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commercial preparation, Photofrin [2], which does not con-
tain boron. This photosensitizer has been shown to localize
preferentially in glioma relative to normal brain tissue.
Moreover, reports of PDT as a treatment for animal and
human glioma have been encouraging, and a photosensi-
tizer that is more tumor selective than HpD or Photofrin
would have great clinical benefits.

In this study, our results showed the positive efficacy of
PDT using HoOCP in a colony-forming assay (Fig. 3) and
in tumorigenesis of in vitro pre-treated cells in Fisher
rats (Fig. 4). Additionally, HoOCP accumulated within
the glioma cells to a significantly higher extent than BPA
or BSH (P < 0.05), and was retained inside the cell to
approximately the same extent as BSH (Fig. 2). Based on
these findings, we postulated that HoOCP could be applied to
both PDT and BNCT for treatment of glioma tumors. In the
fluorescence mieroscopy experiment, although the cells in
the bright field image showed evidence of cytotoxic damage
(Fig. 5A), the cytotoxicity of HoOCP in dark conditions was
not observed, even at double the concentration of HoOCP
used in the fluorescence microscopy experiment. Therefore,
we considered that the damage tothe cells in the bright field
image was most probably due to technical complications
related to irradiation with the laser during imaging, rather
than to the cytotoxic effects of HoOCP itself. Furthermore,
H,OCP was shown to be taken up by F98 rat glioma cells
{Fig. 5B-D). Therefore, our results suggest that HoOCP can
be used intraoperatively for photodynamic diagnosis (PDD)
and fluorescence-guided resection of brain tumors.

Pre-operative administration of a boronated porphyrin
has a number of advantages in the clinical setting. As
noted previously, boronated porphyrins are useful in
PDD and in fluorescence-guided resection of brain tumors
during surgery. Using fluoreseence-guided resection of
such tumors during surgery, the resection rate can be aug-
mented, with expected further improvements in patient
prognosis [25]. In addition, boronated porphyrins can be
used with intra-operative PDT and post-operative BNCT.
Although the initial results with commonly used photosen-
sitizers for PDT such as Photofrin (or its unpurified form
HpD) were very encouraging, treatment failures did oceur,
mainly due to the limited penetration of light into the
brain. In cases with deep lesions, PDT alone may be
inadequate to achieve complete tumor treatment, and it
would be preferable in such cases to use BNCT as a supple-
mentary treatment, with boron-containing porphyrin as a
photosensitizer. Fairchild et al. [26] reported that thermal
and epithermal neutrons are transported to a depth of
approximately 10 ecminfact, BNCT hasbeenshowntotreat
deeplesions. Since boronated porphyrins can beeffective for
BNCT asboron delivery agents while retaining their photo-
sensitizer ability, the limited penetration of light can be
overcome using a combination of BNCT and PDT for the
treatment of human gliomas.
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patients with malignant gliomas because of the tumor’s tendency
to microscopically infiltrate the surrounding normal tissue. To
overcome this infiltrative nature, it is necessary to selective[y
deliver a higher concentration of anticancer or radiation sensi-
tizing agents into tumor tissue compared with the surrounding
normal brain tissue. We are focusing on developing boron
neutron capture therapy (BNCT) to achieve greater tumor-
selective killing and therefore therapeutic efficacy.

At our instirution, we have clinically applied BNCT since
2002 as an essential adjuvant therapy for padents with recurrent
or newly diagnosed malignant gliomas'® and have achieved su-
petior outcomes compared with those by standard therapies using
fractionated radiographic treatments.” BNCT is based on the
nuclear capture and fission reactions that occur when boron-10
(*“B), a nonradioactive constituent of natural elemental boron, is
irradiated with low-energy thermal neutrons to produce high-
energy a particdes and recoiling lithium-7 nuclei. These have high
linear energy transfer and path lengths of approximately 9 and
5 pm, respectively, which theoretically allow them to discharge
their energy within *°B-concaining cells.® Thus, to achieve potent
tumor-selective antitumor efficacy, it is important to have a sig-
nificant differential uptake of °B between tumor cells and normal
cells. This should enable BNCT to reduce damage to normal
tissues compared with other radiation therapies.

