has also been studied (11.12) and is considered a standard
treatment  for  patients  with o single  metastasis,
Radiation-induced necrosis. especially after WBRT, is a rare
but irrcversible complication (13), which leads 1o the fre-
quent use of SRS for the treatment of BM.

Withholding WBRT. SRS alone as upfront therapy is
thought 1o be an aliernative 1o BM (14=17). One prospective
study compared SRS alone with SRS plus WBRT (18).
which did not show a statistically significant difference in
terms of overall survival. A relatively small sample size,
decreased local control rate and lack of difference in neuro-
logical adverse events made it difficult to conclude that SRS
alone was not inferior to SRS plus WBRT (19). Although
this evidence confirms WBRT as standard treatmenrt, SRS
ulone is widely used in daily practice.

BM in breast cancer is unique. compared with BM in
other primarics, for certmn reasons. The first is the high inci-
dence of BM in breast cancer, especially in patients with the
Her2/neu subtype. which has already been mentioned. The
second is, BM in breast cancer is more radiosensitive than
that in other primary such us non-small cell lung cancer or
renal cell carcinoma. This may lead 1o better local control of
BM by WBRT only. The third is the better prognosis after
diagnosis of BM, especially in patients with Her2/neu posi-
tive subtype (20). This may lead to increased concern about
radiation necrosis and failure of local control. For these
rcasons. BM in breast cancer is uniquc in terms of risk-
benefit halance. A prospective trial, ideally exclusive to
breast cancer, is needed for optimal usage of SRS

As preparation for a future prospective trial, the task force
of the Japanese Breast Cancer Society made a questionnaire
survey of treatment choices for breast cancer patients
with BM.

PATIENTS AND METHODS

A totul of 351 survey questionnaires were sent to community
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raciation and medical oncologists. reflecting the current situ-
ation that most patieats with breast cancer arc treated by sur-
geons in Japan. The background characteristics of each
institution are summarized in Table 1. Both small and large
institutions were included in this survey. In many insti-
tutions, BM was a rare complication (60% ol instilutions
answered ‘<57 patients with BM every year). bul some insti-
tutions treat many BM patients (=20 patients per year). In
75% (125 of 155) of institwtions, the treatment decision is
made by a neurosurgeon and/or radiation oncologist

More than half the institutions (83 of 161) screencd for
BM. although no cvidence exists to support a screening strat-
cpy (Table 2). Timing of screcning lor BM differed.
although more than half of the insttutions with a screening
steatepy screen at discase progression. Some institulions
screened before starting trastuzumab.

Tabile 1. Ch cs of cach

i'muo'ry

=50
S1=100
101—150
151=200

Chirac ieristics

Numbser of new patients. yenl

201 over
Number of new BM yea =3
6-10
11-20
21 over

logisd in yoirnr hospital?  Yes

No

Stuff newsosirgeon in your hospital? — Yes
No

mamly made by Neurosul g

or academic breast logists who were board bers of
the Japanese Breast Cancer Society, in December 2005, For
most institutions. one breast oncologist was selected from
each institution. For some large institutions. two or more
oncologists were selecled, because they have multiple hospi-
tals or divisions that may have different treatment strategies
To avoid duplicated answers from the same treatment team,
we attached the statement asking to unite one answer from
one hospital or divisions. The questionnaire consists of 40
multiple choice guestions in about eight calegorics, such os
characteristics of hospitals, sereening for BM, operation,
mdiation, re-irmdiation, chemotherapy, SRS and cost

RESULTS

OF 240 institutions 1o which we sent survey questionnaires,
161 (67 1%) answered More than Y0% of answers were
obtained from surgical oncologists; the remainders were

Hreast oncologisi
Radianon oncologist

Confergnee

M, eain metasiasis

Table 2. Screening

LQueshnn Answel

Scroeming for BM Vs
No

I ves. when! At systemnic progression

Rounmely

Beloie Trasuzumab

e conditions
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Surgical rescction was less frequently used ac local
therapy for BM becausce ~75% of the institutions (118 of
160) answered ‘none or one case who received surgical
resection per year' (Table 3). The infrequent choice of surgi-
cal resection might be a result of the rigid indications lor
surgery. More than 60% of institutions answered that no evi-
dence of systemic discase except for BM, or controlled sys-
temic disease by systemic therapy was crucinl for surgical
rescction. WBRT, not SRS, was dominantly used for post-
operative radiotherapy.

The indication for WBRT is summarized in Tabhle 4,
Different fromn surgical resection, it was not dependent on
prognosis (B7% ol institutions answered that they considered
radiotherapy regardless of the prognosis, for symptom
reliel), Even in patients with a poor performance status,
WBRT can be used. More than 30% of institutions (52 of
161) answered that they would consider WBRT for paticuts
with ECOG PS 4. if clinically nesded. Eighty-one percent of

Table 3. Operation

Ouestion Caicgory Numbor %

BM surgery casex‘year  0-1 K 74
1% 37 2%
6-0 3 2
10 o mare 2 I

Indicauon for swigery  NED other than BM 45 a2
Stable systemic disease 33 il
Prognosis maore than & months 15 9
Regardless of progmasis, i 48 b
sympuoms treatable only by sungery

Post-surgery mdionion ~ WHRT 2 by

SKS 45 i

NED, no evidence of discase: WHRT, whole-brain aditherapy: SRS
seventactic adiosurgery

Tahle 4. Radiation

Question Cutegory Number
for RT  Prog E 24 4
Symplom mprovemmenn 136 wd
Upon reques i 2
PS Oaly 02 i3 33
Only U-3 it 15
© of PS 0 ahle i M4
Regandiesa of communication. upon ] a
sitation
RT, iaditherapy . S, perfi € Satus
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Table 5. Hepen mdiation

Quiestion: Caicgoay Number s

Re-RT afier WHRT™ Newver 1 20
Only SRS L 38
SRS o [ ocal R 1 13
I inchcated, 3 3
WHRT

Vo ndication of repeat iadiston Yeu tsome imerval 16 53

(local RT o WHRT L docs micnal needed )

Trwan firs WHRT nisties™ No 4 47

lfyml_upni eadimion (SRS, logal Will not 1ell » L

o e kT Wb
<% [ n
“a few percemtage” 19 17
ton aned o few %' 12 10
“J-40 ) 5

nstitutions (124 of |54 institutions) interrupted chemo-
therapy during WRRT, although some instilutions did not.

Table 5 summarizes the questions about re-irradiation for
patients who had progressed to BM afler WBRT. More than
80% of institutions answered thar they did not repeat radio-
therapy except for SRS. Interval as an indication for
re-irradiation is controversial. Sixteen institutions needed an
interval before re-irradiation, whercas another 14 institutions
did not. Regarding the risk of re-inadiation, most surgeons
estimatcd that the risk was greater than a few percent, but
did not present their estimate o patients numerically.

Table 6 izes the g about SRS and cost.
Only 7% (13 of 154) of institutions gave WBRT as their first
choice, although ~70% (100 of 154) answered *depend on
cases’. The indicution for SRS according to the metastatic
gite, size and the number of BMs largely influenced the treut-
ment decision. Concerning the indication lor SRS, Y8% (98
of 100) of institutions limited SRS for anly small (<3 cm)
lesions. Seventy-one percent (76 ol 108) of institutions
choose SRS only for patients with a limited number (<5
lesions) of BMs, Towever. 81% (117 of 144) of institutions
did not limit the number of sessions as long as neurosur-
geons techmeally permitted SRS. There was no consensus
concerning prognosis and PS as indications for SRS. SRS
was preferred o WBRT fur both safety (less dementia) and
efticacy (better BM control) reasons. The cost of SRS was
not precisely estimated by the majority of surgeons

DISCUSSION

This survey revealed that SRS s widely uscd as the first
choice for BM treatment for patients with breast cancer
m Japan. Many Japanese breast oncologists prefer SRS
1o WBRT us radimion therapy against BM. There are




Table 6. Stereotacuc sioswigen

Question Caregory Number "%
Fust choice of RT for BHM SRS 41 27
WHRT 13 ¥
Depends on coves 100 05
I yom answes “depomds on cases Masimum size mn
SR o what! Number of BAL 10U
Location of Al 45
Contral of 1%
systemic discase
s b
Financial stams E]
andl ofhers
Muaximum size T SRS <Zem k1) n
<l5¢m 12 1]
<dem o (1]
<4cm 2 2
Maximum nomber of BM for SRS Only single ] L]
24 73 fifl
j5-10 I8 i
No limitation m 14 110
uber
How contiol of sysienue disease Il good voniml. 12 43
mnfluchecs choiee of RT for BM? SRS
If pooc contil, ] 57
SRS
How pognosis miluences choice off SRS for poo ! 2)
RT for BM? prog.
SRS for botier i 12
Any prog. ITPSis 16 47
good
How many times will you repeat SRS Only once o 4
Twice 15 114
Thiee times L] 4
No limitation in 17 82
number
What 15 the main reason you avord Hair inss % w
WBRT" Désniésils 20 35
Long trewtment 1t ]
Worse RM control n i6
Fsperience of neurological Yus 39 27
disturbance after WERRT No 1 1
Do you know the cost of WBRT Yes 25 14
exactly? No 120 -
Do yoil know the cost of SRS evacily?  Yes 27 1]
N Iih R

discrepancies between NCON guideline recommendalions
and the practice in Japan. For example, tor a limited number
of BM, 30% of Japancse breast oncologisis use SRS as
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adjuvant treatment although NCON guidelines rec ul
WBRT as adjuvant treatment after surgery. For multiple
BM. 30% of Japanese breast oncologists use SRS for
paticnts with more than five BM, although NCCN guidelines
recommend WHRT. For both a limited number of, and mul-
tiple, BM 60% of Japancse breast oncologists use SRS,
although NCUN guidelines recommend WBRT for patients
with systemic disease refractory to aggressive treatment.
What causes these discrepancies, a preference for SRS and
reluctance to use WBRT? Our survey revealed that Japanese
breust oncologists believe that SRS is a safer and more
effective treatment than WBRT, as shown in Table 6.
Interestingly. one of the major concerns aboul WRBRT was
dementia, althongh 70% had not actally expenenced it.
Nonetheless, they did not limit the number of sessions lor
SRS. It seems that they believe that SRS is much safer than
WBRT. Lack of recoguition of the precise cost of SRS also
enhances this preference for SRS, because the current
national insurance system covers 70-90% of the total costs
of SRS. which costs 500 000 yen per session.

