creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

[UCI]1804: 24011- 200000266018

20173 2¥
M Apa el

o g ol BAx A AlEe] ZIEd g A

"] X] = resveratrol®] &3

= 2] 5} 3



o g ol BAx A AlEe] ZIEd g A

"] X] = resveratrol®] &3

Effect of resveratrol on cell growth and extra

cellular matrix formation in cultured odontoblasts

Collection @ chosun

20173 29 24¢



&3

st Al

hY 2
-

"] X] = resveratrol 9

) o} 3 X1 A)

et
{F

N2

N
E
IH

10
b}

[
o7

2 9]

20163

Collection @ chosun



o]}
=

114

20163

Collection @ chosun



iii
v

i

_Xn _Xn
=i
B W

=

K
n

E

o
M

)

gl

29} A

3. Alizarine red-S €

X

2. Al

iz
0

‘;.ﬂo_.o

N
M

)=]

FaAHS(RT-PCR)

A 2
o <l

4l

4. 9

s

o
iz

A

5 MTT

Collection @ chosun



m. 234

1. MDPC-23 4ol

j=]
RN

oA M 7]E g ol

Fh e e
i o

v A=

TESVETALTOLZ] T ettt et ee et e e e e e e e e e ee e eneene

2. MDPC-23 7ol d B A=

)=

stap el A w3} SolwdAge Tdd vA=

TESVETALTOLZ] T ettt et ee et e e e e e e e e e ee e eneene

3. MDPC-23 “ol& XA

Fd

[\ R A
v.4ag

VI. Zai-d

VI. AR A
VI, AR

Collection @ chosun



Table 1. Primer sequences for PCR. ... e

— i —

Collection @ chosun



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

. Chemical StrucCture Of TESVETAITOL .. u vttt 23

. Effect of resveratrol on the mineralization

in MDPC-23 odontoblastiC CeIIS ..o 24
. Effect of resveratrol on alkaline phosphatase (ALP) mRNA expression......... 25
. Effect of resveratrol on type I collagen (Col I) mRNA expression.................. 26

. Effect of resveratrol on dentin sialophosphoprotein (DSPP) mRNA

X ESSIOMN ettt et ee e et e et ee e e seeeeet et eeee e e seeesee e e eesee et eeteseeeneeene et eeteeeeeneeaneseeeeeeeneean 27

. Effect of resveratrol on dentin matrix protein-1 (DMP-1) mRNA

X ESSIOMN ettt et ee e et e et ee e e seeeeet et eeee e e seeesee e e eesee et eeteseeeneeene et eeteeeeeneeaneseeeeeeeneean 28

. Effect of resveratrol on bone sialoprotein (BSP) mRNA expression................ 29

. Measurement of MDPC cell proliferation by resveratrol.............ccccoovvvveeecen. 30
— iV —

Collection @ chosun



ABSTRACT

Effect of resveratrol on cell growth and extra

cellular matrix formation in cultured odontoblasts

Shin, Sang Hun
Advisor: Prof. Kim, Su—-Gwan, D.D.S., Ph.D.
Department of Dentistry,

Graduate School of Chosun University

Resveratrol (34’ 5,~-trihydroxystilbene), a phytoalexin that is present in grapes,
exerts a variety of actions to reduce superoxides, prevent diabetes mellitus and
inhibit inflammation. Furthermore, resveratrol acts as a chemopreventive agent and
induces apoptotic cell death in various types of cancer cells. However, the role of
resveratrol in odontoblastic cell differentiation is still unclear. In this study,
therefore, the effect of resveratrol on regulating odontoblast differentiation was
examined in MDPC-23 mouse odontoblastic cells derived from mouse dental papilla

cells.
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To determine the characteristic alteration of MDPC-23 cells by resveratrol in
the differentiation of MDPC-23 cells, it was examined by Alizarine red-S staining,
RT-PCR analyses and MTT assays after inducing experimental differentiation in

MDPC-23 cells. The results are as follows.

1. Resveratrol significantly accelerated the mineralization as compared with the
control culture in the differentiation of MDPC-23 cells.

2. Resveratrol significantly increased the expression of ALP mRNA as compared
with the control in the differentiation of MDPC-23 cells.

3. Resveratrol significantly accelerated the expression of Coll mRNA as compared
with the control in the differentiation of MDPC-23 cells.

4. Resveratrol significantly increased the expressions of DSPP and DMP-1 mRNAs
as compared with the control in the differentiation of MDPC-23 cells.

