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Figure 4, Effact of EphA4 WT on migration in the U251 cells. A, evaluation of cell migration by scratch wound assay. Serum-starved calls were cultured
in the presence of 20 ng/mL FGF2 (top) or 0.5 pg/mL ephrin-A1 (bottom). The degree of migration was chacked by monitoring EGFP. Pictures were shown
at 12 and 24 h after figand stimulation. B, extent of cell migration was quantified and shawn graphically (right). The areas occupied by tha cells ware
caleulated with NIH image software, The ratio of the increased area after 12 and 24 h to that at O h was then calculnted Lo quantitate the extent of
migration. Bars, SD. *, P < 0.05 versus the EGFP cells. C, effects on activalion of Rho GTPases, Top, active RhoA, Racl, and Cdc42 of esch cell
stimulated by 20 nvm'rn!. FGF2 for 15 min or 0.5 ;;gme -pnnn-m for 30 min. The active Rho GTPases ware pullad down as described in Matarials and
Methods and checked by immunablotting using tha ir bodi B . Protain axp of threa Rho GTPases using whaola protein lysate. D,
relative densitometric units of tha GTP-RhoA, Rac1, and Cdc4 2 bands in uch call stimulated by FGF2. The densities of tha EGFP bands are set arbitrarily st
1.0. Bars, 8D. E, sffect of Rac inhibitor on ligand-triggared migration in the transfected U251 cells of EphA4 WT. Cell migration was svalusied by scratch
wound assay. Serum-starved cefls were cultured in the prasence of 20 ng/mL FGF2 (loft) er 0.5 pg/mL ephrin-A1 (right) plus 50 wmel/L Rac inhibiter. Tha
degree of migration was checked by monitoring EGFP, Pictures waere shown at 0, 12, and 24 h after stimulation.

sought to examine how the activity of Rho GTPases would Cdc42 activities stimulated by ephrin-Al were also
be affected by EphA4. Rho GTPase activities were promoted by EphA4 WT but were inhibited by EphA4
evaluated by immunoblotting following a pull-down assay. DN, suggesting EphA4 promotes ephrin-Al-mediated
FGF2 stimulation activated Racl/Cdc42 as shown in activation. Importantly, the activation was inhibited by
Fig. 4B. EphA4 WT promoted activation of Racl/Cdc42 FGFR1 DN. As shown in Fig. 3A, ephrin-Al did not induce
stimulated by FGF2, whereas EphA4 DN, as well as FGFR1 FRS2 phosphorylation; therefore, it was suggested that the
DN, inhibited their activation, suggesting EphA4 promotes effect of EphA4 WT on ephrin-Al-triggered activation of
FGF2-mediated activation of Racl/ Cdc42. Similarly, Racl/ Racl/Cdc42 was, at least in part, through FGFR-mediated
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signaling not involving FRS2. Consistent with these results,
cotreatment of Rac inhibitor with FGF2 or ephrin-Al
drastically inhibited the wound closure in the scratch
wound assay (Fig. 4E), showing that Rac inhibition blocked
FGF2- or ephrin-Al-triggered glioma cell migration. On the
other hand, neither ephrin-A1 nor FGF2 stimulation
induced any RhoA activity in EGFP-expressing mock
control cells and the activity was not modulated by EphA4
WT, EphA4 DN, or RGFR1 DN. These results suggest that
EphA4 enhances FGF2-induced activation of Racl/Cdc42
and promotes glioma cell migration.

EphA4-FGFR1 Heteroreceptor Complex Enhances
FGF2-Triggered Phosphorylation of FGFR1

Based on the results that EphA4 promoted FGF2-
mediated cell proliferation and migration as we have
shown thus far, we ized a functional relationship
between EphA4 and FGFR1, which would affect FGFR1
activity. First, we checked their physiologic interaction by
the ectopic expression of EphA4 WT and/or FGFR1 WT
retrovirally using the U251 cells. FGFR1 was not detected to
be coimmunoprecipitated with EphA4 in EGFP-expressing
control cells (Fig. 5A). When stimulated by Ephrin-Al,
coimmunoprecipitation of FGFR1 was detectable in EphA4
WT- or FGFRl-expressing U251 cells. This complex
formation was most evident in EphA4- and FGFRI-
coexpressing cells, meaning that activated EphA4 prefers

A

Molecular Cancer Therapeutics 2775

to forming a receptor complex with FGFR1 in the U251
cells

To clarify the functional effect of EphA4 on FGFRI
activation, we next examined the tyrosine p tion
level of FGFR1 in the U251 cells (Fig. 5B). Without FGF2
stimulation, neither EphA4 WT, EphA4 DN, nor FGFR1
DN affected the phosphorylation level of intrinsic FGFR1.
FGFR1 was naturally phosphorylated by FGF2 stimulation
in EGFP-expressing cells. This phosphorylation was
further enhanced by EphA4 WT. Contrarily, EphA4 DN
or FGFR1 DN inhibited FGFR1 phosphorylation by FGF2,
revealing that EphA4 strengthened FGF2-mediated
phorylation of FGFR1. Under this experimental condition,
EphA4 was weakly phosphorylated by exogenous addi-
tion of FGF2 (Supplementary Fig. 53).* These results
showed that EphA4 enhanced FGF2-triggered activation
of FGFR1 through a EphA4-FGFR1 heteroreceptor com-
plex, which possibly explained the reason that EphA4
promoted downstream signaling of FGFR and contributed
to glioma cell proliferation and migration. On the other
hand, ephrin-A1 stimulation did not lead to enhanced
phosphorylation of FGFR1 in this experimental condition,
although EphA4 was clearly phosphorylated by ephrin-Al
(Supplementary Fig. 52).° This might, in part, correlate to

the result that FRS2 was phosphorylated by FGF2 not by
ephrin-A1 (Fig. 3B).

IB: anti-FGFR1

I1B: anti-EphA4

Figure 6. EphA4-FGFR1 intersction, A, EphAd4
forms o protein complex with FGFR1. The U251
calls cosxpressing EphAd and FGFR1 wers used
in addition fo thosa expressing EGFP, EphAd, and
FGFR1. Top, EphA4 protein was immunoprecipi-
tated from the call lysate treated with or withoul
0.6 pg/ml ephrin-A1 for 30 min (ephrin-A1) or
20 ng/mL FGF2 for 15 min (FGF2) and separated
by SDS-PAGE foll d by im ing using
an enti-FGFR1 y. B , bing with
an ant-EphA4 antibedy. B, enhanced phosphar-
ylation of FGFRY by EphA4. Each cell was reated
with or without 40 ng/mL FGF2 for 15 min
(FGF2) mnd the tyrosine phosphorylation level of
FGFR1 was axamined by probing using an snli-
phosphotyrosine sntibody [top). The total levels
of precipitated FGFR1 were detected by raprob-
ing with an anti-FGFR1 aniibody (bottom).