The present study suggests issues for future trials. First, as
shown in Table 1. the trcatment decision for BM s shared
by neurosurgeons and radiation oncologists. so their collab-
oration is essential. Another suggestion is the consideration
of screening. More than half of the institutions had screened
for BM although there is no supporting evidence. This
should be taken into aecount when designing a clinical trial
because screening may detect BM earlier in its clinical
course. influencing the treatment choice (fewer lesions may
lead to more SRS) and the survival of BM patients as a
result of lead-time bias. Preference for SRS and its reasons
are also important. A future trial on SRS should answer two
questions: first, is limitless repetition of SRS safer than
WBRT in terms of the long-term adverse ¢ffects of radio-
therapy? and second, is SRS superior to WBRT in terms of
local control”? To answer these two questions, we nced a pro-
spective trial comparing WBRT with SRS for patients with
breast cancer having limited number, and small size, of BM
This kind of randomized study would need too large a
sample size to be conducted in Japan only. so international
collab would be needed

One limitation of the presemt study is that a question-
naire from one oncologist at an institution does not
demonsirate the pattern of practice at the institution per-
fectly, because therc could be many binses such as recall
bias, responsc bias and so on. Although the background of
institutions shown in Table | scems 1o show that this
survey describes the current pattern of practice in Japan
well, actual data from each institution are more helpful.
We have (herefore planned 4 historical cohort siudy (o
reduce these biases.

I conclusion, the present study showed that SRS alone is
widely used as BM treatment for patients with breast cancer
in Tapan. To address the issues of both satety and efficacy. o
fullure prospective tial studying the optimal usage of screen-
ing, SRS und WBRT is warmnted
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CancerTherapy: Preclinical

Radiosensitizing Effect of YM155, a Novel Small-Molecule Survivin
Suppressant, in Non—Small Cell Lung Cancer Cell Lines

Tsutomu Iwasa,' Isamu Okamoto,’ Minoru Suzuki,? Takahito Nakahara,* KentaroYamanaka,” Erina Hatashita,’
Yuki Yamada,' Masahiro Fukuoka,® Koji Ono,? and Kazuhiko Nakagawa'

Abstract Purpose: Survivin, a member of the inhibitor of apoptosis protein family, is an attractive target

for cancer therapy. We have now investigated the effect of YM155, a small-maolecule inhibitor of
survivin expression, on the sensitivity of human non ~ small cell lung cancer (NSCLC) cell lines to
y-radiation.

Experimental Design: The radiosensitizing effect of YM166 was evaluated on the basis of
cell death, clonogenic survival, and progression of tumor xenografts. Radiation-induced DNA
damage was evaluated on the basis of histone H2AX phosphorylation and foci formation.
Results: YM155 induced down-regulation of survivin expression in NSCLC cells in a concentra-
tion- and time-depandant manner. A clonogenic survival assay revealed thatYM156 increased the
sensitivity of NSCLC cells to y-radiation in vitro. The combination of YM1565 and y-radiation
induced synergistic increases both in the number of apoptotic cells and in the activity of
caspase-3. Immunofluorescence analysis of histone y-H2AX also showed that YM155 delayed
the repair of radiation-induced double-strand breaks in nuclear DNA. Finally, combination therapy
with YM165 and y-radiation delayed the growth of NSCLC tumor xenografts in nude mice to a
greater extent than did either treatment modality alone.

Conclusions: These results suggest that YM155 sensitizes NSCLC cells to radiation both in vitro
and in vivo, and that this effect of YM155 is likely attributable, at least in part, to the inhibition
of DNA repair and enhancement of apoptosis that result from the down-regulation of survivin
expression. Combined treatment with YM155 and radiation warrants investigation in clinical trials

as a potential anticancer strategy.

Survivin is a 16.5-kDa ber of the inhibitor of apoptosis
protein (IAP) family. It blocks the mitochondrial pathway of
apoptosis by inhibiting caspases (1, 2) and regulates cell
division through interaction with the proteins INCENP and
Aurora B (3). It is abundamt in many types of cancer cells but
not in the commesponding normal cells (4-6). High levels of
survivin expression in cancer cells are assodated with poor
patient prognosis and survival as well as with resistance to
therapy and an increased rate of cancer recurrence (7-9).
Survivin has therefore become a therapeutic target and
potentially important prognostic marker for many tumor types,
including non-small cell lung cancer (NSCLC; refs. 7, 10).
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Molecular antagonists of survivin including antisense oligonu-
cleotides, and dominant negative mutants have been shown to
induce apoptosis in cancer cells in vitro and in vive as well as to
enhance chemotherapy-induced cell death (11-13). Although
antisense oligonucleotides and ribozymes can be engineered 1o
be highly specific for survivin, they may be difficult to deliver in
the clinical setting.

YM155, a small imidazolium-based compound, was identi-
fied by high-throughput screening of chemical libraries for
inhibitors of the activity of the survivin gene promoter in a
reporter assay (14). This compound specifically inhibits the
expression of survivin at both the mRNA and protein levels and
exhibits pronounced anticancer activity in preclinical models
(14). An advantage of YM155 compared with previously
investigated suppressors of survivin expression (15-20) is that
it is active in the subnanomolar range. Pharmacokinetic
analysis also revealed that YM155 was highly distributed to
tumor tissue in tumor xenograft models in vivo (14). YM155 is
thus an attractive candidate drug for cancer therapy, and
clinical trials of YM155 in single-agent therapy are currently
under way for some types of cancer.

Glioblastoma cells that averexpress survivin were found to be
less responsive to radiation than survivin-negative cells in a
preclinical model (21). Clinically, high levels of survivin
expression have been associated with an increased risk of local
treatment failure after radiochemotherapy in patients with
rectal cancer (9). These observations suggest that survivin plays
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Radi

itization of NSCLC Cells by YM155

Translational Relevance

Survivin is a potentially important molecular target for
cancer therapy. Reflecting the many mechanisms that
seem to regulate survivin expression, diverse approaches
have been evaluated for targeting survivin in experimental
models. YM156 is a novel small, imidazolium-based
compound that specifically inhibits survivin expression in
various types of cancer cell lines in vitro. In addition,
¥YM156 has been shown to distribute preferantially to
tumor tissues rather than to plasma as well as 1o exert
pronounced antitumor activity in tumor xenograft models
in vivo. The use of YM156 as a single agent in phase |
clinical trials did not reveal significant toxicity. Although
phase Il studies of YM156 use as a single agent for certain
types of cancer are currently under way, the effects of
YM155 in combination with radiation have not been
reported. We now show that inhibition of survivin expres-
sion by YM155 sensitizes tumor cells to radiation /in vitro
and in vivo. Therefore, our preclinical results provide a ratio-
nale for future clinical investigation of the therapeutic
efficacy of YM155 in combination with radiotherapy.

a role in resistance to radiotherapy. Indeed, suppression of
survivin expression with the use of antisense oligonucleotides
or ribozymes has been shown to increase the radiosensitivity of
cancer cells in vitro (20, 22-26). We have now examined the
effects of the combination of YM155 and radiation on NSCLC
cell lines in vitro and in vivo.

Materials and Methods

Cell culture and reagents. The human NSCLC cell lines NCI-H460
(H460) and Calus were obtained from the American Type Culture
Collection. The cells were cultured under an atmosphere of 5% CO; at
37°C in RPMI 1640 (Sigma) supplemented with 108 fetal bovine
serum, YM155 (Astellas Ph Inc.) was di 1 in DMSO,

Immunoblot analysis. Cells were washed twice with ice-cold PBS
and then lysed in a solution containing 20 mmol/L Tris-HCI (pH 7.5),
150 mmol/L. NaCl, 1 mmolfL. EDTA, 1% Triton X-100, 2.5 mmal/L
sodium PPi, | mmol/L phenylmethylsulfonyl fluoride, and leupeptin
(1 pg/mL}). The protein concentration of lysates was determined with the
Bradford reagent (Blo-Rad), and equal amoumts of protein were
subjected to S5DS-PAGE of a 15% gel. The separated proteins were
transferred to a nitrocellulose membrane, which was then exposed to
5% nonfat dried milk in PBS for 1 h a1t room temperature before
incubation overnight at 4*C with rabbit polyclonal antibodies to human
survivin (1:1000 dilution; R&D Systems), to human cIAP1 (1:1,000
dilution; MBL International), to human XIAP (1:1,000 dilution; Cell
Signaling), to human STAT3 (1:1,000 dilution; Cell Signaling), or to -
actin (1:500 dilution; Sigma), or with mouse monoclonal antibodies to
human p53 (1:1,000 dilution; 5anta Cruz Biotechnology). The
membrane was then washed with PBS containing 0.05% Tween 20
before inmhaunn for 1 h at room temperature with horseradish

id. d goat antibodies 1o rabbit (Sigma) or mouse
(Sanla Cruz Blnmhnoluy) IgG. Immune complexes were finally
detected with chemiluminescence reagents {Perkin-Elmer Life Science),

