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The effect of dentin non-collagenous protein and
odontoblast conditioned medium on the
differentiation and mineralization of cementoblast

71 vitro
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ABSTRACT

The effect of dentin non-collagenous protein
and odontoblast conditioned medium on the
differentiation and mineralization of cementoblast

n vitro

Lee, Koung-Youn
Advisor: Kim, Heung-_Joong, D.D.S., M.S.D., Ph.D.
Department of Dentistry,

Graduate School of Chosun University

Cementum is an important mineralized tissue in root formation. However, the
precise mechanism of cementum formation is undefined. The purpose of this
study was to evaluate the effect of dentin non-collagenous proteins (dNCPs)
and odontoblast conditioned media (CM) on the differentiation and
mineralization of cementoblastic OCCM-30 cells. The CM of ameloblastic ALCs,
odontoblastic MDPC-23 and OD-11, osteoblastic MG-63, and fibroblastic
NIH3T3 cells were transferred to OCCM-30 cells. dNCPs were extracted
directly from porcine and human dentin and also applied to OCCM-30 cells.
The results were evaluated by the morphologic appearance, expression of

cementum matrix genes, and the formation of mineralized nodules in vitro.
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dNCPs hardly influenced on proliferation, cell cycle modification, and chemotaxis
of cementoblasts. Alizarin red-S staining detected the mineralized nodules in
the control group from day 14, while mineralized nodules were detected in
dNCPs treated group from day 7, which became gradually bigger and darker
with time. Mineralization of cementoblasts was accelerated by CM from
odontoblasts, MDPC-23 and OD-11. RT-PCR analysis revealed the earlier and
stronger expression of BSP, ALP, and OC mRNAs in the MDPC23- and
OD11-CM treated OCCM-30 cells than those of the control OCCM-30 cells.
The level of gene expression was also significantly higher in the dNCPs
treated group than in the control group. These results suggested that dentin
matrix protein or the secreted products of odontoblasts induced cementoblast
differentiation and mineralization. These findings may contribute to the

development of a periodontal treatment including cementum regeneration.

Keywords:

cementoblast, mineralization, differentiation, dNCPs, odontoblast
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1. MEZF M X

Aokel HARAAA GA TAR] R A AEFE APHAG FolnA

F24 MDPC-233% OD-11 (provided by Dr. Hanks, University of Michigan,

e

MDY, W ZHELFZ A ameloblast-lineage cells (ALCs, provided by Dr. T.
Sugivama, Akita Medical School, Japan)”, A% 4 £ =24 NIH3T3, 123 %
AZFE MG63& A&ttt Wotr A2 EE3¥ murine cementoblast$]
OCCM-30 MEE F WAz Agadt”. OCCM-30 AZE 10 mM
HEPES (pH 7.2, Sigma Chemical Co., St. Louis, MO, USA), 10% fetal bovine
serum (FBS, Invitrogen Co.) ¥ i 100 IU/ml Penicillin - 100 ugg/ml
Streptomycin (Invitrogen Co.)g X33 DMEM uj o] ujo¥a}¢ltl. NIH3TS,
MDPC-232 OCCM-30 Alx¢ A wjAoA wjcFstddtt. ALCs, MG632
MEM ® A& A}83% 1, ALCs:E epithelial growth factor (EGF, 50 ng/ml,
R&D systems, Minneapolis, MN)E 7} 9 th. OCCM-30 Al XEZ 9] +3}e} A 3]s}
24 IS F=57] Yste 25 FoF 50 wg/ml ascorbic acid, 10 mM B

-glycerophosphate, 28] 12 5 mM dexamethasone2 % 7} 3} % t}.

2. 27 A 9} co-culture system

ALCs, MDPC-23, OD-11, MG63, NIH3T3 A& wjesto] zhzhe] Alz7) i

& Bds TPdn

© Wl (E=duA)SE "Al OCCM-30 Al ol 3 7Faksd

o
o

ALCs-0OCCM30, MDPC23-OCCMS30, OD11-OCCM30, MG63-OCCM30,
NIH3T3-OCCM30& Aoz st A& ¥4 &2 OCCM-30 AlEZLE
o2 AYsAdn. ALCs, MDPC-23, OD-11, MG63, L& i1 NIH3T3 A3 9]



WAL 6A7 AR mARAT. 647 F 2 X ZAWAL a3 W
2 A A 12 4ol OCCM-30 AlZo] WolZgith tzws] wA= 3o
B oW waa .

