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Induction of multinucleation in oral squamous cell carcinoma tissue
with mutated p53 surviving boron neutron capture therapy
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Abstract

Purpose:  To clarify the role of p53 in boron neutron capture therapy (BNCT) for oral squamous cell carcinoma (SCC), the
effect of BNCT on oral SCC xenografts with either wild-type or mutant-type p53 was examined.

Mazerials and methods:  Oral SCC cells expressing either wild-type (SAS/neo) or mutant-type p53 (SAS/mp53) were used to
produce nude mouse tumours. Tumour-bearing mice received boronophenylalanine (BPA) at a dose of 250 mg/kg and
turnours were exposed to neutron irradiation.

Results:  After BNCT, the growth of SAS/neo and SAS/mp53 tumours was suppressed remarkably and all tumours became
undetectable within two weeks. However, three of six SAS/mp53 tumours showed regrowth in two months. Histological
examingtion of BNCT-treated tumours revealed chromosomal condensation, micronucleation, nuclear segmentation and
intra~ and intercelluar vacuolation. Notably, multinucleated giant cells appeared in SAS/mp53 tumours early after BNCT,
suggesting mitotic catastrophe. In SAS/mp53 tumours treated with BNCT, a rapid decrease in phosphorylated cell division
cycle 2 (cdc2) and a high level of cyclin Bl, required for premature mitosis, were observed.

Conclusion: These results indicate that BNCT suppressed oral SCC xenografts in nude mice efficiently, burt cells survived in
mutant-type p53 tumours. BNCT induces multinucleation which represents prestage of apoptosis or necrosis in oral SCC

with mutant-type p53, but it may be also associated with the recurrence of BNCT-treated tumours.

Keywords: boron neutron caprure therapy, p53, mitoric cell death, muitinucleation, oral squamous cell carcinoma

Introduction

The primary treatment of oral squamous cell
carcinoma (SCC) consists of surgery and radiation
therapy with or without chemotherapy, but there are
a number of patients who show loco-regional
recurrence (Wong et al. 2003, Palme et al. 2004).
At more advanced stages, the radical removal of
tumours results in severe deformities in the face and
oral cavity. For patients whose cancers are consid-
ered inoperable and recur after primary therapy, new
therapeutic strategies are required.

Boron neutron capture therapy (BNCT) is a
binary system, involving the taking up of boron-10
(*°B)-enriched compounds by tumour cells and
irradiation with thermal neutrons. !°B absorbs a
thermal neutron and yields an a(*He) particle and a

lithium (“Li) nucleus, which have high linear energy
transfer (LET) and path lengths in water of 5-
10 um. The success of BNCT is dependent on the
selective uptake of sufficient amounts of !°B into
tumour cells as compared with surrounding normal
tssues (Coderre and Morris 1999, Barth et al. 2005).
BNCT has been demonstrated effective in the
treatment of brain tumours, melanoma of the skin,
metastatic liver tumours and locally advanced head
and neck carcinomas (Fukuda et al. 2003, Kato et al.
2004, Kankaanranta et al, 2007, Miyatake et al.
2009, Zonta et al. 2009).

The cytotoxic effect of ionising radiation (IR) is
mediated through pleiotropic mechanisms, which
include interaction and damage of genomic DNA
followed by activation of DNA damage-induced
signaling pathways in a p53-dependent as well as
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p53-independent manner. These pathways culmi-
nate in cell cycle arrest and/or apoptosis, necrosis,
autophagy or mitotic catastrophe (Debatin and
Krammer 2004, Okada and Mak 2004).

Mitotic catastrophe, also known as mitotic death,
has been widely described in cancer cells with
mutant-type p53 in response to genotoxic damage
and was initially characterised by chromosome
missegregation followed by aberrant mitosis or
imperfect cell division, leading to the formadon of
multinucleated cells (Erenpreisa and Cragg 2001).
Most researchers considered that mitotic catastrophe
represents a prestage of apoptosis or necrosis
(Vakifahmetoghu et al. 2008). On the other hand,
there is an opinion that it can be a mechanism of
genotoxic resistance (Erenpreisa and Cragg 2001).
Thus, mitotic catastrophe is controversial. Gamma
ray irradiation, carbon-ion beams, iodine-131 and
chemotherapeutic agents such as doxorubicin, cis-
platin and paclitaxe] have been shown to induce
mitotic catastrophe (Ianzini et al. 2006, Vakifahme-
rogiu et al. 2008, Maalouf et al. 2009). With regard
to BNCT, apoptosis has been detected in a small
proportion of treated SCC cells (Masunaga et al.
2002, Kamida et al. 2006, Aromando et al, 2009),
but other type of cell death such as mitotic
catastrophe in response to BNCT has not. In the
present study, we produced nude mouse tumours
using oral SCC cells expressing wild- or mutant-type
p53 with the same background and examined
whether morphological alterations representing mi-
totic catastrophe can be induced by BNCT in a p53-
independent manner. The results suggest that
BNCT induces muldnucleation in oral SCC with
mutant-type p53, being accompanied by the recur-
rence of treated tumours.