Clonogenic survival assay. Exponentially growing cells in 25-cm?
flasks were harvested by exposure to trypsin and counted. They
were diluted serially to appropriate densities and plated in wiplicae
in 25-cm? flasks containing 10 mL of compl dium in the § €

www.sacrjournals.org

6497

of 50 nmolfL YM 155 or vehicle (final DMSO concentration of 0. 1%; we
confirmed that this DMSO concentration did not affect the prolifera.
tion nI NSCLC cell lines). After incubation for 48 h, the cells were
i at room P 1o vari doses of y-radlation with a
o ircadiator at & rate of — ~0.82 Gy/min. The cells were then washed
with PBS, cultured in drug-free medium for 10 10 14 d, fixed with
methanol:acetic acid (10:1, wjv), and stained with crystal violet
Colonies containing >50 cells were counted. The surviving fraction
was calculated as: (mean number of colonies)/(number of inoculated
ulh pjmng:ﬁqul Haﬂngdl‘mwwddmdamcmm
d by the ber of inoculated cells for
nnnlmdinnd control cells. The surviving fraction for combined
treatment was corrected by that for YMIS5 reatment alone. Cell
survival was corrected according to the equation § = 1 - (1 - f)/V, where
§ is the single-cell survival rate, [ is the measured surviving fraction, and
N is muliplicity, which was defined as the averag: ber of cells per
microcolony at the ume of radiation and which ranged from 2.4 10 6.7
for the cell lines studied under the described conditions. The dose
enhancement factor was then calculated as the dose (Gy) of mdiation
that yielded a surviving fraction of 0.1 for vehicle-treated cells divided
by that for YM 155-treated cells (after correaion for drug toxicity].
Detection of apoptotic cells. Cells were fixed with 4% paraformalde-
hyde for 1 h at room temperature, afier which a minimum of 1,000 cells
p:rumplewumhuwdforapopmﬂwilhlhtwcnfthcmiml
Jiated dUTP nick-end labeling (TUNEL)
mrhniquc {In mu Cell Death Detection Kit; Boehringer Mannheim),
Assay of caspase-3 activity. The activity of caspase-3 mmlllyulu
was measured with the use of a CCP32/Caspase-3 i
Assay Kit (MBL). Fluorescence attributable 1o dmagt of the DM-APC
substrate was measured at excitation and emission wavelengths of
390 and 450 nm, mpmlvﬂy
ining of y-HZAX. Cells were grown 1o 50%
confluence in two-well Lab-Tec Chamber Slides (Nunc) and then cultured
for 48 h in the presence of 50 nmol /L. YM 155 or vehicle before exposure to
3 Gy of y-radiation. At various times thereafter, they were fixed with 4%
paraformaldehyde for 10 min at room temperature, permeabilized with
0.1% Triton X-100 for 10 min at 4*C, and exposed 10 5% nonfat dried
milk for 10 min at room temperature. The slides were washed with PBS
and then incubated at room temperature fist for 2 h with mouse
maonoclonal antibodies to histone 4-H2AX (Upstate Biotechnology) at a
dilution of 1:300 and then for 1 hwith Alexa 488 - labeled goat antibodies
10 mouse IgG (Molecular Probes) at a dilution of 1:700. The slides were
mounted in Auorescence mounting medium (Dako Cytomation), and
fluorescence signals were visualized with a confocal laser-scanning
microscope (Axiovert 200M; Carl Zeiss) equipped with the LSM5 PASCAL
system (Carl Zeiss), Three fields each ining =50 cells were
examined at a magnification of x 100. Nuclel containing =10
immunoreactive foci were counted as positive for y-H2AX, as previously
described (27), and percentage of positive cells was calculated.
Evaluation of twmor growth in vivo. All animal studies were done in
accordance with the Recommendations for Handling of Laboratory
Animals for Bi fical R h compiled by the Committee on Safety
and Ethical Handling Regulations for Laboratory Animal Experiments,
Kyoto University. The ethical pmuﬂu.ru followed met the requirements
of the United Kingdom Coordi ittee on Cancer Research
guidelines (28). Tumor cells (2 x m‘) were injected s.c. into the right
hind leg of 6-weck-old female athymic nude mice (BALBfc nu/nu).
Tumor volume was determined from caliper measurement of tumor
length (L) and width (W) according to the formula LW?/2. Treatment
was initiated when the tumors in each group of animals achieved an
average volume of ~200 to 250 mm’. Treatment groups (each
containing eight mice) consisted of vehicle control (physiologic saline),
YM155 alone, vehicle plus radiation, and YM 155 plus radiation. Vehicle
or YM155 at a dose of 5 mg/kg of body mass was administered over
7 consecutive days (days 1-7) with the use of an implanted micro-
osmotic pump (Alzet model 1003D; Durect). Mice in the radiation
groups received 10 Gy of y-radiation from a cobalt irradiator either as
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a single fraction on day 3 of drug tweatment or fractionated over 5
consecutive days (days 3 (o 7); the radiation was targeted o the tumor,
with the remainder of the body shielded with lead. Growth delay (GD)
was calculated as the tme required 10 achieve a 5-fold increase in
volume for treated wmors minus that for comrol wmors. The
enhancement factor was then determined as: (GD umpination -
GDvu155 Y GD adimion-

Statistical analysis, Data are presented as means £ SD or SE and
were compared with the unpaired Student’s t test. A P value of <0.05
was considered statistically significant.

Resulfts

Inhibition of survivin expression in NSCLC cells by
YM155. We first examined the effect of YM155 on survi-
vin expression in human NSCLC cell lines by immunoblot
analysis. Treatment of H460 or Calu6 cells with YM155 at 1 to

100 nmol/l. for 48 hours inhibited survivin expression in a
concentration-dependent manner (Fig. 1A). In contrast, YM155
had no effect on the abundance of other members of the IAP
family including XIAP and c-IAP1 (Fig. 1A), suggesting that
YM155 specifically inhibits survivin expression in the NSCLC
cell lines. The mechanism by which YM155 inhibits survivin
expression remains to be elucidated. Previous observations
have shown that p53 and signal transducer and activator of
transcription 3 (STAT3) regulate survivin expression al the
transcriptional level (29). We therefore examined the effect of
YM155 on the abundance of p53 and STAT3 in NSCLC cell
lines. YM155 showed no marked effect on the amounts of
p53 and STAT3 in H460 or Calu6 cells (Fig. 1A), suggesting that
the inhibition of survivin expression by YM155 is independent
of these transcriptional regulators. Monitoring of the time
course of survivin expression in cells exposed to 50 nmol/L.
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Fig. 1. Effect of YMIE5 on survivin expression in human NSCLC cells, A, H460 or Calub cells ware incubated in the absence lcomrd 0.1% DMSOI of prasence of vanous

concentrations (1,10, 26, 60, or 100 nmol /L) of YM15S for 48 h. Cell lysates were then

d and suk {10 with 10 survivin, to c-1AP1, to

XIAP, 1o p53, to STAT3, or to {i-actin (loading control). & H460 or Calub cells were incubated with 50 nmol/L YMIES for the indicated times, after which cell lysates werne

subjected to km bl

analysis with 10 survivin of 1o fi-sctin.
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Fig. 2. EMect of YM155 on the sensitivity 05 4
of H460 or Calub cells 1o y-radiation.
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YM155 for up to 72 hours revealed that the abundance
of survivin in Calu6 cells had decreased by 2 hours and
that survivin was vinually undetectable in H460 cells after
24 hours (Fig. 1B). In both cell lines, treatment with 50 nmol/I.
YM155 resulted in time-dependent inhibition of survivin
expression.

YM155-induced sensitization of NSCLC cells to radiation. To
examine the effect of YM155 on cell survival, we first did a
clonogenic survival assay. Exposure to the drug at concen-
trations of 1 to 500 nmol/L for 48 hours revealed that YM155
inhibited the survival of H460 cells with a median inhibitory
concentration (ICsy) of 64 nmol/L. and that of Calu6 cells with
an ICsp of 43 nmol/L (Fig. 2A). On the basis of these data, we
adopted treatment with 50 nmol/L YM155 for 48 hours as the
standard protocol for radiation experiments, We next examined
whether YM155 might affect the sensitivity of NSCLC cell lines
to radiation. Treatment with 50 nmol/L YM155 for 48 hours
shifted the survival curves for both H460 and Calu6 cells to the
left (Fig. 2B), with a dose enhancement factor of 1.57 and 1.61,
respectively, suggesting that YM155 Increased the radiosensi-
tivity of both cell lines.

Enhancement of radiation-induced apoptosis in NSCLC cells by
YM155. We next examined the effect of YM155 on radiation-
induced apoptosis in H460 or Calu6 cells with the use of the
TUNEL assay. Combined treatment of either cell line with
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YM155 and y-radiation resulted in an increase in the number of
apoptotic cells at 24 and 48 hours that was greater than the sum
of the increases induced by YM155 or radiation alone (Fig. 3A).
To confirm the results of the TUNEL assay, we measured the
activity of caspase-3 in cell lysates. Again, the combined
treatment of H460 or Calué cells with YM155 and y-radiation
induced a synergistic increase in caspase-3 activity (Fig. 3B).
These data thus suggested that YM155 promotes radiation-
induced apoptosis in NSCLC cell lines.

Inhibition of DNA repair in irradiated NSCLC cells by
YM155. Defects in DNA repair have been associated with
enhanced sensitivity of cells to radiation (30, 31), and survivin
is thought to play a direct or indirect role in DNA repair (21).
We therefore next investigated the effect of YM155 on DNA
repair by immunostaining of cells with antibodies to the
phosphorylated form (y-H2AX) of histone H2AX, fodi of which
form at DNA double-strand breaks (DSBs). The formation of
y-H2AX foci in H460 cells was apparent between 30 minutes
and 6 hours after y-irradiation (Fig- 4A). In the presence of
YM155, however, these foci persisted for at least 24 hours after
irradiation. Evaluation of the percentage of H460 or Calu6 cells
with y-H2AX foci at 24 hours after irradiation revealed that
YMI155 significantly inhibited the repair of DSBs (Fig. 4B).
These results thus suggested that down-regulation of survivin
expression by YM155 results in the inhibition of the repair of
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radiation-induced DSBs in NSCLC cells, possibly accounting
for the observed radiosensitization by this drug,

Enhancement of radiation-induced tumor regression by
YMI155. To determine whether the YM155-induced radio-
sensitization of NSCLC cells observed in viro might also be
apparent in vivo, we injected H460 or Calu6 cells into nude
mice to elicit the formation of solid tumors. After tumor
formation, the mice were treated with YM155, y-radiation, or
both modalities. YM155 was infused continuously for 7 days
with the use of an implanted osmotic pump system, and
mice were subjected 1o local irradiation with a single dose of
10 Gy on day 3 of YMI155 administration. Combined
treatment with radiation and YM155 inhibited H460 or Calu6
tumor growth to a markedly greater extent than did either
modality alone (Fig. 5). The tumor growth delays induced
by treatment with radiation alone, YM155 alone, or both
YM155 and radiation were 2.9, 5.6, and 14.8 days, respec-
tively, for H460 cells, and 8.9, 41.0, and 76.0 days,
respectively, for Calu6 cells. The enhancement factor for the
effect of YM155 on the efficacy of radiation was 3.3 for H460
cells and 3.5 for Calu6 cells, revealing the effect to be greater
than additive. No pronounced tissue damage or toxicity such
as weight loss was observed in mice in any of the four
treatment groups.

