JUM A 8 e s

The Journal of The Kyushu Dental Society

Vol.71 | No.1 | March 2017

/4

ﬂ
l/i\

118 NT ISSN : 0368-6833
‘i\

7

\




MH % THE DT~

JUMNBRRF A3 1L, AFSIEREVEY OE GBI T 2 MR & — At R N A B R SR L T8 £ 5
KREEIH|B S NB D ORE % THLO I, () FMEEERS L Vs TrFSw, fHL,

ESEFE N L 2ENHHEHNOEBIZOWTIE, YHSCESEAPEFENIREGHEL V¥ —
() ZeAfr BV 2 AN R B R BC B3 2 MR 2 FEZERE L TV 2 [HIMK) & AR BR300 %
i L CWAEAICH > TE, ZORLFERITEIwETA JHEA BOEEIZOWTIE, FFETLE
T9).

MERIREEE WA BIE N e &
T107-0052 FEERUE X ARI9-6-41  THARIE )V 3IF
FAX :03-3475-5619 E-malil : info@jaacc.jp

BEDSNOFEE GOSN, =k, #E) ICB LT, () A PR R Rt L Th Y TEA.
B, UNERAENBHEEDE 728w (BASH).

Reprographic Reproduction outside Japan

Making a copy of this publication

Please obtain permission from the following Reproduction Rights Organizations (RROs) to which
the copyright holder has consigned the management of the copyright regarding reprographic
reproduction.

Obtaining permission to quote, reproduce; translate, etc.

Please contact the copyright holder directly.

—Users in countries and regions where there is a local RRO under bilateral contract with Japan
Academic Association for Copyright Clearance (JAACC)
Users in countries and regions of which RROs are listed on the following website are requested to

contact the respective RROs directly to obtain permission.

Japan Academic Association for Copyright Clearance (JAACC)
Address 9-6-41 Akasaka, Minato-ku, Tokyo 107-0052 Japan
Website http:/www.jaacc.jp/

E-mail : info@jaacc.jp Fax : +81-33475-5619




JUH PR 2 MRS
B H1e

(CPk294F- 3 H)
B X

&

b b AR BRI e AR Ca9-221C 51 B &
FEILEY YNENT LY R — 2DOF0HIZ L B

FUTETEPEANEL  wvvevvrrrnrernnernnernnerieriierinetaesneaieeiaaannes N
Fhb
REDI
Uz Il e 2 B P (R 22 B & 1 sHk Yt ~F B B2 i)
S T TR LA
/N
g g

R AR W D R 42
& > 7= B

PR — Y €= ACTHAMT

& - AmKE
X - wAk ML
W - @ -
RS - VR -
Hal - S W
N = B R 17

mfe B

1
BB ZIT
HE KT

10
his KT 15



The Journal
of
the Kyushu Dental Society

Vol. 71 No. 1

Original Work

Effect of ultrasound and encapsulated doxorubicin bubble liposomes on cytotoxity in human
gingival squamous cell carcinoma Ca9-22 cells

Satoshi Ono, Kenjiro Iwanaga, Fumika Hirabayashi, Tatsuji Nishihara, Kazuhiro Tominaga--------- 1

Case Report

A case of synchronous multiple primary carcinomas of the tongue mucoepidermoid carcinoma
and lower gingival squamous cell carcinoma in the oral cavity
Noriaki Yamamoto, Kensuke Yamauchi, Shinnosuke Nogami, Masahiro Ohara,

Keijirou Watanabe, Daigo Yoshiga, Kenji Kawano, and Tetsu Takahashi =«----c-coeremereeemeeeereeeens 10

A Case of Alveolar Bone Resorption Due to a Lateral Root Canal
HiI‘OShi Iwatani, Mlchlhlko Usui, Keisuke Nakashima ......................................................... 15



T b i

71(1) 1 1~9, 2017.

