O TIEMA
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Thb CFHS, 199%). F72, BAEBICL>T2212
WS N7 BE IR ATBO TN R SN TH 5.
F 7z, MR TR CERBEESA SN, RiEAE kT
VFERERT 5. AR O BIEIZH0.04~10% & Wi
ENTVEY, HFEEIC L B EJSCFTEDE DS
HRICIES2EWALNE CEAS, 199 5 /I

5, 2008). LAL, #UTHNEOLIEEMIE, L3
MLIHA R b % <, AN, KEW, THEIHTDH S

CNEPSE, 19715 “FARS, 1996 5 /NFES, 2008 5 i,
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RBUR O M KIRG 2 R0 5 (KD, (d) BUHEMO 2 FI5T 2 EiiE2 2025 (K. (ef) EAIBICZTF X
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" o= AN (K2e). #3MTId. FATRATHARE & 2258 L
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BB ADREIC L > T30z EIh T BEKE %% (Alani & Bishop, 2008 ; Gallacher et al.,
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Abstract

Publication of medical advertisements stating the term
“dental implant—specialists” in writing is prohibited on web-
sites in Japan except in the cases that are recognized in
medical advertising guidelines. However, some dentists
have brushed away the guidelines and publish medical ad-
vertisements stating “dental implant—specialists” on their
own homepages.

The purpose of this study was to evaluate the correlation
between published medical advertisements writing “dental
implant-specialists” and dental care organizations in order
to compare the Kyushu branch and Tohoku - Hokkaido
branch, where there are similar estimated numbers of pa-

(17)

tients.

We searched for the number of websites with published
medical advertisements writing “dental implant—specialists”
by using Google and calculated the published ratio. Then,
we also searched dental care organizations to know the
number of dental implant—specialists, the population by pre-
fecture, the number of dental clinics per 100,000 popula-
tion, public medical expenses, and the dental clinic consul-
tation rate per 100,000 population in official statistics in Ja-
pan. We estimated the correlation between the published ra-
tio of “dental implant-specialists” and variables about den-
tal care organizations by the Spearman p coefficient.
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In the Kyushu branch, the publishied ratio of “dental im-
plant-specialists” showed a correlation with the number of
dental implant—specialists (university dentists) (p : —0.862, p
=0.006), the number of dental clinics per 100,000 popula-
tion (p : —0.857, p=0.007), public medical expenses (Mu-
nicipal National Health Insurance per person) (p : —0.833, p
=0.010), age—adjusted public medical expenses (Municipal
National Health Insurance) (p : —0.810, p=0.015), and pub-
lic medical expenses (sum of Municipal National Health In-
surance and Medical insurance for the elderly) (p : —0.738,

& El
WA, BEHSDY = 7% A b TEREE O R
KL, TOWHWE D LIIZBTL0Er2HTHZ L

BN ) DOd b (MAATBEEN  ERANE
y—, 2011). EEEHFEIIBVC, 7=7H 1 b EOP
HEFEBOBRNE L OERNPRNT, BE & EREH
DOEThI7aFAL, HEMEIL TS (VAT
Buk AN EERAGE Y ¥ —, 2020). A 752 b
BT MR D BISF TR K, FRRIC b T T VICHE L
72 HBIHS20064F B LB 5 AR T3 E ST b

(MOTATBOEN  ERANE v 4 —, 2011).

2 LB § -, JRAEG @A TP HR144E 4
A1 H X 0 BREG<e s R il 0 B P2 B3 2 B & A
T&2% &9 1T L7 BUE, WRHERMIAIAE T & 2 HME
ELTHEDOLNT WD OUE, TSR EE T 87 %
TP J[ B RIRR R [ 1 T B AL A P I T/ T
HME] ©55THY, AAEIEANLOREA 75 2 b
SRS 277 2 PEME (LT, TS 2772 b
HER) ARSI SN Twin,

—7JiC, BRRHERIEIAENT L 0 HMEASB LTS, B
BroOBMEGIEDOE 2 25 EO D12, K5 - RS
WX o THMERRER, RERESFOLELLIZOVT
e ST (HARFHEMEEM  2019). PR30
HESHMI A FF4 VQ&A, A3 -512X 5 &, [#E
[RGB L2V T, BEEDPHLRODTATTS
HMEFRT BT 27 MR DV TIE, IRETEE
HIHO R AR 2 i 72 L 223A2d, R ] aE i
DRER BB TT. ] L& Tw3.

ZD72%, BERETHED SN TV ARWIEERLRIL S
W RE IO B BR A 2 Wi 72 L T WA SRR,
BEPY 2794 b EOEREHRETLZ—RIZRY), B
HORFRNVRET HHME, RER, WEREOEH
WL IB—NLEDH L. A FF4 ZIH 7z#IE 2 )5

EiEA)
T i

(18)
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p=0.037). In the Tohoku and Hokkaido branch, the pub-
lished ratio of “dental implant—specialists” showed a corre-
lation with public medical expenses (Municipal National
Health Insurance per person) (p : 0.764, p=0.046).

Although there are some limits in our research, we sug-
gest that regional characteristics such as distribution of so-
cial economic structures may affect the published ratio of
“dental implant—specialists” on websites in Kyushu and To-
hoku—Hokkaido.

HRIUETIRETH B25, ILERCISE W E RO
HIZIXoTIbNTEY, RERLOERBIIASNL T
v, OPEA 77 2 PEMEDIRERLOFERE L H
AFELb0IE, Rt - ifFdE X ToFAO K (CH
5, 2019) Th5. Tz, R EFE KRS O
Mg DS B L T B 0 2 PIR7-01981, WA LIS
HPHCIEI R Y7259, MR OEMALELRIFEHIK TH
5.

ZZTABIZETI, OEEA 77 Y FVEMEOY =7
YA bR EFRED & RFHER AR & OMHBIBtRE AT S
2T, Y7 A MREREIR S R E AR O H
B R BT A2 L2 HIME L.

M#ETE

AT AT 2 H V7AW CH 5. SFK294F
FEVAM SRR 20 © DHERHE B RIS BT, WX T
(%0. 23\, AL - dbiEE R X TR0, 24 N THh o 7z (B4
GHEE P29 EE R E T A TS 4 RH;ERTEE R
COTENS, WHIRIZB T 5 EHEFRIL 50 S B
AR L FIWT L, JUNHIX B X OVHL - JbigE i X
IR E LTEE L.

UM IX 35 & OHE - dbiEEB X D pES > 75 2 b
BMEAVEIE 72138 B T A EBEEEOY = 79 A MIC
BWT [HMEA 77 ¥ MAREME] IhERLOH &
EA VY =%y MRETRELL., MBI VI
GoogleZfEH L, JEATHIZE CAIIS, 2019) & Uk
Kz, MBEREASEFBEAIRIOES T >
bES (BDUF, HAROEEAS 75V MEE) ISREBO D
5 RBHBG L COFET A ER A MAGDbEZ b D
Thb. WMFET1HOWEL (HFHERM, BRI
LA, REWEE) 7w, SANRIZ20194E120 1 H
2520204 4 AISHETE L7-.

WEMEE, TEA 07T v VEREMEDSHIERT %
WRHEFREE DS 5, BARLOREAS 7T ¥ MERF— 2
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NR=VIIRBROD L EREHO Y = 7H 4 DAL L
72, BASEEEZOARONES 7T Y FERF—LR—Y
RO D S EHFEHOS L, Fal—v a3 94 b
(Fro¥A b)) Ry 7uy (7usy), EREEES
PEHEE 0P Dbo T EEIND Y = 7TH A
b, BEICPZEL T2 ERER, Bico BB, X
FOEREE L.
FRoWEEERZG Ly 2 74 FHIZBWT,
BEGHREHERI O, 7Ta 74—, BEORIC [
A7V VEME], F2hCET AL LT TH
KOWEA T 7 v MEREMEITHARLOES 77 2 b
FRAEE| FORLVEINLI P ERELZ. ZOL
HRAVD LY = T A M SR EFRLE (HMEE
IWERLLTWD Y 2 7% 4 M ERZROOMES v 75
v MEMEBRFHEMB TR L2 0) #HE L7

C DR EFKILA & RS ARG I BE S 2 HEH @
HBIBR A RS 2 & T, IRERLFITHRZ JUNHIX &
Ht - v X OIS E & LR L7z, PR RS
RENC BT 2 HEIZOEA 75 v PEMEE, B
MNEL A0 iRk 2 e, R E:, ALI100
xR EE e & L7z, AT 13 Spearmand o #2%K
VTR L7, HEAREZIS BUTELL B,
WERTALELE, BEETY 7 MIBM SPSS Statistics® (version
26.0, IBM Corporation, Somers, NY) Zf#iJfl L 7z.

] S

UM HIX D WA A B3 12, 4024 T, HALIEEA ¥ 7
7 v MEXOKBRIZL 9134 (20194E11H K H BLAE)
Thole. Z0I)HUMEA ¥ 75~ PP R
WiIX1474 (7.7%) (20194F120) 1 HBUAE, HARIIHEA
YTV VERFHRAR) Thot IMNBXOKE
ORER, BHOT = THA st gh, o) b2
TIIEA Y75 FEME] 2232 CET 2

EXiN
HE
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Rz, kb, HMEZPHLTBY, HAIES 7
5V MERF—AR—Y LICRBROH 2 HBKEBTIHT
IhEER RO 2F ), UMM OLES 7T v

MFEEMED S B, 52.3%O0MEA ¥ 75 v FEME
PVILERFLZIT> Tz, HAROES » 75 v bR
X5 L, HMENUGHRBHEM AR D L\ O3 T
548 Th o7z, IRERILFEV KD Hh o OIE KRG
(90.0%) T, JREHRILFEI KD KA o 72013 R IE
(30.8%) THotz. B, BHIEEIIHL LT
YA MR ERTIAFTH -7z (Tablel ).

—J5, W - deimE i X o s RHE Fi% 10, 76744 T,
HARIIEA 75 v bEAR0OR BT, 453% (20194F
LLHEHBUE) Thotz. €0H) bHAKEA V75 2 M8
M B RS R 4501414040 (20194E12H 1 H3BIAE) T
Hotz. Bt - AEERX OIS > 7T ¥ MEEEHM
EED ) H45. 7% DA » 75 » D EMEAIR S RL %
11> Tz,

FUb - dbiEEHIX TR Y = 74t S
7o, HMEPGERHEM A —F L woldduiE (78
%) THolz, [hERILENPRD EDP o 2O ZFKH IR
(90.0%) T, ERERLEIRDE2 DI EFHRRS
L UHEBER (33.3%) THo7z (Table2).

X TIEE BRI & 2 L5 RALR OB A0
SRS, B - dilEE X TR SRR OB R 21X
BOLNRD o7,

FUNHLIXIZ B TR 52503 & MR % 7R L 72 i
P AL ARRIE H 3RS > 75~ P EMER (R
) (FHBIAREL © —0.862, p=0.006), ALI10J5 % sk}
SHEITEC (B 0 —0.857, p=0.007), ilIAEER
RERECRRR 1 NM72 0 Jefiem e (HIBAR% : —0.833, p
=0.010), A i i 2 752 7 YA ] o Al R e o 9 76 I ¢ 2%
(FHEIMREL - —0.810, p=0.015), AFmHaHEE T M4 [
B HE PR B + 52 100 i o R R 1) B A R e e (AH B AR

Table 1 JUMMKIZBT BTEA ¥ 77 ¥ P EMERE R ERLE
A > 75 v MEME 74 MBS RE KRR

A RFEBIRHE PIERR %

MK | 54 (24 18 (6) 36 (18) 26 4 44.4
FEE | 18 (7 4 (0) 14 (7 12 1 38.9
Rl 13 (4 5 (1) 8 (3) 9 0 30.8
REALL | 25 (16) 0 (0) 25 (16) 18 4 62.5
PN 10 (9 0 (0) 10 (9) 9 0 90.0
IR 10 (7 0 (0) 10 (7 1 70.0
HEMLEUL | 11 (5) 2 (0) 9 (5) 3 45.5
REUS 6 (5) 0 (0) 6 (5) 5 1 83.3
i 147 (77) 29 (7) 118 (70) 9 14 52.3

) :
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Table2 HL - ALHEEMXIC BT B A > 7T > PEMERE IR HRLS

A > 75 v NEMEK PES RIS Y/ SN Sk
£ KEEBISRE  BISERR %
et 78 (34) 9 (0) 69 (34) 49 13 43.6
AR 9 (3 1 (0 8 (3 6 1 33.3
BRI 10 (9 2 (2) 8 (7 9 0 90.0
T 10 (5) 42 6 (3 5 1 50.0
IR 13 (5 3.(0) 10 (5 9 1 38.5
HIEIR 8 (4) 1 (0 9 (4 7 1 50.0
UL 12 (4) 2 (0) 10 (4) 9 1 33.3
it 140 (64) 22 (4) 118 (60) 9 18 45.7
() REERODSLELS 7T v PEMER
Table 3 JUHMBIXIZ BT 2 HEat AT A Table 4 B - bl LI 51 2 Mt T s R
K N
e e
T S T S
L > 75 > b £ -0.671 0. 069 Hpes > 75> b £ -0.229 0.621
HMPEE KEFEBIRE -0.862 0. 006 o MR KB 0.157 0.736
GRS -0.168 0. 691 BES ~0.389 0.389
N0 A RS B 2 ~0.857 0.007 NIL0J5 N RS 3 2 0.073 0.877
SRR (NI1075 HLAL) =0.571 0.139 SRR (NIT1075 HLAL) =0.007 0.877
T4 R AR 1 A% 72 D ~0.833 0.010 M e R fE R 1 A %72 0.764 0. 046
ES R ES R
A i A 11T AT [ R A £ -0.810 0.015 A i A 11T A [ A £ 0.709 0.074
ES RSN ES AN
T A AR 1 A7 b ~0.667 0.071 A AR 1 A7 b 0.127 0.786
SR S
AP i A e A T i T A ~0. 667 0.071 A i A e P U i T AR 0.127 0.786
ES S ES A S
AF: i A A ke v T A ] E A B £ B -0.738 0.037 AF- iy A ke v T A ] B B £ 0. 327 0.474

+ TR T i FERTE IR R

+ TR T i FER R R

¥ —0.738, p=0.037) TH-7- (Table3).

