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Behavioral analysis of mice ingesting NH.CI:
the effect of ammonia in higher brain functions

R KFEFER 4F4E  Niigata University Faculty of Dentistry Class of 2024

FELL 222 Nozomi YOKOYAMA
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Problem and hypothesis: High protein diets have become popular worldwide to maintain body muscle
to stay healthy. However, high-protein diets can elevate blood ammonia levels, and liver failure leads to
hyperammonemia that associated with psychiatric abnormalities. Even in our daily life, it is found that
blood ammonia can be doubled transiently after meal and workout. However, if transient accumulation and/
or intermittent elevation of body ammonia alter neuropsychiatric behaviors are ill defined. In this study,
we hypothesized that ‘/ntermittent elevation of ammonia in the boady affects brain function’' and performed
behavioral experiments in mice ingesting with NH4CI.

Methods: Mice were given 0.28 M NH4CI in drinking water for 20 weeks. Body weight, water intake, and
blood ammonia levels were measured and behavioral experiments were performed. 5 neuropsychiatric
phenotypes; basal activity, anxiety-related behavior, sociality, memory, and spatial learning were chosen, and
suitable tests for these phenotypes were performed.

Results: We found that the mice that had a free access to NH4Cl-containing water have a trend of elevated
blood ammonia levels. The elevation of body ammonia slightly reduced the body weight and increased their
water intake. From the behavioral experiments, we did not identify altered spatial learning nor spatial working
memory. However, we found enhanced anxiety-related behavior from the open field test and Y-maze test.
Conclusion: Elevated ammonia in the body induces anxiety-related behavior.

NH.CHEEXX U ADBA S RIERE DI - 7 2 EZ 7 BRD O 5T HNDEE
B DA TOT A Y T—LHE TV D, L L &2\ RIS EZ7REZ LR EE FEEICLDR 7 VEZ7 IEFRH
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TEERETT o .
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Behavioral analysis of mice ingesting NH4Cl: the effect of ammonia in higher brain functions

[Problem]

High protein diets have become popular worldwide for the maintenance
of muscle to stay healthy. The protein boom has come to Japan, and
currently, the market is growing. However, protein intake may result in
increased ammonia production. Ammonia is a potent neurotoxin that
causes severe damage to the central nervous system. It is formed in
nearly all tissues of the vertebrate organism, and is a byproduct of
cellular metabolism. Deficient hepatic urea formation and bacterial
infection in the gut are the major causes of pathological accumulation
of ammonia, which results in hyperammonemia. Interestingly, dietary
protein intake and workout also increase blood ammonia levels.
However, if transient accumulation and/or intermittent elevation of body
ammonia alter neuropsychiatric behaviors are ill defined (Fig 1).

[Hypothesis]

In this study, we hypothesized that ‘Intermittent elevation of ammonia in the body affects brain function’ and
performed behavioral experiments in mice ingesting with NH4CI.

[ Methods]

Generation of mice: Eight-week-old male C57BI16/J mice were given 0.28 M ammonium chloride in drinking water for
20 consecutive weeks. Control mice received tap water. All mice had free access to water bottles.
Behavioral experiments: Body weight, water intake, blood ammonia level and behavioral tests were examined.

Open field test: Mice were placed into the corner of an open field apparatus (50 x 50 x 40 cm) (O’Hara & Co. Tokyo,
Japan) and allowed to freely explore for 10 min with a chamber illuminated at 100 Ix. During this period, the total
movement distance, the time spent in the central region (25% of the total arena), and the time spent in the wall side
were recorded and automatically calculated by Image OFCR software. Fig.2

Y-maze test: The Y-maze apparatus consisted of three arms made of plastic

[ - : . Body weigh
(Fig. 5A) (O’Hara & Co. Tokyo, Japan). Mice were placed into one of the A 350 y weight

arms of the maze and allowed to explore the maze with one of the arms 30 { e M T
closed for 15 min (Trial 1). After a 1.5-h interval, mice were returned to the ig %ﬁ
maze by placing them in the start arm. Then, the mice were allowed to 245
. . . . 10 A
explore all three arms for 5 min (Trial 2). Total number of entries, time spent 5 | — Water — NH4Cl
in the novel arm that was closed in Trial 1, and % alternation, the percentage 0 +—T——"—"T7 7
0 2 4 6 8 101214 16 18 20
of sequential entries into all three arms, were calculated. weeks
[Results] B. Water intake
.. . . . . . 7 1 *
1. Ammonia intake resulted in a slight reduction in body weight and an 6 L s
increase in water consumption °] M
We examined body weight in both control (water) and NH4Cl-treated mice E 3
for 20 weeks. We found that ammonia intake slightly reduced their body weight f — Water — NH4Cl
(Fig. 2A, Water: n = 16, NH4Cl: n = 18, *p<0.05, **p<0.01, Unpaired t-test). 0 +—T———"T—————
0 2 4 6 810121416 18 20
We also examined their water intake and found that ammonia-treated mice weeks
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drink more water than the control mice (Fig. 2B, Water: n = 16, NH4Cl: n = 18, *p<0.05, **p<0.01, Unpaired t-test).

2. Elevated blood ammonia levels were observed in ammonia-treated mice
After 20 weeks of ammonia ingestion, we found that these mice have a trend of elevated blood
ammonia (Fig. 3, Water: n = 16, NH4Cl: n = 17, NS = not significant, Unpaired t-test). We think
mice have some phenotypic variation, such as differences in the amount of water intake or protein
metabolism. We are planning to increase the number of animals used.
3. Anxiety-related phenotype was observed in ammonia-treated mice
We then performed behavioral tests in these mice. We chose 5 neuropsychiatric phenotypes (basal activity, anxiety-
related behavior, sociality, memory, and spatial learning), and examined suitable tests studying these behaviors (Table 1).
We identified behavioral phenotypes from the open field test and Y-maze test.
In the open field test, we found that the  Tapjle1.

Behavioral experiments performed
total distance travelled was slightly reduced in Phenotypes Test

ammonia-treated mice (Fig. 4A). As for @ basal activity Home cage monitoring, Open field

anxiety-related behavior, we found that |2 2nxiety-related behavior |Open field

. . . 3 sociality Social interaction (Crawley version)
ammonia-treated mice spent more time on the o
@ memory Y maze, Cued and contextual fear conditioning
wall side, and less time in the center (Fig. 4B, (® spatial learning Y maze
C, Water: n = 16, NH4ClI: n = 18, **p<0.01, Fiad
ig.

Unpaired t-test). These data suggested that elevated body ammonia may induce A

anxiety in mice. pEEa o

In the Y-maze test, the total number of entries in the arms were similar in both i ' \

mice (Fig. 5B, Water: n =7, NH4Cl: n =12, NS = not significant, Unpaired t-test). : ; L 4
37255 + 156.6 cm  3239.3 *+ 126.1cm

The time spent in the novel (new) arm was shorter in ammonia-treated mice than

the control mice (Fig. 5C, **p<0.01, Unpaired t-test). A percentage of alternation B. Walside - C. Center Region
600 ** 60
were above chance level (50%) in both mice, suggesting that the spatial working 500 50
400 40

memory in ammonia-treated mice are intact (Fig. 5D, NS = not significant, g s00 80 .

. . . - . 200 20
Unpaired t-test). Then why ammonia-treated mice are avoiding to stay in the novel 100 o
. . L . 0 o

arm? We think that this is due to an elevated anxiety in these mice. Water  NHeCl Water NH4G

[Conclusion]

Elevated ammonia in the body induces anxiety-related behavior.

In this study, we found that the mice that had a free access to NH.Cl-containing water have a trend of elevated blood
ammonia levels. The elevation of body ammonia slightly reduced the body weight and increased their water intake. From
the behavioral experiments, we did not identify altered spatial learning nor spatial working memory. However, we found
enhanced anxiety-related behavior from the open field test and Y-maze test.

For the future study, we would like to perform neurochemical experiments to identify the cause of these behaviors.
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Application for preventing COVID-19 infection by CO2
measurement in a class room and a dental clinic

LEEEBRKFREFES 4F4E  Health Sciences University of Hokkaido Class of 2024

L™ FEFZ Masatoshi YAMASHITA
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COVID-19 strongly restricted our educational and medical activities. A most valid way to continue these
activities without infection might be ventilation of a room by opening a window according to the CO2
environmental standard of a class room and a clinic. However, the ventilation management system using CO2
has not been established yet. While opening window is an only means of ventilation in the most of facilities,
it is uncomfortable to keep opening windows during winter season in cold regions and summer season in
warm regions. Thus, | fabricated a new device to monitor and record CO2 concentration and developed
a management system to predict an optimum ventilation timing scientifically. | analyzed the ventilation
condition to keep the CO2 concentration below 1,000 ppm by a computer program based on machine learning
with an Al (artificial intelligence) system using CO2 data acquired in a class room. As a result, the timing
5 min before the CO2 concentration exceeded 1,000ppm was predicted by the machine learning using the
data for a certain period of time. Thus, in this study, | developed a new management system for appropriate
ventilation control to prevent COVID-19 infection and to ensure sustainable educational and medical activities
under the current pandemic.

ERNCO2EEAEICLAFEOIOF V1) VAR RDRET & REX

COVID-19DREEHEKRICE ) Ty >V v) LR E ENBER - HBES WV THEIHARECHIREN e TOXITTRT T CTREZ
P L DSBS I 27edIcid. CO2REZERICHMI[ZNRICITOENRIEMEEIN ., LOLBRREZNRICERET S
THHEIGER - ABEMETIFRILENTUVED ofc, £eZ DR TIFESRZBRORMBAICES T 22157 FICEAHDOZIHE®
REHMOERIIBRORHGH GO E LD ofc, ZT T CO2REZRGEMICAE CE2RAERZBIEL, IR FHNICER
TEBVATLERE L., BRESSURRER CCO2MEEZAIEL. Al (Artificial Intelligence) HEREDHKMFBICKLDTO
TS LZEANTG ENCO2REZRIBEEAEDNT,000ppmU TR DBRARMZ BT LTz, TDRR—EBEDRET — 2 Z i
FEBIBLICENY1,000ppmZBASEEZ TR TESBLASNCEOfc, £ LTS EIDRERETIFSAFICZ DFIEH AR
EBoTe, WO TOEBVRTLORREICKY BRUC I OTEREHZ LG SHFEICER - B a8 21§ 5 LD FIRES

Eol.
ERRADTDEBN

FEROOFVA)VAREREDORHICCO2AERZRWIRREERE S AT LDOBEZTT ofc. CO2REZ kI RIE L. AlEE
D—DTHHEMEZZF A LIBITIC I BNERED A IV T EREOFEEITofc, ZDER. CO2REDELERIEL
RORAAZMRICIT ORI T BEDREZH#IFLEN SR ZBYICER TESTENBESHICG I, TNITKYBERED
BRHERR CHBEREIC, FRRICRRBEERN TELLDICE DT,

(T7RIWTAa— T RINAH =57 1] 1B8%)
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Application for preventing COVID-19 infection by CO2 measurement in a class room and a dental
clinic

Problem- Under COVID-19 pandemic, any kind of activities were limited in all fields including medical care and
education. However, people required continuous services to medical care and education because these services were
essential and could not stop for our life. The ventilation based on the CO2 environment standard was the most effective
way to keep these services under preventing the infection. However, the management of the ventilation using CO2
monitoring system was not established yet. Furthermore, a window ventilation but a machine ventilation was only
ventilation in the most of facilities and it was uneasy to open a window during winter season in a cold region and summer
season in a warm region. Thus, the suitable ventilation system based on scientific and visible analyses was required to
keep services.

Hypothesis- It becomes possible to establish the controlling system to the infection if the timing of ventilation is
accurately regulated by the continuous CO2 monitoring. And to do that,
1) The CO2 monitoring devices which continuously record the CO2 data are needed.
2) The method to predict the timing of increment based on CO2 environment standard should be established using
CO2 monitoring data.

Methods-Four studies were investigated to prove the hypothesis above.

1) Developing original CO, monitoring devices

2) Searching the optimized ventilation frequency and duration in a class
room (Fig. 1)

3) Prediction for the increment of CO. concentration by Al

4) Applying CO, concentration monitering at some general clinics

Fig. 1

Result-1:
The device which had continuously monitored CO2 concentration was not made commercially available to the public,
so | made the CO2 monitoring devices by myself. | designed the electric circuitry and substrate using a commercially
supplied software, ‘Eagle’ from AutoDesk Co and the designed electric substrate were ordered to PCBGOGO Co. The
casing of device was designed using Fusion 360 from AutoDesk Co and the designed case was made by 3D printer from
XYZ Co. The two kinds of NDIR (non dispersive infrared)-based CO2 sensor was utilized as a recommended
parts by the guideline of the Economy, Trade and Industry Ministry, Japan, Z19B (Fig.2-1-A) from Zhengzhou
Winsen Electronics Technology Co and S8 (inside of the device of Fig.2-3) from SenseAir Co. The ESP32-
WROOM-32D (Fig.2-1-B) was also utilized as the control unit for Wi-Fi and was able to send CO2 data
through the internet. Using these electronic parts, I made two types of devices. The first type of device
had Z19B CO2 sensor and LED alarm lamp +LED (Fig.2-2); the second type of device had S8 CO2
sensor and big LED display (Fig.2-3).

A

Fig. 2-1 Fig. 2-2 Fig. 2-3
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Result-2: The verification experiment for the need and timing of ventilation was conducted under the conditions
with/without ventilation in class rooms using the newly developed CO2 monitoring device. | compared the difference in
three class rooms. In class 1 (Fig.3-1), the difference of CO2 concentration was little and also the value was small. This
observation suggested that the capacity of the room might be large and the machine ventilation might work well in class1.
In contrast, the value of CO2 was constantly high and then quickly reduced at a certain point in time in class 2 (Fig.3-2).
The machine ventilation in class 2 might not work well so the CO2 concentration kept high although class 2 is larger than
class 1. It seemed that the CO2 concentration was drastically down after all students leaved the class. Next the effect of
ventilation was compared in class 3 (Fig.3-3). The 10 min window ventilation effectively reduced CO2 concentration
below 1,000ppm compared to the condition without ventilation. Thus, this observation indicated that the constant
ventilation was effective to keep CO2 environment standard.

— ventilation
— no ventilation

Fig.3-1 Fig.3-2 Fig.3-3
Result-3: | created a predictive model for the increase in CO2 concentration using Al. Al, artificial intelligence is a
powerful tool to analyze any kinds of big data in social activities and learns a statistic relations using the vast sets of data.
Using this Al system, a model to predict a future incidence of CO2 concentration was created. As a result of prediction
using this model, it was possible to predict that CO2 concentration would exceed 1,000 ppm 5 minutes in advance (Fig.
4-1,4-2).

The point to predict
over 1,000ppm

(5 min)

The point to predict
over 1,000ppm

(5 min)

Fig.4-1 Fig.4-2
Result-4: The CO2 monitoring devices were set in three medical facilities (Fig.5-1, 5-2, 5-3). CO2 concentration was
always below 1,000ppm in all day. These results indicated that the ventilation were sufficient in all facilities. Thus, the
contenius CO2 measurement were important to keep safety environment in medical facilities.

Fig.5-1 Fig.5-2 Fig.5-3

Conclusion- It was revealed that opening a window was sometime more effective in a certain condition to keep CO2
concentration below 1,000ppm although the continuous machine ventilation was also important. The timing that CO2
concentration would exceed 1,000 ppm was predicted by Al system. The ability of ventilation would be sufficient in
surveyed medical facilities in which CO2 concentration was always below 1,000ppm in all day. Thus, in this study, we
developed the new management system for appropriate ventilation control to prevent COVID-19 infection using CO2
sensor and it was able to ensure sustainable educational and medical activities during infection.
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Development of novel 3D-printable resin composite for
tooth restorative material

ANEERIRE 3F4E  Kyushu Dental University Class of 2025

TEH £ Takumi HANADA
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Additive manufacture (3D-print) materials have been growing attention for dental applications. However,
3D-printable resin composite for a tooth restoration has not been established yet. This study aimed to develop
novel 3D-printable resin composite for tooth restorative material. The 3D-printable resin composite was
prepared in our laboratory. Appropriate amount of silanized silica particles, resin monomers, photo-initiator,
and photo-absorber were mixed to prepare the 3D-printable resin composite. The prepared 3D-printable
resin composite was printed by using SLA 3D-printer. The 3D-printed resin composite was characterized
SEM observation, mechanical property, physicochemical properties, and printing accuracy. The SEM result
indicated that the fillers were well dispersed in the resin matrix without any aggregates up to 70 wt% filler
content. The mechanical properties (Vickers hardness, elastic modulus, and flexural strength) increased with
increasing filler content. The mechanical properties of the sample with 70wt% filler were significantly higher
than those of commercial CAD/CAM resin composite. The physicochemical properties (water sorption and
water solubility) of the 3D-printed resin composite were superior than those of commercial CAD/CAM resin
composite. The printing discrepancy of the 3D-printed crown was relatively low. The 3D-printable resin
composite was demonstrated to apply the 3D-printed crown for tooth restoration.
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Dt tEEER E LTRWERIROCAD/CAMBRIY RI Y LYV ERFE R IFBRICKERBTH 212, 3D U b LIFR
VKDY bLY VDR FNEE (RkEEAHE) 1 HIROCAD/CAMBRIAVRIY FL YV EIBNT W, 3DTU k
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Development of novel 3D-printable resin composite for tooth restorative material

(Problem)

Additive manufacture (3D-print) materials have been growing attention for dental applications. Among various
3D-printing processes, stereolithography (SLA) 3D-printing is popular for producing dental prosthesis because of its
highly accuracy of printed objects. On the other hand, there are few practical materials for the SLA 3D-printing to use as
a tooth restorative material. Mechanical and physicochemical properties of the SLA 3D-printable materials are inferior
than those of CAD/CAM milled material. Therefore, 3D-printed materials for permanent crowns have not been
established yet.

(Hypothesis)
This study aimed to develop novel 3D-printable resin composite for tooth restorative material. The research
hypothesis is that practical 3D-printable resin composite with adequate mechanical and physicochemical properties can

be prepared from appropriate amounts of silica fillers and acrylic resin.

(Methods)

1. Preparation of 3D-printable resin composite

The 3D-printable resin composite was prepared in our laboratory. Silanized silica particles (mean diameter 0.5 pm,
Admstechs), urethanedimethacrylate (UDMA, Fujifilm Wako Pure Chemical), Triethyleneglycoldimethacrylate
(TEGDMA, Fujifilm Wako Pure Chemical) were mixed using a centrifugal mixer with different filler contents (0, 20,
40, 60, 70, and 80wt%). The resultant mixture was further mixed with photo-initiator (BAPO, Tokyo Chemical Industry)
and photo-absorber (TBT, Tokyo Chemical Industry). Subsequently, micro-bubbles in the mixture were eliminated by

centrifugal separation. As a result, the 3D-printable resin composite was obtained.