Effect of ultrasound and encapsulated doxorubicin bubble liposomes on
cytotoxicity in human gingival squamous cell carcinoma Ca9-22 cells

Satoshi Ono, Kenjiro Iwanaga, Osamu Takahashi,
Fumika Hirabayashi, Kazuhiro Tominaga

Department of Science of Physical Functions, Division of Maxillofacial Surgery, Kyushu Dental University,

Kitakyushu, Japan

Received 2017, 1, 9.
Accepted 2017, 2, 13.

Abstract

We previously reported that ultrasound-mediated destruction of microbubbles might be an innovative non-invasive
drug delivery system. The anticancer drug doxorubicin is a potent anticancer drug that is used for many types of
malignancies ; however, the severe side effects associated with use of free doxorubicin has limited its clinical use.
Although encapsulated doxorubicin liposomes (Doxil) strongly reduced the cardiotoxity of doxorubicin, other side
effects were reported and release of doxorubicin from tumors after accumulation is difficult. We prepared
encapsulated doxorubicin bubble liposomes (EDBL) from Doxil with the aim of improving cytotoxicity of Doxil for
drug delivery with ultrasound. Human gingival cell carcinoma Ca9-22 cells were exposed to ultrasound in the
presence of Doxil or EDBL. Cell viability was determined by trypan blue staining and evaluated by WST-8 assay.
Apoptosis was evaluated using flow cytometry and Hoechst dye 33342 staining. The combination of EDBL and
ultrasound enhanced the cytotoxicity and apoptosis of Ca9-22 cells. Sonoporation is a potent method to deliver
doxorubicin into Ca9-22 human oral cancer cells. Our in viiro results indicate that EDBL could be a useful tool to

achieve efficient ultrasound-controlled doxorubicin delivery in vivo.
Key words : Squamous cell carcinoma / Sonoporation / Nanobubble / Drug delivery

. indicated that gene therapy or drug delivery with
Introduction o
ultrasonication may be a new and safe treatment

The clinical usefulness of ultrasonication for
diagnostic purposes in medicine has been
demonstrated, and this method was recently
proposed to provide promising physical stimuli to
enhance the efficacy of therapeutic drugs and

diagnostic agents in vivo'’. Recent results have

for oral squamous cell carcinoma®’. Ultrasonication
techniques have been used in vivo and in vilro to
load anti-proliferative agents into cells, as well as
an efficient non-viral approach' * *’. Other groups
have reported the efficiency of the sonoporation
method for drug delivery therapy®. Suzuki et al.
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demonstrated that ultrasound exposure and bubble
liposome enabled efficient gene delivery into mouse
tongue tissue®’.

Doxorubicin (DOX) is one of the most potent
anticancer drugs and is used for the treatment of
many kinds of malignancies. The anticancer activity
of DOX has been attributed to its intercalation
into nuclear and mitochondrial DNA”® the
production of reactive oxygen species’ and the
inhibition of topoisomerase I'”. Although its
effectiveness is well known, the use of free DOX is
limited because of severe side effects. In addition
to targeting and damaging tumors, DOX also causes
cardiotoxicity and nephrotoxity'”. The efficacy of
free DOX is also hampered by multidrug
resistance, originating from P-glycoprotein and
topoisomerase I resistance'”.

Because of the issues associated with free DOX
treatment, treatment methods have been developed
in which DOX is encapsulated inside liposomes.
The liposomes contain polyethylene glycol chains at
their surface to prevent recognition by the
reticuloendothelial system, generating so-called
stealth liposomes. This modification results in the
passive accumulation of stealth liposomes in the
tumor vasculature from enhanced permeability and
retention'?. In 1995, the liposomal DOX formulation
Doxil" was approved by the US Food and Drug
Administration for the treatment of AIDS-related
Kaposi’s sarcoma and ovarian cancer. Koukourakis
et al. demonstrated that radiolabeled liposomal
doxorubicin were administered to patients with
head and neck cancer, non small cell lung cancer,
and they accumulated in the tumor locally, and
almost not accumulated in myocardium. Moreover,
a higher accumulation of radiolabeled liposomal
doxorubicin was observed in head and neck
carcinomas compared with non small cell lung