—77, L - dbiEE X 3 TR AR & AR B
PR 7R U 7 Rk R A AR T 43 vl A el e s
1 AN472 0 FERBEHRE (FHBARE 1 0.764, p=0.046)
DIHRTIH-7z (Tabled ).
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T HTAY E R R 1 AN 2472 0 FaRe e s, AR ikts
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+ B ERE ERERE S RIS - 72, —T,
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RAEREDRIR 1 A\ 2472 0 FERERE DS I H o 7z

UMK TIETRTORIZB W THEIZ AT 5K
¥ 72 IF B R R AR O R B 2SR L T
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A 75 v PEEME D24, 1% DA ERR 2 1T-> T
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Calcification—induction of dental pulp cell by DNA demethylation
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Abstract

This study investigated the calcification—inducing ability reagent [5Aza(Oi)]. As a result of qRT-PCR, the expres-

of porcine dental pulp cells using the DNA methyltrans- sion levels of Alp, Oc, and Msx1 mRNA were significantly
ferase inhibitor 5-Aza-2’-deoxycytidine (5Aza). increased in the 5Aza(Oi) compared to Con(Mem). With

A cytotoxicity test on the porcine dental pulp cells Alizarin red staining, a significantly increased level of calci-
showed that the optimal concentration of 5Aza was 1.0 uM. fication was observed in 5Aza(Oi) over that in Con(Mem).
For calcification—induction, porcine dental pulp cells were As a result of flow cytometry, the ALP / OC positive cell
cultured for 1 week under different culture conditions in : rate was significantly higher in 5Aza(Oi) than in Con
@ an 1.0 uM 5Aza—free group in a—~MEM [Con(Mem)], (Mem). As a result of the MSP, the methylation rate of
(2 an 1.0 uM 5Aza-added group in o—MEM medium [5 Msx1 was significantly decreased in 5Aza(Oi) compared to
Aza(Mem)], ® an 1.0 uM 5Aza—free group in calcification Con(Mem). Porcine dental pulp cells may induce calcifica-
induction medium containing Osteoblast—inducer reagent tion more effectively with 5Aza under calcification-induc-
[Con(Oi)], and @ an 1.0 uM 5Aza-added group in a calci- ing culture conditions.

fication induction medium containing Osteoblast-inducer

(histone deacetylase inhibitors, HDACi) @ 2 2 OfERIZ

# X0 RS L As i b 5 2 LR S TWw B

IV AT 4 7 A, HEOBSbRe @ L o MR (Huangfu et al., 2008 : Mikkelsen et al., 2008). T4 Tl

&R AL Z B L THBY, FICDNAXA TV EEESHIEL O FA R BEANOISHICER 2 HE T > TB D
b Y AT7 25— HEH (DNA methyltransferase in- (Grando et al., 2007 ; Nuti et al., 2016 ; Luo et al., 2018),

hibitors, DNMTi) Rt X b Y7 £ F VALEER L EA koo sl kst 2 5 H 3 2 98505 o S

I
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24 FHH G
2% (Potdar and Jethmalani, 2015). 7z, w#iHilaIc
BIRTEAZ T 5 2 & Tl b ki 2 /E R L 7= #0s
bdHHAH (Tamaoki et al., 2010), & T-EAIZITHILY
AT DHDLENFHETH L. S5, hiEmMEoEAE
EHEISH~OMEE LCid, sfliics i 2 il o
HEDORNZ BT N5, Wk SR8 &
LN E L > TVZRWAS, —#&IZ, Subpopulationliig
DV EDT, WHilasEE% A L 7zSide Population (SP)
A SRR DD BB X2 1 %Ki LA L %W
e, wiiEMEoRG RN ESEEINS
(lohara et al., 2006 ; Kato, 2012). Z OFENDEILHE &
LT, il A%z BAEERRENCH T 57207 Tk
, FELY A2 DL HBWTE Y o 3T 1 7 AMEHiH %
S5 Z & T, st DAt o saiie b 3 oM
JaN XD RRMISEHFE S DL Z EPWFHEI A TW
5. TO—BIE LT, WA AENOIH T, B
BN ICDNMTiRRHDACI & W » 72/ TAL & o = ¥
VAT A7 AREEZH DL ETHKLERAES 5
SN RE SN TS, L LAads, 20%<I1E
HDACIT& % trichostatin AX*valproic acid 7 & ®/N5T-1b
EWEHCZHETH D, DNMTIZ L S b DidZhang 5
DOEHE L2 7% ST (Zhang et al., 2015 ; Kearney
et al., 2018). F 7z, Zhang b O TIX, DNMTI®D1.0
UM 5-Aza-2’-deoxycytidine (5Aza) Tt b il %
P U 7z 5, 48KF[HI DL L o/ A e R <l Ml 2 R
L7zZ&25, 5Azaz 24 OEHFEHRICRE D TWw
5. LorLadoks ot cid, 74~7 vtk
FeMIELC1. 0 uM 5AzaT 1 EBERIB L 72 & 2 5, il
PaREhh oz, v MG L 7 8 B T3 H)
WHOE N X DEHEEOREIZECAEALND Z L h
5 (Tonomura et al., 2007), BF)WHEDEWIC X H1ER#
DO WTHGEDLETH D EE 2 bR,

Z 2 CAMZE T, 5Aza® 7 % il I~ o a5
HERET 5L &b, REHEDOD % WDNMTIZ G
M U727 % difiie O A IRALEERE IS D W TGS L 7z

MRBLIVHE
1. 7% sl o 55 HEss 28

7y A, K7 L 2N e AR T
AL7:6 7 Ao 7 % T5E (HOKUREN Federation of
Agricultural Cooperatives, Hokkaido, Japan) 7 & FItk % 4
XKL, #—E = THPEZEILERITHT L 728 % 60
mm cell culture dish (Thermo Fisher Scientific, MA,
USA) (T L7z, BEHE LT, 10% v g8
(Fetal bovine serum ; FBS, Gibco, Thermo Fisher Scientific,

(24)

S5/ DNABL X FIOVEIERIC & 5 shibiiiliie o AR

MA, USA) &, PRI E L TI00 mg/mlR=>Y ¥ G7
1) 7 & (Meiji seika, Tokyo, Japan) 3 X U830 mg/ml
Fungizone (Bristol-Myers Squibb, Tokyo, Japan) & 47 ®
Minimum Essential Medium Eagle, Alpha Modification (o
MEM) 5i#h (Gibco) MM L7z, 2 HER XY, Hiibz
10% FBS 3 X T 2 % penicillin-streptomycin  ( Sigma —
Aldrich, MO, USA) & Ho-MEMIZZER L, 37T, 5%
COFCTAVINT VAL BT TBEZ 2 » HMK#E
L7

2. SAza? N R ER

DNAAF IV T v 27 x5 —FEHEA (DNA methyl-
transferase inhibitors, DNMTi) T % 5-Aza-2’-deoxy-
cytidine (5Aza) @7 % g~ DMk % T %
72®1Z, 60 mm cell culture dish (Gibco) 127 % Bl
fid % 0.8 x 10° cells/mLig B CTHERE L, a-MEMIZ 5 Aza

( Tokyo Industry, Tokyo, Japan ) 7%
0.10, 1.0, 10.0 uMIBEET#RIML 7=, Control (Con) %
SAzaiR i L & L7z, 2 HAgICE e B X U5 Azaif
Meirnznrs, 7THREEZEZIT-o7 BETHHI
0.25% Trypsin-EDTA (Gibco) Tcell culture dish & O
i Uyt %, Phosphate Buffered Saline (PBS) Tali#s L
720.5% Trypan Bluei& (2 CTHEAING % Yetiuth, frAH 50
#$% (OLYMPUS, Tokyo, Japan) 3 X OILERGETS54% % H
WA R R W L7,

Chemical

3. BAzall & % 7 % BifiAINE D A IRALEE S
MR ORI, 77 wiMIcB % 5
AZaDEHREZ1L. O uM EPRE L7z IRV T, bAzall &
%7 5t O IKALEE Z A7z, 3 - 4 HLH D
75 M % 0. 8 X 10° cells/mLT60 mm cell culture
dishiZ#EfE L, Do-MEMEFHEE [Con (Mem)], @a-
MEME: #121.0 uM S5AzaZz & L 72 # [5Aza
(Mem) ], GfiJKAL#EER: 1 o> Osteoblast-Inducer Reagent
(Takara bio, Shiga, Japan) 7% A RPMI 1640 Medium
(Gibco) # [Con (0i)], (@Osteoblast-Inducer Reagent
&4 RPM11640Medium{Z1. 0 pM 5Aza% N L 72 #¢ [5
Aza (0i)] DERFEGMIZHT, 37T, 5%CO, FT
1EMEERLA. BRT7THBIZ, VAMHEBEME
(OLYMPUS, Tokyo, Japan) % H\CHIMBIEZRE % B1%%,
Wi L7z

4. [IRKAL= —H —=1ZBIF AmRNAFEEL L X)L D g &1
ST
7 % BB O £ KA LIRBE D fif

E7)

UL, & EMreal-time
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reverse transcription polymerase chain reaction (quantitative
real-time RT-PCR, qRT-PCR) {2 &k & filkfb~— 4 —
OMRNAZEBLL NV 2GS L7z, ERtO~@ o K87 58 45
T 1 EBE I, RNASHE Trizol reagent (Invitro-
gen, CA, USA) (2 Ttotal RNAZ i L7z, 1 ug®total
RNA %, Oligo (dT) w-isPrimer Jz UF Superscript reverse
transcriptase (Invitrogen) 2 & ) WHz5 %47 -7z, 55
N72cDNA%, FJkfb~— 4 —Td %collagen type | al-
pha 2 (Colla2), alkaline phosphatase (Alp), osteocal-
cin (Oc) 3 X U'msh homeobox 1 (Msx1) D75 4 < —
(#£1, Komori, 2010 ; Goto et al., 2016) & KAPA SYBR
Fast gPCR Kit (NIPPON Genetics, Tokyo, Japan) % Ji\»
T, Light Cycler Nano (Roche Diagnostics, Tokyo, Ja-
pan) \2& D, ZFmRNAZEBLE 2 @ ®mMICHE L7z, %
B, WAEMEControllZ 1 7 % Glyceraldehyde—3—phosphate
dehydrogenase (Gapdh, # 1) ZHHw, 55 CHOT7 =—
)Y ZRETCHWNBE R T OMIEE T 2. BT
AACt (Cq) # (Livak and Schmittgen, 2001 ; Bustin et al.,
2009) % w7z,

5. Alizarin red4s 12 X 2 A ALEHl

7 5 AL O FHIRALIRE O HE AT B L NV O fifg 72
1, Alizarin red4efi 2 X 2 A IKALEHNG % 47 - 72

7 & i BEMI % 24 well plate (IWAKI, Tokyo, Japan)
120. 05 x 10° cells/mLig B CHRfE L, #RESEMHEO~®
Db & 1 EMEEHPBS TR L, 10% h & E RV~
V) VBT AR Lz, FEE#EPBSTHREL, AKX
{LEFili v ~ (PGY ¥ —F, Tokyo, Japan) @ Alizarin
red& ¥ 2 0.5 mL/wel TN L, 2k T305 f g« L
72, Qe fRPBSTULH R, AIRALKSEIEMIE (5 % F
%) %0.5 mLiwell CIRML, 7L — b&2105 ML

THRZHEM Lz BHIE100 pl% JlE 96 well assay
plate (IWAKI) (2L, 450 nmOWIGEE % l%E L 7-.

