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Cl of interactions between 5-FU and L-OHP in MKN-1 cells. Cells were
treated with (a) 5-FU and L-OHP for 24 h simultaneously, (b) 5 FU for
24 h followed by L-OHP for 24 h or (c) L-OHP for 24 h followed by 5-
FU for 24 h. The horizontal line indicates the level of 1.0 for the Cl.

Conversely, when the reverse sequence was used, a
distinct antagonism was observed (Fig. 5b).

Effect of 5-FU and L-OHP combination in long-term
culture

To confirm the results obtained by median-effect
analysis, we compared the total number of cells 7 days
after the same number of NUGC-3 cells (5x 10°)
had been treated with various administration schedules
of 5-FU and L-OHP at two fixed doses of 5-FU and L-
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Cl of interactions between 5-FU and L-OHP in NUGC-3 cells. Cells

were treated with (a) 5-FU and L-OHP for 24 h simultaneously, (b) 5 FU
for 24 h followed by L-OHP for 24 h or (c) L-OHP for 24 h followed by
5-FU for 24 h. The horizontal line indicates the level of 1.0 for the Cl.

OHP around the ICsy (Table 2). For both doses, the
total cell numbers were lowest in simultaneous treat-
ment, but there were no significant differences in the
cell numbers between simultaneous treatment and the
sequence L-OHP followed by 5-FU. Of note is that
the number of cells in the sequence 5-FU followed by
L-OHP was significantly higher than for other
schedules. These data appeared to be consistent
with those obtained by median-effect and apoptosis
analyses.
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ClI of interactions between 5-FU and L-OHP in NUGC-5 cells. Cells
were treated with (a) 5-FU and L-OHP for 24 h simultaneously, (b) 5 FU
for 24 h followed by L-OHP for 24 h or (c) L-OHP for 24 h followed by
5-FU for 24 h. The horizontal line indicates the level of 1.0 for the Cl.

Cell cycle perturbation and apoptosis

In an attempt to explain the mechanisms underlying the
different types of interaction, the effects of 5-FU and
L-OHP on cell cycle distribution and apoptosis were
investigated in AZ-521 cells (Table 3). The cells were
treated with these drugs for Z24h either alone or in
combination, with different schedules, and ceil cycle
distribution was analyzed 24, 36, 48, 72 and 96 h after
treatment using flow cytometry. 5-FU alone at a dose of
ICsp induced accumulation of cells in the G¢/G, phase,
lasting until 96 h. At a dose of ICsy L-OHP alone caused
an increase in both G¢/G; and G,/M populations, and
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Cl of interactions between 5-FU and L-OHP in AZ-521 cells. Cells

were treated with (a) 5-FU and L-OHP for 24 h simultaneously, (b) 5 FU
for 24 h followed by L-OHP for 24 h or (c) L-OHP for 24 h followed by
5-FU for 24 h. The horizontal line indicates the level of 1.0 for the Cl.

Go/G; arrest increased gradually untl 96h with the
continuous decrease of G,/M block. Treatment with
5-FU prior to L-OHP induced accumulation of cells in
the G¢/G, phase, with an approximately similar distribu-
tion pattern to that observed in cells treated with 5-FU
alone. In contrast, the schedule of L-OHP before 5-FU
produced both G¢/G; and G2/M block, with almost the
same distribution pattern as that induced by L-OHP
alone. These findings indicate that cell cycle distribution
patterns with the sequential combinations could be
mostly influenced by the initial drug administered.
Interestingly, simultaneous exposure led to accumulation
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Table 2 Effects of treatment schedules of 5-FU and L-OHP combination on tota! cell number after 7 days

Total cell number (x10%)

Drug
dose
5-FU+L-OHP 5-FU — L-OHP L-OHP — 5-FU
1 2
5-FU  76.9 umolll | | I
37.8+16.4 88.5+12.0 57.9412.7
L-OHP 7.55 pmoll! | 3 |
2 4
5-FU 231 pmol/l I I I ‘ ]
25.043.39 42.28.44 30.6 £5.37

L-OHP 25.2 pmol/l l

8 |

5-FU, 5-fluorouracil; L-OHP, oxaliplatin.

*A fixed number of NUGC-3 cells (5 x 10°%) were seeded and exposed to 76.9 umol/l 5-FU and 7.55 pmol/l L-OHP or 231 pmol/i 5-FU and 25.2 pmol/l L-OHP in three
combination schedules. The total yield of cells was determined after 7 days of incubation from the initiation of treatment. Data are means = SD of five independent

determinations.

'P<0.001,

2pP<0.005,

3p>0.05,

4P<0.05 by Student's ttest.

of cells in both Go/G; and G,/M phase — a pattern almost
identical with that caused by L-OHP alone — indicating
that L-OHP might have a dominant effect in cell cycle
progression as compared to 5-FU or that 5-FU might take
more time to exert its activity than L-OHP.

To define the cytotoxic activities of combination sche-
dules, drug-induced apoptosis was studied after treat-
ment of AZ-521 cells by measuring the sub-G,
population. The presence of hypodiploid DNA (sub-G,)
is associated with cells undergoing apoptosis. As shown in
Table 3, simultaneous treatment induced both G¢/G; and
G2/M blockade, with induction of 61.5% apoptosis in the
treated cells. The induction rate of apoptosis by this
combination was the highest among those induced by
these combination schedules and much greater than that
of 5-FU alone (1.61-26.9%) or L-OHP alone (1.9-20%).
Sequential administration of L-OHP followed by 5-FU
also caused both Gg/G; and G,/M block with the
apoptotic population of 55.5%. In contrast, the reverse
sequence resulted in G¢/G; block and the apoptosis was
20% - not significantly different from that induced by
5-FU or L-OHP singly. These findings indicate - that
simultaneous treatment and sequential schedule of
L-OHP followed by 5-FU exhibited synergistic interac-
tion in inducing apoptosis, but that sequential adminis-
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tration of 5-FU followed by L-OHP is antagonistic. These
results are consistent with those obtained by combination
assays.

Discussion

In this study, we examined the sequence dependency of
5-FU and L-OHP combination in four human gastric
cancer cell lines ## vizro. Both simultaneous combination
and sequential treatment of L-OHP followed by 5-FU
exhibited synergistic effects in all four cell lines, with the
most efficacious interaction observed in simultaneous
combination, whereas the reverse sequence yielded a
clear antagonism. This observation was confirmed by the
experiment that compared the cell number 7 days after
various treatment schedules. However, our results are not
consistent with the report by Fischel ez @/ who showed
that the clinically relevant L-OHP and 5-FU combination
was synergistic whatever the tested schedules using
human colorectal cancer cell lines {17]. The different
exposure time of L-OHP may explain the difference. In
our study, we incubated cells with L-OHP for 24 instead
of 2 h, not only because the pharmacokinetics of L-OHP
administered at dose of 130 mg/m? for 4h showed that
the plasma half-life of L-OHP was approximately 27 h
[23], but also because more than 1.5 pg/ml (3.8 umol/l) of
total plasma concentration of platinum lasted at least 24 h
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Cells were treated with 5-FU or L-OHP singly or in combination at the ICs doses, and subjected to FACS analyses after collecting floating and trypsinized adherent cells at various times following drug exposure as described in

Materials and methods. The apoptotic population percentages (Apo) were determined by measuring the sub-G, phase. The data presented are the mean percentage values from three independent experiments.

