Igawa ef al: Amrubicin as Third- or Subsequent-line Chemotherapy for NSCLC

Tuble III. Non-hematological 1oxicity by dose.

Grade 2
08
35 mg/m? (n=28) 40 mg/m? (n=11)

Anorexia 3 1 i 08
Fatigue 2 1
Nausea k] 1
Vomiting 2 - 04
Rash 1 2
Constipation . >
Stomatitis 1 02
AST/ALT . 1
Creatinine 1 .

0p '
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Months
Table IV. Response by dose. Figure 1. Survival curve. Median survival time was 5.7 months (95%
fidence interval, 3.4 to 7.9 months).
Dose (mg/m?) Total
35 40

PR 4 0 4 recurrent NSCLC) who had received two prior chemotherapy
g l: : 2: regimens including platinum and docetaxel for recurrent
RR (%) 14.2% 0% 102% NSCLC, the response rates decreased with each Ii‘ne of
DCR (%) 357% 272% 33.3% treatment (third-line, 2.3% ; fourth-line, 0% ), the discase

PR: Partial response, SD: stable disease, PD: progressive disease, RR:
response rate, DCR: disease control rate.

observed in 2 patients (5%). The non-hematological
toxicities are listed in Table III, and amrubicin caused no
grade 3 or higher toxicities.

Response to therapy and survival. The objective tumor
responses are shown in Table IV. Among the 39 patients, 4
achieved a confirmed partial response and 9 had stable
disease, for an overall response rate of 102% (95% CI,29 to
24.2%) and disease control rate of 33.3% (95% CI, 19.1 to
50.2%). The patients receiving the 35 mg/m” dose had a
response rate of 14.2% and a disease control rate of 35.7%,
while those receiving the 40 mg/m? dose had no response and
a disease control rate of 27.2% and overall survival data are
shown in Figure 1. The overall median survival time (MST)
and one-year survival rate were 5.7 months (95% CI, 34 to
7.9 months) and 28% , respectively. The overall progression-
free survival was 1.5 months (95% CI, 1.2 to 1.7 months).

Discussion

It has not been demonstrated whether third-line or more
chemotherapy would actually increase survival in patients
with second-line failure. It was reported that among 43
patients (extracted from over 700 patient records with

control rate also decreased (third-line, 30.2% ; and fourth-
line, 21.4% ) and the median overall survival time from the
start of the last treatment was 4 months (14). The results of
the presented study indicated that amrubicin monotherapy
had variable clinical outcomes (overall response rate, MST,
and progression-free survival were 10.2% , 5.7 months and
1.5 months, respectively) and acceptable toxicity profiles
among the NSCLC patients with failure of second-line or
subsequent therapy, including docetaxel and EGFR-TKI.

This study could serve as a foundation in regard to the
investigation of the antitumor activity of amrubicin in the
aforementioned setting. Additionally, the safety profile of
the drug, such as tolerable hematological toxicity and slight
non-hematological toxicity beyond the second-line setting,
is certainly valuable. Neutropenia has been recognized as
the principal toxicity of amrubicin monotherapy (9, 10). In
this study, the incidence of severe neutropenia was less
frequent in the patients receiving 35 mg/m? in comparison
with those receiving 40 mg/m?, and the clinical response of
the patients receiving 35 mg/m? was not inferior to that of
the patients receiving 40 mg/m?, The information presented
in the study serves to strengthen the rationale for use of the
drug at 35 mg/m? in the third-line setting and beyond.

In conclusion, amrubicin is an active agent against
NSCLC that may play a prominent role in third-line
treatment and beyond. The information presented in this
study might provide a new direction for clinical research on
the treatment of recurrent NSCLC in the third-line setting.
However, because of the retrospective nature of this study,
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the conclusions cannot be completely definitive and a

prospective study aiming at elucidating the efficacy of this
agent for recurrent NSCLC is proposed.
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Abstract

Background It is not clear what the optimal treatment of
chemotherapy is for patients with heavily treated metastatic
breast cancer (MBC), We have retrospectively examined
the efficacy and safety of S-1 in patients with MBC who
had been previously treated with anthracycline, taxane, and
capecitabine.

Methods  Patients with MBC who had been administered
S-1, an oral modulated compound containing a fluoropyr-
imidine derivative, between November 2001 and June 2003
at the Cancer Institute Hospital were retrospectively
reviewed. S-1 at a standard dose of 50 mg/body was
administered twice daily for four weeks, followed by a
two-week rest period. This was repeated every six weeks
until discase progression or unacceptable toxicity.

Results  Thirty-five patients were assessed. The patients
were heavily pretreated with anthracycline (100%), taxane
(paclitaxel or docetaxel) (100%), capecitabine (100%),
vinorelbine (71%), and mitomycin (69%). Median follow-
up time of patients was 9,6 months (range, 1.2-26.6). ORR
was 3% (95% confidence interval: 0-9%), and CBR was
20% (95% confidence interval: 6-33%). Time (o treatment
failure was 2.8 months. Overall survival was 21,4 months.
Grade | or 2 adverse events were observed in 17% and
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13%, respectively. Grade 3 events occurred as anorexia
(9%), nausea (9%), vomiting (99%), diarrhea (14%), fatigue
(3%), and elevation of AST/ALT (3%). No grade 3 was
seen as hand-foot syndrome. Neither grade 3 nor 4 was
observed in bone marrow suppression.

Conclusions S-1 was fairly well tolerated, but demon-
strated very limited activity in capecitabine-pretreated
patients who had already been exposed (o anthracycline
and taxane, It was suggested that S-1 clinically exhibited
cross-resistance to capecitabine.

Keywords S-| . Capecitabine - Taxane - Anthracycline -
Metastatic breast cancer

Introduction

Many active agents have been used 1o treat melastatic
breast cancer (MBC), which is defined as breast cancer
with any distant metastasis. However, it is difficult 1o
achieve an absolute cure. Endocrine treatment, chemo-
therapy or molecular targeted agents are useful for
controlling MBC. Hormone-insensitive or life-threatening
MBC favors chemotherapy. Anthracycline, taxane, and
trastuzumab play a central role in the chemotherapy of
MBC. A durable response with less toxicity may prolong
survival with a better quality of life (QOL) [1). However,
prior exposure to anthracycline and taxane limits the
chance of choosing subsequent treatments. In such cases,
third-line agents such as capecitabine [2], vinorelbine
[9-11], gemcitabine [12-14], irinotecan [15] and ixabepi-
lone [16-18] may be tried. However, it is not clear from the
data which drug is optimal.

Capecitabine, a fluoropyrimidine derivative, is a com-
mon third-line drug [2-8]. Capecitabine is an oral
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fluoropyrimidine carbonate, which is converted 10 5FU
selectively in tumors through a cascade of three enzymes.
Based on the differential distribution of these three
enzymes in different tissues, this drug is designed to yield
more SFU in cancer cells than in bone marrow cells or
gastrointestinal epithelial cells [19, 20]. Capecitabine pro-
duces a response rate of approximately 20% with a
duration of 3-6 months [2-8]. The convenient oral delivery
of capecitabine gives mild gastrointestinal toxicity and
myelosuppression without hair loss. The major toxicity of
capecitabine is hand-foot syndrome [2-8].

S-1 is also one of the derivatives and produces a
response rate of approximately 20% in patients who did not
receive capecitabine [21], S-1 is an orally administered
agent containing 1M tegafur (FT) and two classes of a
modulator, 5-chloro-2,4-dihydroxypyrimidine (CDHP)
and potassium oxonite (Oxo), al a molar ratio of
FT:CDHP:Oxo = 1:0.4:1. One phase II study of S-1 for
MBC patients in a heterogencous population demonstrated
that the response rate was 42% among 108 patients [21].
The commaon toxicities were neutropenia, anemia, stoma-
titis, or nausea/vomiting. Hand-foot syndrome was rarely
seen. Another phase 1l study was conducted in patients
with refractory MBC. In 55 patients who had received
laxane, the response rate was 21.8%. The common toxic
profile was similar to the previous study [22].

Since S-1 has the same final active metabolites in its
mechanism of action as capecitabine, cross-resistance is
presumed to exist between the drugs. However, there is no
clinical data on the activity of 5-1 in capecitabine-pre-
treated patients with MBC. Here we have retrospectively
examined the usefulness of S-1 in patients who were pre-
treated with anthracycline, taxane and capecitabine. We
have focused on whether S-1 is cross-resistant to prior
reatment with capecitabine.

