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3. The Role of Sonic Hedgehog Signaling in the Tumor Microenvironment of Melanoma
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Saito', Tsuyoshi Shimo’

'Division of Clinical Cariology and Endodontology, Department of Oral Rehabilitation
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5. Mouse tooth germ organ culture in epithelial rest of Malassez conditioned medium
(ODembereldorj Bolortsetseg, Syed Taufiqul Islam, Erika Minowa, Yunosuke Okada,
Yoshihito Kurashige, Masato Saitoh
Division of Pediatric Dentistry, Health Sciences University of Hokkaido
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6. Dedifferentiation of epithelial cell rests of Malassez by epigenetic drugs and transformation
into mesenchymal-like cells
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Morikawa', Jun Sato, Hiroki Nagayasuz, Yoshihiro Abiko'
'Division of Oral Medicine and Pathology, Department of Human Biology and Pathophysiol-
ogy, School of Dentistry, Health Sciences University of Hokkaido
*Division of Oral and Maxillofacial Surgery, Department of Human Biology and Pathophysi-
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7. Concentration dependent effect of hydrogen peroxide to induce cellular senescence in gingi-

val epithelial cells and reversal of senescence by fisetin
OSarita Giri', Ayuko Takada®, Masae Furukawa’, Kenji Matsushita®, Yasushi Furuichi'

'Division of Periodontology and Endodontology, Department of Oral Rehabilitation, School
of Dentistry, Health Sciences University of Hokkaido

*Division of Biochemistry, Department of Oral Biology, School of Dentistry, Health Sciences
University of Hokkaido

3Department of Oral Disease Research, National Center for Geriatrics and Gerontology
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Yoshida', Jun Sato', Hiroko Miura?, Yoshihiro Abiko'
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The Role of Sonic Hedgehog Signaling in the Tumor Microenvironment of Melanoma
OKarnoon Shamsoon', Hiroaki Takebe?, Daichi Hiraki’, Mari Shimatani’, Saki Fuj ii’, Takashi Saito’,
Tsuyoshi Shimo’

'Division of Clinical Cariology and Endodontology, Department of Oral Rehabilitation

*Division of Histology, Department of Oral Growth and Development

IDivision of Reconstructive Surgery for Oral and Maxillofacial Region, Department of Human Biol-
ogy and Pathophysiology

Abstract

Introduction: The Sonic Hedgehog (SHH) signaling pathway is a signaling cascade that plays a cru-
cial role in embryonic development. Emerging evidence has suggested that aberrant activation of
Hedgehog (Hh) signaling is associated with malignant tumors development and drug resistance of a
multitude of cancers. However, the role of Hh signaling of melanoma is still unclear. In the current
study, we examined the role of Hh signaling in melanoma tumor microenvironment.

Materials and Methods: We examined the expression pattern of SHH and Hh signaling by immuno-
histochemical analysis in clinically-resected human skin melanoma samples (tissue microarray, 48
samples, M481, US Biomax) and B16 (murine melanoma) tumors model. B16 xenograft C57BL 4-
week-old female mice were intraperitoneally administered with GANT61, an inhibitor for GLI1 and
GLI2-induced transcription (40mg/kg) or a vehicle in every alternative day from for 12 days
(n=6/group). Microscopic appearance of tumor neovascularization and vascular analysis on day 12
after treatment was measured the length and area of the capillaries by using NIH Image. Data were
analyzed using the unpaired Student’s t-test for the analysis of two groups by using the SPSS statistics
software.

Results: SHH and GLI1 was highly expressed in tumor cells and endothelial cells in human skin mel-
anoma samples. GANT61 significantly suppressed the tumor growth and the neovascularization
around the tumor of B16 cells xenografts and no significant difference was observed in the body
weight between the two groups. GANT61 significantly reduced the expression of SHH, GLI1 and
proliferating cell nuclear antigen (PCNA) in tumor cells and the area of endomucin-positive endothe-
lial cells in tumor xenograft.