Table 3 Cell cycle perturbation and apoptosis (%) induced by 5-FU and L-OHP in AZ-521 cells

Treatment
Control

5-FU

L-OHP

L-OHP +5-FU
5-FU - L-OHP
L-OHP - 5-FU

In-vitro schedule-dependent interaction between L-OHP and 5-FU Qin et al.

when patients were administered with 130 mg/m? of
L-OHP for 2h [24]. Therefore, the sequence and
exposure time of administration of these drugs might
be important in determining the extent of therapeutic

synergy.

To elucidate the possible mechanisms underlying the
synergistic interaction, we further analyzed the perturba-
tions induced in the cell cycle by flow cytometric analyses
using AZ-521 cells. First, we found that 24-h treatment
with 5-FU markedly affected the cell cycle distribution,
producing a clear accumulation in the Go/G; phase and
induced apoptosis in 26.9% of treated cells. L-OHP alone
induced 20% of apoptosis by arresting cells in both G¢/G,
and G,/M phases. Simultaneous 24-h exposure to 5-FU
and L-OHP and sequential 24-h exposure to 5-FU
immediately after L-OHP treatment led to 61.5 and
55.5% apoptosis, respectively, without affecting cell cycle
distribution induced by L-OHP. These results imply that
5-FU may kill the cells recovering from the mitotic block
produced by L-OHP as they progress into S phase,
accounting for the synergistic interaction. In contrast,
5-FU followed by L-OHP resulted in an antagonistic effect,
reducing the rate of apoptosis to 20%. This would probably
be explained by the decrease in the G, population targeted
by L-OHP, because 5-FU pre-treatment caused accumula-
tion of cells at the G;/S boundary, thereby reducing the
number of cells entering the G, phase.

In our study, simultaneous treatment and a sequential
schedule of L-OHP followed by 5-FU exhibited syner-
gistic interaction. It has been shown that cisplatin can
inhibit methionine uptake into tumor cells, resulting in
increased methionine synthesis and subsequent expan-
sion of the reduced folate pool [25,26]. In the presence of
5-FU, these biochemical events lead to greater stabiliza-
tion of the ternary complex formed between 5-fluoro-
dUMP-thymidylate-synthetase and 5-10-methylenetetra-
hydrofolate [27]. Such mechanisms may explain, at least
in part, the synergistic interaction presently observed
between L-OHP and 5-FU. In addition, recent pharma-
cokinetic investigations have suggested that L-OHP can
alter 5-FU clearance [28]. L-OHP can inhibit dihydro-
pyrimidine dehydrogenase, which is the rate-controlling
enzyme of 5-FU catabolism [29]. Conversely, 5-FU may
also influence L-OHP cytotoxic effects. Previously, we
reported a significant reduction of the repair of cisplatin-
induced DNA interstrand crosslinks.in cells exposed to
5-FU/cisplatin [30], presumably through 5-FU-induced
reduction of ERCC1 mRNA expression [31]. It is thus
likely that 5-FU may induce similar molecular effects
when combined with L-OHP. Moreover, experiments in
colon cancer cell lines” have demonstrated that L-OHP
treatment results in downregulation of both thymidylate
synthase (TS) mRNA level and free TS protein expres-
sion [32]. This T'S modulation and downregulation may
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provide a basis for explaiﬁing synergism in the simulta-
neous and sequence L-OHP followed by 5-FU treatment.

Unlike cisplatin, L-OHP appears to arrest cells at both
the Go¢/G; and G,/M phases, indicating an action distinct
from that of cisplatin, which causes an accumulation of
cells in the G,/M phase [33,34]. Therefore, the different
patterns of DNA damage induced [35] and distinct cell
cycle perturbations between L-OHP and cisplatin may
induce different interactions with other drugs. Accord-
ingly, 5-FU followed by L-OHP exhibited a clear
antagonism, as opposed to the 5-FU and cisplatin
combination, where sequential treatment of 5-FU fol-
lowed by cisplatin shows a synergistic activity [36-39].
The sequence-dependent synergy exhibited by the 5-FU
and cisplatin combination can be explained by the
mechanism of DNA damage repair and detoxification
processes, i.e. pre-treatment of 5-FU increased cisplatin
cytotoxicity and even circumvents cisplatin resistance by
inhibiting repair of platinum—DNA interstrand crosslinks
as well as by reducing the cellular GSH levels [30,40]. For
the combination with 5-FU followed by L-OHP, such
mechanisms may not be involved. In spite of many
similarities between L-OHP and cisplatin, there are
important differences in their targets and mechanisms of
action that may be related to their different acuvity
profiles. Reciprocal interference of drug binding to
nucleic acid might underlie this antagonism, since it has
"been shown that DNA binding of L-OHP is significantly
reduced by the presence of 5-FU and vice versa [41].

Although the biochemical basis for the synergistic
interaction between 5-FU and L-OHP remains to be
elucidated, an antagonistic activity observed in the
sequence 5-FU followed by L-OHP in a variety of human
gastric cancer cell lines may provide a rationale for
avoiding this sequence in clinical trials.
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Abstract Purpose: Although gefitinib, a selective inhibi-
tor of epidermal growth factor receptor (EGFR) tyro-
sine kinase, has been demonstrated to exhibit its
antitumor activity by the blockade of EGF receptor, the
role of signaling pathways downstream of EGFR in gefi-
tinib sensitivity remains unknown. In this study, we
investigated the mechanistic role of Src and Ras, major
oncogene products implicated in the pathogenesis of
many human cancers in gefitinib sensitivity. Methods:
Using parental and v-src- or c-H-ras-transfected HAG-1
human gallbladder adenocarcinoma cell lines, effects of
gefitinib on cytotoxicity, cell cycle purtubation and
apoptosis, and tyrosine phosphorylation of EGFR, Akt,
and Erk were determined by WST-1 assay, flow cytome-
try, and Western blots, respectively. Results: Activated
Ras and Src conferred a strong resistance to gefitinib by
nearly 30-fold and 200-fold, respectively. Gefitinib
induced accumulation of cells in the GO/G1 phase of the
cell cycle at 24-h, with progressive expansion of apopto-
tic cell population in parental HAG-1 cells, but these
effects were completely abolished in v-sre- or c-H-ras-
transfected cell line. Upon gefitinib treatment, EGFR
activation and subsequent downstream activation
through Erk and Akt were significantly inhibited in
HAG-1 cells. By contrast, gefinitib failed to inhibit the
activation of both Akt and Erk in v-src-transfected cells
and Erk, but not Akt in c-H-ras-transfected cells, despite
the blockade of EGFR activation in these respective cell
lines. Treatment of v-src-transfected cells with herbimy-
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cin A, a Src tyrosine kinase inhibitor, partially reversed
the gefitinib resistance, with concomitant inhibition of
Akt and Erk. Conclusion: Our results suggest that acti-
vated Ras and Src could induce gefitinib resistance by
activating either or both of Akt and Erk signaling path-
ways, thus providing a strategic rationale for assessment
of these specific signaling molecules downstream of
EGFR to customize treatment.