2. SLA 3D-printing

STL data (bar-shape and crown shape) was created using a 3D-CAD software. The prepared 3D-printable resin
composite was printed by using SLA 3D-printer (ELEGOO MARS, A = 400-410 nm 24 W LED laser, ELEGOO). The
printed object was cleaned with alcohol by ultrasonication to eliminate unpolymerized resin. Subsequently, the cleaned
object was post-cured by UV irradiation for 5 min. Finally, the 3D-printed object consisted with the resin composite was
obtained.

3. Evaluation

The bar-shaped objects were used for SEM observation, mechanical and physicochemical tests (1ISO6872: 2015). The
mechanical properties were characterized by Vickers hardness, elastic modulus, and flexural strength. The
physicochemical properties were characterized by water sorption and solubility. For control sample, commercial
CAD/CAM resin composite block (Shofu block HC, Shofu) was used. The mechanical properties were compared by
one-way ANOVA followed by Tukey’s post-hoc test (p < 0.05). The physicochemical properties were compared with
student’s t test (p < 0.05). The 3D-printed crown was evaluated by printing accuracy test. The STL data and 3D-printed
crown was superimposed using a software to confirm a discrepancy between each shape.
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(Results)

Fig. 1 shows SEM images of the 3D-printed resin composites. It was clearly seen the dispersed-filler microstructure
consisted with spherical silica and resin matrix. Up to 70 wt% of filler content, the silica fillers are well dispersed in the
resin matrix without any aggregates. For the 80 wt% filler content, however, the sample could not be prepared because
the fillers were aggregated with the resin matrix.

The mechanical properties were characterized in each sample with filler content below 70 wt% (Fig. 2). Each
mechanical property increased with increasing the filler content. The mechanical properties of the sample with 70 wt%
filler content were comparable or significantly higher than those of the commercial CAD/CAM resin composite. The
3D-printed resin composite with 70 wt% filler was further characterized by the physicochemical properties with
comparison of those of the commercial CAD/CAM resin composite (Fig. 3). The water sorption and water solubility of
the 3D-printed resin composite were significantly lower than those of the commercial CAD/CAM resin composite,
indicated that the physicochemical properties superior than those of the CAD/CAM resin composite.

By using the 3D-printable resin composite, the 3D-printed crown was fabricated via SLA 3D-print. Fig. 4 shows the
superimposed images of STL data and measured 3D-printed crown. Shape difference between the STL data and the
3D-printed crown were almost below 0.1 mm. On the other hand, the shape of the 3D-printed crown had a relatively
larger discrepancy on the inner surface and occlusal area, with a maximum difference of about 0.5 mm.

The 3D-printable resin composite with filler content of 70 wt% has potential to be used as an indirect tooth restorative
material since the mechanical and physicochemical properties are superior than those of commercial CAD/CAM resin
composite. Further study is needed to determine long-term durability of the 3D-printable resin composite. In addition,
the 3D-printing accuracy of the crown is insufficient for clinical use. The printing accuracy should be improved by
optimizing printing conditions such as printing direction and layer thickness.
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Fig.1 SEM images of 3D-printed resin composites Fig. 2 Mechanical properties of the 3D-printed resin composites: (a) Vickers
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Fig. 3 Physicochemical properties of the 3D-printed Fig. 4 Printing accuracy of 3D-printed crown. The color map was obtained
resin composite: (a) water sorption, (b) water solubility. by superimposing the STL data and measured surface profile.
(Conclusion)
Within the limitation of this study, we concluded that:
¢ Novel 3D-printable resin composite was prepared from 70 wt% filler and 30 wt% resin.
e  The mechanical and physicochemical properties of the 3D-printable resin composite were higher than those of
commercial CAD/CAM resin composite.

e  The 3D-printed crown can be fabricated using the resin composite via SLA 3D-printing.
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Zoledronate negatively regulates T cell-mediated
Immune responses

RAEAIRE 494 Tokyo Dental College Class of 2024
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Problems: Medication Related Osteonecrosis of the Jaw (MRONJ) is a disease caused by invasion for the
jawbone under the use of bone resorption inhibitors or angiogenesis inhibitors. The pathogenesis of MRONJ
remains unclear. Prevention methods for the development of MRONJ have not yet been established. In
addition, risk factors for the development of the disease have not yet been elucidated.

Methods: We performed our experiments on MRONJ model mouse based on previous reports. Briefly,
MRONJ was induced by ZOL administration, ligature-induced periodontitis, and subsequent tooth extraction.
Jawbone was collected to evaluate for osteonecrosis induction by H-E staining. In addition, T cell activity
in the regional lymph nodes was evaluated by flow cytometry and cytokine expression in the gingiva was
measured by PCR. Finally, the effect of ZOL on T cell and DC activity was evaluated based on the effect of
the addition of ZOL on T cell proliferation and co-stimulatory molecule CD86 expression on DCs.

Results: Osteonecrosis of jawbone was not induced in our setting. In addition, ZOL treatment did not affect
cytokine expression in gingiva. ZOL treatment significantly reduced the percentages of IFN-y and IL-17
expressing CD4* T cells and IFN-y expressing CD8* T cells. Moreover, ZOL does not directly inhibit T cell
activity, but ZOL directly suppress DC antigen presenting capacity.

Conclusion: These results suggest ZOL directly attenuates T cell activity by inhibiting the antigen presenting
capacity of DCs, and suppresses immune responses.

VL FOYVEISTHMEENZRRINE Z 8l CHIET 5

F#E = - Medication Related Osteonecrosis of the Jaw (MRONJ) I$ BN EZEPIEHERZTEOFEHA TICEEIZEE
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EMEIETA—A R =Ko FHME LTz,
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Zoledronate negatively regulates T cell-mediated immune responses

(Problem)

Medication Related Osteonecrosis of the Jaw (MRONJ) is a disease caused by invasion for the jawbone under the
use of bone resorption inhibitors or angiogenesis inhibitors. One of the most common drugs that induce MRONJ
are bisphosphonates (BPs). BPs are used in the treatment of osteoporosis and bone metastases of malignant
tumors. BPs are localized on bone and are taken by osteoclasts to induce osteoclast apoptosis. On the other hand,
apoptosis of osteoclast affects bone metabolism by inhibiting osteoblast activity. Although there have been many
reports on MRONJ, the detail of pathogenesis of MRONJ remains unclear. Prevention methods for the
development of MRONJ have not yet been established. Moreover, risk factors for the development of the disease
have not yet been elucidated.

(Hypothesis)

MRONJ is known to be caused not only by additional jawbone involvement such as tooth extraction, but also by
inflammation such as chronic periodontitis. In addition, immune-related disease states and therapeutic agents for
them, are risk factors for MRONJ. So, we hypothesized that inflammatory response may trigger for MRONJ in a
state of impaired bone metabolism. Furthermore, since osteoclasts are differentiated from monocyte-macrophage
lineage, we also hypothesized that BPs may regulate immune cell function.

(Methods)

In vivo

We generated MRONJ murine model following
previous report. Mice were treated with or without
(125 pg/kg) of Zoledronate (ZOL) twice a week.
Maxillary second molar of mice was ligated with 5-0
silk threads 1 week after the first ZOL treatment.
Three weeks after the first ZOL treatment, ligated the
teeth was extracted. We collected gingiva, jawbone,
and reginal lymph nodes (submandibular LNs) for
measuring cytokine expression by gRT-PCR, analysis

of T cell activity by FACS, respectively (Fig. 1).
Figure 1. In vivo experiment

In vitro
1. Weisolated T cells from murine spleen and lymph nodes, stimulated with anti-CD3/CD28 antibody in the
presence or absence of ZOL, and evaluated T cell proliferation by BrdU uptake assay.

2. Weisolated dendritic cells from spleen, stimulated with LPS in the presence or absence of ZOL, and evaluated
the expression levels of DC activation markers, CD86, B7-DC, and MHC class Il by using FACS.
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(Results)
D ZOL treatment did not induce osteonecrosis in this model
Osteonecrosis of jawbone was not induced in our setting. In addition, ZOL treatment did not affect both pro-

inflammatory (IL-1B, IL-6, 1L-33, TNFa, IFN-y) and anti-inflammatory (IL-10, TGF—) cytokine expression in

gingiva.

@ ZOL treatment decreased effector T cell numbers in regional lymph nodes

We analyzed T cell activation status in the regional lymph nodes 2 weeks after tooth extraction by FACS. ZOL
treatment significantly reduced the percentages of IFN-y and IL-17 positive CD4* T cells and IFN-y positive CD8*
T cells. These results suggest that ZOL treatment suppresses T cell activity after tooth extraction (Fig. 2).

® The addition of ZOL does not directly affect T cell proliferation in vitro

T cells were isolated from spleen and lymph nodes of mice, and T cell proliferation was evaluated after anti-
CD3/CD28 antibody stimulation in the presence or absence of ZOL. The addition of ZOL had no effect on T cell
proliferation. This result suggests that ZOL does not directly inhibit T cell activity.

@ The addition of ZOL directly inhibits dendritic cell activation in vitro

Dendritic cells were isolated from spleen and stimulated with LPS in the presence or absence of ZOL. The co-
stimulatory molecules CD86 and B7-DC and MHC class 11 expression were evaluated by FACS. (Fig. 3).
The addition of ZOL decreased CD86 and MHC class 11 expression on dendritic cells, suggesting that ZOL directly

suppress DC antigen presenting capacity.

Figure 2. ZOL suppresses T cell activity Figure 3. ZOL suppresses DC activity

(Conclusion)

@ ZOL treatment impaired T cell activity in reginal lymph nodes after tooth extraction.
@ Addition of ZOL did not affect T cell activity in vitro.
@ Addition of ZOL directory decreased CD86 and MHC Il expression in vitro.

These results suggest ZOL directly attenuates T cell activity by inhibiting the antigen presenting capacity of DCs

to suppress immune responses after tooth extraction (Fig. 4).

Figure 4. Summary
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The effect of iberin on CXCL10 production in
human oral epithelial cells

BEXRFEFE 4F4%  Faculty of Dentistry Tokushima University Class of 2024
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CXC chemokine ligand 10 (CXCL10) plays a pivotal role in the recruitment of Thl cells, and it is certain
that Thl cells are involved in the pathogenesis of periodontitis. Iberin, the bioactive substance derived from
cabbage, has some beneficial effects, but the effects of iberin on CXCL10 production in human oral epithelial
cells is uncertain. In this study, we investigated the mechanisms by which iberin inhibit TNF-a-induced
CXCL10 production in TR146 (human oral epithelial cell line). TR146 was stimulated with TNF-a for 24
hours. CXCL10 concentration of the culture supernatants was measured with enzyme-linked immunosorbent
assay (ELISA). In some experiments, we pre-incubated TR146 with iberin prior to the stimulation.NF-« B p65,
IkB-a, or signal transducer and activator of transcription (STAT)3 phosphorylation, which were related to
CXCL10 production from TNF-a-stimulated TR146, were detected by western blot analysis. Iberin treatment
prevented TNF-a-mediated CXCL10 production in TR146. Iberin pre-treatment significantly inhibited
TNF-a-induced phosphorylation of NF-«kB p65, IkB-a, and STAT3. These data provide a novel mechanism
through which iberin can provide direct benefits in periodontal disease to inhibit CXCL10 production.

ANV He FORE_EEHBEDCXCLIOEEIC I I B DfEMNT

[B#] CXCLAOIFBaARXRDREEITICEAE L TWAThIREICEAE L TWATEAA > ThHY. TNF-ofllEE iz SO E&Z
ML SEAEITNEELNESHEBEO>TWVND, MNYNETOyT ) EDFEEFRICEEN TV SEEZENE THEHI MK
EERICBE T M EIEDRCRBLGRNZ L, ZT THAIEAN VA TNF-ah O RIS T 5COXCLIOEEICRIF T2
T LTz,

[(#H B EUHZE] TR146 (DR EEMEERE) ETNF-o CRIEL . CXCLIOEAZELISAEICT. CXCLIOEAICEES LT\ Y
FIVREREE THBNF-k BESTATID E M LICRIF I &R western blotiAlC TR LTz,

[(ERBLUER] MNUVIETRI146DNF-k BEKUSTATIDE M L& NHI T 2T LI KU TNF-aiFECXCLIOEE =G T 55
DAL E G DT, AN VNS BEERIEE BT CCXCLIOELEZIIHIT2HIc KU ThiifREZ R S B AKX DBRZIHTES
AIREMD R TNz,

MEHEERABDOEN

HEAIGERIC BV THREDORFRSIEKEE MR ZDICENEHETHD, LHLELS, MR PEIFRORMEL b Y Fiiks
MRERZERDEEEEMEDERNEENT VS, AR THLANYVETOy D) G EDREBHRICTENDEE
EEMETHY . SEOMEICK Y EEAEBERARICS VWTRAEFR%ZRY T LML EBE DT, BRI VITRERIC
ROBEER AT S BAREDAMER CTRENIEEZI TV S, (T7AIVTA— 7 FNAF— 11| &)
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The effect of iberin on CXCL10 production in human oral epithelial cells

(Problem)

Periodontitis is a chronic bacterial infection of tooth-supporting structures. It causes the destruction of periodontal
connective tissues and alveolar bone. The initiation and progression of periodontal disease result from the host response
to periodontopathic bacteria. Immunohistochemical studies have demonstrated dense inflammatory cells infiltration,
including T cells, B cells and macrophages in periodontal lesion. It has been reported T cells and B cells in periodontally
diseased tissues expressed receptor activator of NF-xB ligand (RANKL), which is an osteoclast differentiation factor.
Therefore, it is believed that T cells and B cells are related to bone destruction in periodontal tissues, and several studies
demonstrated that Th1 cells are especially involved in bone resorption in periodontal disease.

CXCL10 is a chemokine that was discovered as an IFN-gamma-inducible protein of 10kDa in the monocytes. It is
known that CXCL10 attracts activated Th1 cells through interaction with CXC chemokine receptor 3 (CXCR3). In vivo,
enhanced levels of CXCL10 have been reported in human periodontally diseased tissues. It is reported that
inflammatory cytokines, such as TNF-alpha or IL-27, induced CXCL10 production in human oral epithelial cells.
Recently, it has been reported bioactive substances in green and yellow vegetables have anti-inflammatory activity.
Iberin, which is included in broccoli and cabbage, has some bioactive effects such as anti-cancer, anti-microbial.
However, it is uncertain about the bioactive effects of iberin on periodontal resident cells, and there are no attempts to

use iberin for periodontal disease treatment.

(Hypothesis)

We hypothesized iberin might suppress inflammatory reaction in periodontal lesion. We focused on CXCL10 production
in this study. The aim of this study was to examine the effect of iberin on CXCL10 production in
TNF-a-stimulated-human oral epithelial cells. Moreover, we investigated whether iberin treatment modified NF-xB or

STAT3, which are related to CXCL10 production in TNF-a-stimulated-human oral epithelial cells, pathways activation.

(Methods)

TR146 cells, which are a human oral epithelial cell line, were kindly provided by Dr. Mark Herzberg (University of
Minnesota, MN, USA). TR146 cells were cultured in Ham’s F12 medium supplemented with 10% fetal bovine serum at
37 °C in a humidified air with 5% CO,. When the cells reached subconfluence, they were harvested and subcultured.
TR146 cells were stimulated with TNF-a (100 ng/ml) with or without iberin for 24 hours. The culture supernatants were
collected, and CXCL10 concentration was measured with enzyme-linked immunosorbent assay (ELISA). In some
experiments, TR146 cells were stimulated by TNF-a (100 ng/mL) for 15, 30, or 60 min. with or without iberin (7.5 or
15 uM) pretreatment for 1 hour. Then, we collected total proteins from the samples, and NF-xB p65, IkB-a, and STAT3
phosphorylations in TR146 cells were detected by western blot analysis.
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(Results)

TNF-o. (100 ng/ml) stimulation induced CXCL10 production in TR146 cells. ELISA analysis revealed iberin
significantly suppressed CXCL10 production in TNF-a-stimulated TR146 cells (Fig.1). Moreover, western blot analysis
showed iberin (15 puM) inhibited NF-xB p65 and IxB-a phosphorylation in TNF-a-stimulated TR146 cells (Fig.2).
Furthermore, we found that iberin (7.5 and 15 uM) treatment inhibited STAT3 phosphorylation in TNF-a-stimulated
TR146 cells (Fig.3).

(Conclusion)

In conclusion, the current study demonstrates that TNF-o. induces CXCL10 release by cultured TR146 cells. Iberin
suppressed TNF-a-induced CXCL10 production in TR146 cells. In addition, we revealed iberin inhibited
TNF-a-induced NF-xB and STAT3 activation in TR146 cells. These data show that iberin treatment, such as periodontal
pocket irrigation or local drug delivery system, might inhibit Th1 cells migration in periodontally diseased tissues. That
means that iberin could suppress periodontal bone destruction to inhibit Thl cells activation in periodontal lesion. These
data provide a novel mechanism through which the bioactive substance in green and yellow vegetables could be used to
provide direct benefits in periodontal disease.
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Periostin is a critical factor for tooth and bone development

BEAFIARFEFES 584 Showa University School of Dentistry Class of 2023
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The question "What mechanisms are involved in tooth development and maintenance of homeostasis?" lies at
the core of basic dentistry and also has important disease-related implications in clinical settings. The present
study was conducted to identify novel factors involved in tooth formation and homeostasis. Examinations
of periostin-knockout (KO) medakas with various gene modifications (transgenic) maintained in the “gene-
modified medaka library” of our institution revealed those with abnormal pharyngeal teeth, which are a
collection of small teeth located in the posterior part of the pharynx. Pharyngeal teeth of periostin-KO
medakas were smaller as compared to those in the wild-type, including shorter size and a reduced enamel
area, whereas attachment bone supporting the teeth was increased. Based on those results, periostin-KO
mice were analyzed and found to have shorter incisors, loss of pulp with increased dentin, and discontinuous
enamel formation as compared to the wild-type. In addition, roots of molars were enlarged and alveolar
bone thickness was markedly increased. These results indicate that morphological abnormalities in teeth and
surrounding bone tissue are similar in periostin-KO medakas and mice, suggesting that periostin plays an
important role in tooth and bone homeostasis in vertebrates.

NUFRAF NI EB DRI ADHEF CTH B

MEIEWDGEBAAZALTREL, TOEBEEZH#ERLTWSDN 7] Nd EREREFZOHFKICAIBEY SRV THY., RlERK
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Title
Periostin is a critical factor for tooth and bone development

Problem

A core question in basic dentistry is; "What mechanisms are involved in tooth development and maintenance of
homeostasis?", which also has important disease-related implications in clinical settings. While parathyroid
hormone-related protein (PTHrP) is a factor known to be involved in tooth formation and homeostasis, few findings
regarding its role have been reported, and details related to tooth formation and homeostasis mechanisms remain largely
unknown.