Today, clinically used sodium borocaptate (BSH) is transferred
to brain tumors only through the disrupted blood-brain bartier
(BBB), so it is difficult for BSH to reach regions that tumor cells
invade microscopically where the BBB seems to be intact. On the
other hand, boronophenylalanine, which transfers boron via
L-type amino acid transporter, can deliver '°B even in the in-
filtrating tumor cell population where the BBB is intact. How-
ever, some amounts of B are inevitably taken into the normal
cells by boronophenylalanine systemic administration. Moreover,
the native heterogeneity of malignant gliomas interferes with the
ability to accurately target the tumor. Recent reports have de-
lincated boron delivery systems (BDSs) to improve molecular
targeting of malignant gliomas.”® Previously we reported on the
effectiveness of transferrin-conjugated polyethylene glycol (PEG)
(TF-PEG) liposome encapsulating BSH administered in-
travenously, with regard to its ability to target tumor cells and to
increase the accumulation of B in tumor tissue.

To improve the efficacy of tumor targeting under systemic
administration, the circulation time of a BDS in the blood needs to
be lengthened. Unfortunately, systemic administration of a BDS
increases the capture of !°B-labeled molecules in the re-
ticuloendothelial system of the liver and spleen, which may cause
adverse effects. To solve these problems, we adopted convection-
enhanced delivery (CED) for drug administration. This technique
enables the delivery of boron compounds to the tumor cells in the
brain without going through the disrupted BBB. CED, a method
for local drug infusion directly into the brain,'® enables the dis-
tribution of any drugs homogeneously in the brain, keeping high
concentration at the target site without mechanical damage to the
surrounding normal tssue. CED depends on the bulk flow in the
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interstitial space produced by continuous slow infusion into the
brain under low positive pressure. Using this method, it is theo-
retically possible to deliver drugs to regions where tumor cells
invade microscopically with little accumuladon in the blood and
other organs. Moreover, because it does not depend on the mo-
lecular weight of the infused agent, this method allows us to widely
select many kinds of therapeutic agents or carriers for them, such as
liposomes, dendrimers, and nanotubes.”*"** Today, some clinical
trials of targeted toxins with epidermal growth factor receptor,
transferrin receptot, interleukin-13 receptor, and intetleukin-4
receptor are reported.8’1 Li6-18

In BNCT, there is some interval before neutron irradiation,
unlike with chemotherapies or therapies by toxins. This interval
derives from the nontoxicity of BDS, and it enables us to estimate
the distribution of infusion agents before neutron irradiation. We
developed a novel liposomal BDS mechanism that encapsulates
BSH and an iodine contrast agent, making it possible to trace the
intracerebral distribution of the drug by computed tomography
(CT).”” We evaluated 2 BDSs: PEG liposome encapsulating
both BSH and Tomeprol (PEG liposome [BSH, Iomeprol]) and
TE-PEG liposome (BSH, lomeprol} administered by CED in rat
brain tumor models.

MATERIALS AND METHODS

Preparation of the Boron Compounds

BSH was purchased from Katchem (Prague, Czech Republic).
Tomeprol was used as an fodine contrast agent for CT scanning. Tomeprol
MW777.09, concentration 612.4 mg/mL; Jomeron 300; Eisai, Tokyo,
Japan), which is very soluble in water and contains 300 mg/mL
organically bound fodine, was used as the imaging tracer. PEG liposome
(BSH, Iomeprol) and TF-PEG liposome (BSH, Iomegrol) were prepared
by one of the authors (S.K.) as reported previously.2 T'ransferrin (1:60
transferrin:phospholipid molar ratio; phospholipid concentration,
0.2 mM) (Wako Pure Chernical Industries, Osaka, Japan) was conjugated
o the distal ends of 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine-
n-[poly(ethyleneglycol)]-hydroxy succinamide (Nippon Oil and Fats,
Tokyo, Japan) in micelles at room temperature for 1 hour with gentle
stiring. TF-PEG  distearoylphosphatidylethanolamine (DSPE) was
transferred to preformed PEG liposomes (64:33:3 dipalmitoylphos-
phatidylcholine (DPPC):cholesterol:DSPE-PEG molar ratio; size <150
nm) loaded with 300 mM BSH:Iomeprol at a 1:1 volume ratio using the
micelle transfer method at a 1:33 TF-PEG-DSPE:liposome molar ratio,
at 45°C for 3 hours. Both PEG liposome (BSH, Iomeprol) and TF-PEG
liposome (BSH, Tomeprol) were prepared using the protocol described
by Wei et al’ with slight modifications.