Materials and methods
Cells

The oral SCC cell line SAS with the phenotype of
wild-type p53 in IR-induced signal transduction was
obtained from Japanese Collection of Research
Bioresources (Tokyo, Japan). SAS cells were trans-
fected with the plasmid pC53-248 containing an
mp53 gene (codon 248, from Arg to Trp) to produce
a dominant negative mp33 protein or with the
control plasmid pCMV-Neo-Bam, which contains a
neo-resistance marker. The stable transfectants SAS/
mp53 and SAS/neo were used (Ota et al. 2000).
These oral SCC cell lines were cultured in Dulbec-
co’s modified Eagle’s medium supplemented with
10% fetal bovine serum, 2 mM L-glutamine, 100 ug/
ml penicillin, and 100 mg/ml streptomycin at 37°C
in a humidified atmosphere with 5% COs,.

Boron compounds and boron analysis

The boron compound boronophenylalanine (BPA)
was purchased from Boron Biologicals, Inc. (Raleigh,
NC, USA) and converted to a fructose complex to
increase its solubility following the method reported
by Coderre et al. (1994). The aqueous solution of
BPA was prepared at a concentration of 250 mg/ml
(21.28 mg '°B/ml) and injected into mice carrying
oral SCC intraperitoneally. Tumours and facial skin
were sampled for 198 measurements. Tissues were
placed in Teflon tubes and '°B concentrations were
measured by prompt gamma-ray spectrometry using a
thermal neutron guide installed at the Kyoto Uni-
versity Reactor (IKUR) (Obayashi et al. 2004, Kamida
et al. 2006). Six samples were used to determine the
concentrations of B,

BNCT for oral SCC xenografis in nude mice

To generate tumours, 1 x 10° SAS/nec or SAS/
mp53 cells were inoculated subcutaneously into the
back of the leg of 5-week-old female Balb/c nude
mice (Clea Japan Inc., Tokyo, Japan). When the
tumours were approximately 5 mm in diameter, the
animals were used for experiments. The time from
cell inoculation to BNCT was approximately 7 days
in each group. Two hours after the intraperitoneal
injection of BPA at a dose of 250 mg/kg, animals
with either SAS/meo or SAS/mp53 tumours were
given neutrons. Animals that received either SAS/
neo or SAS/mp53 cells were also left untreated as a
control. .

Neutron irradiation was delivered via a neutron
beam at 5 MW (thermal neutron mode 00-0011) in
the KUR. During the irradiation for 70 min, the
mouse was held statonary in a custom-designed
acrylic resin box from which the tumour-bearing legs
were pulled out through a narrow slit and fixed with
adhesive. A LiF thermoplastc plate with a hole that
defined the irradiation field was placed on the
animal, so that only the tumour-bearing leg was
exposed to the neutron beam., Neutron fluence was
measured from the radioactivation of gold foil (3 mm
in diameter, 0.05 mm thick) placed at the front
and back of the tumours (Kamida et al. 2006). The
average fluence of thermal neutrons was 8.19 X
10'2 n/cm? and the average flux was 1.95 x 10° o/
cm?/s. Thermoluminescent dosimeters placed at the
back of the tumours were used to measure con-
taminated y-ray dosimetty and the dose of y-rays was
1.41 Gy. The irradiation dose commponents were
described previously (Kamida et al. 2008).The
experiment was started at the time of neutron
irradiation. Tumour length (L) and width (W) were
measured every 3-4 days. Tumour volume (V) was
determined by the formula: V=LW?2. Six tumours




in each group were measured. Experiments using
nude mice were performed with the approval of the
Insttute of Laboratory Animals, Osaka University
Graduate School of Dentistry.

Histological ination and # g

Tumour tissue fixed in 10% formalin was embedded
in paraffin. Sections were deparaffinised, rehydrated
and ined with h lin and eosin (H-E).
Multinucleated giant cells with more than six
nuclei were counted in at least three samples taken
from different time points and the mean values +
standard deviation (SD) per 1,000 tumour cells were
determined.