Materials and methods
Patients

Patients with MBC who had been given S-1 between
November 2001 and June 2003 at the Cancer Institute
Hospital were retrospectively reviewed. The eligibility
criteria were: (1) histologically confirmed MBC; (2) prior
treatment with anthracycline, taxane, and capecitabine; (3)
absolute neutrophil count >2,000/L; (4) serum bilirubin
<1.25 x upper normal limit (UNL) of range; (5) trans-
aminase <2.5 x UNL (in cases of hepatic metastasis
<5 x UNL); (6) serum crealinine <l.5 x UNL (7)
measurable lesion(s) according to the Response Evalua-
tion Criteria in Solid Tumors guidelines; (8) performance
status of 0, 1, or 2 on the Eastern Cooperative Oncology
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Group scale; (9) written informed consent from each
patient.

Treatment plan

When body surface arca (BSA) was between 1.25 and
1.5 m?, S-1 was administered orally at a dose of 50 mg/
body, twice daily, for four weeks followed by a two-week
rest period. This was repeated every six weeks until disease
progression or unacceptable toxicity. S-1 was given 60 mg/
body when BSA >1.5m® and 40 mg/ody for BSA
<1.25 m®, In patients with HER2-positive cancer (HER2
protein scored as 3+ in immunohistochemistry or HER2
gene was amplified twofold or greater in fluorescence in
situ hybridization), trastuzumab was administered intrave-
nously at an initial loading dosc of 4 mg/kg, followed by
2 mp/kg weekly. Treatment interruption and/or individual
dose adjustment of S-1 was considered when patients
experienced any adverse events assessed al grade 2 or more
as defined by the National Cancer Institute, Common
Toxicity Criteria, version 3.0. Patients with an objective
response or stable disease (SD) continued lo rececive
treatment until progressive disease (PD) or unacceptable
toxicity developed.

Evaluation of efficacy and safety

Efficacy was evaluated by intention-to-treat analysis.
Responses were assessed according (o the Response Eval-
uation Criteria in Solid Tumors guidelines. Complete
response (CR) was defined as the disappearance of all
known lesions for at least four weeks. Partial response
(PR) was defined as a reduction of the sum of all mea-
surable lesions by at least 30%. PD was defined as an
increase of the sum of all measurable lesions by greater
than 20%, or as the appearance of a new lesion. Stable
disease (SD) was defined as neither CR, PR, nor PD. Long
SD was defined as SD lasting for more than 24 weeks,

Objective response rate (ORR) was defined as the sum
of the CR and PR rates. Clinical benefit rate (CBR) was
defined as the sum of the CR, PR, and long SD rates. Time-
to-treatment failure (TTF) was defined as the period from
the commencement of S-1 to the discontinuation of S-1
and/or trastuzumab due to PD or unacceptable toxicity.

All adverse events and laboratory parameters were
graded according to the National Cancer Institute, Com-
mon Toxicity Criteria, version 3.0.

Statistical analysis
TTF were calculated by the Kaplan-Meier method, per-

formed to analyze censored data. Confidence intervals (CT)
were set at the 95% level.
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Results
Patient characteristics

Thirty-five patients were assessed in the present study,
Median follow-up time of patients was 9.6 months, and the
range was 1.2-26.6 months. All patients were Japanese
women. The demographic characteristics of the present
study population are presented in Table 1. Median age was
54 years (range 31-83).

The patients in the present study had advanced discase.
More than half of the patients (57%) had three or more
melastatic organs, visceral metastasis of the lung (18%), or
of the liver (19%). The patients were heavily pretreated
with anthracycline (100%), taxane (paclitaxel or docetaxel)
(100%). capecitabine (100%), vinorelbine (71%), and
mitomyein (69%). More than five prior chemotherapie
courses for MBC had been administered to 57% of the
patients. In terms of hormonal status, 60% were positive o
both estrogen and/or progesterone receptors, With regard to
HER2 status, 17% of the patients were HER2 protein 3+ in
immunohistochemistry or HER2 gene-amplified in FISH.

Efficacy

Out of 35 patients, the response was assessable in 28, One
patient achieved PR (3%). Eight patients obtained SD
(23%), and six of those eight patienis were long SD (17%)
Therefore, ORR was 3% (95% CI; 0-9%). CBR was 20%
(95% CI; 6-33%) (Table 2). Median TTF was 2.8 months
(Fig. 1). Median overall survival was 21.4 months (Fig. 2).

Among 21 patients in whom the discase progressed
during treatment with capecitabine, one PR and five SD
(four long SD) were oblained. ORR was 5% and CBR was
23%. A PR was observed after progression to capecitabine
preceding stable discase for seven months. In seven
patients who had discontinued capecitabine due 1o their
toxicities (four hand-foot syndrome, one thrombocytope-
nia, one cyslitis, one eruption), two SD (one long SD) was
observed. In six patients with HER2-positive cancer who
were treated with S-1 combined with trastuzumab, two
long SD were obtained.

Safety

Grade | or 2 adverse events were observed in 17 or 13%,
respectively (Table 3), Grade 3 was rarely seen (3% of
patients). One grade 4 toxicity of anorexia was observed.
Common toxicities at any grade were anorexia (54%),
nausea (49%), vomiting (34%), diarrhea (52%), and hand-
foot syndrome (35%). Grade 3 events occurred as anorexia
(9%), nausea (9%), vomiting (9%), diarrhea (14%), fatigue
(3%). and elevation of AST/ALT (3%). No grade 3 was

Table 1 Patient characteristics (n = 35)

Charuacteristics No. of patients  Percenage (%)
Mean age (range) 54 (31-83)
Performance status

0 12 34
I 14 40
2 9 6
Estrogen receptor/prog ane status

i 19 54
+1- 2 6
—f= 12 34
Unknown 2 6
HER2 stalus

Positive (IHC 3+ or FISH4) 6 17
Negative (IHC 0. 1+ or FISH-) 28 80
Unknown I 3
Recurrent or stage IV

Recurrent 26 74
Stage IV 9 26
No. of mietastases

Median (range) 3(1-5)

I 7 20
2 8 23
3 11 3l
4 8 23
5 1 3
Sites of metustuses

Lymph node 23 25
Chest wall/skin 11 12
Lung 17 18
Pleura 8 9
Bone 16 17
Liver 18 19
No. of prior chemotherupy courses for MBC

Median (range) 5(1-8)

1-2 5 14
3-4 10 29
5 onwards 20 57
Agents used in prior chemotherapy

Anthracycline 35 100
Pre- or postoperative usage 1] 31
Taxane (paclitaxel or docetaxel) kL 100
Pre-or postoperalive usage 3 9
Capecitabine 35 100
Vinoreibine 25 71
Mitomycin 24 69

seen as hand-foot syndrome. Neither grade 3 nor 4 was
observed in bone marrow suppression, There was no seri-
ous organ toxicity,
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Table 2 Response Tuble 3 Adverse events (n = 35)
All Capecitabine- Discontinued Total Gmde Grude Grade Gmde
(n = 35) resistant capecitabine due 1 2 3 4
(n=12I) o inxicities
mn=T n % n % %8 % a %
" % n % " L Anorexia 195 124 3 9 3 & 1 3
Fatigue M40 926113 1 3 0 0
a:::" i Sl e £ Nauses 1749 617 823 3 9 0 0
s‘ﬂcm" g - q - Vomiting 13-y 3900 B
R T =S > : 5 Diarrhea 1851113 2 6 514 0 0
Fi Hand-foot 935 #1 S 4 ‘0 0 0 'O
Progressive discase 19 54 13 62 2 8 syndrome
Not evalnsble T 200 S o a3 4 Hair loss 0 0 0 0 0 0NANANANA
Objective responsc rate 1 3 | AT 0 Leukopenis 1234 109 2 0o 0 0 0
Anemin 1646 11 31 1421 0 0 0 O
ol Thrombocytopenia 3 9 | 3 2 6 0 0 0 0
= AST elevation (100 v Al B SR TR | L T - o
& ,.} ALT elevation 10029 '3 W #30 30D
ial Total bilirubin FHT W @ 0BT D
Ll clevation
1 Creatinineelevation 2 6 2 6 0 0 0 0 0 0
z All events 15830 90 17 66 13 17 3 | 02
': NA not applicable
] ] 10 (L} o .
5.5 Discussion
Fig. 1 Time (o treatment failure (2 = 35) S-1 or capecitabine is active in MBC patients who have
been previously treated with anthracycline and taxane.
':‘ Both drugs may exhibit cross-resistance because of their
5 shared final active metabolite. The present study showed
= % that S-1 demonstrated 3% ORR and 20% CBR in patients
f CE who were heavily pretreated with anthracycline, taxane,
i : and capecitabine. The median of 2.8 months TTF was
% relatively short (Fig. 1). These results suggest that S-1 has
1 very limited activity in such heavily treated patients.
o However, for the minority, the disease may stabilize. It was
54 : Ay e o - 4 %  suggested that S-1 demonstrated almost complete cross-
monine resistance to capecitabine.