Keywords Gefitinib - EGFR - Akt - Erk - Apoptosis -
Src - Ras

Abreviatons EGFR: Epidermal growth factor

receptor - EGF: Epidermal growth factor - RTK: Recep-
tor tyrosine kinase - MAPK: Mitogen activated protein
kinase - Erk: Extracellular signal-regulated kinase -
PI-3K: Phosphatidylinositol 3’-kinase

Introduction

Over the past decade, a variety of receptor tyrosine kin-
ases have been identified to play a central role in the
pathogenesis of various human cancers. Among these,
epidermal growth factor receptor (EGFR) is overexpres-
sed in a wide variety of epithelial malignancies including
non-small cell lung, head, neck, colon, and breast cancers
[1-4]. The overexpression of this receptor has been also
detected in gallbladder cancer [5-7], a highly lethal dis-
ease with no known curative modality. Upon ligand
binding, EGFR is activated through autophosphoryla-
tion by forming homodimerization or heterodimeriza-
tion with other members of the HER family {8, 9], and
transduces a variety of signals to downstream signal
transduction cascades that lead to cellular proliferation
and survival [10, 11]. Therefore, the inhibition of the
EGFR signaling cascades may provide a rational thera-
peutic target of these chemotherapy-refractory cancers.
Gefitinib, a quinazoline derivative that inhibits EGFR
tyrosine kinase activity, has been shown to be effective in
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preclinical studies and in late stages of clinical trials for
non-small cell lung cancer [12, 13], although its activity
appears not to be associated with the expression level of
EGFR, but with the certain background of population,
specific types of histology, and activating somatic muta-
tions in the tyrosine kinase domain of EGFR [14-16].
This drug has been shown to inhibit major cell survival
and growth signaling pathways such as Ras-Raf-Erk
kinase pathway and phosphatidylinositol-3 kinase (PI-
3K)-AKT pathway, as a consequence of inactivation of
EGFR [17-20]. Conversely, persistent activity of the Ras/
Erk and PI3K/Akt kinase pathways contributes to resis-
tance of NSCLC cells to EGFR inhibitors [21-23]. There-
fore, signaling moiecules that activate these pathways
might have the possibility to induce gefitinib resistance.
The representative signaling molecules that share down-
stream signaling pathways with EGFR are Ras and Src,
crucial cellular oncogene products implicated in the path-
ogenesis of many human cancers. Activation of Ras
through gene amplification or point mutation was most
frequently identified in a variety of human cancers,
_ including adenocarcinoma of the pancreas, colon, and
lung [24]. Ras transmits a signal to the serine/threonine
kinase Raf, which subsequently activates mitogen-acti-
vated protein (MAP) kinase, resulting in cell proliferation
through the transcriptional activation of a variety of tar-
gets, such as c-fos [25]. Activation of Src as detected by
the elevation of tyrosine kinase activity was also identi-
fied in a variety of human cancers, such as breast, colon,
skin, bladder, and pancreas [26]. Specifically, c-Src has
been found to be highly activated in colon cancer metas-
tasized to the liver [27]. Src phosphorylates a number of
intracellular substrates on tyrosine residue [28], resulting
in a generation of mitogenic and tumorigenic signals
from Src to downstream signaling such as PI 3K-Akt and
Ras-Raf-Erk kinase pathways.

Since the role of such oncogenic signalings in the gefi-
tinib sensitivity remains to be clarified, we have investi-
gated here the mechanistic role of Src and Ras, in
gefitinib sensitivity, specifically through Akt and Erk
pathways using parental and v-src- or H-ras-transfected
HAG-1 human gallbladder carcinoma cell lines. In those
cell lines showing EGFR-independent activity of the
PI3K/Akt or Ras/Erk pathways, the relationship
between the activity of these pathways and the ability of
gefitinib to induce apoptosis was assessed.

Materials and methods
Cells and cultures and chemicals

HAG-1 is a human epithelial cell line derived from a
moderately differentiated adenocarcinoma of the gall-
bladder [29]. No mutations and amplifications of H-, K-,
or N-ras genes have been detected in this cell line. The
HAG/ras5-1 cells were obtained by transfecting HAG-1
parental cells with activated c-H-ras, while HAG/src3-1
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cells that express p60~"¢ protein were obtained by trans-
fection of the pSV2/v-src into HAG-1 cells [30]. HAG/
neo3-5 cells were obtained by transfection of HAG-1
cells with pSV2neo alone, which carries the gene for neo-
mycin resistance. v-Src has a constitutively activated
tyrosine kinase activity by the lack of negative regulatory
domain. HAG-1 cells were cultured in Dulbecco’s mini-
mum essential medium (DMEM, Nissui, Tokyo, Japan)
supplemented with 10% heat-inactivated fetal bovine
serum (FBS, Gibco, Grand Island, NY, USA), 100 Ul/ml
penicillin, and 100 ug/ml streptomycin in a humidified
atmosphere of 95% air and 5% CO, at 37°C. HAG/ras5-
1 and HAG/src3-1 cells were grown in the same condi-
tions, except that G418 (200 pg/ml) was added to the
culture medium.

Gefitinib was kindly provided by AstraZeneca (Mac-
clesfield, UK). Stock solutions were prepared in dimethyl
sulfoxide (DMSO, Wako, Osaka, Japan) and stored at
—20°C. The final concentration of DMSO for all experi-
ments and treatments (including controls where no drug
was added) was maintained at less than 0.02%. Herbimy-
cin A was.purchased from Wako Chimicals (Osaka,
Japan). These conditions were found to be non-cyto-
toxic. Anti-EGF receptor, anti-MAPK, anti-Akt anti-
bodies, and Protein A agarose were purchased from BD
Biosciences (San Jose, CA USA).