IB: anti-pY

IB: anti-FGFR1

IP: antl-FGFR1
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Our study revealed that highly expressed EphA4 in
malignant gliomas functions as an accelerator of glioma
cell proliferation and migration through promoting the
FGFR1 signaling pathway as summarized in Fig. 6,
suggesting that EphA4 might be a potential therapeutic
target for malignant glioma.

Our microarray gene expression analysis for 32 surgical
specimens of high-grade astrocytomas showed that EphA4
mRNA was expressed 4-fold higher in tumors than in
normal brain tissue. Elevated expression of Eph members
has been described in various human cancers (18). EphA4
expression has also been reported in cancers such as
prostate, colon, and melanoma, although it has never been
described in association with malignant gliomas. Among
the Eph receptor family, EphA2, EphAS, and EphB2
expression has been described previously in glioblastoma
cells (20, 34-36). Bruce et al. have identified aberrant
EphA5 expression and showed that activation of EphA5
does not promote cell proliferation in glioma cell line (34).
Nakada et al. reported phosphorylation of R-Ras associated
with EphB2 effects on glioma cell adhesion, growth, and
invasion (20, 35). Recently, EphA2 elevated in glioblastoma
multiforme stimulated by ephrin-A1 was reported to
induce an inhibitory effect on the growth and invasiveness
of glioblastoma multiforme cells (36). As shown in Fig. 4A
and B (bottom), the promotion of cell migration by
EphA4 WT was observed under ephrin-Al stimulation.
Correspondingly, Racl/Cdcd42 activities stimulated by
ephrin-Al were promoted by EphA4 WT (Fig. 4C and D).
Although, to the best of our knowledge, EphA4 has never
been reported about glioma cell motility, these results
suggest that ephrin-Al-triggered activation of EphA4

migration (Fig. 6).

Recently, Nakada et al. revealed that ephrin-B3 promotes
glioma invasion using U251 that is a high expressor cell line
of ephrin-B3 and that knockdown of ephrin-B3 in U251
resulted in morphologic change and decreased migration
and invasion induced by EphB2 (37). Although, in this
article, BphA4 was not discussed in association with
ephrin-B3, there are some previous reports about the
interaction between ephrin-B3 and EphA4 (38, 39). In
summary, these studies provide the evidence that Eph-
rinB3/EphA4 has an important role in neuronal circuit
formation, growth, and development. Based on this
information, there is a possibility that the interaction
between ephrin-B3 and EphA4 plays some role in the
malignant phenotype of cancer. However, as shown in
Supplementary Fig. 52A,° EphA4 was not phosphorylated
even in the EphAd4-overexpressing U251 cells without
ligand stimulation, although ectopically expressing EphA4
could be activated by endogenous ephrin-B3. There was no
significant difference between the mock control and the
EphAd4-overexpressing cells without ligand stimulation in
glioma cell proliferation and migration (Figs. 3A and 4A).
Together with these data, the interaction between endo-
genous ephrin-B3 and EphA4 did not appear to affect the
results in our experimental condition.

The MAPK pathway is well known to play a major role in
the tumor cell proliferation (40). There are several reporis
regarding the regulation of this pathway by Eph signaling
(6). However, some studies report negative regulation of
MAPK pathway by Eph receptor activation (41-43).
Reversely, others show positive regulation of the pathway
by Eph signaling, although the precise mechanism has not
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been shown (44-46). In addition, Yokote et al. reported a
positive-regulating mechanism of the MAPK pathway by
EphA4 through direct interaction with the FGFR

and its activation (32), Our report also showed that FGFR1
signaling was enhanced by EphA4 through their interaction
followed by an increased MAPK pathway in the U251
glioma cells. Corresponding to the increased MAFK,
proliferation of glioma cells was also promoted by EphA4.
It was important that this enhancement was dependent on
FR52 phosphorylation, which was suggested by the
findings that either FGFR1 DN or EphA4 DN inhibited
FRS2-MAPK signaling enhanced by EphA4. In addition, it
may be considered that the glioma cells have little or less
negatively regulating molecules for the MAPK pathway
such as Ras-GAP but dominantly possess a positively
regulating mechanism such as the enhancement of FGFR
signaling by EphAd. From our results that ephrin-Al
stimulation alone did not affect the MAPK pathway, it is
considered that the strength of these two negative and
positive regulation may be different among the cell types,
which may explain the discrepancy in the previous results
regarding the regulation of the MAPK pathway by Eph

receptors.

The FGFR-mediated phosphatidylinositol 3-kinase/Akt
signaling pathway was also enhanced by EphA4, which
was suggested by the findings that phospho-Akt was
increased by EphA4 WT but inhibited by EphA4 DN
(Fig. 3C). However, the Akt pathway was found to be
activated by ephrin-A1 stimulation itself and to be
inhibited by EphA4 DN. In addition, FGFR1 DN had no
effect on the Akt pathway mediated by ephrin-Al
stimulation. This means that EphA4 has its own Akt
activating pathway, except for the enhancement of FGFR-
mediated Akt pathway in the U251 cells as reported that
Akt pathway was mediated by Eph receptors (44).