Fig. 2 Ovenll survival (n = 35)

In four patients who had discontinued capecitabine
because of hand-fool syndrome, three patients experienced
no hand-foot syndrome, but one patient had grade 2. One
patient who had discontinued capecitabine due to hemor-
rhagic cystitis experienced grade 3 diarrhea without other
gastrointestinal complaints, One patient who had discon-
tinued capecitabine due (o upper abdominal pain
experienced grade 2 anorexia without pain. In ten patients
(29%), S-1 was discontinued due to toxicitics such as
diarthea (four cases), deterioration of PS (3), hand-foot
syndrome (1), conjunctivitis (1), and enhancement neu-
ropathy of concomitant phenytoin (1).
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The safety profile was fairly good. Grade 4 toxicity was
rare. Common loxicilies were anorexia, nausea/vomiting,
diarrhea, and hand-foot syndrome. All toxicities were
manageable. However, several patients with poor PS could
not continue treatment with moderate toxicitics. No severe
diarrhea (grade 4) was seen. Interestingly, it is likely that
there is a lower incidence of hand-foot syndrome with S-1,
even in patients who have suffered from hand-foot syn-
drome with capecitabine. In the majority, this well-
tolerated profile may contribute to maintaining QOL in
heavily treated patients.

In managing patients with MBC, it is still controversial
as to whether a single agent or combination chemotherapy
is superior, For instance, concurrent (reatment with
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docetaxel and capecitabine produced a longer survival than
sequential treatment with each drug [23]. However, more
patients receiving capecitabine plus docetaxel required
dose reductions because of adverse events [24]. Recently,
concurrenl usage with capecitabine and ixabepilone was
reported to give superior results in terms of progression-
free survival than single administration of capecitabine, but
overall survival data are not available [18]). There are no
conclusive data on the superiority of concurrent treatment
because of a lack of data comparing the sequential single
usage of each agent. There is also no information on S-1
including other active agents such as vinorelbine, gemcit-
abine, or irinotecan. Sequential treatment has the potential
advantage of yielding fewer adverse events. The strong
safety profile with single usage of S-1 may be desirable in
heavily treated MBC patients.

This study is both small and retrospective. There is no
standard treatment in MBC pretreated with anthracycline,
taxanc and capecitabine. Well-designed clinical trials or
palliative care would be recommended in this setting. It is
not clear whether S-1 is active against HER2-positive
MBC, Further investigations should be carried out on the
clinical effectiveness of the upfront usage of S-1.

In conclusion, S-1 is fairly well tolerated but demon-
strates very limited activity in capecitabine-pretreated
patients who have already been exposed to anthracycline
and taxane. It is suggested that S-1 clinically exhibits
cross-resistance to capecitabine.
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Minireview

Emerging ethnic differences in lung cancer therapy

1 Sekine®', N Yamamoto', K Nishio® and N Saijo®

'mqwmwmmmmmﬂﬁm Tsukji S-1- 1, Chuo-ky, Tokyo 104-0045, Jopar; *Department of
Genome Blology, Kinki University School of Medicine, Sayama 589-8511, Japar; “Division of Intemal Medicire, National Cancer Center Hospital East,

Kashiwanoha 6-5-1, Kashiwa 277-8577, japan

Although global clinical trials for lung cancer can enable the development of new agents efficiently, whether the resuits of clinical trals
performed in one population can be fully extrapolated to another population remains questionable. A companson of phase lil trials
for the same drug combinations against lung cancer in different countries shows a great diversty in haematological toxicity. One
possible reason for this diversity may be that different ethnic populations may have different physiological capacities for white blood
cell production and maturation. In addition, polymorphisms in the promoter and coding regions of drug-metabolising enzymes (e.g,
CYP3A4 and UGTIAI) or in transporters (eg, ABCBI) may vary among different ethnic populations. For example, epidermal
growth factor receptor (EGFR) inhibitors are more effective in Asian patients than in patients of other ethnicities, a characteristic that
parallels the incidence of EGFR-activating mutations, Interstitial lung disease associated with the administration of gefitinib is also more
common among Japanese patients than among patients of other ethnicities, Although research into these differences has just begun,
these studies suggest that possible pharmacogenomic and tumour genetic differences associated with individual responses to
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Lung cancer is the most common malignancy worldwide.
Approximately 1.2 million people are diagnosed with lung cancer
annually (sccounting for 12.3% of all cancers); the second most
common malignancy is breast cancer (10.4%), followed by
colorectal cancer (9.4%). As lung cancer almost invariably has a
poor prognosis, it is the largest single cause of death from cancer
in the world, with a mortality of 1.1 million annually (Stewart and
Kleihues, 2003). Only 15% of lung cancer patients have a disease
that is confined to the lung and are candidates for surgi
resection; most patients with this di have distant met

or pleural effusion at the time of their initial diagnosis. These
patients can be treated with systemic chemotherapy, but the
efficacy of currently available anticancer agents is limited and
patients with advanced diseases rarely live long.

As the development of new anticancer agents and chemother-
apeutic regimens is both time and money consuming, clinical trials
need to be as efficient as possible. One effort in this direction has
been the adoption of global clinical trials for new agents that
involve trial centres on more than one continent; this strategy
enables adequate sample sizes to be obtained in a relatively short-
time period and eliminates the need for redundant clinical trials
with similar objectives conducted in different countries. However,
whether the results of clinical trials performed in one population
can be fully extrapolated to other populations remains question-
able because of potential differences in trial designs, study-specific
criteria, patient demographics, frequency of monitoring, and
population-related pharmacokinetics, pharmacodynamics and

anticancer agents should be carefully considered when conducting global chinical tnals,
British Joumal of Cancer advance online publication, 4 November 2008; doi:10.1038/sjbjc 6604721 www.bjcancer.com
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pharmac mics. Recently, these genetic and physiologic
factors mmg cancer chemotherapy have been increasingly
examined and reported.

CLINICAL OBSERVATIONS OF TOXICITY DURING
CYTOTOXIC CHEMOTHERAPY

A comparison of phase 111 trials for the same drug combinations
against non-small cell lung cancer conducted in t countries
shows a t diversity in to (Sekine et al, 2006). Among
trials studying the combination of carboplatin and paclitaxel, the
dose of carboplatin was fixed in all the trials, but the dose of
paclitaxel was 200mgm™” in Japanese and European trials and
225mgm * in American trials, Grades 3-4 ia was noted
in 88% of the patients in the Japanese trial, 15-51% of the patients
in the European trials, and 6-65% of the patients in the American
trials. Meanwhile, grades 3 -4 febrile neutropenia was encountered
in 16% of the patients in the Japanese trial, 0-9% of the patients in
the trials, and 2-4% of the patients in the American
trials (Table 1). For combinations of cisplatin and docetaxel
(Table 1) and cisplatin and vinorelbine (Table 2), the incidences of
grades 3-4 neutropenia and febrile neutropenia were almost the
same between phase 11 trials performed in different areas, but the
doses of docetaxel and vinorelbine in the Japanese trials were
lower than those in the Europ and American trials. Thus,
neutropenia in patients receiving a combination of platinum and
antimicrotubule agents may be more severe in Japanese than in

*Comespondence: Dr | Sekine; E-mail: isekine@inccgojp
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and Americans. A higher frequency of grades 3-4
penia in Ja pati than in American patients was
associated with combinations of cisplatin and irinotecan (65 vs
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BeESyCa st e
Table | Todcity sssocisted with a combination of platinum and toane
Chematharapy dose Grades 3-4 toxiclty (%)
Research group Platinum Taxane No. of patients NP FNP Referance
A comb of cooplitin and pocitaxe! .
pn 6 (AUC) 200 (mgm™Y) 145 88 3 Obe et d (2007)
Greace & (AUC) 200 (mgm™ 252 15 o Kowmidis et of (2002)
U & (AUC) 200 (mgm’ 09 LY 4 Resel et ol
£COG 6 (ALC) 725 (g™ o 83 4 Schiller et of (2002)
SWOG & (AUC) 225 (mgm” 206 57 2 Kedy et o (2001)
SWOG & (ALC) 225 (mgm %) 182 - 3 Gandara et of (2004)
USA 6 (AUC) m(u'nrg 190 65 - Belani et of (2008)
USA & (AUC) 225 (mgm~ 345 h“ - Herbst ef of (2004)
A combingtion of dsplatin ond doceterel
Japan 80 (mgm™) €0 (mgm™ 151 74 2 Ohe &t d (2007)
ECOG 75 (mgm™) 75 (mgm™ 289 69 I Schiler et of (2002)
UsA 75 (mgm™) 75 (mgm”™ 408 75 Fossella et of (2009)

