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may augment contrast enhancement on MRI or perilesional
edema. Here, let us introduce corroboration from two
previous reports that VEGF is a key molecule for inducing
edema in RN. In one of those reports, overexpression of
VEGF caused leaky and pathological angiogenesis in
several gene therapy models [22]. In the other report,
inhibition of VEGF decreased cerebral edema in rodent
occlusive cerebrovascular disease models [23, 24]. In
addition, results of other animal experiments directly sug-
gested that VEGF is a key molecule in RN [25, 26].

Tissue hypoxia was found to be a potent inducer of
VEGF expression in several organs, including the CNS
[27]. It is known that transmission of important signals
induced by hypoxia is mediated by the transcription factor
HIF-1, and that strong HIF-1-mediated upregulation of
VEGF occurs under hypoxia in various systems [28-30]. In
our series, we demonstrated that focal hypoxia existed at
the perinecrotic area, as shown in Fig. S$2, by the immu-
nohistological staining of HIF-la. Taking these results
together, we speculate that this hypoxic condition existing
in contiguity with the necrotic core may trigger production
of VEGF in reactive astrocytes via upregulation of HIF-1a,
and that these cells seem to be the main source of VEGF in
- RN in the brain, as stated in “Results.”

It is difficult to prove clearly that these VEGF-producing
“cells in RN are really reactive and nontumor astrocytes,
- especially in RN derived from malignant astrocytic tumors,
- since malignant tumor cells can also produce VEGF.

However, the confluence of VEGF-producing astrocytes
was similarly recognized in the perinecrotic area from
-malignant meningioma, raetastatic brain tumor, and even in
cerebral RN caused by radiotherapy for head and neck
malignancies.

Endothelial cells may be another possible source of
VEGF in RN [31]. Here we demonstrated that endothelial
cells (not only in the wall of telangiectasis but also in
endothelial proliferation) do not prominently produce
VEGF in comparison with reactive astrocytes {data not
shown). Therefore, we can conclude that the main VEGF
source in RN in humans is its marginal gliosis consisting of
concentrated reactive astrocytes, irrespective of the origi-
nal tumor histology or the kinds of radiation treatment
modality. This means that, when we apply surgical resec-
tion of necrotic tissue against symptomatic RN, most of the
VEGF source can be efficiently removed only by several
millimeters of extensive resection of the external gliosis
layer in contiguity with the necrotic core. We have already
reported that fluorescence of protoporphyrin IX (PpIX)
derived from 5-ALA is helpful for intraoperative detection
of this gliosis layer [32].

Calvo et al. [33] reported that blood vessel dilation and
astrocyte hypertrophy/hyperplasia were observed in radia-
tion injury in the brain using animal experiments, which is
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consistent with our observation in a study of humans. They
reported that these pathological changes occurred prior to
the formation of histological necrosis, although it is
uncertain whether this was the case also our human study.
The literature indicates that telangiectasis as well as cap-
illary collapse occur with wall thickening and hyalinization
in RN [34-37]. Telangiectasis is also reported to be a result
of genesis of collateral blood flow against ischemia caused
by obstruction of small venullae and arterioles, as reported
in a monograph by Burger and Boyko [38]. During the
early phase of RN, there is a highly characteristic fibrinoid
necrosis of the small venullae and arterioles that is fol-
lowed by necrosis of the surrounding brain parenchyma.
This hyalinization of the vessels and fibrinoid necrosis as
pathologic evidence of RN were also observed in our series
{(data not shown). Thus, in this early phase of RN, antico-
agulants may be effective for maintaining microcirculation
by preventing thrombotic obstruction in such small
venullae and arterioles and consequent suppression of the
secondary formation of telangiectasis following aggrava-
tion of cerebral edema. Clinically, we experience rapid
shrinkage of the perilesional edema after excision of both
the perinecrotic area and the necrotic center in RN. The
outcomes of this intervention can be improved by intra-
operative use of 5-ALLA, as we reported elsewhere [32].
Red fluorescence of PpIX is considered a good detector of
the gliosis layer, which consists mainly of reactive astro-
cytes existing in the perinecrotic tissue. Typical clinical
outcomes for removal of necrotic tissue using the 5-ALA
system are shown in Fig. 4.