Rho family GTPases are signaling molecules influencing
cell motility by cytoskeletal reorganizing (46). Eph signal-
ing modulates the balance of Rho versus Rac and Cded2
activities (3, 6). As shown in Fig. 4, neither ephrin-Al nor
FGF2 changed the Rho activity of the U251 cells. The reason
might be that the U251 glioma cells expressed little
ephexin, a guanine nucleotide exchanging factor for Rho,
which was identified as a direct signaling molecule relayed
from EphA4 (data not shown; ref. 47). On the contrary,
Racl and Cdc42 were both activated by FGF2 or ephrin-A1
stimulation and EphA4 further enhanced these activities.
Interestingly, both Racl and Cde42 activations were found
to be inhibited by EphA4 DN and FGFR1 DN. This means
that FGFR1 and EphA4 are both necessary to activate Racl
and Cdc42 by either FGF2 or ephrin-Al and a close
functional association is suggested between their receptors.
These results were consistent with the promoted migration
by EphA4 shown in Fig. 4A and could explain why EphA4
enhanced the migration in the U251 cells. The contribution
of other types of guanine nucleotide exchanging factors for
Racl or Cdc42 might be important for the enhanced
migration, but the precise mechanism remains to be
elucidated.

that EphA4
formed a complex with FGFR1 and PGFR1 activity was

As shown in Fig. 5 we clearly showed
enhanced by EphA4. These results the reason
why EphA4 enhanced FGFR-mediated MAPK, Akt pa
way, and Racl/Cdcd2 activities. These findings were
supported by the showing the interaction between
EphA4 and FGFR (32). This report also showed the direct
association between two molecules and how they assem-
bled to relay their signal. It is noteworthy that different
types of receptor protein tyrosine kinases such as EphA4
and FGFR1 are able to interact with each other and enhance
their functions. This means cross-talk between the receptors
may exist at the plasma membrane and could produce a
more diverse signaling mechanism in living cells. In the
glioma cells, the EphA4-FGFR1 interaction is considered to
promote proliferation and migration by acting as a
enhancer for the malignant phenotype.

Long-term survival of patients with malignant gliomas
has improved very little despite aggressive multimodality
treatments including surgery, radiotherapy, and cytotoxic
chemotherapy (48). One l.i.milallm of the conventional
treatment is that these therapeutic strategies are not
properly based on the malignant glioma-specific biological
properties. Therefore, it is important to know the molecu-
lar-based characteristics (bioinformatics) of malignant
gliomas to achieve a therapeutic breakthrough. Recently,
the molecular has been developed in
treating many types of cancer (49). To realize the molecular
targeting therapy in malignant gliomas, one strategy is to
identify key molecules using the microarray technique (50).
From this view, we analyzed gene expression in malignant
gliomas using a DNA microarray and found high expres-
sion of EphA4 in malignant gliomas. We then clarified the
functional significance of the ression of EphA4
using a human glioma cell line, U251 cells. Our collective
results provide the typical strategy to analyze functonally
the molecule that has been identified from the gene
expression study. We expect EphA4-FGFR1 signaling may
become a candidate as a potential target in therapeutic
intervention for malignant gliomas and cell-based screen-

ing for an EphA4-specific inhibitor is ongoing based on our
findings,
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active mutations of epidermal growth factor receptor
(EGFR) (delE746_AT750) activate downstream signals, such as ERK and
Akt, through the phosphorylation of tyrosine residues in the C-
terminal reglon of EGFR. These pathways are thought to be important
for cellular sensitivity to EGFR tyrosine kinase inhibitors (TKI). To
examine the correlation between phosphorylation of the tyrosine
idues in the C inal region of EGFR and cellular sensitivity to
EGFR TKI, we used wild-type (wt) EGFR, as well as the following
constructs: del E746_A750 EGFR; delE746_A750 EGFR with substitution
of seven tyrosine residues to phenylalanine in the C-terminal region:
and delE746_A750 EGFR with a C-terminal truncation at amino acid
980, Thase constructs were transfected stably into HEK293 cells and
designated HEK293/Wt, HEK293/D, HEK293/D7F, and HEK293/D-Tr,
respectively, The HEK293/D cells were found to be 100-fold more
sensitive to EGFR TKI (AG1478) than HEK293/Wt Surprisingly, the
HEK293/D7F and HEK293/D-Tr cells, transfected with EGFR lacking
the C-terminal sites, retained high sensitivity to
EGFR TKL in these three high-sensitivity cells, the ERK pathway was
activated without ligand stimulation, which was inhibited by EGFR
TKL. In addition, although EGFR in the HEK253/D7F and HEK293/D-Tr
cells lacked significant tyrosine residues for EGFR signal transduction,
phesphorylation of Src homology and collagen homology (She) was
y activated in these cells. Our results indicate that
tyrasine residues in the C-terminal region of EGFR are not required for
cellular sensitivity to EGFR TK), and that an as-yet-unknown signaling
pathway of EGFR may exist that is independent of the C-terminal
reglon of EGFR. (Cancer 5c/ 2009)

E idermal growth factor receptor (EGFR), also termed

ER1/ErbB-1, is overex and activated in many
cancers."" Small-molecule inhibitors of EGFR tyrosine kinase
and antibodies have been shown to exhibit antitumor activity in
several tumors. ™9 Somatic mutations of EGFR tyrosine kinase
in non-small cell lung cancer have been shown 1o be associated
with hyperresponsiveness to gefitinib, a selective EGFR tyrosine
kinase inhibitor (TKI).”® Many investigators have subsequently
reported that EGFR mutations are strong determinants of the tumor
response to EGFR TKL®"" Approximately 90% of non-small cell
lung cancer-associated EGFR mutations in two reports consisted
of two gnajor EGFR mlﬁaﬁx&. namely, delE746_A750 in exon 19
and L858R in exon 21. previously reported b tivity
to EGFR TKI of a PC-9 cell line with delE746_A750 in exon
19, ope of the commonly encountered mutations mentioned above,
and this deletion mutant of EGFR was constilutively active and
activated the ERK and Akt pathway.">'% Binding of the receptor
with its ligand leads to homodimerization and heterodimerization

dol: 10,1111/.1249-7006.2008.01071 x
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of the receptor tyrosine kinase."'™ Thus, EGFR is a ligand-
acﬁnv:hled tyrosine kinase that ultimately delivers cellular growth
signals.

Tyr-1068, Tyr-1148, and Tyr-1173 in the C-terminal region are
the major autophosphorylation siles in human EGFR. These C-
terminal gl;:ophorylaﬁon sites of EGFR interact with adaptor

1320 Phosphorylation of the C-terminal autophosphoryla-
tion sites of EGFR, triggered by epidermal factor (EGF),
in tum tri an intracellular signal c involving proteins
such as ERK, Akt, Janus kinase, and signal transducer and activa-
tor of (152138 Sre homology and collagen homology
(Shc) is a molecular protein that binds phosphorylated
tyrosines within activated EGFR, and is itself lated on

residues upon stimulation of EGFR. lated
CH1 site of She then engages the binding site for the SH2 domain
of growth factor receptor-bound protein (Grb) 2. The SH3 domain
of Grb2 directly interacts with lhegumgnucleoﬁdeuchange
factor son of sevenless homolog (Sos)."*29 Sos catalyzes the
conversion of GDP 1o GTP on Ras, resulting in Ras activation.
Activated GTP-Ras recruits Raf kinase to the plasma membrane,
resulting in Raf activation and phosphorylation of its downstream
target ERK kinase (&%