et Ao etel A wAH Ao m WA Alge] Aolet HHPG s A A
ol 33} sodium chloride & el H#eAtt7t FR/FE AlFste] Adxzsko
100% &3-go 2041 FAT7E thAl dxstar Ao 39S AAsAH. Ao}
+ attrition mills (SK-30-SS, Munson, Utica, NY)Z ©]$3}9] 200-mesh particle
o 7tFE wEAY. @A ol Hud A S WHE o] g5t et
Fupt Bas gwAL 02 um pore size filter® o] &3] AAF} =T
AbgEE AT @ de] A FES A7 HEAlA adST s=o @10, 25,

e 50 pg/mDS OCCM-30 Al Zoll H7beta Alx =& AU

Al 31 & ol

4. G A A7]19 5 western &4

10% acrylamide gel2 ©o]&3to] 30 wgol 9@ AS A7) % (Sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)) 3ttt Gel
nitrocellulose membrane (Schleicher & Schuell, Dassel, Germany)°ll transferd} o
01% tween-20= X33 PBS(PBS-T)ol skim milk7}b 5%7F HEE 32l
blocking buffer® blocking 33l PBS-T=Z A1& ¥ 1:250002 2 24 3 anti-rabbit
- DSP immunoglobulin (1:2500, Peptron, Korea)S 4C°|A] overnight B3 A #
t}. Membrane Al % % horseradish peroxidase conjugated antir abbit-IgG (Santa
Cruz Biotechnology, Santa Cruz, CA)E 1A%+ 4¥F$ %  enhanced

chemiluminescence system (Amersham Biosciences, Buckinghamshire, UK)2 2
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5. MTT ¢ chemotaxis assay

OCCM-30 M*x9 +3+= MTT {3 - (4, 5 - Dimethylthiazol - 2 - yl) - 2, 5
- diphenyltetrazolium bromide, a tetrazole} assayS ©]&3to] =434t}
OCCM-30 A ZE 48 well plated] & welld AE7 1 X 10° cells/mlo] ==
Z-a1 wl oFe A th. 24413 5 mjotul A A Aobd WA (10, 25, 50 pug/mhe Z
T R H7bskAv vletudA Aotd dwid Hrh 1Y, 29, 2¥a 39 F
of MTT assaye a9t PBSZ A& + 50 we] MTTE 2t wellel #7h3)
AL 37ColA 4A17F 9ES- A A Y MTT solution Al A3stal DMSO 150 wE %7}
g 5 540 nm FFAA FHEE SASAY. 4 AP F WA wEso] Fd 6t
AT,

Mz e Al 7HA s=9 HlotwdA Aopd whuido] OCCM-30 Al el A
= chemotactic &7 E Heit ¢ Kubes 2 &9 o] wa} zA}s 9tk DMEM, 10%
FBS & X33 0.5% ultra—pure agarose solution 3 ml& 35 mm tissue culture
disholl Y& % gel o] £ % 2 mm 422 A7 3 mm= 7+HS £ wellS
WStk well9) agaroseES A AEFL 5% COo 37C oA 3 AlZF WESA AT 3
mm well 9] 1 X 10" cells/ml?] OCCM-30 MES 25 w P31 = 2 well ol &
Hlofw 2 A Aol dwla e Ags & (25 w of a 10, 25, 50 pg/ml solution) 3

7C, 5% COs ol A 48412t E<t 71 & welle Fdv|d o=z A2s3

=

=
X
e
N
N,
L

g} o
R

6. Flow cytometry ¥4 % %

Propidium iodide (PI) 92 % DNAZ®] %S flow cytometric quantificationg ©]

g3kl AEF/E AU 293 womAA Aold wuwde Ao



OCCM-30 Al=Z trypsing g3 F 4CoA 70% ethanol® 11743 RNase
A (2 pg/mDe}F propidium iodide (10 pg/ml)E X33 PBSe| =0 4TolA 30

Fob WS Al ZH Yk, w8 3 FACScalibur flow cytometry (BD Bioscience, San

7. Total RNA *¥3 9 reverse transcriptase polymerase chain
reaction (RT-PCR)

TRIzol reagent (Invitrogen Co.)& ©]&3lo] OCCM-30 A Eo|A total RNAE
#2532 RT Premix kit (Bioneer, Daejeon, Korea)E ©]83lo] cDNAE 343t
9t} Bone sialoprotein (BSP), alkaline phosphatase (ALP), 2] i osteocalcin
(0C)9] mRNA od-E& RT-PCRZ 22139 th. Primer sequence™ Uk T}
(F/R)BSP:(AAGAAAATGGAGACGGCGAT / CACCTGCTTCAGTGACGCTT),
ALP : (CTCTCCGAGATGGTGGAGGT / GTCTTCTCCACCGTGGGTCT), OC
: (CCACAGCCTTCATGTCCAAG / GGCAGAGAGAGAGGACAGGQG).