Immunoblot analysis

Tumour tissue was washed in phosphate-buffered
saline (PBS) and homogenised in a buffer containing
20 mM Tris-HCl (pH 7.4), 0.1% sodium dodecyl
sulfate (SDS), 1% TritonX-100, 1% sodium deox-
ycholate and a protease inhibitor cocktail. After
sonication on ice and subsequent centrifugation at
15,000 g for 10 min at 4°C, the supernatant was
collected and the protein concentration was deter-
mined using a Protein Assay Kit (Bio-Rad, Hercules,
CA, USA). Protein (20 ug) was electrophoresed
through a polyacrylamide gel and transferred to a
polyvinylidene fluoride membrane by electroblot-
ting. The membrane was probed with antibodies and
antibody-binding was detected using an enhanced
chemiluminescence kit (Amersham Life Science,
Arlington Heights, IL, USA) according to the
manufacturer’s instructions. Antibodies used were
as follows: Mouse monoclonal antibodies against
P53, p53 phosphorylated at serine-15, retinoblasto-
ma (Rb), cyclin Bl, and p-actin, and rabbit
polyclonal antibodies against Weel (a nuclear kinase
belonging to the serine/threonine family of protein
kinases in the fission yeast Schizosaccharomyces
pombe), Rb phosphorylated at serine-807/811, cell
division cycle 2 (cdc2), and cdc2 phosphorylated at
tyrosine-15. Antibodies against p53 and f-actin were
obtained from Oncogene (San Diego, CA, USA) and
Sigma (St Louis, MO, USA), respectively. Other
antibodies were from Cell Signaling Technology
(Beverly, MA, USA).

Results

9B concentrations in tumour and normal skin afier BPA
administration

Nude mice carrying human oral SCC were given
BPA intraperitoneally at a dose of 250 mg/kg body
weight and the biodistribution of '°B in the tumour
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and surrounding skin was measured 2 h later. The
1°B concentration in the SAS/neo tumours was
16.56 + 0.93 ppm, while that in skin was
4.35 + 0.87 ppm. The '°B concentration in SAS/
mp53 tumours was 17.30 + 1.25 ppm, while that in
surrounding skin was 4.59 + 0.98. The tumour/skin
198 ratio was 3.81 in SAS/neo and 3.77 in SAS/mp53
tumours.

Effect of BNCT on the growth of tumours

Tumour-bearing mice were given BPA at a dose of
250 mg/kg body weight and tumours were exposed to
neutron irradiation 2 h later. The total dose for SAS/
neo and SAS/mp53 tumours was 12.50 + 0.57 and
12.95 + 0.76 Gy, respectively. In untreated animals,
both SAS/neo and SAS/mp53 tumours continued to
grow and were 660 + 310 mm? and 910 + 483 mm’®
at 27 days after the start of the experiment (Figure 1).
When tumours were subjected to BNCT, tumour
growth was markedly inhibited, irrespective of p53
status. After two weeks, both SAS/neo and SAS/
mp53 tumours became undetectable and all BNCT-
treated SAS/neo tumours remained undetectable
during the experimental period. However, three of
six SAS/mp53 tumours increased in volume from 60
days after BNCT and grew to 320 + 828 mm? at 75
days.

Histological examination of BNCT-treated tumours

Tumour-bearing mice received BPA and neutron
irradiation and were sacrificed 6, 12, 24, and 48 h
after BNCT. Untreated and BNCT-treated tumours
were subjected to histological examination (Figure
2). In SAS/neo tumours, chromosomal condensa-
tion, micrc 1 nuclear jon and
intracellular vacuolation occurred throughout the
tissue 6 h after BNCT (Figure 2C, 2D). Thereafter,
intercellular vacuoles increased, indicating a rapid
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Figure 1. Effect of BNCT on the growth of tumours. Nude mice
carrying SAS/neo (e) or SAS/mp53 (¢) tumours received a BPA
injection at a dose of 250 mg/kg and then peutron irradiation.
Animals with SAS/neo (O) and SAS/mp53 (¢) tumours were left
untreated as a control, Data are means + SD of six tumours.
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loss of viable cells (Figure 2E-H). In contrast, there
was no damage of normal skin. In SAS/mp53 cells,
chromosomal condensation, micronucleation, nucle-
ar segmentation and vacuolation were also observed,
but multinucleated giant cells appeared at 6h
(Figure 3C, 3D). In multinucleated giant cells,
mitotic figures were observed. These cells were
isolated from neighbouring cells by intercellular
space, so that nests of giant cells were produced in

the tumour tissues. Thereafter, nuclear heterogeneity
became more prominent, but the number and size of
multinucleated cells were reduced (Figure 3E, 3F).
At 48 h after BNCT, fibroblasts proliferated to form
granulation tissue (Figure 3G, 3H).

In SAS/mp53 tumours, there were a number of
multinucleated giant cells. Although the appear-
ance of giant cells was peculiar to BNCT-treated
tumours with mutant-type of p53, tetraploid cells

Figure 2. The histological findings of BNCT-treated SAS/neo tumours. Nude mice carrying SAS/neo tumours were treated as described in
Figure 1 and sacrificed at 6 (C, D), 12 (B, F),and 48 (G, H) h after BNCT and the tumours were subjected to histol 1 inati
Tumours in untreated control animals were also examined (A, B). Bars, 200 ym in A, C, Eand G, and 50 ym in B, D, F and H.