Phosphorylation of tyrosine residues at the C-terminal region
of EGFR is believed to be important in cell signaling triggered
by wild-type EGFR.%"* However, the role of this region in an
active mutant of EGFR (delE746_AT750) has yet o be elucidated
in detail. To clarify the bi functions of the tyrosine residues
at the C-terminal region of EGFR, we constructed several mutants
with C-terminal-truncated or substitution of ine residues
o ﬁ;myhlmine in the C-terminal region. showed that
EG lacking C-terminal autophosphorylation sites still
miﬁ&kmh, with retention of cellular hypersensitivity to

Materlals and Methods

Expression constructs, The method used to obtain full-length
cDNA of wild-type EGFR has been described previously.'” W&-
type EGFR cDNA and 15 bp-deletion EGFR (delE746_A750)
were introduced into pcDNA3.1 (Invitrogen, Carlsbad, CA, USA)
with a myc-tag at its C-terminus. The EGFR cDNA with sub-
stitution of seven tyrosine residues to phenylalanine in the C-
terminal region was amplified by mutagenesis; the QuikChangea

*To whom spond thould be add: d. E-mall: knishio med kindai.acjp
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Site-Directed Mutagenesis Kit (Stratagene, La Jolla, CA, USA)
was used for the polymerase chain reaction and a primer sel was
synthesized (Supporting Information Table $1). The cDNA of
the C-terminal-truncated EGFR with 15-bp deletion (EGFR-D-
17) was amplified using the following primer set: forward, CCT
CCT CTT GCT GCT GGT GGT G; reverse, GAA CAAGCT TGA
CAA GGT AGC GCT GGG GGT CTC. After the polymerase
chain reaction products were cut with Clal and Hi they were
ligated to the Clal and Hindlll sites of the pcDNA3.1 expression
vector containing EGFR-D cDNA. The cDNA of wild-type EGFR
with the C-terminal truncation at amino acid 980 (EGFR-Wi-Tr)
was made from the Clal and Xhol of the pcDNA3.1

vector containing wild-type EGFR and the Clal and

expression
Xhol fragments of the pcDNA3.1 expression vector containing
EGFR-D-Tr.

Epidermal growth factor cDNA with the myc-tag in
pcDNA3. 1 was cut and inwng}Cl.INmﬂnlm
(BD Biosciences Clontech, San Diego, CA, USA) together with
enhanced green fluorescent protein (EGFP) followed by the intemal

ribosome entry sequence, to monitor the of the inserts
indirectly. A pVSV-G vector (Clontech, Alto, CA, USA) for
constitution of the viral envelope, pGP vector (Takara, Yotsukaichi

Japan), and the pQCXIX constructs were cotransfected into
H 3 cells using FuGENE6 transfection reagent (Roche
Diagnostics, Basel, Switzerland). Briefly, 80% confluent cells
cultured in a 10-cm dish were transfected with 2 g pVSV-G
vector plus 6 ug pQCXIX vector, Forty-eight hours afier the trans-
fection, the culture medium was collected and the viral particles
were concentrated by centrifugation at 15 000g for 3 h at 4°C. The
viral pellet was then resuspended in fresh Dulbecco’s modified
Eagle's medium (DMEM; Sigma, St Louis, MO, USA). The titer
of the viral vector was calculated by counting the EGFP-positive
cells that were infected in serial dilutions of a virus-containing
medium and then determining the multiplicity of infection. HER2
and HER3 introduced retrovirally into HEK293 cells were used
as positive controls in westemn blotting.

Cell culture and transfection. The human embryonic kidney
HEK293 cell line was obtained from the American Culture
Collection (Manassas, VA, USA) and cultured in supple-
mented with 10% fetal bovine serum, penicillin, and streptomycin
(Siﬁ;}lln a humidified atmosphere of 5% CO, at 37°C. The
HE cells were transfected with the viral vectors,

In vitro growth-inhibition assay. The growth-inhibitory effects
of AG1478 (Biomol lmmi—lm Meeting, PA, USA)
in HEK293/Wi, HEK293/Wt. Ty, , HEK293/D7F, and
HEK293V/D-Tr cells were examined using a 3, 4, 5-<dimethyl-2H-
tetrazolium bromide (MTT) assay as described previously.”

Immunoprecipitation. The culture cells were washed twice with
ice-cold Pboaphate—buﬂ'aed saline (PBS) (-), and lysed with a
lysis buffer containing 20 mM Tris-HCI (pH 7.0), 50 mM NaCl,
5 mM ethylenediaminetetraacetic acid, 10 mM Na osphate,
50 mM NaF, 1 mM Na orthovanadate, 1% Tri -100, and the
Complete Mini protease inhibitor mix (Roche Diagnostics). The
lysates were cleared by centrifugation at 15 000 g for 10 min and

concentrations of the supernuiants were measured
using a bicinchoninic acid protein assay (Pierce Biotechnology,
Rockford, IL, USA).

The cell lysates (500 pg) were immunoprecipitated by over-
night incubation with 3 pg anti-EGFR antibody, anti-HER3 anti-
body (Upstate Biotechnology, Lake Placid, NY, USA), anti-HER2
antibody (Santa Cruz Biotechnology, Santa Cruz, CA), or anti-
c-Myc (Roche Diagnostics), followed by further incubation with
protein-G agarose (Santa Cruz Biotechnology) for 1 h. Bound
proteins were washed three times with lysis buffer and eluted in
Laemmli sample buffer containing 2-mercaptoethanol. The eluted
proteins were subjected to 2-15% gradient sodium dodecylsulfate—
polyacrylamide gel electrophoresis (SDS-PAGE) and immmu-
noblotted as described above.

Immunoblotting. Whole-cell lysales and the immunoprecipitates
were separated using 2-15% gradient SDS-PAGE and blotted on
to a polyvinylidene fluoride membrane. The membrane was

with anti-EGFR, anti-HER3 (Upstate Biotechnology), anti-

phospho(Tyr845)-EGFR, aml«phoa;l;o('l‘yriﬂﬁl!)-ﬁﬁ , anti-
phospho(Tyrl 173)-EGFR, anti-HER2, anti-phospho-tyrosine,
anti-p44/42 mitogen-activated protein kinase, anti

p44/42 MAP kinase, anti-She, anti-phospho-She (Cell Signaling,
Beverly, MA), anti-Sos (Santa Cruz), anti-Grb2 (BD Biosciences,
San Jose, CA), and anti-c-Myc (Roche Diagnostics) antibodies
by incubation for 2 b at room temperature and then with
horseradish idase-conjugated anti-rabbit IgG antibody or
anti-mouse antibody for 1 h at room temperature. Finally,
the proteins were visualized with an enhanced chemiluminescence
western blotting detection system (GE Healthcare, Piscataway,

NI, USA).

