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Development of method for identifying tissue stem cells
present in oral cavity

BRAIAFEEFES 5&E4E  Showa University School of Dentistry Class of 2022
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This study focused on neural crest-derived cells as a new resource for bone regeneration. Neural crests are
formed on both sides by invagination of the neural plate in the early embryonic period, after which some
neural crest cells then migrate throughout the embryo as neural crest-derived cells. It is also known that
other neural crest-derived cells remain as somatic stem cells in colonization destination tissue and have
pluripotency. In order to collect tissue stem cells as a resource for bone regeneration from neural crest-
derived cells with high efficiency, it is important to identify the properties of the target cells and determine
which are suitable as tissue stem cells. A new analysis method termed single cell RNA-sequence (SCRNA-
seq) has been developed and shown capable of detecting factors involved in transcriptional regulation of
individual cells. Based on results of ScRNA-seq analysis, a total of 13 clusters were observed. Among those,
trajectory analysis was performed to reveal tissue stem cells that served as the origin of those populations and
the findings suggested that a model starting from a cluster expressing Sox2 would be appropriate. In a future
study, cell surface proteins specifically expressed in clusters expressing Sox2 will be identified, then purified
and applied for bone regenerative medicine.
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Development of method for identifying tissue stem cells present in oral cavity

(Problem) This study focused on neural crest-derived cells as a new resource for bone regenerative medicine. In
vertebrates, neural crests are formed on both sides by invagination of the neural plate in the early embryonic period,
after which neural tubes are formed by connection between the left and right neural crests. At that time, some neural
crest cells are left behind and migrate throughout the embryo as neural crest-derived cells (Fig. 1). These migrating
neural crest-derived cells differentiate into various cell types, such as osteoblasts, neurons, and hair follicle cells, based
on the colonization destination. In adults, it is also known that some neural crest-derived cells remain as somatic stem
cells in colonization destination tissue and have pluripotency. Therefore, neural crest-derived cells, considered to be
somatic stem cells, can be obtained from adult tissues, thus avoiding bioethical issues, different than with ES cells
obtained from fertilized egg embryos. In addition, unlike iPS cells, the risk of cancer development with neural
crest-derived cells is considered to be low, thus they are anticipated to become a new cell resource for regenerative
medicine. For investigations of neural crest-derived cells, we have used PO-Cre/GFP mice, which express green
fluorescent protein (GFP) under the control of the myelin protein 0 (PO) gene promoter, to collect neural crest-derived
cells (Fig. 2). However, when using adult neural crest-derived cells as a regeneration source, the number of cells
obtained is small and an efficient separation/proliferation method that offers a high level of purity has yet to be
established. In addition, even should separation and proliferation be possible, somatic stem cell proliferation and
differentiation abilities differ depending on the individual cells, thus it is necessary to develop an effective method for
selecting cells useful for regenerative medicine.

(Hypothesis) In order to collect tissue stem cells from neural crest-derived cells to be used as a resource for bone
regeneration with high efficiency, it is important to identify the properties of the target cells and determine which are
suitable. A new analysis method, termed single cell RNA (scRNA)-sequence, has been developed and shown capable of
detecting factors involved in transcriptional regulation of individual cells. We speculated that this method would be
suitable for determining cells expected to differentiate in a manner suitable for the transplant destination and thus
effective for regenerative medicine.

(Methods) Mouse neural crest-derived cells were obtained from PO-Cre/GFP mice expressing GFP under the control of
the myelin protein 0 (PO) gene promoter, which is specifically expressed in neural crest cells. These mouse cells have
been shown effective for tracing neural crest-derived cells by visualizing GFP (Fig. 2).
(1) Cells collected from mouse inferior turbinate differentiate into osteoblasts

Cells collected from the inferior turbinate of mice were cultured for 14 days, then placed in calcified medium
containing BMP-2 (100 ng/ml) for three days to determine the expression and activity of alkaline phosphatase (ALP)
and osteocalcin (OCN), known osteoblast differentiation markers.
(2) Neural crest-derived cells collected from mouse inferior turbinate

Mouse inferior turbinate cells (n=100,000) were labeled with propidium iodide (PI), then using a FACS cell sorter
Pl-negative live cells were designated (n=38,083). Next, GFP-positive cells, neural crest-derived cells, were isolated
(n=10,114). After sorting, GFP-positive cells with a high proportion of mitochondrial genes (>10%) were considered to
have a poor condition and excluded from scRNA-seq analysis, which was subsequently performed with 1056 cells.
(3) scRNA sequence analysis

SCRNA sequence analysis of cells obtained by sorting was performed using a chromium single-cell gene solution. The
workflow steps used were as follows: 1) bar coding of each cell and transcript library preparation, 2) sequence analysis
with a next-generation sequencer, and 3) bioinformatics analysis of obtained data.

(Results) (1) Differentiation of cells collected from mouse inferior turbinate into osteoblasts

After culturing cells collected from mouse inferior turbinate specimens for 14 days, nearly all were found to be
GFP-positive neural crest-derived cells (Fig. 3A). Next, treatment with mineralization medium containing BMP-2
increased the gene expression of ALP and OCN, markers of osteoblast differentiation, and promoted differentiation into
osteoblasts, resulting in increased alkaline phosphatase activity (Fig. 3B, C).
(2) scRNA sequence analysis of neural crest-derived cells from mouse inferior turbinate

Based on the gene expression of 1085 cells, two-dimensional mapping using uniform manifold approximation and
projection (UMAP) analysis, as well as cell clustering analysis were performed, with a total of 13 clusters observed

(Fig. 4).
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Each cluster was classified according to the gene expression mode of the cells. Wnt/B-catenin signals and Lefl, a
transcription factor involved in maintenance and proliferation of ES cells, were specifically expressed in cluster No. 8.
In addition, KIf2 and KIf4, which regulate expression of pluripotent stem cell-specific genes and are involved in
maintenance of pluripotency, were widely expressed, though centered on cluster No. 0, while Sox2 was specifically
expressed in cluster No. 7 (Fig. 4). Trajectory analysis was performed to determine which tissue stem cells were the
origin of these populations, which indicated that a model starting from cluster No. 7 expressing Sox2 would be
appropriate.

(Conclusion) Among cells collected from the inferior turbinate of mice, GFP-positive cells, which are neural
crest-derived cells, were induced to differentiate into osteoblast-like cells. Furthermore, by scRNA sequence analysis, it
was possible to suggest that the expression of genes characteristic of tissue stem cells is particularly present in cluster
No. 7 expressing Sox2. In a future study, we will identify cell surface proteins that are specifically expressed in cluster
No. 7 to purify and apply them for bone regenerative medicine.
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Bone tissue engineering with perinatal product-derived
mesenchymal stem cells

RIBRFEFE 6FE  Nagasaki University School of Dentistry Class of 2021
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Tissue engineering has been considered a potential alternative strategy to bone reconstruction, and growth
factors and stem cells are receiving significant attention as key elements in tissue engineering that can confer
osteo-inducibility to alloplastic bone substitutes. Particularly, for large bone reconstruction, delivering
mesenchymal stem cells (MSCs) or osteoblastic cells is considered to be very promising. In such a strategy, we
have focused on the perinatal products-derived MSCs, such as umbilical cord (UC) - and amniotic membrane
(AM) -MSCs, in an allogeneic setting. Human UC-MSCs and AM-MSCs have a higher proliferative potential,
however osteoblast differentiation ability is quite limited when compared to bone marrow-MSCs (BM-MSCs).
Therefore, these MSCs usually require the long-term culture for differentiation but even differentiated
cells cannot show sufficient /7 vivo osteo-inducibility. In this study, when examined various 2D and 3D
matrix cultures on UC-MSCs, we found a culture on surface of typelcollagen (Coll) gel matrix induced the
depolymerization of F-actin to monomeric G-actin in UC-MSCs, and then promoted osteoblast differentiation
and /n vivo osteo-inducibility. However, Coll gel culture could not affect the osteoblastic differentiation
of AM-MSCs. Therefore, Coll gel culture must be useful to enhance osteoblastic differentiation ability of
human UC-MSCs, and changes of cell morphology determined by dynamics of the actin cytoskeleton may
associate with the inducibility of osteoblastic differentiation of UC-MSCs. Meanwhile, different feature was
recognized on osteoblastic differentiation among UC- and AM-MSCs
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Bone tissue engineering with perinatal product-derived mesenchymal stem cells

(Problem)  Current surgical strategies for healing bone defects arising from trauma or disease employ either
autogenous bone grafts or alloplastic bone substitutes. While autograft procedures can involve donor site morbidity,
this strategy can be a realistic option for patients with severe bone defects. Meanwhile, because alloplastic materials
lack osteogenic potential, their application remains limited, and the results of these strategies have been inconsistent
to date. Therefore, tissue engineering has recently been considered a potential alternative strategy to bone
reconstruction since it is thought to be less invasive and safer than conventional methods. For this reason, growth
factors and stem cells are now receiving significant attention as key elements in tissue engineering that can confer
osteoinducibility to alloplastic bone substitutes. In particular, for large bone reconstruction, delivering mesenchymal
stem cells (MSCs) or osteoblastic cells is considered to be very promising. However, obtaining therapeutic cells
from autologous MSCs have many issues such as the time required cell expansion and differentiation, and individual
differences among patients in osteogenic ability. Therefore, we have focused on the perinatal products-derived MSCs
such as umbilical cord (UC) - and amniotic membrane (AM) -MSCs. Human UC-MSCs and AM-MSCs have a
higher proliferative potential and an ability to differentiate into osteoblasts. Moreover, these cells are thought to be
able to be applied in an allogenic setting without eliciting host immune responses. However, the osteoblast
differentiation ability is limited when compared with that of bone marrow-derived MSCs (BM-MSCs). Therefore,
UC-MSCs usually require the long-term culture for differentiation but even differentiated cells cannot show
sufficient in vivo osteo-inducibility.

(Hypothesis) ~ When investigated the downstream signaling pathways of BMPs in UC-MSCs during the osteoblastic
differentiation in culture, we found the inhibition of cofilin, an actin-depolymerizing factor, gene expression. Furthermore,
upregulation of pluripotency transcription factors such as Oct4 or Nanog was shown. Therefore, to promote the
differentiation ability of cultured UC-MSCs and AM-MSCs for future clinical setting, we should investigate the ideal
culture conditions by focusing on these features.

(Methods and Results)  We firstly examined various 2D and 3D matrix cultures on UC-MSCs by focusing on cofilin
gene expression. As results, we found a culture on the surface of Coll gel matrix lead the up-regulation of cofilin gene
significantly with/without rhBMP2. Therefore, when explored the localization of G-actin in UC-MSCs cultured on Coll
gel, we detected F-actin was rapidly depolymerized to monomeric G-actin and subsequently cellular G-actin had been
accumulated in UC-MSCs. Then, after 7-10 days of culture, the expression level of alkaline phosphatase (ALP) mRNA
and its activity in UC-MSCs were obviously enhanced up to the same level as BM-MSCs. In addition, differentiated UC-
MSCs on day 10 significantly decreased Oct4 or Nanog mRNA expressions, and clearly enhanced osteocalcin expression.
However, surface culture on Coll gel could not affect the osteoblastic differentiation of AM-MSCs.
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Taken together of these phenomena, Coll gel culture must have promoted the osteoblastic differentiation ability of UC-
MSCs via induction of actin-depolymerization on type I collagen matrix. Therefore, we have then investigated whether
actin polymerization inhibitor affect the osteoblastic differentiation of UC-MSCs. As an experiment, UC-MSCs, AM-
MSCs and BM-MSCs from the same patient were cultured with Latrunculin A (a actin polymerization inhibitor) and
rhBMP2 on a plastic dish. After that, when evaluated the osteoblastic differentiation, UC-MSCs markedly increased ALP
MRNA expression after 6 days of culture but AM-MSCs did not show significant changes.

Finally, to examine in vivo osteo-inducibility of UC-MSCs cultured on Coll gel, we transplanted cultured UC-MSCs on
Coll gel or plastic dish to mouse cranium surface (bone augmentation model) and rat calvarial defect (defect model). As
results, UC-MSCs cultured on Col1 gel could induce the new bone tissues remarkably compared with that on plastic dish.
In addition, Latrunculin A treated UC-MSCs also showed enhanced osteo-inducibility in mice.

(Conclusion)  Col-1 gel culture must be useful to enhance the osteoblastic differentiation ability of human UC-MSCs,
and changes of cell morphology that determined by dynamics of the actin cytoskeleton may associate with the inducibility
of osteoblastic differentiation of UC-MSCs. However, different feature was recognized on osteoblastic differentiation
among UC- and AM-MSCs.
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Effect of oral dryness and bolus property on swallowing
function

FraKRFEFER 44 Niigata University Faculty of Dentistry Class of 2023
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In this study, | investigated the effect of oral dryness on the swallowing movements. Electromyograms
(EMGs) were recorded from supra and infra-hyoid muscles during swallowing of jelly, paste, ene-ice (unique
crystalline oil which has a melting point at 28 degrees Celsius) and vanilla-ice before and 30 and 60 min after
1-mg atropine sulfate administration. Subjective feeling of oral/pharyngeal dryness continued to increase and
salivary flow continued to decrease over the time. After atropine administration, a total number of swallows
tended to increase during paste and vanilla-ice swallowing, which was a significant difference from jelly.
Ease to swallow gradually decreased, particularly in jelly and paste while thermal sensation did not change
in all foods. Comparing EMG burst activity (area under the curve of rectified EMG burst) and duration at the
oral stage of swallowing among the conditions, they were both significantly larger in vanilla-ice as compared
to any other food while there was no difference among the time points. Those at the pharyngeal stage were
significantly larger in paste, which was gradually increased with time. We can suggest that ene-ice was less
affected by oral/pharyngeal dryness probably due to activation of thermo-sensitive receptors.
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Effect of oral dryness and bolus property on swallowing function

(M1 si-Problem)

Japan has the highest life expectancy in the world; in 2020, the rate of aging was 28.7%, which was also the highest in
the world. With aging, functional decline may occur not only in the body but also in the oral region. Of these changes,
oral dryness, eating problem or difficulty in speaking due to hyposalivation is reported in many older people. However,
few previous studies have clarified how oral dryness affects eating function depending on the bolus property (1% problem).

My senior presented the effect of crystalized oil and fat (COF) on swallowing function in SCRP 2019. COF is a special
material, in that it composes in a crystal form in a room temperature and has a melting point at 28 degrees Celsius. One
cold sensitive receptor, Transient Receptor Potential Melastatin 8 (TRPM8) is activated at this temperature. When COF
is melted, the heat is absorbed and TRPM8 is activated so that the we are given the cold sensation. Based on the fact that
TRPMS is one of the receptors which activate/facilitate swallowing neural network, she demonstrated that COF
application onto the tongue resulted in facilitation of swallowing initiation. Although oral dryness inhibits taste sensation,
we do not know how oral dryness affects thermal sensation and hence swallowing initiation or movements (2" problem).

(i 7t-Hypothesis)

Under oral dryness condition, it may be difficult to perform bolus formation and propulsion during swallowing, which
depends on the bolus property such as viscosity or adhesiveness. However, thermal sensation and following swallowing
initiation are less affected by the oral dryness.

(J71£-Methods)
Subject: 15 young healthy volunteers (8 females, average age 24.5+3.9 y/0). Recordings: surface electromyographic
(EMG) activity was recorded from right suprahyoid and left infrahyoid muscles during freely swallowing of test foods (4
g of jelly, paste, ene-ice and vanilla-ice) (Fig. 1). Ene-ice includes COF. Next, atropine sulfate was orally given at a dose
of 1.0 mg and subjective feeling of oral and pharyngeal dryness and unstimulated salivary flow per 30 sec were recorded
immediately and every 10 min after administration for 60 min. Heartbeat, respiratory rate and blood pressure were also
recorded before and after atropine administration.

Hardness (Pa) Cohesiveness Adhesiveness (J/m-3)

5000 1.00 1400
1200
1000
800
2000 600
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1000

Jelly Paste Ene-ice Jelly Paste Ene-ice Jelly Paste Ene-ice

Fig. 1. Bolus property of test foods at 20°C. Vanilla-ice could not be measured at this temperature. The data was obtained
by averaging three values. There was a significant difference only in viscosity among the foods (one way ANOVA
followed by Tukey’s test) .

Analysis: subjective feeling of oral/pharyngeal dryness, vital signs, subjective evaluation of easy to swallow and thermal
sensation were compared between before and after atropine administration. Using EMG data, a total number of swallows,
EMG activity (area under the curve of rectified EMG waveform during swallowing) and EMG burst duration were also
compared among the conditions.

This study was approved from the Ethics Committee of Ethics Committee of Niigata University (2020-0125)
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(#EH--Results)

1. After atropine administration, oral/pharyngeal feeling of dryness continued to increase and salivary

flow continued to decrease (Fig. 2). There was no difference in vital signs (data not shown).

Subjective feeling of oral dryness Subjective feeling of pharyngeal dryness Unstimulated sliva (g)
a, vs immed
b, vs 10 min
¢, vs 20 min
d, vs 30 min

a, vs immed
b, vs 10 min
¢, vs 20 min
d, vs 30 min
e, vs 40 min
f,vs 50 min
<005
**p <0.01

" vs 10 min
Eﬁ 0.6 *p <005
c
e

€, vs 40 min
f, vs 50 min
<005
*p <0.01

0aag
13994
e33R

Immed 10min  20min  30min  40min  50min 60 min Immed 10min  20min  30min  40min  50min 60 min Base Immed 10min 20min 30min 40min 50 min 60 min

Fig. 2 Changes of visual analogue scales (VAS) of oral (left)/pharyngeal (middle) dryness and unstimulated
salivary flow (right). Immed, immediately after atropine administration; Base, before administration.

2. Evaluation of swallowing (Fig. 3)

(1) Ease to swallow gradually decreased with time, particularly in jelly and paste. This was not the case
of thermal sensation during swallowing, in that there was no significant difference in thermal sensation

among the time points in all foods. (2) A total number of swallows was less affected, but it tended to

increase during paste and vanilla-ice swallowing.

VAS swallowing

200 VAS temprature N of swallow
OBaseline O30min  @60min

OBaseline_030min  @60min 6.0 OBaseline 030min  B60min

“p<0.05
0.0

0.0

4.0 ,I+|

(10.0) (10.0)

(20.0) \R/_J

(20.0)
(30.0) (30.0)
(40.0)

B 20
p<0.01 vs vanilla
(40.0)
= U
(50.0) — (50.0) 00

Jelly Paste Ene-ice Vanilla-ice Jelly Paste Ene-ice Vanilla-ice

Jelly Paste Ene-ice Vanilla-ice

Fig. 3 Changes of ease to swallow (left), cold sensation (middle) and total number of swallows (right).

(3) Effects on oral stage of swallowing (Fig. 4): EMG activity and duration of suprahyoid muscles were
significantly larger in vanilla-ice than any other food. There was no significant difference in these values
among the time points.

(4) Effects on pharyngeal stage of swallowing (Fig. 4): Only paste swallowing was affected by atropine
administration, in that EMG duration gradually increased with time and EMG activity was significantly

larger than that during jelly or ene-ice swallowing.