To evaluate possible adverse effects of PEG liposome (BSH, lomeprol)
and TF-PEG liposome (BSH, Iomeprol) on normal brain parenchyma,
12 Fischer 344 male rats (200-230 g, £344 NSlc; Japan SLC, Shizuoka,
Japan) wete given a 20-pg °B infusion of either BDS (n = 6 per BDS)
into the right hemisphere by CED. Body weight was measured just
before the CED procedure and on days 7 and 14 after the procedure.
Some of the rats that were administered either BDS were euthanized on
day 7 after the CED procedure for histological evaluation and were
petfused with 4% paraformaldehyde; their brains were then processed
for histological examination with hematoxylin and eosin staining,
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DISCUSSION
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with BSH. Using imaging technology, such as CT, this liposomal
BDS was successfully visualized and its distribution was well
recognized on CT imaging even when injected into the small
brain of the rat by CED.

In BNCT, unlike other therapies with cytotoxic agents such as

targeted toxins® or anticancer drugs, the infused agent itself has no
cytotoxicity until neutron irradiation is applied. So if some tech-
nical errors, such as those that Saito et al mentioned, in CED were
revealed on a CT image (eg, an undesirable diseribution of BDS
that leaked into the cerebral ventricle or subarachnoid spacc),
neutron irradiation could be postponed so that the safety of the
therapy would be ensured. Rousseau et al*® reported the efficacy of
an iodine tracer not only as a tumor contrast agent on CT imaging
but also as a dose-enhancement agent for synchrotron stereotactic
radiotherapy. Their method also required precise tumor targeting,
so they should have encountered the same problems as those in our
study with regard to BNCT. They also adopted CED to improve
iodine distribution for synchrotron stereotactic radiotherapy
treatment and mentioned that its efficacy and safety in that CED
can achieve high iodine concentrations in the target area and low
iodine concentrations in the surrounding healthy brain tissues and
blood vessels. With or without cytotoxicity of the infused agent,
visualization through clinical imaging is essential for the treatment
of malighant brain tumors.
.+ In the current study, some problems arose. First, it has not
been solved how the infused BDSs, liposomes, and encapsulated
BSH and Iomeprol were metabolized. In Figures 2 and 4, '°B
concentration in tumor tissue is not proportional to Hounsfield
unit value at the concerned time. This shows that there is a dif-
ference in behavior after injection between BSH and Iomeprol. If
the metabolic kinetics of the BDS were disclosed, it would enable
us to evaluate the '°B concentration in tumor tissue by CT and
Hounsfield unit value. We overcame one of the important
problems of CED that caused undesirable distribution of the
BDS, such as Ieaking into the cerebral ventricle or subarachnoid
space, by co-encapsulation with drug and contrast agent for CT
imaging. However, distribution of the BDS was accurately
tracked by the CT imaging. Second, we could not apply neutron
irradiation to evaluate the true toxicity and the therapeutic
efficacy of this BDS in the current study because both reactors
(KUR and JRR4) in Japan had been unavailable because of
tepaits and the change to uranium as fuel.

In the next step of our work, we expect to confirm that our
novel strategy can obtain higher efficacy in BNCT.
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Abstract Bevacizumab is expected to constitute a new
treatment modality for radiation necrosis. In the present
cases, we observed a recurrence of radiation necrosis
after temporary improvement by bevacizumab treatment.
Re-treatment with bevacizumab controlled the necrosis
again. A 39-year-old male and a 57-year-old female were
diagnosed with glioblastoma and lung cancer metastasis,
respectively. The former patient underwent partial resec-
tion of the glioblastoma, followed by boron neutron capture
therapy (BNCT) and 30 Gy of fractionated X-ray radio-
therapy. Eleven months after BNCT, he suffered from left
hemiparesis and convulsions with enlargement of a peri-
focal edema. The latter patient underwent stereotactic
radiosurgery twice for the same tumor. Three months after
the second radiosurgery, she had an uncontrollable con-
vulsion and right hemiplegia with a massive perifocal
edema. Both lesions were suggested to be radiation nec-
roses by positron emission tomography using amino acids
as a tracer. Neither patient responded to corticosteroids,
anticoagulants, or vitamin E. They underwent treatment
with 5 mg/kg bevacizumab biweekly, for a total of 6
cycles. The size of the perifocal edema was clearly reduced
in response to the treatments. The neurological status of the
patients improved concomitant with therapy. However, the
clinical status of both patients was aggravated several
months after the bevacizumab was stopped, and the peri-
focal edemas enlarged again. The patients underwent a
second treatment with bevacizumab, and the perifocal
edemas again decreased. Although radiation necrosis may
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recur several months after bevacizamab freatment, repe-
ated bevacizumab treatments also appear to be effective.