Cytotoxicity, cell cycle analysis, and apoptosis
measurement

The cytotoxic effect of gefitinib on HAG-1 cells was
assessed by WST assay using manufacturer’s instructions
(DOJIN, Kumamoto, Japan). The WST assay is a colori-
metric method in which the intensity of the dye is propor-
tional to the number of the viable cells. Briefly, 100 ul cell
suspension of HAG-1 cells was seeded into a 96-well plate
at a density of 1,000 cells /well. After overnight incubation,
100 pl of gefitinib solutions at various concentrations were
added. The effect of herbimycin A, a Src tyrosine kinase
inhibitor, on the resistance to gefitinib was assessed in
HAG/sec3-1 cells by co-treatment of gefitinib and herbi-
mycin A. After incubation for 69 h at 37°C, 10 pl of solu-
tion A and solution B mixture was added to each well and
the plates were incubated for a further 3 h at 37°C. Then
the optical density was measured at 450 and 620 nm using
an IMMUNO-MINI NJ-2300 spectrophotometer (Nalge
Nunc International, Chester, NY, USA). Each experiment
was performed using six replicate wells for each drug con-
centration and was carried out independently for three
times. The ICy, value was defined as the concentration
needed for a 50% reduction in the absorbance.

Control or gefitinib-treated cells were harvested by
trypsinization, washed with PBS, and then fixed in 100%
ethanol and stored at 4°C for up to 3 days prior to cell
cycle analysis. After the removal of ethanol by centrifu-
gation, cells were then washed with PBS and stained with
a solution containing PI and RNase A on ice for 30 min.
Cell cycle analysis was performed on a Becton Dickinson
FACS/Calibur Flow Cytometer using the CELLQuest or



ModFit 3.0 software packages (Becton Dickinson, San
Jose, CA USA), and the extent of apoptosis was deter-
mined by measuring the sub-G1 population.

Immunoprecipitation and Western blot analysis

The cells were washed twice with ice-cold PBS and scraped
into 1 ml of radioimmunoprecipitation assay lysis buffer
(50 mM Tris-HCI (pH 7.6), 300 mM NaCl, 04% (v/v) Tri-
tonX-100, 400 uM EDTAe2Na, 400 pM Na,VO,, 10 mM
NaF, 10mM Na,P,0,¢10H,0, 1 mM PMSF, 10 pg/ml
aprotinin, 1 pg/ml leupeptin). -After removal of cell debris
by centrifugation; protein concentrations of the superna-
tants were determined by using a BCA protein assay kit
(Pierce, Rockford, IL). For Western blot, equal amounts of
proteins or immunoprecipitated target proteins were
resolved by 10% SDS-PAGE (polyacrylamide gel electro-
phoresis) and electrotransferred onto a polyvinylidene
difluoride (PVDF) membrane (Bio-Rad, Hercules, CA).
Non-specific binding sites were blocked by incubating the
membranes in blocking buffer (5% non-fat milk in 1 x TBS
with 0.1% Tween-20) at room temperature for 1 h. The
membranes were then incubated with primary antibodies
against either phospho-EGFR (Tyr1068, Cell Signaling
Technology), phospho-p44/42 MAPK (Thr202/Tyr204,
Cell Signaling Technology), or phospho-Akt (Ser473, Cell
Signaling Technology). The membranes were hybridized
with horseradish peroxidase-conjugated secondary anti-
body (Cell Signaling Technology). Immunoblots were
developed with the enhanced chemiluminescence (ECL)
system from Amersham Biosciences (Buckinghamshire,
UK) and were then exposed to ECL hyperfilm according
to the manufacture’s instructions (Amersham Biosciences,
Buckinghamshire, UK). The blots were striped and rep-
robed with primary antibodies against EGFR (2232, Cell
Signaling Technology), MAPK (9102, Cell Signaling
Technology), and Akt (9272, Cell Signaling Technology).
For reblotting, membranes were incubated in stripping
buffer (62.5 mM Tris/HCI, pH 6.8/2% (w/v) SDS/100 mM
2-mercaptoethanol ) for 30 min at 50°C before washing,
blocking, and incubating with antibody. Triplicate determi-
nations were made in separate experiments.

Statistical analysis

The data were analyzed by the Mann-Whitney U test for
statistical significance of the difference between groups.
A P value of <0.01 was considered to indicate statistical
significance.

Results

Effect of gefitinib on cytotoxicity of HAG-1, HAG/src3-1,
and HAG/ras5-1 cells

To determine whether activated Src and Ras affect the
gefinitib sensitivity, we examined the drug sensitivity in

H-ras-transfected HAG/ras5-1 and v-src-transfected
HAG/src3-1cells, and compared their ICsy values with
those of parental HAG-1 cell line. The ICy; values of 72-h
exposure of gefitinib were 0.124£0.05 pM for HAG-1
cells, 3.63+0.52 M for HAG/ras5-1 cells, and 22467 uyM
for HAG/src3-1 cells, indicating approximatety 30-fold
and 200-fold increases in resistance to gefitinib in HAG/
ras5-1 and HAG/src3-1 cells, respectively, as compared
with that of parental HAG-1 cells (Fig. 1).

Time course analysis of the effect of gefitinib on cell cycle
progression and apoptosis

To examine whether the inhibitory effect observed in
cytotoxicity assays reflect the arrest of cell cycle or
apoptotic cell death, cells were treated with gefitinib for
indicated times and the cell cycle progression and apop-
tosis was evaluated after PI staining by fluorescence-
activated cell sorting analysis. When HAG-1 parental
cells were treated with gefitinib at a dose of 1 uM, the
proportion of cells in a GO/G1 phase increased from 60
to 87 % at 24 h from the beginning of the treatment,
with corresponding decrease in cells in S and G2-M
phase and reached a plateau afterward. The percentage
of sub-GO0/G1 cell population became evident after
(72h, 20%) 72h post-treatment and progressively
increased upon further treatment (96 h, 34%; 120 h,
50%) (Fig. 2a). Because cells in the sub-G0/G! popula-
tion represent apoptotic cells, the cytotoxicity by the
treatment of gefitinib appeared to be due to progressive
expansion of apoptotic cell population. By contrast,
when HAG/ras5-1 or HAG/src3-1cells was treated with
the same concentration of gefitinib, neither arrest of
cells in the GO/G1 phase nor the sub-G0/G1 cell popula-
tion became evident with incubation times in both cell
lines (Fig. 2b, c).
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Concentration of Gefitinib

Fig. 1 Cytotoxicity of gefitinib against HAG-1 (open triangle),
HAG/ras5-1 (open square), and HAG/stc3-1 (open circle) cells. Cells
were treated with various concentration of gefitinib for 72-h and as-
sessed for cytotoxicity by WST-1 assay as described in Materials and
methods. The data represent the means from three independent
experiments. Bars, SD
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Fig.2 Time course analysis of the effect of gefitinib on Cell cycle pro-
gression and apoptosis. HAG-1 (a), HAG/ras5-1 (b), and HAG/src3-1
() cells were stained with propidium iodide after exposure to gefitinib
(1.0 uM) for 0, 24, and 120 h and analyzed by flow cytometry. Percent-