Supra duration at oral stage Supra area at oral stage Supra duration at pharyngeal stage

Supra area at pharyngeal stage
OBaseline ©30min  @60min

OBaseline ©O30min @60min OBaseline ©@30min  @60min OBaseline 030min

a, vs Jelly N 2.0 03
b, vs Paste

¢, vs Ene-ice
P <005
**p < 0.01

a, vs Jelly ™ att 1.0
b, vs Paste b

¢, vs Ene-ice
*p<0.05
**p<0.01

p<0.05

Jelly Paste Ene-ice  Vanilla-ice Jelly Paste Ene-ice  Vanilla-ice Jelly Paste Ene-ice Vanilla-ice Jelly Paste Ene-ice Vanilla-ice

Fig. 4 Changes of EMG duration (supra duration) and EMG area (supra area) with time.
(#%7m-Conclusion)

Under oral/pharyngeal dryness condition, swallowing movements in all foods were affected. In particular,

1mpacts on subjective feeling and pharyngeal stage were high in jelly or paste. On the other hand, effect

on oral stage was the highest in vanilla-ice. Although we can suggest that ene-ice was less affected by

oral/pharyngeal dryness probably due to activation of thermo-sensitive receptors, any positive evidence

to support this suggestion were not obtained from EMG data. In our future study, we should collect the

data from older people or patients with oral dryness or using different foods.
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Evaluation of face guard cores made by stereolithographic
three-dimensional printing: build orientation and material

RRERERAREEEI 554 Tokyo Medical and Dental University Faculty of Dentistry
Class of 2022
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[Problem+Hypothesis] A face guard (FG) is a protection device that is worn by athletes having maxillofacial
injuries. It consists of a thermoplastic core and cushion covering materials. Conventional FG is a time-
consuming and sensitive technique. Recent progress in digital dentistry has enabled accurate construction
of FG using a 3D printer; however, its mechanical properties have not been evaluated. In this study, the
appropriate building conditions and resin resource for FG core preparation using a stereolithography 3D
printer was estimated by bending test and impact test, then, the application of 3D printer for FG preparation
was considered.

[Methods] The most rigid build orientation was decided from the flexural modulus by the bending test. The
impact absorption and pressure dispersion properties of four kinds of resin built in above orientation were
evaluated.

[Results] The highest flexural modulus was obtained in which built in lateral to force orientation. In the impact
test, FG core prepared by an impact resistant resin of 3 mm thick or more did not show macroscopic fracture.
In addition, its impact force absorption and dispersion were same or better than a conventional FG core.
[Conclusion] An FG's core, 3D printed impact resistant resin achieved same or better impact absorption and
dispersion properties compared to a conventional FG core. Therefore, the feasibility of practical FG core
production by a 3D printer.

FGERS 3D T RCEKBT AR H— R A7 MOERARST BEAmEMEII OV
[BREm - RER] 7z AH—F (FG) I, SBEEIMEEFZF D ERREE THY. BalBMEEIsDI7EY v a Vb 555, Rtk
DFGRUEICIZFZ L DFBEEBDRETHY . TIRIVT VTAARN) —DISARERESTEN TV SHN REGEREERPFGEMELT
WABEIIMEIC DWW TARBEESEZ VN, RFZE TCIESEER3DT ) 2% AW FGISE T i sd oL o EM ORI i pss 1t
AL LTITUVN BEDFGO7MEUENDS AR LT,

[5&] 3DDHEE AR CEMELIABRA DR iR h SRbAIELTREARZRAEL . ZOXMETCHREBLIELADL YV RMEIT M
ELTeEFGOEER R 1T o CREEIRIN « D ElEZ 5 L7z

[#E8R] 3l 5iER D SRTEAAICER LR RADEMERE R L, FGITEL TWSEHIBELz, AR CIXEHF3MmL LD
SMEZMEL Y OOAT7MIEERWBIENE LD L5 L REREMERFN TN LU EDFERIN - HEEENFS SN,

[iE:R] EmMERML D TERELEO7MIZ. R CERIN TV A REREMEREUL EOBFHEIN - pEEER L TUM e, Y&
3DT) R CRARBEFEFGO 7 MAE/ER TED T EH TR I NI,

MRFEZATDEN

AR—VBREEDREBRTIIAAA—F (FG) DRETRENIKEV, BREEIDAE. BREDELL3IDT ) V2 EFGREIC
EAL. BEICESRE CHREERENRDAEVFCEMORREICKREGERIRS 21T ofc, RFETRIEREICLENTRERED
M ZBED DIERICRAAIRE T BVVERZ + O IER - I LB EZRE LSS I LZRL. COMBIRRSEDAR—YVE
WFERRICTDICTEET2EEZAONc, (T7AIVTA— T RN\ —FE &3l
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Evaluation of face guard cores made by stereolithographic three-dimensional printing:
build orientation and material

(Problem)
A face guard (FG) is a protection device that is worn by athletes having maxillofacial injuries. It consists of a
thermoplastic core and cushion covering materials. Conventional FG is a time-consuming and sensitive technique that
involves impression-making and heat pressing. Recent progress in digital dentistry has enabled accurate construction of
FG using a 3D printer (Fig. 1); however, its mechanical properties (e.g., flexural modulus, impact absorption, and
impact dispersion) have not yet been evaluated.
(Hypothesis)
In this study, core materials for FG were created using a stereolithography (SLA) 3D printer. The four types of resin
resources used for this 3D printer had three build orientations. Afterwards, their application potential was evaluated
using three-point bending and impact tests.

(Methods)

An SLA 3D printer (Form3, Formlabs, Inc.) was used. Four types of resins (Durable, Draft, Rigid 10 K, and Tough
1500, Formlabs, Inc.) were used as materials.

1) Build orientation and flexural modulus

Specimens (80 mm in length, 10 mm in width, and 4 mm in thickness) were N2

constructed in three build orientations (Fig. 2) for three point bending tests.

Y X
These tests were performed using a universal test machine (EZ-LX, XE %
Z

Shimadzu Co.) with a support span width of 64 mm, crosshead speed of 2.0

mm/min, 5 mm indenter radius, and 5 mm support radius. The difference in W
-
the flexural modulus was investigated (n=5).

2) Shock absorption capacity Fig. 2

The FG core materials were constructed with thickness ranging from 1 to 4 mm (100x100 mm). The control was a
thermoplastic resin, AP3 (3 mm thickness, Aquaplast, Sakai Medical), that was used as a conventional FG core material.
Both the sides of the core material were covered with cushion materials (neoprene, Sakai Medical) that were commonly
used for current FG using adhesive.

The specimen was placed on a modified DuPont impact tester (IM-201, Tester

Sangyo, Fig. 3). A 500 g weight was dropped from a height of 240 mm (the

diameter of the tip was 6.34 mm) that collided over the specimen. Impact force

(approx. 4920 N) was considered sufficient for frontal bone fractures. The cracks

in the specimen were inspected visually. The pressure distribution under the

specimen, which was corresponding to the surface of the living body, was

checked with the pressure measurement. The maximum impact force was

measured using a load cell under the specimen (n=5).
Fig. 3
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(Results)

1) The best build orientation

The flexural modulus of all the materials, estimated using the three-point bending tests, was highest when the specimen
had a built in thickness in the direction of the Z axis (Table 1). A high flexural modulus revealed less deformation

following impact. The following impact tests were carried out for the specimens built in the Z direction.

Table 1
Material Build Orientation
X Y Z
Durable 499 + 332 625+ 30° 711 +88¢
Tough 1500 1030 +£59° 1030 £ 412 1150 + 63°
Rigid 10K 7380 +8902 8870+ 160P 8630 +210°
Draft 942 + 312 1090 + 23°b 1250 +40¢

2) Evaluate the shock absorption and dispersion

Table 2
The fracture ratio of the core material is listen in Table 2. Thinner core Material Thickness (mm)
materials (< 2 mm) fractured after a single impact. The fracture ratio of the 4 3 2 1
Durable 0 0 100 100

specimens having dimensions of 3 mm or more varied with the type of aresin.  Tough 1500 | 20 40 100 100

Durable resin, having dimensions of 3 mm and 4 mm (Du3 and Du4), did not Rigid 10K | 40 100 100 N/A
Draft 20 80 100 100

reveal macroscopic fracture, therefore it is most suitable as a core material.
Fig. 4 shows the maximum force under the specimen. The impact force was reduced to approximately 10% when the
specimen was inserted. Impact force was significantly decreased for AP3 and Du3, compared to Du4 (p < 0.05;
Tukey-Kramer multiple comparisons). Therefore, Du3 had sufficient impact absorption capacity.

Fig 5 shows the pressure distribution images of the specimen. The pressure was concentrated at the impact when
specimen was not used. After inserting AP3, the pressure was dispersed to the surrounding area (20 mm in diameter).
Upon inserting Du3 and Du4, the pressure drastically decreased to an unmeasurable range. The pressure distribution
measurement suggested that Du3 and Du4 had sufficient impact dispersibility.

[}
o
o

D
o
o

Maximum Force (N)
N S
o o
o o

o

AP3 Du4 Du3
Fig. 4 Fig.5

(Conclusion)

In this study, core materials for the FGs were created using various resins with a 3D printer. Compared with the
conventional FG core (AP3), Du3 as well as Du4 showed sufficient impact absorption properties for the maximum
impact force and pressure distribution tests. Therefore, it is expected that creating the core material with a Durable resin
and using a 3D printer will offer better protection.
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Effect of ELF pulsed magnetic field on wound healing
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Dental treatments involve invasion of the epithelium and bone and the sooner and normal healing process
is strongly required. Low-frequency pulsed magnetic fields have been used in orthopedic field to treat bone
fractures, and their safety has been recognized. In this study, we investigate whether our extremely low-
frequency pulsed magnetic field can be applied to wound healing by /77 vitro experiments using cultured cells.
The keratinocyte cell lines HaCaT and PAM2.12 were irradiated with 7000 mG (0.7 mT) 6 Hz extremely
low-frequency pulsed magnetic fields, and sooner wound healing in the magnetic field irradiation group
were observed by wound healing assay. Next, cell proliferation analysis showed no significant difference
between the magnetic field irradiation group and the control group, but cytoskeleton observation showed
increased actin stress fiber formation in the magnetic field irradiation group. Finally, the intracellular signal
transduction after magnetic field irradiation showed activation of RhoA and ERK1/2 in the magnetic field
irradiation group.

These results suggest that low-frequency pulsed magnetic field irradiation promotes wound healing by
inducing cell migration, especially in the early stage, through signaling from ERK1/2 to RhoA.

ASTeRICX I BIERENR/ ) VABSZDINR

ERELERDIBIE Cld LR P BIREN 55N BT ENDY TDREITH UCBH ERICECEGADEW T EISBRTH 2. EREHK
INIVABESSISEERNRREE CRITDBFE EICAVLNTEY ZDRLMIITBHSNT WS, KRR TIE FLHBF LIERR b
Al EZ ANSRRICISA TERHEDH\ IBEMIZRL TR I3 &Ll

T2F/ A MlREHaCaTE L UPAM2.12127000 mG (0.7 miT) 6 HzAEER/ \ILARES 2885t LT RS aR” Y LA Z1Tofc &I A,
Hi5IRE B CRUS RN B RREZ BT, RICHIRIIETEZ AT LIc &5, BB ENREICARGEIX R ofch\ Hik
BIROBRCIL BIHRHB CT 7T VAN AT 7 AN\ HDEIID H SN e, BEIC, BZRIEROMRIN 7 U EZRNTc
ETA, Hi35RE B CRhoAB L UERKI/20D7E M L 2535 <.

INSDFRERD S BB/ Y VABLZERSTIZERKI/2D'5Rh0AND Y 7 F ) URZEIC K| FRICHIEAD MR E = 5 2 L TRl
BRERELT DI ENT,

HERRABDEN

HEREZ2E ClE. BREE LT HAWVETEETAICH >TORMEICAEN EC DT LB BN ZDRHADBREILEE, frENAIC
BRTHD, COMBRIFER R/ VARG Z AIUS/ARIEEICSAT I E2BMICLIE DT R TIEMBEE RV ERKY
METH B, LHLEHNS, BEMICSITZ2EIEARDEESEZDADZXLNESHMNEY, TSICHIENDAEHLERIN
Bh ofeTED S SRIFE M ZAVCRENEH EVEREKR TCERIT AT LEARETHEEEZS,
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Effect of extremely low-frequency pulsed magnetic field on wound healing

Background and Problems

Periodontitis and periodontal surgery, stomatitis, denture ulcers, drilling for the placement of dental implants and tooth
extraction involve invasions of the epithelium and bone. The sooner healing with normal process is expected. Basic
research on the promotion of tissue regeneration and healing, especially the bone formation,

has been actively conducted, and many studies have utilized the effects of growth factors and cytokines for bone
formation. In recent years, in addition to these methods, it has become clear that physical factors play an important role
in wound healing and bone growth. In particular, physical/mechanical stimuli such as the exposures of ultrasound and
magnetic fields are known to be effective in promoting bone formation. In the field of orthopedics, low-frequency
pulsed magnetic fields have been used as an adjunct therapy for fracture healing. Many studies have been conducted on
the effects of magnetic field stimulation on living organisms. However, the results have not always been consistent due
to the lack of uniform conditions such as the type and frequency of magnetic fields (static, high-frequency, and
low-frequency magnetic fields), the large variation in the target cells and individuals, and the inconsistent cell culture
conditions. In the case of low-frequency magnetic fields, many studies have shown that magnetic fields have some
effects on living organisms, and that these effects are not particularly negative.

In this study, we investigate how the extremely low-frequency (ELF) pulsed magnetic stimulation, which has a potential

to align water molecules, affects wound healing process through in vitro experiments using cultured cells.

Methods
The stimulation intensity of the ELF pulsed magnetic field
was 7000 mG (0.7 mT) at 6 Hz. The human keratinocyte cell line HaCaT and

the mouse keratinocyte cell line PAM2.12 were used as epithelial cells. ELF pulsed magnetic field

1. Wound healing assay: The cultured cells were scratched and irradiated with a magnetic field for 24 to 72 hours to

observe the closing of the scratch marks, and examined whether the magnetic field affected the wound healing.

Scratch 24 ho-urs 48 'ho'urs 72 .i’lOUI‘S
2. Cell proliferation assay: Assay was examined after the magnetic field irradiation to determine whether the magnetic

field-induced wound healing was due to cell proliferation or cell migration.
3. Observation of cytoskeleton: Actin fibers were stained to observe the cell skeleton after magnetic field irradiation.

4. Observation of signal transduction: The activation of the MAP kinase ERK and the low molecular weight G proteins
RhoA, Racl, and Cdc42 were analyzed by Western blotting and GLISA.
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Results
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A significant acceleration of wound healing was observed in the
magnetic field irradiation group (MF) for both HaCaT and PAM2.12.
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*p<0.05, **p<0.01 (Student's t-test)

2. Results of cell proliferation assay 3. Cytoskeletal changes
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There was no significant difference The formation of actin stress fibers was observed
in cell proliferation between both groups. in the MF group compared with the control group.

4. Signal transduction inside the cell

RhoA activation
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Activation of RhoA and Racl and phosphorylation of ERK1/2 were enhanced in the MF group
compared with the control group.

Discussion

In this experiment, the ELF pulsed magnetic fields accelerated wound healing in both human and mouse keratinocyte
cell lines. Since cell proliferation or cell migration is a possible mechanism for wound closure, we investigated this
mechanism and found that the accelerated healing caused by the magnetic field was not due to cell proliferation. When
cells migrate, actin stress fibers are formed in the early stage by signaling from ERK to RhoA behind the direction of
movement, and foliated pseudopodia are formed in the late stage in front of the direction of movement. In this
experiment, we found that ELF pulsed magnetic field promoted the formation of actin stress fibers and the activation of
ERK and RhoA, suggesting that ELF pulsed magnetic field promotes the early phase of cell migration in wound
healing.

Conclusion
The ELF pulsed magnetic field accelerated wound healing in both human and mouse cells in vitro. In addition, the ELF

pulsed magnetic field activated RhoA and Racl without affecting cell proliferation. These results suggest that the ELF

pulsed magnetic fields may accelerate wound healing by promoting early cell migration via ERK to RhoA signaling.
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Effect of probiotics candidates Lactobaci/li on infection
prevention of Candida albicans
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With aging, immunity declines and morbidity rises leading to an increasing incidence rate and number of
carriers of Candida. | hypothesized that probiotics using Lactobaci/lus would be effective in improving the
balance of indigenous oral flora and activating immunity in order to prevent overgrowth and pathogenicity
of Candida. However, since lactic acid bacteria produce organic acids implying the risk of caries and
hypersensitivity, it was necessary to searched for and verify strains that produce effective metabolites under
neutral pH conditions.

The Candida albicans type strain was used as test strain and the culture supernatants (CS) of 5 Lactobacillus
strains were used as test samples. | performed antibacterial tests, a hyphal formation suppression test of C.
albicans, a protease activity inhibition test and a cytokine production test from human epithelial cultured
cells. As a result, fungicidal activity against C. a/bicans, inhibition of protease activity, suppression of hyphal
formation, immune-activation and an immune-modulatory effect of CS were confirmed in most of the 5
strains. Therefore, | conclude that the combined use of effective substances produced by these strains used as
probiotics might prevent the spread of Candida.

Candida albicansZ3:FElx I B LProbiotics 1&#E L actobacillus DFHER

EEMEICE2RBE T EBREDOLFMHV. OFFCandidaB@RBEREFERNMEML TS, CandioaDiBRIETERURREDHE
= TeIC, LactobacilusE BT OINAF T4 7 AT LB OBEBERZD/ TV AWE L REEH ORI TH S E LSRG
I (feo LH L. LEBRISEREZEE T 2O OB PMRIBHIED RV EEZSNDT. pHPMRH CENGREENZESE
THEMEREL RREELT,

WRRERKIECandida albicansEZERRICXT L. S¥RDL actobacillustaE L8R T C. albicans DIE R & ERAZAANHIEER.
TO77—CEMRERER. t N EEEMED ST A M1 U EEDESRE T olc. TORER. 1ZEAEDEIRTC. albicans|cxts %
MEM. 707 7—EMRE. BRG] ZEEH LS KU RBRRENRO RSN, o B EINSDEMDEEE
HEHFEDETTON\AF T4V AELTRWA T &K, CandidaDIEABALEIC DT BT ENTEREEZSNS,

MRFEZATDEN

AfEA Y D ZFERBEHFPRRE TQOLE R EBETEEED REICFHEDEIIENTVEWL, T T ABHIERVEEZED
TANAF T4 ACEB LT EIEBALRT W ThHLERIE R ERRHMERD U R HEREN SR THEN TS,
KRR TRNAF T 1 0 AR HZ P HRA THRENICEHE L ERAE TH 50\ RRALLHATIN BRPEARZSE
AR ELEDFHICERZLTONSHREEZEA TS, (T7AIVTA— T FNAY— K8 BF)
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Effect of probiotics candidate Lactobacilli on infection prevention of Candida albicans

(Problems)

With increasing age, oral Candida prevails in inverse proportion to the decrease in immunity. Problems and diseases
related to Candida rise, such as denture stomatitis due to increasing denture usage and aspiration pneumonia due to
decreasing reflexes. With the aging of the population, the prevalence of underlying diseases grows. Due to plenty of
medication, xerostomia and microbial substitution surge, and the number of Candida-carriers tends to increase

dramatically. However, specific measures to prevent candidiasis have not yet been established.