5. The treatment of resveratrol did not significantly affect the cell proliferation in

MDPC-23 cells.

These results suggest that the resveratrol facilitate the odontoblast
differentiation and mineralization in the differentiation of MDPC-23 cells, and
therefore, that it may have potential properties for development and its clinical

application of dentin regeneration materials.

Key Words: Resveratrol, Dentin regeneration, Differentiation, Mineralization,

Odontoblasts, Proliferation
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Resveratrol (trans-3,4’5,~trihydroxystilbene, Fig. 1), Alizarin red S % 3-[4,5-
dimethylthiazol-2-y1]-2,5-diphenyltetrazolium  bromide (MTT)+  Sigma-Aldrich
Corp.(St. Louis, MO, USA)o A F-9iste] Ab-g3stg o 7gf B4 A 52 analytical
grade® TYsto] ARSI 2 AFE f dH] A g oA, resveratrol®] MDPC-23
A EF Egbol]l vA= 05 A A3 resveratrol 100uM A 2ol A FH o &

B zolE Holr] AlFtshlth. mEbA & Aol M= resveratrol®] EH7F vERLY)

AAE w29l 1000ME o 83ke] MDPC-23 A¥F Hato] w7 oe] 711 ans
Z AT

2 AGolA e Aol EAEZA AF A f-FA ¥E(dental papilla cell) 2] Ao}
AME AFAEF] MDPC-23 Al¥:FE ] E. Nor "HAHUniversity of Michigan,
Ann Arbor, MI, USA)E5-H A-gwo} o] o] &st3tt. MDPC-23 AEFE 10%
fetal bovine serum(FBS)¥} &4 A (penicillin  100IU/ml, streptomycin  100xg/ml,
gentamycin 50pg/ml, fungizone 2.5pg/ml)”7} $FHF+%¥  Dulbecco’s Modified Eagles
Medium(DMEM)¢| s Fslglem, Mxisier A3 f25 9ste, s
ascorbic acid(50ul/ml) ¢} B-glycerophosphate(10mM)E 3 7}she] 7L 7kA] v ksl A

g o o] 8519 tH25-28].
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3. Alizarine red-S €& 53 F7|2 A A

e

MDPC-23 M ¥ Fo] A3)s Ade 337 $s5le] Alizaline red-S A2 A8
glEth B3E F58aL resveratrole A2 g 7 Aol MDPC-23 A ¥:+E PBS

33 AF & % 70% ethyl alcohol® 204 &<t A3 oh 0.1% NILOHZF &+

o

1% Alizarine red-S(Sigma-Aldrich, St. Louis, MO, USA) &0z 533+ o A5}

2

wHsigh. 271" d4EEE AFsh] 96, AREERe ol8sly 449 A%

Z=A5t9rh dAs AEZE 4°ColA] 13,000rpme®E 1057 AR s & 533

il

MFEE 49 5% SDSe 05N HCIOIA 3087 881417 406nmol A 458 =3
sto] Al &3t

4. QAA SFEAAATS(RT-PCR) 4]

MER3Ie} 4337 2" 4 Agae] MDPC-23 Al¥ o4 TRIzol Reagent

il

FET T, A9

Kit(Gibco BRL, Grand Island, NY, USA)E o]&3}o] total RNA

TF71(UV spectrometer) & ©|-&3t 260melA 358 F4, 5% RNAY »

il

ALbstAt. AAAF 9EEE fske] 1pg® total RNA®H TermoScript RT-PCR
System(Invitrogen, Carlsbad, CA, USA)2- o]&st%6 k. 4% cDNAE  alkaline
phosphatase(ALP), type I collagen(Col I), dentin sialophosphoprotein(DSPP), dentin

matrix protein-1(DMP-1), bone sialoprotein(BSP) % GAPDH %] primer(Table 1)

ﬂll

o] &5t FTFE LA TS A dsEA T RT-PCR ¥ 1.5% agarose gelol 4] # 7]
@sste]  Zt7kel PCR productE ERlstglon, 7 Aya Atole] WdHAfo|+=

VersaDoc™ Imaging System(Bio-Rad, Hercules, CA, USA)S o] &3}e B84t}
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Table 1. Primer sequences for PCR

Primer names

Sequence (5'—3")