Table 2 Taxdcity associsted with a combination of dsplatin and vinorelbine

Chamotharapy dose (mgm )

Research group Clsplatin Vinorelbine No. of patients NP FNP Reference

Japan 80 (day 1) 75 (days 1, 8) 145 88 18 Ohe ot d (2007)
Greecs 80 (day 6) 30 (days |, §) 204 ” I Georgoulias et of (2005)
France 100 (day 1) 30 (weeldy) 156 LH] n Pujol et af

EU 120 (day 1) 30 (weeidy) 06 i 4 Le Chevalier et ol (1994)
SWOG 100 (day 1) 25 (weeidy) 0 76 1 Kelly et ol (2001)

USA 100 (day 1) 25 (weekly) 404 ] 5 Fossella et of (2003)

32%, P<0.001) and cisplatin and etoposide (92 vs 66%, P<0.001)
brl;nmmlofmm-ﬂlmgm[m“d.
2007).

How can this ethnic difference in the severity of neutropenia be
explained? One possibility s that the physiological capacity of the
white blood cell production and maturation may vary among
different ethnic populations. An asymptomatic reduction in
neutrophils (benign neutropenia) is more observed
in individoals of African descent than in Caucasians, and no data
on this phenomenon are available for Asians (Hsieh et al, 2007).
The mechanisms are unclear, but a lower bone marrow reserve, an
intrinsic marrow difference, an abnormal cytokine response, or
any combination of these factors have been suggested (Hsich et al,
e of 1.4 2 gemaiocyl counp stmsicing fte 0 Afien

in
winmm'l'hm,m mm sl‘n for
thcrehdvdthmwlmnuhlhﬁppuhdon{umnd.
2007). A recent report showed that ethnicity-related low neutrophil
counts were associated with neutrophil elastase (ELA2)
polymorphisms (C-199A), but not with serum cytokine levels
(Grann et al, 2007).

ETHNIC DIFFERENCES IN DRUG METABOLISING
ENZYMES

An explanation for the ethnic differences in haematological
toxicity may be the varying activities of drug-metabolising
enzymes and transporters that are mainly associated with
polymorphisms in the promoter and coding regions of these
enzymes (Fujita and Sasaki, 2007). The haematological toxicity of

Brrtish joumal of Cancer (2008), |- 6

doumdmmﬁmwmumhldwﬂhdudnrmohhh
agent in Asian patients, a phenomenon that can be

by CYP3A4 activity (Yamamoto et al, 2000). A study
conducted in the Netherlands showed that docetaxel clearance was
associated with the C1236T polymarphism in the
ABCBI1 (p-glycoprotein) gene (ABCB1#8) but was not associated
with any CYP3A4 gene polymorphisms (Bosch et al, 2006). In
contrast, docetaxel pharmacokinetics were not associated with the
pﬂcmtdminmmhilmumwkhmpoly-
morphisms in the CYP3A4 and ABCBI genes in American patients
(Lewis et al, 2007). Mathnlnmplcofﬂhnkd.i&lmiadﬂg—
mdeng enzymes is the association between

Fm 1, in i s an sbahnli .n‘ I

induced neutropenia. Among the patients who received irinotecan
with or without another anticancer agent, grade 4 neutropenia was
noted in 40- sihnfliuplt!mhwidl UDP-glucuronosyltransfer-
ase (UGT) 1A1*28 (a polymorphism in the promoter region of the
UGT1A1 gene) homozygosity, whereas neutropenia was only
observed in 15% or less of the patients with wild-type alleles. This
association was consistent in both Asian and Caucasian patients,
although the frequency of homozygosity was about 10% in
Caucasians and much lower in Asians. UGT1ALI#6 allele is
another polymorphism at exon 1 that is associated with defective
glucuronidating function and is found almost exclusively in Asian
individuals with a fr as high as 20% (Fujita and Sasaki,
2007). UGT1Al»6 I:lnlg:gcnnﬂrkhhked to polymorphisms of
UGTIA?7 and UGT1A9. A haplotype including UGTIAI*6 and
UGT1A7#3, noted in as many as 15% of Japanese patients, and
UGTIAl%6 homozygosity, noted in 7% of Korean patients, were
significantly associated with decreased glucuronosyltransferase
activity for SN-38 and severe neutropenia (Han er al, 2006; Pujita

© 2008 Cancer Research UK




et al, 2007). In 177 Japanese patients treated with irinotecan-
including chemotherapy, a homozygous or double heterozygous
genotype for UGTIAI*6 and UGT1A1*28 (*6/*6, *28/*28 or "6/
*28) was significantly associated with severe neutropenia (Minami
et al, 2007). In addition, patients with a homozygous C3435T
polymorphism in the ABCB1 gene are four-fold more likely to
develop grade 3 diarthoea when treated with a combination of
cisplatin and irinotecan (Lara e al, 2007).
Data on associations b pol in genes coding
drug-metabolising enzymes and efficacy remain
scarce. A recent prospective study in 250 patients with metastatic
colorectal cancer showed a significantly higher response rate (67 vs
40%) and a nonsignificant survival advantage (hazard ratio (HR):
0.81; 95% confidence interval (CI): 0.45-144) in pati
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A similar association between objective responses and ethnicity
was observed in studies on erlotinib monotherapy for previously
treated advanced NSCLC. In an American phase I trial of this
agent in 57 advanced NSCLC patients with disease progression or
relapse after platinum-based ct herapy, the resp rate was
12% and the MST was 8.4 months (Perez-Soler et al, 2004). In
contrast, the combined data of two Japanese phase II trials of
erlotinib in similar patient populations showed objective responses
in 30 of 106 (28%) patients and an MST of 13.8 months. Amonsd:..hen
n ders, significantly higher proportions of females (50%)
:.Lm (INWP=0.§(B) and uipanmr smokers (51%) than
smokers (14%) were observed (P<0.0001) (Tamura et al, 2007). A
phase 111 trial of erlotinib or a placebo in 731 NSCLC patients

jous! ted with one or two chemotherapy regimens showed

ho for UGT1A1%28, compared with those with wild-type
alleles; these outcomes were associated with a higher exposure to
SN-38 (Toffoli et al, 2006). In a study of 81 NSCLC patients, those
who were for UGT1A1%6 had a lower response rate
(0 ws 50%, P=0.038) and a poorer MST (7.6 vs 17.7 months,
P=0.017) as well as greater toxicities than the other patients (Han
et al, 2006). The most plausible explanation for the negative effects
of UGT1A1%6 on treatment outcome may be that the dose intensity
or cycle number might have been reduced in patients with
UGTI1A1"6 because of polymorphism-associated toxicities (Fujita
and Sasaki, 2007).

These pharmacogenetic analyses have been rather preliminary.
Data on genotyping, pharmacokinetics, and pharmacodynamics
collected from a large number of patients with different ethnic
backgrounds are needed to demonstrate the cause of ethnic
differences in chemotherapy-associated toxicity.

EFFICACY OF EPIDERMAL GROWTH FACTOR
RECEPTOR TYROSINE KINASE INHIBITORS

that the ’mponle rate in Asian patients was higher than that
in patients of other ethnicities (28 vs 10%, P=0.02) (Shepherd
et al, 2005).

These results of phases 11 and III trials consistently suggest that
EGFR tyrosine kinase inhibitors may be more effective in Asian
patients than in patients of other ethnicities.