Inhibition of tyrosine phosphorylation of the EGFR by
gefitinib in parental HAG-1, HAG/ras5-1, and HAG/
src3-1 cells

To demonstrate the effect of gefitinib on the EGFR acti-
vation, we examined the expression and activation of
EGFR in these three cell lines. As shown in Fig. 3, phos-
phorylated EGFR at tyrosine was detected without EGF
stimulation in all three cell lines. When parental HAG-1
cells were treated with 1 uM gefitinib, constitutive phos-
phorylation of EGFR was significantly inhibited at 2-h
post-treatment and remained to be suppressed over 24 h,
without changing the relative amount of EGFR. Simi-
larly, in HAG/ras5-1 cells, the same concentration of
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ages of the total cell population in the different phases of cell cycle were
determined with curve fitting using the ModFit 3.0 software. The mean
values for each phase of the cell cycle are shown on the top right of each
panel. Representative results of at least three experiments are shown

gefitinib completely suppressed the constitutive phos-
phorylation of EGFR at 2-h post-treatment and
remained to be suppressed over 24 h. In HAG/src3-1
cells, however, inhibition of gefitinib on the constitutive
phosphorylation of EGFR appears to be modest, declin-
ing gradually over 12-h post-treatment, with subsequent
recovery to the initial level at 24 h.

Effects of gefitinib on autophosphorylation of Akt and
Erk in parental HAG-1, HAG/ras5-1, and HAG/src3-1
cells

To demonstrate the effect of gefitinib on signaling path-
ways downstream of EGFR, we examined the expression
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Fig. 3 Effect of gefitinib on the phosphorylation of EGFR in HAG-
1, HAG/ras5-1, and HAG/src3-1 cells. Cells were exposed to 1 pM of
gefitinib and incubated for indicated times. Western blots are shown
for phospho- and total EGFR

and activation of Erk and Akt in these three cell lines. As
shown in Fig. 4, tyrosine phosphorylation of Erk was seen
in all the cell lines. Upon treatment with gefitinib, the phos-
phorylation of Erk was significantly suppressed only in
parental HAG-1 cells, but was never suppressed in HAG/
src3-1 and HAG/ras5-1 during the incubation periods. As
shown in Fig. 5, tyrosine phosphorylation of Akt exhibited
by HAG/src3-1 cells was never inhibited by gefitinib treat-
ment during the incubation period. By contrast, these con-
stitutive activations of Akt were significantly inhibited by
gefitinib in parental HAG-1 cells. Of note, the activation of
Akt is similarly inhibited in H-ras-transfected HAG/ras5-1
cells, indicating that activated Ras could not drive Akt
activation in these cells.

Effects of Src kinase inhibitor on gefitinib resistance
and Src-induced Akt/Erk tyrosine phosphorylation

To determine whether Src kinase activity is responsible
for resistance to gefitinib in v-src-transfected cells, we
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Fig. 4 Effect of gefitinibb on the phosphorylation of ERK in HAG-
1, HAG/1as5-1, and HAG/src3-1 cells. Cells were exposed to 1 uM of
gefitinib and incubated for indicated times. Western blots are shown
for phospho- and total Erk
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Fig. 5 Effect of gefitinib on the phosphorylation of AKT in HAG-
1, HAG/ras5-1,and HAG/src3-1 cells. Cells were exposed to 1 uM of
gefitinib and incubated for indicated times. Western blots are shown
for phospho- and total Akt

studied the effect of herbimycin A on the gefitinib resis-
tance in mock-transfected (HAG/neo3-5) and v-src-
transfected (HAG/src3-1) cell lines. Combined treatment
with gefitinib and 50 ng/ml of herbimycin A did not alter
the sensitivity of gefitinib in HAG/neo3-5 cells, but sig-
nificantly reduced gefitinib resistance in v-src-transfected
HAG/src3-1 cells (Fig. 6). In v-src-transfected cells, gefi-
tinib did not affect the phosphorylation status of both
Akt and Erk (Fig. 7a), but exhibited its inhibitory activ-
ity against Akt and Erk phosphorylation when co-
treated with herbimycin A (Fig. 7b). These data suggest
that gefitinib resistance observed in HAG/src3-1 cells
might be induced by Src kinase activity through activa-
tion of Akt and Erk.

Discussion

In the present study, we found that the ICs, of gefitinib
against HAG-1 cells was 0.12 uM for 72 h exposure, a
comparable IC, concentration exhibited by highly sensi-
tive A431 squamous carcinoma cell line [21]. Using this
gefitinib-sensitive cell line, we examined the role of acti-
vated Ras and Src in the gefitinib resistance after trans-
fection with activated c-H-ras or v-src, since these
oncogenes are major signaling molecules that share
downstream signaling pathways with EGFR and closely
associated with the pathogenesis of many human can-
cers. We found that activation of Ras and Src conferred
a strong resistance to gefitinib by nearly 30-fold and 200-
fold, respectively, and abolished completely its apopto-
sis-inducing activity. Moreover, v-Src-induced gefitinib
resistance was partially reversed by the Src kinase inhibi-
tor, indicating a potential role of Src tyrosine kinase
activity in inducing gefitinib resistance. Recently, activat-
ing K-ras mutations has been shown to be specifically
detected in gefitinib-resistant cells, suggesting that the
occurrence of K-Ras mutations is correlated with
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Fig. 6 Effects of herbimycin A on the cytotoxicity of gefitinib in
HAG/neo3-5 and HAG/src3-1 cells. Cells were treated with various
concentration of gefitinib with or without 50 ng/ml of herbimycin A
and assessed for cytotoxicity by WST-1 assay as described in Mate-
rials and methods. HAG/neo3-5 cells with (filled square) or without
(open square) herbimycin A. HAG/src3-1 cells with (filled circle) or
without (open circle) herbimycin A. The data represent the means
from three independent experiments. Bars, SD
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Fig. 7 Effects of gefitinib on the phosphorylation of Akt and Erk in
HAG/src3-1 cells. The cells were exposed to 1 pM of gefitinib alone
(a) or in combination with 100 ng/ml of herbimycin A (b) and incu-
bated for indicated times. Western blots are shown for phospho- and
total Akt and Erk

resistance to EGFR antagonists {31]. Taken together,
these data suggest that concomitant presence of either of
these activated oncogenes could induce a strong resis-
tance to gefitinib.