Keywords Bevacizumab - Boron neutron capture
therapy - Brain edema - Glioblastoma, metastatic brain
tumor - Radiation necrosis

Bevacizumab is a humanized murine monoclonal antibody
against the vascular endothelial growth factor (VEGF)
ligand that has been approved by the FDA in the U.S. to
treat colorectal cancer, non-small cell lung cancer, renal
cancer, breast cancer, and glioblastoma multiforme [1-3].
In addition, preliminary studies reported that bevacizomab
was effective for treating radiation necrosis in the central
nervous system [6, 7]. These studies led to a randomized
controlled trial that demonstrated class I evidence of the
efficacy of bevacizumab treatment for progressive radia-
tion necrosis [8]. In the present work, we report our use of
bevacizumab to treat two patients who showed signs of
radiation necrosis after radiotherapy for a metastatic brain
tumor and a glioblastoma, respectively. In both cases, rapid
improvement was achieved both clinically and neurora-
diologically after the initial treatment, but the patients
worsened several months after the bevacizumab treatment
was stopped, and thus a second round of bevacizumab
therapy was used. We report the results of these two cases.

Case 1

A 39-year-old male had a right parietal cystic glioblastoma.
Fluoride-labeled boronophenylalanine (BPA)-positron emis-
sion tomography (PET) was applied for the residual
lesion, and the lesion/mormal tissue (L/N) ratio was 3.0
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{Fig. 1a). This L/N ratio was representative of glioblastoma
[9]. An L/N ratio of greater than 2.5 is strongly suggestive
of tamor progression in. newly-diagnosed or ‘recurrent
glioblastomas, while an L/N ratio of less than 2.0'suggests a
high possibility of radiation ne¢rosis or pseudoprogression
[9" 10]. Tumor-selective particle radiation, boron neutron
‘capture therapy (BNCT) were applied with a minimum
tamor dose of 42.3 Gy-Eq and 4 maximum brain dose of
11.9 Gy-Eq [10, 11]. Here, Gy-Eq (gray-equivalent). cor-
responds to.an X-ray dose that can yield effects equivalent
‘to'totdl BNCT radiation [10]. This treatment was followed
by 30 Gy fractionated X-ray ‘treatment, -according to our
‘recent: protocol [12], .and temozolomide as adJuvant che-
‘motherapy. The residual tumor was decreased in size
follow-up magnetic resonance (MR) images.

Eleven months after. BNCT, left hemiparesis: and con-
vulsions recurred and the MR images showed re-enlarge-
ment of the gadolininm-enhanced lesion with petifocal
‘edema (Fig. 2a, b). BPA-PET was re-applied to-determine
‘whether the lesion represented a radiation necrosis or local
‘tumor progression. The L/N' ratio in this PET was 1.9,
‘which. suggested that ‘the lesion was indeed radiation
necrosis (Fig. 1by [9]. Corticosteroids, anticoagulants, and
vitamin E were all iried and were not.effective.

The patient underwent treatment with. bevacizumab of
5 mg/kg biweekly for 6 cycles in total. MR images revealed
‘that the perilesional edemnia and gadolininm-enhanced lesion
-werereduced in size, as sho.wn'ihﬁFige. 2¢,d. The convulsions
‘were controlled with anticonvulsants, and thé hemiparesis
‘improved without use of glucocorticoids.

The patient was restarted on: treatment with. anticoagu-
lants and vitamin B. Six months later, however, his neuro-
‘Togical status was aggravated and MR images demionstrated
abnormal enhancement and progression of the perifocal
edema (Fig: 32, b). BPA-PET yielded.an L/N ratio of 2.1,
-suggesting the recurrence’ of radiation necrosis (Fig. lc).
‘The L/N ratios in Fig. 2b-and ¢ were almost the same (1.9
and 2.1); and compatible with radiation necrosis. He was
‘again treated with. 5 mg/kg of bevacizumab- every other
week. After 3 cycles of bevacizumab, MR images. again
‘demonstrated a decrease in the perifocal edema and post-
gadolinium enhancement (Fig. 3¢, d), and the treatment was

]ﬁg, 1 Serial BPA-PET study
in Case 1, a; BPA-PET just’
‘prior’to "BNCT (L/N ‘ratio: 3.0).
‘b: BPA-PET taken: at the first
aggravation of clinical
symptoms and neuroimages
(L/N ratio: 1. 9). ¢ BPA-PET
taken at the 2nd aggravation
(LN ratio: 2,1}

@ Springer

Fig. 2 FLAIR MR images before treatment of bevacizumab (a),:and
after 6 ¢ycles of bevacizumab 5 mg/kg (c). Postcontrast T1-weighled
MR images before treatment with bevacizumab-(h}), and after 6 cycles

‘of bevacizimab 5 mg/kg (d). Upper row an extended hyperintense

area: obviously reduced after hevacizumab treatment. Lower row a.