We also demonstrated the dramatic ability of bev-
acizumab to decrease perilesional edema in our RN cases,
as shown in Fig. S3. As Table 1 shows, both surgical
removal of the necrotic foci and treatment with bev-
acizamab each improved the majority of cases, with
improvements in performance status and decrease in
required steroid dose. As we described in case 16, radiation
necrosis may recur after a transient improvement by a
surgical procedure. Also, we recently reported that RN
recurred in some cases even after improvement by bev-
acizumab treatment [13]. All recurrent cases of RN, whe-
ther after surgical or bevacizumab treatment, responded
well to rechallenge by bevacizamab.

In conclusion, the findings described in this manuscript
suggest that VEGF-producing astrocytes concentrated in
the perinecrotic area might be a universal cause of path-
ological angiogenesis and the subsequent perilesional
edema typically found in RN of the brain, irrespective of
the applied radiation modality, the irradiated tamor his-
tology, and whether or not the tumor exists in the brain.
Medical treatment with anti-VEGF antibody, bev-
acizamab or surgical resection of necrotic tissue may
serve to decrease this edema and provide immediate
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symptomatic improvements stemming from efficient
reduction of VEGF in the brain.
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‘Available online 21 Marchi2011 ‘Recently, we reported. oiit clinical experiences of boron retitron capture therapy (BNCT) for the mewly
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Phase 1I elinical study

'dxagnosed glxoblastoma The major differences -of our protocol from the:other ‘past studies were
simultaneous use’ of both ‘sodium. borocapate ‘and boronophenylalamne and ‘¢ombination with
fractionated X-ray irradiation.

These results showed the. efficacy of combmatmn therapy with external beam X-ray irradiation and
BNCT. For our:future study, wé planned the multi-¢entric phase 1l clinical study for: newly diagnosed
glioblastoma:patients in Japan (OSAKA-TRIBRAINO902, NCI00974987).
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1. Intfodirction

Recently, we analyzed and reported our clinical:experiences of
boron nreutron capture therapy (BNCT)-for the newly diagnosed
mahgnant glioma patients abata ¢ 09). These results
showed: the efficacy of combination therapy, with external beam
X:ray irradiation dnd BNCT: Based.on this study, we planned. the
multi-centric phase T clinical study. named.
Capture Therapy, Radiation ‘Therapy,. and, Temozolomide-in Treating
‘Patients with Newly: Diggnosed Glioblastomea Multiformie” (OSAKA-
TRIBRAINOS0Z, NCT009745987).

2. Methods/design

P’l‘ior to design of new version of 'the pmtocol for mu’lti—cen’tric

w1th mallgnant ghoma treated by BNCI’ Main part of ‘the retro-
‘spective-analysis was as follows: 1 overall survival, 2 efficacy of
additional fractionated X-ray lrradxatlon. 3 admxmstranon of the
‘boron compounds, and 4 toxicity. This project-was: approved by
‘the Ethical Committee of Osaka Medical Collége and by the: BNCT
Cormmittee of Kyoto University Research Reactor Institute; Japan

o Corresponding author. Tel.: +8172683 1221; fax; 8172681 1674.
‘E-mail address: neu046@pohosaka—med acjp.(S. Kawabata)

0969-8043/5 - se¢ front matter & 2011 Elsevier Lid. All rights reserved.
‘d6i:10.1016j.apradise.2011.03:014

‘Boron Neutron

‘103 months (95,4 Cl~ 7.4%132 log—rank test p=0.
-ratio (HR)=0.40).