(Hypothesis)
Probiotics is effective in improving the balance of the indigenous oral flora and in activating immunity. It prevents
overgrowth and pathogenicity of the oral indigenous microorganism Candida.

(Methods)

From preliminary tests with 42 Lactobacillus strains stored in the laboratory, 5 strains were selected as inhibitor
candidates against C. albicans growth. They are:

Lactobacillus plantarum LP103, Lactobacillus plantarum LP108

Lactobacillus plantrum LP122, Lactobacillus negelii FL1, Lactobacillus plantarum FL2

Candida albicans (ATCC:18804) was the fungus to be tested.

Cultured supernatant (CS) of Lactobacilli in MRS medium was neutralized to pH 7.0 and concentrated 20-fold to be
used as CS sample. Since the Lactobacilli culture supernatant is originally acidic and contains lactic acid, its application
to the oral cavity is not desirable due to the risk of caries and hypersensitivity. Therefore, the CS was neutralized before

use. The following tests were performed:

BSA 4 % g =

1. Growth inhibitory test of CS with yeast or MIC
hyphal type of C. albicans. \ Dilution —~aMBC
& culture
2. Hyphal formation inhibitory test of CS by + serum Calculation of
microscopic observation. == hyphal transition
with/without CS rate
3. Protease activity inhibitory test of CS by Candida Detection of degraded BSA
detection of BSA degradation. YCB sup by TCA precipitation

(absorbance A =280)

4. Cytokine production test (TNF-a, IL-6, IL-8)
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(Results)

(MBC) was also the same concentration, therefore CS is considered fungicidal.

1. Since a growth inhibitory effect was observed at 50% CS for both yeast and hyphal type of C. albicans (Fig.1&1"),

the minimum inhibitory concentration (MIC) was judged to be 50%, and the minimum fungicidal concentration

2. When the amount of inoculated fungi was increased 10 times, the antimicrobial property decreased, but a
significant hyphal inhibitory effect of CS was observed (Fig.2). In oral candidiasis, the hyphal type of C. albicans

is said to be pathogenic and invade tissue, therefore low hyphal formation is desirable.
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3. CS had an inhibitory effect on protease activity, which was significantly different from the control (Fig.3). The
protease activity is one of the virulence factors of C. albicans, then inhibition was desirable. Especially for FL1
and FL2 the quantity of degraded protein was reduced.

4. C. albicans infection resulted in increased TNF-a production, but CS had a suppressing effect (Fig.4), indicating an
anti-inflammatory effect. IL-6 and IL-8 were significantly promoted with CS (Fig.4) showing immunity activation.

Fig. 1. Growth inhibition Fig. 1’. Growth inhibition Fig. 2. Hyphal formation inhibitory test
wn test (yeast type MI C) o test (hypha| type N”C) 4 one-way analyss of variance 5<0.01
m | ‘ || “ ‘l | || |‘ ‘ ‘I -
-l | B | iliii
50% CS 259 125%CS 50% CS 25% CS 125%CS
w103 =108 m122 =FL1 mFL2 mControl (MRS) w103 =108 m122 mFL1 mFL2 mControl (MRS) Contrel

(MRS)

Fig.3. Protease (SAP) activity inhibitory test Fig4. Cytokine production test in the infected epithelial cells

ABS 280nm one-way analysis of variance p<0.01

08 TNF-«a ”—‘6 ”—‘8

pg/ml ng/m\ one-way anaysis of variance p<0.01 P! one-way analysis of variance p<0.01
, 50

10 45

05 . 16 5 w0 [
1 . 3
04 30
1 12 2
03 10 - T
20
02 . 15
01 I . 10
0 | | - = - - .
0 0! 2 L2 TNF-a ¢

Control (Blanc)

(Conclusion)

e It was shown that CS has an inhibitory effect on the overgrowth and pathogenicity of C. albicans, indicating the
possibility of improved balance of the oral flora.

o Further, it was shown, that following the increased immune activity of infected epithelial cells by CS, a moderate
suppression due to TNF-a could be observed.

e From the above, it is possible, that CS can be applied to food, mouthwash, dentifrice and else as oral probiotics. To
be effective, it might be necessary to combine all 5 test strains (as the summary table), because they were not all at
the same level.

Summary table

Test systems Lpl03 | Lpl08 | Lpl22 | FL1 | FL2
Growth prevention and fungicidal | + + + + +
effect
Inhibition of hyphal formation + + + +
Inhibition of protease (SAP) | + + + ++ |+ E albicans miecton | Immune activatio
iy e BAR s e
Immuno- Inflammation ++ ++ + + -
modulatory | suppression
effect of (TNF-a)
infected Immune ++ ++ ++ + +
epithelial activation (I1L-6)
cells Immune + + ++ + +
activation (I1L-8)
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Periodontitis & abnormal pregnancies: Porphyromonas
gingivalls utilizes macrophage extracellular vesicles and
Inhibits placental angiogenesis

FILARFBEFER 454  Okayama University Dental School Class of 2023
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Problem: The placenta connects the mother and fetus through a sophisticated vascular structure. Placental
dysfunction is associated to fetal abnormalities. Porphyromonas gingivalis (Pg) affects fetal growth, but the
detailed mechanism is not clarified. I examined the mechanism of how Pg utilizes macrophage extracellular
vesicles (M@ EVs) and affects fetal growth through the inhibition of placental angiogenesis.

Method: Pg-infected Mo EVs (Pg-inf Mg EVs) were collected and injected into pregnant mice. The extracted
placenta and fetus were analyzed by /77 vivo imaging, bioinformatics, and histological methods. Human
Umbilical Vein Endothelial Cells (HUVEC) were used 777 vitro experiments. All animal studies were approved
by the Ethics Committee.

Results: Pg-inf Mg EVs translocated and inhibited the development of the placenta and fetus. The amount of
translocated EVs correlated with the level of abnormality of the placenta and fetus. The placenta of Pg-inf Mo
EVs-injected group exhibited decreased blood vessel area and expression of Vascular Endothelial Growth Factor
Receptor 1 (VEGFR1). Decreased VEGFRL1 expression and migration were also observed in HUVEC.
Discussion: Pg-inf M EVs downregulate VEGFR1 and delay the migration ability in endothelial cells,
inhibiting the process of angiogenesis and decreasing blood circulation. The placenta is unable to provide
sufficient nutritions to the fetus, causing fetal abnormalities.

Conclusion: Pg utilizes M¢ EVs and inhibits placental angiogenesis through the downregulation of VEGFR1,
which results in fetal abnormalities.

sEREBRIBOMRREE | Porohyromonas gingivalis\&<2 a7 7— Dk
NoNgE N UCRRERDIMER A ZPEE T 5

IR e IR MBEEE N TR EBRIRERGU. BRIROMRICKEGREEEE5Z 5, WARREForphyromonas gingivals
(Pg&) HEERDOEREICREST 2T LD DTEH ZDFELUVAAZXLIFEESHTHELY,

Bt PgREM D SN NE (Pg-inf Mo EVs) ZEIUXL. #FR< VRIS Lz, it LIchai - falR L& B M R
(HUVEQC) ZRUWC in vivo imaging. HEREFERF T EFIC KB LTz,

R Pg-inf Mo EVsl&. fae-RRIBICEIEL. ZNOMEZE LPEE LT, #E5HORB TIENER MK L MEREMEERT
SR (VEGFR1) RIRDE TIHERSO SN, Pg-inf Mo EVsIFHUVECICHE W TEVEGFR1DHIR & MfZsEE A= HH] LTz,
Z8:Pg-inf M EVSIZVEGFRIDETZ N L TIRBOMERRZEET 2, TDRER. BRENOREHENMET L., RIEORERES
EFEIBHLEASND,

&5 - PgldMe EVsEN LU CRBOMERMZREL. RIBORREEZFET 5,

MRFREZATDEN

BEENS I L BB DEEEICE T 50 FEMFEHNHARIIBOTOEV, KRR TI. WEAKRREH VA7 7 —JHKD
RN EEN LTEARERIRZBCIHRBEARICEXRGHEEZRIZTILEZBASHIC L. INSDMRIE. EROER%Z
AT OFERBEOEATIET TR FROBRICETHEZSA TSI LZTETHLDTHY . BIRROEMADORT 77D
EEUZLHRITLRS. BEROBRIBEICTST2EEAOSNS, (T7HIVTA— 7 FI\AY— [ #8E)
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Periodontitis & abnormal pregnancies: Porphyromonas gingivalis utilizes macrophage
extracellular vesicles and inhibits placental angiogenesis
[Problem]
The placenta is an important tissue with a sophisticated vascular
structure, connecting the mother and the fetus for nutrients, metabolites,
and gas exchange. Placental homeostasis strongly affects fetal
development. Therefore, placental disorder is directly associated to fetal

growth and development inhibition. Fig. 1

Periodontitis is a chronic inflammation caused by periodontal pathogens such as Porphyromonas gingivalis (Pg).
It has been shown that periodontitis affects fetal growth, but the detailed mechanism is not clarified (Fig 1).

I examined the mechanism of how Pg utilizes macrophages (M¢) and affects fetal growth through the inhibition of
placental angiogenesis.

[ Hypothesis ]
Pg can invade Me and transport its own pathogens into Me-derived

extracellular vesicles (Mg EVs) (Fig. 2). Pg-infected Mg EVs (Pg-inf Mg EVs)
translocate to distant organs. In this study, | hypothesized that
Pg-inf Mo EVs reach the placenta and impair its tissue structure and function.”

Fig. 2
[ Method]

Collection of Pg-inf Mg EVs: Monocytic cell line was differentiated into M and treated with Pg for 4 h.

After culturing for another 48 h, Pg-inf Mg EVs were collected from the culture medium.

Animal Experiments: Pregnant mice were injected with Pg-inf Mo EVs and sacrificed at embryonic day 18. The
localization of EVs was detected using In Vivo Imaging System (IVIS). The extracted placenta was used for HE
staining, Western blot (WB), or Coomassie Brilliant Blue (CBB) staining. Placental EVs were analyzed by mass
spectrometry and used for gene ontology analysis. All animal studies were approved by the Ethics Committee.

In Vitro: Primary Human Umbilical Vein Endothelial Cells (HUVEC) treated with Pg-inf M EVs were used for
scratch assay, WB, or CBB staining.

[ Results]
1) Pg-inf M@ EVs translocate and inhibit the growth of the placenta and fetus

The size and weight of the developed placenta and fetus in the Pg-inf Mo EVs-injected group significantly decreased
(P < 0.0001) to approximately half of that of the control group (Fig. 3A and 3C). In addition, many of the fetus in the
Pg-inf Mo EVs-injected group showed signs of delayed development at an early embryonic stage, resembling a pea-
size cluster. Moreover, IVIS showed that Pg-inf Mg EVs translocate to the placenta and fetus (Fig. 3B). Higher signals
were observed in abnormal placenta and fetus. This indicates that Pg-inf Mo EVs directly inhibit the growth of the
placenta and the fetus and also that the level of inhibition is correlated with the amount of translocated EVs.

Fig. 3
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2) Pg-inf M@ EVs inhibit placental angiogenesis

The HE-staining of the Pg-inf M EVs-injected group placenta exhibited decreased blood vessel area and width
without inflammation (Fig. 4A and 4C). This suggests that the Pg-inf M EVs can transmit to the placenta and cause
damage to placental blood vessels while evading immune cells. The damaged placental blood vessels display lower
blood circulation, hindering their ability to provide sufficient nutrients to the fetus.

Mass spectrometry and gene ontology analysis of the placental EVs showed angiogenesis-related proteins with
highest relevance: Angiogenin-3 (ANG3), Vascular Endothelial Growth Factor A (VEGF-A), and Vascular Endothelial
Growth Factor Receptor 1 (VEGFR1) (Fig. 4B). In particular, the expression of VEGFR1 in placental EVs of Pg-inf
Mg EVs-injected group dramatically decreased. This was confirmed by WB of the placenta (Fig. 4D).

3) Pg-inf Me EVs inhibit migration and downregulate VEGFR1 in HUVEC Fig. 4

The observations from the vivo experiments were also
examined in vitro. Scratch assay showed that the migrated
area decreased in HUVEC treated with Pg-inf Mo EVs
(Fig. 5A and 5B). This suggests that Pg-inf Mo EVs directly
inhibit the migration ability in endothelial cells after they
translocate to the placenta.

WB of Pg-inf Mg EVs-treated HUVEC and their EVs
showed decreased VEGFR1 expression. This indicates that
Pg-inf M EVs secondarily impend the function of
endothelial cells through the downregulation of VEGFR1,
further inhibiting placental angiogenesis (Fig. 5C).

Fig. 5

[ Conclusion]
In this study, | examined the mechanism of how Pg utilizes M¢ EVs

and affects fetal growth through the inhibition of placental
angiogenesis. Pg-inf Mg EVs translocated and caused damage to the
placenta, without inflammatory response. In the placental EVs

of the Pg-inf Mo EVs-injected group, the expression of VEGFR1
was downregulated and the migration ability in endothelial cells
decreased. This delays angiogenesis, resulting in limited blood
circulation. Therefore, the placenta is incapable of meeting the

nutritional demands of the fetus, causing fetal abnormalities (Fig. 6). Fig. 6

Pg utilizes M@ EVs and inhibits placental angiogenesis through the downregulation
of VEGFR1, which results in fetal abnormalities.
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Paramylon intake improves blood triglyceride level, but
not C-reactive protein level: double-blinded randomized
control trial

FNEERERE 3F4E  Kyushu Dental University Class of 2024
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Many diseases in dentistry involve chronic inflammation. Paramylon is a linear (1,3)-3-glucan derived from
the cells of Euglena gracilis Z, and recent animal studies suggest anti-inflammatory and blood glucose and
blood lipid-lowering effects. In this study, we conducted a double-blind, randomized controlled trial in
humans to investigate changes in serum high-sensitivity C-reactive protein (CRP) and triglyceride levels by
the intake of paramylon. Thirty-one subjects were randomly divided into placebo and paramylon groups.
Each subject was given four capsules twice a day, before breakfast and dinner, for one week. The subjects
were also asked to record their meals using a mobile application, and the average daily nutrient intake was
calculated. The results of this study showed that serum high-sensitivity C-reactive protein levels did not
differ significantly between before and after the study in both groups. In contrast, serum triglyceride levels
decreased significantly in the paramylon group before and after the study. Energy intake during the study was
comparable in both groups. On the other hand, only lipid intake was significantly higher in the paramylon
group than in the placebo group among the three macronutrients. In conclusion, the results suggest that one-
week intake of paramylon has the effect of lowering blood lipids.

INZZAVIFCRPIE Tl MRS E% SE I 5 CESREFA LR
BRERR CBIB T SEEDEZIEBERENEE T2, /\ZIOVEI—T L7+ KA S FULY) OMIFRICERT HEHERD (1,3)
-B-7 VA THY) . TFENMRER AR PIAE(E - MFAEEE TMERDIRE SN TV, FAE T EMCEITE—EERI(L
SR LM BEERZITV, NTIAOV OB LS MEFRRECRPESHEREHEDNE L ZHET DI 2B E LT, 31TAD
WREZBAERICT S RBEL/NSIOVED2DICD ARAL YRAD2E. 4471V BBBEREE fo, TTARBREIIES
B7 75— 3 EoCREZRRLTH5LN 1BHI) OHIBERERZHE LTc. FARDHER. MESRECRPEIFFHZE
Tl IV —TEHBRGEEER S Bh ofc, —A. BRI B/ 52O B OREFIK TERICRD LTc, FARRDOI XV
F—EBIMEICOWUI, TTERBEL/N\G IOV CRFDRERE RO, MFEHBARICERLIE=RRERD S, BRIHERE (%
IRV RIFHN N\SIAVER TS RBELVERICED ofc, fme LT IBREO/N\Z IOV BRI MHIEEZE T EE 53R
HHBTEHTEENT

MRFEZATDEN

R CEBY 2K BICIE. MAXKGEBURENBES I BHEHDE{H 5. INSDERRBICHTHRFEAD—D2ELT L
MBED2EREHEZSNTVS, LH L IENBORACAIZOENHEEZDOM MG ERRDBYBELHRSNZDHIEFR
THB. ETOANAF T4V A EEMIKFELEVHEEANDT TO—-FHEEENSH. EYBRD/ SO DRRE
ERIC L ZEBHRBNDIRDEAFEND, (T7HIVT 14— 7 FIN\AHF— @t KER)
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Paramylon intake improves blood triglyceride level, but not C-reactive protein level: double-blinded

randomized control trial

[Problem]

Paramylon is a linear (1,3)-beta-glucan, which is derived from the cells of Euglena gracilis Z. Recent animal studies
have reported that paramylon intake has a positive effect on health, including anti-inflammatory effects and reduction of
blood lipids level. However, it is unknown whether the effects are similar in humans. In the present study, we aimed to
investigate the effects of paramylon intake on serum high-sensitivity C-Reactive Protein (hs-CRP), a sensitive marker of
inflammation, and serum Triglyceride (TG) level.

[ Hypothesis]

We hypothesized that the paramylon intake would reduce the serum CRP level and improve lipid metabolism. To test
the hypothesis, we set up the following study design.

[ Methods]
1. Subjects
Thirty-eight subjects (19 males and 19 females, mean age 25.4 + 0.8 years old) were enrolled, and seven subjects with
hs-CRP levels below 50 ng/ml were excluded from the study. The thirty-one subjects were divided into a placebo group
(16 subjects) and a paramylon group (15 subjects) in a double-blind randomized mannar.
2. Intervention
The placebo-containing and the paramylon-containing capsules 1000 mg/day (Euglena Co., Ltd., Tokyo, Japan) were
each taken for one week.
3. Evaluation of blood samples and nutrient intakes
Blood samples were collected before and after the start of the study to measure the high-sensitivity CRP (hs-CRP) and
Triglyceride (TG) in serum. In addition, each subject's daily diet was recorded using a smartphone during the study
period, and nutritional intake was automatically analyzed using the Al of a mobile application (Calomael, Lifelog
Technology, Tokyo, Japan).
4.  Statistics

Statistic analysis were performed using the Willcoxson test or the Mann-Whitney test, and a p-value of less than 0.05

was considered as significant.

[Results]
1. Serum hs-CRP level was comparable before and after taking the capsules in both groups

The median serum hs-CRP in the placebo group was 144.5 ng/ml before the start of the study, and 263.0 ng/ml after
the end of the study. In contrast, in the paramylon group, it was 352.0 ng/ml before the start of the study and 244.5
ng/ml after the end of the study. There was no significant difference in serum hs-CRP in both groups before and after the

study.
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2. Serum TG declined after taking paramylon containing capsule

Serum TG in the placebo group was comparable between before and after the study, where 106.7+14.8mg/dl before
and 93.1+13.0mg/dl after the study. On the other hand, in the paramylon group, the serum TG significantly declined
from 130.5£25.2 mg/dl to 90.1+14.6 mg/dl after the study (p=0.0083).