‘postcontrast-enhanced lesion indistinct after-bevacizumab treatment

Stopped. At the- time of this writing, the: patient has been
doing ‘well for more than 4 months without worsening of

clinical symptoms.

Case 2

A 57-year-old. female experienced a seizure and was

diagnosed ‘with a brain metastasis in the left motor strip,

which was dérived from lung cancer. She underwent

repetitive stereotactic radiosurgery (SRS} with a total

marginal dose of 49 Gy over a 6-month interval. Three
mionths after the second SRS, her seizures became uncon-
trollable ‘and right hemiplegia occurred.. MR images

revealed a progression of perifocal edema and an enhanced

lesion (Fig. 4a, b):
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Fig. 3 FLAIR MR images before the second treatment with

bevacizumab (a) and after 3 cycles of bevacizumab 5 mg/kg {c).
Postcontrast T1-weighted MR images before the second treatment
with bevacizumab (b) and after 3 cycles of bevacizumab 5 mg/kg (d)

Upper row an enlarged hyperintense area apparently decreased after”
the second bevacizumab treatment. Lower row postcontrast enhance-.’

ment became vague after the second bevacizumab treatment

BPA-PET showed ‘a low uptake of BPA, and an L/N

She was treated with 5 mg/kg of bevacizumab every
other week. MR images obtained 1 week after one dose
showed a dramatic reduction in the hyperintense area on
fluid-attenuated inversién recovery (FLAIR) images and
attenuation of the abnormal enhanced area on gadolinium-
enhanced T1-weighted images (Fig. 4c, d). Subsequent MR

. images were obtained 1 week after 6 cycles and demon- .
strated a further decrease in the FLATR-hyperintense lesion

(Fig 4e). The patient’s hemiparesis consistently improved,

_and she was able to walk by herself. Her performance ‘
. status improved from grade 2 to grade 3.

- At this time, her treatment was reduced to smlply ant.l- E
- coagul_angs. and ‘vitamin B. Three months later, her yhcml-l s

) _paresis -was aggravated and ‘comput:éd .tomogréphic
- imaging revealed an enlarged low-density area (Fig. 5a)’

. .She underwent a second bevacizumab trcatment After 2. . -
. cycles of bevacizamab, the MR i Lmages showed a decrease . i
. in perifocal edema (Fig. 5b), but new mulnplc metastatlc.}f'_~ .
_The bevacizumab  treatment " was - therefore-~ . . =

"¢ lesions.
: discontmued. o

: Dlscussmn

ratio of 1.8. Together with the MR findings, these results, -

suggested that the lesion was a radiation necrosis. Her

clinical symptoms did not respond to increasing doses of -

steroids or other medical treatments.

Fig. 4 FLAIR MR images
before treatment with
‘bevacizumab (a), 1 week after
one dose of bevacizamab 5 mg/
kg (c), and after 6 cycles (e).
Postcontrast T1-weighted MR
images before treatment with
bevacizumab (b) and 1 week
after one dose of bevacizumab
5 mg/kg (d). Upper row a
hyperintense area progressively
and dramatically reduced after
administration of bevacizumab.
Lower row a postcontrast
enhancement obscured after
bevacizumab treatment

333

'»'-Recently, new radiation theraplcs such as BNCT SRS

proton beam radiation, and -intensity-modulated radiation

~.therapy, have been performed for patients with malignant
gliomas. These high-dose radiation therapeutics have been -

improving patient.survival [11-14], but radiation necrosis -
in the brain has become a more serious problem.- Current
treatments for radiation necrosis of the brain include the
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Fig. 5 A computed tomographic image 3 months after the first
bevacizumab treatment (a) and a FLAIR MR image after 2 cycles