Hypothesis

Identification of factors involved in tooth formation and homeostasis will lead to elucidation of regulatory
mechanisms of tooth morphology and quality, as well as improved care for dental diseases such as dental caries and
malocclusion, which cause abnormalities in tooth development and homeostasis. Based on that hypothesis, we aimed to
identify such novel factors using an original research method.

Mice as well as gene-modified [knockout (KO) and transgenic] medakas were used as experimental model animals. It
is easy to produce and breed transgenic medaka, as only a small facility is required for testing of tens of thousands. At
our institution we maintain what is termed the “gene-modified medaka library”. In the present study, that library was
screened for medaka with abnormal (pharyngeal) teeth and selection of candidate genes for determining their
involvement in regulation of tooth morphology. Next, mice with genetic modification were also obtained, and used to
analyze tooth development and morphology for elucidation of the functions of candidate genes.

Methods
I.  Experimental animals
1) Periostin-KO medakas
Periostin-KO medakas were obtained by screening with use of the

targeting induced local lesions in genomes (Tilling) method, which revealed
replacement of the 712th base of periostin coding DNA from A to T and
conversion of the 238th lysine to a stop codon, causing a dysfunction. Four
such medaka were used, each about 13 months old.

2) Periostin-KO mice

Periostin-KO mice, in which the first exon of the periostin gene was
replaced with a drug resistance gene (Neo) and subsequently removed,
causing periostin dysfunction, were obtained. No more than six were used,
with ages ranging from approximately 12-18 months.

Il. Hard tissue analysis
1) Analysis of medaka pharyngeal teeth and bone
Pharyngeal teeth are a collection of small teeth aligned on the surface of

the bone and present in the posterior part of the pharynx in medakas (Figure

1A). Following euthanasia, those were removed with tweezers, then fixed

with paraformaldehyde and subjected to microcomputed tomography (uCT)

scanning, then three-dimensional images of teeth and bone were constructed using image analysis software.
Following uCT analysis, pharyngeal teeth were treated with 0.5% KOH to promote transparency and stained with
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alizarin red. The dentition was also trimmed with a
scalpel to further separate teeth from the attachment
bone providing support and morphology was analyzed.

2)  Analysis of mouse teeth and alveolar bone

Following euthanasia, mice were decapitated and then
the head was fixed with 70% ethanol and scanned with
uCT. Three-dimensional images were constructed using
image analysis software to analyze the morphology of
the teeth and alveolar bone.
Results
Periostin is a secreted protein produced by osteoblasts,
fibroblasts, and cancer cells, and known to be involved in tissue
regeneration, wound healing, inflammation, atopic dermatitis,
asthma, and other types of fibrosis by binding to integrins and type
1 collagen. Screening of the gene-modified medaka library revealed
the following abnormalities in pharyngeal teeth of periostin-KO
medakas.

1) Results of periostin KO medakas analysis

1-1) Pharyngeal teeth: Pharyngeal tooth size was smaller and bone

density was greater in some instances on the side of the bone
providing support for the dentition as compared to the
wild-type (Figure 1B, C).

1-2) Teeth and attachment bones: Teeth were shorter than in the

wild-type and the size of the enamel area forming the
apical portion was also reduced (Figure 2A). The width
of attachment bones supporting the teeth was increased
as compared to the wild-type (Figure 2B).

Based on these results, we analyzed periostin-KO mice and
found the following abnormalities in teeth and alveolar bone.
2) Results of periostin KO mice analysis

2-1) Tooth size/surface: Teeth were smaller as compared to

the wild-type and showed malocclusion (Fig. 3A). Also, tooth surfaces had a saw-blade shape (Figure 3B).

2-2) Tooth and alveolar bone morphology: As compared to the wild-type, (D root enlargement, @ increased dentin

and associated pulp loss in the incisors, and (@ discontinuous enamel formation in the incisors were observed in
the periostin-KO mice. In addition, @) a marked increasin in alveolar bone thickness was observed (Figure 4).
Conclusion
Morphological abnormalities in teeth and surrounding bone tissue were similar in periostin-KO medakas and mice.
These results suggest that periostin plays an important role in tooth and bone homeostasis in vertebrates. To reveal the
function of periostin in tooth development, future studies will be necessary to identify the target cells of periostin and
analyze its effects on those cells.
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Exacerbation of inflammation in periodontitis:
Porphyromonas gingivalis fimbriae induce synergistic
Interleukin-6 production in human monocytes

RALKFERFE 6FEE  Tohoku University School of Dentistry Class of 2022
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Problem: It has been shown that most periodontal pathogenic bacteria that invade into blood vessels through
periodontal pockets are dead, suggesting that live periodontal pathogenic bacteria may not be necessary for
periodontal disease to exacerbate inflammation of systemic organs. It is unknown how individual virulence
factors of P gingivalis affect the pathogenesis of bacterial inflammatory diseases. In this study, we analyzed
the effect of sensitization of human monocytes with 2 gingivalis bacterial components on the induction
of IL-6 production by LPS. Methods: The human acute monocytic cell line THP-1 was differentiated into
monocyte-like cells (THP-1 monocytes) with OCT. 2 gingivalis fimbriae was isolated from bacterial culture
by agitation, ammonium sulfate precipitation, and dialysis. THP-1 monocytes were primed with 2 gingivalis
fimbriae following stimulation with Escherichia coli LPS. Results: Priming of THP-1 monocytes with 2
gingivalis fimbriae synergistically enhanced IL-6 production by LPS. IL-6 was the only cytokine that showed
a synergistic effect of 2 gingivalis fimbriae priming. IL-6 production was also synergistically enhanced by 2
gingivalis fimbriae priming and with LPS of 2 gingivalis, Fusobacterium nucleatum and Salmonella enterica.
THP-1 monocytes sensitized to 2 gingivalis fimbriae synergistically produce IL-6 via the NF-xB, ERK, and
IkB-{ pathways upon LPS stimulation. Conclusion: Our results suggest that 2 g/ingivalis fimbriae diffusing
from periodontal tissues of patients with chronic periodontitis may sensitize blood monocytes and may play
exacerbation of bacterial inflammatory diseases.

BERICKDREIERENE: Porohyromonas gingivalistREldt FEIRIC
HI2A 2 2—OAF-6EEZHENICFEETS

(MER] EREEE CIE2FDEER TR gngivalshi@HEEN2H\ REORERFOMEMERELEBEDREICRIZTE
IEREATH B, AR P gingivalisEEM D TRIEET BTk FEIRDLPSEIBIC K BIL-6EENRIZTHEICDOLWTER LT,
[53£] b FEIRRTHP-1#faMZ S22 > D3FEEAE (OCT) THbLizc (THPAEIK) . R gingivalistFEISIBHE. &It
EBRICTRR LTz, (BR] THP1RIR%EL gingivalsiRFETRIET &L NF-k Bl ERKE KUk B- (iR %Z T L CLPSHIIC
KBIL-GEEDERNICTIE LTz, [§E5R] P gingivalsiFEICBRAEE NI BEERIE. LPSRIBICKVIL-6ZERNICEET S, 8/E
BRED SR gingivalisiRED 2B DIEERICHI T 2L HMERRICEDEKDIL-6EEZN LI XEFENMERT 2T ENHER
Tha,

HERKRABDEN

B RS (X ERER M AT R PRIEMRE B G EMEICKIRERRBORFREICEDLSH. HABBNSMERICEALLERERR
MEOZUITERTZTEDS. HEDRETERENFESND T LN HRIND, KREIL. & MEERDPorphyromonas
gingvalistiREDBIEEZITBH L ) REREICK DA U R—OAF 2 -6EEEDERNICTTET 5T &R LTc, KR IE. BEARD
LRICHIIDMEMR R EB BB L0 ERE TS, (T7AITA— -7 RI\AH— 1 2H &E2)
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Exacerbation of inflammation in periodontitis: Porphyromonas gingivalis fimbriae induce
synergistic interleukin-6 production in human monocytes

[Problem] There is a growing consensus that periodontal pathogenic bacteria affect the pathogenesis of a variety of
diseases throughout the body. However, it has been shown that most periodontal pathogenic bacteria that invade into
blood vessels through periodontal pockets are dead, suggesting that live periodontal pathogenic bacteria may not be
necessary for periodontal disease to exacerbate inflammation of systemic organs. Porphyromonas gingivalis, the major
pathogenic bacterium of chronic periodontitis, possesses a variety of virulence factors such as fimbriae,
lipopolysaccharide (LPS), lipoproteins, and gingipain. On the other hand, P. gingivalis has been detected in other
systemic organs in patients with chronic periodontitis, indicating that the presence of the bacterium is involved in the
pathogenesis of systemic diseases. However, it is unknown how individual virulence factors of this organism affect the
pathogenesis of bacterial inflammatory diseases such as sepsis, aspiration pneumonia and inflammatory bowel disease.
[Hypothesis] In this study, we focused on interleukin-6 (IL-6), which plays an important role in the pathogenesis of
chronic inflammatory diseases, to determine the impact of P. gingivalis virulence factors on systemic bacterial
inflammatory diseases. We analyzed the effect of sensitization of human monocytes with P. gingivalis bacterial
components on the induction of IL-6 production by LPS.

[Methods] The human acute monocytic cell line THP-1 was induced to differentiate into monocyte-like cells (hereafter
referred to as THP-1 monocytes) with an active vitamin D3 analog, maxacalcitol (OCT). For isolation of P. gingivalis
fimbriae, bacterial culture was agitated by pipetting and sonication then ultracentrifuged. The supernatant containing
fimbriae was purified by ammonium sulfate precipitation and DEAE-Sepharose FAST Flow column. The fimbriae
fraction was confirmed to be free of endotoxin by a limulus assay. The experimental procedures for this study were as
follows: THP-1 monocytes were primed with P. gingivalis fimbriae for 24 h, and cells were washed with PBS, following
stimulation with Escherichia coli LPS for 16 h. IL-6 levels in the supernatants were measured by ELISA.

[Results] Priming of THP-1 monocytes with lyophilized P. gingivalis whole bacterial cells as well as with P. gingivalis
fimbriae synergistically enhanced IL-6 production by E. coli LPS (Fig. 1A). However, cells primed with P. gingivalis
LPS and lipid A showed similar IL-6 levels by E. coli LPS as control cells (Fig. 1A). The synergistic IL-6 production by
priming of P. gingivalis fimbriae was shown to be a concentration-dependent manner (Fig. 1B). These results indicate

that P. gingivalis fimbriae synergistically enhance LPS-induced IL-6 production by human monocytes.

Next, we investigated the possibility that priming of THP-1 monocytes with P. gingivalis fimbriae could synergistically
induce cytokines production other than IL-6 using a membrane array (Proteome Profiler Cytokine Array, R&D
Systems). The IL-6 expression was increased about 14-fold by P. gingivalis fimbriae and 10-fold by E. coli LPS,
whereas it was increased about 113-fold by P. gingivalis fimbriae priming and E. coli LPS stimulation compared to
untreated cells. Interestingly, IL-6 was the only cytokine that showed a marked synergistic effect of P. gingivalis
fimbriae priming and E. coli LPS stimulation (Fig. 2).
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Furthermore, IL-6 production by P. gingivalis fimbriae priming was synergistic with E. coli LPS as well as with LPS of
P. gingivalis, Fusobacterium nucleatum and Salmonella enterica serovar Typhimurium (Fig. 3).

The signaling pathways involved in synergistic IL-6 production by P. gingivalis fimbriae were focused on NF-xB and
MAP kinase. THP-1 monocytes were pre-treated with the NF-xB inhibitor pyrrolidine dithiocarbamate (PDTC), the
MAP kinase ERK inhibitor PD98059, the JNK inhibitor SP600125, and the p38 inhibitor SB203580 for 1 h, cells were
primed with P. gingivalis fimbriae and then stimulated with E. coli LPS. The IL-6 production in the cells of P. gingivalis
fimbriae-primed E. coli LPS-stimulated were partially and significantly suppressed when pre-treated with PDTC and
PD98059, indicating that NF-kB and ERK are involved in the synergistic 1L-6 production (Fig. 4). Next, we focused on
IkB-C, an I1kB family protein whose expression is enhanced by TLR ligands and responsible for IL-6 induction.
IkB-C mRNA expression in THP-1 monocytes was significantly upregulated by P. gingivalis fimbriae priming + E. coli
LPS stimulation compared to P. gingivalis fimbriae and E. coli LPS stimulation (Fig. 5).

[Conclusion] Human monocytes sensitized to P. gingivalis fimbriae synergistically produce IL-6 via the NF-xB, ERK,
and IkB-C pathways upon LPS stimulation. Since this effect is independent of the LPS species, we speculate that P.
gingivalis fimbriae exacerbate 1L-6-mediated inflammation induced by bacterial infections not only in oral but also in
other systemic organs. Our results suggest that P. gingivalis fimbriae diffusing from periodontal tissues of patients with
chronic periodontitis may sensitize blood monocytes and play a part in the underlying mechanisms that exacerbate the
pathogenesis of bacterial inflammatory diseases such as sepsis, aspiration pneumonia, and inflammatory bowel disease.




Student Clinician 8

Bone metastatic mammary tumor cell-derived extracellular
vesicles inhibit osteoblast mineralization

FINKFBEFES 5L Kyushu University School of Dentistry Class of 2023
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Osteolytic bone metastases are characterized by osteoclast activation and suppression of osteoblast
function, which are related to intercellular communication via various factors released by the tumor cells.
Extracellular vesicles (EVs) are lipid bilayer membrane vesicles that are shed by most cells and key mediators
of intercellular communication. In this study, the effects of EVs derived from 4T1 bone metastatic mammary
tumor cell line (4T1-EVs) on osteoblast differentiation and function were examined. We observed that 4T1-
EVs significantly inhibited mineralization of osteoblastic cells (ST2, MC3T3-E1 and MLO-A5) . Interestingly,
4T1-EVs markedly inhibited upregulation of osteoblast differentiation markers at late stage of differentiation.
Our findings indicated that bone metastatic mammary tumor cell-derived EVs function as an important factor
mediating the cross-talk between tumor cells and osteoblasts. The inhibition of osteoblast mineralization by
bone metastatic mammary tumor cell-derived EVs may be involved in the pathogenesis of bone destruction in
osteolytic bone metastases.
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DWW 77U Ly RERBS LU gPCRIEITICK UiIRET LTz, ZDFER. BEMERMAIN (ST2. MC3T3. MLO-A5) IZHWLT
AT1-EVSTRE T CIIBBERAKI NG N BRI N, BEKENT &I, 4T1-EVsRIBIC &Y. AXKLFEZIICS W TB SRS
{EBhEEEFRunx2, osterix, Atfd, Alkaline phosphatase, bone sialo protein, osteocalcin) DIEEFFIFE THHS5N
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Bone metastatic mammary tumor cell-derived extracellular vesicles inhibit osteoblast mineralization
(Problem/Hypothesis)

Bone homeostasis is maintained by the orchestrated actions of bone-forming osteoblasts and bone-resorbing
osteoclasts. However, once tumor cells colonize and grow in the bone microenvironment, physiological bone
metabolism is disrupted. Osteolytic bone metastases are characterized by osteoclast activation and suppression of
osteoblast function, which are related to intercellular communication via various factors released by the tumor cells
(Figure 1).

Extracellular vesicles (EVS) are
lipid bilayer membrane vesicles that
are shed by most cells and key
mediators of intercellular
communication. EVs contain
microRNAs (miRNAs), proteins,
and other signaling molecules that
propagate to neighboring and distant
cells, thereby regulating cellular
functions and participating in
various pathological processes.

We have previously reported that Figure 1
EVs derived from bone metastatic mouse mammary tumor cells promoted osteoclastogenesis and bone resorption.
However, the roles of bone metastatic mouse mammary tumor cells-derived EVs in osteoblast differentiation and
function have not been fully elucidated.

(Methods)

Cell lines

Mouse non-metastatic and metastatic mammary tumor cell lines (67NR and 4T1) were obtained from Karmanos
Cancer Institute and Peter MacCallum Cancer Center, respectively. Mouse cranial crown-derived osteoblasts
(MC3T3-E1) and mouse bone marrow stromal cells (ST2) were purchased from RIKEN BRC and MLO-A5 was
obtained from Kerafast.

EV isolation

67NR and 4T1 cells were cultured in DMEM containing 10% Exosome-depleted FBS (Thermo) for 48 h. The culture
media were centrifuged using ExoQuick-TC (System Bioscience). Protein concentration was measured using a DC
protein assay (Bio-Rad). The size distribution of the EVs was analyzed using a NanoSight LM10 instrument
(NanoSight) equipped with the nanoparticle tracking analysis (NTA) 2.0. software.

Real-time PCR

Total RNA was isolated and purified using RNeasy Mini kit (Qiagen), and cDNA synthesis was performed using
SuperScript VILO (Thermo) as a template for PCR reaction. Thunderbird g°PCR mix (TOYOBO). Expression was
calculated using the comparative threshold cycle (CT) method

Alizarin Red Staining

Osteoblasts were cultured for 8-21 days in a medium containing beta-glycerophosphate (10 mM), ascorbic acid (50
pg/ml) and EVs (100 ng/ml) and culture medium were changed every 3 days. The cells were then fixed in 10%

formalin and stained with Alizarin Red S to evaluate mineralization.
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(Results)

1) Effects of bone metastatic mammary tumor cell-derived EVs on osteoblast mineralization.
The effects of EVs derived from 4T1

bone metastatic mammary tumor cell line

(4T1-EVs) on osteoblast mineralization
were evaluated by Alizarin red staining.
(Figure 2). In the presence of EVs
derived from 67NR mouse non-metastatic
mammary tumor cell line (67NR-EVS),
mineralization level was similar to that
observed in EVs untreated control. In
contrast, 4T1-EVs markedly inhibited
mineralization in either ST2, MC3T3-E1
or MLO-AS cells. Figure 2

(2) Bone metastatic mammary tumor cell-derived EVs inhibited induction of osteoblast differentiation markers.

The effect of 4T1-EVs on the expression of osteoblast differentiation markers in ST2 cells was examined by gPCR
(Figure 3). 67NR-EVs and 4T1-EVs treatment showed no differences in the expression levels of osteoblast
differentiation markers, such as Runx2 (runt-related transcription factor 2), osterix (osx), Atf4, Alkaline phosphatase
(Alp), bone sialo protein (Bsp),
and osteocalcin (Ocn) until day 6.