Finally, we evaluated whether the combination of YM155
and fractionated radiation treatment would result in the
inhibition of tumor growth similar to that observed with
YM155 plus single-fraction radiation. Mice bearing H460
tumors were thus again subjected to continuous YM155
infusion for 7 days, but local irradiation was done in 2-Gy
fractions on days 3 to 7 of drug administration (for a total dose
of 10 Gy). The tumor growth delays induced by treatment with
radiation alone, YM155 alone, or both YM155 and radiation
were 3.8, 53, and 16.6 days, respectively (Fig. 6). The
enhancement factor for the effect of YM155 on the efficacy of
radiation was 3.0. Again, there was no evidence of toxicity on
the basis of body weight loss, and there were no animal deaths
in any of the four groups, These data suggested that YM155
enhances the tumor response to both single-dose and
fractionated radiotherapy in vivo.

Discussion

Survivin is a potentially important molecular target for cancer
therapy. Reflecting the many mechanisms that seem to regulate
survivin expression, diverse approaches have been evaluated
for targeting survivin in experimental models. Although
certain drugs, such as inhibitors of histone deacetylases,
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mitogen-activated protein kinases, and cyclin-dependent
kinases, have been shown to suppress survivin expression by
targeting various signaling pathways, these drugs inhibit
survivin expression nonspecifically (15-17, 19, 32). Gene
therapy strategies based on small interfering RNA or other
antisense oligonucleotides are specific for survivin, but the
effective delivery of these molecules remains a challenge for
the transition to the clinic (33). YM155 is a small-molecule
agent that specifically inhibits survivin expression in various
types of cancer cell lines in vitro (14). In addition, YM155 has
been shown both to distribute preferentially to tumor tissues
rather than to plasma as well as to exert pronounced antitumor
activity in tumor xenograft models in vivo (14). The use of
YM155 as a single agent in phase | clinical trials did not reveal
significant toxicity (34). Although phase 11 studies of YM155
use as a single agent for certain types of cancer are currently
under way, the effects of YM155 in combination with radiation
have not been reported. We now show that YM155 increased
the sensitivity of tumor cells to radiation in vitro and in vivo
Clonogenic survival analysis, the most reliable approach for
assessing the ability of genotoxic agents to induce cell death
(35), revealed that YM155 markedly potentiated the decrease in
NSCLC cell survival induced by y-radiation. Given that
induction of apoptosis is a key mechanism of cytotoxicity for
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most antitumor agents, including y-radiation, defects in
apoptotic signaling may underlie resistance to such agents
(36). Radiation-sensitive tumors undergo radiation-induced
apoptosis in vitro more readily than do radiation-resistant
tumors (37 -40). Treatment with caspase inhibitors has been
shown to protect tumor cells against radiation-induced
apoptosis and to increase their radioresistance (21, 41, 42),
suggesting that radiation-induced apoptosis is caspase-depen-
dent and that caspases contribute to radiosensitivity, The
antiapoptotic activity of survivin is mostly attributable 1o
inhibition of the activation of downstream effectors of
apoptosis such as caspase-3 and caspase-7 (25). We have now
shown that radiosensitization of NSCLC cells by YM155 was
associated with increases both in the activity of caspase-3 and in
the proportion of apoptotic cells. Our findings thus suggest that
YM155 sensitized tumor cells to radiation at least in parnt by
enhancing radiation-induced apoptosis.

We examined further the mechanisrn by which YM155
induces radiosensitization. Survivin is essential for the proper
execution of mitosis and cell division, with disruption of
survivin expression resulting in cell division defects that can
lead to polyploidy and the formation of multinucleated
cells (43, 44). Although treatment with 50 nmol/L YM155
for 48 hours inhibited survivin expression in NSCLC cells, it
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did not induce polyploidy (data not shown), suggesting that
YMI155-induced radiosensitization in the present study was
not attributable to cell division defects caused by survivin
depletion. Survivin was previously suggested to enhance tumor
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Fig. 6. Effect of YMIE5 on the growth of H460 tumors in mice subjected 1o
fractionated radictherapy. H460 colls were injected into the right hind limb of nude
mice and allowed to grow. The mice were divided into four treatment groups:
control, tadiation alone, YM155 alone, or the combination of YMI5E and radiation.
YMIEB (5 my/kg) ot vehicle was admi 1 by conti infusion over 7 d, and
rrice in the radiation were subjected to y-irradiation with a daily dose of 2 Gy
on days 3 to 7 of drug treatment. Tumor volume was measured at the indicated
limas aftar tha onset of trestment. Points represent means from eight mice par
group; bars represent SE.
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cell survival after radiation exposure through regulation of DSB
repair (21). We therefore investigated the effect of YM155 on
the repair of radiation-induced DSBs by immunofluorescence
imaging of y-H2AX foci. H2AX is a histone that is phosphor-
ylated by ataxia telangiectasia mutated and DNA-dependent
protein kinase in response to the generation of DSBs (45, 46).
This reaction occurs rapidly, with half-maximal amounts of
v-H2AX generated within 1 minute and maximal amounts
within 10 minutes (47), and a linear relation has been shown
between the number of y-H2AX foci and that of DSBs (48). The
number of y-H2AX foci is thus a sensitive and specific indicator
of the existence of DSBs, with a decrease in this number
reflecting DSB repair. We found that YM155 inhibited the
repair of radiation-induced DSBs in NSCLC cells. If left
unrepaired, DSBs can result in chromosome loss or cell death;
agents that inhibit such repair thus increase the sensitivity of
cells to ionizing radiation (49, 50). Our results therefore
suggest that inhibition of DSB repair by YM155 contributes to
the radiosensitization induced by this drug. Given that
suppression of survivin expression impairs the repair of
radiation-induced DNA damage (9, 21), our results further
suggest that inhibition of DNA repair by YM155 is attributable
to down-regulation of survivin expression.

The antitumor activity of YM155 has previously been shown
to be time-dependent, with continuous infusion of the drug
resulting in greater antitumor activity and less systemic toxicity
compared with bolus injection in tumor xenograft models
in vive (14). Ongoing clinical trials of YM155 are thus being
done with the drug administered on a continuous schedule. We
also administered YM155 by continuous infusion in our in vivo
experiments. The combination of YMI155 with single-dose
radiotherapy resulted in a marked increase in tumor growth
delay compared with that apparent with either radiation or
YM155 alone, indicating that YM155 enhanced the antitumor
effect of ionizing radiation in wivo. Given that standard
radiation therapy in the clinic is delivered according to a
fractionated schedule, we also examined whether YMI155
enhanced the tumor response to clinically relevant fractionated
doses (2 Gy) of radiation. Indeed, YM155 was also effective in
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Meeting Report

Report from the second Japanese Urological

Association-Japanese Society of Medical Oncology joint
conference, 2007: ‘Diagnosis and treatment of urological
malignant tumors: How can we promote subspecialists?’

Nagahiro Saijo,* Tsuneharu Miki,* Yoshinobu Kubota,* Seiji Naito,* Hideyuki Akaza,* Shunji Takahashi* and
Hironobu Minami*

Preface: The second Japanese Urological Association-Japanese Society of Medical Oncology joint conference was held on 25 October 2007.
The theme ol this year's conference was 'Diagnosis and treatment of urological malignant lumors: How can we promote subspecialists? This
Meeting Report briefly discusses the themes of uro-oncology education; collaboration of urologists and medical oncologists for treatment of
advanced renal cell carcinoma, the role of urologists in treatment of urological cancer; the role of the medical oncologist In therapy, and
collaboration between the JUA and the JISMO

Program
Moderators:

Nagahiro Saijo Deputy Director, National Cancer Center Hospital East
Tsuneharu Miki Kyoto Prefi I University of Medicine
1. EDUCATION OF URO-ONCOLOGY IN THE JAPANESE UROLOGICAL ASSOCIATION
Fresenter: Yoshinobu Kubots Professor, Yokohama City Umiversity
2. INVOLVEMENT OF UROLOGISTS AND MEDICAL ONCOLOGISTS IN THE TREATMENT OF ADVANCED RENAL CELL CAR-
CINOMA

Pl
¥

Presenter: Seiji Naito Professor, Kyushu University
3. THE POSITION OF THE UROLOGIST IN THE TREATMENT OF UROLOGICAL CANCER
Presenter: Hideyuki Akaza Professor, University of Tsukub

4. THE ROLE OF THE MEDICAL ONCOLOGIST IN THERAPY FOR UROLOGICAL MALIGNANCY IN JAPAN

Presenter: Shunji Takahashi Chief, Cancer Institute Hospital
5. COLLABORATION BETWEEN THE JAPANESE SOCIETY OF MEDICAL ONCOLOGY AND THE JAPANESE UROLOGICAL
ASSOCIATION FOR DEVELOPING TRAINING SYSTEMS FOR MEDICAL ONCOLOGISTS

Presenter: Hirenobu Minami Professor, Kobe University

DISCUSSION

JSMO and was cosponsored by Takada Pharmaccutical Company. The
theme of this year's confi was ‘Diagnosis and i of urol
cal malignant tumors: How can we p bspecialists?’ The

Summary of second Japanese Urological
Association-lapanese Society of Medical
Oncology joint conference

was chaired by Tsuncharu Miki, a profe ai Kyoto Prefectural Univer-

Moderators sity of Medicine, and Nagahiro Saijo, Deputy Director of the National

Nagahiro Saijo MD Cancer Center Hospital East. 'I'I':lrvc and two speakers were invited from
Deputy Director the JUA and the JSMO, respectively.