3. Lipid energy ratio in nutrient intake was significantly different between the group

In the nutrient intake assessment, the placebo group had a caloric intake of 1460.4+81.7 kcal/day. Macronutrients'
energy ratio of protein, lipid, and carbohydrate was 13.9£0.5%, 32.2+1.1%, and 50.5%£1.3%, respectively. In contrast,
the paramylon group had a caloric intake of 1283.6+70.3kcal/day, and the intake of protein, lipid, and carbohydrate was
15.2+0.7%, 37.1+1.6%, and 45.6+2.1%, respectively.
In comparing the two groups, no significant difference, except for the lipid energy ratio, was found among the

macronutrient energy ratio.

[ Conclusion]

e Contrary to the hypothesis, one-week paramylon intake did not show significant difference in serum hs-CRP
level of both groups.

e The study demonstrated that 1week intake of paramylon reduced serum TG level, suggesting that the
paramylon (1000 mg/day) intake likely has positive effect on reducing blood lipids.

e Energy ratio of lipid intake was significantly higher in paramylon group. In general, lipid intake leads to serum
TG increase. Reduced serum TG in paramylon group despite high dietary lipid intake might support the
evidence that paramylon is effective in lowering blood lipids.

e Within the limitation of the study, paramylon likely reduces the blood TG level.

e The relationship between lipid metabolism and chronic inflammation has been reported in recent years,

therefore it is necessary to examine the effects of long-term administration of paramylon in the future.
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Volumetric analysis of medication-related osteonecrosis
of the jaw with SPECT/CT

HARRAEZFEEMEFEES 459 The Nippon Dental University School of Life
Dentistry at Niigata Class of 2023
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Objective The aim of this study was to investigate quantitative SPECT/CT imaging for medication-related
osteonecrosis of the jaw (MRONJ).

Methods Fifty-one patients with mandibular MRONJ underwent SPECT/CT after injection of Tc-99m
hydroxymethylene diphosphonate. The maximum standardized uptake value (SUV) was obtained by using a
software and workstation. The parameters of MRONJ patients with osteoporosis and bone metastases were
compared by Pearson chi-square test and Mann-Whitney U test. A p value lower than 0.05 was considered as
statistically significant.

Results MRONI patients with osteoporosis and bone metastases had significant relation to age (p = 0.001),
gender (p = 0.002), medication (p = 0.001). Then, the maximum SUV for osteoporosis (19.5 = 9.0) was
significantly higher than that for bone metastases (14.3 = 7.6, p = 0.019).

Conclusion Volumetric analysis should be useful for the evaluation of MRONJ.

SPECT/CTZRBWLcMRONJDEEZE DT

Bi COMEOEMIFEREESEFZESE (MRONJ) DSPECT/CTIRDEE DT CH 5,

FE FEICHLTMRONIE BSTHI ADBE AR LB T HMDP% &5 L. SPECT/CT CigE Uiz, RAMBIEE(LEGAE
(SUV) &Y 7 b1 7ET— 9 AT —2 3V R ETES N, BIBRES BB EESTEMRONJEEDEIRE 7YV Dh A “RIGE
ER YRy I~ DUBRE CHEE NIz, plEH0.05&YBNE LN EE BETHDHEHIT LT

R BIEEEL BERESESTIMRONJBREITIEE (0 = 0.001) MR (o = 0.002) . i (p = 0.001) ICHWTEEELRDS
iz, &t BISEORAMBSUV 19.5 + 9.0) IEBEBORAMBSUV (14.3 + 76) LUEEBEICEH f (p = 0.019) .

5 EEDHIEIMRONIOTHED AR ThHEEZ D,

MEREXABDEN

EXRZARR— AR T/ AR T EBHEKELBEEREDOBER G LOBEICALNLONS, LOULESE. ThSDERDRHWERE
LCSBEIRTE - BRADREEIN. MRONIHOEE LG DTS, MRONJDEEE LTIFEBEMRE. CTHRE. MRIRE. 8> F
T5T4—DBTEND, BYVFITTA—IFRIDILHNY R, CTTIEHIRTHEHE L W ERAI CRFDIBEREZ B BT, BaHHE
EZEa& (Tc HMDP. ®°mTc MDP) h&XREICERVIAFE N, BRFOTTEL TV SEBMIGEERET 5, VI MU T7ZAVSTE
CTSPECT/CT& 7z & 251l C T 5, IRE. MRONJEZITIF—ZIEREWBIARKENROSN TS, COMBEHDPLTEZD
BEDDHIC. ZLTIND SORBEFREBICDORHNNEEZEWNTH S, (Z7HIVTa4— 7 RINAH—/\iF —BF)
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Volumetric analysis of medication-related osteonecrosis of the jaw with SPECT/CT

(Problem)
Bisphosphonates are inhibitors of osteoclastic bone resorption. They are effective in treating osteoporosis and
prevent skeletal events associated with metastatic neoplasm. Although bisphosphonates are effective, they are also

implicated in the development of medication-related osteonecrosis of the jaw (MRONJ).

(Hypothesis)

Recently, a standardized uptake value (SUV) has been applied for the evaluation of bone single -photon emission
computed tomography/computed tomography (SPECT/CT). However, to the best of our knowledge, few reports
have been published on SUV measurement in maxillofacial bone imaging using SPECT/CT scans with Tc-99m
hydroxymethylene diphosphonate (**"Tc HMDP). The aim of this study was to investigate quantitative SPECT/CT
imaging for MRONJ.

(Methods)
Fifty-one patients with mandibular MRONJ (40 women and 11men; mean age, 77.5 years [range, 55-92 years])
underwent SPECT/CT after injection of ®*"Tc HMDP at our hospital from October 2018 to March 2021. Patients
were considered to have MRONJ by the 2014 American Association of Oral and Maxillofacial Surgeons position
paper.

SPECT/CT scans were obtained by a SPECT/CT scanner (Optima NM/CT 640, GE Healthcare, Tokyo,
Japan), equipped with 4 slices CT scanner for attenuation correction (Fig. 1). The SPECT scan was acquired using
low-energy high-resolution collimator, the 140 keV photoenergy peak for ™Tc, a 128x128 matrix of 4.2 mm pixel
size, and a total of 60 projections (30 steps) over 360° with a dwell time of 10s/step. Subsequent to the SPECT
acquisition, a low-dose CT transmission scan was performed with 120kV and 20mA using a 512x512 matrix size.

The CT data were generated with a 2.5-mm slice thickness (Fig. 2).

The maximum SUV was obtained by using a software and workstation (Q. Volumetrix MI and GEniE-
Xeleris 4DR, GE Healthcare, Tokyo Japan). By using the CT and SPECT transaxials, coronals and sagittals as the

anatomical reference, the localization and size of volume of interest (VOI) was automatically drawn over the lesion
(Fig. 3).
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Then, the dosimetry software provided multiple quantitative data for a given VOI (Fig. 4). The
maximum SUV in a given VOI was calculated as follows: maximum SUV = (maximum radioactivity/voxel
volume)/(injected radioactivity/body weight).

Parameters of MRONJ patients with osteoporosis and bone metastases were compared by Pearson chi-
square test and Mann-Whitney U test. A p value lower than 0.05 was considered as statistically significant.

(Results)

The characteristics of patients enrolled in this study are summarized in Table 1. MRONJ patients with osteoporosis
and bone metastases had significant relation to age (p = 0.001), gender (p = 0.002), medication (p = 0.001).
Furthermore, the maximum SUV for osteoporosis (19.5 +9.0) was significantly higher than that for bone
metastases (14.3 £ 7.6, p = 0.019).

Table 1
Parameters Osteoporosis (n=37)  Bone metastases (n = 14) Total (n=51) P-value
Age 0.001
Mean +SD 80.1+7.0 70.6 £8.3 775+85
Range 64 - 92 55 -84 55-92
Gender 0.002
Men 4 7 11
Women 33 7 40
Medication 0.001
Denosumab 12 10 22
Minodronate 13 0 13
Alendronate 7 0 7
Zoledronate 0 3 3
Risedronate 3 0 3
Ibandronate 2 0 2
Bevacizumab 0 1 1
Stage 0.338
Stage?2 27 12 39
Stage3 10 2 12
SUvV 0.019
Maximum + SD 19.5+9.0 143+7.6 18.1+8.9
Range 7.7-52.5 6.8 - 36.1 6.8 - 52.7

(Conclusion)

Volumetric analysis should be useful for the evaluation of MRONJ.
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Additive alveolar bone mineralization in the dry socket
may be induced by oral bacterial metabolites

BAKF®EFE 5FE4E  Nihon University School of Dentistry Class of 2022
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A dry socket is an infectious condition that occurs on the surface of the alveolar bone because of displacement
of blood clots after tooth extraction. Patients suffering from the condition often feel strong pain with
delayed wound healing. Sometimes, the condition progress to osteomyelitis. Although periodontitis, which
is also an infectious disease, exhibits bone resorption activity, an additive bone mineralization has often
been observed on the surface of the alveolar bone in a dry socket. We evaluated the effects of short-chain
fatty acids (SCFAs), a type of metabolite, produced by oral bacteria, on mineralization by osteoblasts and
osteoclastogenesis. Several SCFAs induced mineralization by osteoblasts and repressed receptor activator
of nuclear factor «-B lingand (RANKL)-induced osteoclast formation. Furthermore, SCFA-mixtures
mimicking culture supernatants of different oral bacteria were constructed and applied to the experiment.
SCFA-mixtures mimicking culture supernatants of Porphyromonas gingivalis and Fusobacterium nucleatum
induced mineralization by osteoblasts and all mixtures reduced RANKL-induced osteoclast formation. These
data suggest that the effects of SCFAs produced by oral bacteria might shift bone metabolism at the socket'’s
surface to bone formation status.

ORERMIERSIED N S Vi MBIl BsiER Rk b riEl B85 9 SalREE
RZA V7 MEkEE TOmMBDOREICKSMEDRRBEENDRANRREEZSNTESY., REEDRREICMA, BFERAN
BITIBURTEMED, R4V Y el CIIX-REEIC CHREFIEDRANERIND T EHH 5. MEXTILEEEH
TUNENZ DI L BICKEREHD RSV 7w NTIEBRILRED I 2T LN, MEHOBEE LIRS CIERIITREDKALH S
ZEDB. MEDBYITRAEZ H L. TORFENMHNREEEEDAMLTTEZTTOTCWSRIREMZE R fo, REROIER. HiEDEH
ERAEEDVE TRl KA AR I R Z (R L. RANKLEEE DK EMZStE LIFMBIDmEZIH Lz, ki<, SORAMEED
BE FRERIREDRHEIBIES ES M ER NEBEE2&TA. Porphyromonas gingivalis® KU Fusobacteirum nucleatum®
BE AR RSB RS Ea b fREL . LIt TOEHEEE RS Yde TR BMRg A Lz, TNS50DH
KYUOERMEROEE T HREHBREED N 1V ry McBIT5IkEBEEROAR L EETIEL TV ARIEEMEARE EN T,

MRFEZATDEN

REREIHRERRICIOTRIZRZAVT Y FCIRBAKEDTUET 2F 2L T HERDRRICTHEVE L, TRCHERIE
DEE X CIIEEBRNEFSDITR S AV 7y FCIMEIBEDEREBZDDH? | TORICECTRIGRBD SEETNTcDH
FRARABTY. KARBEROLS. ABERMEN M Z R TR EBICAVAALREZRH L. TOEMH BHFHICL AR
LRERU B MR RIH Z R T AREA DD 2B LE LT, T7AVTA— 7 RI\AH—2H %AH)
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Additive alveolar bone mineralization in the dry socket may be induced by oral bacterial

metabolites

[Problem]

A dry socket is a type of infectious disease that
develops on the surface of the alveolar bone socket after
tooth extraction. Patients suffering from dry sockets
often experience strong pain with delayed wound
healing and have certain risks for progression from dry
socket to osteomyelitis. Removing of blood clots from a
socket after tooth extraction causes bacterial
colonization on the socket’s bone surface. Although both
dry socket and periodontitis are infectious conditions,
periodontitis accompanies bone resorption and by

contrast dry  sockets
exhibit a highly
mineralized alveolar
hard line on the X-ray
image (Fig. 1). This
discrepancy remains a
mystery.

[Hypothesis]

The onset of dry sockets requires bacterial infection
in socket cavities. Moreover, dietary fibers contained in
food remnants are often supplied in this area. Bacteria
adhering to the socket’s surface ferment these dietary
fibers in impacted food remnants in the socket and
produce high concentrations (millimolar-order) of
several types of short-chain fatty acids (SCFAS).
Therefore, it is hypothesized that the SCFA production
by bacteria could shift the bone metabolism to a
bone-formation state. To consider bone metabolism, it is
necessary to evaluate both mineralized tissue formation
by osteoblasts and bone resorption by osteoclasts should
be evaluated. Therefore, it is hypothesized that SCFAs
induce mineralization by osteoblasts and reduce
osteoclast formation from macrophages.

[ Methods]

The mouse preosteoblastic MC3T3-E1 cell line was
used to evaluate the bone formation activity of
osteoblasts (Fig. 2). These cells were cultured for 3
weeks in a mineralization medium containing SCFAs.
Alizarin red staining was performed to evaluate the
amount of mineralization based on the staining intensity.

The effects of SCFAs on osteoclast formation were
evaluated using mouse macrophage-like Raw264.7 cells
(Fig. 3). These cells were treated with SCFAs for 4 days
in the presence of mouse recombinant RANKL, and
TRAP staining was performed, in which TRAP-positive
multinuclear giant cells were observed as osteoclasts
under the microscope.

[Results]

First, the effects of SCFA-treatments on MC3T3-E1
cells were examined (Fig.4). Treatment of MC3T3-E1
cells with butyrate (> 2.5 mM), propionate (>10 mM),
isobutyrate (> 10 mM), isovalerate (> 10 mM), acetate
(> 10 mM), lactate (> 10 mM), and formate (> 10 mM)
induced mineralization as compared with that in the
control (Fig.4). In contrast, treatment with 20 mM of
succinate reduced mineralization (Fig.4).

The effects of SCFA treatments on RANKL-
induced osteoclast formation were also investigated (Fig.
5). RANKL treatment induced osteoclast-like TRAP-
positive, multinuclear giant cells. Butyrate-treatment
strongly inhibited the generation of osteoclast-like cells
(Fig. 5). Furthermore, treatments with propionate,
isobutyrate, and isovalerate induced the generation of
TRAP-positive cells, but only a small number of giant
cells were observed (Fig. 5). However, treatments with
acetate, lactate, and succinate had no effect on the
RANKL-induced generation of osteoclast-like cells (Fig.
5).
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(" [Conclusion) )

1. Treatment with SCFAs produced by oral bacteria can
induce mineralization through upregulation of
mineralization by osteoblasts and repression of
osteoclastogenesis.

2. The mineralization-inducing effects of P. gingivalis
and F. nucleatum are much stronger than those of

The concentrations of each SCFA in the culture other oral bacteria (Fig. 8).

supernatants of oral bacteria is known. Based on this
information, SCFA mixtures mimicking bacterial culture
supernatants were constructed, and these were applied to
the experimental systems to evaluate bone formation and
osteoclastogenesis.

Treatment with mixtures mimicking
Porphyromonas gingivalis (P. g.) and Fusobacterium
nucleatum (F. n.), but not those mimicking Prevotella
intermedia (P. i.), Prevotella nigrescence (P. n.), and
Aggregatibacter actinomycetemcomitans (A. a.), induced
mineralization (Fig.6).

3. The presumed mechanism underlying the induction of
cavity’s bone surface mineralization is described as
follows (Fig. 9): (1) When the blood clot in the
socket cavities is not generated or removed by gargle,
and so on, (2) The bacteria colonizing in the socket
ferment dietary fibers in food remnants and (3)
produce metabolites such as SCFAs. (4) These
metabolites induce mineralization by osteoblasts and
inhibit ~ osteoclastogenesis. ~ Therefore,  bone
mineralization becomes increasingly stronger at the
cavity’s surface. (5) This additive mineralization of
the socket surface might appear as a highly
mineralized hard line on the X-ray image.

Moreover, treatment with SCFA  mixtures
mimicking P. g. or F n. culture supernatants, which
induced mineralization, completely inhibited the
RANKL-induced generation of osteoclast-like cells (Fig.
7). In addition, treatment with SCFA mixtures
mimicking P. i., P. n., and A. a. strongly inhibited giant
cell formation, but the majority of these cells showed
TRAP activities (Fig. 7).

Dry socket is one of the risk factors for the onset of
osteomyelitis. When the socket’s bone surface is highly
mineralized, immune cells cannot migrate to the socket
cavity. This induces bacterial growth in the socket cavity
and the subsequent onset of osteomyelitis. Therefore, the
patients must clean the oral cavity before undergoing the

\procedure of tooth extraction.

J
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The induction of proinflammatory response in human
umbilical vein endothelial cells by Hsp70-homolog
DnaK of Ab/iotrophia defectiva

EFERAFEFI 3FH  School of Dentistry Iwate Medical University Class of 2024

BH % Aya MASUDA
S PIT AT RISt B H0E ek

Abiotrophia defectiva is a nutritionally variant streptococci inhabiting the oral cavity and one of the etiologic
agents of infective endocarditis. We identified that one of the binding molecules of A. defectiva to fibronectin
could be Hsp70-homolog DnakK, which is located on the cell surface. DnaK is a bacterial member of the highly
conserved, family of 70-kDa heat-shock-induced chaperone proteins (Hsp70 proteins). However, several
reports suggest that the bacterial Hsp70 protein, DnakK, is a cell surface protein that functions as a ligand for
plasminogen and further stimulates the immune system to synthesize cytokines or chemokines. Therefore,
bacterial Hsps could be a pathogenic agent. This study investigates the biological activities of A. defectiva
DnaK to human umbilical vein endothelial cells (HUVECS) or macrophages to assess the pathogenicity in
infective endocarditis. The expression of IL-8, CCL2, ICAM-1, and VCAM-1 were upregulated with the A.
defectiva DnaK treatment in HUVECs depending on TLR4 signaling. Additionally, the expression of TNF-a
in THP-1 macrophages was also upregulated by treatment with DnaK. The accumulation of leukocytes
in infected areas and upregulation of adhesion molecules on host cells may cause serious inflammation
to the blood vessel. Therefore, A. defectiva DnaK is a potent proinflammatory agent that causes infective
endocarditis.