Conclusion: The results of our present study suggesting that SHH/GLI signaling plays an important
role in the B16 melanoma tumor microenvironment through angiogenesis.
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Mouse tooth germ organ culture in epithelial rest of Malassez conditioned medium
ODembereldorj Bolortsetseg, Syed Taufiqul Islam, Erika Minowa, Yunosuke Okada, Yoshi-
hito Kurashige, Masato Saitoh
Division of Pediatric Dentistry, Health Sciences University of Hokkaido
Ishikari Tobetsu, Hokkaido, Japan

[Object] Epithelial cell rests of Malassez (ERM) are the only odontogenic epithelial cell
remains within periodontal ligament (PDL) tissue. Functions of ERM suggested as to the
maintenance of PDL space and regeneration of cementum. ERM expresses the different types
of proteins, categorized as cytokeratin’s, bone matrix proteins, and enamel matrix pro—
teins (EMPs). EMPs are also the major secretory proteins of ameloblasts, comprises mainly
90% of amelogenin. Amelogenin regulates enamel biomineralization and structural organi-
zation during amelogenesis

Mouse tooth germ expresses amelogenin at embryonic day 13.5, earlier than any other
embryonic craniofacial complex tissues. Our previous study has isolated multiple clones
from ERM with variations at their amelogenin expression levels. Total eighteen clones
were isolated from ERM and named ERM 1-18. In this study, ERM-2 and -3 were chosen as the
highest and lowest amelogenin secretive cells, respectively, CRUDE ERM as the origin of
all clones. The purpose is to address whether conditioned mediums of ERM clones affect
enamel mineralization on mouse tooth germ in organ culture

[Materials and Methods] To collect conditioned mediums (CMs), 5x10* cells/ml of CRUDE,
ERM-2 and -3 clones were cultured in KBM without any growth factors. Mandibular molar
tooth germs were microdissected from postnatal day 3 (PN3) of C57BL/6] mice and cultured
tooth germs for 1, 2, 3, 7 and day 14 of CRUDE and ERM clones CMs. Cultured tooth germ
was analyzed to observe the enamel crystal’s alignment and shape on the enamel surface by
scanning electron microscopy (SEM). By Hematoxylin-Fosin (H.E) staining, the differenti-
ation stage of cultured tooth germ was compared with tooth germs from sagittal mouse head
sections of corresponding days

[Results and Discussion] H.E. staining of mouse head showed that tooth germs three days

after birth were at bell stage with developing thin enamel layer. On days 1 and 2 of organ
culture, plate-like calcified structures were observed in all groups. On day 3, few plate—
like structures changed into needle—like structures only in ERM-2 CM tooth germ. On day
7, needle—like structures were observed in both CRUDE and ERM-2 CM tooth germs, but plate—
like structures remained in ERM-3 CM tooth germ. After 14 days of culture, the deposition
of needle-like structures was observed in all groups.
In ERM-2 CM tooth germ, the transformation of needle—shaped structures from plate—shaped
took place earlier than others, but in ERM-3 CM, the transformation was delayed. The
plate-like structures are octa—calcium phosphates (OCP). The needle and columnar—like
structures have been suggested as a precursor of Hydroxyapatite crystals (HAP). Amelog-
enins were reported to affect enamel crystal growth by transforming OCPs into dense
columnar structures of needle-like HAP structures

[ Conclusion ] This result suggests that amelogenin regulates OCP growth and induces HAP
in a concentration—dependent manner.
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Dedifferentiation of epithelial cell rests of Malassez by epigenetic drugs and transfor—

mation into mesenchymal-like cells

OKoki YOSHIDA', Shuhei TAKAHASHI', Ariuntsetseg KHURELCHULUUN? Durga PAUDEL!, Tetsuro
MORIKAWA', Jun SATO, Hiroki NAGAYASU? Yoshihiro ABIKO'

Division of Oral Medicine and Pathology, Department of Human Biology and Pathophys-—
iology, School of Dentistry, Health Sciences University of Hokkaido
Division of Oral and Maxillofacial Surgery, Department of Human Biology and Patho—

physiology, School of Dentistry, Health Sciences University of Hokkaido

Introduction:

The application of dental pulp stem cells and periodontal ligament stem cells to regen—
erative medicine has a problem in practicality due to the small proportion of the stem
cells. Since the efficiency of stem cell production can be enhanced by small molecule
compounds of epigenetic drugs, we attempted to dedifferentiate epithelial cell rests of
Malassez (ERM) by small molecule compounds and induce differentiation into mesenchymal
cells directly.

Materials and Methods:

ERM cells were cultured in embryonic stem cell medium with a combination of 1 pM of the
DNA demethylating agent, 5-Azacytidine (BAza), and 2 mM of histone deacetylase inhibitor,
valproic acid (Vpa) for 1 week. The cells stimulated with both 5Aza and Vpa were named as
a progenitor—dedifferentiated into stem—1like cells (Pro-DSLCs). The Pro-DSLCs were further
cultured in endothelial cells, mesenchymal stem cells, and osteogenic differentiation
medium for 1-3 weeks.