Atomic: Energy ‘Agency. ‘Indivyidual”c;‘a‘ses ‘were discussed and

;selected by the latter committe¢ and the signing of the informed
-consent by each patient. Based on this retrospective-analysis, the
_multi-centric phase II-élini¢al stiidy wag planned.

‘3. Result
.3.1. Retrospective analysis:of our previous:clinical studies:

-3.1:1. Overalf survival

Patients treated with BNCT (n=21) had a median survwal time
(MST ) 0f 15 6 months (95% conﬁdence mterval (CI) .

3.1.2. ‘Efficacy of additional fractionated X-ray irradiation:

The MST of the patients ‘treated. with BNCT followed by
XRT boost:was 23.5 months: (95% Cl: 10. 2—undetermined, HR
(vs. ‘control)=0.32) after .diagnosis {n=11), and that of the

‘patients treated with BNCT only (7=10) was 14.1 months: (95%
Cl:. :19.9-18:5);, although the difference was not statistically
‘significant-anong these two groups.
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3.1.3. Administration of the boron compounds

In our previous study for all the patients with malignant brain
tumor included several doses of boron compounds especially for
BPA, 250, 500, 700 mg/kg body weight. Blood boron concentration
was increased by escalation of the BPA dose. The continuous
infusion with reduced BPA dose during irradiation (400 mg/fkg for
2h+100mg/kg for 1h, previously used for head and neck cancer
in KURRI) was also used and this was useful for dose estimation of
BNCT because the blood boron concentration similar as 700 mg
BPA/kg was kept during irradiation whereas a decline of the blood
level was remarkable when we terminated BPA just before
neutron irradiation.

3.1.4. Toxicity

Adverse events were assessed by common terminology criteria
for adverse events (CTCAE) v3.0. Grade 3/4 blood/bone marrow
toxicity (hemoglobin, leukocytes, neutrophils, and platelets) were
11% in 250 mg/kg, 17% in 500 mg/kg, and 28% in 700 mg/kg. Other
Grade 3/4 adverse events (seizure, AST, ALT, amylase, creatinine)
were 64% in 250 mg/kg, 25% in 500 mgfkg, and 63% in 700 mg/kg.
All of these adverse events were reversible and transient. Radia-
tion induced edema and/or necrosis occurred mainly in the area
that was available for high-dose irradiation by BNCT nearly the
surface of the brain of the patients treated with BNCT+XRT.

3.2. Newly designed protocol for multi-centric study

The major differences of our newly planned protocol from the
other past BNCT studies were simultaneous use of both sodium
borocapate (BSH) and boronophenylalanine (BPA) (Kawabata
et al,, 2003; Miyatake et al., 2005, 2009b), and combination with
X-ray irradiation (XRT) (Fig. 1} (Kawabata et al, 2009). In our
single institution experience, this protocol was significantly
beneficial for extent of survival of the patients with newly
diagnosed glioblastoma {GB).

3.2.1. Protocol objectives

A phase II, multi-center, study for newly diagnosed GBs using
BNCT, additional 24 Gy XRT with 3 gradient and concomitant and
adjuvant chemotherapy with temozolomide (TMZ) (Fig. 2} is
conducted to evaluate overall survival as primary endpoint and
tumor response and adverse effects as secondary endpoints.

3.2.2. Outline
Protocol treatments consist of BNCT, additional 24 Gy XRT and
chemotherapy with TMZ. Prescription dose by BNCT is regulated

Fig. 1. This is an image illustraton of the protocol combined with BNCT and
3 gradient fractionated XRT. The details refer to the methods/design section.
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Fig. 2. This figure shows a flow of overall treatment, using boron neutron capture
therapy(BNCT), additional 24 Gy X-ray irradiation (XRT) with 3 gradient and
concomitant and adjuvant chemotherapy with temozolomide (TMZ). The most
important point in our protocol is diagnosis and treatment of radiation effects
using '®F-BPA-PET study during follow-up, not only for dose planning.