Chemical crosslinking assay. After treatment or no treatment with
EGF (R&D Systems, Minneapolis, MN, USA) the chemical cross-
linking assay was carried out in intact cells as described

Iy The transfected cells were washed with ice-cold

washed with PBS (+), and 15 pig protein was resolved by 2-15%
gradient SDS-PAGE and then immunoblotted with anti-EGFR
and anti-phospho-EGFR antibodies.

Results

growth factor receptor lacking C-terminal autophosphory-
lation sites (EGFR-D-Tr and EGFR-D7F) retains signal transduction.
To examine the role of the tyrosine residues in the C-terminal
of EGFR in signal transduction, we constructed vectors
containing wild-type EGFR, a deletion mutant (delE746_A750
EGFR) with C-terminal truncation, or a mutant with substitution
of seven tyrosine residues in the C-terminal region (Fig. 1a), and
transfected these vectors into HEK293 cells with rather low expres-
sion levels of endogenous EGFR. The expression of exogenous
EGFR in the transfectants was confirmed by immunoblotting
with anti-EGFR antibodies (Fig. 1b).

In order to examine the signal transduction of EGFR in the
transfectants, we analyzed the phosphorylation status of EGFR
and its downstream molecules. Phosphorylation of EGFR at the
Y845 and Y1173 tyrosine residues was detected in HEK293/W1
and HEK293/D cells cultivated in medium containing 10% fetal
bovine serum (Fig. 2a). Enhanced phosphorylation of the Y1068
tyrosine residue was observed specifically in the HEK293/D cells,
su g that Y1068 is constitutively active in delE746_A750

This phenomenon is consistent with our previous 30
On the other hand, no significant lation of Y845, Y1068,
or Y1173 was observed in the HEK293/D7F and HEK293/D-Tr
cells. ERK and Akl are major downstream pathways of EGFR.
We exsmmmphorylalbn of ERK and Akt in the trans-
fectants, hos lation of ERK was observed in the
HEK293/D7F, HEK293/D-Tr, and HEK293/D cells, even though
HEK293/D7F and HEK293/D-Tr cells were transfected with EGFR
lacking the C-terminal autophosphorylation sites.

We also examined ligand t signals in these cells under
the 1% serum starve medium (Fig. 2b). Ligand-stimulated
phosphorylation of EGFR was observed in the HEK293/Wt cells
transfected with wild-type EGFR. Constitutive phosphorylation of
EGFR and a further increase in the EGFR phosphorylation
response to EGF were observed in the HEK293/D cells. On the
other hand, no significant phosphorylation in response to EGF
binding was observed in the HEK293/DTF and HEK293/D-Tr
cells. Downstream of EGFR, increased phosphorylation of ERK
and Akt was observed in response to EGF in the HEK293/D7F

doi: 10.1111/].1349-7006 2008 01071 x
© 2009 Japanese Cancer Assoclation



(@) ECD TM tag ®) “u‘?@\ o ot & 41.\“‘

EGFR-Wt | i [ = = s Q ok
EGFR-Wt- Tf] ” | ” ﬁm—_— [-actin

EGFR-D L_- [l |I |

-"e“ o@o
EGFR-D7F PEERE YR
eormotr [ 1K Je

C-terminal region

K

Fig. 1. Epidermal growth factor receptor EmmemmwsmdwmmmtmmmmMmm
EGFR; EGFR-W-Tr, wild-type kinase domain of EGFR with C-terminal truncation at amine adid 580; EGFR-D, EGFR with a 15-bp deletion from

kinase domain (delE746_A750); EGFR-DTF, 15-bp deletion of EGFR (delE746_A750) and substitution of seven tyrosine residues to phenylalanine (Y992F,
Y 1068F, Y1045F, Y1068F, Y 1086F, Y 1148F, Y1173F); and EGFR-D-Tr, 15-bp deletion of EGFR Im“ﬁm}%bmwmnm“&um
EGFR-Wh, EGFR-D, m-mrw:m‘&mﬁ-d-urug Eﬁlmﬁmﬁmam ; TK, kinase; TM,
trarsmembrane. (b) Stable transfectants were lysed and cell lysates 9 equal m‘ bl wﬂ-mﬁ-ﬁ@llmﬂnd,
recognizing the extracellular domain of EGFR, Amwﬂ!lmll'“md-l?ﬂmammhhﬂmm and HEK293/D7F
cells, and a band of lower molecular weight was detected in the HEK293/0-Tr and HEK293/Wt-Tr cells, Mock, HEX293/Mock; W1, HEK293Wt: WA-Tr, HEK29%/
WA-Tr; D, HEK293/D; D7F, HEK293/D7F; and D-Tr, HEK293/D-Tr.
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Fig. 2. Epidermal growth factor receptor (EGFR)
lacking C-terminal sites retains

D-Tr cells were Iynd. and the cell lysates wuu
immunoblotted with anti-phospho-EGFR
Y845, Y1068, Y1173), anthEGFR (recognizing the

ERK
by
10 ng/mL epidermal growth factor for 10 min at ; -
37°C. The cell lysates were immunoblotted. i ettt

Mock,
HEK293/Mock; Wt, HEK293/W; D, HEK203/D; DF, ] A
HEK293/D7F; and D-Tr, HEK293/D-Tr

and HEK293/D-Tr cells, as well as the HEK293/Wt and HEK293/ To clucidate the effect of EGFR TKI on the EGFR-triggered
D cells. These results indicate that EGFR lacking the C-terminal  signal cascade, the phosphorylation status of EGFR and ERK was
autophosphorylation sites (EGFR-D-Tr and EGFR-D7F) retained  examined in the transfectants treated with AG1478 under the 1%
signal transduction ability. serum starve medium (Fig. 3b). AG1478 at a concentration of 20 nM