¥ Therefore, we used liposomal

carcinomas
doxorubicin (Doxil) for drug delivery to the human
gingival cell carcinoma Ca9-22 cell line in the
present study. Although Doxil strongly reduced the
cardiotoxicity of DOX in clinical trials, other side

effects were reported. Several patients suffered

from mucositis and hand and foot syndrome because
of the localization of the liposomes in skin
capillaries'. Therefore, many research groups
have attempted to enhance the effect of DOX or
reduce the dose of DOX by several combined
methods, such as heat, irradiation, or other drugs.
Ultrasound is another candidate approach for the
enhancement of DOX effects.

In this article, we aimed to improve the
cytotoxicity of encapsulated doxorubicin liposomes
(Doxil) by preparing encapsulated doxorubicin
bubble liposomes (EDBL) for drug delivery with
therapeutic ultrasound. We established an in vitro
system for the delivery of DOX into the human

gingival cell carcinoma Ca9-22 cell line.
Materials and Methods

I Cell line and reagents

The Ca9-22 human gingival squamous carcinoma
cell line was maintained in RPMI 1640 Medium
(GIBCO BRL, Grand Island, NY, USA) with 10%
heat-inactivated fetal bovine serum, penicillin (100
U/mL), and streptomycin (100g/mL). Doxil was
purchased from Janssen Pharmaceutical K.K.
(Tokyo, Japan).

EDBL were prepared from Doxil and
perfluoropropane gas (Takachiho Chemical
Industrial Co. Ltd., Osaka, Japan). In brief, 5-mL
sterilized vials containing 2ml of Doxil were filled
with perfluoropropane gas, capped, and then
pressured with 7.5mL of perfluoropropane gas. The
vial was placed in a bath-type sonicator (42kHz,
100W) (BRANSONIC 2510J-DTH ; Branson
Ultrasonics Co., Danbury, CT, USA) for 2 min to
form EDBL.

I In vitro sonoporation

Intracellular delivery of DOX was performed by
sonoporation with Doxil or EDBL. Cultured cells
were trypsinized, washed twice in phosphate-
buffered saline (PBS ; pH 7.2), and resuspended at
1.5X10° cells in 600 L. of serum-free RPMI in a
48-well plate. Doxil or EDBL was added to the cell
medium. Doxil was clinically administered

intravenously at 20mg/m’® and the maximum
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concentration of Doxil was 8.34%£0.49 yg/mL
according to the prescription information. Thus,
the final concentrations of Doxil and EDBL in
these experiments were 10z g/mL. After the mixed
solution was added to the wells, the cells were
exposed to sonoporation for 20s at room
temperature using an ultrasonication transducer
(Sonitron 2000 ; Rich Mar Inc., Inola, OK, USA)
at 1MHz, with an output intensity of 1.0W/cm® and
a 10% duty cycle for the delivery of DOX. For the
latter, the head of the transducer was directly
immersed into the cell suspension. The
ultrasonication probe and well plate were firmly
fixed to a stand to avoid dislocation during
sonoporation exposure.
Il Detection of cell proliferation

Cell viability was determined by staining with
trypan blue dye and evaluated using a colorimetric
WST-8 assay. Ca9-22 cells were seeded in flat-
bottomed 96-well plates at a concentration of 5.0X
10* cells/ml. After 24h, 101 of WST-8 reagent
(Dojindo, Kumamoto, Japan) was added to each
well followed by incubation for 3h. Absorbance at
450nm was measured using a Multiskan JX
microplate reader (Thermo Fisher Scientific,
Rockford, IL., USA).
IV Detection of apoptotic cells