Yoshinobu Kubota, a profi al Yokok City Un ity School of

National Cancer Center Hospital East

Tsuseharu Miki MD Medicine, talked about current educationsal programs in urology at uni-

Professor versilies and through the Jap Urology A He reported that
Department of Urology the study of urology in lefn ocf\m's mc:ulef:nln biology, diagnosis,
Kyoto Pref 1 Uni y of Med surgery and chemotherapy, including palliative care of the kidneys,

unnary iracl and male genital organs. He stressed the need for a Society
The second Jag Uralogical Association—Jap Society of  of Uro-oncology as a subspecialty of urology and bidirectional commu-
Medical Oncology (JUA-JSMO) joint conference was held on 25 pication betwean the JUA-ISMO and the Japanese Association of Radia-
October 2007, at the N. | Kyolo I ional Congress Center from  fion Oncology (JASTRO) through joint symposiums and educational

18:00 to 20:00 hours. The meeting was sponsored by the JUA and the  seminars.
Seiji Nauto, a professor at the Graduate School of Medical Sciences,

Kyushu University, falked about the recent development of new mol

* Preiualous i ol of Program
Received 29 January 2008; accepted 29 January 2008

£ 2008 The Japanese Urnlogical Associstion

lar target drugs in the field of urology. The development of new drugs like
Sorafenib and Sunitinib in Japan has depended solely on clinical trials
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conducted by umlogists. He stressed that the quality of these clinical
trials for oncology drugs was high, even though the trials were con-
ducted by urologists. He also d that surgery will remain an

portant ineal lality in the field of uro-oncology and empha-
sized the imp of collabarations between the JUA and the JSMO,
the JASTRO and the Japanese Sociely of Palliative Care.

Hideyuki Akaza, a professor at the University of Tsukuba, criticized
the situation of Gan Shinryo Renkei Kyolen Byoin, nominated by the
Ministey of Health, Labour and Welfare, because it lacks fundamental
functions requesied by the government. He also cnticized the functions

Considenng these s there are 1wo kcy issues for the JUA
regarding on ch herapy for urogs One 15
education on cancer chemotherapy for urologists and The

other is lo train uro-oncologists, especially specialists in chemotherapy
for urogenital cancer. In each educational issue, collaboration with
medical oncology and urology is ¢ssential.

The establishment of a society for the subspecialty of urological
oncology, in collaboration with both the JSMO and the JUA is impor-
tant (Fig. 1). Also, closer communication between the JSMO and the
JUA is ded for further developing and p g new che-

iherapies which are effective against urogenital cancer.

of two National Cancer Center Hospitals, Tsukiji and Kashiwa, b
essential key elemonts do not exist for the integration of Gan Shinryo
Renkei Kynicn Byoin. He stressed that neither of the National Cancer
Center Hospitals fi as medical since Cancer Centers
should be connected with all other branches of medicine. He
that bidirectional education and efforts will be essential to establish the
field of uro-oncology in Japan.

Shunji Takahashi, Chief of Ariake Ganken Hospital, talked about the
current situation of the Cancer Board for the treatment of urogenital
tumors at his hospital. Ariake Ganken Hospital organizes a Cancer
Board for each tumor lypﬂ and cares for their cancer pabienis usmg a

nultidisciplinary s ist leam isting of
logist duati logists and nurses. A1 lh:s moment, their
model rep 1= the ideal si for taking care of cancer patienis in
Japan.
Hironobu Minami, a professor at Kobe University Graduate School

of Medicine and the executive di of the J y of
Medical Oncology, talked about the missions, nmegic plans and
visions of the JSMO. The JSMO began cerllfymg medical oncologists
:uZDOSmd ly has 205 ified logist Thoyhnw

inltics for 11 logy, gyloncology, gas-
trointestinal oncology, breast cancer, and other areas. Unfortunately,
there is only one sy logy. More specialists are cssen-
tial for optimizing the care of with urogenital The JUA
and the JSMO should collaborate with regard to the education of
urologists and medical oncologists.

Although the meeting was scheduled to last from 18:00 1o 20:00
hours, more than 100 participants attended and many productive dis-
cussions were held, The next joint meeting will be scheduled in con-
junction with the JUA or the JSMO Annual Meeting.

Education of uro-oncology in Japanese
Urological Association

Presenter

Yoshinobu Kubota MD
Professor
Department of Urology. Yokohama City University School of Medicine

Urology in Japan covers diagnoses and treatments including surgenes
and molecular therapeutics of a broad range of diseases in urogenital
organs. This wide field of urology is differcol from the urology in the
USA which is mainly urological surgery. Thus, Japanese urologists
have required wide knowledge, technical skills and l_'s(pcnencc in

How to educate urc-oncologists

1. University, Medical Institute
a) » Work in both urclogy unit and medical
oncology unit in the hospital,
= Take courses of medical oncology as
graduate students of urology and vice versa.

b) Enroll in tumor boards or case conferences
organized by medical oncology.

Subspecial associabon of

medical oncology and urclogy

Summary

a) Education of medical logy fot urologists
andfor education of urology for medical
oncologists is necessary.

b) Close cooperation of JUA and JSMO for
the development of education system for
chemotherapy of urogenital cancer is
recommended.

Fig. 1 How Lo educate the uro-oncologist

Involvement of urologists and medical
oncologists in the treatment of advanced
renal cell carcinoma

Presenter

Seiji Naito MD

Professor

Department of Urology, Graduate School of Medical Sciences,
Kyushu University

Cytokine therapy. mainly using IFN-u or IL2, has been conventionally
Jopted as a drug therapy for advanced renal cell carcinoma. Cytokine

I 1k modalitics including ch for

Ty o

I | is therefore a fi

L

Ch py for

subject of urology in Japan.

Recently, cancer chemotherapy has progressed to be one of the key

tools of the | for solid such as tal cancer. And

the JUA has been involved in developing several subspecialties in
collaboration with other associated scientific and medical societies.
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I therapy has d d & low resp rale (apy tely 15%) and
a limited duration of resp (6-10 months) so if is nol considered lo
be a satisfactory t R ly, several molecul geted drugs,

which exert their therapeutic effects by inhibiting intracellular signal
transduction involved in tumor cell proliferation or angiogenesis, have
been developed. The beneficial effects of these drugs on renal cell

© 2008 The Jnpanese Linlogical Awocistion



have been reported and so the therap strategy has dra-
Iy changed tly. In E and the U“u\ sunitinib, which 15
an nn!hf ilabl I d receplor ty kinase inhibitor of d th y still 1 k

therapy for patienis with metastatic renal cell carcinoma. Whether or
not a nephreciomy should also be recommended prior to molecular-
The timing of surgical treat-

vascular endothelial grmh factor receptor (VEGFR) and platelet-
denved growth facior receptor (PDGFR), is now bemng posilioned as 2
first line treatment for metastatic renal cell carcinoma. Furthermore,
sorafenib. which is an orally i} hibitor active on
Raf-1, and receptor tyrosine kinases including VEGFR-1, -2, -3,
PDGFR-P, c-Kit, HI-! and RET. are being positioned as second line

for cy fi ¥ ic renal cell carcipoma, Tem-
sirolimus, whnc.h is an inhibitor of the kinase m-TOR (mammalian
target of n), is being g d as a first line for

Hahl.

mm for mmﬂmc utes dunng molecular-targeted therapy may also be
an tmportant issue in the future,

Urologists should be specialists that provide holistic medical care
thronghout rhemrnofmmlull In ihe practical 1 ol
of renal cell Rists are expected to a medical
feam, lly g of mdiologists, physici pecializing in
palliative therapy and those specializing in psy internal
medicine, as well as medical logists depending on the patient’s

hal

gical condinon.

poor-nisk patients with metasiatic renal cell carcinoma. In Japan, the
phase 1 studies of sunitinib and sorafenib have been completed and
pplications for the approval of these drugs have been submitted to the

- In conclusion, since the advent of effective molecular-tangeted drugs,
the treatment strmtegy for metastatic renal cell carcinoma is damati-
cally changing. In order la paactice cffective holistic medical care,

Health, Labour and Welfare Ministry. They will soon be approved for
use in the chinical setting. The dosage of sorafenib used in the Jap

phase 11 study was equivalent to the dosage used in the clinical studies
in Europe and the USA. However, the response rate and the incidence
of udwm drug reactions such as hand-fool skin resction and hyper-

btained in the J study were higher than those ohserved
in other chtuca! ltudl.es n Fntopt and the USA. It is difficult to make
an ithout careful deration, bul the possibl
effect of "',onlbe and adh drug unno!

be ruled out. Considering Ih'e possibility of the long-lerm administra-

tion of these drugs, adverse drug mary be d which
have not yel been predicted. The p rketing collection and broad
distnibution of data on ady drug wons and th itic effects
from d § ireated ai specified medical facilities, al least

for some mne‘ are indispensable to preserve patient safety, validate the
efficacy of these drugs and educate urologists in charge of treatment. In
order to deal with wch a situation, uruloyats nlwuld pmm: close

P with ph who #p in I logy, radia-
tion oncology, psychoth y. pallistive therapy, der logy. cardio-
lar di: pi y di , ete. (Fig. 2).

Specialist

+ Palliative therapy

« Dermatology

+ Cardiovascular disease
* Respiratory disease atc.

Fig. 2 Holistic medical care for patients with renal cell carcinoma by coop-
eralion among urologists and other relevan! physicians including medical
oncologists

Other promising new molecular-largeted drugs for renal cell
carcinoma are also in the developmeni phase. Various combination
therapies, such as (he { use of molecul peted drugs,
molecular-fargeted drugs and cy or the sequential use of
molecular-targered drugs are now being investigated, so the strategy of
drug therapy for renal cell carcinoma may change i the near future. In
pnnciple, a nephrectomy has be¢n rec d prior lo cytoki
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for exchanging expertise among physicians including
nmlqull. medical oncologists and other relevant clinicians should be
ged and i d to f the development of urologists
with comprehensive knowledge and exp garding the
of renal cell earcinoma.

The position of the urologist in the
treatment of urological cancer

Presenter

Hideyuki Akaza MD

Professor

Department of Urology, Uni y of Taukuba, Tbaraki, Japan

A significant ber of 15 with 1 PR 1

cal cancer h.m syﬂerlu; involvement :uch as metastasis |l aﬂber a
or pic level. In addition, some patients have
various wmpltwmn: al diagnosis. Thus, a treatment strategy should
be developed not only for the cancer lesion itself but for other systemic
conditions. [n a total care system like this the role of the urologist is
very imporiant.
It is important in cancer care not fo treat only cancer lesions but o
care for the patient according to the comorbidity and complications that
may occur during cancer treatment (Fig 3),

The problem in Surgical Oncology
» Resection of only a tumnor is not enough
ment,

as cancer” treat
o It is the systemic disease which must be
alomo ‘\.riarlol.u situations, suchaas
s, a compMon acancer
invasion to organ, and organ loss.

e The present cancer center system is
inadequate -Cooperation of each
medical department is indispensable.