Transfectants with EGFR lacking C-terminal autophosphorylation sites  inhibited the phosphorylation of EGFR in HEK293/D cells, but
retain their hypersensitivity to EGFR TKI, EGF stimulation increased  not in the other cell lines. The increased phosphorylation of ERK
the growth of HEK293/Wt cells significantly but did not affect  observed in the HEK293/D, HEK293/D7F, and HEK293/D-Tr
their sensitivity to AG1478 (data not shown). To examine the role  cells was inhibited by AG1478 at 20 nM. These results suggest
of the C-terminal region of EGFR in cellular sensitivity to EGFR  that signal transduction from C-terminal-truncated EGFR to
TKI, the sensitivity of these transfectants was examined by growth-  downstream molecules allows sensitivily to EGFR TKI to be
inhibilion assay (Fig. 3a). HEK293/Wt and HEK293/Wt-Tr cells  retained, just like the deletion mutant of EGFR (delE746_A750).
wnhnm'maIBGFRmrdnuunwlhctum:dunmwemlauvdy Endogenous HER families are not involved in the dimerization of
resistant to BEGFR TKI, with ICy, values of 3.0+0.97 and  EGFR-D-Tr and EGFR-D7F. We hypothesized that the signals from EGFR
8.1 £ 0.99 uM. On the other band, HE!Q'?‘VD (0.028 £ 0.018 uM),  lacking the C-terminal autophosphorylation sites were transduced
HEK293/D7F (0.047 £ 0.030 uM), and HEK293/D-Tr (0.017 +  through heterodimerization with endogenous EGFR, HER2, or
0.017 uM) cells were ~100 times more sensitive to AG1478  HER3. No significant endogenous EGFR expression or its phos-
compared to HER293/WL cells (Fig. 3a), suggesting that the  phorylation was observed in the HEK293/Mock cells (Fig. 4a). Very
cells transfected with EGFR lacking C-terminal phosphorylation  low levels of intrinsic HER2 or HER3 expression were defected in the
siles retained hypersensitivity to EGFR TKI. There were no  HEK293 cells, and the expression levels seemed not to be involved
differences in the proliferation rates of these cell lines under  in significant drug sensitivity nor increased signal transduction
the absence of drug exposure (data not shown), (Fig. 4b,c). Therefore, it is not likely thal heterodimerization of
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Fig. 3. Sersitivity of cell growth and d pidermal growth factor
receptor (EGFR) signaling to AG1478 in the EGFR transfectants, (a)
The effect of AG1478 in HEK293/Wt, HEK293/Wt-Tr,
HEK293/D, HEK293/DTF, and HEK293/D-Tr cells. The uoﬁld cells Wo
upmdwhﬁﬂ?lfw?!hlndh Hul i i
determined by MTT assay, (b) The HEK293/Wt, HEK293/D, HEm!D?F H'ld
HEK293/D-Tr cells were incubated in 1% serum starve medium for 12 h,
followed by exposure to 20 or 200 nM hG“TBfnr!hnﬁ‘C, The cell
lysates were immunoblotted EGFR (p-EGFR Y1068), anti-
EGFR (recognizing the extracellular domain), anti-phospho-ERK, or anti-ERK
antibodies. Mock, nmgmw:.nimmw HEK293/Wt-Tr; D,
HEK293/D; D7F, HEK293/D7F; D-Tr, HEK293/D-Tr,

EGFR lacking C-terminal autophosphorylation sites with endogenous
HER receptors contribules (o the signal transduction. It is thus
speculated that homodimerization of EGFR lacking C-terminal
autophosphorylation sites transduces the signals to downstream
molecules. Indeed, the results of the chemical crosslinking assay
revealed clear homodimerized bands in the HEK293/Wt, HEK293/
D, and HEK293/D7F cells (Fig. 5a). In the HEK293/D-Tr cells,
homodimerized bands with lower molecular weights (indicated by
the black arrow) were detected (Fig Sa)sndthucdimuxmml
orylated (Fig. 5b). Taken together, we speculate that EGFR
lacking C-terminal autophosphorylation sites form homodimers.
Despite a lack of C-terminal autophosphorylation sites, transfected
cells retain their capacity for EGFR-dependent Shc phosphorylation,
Binding of adaptor proteins to the C-terminal region of EGFR is
essential for EGFR signal transduction. It is widely recognized
that tyrosines 1068 and 1086 are most important for Sos and Grb2
activation; EGFR-D7F and EGFR-D-Tr lack these tyrosine residues.
Sos and Grb2 were coprecipitated with EGFR in the HEK293/W1
and HEK293/D cells, but not in the HEK293/D7F or HEK293/D-
Tr cells (Fig. 6a). The bands were confirmed by reblotting of the
membranes used for immunoblotting (data not shown). Another
adapu'mn Shc, also binds to the C-terminal region of EGFR,
of She activates the ERK pathway. An increase
mwmmmemﬁzsuwmdmmemmy
D, HEK293/D7F, and HEK293/D-Tr cells compared with the
HEK293/Mock and HEK/W1 cells (Fig. 6b). The
of She observed in the HEK293/D, HEK293/D7F, and
Tr cells wmphdyiﬂﬂbﬁedbyﬂ)nmamﬂa(ﬁg.ﬁc) These
results suggest that EGFR lacking C-terminal autophosphorylation
sites activates She in a C-terminal-independent manner, and that

Shc-mediated si may be involved in the hypersensitivity o
EGFR TKI of cells expressing EGFR lacking C-terminal
autophosphorylation sites.

Discusslon

In the present study, we investigated the relationship between
%sphmylaﬂm of residues in the C-terminal region of
FR and cellular sensitivity to EGFR TKI. Increased phosphory-
lation of She and ERK was observed in HEK293/DTF and HEK293/
D-Tr cells, which expressed EGFR lacking autophosphorylation
sites in the C-terminal region. Previous reports have demonstrated
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HEKEM m’mm HEK293D, Mmm?l’
and HEK293/D-Tr cells were incubated in 1% serum
starve medium for 12 h Hhm;d b/h addition
of 10 ng/mL epidermal actor for 10 min at
37°C. (a) The whole-cell lysates of HEK293/Modk and
HEK293AW+ cells inir ts of i

were immunoblotted with anti-phospho-EGFR
(p-EGFR Y1068) and antl-EGFR (recognized extra-
cellular domain). (b,c) The lysates were immuno-
precipitated with anti-EGFR, anti-HER2, or anti-HER3
antibodies, and immuncblotted with anti-EGFR, anti-
HER2, anti-HER3, or anti ine antibodies
to detect the dimerization and i
of EGFR and endogenous HER2 or HER3. HER2,
HER2-introduced HEK293 cells as a positive control;
HER3, HER3-introduced HEK293 cells as a positive
control.
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that cells expressing EGFR lacking C-terminal autophospholylation
sites retain EGF-induced mitogenic and transforming activity.®’2
Our data and these previous reports suggest that there exist other
EGFR signaling pathways besides those mediated by the C-terminal
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residues. In addition, these signaling pathways are operative
in the active EGFR mutant (delE746_A750) as well as wild-type
EGFR.™ The results of our inhibition assay demonstrated
the hypersensitivity of HEK293/D7F and HEK293/D-Tr cells to
EGFR TKI, and phosphorylation of ERK and She in these cells
was also inhibited. These results suggest that this EGFR signaling
pathway contributes to tumor cell ;

