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rhBMP-2 in pulpotomized rat teeth

Kyungtae Park, Wonkyung Yang, Hyunjung Ko, Miri Kim*
Division of Conservative Dentistry, Department of Dentistry, Asan Medical Center, Ulsan University, Seoul, Korea

ABSTRACT

The purpose of this study was to investigate whether rhBMP-2 (BMP2) could induce synergistic
effect with Pro-Root® MTA (MTA) in pulpotomized teeth in the rats. Healthy upper first molars from
thirty-two, 10 weeks old, Sprague-Dawley rats were used for this investigation. The molars were
exposed with round bur, and light pressure was applied with sterilized cotton to control hemorrhage.
1.2 grams of MTA cement was placed in right first molars as a control group. In left first molars,
1 ug of BMP2 was additionally placed on exposed pulps with MTA. All cavities were back-filled with
light-cured glass-ionomer cements. The rats were sacrificed after 2 weeks and 7 weeks, respectively.
Then histologic sections were made and assessed by light microscopy. Data were statistically ana-
lyzed via student t-test with SPSSWIN 12.0 program (p ¢ 0.05).

Inflammation observed in 2 weeks groups were severe compared to the 7 weeks groups. But the
differences were not statistically significant. BMP2-addition groups had less inflammation than MTA
groups in both periods, though these differences were also not statistically significant. In conclusion,
the combination of BMP2 and MTA showed no differences with MTA only for pulpotomy of rat teeth.
(J Kor Acad Cons Dent 32(5):403-410, 2007)
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[ . INTRODUCTION beneath the injury are prerequisites for long-term
control of pulp survival in vital pulp therapy.
The goal of treating exposed pulp with an Successful outcome for vital pulp therapy is very

appropriate material for vital pulp therapy is to dependent on the type and location of injury,

promote the regeneration of dental pulp cells”.
Wound healing and new hard tissue formation
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development of the tooth, capping material and
integrity of the cavity restoration”.

Formocresol has long been the standard pulpo-
tomy agent in primary teeth, and calcium hydrox-
ide in immature permanent teeth. However they
have some disadvantages to be used as a pulpoto-
my agent”. Advance in material and biological
sciences offered better treatment modalities to us
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in vital pulp therapy.

Mineral trioxide aggregate (MTA) cement has
recently been introduced to clinical dentistry”.
MTA showed good outcomes in pulpotomy of pri-
mary teeth”, and has been used in pulp-capping
procedures in animals, demonstrating remarkable
success compared with calcium hydroxide®®.
Better results of cell response were found in the
presence of MTA”". Some studies have demon-
strated that the antibacterial effects of MTA are
comparable to those of calcium hydroxide'*'”. And
some researches demonstrated MTA induced bet-
ter results than calcium hydroxide as an agent for
vital pulp therapy®'”. But there are no long-term
results on the effectiveness of MTA as an agent
for vital pulp therapy.

For better results in vital pulp therapy, several
authors have encouraged the evaluation of growth
factors like bone morphogenetic protein (BMP) as
morphogens'®'”. These proteins are osteogenic
proteins, originally identified as the active compo-
nents within osteoinductive extracts derived from
bone, which is able to stimulate osteoblast differ-
entiation and bone formation at ectopic sites™'.
Implications of these proteins to dentistry are
enormous, including orthopedic, oral and peri-
odontal surgeries, and vital pulp therapy and so
on. Several BMPs have been used experimentally,
with the aim of introducing reparative dentino-
genesis in the dental pulp™*.

In this respect, we used rhBMP-2 (BMP2) com-
bined with clinically accepted material, MTA, as a
pulpotomy material. The purpose of this study
was to investigate whether BMP2 could induce
synergistic effect with MTA in pulpotomized teeth
in the rats.

I'. MATERIALS AND METHOD

The animal experimental protocol was approved
by the Animal Research Committee of Asan
Medical Center (Seoul, Korea) and all ethical cri-
teria contained in Helsinky declaration. Healthy
non-carious upper first molars from thirty-two, 10
weeks old, Sprague-Dawley rats were used for
this investigation. All procedures were performed
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under anesthesia using intraperitoneal injection of
ketamin (90 mg/kg) and xylazine (10 mg/kg). The
teeth were washed with 0.5% chlorhexidine.
Access cavities were prepared through the
occlusal surface using a sterile high-speed 1/4
round bur. Bleeding was controlled by light pres-
sure with sterile cotton pellets and paper points
before placing the materials. No salivary contami-
nation was allowed.