» Who fulfills a cancer patient's care as

primary doctor

Fig. 3 The problems in surgical oncology

11 15 crucial for cancer care 1o be carried oul al an inslitution where
al medlcal deplnmmll are ready. orin an em i where hospital
toh is possible. A cancer control p act (Gann

mnlm iuhon-hcu) was enacted in 2007 and the cancer base hospital

Lo
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design (Gann kyoten byouinn) is progressing as one of the policies for
the realization of ‘the standardization of cancer therapy”.

The following provision is in guidelines for the 1 of the
cancer base hospital delivered by the Ministry of Health, Labour and
Welfare on | Febmary 2007

The National Cancer Center Central Hospital and Hospital East,
regarded as the cancer base b I, set these guidelines and decide
10 bear roles, such as suppor! to other cancer base hospitals, particu-
larly the training of a specialty medical practitioner.

Are these organizations fully endowed with a central mechanism that
unifies a cancer base hospital? Hm they got the mcchlmun fully
blished 10 respond 10 a subsg Ity (such as cardio: =

piratory, or renal function, which affect cancer therapy occasionally and
are indispensable 1o it in these inslitutions) a complication, or a mul-
tiorgan operation?

What has caused the ‘cancer refugee’ who has become the center of
attention these days? For example, the extirpation of renal cell carci-
noma with a mmor thrombus in the vena cava inferior or further
upstream can not be done without cardio-vascular surgery or vascular
surgery. In what kind of institution is this possible? Can the complica-
lons panying urinary dysfi or sexual dysfunclion associ-

Nt h

‘The Cancer Institute Hospital moved 10 new buildings al Anake.
Koto-ku in Tokyo and the Department of Medical Dnm[nsy opened a

new ward in June 2006. We started to parficipale in therapy for
urological lumors since the summer of 2006. First, al the *Urological
Cancer Board' once a week, surg, lical oncologists, pathol

gists, and nurses discussed cases of urological tumors treated with
chemotherapy (Fig. 4). We are learning the dlngnoms. standard Ireal-
meni including surgery, and clinical of | mmali

in the cancer board. In turn, we provided adviu on oncolugical
emergencies such as severe bone marrow suppression and ¢l ly
disturbances, or the new therapies for resistant cases.

During September 2006 we started to freat urological malignancy
with second or third line chemotherapies. or phase 1 study in the new
ward. We use innotecan, taxanes, or other drugs for urothelial cancers
or germ cell tumors, and slarted phase | study of new tyrosine kinase
inhibitors for renal cell (RCC) or urothebal cancer. Around
five patients are always treated in the ward.

Most of the chemotherapy for urothelial cancer or germ cell tumor
includes cisplatin, such as rnelhmme. vinblastine, adriamycin, and
cisplatin (MVAC) and bl ide and cisplatin (BEP).
Most patients arc hospitalized because ol’ nausea and renal roxicity.
Furthermore, MVAC is often associated with severe mucositis, and
BEP is associated with severe bone marrow suppression, so many

tients have been hospitalized for a long time. We first iried 1o

ated with prostate cancer, or various problems duning Py
be dealt with appropriately?
Al the first JUA-JSMO joini conference during the 44th Annual

dccum the length of hospitalization dunng cisplatin-containing
therapy to 3 or 4 days by mucositis lreatment and infection pmen—

ting of the Jay S y of Clinical Cancer Oncology, the tion. Then we started an oulpllwnl of
previous chai of the E Organization of R h and g chemotherapy by clinical path in Judi g pre- and post
Treatment of Cancer, Lowis Dems made the following ts: ‘In h i ic hydrat
Europe most of the cancer centers are attached to hospitals as a sep Molecula Lnrsa! py has ly been introduced into urological
section where they can be connected with all the other branches of lumnt lru.meni. especially for RCC Molecular target drugs mh as
medicine. Clinical trials of the last 30 years have forced cancer spe- fenib, and t b are d with a d

cialists into close collaboration®.! Is this what is lacking in cancer
cenler design in Japan today? It is important in the treatment of uro-
logical cancer (at least for the time being until an ideal structure is
esiablished) 1o have efficient cooperation between the urological disci-
pline and medical oncology.

Urologists should study medical oncology in general and medical
oncologists should study urological oncology in order to become uro-
logical oncologists. These efforts should be hidirectional. Urological

ransc of adverse e&'ecm compared with conventional cylotoxic drugs.
b { Avastin} was app 1 for colon cancer in Japan in April
2007. Grade 3—4 adverse effects with bevacizumab include hyperien-
sion (8-25%), bleeding (2-9%), arterial or venous thrombosis
(1-209%), gastrointestinal perforation (1-2%), and proteinuria (1%). In
the several monihs following the approval of bevacizumab, we experi-
enced a few cases of deep vein thrombosis, Gl perforation, and Gl
bleeding. To ge those adverse effects efficiently and safely, we

oncalogy in the USA is a specialty produced as a result of this hldp
rectional siudy,

The role of the medical oncologist in
therapy for urological malignancy in Japan

Presenter

Shunji Takahashi MD
Chiefl
Department of Medical Oncology, Cancer [nstitute Hospital, Tokyo

In Japan, urological tumors have been treated by surgeons alone. includ-
ing chemotherapy. However, recent d ds for more specialized
cancer | from patients and the development of molecul Imge!
therapy in the urological area have itated medical I
specializing in the urological tumaor, There a.revery few medical unon]rr
gists participating in the treatmeal of urol | tumors in Japan right
now. How medical logists should in the treatment of
urological umors in Japan is discussed from the standpoint of our
hospital.
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needed a multidisciplinary approach (Fig. 5).

A few hs before b b went on the market. we made
“Team Avastin®, which 1 of doct phar nurses (of
outpatient clinics, inpatient units, and an ambulatory freatment

Cancer Board
AR e doctors of e area (sumeona. medical
and radiclogsts)

.

- N B e
*  Comullaton from ofivad daparnmént

i Tedhnoiogal Laboratory dats |
| Pramacst O data :

Diagnosis
Decide ireatment

Fig. 4 Members and purposes of the ‘Cancer board’
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Multidisciplinary team for chemotherapy

Fig. 5 Members of the multidisciplinary leam for chemotherapy and thesr
roles

center), and medical collaboration officers in order to manage those
adverse effects. The team made the clinical pllh for the initiation of
bevacizumab therapy, the | for tbc dh effects of
bevacizumab including Itation to g stinal or respirstory
surgeons, and made close linison with cardiclogists and neural sur-
geons in other hospitals. The team has revised the manual frequently,
and solved the many problems associaied with bevacizumab
treatmenl.

In Japan, molecular target drugs such as sorafenib and sunitimb
might be approved for RCC in 2008. We are planning to make
a new professional leam consisting of medical oncologists, urological
surgeons, nurses, pharmacists, and medical collaboration officers. The
team will simulate the management of the severe adverse effects of
these drugs, and make clinical paths and new manuals. We are also
planning fo start translational research such as a biomarker study.

In conclusion, in the area of urological malignancy, medical oncolo-
gists can parlicipale in (1) some part of chemotherapy, (ii) care of

lications with ck herapy, (iii) expen | therapy such as
phlso 1 study, (1v) facilitating multidisciplinary care of patieats, and (v)
facilitating translational research.

€ M08 The lapanese Urological Assncistion

Collaboration between the Japanese
Society of Medical Oncology and
the Japanese Urological Association
for dwolopinF training systems for
medical oncologists

Presenter

Hironobu Minami MD

Professor

Medical Oncology, Kobe University School of Medicine and Kobe
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It is well recognized that the quality of chemotherapy in oncology
practice in Japan is lower than that in the United States or European
countnes. Patients with cancers are treated 10 an organ-specific medical
!ylnm Specifically, lung cancer is treated by clnn physicians, gas-
intestinal by gastroenterologists or
and geaitourinary by urologisis. Hi lholgnlpecaﬁc
system ofien yields inadequate care. P.tl.mn wilh primary peritoneal
adenocarcinoma presenting with asciles represent a subset of advanced
that are potentially curable by chemotherapy and surgical pro-
cedures for epithelial ovarian cancer. They often visit gastroenterologists
with symptoms of abdominal full Unfort 1y, b gastro-
mlemlupm often 1udequ¢cly treal such patients wll palliative che-
py for g 1 without tive intent
lhcyhm derg l.mm; for gastroenterological malignan-
cies bul not gynecological cancers Sm'illrly. palh:nl: with lung
m from RCC times visil th is who are nol
ini iherapy, and f are often mdcquuelylnued.
Sy ic ¢k b for should be performed by medical
oncologists who have undergone a training program that includes all
li ' I-I . Lraining sy for medical oncologists
inary are currently under development in
Japan. ll is Inghly recommended that the .ISMD lmd theIUJ\ collabo-
mie to establish such training sy for B

L
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Yoshioks M, Sugara H, Takolusi F, Harada N, Nishio K, Mon A,
Ushio H, Okuda KS, Ota M, Ito YM, Nagashima O, Atata R, Swenki T,
Fukuda T, Fukuehi Y, Takalushi K. Role of nultidiug resistance-associ-
aled protein | in the pathogenesis of allergic airway inflamimation. A J
Physiol Lung Cell Mol Phvsiol 296: 1 30136, 2000, First |J|.i:|lhh‘|.| October
17, 2008: doi:10.1152kjplung.00026. 2008, —Mulid as
sociated protein | (MRP1) is a cysteiny] leukotriens ((‘ysl'ljcxpuu
pump expressed on mast cells, Cysl1x are crucial mediotors in
allergic arway discase. However, blological significance of MRP1 in
allergic airway inflammation has pot yet been elucidaled. In this
study, we sensitized wild-lype contiol mice (mp ! *'*) and MRP1-
deficient mice (mpl 7 ) 1o ovalbumin (OVA) and challenged them
with OVA by acrosol. Airway inflammation ond goblet cell hyper-
plasia after OVA exposure were reduced in mipd - mice compared
with mrpd ' mice. Furthermane, CysLT levels in bronchoalveolar
lavage Nuid (BALF) from OV A-exposed mrp! '~ mice were signil-
icantly lower than those from OVA-exposed nip/ ' mice. Levels of
OV A-specific 1gE. [L-4. and 11.-13 in BALIF were also decreased in
OVA-expased mp! ™" mice. Igh-mediated release of CysLTs from
murine bone marow-derived mast cells was markedly impaired by
MRPI deficiency. Our resulis indicate that MRPP1 plays an imporant
le in the development of allergic airway inflammation (hrough
regulation of Igl-mediated CysL'T expont from mast cellx.