6. Flow cytometryf##T I & % A IKALEFifi

7 & s s o HIKILIREE L, Flow cytometry (2 & %
HAFEBLL XV ToOR MR 2 e L7z, RickiEsk
o9 HOCon (Mem) & @5Aza (0i) % 1 MK %
%, 0.25%Tripsin—-EDTA (Gibco) "T60 mm cell culture
dish & V) ##E LFALCON Cell Strainer (100 um ; Corning,
NY, USA) 7%l L~ %, Alexa Fluor 488 mouse anti—
Human alkaline phosphatase (ALP, BD Biosciences, NJ,
USA) 3 X UFPE mouse anti-human osteocalcin (OC, BD
Biosciences) TH:fa L (K=, 4 C, 30%), sCHINER:
D 72®127 — Amino-Actinomycin D (7 — AAD, BD Bi-
osciences) THeft L7z (B5=, 4 C, 10%). Fufuiz,
Flow cytometer (BD FACSArialllu, BD Biosciences) T#
A #E 2 10, 00018 37> FC &k L ALP - OCHL: Ry MMl = 2
e L7z

7. 75 ML 31 S DNA X F OVALI#AT

7 % BiiHlE A~ 5 AzalZ X ADNA X F LD %
MRS 272012, ERRO~@oFMEHEERO) b
MRNAZHLE L OEAKHL ANVICB W THEEDO A DS
h7z(MCon (Mem) &@5Aza (Oi) IZDOWT, ErY A
F VLS APCR (quantitative methylation—specific PCR,
qMSP) B2 X B AF WAL L NV DK 24T 72, D
Con (Mem) & @5Aza (Oi) % 1M 2%, Qiagen
DNeasy Blood & Tissue Kit (Qiagen, Hilden, Germany)
% JivCDNA% #ii i L 72. NanoDrop 1000 (Thermo
Fisher Scientific) 12 & % DNAMEHIE#%, 500 ng uli#
W27 5 & 9 F % L, EpiTect Fast Bisulfite Kits

%1 QRT-PCREB X UqMSPEETH W27 5 4 ~ —Hii4l

Gene Sequence Product size (bp) NCBI Reference Sequence

Gapdh Forward 5’~-GTCGGTTGTGGATCTGACCT-3’ 207 NM_001206359.1
Reverse 5’~-TTGACGAAGTGGTCGTTGAG-3’ 207

Alp Forward 5’~-TGCAGGAAGACTCAACTCGG-3’ 111 XM_021097681.1
Reverse 5’~ACCTGCTTTCTCTCTGGAGC-3’ 111

Colla2 Forward 5’~-TGCTCAGCTTTGTGGATACG-3’ 178 NM_001243655.1
Reverse 5’~-CCTGGGATACCATCATCACC-3’ 178

Oc Forward 5’~-TCACACTGCTTGCCCTACTG-3’ 160 NM_001164004.1
Reverse 5’~AGCCCATGATCCAGGTAGC-3’ 160

Msx1 Forward 5’~-GAGACGCAGGTGAAGATCTGG-3’ 99 NM_001162887.1
Reverse 5’~CATGGGTTTAGCGGCCATC-3’ 99

Msx1-M Forward 5’~-TATTAATGGTTGGTTTTTGTGAGTC-3’ 116
Reverse 5’~AAACGCAACGATTTTCTACG-3’ 116

Msx1-U Forward 5’~-TATTAATGGTTGGTTTTTGTGAGTT-3’ 120
Reverse 5’~ATCCAAACACAACAATTTTCTACAC-3’ 120

(25)
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(Qiagen) 1 & V) BisulfiteL ¥ % 17 - 7. qMSPIE %479
72®12, Colla2, Alp, OcB X UMsx1® 9 %, UCSC
Genome Browser (http : //genome.ucsc.edu/index.html) {2
TCpG islands D AETEAMERE S N7=-MsxLIZD W T, Meth-
Primer (http : //www.urogene.org/methprimer/, Li LC & Da-
hiya R, 2002) 12X 2MSP7 5 4 v —%i%atts (1),
Bisulfite L ¥l = L 72DNA, MSP 7 7 4 ¥ —, KAPA
SYBR Fast gPCR Kit% H\>C, Light Cycler Nano!Z T
qMSPEIC & B A F AL L NVIENT 2 475 72, qMSPEED
ZfFix, 95 CTlo oM 2R, 95 CTIOR O
B, 55 CTIORM o7 == v 7, 72 CTI5HH
DOMEE %60 A 7 Ve Lz, A FMELXVofl
ik, DFoREHERE 7z (Lu et al., 2007).

M oy 1
VoD < 100(%) U

Methylated DNA (%) = X 100(%)

M

= W X 100(%)

M X FILIEDNAL X)L (the level of methylated DNA,
M), U: JEXF VIEDNAL X)L (the level of unmethyl-
ated DNA, U), ACq = CqU - CqM.

8. Meats#r

B o7 R, IBM SPSS Statistics 23 (1BM, NY,
USA) % v 7-Kruskal-Wallist i 35 & Oy* B 12 T Ik
B M L7e, o RE TR AR EOMEA £ 1. 96%
Wi 5 % Ki#e L L, pfi0. 05K A A EAA D LHEL
7z.

i

1. S5Aza® il Bk

7 5 s~ D 5AzaD M id # PERER D5 R, Conl
HEAZam MR EATI0 uMCAEMIIBE DA 35 72 i % 78
7z (W1, *p<0.05 ; Kruskal-WallistiE) .

R

2. HRAEGMC X B 7 5 SRR o A 25 BRI SR
FA& 7T HBIZ, POAHZEBmMEE % H WO g % 8l

P L7252, Con (Mem), o-MEM 5Aza

(Mem), Con (Oi), 5Aza (Oi) DFHEFEEMIZHE VT

AL OIEICH S 2 REVITRO b ko7 (K2,
JEREEE < 100, Scale bar=100 um).

-
%,

7 R

3. AKAL~— A =B ZmMRNAZIH L NV 0 g 8 1)
A

M 2 1 HEE R, AIRIEY—A —IZ2on T
QRT-PCR#: % T - 724&#, Alp, OcB L 'MsxImRNA

(26)
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FEH L ~XvixCon (Mem) 1ZJE~X5Aza (0i) IZBWTH
BB LAZED (K3, *p<0.05 ; Kruskal-Wal-
list g ). Colla2 CIXAEAEF L o72b DD, 5Az
(0i) 2BV TmMRNAFBLL NV o LA % 8 7=
(K3).

4. Alizarin red44{t1Z & 2 £ KALEFill
Alizarin red 412 X % A7 KA BE & 57 A0 L 7265 2,
wellD 2% TidbAza (0i) 128 W THIKILAR o HBL
() 2RO 72, AR EIGERRIC X 56
FIEM %2450 nm @ WG EE &2 Jll & L 7245 &, Con
(Mem) 12}5Aza (0i) BV THIKILREDA E R
FEHRAEEDZ (K4, *p<0.05 ; Kruskal-Wallisti &) .

5. Flow cytometryf##T 1 & % 1K ALEFifi

Flow cytometrylZ & % % » 7827 L X)L THALP - OCHk
R 1k A =8 % AT L 725 &, Mg 10, 00048 o 5 &,
ALP - OCHtFmtEMINd e (3¢) (XCon (Mem) <T4371A

(4.4%), 5Aza (Oi) TIix2,547M (25.5%) & 7% -
72, ZOFERE2S, Con (Mem) 1ZIE~X5Aza (Oi) 128
WTALP - OCHEE MR D B B2z (X
5BLUFE2, *p<0.05; ¢*MiE).

-

6. 7% ML B1F 5 DNA X F VALENT

qMSPE:DAE R, Msx1® X F)V{L¥*iXCon (Mem) T
95.1%, 5Aza (Oi) TI366.6% & 7% 1, Con (Mem) I
HBAza (O1) IZBWTAFMELROFERIKT 232
7z (£3, *p<0.05; ¥ ME).

Z &

AWEZETIX, DNMTiTa® %5Azans7 % il 2= %

%k
4
35
T
3
“’8 25
X T
= 2
S
~
215
8
1
0.5
0
Con 0.10 uM 5Aza 1.0 uM 5Aza 10.0 uM 5Aza
1 5Azad MR HE: B

7 5 i~ D5 Azad Mg M FER O AL A, ConlZH~5
Aza7R MR EE2510. 0 uM TA ML O A & A % i 72
(*p<0. 05 ; Kruskal-Wallist&%€, n= 3).
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2 REEFEANC X B Ty W BRI O A A 2 SRS
WA 7 HEC, (A ZEBEMEE 2 Gl e 2 8152, g L7oR%E, Con (Mem), o—-MEM 5Aza (Mem),
Con (Oi), 5Aza (0i) DHEREFESEMFICBWTHIROBEICHS 22 EVIZRO LR h o7z, FAE#E x 100,

Scale bar =100 um.

Colla2 Alp
15 25 *
° |
E _% 20 “'
< 10 o
hs]
g IS 15
] g
=
< S
Z E
£ | z 10
~ T €
S s I
8 <5
T
f— | o L i
Con(Mem) Con(0i) 5Aza(Mem) 5Aza (0i) Con(Mem) Con(0i) 5Az(Mem) 5Aza (0i)
Oc Msx1
15 15
*
2
o =1
£ 1 & *
LT s 10
<
H | :
IS) o
9 Py
=
K z
z 5 | € 5 |
£ 3
3 n
o s T
o L im o LN
Con(Mem) Con(0i) 5Aza(Mem) 5Aza(0i) Con(Mem) Con(0i) 5Aza(Mem) 5Aza (0i)

K3 FIKAb~—H—IZBF ZmRNAFHL L ~)L o5 5 BT

7 & R A 1 EER R, AIRIL~Y — A — 12D \WTRT-PCREE & 47 5 265 %, Alp, Ocd & U'Msx1 mRNA
FHHL)ViECon (Mem) 12H~<5Aza (0i) IZBWTHBELBH LA %2072, Cilla2 TIEAREAE IR r-72d
DD, 5Aza (0i) 2BV TMRNAFKEBIL v AN % 38072 (*p<0.05 5 Kruskal-WallistsE, n=3).

27)
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Alizarin red
%

1.6 |

1.4

1.2 }V
€ 1}t
f=
Ros |
<
Sos |

-
04 r -
0
Con(Mem) Con(0i) 5Aza(Mem) 5Aza (0i)

4  Alizarin red#%: ’éb & % HIKALERA
Alizarin red e l2 X 2 fFRACREEE % SFA0 L 7245 58, welld 42
KM% TIE5Aza (00) 1BV THIKALEE O M GREf) %
BTz F7o, AIKALREEITEMRRIC X 5 0 FEE 1 #£12450 nm
DWW 252 L 724, Con (Mem) 12kt-X5Aza (Oi) I
BWTAHKILRBEODEE R EA 2B O (*p<0.05 ;

Kruskal-Wallis#®5g, n= 3).

RIPAIKALFETE BHICOWT, RSEREGHEE &
SHALFH R THIKILFE TS 5 2o LRGET L 72

(Yamaguchi et al., 2014). Mg MR O R, 5Aza
1310 uMT 7 % Rl 2 1 EBERE L T3 A E M
Motk R S e dpo 722 & O B R I EE - IR &
L, ARALEEA R A, TORE, BiHic5Aza% &
M3 % 2 & TRRMAIRALFET 5 2 LR L 2o

% Ex;ulgiunr?;‘ﬂ-ﬁms

%2 Flow cytometryf#HT O 5T

Btk (%) Rtk (%) it
Con(Mem) [FEE¥L 437(4.4)| 9563(95. 6) 10000
ELESETY -41.9 41.9
5Aza(0i) JERL 2547(25.5)*| 7453(74.5) 10000
ELESEEYE 41.9 -41.9
it 2984 17016 20000

[2'5 DFlow cytometry AT % #Eat 44T L 72455, Con (Mem) (ZH-X5Aza
(0i) 2BV TALP - OCI AL D H E 2 LA 2ROz (p<
0.05 ; *Hse).

#£3 7y HHMIZIC BT SDNAX T VLT
AF WAL (%) | FEAF AL (%) &l
Con(Mem) |EE% 95 5 100
R IR 5 -5
5Aza(Oi) BEX 67* 33 100
AL AR -5 5
&t 162 38 200

MSPiEDFER, MsxAd X F V{bHiZCon (Mem) T95.1%, 5Aza (Oi)
TI366.6% &7 0, Con (Mem) 2~ 5Aza (Oi) IZBWTAFILEEK
DEFERIET #0772 (*p<0.05; ¢*HiE, n=3).

72 F72, LOuMiEED5Azall X > T P B L UT %
ORERMEFMBE ¥4 Ly vy TRy S I v rBI
Lo TA YA Vi~ ALFE S i Db %
Z &2 5B (Pennarossa et al., 2013 ; Pennarossa et al.,
2014), 1.0 uMifE m5Azald 7 7 OMIIBIZ BV TH HIY
WIS C7MHIZRIRNTH L EELZ BN, — T
Zhang 5 DEHIZB W TR b b s BEMIL & A RIS
HDI21.0 uMBEDOSAZaL I EMW TH-72d DD

5Aza(0i)

w10 13' 10°
Alexa Fluor 488-A

5  Flow cytometryf#AT

Flow cytometrylZ & % % ¥ 7327 L X)L TO G R 2 et U 7265 5,

PEMIRE L (%) 1XCon (Mem) T437fH (4.4%),

(28)

5Aza (Oi) TlZ2, 5471 (25.5%) & 77z,
13Gating[X 5% 7”9, Q2 #ALP - OCI:FE ML & L CGating% 17 - 7=.

>

ALP

HA10, 0001 > 5 %, ALP - OCI:Fy
Ql-0Q4
WRET TR 3R 2 1R
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(Zhang et al., 2015), A48IKE [ LA I oD il SIkE 5 C (M 2
PaR L7722 EARMGER R L DENTH S, ik
e Ty LOBWFEOENZ L LEENEZONS. b
I s Bl <13 1,25-dihydroxyvitaminD (3) (VitD3) @il
WIZ & o TRFFMIBANDOFIKALTE L % L 72012k
L, 7% sl CizVitD3ORIFIT £ - T 3EML
ANDOAKALFE Z IR L7222 £ 55 % (Tonomura et al.,
2007), E)REDENIZ X ZEHEOREOVWTHEL S
BGEALEETH B L E 2 N7z, mMRNABBIL XVICE
W, MO E ORESEMFTHSCon (Mem) 12}
o-MEME:H121.0 uM 5Aza% %l L 725Aza
(Mem) *®°, FIRALFEEHDOCon (Oi), FAIKALFHER:
1210 uM 5Aza% @ L 725Aza (Oi) O T, 5Aza

(O) ILBVWTHELRB EAZRD. SHIZEA%R
WL XVIZBWThH, Con (Mem) 12b-X5Aza (Oi) T
D Alizarin red4e 12 X 2 HIKALREE O A Bk LA,
Flow cytometryf##T 12 & 2 ALP - OCI:B I3 o £ &
% bR ERDI. 2 T5Azall X ADNAX F VLD
BEMERET H7-DIIMSPEZ AT o 72#E R, Msx1D X F
WEZizCon (Mem) 1ZItX5Aza (Oi) IZBWTHER
KTZ2E072. ZoZEh5, 5SAzaldfiRLEE s
FTHHMsx—1DEA F WAL ZAREHE L, Msx—1E{5 5
WO LA ZRNICHELE L 722 LR SNz, 5Az
Wi, BEAFVALER 238 ), SAzZalili Tl & o
ZrRBEHEHT AL 3ELY O, HWIZH- 7
BEOFMHETTHWDZ LT, BMOBIETITHLL
BB EZATS S LAMEEE 25720, @i TEAIC
WAL R EDREMER OV A7 ZWMA B ENTE D
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Abstract

The major epigenetic mechanisms affecting gene ex-
pression are histone modifications, DNA methylation,
and activities of noncoding RNAs. Histone modifice-
tions by two distinctive enzymes histone acetyltrans-
ferases (HATS) and histone deacetylases (HDACs) dis-
play different mechanisms of histone substrate binding
and catalysis, and affect gene transcriptions. Recently,
HDAC inhibitors (HDACIs) that increase acetylation of

Introduction

Epigenetics is defined as heritable changes in gene ex-
pression that are not linked to changes in the DNA se-
guence. Epigenetic events are one of the important mecha-
nisms that regulate the differentiation of different types of
cells during both prenatal and postnatal development. The
major epigenetic mechanisms that affect gene expression are
histone modification, genomic DNA methylation, and activi-
ties of noncoding RNAs (Gibney & Nolan, 2010). Histone
modifications via two distinctive enzymes histone acetyl-
transferases (HATS) and histone deacetylases (HDACS) in-
volve different mechanisms of histone substrate binding and
catalysis (Buchwald, et al., 2009 ; de Ruijter, et a., 2003).
Histone acetylation is generally associated with transcrip-
tional activation, whereas deacetylation of histones represses
gene expression. DNA methylation plays an important role
via the addition of a methyl group to the 5" carbon of cyto-
sine in the CpG dinucleotide sequence during DNA repair,
recombination, and replication (Chin, et al., 2011). A non-
coding RNA (ncRNA) is a functional RNA molecule that is
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histones have been clinically applied for certain types
of diseases including cancer, epilepsy, bipolar disorder,
and blood diseases. Although HDAC is controlled os-
teogenesis both in vitro and in vivo, no clinical applica-
tion of HDACi for bone regeneration has been per-
formed. This review introduces how HDACIis affect
bone regeneration in vitro and in vivo. Certain types of
HDACis may be clinically useful for bone regeneration.

transcribed from DNA, but not translated into a protein. The
epigenetic related NncRNAs include miRNA, siRNA, piRNA
and INcRNA (Peschansky & Wahlestedt, 2014).