Interestingly, 4T1-EVs treatment

markedly inhibited upregulation

of osteoblast differentiation

markers at day12 and day 18,

which was accompanied by the

inhibition of mineralization as

demonstrated by Alizarin Red S

staining (Figure 2). These results

suggest that 4T1-EVs are

involved in the regulation of

osteoblast maturation. .
Figure 3

(Conclusion)

Our findings indicated that bone metastatic mammary tumor cell-derived EVs function as an important factor
mediating the cross-talk between tumor cells and osteoblasts. The inhibition of osteoblast mineralization by bone
metastatic mammary tumor cell-derived EVs may be involved in the pathogenesis of bone destruction in osteolytic
bone metastases. Further investigations are needed to elucidate the mechanisms how 4T1-EVs block mineralization of

osteoblasts, which may provide useful insights into the regulation of bone metastasis.
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Original development of cancer chip and discovery of
iImmunoresistance of oral cancer

FILARFEFER 454 Okayama University Dental School Class of 2024
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Although oral cancer has a good prognosis in early detection, metastasis and recurrence are unsolved
problems. In metastatic cases, macrophages accumulate around/in the tumor; however, cancer progression
is not suppressed by these immune cells. Therefore, we hypothesized that cancer cells secrete exosomes
that adversely affect macrophages. We originally developed "cancer chip" designed to separate cancer cells
and macrophages by a porous membrane with 200-nm pores, so that 100-nm exosomes can pass through it,
whereas cells with a diameter of 30-50 um cannot. Oral cancer cells and their exosomes were labeled with red
fluorescent proteins, while macropahges and their exosomes were labeled with green fluorescent proteins for
analysis in confocal laser microscopy. Oral cancer exosomes were found to pass through the membrane, reach
macrophages, then replace the macrophage components, and accumulate inside the cell, called "hijacking"
by cancer exosomes. In the hijacked cells, cellular swelling and blebbing were observed. "Hijacking of
macrophages by oral cancer exosomes" is considered a new mechanism of immunoresistance of oral cancer.

BF V7 DMBERREEOARREORBIRIMEDHESR
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T CTe, BRSO 77—2%200 nmDVEEDE TRYI>TEEL. BFR100 nmDIT Y Y —LhEE CE, BER30~50 pm
DRERIFERTELGW RF v ZRE Uz, OFRMREZOIY Y Y — LA RBENZV/I\VETIERL 7O T77—ILZD
IV —LZREBENRVINTETIEHR L RERL—Y BB TR L., OETY VY V—LAIE BE@Eal (o077 7—JIc
FER. & EOMRIERD TS T > THIRBRICETRR I 2IRRHROSN. INERIV Y YV—LILKS I\ AT vy ) L8t I\
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EORERIACBEEBREZBIEL. BEFROALICRIFLSEVSIEDTY, DEENTY VY —LZdBLTRIaT77—Y
ZINATVY YT TRRR] IE BHORERICH LTERLODEAMDOHNRIFEZBREL TV GERREEZI SN, BRIEFICHE LT
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Original development of cancer chip and discovery of immunoresistance in oral cancer

[Problem]

Oral cancers of the tongue, gingiva, buccal mucosa, and floor of the mouth
account for 40% of head and neck cancers and are increasing each year. The
recurrence rate after treatment is 24-48%, but metastasis and recurrence are
problems in cases of advanced cancer. When patient-derived tissues from
stage IV oral cancer were examined, CD68-positive macrophages were
clustered around the tumor (Fig. 1). However, even these macrophages have
not been able to cure the cancer. Although refractory oral cancer is thought
to be resistant to immunity, the lack of effective methods to investigate
immunoresistance in oral cancer is a limitation in clinical practice and

research.

[Hypothesis])
We hypothesized that refractory oral cancers secrete exosomes which
are about 100 nm in diameter and exert a detrimental effect on

macrophages (Fig. 2).

[ Methods]
1. Development of Cancer Chip - We independently developed a
"cancer chip" for co-culturing oral cancer cells and macrophages (Fig.
3). Oral cancer cells labeled with red fluorescent proteins were
cultured on the top room of the cancer chip, and macrophages
labeled with green fluorescent proteins were cultured on the
bottom room of the chip. The top and bottom rooms were
separated by a porous membrane with 200-nm pores, which
allowed exosomes to pass through but not cells, which are 30-
50 pm in diameter.
2. Qualitative analysis using confocal laser microscopy -
Qualitative analysis of cells and exosomes was performed using
confocal laser microscopy starting the day after co-culture, and nuclei were stained using Hoechst 33342.
3. Quantitative analysis of exosome secretion - Co-culture effluent was filtered through a 220 nm filter for quantitative

analysis of fluorescent exosomes.

[Results and Discussion]
1. Detection of fluorescent exosomes - Red
fluorescent exosomes secreted by cancer cells and
green fluorescent exosomes secreted by macrophages
were detected on the cancer chip (arrowheads in Fig.
3). Red fluorescent exosomes and green fluorescent
exosomes were also detected in the effluent (Fig. 4).
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2. Oral cancer exosomes reached macrophages - Red

fluorescence was observed at the rim of macrophages between

day 2 and day 6 after the co-culture in the cancer chip (Fig. 5A),

indicating that oral cancer exosomes passed through the thin

membrane and reached macrophages.

3. Accumulation of oral cancer exosomes on macrophages —

Attachment of oral cancer exosomes to macrophages increased

day by day, and between 7 and 10 days of co-culture, a

reticulated image of cancer exosomes accumulating inside macrophages was observed (Fig. 5B).

4. Hijacking of macrophages by oral cancer exosomes - On day 7 of co-culture, cells lost in the green fluorescent
macrophage component and filled with red fluorescent cancer exosomes were observed (Fig. 6A yellow box). These
cells were greatly swollen compared to green fluorescent macrophages and membrane blebbing was observed on the cell
surface (Fig. 6B). When analyzed

separately for green and red

fluorescence, these cells had completely

lost the green fluorescence that was

macrophage components and had been

replaced by red fluorescent cancer

exosomes (Fig. 6C). In magnified

images, control macrophages without

cancer exosome accumulation

maintained their cellular components,

whereas cells with cancer exosome

accumulation lost their macrophage

components (Fig. 6D). These data

indicate that cancer exosomes hijacked

macrophages and affected their cellular

components.

[Conclusion]

I have originally developed a new co-culture system of
cancer cells and macrophages, which | have named the
"Cancer Chip". The Cancer Chip has made it possible to
visualize the interaction between cancer and immunity. In this
study, we found that exosomes secreted by refractory oral
cancer attach to, accumulate on, and eventually take over
macrophages (Fig. 7). This may represent a novel mechanism
for the immunoresistance of refractory oral cancers. The
cancer chip will be useful for elucidating novel interactions
between cancer and the immune system and for developing

new drugs.
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Investigation of the role of vascular endothelial cells in
severe COVID-19 using a SARS-CoV-2 infected mouse model

BERFEFES 454 Hokkaido University School of Dental Medicine Class of 2024
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The establishment of methods for the prevention and treatment of severe COVID-19 is essential to overcome
this pandemic, and an understanding of the pathogenesis of the severe disease is an urgent issue. Although
vascular pathology is known to be deeply involved in lethal COVID-19, the role of vascular endothelial
cells, which constitute the vessel wall, in severe disease is not well known. In this study, we examined the
validity of a mouse model of severe COVID-19 established by our collaborators as an evaluation system for
human severe disease by scoring histopathological features. We then focused on CDA41 (platelets marker)
-positive thrombus formation among vascular lesions and examined it in conjunction with qualitative changes
in vascular endothelial cells. The results suggest that infected aged mice can be models of human severe
COVID-19. The pulmonary vessels of infected aged mice have a strong platelet aggregating effect, and gene
expression analysis showed that the coagulation-related genes were included in a group of up-regulated
genes specific to pulmonary vascular endothelial cells of the infected aged mice. There is the possibility that
vascular endothelial cells trigger lethal pathogenesis by inducing thrombus formation via the promotion of
platelet aggregation, which will be further investigated.

SARS-CoV-2BEX IV AET/IVZBWLcCOVID-19EEkICHITHMERNKE
MAIDIRE|DIREY

COVID-19D/\> 7 2y I DR RITISEFEL DT - BB AEDHIINNACTH Y T DEBE EBDEFELREBRDF M IEARH B
EDRE CTH B, BFENCOVID-19IIZMEREDRNESH SN DO\ MEEZIBN T 2 MENKMIBOELE LI I 51%E]
FERCHSNTWEL, KRS Tl RERREDBILLLEECOVID- 19X VRET IV DWWk FEELFEFTMERELTD
ZUMEREEBFENFROAT7 VI EVAVARIMBRERDERICI OTRIEL DB MEREDS>ECDAT (/)
R—A-) BEOMERMICER L RAMMENRZBROBMZE(LE GO TREY L R BELET IV THERRME\BT VR
FrmE XM/ MRZREE EDIERAD RN TR EN, T, B FHRRBITCIIRLMER » XM ER KM RA7EHIR
TUEBECFEICMBREREREFHE TN TV e, COAMBMRIMROBRETTEE ELTWAEELET/IVOMENKHAIIC
SVWTIRREERREECFORFENGTEFTEZROH NS, MERRMRANMMRDEERES /T L TSR MZERZY 2
CETHRNIRELAD ) A—D—2EB TV BRIREMNTR EN, SEELDRINZITOTFTECH D,
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EICBEWTUAIVRAZEZEERDRIIELE Z Efc L ERFBIEICER I 5. LD o B LRERDIRA L ARUEDREILISHRER
DRETH B, KRR TIE COVID-19ICLBRTICRLEDLEMERED. EDKXILHEF THIBDNZEE(LIVAET V=
BUWTEHRICRET LTV %, £ MEIRREIT TIFBAS N LISHEWVELE L X A = X L2 B AR DRI SR ERE M 8RR I
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Investigation of the role of vascular endothelial cells in severe COVID-19
using a SARS-CoV-2 infected mouse model

(Problem)

The COVID-19 outbreak that began in 2019 continues to cause unprecedented damage around the world. From a social
and economic perspective, the establishment of prevention and treatment methods for severe COVID-19 and the
elucidation of the pathogenesis of severe COVID-19 for these purposes remain urgent issues. A major problem in the
study of severe COVID-19 has been the lack of appropriate animal models that reproduce the severe disease well. In
fatal COVID-19, vascular pathology such as thrombus formation and vasculitis have been reported in human autopsy in
previous papers. Thrombosis has also been noted as a direct cause of death, and it is now understood that blood vessels
are deeply involved in severe COVID-19. Although the role of vascular endothelial cells in severe COVID-19 has been
debated in various ways, how the qualitative changes in vascular endothelial cells and their behavior are involved in the
formation of lethal vascular pathology is still an open debate.

(Hypothesis)

Thrombus formation in severe COVID-19 is generally believed to be caused by an inflammatory response in alveolar
tissue that damages and breaks away vascular endothelial cells and activates an extrinsic coagulation pathway with
tissue factor as an upstream factor. Endothelial cells play a passive role in this mechanism. In malignant tumors,
however, vascular endothelial cells, which are stromal cells, are known to acquire abnormalities and play a
tumor-promoting role in the tumor microenvironment. This led us to hypothesize that in severe COVID-19,
inflammatory vascular endothelial cells may actively promote thrombus formation in addition to promoting blood
coagulation due to vessel wall damage. To approach this hypothesis, we performed the following tests.

Verification A Validation of SARS-CoV-2 mouse adaptive strain-infected aged mice as a model of human severe
COVID-19

Verification B Investigation of thrombus formation and the involvement of vascular endothelial cells using the severe
COVID-19 mouse model studied in Verification A

(Methods)

Our collaborators established a SARS-CoV-2 infected mouse model by nasal inoculation of BALB/c mice with a mouse
adaptive strain of SARS-CoV-2. This model has been shown to induce severe pneumonia and death only in aged mice,
S0 it is expected to serve as an appropriate evaluation system for severe cases in humans. The group of infected aged
mice whose lungs were collected 4 days after virus inoculation, the period just before death, was used as the late-stage
infectious model. Young infected mice were used as a control group, and the following analyses were performed using
microscopic images of HE staining and immunohistochemical staining of N protein(nucleocapsid protein of
SARS-CoV-2), CDA41 (platelets marker), and CD31 (vascular endothelial cells marker).

Verification A

1. Scoring of histopathologic features by HE-stained images

Lung lesions were classified by referring to " NEJM, 2020, " Histopathology, 2020, " Histopathology, 2020", "
Emerging Infectious Diseases, 2020", "The Lancet Microbe, 2020" with at least three research mentors and
collaborators.

2. Quantitative analysis of Virus-positive Area

We evaluated the dynamics of infected mouse lungs, time-dependently, by sampling whole lung tissue for 1 day
(early-stage infectious model) and 4 days (late-stage infectious model) after virus inoculation.

Verification B

To evaluate the state of thrombus formation, we calculated the number of vessels containing CD41-positive regions in
the lumen of all pulmonary arteriovenous in infected lung tissue. CD41-positive regions were classified according to
their morphology and whether they adhered to the vessel's inner wall. In addition, RNA sequencing was performed
using highly purified CD31-positive cells isolated from the lungs of young/aged infected mice, and qualitative changes
were examined in pulmonary vascular endothelial cells by pathway analysis and gene expression analysis.
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(Results ot Verification A)
A representative example is shown in Figure 1 and the results of scoring of histopathologic features are shown in Figure
2. The lungs of infected aged mice showed more extensive lesions than those of young mice, with findings similar to
those reported at human severe COVID-19 autopsy. The total score of lung lesions was significantly higher than that of
the young, with a variety of lesions depending on the individual and the location of the lung. Quantitative analysis of
virus-positive cells showed that N protein-positive cells consistently reached higher levels in infected aged mice,
although they decreased from early to late stage. Analysis of the area of virus-positive cells in the lung respiratory area
shown in Figure 3 indicates that a large amount of virus enters the alveolar tissue in infected aged mice from the early
stage, suggesting that vascular endothelial cells in the microvasculature of infected aged mice are exposed to more virus
for a longer time than in younger mice.
Fig. 1 Fig. 2 Heatmap of Histopathologic features Fig. 3 Percentage of
Virus entering alveoli

(Results of Verification B)

The identification and classification of CD41-positive regions in the pulmonary arteriovenous lumen on CD41
immunohistochemical staining images are shown in Fig. 4. There was no difference in the percentage of CD41-positive
pulmonary arteriovenous in the total pulmonary arteriovenous between infected young and aged mice. On the other
hand, as shown in Fig. 5, the percentage of CD41-positive platelets forming thrombus-like aggregates among
CD41-positive arteriovenous vessels was significantly higher in infected aged mice than in young mice.

Fig. 4 Classification of Pulmonary Arteriovenous Lumen CD41-positive Areas Fig. 5

Thrombus-like
CD41+ aggregate formation %
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Pathway analysis and gene expression analysis of bulk RNA sequencing of vascular endothelial cells isolated from
infected lungs revealed increased production of inflammatory cytokines in both young and aged mice, and coagulation
system-related genes were specifically seen among the upregulated genes in infected aged mice.

(Conclusion)

Aged mice infected with a mouse adaptive strain of SARS-CoV-2 had more severe lung lesions and more extensive viral
distribution than young mice, suggesting that this mouse model is a valid evaluation system that well recapitulates the
severe COVID-19 pathogenesis in humans. The results also suggest that infected aged mice have a strong ability to
activate platelets and form aggregates. Gene expression analysis of infected pulmonary vascular endothelial cells
suggested that vascular endothelial cells in infected aged mice are altered to be procoagulant. Since vascular endothelial
cells are close to thrombus-like aggregates, vascular endothelial cells may be involved in lethal thrombus formation via
promoting platelet aggregation, which will be investigated in the future.
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Induction of limb bud cells from human pluripotent
stem cells (hPSCs)

RIBRFEFE 6FE  Nagasaki University School of Dentistry Class of 2022

/_\'T‘% 1%5);% Shinano YASHIRO

HERAZRE LA R B6FE) BH K1 65D

T7HIVTA— T RN = BREMF DS AHIR T 6

Wseie SR A%  MiREMFNE BH Ha RE
MIREMFDE RMHE B &id
HMIREMFDE BEEHIR KE BN

Some cells in the sclerotome and limb bud, which are derived from paraxial mesoderm and lateral plate
mesoderm, respectively, differentiate into skeletal cells including chondrocytes and osteoblasts. Induction
of the skeletal cell populations from pluripotent stem cells (PSCs) will contribute to understanding of the
skeletal formation process and regenerative therapies. However, reliable induction methods have not been
established yet. This study was aimed to develop protocols for inducing PSCs particularly into limb bud cells,
which were origins of skeletal progenitors, by manipulating activities of the developmentally critical signaling
pathways /77 vitro. Limb bud cells were induced from PSCs in stepwise manners with combinations of small
compounds (CHIR99021, C-59, and A83-01) and bone morphogenetic protein (BMP)-4. The 3-day limb bud
induction culture achieved upregulation of posterior primitive streak, lateral plate mesoderm, and limb bud
markers in a stepwise manner. Thus, PSCs were induced into limb bud populations, although the induction
efficiency remains to be investigated. The induction protocols will lead to the development of reliable methods
for inducing skeletal cells from PSCs.
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BEAIEERRDER T2 RF DMz viro CHFE T 5FEDFEFEZRE L, BENFLEY (CHIR99021, C-59, A83-01)
EBMZVINVE (BMP) -4ZHEDETE SR HMRZERET 5 T RENDFEZERMENICIT o, T DFER3H
BDRSFFEEEICH L BARBRFZDOI—H— AIRFEEDOI—H— KFDI—H—HDERENICER T LZHR LT
BILFHRREOT —24&0, £ b ZEEMBMEL SERFOHENFE CEREZEZISNTCLOD FEMNRICOVTUIESEBIRETH
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Induction of limb bud cells from human pluripotent stem cells (hPSCs)

Problem: During the third week of gestation, all three germ layers are established. The mesoderm differentiates into
paraxial mesoderm, intermediate mesoderm, and lateral plate mesoderm. The paraxial mesoderm develops into the
sclerotome, and the lateral plate mesoderm forms the limb bud. Some cells in the sclerotome and limb bud differentiate
into skeletal cells including chondrocytes and osteoblasts. Induction of the skeletal cell populations from pluripotent stem
cells (PSCs) will contribute to understanding of the skeletal formation process and regenerative therapies. However,
reliable induction methods have not been established yet.

Hypothesis: Developmentally critical signaling pathways for limb bud formation (Wnt, TGFb, and BMP signals) have
been clarified from basic researches. Therefore, we hypothesized that we would be able to reproduce the developmental
process by recapitulating the pattern of the signaling activities in PSCs using small compounds even under zeno-free and
serum-free conditions. Thus, this study was aimed to develop protocols for inducing PSCs particularly into limb bud cells,
which were origins of skeletal progenitors, by manipulating activities of the developmentally critical signaling pathways
in vitro.

Methods: Limb bud cells were induced from PSCs in stepwise manners with combinations of small compounds
(CHIR99021, C-59, and A83-01) and bone morphogenetic protein (BMP)-4. Total RNA was extracted from the induced
cells, and MRNA expressions were analyzed by reverse transcription-quantitative polymerase chain reaction (RT-gPCR).
Results: In the 3-day limb bud induction culture, posterior primitive streak markers (T, MESP1, and FOXF1) were
upregulated on day 1. The lateral plate mesoderm marker HAND1 was subsequently upregulated on day 2. Limb bud
markers, PRRX1 and HOXB5, were upregulated on day 3.