cysteinyl leukotrienes: mast oell

MULTIDRUG RESISTANCE-ASSOCIATED MROTHIN | (MRP1) is a 190-
kDa transmembrane protein belonging (o the ATP-binding
casselle transporter superfamily (15) The MRP1 gene was
isolated from the doxorubicin-resistant human small cell lung
cancer cell line [H69AR (6), smd subsequent in vilro studies
esinblished that MRP 1 mediates the cellular excretion of many
drugs and confers multidrug resistance of cancer cells (3)
MRPI has been shown to be expressed in varions human
tissues and cells, including mast cells (10). MRPI mnspons
glutathione S-conjugales. of endogenons il xemohiotic lipophilic
compounds across the cellular membrane into the extracellukar
spice (1S) Among these transport substrales, lenkotinene C4

"M \u\ilml.l 1 Sagam ul\l|
work
Acldress fon teprmt reguests and other cmreapordems M Yoshdka, Do
ol Respuratory Medione, Juptemdo Ume School of Medioime, 2<1-1 Longa
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(L.TC4) is n high-affinity endogenous glutathione S-conjugate
substrate for the MRPI (19) and is excreled from mast cells,
which play an impuortant role in the pathogenesis of allergy and
asthma (2, 20).

Bronchinl asthma is a common disorder in adulls and chil-
dren and remains poorly understood and difficull o manage
(4). Airway inflammation is a hallmark of this disease (4),
Previous sludies bave indicated (hat cysteinyl leukolrienes
(CysL.T's) such as LTC4, L'TD4, and T4, originally termed
slow-reacting substance of anaphylaxis, are crucial medintors
in the pathogenesis of allergic asthma (8). 1.1C4 is synthesized
by and excreted [rom mast cells and is rapidly converied o
LTD4 and then o LTE4 (5). CysLTs induce airway smooth
muscle contraction, increase vascular permeability and mucus
secretion, and may recruit more inflammatory cells o the
airway in allergic asthma (13). However, the importance of
MRP1, which is the 1.TC4 export pump on masi cells, for
allergic airway inflammation remuins poorly defined.

To elucidate the role of MRIP1 in the pathogenesis of allergic
airway inflammation in vivo, we used an ovalbumin (OVA)
sensitization and airway challenge protocol and compared
MRP1-delicient mice (mrpl ') with wild-type control
mice (mrpl ') in o well-established model. We also cul-
tured bone marmow-derived mast cells  (BMMCs) from
mrpd ' and wrpd 1 mice and stimulated them with IgE and
anti-1ghi antibody. The bivlogical significance of MRP1 in-
volvement in allergic aivway inflammation and IgF-dependent
export of CysLTs from mast cells is discussed

MATERIALS AND METHODS

Animals, MRPI-delicient mip © mice were generted by geie
tmgeting in embryonic stem wolls as described previously (31).
Mip ' mice oniginally on the gendic backproumd (129/00a)FVE
{8150y were backerossed 12 times with FVE imice 1o oblain =99%
1V genctic backeround, Normal FVIE mice were used as wild-ype
controls (e 0 Mip* " andamp T mice (male, 6-8 wk of age)
wete purchased from Taconic Labomtotics (Gemantown. NY ). Miee
were muintained in a limited aceess barmier and housed in o humidity
(55 4 10% ) and emperatie (24 2 2 Creoontrolled mom ander 2

i caests of bl ation o this anicle were detiayed i by the paymen
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12:12-h light-dark cycle. The study protocol was reviewed and ap-
proved by the Juntendo University and Dokkyo University School of
Medicine Commitice on Animal Care and complics with National
Institutes of Health guidelines for animal cae

Sensitization and airway challenge. Mice were sensitized on days
0 and M vy an intraperioncal injection of 30 ug of OVA (Sigma. St
Louis, M) and 2 mg of aluminum hydmxide (Wako Pure Chemical
Indusirics. Osaka, Japan) in 200 pl of PBS. Nonscasitized mice
received only aluminum hydwoxide in PRS. On davs 22, 24, 26, and
28, the sensitized mice were challenged with acrosolized 1% OVA 30
ml Fosr 3 min. The ponsensitized mice received PRS only. Bronchoal-
veolar lavage and histological analysis of the lungs were performed
18 h after the last perosol challenge.

Histological analysis of lung. The mutine lungs were infused and
lized with 10% formalin and then embedded in paraffin, Sections of
2,5-pum thicknesses were stained with either hematoxyhin and evsin oy
periodic acid-Schill (PAS) Semiquantitative scoring systems were
used to grade the extent of lung inflammation and goblet cell hypet-
plasia as previously described (9). Brefly. 1o determine the severity of
inflammatory cell intillration, peribronchial cell couns were per-
formed blind hased on a five-point sconng system: 0, no cell; 1,4 few
cells: 2. a ring of cells | cell layer deep: 3, a ring of cells 2-4 cells
deep: and 4, a ring of cells >4 cells decp. To determine the extent of
mucus production, we quantified goblet cell hyperplasia in the airway
epithelinm using a five-paint grading system: (. no goblet eells: 1.
<25G; 2. 25-50M: 3. 50-75%: andl 4, >75%, Scoring of inflamma-
tory cells and goblet cells wias performed in at least |15 different fields
for esch lung section. Mean scores were obtained from six animale

Byonchoalveolar lavage fluid and serin analyses, Mice were Killed
with an overdose of pentobarbilal sodium, Blood was drawn. and
hronchoalveolar lavage fluid (BALF) was collected with Iwice re-
peated washes of excised lungs using 0.7 ml of PBS. Total cell counts
and differential cell counts were peiformed. Cytokine, OV A-specific
Igk. and CysLT levels were measored using enzyme-linked immu-
nusorbeni assay (ELISA). Mouse 11-4 and [L-13 ELISA were pur-
chased from R&D Systems (Minneapolis, MN). Mowuse OVA-specific
IgE ELISA was purchated from Dainippon Sumitomo Phanna
(Osaka. Jopan). CysLT ELISA was purchased from Cayman Chemi-
cals (Ann Arbor. MI).

Generation of murine BMMCs. BMMCx were generated from the
femoral hone marrow cells of mp " and mmp '~ mice and main-
tained in RPMI 1640 (Sigmn) supplemented with 10% heat-inact)-
vated FCS. 100 pM 2-mercapioethanol, 10 pM MEN-nonessential
amino acids, 100 Ufml penicillin, 100 pg/ml streptomycin, and 10%
pokeweed mitogen-stimulated spleen-conditioned medium as a source
of mast cell grovah [actors as previously described (11). After 4 wk
of cullure, >98% of the cells were identifiable as mast cells as
Jetermined by toluidine blue staining and Nuorescence-activaied cell
sorting analysis of cell surfnce expression of ¢-kit and FeeR),

B-Hexosaninidase release assay. In vitro degranulation of mast
cells wae determined by f-hexosaminidase release assay as described
previously (11, 26). Briclly, BMMCs were incubated with trinitio-
phenyl (TNP)-specific mouse IgE (BD Phamingen. San Diego. CA)
al the concentration of | pug/S % 10F cells for 1 h on ice. BMMCs
(1% 107 cells/mi) were then mesuspended in Tyrede's baffer (10 mM
HEPES buffer. pli 7.4, 130 mM NaC'l, § mM KCL and 5.6 mM
glucose) contgining | mM CaCly and (0,6 mM MgCl and stimulaied
with 0.5 pg/ml anti-mouse [gl (B Pharmingen) for 45 min ot 37°C
Cell supermnatanis and wtal coll lysate solobilized by sonication were
eollected. and B-he fase in the super and cull lysaiv
wan guantilicd by spectrophotometrical measurement of the hydioly-
ste of ponitiophenyl-N-acet yl-Ben-hexosamimdase  (Sigma-Aldrich
Japan. Tokyo. lapan) in (L1 M sodiom citmte buffer (pll 4.5) The
renction was terminated by the addition of 0.2 M glyeine (pHl 16.7)
e percentage of B-hexosaminidase wlease wis calenlowed using the
Tollowine fonmula: porcem elease = (01 ol the stimulaled supema.
tant ¢ MO of the total eell Iysaiey. where 01 is opiical density
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Igk-mediated Cysld export from mirine BMMCs. BMMCs ol
wp ' andarp - mice were prepared, culiuted, and incubated with
TNIIE and anti-IgE antibody as described above. The cells were
sepamted from the medium by centrifugation. The amount of CysLT
secreted into the sipe wae o using the ELISA kit
(Cayman Chemicals), The cells were resuspended in lysis bufler,
homogenicd fuged, and then collected for determination of
intrmcellular CysLT. Each experimen was performed in inplicate.

Statistics. Data are means = SD and were analyrzed using the
unpaited t-est. Differences between means were considered satisti-
cally significant al I < (L0S.