A greater understanding of the epigenetic events in bone
cells could help improve tissue engineering strategies in the
bone and identify novel anabolic targets. Recently, severa
types of histone deacetylase inhibitors (HDACis) have been
used to induce calcification and promote osteogenesis. How-
ever, variations in the results of these studies exist, and a
consensus on the usefulness of HDACIis has not been
reached thus far (Haberland, et a., 2009). In this review, we
summarized on the effectiveness of severa types of HDACis
on osteogenesis and discussed the possibility of using them
in the clinical setting.

Histone deacetylases (HDACs) and histone
deacetylase inhibitors (HDACIis)

The acetylation of histone proteins is a balance between
the activities of both HATs and HDACs. HDACs with his-
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tone acetylation are generally associated with an increase in
gene transcription, whereas deacetylation results in decreased
gene transcription. Eighteen HDACs have been identified in
humans, and are divided into four subclasses based on the
homology to the yeast genes as follows : class | (HDAC1,
HDAC2, HDACS3, and HDACS), class Ila (HDAC4, HDAC
5, HDAC7, and HDACD), class IIb (HDAC6 and HDAC10),
class Il (sirtuin [SIRT1] to -7), and class IV (HDAC11)
(Haberland, et al., 2009). HDACs often induced pathogenic
transcriptions ; therefore their inhibition might prove useful
for the treatment of various diseases (Chuang, et al., 2009).
HDACIs have been chemically synthesized and applied for
the treatment of psychiatric and neurological diseases (van
Bokhoven H., 2011).
HDACIs, including hydroxamic acids, cyclic peptides, bu-

In addition, several classes of
tyrates, and benzamides have been discovered (Yoshida, et
al., 1990 ; Komatsu, et al., 2001 ; Candido, et al., 1978). The
hydroxamates include vorinostat, givinostat, abexinostat,
HDACI,

trichostatin A (TSA). The cyclic peptides include com-

panobinostat, belinostat, and the prototypical
pounds such as depsipeptide and troponin, whereas the ben-
zamides include entinostat (MS-275), and mocetinostat.
Some of these HDACIs have been approved for use as phar-

maceutical drugs (Jones, et al., 2016).

Involvement of HDACs in bone development

Bone development is a dynamic and complex process that
requires precise control of the transcriptional events in multi-
ple cell types, and is sensitive to changes in HDACs levels
(Dudakovic, et al., 2013). HDACs play important roles in
maintaining the balance between osteoblastic bone formation
and osteoclastic bone resorption, processes that are crucial
for bone tissue homeostasis (Destaing, et al., 2005). The cru-
cial roles of several HDACs in both intramembranous and

endochondral bone development are shown in Table 1.

a. Class | HDACs (HDAC1, HDAC2, HDAC3, and
HDACS)

The roles of HDACs in bone development have been
evaluated mainly by the genetic deletion of each HDAC
(Schroeder & Westendorf, 2005). Class | HDACs are essen-
tial regulators for both intramembrane and endochondral
bone development. Targeted deletion of HDACL is lethal re-
sulting in severe proliferation defects and retardation in de-
velopment (Lagger, et al., 2002 ; Trivedi, et al., 2007).
Germline deletion of HDAC?2 has partialy embryonic lethal-
ity, and causes significant decreases in body size and long
bone length as a result of abnormal endochondral ossifica-
tion (Trivedi, et al., 2007). HDAC1 and HDAC?2 inhibit os-

Table 1: Role of histone deacetylases (HDACSs) in bone development

Class HDACs Targeted protein Protein expression

Mode of action

Terminal bone phenotype

References

Inhibition of osteoblast differentia-

Severe proliferation defects and retar-

HDACL RUNX2 ¢ tion dation in bone development Lagger, et al., 2002
Inhibition of osteoblast differentia- .
HDAC2 RUNX2 ! tion Reduced body size and long bone Lee, et al., 2006
n length Dou, et al., 2016
FoxO1 ! Increased osteoclastogenesis
| . . Embryonic lethal
S_.uppressmn of osteablast differen- Severe endochondral bone defects Singh, et al., 2013
HDAC3 RUNX2 ! tiation S : )
- R~ Severe craniofacial malformations in  Schroeder et al., 2004
Decreased matrix mineralization skull
HDAC8 Otx2 and Lhx1 t CDaetngﬁaSEd intramembranous - ossifi- Ossification defects in frontal bone Haberland, et al., 2009
HDAC4 RUNX2 | Premature_endochonQra] osaﬁcgnpn Ske_l(_etal_defects and premature skull Vega, et al., 2004
by repressing transcriptional activity ossification
HDACS RUNX2 | Suppresswn of osteoblast differen- Reduc_ed trabecular _bone density Obri, et al., 2014
tiation Juvenile osteoporosis Kang, et al., 2005
1l i .
HDACE RUNX2 | Cytoskeletal cha_nges in osteoclasts Increased cancellous bone density Westendorf, et al.., 2002
and bone resorption Zhang, et al., 2008
Regulation of endochondral ossifica-
. S Reduced femur lengths, and decreased Jensen, et al., 2008
HDAC?7 RUNX2 ! tion by deacetylation— independent trabecular bone density Bradley, et al, 2015
manner
Developmental  defects, including
. Osteoblast differentiation of mesen- shorter stature, craniofacial abnormali- Bradley, et al., 2015
Sirtl NA NA L . . Cheng, et al., 2003
chymal stem cells ties, increased cartilage apoptosis Backesio. et al. 2006
Il Reduced endochondral ossification 10, "
Facilitates endochondral ossification
Sirté NA NA by controlling chondrocyte prolif- Bone growth retardation Mostoslavsky, et al., 2006

eration and differentiation

HDAC : Histone deacetylase ; RUNX2 : Runt-related transcription factor 2; * : Up regulation ; { : Down regulation ; Otx2 : Orthodenticle homeobox 2 ; Lhx1 :

LIM homeobox 1 ; Sirt : Sirtuin ; NA : Not applicable.
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teoblast differentiation via down-regulation of the Runt-re-
lated transcription factor2 (Runx2), a key factor for os-
teoblast differentiation (Lagger, et al., 2002 ; Lee, et al.,
2006). HDAC?2 also inhibits Forkhead box protein O1
(Fox01), a negative regulator of osteoclast differentiation to
promote osteoclastogenesis (Dou, et al., 2016). Furthermore,
germline deletion of HDAC3 has been shown to cause early
embryonic lethality (Montgomery, et al., 2008), whereas,
HDAC3 suppression caused severe endochondral bone de-
fects due to decreased amount of cartilage matrix formation,
fewer osteoblasts, and poor cortical as well as trabecular
bone architecture in animals (Bradley, et al., 2013 ; Razidlo,
et al., 2010). HDAC3 is also involved in intramembrane
bone development. Loss of HDACS3 in the neural crest cells
resulted in severe craniofacial malformations, including mi-
crocephaly, cleft palate, impaired bone formation in the
skull, and hypoplasia of the teeth (Singh, et al., 2013). Simi-
larly, HDAC3 conditional knockout mice in osterix—express-
ing progenitor cells resulted decreases in calvarial bone
thickness and density (Razidlo, et al., 2010). The global de-
letion of the HDACS8 gene in mice leads to perinatal lethal-
ity due to altered cranial and facial features, and this is phe-
nocopied by the conditional deletion of HDACS8 in cranial
neural crest cells (Haberland, et al., 2009). Both, HDAC3
and 8 are transcriptional co-repressors of several transcrip-
tion factors ; therefore, the suppression of HDAC 3 in
preosteoblasts reduces matrix mineralization and the expres-
sion levels of several genes that target Runx2 (Schroeder et
al., 2004). HDACS represses the aberrant expression of ho-
meobox transcription factors, specifically, orthodenticle ho-
meobox 2 (Otx2) and LIM homeobox 1(Lhx1), essential for
proper head development (Haberland, et al., 2009). Taken
together, HDACL, 2, and 3 play important roles in bone de-
velopment via Runx2 activation. HDAC8 contributes to nor-
mal bone formation via its inhibitory effect on the aberrant
expression of homeobox proteins.

b. Class Il HDACs (HDAC4, HDAC5, HDAC®6, and
HDAC?)

Class Il HDACs mainly contribute to endochondral bone
development. Unlike the class | HDACs, germline deletion
of most class Il HDACs does not cause embryonic lethality
but results in some level of functional redundancy. HDAC4
deficiency leads to premature endochondral ossification re-
sulting in skeletal defects such as vertebrae body fusion, de-
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crease in the length of the long bone, and premature skull
ossification (Vega, et al., 2004). Although HDAC5 knockout
mice showed no abnormal structures or growth defects, they
presented with reduced trabecular bone density at 2-3
months of age, despite modest increases in the rates of bone
formation (Obri, et al., 2014). The genetic deletion of
murine HDAC6 modestly increased the density of the can-
cellous bone (Zhang, et al., 2008 ; Westendorf, et al., 2002).
Postnatal deletion of HDAC?7 in the same population of
chondrocytes led to an expansion of the proliferative zone,
narrowing of the hypertrophic zone, reduction in femur
lengths, and decrease in trabecular bone density (Bradley, et
al., 2015a). Class Il HDACs have low intrinsic deacetylase
activity and work through functional complexes involving a
class 1 HDAC. All class Il HDACs have been shown to
deacetylase Runx2 thereby, repressing its transcriptional ac-
tivity, decreasing osteoblast differentiation, and promoting
osteoclastogenesis (Table 1) (Kang, et al., 2005 ; Westen-
dorf, et al., 2002 ; Jensen, et al., 2008).

c. Class 111 HDACs (Sirtl and Sirt6)

Class Il HDACs, Sirtl and Sirt6, play important roles in
endochondral ossification. The activation of Sirtl in mesen-
chymal stem cells promotes osteogenic differentiation, essen-
tial for endochondral ossification (Barter, et al., 2012).
Germline Sirtl deficiency increased p53—mediated apoptosis
and produced severe developmental defects, including
shorter stature, craniofacial abnormalities, increased cartilage
apoptosis, and reduced endochondral ossification and corti-
cal thickness in mice (Cheng, et al., 2003). Sirt6 facilitates
endochondral ossification by controlling chondrocyte prolif-
eration and differentiation. Sirt6 knock out mice displayed
growth retardation shortly after birth, failed to thrive, and
died at around 3.5 weeks of age due to genomic instability
and degeneration of multiple organs (Mostoslavsky, et al.,
2006). Although Sirtl and Sirt6 have been shown to play
important roles in bone development, the involvement of the

other types of Sirts remains to be elucidated.

Involvement of histone deacetylase inhibitors
(HDACIs) in osteogenesis

HDACIs affect many cellular properties, such as the cell
cycle, Progression proliferation rates, gene expression, dif-
ferentiation potential, accumulation of reactive oxygen spe-
cies, and changes in cell death pathways (Khan & La
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Thangue, 2012 ; Conte & Altucci, 2012 ; Dawson & Kou-
zarides, 2012). Attempts to apply HDACIs for the regenera-
tion of different tissues, such as cardiac, neural/nervous,
dental, liver, and cartilaginous tissues, have been made (Oh-
tani & Dimmeler, 2011 ; Hsieh, et al., 2004 ; Duncan, 2011,
2012 ; Kurinna, et al., 2011 ; Hong, et al., 2009). Among
them, the involvement of HDACIs in bone regeneration is
well documented (Boer, et al., 2006 ; Cho et al., 2005 ;
Huynh et al., 2016, 2017). The osteogenic differentiation of
different cell types is accelerated by several types of
HDACIs including sodium butyrate (NaB), valproic acid
(VPA), trichostatin A (TSA), suberoylanilide hydroxamic
acid (SAHA), and Benzamide (MS-275) (Fig. 1 ; Table 2).
NaB promoted osteoblast bone formation by enhancing the
activities of Runx2 and ALP in vitro (Iwami & Moriyama,
1993) ; the effects of NaB on the osteoblastic cell line and
periodontal ligament fibroblast were reported for the first
time in this study. Similarly, VPA and TSA enhanced osteo-

genic differentiation with the upregulation of several os-
teoblast marker genes (Lee, et al., 2006, 2009 ; Cho, et al.,
2005 ; Xu, et al., 2009, 2013 ; Jeon, et al., 2006). SAHA,
another pan HDACI, promoted mineralization and migration
in primary osteoblasts by inducing the expression and activ-
ity of metalloproteinase (MMP)-13 (Duncan, et al., 2016).
In addition, MS—-275 has been found to stimulate bone for-
mation by inducing the transcription of tissue—-nonspecific
alkaline phosphatase (TNAP) (Kim, et al., 2011). Together,
these data indicate that the suppression of HDAC activity
with these HDACIs sufficiently promote the osteogenic dif-
ferentiation of several cells via the upregulation of various
transcription—related proteins, which may distinct roles dur-
ing this process.