In April 2004, the activating mutations of the EGFR gene were
identified in NSCLC specimens, and cancers with these mutations
were reported to be highly sensitive to gefitinib. The populations
with higher responses to gefitinib (females, non-s s and
patients with an adenocarcinoma histology) also have higher
incidences of EGFR mutations (Kosaka ef al, 2004; Pao et al, 2004;
Shigematsu et al, 2005). The incidence of BGFR mutations in
surgically resected tissue samples is summarised in Table 3
(Kosaka et al, 2004; Pao er al, 2004; Marchetti ef al, 2005; Qin et al,
2005; Shigematsu ef al, 2005; Soung ef al, 2005; Tokamo et al, 2005;
Yang et al, 2005; Sasaki et al, 2006). The incidence varies from one
report to her, but EGFR mutations tend to be more common
among patients with an adenocarcinoma histology and among
non-smokers. Among Asian patients, the average incidences of
EGFR mutations were 31% overall, 47% among patients with

Epidermal growth factor receptor (EGFR), a cell b
receptor with tyrosine kinase activity, is expressed in most patients
with NSCLC and plays a role in cellular proliferation, inhibition of
apoptosis, angiogenesi tatic potential, and chemoresis-
tance. Small-molecule inhibitors of EGFR, such as gefitinib and
erlotinib, have shown antitumor activity and have
symptoms in NSCLC patients who were previously treated with
standard chemotherapy. Two randomized phase 1l studies, IDEAL
(Iressa Dose Evaluation in Advanced Lung Cancer)-1 (involving
210 patients and conducted in Europe, Australia, South Africa, and
Japan) and IDEAL-2 (involving 216 patients and conducted in the
USA), have evaluated the efficacy of gefitinib at a dose of either
250 mg daily or 500 mg daily in patients with advanced NSCLC in
whom earlier platinum-based chemotherapy had failed. No
difference in the response rates between the doses was noted,
but an increased response rate was recorded for never smokers,
women, and those with an adenocarcinoma histology, compared
with patients who did not have these characteristics. In addition,
the response rate was 28% in Japanese patients but only 9-12% in
patients of other ethnicities ( ka et al, 2003; Kris et al, 2003).
A randomized phase 111 trial, ISEL (Iressa Survival Evaluation in
Lung Cancer), of gefitinib vs a placebo in 1692 NSCLC patients
who had been previously treated with one or two chemo-
therapeutic regimens failed to show any survival benefit of
gefitinib; in the overall population, the median survival times
(MSTs) in the gefitinib and placebo arms were 5.6 and 5.1 months,
respectively (HR: 0.89; 95% CI: 0.78-1.03). A subgroup analysis,
however, showed that the MST was longer in Asian patients
receiving gefitinib than in those receiving the placebo (MST: 9.5 vs
5.5 months; HR: 0.66; 95% CI: 0.48 -0.91). Similar results were seen
for never smokers: patients receiving gefitinib survived longer than
those receiving the placebo (MST: 8.9 vs 6.1 months; HR: 0.67, 95%
Cl: 0.49-0.91) (Thatcher er al, 2005).

© 2008 Cancer Research UK

, and 56% among non-smokers; among other
ethnic populations, however, the average incidences were 7-8%
overall, 13-15% g patients with ad cinoma, and
34-35% among non-smokers (Table 3). Thus, the percentage of
responders to gefitinib or erlotinib almost paralleled the percen-
tage of patients with EGFR mutations.

The mechanism responsible for the high frequency of EGFR
mautations in Asian patients is a subject of great interest, and
polymorphisms in the regulatory sequence of the EGFR gene have
been y investigated. The CA simple sequence repeat 1
(CA-SSR1), n highly polymorphic locus containing 14-21 CA
dinucleotide repeats, is located at the 5' end of intron 1 of the
EGFR gene. Studies of CA-SSRI repeat length and EGFR
expression in breast cancer tissues have shown a constant decline
in EGFR expression with increasing repeat length (Buerger ef al,
2000, 2004). In addition, a shorter repeat was associated
with an elevated risk of lung cancer (Zhang et al, 2007) and poor
survival in NSCLC patients (Dubey et al, 2006). The CA-SSRI1
repeat distribution varies according to ethnicity, with
Asians tending to have longer repeats than Americans (Liu ef al,
2003). Two single-nucleotide polymorphisms in the promoter
region of the EGFR gene (—219G/T and —191C/A) were also
associated with promoter activity and EGFR expression (Liu et al,
2005), and their polymorphic types (associated with low EGFR
expression) were more common among Asians than among other
ethnicities (Nomura et al, 2007), These observations suggest that
many Asians have polymorphic types that lead to a decreased
intrinsic production of EGFR protein. If a certain critical level of
EGFR is required to drive the cell toward a malignant phenotype,
another mechanism including activating mutations of EGFR and/
or the autonomous activation of downstream signalling may be

quired for the develop t of lung cancer among Asians
(Nomura et al, 2007).
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Table 3 Incidence of EGFR mutations in surgically resected specimens

All cases Adenocardnoma MNon-smokers
Total Mutation Total Mutation Total Mutation
Authar Country N N (%) ~ N (%) N N (%)
Western orecs
Shigermats, USA &0 1 {9 “ 1 @s 2% 1an
Pac usa 9% 11 (h1) n 11 (15) I5 747
Yang UsA 219 26(12) rxl 25 (15) W 12 (35)
Marchetti Haly L) I 5) s 9 (10) o 1@
Subtotal 1255 7@ 655 86 (13) B 26 (35)
Asion areas
Shigematsu Japan 163 7nEn 154 67 (44) 78 47 (80)
Kosaka Japan 277 111 {40) 224 110 (49) I3 76 (68)
Tolamo Japan 120 A7) 82 37 (45) % 25 (89)
Sasald Japan 95 3537 7 32 (45) 3 25 (69)
Shigematsy Taiwan 9 3234 55 31 (56) 55 27 (49)
Qin China 41 10 (24) 17 7 (41) 2 6 (29)
Sourg Korea 153 30 20) 65 26 (38) 54 15 (48)
Shigematsy Others 161 107 (30) 214 102 (48) 138 76 (56)
Subtotal 1403 434 (31) 886 412 (A7) 415 23| (56)
Other oreas
Shigematsu Ausstralia CE] 6N 3 5 (14) 7 41057
Shigematsu Others 158 13 (8) 75 12 (16) 3 9 (29)
Subriotal 241 19 (®) i 17 (15) 38 1309
Toal b 540 (19) 1652 51531 528 70 (51)

Sncluding only patients with adenocarcinoma histology.

INTERSTITIAL LUNG DISEASE ASSOCIATED WITH
GEFITINIB AND ERLOTINIB

The frequencies of grades 3-4 common toxicities after the
administration of gefitinib, including diarrhoes, skin rash, and
elevated liver transaminase levels, have been similar among study
ns, but the incidence of severe interstitial lung disease
(ILD) associated with the administration of gefitinib differs
between patients in Japan and those in other countries. In the
IDEAL studies, two Japanese patients developed grades 3-4 ILD
(2%), whereas no patients outside of Japan experienced ILD
(Fukuoka ef al, 2003; Kris et al, 2003). A ve study of
1976 consecutive patients treated with gefitinib at 84 institutions
showed that the incidence of ILD was 3.5% and the mortality rate
was 1.6%. Several risk factors for the development of gefitinib-
induced ILD were identified in the Japanese population: a history
of pulmonary fibrosis, a history of smoking, a poor performance
status, and a male sex (Ando er al, 2006), A similar incidence of
M(m)mabomdhumhﬂunwhhedmn:
phase 11 trials (Tamura et al, 2007).
Themochﬂnnbcl\vunltﬂmdmmmtrmmluc
major topic in Japan because (1) the diagnosis of ILD can
be difficult and a consensus among icians is sometimes
not reached, (2) the risk factors for ILD have not been fully
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established, 3) an effective treatment for ILD has not been
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CONCLUSION

The findings discussed here suggest that considerable variations in
the toxicity and efficacy of anticancer agents may exist among
patients of diﬁeum ethnicities. Although research into these
differences has just begun, these studies suggest that pombk

ic and tumour genetic differences associated with
individual res to anticancer agents should be carefully
considered when conducting global clinical trials.
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EphA4 promotes cell proliferation and migration through
a novel EphA4-FGFR1 signaling pathway in the
human glioma U251 cell line

Junya Fukai,'? Hideyuki Yokote,2*
Ryuya Yamanaka,’ Tokuzo Arao,*
Kazuto Nishio,** and Toru Itakura’

1

Department of Neurological Surgery, Wakayama Madical
University, Wakayama, Japan; 'sm.n-uh. National Cancer
Center Hospital, Tokyo, Japan; *R h Center of |
Cancer Therapy, Kurume University School of Medicine, Fukuoka,
Japan; and “Department of Genome Biology, Kinki University
School of Medicine, Osaka, Japan

Abstract

The Eph receptor tyrosine kinases and thelr ephrin ligands
form a unique cell-cell conact-mediated bidirectional
signaling mechanism for regulating cell localization and
organization. High expression of Eph receptors in a wide
variety of human tumors indicates some roles in tumor
progression, which makes these proteins potential targets
for anticancer therapy. For this purpose, we did gens
expression profiling for 47 surgical specimens of brain
tumors Including 32 high-grade glioma using a micrumy
technique. The lysis, f d on the P

kinases, showad thm EphA4 mRNA in the iurnur- was
4-fald higher than in normal braln tissue. To investigate
the biological significance of EphA4 overexpression in
these tumors, we analyzed EphA4-induced phenotyple
changes and the signaling mechanisms using human
glioma U261 cells. EphA4 promoted fibroblast growth
factor 2-mediated cell proliferation and migration accom-
panied with enhancement of fibroblast growth factor
2-triggered mitogen-activated protein kinase and Akt
phosphorylation. In addition, active forms of Rect and
Cdc42 increased in the EphA4-overexpressing cells.
Furthermore, we found that EphA4 formed a heterorecep-

Racaived 11/7/07; revised 6/18/08; accepted 6/19/08.