RESULTS

Histopathalogy of the lungs of mipl * and mepl *'" mice.
To investigate the bivlogical significance of MRP1 in vivo in
allergic airway inflammation, we sensitized mepl ' and
mipl "' mice 1o OVA md challenged them with OVA by
acrosol. Control mice received PRS. The lungs from mrpl *
and mrpl "' mice exposed to PBS serosol showed normal
lung histology in bolh groups (Fig. |, A and B8). Sensilization
and subsequent exposure 1o OV A resulted in peribronchial and
perivascular inflammation both in the mrpl ™' and mrpt "
mice, and excessive production of airway mucus glycoproteins
by goblel cells in airway epithelium was observed (Iig. |,
C-F), However, this inflammation following OV A exposure was
reduced in mrpl ' mice compared with mipl " mice (g, 1,
C and D). To evaluate the extent of inflammation, we employed
a semiquantitutive seoring system as described previously (9).
As shown in Fig. 165, blinded semiguantitative grading of the
lung sections revealed n sialistically significant difference in
the degree of aitway inflammation between the mrpl” ' and
mrpd ' mice (P = 0.0143). In addition, blinded semiquanti-
fication of goblet cell staining with PAS also revealed atlenu-
ated mucus scores in OVA-exposed mrpl ' mice compared
with OV A-exposed mrpl ' mice (Fig. 1H) (P = 0.0431).
These data indicate that airway inflammation and goblet cell
hyperplasia are reduced in OV A-exposed mrpl '™ mice com-
pared with OV A-exposed mrpl ' mice,

Inflammmatory cell recruitment in BALF. ‘The recovery of
cells from the BALF of PBS-exposed mrpl ' and mrpl***
mice revealed a predominance of alveolar macrophages in both
groups, without any sigoificant dilTerences (data not shown)
Aerosol challenge of mice with OVA induced a marked in-
crease in the total cell numbers compared with control groups
with PBS (Fig, 2). However, the lotal cell numbess in BALF
were significanily decreased in OV A-cxposed mipl '~ mice
compared with OVA-exposed mrpl ' mice (P = 0.0243),
Differential cell counis revealed the predominant recroitment
of eosinophils into BALEF of both OV A-exposed mrpl '~ and
mipl ' mice. However, OVA-exposed mrpl " mice hid
significanily lower numbers of cosinophils and lymphocytes
than the mrpl ™" mice (P = 0.0243 and 0.0187. respectively).
The numbers of macrophiages and neutrophils were nol signif-
ity different between groups. These resulis imply that
apl * mice show reduced recritment of inllummatory
cells. especinlly cosinophiils and lymphocyles, mio the airwiy
lumen alter OVA challenge compared with mrpl ' mice

Cvsl T Tevels in BALE. To investigai¢ the role of MRP1 as a
CysLT expont pump in vive, we measured il CysET levels
in BALE fromnrpd ' s ap? ™" miee exposed W PBS o
OVA aermsol. As hown in Fig. 3 levels of Cysh s in BALE
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Fig 1 Histological analysis of hung sections
of mullidrug resistance-associated protein |
(MRP)-deficient (mapd **~ ) mice and wild-
type mrpld T mice. Representative photomi-
crographs of hematoxylin- and eosin-stained
(A-D) and periodic acid-Schilf-stained lung
sections LE and F1. Scale bar, 50 pm Lung
tissues were obtained 48 hoafler the last
challenge of PBS or ovalbummn (OVA) acro-
sol Az d ' mice exposed to PBS aero-
sol B mepd ' mice exposed to PBS. € and
Eomrpl ' mice exposed 10 OVA. D and
F: pup.i’ L Illll‘l‘ r:pns:d 1o OVA Semi-

n y cell
iniilration (G) and mucus production (1) in
lung sections were performed as v viously
doseribed (14). Scoring of inflammatory cells
and goblet cells was performed in ol least 15
different ficlds for each lung section. To pre-
venl observer bias, samples were coded and
examined in a blmd manner. Mean scores were
obtained from 6 animals. *P < (.05

from OV A-exposed mipl '~ mice were significantly lower
than those from OVA-exposed mrpd*'" mice (P = 0.0082).
OVA-specific Igli and cytokine levels. To lurther assess the
mechaniam for the redoced airway inflammation in OVA-
exposed mrpl ' mice, we measured OV A-specilic IgE levels
in BALF and sernm samples. As shown in Fig. 4A OVA-
specific IgE levels in BALF from OV A-exposed mepd ' mice
were significantly lower than - those from OVA-exposed
mrpl ' mice (P =0,025). OVA-specilic Igl. levels in serum
were ulso decreased in OV A-exposed mrpl ™' mice (Fig. 41)
(2 = 0,0285). We next measured Th2 eylokines IL-4 and 11.-13
in each BALF sample. In PBS-exposed mice of both groups,
the levels of IL.-4 and 11.-13 were below the fower limit of
detection (data not shown). As shown in Fig. 4, Cand D, levels
of both 1L-4 and 11-13 in BALF from OV A-exposed mupl
mice were significantly lower than those from OVA-exposed
mpd ' omice (P = 00361 and 0.0101, respectively).
IgE-mediated CysLT export from BMMCs. To examine the
role of MRP1 in IgE-mediated CysL'1" export from mast cells,
we cultured BMMCs (romy mepd ' and mmpd mice and
stimulated them with TNP-Igli and anti-IgE antibody. Subse
yuently, the amounts of released CysLTs in the cell-free
culture media and the inracellular contents of Cysl'Ts were
separately analyzed. MRPL deficiency did not affect the de
grimulation  as determined by B-hexosaminidise
(Fig. SAY and Tgl recepror expression of BMMUs (data not
shown ), However, CysLT levels in eolture medio from BMMOCs of

release
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ROLE OF MRPI IN ALLERGIC AIRWAY INIFLAMMATION

mice were significantly lower than those from

mrpl !
mrpl " mice (Fig. SB) (P = 0.0017). In contrast, intracellular

CysL.T levels in BMMCs of mrpl ™" mice were significantly
higher than those of mrpd "' mice (Fig. 5C) (P = 0.0003),
These results indicate that MRP1 plays a crucial rule in
IgE-mediated export of CysLTs from activated mast cells

DISCUSSION

Recent generation of mrpl  mice has enabled investiga-
tion of the biological function of MRP1 in vivo (30). Wijn-
holds et al. (31) demonstrated that ear swelling induced by
topical application of arachidonic acid was dramalically re-
duced in the mrpl '~ mice. Importantly, they also revealed
that BMMCs trom anpl " mice had a reduced capacity to
excrele 11C4 after stimulation with caleinm jonophore (31)
Their report strongly suggests that MRP1 plays an important
role in olle infammatory response i vivo. However, little
is known of the implication of MRPD in lgE-mediated iransport

of CysLTs from mast cells and the biological significance of

MRP1 in allergic airway disease, inchiding asthma

In our sudy, we developed a murine allergic airway inflam-
mation model by intraperitoneal OV A sensitization and wirway
chitllenge. We revealed that mipl mice showed decreased
airway inflammation wnd gobler cell hyperplasia after OVA
exposire. CyslT Tevels in BALE from OVA-exposed nip !
mice were significantly lower than those from mepl "' mice
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ROI I OF MRPI IN Al LERGIC AIRWAY INTT AMMATION
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Fig 2 Bronchoalveolar lavage Muid (BALF) cell counts BALF were col-
lected from mupl " and mipd © mie 48 b alter the last PRS acrosol of
OVA acrosol challenge. Total cell counts (T0C) were wasessed with o standard
hemoeytometer Cell populations were identified on air-dired cylocentrifuged
smeses (K00 rpm for $ i) after staining with DI-Quick stain. Differential
cell counts ware performed on a minimum of 300 cells to identify cosinophils
(Eow), macrophages (Mac), lymphocytes (Lym), and newrophils (New). Data
are means | SD) of § mice per group. *P < 0,05

In addition, OV A-specific IgE, 11.-4, and 1L-13 levels in BALI?
were also decreased in OVA-exposed nrpl ' mice. 1gE
dependent relesse of CysLTs from murine BMMC's was mark-
edly impaired due 10 MR 1 deficiency. These findings strongly
imply that MRP1 plays a key role in the development of
allergic airway disease through regulation of IgE-mediated
CysLT export from mast cells. To our knowledge, our study is
the first report to reveal that nupd ' mice are less sensitive
asthmatic response to allergen exposure by using a murine
model,

IgE-medinted activation of mast cells in the airway leads to
oxygenation of arachidonic acid by 5-lipoxygenase (5-1.0) and
generation of LTx (12). Among them, secreted CysLTs bind 1o
CysL'T receptors and induce bronchoconstriction, mucus hy-
persecretion, and cosinophil chemotaxis (12, 17). Therefore,
inhihition of CysLT biosynthesis or receptor-medisted action is
beneficial for patienis with bronchial asthma (8). In our murine
allergic airway inflammation model, Cysl T-synthesizing cells
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Fig 2 Measvrement of eysteinyl leubatiens (CysLl D) levels in BALF The
Fesels o otal Cvsl T in the BALE weie detetmined by 11ISA. Data are
SD ot 5 mice por groap Sinilar sesulis were obiomed o 2 iodopen
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Fig 4. Measwrement of OVA-specific gl and Th cyinkine levels. OVA-
apecilic Igh levels b the BALY (A) and serum (B) wore measured by ELISA
The levels of TL-4 (€) and 1213 (0 in the BALF were also measored. Data
are means 1+ 8D of 4 -6 mice per group. Smmilar resulls were obtiined in 2
independent experiments. *P < 0,05

including mast cells in mrpld " mice had a reduced capacily to

secrele CysL.Ts, resulting in decreased Cysl.T levels in BALF.
Suppression of CysLT production due 10 MRP1 deficiency
reduced yecruitment of ¢osinophils and mononuclear cells in
the lungs. These findings suggest the possibility thut MRP)
inhibitor may be useful as an anti-asthma drug to allenunle
airway inflammation to allergen exposure by suppressing 1ghi-
mediated CysLT production

Th2 inflammatory response is 2 central component of aller-
gic airway inflanmation, In our morine model, Th2 eytokine
114 and 1L- 13 production and lymphocyle recruitment in the
lungs were significantly decreased in OVA-exposed mipl !
mice, resulting in decreased antigen-specilic Igk production.
Previous stadies have demonsirated thal OV A-induced airway
cosinophil infiltrtion and goblel cell hypemlusia were mark-
cdly reduced in 1.TC4 synthase (LTC4S)-delicient mice com-
pared with wild-type control mice (18). hnportantly, anligen-
specilic 1gh: and Th2 eytokine expression in the lings were also
significanly reduced in OVA-exposed 1 TCTAS-deficient mice,
although detayed-type cutaneous hypersensitivity (Thi cell
dependent response) wits intivet (181 Others have demonsirdted
that blockade of Cyshy receptor reduced clevation of 1.4
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