Abilotrophia defectiva®Hsp70REO—72 DnaKldb MMEEERIRA R MIRRIC
KRIENBZFHHK IS

Abiotrophia defectivald. OFEERE CHEIDNFHEETAEZITREM ODNBADRREE 5D, INE TICELIFA. defectiva®
T4 TARTFNNDEERFD—DOHEAEREBICTEET HHsp70NKRELD—Y. DnaKTH ZaIseME R L T E T, . DnaK
HEAERBICREL. BEZV/N\TENDODUAVE LLT THICKRERZRIBT T ENTEEINTNS, KA TIE BEMED
REERICHITBA. defectiva DnaKDER A FHE T B1zsbic. b MEFEFRIRMAMEE (HUVECS) £feldxoO77— I d 5A.
defectiva DnaKDEMREMICDWTHRET LTz, A defectiva DnakKiERIZ & HUVECSTDIL-8. CCL2. ICAM-1. VCAM-1D&E(=F
BEUICZVINGBLANVTORRISER|IHFEIN, TS0 THPIRZO7 7—IICBIFBTNF-a DEIREDnakK LRI K 58
Thic, INSFEIETLRAD Y 7 HIVEERERIIC K VIHI SN e, U EDBERVBREBFAND T EAA VL ZEMEBE S EE
HfL_EDBIMEKEEE D FORIRAEIE. BAIMEICRRANGRIEZS SR I FIEN B 2. D TA. defectiva DnaKlE. BEF 0
RERRICBIIHEETRERTF LD TR I,

MEREXABDEN

Abiotrophia defectiva®DnaKIgE: 3w 72>\ BHsp7ODREO—Y ThW . BAKRBIEET ST ENBESMNIETN TS,
KRB TIE A, defectiva DnaKDREFEMLREXICEITZDHERFE L TORIEMNZ Z DEYEEH S5HE Lz, DnaKidke k
Rk R el <7 07 7 — I LT B AA VORIEMT A bAA > BIERKBEE D FHRI\EZFEL . MERFAITRZ
SRAEA S TR T AR DR ENTe, LIeh > A.defectiva DnaKid. BN OABREXDRERF& L THEET SR 8D
HY IR CRBRA M DRERX T 0 F > DRRICHIDE2—T Y FD—DIBBEEZ B, (T7 VT A— T RINAF— AR R)
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The induction of proinflammatory response in human umbilical vein endothelial cells by Hsp70-homolog DnaK
of Abiotrophia defectiva

PROBLEM

Although Abiotrophia defectiva, commensal bacteria in the oral cavity, is one of the etiologic agents of infective
endocarditis, the pathological factors are still unclear. We previously discovered that the binding activity of A. defectiva
to fibronectin and human umbilical vein endothelial cells (HUVECSs). Furthermore, the binding molecule was identified
as heat shock protein 70 (Hsp70) homolog, DnaK, located on cell surfaces (Figure 1). Some reports suggest that the
DnaK is a cell surface protein in a growing number of bacteria that functions as a ligand to host protein receptor. This
was followed by the report that cell surface DnaK in Mycobacterium tuberculosis binds to plasminogen, DNA, and
CCR5. M. tuberculosis Cpn60 proteins revealed cytokine-inducing ability, suggesting involvement in granuloma
generation. Additionally, Kol et al. reported the involvement of Chlamydia pneumoniae Hsp60 in atherosclerotic
plagues and the ability of this protein to stimulate monocyte proinflammatory cytokine and metalloproteinase synthesis
suggesting these activities could be because of the pathogenic factors of these bacteria. However, there are still few
reports the biological or immunological activities of Hsp. This study investigates the biological activities of A. defectiva
DnaK to HUVECs and macrophage cell lines to prove the pathogenicity of A. defectiva as regards infective

endocarditis.

HYPOTHESIS

Our hypothesis is that DnaK of A. defectiva upregulates the inflammatory cytokines, chemokines, and adhesion
molecules in HUVECs or macrophages. That could make A. defectiva DnaK a potent proinflammatory agent that causes
infective endocarditis.

MATERIALS AND METHODS

1. Construction of the expression vector for A. defectiva DnaK protein and the expression and purification of A.

defectiva rDnaK

PCR was used to generate a DNA fragment containing the dnak gene with A. defectiva chromosomal DNA as the
template, the fragment was cloned into pQE®60, and transfected into an LPS-eliminated Escherichia coli, ClearColi™
BL21 (DE3). The recombinant protein expression was induced by IPTG and purified from cells using TALON affinity
chromatography.

2. Induction of cytokines and adhesion molecules in HUVECs or THP-1 cells stimulated with A. defectiva DnaK

A. defectiva recombinant DnaK (rDnaK) was added to the wells of a 24-well micro-plate with a semiconfluent culture of
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HUVECSs or THP-1cells. After incubation at 37°C for two or four hours, total RNA was extracted from cells using the
RNeasy mini kit according to the manufacturer’s instructions. Complementary DNA was synthesized from total RNAs
using PrimeScript RT Master Mix. Quantitative real time reverse-transcription polymerase chain reaction (RT-PCR)
analysis was conducted using the Thermal Cycler Dice Real Time System according to the manufacturer’s instructions.
The primers for TNF-a,, CCL2, IL-8, ICAM-1, VCAM-1, and GAPDH were used. The contents of cytokine culture
supernatants were measured using ELISA kits (TNF-a., IL-8, and CCL2). In some experiments, HUVECs or THP-1cells
was pretreated with TAK242, an inhibitor of TLR4 signaling. The expression of adhesion molecules on HUVECs
stimulated with A. defectiva rDnaK was conducted via immune-staining assay. The cells were treated with monoclonal
anti-ICAM-1 antibody or anti-VCAM-1 antibodies, followed by Alexa Fluor 594-conjugated goat anti-rabbit 1gG.

RESULTS

1. Cytokine induction in HUVECs or THP-1 stimulated with A. defectiva DnaK

The upregulation of CCL2, IL-8 mRNA, and those of protein were revealed by treating HUVECs with A. defectiva
rDnaK (Fig. 2a). Cytokine induction was inhibited using TAK242, an inhibitor of TLR4 signaling pathway (Fig. 2a).
Additionally, TNF-a mRNA expression and protein production were enhanced in THP-1 cells treated with rDnakK, and
inhibited also by TAK242 (Fig. 2b).

2. Adhesion molecules induction in HUVECSs stimulated with A. defectiva DnaK

MRNA expression of adhesion molecules ICAM-1 and VCAM-1 in HUVECs were upregulated with the rDnaK (Fig
3a). Furthermore, as exhibited in Fig. 3b, HUVECs, the expression of these molecules treated with rDnaK were

enhanced by analyzing immunostaining analysis using anti-VCAM-1 and anti-ICAM-1 antibodies.

CONCLUSION

The study investigated the biological activities of A. defectiva DnaK to HUVECs and THP-1 cells with the tendency to
cause infective endocarditis. First, we studied the inductions of chemokine and adhesion molecule expressions. The IL-8
and CCL2 mRNA expressions and the proteins of HUVECs or THP-1 cells were induced via treatment with DnaK
depending on TLR4 signaling. Additionally, ICAM-1, VCAM-1 mRNA, and protein expression on HUVECs surfaces
were also upregulated with the DnaK. This indicates that DnaK activates HUVECs and THP-1 cells through a receptor
on these cells, which is a TLR4, and as a result, induces the expression of IL-8, CCL2, and adhesion molecules. The
activities of A. defectiva DnaK can be used to explain the pathogenicity in infective endocarditis of the bacteria. This

antigen may be a target in the development of a vaccine for infective endocarditis in the future.
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Relation between oral hypofunction and nutrient intake
condition in the elderly

FINAEBEFE 5L Kyushu University School of Dentistry Class of 2022

:FEE %? Kaoruko HIRATA
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Problem/hypothesis: Japan has a become super-aging society. Roles of dentists has come to a wide variety
from the treatment to the improvement of function and the prevention of flail, Dementia, nursing. Analyzing
oral function and nutrient intake in the elderly will help to following to improve general health following
avoidance of oral hypofunction.

Methods: Twenty-seven subjects with more than 65 years-old were enrolled and received dental treatment
and oral function test. Experimental protocols were approved by University Institutional Review Board for
Clinical Research .The oral function and nutrient intake condition were evaluated.

Results: 1) Seventeen subjects (63%) were diagnosed as oral hypofunction. 2) Hypofunction with tongue
and lip motor function, tongue pressure, occlusal force were observed in 50% of subjects. 3) Although 38
% subjects were categorized to loss occlusal support in Eichner classification under only remaining tooth,
92% subjects were categorized to keep full support under including denture support. 4) We evaluated the
relationship between oral hypofunction and nutrient intake condition by questionnaire and record.
Conclusion: It was suggested that dental treatment affect to prevention oral hypofunction and malnutrition.

=inE DOOREHEEE MEL SREREURREDRE

R - RGN : Rt Rz DR fcBA CIIERRHEEDIREIEBE T TH L HRERE LT L AL, SRAME. NEDFHGHENEEL
LCE . minEDOREEE. REBREDNT ST LT LR E TOE T2 G URFRIBENBIT 2T LD TES,

FiE  EREAR DR LI 6O LONRBED S, OEHEREZFEL. IRNDRBEZFEBE27RENRE LT, BRIR
MEREEEEESDERER . WREICH L, OEREREZIT ol &fc. BEIRGSUICENEMEHZE LIREIRED
FHIE1T oTc. CORERD SOFEREDIRNE L RBIRED DHZTT o1,

R 1) REREHER TO3% D17 H R AEE FIEL SBMTE N, 2) 50% U LIETASRS SN IIRRIL [EOEESEEE)
[EEI RG] THofc, JFEFEDHDEIChNer D R CIIREFFZRTBVNREDN 8% Chofch EERZEZTHIIETI2%
DASFEB LB o, HBRREBEGECRD SREBIME FEHAEDREZ DI 5T EH TER,

fiaem | ERLARIC K OB DEIE & REREDREICHET DI AR EINT,

MRFEZATDEN

HBemtRZ B A ARICENT HAEREMDOEROLRECELLTER, [8020FH) ) TIIEZROILDEERZER
LTERM STRIKERICRAEIN, ZLDEHMEICKVERRENTWVD, RAKRTRONTHEREY RDORT—ID 1EER
RE| LA OBREEETOFHPEMERICOVTEHEICERHZRL. BRICREREICEIZRERFTZTOTET
OB EBIRREGRE ZRFIT2OD—MERDEERS, (T7HIVTA— TR\ —1EH BEX)
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Induction of macrophages into the small intestine by
oral inoculation with Fusobacterium nucleatum

HAKXFFEFE 4F4%  Nihon University School of Dentistry at Matsudo
Class of 2023

B3zl 188 Yuki NOSHI
AT A— T R RS B I BE

Periodontopathogenic bacteria and their pathogenic factors that enter the lower gastrointestinal tract and
bloodstream due to chronic periodontitis have been contribute to pathogenesis in various organs.

Recently, Fusobacterium nucleatum (Fn), one of the periodontopathogenic bacteria, has been detected in the
mucosal sites of colorectal cancer, and suggest that #77 is closely related to carcinogenesis and progression of
colorectal cancer. However, the mechanism by how A7 influences the intestinal environment remains unclear.
The intestinal tract has a tolerate and suppressive immune system. Disruption of the intestinal macrophages
response can induce an excessive immune response in the intestinal tract, leading to inflammatory bowel
disease.

In this study, we attempted to investigate the effect of Fn bacteria on the dynamics of intestinal macrophages.
BALB/c mice were orally inoculated with Fn (1 x 10° CFU/100ul /mouse) for 15 days. The control group was
given only 5% CMC. The small intestine was isolated from euthanized mice, and sections were prepared by
embedding in paraffin.

One day after the last inoculation in the ~7 group, macrophages were detected in the lamina propria of the
small intestine (SiLP) of the jejunum, and a further increase was observed after 30 days but not the ileum.
Although the immune response in the intestine is thought to be centered in the small intestine, the fact that the
migration of intestinal macrophages differs by the site may contribute to the elucidation of the pathogenesis
of inflammatory bowel disease and other diseases.

Fusobacterium nucleatumn DIRERNEREICKD<I a7 77— D/NE\D
A EERDEET

1ML LTBARIC &Y TERE LR PR Z N L ORALBEAEARBRIEEEC TN S Z R E T HRRRFISEEDRL IR CHITS
TRREFLRICE 5T 5T EHERETN TS,

ITE. KEFEORIEFESIO Sl EREEMED—D T BFusobacterium nucleatum (Fr)hMEHE N FnDABBEDFE®
ETITRCBEIEL TV B EDMENZHHSND, LHLGEHS, AHEEREREICR &% RIF I HFIE R RN L,
BEIItOREE L BEVERR - IFIRNMBUGRE AT LTHY R TCEHRERY A7 7— Y DIEHEIEBREICHI T 5B R 5%
ISEEER S, MEMRRELE RS [ERIT TENEZSNADFRLRUIEZ L, ZT TARARIE. MEHBEE RV OT7 77— DBRE
ITRIF I BB R e, BALB/C XURICAE (1X10° CFU/100ul /mouse) Z15BRIDOIREREREATT o, SBREFICIZ5%CMC
DHERE S BT, BREFEIBTR VAL SN\GERBE L/ ST R EER LTz,

FEDOEREE1BR BEXY/O7 77—V %2 ZE0OMEEER (SILP) (538, 30BRICITESITEML TW AT EARBSNIHN
EfF ClEERdSNIED D, BEICBITERBIGE T NEOFOEZEZSNDEDN BERYOT 77—V DBEENEMRICREZS T LiE
KEERRRE G EDREDRRICTEE I HLEEZA5N S,

MEREABDEN

B LIEEARICEZEBREDBEL - ERMEAIERINTV S, SHEDXREEMDBINIEEAXDREDNDETS5EZIIRY
THBH, MBICKDEBREDRBICHWORARIT TR EBICRIEVRAIVDERTEHIEEZSND, IBFEFETNTNS
Fusobacterium nucleatum& RIEM R EDRIEFZRBT 5 E C OB 7H 28D T 7 ICEN BT EERIETHT LI,
BHEDHE5T ENEDOREERRK - BREFORBICHSITEHEEALSND, (T7HIVT1— T RA(T =1\ RE)
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Induction of macrophages into the small intestine by oral inoculation with Fusobacterium nucleatum

(Problem)

It has been suggested that periodontopathogenic bacteria and pathogenic factors that enter the digestive tract and
bloodstream due to chronic periodontitis contribute to pathogenesis in various body organs. Since the oral cavity is
anatomically contiguous with the intestinal tract, oral bacteria may enter the intestinal tract and affect the composition
ratio of the intestinal microbiota and immune cells. In addition, 60% of the immune cells in the body are located in the
intestinal tract, and they are activated by cooperation with the intestinal microflora. They are involved in maintaining and
improving biological homeostasis in the intestinal tract and the whole body. Therefore, changes in the oral environment
are thought to affect the intestinal environment and the entire body. Recently, Fusobacterium nucleatum (Fn), one of the
embryonic pathogenic bacteria, has been detected in the pathogenic mucosal sites of colorectal cancer. Many reports that
Fn is deeply related to the carcinogenesis and progression of colorectal cancer. However, the mechanism by which Fn
affects the intestinal microbiota and intestinal mucosal tissues remain unclear.

(Hypothesis)

The fact that the causes of death and morbidity of colorectal cancer are rapidly increasing in both men and women in their
60s, and the fact that the number of remaining teeth in the elderly increases year by year and the incidence of periodontal
disease increases suggests that periodontitis in the elderly may induce inflammatory bowel disease, which may become
severe and cancerous due to chronicity. In this study, we attempted to examine the effects of Fn on the intestinal
environment from the oral cavity by examining the dynamics of macrophages, which are immune cells.

(Method)
1) Preparation of Fusobacterium nucleatum (Fn)

Fusobacterium nucleatum (ATCC:23726) was cultured on sheep blood agar medium for CDC anaerobes (Becton
Dickinson) in an anaerobic box containing 10 % H2, 80 % N2, and 10 % CO2 for 3 to 5 days. The cultured cells were
centrifuged at 4 °C, 8000 rpm, for 15 min and resuspended in 5 % carboxymethylcellulose (CMC) to obtain an inoculum
of 1 x 10° CFU/100 pl /mouse. After that, Fn was collected from the blood agar medium and seeded into a Brain-heart
infusion (BHI, Becton Dickinson) medium. The cells were transferred to a new BHI medium by taking 1 ml from the BHI
medium daily until the absorbance reached OD540nm = 0.8, corresponding to 10° CFU/m.

2) Animal experiments and breeding conditions

Seven-week-old female BALB/c Cr Slc (BALB/c) mice (Sankyo Lab Service Co., Ltd.) were obtained and housed in
a temperature-controlled, pathogen-free clean rack with a 12-h light/dark cycle. Autoclaved food and water were freely
available. The Animal Experiment Committee approved this experiment.




Student Clinician 13

3) Oral inoculation schedule
Mice were randomly divided into two groups: one group inoculated with Fn (Fn group) and the other group inoculated
only with 5 % CMC solution (Sham group). The Fn solution and CMC solution were prepared each time and
inoculated 15 times.

4) Immunohistochemical study of small intestinal mucosal tissue
One day after the last oral inoculation and 30 days after the last oral inoculation, mice were intraperitoneally injected
with a mixture of three anesthetics (medetomidine hydrochloride, midazolam, and butorphanol tartrate), washed with
heparinized solution, perfused, and fixed with 10 % neutral buffered formalin solution, and small intestine was
collected. The small intestine was embedded in paraffin, and sections were prepared at a thickness of 4 ul. The small
intestine was stained with PE-conjugated anti-mouse F4/80 as primary antibody and DAPI as contrast stain.

(Results)

We examined the localization of macrophages in the small intestine. We found that they were localized in the intrinsic
layer of mucosa (SiLP) of the jejunum one day after oral inoculation of Fn bacteria (Day 16). To examine temporal
changes, an increase in SiLP in the jejunum was observed 30 days after the last inoculation (Day 45). This was not
observed in the control group inoculated with 5% CMC. On the other hand, no F4/80+ macrophages were found in
the ileum (Fig 2A,2B).

(Conclusion)

The gastrointestinal tract is a unique organ with a symbiotic relationship with intestinal bacteria, and unlike other organs,
it has a predominantly permissive and inhibitory immune response. Usually, the intestinal mucosal tissues, which are
constantly exposed to food-derived antigens and intestinal bacteria, maintain homeostasis by suppressing excessive
immune responses to these antigens. In particular, intestinal macrophages are representative immune cells of the innate
immune response. It has become clear that they play an essential role in infection defense and play an inhibitory role in
the intestinal immune system. In this study, we investigated the effect of periodontal pathogens on the immune responses
of periodontal macrophages.

In this experiment, we investigated whether inoculation of periodontopathogenic Fn bacteria into the oral cavity would
induce oral inflammation and intestinal inflammation and disrupt the immune response and found that F4/80*
macrophages migrated into the intrinsic layer of the small intestinal mucosa. In addition, we found that F4/80*
macrophages migrated into the intrinsic layer of the small intestine mucosa, and the increase was sustained. Interestingly,
the localization of macrophages was found in the jejunum and limited in the ileum. Thus, although the immune response
in the intestine is thought to be centered in the small intestine, the fact that macrophage migration differs by the site may
contribute to the understanding of the pathogenesis of inflammatory bowel disease and other diseases.
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Analysis of relationship between ectopic pain and
somatotopy of rat trigeminal ganglion neurons

BEIREXRFEFER 4FE4E  Kagoshima University Faculty of Dentistry Class of 2023
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Ectopic pain and non-odontogenic toothache are common in clinical dentistry, but their causes are not clear.
The primary trigeminal neurons that transmit sensation in the maxillofacial region form somatotopy within
the trigeminal ganglion according to their three branches. If there is overlap in their somatotopy, it may result
in satellite cell-mediated crosstalk between neurons. In this study, retrograde tracers were injected into the
maxillofacial region of rats to clarify whether there is overlap of somatotopy within the trigeminal ganglion,
and the localization of the neurons to be labeled was more accurately reconstructed in three dimensions in
combination with the tissue transparency method. The results showed that the cell bodies of each trigeminal
neuron, from the first to the third branch, were distributed in different regions within the ganglion, however,
considerable overlap was observed at the boundary area. One area of high percentage of overlap was found
in the combination of mandibular molars and tongue or masseter muscle, which are areas where ectopic
pain is frequently observed in clinical practice. In fact, it was confirmed that nerve cell bodies in the areas
where ectopic pain occurs with high clinical frequency were in close proximity to each other, suggesting that
crosstalk between nerve cell bodies via satellite cells, etc., may be a factor in ectopic pain.