The materials used in this study were ProRoot®
MTA (MTA, ProRoot®, Dentsply Tulsa, Tulsa,
OK, USA) and recombinant human Bone
Morphogenetic Protein-2 (BMP, R&D Systems
Inc. Minneapolis, MN, USA). 1.2 grams of MTA
cement was mixed according to manufacturer s
instructions. MTA was placed in upper right first
molars as a control group. In upper left first
molars, 1 ug of BMP2 was placed on exposed
pulps followed by a restoration of MTA. All cavi-
ties were restored with light-cured glass-ionomer
cements (Fuji II LC*, GC Co. Tokyo, Japan).
After 2 weeks, sixteen rats were sacrificed by
subcutaneous injection of an overdose of pento-
barbital sodium and perfused with 10% buffered
formalin through the aorta. The other sixteen rats
were sacrificed after 7 weeks by same manner.
The teeth were divided into four groups.

Group I - 2 weeks with MTA (n = 16)

Group 1I - 2 weeks with MTA & BMP (n = 16)

Group III - 7 weeks with MTA (n = 16)

Group IV - 7 weeks with MTA & BMP (n = 16)

Then upper molars and their associated peri-
odontal supporting tissues were dissected out and
fixed in 10% buffered formalin. The sections were
decalcified with 10% EDTA for 5 - 7 days. The
teeth were processed by standard paraffin embed-
ding procedures and at least five 5 un thick step-
serial sections per tooth were taken at 0.5 to 1.0
mn intervals. The resultant sections were stained
by hematoxylin and eosin.

Histological changes of teeth were evaluated
under light microscope (Nikon Eclipse TE 200,
Tokyo, Japan). The two endodontists were blind-
ed to the treated groups and evaluated the histo-
logical sections according to the following catego-

Ty.



Grade 05 no inflammation and occurring hard
tissue repair in pulp chamber

Grade 1; mild inflammation in pulp area

Grade 2; moderate inflammation in pulp area

Grade 3: severe inflammation in pulp area or
microabscess

Data were statistically analyzed via student t-

test with SPSSWIN 12.0 program (p { 0.05).

. RESULTS

Inflammation observed in 2 weeks groups were
severe compared to the 7 weeks groups. So,
inflammation scores were higher in group I & II
as compared to group III & IV (Table 1). But
these differences were not statistically significant.
BMP2 groups had less inflammation than MTA
groups in both periods, but these differences were
also not statistically significant (p ¢ 0.05). The
degree of inflammation of four groups is summa-
rized in Table 1.

In 2 weeks groups, most of histological sections
had zones of some inflammation. The slightly
heavily inflammed tissue was composed of many
infiltrated inflammatory cells such as lympho-
cytes, macrophages and plasma cells in group I
(Figure 1-A, 1-B). Most specimens of group I and
IT showed some intracanal hard tissue formation,
but complete dentinal bridge was not formed at
any specimen (Figure 2-A, 2-B).

In 7 weeks groups, inflammation was reduced
than that of 2 weeks groups, but the specimens
still showed mild inflammation. In group III and
IV, most of specimens indicated nearly complete
formation of dentinal bridge (Figure 3-A, 4-A)
and the type of hard tissue that is newly formed

Table 1. Overall results for the experimental groups

Tissue response of Pro-Root® MTA with rhBMP-2 in pulpotomized rat teeth

was osteodentin, including cell body, rather than
true dentin in group III and IV (Figure 3-B, 4-B).
The amounts of hard tissue formation were simi-
lar between group III and group IV.

V. DISCUSSION

Growth factors are polypeptides that increase
cell replication and have important effects on dif-
ferentiated cell function®. And it was reported
that a few growth factors were used in animal
studies for endodontic treatment**”
phogenetic factors (BMPs) are growth factors
belonging to the TGF-f superfamily. BMPs have
been implicated in tooth development, and the
expression of BMP2 is increased during the termi-
nal differentiation of odontoblasts®*”. Under
pathologic conditions such as carious lesions, the
secretory activity of odontoblasts is stimulated to
produce dentin via a process that may be exerted
by signaling molecules, like BMPs, liberated from
the dentin during demineralization®. BMP2 also
induces a large amount of reparative dentin on

. Bone mor-

the amputated pulp in vivo™ .

Conventional endodontic therapy has been
reported to show a high success rate™. But, many
teeth are not restorable, and vital pulp therapy is
not always predictable. The dental pulp contains
progenitor/stem cells, which can proliferate and
differentiate into dentin-forming odontoblasts.
And it was reported that BMP2 could direct pulp
progenitor/stem cell differentiation into odonto-
blasts and result in dentin formation®’.

BMP' s multiple effects on inducible cell popula-
tions include mitotic effects on undifferentiated
mesenchymal cells and osteoblast precursors:

Inflammatory response

Group Mean & SD
0 1 2 3

I MTA 5 7 4 0 0.94 £ 0.77
2 weeks

II MTA & rhBMP-2 4 9 2 1 1.00 + 0.82

111 MTA 9 3 3 1 0.75 = 1.00
7 weeks

v MTA & rhBMP-2 11 3 1 1 0.63 £ 0.89
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induction of expression of the osteoblast pheno-
type: chemoattractiveness to mesenchymal cells
and monocytes and binding to extracellular
matrix type IV collagen™. But the exact molecular
control mechanism of BMP is still not clear.