In the downstream of EGFR, there are two major cell
survival and growth signaling pathways, i.e., Ras/Raf-1/
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Erk pathway and PI-3K-AKT pathway. Recently, it has
been reported that simultaneous inhibition of both Ras/
Raf-1/Erk and PI-3K/AKT pathways are important for
the execution of gefitinib-induced antiproliferative effect
and apoptosis, and that persistent activity of either of
these signaling pathways is involved in the decreased or
lack of sensitivity to EGFR inhibitor [21, 32]. Therefore,
we examined the activity of these signaling pathways by
measuring the activity of EGFR, Akt, and Erk following
treatment with gefitinib. Upon gefitinib treatment, tyro-
sine phosphorylation of EGFR was significantly inhib-
ited in all three cell lines, although the inhibition was
modest in v-src-transfected cell line. Lower inhibition of
phosphorylated EGFR in v-src transfected cells might be
explained by the direct phosphorylation of EGFR by Src
kinase because the physical association between Src and
EGFR [33] and direct phosphorylation of EGFR on
tyrosine 845 [34] have been reported. Activation of ERK
and AKT was significantly inhibited in HAG-1 parental
cells, followed by accumulation of cells in the G0/G1
phase of the cell cycle, with progressive expansion
of apoptotic cell population. However, neither arrest
of cell cycle nor apoptosis was evident in both v-src- and
c-H-ras-transfected cell lines. Moreover, gefitinib
failed to inhibit the phosphorylation of both Akt
and Erk in v-sre-transfected cells and Erk, but not Akt in
c-H-ras-transfected cells. These data suggest that acti-
vated Src can induce gefitinib resistance by activating
both PI-3K-AKT and Ras-Raf-Erk pathways and that
activated Ras induce gefitinib resistance by activating
Ras-Raf-Erk pathway alone. Accordingly, herbimycin A
partially reversed the resistance to gefitinib, with con-
comitant inhibition of Akt and Erk in v-src-transfected
cells. These data suggest that gefitinib resistance might be
induced by activating either or both of these Akt and
Erk signalings. Similar observations have been reported
in non-small cell lung cancer cell lines, indicating that
simultaneous inhibition of PI-3K/Akt and MEK/Erk
reduces tumor cell survival more effectively than inhibi-
tion of each pathway alone [21]. Recent immunohisto-
chemical study in patients with chemotherapy-refractory
non-small cell lung cancer showed that positive expres-
sion of phosphorylated Erk is significantly associated
with poor response to gefitinib [35]. In our experiments,
however, a strong resistance was observed with concomi-
tant activation of Akt and Erk rather than a single acti-
vation of Erk, indicating that Akt activation would also
be crucial for gefitinib resistance.

Of note, in this study, the activated c-H-Ras could not
activate the Akt, suggesting that the signaling pathway
from c-H-Ras to PI-3K-Akt might not operate in the
HAG-1 cell line. This is in contrast to the previous stud-
ies showing that mutant K-Ras and H-Ras preferentially
activate the Ras/Erk pathway and the PI3K/Akt path-
way, respectively [36-38]. Therefore, it is suggested that
preferential signaling downstream of Ras may vary from
cell to cell, controlling elegantly the cell growth and
survival depending on cell types. Likewise, the mecha-
nism of gefitinib resistance cannot be explained by the



activation of PI-3K/Akt and/or Ras/Erk pathways. Src
phosphorylates a number of intracellular substrates
associated with cell growth and survival. The signaling
pathway downstream of EGFR other than Ras/Raf-1/
Erk and PI-3K/Akt is Janus tyrosine kinase (Jak)/signal
transducers and activators of transcription (STAT) path-
ways. In our previous study, the Jak2/Stat3 has been
shown to be activated in v-Src-transfected HAG-1 cells
[39]. Therefore, activation of Stat3 might be involved in
gefitinib resistance in these cells. We are currently investi-
gating this possibility.

In recent study, strong correlations have been
reported between EGFR mutations and improved
response and survival in patients with non-small cell lung
cancer, who have been treated with gefitinib [40]. There-
fore, assessment of EGFR mutations is currently recom-
mended to customize treatment. Likewise, the search for
activated oncogenes such as Src and Ras as well as iden-
tification of signaling molecules downstream of EGFR
would be beneficial for prediction of clinical response to
gefitinib, and combination with specific inhibitors
against Src, Ras, MEK, or PI-3K might become useful to
overcome gefitinib-resistance.
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EVIBEICOWTIRIZIZHM EER L7225,
E512100% & MK T I BER % b OBk
BB LA, chid, e rRESTTY
VEBEFEEALLINS VAV IRTA
R, T7—=VF4 AT LA 2B TELN DY,
INOOBWEFICL Y, LENI24REEET
Hol-MmFEE Db 2 AEEE LR %), HAMA
DFEDIZIZHZOND X HI12% D, iEEE
L) IRBENHBIL SN,

YuEDs, FUEBIRERIETAHF L LTI,
OREEMBEEEOL LTy —~0EAIZL DY
Hy FEEDOMHEE, T FY FANOHEEIC
3Lt 75 —~0EEHEE, OEE~DHE
EEHR, PUAOFCHERIC L) FESNLHHFIC
& AR E (AR R ETEME | comple-
ment-dependent cytotoxcity ; CDC), @F#iZFc
FEIRIZL VFEINL REELMEIC L 5/
R E (MR MR E 1S | antibody-depen-
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dent cell-mediated cytotoxcity ; ADCC), @¥i1
FAF I A TREEFE LBERICHT 5
RIEHLMPBORLE, RV OPDL DI
BENTW5 (X 2). EGFRAKICH T 55L&
T & % cetuximab, matuzumab, panitumumab i
Fi2@, Ok, VIV FTHAVEGFIZHT
BT S BbevacizumabiZQDVERBEFIZ L 1
MEER L BET 5.

BHAESBOREB I L THEEXERREA
ENTVEY, ZOXFU EIEEERFICNY
HHDTHAH(R1). SHBEOICEDOHEIIHEM
THEFEINSG.