Expression of lateral plate mesoderm markers (RT-gPCR)
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Conclusion: PSCs were induced into limb bud populations, although the induction efficiency remains to be investigated.
The induction protocols will lead to the development of reliable methods for inducing skeletal cells from PSCs.
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Controlling the growth of hydroxyapatite nanocrystals
on lipid bilayers with the guide of molecular dynamics
simulation

ABrEERIRE 584 Osaka Dental University Class of 2023
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[Problem] Nano-sized crystal of hydroxyapatite (nano-HAp) has potential for many medical application,
including dentistry; however, controlling the shape and surface, by which the properties and performance are
highly affected, remains a problem.

[Aim] The student clinician was intrigued by the growth of nano-HAp on a lipid bilayer and the possibility
that the type of lipid molecule may control the growth surface. This research aims to investigate what
character is needed for lipids to control the growth surface using computer simulation.

[Method] Using a computational technique called molecular dynamics, the affinity of a- and c-surfaces for
dipalmitoylphosphatidylcholine (DPPC) bilayer was simulated and analyzed at an atomic level.

[Result] The calculation of energy by molecular dynamics simulation revealed that the a-surface of nano-
HAp is easy to grow on DPPC bilayer. The simulation also showed that selective removal of the c-surface is
enabled by heating. This temperature control will facilitate the refinement of nano-HAp. The analysis of bond
angles between atoms demonstrated that the growth surface is determined by matching of the sizes between
the crystallographic periodicity of nano-HAp and the hydrophilic group of lipid: the surface with a periodicity
that has better match to the hydrophilic group is easier to grow.

[Conclusion] An optimal condition for controlling the growth surface of nano-HAp on lipid bilayers was
uncovered using molecular dynamics simulation.

PDFINELEZFABALTCEREZER L CRET /N FOF2 7\ 2A b/
fhamZx HEHT 5

(RRE] /\1 RO+ 7\2A bDF/ P4 XfE&R (nano-HAp) 1&. 8- & 1ECHEBRNDSANMEDSVFRTEH Z0RES
SEAMERDZREREZFIE L TRIE T 2RAMIEKRCREBE L TH B,

(B8] nano-HAPH BB _ER CHET 5L EBREDD FEZEAS LIGRDFENDKELMET ST LICTDI Ve, AvEa1—~#
Y2alb—avicky, BEDFE nano-HApD2 D D#ESRE. afécEEDREMZRFL NIV TANSZET BRI L&
KEZHRIEAOITHELGRRED FORGFZHESMNILLSEL .

[BE] PFENFEEHEINZFTEFEEZBVC BBED1 D THADPPCOIEE EIcnano-HApDamE &cE% RE S, @&
DEMEDENERFLANIVTCYZaL— U LT,

[#&R] 22l —3a>VE&ICKY. DPPCETIEnano-HApDamA R LY I <\ iREZ £IF 5T & TcEDH 2 E IR BT HE
TEREREISICBRTES LD ofc, BFEESADEITH S, nano-HApDREXREE LT, REEFZEERKEDOYAX
It L. fERAREROERENBVENKRET S L&A LT,

[#58] nano-HAPpDREBE_EfR E COMRZHIET 518D % D FEHFICKYRBESHIC LT,

MRFERABDEN

RFUENEZ Y I 2L — 3D FIHAIINE TV TIVEMEDREZFNZDIEONTEL LI SEFEDPCHERED
MEEEBICKELGR PCOLERRRZERTDDIEDNIBHBTOE Y, KREIE/N\A FAFTN2A DS/ FEREND
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Controlling the growth of hydroxyapatite nanocrystals on lipid bilayers
with the guide of molecular dynamics simulation

[Problem]

Nano-sized crystals of hydroxyapatite (nano-HAp) have various uses in *
medical fields, including dentistry, such as repairing caries and coating catheters.
Its quality performance heavily depends on the shape and surface of the
nanocrystal. Regarding the surfaces, HAp has two crystallographically-defined
surfaces (a- and c-surfaces; Fig. 1). These surfaces show quite different physical
properties when they are exposed outside. Controlling the surfaces is therefore /
needed for applications, although it remains a technical problem. 77T TTTTTTTTTTIIIITIIIIIOS

__________________

[Hypothesis] :
On the subject of surface control, | was intrigued by the phenomena that static deposition i
on lipid bilayers in water solvents composed of ions constructing HAp, that is, Ca?*, PO4*, i
and OH grows the specific surface of nano-HAp. In addition, the growth surface differs i
according to the type of lipid molecule (Fig. 2). | thought that appropriate selection of the i
lipid molecule will enable us to control the specific growth surface selectively. i
In this research, | thought that making use of molecular dynamics will provide us with i
the most suitable lipid molecule for the intended growth surface. Molecular dynamics is a i
computer simulation of molecular motions according to each force working on each atom. i
For the pursuit of this research, the situation that nano-HAp crystal adsorbing on lipid i
bilayer as the scaffold for growth should be reproduced on molecular dynamics. Then the i
following problems may be investigated at the atomic level: i

1. Which surface grows on a certain lipid bilayer? : ,
2. What is the important factor for the growth of a specific surface? B e e L et g

e

[ Method] I \

As a model of lipid molecules for this research,
dipalmitoylphosphatidylcholine (DPPC) was selected because
it has been used in various experiments. A 5 x 5 x 5 unit
cell-sized nano-HAp crystal was set on DPPC bilayer in water
(Fig. 3). The condition was set at 37°C and 1 atm.

Open-source software Lammps was used for the molecular
dynamics simulation. Winmostar (X-ability) and open-source  *-_ P

software Vesta were used for model construction and analysis. Rl AN

[Result]

1) The affinity of nano-HAp a- and c-surfaces for DPPC

To find the answer to the question on “Which surface grows?” | compared
the affinity of nano-HAp a- and c-surface for DPPC by calculating the energy.
Energy is a measure of stability because things with large energy will move so
hard, which means they are unstable.

| found that the a-surface has smaller energy, which indicates that the /
a-surface is easier to grow on DPPC (Fig. 4). Y 7
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2) Temperature dependence of the affinity ...

Temperature is one of the controllable parameters for crystal fabrication. | heated .* ] N
the system from 37°C to 57°C to study the temperature dependence of the affinity.
As a result, the a-surface continues to adsorb DPPC, whereas the adsorption on the
c-surface decreases to 60%. This result suggests that we may be able to refine the
crystal with a specific surface by controlling temperature (Fig. 5).

3) Matching of sizes: hydrophilic group in lipid and periodicity of HAp surface

I found an important factor which influence the growth surface of nano-HAp.
That is the matching of sizes between the hydrophilic group of lipid and
crystallographic periodicity of the HAp surface.

The hydrophilic group of DPPC, and Ca on the HAp surface have a key role in
the adsorption (Fig. 6a). In the adsorption on the c-surface, the size of DPPC
hydrophilic group is too large for the periodicity of the HAp c-surface, which
constrains the hydrophilic group to distort itself in order to adsorb on the surface
with the same interval. This stress of DPPC induces instability of the c-surface
adsorption. While in the adsorption on the a-surface, the size of DPPC hydrophilic
group is similar to the size of the periodicity of the HAp a-surface. Therefore,
DPPC can adsorb on the a-surface without much stress (Fig. 6b).

The distortions were shown by calculating the atomic bond angles in the
hydrophilic group. Compared with the hydrophilic group which was not adsorbed
on HAp, the one adsorbed on the a-surface showed little change in the angles.
Whereas the one adsorbed on the c-surface showed a distinguished change in the
small-angle region, indicating large distortion of the hydrophilic group (Fig.6c). . /

____________________________________________________________________________________________

(conclsiooy
Using molecular dynamics, | was able to predict the growth - ’ N
surface, and able to find that matching of sizes between the :'
hydrophilic group in lipid and the periodicity of HAp crystal is the i
important factor for controlling the growth surface. i
I believe we can aim at the growth of the c-surface, with which i
enamel layer is covered. We can try many additional elements on i
computers, such as substituting the hydrophilic or hydrophobic i
group and mixing cholesterol. The trial will provide the most i
suitable lipid bilayer for the intended growth surface (Fig. 7). “\ /!
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Investigation of parasympathetic nerve fiber to dominate
the inferior labial gland

BPIRFEFE 3FEE  Ohu University School of Dentistry Class of 2025
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Objective The pathway of parasympathetic fibers to dominate the labial gland remains to be elucidated. The
purpose of this study was to investigate the pathway of parasympathetic fibers to dominate the inferior labial
gland.

Methods The inferior alveolar nerve from mandibular foramen to mental foramen was extracted from the
cadavers for anatomical practice preserved at the Department of Anatomy. The nerve was divided into
five groups, embedded in paraffin wax and made into transvers sections. The sections were stained with
hematoxylin and eosin and observed with a light microscope.

Results There were no ganglion cells in the inferior alveolar nerve in the mandible.

Conclusion As parasympathetic nerve has the autonomic ganglion near the target organ, there is a possibility
that the mental nerve has ganglion cells. We shall observe histologically the neural fibers of the mental nerve
from the mental foramen to the inferior labial glands.

OO S DER WIS T 2RISR RRMEDIRER
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fhsm BERE CZa1—AYZa LIRS TEERRICEEN TV D LV SBMERBROMEL. b FOEMIE TR T HZE
EIFEBDHEAUUIHEMREDFET 2 LEDRED S, BEIRBEH S BRI LU CHEBIFIRRZT oo\ #iEik
RIFFHENGZED DT, BIREBREDOMIEEIINREBDEEICHFET D EVIF-DDZDT F MAAALDSOERE TORRE
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Investigation of parasympathetic nerve fiber to dominate the inferior labial gland

(Problem) Saliva is produced by the salivary glands and is secreted in the oral cavity. The water secretion of the saliva
is dominated by parasympathetic nerve. Preganglionic parasympathetic fibers from the inferior salivatory nucleus
project the otic ganglion and postganglionic fibers from the ganglion innervate the parotid gland. Preganglionic
parasympathetic fibers from the superior salivatory nucleus project the submandibular ganglion and postganglionic
fibers from the ganglion innervate the submandibular and sublingual glands. The labial gland, one of the minor salivary
glands, is located to the mucosal epithelium of the upper and lower lip. The pathway of parasympathetic fibers to

dominate the labial gland remains to be elucidated.

(Hypothesis) The presence of the postganglionic fibers originating in the otic ganglion is reported in the inferior
alveolar nerve in the guinea pig. The inferior labial glands are also reportedly innervated by the inferior labial branch of
the mental nerve. We hypothesized that the labial branch contains postganglionic parasympathetic fibers to dominate
saliva secretion of the inferior labial gland although this branch of the trigeminal nerve dominates general sense in the
lower labial and mental regions. In this study, we have investigated the presence of parasympathetic fibers in the
inferior alveolar fiber which is obtained from bodies for anatomy by histological observation in order to investigate the

pathway of parasympathetic fibers to dominate the inferior labial gland.

(Materials and Methods) This study was performed using 6 cadavers for anatomical practice preserved at the
Department of Anatomy. The inferior alveolar nerve from mandibular foramen to mental foramen was extracted and
divided into five groups (Fig 2E). These specimens were post-fixed for 24 hrs with formalin and then embedded in
paraffin wax. Transverse sections 10 um in thickness were mounted on glass slides and then stained with hematoxylin
and eosin. Histologic observations were performed with the aid of a light microscope. Moreover, it was observed how

the inferior labial branch of the mental nerve innervated the inferior labial glands (Fig 1).

Fig 1  Distribution of the right inferior labial
branch of the mental nerve to inferior labial glands

The inferior labial branches of the mental nerve
(MN) go to the inferior labial glands (LG) from the
mental foramen (MF). These labial glands are
distributed between the labial mucosa and the
orbicularis oris muscle (OM) in the lower lip.
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(Results) The inferior labial glands were innervated by the inferior labial branches of the mental nerve. These labial
glands were distributed between the labial mucosa and the orbicularis oris muscle in the lower lip (Fig 1). In the region

near the mandibular foramen, the large neural fiber was observed (Fig 2A and 2B). In the central part of the
mandibular canal, the number of neural fibers increased and the diameter of the neural fibers became smaller (Fig 2C
and 2D). In the region near the mental foramen (Fig 2E), the number of neural fibers decreased and the diameter of the

neural fibers became much smaller. No ganglion cell bodies were found in the five regions (Fig 2).

D E F

Fig 2 Histological sections of the inferior alveolar nerve with hematoxylin and eosin staining

(Conclusion) There is no description of the autonomic nerve pathway to innerve the labial glands in the textbooks. The
postganglionic parasympathetic fibers originating in the otic ganglion were reported to be distributed in the inferior
alveolar nerve in the guinea pigs. Another human study reported the presence of ganglion cells within the lingual nerve.
Then, we investigated if there were ganglion cells within the inferior alveolar nerve in the mandibular canal. There
were no ganglion cells in the inferior alveolar nerve which we observed. Although the postganglionic fibers from the
otic ganglion might innervate the inferior labial glands, the ganglion is far from those glands. In general,
parasympathetic nerve has the autonomic ganglion near the target organ. There is also a possibility that the mental
nerve has ganglion cells. We shall observe histologically the neural fibers of the mental nerve from the mental foramen

to the inferior labial glands and clarify if the mental nerve has parasympathetic ganglion cells.
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Effects of the number of ethylene glycol units on the
antitumor function of 9bw

BAKFEFE 5FESE  Nihon University School of Dentistry Class of 2023
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Nonaethylene glycol mono (4" -iodo-4-biphenyl) ester (9bw) induce cell death by inhibiting the activity of
respiratory complex | in cancer cells including oral cancer cells. As its toxicity is lower in normal cells than
in cancer cells, 9bw has potential as a new anti-tumor agent with low adverse effects. However, the exact
molecular mechanisms by which 9bw inhibits complex | are not yet known. As 9bw is composed of nine
ethylene glycol (EG) units, | hypothesized that the number of EG units may be critical for its function. To
verify this hypothesis, the function of 9bw was compared with those of 9bw derivatives, 3EG, 6EG, and
12EG containing 3, 6, and 12 EG units, respectively. All compounds suppress the viability of human tongue
cancer-derived cell line HSC4 in a dose-dependent manner, however, the effective concentration was higher
in 3EG and 6EG than that of 9bw and 12EG. Only 9bw and 12EG reduced ATP concentration in HSC4 cells
significantly. When the effects on respiratory complex I were analyzed, only 6EG and 9bw showed significant
inhibitory effect. Based on these results, | concluded that the number of EG units in the molecule affects the
function of 9bw.

PDFRIFL7) I—ILDEH WD BB NIRICEZ S E

Nonaethylene glycol mono (4-lodo-4-biphenyl) ester (Qbw) (FFHEIREEEEAEIDEEZEET ST LT OBRNAZIFZCSH
RARGHAMBRZERET 5, EEMENDSEITENZD. OowIFBITERD DG WFRNERRE LTEERH. T M F
HRIEARBETH S, QowldDFARICOBDIFL 51 a—)L (EG) ZRDH\ COEGOEAowWDEREE AT HRIREMEICDLNT
IREE T BTesd AT TIFEGEZ3. 6. 121C B L B TLEMSEG. 6EG. 12EGE9bw DE THBELEE Z1T 0Tz, E MEDAMRE
BEHSCADEEFRIE. EDLEMIC L >TEHREMRENITET LIzH, ObwP12EG 1FBEGEBEGE ENTERE TR AR LT
Fe. ObwE12EGDHHHSCADMRBHNATPEEZ B RICHIFI LTz, —A. MIREEESMEIIC LTIE ObwEBEGDIHHER
FEEMRZRLIC. UEDERDLS. B FHEGDEIIIbWDIEEEIC R T 5 L& T T T,
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TEWERD DL WHEEEDOREDRDESNT V2. BT R E LTObwId M IREEE &A% AE UCRRZRET 2D\ T DFHHE
E 0 FHRREPIOWH D A MR RNI MM RZ R EBHICDOWTUIRRBTH S, INSZBESHML. SowETEERE L
LTRRETELC SEEONNRBRREEECHBEERD, T7ANVTA— T RI\AT— R KF)
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Effects of the number of ethylene glycol units on the antitumor function of Sbw

(Problem) Surgery is the first-line treatment for oral cancer. However, radiation therapy and/or chemotherapy are also
applied depending on stage of the disease and/or the patient’s condition. As surgery affects facial appearance and oral
function, such as masticatory ability and articulation, there is an urgent need to develop novel therapeutic agents for oral
cancer. Nonaethylene glycol mono(4'-iodo-4-biphenyl) ester (9bw), a novel polyethylene glycol molecule derived from
soil bacteria, was recently shown to induce cell death by inhibiting respiration in mitochondria, suppressing ATP
production in cancer cells. As the toxicity of 9bw is lower in normal cells than in cancer cells, this compound has
potential as a new therapeutic agent for malignancies, including oral cancer, with low adverse effects. The exact
molecular mechanisms by which 9bw inhibits the function of respiratory complex I in mitochondria is not yet known,
and there is little similarity in chemical structure between 9bw and known complex | inhibitors.

(Hypothesis) 9bw is composed of nine ethylene glycol (EG) units, and it was hypothesized that the number of EG units

may be critical for its antitumor function.

(Methods) To verify the above hypothesis, the function of 9bw was compared with those of a number of 9bw
derivatives, 3EG, 6EG, and 12EG with 3, 6, and 12 EG units, respectively. The human tongue cancer-derived cell line
HSC4 was seeded into 96-well plates (n = 4) to test cell viability and ATP concentration. Cell viability was examined by
WST8 assay. ATP concentration in cells was analyzed by measuring luciferase activity using Intracellular ATP
measurement kit (IC2-200; TOYO Be-net). The activity of respiratory complex | was measured by monitoring the
oxidation rate of NADH by isolated bovine heart mitochondria, using a MitoCheck Complex | Activity Assay Kit
(Cayman) (n = 3).