EMHRRE T Y =X REEAEETEL DREEIC DL TOMSE

RS OISR SRR Tl K< RSN B, ZORERBESHTIREL, BEEEHORIE X 5= UHE1 X
= 1O OGRS T = A E B TSR ATIR T B, 6 LT NS ORISR ERA BN, HEMRF T
RN LT OR b~ U BRI 555, AFIR TR, S EIN CHBRTEDT —/\—5 v THBETBHESDE
BEDNCT BISITHITHE L —F—% S  OBEEHIEA L, MR NS B MRORE S BRER A BB DETEY
RIS RTINS AT o, ZORR, B SORETO. FNENDZ SEOIMIAIL, HEENT, REZEAUHHLT
W, BT TR DA — \—5 v THRBEE N e, BOBIEDT—/\—5y T AR LT, FREEE &850
BHEDEHRS N, TISER T B R AR TR SN BRI TEH 5, FIC, BRNICE R CRATIARE
LB BRI TR THET BT EARRTERT D5, MEMIE AN LMD 02 b — 2 H Bt
PO — B BRI TSN,

MRFEZATDEN

EFTERREIIERZE CLIELIIRESNSD TDRAPREAN X LDBEETII LW D, TDREBRLRETH S, AR T
IEEITHEN L — —EHERBBBMLEZ L [EREIC = XAHREEN COMEMRE - AEMIBEDERH R T Ef. BRIKT
LERFAMERBELNSRE CROSNSMEEIC, AEMUIBENEENRSNIEN S, ZREREEICH I HEMERDIOX
b —U D SEEEREOZFMRRED—REGSREMN TR EN, T7AIVTA— T RNAY— %8 B
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Analysis of relationship between ectopic pain and somatotopy of rat trigeminal ganglion neurons

| teel pain

[Problem] in my lower teeth.

In the clinical practice of dentistry,” non-odontogenic toothache” that cause pain in the teeth

even though there is no direct cause in the teeth has become a problem. For example, as shown ©

in Figure 1, some patients complain of toothache even though the cause of the pain is in the %

masseter muscle. This can lead to problems such as invasion of healthy teeth and pain that - 1

does not go away even after treatment. This mechanism has not been fully elucidated. One itcl,ls th(ra1n agsc?&%
cause of pain.

possible cause of ectopic pain is the somatotopy in the trigeminal ganglion (TG), which is
. . . . Fig 1. Ectopic pain
responsible for somatosensory perception in the orofacial region.

[ Hypothesis]

The trigeminal nerve is divided into three major branches, each innervatinga 1=
branch
different region (Fig. 2). Individual ganglion cells of the three branches are

distributed in different parts in the trigeminal ganglion (TG; Fig. 2), itis called o
branch
somatotopy. It has been reported that when a nerve in one region is damaged,

the neurons and surrounding satellite cells release inflammatory mediators such 3" branch

as cytokines, causing inflammation to spread to nearby neurons that have not ~ F19 2. Somatotopy of the TG

been damaged (Fig. 3). If this cross-talk between ganglion neurons via satellite | 1nhflammation

cells is one of the causes of ectopic pain, then the neurons innervating the to spread
regions with high frequency of ectopic pain would be expected to closely appose
to each other within the trigeminal ganglion. To examine this logic, in the
present study, we revealed the details of the somatotopy of rat trigeminal
) ) ) ) Release of
ganglion neurons in three dimensions. cytokines

[ Methods]

The fluorescent dye Fast Blue was used as a retrograde tracer and injected into _
Fig 3. Crosstalk of TG cells

the rat orofacial regions (maxillary first and second molars, mandibular first via satellite cells

and second molars, masseter muscle, tongue, upper eyelid, cornea, infraorbital

nerve, and palate; n=5 each). After cell bodies of trigeminal ganglion neurons | TG clearing
3"0 1St&2n0

were labeled, the rat trigeminal ganglia were harvested. The trigeminal ganglia  5anch branches
were cut into three slices (500-um-thick), cleared using a modified 3DISCO B‘\A
method, and z-stack images were captured using a confocal laser microscope
(Zeiss). Cell bodies of tracer-positive neurons in the trigeminal ganglion were
three-dimensionally (3D) plotted using Neurolucida (MBF) (Fig. 4). In double
labeling, Dil and Fast blue were injected into different orofacial regions, and ~ Before _After .
Fig 4. Tissue clearing and
observed by confocal laser microscopy. 3D reconstruction

[Results]
As shown in Figure. 5, neuronal cell bodies of the trigeminal ganglion were distributed
in the area indicated by light blue, which was divided into two regions: the main trunk
and lateral branch, in the present study. Neuronal cell bodies of the first, second and
third branch of the trigeminal nerve were distributed in different regions of the

ganglion. However, considerable overlap was observed in the transition zone.
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Neuronal cell bodies innervating the upper eyelid and cornea of the first branch field were concentrated in the dorsomedial

part of the main trunk of the trigeminal ganglion (Fig. 6A, B). Neuronal cell bodies innervating the maxillary first and
second molars of the second branch region were scattered to the lateral and main trunk (Fig. 6C). Neurons innervating the
palate were abundantly distributed on the ventral part of the main trunk (Fig. 6D). Neuronal cell bodies of the infraorbital
nerve were widely distributed throughout the main trunk, with the largest number of tracer-positive cell bodies (Fig. 6E).
All the neurons innervating the third branch region (Fig. 6F, mandibular first and second molars; G, tongue; H, masseter
muscle) were mainly distributed in the lateral branch of the trigeminal ganglia. However, neurons were also distributed

extensively in the main trunk.
1% branch field 2" branch field 3™ branch field

Upper eyelid Cornea Maxillary molar Palate ION Mandibular molar Tongue Masseter

Fig. 6 Distribution of retrogradely labeled TG cells

The three-dimensional somatotopy of the
trigeminal ganglion was summarized in
Figure 7A. Next, we quantified the
overlapping ratio of each cell-body-
distribution area. The pairs of areas which
showed high percentage of overlap were
listed in Figure 7B. Among these pairs, the
pair of mandibular molars and tongue or
masseter muscle is a region where ectopic
pain is frequently observed in clinical  Fig, 7 Percentage ofof cell-body-distribution-area
practice.
Finally, to confirm whether neuronal cell bodies are closely apposed to each other enough to allow crosstalk in these
regions, we used the fluorescent double labeling method. As shown in Figure 8, cell bodies in apposition were observed,
suggesting the possibility of crosstalk between ganglion neurons as a mechanism of ectopic pain.
[Conclusion]
By combining retrograde tracers and tissue clearing technique, we
succeeded to reconstruct the somatotopy of the rat trigeminal ganglion
three dimensionally. Neurons innervating the first, second, and third
branch fields were mainly distributed in different areas of the trigeminal
ganglion, while considerable overlap were observed in transitional
zones. In fact, the neuronal cell bodies in the regions of clinically
frequent ectopic pain were found to be close proximity to each other,

suggesting that crosstalk between neuronal cell bodies via satellite cells

is a contributing factor to ectopic pain. Fig. 8 TG cell bodies in close proximity
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Metagenomic analysis of oral and intestinal microflora in
a rat model of chronic restraint stress

BEERRFREFE 5FLE  School of Dentistry Health Sciences University of
Hokkaido Class of 2022
[11]

= HEl Ling-kai LU
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Alteration of intestinal microflora has been often observed in the stress-related systemic diseases. It is,
however, not known how chronic stress affect oral microflora. It is not known whether changes in oral
microflora affect alteration of intestinal microflora caused by chronic stress. In this study, we performed
metagenomic analysis of oral and intestinal microflora in a rat model of chronic restraint stress. These
experiments were approved by the animal experiment center in our institution. The metagenomic analysis
of oral bacteria showed significant differences in relative abundance of bacteria such as Fack/amia,
Aerococcaceae, Prevotella, Corynebacterium, Clostridium and others. between stress group rats and control.
The metagenomic analysis of intestinal microbiome showed significant differences in bacteria such as
Bifidobacterium, Lactobacillus, Butyricicoccus, Dehalobacterium, Oscillospira and others between stress
group and control. We found significant alterations in oral flora as well as intestinal microflora under chronic
stressed conditions. However, no relationship between oral and intestinal microflora could be found in this
study.

SR ANLAZ Y b ETIVICBITZORE L UBRMBEZRDA 2T/ LfEfT

BRAEZEOZE(bIE. ANLABEDEEMERETHEIN TV, LHLELS, IBER L AAOEMEEICEDLSICHETS
MNIRBETH S, Ffe. OFEBEROZ(ENBER ML RICK T ERIETNIBERBEEDZE LI EEZEZ BN ERBETH S,
AR TIE AEEHRA SR Y FETIVCEIFBORE KUBRMER DA 27/ MEN7ZT{TE Ol RERICFRLEMERER > 52—
DEE G, AEMEDA RS/ LR ClE. 7w MANLABEE DY O—) VB Fackiamia. Aerococcaceae. Prevotella.
Corynebactenium-. Clostridium’s EDIE DN GEFERICEREN RO SN, BRMEZEDAZT/ LR ClE. ANLABE
> bO—)VEEE T Bifidobacterium. Lactobacillus. Butyricicoccus. Dehalobacterium. Oscillospira’s EDMEBICERED
Rontc, BROSEENGANLAZHETC OFMERS BERNHEREICEREGTZHRDONT. — A OFEMAERS BREE
EROEEMIIFRDONGED O,

MAREXRRNBEDBN

APLRIEEZLENDBHEIC, BRAEREORLE—HEETNTVS, EF. HARREICLVBRREELNZLTHTEN
RENL B IREEICIZ, OR—BEENEEENTETCVL S, FARES Y PEAVRRBO 5. R FLRITEZOBRERED
Zie%z. MEMEEOZ(LRUBEAMBEREDEBNSASNMCLIENTH D, BADA ML AHRICE T ORMBERERD
EEMERBLTEY BHEFANDFESHKREN, T7ATA— TR AT REZ EH)
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Metagenomic analysis of oral and intestinal microflora in a rat model of chronic restraint stress

[Problem]

Many people are suffering from psychological stresses probably linked to many systemic diseases in the society.
Alteration of intestinal microflora has been often observed in the stress-related systemic diseases. It is, however, not
known how chronic stress affect oral microflora. Oral microbes can be ingested and will naturally translocate to the
digestive tract, where they can potentially form ectopic colonies in the upper and lower digestive tracts. It is not known

whether changes in oral microflora affect alteration of intestinal microflora caused by chronic stress.

[Hypothesis]
Both oral and intestinal microflora may be changed in a rat model with chronic stress. Changes in oral microbe may

affect alteration of intestinal microflora under stressed condition.

[Methods]

These experiments were approved by the animal experiment center in our institution. Six-weeks old Sprague
Dawley rats were given restraint stress by enclosing them in a plastic tube 4 hours daily for 1 month. Behavior analyses
(elevated plus maze test), adrenal gland and serum corticosterone were evaluated as stress markers. After a month of
stress protocol, the rats were sacrificed to collect oral swab, intestinal stool and serum from blood. The bacterial DNA
was extracted from oral swab and intestinal stool. Metagenomic analyses was done using 16S rRNA sequencing. The
obtained data was analyzed using various software. The significant differences in bacterial taxonomic abundance, alpha

diversity, beta diversity and predicted functional pathway were analyzed between stress group and control.

[Results]
The low body weight (Fig.1), high adrenal gland weight (Fig.2), high serum corticosterone (Fig.3) and lower
number of entries (Fig.4) and time spent in the open arm of elevated plus maze confirmed high stress level in stress

group rats as compared to control.

Fig.1 Fig.2 Fig.3 Fig.4

The metagenomic analysis of oral bacteria showed significant differences in relative abundance of bacteria such as
Facklamia, Aerococcaceae, Prevotella, Corynebacterium, Clostridium and others (Fig.5) between stress group rats and
control. Also, reduction of alpha diversity of oral microbiome in stress group was observed (Kruskal-Wallis test,
p<0.05) (Fig.6).
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Fig.5 Fig.6

The metagenomic analysis of intestinal microbiome showed significant differences in bacteria such as
Bifidobacterium, Lactobacillus, Butyricicoccus, Dehalobacterium, Oscillospira and others between stress group and
control (Fig.7). Also, significant difference in beta diversity was observed (PERMANOVA, p<0.01) (Fig.8). The
prediction of microbial function showed 37 significantly altered functional pathways in oral cavity and 150 significantly
altered functional pathways in intestine between stress group and control (Welch's t tests, p<0.05). No significant

correlation between altered oral and intestinal microbiome could be observed.

Fig.7 Fig.8

[Conclusion]

We found significant alterations in oral flora as well as intestinal microflora under chronic stressed conditions.

However, no relationship between oral and intestinal microflora could be found in this study.
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Impact of fear of contracting COVID-19 on refraining
from the dental visits: A nationwide internet survey

RALKFERFE 6FEE  Tohoku University School of Dentistry Class of 2021

ﬁEE %ﬁ% Kanako OKADA
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Objectives: During the COVID-19 pandemic, people tended to refrain from seeing a doctor or dentist, but
the reason remained unclear. The aim of present study was to investigate the association between the fear of
contracting COVID-19 and refraining from dental visits.

Methods: This was a cross-sectional study using the Japan Society and New Tabaco Internet Survey (JASTIS)
in 2021. This web survey was based on the self-reported questionnaires. People aged 20 to 80 years were
included. We used the refraining from dental visits within last two months as dependent variable and
the degree of fear of contracting COVID-19 as independent variable. Possible confounders were used as
covariates. We estimated adjusted prevalence ratio (aPR) and 95% confidence intervals (Cls) using Poisson
regression model.

Result: Among 7,687 participants, the mean age was 54.3 years (1SD=16.4) and 48.1% were man. Among
them, 2,019 (26.3%) answered that they refrained from dental visits. The participants of 67.7% have higher
fear of COVID-19, and 1.38 times more people with higher fear refrained from dental visits (95%CI=1.25-1,53:
p <0.001).

Conclusion: The fear of contracting COVID-19 is associated with refraining from dental visits.

A 0T A ) VAREHEICK I 2 MO DERISZEZHEZ T T 52

A 2 2—xv b2EREICLDIRFT

HRIOF1)UR (LFCOVID-19) DBIER ALDFBICAE AR IS Lz, BROTE T, COVID-A9RTFIZHIT
HROBBEER HAMEIILTLHH, BESBSHTELEHSL, FHIEOEMECOVID-19IH T HH L ECOVID-19
DT RSB BERNOBBIRA L DBEE DT HTETHTe, 2021E28~BRICEME N EEABERAR Y 1 7
F—4 (JASTIS) &ALV, 20~80RMIOBL CHARSHORAEHALAICERERADERE FELT M EEN R L,
K7y VEIREFIV RS BRERMTETL, ErERHS LU ERKRERE LTz, SN EEIS7687A (B1:48.1%,
IS5 35 (WBERE=164)) Thol-. ERIOSBERA - Ak2,019A (26.3%) T2, COVID-9ICH T BADREAL
HELAIEE,202A (67.7%) TeoTe, KT VBIRETIVERNT SRET £ RELER, BIBOAE ST AT ERIES A1
A1 AN 38MEBD o1z, (95%IEABRRI=1.25-1,58: p<0.001) AFLRERLYCOVID-IONDEHEIAET & L ERDBLIEL
LOBIARAIERRS Nz, ERESTIZCOVID-IODBRFHERINA, BEHRHLTEBTEBLSLEIEREL. IR
DRBHEHIER LTV BED B,

MERKRABTDEN

#EAOFUAIVA LTFCOVID-19) DFRITRICEWT ERDRZEA DB EZE 2TV, AR TIECOVID-19I §%
TR OO B DREZITEE EDLSICEEL TV OWTAREY T 7TREZAVTCHASHIC L e, HEIOFIAILX LT
COVID-19) ORAT R W EROREZEA D RE EEOTE Y AR TIECOVID-19ITH I 2R MmN ERI DZH21TE &
EDFSICEEL TV BDZE D LT, TDRERHNS5. COVID-19IcH TRE/MHBAENFE BRDREZZEI W I LD
Dh ofc. WRIDZZEZ T ARRNREDORLIC OGN B ENFRENST 6. WREEMIZCOVID-19DREF % #Et)ic
TUV R OZEZEZZMEIL. ORORRERICEMLTCVKBED DD, T7hIVT— 7 RINAF— MR &)
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(Result)

The participants of 7,687 (male 48.1%, average age 54.3 years (1 standard deviation = 16.4)) were included into the
analysis, of which 2,019 (26.3%) answered that they refrained from dental visits. The distribution of the degree of fear
of contracting COVID-19 was "low": 837 (10.9%), "medium": 1,648 (21.4%), and "high": 5,202 (67.7%). The
proportions of those who refrained from dental visits were higher in the group with higher degree of the fear of
contracting COVID-19 (low: 11.7%, medium: 22.9%, high: 65.4%) (Fig. 2).

70% - 65.4%

0% 22.9%

20 11.7%
10% ~
0%

Low Medium High
The fear of contracting COVID-19

Proportion of those who
refrained from dental

Fig.2 The proportion of those who refrained from dental visits by the fear of contracting COVID-19 (n=7.,687)

Table 1 shows the results of multivariate regression analysis after adjusting the possible confounders. There was no
statistically significant difference in the prevalence of refrained from dental visits between those with low degree of the
fear compared and those with moderate (aPR=0.95, 95%CI=0.80-1.12); however, 1.38 times higher in people with higher
degree of fear (95% confidence interval = 1.25-1,53: p <0.001). Although the interaction with gender was not significant

(p = 0.90), the association between higher degree of fear and refraining from dental visits was stronger among women.

Table 1. Relationship between gender-specific fear of contracting COVID-19 and refraining from dental visits

All (Nn=7,687) Men (N=2,698) Women (n=3,989)
aPR (95% CI) aPR (95% CI) aPR (95% CI)
The fear of
contracting
CcCovIiD-19
Low 0.95 (0.80 - 1.12) Q.90 (0.72 - 1.12) 0.96 (0.74 - 1.24)
Medium Ref. Ref. Ref.
High 1.38(1.25 - 1.53)"7 1.28 (1.10 - 1..50)"7 1.48 (1.29 - 1.70)7""

(*p <0.01, “"p < 0.001 aPR=adjusted prevalence ratio, 95%CI=95% confidence interval, Ref=Reference)

(Discussion)

We found that the higher degree of fear of contracting COVID-19 was associated with refraining from dental visits even
in the period of more than a half year after COVID-19 pandemic in Japan. The result suggested that the influence of fear
of contracting COVID-19 on refraining from dental visits may prolong for a certain period. As a possible mechanism, it
has not been reported in Japan that the infection occurred due to dental treatment, but there was uncertain information that
infection is likely to occur at dental clinics on some media. It may have led people with fear of contracting COVID-19 to

refrain from dental visits.
(Conclusion)

From this study, we found that the fear of contracting COVID-19 is associated with refraining from dental visits. Dentists

should undertake measures for preventing the transmission of COVID-19 and must provide a safe opportunity of

maintaining optimal oral health to patients.
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Effects of Propolis and a PPARYy inhibitor, GW9662, upon
the biological activities of stimulated spleen cells and
undifferentiated mesenchymal cells

BRH KRS HEFER 284 Asahi University School of Dentistry Class of 2025
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In this study,we examined the effects of Brazilian propolis (BP) and GW9662 on cytokine production of activated
immune cells and osteoblastgenesis of premature stromal cells, and evaluate the potential usage as a pulp capping
material.

