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The successful completion of these studies will provide valuable results for the investigation of
the development of novel dental materials. Besides, the result of these studies may change the
current situation of direct pulp capping, and also provide new ideas for clinical treatments.

I investigated the in vitro/in vivo effect of novel biocactive materials on
MDPC-23 cells, human dental pulp stem cells (hDPSCs), and wistar rats as planned. The investigation
of a novel adhesive monomer CMET on MDPC-23 cells has revealed that CMET stimulated MDPC-23 cells
proliferation, differentiation and mineralization. The results have been published on on
International Endodontic Journal (Int Endod J. 2020 Oct; 53(10):1413-1429). The investigation on
hDPSCs has showed that CMET has low cytotoxicity and exhibits high activity on stimulation of
odontogenic differentiation and matrix mineralization. The in vivo study on wistar rats showed that
direct capping with CMET can effectively promote dentin bridge
formation.The results of the effect of CMET on dentin regeneration is under submission to SCI
journal and patent application.
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Direct pulp capping has been used for the treatment of pulp exposed by deep dental caries
or traumatic injury. Under conditions of severe damage, newly differentiated odontobl ast-
like cells may migrate to sites of injury, where they are thought to form reparative dentin
that protects pulp tissue from stimuli.

In 1930, Hermann discovered that calcium hydroxide (CH) is effective in repairing an
exposure site. Since then, CH has been widely used for direct pulp capping treatment
because of its broad antimicrobial spectrum, strong sterilization function, minuteirritation,
strong penetration and convergence capacity. However, the long-term success rate of CH-
based treating modality appearsto be low as the follow-up period increases at |east partly
due to its poor adhesion to dentin tissue, tunnel defects formed in dentin bridges and
dissolution away shortly after placement.

Mineral trioxide aggregate (MTA) is one of the most popular material recently. The
mechanism of MTA issimilar to CH. Although its therapeutic performance is better than
that of CH, but it still has some disadvantages including expensive price, long setting
times, poor handling, and coronal tooth discoloration.

Adhesive system has been one of the most important success elements for endodontic
treatment. They exhibit several advantages, including their high mechanical strength, easy
application, and ability to be light cured immediately, providing superior adhesion to
peripheral hard tissues and an effective seal against microleakage. Most of the monomer
in the composite resin and bonding agent has been proved to be cytotoxic to pulp tissue,
which meansthe penetration of these monomers from dentin-bond interface to pulp tissue
will cause inflammation even cell necrosis.

To study the in vitro effects and possible mechanism of novel bioactive materials on
odontoblast-like cells and human dental pulp stem cells.

To study the therapeutic effect of novel bioactive materials on dental pulp cells and
to explore a new effective method for clinical treatment of direct pulp capping.

This research was divided into three independent experiments. In experiment 1, we
studied thein vitro effect of novel bioactive materials on odontoblast cells. In experiment
2, we studied the effect of novel bioactive materials on human dental pulp stem cells, and
explored the possible mechanism of these materials on pulpitis development and
prognosis. In experiment 3, animal experiment was carried out to investigate the
therapeutic effect of novel bioactive materials on dental pulp cells and to explore a new
effective method for clinical treatment of direct pulp capping.

First, the investigation of a novel adhesive monomer CMET, cacium sat of 4-
methacryloxyethyl trimellitic acid (4-MET) on MDPC-23 cells has reveaed that CMET



not only stimulated MDPC-23 cells proliferation but also augmented odontogenic
potential and mineral nodule formation. 4-MET is one of the commonly used adhesive
monomer, the calcium salt of 4-MET eliminates its strong acidity which is cytotoxic in
high concentration. Inhibition of the p38 MAPK signaling pathway significantly
depressed CMET-induced ALPase activity and mineralization, suggesting that CMET
can promote intracellular Ca?* homeostasis and provide a signal for activation of
downstream events that promote odontoblast differentiation and matrix mineralization.
These results have been published on International Endodontic Journal (Int Endod J. 2020
Oct; 53(10):1413-1429).

Second, the investigation of CMET on hDPSCs has showed that this novel bioactive
monomer CMET has low cytotoxicity, and exhibits high activity on stimulation of
odontogenic differentiation and matrix mineralization. The data showed that inhibition of
p38 and JNK signaling completely suppressed the matrix mineralization of hDPSCs,
which accelerated by CMET. On the other hand, inhibition of p38 signaling also
suppressed the CMET-induced ALPase activity to a relatively low level through the
whole culture period. Inhibition of INK pathway reduced the CMET-enhanced AL Pase
activity by one third on day 14, and to the control level on day 21. Besides, inhibition of
the NF-«xB pathway dramatically suppressed the CMET-induced odontogenic
differentiation of hDPSCs, as indicated by downregulation of odontogenic markers and
reduced hDPSCs mineral deposition. The findings confirm the underlying signaling
pathways that involved in this process.

Third, the in vivo study of CMET on wistar rats was performed. A mechanica pulp
exposure model was established on 8-week-old male wistar rats. The histomorphological
changes of dental pulp tissue of wistar rats at different time points after direct capping
with CMET was compared to that of calcium hydroxide. After 14 days of operation,
dentin-associated partial hard tissue bridge was found near the exposure site of the
calcium hydroxide treated group, with aloca inflammatory process. The CMET group
exhibited the presence of thin complete bridge invading the pulp space to the opposite
dentin wall, adjacent pulp tissue appeared normal. At day 28, irregular hard tissue bridge
without obvious tubular structure was observed in the calcium hydroxide group.
Continuous thick dentin bridge and tertiary dentin were seen in the CMET group, with
well-distinguishable dentinal tubules. Intact odontoblastic layer was observed aligned
along the periphery of the pulp, and adjacent to the dentinal bridge. Hard tissue bridge
was formed faster, thicker, and with a better structure in the CMET group compared to
that in the calcium hydroxide group. The findings herein provide evidence that direct
capping with CMET can effectively stimulates the odontogenic differentiation potential
of rat dental pulp stem cells and promote dentin-like hard tissue formation, and the cells
secreting this structure displayed a polarized odontoblastic characteristic. The results of
theinvitro and in vivo effect of CMET on dentin regeneration is under submission to SCI
journal and patent application.
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