MSCs BMSCs J'

SAHA  MS275
I} \ \

ADSCs PDLFs POs
D
- \ b
- =
[ &
j/
z T MMP-13 | 1 TNAP
Preosteoblasts
Osteoblasts
MSCs: Mesenchymal stem cells
BMSCs: Bone marrow stromal cells
NaB: Sodium b ADSCs: Adipose-derived stem cells
V; A.' Vol rum ut}gate PDLFs: Periodontal ligament fibroblasts
TS A: Ta. phr01c act A POs: Primary osteoblasts
’ ne ostatu'{ . - RUNX2: Runt-related transcription factor 2
SAHA: Suberoy!amhde hydroxamic acid B ik MMP-13: Matrix metallopeptidase-13
MS-275: Benzamide TNAP: Tissue-nonspecific alkaline phosphatase

Fig 1: Schematic representation showing role of HDACis on several cells for osteogenesis
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Table 2 : The role of HDAC inhibitors (HDACIs) on osteogenesis
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Inhibitor Targeted cell Mechanism of action Effect References
Clo_ned osteo_blastlc ce_II lines Increased ALP activity Enhancement of bone formation Iwami & Moriyama, 1993
Periodontal ligament fibroblasts
Primary bone marrow cells -

NaB Rat osteosarcoma cells Increased the expression of Runx2, OC Osteogenesis Lee, et al, 2006, 2009
N and ALP
Calvaria cells
Adipose—derived stromal cells Decreased oxygen tension Osteogenesis Xu, et al., 2009
Adipose cells Increased the expression of Runx2, Osteoaenic differentiation Cho, et al., 2005
Bone marrow stromal cells 0OSX, OPN, BMP2 and ALP 9 Jeon, et al., 2006
VPA Adipose—derived stromal cells Decreased oxygen tension Osteogenesis Xu, et al., 2009
Dental pulp stem cells Increase OC, BSP, OPN Osteogenesis Shen, et al., 2002
Primary bone marrow cells -
Rat osteosarcoma cells Increased the expression of Runx2, OC Osteogenesis Lee, et al, 2006, 2009
. and ALP
Calvaria cells
TSA Bone marrow stromal cells Increased the expisLsFl‘on of Runx2 and Osteogenic differentiation Cho, et al., 2005
Human periodontal ligament cells Increased the expression of Runx2 Osteogenesis (;’a:deSietri]gsnced mineral Huynh, et al., 2016
SAHA Primary osteoblasts Increased MMP-13 Osteogenesis Duncan, et al., 2016
MS-275 | Primary osteoblast precursors Increased TNAP Osteoblast bone formation Kim, et al., 2011

NaB : sodium butyrate ; VPA : valproic acid ; TSA : Trichostatin A ; SAHA : suberoylanilide hydroxamic acid ; MS-275 : benzamide ; ALP : alkaline phosphatase ;
Runx2 : runt-related transcription factor 2 ; OC : osteocalcin ; OSX : osterix ; OPN : osteopontin ; BMP2 : bone morphogenetic protein 2 ; BSP : bone sialoprotein ;
MMP-13 : matrix metallopeptidase ; TNAP : tissue—nonspecific alkaline phosphatase.

Possible clinical applications of histone deace-
tylase inhibitors (HDACis) for bone regenera-
tion

To date, four HDACis have been approved by the United
States Food and Drug Administration (US FDA) for the fol-
lowing anti—cancer drugs : Vorinostat, Romidepsin, Beli-
nostat, and Panobinostat. Vorinostat (SAHA ; trade name,
Zolinza™) is a linear hydroxamate compound that was ap-
proved for the treatment of cutaneous T-cell lymphoma
(CTCL) (Mann, et al., 2007). Romidepsin (FK228 or dep-
sipeptide ; trade name, Istodax®) is a cyclicpeptide HDACI
that was originally approved for the treatment of CTCL by
the US FDA ; subsequently, its use was extended for the
treatment of peripheral T-cell lymphoma (PTCL) (Whit-
taker, et al., 2010). A third FDA approval was given for the
HDACI Belinostat (PXD 101 ; trade name, Beleodaqf‘;’),
which is a hydroxamic acid compound licensed for the treat-
ment of relapsed or refractory PTCL. Like the other two
FDA-approved HDACIs, Belinostat is in the clinical trial
phase for solid tumors (Poole, 2014). Panobinostat (LBH-
589 ; trade name, Farydak®) is the most recently approved
HDACI (OKki, et al., 2013) and was licensed for the treat-
ment of multiple myeloma. Additionally, more than five
HDACIs are in phase Il clinical trials, including reposition-
ing of already approved HDACIs (Jeon, et al., 2006). In ad-
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dition to cancer treatment, the use of HDACIis has been
evaluated in various non—cancer diseases including neurode-
generative disease, inflammatory disease, osteoporosis, car-
diovascular disease, HIV, and neurological diseases (Choi &
Mostoslavsky, 2014 ; Dinarello, et al., 2011 ; Falkenberg &
Johnstone, 2014 ; Lakshmaiah, et al., 2014). Some HDACIs
have been used for the treatment of experimentally-induced
osteoporosis and fractures, and have successfully promoted
bone regeneration in animal models (Boer et al., 2006 ;
McGee—-Lawrence & Westendorf, 2011). Thus, they may be
applied for bone regeneration as a clinically secure drug.

Conclusion

Recently, it has been demonstrated that HDACis can im-
prove tissue engineering strategies. Bone tissue engineering
has found early success in studies combining mesenchymal
stem cells (MSCs) with HDAC:Is ; therefore, there is a poten-
tial to translate this research into the clinical settings. Pres-
ently, researchers aim to combine scaffolds with growth fac-
tors, suitable cells, and environmental stimuli to generate
functional tissue, such as bone and dentin in hard tissue re-
generation region. This review shows that HDACis could be
utilized as chemical cues to improve the efficacy of current
tissue engineering techniques.
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OB TDH LML, T F Rz Bk oo 5 Rzl
Ji & AR F R O B UM I BERI A SR S D, R
M LRI = X OVIERIlgNE L LT, T ARY =
Y, TAUTFTAF UV EVS T FANEY VNI E Ry
WA, —J, BRI ST S <t i e 7 &
WZHMEL T, RS ERwMiR 2R TS k%
Mt Tt B —M3EM AR EETH Y, a7k
BERTRZFOZRANEOMEEHICHES T 5. I
i, MRRERTFO1ODTHL_a—aba7 4 -4
(NT-4) & ZDZHAKD 1 OTH 5 MHRAR R T
SRR (Trk) 25, WO EBWTEEREH BT
ZEDbhoTER. ELIINT-4%2fio T AN
L ietkiEiie (miPSC) % = A VIR L S € 5
ZENTELZENWLNII R ST,

Nakamura 5 (X I I T8 9 5 2 7 4~ THER Y
THH7URY K (Gbd) D OFAEBRRCHERIC
B HENE FEMBICERBT 2 LRSI
(Nakamura et al., 2016). Za R FEIF AT 4 » TH
REO—HT, 274 VIREO—-HTHELTIF
12, figHE LT 2oLl Lodssihe LotE xR obs
Wehsb FoMRBEERICRELT, F 77 v,
WENTZHE, F IR EEOMERIIC L
- C, Mg, MiES), Mlasbz & oagIcES:
TLHPHONTWS., ZodhTHehald, kM Lk
FRBICHR BT 5 2 LD s ST & 72 (Kamasaki
et al., 2012). < A %Ml o 72 0 M KRAL 2 1 IEAT T
i, %120 3HHOWERA% 3 HHOHKO TS
A VIERINE R G N TGb 4 DIEHLATERD H 7z,
F729 v FHROWEN L Mg (HAT-7/2) %
Gb4 fFAE F T2l R T AL, = F ANFEHMLO
= H—BIETTHALTATFXF=y, TF XY v HED
IFANEY YR AOBETHRIPKRELL EAT LI L
HRENTZ. ESIZZDITF A NVFMILOFEICBNT
NT-4DZHKEKD 1 DOTH LTkBORHAFHFELI N,
ERK1/2%°p38D ) ¥ B LA Z % 2 & %, ERK[EH
(PD98059) %°p38 MAP F — ¥ [l4EH#] (SB203580) @
TER A5, NT-4DTrkx flEd 5 2 212 & - THMAL T
LHMAPFF—ERZ N L CHORABBOBIIIES
5T F ANVFEMBOGILICEG- 5 2 AR S,

(41)

S BT, miPSCH B I S H 7RI EZNT-4T
MM 5L, ABRO LEBOBRICE/LERT L
R, FREFERN~— 7 —#ET (CK14) R F A U3HF
i~ —F —#fEF (DMP-1RAMG) DISHLASTEZ 12
BN$ 52 ERHLNI R o7z, ZOALFEEEH M
WA TICBOWTIRICEHETH D, NT— 4 HILTH
JEPE E R R e = A OV IERIIE A~ D L FEE M X
HZEERLTWVA. miPSCH ST F X VML D FE
WS L7z ZOMEIC L 5T, TF A VMBS
WO DAL 5T, TF A NVEBBEAE DB,
B O FAEFA A~ OIS H O FEEA M S5 (Abdullah
et al., 2019).

7 v MR R MR (SF2AIIR) ERT = ) X L3
WRakEE LT DFEE A B = XA DOHRICH W ST W
%, ZOSF2HIEIEmMIPSC%E T F A VM~ L i
T5Z LR, mimMEERTE Ty o BEH
MR~ GALFES 5 2 2 SN Twb  (Arakaki et
al., 2012). IS DO LFEEIZB VT HENT-47% DA
BRBHRFDVPEG LTV AWREEAEZ L 5N 5.

2% K
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SIS AR O 720 OWETATE AT R, ALS () 2544
PEMZRAEALE) DHEFT 7% & TR &2 229 MIAERM 1 5 AR
FwiltuwbhTnd, FHELH Z i, HRW, F
BEHEIKEL, QOLIETORE ZEK L% 5. Lz
Do THEZENVRET Z EIZBBEREHREL TV 2
TLHEETHD.

HITE, WREERAHAT R ISR & LT, i,
BRI, v MEFEO3IO2OHEND D (fH
B, 2017). EEREHEEIIEAEABENICERL, Z0
2o W S CEE LI A IREY S A 17 ) T, BiE
THETICEEI A~ 2 EREOMENLETHL. &
SMETE T IRED 9 % BRI 2 B4 T, BRI & B2 bR T
HERBTHETH LS EOMGURZ L. Y x U b
AL, REELAEETHMCTCOLE, Mirdbokz i
WICHEA S EERIE 2 IRE) 9 % )7 C, Mo HEs
IR T, AREOMFHIE I —FLWHETH L. L
LMD el &, MEEERiEOY X7 2085 D
WiDd b, WINOEFELED BEFDHIAE L TwiH
FOBHBEIZWRT, FALSO L) LR EA T
WSS 5 EDWEETH 5.

—7, RAGEDANOII 22— g v e L
T, HE2HBNICAERT 55 A GREAT 260 ST
Wb, FEAKY 7 MIEENL L, 7=V T FTA
FIH2EHWEETHL. L2 LEAS, 50508 T%
PERL, 0508 % 1 LTTo0%EEabeTCaNE%E
DL BLHETIE, BN REE 2o TL TV, ERE
GBLABENTEDLLIEZSVEHW., KA 25— (b 2—
RUTI VAT L) FFEE RS EICHHERAND E
BEL, T NRN=2THIEIICEY THFOFE]
HEVWETOERFZRETAVATATH .

T3, AHBEOAFEHPHLEONE L EEM &Y
L, £EYVI)HNBEOEEXEFTIHRIVL VRN
. ZOLT, BSOS R S iR L &2
RALXEEZWFELTES TS, 20k, BohzEn
T 7 ANVEFCERD Y ) v FI5ET 5. RICFER
DFFRT—=ZIIR LT, FORERGRERR W, AT b
VOMESERICEDONT, FEHBEICAIL2HE T v
5 L £ EHZ MO ELIFET LI v 7L
NaE¥ELITH (K1) UBRS, 2001). £LC, 20
FGRY) YT LT — 7 2bEIlF— I R— AL T
BEEAET A INTRAVIYOF—K—FIILEE
ADTHEHBICGHET LD TE 5.

HE, FMBEROREE 2 SET L5720, Av—F7 %
VIOV AT ADBEEINOOH Y, ENLIELN
% (X2).

Sk
TEEESr. MBS oAU, B AR
5 2) :533-538, 2017.

75 (34T

WS —, sk, =B W, kSR CFEEIEE
TN YT Y RAT HDRSE
43-51, 2001.

Ricoh Technical Report 27 :

—ulll !

B HHET—IN— AL WET LR TN EET HEHRE TN
YT THE. FEHNFIELI2ERT NV ONG L Z OB R E 2 g
¥ 5.

K2 7Ly MaRTOUMHIITHE A= b7 3 Y TOYRT A
AEERECTH . FHLICEI WV IETOE®EDL LY AL -T2 5B
EHIfFEI TG,
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[EDL HwofifaNCa #E ([Ca™']) THER /AT
HZLEDON?

CHIFMER IR Z 2T 2D DIk o TRELEMTH
5.