Our results demonstrated that;

1. Production of pro-inflammatory cytokines, IFN-y, IL-6 and IL-17,in the stimulated spleen cells was significantly
reduced; regulatory cytokines, IL-4 and IL-10, were almost unchanged; IL-2 was significantly enhanced by BP at
concentrations sustaining high viability(80%). These effects on the modification of the cytokine production were
similarly triggered by artepillin C, a major component of BP and an agonist of PPARYy.

2. GW9662 and artepillin C synergistically enhanced the production of IL-2, IL-4 and IL-10, while suppressing that
of IFN-y, IL-6 and IL-17 in the stimulated spleen cells.

3. The expression of Osterix mRNA in 10T1/2 cells was significantly elevated in the presence of BP and GW9662.

We concluded as follows;

1. Artepillin C, representing immune-modulatory effects of BP, and GW9662, an agonist of artepillin C, could
curatively regulate host immune cells.

2. Artepillin C and GW9662 might also induce hard tissue deposition in premature stromal cells.

3. These properties of BP and GW9662 suggest that their combined use could be an effective alternative for dental
pulp treatment by reducing inflammation and enforcing dentin formation.

TARUABLUPPAR-yFEERT (GWI662) HYEML M PAR DL EEE
RERRDEMFRERICEKIFTRE

TS IIVETORIR (BP) £GWI662HNEML REMAED A M4 VEES LUK EERBIROE AR KT T ESR

ANIEHBICKZEBEAERLE Lo A& LTz,

ZORER:

1. BLAEER (80%) A#EFd 2EEDOBPICKY. RIS MR MRS I DRIEFRET A M1 0 IFN-g. IL6B L VIL17TOEE
IEBEITET UHIEMEDT A A VL4 &IL101EIEEAEZ L T IL-2IFBREITEM LTz, BPICKDT A M1 VELEDERZIRIZBP
DEMHN THYPPARGD7 AZAMCHBZ7IVTE) VCITE > TFFRRITHER S NI

2. GW9662& 7))L 7 BV > ClE A (<RI BRAEMARDIL-2, -4, IL-10DEEEEE L. IFN-g. [L-6. IL-17DEE =S LTz,

3. 10T1/2#B2IT BT 0sterix MRNADHEIRIL. BPH LU GWI662DEFEE F CEEICER Lz, Thicxd L TRunx2mRBNARIRIE
Z{tLzh ofe

% W

1. BPOEMND TH 7 IV 7E) > CEGWICO2F AR KUHIHIEY A b A+ > & BRMICRET I 2RIREEDRE N,

2. BPHLUGWI662IE R DL MERMN S BFMABF R A FR T AR N,

3. BPEGWIBB2MD KL S T NS ZAEHE DB NUSMEE S L AR I B R A (BT SreftaEis LTER CESREEMIRE N,

MERKRABTDEN

BPI&. GW9662 L HEM IR IER IGZ G T HERZRIET 5 LD RE N, — A TCINSIFBFENIC. KOLBERBREOBE N
FERFEFEET B EDTEENT, CDZDDRFERICEY INSHRIEZEIMABH S —RRF B Z(RET LD AR
GEBMDEME L TCONREREBET HRREMDNRENT. (T7AIVTA— T BINAY— a8k EX)
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Research title: Effects of Propolis and a PPAR-y inhibitor, GW9662, upon biological activities of
stimulated spleen cells and undifferentiated mesenchymal cells

(Problem)

Propolis is a natural extract from honeybee glue and has been proven to have several beneficial biological effects. It
exerts anti-inflammatory effects through the inhibition of inflammatory cytokines and also participates in tissue
regeneration through the stimulation of regulatory cytokines (Machado JI, 2012).

Dental pulp often suffers from caries, which results in inflammation and damage to dentin. The application of calcium
hydroxide is a conventional standard for pulp capping, however it also induces pulp tissue necrosis caused by fibroblast
cell death, resulting in delayed generation of secondary dentin. It has been reported that propolis combined with pulp
capping material can stimulate the process of pulp tissue repair (Rahayu RP, 2020). However, green propolis extract
inhibits osteogenic differentiation, while also promoting adipogenesis and chondrogenesis of bone marrow stromal cells
(Elkhenany H, 2019). Adipocyte differentiation is activated by a major component of Brazilian propolis (BP), artepillin
C, via the activation of PPARy (Choi SS, 2011). This inhibitory effect of propolis could spoil hard tissue regeneration,

such as secondary dentin deposition.

(Hypothesis)

It has been reported that the PPARy-dependent adipogenesis could be blocked and facilitate osteoblastogenesis by
GW09662, a potential antagonist of PPARy (David V2007). Therefore, we assume that the combined use of propolis and
GW9662 could exert preferable effects from both substrates, i.e., inhibition of inflammation together with enforcement
of hard tissue generation. Dental pulp is a complex tissue consisting of several cell types including premature
mesenchymal origin and immune cells. Therefore, In this study, we examined the effects of Brazilian propolis and
GW9662 on cytokine production in activated immune cells and osteoblastogenesis of pre-mature fibroblasts, and

evaluated their integration as a curative reconstruction of dental pulp.

(Methods)

1. Preparation of spleen cells
Spleens were removed from male C3H/HeN mice older than 24 weeks, then mashed with a cell strainer in Roswell
Park Memorial Institute (RPMI) 1640 medium containing 10% FBS, 50 uM 2-mercaptoethanol. Cells were collected
and the red blood cells were removed using a red blood cell lysis buffer. The spleen cells were washed and filtered
using a cell strainer to remove residue.

2. Cytokine detection using enzyme-linked immune sorbent assay (ELISA)
The spleen cell suspension (4 x 105/well) was added to a 96-well plate, on which 1 pg/mL of anti-CD3 monoclonal
antibody was immobilized (0.1 mL/well) at 4°C overnight. The propolis extracts or artepillin C, and GW9662 were
added to the wells and co-cultured with the spleen cells in RPMI RPMI-1640 basal medium for 48 hours in 5%
CO, at 37°C. The concentration of cytokines in the supernatant of the cell culture was assayed by ELISA.

3. RNAextraction and RT-PCR analysis
C3H 10T1/2 mouse embryonic fibroblast were seeded in a 10 cm dish and diluted in RPMI supplemented with 10%
FBS, and cultured in 5% CO; at 37°C. The propolis extracts and/or GW9662 were added to the medium, then
incubated for 72h.
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Total RNA was extracted using ISOGEN. RT-PCR was performed using primer pairs for mouse Runx2, forward
5'- CTT CAT TCG CCT CAC AAA CAA CCA C-3'and reverse 5'- TGC TTG CAG CCT TAAATG ACT CGG
T-3"; mouse Osterix , forward 5'- AGC CCA CCT AAC AGG AGG ATT TTG-3'and reverse 5'- CTT TCT CGT
GGC TTC TAG GCA CC-3'; ribosomal protein S5 (RPS5), forward 5'- GAG CGC CTC ACT AAC TCC ATG ATG
A-3'and reverse 5'- CAC TGT TGA TGA TGG CGT TCA CCA-3', respectively. mRNA expression levels were
normalized to those of RPS5.

(Results)

1. Production of pro-inflammatory cytokines, IFN-g, IL-6 and IL-17, in the stimulated spleen cells was
significantly reduced; regulatory cytokines, IL-4 and IL10, was almost unchanged; IL-2 was significantly
enhanced, by BP at concentrations sustaining high viability (80%). These effects on the modification of the
cytokine production were similarly triggered by artepillin C, a major component of BP and also an agonist of
PPARg (Figure 1)

2. GW9662 and artepillin C synergistically enhanced the production of IL-2, IL-4 and IL-10, while, suppressed
that of IFN-g, IL-6 and IL-17 in the stimulated spleen cells (Figure 2).

3. The expression of Osterix mMRNA in 10T1/2 cells was significantly elevated, while that of Runx2 was
unchanged in the presence of BP and GW9662 (Figure 3).

Figure 1. Comparison for varied effects of BP and
artepillin C on the cytokine productions in anti CD3
antibody-stimulated mouse spleen cells.

Figure 2 Effects of GW9662 on the cytokine production in
anti CD3-antibody-stimulated spleen cells treated with varied
amounts of artepillin. As a control, only solvent (DMSO)
Figure 3 Expression of Osterix and Runx2 mRNAs | | was added.

in 10T1/2 cells treated with BP and GW9662.
DMSO denotes control.

(Conclusions)
1. Artepillin C, a major component of BP, and GW9662 could curatively regulate pro-inflammatory and regulatory
cytokines.
2. BPand GW9662 might induce osteoblastgenesis in premature stromal cells.
3. These properties of BP and GW9662 suggest that the combination usage could be a remedy for dental pulp

treatment by reducing inflammation and enforcing dentin formation.
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Immunolocalization of podoplanin-reactive/PHOSPHO1-
positive osteoblasts in murine femora with intermittent
administration of parathyroid hormone

LEERERFES 5F4E  Hokkaido University School of Dental Medicine Class of 2022

FIE &2E  vuhi NAKAJIMA
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Osteoblasts on the bone surface are known to synthesize the bone matrix, in which they gradually become
embedded to differentiate into osteocytes. In this study, the speaker has attempted to clarify the issues;
1) whether osteoblasts’ differentiation into osteocytes takes place simultaneously with osteoblastic bone
mineralization in a normal state, and 2) whether the distribution pattern of PHOSPHO1-positive bone-
mineralizing osteoblasts and podoplanin-positive osteoblasts ready to differentiate into osteocytes
are changed after the intermittent administration of parathyroid hormone (PTH). In order to verify the
issues, the speaker has examined the murine femoral metaphyses received vehicle or human PTH by
immunohistochemical and statistical analysis. As a result, the distribution of podoplanin-positive osteoblasts
and PHOSPHOL1-reactive osteoblasts is not co-localized in the control mice. In contrast, many podoplanin-
positive osteoblasts and PHOSPHO1-reactive osteoblasts were observed in the PTH administered bone,
implicating accelerated osteoblast differentiation into osteocytes and osteoblastic bone mineralization.
Furthermore, double staining of PHOSPHOL and podoplanin clearly demonstrated the co-localization of
PHOSPHO1-positive and podoplanin-reactive osteoblasts in the PTH-administered secondary trabeculae but
not the primary trabeculae. Thus, intermittent PTH administration appears to stimulate osteoblasts’ bone
mineralization and their differentiation into osteocytes, inducing synchronous bone mineralization and
osteocytic differentiation in the secondary trabeculae.

BIFRERRIVEVESIRE VAKX EICHITSpodoplanin/PHOSPHO
fFEEFMEORERT

BEMRIE. BEEER - B tEEG—A. BN T 5, AR, ERRETEFRRICKZBEERAR(LEBMEREDEDL
ERFHCEET DD\ Ko, BRBEEZO LT, BFMROAKLEBEMR S BHRENIED 2V IHERRELRKICELCSD
H7EBESMNCT HEINC PTHEENRESIC K SEEHEEDRREDT VAR EZ T Lz, ZDER. 2> A—)L X TlE. 5&
BARKIEETSPHOSPHO1RBB MBS ML S . BHfRICO1E LD Db Bpodoplaninfa i BEMABDBEL—BE I BIFMbIC
KEBEEEAK S BHRMIEREZ 2120 TELTWVWART AR E NIz, —A. PTHEBURE VA TIE. Z<DOBFMAET
PHOSPHO1& podoplaninDi& R s s38%Te. £fc. —RBRTIIBEFMIROEEGK L L BB LIE—LEh >feh =R
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Immunolocalization of podoplanin-reactive/PHOSPHO1-positive osteoblasts in
murine femora with intermittent administration of parathyroid hormone

[Problem] Osteoblasts are known to synthesize bone matrix, in which they
are gradually embedded to differentiate into osteocytes. The
research questions to be resolved are: 1) whether osteoblasts’
differentiation into osteocytes takes place simultaneously with
osteoblastic bone mineralization in a normal state, and 2)
whether the distribution of bone-mineralizing osteoblasts and
osteoblasts that are ready to differentiate into osteocytes is
changed after administration of parathyroid hormone, or PTH
which accelerates bone remodeling. PHOSPHO1 can be a
hallmark of bone-mineralizing osteoblasts, while podoplanin is a
cell surface marker of the osteoblasts that are ready to

[Hypothesis] differentiate into osteocytes.

Regarding the abovementioned issues, the presenter hypothesizes the following:

1) The distribution of PHOSPHO1-reactive osteoblasts and podoplanin-positive osteoblasts is variable in a normal
state, indicating that bone mineralization by osteoblasts and their

differentiation into osteocytes occur in different stages in a
normal state.

2) After intermittent PTH administration, osteoblasts show both
PHOSPHOL reactivity and podoplanin positivity, given that the
high bone turnover driven by PTH shortens the periods of bone
mineralization and subsequent osteoblastic differentiation into
osteocytes.

[Methods]
Six-week-old C57BL/6J mice received vehicle (control group, N = 6) or 20 pg/kg/day of human PTH [1-34]
(hPTH; PTH group, N = 6) two or four times per day for two weeks. The primary trabeculae and secondary

trabeculae of femoral metaphyses were employed for histochemical examination and statistical analyses as follows.
1) Immunohistochemical analyses of alkaline phosphatase (ALP), PHOSPHOL, and podoplanin

2) Calcein labeling for bone mineralization

3) RT-PCR for PHOSPHO1, ALP and so forth

4) Statistical analysis on the number of podoplanin-reactive osteoblasts, and the index of PHOSPHO1-positive

osteoblasts/bone volume (one-way ANOVA followed by Tukey—Kramer multiple comparisons test)

[Result]

1) Osteoblasts’ differentiation into osteocytes does not take place simultaneously with osteoblastic bone
mineralization in a normal state

In a normal state, the different distribution of the brown colored

PHOSPHO1 and podoplanin were seen in the femora metaphysis

(Fig. 1). The distribution of podoplanin-positive osteoblasts and

PHOSPHO1-reactive osteoblasts is not co-localized both in the

primary and secondary trabeculae in a normal state, as

hypothesized. Fig. 1
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2) PTH appears to promote bone mineralization and osteoblastic differentiation into osteocytes; however,
synchronous bone mineralization and osteocytic differentiation by osteoblasts take place in the secondary
trabeculae but not the primary trabeculae

After PTH administration, many podoplanin-reactive osteoblasts

(brown) and PHOSPHO1-positive osteoblasts (blue) can be seen in
the primary and secondary trabeculae (Fig. 2). The statistical
analysis revealed a significant increase in the number of
podoplanin-positive osteoblasts in PTH administered bones
compared with the control bone (Fig. 3). RT-PCR results showed
increased mMRNA encoding PHOSPHO1 (Fig. 3). Interestingly,
PTH administered bone exhibited not only short ranges but also )
long span of osteoblastic layer (arrows, Fig. 4). The long span of Fig. 2
calcein-positive, alkaline phosphate-reactive and PHOSPHO1-
positive osteoblasts were seen in the secondary trabeculae, but not
the primary trabeculae in PTH administrated bone. This means that
the bone formation phase is expanded in the secondary trabeculae
following PTH administration, despite PTH-administered bone
showing frequent bone remodeling. In addition, double staining of
PHOSPHOl1 and podoplanin clearly demonstrated the Fig. 3
co-localization of PHOSPHO1-positive and podoplanin-reactive
osteoblasts in the PTH-administered secondary trabeculae but not
the primary trabeculae (Fig. 2). Thus, PTH appears to stimulate
bone mineralization and osteoblastic differentiation into osteocytes.
However, synchronous bone mineralization and osteocytic
differentiation by osteoblasts take place in the secondary trabeculae
but not the primary trabeculae.

Fig. 4
[ Discussion and Summary]

PTH appears to promote osteoblasts to mineralize bone,
as well as to differentiate into osteocytes. PTH induces
accelerate bone remodeling in the primary trabeculae but
bone remodeling and modeling in the secondary
trabeculae. The synchronous bone mineralization and
osteoblastic differentiation into osteocytes may take
place in the modeling sites of the secondary trabeculae.

[ Conclusion]

Intermittent PTH administration appears to stimulate osteoblasts’ bone mineralization and their
differentiation into osteocytes, inducing synchronous their bone mineralization and osteocytic
differentiation in the secondary trabeculae.
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Development of a new dental disinfectant containing
peracetic acid for oral care of the elderly

KPrsERIARE 3FELE  Osaka Dental University Class of 2024
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Introduction: With the rapid increase in the number of people requiring nursing care worldwide, development
of novel oral care materials that circumvent aspiration pneumonia because of high viscosity, bactericidal
activity, and safety could alter nursing care fields. In this study, we prepared a prototype of peracetic acid
(PA)-cellulose nanofiber (CNF) slurry, and conducted material, bactericidal, and cytotoxicity evaluations to
preliminarily examine the optimal mixing conditions for the development of novel oral care materials.
Results: The results of Fourier transform infrared spectroscopy, X-ray diffraction measurements, and
scanning electron microscopy confirmed that the material used was CNF, with peaks specific to CNF and
fibrous material with a width of 50 nm. All PA-CNF slurries showed a white color, evading any esthetic
problems. The viscosity of slurries increased in a dose-dependent manner of CNF. The PA solution is
generally acidic, whereas the PA-CNF with 20 ppm PA and CNF dissolved in phosphate-buffered saline
showed a neutral pH that was above the critical pH. In addition, the PA-CNF slurry containing 20 ppm PA and
500 mg/mL CNF showed high bactericidal activity against Staphylococcus aureus and high cytocompatibility
against oral gingival epithelium-derived cell line Ca9-22.

Conclusion: PA-CNF slurry containing an optimal mixture of PA and CNF, may be a candidate for the
development of a novel oral care material with high viscosity, bactericidal activity, safety, and esthetics.
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Development of a new dental disinfectant containing peracetic acid for

oral care of the elderly

[Problem]

In a super-aging society, it is challenging to maintain a clean oral environment for the rapidly increasing number of
people who are bedridden and patients under nursing care. Nevertheless, caregivers and family members mainly focus
on systemic management and excretion control. Oral care is limited to simple treatment, resulting in deteriorated oral
environments that leads to a decline in oral function, inducing systemic frailty in patients. In addition, aspiration of
plaque or bacteria occasionally leads to aspiration pneumonia, which directly elevates mortality risk. Elderly people are
at higher risk of aspiration because of their reduced swallowing and spitting functions. Therefore, developing novel oral
care methods to circumvent aspiration pneumonia is an urgent and essential issue.