Total 24Gy (2Gy x 12fr)

Fig. 3. This figure shows a method of XRT, additional 24 Gy (2Gy daily x 12
fractions) XRT with 3 gradient, concretely.

as not to be more than 13 Gy-Eq for normal brain. Additional XRT
is given with 3 gradient such as 8, 16, and 24 Gy from the surface
of scalp to the bottom of tumor infiltrated zone (Fig. 3).
Chemotherapy with TMZ is applied concomitantly during XRT
treatments and adjuvant chemotherapy with the same agent is
repeated in outpatient clinic (Stupp et al., 2005).

3.2.3. Protocol entry criteria/disease characteristics
Newly diagnosed GB patients whose histology is confirmed by
surgery are included in the study.

3.2.4. Patient characteristics/inclusion criteria

Histopathology: newly diagnosed GB, age range: over 15 and
up to 75 years, Karnofsky performance status: more than 60%.

All inclusion criteria for the study:

(1)} Patients with definitive newly diagnosed GB by histo-
pathology. (2) The tumor locates at a supra-tentorial hemisphere.
(3} The deepest part of the tumor should be less than 6 cm from
the scalp. Even if the bottom of the tumor is more than 6 cm from
the scalp, the patients may be included in the study, if the air
instillation into tumor-removed cavity is possible (Kawabata
et al., 2009; Miyatake et al., 2009b; Sakurai et al., 2006). (4) Life
expectancy is more than 3 months. (5) Patients who demonstrate
appropriate bone marrow, hepatic, and renal functions in labora-
tory tests within four weeks before the registration. (a} Leukocyte
count >3000/uL, (b) Hemoglobin level >8.0g/dL, (c) Platelet
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count >10.0x10%puL, (d) Serum creatine level <1.5mg/dL,
(e} ALT levels <100 IUJ/L, and (f) AST levels =< 100IU/L.
(6) Patients who agreed to participate in this study.

All exclusion criteria for the study:

(1) Patients who have been treated with chemotherapy or
radiotherapy. (2) Female patients in definitive or possible preg-
nancy or in breast-feeding. (3) Patients with phenylketonuria. (4)
Patients with grade III or IV in New York Heart Association
(NYHA) classification. (5) Patients with cerebrospinal fluid (CSF)
dissemination. (&) Other patients whose participation in the
present study is considered inappropriate by a Principal Investi-
gator or Clinical Investigator.

3.2.5. Projected accrual

Target number of subjects was settled as 45 cases. The total
number of the patients required in this study is estimated based
on our previous BNCT results (Kawabata et al, 2009) and
analyzed by Shoenfeld & Richter method with a significant level
of 0.05, a power of 80%, registration period of 2 years and follow
up period of 2 years, 2.5 months therapy gain by TMZ use.
Because about 10% of patients would not be evaluated, the sample
size was set at 45 cases.

3.2.6. Statistical section
Outcome (Primary Outcome: overall survival, Secondary
Outcome: (1) tumor response and (2) adverse effects)

4. Discussions

Glioblastoma (GB) is currently not curable and the prognosis of
it is very poor. A world-wide standard care of newly diagnosed GB
is postoperative XRT with concomitant and adjuvant chemother-
apy with new alkylating agent TMZ. This standard treatment for
newly diagnosed GB prolonged the median survival time (MST) of
patients from 12.1 to 14.6 months in comparison with XRT alone,
which is still pessimistic clinical result of this disease. Therefore
an alternative promising treatment should be developed for the
improvement of the prognosis of newly diagnosed GB.