W3 Bt A S DR E, TSRS AR R & 0 o
ENz7EFray v (ACh) BHREMBO LA A ¥
TR T A LIC L o TR 5. ZAREHAL
i [Ca'] RAEE, ZOBALHBRPEM R EE M o 4
T F Y AVOROAE) 4 + VBB &ERZT. &
OB L VAL DREBEAEDKRTWOIREIITH 5 &
ZZONTWS., THHEOHRIL, Z0D% < H3HEMER
BRI 2 T 72 BRI 2 5F L Ch D, RS A R §

[Ca' ] #FRDITIIMER IR D [Ca* ] 24L& W 53
# /B & 2B CREFICIE ST B BN H - 72,

AT EEECa N 2 ¥ — (YC-Nano50 ; Ca**
W9 AN 50 nM) DEAICE Y, EELS Y b
OMERIRBR BRI B 5 [Ca¥ ], DERALIT BEZRin-
travital Ca*"imagingiZ: & fiar L7z, 72, MUNETI £ ¥
H— % O U 7 ME i 3 (&R 50 nl/sec) DV T
WA LWEY AT L %REFEL 72 (Nezu et al ., 2015).
INSEBENEY AT L E2HTAZ LT, BB
M & [Ca' )i ZALD RN ED L o7z, 2
DY AT A& FICAChO EFIR N R 512 & % W 55
Loca i bR ME L2 2 A, IREEACKhHE (30
—90 nmol/min) 12X - T, MER W& [Ca ] Z1ki

20— 100 E DI 2 g s, [Ca' ] B—Efi%
B2 DHEMEGWPERINDL ZEDRHLNE R o7
(K1), ok apstko [ca') zE8ELThE, 45
—-57nM (Zfb&E : 10—20 nM, Nezu et al ., 2019) & 7%
D, o [Ca ], ¥ahvt o ifilig CuEiE s %k
ZLl7z [Ca')i & L —H L7 (Nezuetal. 2015). &
O [Ca' ] IO TH S LEZ N, MERS
WERRZ IS [Ca' ] BT THTHIL I LD
SN o7,

Intravital Ca*" imagingit DML, ML X h 54k
B OMBL NV ToOBEERRE L, Uk
D, TNETHEENLBH CTEZLaholz [EDLHVD

[Ca ], THEETMMIIR I DA ? | IOV T D ERHE
MAEB L7, RN CTOMER WM, R
O [Ca ] ZAL72 T TiE A <, BRIyt AR D 7
4= NNy 7 I XM EWESORELEZON
. MBLAXIVOMRETIE#S®S 2 EoMRa o728 L
WIS SIS L S N TTREEA A Y, BIED L
A D BIFIEE fEl T TV 5.

R

1) Nezu A, Morita T, Tojyo Y, Nagai T, Tanimura A. Exp
Physiol. 100(6) : 640-651, 2015.
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Physiochemical and biological properties of TMR-MTA cement
mixed with strontium nitrate solution

OUrangoo Sugarbaatar!, Takashi Kado!, Yasushi Furuichi!, Kazuhiko Endo?
Division of Endodontology and Periodontology,

Division of Biomaterials and Bioengineering,

Department of Oral Rehabilitation, Health Sciences University of Hokkaido

[Purpose] Mineral Trioxide Aggregate (MTA) was introduced in 1990s to seal communication between the periodontium and
the root canal. Nowadays, due to the good sealing ability and biocompatibility, MTA is widely used for retrograde fillings and treat-
ment of root perforations. MTA and Portland based cements possess poor handling properties, especially when used as a retrograde
filling because of prolonged setting time. A retrograde filling material should be set as soon as it is placed in contact with oral hard
tissues to allow dimensional stability of the restoration and to confer adequate strength to avoid displacement during restorative pro-
cedures. The study aimed to improve physiochemical and biological properties of Mineral Trioxide Aggregate (MTA) cement using
strontium nitrate.

[Method] Commercial White TMR-MTA (Yamakin Ltd.) cement powder and distilled deionized water (DDW) were mixed at
3:1 as a control group, and as experimental groups, powder mixed with 1%, 5%, 10% and 30% Sr nitrate solution. Mixtures were
casted in the ring moulds, and incubated with 95-100% humidity at 37°C for 24h. Setting time was determined with a Vicat needle
apparatus (flat end with @ 1 mm) weighing at 400+2 gr. Compressive strength was measured using Autograph (AG-IS, SHIMADZU
Corporation, Japan) in 1 day and 1 week of DDW immersion with a crosshead speed of 0.75+0.3 mm/min. lons concentrations and
pH value (ICP-OES and Horiba pH/ion/cond meter F-55) were measured after soaking in 5 ml of DDW in a sealed bottle at 37 °C
for 1 day, 3 days and 1 week respectively. Mineralization tests were done after 21 days of MC3T3-E1 cells culture with TMR-MTA
cement extract and various concentrations of Sr. The statistical analysis was carried out with Tukey tests at a significance level of
0.05.

[Results and Discussions] Final setting time of the cements with all concentrations of Sr-MTA were significantly shorter
than that of the TMR-MTA. Among all, 30% Sr-MTA sat in the shortest time. These results suggested that the Sr ions accelerated
setting reactions of MTA. 1% and 5% Sr-MTA significantly impaired (p<0.05) the compressive strength of TMR-MTA after 1 day
immersion in DDW, while 10% didn’t. The compressive strength of 30% Sr-MTA was significantly higher than that of 1% and 5%
Sr-MTA, however there were no such differences among the 30% Sr-MTA, 10% Sr-MTA and TMR-MTA after 1 day of DDW im-
mersion. Nonetheless, after 7 days of DDW immersion, the compressive strength of all concentrations of St-MTA and TMR-MTA
did not differ. A pH of the test solution prepared from the 1%, 5%, 10% and 30% Sr-MTA specimens after 1, 3 and 7 days, were all
same around 11 at the room temperature. Which was also similar to the pH of the solution prepared from TMR-MTA. The amount
of Sr ions released from Sr-MTA immersed in DDW for 1 day was significantly higher than that immersed for 3 days and 1 week.
The amount of released Ca ions for both TMR-MTA and Sr-MTA immersed in DDW for 1 day was also significantly higher than
that immersed for 3 days and 1 week. Mineralized nodule formation in the highest concentration of Sr was relatively larger with the
alizarin red S staining images.

[COHClUSiOﬂ] According to all results, Sr ions successfully reduced setting times without decreasing the compressive strength of

MTA. Moreover, the highest concentration of Sr-MTA probably enhance mineralization of MC3T3-E1 cell.
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Evaluation of the corrosion resistance of materials for dental implant abutment
and superstructure in acidic fluoride solution

(OGazi Mehedi, Futami Nagano-Takebe, Takashi Nezu, Kazuhiko Endo

Department of Biomaterials and Bioengineering, Health Sciences University of Hok-
kaido

[Introduction] In order to restore the missing tooth, dental implant has turned out to be a fre-
quent choice. For patients having dental implants, use of acidic gel and mouth-wash solution
containing fluoride is effective in the protection of the remaining teeth. According to many stud-
ies, it has been widely recognized that titanium (T1) and its alloys actively corrode in acidic flu-
oride solution (AFS), however, little is known on the corrosion behavior of other materials
which are also used as dental implant abutment and superstructure such as zirconium (Zr) and
yttria-stabilized zirconia (YSZ).
Hence, the objective of this study was to investigate the corrosion behavior of Zr and YSZ
and compare their corrosion resistance in an acidic fluoride solution with that of Ti.
[Materials & Method] Commercially pure titanium disk (Ti, JIS grade 2, Morita Co., Kyoto,
Japan), pure zirconium disk (Zr, Nilaco Co., Japan) and yttria-stabilized zirconia disk, (YSZ,
TZ-3Y-E, Tosoh Co., Tokyo, Japan) were used. All specimens were mechanically polished
(ECOMET 3, Buehler, USA) to a mirror surface. After polishing, they were cleaned ultrasoni-
cally in acetone and distilled water for 10 min each and then dried with flowing air. Each speci-
men was immersed in 10 ml of the test solution containing 0.1% NaF and 0.9% NaCl with pH
4.0. After removing from solution, the specimens were prepared for observation.
[Results] The surface roughness (Ra) of Ti and Zr increased significantly after 24 hours immer-
sion, while that for YSZ showed no significant difference. The amount of released Ti or Zr ions
was significantly higher for Ti and Zr than that of YSZ at 24h. From SPM images after corro-
sion test, it was found that Ti showed uniform corrosion while Zr showed pitting corrosion in
the acidic fluoride solution (AFS) containing Cl-.
[Discussion] YSZ sintered compact with high crystallinity was chemically stable and did not
dissolve into AFS. Ti and Zr with amorphous oxide film dissolved quickly in AFS.
The amorphous oxide films on Ti and Zr dissolved quickly, as following reactions:

TiO2 + 6HF [TiF6]2 - + 2H+ + 2H20

7ZrO2 + 6HF [ZrF6]2 - + 2H+ + 2H20
Ti corroded uniformly while Zr further showed pitting corrosion in acidic fluoride solution con-
taining CI —.
[Conclusions] Ti and Zr with amorphous oxide film corroded in AFS. Zr was susceptible to pit-
ting corrosion in the presence of Cl-. YSZ with high crystalline structure did not corrode in
AFS. These results suggested that corrosion resistance of YSZ with high crystallinity is much
higher than passive metal like Ti and Zr with amorphous oxide film in AFS.
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Freeze-dried Concentrated Growth Factors (CGF) with BMP-2 induced bone
in back subcutaneous tissues of nude mice

OBowen Zhu, Kenji Yokozeki, Masaru Murata

Division of Oral Regenerative Medicine, Health Sciences University of Hokkaido

[Introduction] CGF glue consists of fibrin, platelets, and growth factors. The glue is ob-
tained easily by centrifuge of human blood without any addition.

The aim of this study was to estimate a freeze-dried, human concentrated growth factor

(CGF) membrane as a delivery material of recombinant human BMP-2 in ectopic sites,

histologically.

[Materials and Methods] CGF membrane: Human venous blood in glass tube was
centrifuged at 2400-2700 rpm for 13 min (Medifuge®, Italy). The middle layer was
taken as CGF layer, and was compressed into a fresh membrane. The fresh CGF mem-
brane was transformed to the freeze-dried membrane by Freeze dryer machine (EYELA
FDL-035) for 6 hours.

[Composition] Forty microliter of BMP-2 solution (0.025g/L) was added into the
freeze-dried membrane (5x5x2mm3) before graft.

Bioassay and tissue preparation: Feeze-dried CGF membrane with BMP-2 (1.0pg) were
grafted into subcutaneous tissues of back skin in nude mice (5-week-old, male). The
graft materials were explanted at 7, 10, and 14 days. The tissues were fixed, demineral-
ized, embedded in paraffin, cut and stained with HE.

Results: Freeze-dried CGF membrane with BMP-2 induced bone and cartilage at 10
days, and bone marrow at 14 days. The membrane alone was almost absorbed at 14
days in the subcutaneous tissues.

[Discussion] Fibrin and platelets are main components of blood clot, and digested by
plasmin. Since the freeze-dried membrane may have a good porous structure, compared
to the fresh gel, it can offer more spaces of cell proliferation and differentiation into os-
teoblasts or chondrocytes.

[Conclusion] Freeze-dried CGF membrane might be a newly short-term biological
scaffold for BMP-2 molecule in bone regeneration.
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DNA hypermethylation of sirtuin 1 (SIRT1) caused by betel quid chewing—a
possible predictive biomarker for malignant transformation

OShajedul Islam!, Osamu Uehara!-?, Hirofumi Matsuoka', Yasuhiro Kuramitsu?, Daichi
Hiraki®, Seiko Toraya', Tetsuro Morikawa®, Hiroki Nagayasu®, Yoshihiro Abiko?, and
Itsuo Chiba!

'Division of Disease Control and Molecular Epidemiology, School of Dentistry,
ZResearch Institute of Cancer Prevention,

3Division of Oral Medicine and Pathology, School of Dentistry,

“Division of Oral and Maxillofacial Surgery, School of Dentistry, Health Sciences Uni-
versity of Hokkaido

[Background] Arecoline, the major alkaloid of areca nut, is known to induce oral carcinogene-
sis, however, its mechanism is still needed to elucidate. SIRT1 has been identified as playing a
role in the maintenance of epithelial integrity, and its alteration is often related to carcinogene-
sis.

[Objectives] In the present study, in order to characterize the association between chronic
arecoline stimulation and carcinogenesis mRNA expression, DNA methylation, and protein lev-
els of SIRT1 in human gingival epithelial progenitor cells (HGEPs), stimulated with arecoline
was assessed. In addition, DNA methylation levels of SIRT1 were analyzed in the samples ob-
tained from the BQ chewers. Furthermore, DNA methylation levels of SIRT1 were assessed in
oral cancer patients with BQ chewing and non-chewing origin.

[Methods] HGEPs cells were treated with arecoline at a concentration of 50 pg/mL, alternating
with and without arecoline for 30 days. DNA methylation, mRNA expression, and protein ex-
pression levels of SIRT1 in HGEPs cells were analyzed by ¢qMSP, qRT-PCR, and western blot-
ting, respectively. DNA methylation levels of SIRT1 were assessed by using qMSP in the smear
samples. DNA methylation status of SIRT1 was assessed in paraffin-embedded tissue samples
of oral squamous cell carcinoma (OSCC) obtained from BQ chewing and non-chewing patients
and in tissue samples from healthy control subjects.

[Results] DNA hypermethylation of SIRT1 was correlated positively with reduced transcription
in arecoline stimulated cells. The methylation level of SIRT1 in healthy oral epithelium of BQ
chewing subjects is higher than that of non-chewing subjects. DNA methylation of SIRT1 was
significantly higher in the tissue samples from BQ chewing patients with oral cancer than in
samples from non-chewing oral cancer patients or controls.