Thus far, materials containing disinfecting ingredients such as chlorhexidine, benzethonium chloride, and isopropyl
methyl phenol have been commercially available for use as oral care materials. However, many of these materials are in
a low-viscosity state, and aspiration has to be induced. Therefore, highly functional oral care materials with high viscosity
are urgently required. Peracetic acid (PA) is a disinfectant that disrupts bacterial cell membrane through its oxidizing
effect. The molecule, having a broad spectrum against various pathogenic microorganisms, has also been proven safe
when swallowed because it has already been approved for sterilization of food surfaces at concentrations below a certain
level. However, PA alone has a low viscosity, which is why it may lack the ability to be retained in the affected area.
Meanwhile, cellulose nanofiber (CNF) is a biomass material prepared by refining wood to nano-order. The combinatory
use of'this fiber and other materials can change material properties. In particular, highly concentrated cellulose nanofibers
can work as a thickening agent. In addition, cellulose nanofibers have attracted wide attention as a material contributing
to the SDGs, which is a global goal, owing to their low environmental impact on productivity and disposal.

[ Hypothesis]

We hypothesized that the combinatory use of
CNF and PA solution would significantly
improve the viscosity of PA solution and can be
applied as an oral care material with high
maneuverability, retention in the affected area,
anti-bactericidal effect, and safety and would
prevent the risk of aspiration pneumonia. This
study was designed to preliminarily investigate
the optimal mixing conditions of PA and CNF to develop a new oral care material in the future.

[ Methods]

In general, to develop a new oral care material, achieving the following goals is necessary. 1) material preparation and
evaluation, 2) bactericidal and biocompatibility experiments, 3) biosafety tests, and 4) clinical testing. In this study, we
have performed stages 1) and 2).

1: Preparation and material evaluation of PA-CNF slurry

PA (Kanto Kagaku Co.) and CNF (BinFis-S, Moly Machinery Co.) were mixed in phosphate buffer saline (PBS) at

various ratios to prepare PA-CNF slurries. The properties of each material were evaluated using a Fourier transform
infrared spectrophotometer (IRAffinity-1s, Shimadzu), an X-ray diffractometer (XRD-6000, Shimadzu), a scanning
electron microscope (S-4800, Hitachi), a pH meter (Metteler Toledo), and a thickening measuring plate (Saraya).
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2: Bactericidal experiment

Staphylococcus aureus (ATCC 12600) was used to evaluate the bactericidal
effect of PA-CNF slurry. Its bactericidal effect was evaluated using the bacterial
community calculation method (CFU calculation) and other methods.

3: Cytotoxicity test for cells

Ca9-22, an oral-derived epithelial cell line, was used to evaluate the toxicity
of the PA-CNF slurry. After the cell seeding, PA solution or PA-CNF slurry was
administrated at various doses. Cytotoxicity was estimated using the WST-8 kit.

[Results and discussion]

FTIR and XRD measurements revealed the specific peaks of CNF, confirming
that the used material was cellulose. SEM observation showed a thin fibrous
material with a width of 50 nm, confirming that the material was a nano-sized
cellulose fiber (Fig at the top). Macroscopic observation revealed that the

mixture of 20 ppm PA and different concentrations of CNF showed a white

color, indicating only minor esthetic problems in case residue remained (Fig at

the middle). In the simple viscosity test using a thickening
measuring plate, PA solutions containing low concentrations of CNF
showed high line spread test (LST) values (high value means low
viscosity), while PA-CNF slurry exceeding 500 mg/mL showed a
decrease in LST value, indicating that an increase in CNF
concentration attenuates the spread of PA. Intact PA solution is
acidic, potentially causing acid demineralization of the tooth surface
when diluted with ultrapure water. Consequently, we used PBS as a
solvent. The pH of PA-CNF slurry containing 20 ppm PA was higher
than the critical pH and was maintained at a neutral value. The
presence of CNF had no effect on the pH. Although PAis a substance

that exhibits an acetic acid odor similar to that of vinegar, the odor

was hardly perceptible in the PA-CNF slurry containing PA at a low

concentration of about 20 ppm PA. The results of bacterial
experiments showed that the PA-CNF slurry containing 20 ppm PA
or higher had an antibacterial rate of more than 99.99% within 180
seconds (Fig at the bottom). As for the cytotoxicity test, there was
no apparent cytotoxicity to the oral-derived epithelial cell line Ca9-
22 at the range of conditions of PA-CNF slurry used in the study.

[ Conclusion]

We demonstrated that PA-CNF slurries containing PA and CNF

could be a promising candidate for use as an oral care material that

shows high viscosity, high bactericidal activity, and safety. We are planning to conduct additional experiments in the
future to elucidate further the properties of the slurries, such as antibacterial spectrum, safety for different cells, stability

test, and the bactericidal effect on the tooth surface, to prove its usefulness as an oral care material.
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Single-cell genomics approach for identification of
antimicrobial resistance genes and virulence factors in
oral bacteria

KBRAFBEFER 4FESE  Osaka University School of Dentistry Class of 2023

ML BHE AyuKOYAMA

T7HIVTA— T RINA Y — QR FH = 860 (L Hth
MEIESH1E  QOEREZEHE B8R )k EX

Objective/Methods: Recent studies have presented findings showing that the oral condition of an individual is
related to systemic lesions, such as those associated with diabetes, arteriosclerosis, and rheumatoid arthritis,
which has resulted in acceleration of oral microbiome studies. For the present investigation, single-cell genome
sequencing of saliva collected from a healthy donor was performed. The genome sequences thus obtained
enabled identification of the distribution of antimicrobial genes as well as genes encoding virulence factors.
Results: Bacterial cells were isolated and cultured in 96 wells, of which 88 showed genomic amplification,
resulting in production of genome sequences. Most of the genera were Strepfococcus, followed by Prevotella
and 7M7x. Furthermore, there was evidence of antimicrobial resistance genes containing cfxA, ermF, and fet,
and virulence factors containing cps4, 1bpA, nanB, pavA, and psaA.

Conclusion: The present results indicated the high reliability of single-cell analysis of oral bacteria. A single
bacterium was found to contain multiple resistance genes, while five streptococcal species possessed multiple
virulence factors. In addition, genetic diversity in each of the bacterial cells was noted, even in a case of
bacteria colonized from the same host and belonging to the same genus. The present collaborative approach
for bacterial single-cell analysis and bioinformatics may be a useful model to clarify the distribution of
antimicrobial resistance genes and virulence factors in individual bacterial cells.
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Single-cell genomics approach for identification of antimicrobial resistance genes and virulence

factors in oral bacteria

(Problem)

Oral health literacy has become recognized as an important determinant of health. As for dental caries, prevalence is
limited in Japan, with over 50% of individuals aged 80 years possessing 20 or more teeth, as most seniors receive
appropriate dental consultation and/or care. Recent studies have highlighted that oral condition is related to systemic
lesions such as those associated with diabetes, arteriosclerosis, and rheumatoid arthritis, as well as local lesions, findings
that have led to acceleration of oral microbiome studies. Human saliva is estimated to contain 1x10° CFU/mL bacteria,
including over 700 species. However, most oral bacteria cannot be cultured, making them difficult to study. Major
metagenomics approaches, such as 16S rRNA amplicon and metagenome shotgun sequencing, can provide a snapshot of
microbial composition or the complete genomic content of a microbial community, though the genetic distribution in

individual bacterial strains still remains unknown.

(Hypothesis)

In this study, single-cell genome sequencing of saliva collected from a healthy donor was performed. Genome sequences
enable identification of microbial composition details, as well as the distribution of antimicrobial genes and genes
encoding virulence factors. Such information provides a base to explore the relationship between the oral microbiome and

systemic lesions, leading to establishment of novel preventive measures and drugs for oral microbiome-related diseases.

(Methods)

After fasting for more than 30 minutes in the morning, 5 mL of saliva was collected from a healthy donor. One mL was
added to OMNIgene ORAL solution, which inactivates but stabilizes bacterial cells, and then stored at room temperature
until single-cell analysis. To investigate the presence of live bacteria, another 3 mL of saliva was centrifuged at 8000 rpm
for 10 minutes, suspended in 800 pL of 50% glycerol/RPMI11640 solution, and stored at -30°C until single-cell analysis.
Using 48 wells, single cell isolation, genome amplification, and paired-end genome sequencing of both saliva samples
were performed by bitBiome. Quality control and preprocessing of FASTQ files obtained from next-generation
sequencing were performed using fastp, v.0.20.0. Antimicrobial resistance gene and virulence factor profiling were
determined with the cleaned sequencing data using ARIBA, 2.14.4. Bacterial species were identified by use of the Genome
Taxonomy Database (GTDB) and GTDB-TKk.

(Results)

Bacterial cells in the two samples were isolated in a total of 96 wells, of which 88 showed genomic amplification, resulting
in production of genome sequences. Findings showed that 36 were the genus Streptococcus, 8 were Prevotella, 7 were
TM7x (a Candidatus Saccharibacteria bacterium), 6 were Gemella, 5 were Fusobacterium, 5 were Leptotrichia, 3 were
CAG-793 (of the Clostridiales order), 3 were Rothia, 2 were Eubacterium, 2 were Lachnoanaerobaculum, 2 were
Latonella, 2 were Neisseria, 2 were FO040 (of the Bacteroidaceae family), 1 was Mogibacterium, 1 was Metamycoplasma,
1 was Granulicatella, and 2 were unknown. The Streptococcus genus was the most abundant (41.0%), followed by
Prevotella (9.1%) and TM7x (8.0%).
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As for antimicrobial resistance genes (Fig. 1), four bacteria possessed cfxA encoding p-lactamase, while another four possessed ermF,
which confers erythromycin-resistance. Moreover, regarding tetracycline resistance, two bacteria possessed tet32, three had tetM, three had
tetO, and one had tetQ. In total, nine possessed tetracycline resistance genes.

Next, virulence factors were explored. Three bacteria possessed pneumococcal polysaccharide capsular genes; two with cps4J, cps4K,
and cps4L, and the other with cps4J and cps4L. In addition, one was found to have nanB encoding pneumococcal sialidase, one pavA encoding
pneumococcal fibronectin-binding protein, and eight psaA encoding the pneumococcal ABC transporter functioning as an adhesin. The

Neisseria genus possessed two types of resistance genes, ermF and tetQ, and five Streptococcus genera showed pneumococcal virulence

factors.

(Conclusion)

The present results indicated that bacterial single-cell genome sequencing can identify the burden of antimicrobial resistance genes and
virulence factors in individual bacteria present in oral flora. Since the present samples in 88 of 96 wells showed genomic amplification and
produced genome sequences, it was concluded that single-cell analysis of oral bacteria has high reliability. The obtained oral bacteria were
classified into 16 genera, with the most abundant found to be Streptococcus, followed by Prevotella and TM7X. Genome profiling of the oral
flora of the healthy donor also revealed several bacteria possessing antimicrobial resistance genes, whereas only one of the bacteria found in
the 88 wells contained multiple resistance genes. On the other hand, five streptococcal species showed multiple virulence factors, which
suggested that oral streptococci share virulence factors with S. pneumoniae. Interestingly, other genus bacteria examined in this study did not
possess known virulence factors. Single-cell analysis indicated genetic diversity in bacterial cells, even when bacteria colonized the same host
and belonged to the same genus.

A collaborative approach using bacterial single-cell analysis and bioinformatics is suggested be a useful model for clarification of the

distribution of antimicrobial resistance genes and virulence factors among bacterial cells present in saliva of a healthy donor.
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Clinicopathological study on odontogenic keratocysts
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Odontogenic keratocyst (OKC), which has local aggressiveness and high recurrent rate, had been classified
into benign odontogenic tumor in 2005 WHO classification. And it has moved back to odontogenic cyst
again in 2017 WHO classification. However, it has not yet been concluded whether OKC includes lesions with
neoplastic nature or not. In the present study, I examined clinicopathologic features of OKC to clarify the
important recurrent-related factors and the presence of OKC with neoplastic nature.

Syndromic OKCs are 5.1%, frequently occur in young generation, and show high recurrent rate.

The recurrence rate of non-syndromic OKC cases was about 37%, and the recurrence rate was relatively
high. Factors, which are likely to induce recurrence include multilocular lesion, atypia in the basal cell layer,
budding suggesting high proliferative activity, and the presence of daughter cysts. Although careful removing
is required, most cysts are considered to be non-neoplastic cystic disease. In addition, continuous follow-up
observation is required for 3 years after surgery.

Two possibilities occur 1) some OKCs recur as they have a primarily inherent neoplastic potential and some
OKCs recur due to some secondary changes in lining epithelium leading to tumor-like solid growth.
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Clinicopathological study on odontogenic keratocysts
(Problem)

Odontogenic keratocysrt (OKC) is jaw cyst originated from odontogenic epithelium. It has characteristic lining
epithelium, which consist of thin parakerainized squamous epithelium with flat basement membrane and palisading
basal cell layer. It is well accepted that OKCC has relatively high rate of recurrence, potentially destructive growth, and
relatively high potential of proliferation, supporting for neoplastic nature unlike other jaw cysts. So, OK was classified
into benign odontogenic tumors under the name of Kketatinizing cystic odontogenic tumor. In the new WHO
classification in 2017, it reclassified into cyst category, because most of OKCs show an indolent behavior like
non-neoplastic lesions. However, it has not yet been concluded whether all cases of OKC can be classified as cysts or it
includes lesions with neoplastic nature.

(Hypothesis)

In my department, histopathological examination specimens of university hospital for more than 40 years are
accumulated, and many histopathological specimens of OKCs are available. In addition, dental radiology and oral
surgery have a collection of x-ray findings and clinical data of OKC cases. Therefore, by surveying the clinical and
pathological data of OKCs, | will clarify the recurrent-related clinicopathological factors and will consider whether all

OKGCs are just cystic diseases without neoplastic nature, describing in the current WHO classification or not.
(Methods)
The study protocol is approved by ethic committee of my university. We enrolled 334 cases of OKCs and Keratinizing

cystic odontogenic tumors with more than 3-years follow-up period of my university hospital records. Firstly, 1
investigated relationships between OKCs with and without basal cell nevus syndrome and recurrence. Moreover, in
nonsyndromic OKCs, relationships between recurrence, and clinicopathologic features, X-ray finding, treatment and
pathological findings are observed.

(Results and discussion)

OKC cases include syndromic OKCs of  cases and nonsyndromic OKCs of cases. Recurrent rate are % and %,
respectively. Nonsyndromic OKCs include 191 male and 126 female, the ratio of male/female is 1.5:1. Average age is

37 years old (range from 9 to 87. There is no relationship among sex, age and recurrence.

A total of 317 patients(191 male and 126 female) with OKCs were evaluated in this study. The male: female ratio was
1.5:1. Range was 9-87 years. The mean age was 37 years. Mandibular molar to ramus area is most prevalent site.
Recurrent duration range is from 3 months to 24 years and 80% recurrences occurred within 3 years. So, continuously

follow-up is needed during 3years after operation.
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We investigated the relevance between X-ray findings (191 cases) and recurrence of OKCs. The recurrence rate of

multilocular cysts (31.3%) was significantly higher than that of unilocular cysts (13.2%), indicating that removal of
multilocular cyst, which is potentially local aggressiveness may be more difficult than the unilocular one.
Regarding the treatment method, recurrence was observed in 14 cases (22.68%) with fenestration, and in 34 cases

(16.58%) with excision, respectively, but there was no significant difference between the two surgical methods.

At our university hospital, all patients with fenestration used to get excision after reduction in size. that was why there
was no significant difference in recurrence rates between two procedures.

Relationship between pathological features and recurrence

Atypism including mitosis in basal cell layer, present of daughter cyst tend to be higher in cases with recurrence, but

significant differences were not observed.

In the recurrence cases with the primary lesion showing a typical findings of OKC, one case of OKC, consisting of solid
proliferation of keratinized stratified squamous epithelial nests was included. Since this case showed a relatively high Ki-

67 positive rate and p-53 positivity It is possible to be neoplastic nature.

(Conclusion)

Syndromic OKCs are 5.1%, frequently occur in young generation, and show high recurrent rate.

The recurrence rate of non-syndromic OKC cases was about 37%, and the recurrence rate was relatively high. Factors,
which are likely to induce recurrence include multilocular lesion, atypia in the basal cell layer, budding suggesting high
proliferative activity, and the presence of daughter cysts. Although careful removing is required, most cysts are considered
to be non-neoplastic cystic disease. In addition, continuous follow-up observation is required for 3 years after surgery.

Two possibilities occur 1) some OKCs recur as they have a primarily inherent neoplastic potential and some OKCs recur

due to some secondary changes in lining epithelium leading to tumor-like solid growth.
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Yae OHATA - Hokkaido University School of Dental Medicine

“Fibroblasts in tumor microenvironment are induced to Cancer-Associated Fibroblast (CAF) by PTHrP”



History of 1st Place Award Winners ERERE

#£19[E (H.25/2013 ) MEILKF®RFE E &
FEERZEPHBERDDN?

WANG Shuo - Okayama University Dental School
"Why do people get fat if they stop smoking ?"

£ 206 (H.26/2014 F) MBMAFRFEH ER E
WARRHEDOEETSXILT—EDER

Midori DOKE - Showa University School of Dentistry

“Molecular characterization of nuclease enzymes from periodontal Bacteria”

#£21[0E (H.27/2015 %) BRREMEHNAFEFE HE K&
FREBHERETTIVICEITS FactorX RIRHIHEE

Daiki TANAKA — Tokyo Medical and Dental University Faculty of Dentistry
“The FactorX expression mechanisms in a model of postmenopausal osteoporosis”

F22E (H.28/2016 ) MEREAFRFH @E &
Syk BEMEEISHERFMEROE Mt ZRELEM L ZINETS

Ai KAMISONO - Kagoshima University Faculty of Dentistry

“Syk inactivation induces to promote osteogenic differentiation and suppress adipogenic differentiation of
mesenchymal stem cells”

#23E (H.29/2017 ) MLEXF®RFE TF &
B—Mar>>VRIVTFIIRITEZDEF MDD SRS DRER
Mai YOSHINO - Hiroshima University School of Dentistry
“Single-cell transcriptomics uncovers the diversity of osteoblasts”

82418 (H.30/2018 %) MILBEARFHRFE MER KK

BUETIVIEET IV DBFHRERLICE TS MRFHNEEER

Miki ABE — Hokkaido University School of Dental Medicine

“Cellular interaction activating osteoblastic bone formation during bone modeling and remodeling”

#2506 (R.1/2019%) BMLEARFHEFE #illlRE BHEF

Porphyromonas gingivalis (P.g.) -fimA type2 & typed MiFHMAMO LR ISEEAXRDEETHREED
I—h—¢%G3

Shiiko MAEKAWARA - Hiroshima University School of Dentistry

“Porphyromonas gingivalis (Pg.)-fimA (Type2 and Type4) serum antibody titer is a possible marker for preterm
birth associated with periodontitis”

#26ME (R.2/2020 F) MLBEAFEFE FE 0%
7LrFox—tREICEZBRENDEDOHBEFNEL

Hirona YOSHINO — Hokkaido University School of Dental Medicine

"Histological alteration of bone-specific blood vessels by alendronate administration”
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