I KR ETE RFEGFR
(epidermal cell growth factor receptor)
EIZEA0IC U oA

1. A LEGFR

EGFRIZZFEIT0KDaDZHHERF O v ¥
F—¥THY, SFTEFLERMABPLTBETGR
R CHIRETE 2 R $ 5. EGFRIZErbB (HER)
773 - tRThARESREF O VX T—
Y¥H—>TH%. EbBHER) 773 -1
54FTHY, ErbBI(HERL) A’ EGFRT® 5.
EGFRiIZ Y # ~ F(EGF, TGFa/z &) ORIBIC &
DFESAT—HBVEEDB2EDNT O T AT —
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B A = bv & Ebi
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f\!f\ FcL 74—

[ @RAF 51 THRBEE |

H2 fMFilL2NEFEEEOEE

PEELABEAOCFO Y ¥ —E(TK)HED
Y UBMbERIL, YSFNVRTHRANEZ AH
X% 309 EGFREZDIEFELRY MEZKIZE
HLTWwEY, 2L ONATEHEHEL TS

T EDFIONTED, KEASAB~TT%, BAE

ATA43~89%, BEEHERASA-80~100%, RIZBRAS
A40~80%, BEATA30~89%, BHIFLAIAS0~
90%, IFE/INHIRARTATA40~80%, FIFEAE40~
63% L HEIN TS, ThHEGFROAEIEH
i, MEBEFEOFER, TRV AHELH
BELTBY, V7 FVOERICE ) EEOEAE
ARG TE L EE 2 b/, EGFRELEIZEGFR
WAL, PURES L-EGFRIZMIFRER~A
7E4t (internalize) S 5. ZHIZ & Y MEED
EGFREDBA L, BRLLTUF Y FoEee
FD%OD 2 BIRDFAEL (dimerization) 7% & 2 ¥
7 FIMEEZHIFT 5. Gefitinib*erlotinibZz &
DFOYyEF-EHEALS M~ -2 EL
7:OHLNOEGFROBET) VLA BETAZ LT,

TTFVEERNT AL b Tn5(H3). EGFR
Pk, B2A Y A EFIVCESEEING %
ALY, EGFFR%Z ¥ —7 v M LI-0FEEHEE

EHRREIFBRAIITON.

BAEV L OPDEGFR% ¥ — % v M L-HiE
BEHIHEREFH L VIETTIERSPTHY, £
NEFRIZOWTHEHRTINE 5.

2. Cetuximab (IMC-C225) (Erbitax®)

Cetuximab!IEGFR% # — 7w MZ L7zt b=
7 AF A F1gGliETadH 5. EGFR~DOEMHEIX
NEEOY 7Y FEh b 1 BTV TD,
BRAMICHEIER£RYT. Cetuximab®ix 512 &
DHEBLEIEARE, TRV ABE, OEHE
HE, SEREREHIRD LN, ZhrHE
BEHRIZORNo T LEZLNTWVS,
BARIATOERTIE, 1)/ T7h2EDH
AL B2HEHNRR, AV /) THAVRRE RS
72t lZcetuximab& 4 ) /7T U EEATAI L
T, TEEBMREIBUROLNS Z LATRENO,
BRARAEBR RN ET o .

T FEGFREEMEA ) /75 Y AR KGOS A EE
574 123F L Ccetuximab B EI% 5257 L7210,
PR& 72 o 1-fEBIIE 5 54 (8.8%) THo72d, Th
I HRIEGE TOEGFROZEJME L HEIZZRD &
Nhhpot. T, BERILE LT, grade3/4
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M AFE n o’ oo v47 fa PR S ER
FERTF ) NE CD20 Rituximab X AT 2001 B KR
CD20 0Yibritumomab tiuxetan ¥ 7 A + M GHERNMTTE  2002FDAKER
CD20 BiLtositumomab ~ W A+HEtERAMTTE  2003FDAKER
CD22 Epratuzumab v ML Phase I-1I
CD22 %Y.epratuzumab ¥ M {L+ISHERMITE Phase I
HLA-DR Remitogen t Mt Phasell
SEEFREa M CD33 Gemtuzumab v M+ AH 2000FDAKEE
0zogamicin
B fifatEi8H ) v/ EkEEMA  CD52 Alemtuzumab & Mt 2001FDAK
KBV ALZYE EGFR Cetuximab = 2004FDAZGZER
EGFR Panitumumab S Phasell
‘ EGFR h-R3 v ML PhaseI /1
KEEMA, BirALRE VEGF Bevacizumab v ME 2004FDAKZR
KBGHS A (H51%) Epithelial cellular- Edrecolomab <Y A 1995 F A v #KE2
adhesion molecule
LAARE HER2/neu Trastuzumab e hME 2001 5 A< &E2
EREAALE CEA WY.CEAcide & Mb+MSHHERAMTTE  PhaseI/1
BWEE VEGFR2 IMC-1C11 FAF Phase I /1N
KEEHMA A33 huA33 kML Phase I /1
BARATA G250/MN G250 *FAF Phase I /1
LEMA Lewis Y HLE SGN-15 FAZ Phase I /II
_ Hu35193 v Mtk Phase I
AT /== GD3 KW-2871 FRXF Phase I

DT 7 FMERBEIN6%, T LVE—FIES %,
BRI 4 %IZFRD O N5, REDgradell &
HENTTIE, grade0, 12,34 DEEIFER o7
BENENOEFHEFIMEIZLINE, 64528,
95" ATH Y, EFEIIVL VLIS HESED
PUEBEROEEL 20 ) AL R L 7.

BOND study TiZEGFRIgHEA V) / 7 VY Ae
KIEMRABRER S 5 4L{LL, cetuximabBijhEf
k., cetuximab+ A1) J 5 h VEEE THEIL 7212,
PUEEN R EENEIFEMBEETLL%, FRAET
23% L BEICHBEBETENTW (T 2-a,b, ¢).
BEERTEEABECBVYT, L) TH, &8
B, 77 REE, HHPRBL%2EVEER
L7-. BOND study T iz, EEIRI o7
FEFNIER T & % WESNICH R TEFEIFIRVER
PREN, TAITHMEEE, GFHREL DICEDS
(WA

BOND?2 study!ZBOND study & B} s Dx$ £ B
EAV/TAYTBNII LAY /T +
cetuximab + bevacizumabff A # (CBI) &,
cetuximab +bevacizumab$f B #E (CB) 1257 Thb
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B LI-RERTH 5, BOND study®FhFho
arm!Zbevacizumab % L F¥ L 7-#&4F 7243, CBI
HLCBEOEMRIIFNEFNITB L20%THY,
SRS RIS N F T 9mon £ 5.6mon TH -
7o, TORBROEHI, cetuximabDFRIME L W
V&Y, FFENEEREERLOBBIZLID S
S AMBIETELILERLAEI LIS
7. L2L, F0OZLEFABICERROBE L
WHRMENERIC o TWAEI L ERBELTY
7z.