[Conclusions] DNA hypermethylation of SIRT1 is involved in the occurrence of oral cancer in
BQ chewing patients and that hypermethylation in the oral mucosa of BQ chewers could be a
predictive marker for the occurrence of malignant transformation. Our study shows evidence
that DNA hypermethylation may be an early event of oral carcinogenesis prior to observable

clinical changes.
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Effects of Epithelial cell rest’s of Malassez derived supernatants on tooth germ
ODembereldorj Bolortsetseg, Syed Taufiqul Islam, Minowa Erika, Yunosuke Okada
Yoshihito Kurashige, Masato Saitoh

Department of Paediatric Dentistry, Health Sciences University of Hokkaido

[Objects] Enamel is formed by differentiated dental epithelial cells known as amelo-
blasts. The proliferating dental epithelial cells first differentiate into inner enamel epi-
thelium, and subsequently differentiate into pre-ameloblasts, presecretory ameloblasts
then secretory ameloblasts that synthesize and secrete enamel matrix proteins. The
enamel matrix proteins self-assemble to form a matrix, which mineralizes as the amelo-
blasts continues to differentiate. Ameloblast expresses Amelogenin, a major structural
protein of the enamel organic matrix, constitutes more than 90% of the enamel’s protein
content.

Epithelial cell rests of Malassez (ERM) are located in the periodontal ligament tissue
near the middle 2/3rd of a tooth root and are derived from the Hertwig’s epithelial root
sheath fragments during advancing root development. ERM cells could play a pivotal
role in the development, maintenance and regeneration of periodontal ligament tissues.
In the previous study, we isolated the cloned ERM cells and detected ERM has some
variations on Amelogenin expression depending on its type.

The purpose of this study was to clear the role of amelogenin on enamel mineralization
is correlated with its expression level.

[Method] Cloning: ERM cells were isolated from porcine periodontal ligament by out-
growth method, from which a group of cloned ERM cells were obtained through the
single cell limiting dilution method.

Organ culture: Mandibular molar tooth germs were dissected from postnatal day (PN) 3
C57BL/J6 mice, and was grown for 1, 2, 3 and 7 days at 37°C in a modified Trowell
system containing with 3 types of ERM cell cultured supernatants.

SEM and H.E staining: Cultured tooth germ were analyzed for enamel surface layer and
thickness by Scanning electron microscopy (SEM) and stained by Hematoxylin-Eosin
staining.

[Results and Discussion] SEM: PN3 mice tooth germ was at the bell stage. Tooth
germ cultured on high amelogenin supernatants showed less mineralization compared to
low amelogenin supernatants.

H.E staining: No obvious morphological changes was found in ameloblast between the
samples. Most ameloblasts observed in neatly-arranged short columnar or columnar
cells, with the nuclei at the opposite end of the cell to the basement membrane.
[Conclusion] These results revealed that the high-concentration of Amelogenin inhibits
mineralization on tooth germ.
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Osteoma of the maxillary sinus: A case report

O Ariuntsetseg Khurelchuluun', Durga Paudel', Koki Yoshida', Tetsuro Morikawa',
Fumiya Harada?, Jun Sato!, Tomoaki Sano’, Eiji Nakayama?®, Tsuyoshi Shimo*, Hiroki
Nagayasu?, Yoshihiro Abiko'

Division of Oral Medicine and Pathology, Department of Human Biology and Patho-
physiology, School of Dentistry, Health Sciences of University of Hokkaido

“Division of Oral and Maxillofacial Surgery, Department of Human Biology and Patho-
physiology, School of Dentistry, Health Sciences of University of Hokkaido

3Division of Oral and Maxillofacial Radiology, Department of Human Biology and
Pathophysiology, School of Dentistry, Health Sciences University of Hokkaido
“Division of Reconstructive Surgery for Oral and Maxillofacial Surgery, Department of
Human Biology and Pathophysiology, School of Dentistry, Health Sciences of Univer-
sity of Hokkaido

[Introduction] Osteomas are benign osteogenic lesions originating from compact or
cancellous bone cells and are rarely found in maxillary sinus. Most of these cases are
asymptomatic and found incidentally during other dental treatment procedure. Herein,
we present a case of an osteoma that was found in the left maxillary sinus, and discuss
its clinical and histopathological features along with the treatment strategies.

[Case presentation] A 44-year-old Japanese woman reported to Health Sciences Uni-
versity of Hokkaido Hospital with a chief complaint of pain and a feeling of pressure in
the lower-left posterior region in the jaw. The patient also complained of a clicking
sound and locking during the movement of lower jaw. Radiographic examinations
showed periapical radiolucency around the root of right mandibular first molar and left
mandibular second molar. Computed tomography images showed temporomandibular
joint (TMJ) deformities on both sides. Also, a ridge-like high density mass, similar in
density to normal cortical bone, was seen in the lateral wall of the left maxillary sinus. A
clinical diagnosis of periapical abscess, osteoarthrosis of TMJ and maxillary sinus oste-
oma was made. The lesion in maxillary sinus was removed by Caldwell-Luc procedure
during Le Fort I surgery which was performed for correction of osteoarthrosis of TMJ.
On histopathological examination, most of the tissue was composed of dense lamellar
cortical bone and other medullary components with intervening fibrofatty and hemato-
poietic marrow elements. The case was diagnosed as an osteoma of the maxillary sinus.
[Conclusion] Herein, we have reported a rare case of an osteoma in the maxillary sinus
and discussed its clinical and histopathological features. Removal of lesion with mini-
mum intervention might be the definitive treatment.
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Tooth extraction in a patient with juvenile osteoporosis and cardiovascular dis-
ease

OKarnoon Shamsoon'* Tsuyoshi Shimo!, Fumiya Harada?, Kazuhiro Miyamoto?,
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3Division of General Dental Sciences 1, Department of Oral Rehabilitation, School of Dentistry, Health Sciences Uni-
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“Division of Clinical Cariology and Endodontology, Department of Oral Rehabilitation, School of Dentistry, Health
Sciences University of Hokkaido

SDivision of Oral Medicine and Pathology, Department of Human Biology and Pathophysiology

School of Dentistry, Health Sciences University of Hokkaido

Division of Oral and Maxillofacial Radiology, Department of Human Biology and Pathophysiology, School of Den-

tistry, Health Sciences University of Hokkaido

[Introduction] Osteoporosis is a systemic skeletal disease characterized by low bone mass and microarchitectural
deterioration of bone tissue. Despite the benefits of a wide range of antiresorptive agents, osteonecrosis of the jaws
(ONJ) potentially related to the usage of bisphosphonates were reported. In this study, we report a case of extraction
of a patient with juvenile osteoporosis and cardiovascular disease who had been taking bisphosphonate for a long
time.

[Presentation of case] A 45-year-old Japanese man was referred to our hospital for the screening of an intraoral
infection before surgery for mitral regurgitation. Cardiac hypertrophy was recognized due to insufficient mitral regur-
gitation. He had been diagnosed with juvenile osteoporosis and had taken the bisphosphonate alendronate sodium
hydrate for >9 years. After a consultation with the patient's primary care physician, we decided to withdraw the alen-
dronate sodium hydrate for 2 months and restart it 1 month before and after the necessary tooth extraction. In April
2018, 2 g of amoxicillin was intravenously administered before the tooth extraction for the prevention of infective
endocarditis against mitral regurgitation. We performed extraction of the left-side upper and lower molars under local
and general anesthesia. At 12 months' post-extraction, there was no onset of anti-resorptive agent-related osteonecro-
sis of the jaw (ARONJ), and the patient's course continued to be good. However, at 6 months after the resumption of
alendronate sodium hydrate, the hip fracture was caused by falling.

[Discussion] In juvenile osteoporosis patients with a mental development delay who are at risk of falling, tooth ex-
traction under continued bisphosphonate treatment is necessary.

[Conclusion] The juvenile osteoporosis is reported to be an autosomal dominant inheritance of cardiovascular dis-
case from an early stage. We present a case of tooth extraction of a patient with juvenile osteoporosis and cardiovas-

cular disease who was withdrawn the alendronate sodium hydrate before and after the tooth extraction for 3 months.
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Differential expressions of Junctional molecules and functions of young and old
gingival epithelial cells in response to Porphyromonas gingivalis Lipopolysac-
charides (Pg LPS) exposure.

OSarita Giri', Ayuko Takada?, Yasushi Furuichi'

Division of Periodontology and Endodontology, Department of Oral Rehabilitation,
School of Dentistry, Health Sciences University of Hokkaido, Hokkaido, Japan
“Division of Biochemistry, Department of Oral Biology, School of Dentistry, Health
Sciences University of Hokkaido, Hokkaido, Japan

[Purpose] Progressive deterioration of physiologic functions over time may modify the
susceptibility of host against periodontal pathogens in initiating periodontal tissue de-
struction with specific virulence factors, including lipopolysaccharides (LPS). The ob-
jective of our experiment was to compare the influence of LPS on the expression of
junctional molecules in young and senescence induced cells.

[Materials and methods] Human gingival epithelial cell (HGEPp) was treated with
hydrogen peroxide (H202) to induce senescence. 400uM of H202 was considered as
optimal concentration to induce senescence, which was confirmed from the mRNA ex-
pression of senescence markers, p16, p21 and p53 and senescence associated 3-galacto-
sidase staining. Both young and senescence induced cells were treated with Porphy-
romonas gingivalis lipopolysachharide (PgLPS) (1pgmL -1), while untreated cells were
used as control. The mRNA and protein expression of junctional proteins such as clau-
din-1, -2, occludin and E-cadherin in HGEPp cells were compared using quantitative
real time polymerase chain reaction. Mann-Whitney U test was used to test the signifi-
cance.

[Results] The expression of claudin-1, 2, occludin was significantly upregulated in the
senescence induced HGEPp cells as compared to the young cells. On the contrary, E-
cadherin expression was significantly downregulated in the senescence induced cells as
well as the Pg LPS treated young cells. However, E-cadherin upregulation was seen on
the Pg LPS exposed senescence cells. The ratio of upregulation of all the molecules
were much higher in the cells exposed to Pg LPS.

[Conclusion] The intensity of LPS seems to be higher in the senescence induced cells
as compared to the young cells resulting in significant upregulation of junctional mole-
cules. Further studies are focused to compare the effect of LPS on epithelial junctional
molecules of aging subject with or w/o diseases.

[Keywords] junctional proteins, senescence, LPS, claudin, occludin, E-cadherin, Fil-
aggrin.
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Comparison of acetylcholine-induced salivary secretion in rat strains with differ-
ent AQP5 expression

(OTahmina Akter, Akihiro Nezu, Akihiko Tanimura

Division of Pharmacology, Department of Oral biology, School of Dentistry, Health Sci-
ences University of Hokkaido

[Introduction] The membrane-bound water channels, aquaporin 5 (AQP5) is considered to be
important for the transcellular fluid secretion in salivary gland cells. The low AQP5- expres-
sion rat (AQP5/low), established from Sprague-Dawley (SD) strain (Murdiastuti et al. 2002),
has been used to examine the mechanisms of the salivary secretions. In the present study, we ex-
amined the roles of AQPS5 with comparing acetylcholine (ACh)-induced salivary secretion and
the expression of AQP5 in AQP5/low, SD, and Wistar/ST rats.

[Method] The expression of AQP5 in rat submandibular gland (SMG) was performed by West-
ern blot analysis using anti-AQPS5 antibody. Salivary secretions were examined by collecting
whole saliva for every 10 min by inserting pre-weighed cotton balls into the mouth with a con-
tinuous infusion of ACh into the femoral vein. ACh-induced change in intracellular Ca2+ con-
centration ([Ca2+]i) in dispersed SMG cells was measured by F-2500 fluorescence spectropho-
tometer using Ca2+ indicator, fura-2/AM.

[Results] The expression of AQPS5 in AQP5/low was much lower than that in SD. We also
found that Wistar/ST expressed same level of AQPS5 as AQP5/low.  Salivary secretions in
AQP5/low, SD and Wistar/ST were induced with the intravenous infusions of ACh (30-1440
nmol/min) in a dose-dependent manner. The maximum salivary secretions with high-dose of
ACh (720-1440 nmol/min) in AQP5/low and Wistar/ST (~2400 mg/30 min) were ~70% of that
in SD (~3400 mg/30min). In addition, the salivary secretions with low-dose of ACh (60-90
nmol/min) in AQP5/low was 50% of that in SD. Interestingly, the salivary secretion with the
low-dose of ACh in Wistar/ST, which express low level of AQPS5, was comparable to that in SD.
The ED50 values for ACh-induced salivary secretion in AQP5/low, SD and Wistar/ST were 250,
120 and 100 nmol/min, respectively. We observed a concentration-dependent increase in
[Ca2+]i in dispersed SMG cells from AQP5/low, SD, and Wistar/ST with ACh in a range from
30 nM to 300 uM, and the detail of these Ca2+ response are currently analyzed.

[Discussions] Our results indicate the correlation between the expression level of AQP5 and
the maximal secretions with high-dose of ACh, but not with the secretion with low-dose of
ACh. These findings suggest that AQPS is not the major determinant of the rate of the physio-
logical salivary secretions with weak stimulations. Further experiments are needed to clarify the
Ca2+ responses, activities of ion channels and cotransports in these strains of rats.
[Conclusions] AQPS5 determines the rate of salivary secretions with strong stimulations, while

the important roles of other factors are suggested for secretions with weak stimulations.
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7= [Ca2+]i EH-ME NG T Z 2 T Ca2+ 4+ L—3 a U NE R S 7z,
F 7= Caged ATP (50 uM) ~DIEIREHIZ LV FETAYIZ ATP 23 4AE S5 L, iR
FHERALIZ B & 2 ER 721 TlCa2+]i FRENBIE SN, ZOFEEND 06
JRl D ZEFEER I TAMARARIZ L~ ATP JE&Z MED W2 E S S0 o 72, Z D2
ERCORERAY 72 [Ca2+]1 ERORBAMM L LT, SEEIMIZKIT 5 P2Y &K H
HUNE IPS RO RJEDREMENE 2 B D . 4, FaFiElE CagedIP3 %
Nz TP3 DS M DFENTC, Yt K D2 BIKD RTEDENTIZ L -,
ZERCERIZ 1T B [Ca2+] i & DI ARNE DT 2 Mgt h T 5.