RT-PCR2 BSP (94TC: 12 min; 94TC: 30 s; 49.1C: 1 min; 72C: 30 s 35
cycle), ALP (94C: 5 min; 94C: 45 s; 62C: 1 min; 72C: 45 s 35 cycle), OC (9
4C: 5 min; 94C: 30 s; 63.5C:1 min; 72C: 30 s 35 cycle)®] =712 =2 PCR 3%
t}. PCRE #7] %3t 9% band: densitometry (Pharmacia Ultrascan XL,
Pharmacia LKB)Z A #3913 GAPDH (housekeeping gene)E control® A}-4-3}

At

8 JesrA AAN Alizarin red-S QA

AT Fee el EA wld ada 23= 0, 4, 7, 149 vt} inverted tissue

culture microscopy (IMT2-21, Olympus, Japan)ES ©o]&3to] #2350



OCCM-30 M= AM3|sts Fst7] ¢sto] alizarin red-S @& stk vl
% 7} Al7]"H & phosphate-buffered saline (PBS, pH 74)02. 2 A W A% & 70%
ethanol® 20% &¢t AU, 14 F TRF= A H AHSAL 1% alizarin
red-S (Sigma-Aldrich, St. Louis, Mo, USA) solution (in 0.1%6 NH40H at pH

4274402 9T F FdEn A4S ot wEsdY. dPTLS 2AWMAR

G wlofuwAAy Agotd @A S Hrbsto] wjgd Aom ke 0, 4, 7,

zAMAS wolwAy gotd wMAL

AU
rot
>
oo
Ml
K
N
N
o,
fu)
BN
Ml
flo

Student 7 test (P = 0.05)% H] L&} o}



I Wt ax gotd Bge 3

g votudA Aot iAo 4 e Aotd 7ld @¥lA  (dentin
matrix protein)o] J+=A  FAE7] HEA EHA Hdr]dFS ST
Western blot A3 Aopdo] So]2 el Hlofw A Aopd whuldel DSP7F &<l
ATt (Fig. 1A). o] @ A& OCCM-30 Mo A2 s A3 OCCM-30 AlE29 ZF

2 gzl vs As Hdoy (Fig. 1B), ol Zol7F SATAH o2 K235
Ae FAT AEF7] EAolA wlofuwdA Aobd duwldS A o (46.79
%) AP skA] & o (43.85 %) Abele] G2/S/M 7|3te] W Ehel Zpo]lE bR
A e¢Fokt} (Fig. 1C). T3 chemotactic activity 2ol A nvlo}lwd A Ao}z ¢hul

2S5 AT L T Abolol A ko] & HolA o hth(Fig. 1D).

2. Hlofw Ay HFotd dMAS X3 WIRAZ 433,

Alizarin red-S @4 23} HlotudA Aold Gd S AT L 4UFH 4

ME Adol #FEAY (Fig. 2). Wi dlxwE 1495 H 2 e

Aol 7k ZA F7kskzl eokth 10 pg/ml ¥R 2 AT oA A-o FE A

AHor Frbetla 37 el wel 2717 AXI Mol A 25 pug

/ml 3 50 pg/ml FEZ A FolAs AH Tk BRHA Gk

v oA HofwdA AJotd dMAdE AT OCCM-30 w2 49+7H
F AN SR FHHT] AFGA o R s oHI WEE ®B

o] A %Sk



10 pg/ml %2 A8 3 FLolA BSP, ALP 182 OC mRNAE thzx+xt 7
A 2d 5 At (Fig. 3). BSPE A8+ dxa 25 49%3FH HdFge. 19
U dlotwAdA Aold @A S g oA o ZsA wa s A, ALPeF OC

0)