MTA was chosen for this study because of its
proven hard tissue-forming capabilities®®. MTA
cement powder consists of fine hydrophilic parti-
cles mainly containing tricalcium silicate, tricalci-
um aluminate, tricalcium oxide and bismuth
oxide. MTA sets in the presence of moisture, pre-
vents microleakage, is biocompatible, and pro-
motes reparative dentin formation"*"*'”. MTA has
been found to induce a significantly greater fre-
quency of dentin bridge formation, less pulp
inflammation, and bridges with significantly
greater than mean thickness compared with calci-
um hydroxide®”. But there is no data in long-
term result of MTA using in vital pulp therapy.

We expected that BMP2 could induce the syner-
gistic effect with MTA in reparative dentin forma-
tion. This assumption was based on the earlier
finding by us that the cytotoxicity of MTA and
combination treatment of MTA & BMP decreased
with passage of time™. So, the addition of BMP
to MTA has a beneficial effect to reduce initial
cytotoxicity of freshly mixed MTA cement™.

However, in this study, between MTA and BMP
groups there were no statistically significant dif-
ferences in pulpal inflammation and formation of
reparative dentin. The different outcomes
between two studies may be due to the effect of
dosage or local tissue concentration of BMP2.
But, in another study using BMP7, BMP7 was
not dose-dependent in inducing reparative
dentinogenesis®™. Further study is necessary to
evaluate if the outcome of vital pulp therapy is
affected by the dosage of BMP2. And we speculate
that BMP2 could have been denaturated due to
high pH of MTA on before-setting. Also the half-
life of BMPs is limiting, so high concentration is
required in addition to an optimal carrier during
the local application to the exposed pulp for
reparative dentin formation™.

In our results, newly formed dentin matrix was
almost osteodentin. Nakashima reported® that
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tubular dentin formation was induced when
BMP2 implanted on the amputated pulp with
4M-guanidine chloride extracted inactivated dem-
ineralized dentin matrix. During the early steps
of reparative dentin formation, odontoblast-like
cells are embedded in the dentin bridge.
Therefore, the reparative structure is initially of
the osteodentin type, whereas later the reparative
dentin appears to be of the tubular dentin type,
with tubules and without cell body inclusions™’.

In this study, most of specimens indicated near-
ly complete formation of dentinal bridge in 7
weeks groups. And the type of hard tissue that is
newly formed was osteodentin. There were also no
obstruction signs of entire pulp canals. These
could be hopeful signs of regenerating pulp tis-
sues. Although the current study did not demon-
strate improved healing with BMP2, the future
regimens of vital pulp therapy are likely to be
based on physiological strategies using biomole-
cules such as BMPs. And additional research is
needed to confirm if the differences come from the
kind of the growth factors or filling materials.

V. CONCLUSION

Conclusively, our study showed that the combi-
nation of BMP2 and MTA showed no difference
with MTA only for pulpotomy of rat teeth.
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Figure 3-A.

Figure 3-B.

Figure 4-A.

Figure 4-B.
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Histological specimen of MTA-pulpotomized tooth (2 weeks, x 100)
Black arrow: Capping materials, Blue arrow: Inflammation zone, Yellow arrow: Early stage of hard
tissue formation.

Histological specimen of MTA-pulpotomized tooth (2 weeks, % 400)
Red arrow: Inflammation zone was filled with many inflammatory cells such as lymphocytes,
macrophages and plasma cells.

Histological specimen of MTA&BMP2-pulpotomized tooth (2 weeks, x 100)
Black arrow: Pulp capping materials, Blue arrow: Inflammation zone, Yellow arrow: Some vessels
were dilated in pulp tissue.

Histological specimen of MTA&BMP2-pulpotomized tooth (2 weeks, x 400)
Red arrow: Inflammation zone was composed of inflammatory cells.

Histological specimen of MTA-pulpotomized tooth (7 weeks, % 100)
Black arrow: Pulp capping materials, Blue arrows: Hard tissue formation, Yellow circle: Dentinal
bridge formation.

Histological specimen of MTA-pulpotomized tooth (7 weeks, x 400).
Red arrows: Newly formed hard tissues. Morphologies of new dentinal tubules are different from old
those.

Histological specimen of MTA&BMP2-pulpotomized tooth (7 weeks, x 100).
Black arrow: Pulp capping materials, Blue arrow: Hard tissue formation, Yellow circle: Dentinal
bridge formation, Red arrow: Slightly inflammed pulp tissue

Histological specimen of MTA&BMP2-pulpotomized tooth (7 weeks, x 400).

Yellow arrow: Hyalinization of surrounding materials, Red arrow: Newly formed dentinal bridge.
The type of hard tissue that is newly formed was osteodentin, including cell body, rather than true
dentin, Blue arrow: Slightly inflammed pulp tissue.
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