Grant support: Third-Term Comprehensive 10-Year S gy for Cancer
Contml and Health and Labour Sci Grants, R h en A
| Tect  H17-F 006.

The costs of pul:lwluun of this article were defrayed in part by the
payrnonl of page charges. This article must therefora be hareby marked
in with 18 U.S.C. Section 1734 solely to

indicate this fact,

Note: Microarray analysas wara carried out using BRB Amray Tools
devaloped by Dr. Richard Simon and Amy Peng. K. Nishio and T. itakura
designed tha research, J. Fuksi and H. Yokots did the research,

R. Yamanaka and T. Arao contri d to data lysis, and J. Fukai wrote
the article.

HIqulﬂl for reprints: Kazuto Nishio, Depariment of Genome Biology, Kinki
Unit y School of Medicine, 377-2 Ohno-Higashi, Osaka-Sayama,
Osaka 809-351! Japan. Phone: 81-72-366-0221;

Fax: 81-72-366-0206. E-mail: knishio@maed.kindsi.ac.jp

Capyright © 2008 American Association for Cancer Research.

doi:10.1158/1536-7163.MCT-07-2263

tor complex with fibroblast growth factor receptor 1
(FGFR1) in the cells and that the EphA4-FGFR1 complex
potentisted FGFR-mediated downstream signaling. Thus,
our results indicate that EphA4 plays an important role in
malignant phenotypes of glioblastoma by enhancing
cell proliferation and migration through accelerating a
canonical FGFR signaling pathway. [Mol Cancer Ther
2008;7(9):2768- 78]

Introduction

The Eph receptors represent the largest family of receptor
protein tyrosine kinases and interact with their ligands,
ephrins. The Eph receptors and ephrins are divided into
two subclasses, A and B, based on their homologies,
structures, and binding affinities (1). Fourteen Eph recep-
tors and eight ephrin ligands have been identified thus far
in mammals (2-4). Ephrin-A ligands are anchored to
the plasma membrane by a glycosylphosphatidylinositol
modification. Ephrin-B ligands have a transmembrane
domain and a short cytoplasmic tail. The Eph-ephrin
system relays a direct cell-cell contact-mediated bidirec-
tional signaling pathway (5, 6). This bidirectional signaling
is fundamentally involved in developmental

(7-9) or in the remodeling of blood vessels (10, 11). Eph-
ephrin signaling mainly affects the cell shape and motility
by regulating cytoskeletal organization and cell adhesion
and also influences cell proliferation and cell-fate determi-
nation (3). Therefore, it is speculated that Eph signaling
could play some roles in tumorigenesis as one of their
possible consequences.

More recently, the genes for Eph receptors and ephrins
have been recognized to be differentially expressed in
various human tumors including malignant melanoma,
glioma, prostate cancer, breast cancer, small cell lung
cancer, endometrial cancer, esophageal cancer, gastric
cancer, and colorectal cancer (12-18). Profound distortion
of expression patterns could be correlated with altered
tumor behavior such as increased invasiveness or increased
metastatic potential and consequently with poor patient
outcome. Despite the widely observed phenomenon of
Eph receptor overexpression, their role has not been fully
elucidated in the process of malignant phenotypes.
However, recent bodies of evidence have implicated Eph
involvement in the tumor progression of human cancers
including malignant gliomas (19, 20).

The fibroblast growth factor receptor (FGFR) also belongs
to a family of receptor protein tyrosine kinases and consists
of four members, FGFR1, FGFR2, FGFR3, and FGFR4. At
the present, 23 FGF ligands have been cloned and known to
bind to and activate FGFRs with their different affinities
(21). The FGFR-associated substrate 2a (FRS2a) is a docking
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protein that plays an important role in FGFR signaling.
FRS2a binds constitutively to FGFR through its PTB
domain at the NH; terminus and six tyrosine residues at
the COOH terminus are phosphorylated by activated
FGFR. Once FRS2a is phosphorylated, it recruits adaptor
molecules such as Grb2 and Shp2 and relays the signals to
the Ras/mitogen-activated protein kinase (MAPK) or
phosphatidylinositol 3-kinase/Akt pathway (22, 23). In
addition, FGFR is known to direct cytoskeletal reorganiza-
tion through regulating small GTPases, although its precise
signaling mechanism has not been clarified (24).

The FGF growth factor family mediates a wide range of
biological activities by binding to and activating the FGFR
family (25). Aberrant FGFR signaling leads to diverse
human pathologies including is. In gliomas,
malignant progression from low to high grade appears to
involve up-regulation of FGFR expression (26). FGFR2 is
expressed abundantly in normal white matter and in all
low-grade astrocytomas but is repressed in malignant
astrocytomas. Conversely, FGFR1 expression is almost
absent in normal white matter but is sufficiently expressed
to be detected in malignant astrocytomas (27). Glioblasto-
mas also express an altematively spliced form of FGFR1
containing two immunoglobulin-like disulfide loops
(FGFR1p), whereas normal human adult expresses
FGFR1q, a form of the receptor containing three immuno-
globulin-like loops. Intermediate grades of astrocytomas
exhibit a gradual loss of FGFR2 and a shift in expression
from FGFRla to FGFRIP as they (28). Thus,
FGFR1 signaling is suggested to be associated closely with
malignant progression of astrocytes.

In this article, we would like to report that our gene
expression study showed aberrant expression of the EphA4
receptor in high-grade astrocytic tumors and that the
overexpressed EphA4 contributed to the malignant pheno-
type of the tumor cells through enhancing proliferation and
migration by its interaction with FGFR1.

Materials and Methods

Microarray Gene Expression Analysis

Tumor specimens were obtained from 47 patients who
underwent therapeutic removal under approved protocols
from the institutional review board. His diagnosis
was made by light microscopic evaluation of the sections
stained with H&E. The classification of human brain
tumors was based on the WHO criteria for tumors of the
nervous system (29). The 47 brain tumors consisted of 32
high-grade glioma and 15 low-grade glioma. Total RNA
was extracted from tissue samples and assessed for quality.
Amplified RNA from tumor and normal brain tissue was
labeled with Cy5 and Cy3 (Amersham Biosciences),
respectively. Hybridization target probes were prepared
from total RNA and hybridized to the CodeLink Agilent
Human 1 Bioarray chip according to the manufacturer’s
instructions (Amersham Biosciences). Microarray images
were processed using Gene Spring software (Silicon
Genetics). Intensity values were normalized using lowess
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normalization (30). Average fold differences in gene
expression between tumor and normal brain were
calculated. Basic data visualization, data filtering, and
hierarchical clustering were done. The microarray raw
data and clinical features has been submitted to Gene
Expression Omnibus® (accession no. GSE4381) in our
previous report (31).

Cell Culture

GP2-293 cells (Clontech) were cultured and maintained
with DMEM with 10% fetal bovine serum and used as
packaging cells for pseudo-retrovirus production. RPMI
1640 supplemented with 10% fetal bovine serum was used
for each culture of U251 cells (human malignant astrocy-
toma cell line; Japanese Collection of Research Bioresources
Cell Bank).