ALP (sense) CTCTCCGAGATGGTGGAGGT
ALP (antisense) GTCTTCTCCACCGTGGGTCT
Col I (sense) TAAGTTGCCAAGAACGTGCC
Col I (antisense) AATTGAAAGCCAGGAGGCAT
DSPP (sense) ATAGCACCAACCATGAGGCT
DSPP (antisense) CTTTTGTTGCCTTTGTTGGG
DMP-1 (sense) CGGCTGGTGGTCTCTCTAAG
DMP-1 (antisense) ATCTTCCTGGGACTGGGTCT
BSP (sense) AAGAAAATGGAGACGGCGAT
BSP (antisense) CACCTGCTTCAGTGACGCTT
GAPDH (sense) TGCATCCTGCACCACCAACT
GAPDH (antisense) CGCCTGCTTCACCACCTTC
ALP; alkaline phosphatase
Col I; type I collagen
DSPP; dentin sialophosphoprotein
DMP-1; dentin matrix protein-1
BSP; bone sialoprotein
— 5 —
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5 MTT ¥ o3 MEZFA =A

Resveratrold] <t AMXF4 Fas #aAs7] 93], 24well plated] 5 X
10°cells/well®] MDPC-23 M ¥& HE3H5th. 2447 #) ¥ 3 resveratrol g ThoFsh
e A A Aglske] 37TCAAAM WEAIZ & AEAY AAZHAE MTT £42
2 FAsATh. MTT #42 resveratrol2 *2]gt MDPC-23 Axe] MTT £
(MTT HE&E 05pg/pl)e 37T 4AZF Aggt & MTT &H-2 AAsEL 0.04N

HClo] -39 isopropanol® oo} 570nmel A FH s =A3ste] APt

Aze FA%A AR

o
it
nl

AEHAAL mean + SEMOZ JERNQA, 72+ A8F 71 94 HAAL

[l
r
flo

ANOVA 3o Student’s t-test® 3t o™, p value’}t 0.056 "] THp<0.05)2] 7§l A
FAA ool e Ao FFIHTE & B A A4 HAHL SPSS ver.

12.0(SPSS Inc., Chicago, 1L, USA)S o]-&3dle] FA3A
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1. MDPC-23 ol A A B3} A oA A¥EL 7]A&FA v A= resveratrol?

7}

ol

MDPC-23 Aotd A E H3}argelr] Axe 7| APl vA = resveratrol®] &
B2 Fglslr] 9ske], MDPC-23 M¥F #3344 resveratrol 100uM2 * 2] 8k
% Alizarine red-S @48 AldstR o R3}H=2 95619 ascorbic acid(50ux0/ml) 2t
B-glycerophosphate(10mM)S A 7}stdtt. B3 449A4oAHy dixat3
resveratrol A ejroll A AxQ] 7AFE BEVF Srbsle BEE o, BIie

Ad 3 7L A thZEo] BlE] resveratrol A Eatol A AES 7FHE A T =UHE

—_—

golal 4= A (Fig. 2A). A*2] Alizarine red-S 94 HAEE H st AlFe] 7
HAEgAde F71E #gold AYoMn EI3Hn 493 7oA diFTe]  HlE

resveratrol # Z]te Al AES] 7] AEHA
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A
P
ot
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N
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il
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¥
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32,
BN
&2
ije}

DO
)

2. MDPC-23 7Jol AR A X {3t} g oA 3} SolfHAES] ddo vA=

resveratrol® &3}

BF A7 M ¥E(dental papilla cell) 9] Aol &AM E HAFAEFS MDPC-23 Al

¥ Fo)| ascorbic acid®t B-glycerophosphate® 3 7}sle] 433 249 dAHS FE&

o
=
2

w7 oA resveratrol®] EIHE WA 37] $13], MDPC-23 A ¥ H3133
resveratrol 100iM<  #€]§ % ALP, Col I, DSPP, DMP-1 % BSP 77¢]

primer(Table 1)& ©¢|&3lo] RT-PCRE A3}t

Collection @ chosun



ALP mRNA¢®] IdL MDPC-23 MxEF9 3=

(Fig. 3). HE&wolAe &3k 4dA7M4 ALPS 23S

A

FA4el A AR Frhean

of #Ed 5 glolen, 7d

Aol ALP mRNAS] @dE& @3 = JAAH(Fig. 3). Resveratrol A 2o A= &

3t 49 Aol ol M BT 1.34¥] 9] ALP mRNA 2d&

ol Mrctt 15791¢] ALP mRNA %dg& ##E = glglen, 2 A9 A=

MDPC-23 MEF9 23}6% Ao resveratrole& ALP mRNAS &8 Z7lA17]

= o4 7 UAHTig. 3).