(#&5m

70 7R A3 D 06 AL, AR X 0 B ZEEERICIS VT ATP I
72DV L CEWREM 2R3 2 ENRH LN Tz,
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AL E PR R 2R DR RE SR - PRI E PR AR 20 B

(B8]

TIVETHE&IT, HEEIIIEER GLP-1 O MWEIEE L, (v AU v DFEA R
DI ETHREOREICEE L TWAZ LZALNE L., pwmESivi-A
VAU UNIEFITHEEET D T2 OIITHER & 7 DRI D A > A Y A VN B
Thbd. TTA4HRR7 T 0%, RIFMIRICEROICEBLL CTOsng & xR
JETHY, TOERDIETRA AU AREIME, 2 BRI ORIKIC 2 5 =
EMHBILTWD., RIFFETIE, A A Vg asm ESE2R - LTT
TARRIF s —ry Mo L, BEFEAEEREFREEICEIT 5 METRED
FEIZ DWW THOHT L7-.

[(AiE]

FEREIMITIE 4 8 WC5TBL/6] RMEME~ © A 30 Pz Wz, #&0 « B
HXEA (mva7 )Xy R, BRESHE) CRIE T 58 GEHEEE) &f%
M« B TR A & Rl —ORER 0 5 72 5 B R CRE T 58 (HE
M) ZERE L7z 12 BRfAER, BHICRO2 1 RRIRNCA Y 7 VT VT
T E Y MK ORI EZAT > 72, MFEEZRE L2, MiETo7T 7 1 R
F 2D T, Enzyme Immuno Kit(EIA) (Fygfisgeistt) 2 W T En-
zyme—-Linked Immuno Sorbent Assay (Z & Y #HIlE L7~.

W ALER X SPSS Z AV T Mann Whitney @ URREZITVY, A EAUE p < 0.05
& L7z, AREBRITIEEERER R FEHYERMEEZE S OKRER T 7.

(KFRE 5 19-050 5)

(#&R])

MBI, VEMEHEE T 131. 715. 6mg/d], FEPEMEHEE T 136.5+17. bmg/dl Th
DRI BERZTRO RN -T2, TT 4 RR 7 FUREIZBWT, HEHET
55.9+16.6 ng/ml, FEPHMEHRE 32.1£19. Ing/ml TH Y, HIBEECHEIZEVME
ZxL7=(p < 0.05).

(&%)

ARIFFEDOFERIN G, WENT T A RA 7 F o O EEEL, A4 AV K
ZHEOHERFCTFE L CWD ZENHLNE o=, TT 4 RR 7 F U IINESE
FEOZREIC L 0 MPEEMET L, mlLECHEIRIF & Vo 72 A TS B BRI IE D
VR % EREETWD. —J7, MHEEEELO RN NIRRT 0O ZFE <00 4 5K
TEREDZENEERBEICL > THLNITRSTWD, HIBICLAT T 4 RE
7 F O EFIINEIEOERBZ N LIRS THHAREENEZ 6D, Zh
HDAN=ZALIZDONT, SRS ORDHIMAEERAZIT> TV TETHD.
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VIRFEAL, MR etz Z ORISR, Ak 30 FE D ERIESLIEIC
PR, U7 YA NRBIZETATA RTA UPRES NN, OEA 7T R
FIE DR ERFLIIRD DR o7z, HRHT R DB ESIE O FEE0 iim ST
LT, BEFOKFERDRET DG OEHEEEER O FRIGHIT A& THhD. £
ZC, AW TIRERILETA BT A AHKftd 2 iR E R R o PR 1L 15 o BLRIT
BEOTD, st uUlix (8 1%) &L, Wb - bgE X coffis Ca)ll s, 2019)
CHERETTAZ E A A E L.

[(Ai£]

TUNHIX D (AR BAROREA V7T MEEAREA V7T 2 R E RS RHE
N = 7% A N BT [0S 7T FEME) FLREELZLTWDINERHAEL
7o, PAEHIEIZ 2019412 1 H225 2019412 A31 HETE Lz, A& —F v b
RBET VO CEHEBHEMOBRT 52U =7 A FERBERNRLE L.

[#58]

UMK T TOfes 7T v FEME] LKL L O HmBHEREBIL, HEKE
147 AN 77 N (52.4%) Tholz. Zo o LARZES BHZEE) 0oL 01X 70 A
(90.9%) & Z¥x b7, b - AbEEHX TORR RIS, 2019) 1% 137 A 94
N (68.6%) TH-o7-.
€t

AIRFEOFER, FEEonles 77 0 NEMENIRERL L TND Z E000o
2. FEOZIIFEETHY, TR TELED L. ABDZWES
TN M ENER Lo VWMHBENCH D 2 & b otz FEkmicales 77 v b
HHEDINERLENDROONLT-DOICH, BFEOKFRNRET M5 OEHEMELZHE
729 KO ERITEET HRETH Y, Fhx WFHERMDBF TR L CTRRD oW %
EMIZRETH2RETHD.
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DHDH. TROOLITHN LR, = L CKEAEMSICHIEFZR DD,
SOOI bEEER B IERFICRT A22BPHENIT 5 AT A>T
L. LILRD, KREBRERO X S RAEFETIT R, FRRICBT 25 55R
BRI DOWTIX, EHETEE D> & Hus D22, ) g BHE SR ~MEKHED B D 35508
FRETHDH. HEOLGAIL, +HHENTEHELTEY, AENTOT I RHE
RITE RS DMKHEZ 20T, @R OFENETRIZ X 2@ A GEBITEEIc# b - T
WAHDTEDONEZHE ST TIEL.

(E451]

PRk 2 99 B, AtiEiE -HEERHIRETE N O il TEE P OERIZ LY &tk
KFEARDFE L STz, Bl - BREORER, B & SFiomm TRENMIRSh
7203, FIUIZBET 2RO TN, [ HMEELE L0 @R RIZ X DA
MR M S Tz

(ERRUVEE]

BN/ NESWIEATIE, TEDKTe Z L1132, EEHCB T 25 o A&k
[ZOWTIE, EEEATEED O ALiEE TIIRET OEEHERMS b L < ITHik O #52
TTEBHESE MK T 256082\, BB RS0 R EHIE CRAE S 728Uk
R OEIE, ERFRHESS, BAEROERMEZ BT, SHBRERERE
DEY—BOEDM ENHENOEENTEY ER50HENRVETH S & Hid
ik U7c. FRICHER A2 BT 5 KO 2 B o AN O BARFERIZ IV T, FERARLERIT
Hisk 5 2RV FEHI O EMEICFEGR L TR 22RO CHEETH Y, EIKE S
BRI LTLESTH, EMA OEANITRDESCHICE > TS 25O TR
X o0, SEIREFZE T, %O TBEOPT R ES 25y, &0
—BINOHDOZ EERBEICEWTHEEICHZ 2T IR 6700 L Ed T <
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7) R EIZ XV RREZIRICEB W TEREN IR AT O NS TWD D, BE
PRICBOWTIARHRENZ N D, HEDRICBIT 5 B EEE OHE
R FEDFHEAA ST HZ A HBE L=,

[(AiX)]  RERERERD & STTERER T Bl S 7o fE R I KD X & Hh
FHEA ) ROB—LX—VIZHEH I N TV DIEENR S o7 —4% (FRk
304 10 H 1 HEB{EDOLRRAMTRIFRSR T A EIC B T 2 ENED 9
B, DR L QWA AFOREEH C/NESNEHEICBT S 1 HEHT-Y D
BRlloBt4) ZHWT, EHERFR S & OFESEA2RE LE Dl CEHED%
DIRE) &iT-o7=. £, AIEOE 2MTWME L H)BUICBEL W HEE
OFFEER (7 AW RFTIc ) & Ol 247 - 7=
(#R) “Fak 30410 A 1 HEEO/NESHEEE (1o X) O&FE Y
BHaix, 1,710 [ (n=12,550) T o7z, #ERERBICAHAD E, ELXLD 100
AE TR, AR 2, 118 , KU : 2,024 [, & FU . 1,885 1, BT
01,884 [, BEFSUR 1,876 [, RSN ¢ 1,874 [, EIFIR : 1,866 [, &
BPUR 0 1,849 [, HEWR - 1,844 [, SEUR : 1,813 [, THLEY 10 OHERENN
Wk, B - 1,215 [, [UFLE ¢ 1,350 [, ML 1,386 [, RIEE :
1,409 , K4yUL 1,424 4, @&ZnbL - 1,458 [, JbifgiE : 1,480 9, 24l
1,484 1, BRI - 1,491 1, yHFEE : 1,500 FHTH Y, HBIEF LA 7D HERR
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FW2MTHME L ) BICRAE L QW ABEFDORYEE (7 bW RisH)
WIZBITORERE LT Z AR O Z R L TEBY, EALEY 10 OEKT
W 78, TALE Y 10 OERF O 78 RIEE CHGE RS G T,
(BEELUHER]  (RERIMEFARE (RERE) (BT 9B L Tn
5 BFEORGEHIL, /NS EROFREMEICHTH=—ANEmEY 2>2OHDH T
CEBEZ TARINTZLOTHY, W5 INIRRI ORI A BRI
T5. AEEEORICDDDEROFREITT r— MNAERICEA LD TH-
720, RBFZRICEBWCERH L7 — 21X, EREENMTEBRER I HE L, 7o
NI RENTWEEETHY, T—2OEEMITE L, B0 EELZHEIC
KL TWDHDEEZD. 5%, 1INDOEREOBEM 2 G DBmE Lz,
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—YarEZI%, SH6BNS 9 HETO4 BB CTHIMERT CIEE A
fThivlz. FEENEIL, EARERE T ZONTEMY B T —2 3 UK
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(FEE]

ENRBER R T 2 0 TITBALE R 23 1 2 AFTE O ENE, BE LI W
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EEE BT AREREICEDLE I 22— g VIZOWVWTESZ EN
T&7-.
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il 12 F8 1) B ISR EIC KA RESIC W TR D TEZD I ENTET-.
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SRR 2017 TR LT DR LWEEBEEHOEZ X | TIET7 77«
T TEANERE X T REOUEECOWVWTEL LTS, ZiuUEEI
INPEZERIZL TN, xR RETHET 774 77 —= 8B AN -
OITWD. FIRENKIT 2021 FEANFOFENGH ) ¥ 2T L% Fhid
HT LR, TIT 47 T7—= 7 2 KIBIZEATHRHEE /> TWND. &
7ERHHEIEBE D & O THUR AR E D3 32 NN E OFFE L BRI DN TE L
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[(Ai%)

HREBHRKCTHEHIN TWAI I X2 T AW T I/ T 4T T—=0 0
Z% CBT, EFHBNIEZ TCWDLWFEHHAEF L 9 E vy F U ITHELNE D
MEVIIREN SRS,

(4R L ER]

WEWRICBITAT VT 47T —=V 7 OERITKDEY TH5H. HOHRE
ZIEE L, B ORMEEZMRT 28E N 22T, oM #E - B - 2%
ERERETEDAMEBERTDHZEE2EMNE LI PEERROFEEDZ LT,
FEBNMEFRE — RIS 5#ER TR, 2T 2F®RIzHOWNT,
FEITENSGEHNT, FEENSROFEIEHICEINICEE T oM
ERFRINICIRIET 2 b0 TH D, BIRMIZIT Z ORI, FE, Y,
BRE, JNV—TT—7, i, 7T A4 N— b, T TR TS
PBL (Problem—based Learning) * CBL (Case-based Learning) * TBL (Team—based
Learning) 72 &h, 77T 4 77— T 252N TE S,

FROEICH ANV X2 T A TT VT4 77— = T ERBICEAT S TE
Lo TWD, EFEHEELTRTIHAWVD, B LX) KEToEZED o
~HE 4B S, 2)#ERIFAIE LTHEo b oidtThd, RAFAET
BEOETAEZRTHEET S, 3) RETIIE T A THATZNE O % el
THELEAHRICLIZ D 2T, #ti, #HE, HBOWVIEEBZITH. L0 IHEHT
HEHEOE WD Lo TN A,

COROMBERE L TTSENPATERDDD, #ilix CBT CEZ AR &
D ZNOITRERNOHMFEDO LD THLHD T, TNUHIZHTIZXHIETE S
MEWVWH Z L ThD, FLEIT_NTOREEZZOL S Xz LEESE, FER
T A% R ARFRICIC R SN H FAIRICKEE T O TIZZ2nntn s Z &
EZzbND. TROOREEZEEZ CRIEZELTCIDEIRT I T 4T TFT—=
THRLOH Y F 2T DINELTHDNE I H, FEFEICHLOMETHS EED
no.
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WEICBWTERL 30 4E 4 A 2B 31 4E3 A T LAERT, wElEh2
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(#ERBLUER]

TR RS & LI R R R R 2 550 L 7= B 0k (A% 1%
262 4 (OF4)84.9+8.7k%, B/ :68/1944) ThoTl-. TOWNRITHELE
W (75 kLA ) 252354 (89.7%), milllmins (656~745%) 725224
(8.40%) TH Y, 65mAKlEITO T4 THoT-. E~EHEIT 4, 196 [A] T
bolo. TBRONERIL, ORE#EATEE 2,801 7 (59.4%), @ EE 1, 065
7 (22.8%), Ol ETRE 347 £ (7.5%), OEMEALE 109 1 (2.3%) GFVFEHL
& 88 1t (1.9%), @mPIEE BT (1.2%), @itk 52 4 (1.10%), %
DA 193 {4 (4.1%) Th o7, BUEEHOFEEIL 10. TE8. 9 K, EFFED
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