On the other hand, boron neutron capture therapy (BNCT) is
tumor-selective particle radiation. Tumor-seeking boron com-
pounds boronophenylalanine (BPA) and sodium borocapate
(BSH) can be delivered selectively in GB tissue with high contrast
of accumulation in comparison with normal brain tissue. This
tumor selective accumulation of boron compounds is followed by
neutron irradiation, which produced high linear energy transfer
particles (alpha particle and re-coiled Li nucleus). Thereafter these
particles can destroy tumor cells selectively with high efficiency
(Barth et al., 2005). The principal investigator of this clinical trial
published the excellent survival data of 21 cases of newly
diagnosed GB treated by BNCT with the MST of 15.6 months
without TMZ. Moreover additional 20-30 Gy XRT prolonged the
MST up to 23.5 months in 11 cases without TMZ (Kawabata et al.,
2009). These strategies were also confirmed by pre-clinical bench
works (Barth et al, 2004). These are the background of this
clinical trial. Thereafter in this trial, the protocol is composed of
BNCT, followed by 24Gy XRT with concomitant and adjuvant
chemotherapy with TMZ for newly diagnosed GB patients.

Based on our former BNCT clinical experience, we included the
following points in a new protocol. Use the two boron com-
pounds, BSH and BPA, in combination (Ono et al, 1999;
Yokoyama et al., 2006). The schedule of the administration of
boron compounds is settled as follows: 13 h before the neutron
irradiation, 100mgjkg of BSH will be intravenously infused
for 1h, and 500mgfkg of BPA will be infused continuously
200mg/kg/h for 2h before the irradiation and reduced for

100 mg/kg/h during irradiation to the patients. During continuous
BPA infusion of reduced dose as 100 mg/kg, neutrons irradiation is
performed. Limiting factor for the irradiation time is settled for
the normal brain dose as 13 Gy-Eq. Based on our previous clinical
study (Kawabata et al., 2009), the Hazard ratio of BNCT vs. XRT
was simulated as 0.4; so the total estimated number of the
patients who should be included in our new study became 45
totally. Primary endpoint is overall survival and these patients
will be followed up for 2 years after the last patient treatment.
The most important point in our protocol is diagnosis and
treatment of radiation effects such as swelling, radiation induced
edema, transient expansion of the tumor, pseudo-progressionf
response, and radiation necrosis. '8F-BPA-PET study is included
for the diagnosis of these pathologies (Imaheri et al, 1998;
Miyashita et al., 2008; Miyatake et al., 2009a).

Seven Japanese neurosurgical institutions were already
entered for this study (September, 2010). These institute does
not have ongoing other clinical trials for newly diagnosed GB. The
protocol was approved for each IRB in all of these. Also in these
6 institutes, we retrospectively reviewed all of the patients with
same inclusion criteria (as same as TRIBRAINO902) treated by
conventional XRT/TMZ+TMZ therapy (Stupp et al, 2005). These
patients will be followed up for 2 years and will be compared
with our phase II clinical data (BNCT+XRT/TMZ+TMZ).
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Application of a Novel Boronated Porphyrin (H:OCP) as a
Dual Sensitizer for Both PDT and BNCT
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Background and Objective: Boronated porphyrins have
emerged as promising dual sensitizers for use in both photo-
dynamic therapy (PDT) and boron neutron capture therapy
(BNCT), by virtue of their known tumor affinity, low
cytotoxicity indark conditions, and easy synthesiswith high
boron content. Octa-anionic 5,10,15,20-tetra[3,5-(nido-
carboranylmethyl)phenyl] porphyrin (HyOCP) is a boro-
nated porphyrin having eight boron clusters linked to the
porphyrin ring. To evaluate HoOCP’s applicability to both
PDT and BNCT, we performed an in vitro and ex vivo study
using F98 rat glioma cells.

Materials and Methods: We examined the time-depend-
ent cellular uptake of HoOCP by measuring the boron con-
centration over time, and compared the cellular uptake/
clearance of boron after exposure to HoOCP in conjunction
with boronophenylalanine (BPA) and sodium borocaptate
(BSH), both of which are currently used in clinical BNCT
studies. We evaluated the cytotoxicity of HoOCP-mediated
PDT using a colony-forming assay and assessed the tumor-
igenicity of the implantation of pre-treated cells using
Kaplan—-Meier survival curves. Fluorescence microscopy
was also performed to evaluate the cellular uptake
of HyOCP.