‘of the second bevacizumab treatment (b). A perilesional ‘edema

- decreased after the second bevacizumab treatment

use of corticosteroids, anticoagulants, and vitamin E, as
" well as hyperbaric oxygenation and surgical resection [15-
 19]. Corticosteroids are often effective in the early phase of
radiation injury, but are ineffectual in late radiation injury.
Radiation injury includes damage of the vascular endo-
thelial cells, leading to an increase in vascular permeability
[20, 21]. Bevacizumab.is theoretically effective against
radiation injury because VEGF is known as a vascular
" permeability factor [22]. Gonzalez et al. [6] first reported
the effects of bevacizumab on radiation necrosis of brain
tumors. They reviewed the cases of 8 patients with recur-
rent malignant gliomas and radiation necrosis who were
treated with bevacizumab, and in some cases with tem-
ozolomide or other anticancer agents as well; Radiation
necrosis was diagnosed by biopsy in 2 of these patients and
by MR images in 6. All 8 patients showed improvement on
MR images within 8 weeks of the bevacizomab treatment.
Another report by Torcuator et al. [7] also demonstrated
the effectiveness of bevacizumab on cerebral radiation
necrosis. They confirmed radiation necrosis by biopsy in all
6 -patients. Neither of these earlier reports mentioned
whether or not radiation necrosis recurred:
- In the present case reports, radiation necrosis recurred
~several months after bevacizumab treatment in both
patients. Our patients showed the same initial response to
bevacizumab as in the two previous reports. However, in
our cases, the bevacizumab treatment did not permanently
eradicate the radiation necrosis, and the necrosis recurred.
We found bevacizumab effective in treating recurrent
radiation necrosis. In the study reported by Levin et al. [8],
three patients benefited by retreatment with bevacizumab.
In our report, we also found that radiation necrosis can be
controlled with bevacizumab treatment as initial treatment
as well as in the event of post-bevacizumab recurrence of
-radiation necrosis. _
Our diagnosis of radiation necrosis was based on
BPA-PET and serial MR images. Although the findings of

@ Springer

BPA-PET were correlated to histopathological results in
our previous study [9], BPA-PET is not a proven radio-
graphic modality. Therefore, our patients were presumed to
have radiation necrosis, because the histopathological
findings of biopsy or surgical resection are considered
definitive for a diagnosis of radiation necrosis. Surgical
resection is an important modality if brain edema does not
respond to medical treatment and the lesions are resectable.
In one of the present cases, because the lesion itself
involved the motor strip, a lesionectomy was out of the
question. Based on the present findings, bevacizumab can be
considered a new treatment modality for both new and
recurrent radiation necrosis of the brain, especially for
unresectable lesions, as shown here. Its use would influence
not only the treatment strategy for radiation necrosis, but
also radiotherapeutic dose planning for unresectable tumors.

Conclusion

We used bevacizumab in the treatment of two patients with
radiation necrosis of brain tumors. Several months later,
however, radiation necrosis recurred in both patients.
Repeated therapy with bevacizumab was similarly effec-
tive against the recurrent radiation necrosis. Moreover,
bevacizumab appears to be an effective treatment for
radiation necrosis, especially for lesions located in an
eloquent area because radiation necrosis in this area is
surgically inaccessible.
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Clear cell sarcoma (CCS) is a rare:melanocytic. malignant tumor with a poor prognosis. Our previous:
study demonstrated that in.vitro culturéd CCS cells have the ability to highly uptake i-BPA:and thus
boron neutron capture therapy-could be a new: option for €CS treatment. This- ‘paper: proved that a:
remarkably h1gh accumulation of 1°B (45 74 ppm) intumor:was obtained evenina CCS-bearing-animal’
with & well-controlled biodistribution - followed by intravenous -administration: of' (-BPA-fructose’
complex (500 mg BPA/kg).

©2011 Elsevier Ltd. All rights reserved.

1. Introduction

_ Cléar cell sarcoma. (CCS), a rare melanocytic malignant tumor
‘witha predilection for young adults, is of poor prognosis. Since its
‘treatment other'than surgical resection is lacking, a:new:clinical
.approach for its management is-required (Weiss and Goldblum,
2001).