Exprassion Vector Construction and Viral Production

The expression constructs of EphA4 and FGFR1 were
generated as follows. The full-length ¢cDNA fragment
encoding human EphA4 or FGFR1 was obtained from the
U251 cells with the reverse transcription-PCR method
using the primers EphA4-P1-F (CGGATCCAC-
CATGGCTGGGATTTTCTATTTC), EphA4-R (GAAGCTT-
GACGGGAACCATTCTGCCGTGCATC), FGFR1-F
(CGGATCCGAAATGTGGAGCTGGTGACCCCAGCA),
and FGFR1-R (GAAGCTTGCGGCGTTTGAGTCCGC-
CATTGGCA). The DNA fragment for EphA4 DN lacking
both juxtamembrane and kinase domains was generated
with the recombinant PCR method using the following
primers EphA4-P1-F, EphA4-P2-R (ACTGCTTGGTTGG-
GATCTTCATTCAAATGTTICTCTTCAT), EphA4-P3-F
(ATGAAGAGAAACATTTGAATGAAGATCCCAAC-
CAAGCAGT), EphA4-P4-R (GAAGCTTGTTGCTGTT-
CACCAGGATGTTCC). First, two DNA fragments of
EphA4 were amplified using P1-F/P2-R and P3-F/P4R
primer sets. Next, the recombined DNA fragment for
EphA4 DN was amplified using the two PCR products as
templates and the P1-F/P4-R primer set. The DNA
fragment for FGFR1 DN lacking cytoplasmic domain was
amplified with the primers, FGFR1-F and FGFR1(TM)-R
(CAAGCTTCTTGTAGACGATGACCGACCCCAC). The
sequences of all of the PCR-amplified DNAs were
confirmed by sequencing after cloning into a pCR-Blunt
IIF-TOPO cloning vector according to the manufacturer’s
instructions (Invitrogen). HA and myc tag were added at
the COOH-terminal ends of EphA4 and FGFR1 constructs,
respectively. All DNA fragments were cut out and
transferred into a pQCLIN retroviral vector (BD Bioscien-
Clontech) together with enhanced green fluorescent
protein (EGFP) following internal ribosome entry site
sequence to monitor the expression of the inserts indirectly.
A pVSV-G vector (Clontech) for constitution of the viral
envelope and the pQCXIX constructs were cotransfected
into the GP2-293 cells using a FuGENE6 transfection
reagent (Roche Diagnostics). Briefly, 80% confluent cells

* hitp:/ /www.ncblanlmnihgov/geo
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cultured on a 10 an dish were transfected with 2 ug
PVSV-G plus 6 pg pQCXIX vectors. Forty-eight hours after
transfection, the culture medium was collected and the
viral particles were concentrated by centrifugation at

with SDS-PAGE were transferred onto polyvinylidene
difluoride membranes. After blocking with 3% bovine
serum albumin in TBS (pH 8.0) with 0.1% Tween 20, the
membrane was probed with the first antibody. After

in fresh RPMI 1640, The viral vector titer was calculated by
counting EGFP-positive cells, which were infected by serial
dilution with virus-containing medium, and the multiplic-
ity of infection was determined. These EphA4 and FGFR1
constructs are illustrated schematically in Fig. 2A.

Antibodies and Reagents

Recombinant human PGF2 and mouse ephrin-Al/Fc
chimera were purchased from R&D Systems. Antibodies
used for the study were as follows: anti-MAPK rabbit
polyclonal, anti-phospho-MAPK rabbit polyclonal, anti-Akt
rabbit polyclonal, anti-phospho-Akt rabbit polyclonal, and
horseradish peroxidase-linked second antibodies (Cell
Signaling); anti-HA and monoclonal antibodies
(Roche ); anti-FRS2 rabbit polyclonal, anti-
EphA4 rabbit polyclonal, anti-FGFR1 rabbit polyclonal,
and anti-RhoA mouse monoclonal (Santa Cruz); anti-
phosphotyrosine mouse monoclonal and anti-Racl and
anti-Cdc42 mouse monoclonal (BD Biosciences). Rac
GTPase-specific inhibitor was purchased from Calbiochem
EMD Biosciences.

Cell Proliferation Assay

Cell proliferation was assessed using a CellTiter96
Agqueous One Solution Cell Proliferation Assay kit (Prom-
ega) to the manufacturer’s instructions, Briefly,
cells (1 x 10°) serum-starved overnight were seeded on
96-well plastic plates with 200 pL culture medium supple-
mented with or without 0.5 pg/mL ephrin-Al/Fc or
20 ng/mL FGF2. After 72 h incubation at 37°C, 40 uL 3-
(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-
2-(4-sulfophenyl)-2H-tetrazolium, inner salt t was
added followed by further incubation for 1 h. The absor-
bance at 490 nm was measured using a microplate reader.

Cell Migration Assay

The U251 cells were cultured in 12-well plates until
confluence was reached. The monolayer cells were
scratched out using a fine pipette tip after serum starvation

t. To monitor the migration, pictures were taken at

0, 12, and 24 h after addition of ephrin-A1 or FGF2 using a
fluorescence mi (Keyence Biozero). The areas
occupied by the cells were calculated with NIH image
software (NIH). The ratio of the increased area by cell
migration after 12 and 24 h to that at 0 h was calculated to
quantitate the extent of migration.

Immunoblot Analysis

Cells that were serum starved for 24 h were treated with
or without ephrin-Al/Fc or FGF2. The cells were washed
with cold PBS and harvested with Lysis A buffer containing
50 mmol/L HEPES buffer, 1% Triton X-100, 5 mmol/L
EDTA, 50 mmol/L sodium chloride, 10 mmol/L sodium
pyrophosphate, 50 mmol/L sodium fluoride, 1 mmol/L
sodium orthovanadate, and protease inhibitor mix, Com-
plete (Roche Diagnostics). The lysate was clarified by
centrifugation for protein analysis. The proteins separated

15,000 x g for 3 h at 4°C. The viral pellet was ended

rinsing twice with TBS, the membrane was incubated with
the horseradish peroxidase-conjugated second antibody
(Cell Signaling) followed by visualization using a ECL
detection system (Amersham Biosciences).

Pull-Down Assay

GTP-bound RhoA and Racl/Cdc42 were pulled down
from the cell lysate using agarose-conjugated GST-fused
Rhotekin binding domain and GST-fused PAK-1 binding
domain (Upstate), respectively, followed by quantitative
detection by immunoblotting. Briefly, the cells were treated
with or without ephrin-A1/Fc or FGF2 and lysed in
m -containing | buffer (25 mmol/L HEPES
buffer, 150 mmol /L sodium chloride, 1% Triton X-100, 10%

25 mmol/L sodium fluoride, 10 mmol/L MgCl,,
1 mmol/L EDTA, 1 mmol/L sodium orthovanadate,
10 pg/mL leupeptin, and 10 pg/mL aprotinin). After
clarification, an equal amount of lysate was incubated with
20 pg aga ted GST-fused Rhotekin binding
domain or GST-fused PAK-1 binding domain at 4°C for
3 h. The agarose beads were washed three times with
magnesium-containing lysis buffer and the samples were
analyzed with SDS-PAGE followed by immunoblotting.

Imm:

The total protein extracted with Lysis A buffer (as
described above) was incubated with the antibody at 4°C
ovemight. The antibody was immobilized with protein A
agarose by incubation for a further 2 h. The immunopre-
cipitates were collected by centrifugation at 3,000 x g for
30 5. After the immunoprecipitates were washed four times
with Lysis A buffer, the samples were analyzed with SDS-
PAGE followed by immunoblotting.

Statistics

Comparisons were made using Student’s t test. P < 0.05
was considered statistically significant.

Results

High Expression of EphA4 mRNA in Malignant Glioma

We analyzed the expression of 13,156 clones from
Incyte’s human cDNA library genes using Agilent human
c¢DNA microarrays (Agilent Technologies) for 32 malignant
gliomas consisting of 10 anaplastic astrocytomas and 22
glioblastomas. We did hierarchical clustering of 103
tyrosine kinases (Fig. 1A). The histograms to determine
the fold difference in the measured expression levels
between tumors and normal brain are shown in Fig. 1B.
Among several receptors with increased expression, we
found the mRNA levels of the EphA4 receptor were
significantly higher in glioma tissues (>4-fold) than those
in normal brain tissues. There was a difference between
anaplastic astrocytomas and glioblastomas with regard to
EphA4 expression. The level in glioblastomas was higher
than that in anaplastic astrocytomas. In low-grade gliomas,
EphA4 expression level was also elevated but lower than
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The mRNA level of the EphA4 gene was significantly highar in

corresponds to the WHO criteria from high grade to low. B, hi
glioma tissues (> 4-foid} then in normal broin tissues,

that in high grade. EphA4 expression correlated with
increasing tumor grade. The other transcripts with signifi-

cantly higher expression were indicated in Supplementary
Table.® Based on these results, we focused on the high
expression level of EphA4 and examined the biological
significance of EphA4 in gliomas.