We dem i the hyp sitivity of the transfectants
(HEK293/D7F and HEK293/D-Tr cells) to AG1478. We previously

the b ity of transfectants carrying mutant EGFR
to AG1478 as well as gefitinib, ZD6474, and erlotinib.***" There-
fore, it can be easily speculated that the HEK293/D7F and HEK293/
D-Tr cells would also be hypersensitive to the clinically available
EGFR TKI and AG1478.

Somatic EGFR mutation in lungcmmt been reported, and
over 20 types of mutations have been reported."” The L858R point
mutation in exon 21 of EGFR is a major poinl mutation (such as
in delE746_A750) that contributes o EGFR TKI hypersensitivity.®®
Interestingly, we constructed cells that overexpressed EGFR-WI-Tr
and BGFR-D-Tr, nndnmnumtrmtodlotmo(BGFRshnﬂann
EGFR-W1-Tr was previously found in patients with
Themnuntwmmuldnlmﬂmxﬁﬁsofm-ndm
frequency Nﬂ: in 7 of 48 patients. Therefore, it would
beotinmndeuminc future studies whether this C-terminal-
truncated form of delE746_AT750 EGFR, similar to EGFR-D-Tr,
might be identifiable in human malerials in the clinical setting.

We attempted to clarify the signaling patbway from the C-
terminal region of EGFR. We observed the phosphorylation of
ERK and She in HEK293/D7F and HEK293/D-Tr cells, and these
phosphorylations were inhibited by exposure to AG1478. These

lations were not observed in HEK293/Mock, HEK293/W1,
orH 3/Wi-Tr cells. Our results suggest that the constitutively
active mutant EGFR lacking C-terminal autophospharylation sites
is sufficient for activation of the downstream pathway. However,
it remains unknown how signals are transduced from EGFR without
a C-terminal region to She, as no direct binding of Grb2 or She with
EGFR lacking the C-terminal region was detected in the HEK203/
D7F and HEK293/D-Tr cells (Fig. 6a). We attempted © identify the
mediator molecules binding to EGFR-D-Tr and EGFR-D7F by
mass analysis of immunoprecipitates; however, no clear mediator
molecules were identified. As a possible indirect mechanism,
Sasaoka ef al. that ErbB2-She signals from EGFR lacking
C-terminal autophosphorylation sites.®? However, we consider this
unlikely from the results of our experiments because no significant
expression of Erb2 was detected in the HER293 cells.

The results of the crosslinking assay demonstrated that a
complex of lower molecular weight was present in the HEK293/
D-Tr cells compared with the HER293/Wi cells, indicating
that truncated EGFR forms homodimers in the HEK293/D-Tr
cells. Thus, it can be speculated that homodimerized truncated
EGFR directly transduces signals downstream.

Fig. 6. Interaction bemun'r:’uunt epidermal

growth factor receptor (EGFR) fap

The cells were cultured under wuuiwdlmw

The lysates of HEK293/Wt, HEK293/D, HEK29/D7F,

and HEK293/D-Tr cells were immunoprecipitated

wilh aﬂtl—myc hg m'l.ibodr; Ihl pnc*hu were
d with

($0s) and anti-growth factor protein

(Grb) 2 antibodies, (b) Whale-cell lysates containing

equal arnuutm al pmhin were immunoblotted
48 with Src homalogy and coll
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incubated in 1% serum starve medium for 12 h
were treated with 20 or 200 nM AG1478 for 3 h
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and then the lysates were immunoblotted with anti-

She or anti-She antibodies. Mock, HEK293/
Moxck; Wt, HEK293/Wt; D, HEK293/D; D7F, HEK293/
D7F; D-Tr, HEK293D-Tr. PY, anti-phospho-tyrosine.
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In conclusion, our results indicate that an as-yet-unknown
signaling pathway of EGFR exists that is independent of the
C-terminal region of EGFR, and these regions are not required
for cellular sensitivity to EGFR TKI.
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Ten novel human pancreatic carcinoma cell lines (Sui65 through
5ui74) were established from a transplantable pancreatic carcinoma
cell line. All the cell lines resembled the original clinical carcinoma
in terms of the morphological and biological features, presenting
with genatic alterations such as point mutations of K-ras and p53,
attenuation or lack of SMAD4 and p16 and other relevant cellular
characteristics. Using this panel, we evaluated the effects of 5-FU
in suppressing the proliferation of pancreatic carcinoma cells.
When tested in vitro, although Sui72 was highly susceptible to 5-
FU, the other cell lines were found to be resistant to the drug.
When 5ui72 and 5ui70 were Implanted subcutansously in S5CID
mice followed by treatment with 5-FU, the drug was found to be
effective against Sui72 but not Sui70, consistent with the results
in vitro. In order to identify the molecular determinant for high
sensitivity of Sui72 to 5-FU, we examined the mRNA expression
levels of the metabolic enzymes of 5-FU. Decreased expression of
DPYD was observed in Sui72 as compared with other cell lines (0.1
versus 0.6 = 0.5, 0.1-fold).

It is belleved that the novel call lines established in the present
study will be useful for analyzing the pattern of progression of
pancreatic cancer and for evaluating the efficacy of anticancer agents.
{Cancer Scl 2008; 99: 1859-1864)

ancreatic cancer is an intractable cancer with a prognosis

poorer than that of any other cancer of the gastrointestinal
tracL In Japan, the 5-year survival rate of patients with pancreatic
cancer is 5.5%, which is extremely low as compared with that of
patients with colorectal cancer (64.6%), gastric cancer (58.8%)
or even hepatic cancer (17.1%)."® The number of patients with
this cancer has been increasing significantly in recent years, and
the mean life ex; tancy of patients with this cancer is only

about 1.5 years. tic cancer, often characterized by pain,
jaundice midip:ww dysfunction, causes much pain and stress
to the patient. These characteristics make this cancer an important

open issuc in medicine and healthcare. Currently, no valid clinical
means are available for the prevention, diagnosis or treatment of
this cancer. Treatment of pancreatic cancer with local therapy
alone, that is surgical resection and radiotherapy, has limitations,
and chemotherapy needs to be considered.® In the past, various
adjuvant cbemothmpy regimes, primarily based on 5-FU, have
been attempted;®* however, no effective therapy has as yet been
established for pancreatic cancer.