Melanoma cells preferentially take.up p—borono—L—phenylala—
‘nine (1-BPA} becauise its chemnical structure is similar to tyrosine
‘required for melanogenesis. Therefore, --BPA has. been used in
boron neutron capture: therapy (BNCT) for: malignant melanoma
(Mishima et al., 1989). €CS is alsa capable of producing melanin:
‘Similarity in melannogensxs ‘between melanoma and CCS pro-
mises high BPA: uptake by CCS. Indeed, we: have proved that
remarkab]e uptake of BPA with an extremely High level, ie;:80 ug
1"B]g cells, took place when CCS'was exposed to BPA-containing
cell culture medium in vitro (Fujimoto et al., in press). Thus, BNCT
using 1-BPA is expected to be a new clinical option for the

* Corresponding author. Tel.: +8178'974 1551; fax: +81 78 974 4314
E‘mail address: ichikawa@pharm.kobegakuin:acjp (H. [¢hikawa).

09869-8043/5 - see front matter © 2011 Elseviér Ltd. All rights reserved.
-d06i:10.1016/j.apradis¢.2011:02.005
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treatment of CCS, provided that such ‘a high accumulation of
boron in /CCS'can berealized even invive under a well-controlled’
biodistribution of 1-BPA.

In the present study, we are a;mmg at: mvestxgatmg in vivo
biodistribution of 1-BPA in a CCS-bearing animal model. For this.
purpose, €CS cell line -of human origin' (MP-CCS-SY) was
employed. and’ a. €CS-bearing animal .model was established by
subcutaneous: transplantation. of MP-CCS-SY ‘to-nude mice. Bio-
distribution of [-BPA. followed by its intravenous administration
into: the. €CS- bearmg nude ‘mice thus obtained was evaluated.
Additionally, the tumor resected from the BPA-gwen mice was
assessed with immunohistological examination using anti-BPA
monoclonal antibody to visualize microscopic distribution of BPA
in the tumor tissue.

2. Materials and methods .
2.1. “Chemicals

1-BPA (*°B enriched) was kindly-supplied by Stella Pharma
Corporation (Osaka, Japan). Fructose, perchloric acid (HCIO, 60%),
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hydrogen peroxide {H,0,, 30%) and boron: standard solution:
(1000 p.g/m].} were purchased from Nacalai Tesque Inc Syoto;
I 000 ug,

Japan, Inc. {Kyota, ]apan)

2.2 Cell

The NMP-CCS-SY established from the bone metdstatic tissue of
a 17-years- -old. girl ‘was employed as’ & human CCS cell fine
(Momake et al, 2002): The' melanogenesis of MP-CC5:5Y has
beeri reported previously: the melanosome was identified by
-electron-microscopic: ‘appearancé -and indirect: immunofluore-
sence for: melanoma associated anngens (Montake et al, 2002)
The MP-CCS-SY cellswere ¢ 1m-Co.
taining pemc1 (100 U[m[.} streptomycm {100 ug/mL) and 10%
heat<inactivated fetal bovine serum, and incubated in a’ humidiz
fied atmosphere of 5% CO, in:airat 37 °C.

2.3, Animal and: tumor

All animal expériments were performed according to. the
.regulatxons of ‘the Animal Care and Use. Committee of Kobe:
,Gakum University ((Kobe; Japan). Four-weeks-old female. BALBY.
cAjcl—nu{nu nude mlce (body welght of apprmc 15 g) were'

15 107 MP-CCS-SY cells was‘subcutaneously {s: c } 1mplanted into
‘the dorsal or femoral region of the nude mice: These two models
‘were used inbiodistibution studies of 1-BPA.

24. Biedistribution: gf‘BPA-'Ff

‘When 'the MP-CCS-SY tumor in each: mouse (body. wenght of

tion-in dorsal region (A, Fujimoto et al,

Photographs showmg CCS forma :
ignificant angiogenesis can be seen

E 5) and.femoral region (B) of nu
. especxa[ly in the.dorsal region..
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Fig..1. Time course changes.of “’B ‘concentration iri tissues afrer iv: administration of BPA-Fr (500'mg BPA/kg): to:nude mice' having MP-CCS-5Y ir‘dorsal région (@ )and
those in femoral region: (O) b p=005, e p <001, s:gruﬁcantly different fromi‘the '°Biconcentration of dorsal: regxon Fach value represents the medn.4+5.D.: (n= 3)
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femeoral vein to.each tumor bearing nude mouse under anesthesia
‘with diethyl ether. At predetermined. time intervals after dosing,
blood. sample was collected by cardiac puncture under ‘deep
.anesthesia and then residual bloed in the organs was removed
by saline perfusion: Subséquently, the nude mice were sacrificed
with diethyl ether: Tissue samples including the liver, spleen,
Kidney, lung, brain and tumor were collected immediately,
‘washed with saline and hght]y blotted to remove any excess
blood :and water. The skin and muscle were collected from the
nates of the mice. The liver; kidney, brain .and turmior were
homogenized by ahigh-speed homegenizer.