Ca9-22 cells were suspended in a hypotonic
solution (0.1% Triton X-100; ImM Tris-HCI, pH
8.0, 3.4mM sodium citrate, 0.lmM EDTA), stained
with 5xg/mL of propidium iodide (PI), and
analyzed with a FACScalibur flow cytometer
(EPICS XL ; Beckman Coulter, Fullerton, CA,
USA). The percentage of sub-G1 phase was
examined. For Annexin V/PI staining, the cells
were washed with PBS and resuspended in binding
buffer (10mM HEPES, 140mM NaCl, 2.5mM CaCl,,
pH 7.4). Fluorescein-conjugated Annexin V and PI
solutions were added and mixed gently according to
the manufacturer’s instructions (Molecular Probe ;
Invitrogen, Carlsbad, CA, USA). Cells were
incubated at room temperature and then analyzed
with an EPICS XL. To detect apoptotic nuclei,
Ca9-22 cells were fixed with 1% glutaraldehyde for
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1h and washed with PBS. The samples were
stained with 56 g/mL of Hoechst dye 33342 (Ana
Spec ; Fremont, CA, USA) and mounted on glass
slides. Nuclei were visualized by fluorescence
microscopy (BX51; OLYMPUS, Tokyo, Japan),
with an excitation wavelength of 355nm and
emission wavelength of 465nm.
V Statistical analysis

All experiments were performed three times and
the results are presented as the mean £ standard
deviation (S.D) and were analyzed by one-way
analysis of variance (ANOVA) with a suitable post
test. P<<0.05 was considered significant.

Results

I Growth inhibition of Ca9-22 cells by
sonoporation with EDBL

After sonoporation with EDBL or Doxil, Ca9-22
cells were washed with PBS and cultured in RPMI
containing 10% fetal bovine serum for 4 days.
Sonoporation treatment with EDBL strongly
inhibited the growth of Ca9-22 cells (Fig. 1). In
contrast, sonoporation with Doxil resulted in little
growth inhibition of Ca9-22 cells. Cells exposed to
sonoporation with EDBL had a viability of 8.4%
compared with controls (Fig. 2). Most of these
cells exposed to sonoporation with EDBL showed
distended morphology and some cells floated up
into the medium (Fig. 3).
I Apoptosis in Ca9-22 cells after delivery of

DOX in vitro

When Ca9-22 cells were treated with EDBL (10
ng/mL) and ultrasound, the percentage of cells
with hypodiploid DNA was 27.9% (Fig. 4). To
investigate the nature of cell death following
intracellular delivery of DOX using sonoporation,
we analyzed the cells by Annexin V and PI
staining. Flow cytometric analysis revealed that
delivery of DOX by sonoporation with EDBL
enhanced the surface expression of
phosphatidylserine after culturing for 12h, as
shown by an increase in Annexin V binding (Fig.
5). We also examined apoptotic nuclei in DOX-
delivered Ca9-22 cells using Hoechst staining. As
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Fig. 1 In vitro delivery of DOX into Ca9-22 cells. DOX was
delivered into Ca9-22 cells by sonoporation as described
in Materials and Methods. The cells were cultured for
the indicated number of days and viable cells were
counted. Open circle, control; closed circle, Doxil alone
(10 £g/mL); open triangle, EDBL alone (10 g/mL);
closed triangle, sonoporation alone (1MHz, 1.0W/cm?,
10% duty cycle, 20s); open square, Doxil and
sonoporation; closed square, EDBL and sonoporation.
Data are expressed as the means & s.d. of triplicate
determinations. The experiment was performed three
times and similar results were obtained from each
experiment. *P<0.05 or **P<0.01, indicate statistically
significant differences.
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Fig. 2 DOX-delivered Ca9-22 cells were cultured for 24
h and cell viability was assessed using a WST-8
assay. Data are represented as mean values & s.d.
(n=3). **P<0.01, compared with control.