(Results) Experiment 1 HSC4 cells were cultured in the presence of various concentrations of 3EG, 6EG, 9bw, and
12EG for 3 days, and cell viability was measured. As shown in Figure 1, the viability of the cells treated with > 0.01 uM
9bw or 12EG was decreased in a dose-dependent
manner. Treatment with > 1 uM 3EG or 6 EG also
decreased cells viability in a dose-dependent manner.
However, cells treated with 3EG and 6EG at
concentrations < 1 pM showed almost the same viability
as control cells.
The viability of the cells treated with 1 uM 9bw or 12
EG was about 45% that of control cells, while cells
treated with 1 uM 3EG or 6EG showed viability of
about 80%. The reduced cell viability was confirmed by
microscopic analysis, although no clear differences in
morphology were found among cells treated with or
Figure 1. Cell viability 3 days after the addition of test compounds Cell viability is shown relative to control cells
cultured in the absence of test compounds. Statistical significance vs. controls: 3EG, 5P < 0.05, 58P < 0.01; 6EG, P <
0.05, P < 0.01; 9bw, "P < 0.05, *P < 0.01; 12EG, #P < 0.05, #P < 0.01.
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Figure 2. Images of the cells cultured in the presence or absence of compound (1 . M)for 3 days

Experiment 2 Next, HSC4 cells were cultured with or without each test compound at 1 uM for 12 h, and the cells were
then lysed in buffer containing detergent followed by measurement of intracellular ATP concentration (Figure 3). ATP
concentration was reduced to around 60% of the control in cells treated with 9bw or 12EG. In 6EG-treated cells, ATP
concentration was 80% of control, but the difference was not significant. There were no clear differences in ATP
concentration between 3EG-treated and control cells.
Experiment 3 Finally, the inhibitory effects of each compound on
mitochondrial respiratory complex I were examined (Figure 4).
Test compounds at 2 uM or medium alone as a control was
applied to reaction medium containing bovine heart
mitochondria, and the oxidation rate of NADH was measured by
monitoring the ODs40. In the presence of 6EG and 9bw, the
activity of complex I was around 40% of control, and the
differences were statistically significant. The activity of complex
I was slightly reduced in the presence of 3EG and 12EG, but the
Figure 3. Concentration of ATP in the cells differences were not statistically significant.
treated with each compound (1 z M)for 12h
*P < (.05 (Conclusion) The results of this study showed that the number
of EG units in the molecule affects the function of 9bw. That is, a
greater number of EG units showed a greater effect on cell
viability and intracellular ATP concentration. Both 3EG and 6EG
showed less effect on cell viability and ATP concentration than
9bw and 12EG. However, only 6EG and 9bw showed significant
inhibitory effects on respiratory complex 1.
Although the discrepancies are difficult to explain at present,
there are several possible explanations for these observations.
First, the number of EG units may be critical for the uptake of the
compounds into cells, which would explain why the results of the

Figure 4. Activity of respiratory complex | third experiment in which purified mitochondria were used were
in the presence of each compound (2 u M) different from the other two. Alternatively, 12EG may target
*P <0.05 respiratory complexes other than complex I.

To verify these hypotheses, it will be necessary to analyze the intracellular distributions of the compounds using
fluorescently labeled 9bw, 3EG, 6EG, and 12EG. In addition, further studies to analyze the inhibitory effects of these

compounds on respiratory complexes other than complex I are required.
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Epigallocatechin gallate involves in inhibition of
histamine H1 receptor expression and cell proliferation
and upregulation of histamine synthesizing enzyme in
human oral epithelial cancer cell line HSC4

EFERAFEFER 3FH  School of Dentistry Iwate Medical University Class of 2025
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Histamine production and expression of histamine receptors have been reported in tumors such as malignant
melanoma, small cell lung cancer. In recent studies, it is reported that epigallochatechin gallate (EGCG) have
potentials to potently inhibit cancer cell proliferation 777 vivo using animal administration study. However,
the mechanism of inhibitory effects has not been fully understood. Furthermore, knowledge of histamine
production and receptor systems in oral epithelial carcinoma were not comprehensibly clarified to date. Using
the human oral epithelial cancer cell line, HSC4 cells, scratch assay was performed to evaluate the effects on
proliferation/migration. Next, histamine synthesizing enzyme, and histamine H1R expression were analyzed
with western blot analysis in the presence or absence of EGCG. Histamine concentration in cell culture media
were measured with histamine assay kit. EGCG inhibited cell proliferation/migration, the expression of
H1R and showed the increases of HDC expression and production of histamine. These results suggested that
EGCG have effects on regulation of histamine producing enzyme and histamine receptors, possibly resulting
in inhibition of cell proliferation/migration in oral epithelial cancer cell line. EGCG might have potentials to
present novel molecular targets for oral epithelial cancer cell inhibition.

TEAOATF AL —MIOFERFELEEMREMHSCADE A2 VHIRR
HFEIREMAIETEZNFIL. E X2V EBRDFEZRETS

B BEID ERATAA S TE ARV DEELE RES Y BRAORRIREENT S, BEOHRT. TEAOHTHY
AL — ORI £ TRMADHEIEE R NIHIHIT BT EABMER TRENTL S, LHUIH S, 2D 2R
FNTUWEL e, DRRF LB TOE 243 VEE, € R4SV BREORRICELTEHAICRNENTUEL, OBRFE
REMRHED—DTHEHHSCAZRAWNEGCCGEE T CORYZVF 7 vtA L RAZIVEERE L A2 VHIRBHEDORIRZ
VTR T O MCTHRIF LT EGCGIOBRT L RAEICH LE 223 VBEA(BEL, —7. £ RZS Y HISBEORREET
TR T, EBIT, RYS Y FT LA THIROMI WA IS LT, EGCGISORRT L RN LTI 69 F AR
LTV BEEEARL T,

MRRRABDIEN

BICEEEDESIIIERETLVEDLHY, BEARTOFERBICAECEMLTETCVWSY IBRRFELEREDFERIT TG
WEDNRDOSNGW, FHEDFENDRRENVE CH S, &ifi. BEMERTHEER2IVDEEL EXAZIVRBHEORRN
RETh. EEEGECIHEHERTELTEE MERERELTOMERZIVENRBEINTWLS, TSI, &Ril. @EMFD—D
THTF>DHDepigallochatechin gallate (EGCG) BMiEBEMRZ R T T ENRETN TS, AATRIZEGCCGHOERTFE
EEBOERZIVER  RAR VAT LICH T 2REHESNMLIEED T, BRERSANDIFNTESLLEEZSNS,
(T7HIVTA— T RINAHF =GR EAN)
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Epigallocatechin gallate involves in inhibition of histamine H1 receptor expression and cell
proliferation and upregulation of histamine synthesizing enzyme in human oral epithelial cancer cell
line HSC4

[Problem]

Squamous epithelial cell carcinoma is reported as the most frequent type of oral cancer. Although recent cancer
chemotherapy has been making novel strategies and showing significant improved prognosis in overall analysis,
unfortunately, the prognosis of oral cancer has not been improved over years. Therefore, a novel strategy for oral cancer
treatment including chemotherapy is required. Recent studies demonstrated that malignant melanoma, small cell lung
cancer produce and release histamine, which is involved in proliferation and extension of cancer cells as a growth factor
in autocrine or paracrine modes. However, investigation of histamine production and histamine receptor expressions in
oral epithelial cancer remains to be elucidated.

Recent study shows that epigallocathechin gallate (EGCG), one of catechins from green tea, inhibits cancer cells. In the
current study, we investigated the effects of EGCG on histamine production, histamine receptor expression in oral
epithelial cancer cell lines.

[Hypothesis]

We hypothesized that histamine is produced from L-histidine via L-histidine decarboxylase (HDC) and that histamine
receptors are expressed in oral epithelial cancer cell line, HSC4. Based on the recent studies that the usage of histamine
H1 receptor antagonist showed inhibition of tumors such as malignant melanoma, we also hypothesized that EGCG can
confer inhibition of the cancer cell lines through downregulation of histamine production and histamine receptors.
[Materials and methods]

1. Cell treatment: HSC4 cells were exposed to EGCG (100uM) for 24 hours.

2. Wound healing assay: The cultured cells were scratched for 24 hours in the presence or absence of EGCG to evaluate
the remaining areas compared with initial scratched areas, using J-image area calculation methods.

3. Western blot analysis: cell pellets obtained from oral cancer cell line, HSC4 were lysed with RIPA buffer
supplemented with a protease inhibitor cocktail and phosphatase inhibitors. The total soluble proteins(30mg) were
separated via 10% SDS-polyacrylamide gel electrophoresis. After protein blotting to PVDF membranes, protein
expressions of histidine decarboxylase (HDC) and histamine H1 receptor (H1R) were investigated HDC antibody
(1:1000) and H1R antibody (1:1000), respectively.

4. Measurements of histamine concentration in cell culture medium: The cell culture media were collected and analyzed
using a histamine test kit (Bertin Pharma, France).

[Results]
Figure 1 Epigallochatechin gallate inhibited proliferation/migration of HSC4 cells by scratch assay.
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HSC4 cell were exposed with DMSO or EGCG (100uM) for 24 hours. The proliferation/migration in
HSC4 cells were significantly inhibited.

Figure 2 Histamine production was induced by EGCG treatment in HSC4 cells.

aFMH: a strong inhibitor for L-histidine decarboxylase
HSC4 cells produced histamine. Histamine production was inhibited in the presence of aFMH and was
increased in the presence of EGCG for 24 hours.
Figure 3 EGCG involved in downregulation of histamine H1 receptor and upregulation of histidine
decarboxylase in HSC4 cells

Protein expressions of Histamine H1 receptor (H1R) and L-histidine decarboxylase (HDC) were analyzed
by western blot. B-actin was used as a loading control. H1R expression was significantly decreased and
HDC expression was significantly increased.

[Conclusion]

In the current study, we concluded the following three points.

1. Oral epithelial cancer cell line, HSC4 produced and released histamine, consistent with induction of
histamine synthesizing enzyme, HDC.

2. Proliferation/migration of HSC4 cells was inhibited by EGCG.

3. EGCG downregulated histamine receptor H1

EGCG 1s a strong inhibitor for HDC in vitro and shows difficulty in entering the cells. In our experiment,
EGCG induced HDC in vivo, suggesting that EGCG has potentials to interact membrane proteins such
as receptors. It is reported that EGCG can activate bitter taste receptor 14(TAS2R14) and 39(TAS2R39).
In the future study, we need to elucidate the mechanism using cells with genetically deleted TAS2R14 or
TAS2R39.
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Effects of site-directed mutagenesis of the m7al gene
on fimbriation in Porphyromonas gingivalis

BHFHRAFEFER 5F4  School of Dentistry Aichi Gakuin University Class of 2023
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The periodontal pathogen, Porphyromonas gingivalis, possesses Mfal fimbriae, which regulate biofilm
formation. Mfal fimbriae are composed of major Mfal proteins, which form a fimbrial structure on the cell
surface. However, little is known about the biogenesis mechanism. Recently, a new morphogenetic mechanism
of fimbriae was proposed for the phylum Bacteroides, which includes 2 gingivalis, in which the N-terminal
region of a fimbrial protein is cleaved by a protease (gingipain) and the C-terminal region binds to and
polymerizes another fimbrial protein. In this study, we used mutant strains by site-directed mutagenesis of
the N- or C-terminal regions of the mfal gene and examined the effects on Mfal fimbriation. The N- and
C-terminal mutants showed lower levels of fimbriae on the cell surface compared to the parent strain. The
amount of Mfal protein polymerization was reduced in the N-terminal and C-terminal mutants. These data
demonstrated that both the N- and C-terminal regions play important roles in Mfal fimbriation.

Porpohyromonas gingivalis \CBFAEAFENZTEEAICLSMIaliRE
JREFZRRIC T T R

ta Aw &M Eorphyromonas gingivalis\&INAZ 74 IVLAFERICR BHRT AMiali@ELZ RIBL TV S, AMEEIL. B
2N B THBMAIDEERRICES UIRETER T 5D\ ZDEM AN ZRXLIERRALGRHZ W, LE. R gingivalisEat
BacteroidesPIDIREICE VT HREZ /T BDONKIGEED 7O7 77— LI KV EITE N CREDEHDE S —HDIRE
BUNTBIHEE LEET 2LV SRR FEIMEES NI AMETIE D II\1 Y (FO77—1) IcKVIE N5
mrfal DNFKIEBE. $H2LNECHRIHBIFICHAIFENEREEALLEEMEER L. MalIREDOHEFRN\DRZEERET LT,
mial DNFKIHH KU CKIFDEEM CIIEARRE CORRENFME LB L TR Lc, Ffee NRIFRERKE LUCKHE R
TIRESEMfal DFERE DR LTz, U EDIERH S mial DNEKEHS S UCKIHEHDOEA D, MREDEARE CORRICEE
HTIRE|AIESTWA T EN SN E G ST,

HERRABDEN

HEDNERF CTHHREDH LV TH ZVEIREDOH B HIEF DEA%Z B LIZMR TH S, VEIREICDFEE N SMfal
REEF DWBEREMELohyromonas gingivalis|\cEE R & H T, BMIRFRMNZEREERIL. ZhSDRDORIFIZfEITT 5
ZElc kY IREDRREF AT D—imZ oM LIZIRE Th D, AARHNFREL . REOEREBREMEFEH IS TN, D
BEERRMNICPAETHLOGH LWERDORRICEDL B, (T7HIVTa— -7 RN\ F— BRI ZB8)
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Effects of Site-Directed Mutagenesis of the mfal Gene on Fimbriation in Porphyromonas gingivalis

Problem

Periodontal disease is a chronic inflammatory disease | Figl
caused by dental plaque adhering to the periodontium. The disease /
has also been associated with cardiovascular disease, low birth
weight, diabetes, and rheumatoid arthritis. Chronic periodontitis is

. . . . . . gingivalis
most often associated with three Gram-negative anaerobic bacteria, >
Porphyromonas gingivalis, Tannerella forsythia, and Treponema 7 N
denticola, referred to as the “Red complex”. In recent years, P. /
gingivalis has been recognized as the keystone pathogen inducing
dysbiosis, an imbalanced state of the microbiota. The bacterium is of increasing importance to the prognosis of
periodontal disease. It produces a variety of virulence factors, such as fimbriae, lipopolysaccharides, and proteases
(Rgp and Kgp). Among these factors, the fimbriae are thought to play an important role as adhesion factor involved in
attachment to host cells, biofilm formation, autoagglutination, and coaggregation with streptococci. P. gingivalis is
known to have two distinct types of fimbriae, FimA and Mfal (Fig.1). Each of these fimbriae consist of five proteins
encoded by fim (fimA-E) and mfa (mfal-5) clusters, respectively (Fig.2). Recently, a new morphogenetic mechanism

FimA fimbriae

Mfal fimbriae

of fimbriae has been proposed for the phylum Bacteroides, s
including P, gingivalis, in which the N-terminal region of a fimbrial
. . . . Shaft  Base | )

protein is cleaved by a protease and the C-terminal region binds to .

and polymerizes another fimbrial protein. However, it is unclear P

that Mfal fimbriation. Fig2
Hypothesis

Mfal fimbriae are composed of major Mfal proteins, forming a

fimbrial structure on the cell surface. In addition, Mfa2, an outer membrane e Fig.3
protein expressed downstream of mfal, constitutes the base of the fimbriae, ] )
and serves as an anchor protein. Mfa3, Mfa4, and Mfa5 proteins expressed Tip Protein

downstream of mfa2 are localized at the tip of the fimbriae and are thought
to function as adhesins (Fig.3). In the biogenesis of Mfal fimbriae, the 49"
arginine in the N-terminal region of the Mfal protein is processed by Rgp
to initiate polymerization, and six amino acid residues of the C-terminus are
required for polymerization (Fig.4). In this study, we used mutant strains by
site-directed mutagenesis in the N- or C-terminal regions of the mfal gene
and examined the effect on Mfal fimbriae expression on the cell surface of
P. gingivalis. We also isolated and purified Mfal fimbriae from the mutant
strains by ion exchange chromatography and observed them using —————— Inner Membrane
transmission electron microscopy. This analysis would provide insights into

the mechanism of Mfal fimbriation in P. gingivalis.

Majer protein

Ancer protein

Outer Membrane

Flg 4 (Type five fimbriae polymerization mechanism )

N'(erminal %A ; polymelized %

inal (B strand)

Methods
Generation of site-directed mutant strains in the mfal gene

Using the fimA deletion strain (JI-1) from P. gingivalis ATCC 33277 as the parent strain, the +mfalR49A
strain was constructed by replacing the 49" arginine, which is processed by Rgp, with alanine. In addition, the
+mfalK34R49A strain was constructed by replacing both the 49™ arginine and 34" lysine, which are assumed to be
processed by Rgp and Kgp, with alanines. The +mfal AC strain, in which the C-terminal six amino acid residues were
deleted, was also used in this study.

Filtration enzyme-linked immunosorbent assay (ELISA)

For performing filtration ELISA, P. gingivalis cells were initially applied over filters in a 96-well filtration
plate. Anti-Mfal fimbriae primary antibody was used, followed by peroxidase (HRP)-conjugated anti-rabbit secondary
antibody; o-phenylenediamine and H>O, were added as substrates for HRP. The expression level of Mfal fimbriae on
the cell surface was analyzed by absorbance at 490 nm.
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Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and Western blotting
The whole cell lysates or the purified fimbriae were separated by SDS-PAGE and stained with Coomassie

Brilliant Blue (CBB). In western blotting, the whole cell lysates separated by SDS-PAGE were transferred to PVDF
membranes and reacted with anti-Mfal primary antibody followed by peroxidase-conjugated anti-rabbit secondary
antibody.

Purification of Mfal fimbriae by ion exchange chromatography and heparin column
Mfal fimbriae were isolated and purified from the whole cell lysates of P. gingivalis using DEAE Sepharose

Fast Flow chromatography. Samples with low purity and low number of fimbriae recovered by ion exchange
chromatography were further purified by affinity chromatography using a heparin column.

Electron microscopy
The purified Mfal fimbriae were placed on a carbon-coated grid, negatively stained with 2% uranyl acetate,

and observed by using a transmission electron microscope (H-7600, HITACHI).

Results
The +mfalK34R49A and +mfalAC strains showed significantly lower expression of fimbriae on the cell surface

compared to the +mfal strain (Fig. 5). In contrast, no significant difference in fimbriae expression was observed in the
+mfalR49A strain. The amount of Mfal protein polymerization was reduced in the N-terminal mutant strain and it was
not detected in the C-terminal mutant strain (Fig. 6). Using SDS-PAGE analysis of the purified fimbriae, bands for the tip
proteins Mfa3, Mfa4, and Mfa5 were detected in the +mfalR49A strain as in JI-1 (Fig. 7). Electron microscopy analysis
revealed fibrous structures of approximately 100 nm in JI-1 (Fig. 8A), while in the +mfalR49A strain, small number of
fibers were observed alongside many round structures (Fig. 8B). Although purification of Mfal fimbriae from

+mfalK34R49A and +mfalAC strains was attempted, no purified products were obtained.

Conclusion

Both the N-terminal and C-terminal regions play important roles in Mfal fimbriation. In addition, the six amino
acid residues at the C-terminal region are essential for the polymerization of the Mfal protein and the expression of Mfal
fimbriae on the cell surface.
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Elucidation of the signal system in the oral biofilm that
regulates dysbiosis of the oral flora

HAKFMAREFER 284 Nihon University School of Dentistry at Matsudo
Class of 2026
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Oral dyshiosis may affect the immune system and affect general health. The biofilm (BF) formed on the tooth
surface by Strepfococcus mutans is involved in the onset of caries, but has the induction abilities of aggregation
with various bacteria including the opportunistic bacterium Staphylococcus aureus. Such BF can cause oral
dysbiosis, affect immunity and threaten general health. S. mutans has various signaling mechanisms for molecules
involved in glucan production (GtfB, GtfC) and quorum sensing (QS). Therefore, in this study, | hypothesized that
various signaling mechanisms of S. mutans are involved in dysbiosis of the oral flora. As a result, BF formation of
S. aureus was not dependent on glucan formation by S. mutans, but affected salinity and QS-controlled Killing. It
was clarified that QS works by the aggregation of bacteria and kills the bacteria, and as a result, S. aureus forms BF
utilizing the destroyed bacterial components in a salt concentration-dependent manner. To prevent dysbiosis of oral
flora, it is important to control salt intake rather than sugar intake, physically remove BF by oral care to inhibit QS.