Cetuximabid, FIEREEFICKT LTS, BEFD
AR E DRI Y BVWIEENFRZRL
TW5(FE3). ThoofERIR, Wihdphasell
DLDTHY, BKROFFIINY) ALNBIC
BHRETHON T Sphase I DFEREFL 2T
Wiz,

BRTHWAESIIEETREFEERG,
B L SEROBEETH L. KPIZEGFREAE
I TH 5 gefitinib & FFEIZ, VbW BT 7 F R
EHUEHITH BH%, T5%ICHIRL, grade3 L
i 58613, BERS5T52%, 1V /77
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PI3K MAPKZED
FOL &+ —HREH ST FIRERDEMEAL
gefitinib, erlotinibt & l '

3 EGFREFBMHAELD A HZXLCCES X B IHKE)

v EDBERTII% EFE S TV 5, Grade 2
FTCOHE, ¥4I DRI AT OH%S,
A PO F =y ) — L% EOBAEIT ) H,
grade 3 L EDBAIIIKRE; IO OIS, Tz,
HiERE B8 UG (infusion reaction) 12, #EE
BRI D Z NS, TOIERIIME, BE,
Rk EEER &S Th L. MERT, RERERLE
Dgrade 3 L ED e % & 72T ERNIZ 3 %R
TH5HH, 0.1%DEF TERILHEBZ LT
EHHY, EFEILETHE. MITLIVF—F
DRIFEEIFHEREIN TS,
3. Matuzumab (EMD72000)

- Matuzumabid, EGFRIZH$ % b MMbIgGlii
hThHb. Tabb, HELZRBT LIRS TH
BARBIHEREIRLOA T T AHRD S 2185 T,
ZNUIDBRITE FEKNS V8 TTET
WAHLETH A, £ I HRRTIHFEEREIIN
Jok 7% o 2EGFRIBEDOKIED A, EEN A, B
EEATADBE22Z TS E N, PR23%, SD
271%, 77 AREEOEEII64% L HEINT
W3S, KFRCHEGFRIFED KGN A, BAA,
HENAEE26LICE I HERL LTRSS,

KD AN BT 2 BIOPR, 106] DSDEHF % 72

HTWB09, BRI LEEE L ORI L 5BAA
TORWNR, FEHEIA TORETOI THhIT
Wa,

4. Panitumumab(ABX-EGF)

PanitumumabiZEGFRIZATT 5 & MgG2HET
HbH. 100%k PHRD T X7 TTETWAHTL
o, BENIHTHHESTERVOPREHT,
fDIEGFRYUE L Y b & W EYERETO 7 7 1
VORENFHFETE S, PanitumumabBF|#z 5
T, EBENBERICRICICZ o 72EBEER A
B#E 239 Hphase I 12BWT, PR11%, SD 36
%L BIFREET DY, REHEEIZ5%ICEE
DN, grade3LEDEEIXIT7T%THo
7. BEEELA T, BEERKS51% (grade 3 DL
+9%), IEE39%([F3 %), THI36% (2 %),
BEE30% (3 %), & TH o7z, Cetuximablildl
® & N Ainfusion reaction d gL H AL TV 721y,
F7=, 20054E11 Fi2id, IEHERGREICRIRE 2o
7-463% % 5 > ¥ 5L L TiTh L 7:phase ll ;AER
2B\, panitumumab B 5 i3best support-
ive careBEIC RN THEBICEREATHHM 2 ER
ThHERERESN THICLD20065FI1T1ET X
YA TEREEINLRAATHA. T2, FEH
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#+ 2-b BOND study—HE =% (grade 3/4)—

+ .
C%Itgcliiqab Cetuximab » ccegrxli;;b Cetuximab
(n=218) (=111 (n=218) (n=111)
CR+PR 23% 11% 0.0074 TH 45(21.2%) 2(1.7%)
CR+PR+SD 56% 32% 0.0001 Bk 29(13.7%) 12(10.4%).
MedianTTP 4.1mon 1.5mon {<0.0001 T ABERE 20(9.4%) 6(5.2%)
MST 8.6mon 6.9mon 0.48 I ER R 20(9.5%) 0
B 5./ W 1tk 15(7.1%) 5(4.3%)
Zif 10(4.8%) 3(2.7%)
K 0, Q,
BlA, WA, B ONTY oS shaw
BRIREE I HRERI TN TB Y, fEEEICD BEE 0 4(3.5%)
WTHRETER TS, CetuximabRd;E3E 0 0

5. EGFRER L HESMR
FAADWEEII B Htratuzumabld, EBHS

#F2-c BOND study—RBE M4 L HIEBVROEFE—

F T HErbB20FH & HEHHRA L HBT R anab | esimab
BT EBHLENTWS. Cetuximabd H#IEGFR

- g e 5 o BEEEZL|] 6% 3.0mon 0% 2.5mon
FEHERBA AN L CTIHEHEBERREIED SN TE BRSNS 26% 9.1mon 13%  8.1mon

7275, BOND study TH/REN/L H12, cetuxi-
mabDHREEFRIZEGFROFHME L T o7-¢

HETRO R o7z, FUCEGFRZENE T2

gefitinib b BRI CHIEEZIR & BEMEHIHE L
W EDR—DODETH o 72D%, EGFROATPH
EERAL (exon 19) DEESHMBEFUERTFIC LB L.
DIED 2 NI, KIGHA TS ABEOKRETH
2 INTH, KEGHSATOEGFROZEEIZIZE A
ERO b N h o7z, EGFREEFOWEIEIHE
EAREAET 5 LOB®EDH DN, 6125

MEPLELBbh s,

VEGF (vascular endothelial
growth factor) Z1RAY(C U i fhBE &

1. A EVEGF

IEFAEIR, BEOBIEIIBVT, BELE
EEEoTVBEEL LNTWE, FRITHA
DEETHIFEBETH L. MEFEZ2HEET LS
& THESMEISRIESND & W) RS, 1971

E|ZFolkman 52 & DRI & N2 ASAHSHEGE S
BB UECBRERCKELRMEL, AEL
KD 2T 57D DOMEBOBEN, Lo
LAV TORRY, 20
BHeEThbITE L,

19804EfX, Senger S IIRHEEEIC X 5 EAE
BOBFEOMFEICBT, BEEMEI 5w
NMEEBEEZEHTHH) TS FOFESR
i L, VPF(vascular permability factor) & 6544
L7z, F7z, Ferrarabid, FTEAOEEMED
BEEE,> O MENEMEOMEZRET H2RF
% [, VEGF(vascular endothelial growth
factor) L dy & L7245, MEBRFE—DOYWETH 5
CEDRICHBE LD,

VEGF-AlZlZ, 8 DDA TS5 A4 7nNsy 7w
FEHBHZ LML, ThERETHE~AD
BAELR ERRZEEVDRATWS, KEhk

T3 KB AMREEGICHT B cetuximab+-ii b A BB AR Ephase || DRRIE

IFL CPT11/5FU/LV (AIO) FOLFIRI FOLFOX
+ Cetuximab + Cetuximab + Cetuximab + Cetuximab
(n=29) (n=21) {(n=22) (n=62)
CR+PR 48% 67% 46% 81%
SD 41% 29% 41% 17%
PD 11% 5% 14% 2%
Ref. AH. Rosenberg G. Folprecht P. Rougier E. Diaz Rubio
ASC02002%® ASC02005% ASCO2004% ASC020054
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