EDBL

microscopy (X200). (a) Control. (b) Doxil alone. (¢) EDBL alone. (d) Sonoporation
alone. (e) Doxil and sonoporation. (f) EDBL and sonoporation.

shown in Fig. 6, after delivery of DOX by
sonoporation in the presence of EDBL, we
observed apoptotic cells based on characteristic
cell morphology, such as condensation and
degradation of the nuclei. Taken together, these
results indicate that intracellular delivery of DOX

by sonoporation in vitro causes apoptosis in Ca9-22

cells.
Discussion

Systemic administration of anticancer drugs

results in general toxicity. Thus, several local drug
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Fig. 4 Apoptosis in Ca9-22 cells after delivery of DOX in vitro. DOX-delivered Ca9-22 cells
were cultured for 48h and analyzed using flow cytometry. The percentage of sub-G1
phase is indicated. (a) Control. (b) Doxil alone. (¢) EDBL alone. (d) Sonoporation
alone. (e) Doxil and sonoporation. (f) EDBL and sonoporation.
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Fig. 5 DOX-delivered Ca9-22 cells were cultured for 12h, stained with Annexin V/PI

and analyzed by flow cytometry. (a),(b) EDBL alone. (¢),(d) EDBL and

sonoporation.

delivery methods have been developed to avoid
complications from toxicity to normal tissues.
Among the anti-cancer drugs, DOX is one of the
most potent and its anti-cancer effects are enhanced
by ultrasound’*'. DOX is administrated via

. .. . . . 16,17
intravenous injection along with sonoporation ).

DOX induce DNA double strand breaks, resulting
an apoptotic response. Apoptosis is the mechanism
by which cells are physiologically eliminated.
During apoptotic death, cells are carved up by
caspases and packaged into apoptotic bodies as a

mechanism to avoid immune activation. On the
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Fig. 6 DOX-delivered Ca9-22 cells were cultured for 48h and stained with Hoechst’s dye
33342. Apoptotic cells exhibiting characteristic chromatin condensation were observed
by fluorescence microscopy (X400). Arrows indicate apoptotic nuclei. (a) Control. (b)
Doxil alone. (¢) EDBL alone. (d) Sonoporation alone. (e) Doxil and sonoporation. (f)

EDBL and sonoporation.

other hand, necrotic cell death can trigger or
potentiate inflammation. In chemotherapy, it is
useful not to induce an inflammatory response in
surrounding normal tissues. DOX affects the cell
cycle of tumor cell directly by inhibiting DNA
topoisomerase II. In the present study, the
percentage of sub-G1 phase was examined. EDBL
and ultrasound treatment led to an augmentation of
the proportion of the cells in the sub-G1 phase.
DOX induces cell death via apoptosis, resulting in
characteristic DNA fragmentation, followed by cell
shrinkage, membrane blebbing, and chromatin

. 18,19
condensation

'. These findings are consistent
with the present results, in which condensation and
degradation of nuclei were detected after delivery
of EDBL by sonoporation, and few apoptotic cells
were detected with Doxil or EDBL alone.

Several reports have described the use of
ultrasound to improve drug release from
nanoparticles and enhance cellular uptake®?”.
Lentacker et al. coupled Doxil onto the lipid shell
of gas-filled microbubbles (Definity®)?”. In their
study, DOX-liposome-loaded microbubbles exposed
to ultrasound killed more tumor cells than DOX-
liposomes in vitro. This result suggested that the

mechanical disruption caused by ultrasound and

bubble collapse can induce a release of free DOX.
Microbubble reagents such as Definity” (Amersham
Health) and Optison® (Bristol-Meyers Squibb),
which are generally used in ultrasound imaging,
could be used as gene or drug delivery carriers
together with ultrasound® °*’. Although the mean
diameters of Definity” and Optison®” particles are
approximately 1.1-3.3 #m and 2-4.5um,
respectively, they contain bubbles of up to 20 #m
and 32 xm in diameter. Therefore, Definity” and
Optison® particles are too large to reach peripheral
tissues®”. Tsunoda et al. reported that some mice
died immediately after the administration of
Optison” intravenously even without sonication due
to lethal embolisms in vital organs®. This issue
has not been reported in humans, but there is a
possibility that Optison® and Definity” particles
cannot pass through capillary vessels. Conversely,
the mean diameter of Doxil particles is
approximately 100nm with bubbles of up to 1 #m in
diameter®. Therefore, we believe that clinical
application of the EDBL described in our study
may be more effective, as the EDBL are much
smaller than the DOX-liposome-loaded
microbubbles.