Results:

The stem cell markers tended to be higher in the Pro—DSLCs. The mRNA and protein levels
of the endothelial, mesenchymal stem, and osteogenic cell markers were significantly
higher in the Pro-DSLCs than the controls in the mesenchymal differentiation media.
Conclusion:

ERM treated with epigenetic drugs may be directly transformed into mesenchymal-like cells

and may be used for periodontal regeneration.
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Concentration dependent effect of hydrogen peroxide to induce cellular senescence in gin-

gival epithelial cells and reversal of senescence by fisetin

OSarita Giri', Ayuko Takada®, Masae Furukawa’, Kenji Matsushita®, Yasushi Furuichi'
'Division of Periodontology and Endodontology, Department of Oral Rehabilitation, School of
Dentistry, Health Sciences University of Hokkaido, Hokkaido, Japan

“Division of Biochemistry, Department of Oral Biology, School of Dentistry, Health Sciences
University of Hokkaido, Hokkaido, Japan

3Departrnent of Oral Disease Research, National Center for Geriatrics and Gerontology, Obu, Ja-
pan

[Objective]: Gingival tissue shows progressive changes with aging and an i vifro model of gingival tissue
could be useful in understanding age associated oral diseases. We aimed to establish a hydrogen peroxide
(H,0,) treatment model to induce aging in human gingival epithelial cells. We further examined whether
the induced senescence could be reversed by fisetin, a flavonoid component known for its anti-oxidant and

anti-inflammatory activities.

[Materials and methods]: Primary human gingival epithelial progenitor (HGEPp) cells were cultured and
treated with different concentrations of H,O,. A cell vitality test, senescence-associated beta galactosidase
(SA-B-gal) staining, and mRNA and protein expression of known senescence markers p/6, p21, and p53
were analysed with quantitative reverse transcription polymerase chain reaction (QRT PCR) and western
blotting. Furthermore, the cells were treated with 2 pig/ml of fisetin and the senescence markers were evalu-
ated.

[Results]: The cells showed dose-dependent changes in vitality test, SA-B-gal staining, relative mRNA ex-
pression and protein expression after H,O, treatment. H,O, treatment of 400 pM was determined as opti-
mum doses to induce senescence in HGEPp cells as compared to control. The treatment of cells with
fisetin downregulated the senescence markers at mRNA and protein level and 3-gal ratio.

[Conclusion]: In conclusion, an i vitro model of gingival epithelial cellular senescence by H,O, treatment
was established. Also, the ability of fisetin to reverse the induced senescence was demonstrated. Our in vitro

study could be an aging model for pre-clinical studies for changes associated in periodontal tissue with aging,

Keywords: Cellular senescence, gingival tissue, oxidative stress, fisetin, aging
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Comparison of acetylcholine-induced salivary secretion in different AQPS expression rat
strains

(OTahmina Akter, Akihiro Nezu, Akihiko Tanimura

Division of Pharmacology, Department of Oral biology, School of Dentistry, Health Sciences Uni-
versity of Hokkaido

[Introduction] The membrane bound water channel, aquaporin 5 (AQP5) plays important role
for the transcellular fluid secretion in salivary gland cells. The AQPS low expression rat
(AQP5/low), established from Sprague-Dawley (SD) strain (Murdiastuti et al. 2002), has been
used to examine the role of AQPS5 in salivary secretions. In this study, we compared acetylcholine
(ACh)-induced salivary secretion, blood flow (BF), and Ca”" response in submandibular gland
(SMG) in AQP5/low, SD and Wistar/ST rats.

[Methods] Whole saliva secretions were examined by the cotton ball method. Real-time moni-
toring of BF in SMG was performed by the laser speckle BF imager. Rats were stimulated with
continuous infusion of ACh into the femoral vein under urethane anesthetize. The expression of
AQPS5, an ion channel (TMEM16A), and a cotransporter (NKCC1) in SMG were analyzed by
Western blot and RT-PCR. Measurement of intracellular Ca** concentration ([Ca®'J;) in dispersed
SMG cells was examined by fluorescence spectrophotometer using Ca*" indicator, fura-2.