OfE7 O—>0DdysbiosisZiAEN T 2O/ N \AF 71 IVLARY T FIV Y AT LD
fZRA

ARED 74 XINAF— X (dysbiosis, 7O—ZDERE) &, BAT7O—ZLAK. RRRAICEEERZILLEBDERICEEERZSZS
AIEEEN B B, lEERMEICF R SN BStreptococcus mutansic&BINAZF T4V L (BF) 1&. DB EEICEEHLZ—H. . BMREE ChH5
Staphylococcus aureus’ 2GR EEZ AL EE N H 5. DL S7EBFIE. OEDysbiosisEE L. BENICHEEZEZ 25D
BRZED I AIREENDD.S. mutansid. 7V AV EEICEDL 25 F (GtB, GtfC) ©U4 5 L+ > >4 (Quorum sensing, QS) (<
Bh2DFaaGRRAEY T FIVEREERB LTV %, ZZ T AME TIE OE7 O—>DdysbiosisICS. mutans D1z 1 IVEEH
5 L TWARHZIL (ST % 1T o1, TORER.S. aureusDBFERIES. mutansic &7 IVAYVERICHFN Clda B RES LU
QSITHIEENZHAELERICHEL T\ BORENRRIDTET.QSHEBE. BEWE. ZOBER BIESN RS EFIALT
S. aureus hMEREMENICBFEK T ST ENBESH EG> Tz, OET O—>DysbiosisDBELEIT &, IIFEIRENEK VG LA RS IBEE D1
BLUQSPHLED e DORES 71 &5 OEBFOYIRMRENEE CTH D,

MEHEERABOEN

COVID-19/ S 7 2w I BT W, OB 712 & BB R BN BEAN 5N B & STz, S8k BARS S UBRMIER%
EOR7O0—3ICBHRNHZEETHY., OFE7O—0dysbiosiszHIl T 2E&EREICL. ERICHLTRELTVTENERL
EZ %, FRZRIE. DT O—3DdysbiosisDA A= X LO—IERS ML, EABROBIE. s4 S0tV JRELORT TOEE
WEBERICL. ENEFORBICESTELERS. (T7AVT— 7 RN\MH— 18 %)
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Elucidation of the signal system in the oral biofilm that regulates dysbiosis of the oral flora

(Problems)

The ratio of elderly people has increased, and in addition to dental caries, diseases associated with oral
microorganisms such as periodontal disease and aspiration pneumonia have a great impact on health in
Japan. In particular, oral dysbiosis (disintegration of flora) induced by biofilm formation due to
accumulation of microorganisms and increase of opportunistic bacteria has occurred due to decreased oral
function in oral frailty. Dysbiosis has been studied in the intestinal flora, which a healthy intestinal flora is
disrupted and has a great effect on the systemic immune system. Therefore, oral dysbiosis may also affect
the immune system and increase opportunistic bacteria in oral cavity. The oral biofilm is formed by
aggregates of bacterial groups centered on oral streptococci attached to the acquired pellicle constructed
by salivary protein on the tooth surface. These aggregates are largely supported by the polysaccharides
produced by Streptococcus mutans, which is considered to be most associated with dental caries,
synthesizes the polysaccharide (glucan) using sugar as a substrate. Furthermore, in order to survive in the
oral environment, S. mutans has a signal production mechanism called quorum sensing, which activates
bacteriocin production, extracellular gene uptake, acid resistance mechanism, and GtfB and GtfC
production. S. mutans regulates oral biofilm formation by the signal systems of various molecules. The
relationship between signal systems and dysbiosis of the oral flora has not been clarified in detail.

(Hypothesis)

Staphylococcus aureus, which is an intraoral opportunistic bacterium, is a salt-tolerant bacterium and
also easily becomes a resistant bacterium to antibiotic medicine, and the detection rate increases in the oral
cavity from the elderly. Aspiration pneumonia and heart disease are associated with the infection of S.
aureus in the oral cavity. S. aureus has been shown to be present as an indicator of oral dysbiosis in oral
biofilms. Therefore, it is investigated whether a biofilm of S. aureus is formed by the presence of a certain
concentration of salt, and glucosyltransferases (GtfB, GtfC) that synthesize various polysaccharides of S.
mutans and various molecules involved in quorum sensing (QS) in S. mutans. The study was conducted
with the hypothesis that these signal systems affect the biofilm formation.

(Methods)

1) Biofilm formation assay : Biofilms were developed in 96-well polystyrene microtiter plates previously
coated with human saliva. S. aureus cowan I, S. mutans UA159, and S. mutans UA159.gtfBC", and mix
bacteria culture of S. aureus and S. mutans UA159 were inoculated in tryptic soy broth with 0.25%
sucrose (TSBs) with and without various concentrations of sonic extracts from various bacteria, and
with various concentration of NaCl. After incubation, the planktonic cells were removed by washing
with distilled water (DW), and the adherent cells were stained with 0.25% safranin for 15 min. After
washing with DW, safranin was extracted from biofilms with 70% (vol/vol) ethanol. Biofilm formation
was quantified by measuring the absorbance of the extracted safranin at 492 nm.

2) Observation of live and dead bacteria in the biofilm : In order to observe dead and live bacteria, the
biofilm was subjected to Live / Dead staining, and observed with a confocal laser scanning microscope.

3) Construction of mutants : Mutants to glucosyltransferase genes (gtfB, gtfC) and genes (comD, comR, comX,
comyY, luxS) associated with QS due to bacterial aggregation and mutants of various other genes (pknB,
gbpC, sacB, SMU574, SMU833, SMU1009, SMU1013) were constructed. We investigated how sonic
extracts from mutants affects the formation of S. mutans gtfBC™ or S. aureus biofilms.
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(Results)
1) Effect of NaCl on biofilm formation by mixing with S. aureus and S. mutans
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Figure 1 NaCl-dependent biofilm formation of S. aureus Figure 2 Effect of NaCl on the formation of mixed
biofilms of S. aureus and S. mutans

S. aureus is not only salt-tolerant but also increases biofilm formation depending on salinity (0.125M,
0.25M, 0.5M) (Fig. 1). Furthermore, in the mixed biofilm formation of S. aureus and S. mutans, dead cell-

dependent biofilm was remarkably formed at 0.125M NaCl (Fig. 2).
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Fig. 3 Biofilm formation of S. mutans gtfBC- by cell sonic extract components of S. mutans mutant strains
The components from gtfB-and gtfBC™ could not strongly induce biofilm formation in S. mutans gtfBC-,
which lacked biofilm-forming ability (Fig. 3). Ingredients from mutants of the QS-related genes comD,
comX, luxS and SMU833 involved in peptidoglycan synthesis also failed to induce biofilm formation.
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Fig. 4 Biofilm formation of S. aureus by cell sonic extract components of S. mutans mutant strains

The components of the glucan synthetic gene mutant induced salt concentration (0.125M) -dependent
biofilm formation of S. aureus (Fig. 3). On the other hand, components of QS-related (comD, comX, comY,
gbpC, luxS) and self-destroying autolysin-related genes (SMU574), fructan synthesis genes sacB and
SMUB833 mutants could not induce biofilm formation.

(Conclusion)

Biofilm formation in S. aureus was not dependent on glucan formation by S. mutans and affected salinity
and QS-controlled killing by S. mutans. Controlling salt intake rather than sugar inoculation, physical
removal of oral biofilm by oral care and to block QS are important for blocking oral flora dysbiosis.
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Regulation mechanisms of lipid metabolism in the
proliferation and invasion of human oral cancer

BEBAFHFES 3E4  Meikai University School of Dentistry Class of 2025
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Human oral squamous cell carcinoma (HOSCC) is the most common head and neck malignant neoplasm.
It is an aggressive tumor that is difficult to treat with conventional therapies. Cancer cells can satisfy the
energy requirement for their proliferation and invasion by glycolysis in glucose metabolism, called Warburg
effect which had been described hundred-odd years ago. Although this effect is a less efficient pathway for
producing ATP when compared to oxidative phosphorylation, it is quite efficient in cancer tissues which
became in a hypoxic condition by abnormal proliferation. The metabolic reconstructing of cancer cells has
been recently described for a wide range of other metabolic pathways, including lipid metabolism. Especially,
E-FABP is expressed in tissues throughout the body and it is markedly up-regulated in esophageal carcinoma.
It has been reported that SREBPs, are transcription factors, regulate the synthesis and uptake of fatty acids
through activating their processing mechanism by SCAP in mammalian cells. However, it is unclear how
lipid metabolism is regulated in oral cancer. This study examined the expression and regulation mechanism of
SREBP1 and SCAP in proliferation and invasion of HOSCC.
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Regulation mechanisms of lipid metabolism in the proliferation and invasion of human oral
cancer
(Problem)

Human oral squamous cell carcinoma (HOSCC) is the most common head and neck malignant neoplasm. It is

generally performed multidisciplinary approach that used chemotherapy, radiotherapy and surgery against patients with
oral cancer, however, we cannot avoid the dysfunction due to the side effect or surgical defect and it significantly
impacts the postoperative quality of life, unfortunately. Although the clinical outcome of HOSCC has gradually
improved, the overall 5-year survival rate of patients is still disappointing, reflecting limited advances in our
understanding of the pathogenesis of this disease and the molecular events that contributed to its development. Thus, a
better understanding of the molecular mechanisms driving oral carcinogenesis may lead to new diagnostic and

therapeutic approaches to this disease, and improve the prognosis of HOSCC patients.

(Hypothesis)

Energy metabolism, a phenomenon by which cancer cells can satisfy the fuel requirement for their proliferation and
invasion in a harsh tumor microenvironment, has long been considered a pivotal feature of cancers. In addition to
alterations in glucose metabolism, commonly called the Warburg effect, metabolic reconstructing of cancer cells has
been recently described for a wide range of other metabolic pathways, including lipid metabolism. Fatty acid-binding
proteins (FABPs) are capable of binding long-chain fatty acids, and comprise a family of cytosolic proteins consisting
of over 10 isoforms. Among these, epidermal FABP (E-FABP) was first isolated from the epidermis, and is expressed
in tissues throughout the body. Additionally, E-FABP is markedly up-regulated in human esophageal carcinoma. While
most adult mammalian cells acquire fatty acid from the bloodstream, tumor cells are frequently associated with
increased de novo biosynthesis of fatty acid, a process catalyzed by concerted actions of various enzymes, most of
which are regulated by sterol regulatory element binding protein 1 (SREBPL1), which are transcription factors involved
in regulating the synthesis and uptake of fatty acids through activating their processing mechanism by SREBP
cleavage-activating protein (SCAP) in mammalian cells. However, it is unclear how lipid metabolism is regulated in
oral cancer. Then, we hypothesized that clarifying the regulation mechanism of lipid metabolism in oral cancer that
might be a key for healing the disease. This study examined the expression and regulation mechanism of SREBP1 and
SCAP in HOSCC.

(Methods)

At first, the expression levels of SCAP, SREBP1 mRNA and protein were analyzed by gRT-PCR and immunoblot
analysis using 5 HOSCC cell lines, HSC-2, HSC-3, HSC-4, Ca9-22 and SAS. Monolayer SAS cells (1 x 10
cells/100ul/well) were incubated for 24 h on a 96-microwell plate and treated with 50 UM SCAP siRNA for 48 h and
evaluated for decreasing SAS cell viability using the cell viability assay. The relative viable cell number was
determined by measuring the absorbance of the dye solution at 450 nm. To investigate whether SCAP knockdown
induced cell death in SAS cells, the levels of procaspase cleavage to active caspase-8, -9, and -3/7, markers of
apoptotic activity, were examined. Cells were plated in white-welled 96-well tissue culture plates at a density of 5 x
10 cells/well in 100 pl of medium and incubated for 24 h. After treatment with SCAP siRNA for 48 h, Caspase-3/7,
-8, and -9 activities were determined using the Caspase-Glo assay. Caspase-Glo reagents were added to each well in a
50 pl and incubated for 30 minutes before measuring luminescence as relative light units using a microplate

luminometer. Then, to confirm whether SREBP1 has indeed been regulating E-FABP expression, we attempted to
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Furthermore, it is well documented that resveratrol has an effective anti-oxidant activity. Then, it was examined that

how SCAP, SREBP1 and E-FABP expressions were regulated in SAS cells upon treatment with 50 uM resveratrol for
24 h.
(Results)
The quantitative SCAP mRNA expression levels in HOSCC cells were the highest in SAS cells (n=3 experiments;
means+SD) (Fig. 1). Detection of SCAP protein in HOSCC cells by Western blotting was detected at 130 kDa (Fig. 2).
The levels of them were the highest in SAS cells, then we focused on SAS cells in this study. The knockdown of SCAP
with SCAP siRNA in SAS cells obviously revealed to decrease the cell number (n=3 experiments; means£SD) (Fig. 3)
and was greatly decreased SREBP1 expression (Fig. 4). We considered a possibility of apoptotic cell death, and
examined to detect the activities of caspases. Then, activities of caspase-9 and -3/7 were increased in SCAP
knockdowned SAS cells (n=3 experiments; means+SD) (Fig. 5). Furthermore, SREBP1 knockdown by SREBP1 siRNA
was greatly decreased E-FABP expression in SAS cells, in comparison with the scrambled siRNA control or just control
(Fig. 6). However, SCAP expression was upregulated by SREBP1 knockdown in SAS cells (Fig. 6). Additionally,
SREBP1 and E-FABP were down-regulated by resveratrol treatment, however SCAP expression was up-regulated (Fig.
7).
(Conclusions)

These data suggested that SCAP might play a significant role with SREBP1 as a regulator of lipid metabolism in the

proliferation and invasion of human oral cancer.

5 SAScells

Ralative call number (430 nm)

SCAP KD im SAS cdis
Fig. 3. Cell viability.

Relative caspass activity

Fig. 5. Apopiosis detection assay.
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Effect of choline water or IFN-y water on pneumococcal
infected mice

KIRKFHFER 4FE4  Osaka University School of Dentistry Class of 2024
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[Purposel Streptococcus pneumoniae is a major cause of pneumonia. The pneumococcal-related deaths
are increasing because of aging society. In this study, we compared pathological condition of young and
aged mice in pneumococcal pneumoniae model. We also investigated the effect of administration of choline
chloride which prevents from autolysis of S. prneumoniae or IFN-y which enhances bactericidal activation of
neutrophils.

[Methods] We infected S. pneumoniae nasally to young and aged mice. We evaluated bacterial burden and
lung tissue after infection. In addition, we evaluated the survivability of infected young and aged mice by
nasal administration of choline chloride, IFN-y or PBS. We also observed the effect of drinking choline
chloride for survivability of infected young mice.

[Results and Discussion] Broncho-alveolar lavage fluid from aged mice showed a significantly higher
bacterial burden as compared to that of young mice. Elastase markedly activated in lung of aged mice. Both
young and aged mice showed no survival improvement with nasal administration of choline chloride, or IFN-y. Survival
of the group given choline chloride in drinking water was only slightly and not significantly greater than that
of the control. In the near future, we intend to investigate effects of choline when given in combination with a
variety of substances such as IFN-y as an attempt to control pneumococcal infection.
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Effect of choline water and IFN-y water on pneumococcal infected mice
Problem

Streptococcus pneumoniae is a Gram-positive facultative anaerobic bacterium and major cause of pneumonia. The
phylogenetic relationship of bacterial 16S rRNA indicates that this pathogen belongs to the mitis group of oral
streptococci. In 2020, pneumonia was the fifth leading cause of death in Japan, with more than 95% of fatal cases occurring
at the age of 65 years or older. In developing countries, pneumonia also has a high mortality rate among children and
accounts for 15% of all deaths of individuals under 5 years worldwide.

Although pneumococcal polysaccharide vaccines are now in practical use and show considerable benefits, non-vaccine
serotype strains have increased worldwide. With drug-resistant pneumococcal strains also increasing, development of new
preventive and therapeutic methods is urgently needed.

Hypothesis

The pneumococcal cell wall is composed of peptidoglycan, which consists of repeating units of N-acetylglucosamine
(GIcNACc) and N-acetylmuramic acid (MurNAc) as well as cell wall cross-linking peptides and teichoic acids. Enzyme
are known to degrade the walls of those cells, with LytA, LytC, and CbpD choline-binding proteins that baind to
phosphorylcholine associated with cell wall teichoic acids. The binding induces pneumococcal autolysis, resulting in
release of pathogen-associated molecular patterns (PAMPS).

The present study was conducted to compare pathological conditions between young and aged pneumococcal pneumonia
model mice. We hypothesized that administration of choline chloride would suppress host inflammatory response by
competitively inhibiting pneumococcal autolysis and lung inflammation inhibition. Furthermore, it was speculated that
IFN-y administration could improve host survivability, as that cytokine is known to enhance the bactericidal ability of
leukocytes.

Figure 1. Structure of pneumococcal
cell wall.

Teichoic acids on the cell wall are
covalently attached to MurNAc by a
phosphodiester bond. Cell wall teichoic
acid has phosphorylcholine attachment.
Choline-binding  proteins  (shown in
yellow) bind to phosphorylcholine on the
cell wall and degrade the peptidoglycans.

Methods

S. pneumoniae strain TIGR4 was cultured until mid-logarithmic growth phase. After suspending the bacterial cells with
PBS, young (8 weeks old) and aged (73-78 weeks old) mice were nasally infected. At 24 hours after infection, bacterial
burden was determined in nasal lavage fluid, broncho-alveolar lavage fluid, and blood. Additionally, histopathological
analysis of infected lung tissues was performed by immunostaining.

In another experiment, choline chloride (5 ug), IFN-y (100 ng), or PBS (20 pL) was administered nasally to young and
aged mice at one, two and three days after pneumococcal intranasal infection, then body weight changes and survival
rates for two weeks after infection. In addition, young mice were given water with 5 mg/mL of aqueous choline chloride
or sterile water starting from one day before infection, then body weight changes and survival rates were compared
between the two groups.
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Results

At 24 hours after infection, broncho-alveolar lavage fluid from aged mice showed a significantly higher bacterial burden
as compared to that of young mice, whereas there were no significant differences regarding nasal lavage or blood.
Histopathological analysis indicated no significant differences for the rate of neutrophils in lungs, while neutrophil
elastase-positive cells were significantly increased in the aged mice. These results indicate that S. pneumoniae survives
better in the lungs of aged as compared to young mice, though neutrophils showed greater activation in the former.