Results: HoOCP accumulated within cells to a greater
extent than BPA/BSH, and HyOCP was retained inside
the cells to approximately the same extent as BSH. The
cell-surviving fraction following laser irradiation (8 J/
em?, 18 hours after exposure to 10 pg B/ml H,OCP) was
<0.05. The median survival times of the pre-treated cell-
implanted rats were longer than those of the untreated
group (P < 0.05). The fluorescence of HoOCP was clearly
demonstrated within the tumor cells by fluorescence
microscopy.

Conclusions: H;OCP has been proven to be a promising
photosensitizer for PDT. H,OCP has also been proposed as
a potentially effective replacement of BPA or BSH, orasa
replacement of both BPA/BSH. Our study provides more
evidence that HoOCP could be an effective novel dual sensi-
tizing agent for use in both PDT and BNCT. Lasers Surg.
Med. 43:52-58, 2011. © 2011 Wiley-Liss, Inc.

Key words: boron neutron capture therapy; boronated

porphyrin; F98 rat glioma cells; HoOCP; photodynamic
diagnosis; photodynamic therapy

© 2011 Wiley-Liss, Inc.
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INTRODUCTION

The prognosis of patients with malignant glioma, especi-
ally glioblastoma (GB), is poor. The median survival of GB
patients is <2 years after the initial diagnosis [1], with
most recurrence occurring at the site of the original tumor.
Therefore, more aggressive local therapies are necessary
to eradicate unresectable tumor cells that invade adjacent
normal braintissue. Two adjuvant therapies with thepoten-
tial to destroy these cells are photodynamic therapy (PDT)
[2-4] and boron neutron capture therapy (BNCT) [5-8].
Both are bimodal therapies, the individual components of
which are non-toxic in isolation but tumoricidal in combi-
nation. Boronated porphyrins have emerged as promising
dual sensitizers for both PDT and BNCT by virtue of the
following characteristics: tumor affinity by the porphyrin
ring; ease of synthesis with a high boron content; low cyto-
toxicity in dark conditions; and desirable photophysical
properties, including strong light absorption in the visible
and near infrared regions, the ability to generate singlet
oxygen upon light activation, and fluorescence properties
[9,10]. Several boronated porphyrins have beensynthesized
and evaluated in cellular and animal studies [2,10]. Among
these, boronated porphyrins BOPP [11,12] and CuTCPH
[13], each containing four boron clusters, have been exten-
sively investigated. This type of boronated porphyrin was
found to selectively deliver therapeutic concentrations of
boron into tumor cells with low cytotoxicity in dark con-
ditions and with long retention times within tumors.
Boronated porphyrins having high boron content (up to
16 boron clusters) have been reported, [9,14] and it has been
postulated that this type of compound could potentially
deliver higher amounts of boron to tumors at the same dose.
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In particular, the synthesis and cellular evaluation of
theocta-anionic5,10,15,20-tetra[3,5—(nido—carboranylme-
thyl)phenyl] porphyrin (HoOCP), containing eight boron
clusters (38% boron by weight), have been reported pre-
viouslyby the authors [15]. Inthatstudy, HoOCPwas shown
todeliver high amounts ofboronto human glioma T98Gcells
with low cytotoxicity in dark conditions. In this study, we
evaluated the potential of HyOCP as a dual sensitizer for
both PDT and BNCT using F98 rat glioma cells. Although
several boronated porphyrins have been proposed as boron
delivery agents for BNCT, only a few have beeninvestigated
as dual sensitizers for both PDT and BNCT of tumors [3,16].

MATERIALS AND METHODS

Boron Delivery Agents

The HoOCP was prepared as previously described [15].
Boronophenylalanine (BPA) (L-isomer) was kindly supplied
by the Stella Chemifa Corporation (Osaka, Japan) and was
prepared as a fructose complex [17]. Sodium borocaptate
(BSH) was purchased from Katchem Ltd. (Katchem,
Prague, Czech Republic) and dissolved in sterile saline.