Col I mRNA®] W% MDPC-23 MEF9o #3fF= HAAA HA F7taetAvt

(Fig. 4). HxaodA = w3t 4dA7HA Col 19 wdo] w-- mlefst o, 7L A o+

Col I mRNA®S] #& 2 Fglo] YelytH(Fig. 4). Resveratrol A 2lLol &= E3F 447

of xR 1.6181¢] Col I mRNA Hd-& B, 7497 = dxol et

176919 Col I mRNA 2d& ##E F qlglem, & A5 23z MDPC-23 A2

9] Rasnw A resveratrole Col | mRNAS &HdS =771 &4 F AU

HFig. 4)
FoLARAE H3} Sol44k) DSPP mRNA®) #Hg & MDPC-23 Al ¥ #3)

frie FAolM AR F7kst A tHFig. 5). WA olA &3t 4dA5-H DSPPe| d o

FElol YEEO ™ resveratrol A El ol A= w38F 4L A o] dFRTo AR 1.264)] 2]

DSPP mRNA ¥d& K, 74Ad = oA ot 1.358]¢] DSPP mRNA &

d2 #EE 5 UJMHFig. 5). & A7 A3z MDPC-23 Al ¥ &3 A

o A resveratrolS DSPP mRNA9 %38 =7iA17]E8 <&

B AFoA MDPC-23 AMEFoA E3}E FE3

T A THFig. 5).

F Algke]l Aol wel

DMP-1 mRNA®] @& o] ZFrlele AL #ae = At (Fig. 6). xR #3} 4

A EE DMP-19 ®do] Fzlo] Ve S resveratrol A 2w A= E3F 444

of ol ARt 1.219 9] DMP-1 mRNA d & B, 798 A dxaodisr
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b 1.248)¢] DMP-1 mRNA Td& #&ET <

dzbst = R tHTig. 6). ¥ Ao Aa=
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o
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o BEHE BANA B 5 YUHFig. 7.
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o

16189 wes B, 74 e PR 1.76819 Col I mRNA 232
Hash 4= QT W AT Axg Aold A X MDPC-23 Al¥X59 E3fx 3A
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T
32,

resveratrolo] AolA R A E o] B3IE AL F

FotdEAE MDPC-23 A¥ 9] Estapgol ] FoldBAy 23 SolfidAel
DSPP9} DMP-1 mRNA<®] H&[15]2 MDPC-23 AlXF9 #3f% Zgolr HAk
Z7VsA tHFig. 5, 6). DSPP mRNA<S] &2 resveratrol A #iol A &3} 44 A
gz Arceh 1260 FdS B, TR A= diErol ARt 1.35% ¢ DSPP
mRNA &8 #ze 4= 9lglern DMP-1 mRNAS 2& L resveratrol * 2] ol A
3l 4dA e dixTol MR 12189 HEE B, TR At Rt
1.24¥}¢] DMP-1 mRNA &g #2E = ek & A9 23z FopdRAE
MDPC-23 M 29 F3}f% 40| A resveratrol DSPP9F DMP-19] @&& Z7}

AZE L e, o] & resveratrole] ol HE A el FE3lE HAZ A

X

S AT ey & AolA MEAE E3F SolfdAe] BSP mRNAS9 TE 2

MDPC-23 AlEF2] 3% HAolAM &g o gldvhFig. 7).

ot

A, AolA A Y MDPC-23 AlEZFo] A resveratrol®] AE W S o v +=

ol

g dotr ] T MTT &4 23, & delAd Add $X=(1~300uM)e]

resveratrol MDPC-23 AMXF9] F24d das FX Ui (Fig. §). o=,

Collection @ chosun



2= e A 9 ©m([31,32], fibroblast growth factor &2

=

N A&

[e]

/\é zZFo

insulin like growth factor-I %=+ transforming growth factor-B %
3|

E-(progenitors) 2]

¥

A Al

N

o)

)

:IL
F4l

ey
nn
X

U]

MDPC-23 A
A

T

R

X
X

AT

|
&

A
CRERDER

~

[e]

i

)

¥
¥

Al

i

<)
gl

1474

A

o ol A resveratrol2 Ao}z B A

o] o

Q

A=k

o Az, gold R Aol #

=

shal gk 2y

S

Al A}
Anz 4
A3

-]
# B

[

PR

A=k

F B3l A o A resveratrolo] Ao}

7143} resveratrol €]

Se =4
D ’
E

&
=

=

AE ko e A U HH31-331
A

MDPC-23 Al

[e]

Collection @ chosun



v.d £

dotd BA e FatFg ol A resveratrolel]l 9 ¥ AdolARAE e SRS 24
otef, dobd A frmwd Jte EdE AlEety] fs, AF AFFAL e A
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Fig. 1. Chemical structure of resveratrol.