Regarding the effects of inhibition of autolysis by choline and enhancement of neutrophil bactericidal ability by IFN-¥-
in the present mouse infection model, both young and aged mice showed no survival improvement with nasal
administration of choline chloride or IFN-x. On the other hand, nasal administration of choline induced aggressive
coughing under anesthesia. Since choline chloride is used as a food additive, that was added to drinking water to examine
whether it would improve host survivability. However, survival of the group given choline chloride in drinking water was
only slightly and not significantly greater than that of the control.

Figure2 A B

A. Survival curves of S. pneumoniae-
infected aged mice following
administration of choline chloride or
IFN-y. Differences between the infected

mouse groups wwere compared using a

B. Survival curves of S. pneumoniae-
infected young mice after drinking
choline chloride in water or water only.
Difference between the infected mouse

groups were compared using a log-rank

log-rank test. test.

Conclusion

The present results indicate that a pneumococcal infection causes excessive neutrophil activation in the lungs of aged
mice, though that does not exhibit a sufficient bactericidal capacity. In addition, administration of either choline chloride
or IFN-y did not improve the survival of mice infected with S. pneumoniae. While IFN-¥ increase the bactericidal activity
of neutrophils, it might also have increased inflammatory activity, resulting in lung tissue destruction and survival of those
mice was not improved. As for why administration of choline was not sufficient, it is speculated that the amount in
drinking water was not sufficient for competitive inhibition. Additionally, it is possible that the choline did not reach the
lungs, the site of infection, as it was orally ingested, and may have been metabolized and excreted, and thus not become
concentrate in the lungs to a sufficient level. However, the dose was nearly the maximum that could be administered
without causing harm to the mice and it would difficult to increase that.

In the near future, in addition to clarifying the biokinetics of choline by determining its concentration in blood, we intend
to its effects when given in combination with a variety of substances such as IFN-y as an attempt to control pneumococcal

infection.
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Effects of probiotic butyrate-producing bacteria on the
Immune responses of periodontitis in mice

BREERIKE 5F4%  Fukuoka Dental College Class of 2023
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Periodontitis is an infectious disease caused by periodontal bacteria in the oral cavity. The pathogenesis of
periodontitis is mediated by host immune response, especially IL-17A-producing Thl7 cells. Th17 cells have
been reported to exacerbate periodontitis by accumulating in the periodontal tissues and promoting bone loss.
However, the regulatory mechanisms of Th17 cells in the development of periodontitis are not well understood.
Recently, dysbiosis of gut homeostasis, including the gut microbiome, has been shown to cause various
diseases. Furthermore, altering gut homeostasis by taking probiotic bacteria, such as butyrate-producing
bacteria, is expected to improve some diseases by activating host’s immune system. We hypothesized that
administration of butyrate-producing bacteria, Clostridium butyricum in the gut would contribute to the
inhibition of immune responses in periodontitis. In this study, we used a mouse model of 2 gingivalis-induced
periodontitis and investigated the effects of C. butyricum on the immune responses of periodontitis. Mice were
treated with antibiotics to partially deplete the intestinal microbiome. C. butyricum was then administered into
the intestinal tract of the mice. After infecting with 2 gingivalis, Th17 cells and neutrophils in the periodontal
tissue were analyzed with flow cytometry. As a result, intestinal colonization of C. butyricum in the antibiotic-
treated gut with disturbed microbiome could inhibit the accumulation of Thl7 cells and neutrophils in the
periodontal tissues.
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(Result)

Result 1: Analysis of microbiota after antibiotics treatment

The CFU/g-feces from the group with antibiotics was comparable with
the group without antibiotics. The antibiotic-treated mice group showed
a greater change in the type of colonies on agar media compared to the
non-treated group, suggesting a change in the intestinal microbiome,
especially the type of anaerobic bacteria (Fig. 3).

Result 2: Analysis of C. butyricum colonization in the gut
First, we investigated changes of total bacteria in feces by using qPCR. As a result, total bacteria in feces from the group
with antibiotics decreased compared to the group without antibiotics. However, C. butiricum administration did not

change the amount of total bacteria. Next, we
analyzed whether C. butiricum was colonized in
the gut by using qPCR with a C. butyricum specific
primer. C. butyricum was detected in the feces from
the group with C. butyricum administration but not
without the administration (Fig. 4). These data
suggested that C. butyricum colonized in the gut by

intestinal administration.

Result 3: Analysis of immune cells in the periodontal tissue after P. gingivalis infection

Neither absolute number of Thl17 cells nor
neutrophils were changed in antibiotics-untreated
groups, regardless of C. butyricum administration.
On the other hand, the number of Th17 cells and
neutrophils  were increased by antibiotic
administration. However, this increase of the cells
was inhibited by C. butyricum administration (Fig.
5). These data suggested that intestinal
colonization of C. butyricum in the antibiotic-
treated gut with disturbed microbiome could
inhibit the accumulation of Th17 cells and

neutrophils in the periodontal tissues.

(Conclusion)

Collectively, intestinal colonization of the probiotic butyrate-producing bacterium C. butyricum may suppress
periodontitis by inhibiting the accumulation of Th17 cells and neutrophils. This study may provide possible prevention
and treatment of periodontitis by controlling the intestinal microbiota with probiotics.

In the future, we would like to study the effects of C. butyricum administration on the intestinal microflora and immune
response, as well as on the development of periodontitis.
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Development of a chairside-type pressure variable
sandblaster

EIEARFEFER 2% Asahi University School of Dentistry Class of 2026
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Objectives: Development of CAD/CAM system enabled the production of dental-restoration products through
numerically controlled machining, thereby opening up avenues for a wider range of materials such as CAD/
CAM resin blocks and zirconia ceramics. However, those materials require alumina-blasting immediate
before cementing. Thus, a major concern hindering the use of CAD/CAM materials is to control alumina-
blasting pressure at chairside. Despite the usefulness of chairside micro blaster, alumina blasting pressure
depends on the supply level. The aim of this study was to develop and validate a new pressure variable
chairside sandblaster.

Methods: A pressure variable chairside sandblaster (CSB1, Morita) was newly developed. A micro
sandblaster (Miniblaster, Deldent) was used as a control with an air-pressure regulator. Validation tests were
performed with different air-pressure onto 1) surface roughness of PMMA plate, 2) area of blasting at 1 cm
distance, 3) amout of Al.Os powder, 4) efficiency of roughness and 5) micro-tensile bond strength test with a
CAD/CAM resin block and a resin cement.

Results: CSB1 showed superior surface roughness and smaller area of blasting comparing with Miniblaster
with regulator. Amount of Al.Os powder were not different each other, therefore CSB1 showed higher
efficiency of roughness. There was no difference in micro-tensile bond strength with 0.2 MPa pressure.
Conclusion: A new pressure variable chairside sandblaster will be a useful device for preparation of adherend
surface at chairside.
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Development of a chairside-type pressure variable sandblaster

(Problem)

With all the technological advancements in recent years, more and more dentists are using digital means of dental
treatments. Development of CAD/CAM system enabled the production of dental-restoration products through
numerically controlled machining, thereby opening up avenues for a wider range of materials such as CAD/CAM resin
blocks and zirconia ceramics. In order to obtain a durable bonding performance, mechanical retention between the
crown material and cement is critical. However, unlike lithium-disilicate glass-ceramics. CAD/CAM resin cannot be
etched via chemical treatments such as acids, due to its material properties. Thus, alumina blasting is essential to obtain
stable bonding performance onto CAD/CAM materials. Different materials have different stress tolerances. If the
blasting pressure is too weak, Alumina will not be able to roughen the surface enough, leading to less mechanical
retention. On the other hand, if the blasting pressure is too high, the material will start to crack due to stress leading to
premature failure (Fig. 1). Latest evidence proved blasting immediately before cementing is ideal to remove
contaminations and prepare a sound surface for chemical treatment. Thus, a major concern hindering the use of
CAD/CAM materials is to control alumina-blasting pressure at chairside.

(Hypothesis)

Despite the usefulness of chairside micro blaster, alumina blasting pressure depends on the supply level (0.4-0.5 MPa).
There are no sand blasters on the market as of now that fits both of these two criteria (Fig.2):

1. Blasting pressure control

2. Small enough to be used chair-side
Therefore, the hypothesis of this study was to develop a new pressure variable chairside sandblaster (CSB1) and
perform validation tests to evaluate its performance.

(Methods)

To compare with CSB1, Miniblaster (Deldent) was pared with an external regulator as control (Fig 3). A PMMA plate
was sandblasted with 50 micro meter alumina with different pressure, from a distance of 10mm for 10 seconds. Four
different factors were recorded by using a laser scanning microscope (VK-X150/160, Keyense), 1) surface roughness
after blasting, 2) area of blasting by measuring the diameter of blast area, 3) Amount of alumina used per second 4)
Efficiency of roughness, obtained surface roughness divided by the amount of blasting (Fig. 4).
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To evaluate clinical performance of CSB1, micro-tensile bond strength test with a CAD/CAM resin block were performed
(Fig. 5). A CAD/CAM resin block (KATANA Avencia Block, Kuraray Noritake Dental) was sectioned into 2mm thick
slabs, and polished with 600 grit silicon carbide paper to standardize the adherend surface. Sandblasting was performed
using 0.2 and 0.4 MPa on each device, then treated with a silane coupling agent (Clearfil Ceramic Primer Plus, Kuraray
Noritake Dental). Two slabs of resin blocks were cemented with an adhesive resin cement (Panavia V5, Kuraray Noritake
Dental) and light cured for 60 s on each side. After storing in distilled water at 37°C for 24 hours, these specimen were

sectioned into 1mm? sticks. Micro-tensile test were performed with a universal testing machine under Imm/min crosshead
speed (n=30).

(Results)

Results of validation test were shown in Fig. 6. Surface roughness of PMMA plates increased according with pressure in
both devices, CSB1 tended to show higher Ra value at any pressure. Area of blasting also tend to increase as the pressure
increased, however CSB1 showed smaller blasting area at any pressure. Amount of blasted powder did not differ at any
condition, therefore efficiency of roughness were superior in CSB1. Results of micro-tensile bond strength test were
shown in Fig. 7. Bond strength tend to be higher at 0.4 MPa in both device. However clinically 0.4 Mpa does too much
damage on CAD/CAM resin blocks. At 0.2 MPa, CSB1 showed higher bond strength comparing with Miniblaster.
However, there were no significant difference between them.

(Conclusion)

A new pressure variable chairside sandblaster will be a unique and useful device for preparation of adherend surface with
appropriate pressure for each CAD/CAM material at chairside. This device will solve the problem of surface pretreatment
of CAD/CAM materials before cementation, ensure the clinical success of digital dentistry.
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Histological alteration of bone-specific blood vessels by alendronate administration

IIntroduction: Recently, the presence of CD31-/endomucin-/EphB4-positive blood vessels specific to bone has been reported to be
involved in the osteoblastic activities. In this study, I have histochemically examined the biological effects of alendronate on bone-
specific blood vessels and osteoblasts in bone.

Results: Alendronate-treated endomucin-positive blood vessels were markedly reduced in size, in that they appeared to have
shrunk in femoral metaphysis. Under TEM, the alendronate-treated vascular endothelial cells showed several small processes and
released many small vesicles from the luminal surfaces. In contrast, Endomucin, Gata2 and Vashl genes related to angiogenesis
or maintaining vasculature had increased after alendronate administration. Although the distribution of TRAP-positive osteoclasts
was not as obviously affected by the regimen of alendronate administration, alkaline phosphatase-positive osteoblasts were not
detectable in the secondary trabeculae, where only the shrunken and small endomucin-reactive blood vessels were seen.
Discussion: Alendronate administration resulted in small and shrunken endomucin-positive blood vessels, which showed irregular
shapes and small protrusions from the vascular endothelial cells. Enhanced expression of Gata2, Endomucin, and Vashl may
indicate the presence of a feedback mechanism to maintain the vascularity of bone-specific blood vessels. Interestingly, after
alendronate administration, the inhibition of the osteoblasts appeared to be consistent with the decreased size of bone-specific
blood vessels, even without the markedly reduced activities of osteoclasts.

Conclusion: Alendronate may not only affect osteoclasts but also bone-specific blood vessels, which subsequently influence
osteoblasts.
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Periodontitis & abnormal pregnancies: Porphyromonas gingivalis utilizes macrophage extracellular
vesicles and inhibits placental angiogenesis

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 (Mo EVs) and affects fetal growth through the
inhibition of placental angiogenesis.

Method: Pg-infected M ¢ EVs (Pg-inf M ¢ EVs) were collected and injected into pregnant mice. The extracted placenta and fetus
were analyzed by in vivo imaging, bioinformatics, and histological methods. Human Umbilical Vein Endothelial Cells (HUVEC)
were used 7 vitro experiments. All animal studies were approved by the Ethics Committee.

Results: Pg-inf M ¢ 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 M ¢oEVs-injected group exhibited
decreased blood vessel area and expression of Vascular Endothelial Growth Factor Receptor 1 (VEGFRI1). Decreased VEGFRI1
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 VEGFRI1, which results in
fetal abnormalities.
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F1E (H.7/1995 %) BEREEHEKFE ZHE BAS
AEMEZEEZE 7OV S LDOER &R

Shuntaro KURODA - Tokyo Dental College

“A visualized assist system for clinical diagnosis of the tongue”

E2E (H.8/1996 ) MEAXKRF®EFE L &F
IBRREDRLS 2 BEADBLKDRENRE LUREFESRMAICK RN
Tomoko MATSUYAMA - Nihon University School of Dentistry

"Bactericidal effects and temporal changes in preservation conditions of two kinds of oxidized water with different
concentrations of chlorine”

E3E (H9/1997 ) MRRERERAFZEFHE A HR
FLWFai—a>HLERBVFEMSEEED ST

Nobutaka ISOGAWA - Tokyo Medical and Dental University Faculty of Dentistry
"Evaluation of masticatory performance by using new chewing-gum"
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Shu ABE - Tokyo Dental College

"High incidence of pneumonia pathogens in oral cavity of elderly patients requiring daily nursing care"

E5E (H.11/1999 ) MEXAERKFEFEH Bl =F
5 5 I 473 TE 1 28 1< K B A IEE RS & 0D PH M6 BB 32 0D 5THAifh
Yukiko YOKOYAMA - The Nippon Dental University School of Life Dentistry at Tokyo

“Evaluation of masticatory efficiency in persons with malocclusion using a simplified blood glucose measuring
device”

6B (H.12/2000 ) BARAFZHEZE 5 EWR
XEERERERATVRIVIS—DUR

Masahiro NAKAJIMA - School of Dentistry Osaka University
"Advancement in dental mirror to assist tooth preparation for students

B 7E (H.13/2001 ) MEARKRENFEFE T8 HPH
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Ayano KANEOYA - Nihon University School of Dentistry at Matsudo
“Development of novel disclosing agents”
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To2VvIRFIvh—2BVWEEREISF IV ALEDT AV T4V T EEINZ— D3R
Toshimi KAWAGOE - Kanagawa Dental University

“Study of grinding pattern during sleep bruxism with a simple device: Bruxchecker”

£ 9[E (H.15/2003 ) MEBEREARFEFE AH KEM
BHOEARBREHEICHTHRENRE SUORMEIRROKRE

Erika KAKUTA - Tsurumi University School of Dental Medicine

"The Anti-microbial activity and anti-halitosis of essential oils against oral bacteria causing periodontitis"
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EREEINICLIERZE I 5/ NEDOBE R

Tomoko SATO - Tokyo Medical and Dental University Faculty of Dentistry
“Evaluation of articulation of children with open-bite using acoustic analysis of speech”

#1110 (H.17/2005 F) BEXREMAZIOSEMETE FK #A
TIZIVAAZILEIIBIIOBEDFEEYE (EFHASEIHT)

Masato UNAMI - The Nippon Dental University School of Life Dentistry at Niigata
“Development of micro mode digital camera and cell phone”
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FIT7H AR CHEAARGESERERIEEEET Y FORE

Toshimitsu OHSAKO - School of Dentistry Health Sciences University of Hokkaido

“Development of the simple chair side obligate anaerobic culture kit practical at the general dental clinic”
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REEITENT=A) P FIV shade guide DHE

Yuko AKIYAMA - Nihon University School of Dentistry
“Shade determination using visibly optimal custom shade guide”
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Etsuko AIDA - Nihon University School of Dentistry at Matsudo

“Examination on the effects of brushing applied mobile telephone attached camera”
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Kaori KAJI - Nihon University School of Dentistry

“Development of easy debondable orthodontic bracket adhesive by heating”

£16E (H.22/2010 %) BKIREHRAT =H B0
SEFRHEENELIEFALC S DRIELHZE
Luka KISHIDA - Osaka Dental University

“Trial production of manju, Japanese style cake stuffed with adzuki bean paste, with alternative sweeteners for
prevention of dental caries”
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wWARTFHEaEZBNELESZ7M 7TV DA

Azuma KOSAI - Hiroshima University Faculty of Dentistry
“Application of lactoferrin for periodontitis prevention and treatment”
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RS IEERE WU NRIET PTHrP 1KY CAF NFEEET NI

Yae OHATA - Hokkaido University School of Dental Medicine

“Fibroblasts in tumor microenvironment are induced to Cancer-Associated Fibroblast (CAF) by PTHrP”
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WANG Shuo - Okayama University Dental School
"Why do people get fat if they stop smoking ?"

#£20E (H.26/2014 F) MEBMAFRFE ER E
HEARRMEDOEETZXILT—EDER

Midori DOKE - Showa University School of Dentistry

“Molecular characterization of nuclease enzymes from periodontal Bacteria”

#£21E (H27/2015 F) BRRRERSEHNAFEFE HY K&

PR BHERIEETTIVICEHITS FactorX RIRHIEHEE

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

g 226 (H.28/2016 ) MEREAFHFH ®E &
Syk EHEEISEERFEROE Mt ZRELEMH ML ZNHE TS

Ai KAMISONO - Kagoshima University Faculty of Dentistry

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

£23ME (H.29/2017 %) MLEXRFHRFH TH &
BE—RrSVRIVTMIVRICKDEFMBO SR IEDENR
Mai YOSHINO — Hiroshima University School of Dentistry
“Single-cell transcriptomics uncovers the diversity of osteoblasts”
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Miki ABE — Hokkaido University School of Dental Medicine

“Cellular interaction activating osteoblastic bone formation during bone modeling and remodeling”
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Porphyromonas gingivalis (P.g.) -fimA type2 & type4 MFMAMD LR IIEEAXRDEETHRED
I—Hh—¢%3

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”

F£26E (R.2/2020 F) MtBEAFEFE FE LK
7LRAx—MREICEZERENNEOBEBFNEL

Hirona YOSHINO — Hokkaido University School of Dental Medicine

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

£ 271 (R.3/2021 %) MELAFEFE MWH HLY

WERERRIBOMRIES | Porphyromonas gingivalis \&v077— OfRaN a%z N L TRRB O MER K
ZHETS

Airi TANAI — Okayama University Dental School

“Periodontitis & abnormal pregnancies: Porphyromonas gingivalis utilizes macrophage extracellular vesicles and
inhibits placental angiogenesis”
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