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Abstract : Narrowed dental pulp cavities and obturated root canals produced by diffuse
calcification and pulp stone are often observed in advanced periodontal disease. Possibly
inflammatory cytokines following periodontitis may have served as the stimulus inducing the pulp
calcification, but the details are not clear.

The purpose of this study was to investigate the relation between pulp calcification and the bone
morphogenetic proteins (BMPs) expressed in the dental pulp cells of advanced periodontitis
cultivated in vitro, and to analyze the effect of tumor necrosis factor-a (TNF-a) stimulation on the
expression of BMPs. The calcification process of the dental pulp cells was examined by alcian blue
staining, von Kossa staining, immunostaining methods (BMP-2, BMP-4, osteonectin, osteocalcin and
OB-cadherin) and mapping with combined microanalyzers. The mRNA expression of BMP-2, BMP-
4 and transforming growth factor-82 (TGF-52) was investigated by reverse
transcription-polymerase chain reaction (RT-PCR) methods. Dental pulp cells formed some nodules
at 4 weeks of the cultivation in the medium without ascorbic acid and 3-glycerophosphate. They
included alcian blue-positive glucosaminoglycans, osteonectin, osteocalcin and TGF-52. The cells in
the periphery of nodules seemed to be differentiated odontoblastic cells. The nodules showed
calcification at 8 weeks after cultivation by mapping with combined microanalyzers and von
Kossa staining. The nodules were positive for BMP-2 and BMP-4 at 4 and 8 weeks after
cultivation. BMP-4 expression increased with TNF-a stimulation, while BMP-2 expression
decreased. The results suggest that TNF-a probably serves as a kind of stimulus in dental pulp
calcification of teeth with periodontitis.
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Table 1. Cases used for sampling dental pulp tissues and clinical characteristics of the teeth.

Case No. age sex tooth number  pocket depth (mm) DBR BOP pus discharge
1 67 M 47 8 3 + +
2 44 M 21 5 2 + +
3 52 F 23 2 1 - -
4 41 F 43 4 1 - -
) S5 F 11 3 2 - =
6 62 M 22 8 3 + +
7 56 M 26 6 2 + +

DBR: degree of bone resorption
BOP: bleeding on probing
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200ZFEF, =/ - X - 1), i osteocalcin
v 4 FIME (GOMEHER, 74 ¥ VEYRFERA
WEAL AR —Kibit5shi), i
OB-cadherin ik (v 9 RE/ 7 0 —F i



158 ik HEEZ

Fig. 1. Phase-contrast micrograph of cultivated dental pulp cells. a : at 4 weeks of cultivation. b : at 8
weeks of cultivation. (x 100, case Nob, 6 passages)

cultivation. (x 400, case No2, 7 passages)

b : von Kossa staining at 4 weeks of cultivation. (x 400, case No.2, 7 passages)

¢ : von Kossa staining at 6 weeks of cultivation. (x 400, case No2, 7 passages)

d : von Kossa staining at 8 weeks of cultivation. (x 400, case No.2, 7 passages)

e : Reticulin silver impregnation at 4 weeks of cultivation. (x 200, case No4, 7 passages)
Counterstain is Kernechtrot.
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Fig. 3. Mapping image of cultivated dental pulp
cells for 8 weeks of cultivation.
a : secondary electron image, b : Ca, c: P
(case Nod, 7 passages)

¥ — D IREFETHIT L& 5 nodule 2
ERI CABBE MR s s (Fig. 3a), [d]
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7z (Fig. 4c, Do T/, fIAEIC BMP-2 B LU
BMP- 4 120 & W 1B 2 R T Hllla Gl o h
7z (Fig. 4a, b, d, e)o
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HTHh -7,

5. Nodule JERicH £iFd TNF-a DL

1) st ber i ra s

BEgE 408% B £ O 8 Wk o lEEfigic oW T
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Fig. 4. Immunohistochemical staining for BMP-2 (a, b, ¢) and BMP-4 (d, e, f) in cultivated dental pulp
cells at 4 weeks of cultivation. a, b : The cytoplasm of pulp cells is positive for BMP-2. ¢ : A
nodule is positive for BMP-2. d, e: The cytoplasm of pulp cells is positive for BMP-4. f : Nodules

are positive for BMP-4.

a, ¢, d, f:x100, b, e : x400 (case Nob, 6 passages)

Table 2. The number of BMP-positive nodules in the absence and presence of TNF-o at 4 and 8 weeks

of cultivation.

Cultivation period

Number of BMP-2 positive nodules

Number of BMP-4 positive nodules

(W) TNF-a TNF-a
(=) (+) (=) (+)
4 28.75%£3.77 17.75+5.56 16.75+4.57 25.25+12.28
(n=4) (n=4) (n=4) (n=4)
L e —1
L . |
8 142.67+25.32 76.67+£21.73 140.00 168.50
(n=3) (n=3) (n=2) (n=2)

Statistically significant *: P<(.05, **: P<0.01
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2
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Fig. 5. Immunohistochemical staining for non-collagenous bone matrix proteins in cultivated dental
pulp cells at 4 weeks of cultivation. a : osteonectin, b : osteocalcin, ¢ : OB-cadherin, d : negative

control (x 350, case No.7, 9 passages)

TNF-a
M (=) (+) (=) (+) (=) (+)

GAPDH BMP-2 BMP-4

Fig. 6. RT-PCR for BMP-2 and BMP-4 mRNA
expression by TNF-a stimulation in
cultivated dental pulp cells at 4 weeks.
(case Nod, 7 passages)
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WCRE/NaESW L, A~ FoF 7884 b
mo/pNaicikE L, AR EE 5", 978
HH, MC3T3-E1fMaiEiE(l & Rkks

av7I)bx v b

IL

M 4W 8W

—" —
TGF-82 450 bp

G3PDH <€— 452bp

Fig. 7. RT-PCR for TGF-82 mRNA expression
in cultivated dental pulp cells at 4
weeks and 8 weeks. (case Nod, 7
passages)
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