Design of EphA4 and FGFR1 Constructs Used in This
Study

Based on the previous evidence that EphA4 interacts
with FGFR (32) and that, among the FGFR family, FGFR1 is
most closely associated with the malignant progression of
human glioma as described in Introduction, we sought to
investigate how EphA4 affected FGFR signaling using
human glioma U251 cells. For this study to explore the role
of EphA4-FGFR1 interaction in glioma cell biology, it is
vital to select glioma cell lines that express high levels of
both EphA4 and FGFR1. However, these cell lines were not
available, so we selected U251 cells, which have increased
expression of FGFR1 (33), introduced EphA4 into U251
cells, and did our experiments using the transfected U251
cells.

Expression constructs of EphA4 and FGFR1 are summa-
rized schematically in Fig. 2A. We generated a dominant-
negative form of EphA4 (EphA4 DN), which lacked its
juxtamembrane domain and COOH-terminal half of the
kinase domain. It has been reported that EphA4 trans-
phosphorylates FGFR through their direct interaction and
that the NHj-terminal region of the EphA4 kinase is
necessary to interact with the FGFR (32). The juxtamem-
brane domain is postulated to close its interaction portion
constitutively when EphA4 kinase is inactive. Therefore,

* Supplementary materials for this article are available at Molecular Cancer
Therapeutics Online (hitp:/ /mctascrjournals.org/).
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this juxtamembrane-deleted EphA4 mutant can expose its
binding site to FGFR although laclr.ing tmwplmphoryla‘
tion activity. In addition, this ki ctive

also work as an EphA4 inhibitor against ephrin—lignwd
stimulation. On the contrary, a dominant-negative form of
FGFR1 (FGFR1 DN) lacks the whole cytoplasmic domain,
which inhibits the activation of intrinsic FGFR1 by FGF
stimulation. These wild-type and dominant-negative con-
structs of both EphA4 and FGFR1 were retrovirally
introduced into human glioma U251 cells and their protein
expression was checked as seen in Fig. 2B. As the
expression unit included an internal ribosomal entry site
sequence followed by EGFP, we could monitor the
expression by fluorescence microscopy in Fig. 2C.

EphA4 Promotes FGF2-Mediated Proliferation and
Enhances FRS2, MAPK, and Akt Phosphorylation in
U251 Cells

We evaluated the effect of EphA4 on cell proliferation of
the U251 cells using the ectopic expression of EphA4 WT
retrovirally. EphA4 WT did not affect cell proliferation
significantly without FGF stimulation but promoted
cell proliferation significantly in the presence of FGF2 at
20 ng/mL for 72 h compared with a mock control (Fig. 3A).
Inversely, EphA4 DN expression as well as FGFR1 DN
inhibited FGF2-triggered proliferation. FGF2-triggered pro-
liferation of FGFR1 DN was higher than that with no ligand
stimulation. The reason might be that FGFR1 DN could not
completely block FGF2-mediated FGFR1 activation. How-
ever, FGF2-induced cellular responses were clearly
inhibited in FGFR1 DN compared with those in the other
cells. Ephrin-Al stimulation seemed slightly to promote
cell proliferation for EphA4 WT cells, FGFR1 DN-express-
ing cells, and mock control cells, but it was not statistically
significant. These results suggested some strong correlation

of EphA4 with FGFR signaling,
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Then, we sought to examine whether downstream signals ~ phosphorylated MAPK and Akt stimulated by 20 ng/mL
of the FGFR were modulated by overexpression of EphAd4.  FGF2, we found that their phosphorylation level reached
First, we checked the phosphorylation level of FRS2, which  a peak at around 15 min. Although MAPK was not
was well known to relay the FGFR signals via its tyrosine  phosphorylated by Ephrin-Al stimulation, Akt-phosphor-
phosphorylation. FRS2 phosphorylation by FGF2 stimula-  ylation was clear and peaked at 30 min (data not shown).
tion was detectable in the mock control cells as shown in ~ We therefore selected 15 and 30 min to evaluate the degree
Fig. 3B. In EphA4 WT-introduced U251 cells, the FGF2-  of MAPK and Akt phosphorylation by FGF2 and ephrin-
induced phosphorylation was more evident. Inversely,  Al, respectively. Phosphorylated MAPK and Akt and their
EphA4 DN, as well as FGFR1 DN, weakened FRS2 total proteins are shown in Fig. 3C (left and right,
phosphorylation compared with the mock control cells.  respectively). FGF2 stimulation clearly phosphorylated
It was unlikely that EphA4 promoted FRS2 phosphoryla-  MAPK and Akt; especially, EphA4 WT augmented FGF2-
tion directly because ephrin-A1 stimulation itself did not  induced phosphorylation of MAPK and Akt compared
induce FRS2 phosphorylation in any cells. This promotive ~ with the mock control cells (Fig. 3D). On the contrary,
effect of EphA4 on FRS2 phosphorylation was considered  EphA4 DN as well as FGFR1 DN attenuated FGF2-
to occur possibly through activated FGFR following FGF2 ~ mediated MAPK and Akt phosphorylation. Notably, the
stimulation. baseline phosphorylation levels of both MAPK and Akt

Next, we checked the phosphorylation levels of MAPK  were moreover increased in the EphA4 WT-introduced
and Akt, which were well known to affect cell proliferation =~ U251 cells without ligand stimulation but inhibited in the
and survival, respectively. Those were further downstream  EphA4 DN-introduced cells. Ephrin-Al stimulation .
signaling molecules of FGFR and were also relayed via  showed an almost undetectable increase of phospho-
FRS2 phosphorylation. From time-course analysis of  MAPK but a small increase of phospho-Akt. EphA4 DN
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Figure 2. C p tor sither the wild-type {WT) or the dominant-negative (DN) form of EphA4 or FGFR1. A, schamatic
representation of EphAd4 lnd FGFA1 constructs. Numbers, amino acids. EphAd DN ll a delstion mutant lacking the wllmmhrune (670-620) and CUOH
tarminal half of EphA4 kinase domain |763-D86) amino acids. FGFR1 DN is also a deletion mutant without whole cytopl i b
domain; JM, juxtamembrane domain. B, chacking tha expression of EphAd4 and FGFR1 constructs in U261 cells. EphAd4 lnd FGFR1 :omlrucn were
tagged with HA and myt relpocuwly at the COOH urmims Each Iyuu {500 HQ) was P and di d by blotting with tha HA
or mye antibody. 18, & i 1P, immunoprecip C. ping of EGFP ing with the Juced proteins of interest. FM,
fluorescent microscopy.
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blocked this increase, but FGFR1 DN did not, suggesting
that ephrin-Al-triggered Akt phosphorylation was not
mediated by FGFR1.

EphA4 Also Promotes FGF2-Mediated Migration
Accompanied with Increased Active Racl/Cdc42

To study the effect of EphA4 on cell migration, we did
a scratch wound assay using the U251 cells ectopically
expressing EGFP, EphA4 WT, EphA4 DN, or FGFR DN and
checked the extent of their migration after scratching by
monitoring EGFP for 24 h (Fig. 4A). If the incubation time is
so long that migrating cells are able to proliferate, the
migration rate could be affected by proliferation. Therefore,
we analyzed the migration rate before proliferation might
have a significant effect on this analysis (Fig. 4B). It was
evident that EphA4 WT promoted FGF2-stimulated cell
migration to cover the scratched area compared with the
mock control and EphA4 DN (Fig. 4A, top). Under the same
experimental condition, FGF2 stimulation caused a small

increase in cell proliferation and the difference of proli-
feration was quite Hm:tcd among the transfected cells
(Supplementary Fig. S1).° These results imply that the
wound closing process is due to cell migration activity
triggered by FGF2. To evaluate this quantitatively, we
assayed in triplicate and calculated the migration area (by
square inches) using NIH imaging software and illustrated
this graphically (Fig. 4B, top). EphA4 WT-expressing cells
significantly migrated more than EGFP-expressing, EphA4
DN-expressing, or FGFR1 DN-expressing cells for 24 h.
Interestingly, the promotion of cell migration by EphA4 WT
was also observed under ephrin-Al stimulation (Fig. 4A,
bottom). As for ephrin-A1 treatment, cell proliferation was
slightly induced in the transfected cells (Fig. 3A). Therefore,
promoted wound closure means increased activity of cell
migration triggered by ephrin-A1l.

As Rho family GTPases have been known to play key
roles in cell migration by regulating actin dynamics, we
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