In the present study, we found that EDBL
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treatment with ultrasound significantly killed more
tumor cells compared with the control groups in
vitro. At least two mechanisms could explain the
uptake of DOX and the superior cell killing of
EDBL and ultrasound. First, exposure of EDBL to
low-intensity ultrasound results in release of free
DOX that is more cytotoxic than the control
groups. Second, the cellular entry of the released
DOX is facilitated because of sonoporation of the
cell membranes. The EDBL described in our study
contain the ultrasound imaging gas,
perfluoropropane. It is well known that
sonoporation with gas-body-based contrast agents
(microbubbles) induces cell membrane porosity and
enhances the delivery of naked DNA or a drug into

2529 These findings are

cells in vitro and in vivo
consistent with our results that showed remarkable
numbers of apoptotic cells after sonoporation in
the presence of EDBL. During the application of
ultrasound, the cavitating and imploding EDBL
improved the plasma membrane permeability (i.e.,
formation of pores), which enhanced the amount of
DOX uptake by tumor cells and subsequently
induced the enhancement of tumor cell death.

Here we established an in viiro delivery system
for EDBL into oral squamous cell carcinoma cells
using sonoporation. Our results showed that
gingival squamous cell carcinoma cells underwent
apoptosis following delivery of DOX. Further
research is necessary to validate our findings in
vivo and ultimately to reduce the DOX dose
required to achieve a high therapeutic ratio. Our
results demonstrated that the EDBL in combination
with ultrasound might be a new strategy to improve
the efficiency and safety of conventional

chemotherapy treatment.
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A case of synchronous multiple primary carcinomas of the tongue mucoepidermoid
carcinoma and lower gingival squamous cell carcinoma in the oral cavity
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Abstract

We report a case of synchronous multiple primary carcinomas of the tongue mucoepidermoid carcinoma
and lower gingival squamous cell carcinoma of a 60-years-old woman. She was referred to our department
with the chief complaint of a mass in the underside of tongue, which had persisted for 1 year. The mass
had clear border and mobility and we found white lesion on the left lower gingiva. Pathological examination
of a biopsy specimen revealed mucoepidermoid carcinoma in tongue and well differentiated squamous cell
carcinoma in lower gingiva. Tumor resection was performed under general anesthesia. The patient has

been well and free from the disease for 5 years.

Key words : synchronous multiple primary carcinoma / mucoepidermoid carcinoma / squamous cell carcinoma
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A Case of Alveolar Bone Resorption Due to a Lateral Root Canal

Hiroshi Iwatani ', Michihiko Usui ?, Keisuke Nakashima *

'Twatani dental clinic

*Division of Periodontology, Department of Oral Functions, Faculty of Dentistry, Kyushu Dental University

Abstract

Fifty-three years old female visited a dental clinic with a chief complain of uncomfortable feeling during
mastication at left molars in mandibular. The lower left first premolar reacted to a vertical percussion test
and was diagnosed as not vital by electric pulp test. Diffuse radiolucent lesion was observed on a X-ray
image at distal to the dental root. Moreover, a large lateral root canal was revealed to extend from half of
the root to the lesion with dental cone-beam CT. Root canal treatment was performed as usual with
application of calcium hydroxide in root canal. Root canals were finally filled with gutta-percha points and
a sealer after 3-month follow-up. The diffuse radiolucent lesion was not observed on X-ray image one year
after the root canal filling with good prognosis. Definite diagnosis with dental cone-beam CT is very

important as there are a number of reasons for bone resorption lateral to a dental root.

Key words : lateral root canal, lateral radiolucent lesion, dental cone-beam CT
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