[Results and Discussions] Salivary secretions in AQP5/low, SD and Wistar/ST were induced
with the infusions of ACh (30—-1440 nmol/min) in a dose-dependent manner. The maximum se-
cretions with high-dose of ACh (720-1440 nmol/min) in AQP5/low and Wistar/ST were ~70%
of that in SD. We also found that the expressions of AQPS5 in AQP5/low and Wistar/ST were
much lower than that in SD. We also found that expressed same level of AQPS5 as AQP5/low,
suggesting that AQPS5 determine the rate of salivary secretions with strong stimulation. Interest-
ingly, however, the salivary secretions with low-dose of ACh (~90 nmol/min) in Wistar/ST was
two times higher than that of AQP5/low, and was comparable to that in SD. The EDs values for
ACh-induced salivary secretion in AQP5/low, SD and Wistar/ST were 309, 134, and 102
nmol/min, respectively. These results suggest that ACh sensitivity in salivary secretion does not
correlate with expression levels of AQP5. Monitoring of BF in SMG demonstrated that low-dose
of ACh induced oscillatory changes in BF in all strains. The BF oscillations in AQP5/low were
found mostly below the resting level, whereas that in Wistar/ST were found above the resting
level. On the other hand, ECsvalues for ACh-induced [Ca”Jirise in strains were almost same (~1
uM). Gene expressions of TMEM16A and NKCC1 of these strains were also same. These results
indicate that the differences in salivary secretion with weak ACh-stimulation among these strains
are attributable to the difference in BF.

[Conclusions] Expression level of AQP5 determines the maximum rate of salivary secretions,
while the BF plays important role for the physiological salivary secretions.
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Alteration of microflora and anti-microbial peptides in oral cavity and intestine of mice by bee pollen
diet

OAriuntsetseg Khurelchuluun', Osamu Ueharaz, Durga Paudel', Tetsuro Morikawa', Koki Yoshida', Jun
Sato', Hiroko Miura’, Yoshihiro Abiko'

'Division of Oral Medicine and Pathology, Department of Human Biology and Pathophysiology, School of
Dentistry, Health Sciences University of Hokkaido

“Division of Disease Control and Molecular Epidemiology, Department of Oral Growth and Development,
School of Dentistry, Health Sciences University of Hokkaido

[Introduction] Bee pollen has been used as a supplementary nutrition because of its high antioxidant and
anti-inflammatory properties. The role of oral and gut microflora in maintaining the immune system is very
important to body defense. Bee pollen as a daily supplement could modulate the oral and gut microflora
and alter the immune system of the body. Also, the modulation of microflora could be related with the
expression of anti-microbial peptides (AMPs) of oral cavity and intestine. Therefore, the aim of this study
is to demonstrate the effect of bee pollen diet on oral and intestinal microflora as well as AMPs of mice.
[Material and Method] C57BL/6J mice were divided into Bee Pollen diet (BP) group and control group
(n=8, each). BP mice were fed with 5% bee pollen mixed in mouse food while control group was given
normal mouse food for 1 month. Both group mice were sacrificed to collect oral swab, intestinal stool,
buccal mucosa and intestine.

The oral swab and intestinal stool were processed to extract microbial DNA. Genomic DNA was then used
for 16S metagenomic sequencing library preparation for [llumina MiSeq System. The obtained data were
analyzed with Quantitative Insights into Microbial Ecology (QIIME). Bacterial taxonomy, alpha diversity
and beta diversity in saliva and stool were evaluated using Analysis of variance of microorganisms (AN-
COM), Kruskal-Wallis test and PERMANOVA, respectively. Total RNA was extracted from the oral tissue
and intestinal tissue using TRIzol method and reverse transcription was done. AMPs such as beta defensin-
1, beta defensin-2, beta defensin-3 and cathelicidin were checked for mRNA expression using qRT-PCR.
Kruskal-Wallis test was used to test the significance.

[Results] The metagenomics study of oral and intestinal microflora revealed significant differences in beta
diversity (p<0.01) of oral and intestinal microflora. The ANCOM analysis showed that Lactococcus at ge-
nus level was significantly increased in oral and intestinal microbiome of BP diet group. The mRNA ex-
pression of beta defensin-1, beta defensin-2, beta defensin-3 and cathelicidin were upregulated in the buccal
mucosa of BP diet group as compared to control.

[Conclusion] Bee pollen diet alters the microflora and AMPs of oral cavity and intestine which might play

a role in modulating the immune system of the body.
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