EoyRTH AYT B 4QFH 2AHY] A%saa ALPY

Alizarin red-S 94 Z3¥ MDPC23-OCCM30, OD11-OCCM30 ol A= 7Y+
H oS4 dA8 M35t Addo] #EHAY (Fig. 4). =3 M3t 242 £3}9
A3 37 gl wel o] Fojxa GAE FEo] HolAls AFS B
78y MDPC23-OCCM307 OD11-OCCM30 & #l9l et v A el A& 144
7hA A Esk Aol R EA Gtk 4719 HA¥EL 5 MDPC23-OCCM30%
OD11-OCCM30 o] 49AFE 3 Ay oz BHeFa 5do A 70 AHo]
#Z = A h (data not shown). etz A 3]slo] Eo]z<l wpARl BSP, ALP 1¥]
1 0CY  FHA wdES diEzd dixate  Hld MDPC23-OCCM30#
OD11-OCCM30 oA o kel 23w v

BSP+ MDPC23-OCCM30+* 7 OD11-OCCM30+*2 49 H & ddFAqoy gz
T A= 144 5FE 2d H ol ek MDPC23-OCCM30 3 OD11-OCCM30
oA ALP®t OCe 27t 49 % 7958 Zd HAv. v+ tgfx=a 9 ALPS OC+
14958 #d s . MG63-OCCM30 oA OC, ALP 18|31 BSPT 4%, 74
i 14958z 23 s 7] A 2eElth (data not shown).  ALCs-OCCM30
oA ALPS OCe di& Hod wE 4493 7dd 2dyAnt. 12 BSPE
= A Al 149 7hA] B E A 4%kt (data not shown). °ol& A¥+=

MDPC23-OCCM30 L& i OD11-OCCM30 A& tell A 3kt 43357 £33
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Fig. 1. SDS-PAGE and western blot, proliferation, and chemotaxis assay of
dNCPs. (A) SDS-PAGE gels were stained with Coomassie blue reagent (left
panel): lane 1, marker; lane 2, dNCPs lane 3, MDPC-23 conditioned media
(CM); lane 4, OD11-CM. Western blot (right panel) showing dentin marker
gene, DSP, in extracted dNCPs (lane 1), MDPC23-CM (lane 2), and OD11-CM
(lane 3). (B) Growth curves of control, dNCP-treated OCCM-30 (left panel)
and MDPC-23 cells (right panel) by MTT assay. The proliferation of
dNCP-treated OCCM-30 cells was slightly diminished compared to the control
(p < 0.05). (C) Representative cell cycle distribution by flow cytometry.
dNCP-treated OCCM-30 cells demonstrated no cell cycle modifications (upper
panel). 7557% of the cells were arrested in GO/Gl phase, indicating the
inhibitory effect in dNCP-treated MDPC-23 cells (lower panel). (D) Chemotaxis
assay. dANCP treatment did not stimulate the chemotactic activity of OCCM-30
cells. The data were expressed as the number of migrating cells £ SEM from

three separate experiments.

Fig. 2. Effect of ANCPs on the mineralization behavior of OCCM-30 cells after
4-, 7-, and 14-day cultures. Mineralized nodule formation in 35-mm culture
dishes (A) and their magnified photographs (B) Positively stained nodules
appeared in the dNCP-treated group starting on day 4, whereas they did not
appear in control group at that time. The number of stained nodules in the
dNCP-treated group increased more markedly than in the control group.
Control, normal OCCM-30 (a, b, ¢, d) dNCPs, 10xg/ml dNCP-treated OCCM-30

(a”,b",c’,d’ ). Alizarin red S stain. B: magnification: x40.



Fig. 3. Effect of dNCPs on gene expression of OCCM-30 cells analyzed by
real-time PCR. Expression of BSP (A), ALP (B), and OC (C) mRNAs. Bars
represented the mean *SEM from three separate experiments, with similar
results. Asterisks (*) denote a value as significantly different (P < 0.05) from
the controls. Control, normal OCCM-30; dNCPs, 10gg/ml dNCP- treated
OCCM-30.

Fig. 4. Effect of conditioned media (CM) on the mineralization behavior of
OCCM-30 cells after 7-day culture. Mineralized nodule formation in 35-mm
culture dishes (A) and their magnified photographs (B). (a) Control, normal
OCCM-30;  (b) ALCs-OCCM30, ALCs-CM  treated OCCM-30; (c)
MDPC23-OCCM30, MDPC23-CM treated OCCM-30; (d) OD11-OCCM30,
OD11-CM treated OCCM-30; (e) MG63-OCCM30, MG63-CM treated OCCM-30
and (f) NIH3T3-OCCM30, NIH3T3-CM treated OCCM-30. Note mineralized
nodules in (c) and (d), as indicated by alizarin red-S stain. B: magnification:

x40.
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