2:5. ‘Histological evaluation

‘Th‘e tumor' mass was resected from the ddrsally MP—‘CCS"SY~
istration of BPA-Fr (500 mg BPA/kg) under anesthesta with- dlethyl
ether. This mass'was routmely processed by fixation in formalin
for. overmght at 20-23°C and then embedded in parafﬁn‘ ‘Serial
tissue-sections were cut from: the paraffin:block, placed on-glass
-slides and dried.overnight. A partof the sections was stained with
hematoxylin-eosin- (H.E.) according to standard protocols: for
hlstologtcal examination. Separately, | some of the sections were
incubated with anti-BPA Mab; stained with LSAB2 kit/HRP (DAB)
and ‘then: counterstained with hematoxylin by the procedure
described in the literature (Nakagawa, 2006) to-visualize micro-
_scopic distribution of 1-BPA in the tumor tissues.

2.6; Determination of boron

Quantitative .determination of boron. was carried out by
the :inductively coupled pIasma atomic ‘emission spectrometric
‘(ICP AES) method. A welghed sample of tissues or homogenates
~(typ1cally 100-200mg} was hermetlcally digested with HCIO4
(0.6:mLyand H;0, (1.2 mL) for48 hat75°C. The resulting solution
was diluted with ultra pure water to be 5mL in total volume,
followed by filtration with 2045 pm chsposable filter unit. Boron

concentration in each sample. was determined by. ICP-AES. (SPS.
3100, SH NanoTechnology Inc., Tokyo; Japan). The emission
intensity. was ‘measured. at .249.773 nm. The calibration curve
obtained from: dilutes. of: the boren standard solution (1000 ug/mL)»
‘was:linear in the range of 0.2-10 pg/mlL.

3. Results.and discussion

The biodistribution data of boron after Lv: administration: of
BPA-Fr (500 mg BPA/kg) are shown in Fig. 1. As a general tendency,
the boron: cancentrations in blood, spleen; quney‘ liver and skin
decreased -rapidly ‘after i administration of BPA-Fr. The peak
boron concentrations did not exceed 25 pg:'°Bfgin the liver, spleen,
brain, lung, muscle: and skin, while the tranmently high ‘boron
concentration was found. in. lddney In contrast, the boron.concen=
tration in tumeor increased rapidly, peaked at’ 1 or 1:5 hours,’ and.
subsequently decayed with. titne: The peak: concentration reached
7apg 198/g wet ‘tumor tissue {ppm}- for- dorsally tumor-bearing’
mice and 45 ppm for femorally tumer-bearing mice, respectively
(F;g 1).'This ¢oncentration was hlgher than the'minimum effective’
concentration of boron, i.e., 20-30 ug '%Bjg (Barth et al., 1992) in
BNCT; Such a high heron concentration in the CCS-bearing : animals
would be attributable to a' “high cell—uptake and/or cell-affinity of
1-BPA (Fujimoto et al, in press):

The dorsally tiumor-bearing mice showed:significantly higher
peak boron concentrations in tamor, ccmpared ‘with the:fenio-:
rally tumor-bearing mice (Fig. 1). As represented in Fig. 2, the'CCS.
in'dorsal region resulted in somewhat more‘distinct angiogenesis
than the CCS in femoral region. This difference in.the extent of
angiogenesis may account for the higher boron concentration in.
dorsally tumor-bearing mice.

Both. tumor-to-blood (T/B) and tumor-to-skin (T/S) ratios
should be large enough in order to avoid radiobiological damage
to the normal skin. The T/B-and T/S:ratios-at:1.hour after admini-
stration’ of BPA-Fr in dorsally tumor-bearing mice were 9.2 and
4.5, respectwely, while those*at:1.5. hour after admiiristration of

Fig: 3. Mlemgraphs (100°'x} showing tumor $éctions (T) with the sirrounding normal tissues (N) resécted fromi BPA-administeréd: miice (A. B, D) and non-BPA-.
-administered mice (negative’control, C). A ‘Hematoxylin-Eosin staining; B-D! immuniostaining with:anti-BPA-MAbD. D feprésents a‘magnified: nmage (x400) of B:

338