Cell Culture

F98 rat glioma cells produce infiltrating tumors in the
brainsofFischerrats[18]. Thetumors havebeenshowntobe
refractory to a number of treatment modalities, including
radiation therapy [19]. Based on their in vivo histology, the
F98rat glioma cellshavebeencharacterized as anaplasticor
undifferentiated glioma [20]. In the present study, F98 rat
glioma cells were kindly obtained from Dr. Barth (Depart-
ment of Pathology, the Ohio State University, Columbus,
OH). They were routinely cultivated in our laboratory in
Dulbecco’s Modified Eagle Medium supplemented with 10%
fetalbovineserumand penicillin at 37°Cinan atmosphere of
5% CQO,. All the materials for the culture medium were
purchased from Gibeo Invitrogen (Grand Island, NY).

Cellular Uptake/Clearance of Boron

The F98 rat glioma cells were seeded in 100 mm dishes
(BD Faleon™, Franklin Lakes, NJ), and the culture
medium without HoOCP was exchanged for the HoOCP-
containing culture medium just before confluence. In all
cellular studies, three 100 mm dishes for each cellular study
were used. HoOCP was dissolved in DMSO prior to dilution
into the culture medium; the final DMSO concentrations
never exceeded 1%. After the completion of exposure, the
H,OCP-containing culture medium was removed and the
cells were washed twice with 4°Cphosphate-buffered saline
(PBS). Finally, thecellswereretrieved using trypsinand fed
60% nitric acid in the cellular solution to extract intracellu-
lar boron. In order to evaluate the time-dependent boron
uptake, the cellswereexposed to 20 pg B/mlofH,OCP for 6,
12, or 18 hours. Cellular uptake/clearance experiments
were conducted using culture media containing 20 pg B/
ml boron from either the HoOCP, BPA, or BSH stock
solutions and were exposed to the cells for a 12-hour period,
followed by clearance times of 0, 2, and 6 hours. The boron
concentrations were analyzed by inductively coupled

plasma atomic emission spectrometry (ICP-AES) using
an iCAPB000 emission spectrometer (Hitachi High-
Technologies, Tokyo, Japan). PBS and trypsin were pur-
chased from Gibeo Invitrogen, and the 60% nitric acid
was purchased from Wako Pure Chemical Industries
(Osaka, Japan).

Colony-Forming Assay

F98 rat glioma cellswere incubated in culture media with
two different doses of HyOCP (5 and 10 p.g B/ml) and with-
out HyOCP (control) for 18 hours in 150 em® flasks (TPP®;
Zollstrasse, Trasadingen, Switzerland). Following incu-
bation, the cells were retrieved from the flasks, seeded onto
60 mm dishes (BD Falcon™?) with 10* cells each and irra-
diated with visible light of 405 nm from a dicde laser (Ball
Semiconductor, Frisco, TX). The cellswereevenlyirradiated
at powers of 0 (control), 2, 4, and 8 J/cm?. Following laser
irradiation, the cells were seeded onto dishes; each with
the same predetermined number of cells, iteratively.
After 7 days, all of the colonies (>50 cells) were counted
and assessed by calculating the cell-surviving fraction.