Fig. 2. Effect of resveratrol on the mineralization in MDPC-23 odontoblastic
cells. Confluent cultures of MDPC-23 cells were maintained in complete
medium with the addition of differentiation cocktail (50 pg/ml ascorbic acid
and 10 mM B-glycerophosphate). MDPC-23 odontoblastic cell mineralization
was altered by resveratrol. (A) Mineralized nodule formation in MDPC-23
cells. MDPC-23 cells were treated with 100 ptM resveratrol for 7 days, and
the mineralization was evaluated by Alizarine red S staining (0; 0 day after
treatment with differentiation media, 4, 4 days after treatment with
differentiation media, 7, 7 days after treatment with differentiation media,
Control; treatment with differentiation media only, resveratrol, treatment
with differentiation media and 100 uM resveratrol). (B) Quantification of
mineralization was accessed by colorimetric spectrophotometry. Each data
point represents the mean + SEM of four experiments. = p<0.01 vs. control

(the control cells were measured in the absence of resveratrol treatment).

Fig. 3. Effect of resveratrol on alkaline phosphatase (ALP) mRNA
expression. Total RNA was isolated using TRIzol reagent and reverse
transcription was carried out with 1 pg of total RNA using the
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TermoScript RT-PCR system. The PCR products were electrophoresed on
a 1.5% agarose gel and visualized with ethidium bromide. (A) Agarose gel
electrophoresis was performed on the RT-PCR products from MDPC-23
cells. (B) The quantitative data for (A) were analyzed by using
Imagegauge 3.12 software after GAPDH normalization. The percentage of
ALP mRNA expression was calculated as a ratio of GAPDH band. Each
data point represents the mean = SEM of four experiments. p<0.05 vs.
control (the control cells were measured in the absence of resveratrol

treatment).

Fig. 4. Effect of resveratrol on type I collagen (Col I) mRNA expression. (A)
Agarose gel electrophoresis was performed on the RT-PCR products from
MDPC-23 cells. (B) The percentage of Col I mRNA expression was
calculated as a ratio of GAPDH band. Each data point represents the mean
+ SEM of four experiments. p<0.05 vs. control (the control cells were

measured in the absence of resveratrol treatment).

Fig. 5. Effect of resveratrol on dentin sialophosphoprotein (DSPP) mRNA
expression. (A) Agarose gel -electrophoresis was performed on the
RT-PCR products from MDPC-23 cells. (B) The percentage of DSPP
mRNA expression was calculated as a ratio of GAPDH band. Each data
point represents the mean = SEM of four experiments. “p<0.05 vs. control

(the control cells were measured in the absence of resveratrol treatment).
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Fig. 6. Effect of resveratrol on dentin matrix protein-1 (DMP-1) mRNA
expression. (A) Agarose gel -electrophoresis was performed on the
RT-PCR products from MDPC-23 cells. (B) The percentage of DMP-1
mRNA expression was calculated as a ratio of GAPDH band. Each data
point represents the mean * SEM of four experiments. p<0.05 vs. control

(the control cells were measured in the absence of resveratrol treatment).

Fig. 7. Effect of resveratrol on bone sialoprotein (BSP) mRNA expression.
(A) Agarose gel electrophoresis was performed on the RT-PCR products
from MDPC-23 cells. (B) The percentage of BSP mRNA expression was
calculated as a ratio of GAPDH band. Each data point represents the mean

+ SEM of four experiments.

Fig. 8. Measurement of MDPC cell proliferation by resveratrol. The cells were
treated with resveratrol at various defined concentrations (1, 3, 10, 30, 100
and 300 uM) for 1 and 2 days at 37°C. The cell proliferation was
determined by MTT assays after resveratrol treatment. The experiments

were repeated four times, independently.
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Fig. 1. Chemical structure of resveratrol.
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