Tumorigenesis of In Vitro Pre-Treated
Tumor Cells

Inthe treated group, F98 cells were exposed to 20 pg B/ml
H,OCP for 12 hours at 37°C prior to laser irradiation (4 J/
em?), after which the tumor cells were implanted into 10 male
Fischer rats. As a control study, untreated 98 cells were
prepared and implanted in five male rats. Dead cells were
stained with trypan blue just before implantation, counted
under microscope, and expressed asa percentage of total cells
per field-of-view segment. Viable cells were counted and were
implanted into the rat brains. All male Fischer rats (200~
250 mg) were anesthetized with an intraperitoneal injection
of Nembutal (50 mg/kg) and placed in a stereotactic frame
(Model 900, David Kopf Instruments, Tujunga, CA). A mid-
line scalp incision was made and the bregma was identified.
A 1 mm burr hole was made in the right frontal region of
the skull and a 22-gauge needle attached to a 25 ul syringe
was inserted into the caudate nucleus using the same stereo-
tactic coordinates, with the needle tip inserted 5 mm into
the dura. An injection of 10° cells in 10 ul of serum free
medium was administered at a rate of 1 pl/minute. After
the infusion, the needle was left in place for 3 minutes and
the burr hole was then covered with bone wax. After implan-
tation surgery, the body weight and neurological function of
the rats were monitored daily. One day before death became
imminent (defined by significant weight loss and a lack of
activity or severe neurological deficits), the rats were euthan-
ized and Kaplan—Meier survival curves were plotted and
analyzed.

Cytotoxicity of H,OCP in Dark Conditions

We examined the cytotoxicity of H;OCPinthedark witha
viable cell-countingmethod anda colony-formingassay. F98
rat glioma cells were seeded in 100 mm dishes and were
incubated in culture media containing two different concen-
trations of HoOCP (0, 20 g B/ml) for cell counting. After
exposure to HyOCP for 24 hours, the cells were counted
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usmgthe trwpank blue dye exciusion method. This assay was

performedintriplicate. Theey totoxicityinthecellcountwas
asse%mi by the percentageofvi iableaf u&ii% Forthe culony-
forming assay, F98 rat glioma aeiis were’ seeded in 100:mm
dishesand were incubated in culture media containing five
differenteoncentrations of H,OCP 10,5, 10,20 L 40 g B/mi).

After exposure to H.OCP for 24 hours, the cells were
retrieved from the dishes and were seeded onto 100 mim

dishes, each with the same predetermined number of cells,
Thisassay was also performed in triplicate. After 7 days, sll
of the colonies (>50 cells) were eounted an(i assessed by
caleulation for the ce&bﬂmvmg fraction.

Fiuoresk;ence Mieroscopy

F98 rat glioma cells were seeded in a two-well chamber
maumed on glass slides with a cover (Nalge Nune
International, Rochester, NY andtheculture medinmwith-
out H,O0P was exchanged for the H,O0CP-containing eul-
ture medium just before confluence. The cells were exposed

020 pg B/mlH,0CP for 24 houvs, After exposure, the glass’

slides were washed with 4°C PBS and the two-well chamber
was removed. The nucleus-specific hoechst dye (Hoechst
33342, Lomsa Mar} and; MD) was addeé«( i0
the glass slides. mtmnted onta cover glasses using

Mountant for histology (44581, Fluka Biochemika;
Darmstadi, Germany). The two-well chamber slides weré
s inveried fluorescence microscope system.

phgery ad using
(BZ-8000, Keyence, Tokyo, Japan).

RESULTS
Cellular 'U@takéf(iléai‘ancé of Boron
The maasr.wed z,eliuiar ber orx concemratmm oi;ata;nec{ by
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ively. In contrast, at 6 hom's aﬁer ‘exposure th ceilai*u*
horon concentrations were 246.7 & 14.6, 84/ 37T,
B7.0:£ 48 ng Biml 1{)‘3 ceiIs? respecuvely‘ At the sama
boron dose, HsOCP delivered significuntly higher ammmt‘s
of boron to cells than did BPA or BSH (log-rank test,
P <0087 Fusthermore, while BPA cleared rapidly from
cells, both HLOCP and BSH showed high celiular retention
of boron for up to 6 hours (Fig. 2). '

Colony-Forming Assay
The cytotoxicity of HyOCUP determined by laser irvadia-
ton asmgam}z}nyfm ming assay showed that thesurviving
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usmvf 2 4 aml
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