In recent years, close attention has been paid to the develop-
ment of cancer treatment methods based on information about
the molecular mechanism of onset and progression of cancer, 47
Thus, exploration of molecular markers and target molecules for
treatment is expected to play a key role in cancer management.
For this kind OF‘[:‘edmlcll research, in particular, for evaluation
of the efficacy of molecule-targeted drugs, the dewlopmml of a
pancl of cultured cells derived from clinical cancer specimens is
indisp ble. To date, a ber of cell lines derived from human
pancreatic cancer have been established ®'* and have contributed

dok 10.1111/).1349-7006 008.00856 x
© 2008 Japanese Cancer Association

greatly to advancing cancer research™-'® in terms of analysis of
biological features and evaluation of the efficacy of anticancer
agents. However, after multiple passages, some of these cell lines
lose their original features (e.g. histopathological characteristics
of the tumor formed after i tation, etc.).

The present study was to establish 10 novel cell
lines derived from human pancreatic carcinoma that would reliably
reflect the clinical features of pancreatic carcinoma, We investi-
gated the characteristics and genctic alterations in
these cell lines, then, using the panel of cell lines, we evaluated the
efficacy of conventional 5-FU-based chemotherapy against pan-
creatic cancer and attempled (o clucidate the determinants of
sensitivity of these pancreatic cancer cell lines to 5-FU-based
anlicancer agents.

Materlals and Methods

Establishment of the cell lines. All the cell lines were established
in vitro from xenotransplantable tumors (taco series) originating
from primary or metastatic human pancreatic cancer (Table 1)
(T. Oda and A. Ochiai, unpublished data). The cell lines were esta-
blished by s.c. back transplantation of the primary tumor for the
8th transplant generation, then tumors were removed for in vitro
cultivation. Fresh tumor specimens obtained under sterile conditions
(RO 640 contaeiog secpiamyei (300 L and el

1640 contain:

(500 IU/mL). Tbemi:rsm were trimmed of fat and
necrotic materials and minced with a scalpel. The tissue picces
were transfemred together with Dulbecco's Modified Medium
(DMEM) + Ham's F12 + 5% fetal bovine serum , at 10-15
fragments per dish, to 60-mm culture dishes."” The dishes were left
uﬂihxbadfor%hnl 37°C in a 5% CO,/95% air atmosphere.
The medium was composed of Dulbecco’s modified Eagle's medium
(DMEM)Ham's F12 medium (1:1) supplemented with 5% fetal
bovine serum (FBS; Gibco, Grand Island, NY, USA), 100 IU/mL
penicillin G sodium, and 100 mg/ml streptomycin sulfate (Immuno-
Biological Laboratories [IBL), Fujioka, Japan). Afler 48 h, the
mndmm was replaced by RPMI-1640 medium (IBL, Fujioka,

pan) supplemented with 10% FBS, 100 IU/mL penicillin G
wdiumuﬂlﬂﬂmy’nﬂ.mepmycinnﬂﬁ.ﬂndnhummg
ﬂnmfmwmmobmeimmkiyundcmg:gr:dphlw
microscope. The dishes were initially trypsinized ( trypsin
and 0.02% cihylenediametetraacetic acid [EDTA]) o selectively
remove overgrowing fibroblasts. In addition, we also attempted o
remove the fibroblasts mechanically and transfer only the tumor
cells. Half of the medium was changed every 4—6 days. The
cultures were first split after 3-8 months of cultivation, and the
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Table 1, Establishment of ten human pancreatic cancer cell lines from the xenotransplantable tumors

Source Origin

Cell line —— Histology

xenograft tumor Ageliex Source (TNM)
Suibs taco-1 B63F Peritoneum (metastatic focus) Tubular adenocarcinoma c/w meta
Suibé taco-2 Tam Pancreas Tubular adenocarcinoma
Sui67? taco-4 13F Pancreas Tubular adenocarcinoma
Suies taco-5 53M Pancreas Adenocarcinoma
Sui69 taco-6 5am Pancreas Tubular adenocarcinoma
Sui70 taco-7 53M Pancreas Adenocarcinoma
Sull taco-12 65M Liver (metastatic focus) Adenocarcinoma c/w meta
Sui72 taco-13 76F Pancreas Tubular adenccarcinoma
Sui?3 taco-15 65F Pancreas Tubular adenocarcinoma
Sui74 taco-16 TUF Pancreas Adenocarcinoma
cells were ed thereafter at a 1:10 or 1:20 ratio.’” They were  using a GeneAmp RNA PCR Core kit (Applied Biosystems, Foster
then j ished and designated (Table 1). All of the cell lines  City, CA, USA). Real-time reverse transcription-polymerase
were routinely tested for using a PCR Mycoplasma  chain reaction (RT-PCR) were performed using Power SYBR
Delection kit (Takara, Kyoto, Japan), and no contamination was  Green PCR Master Mix (Applied Biosystems) and the 7900HT
detected. This study was conducted in accordance with the Declara-  Fast Real-time PCR system (Applied Biosystems). The PCR

tion of Helsinki, Informed consent was obtained from all of the
patients from whom the tumor specimens were obtained. The
study protocol was aj by the institutional review board of
the National Cancer Center (approved number: 17-43).

Animal The animal experiment protocols were
approved by the Committee for Ethics in Animal Experimentation,
and the experiments were conducted in accordance with the
Guideline for Animal Experiments of the National Cancer Center.
Female SCID mice (C.B.1ecr Jel-scid) were purchased from
CLEA Japan (Tokyo, Japan), and maintained under specific-
pathogen-free conditions. Six- to 8-week-old mice were used for
this experiment. The mice were housed in filter-protected cages
and reared on sterile water. The ambient light was controlled to
provide regular 12-h light : 12-h dark cycles.

Western blot analysis, SMADY and pl16 expression was examined
in all the cell lines using Western blotting."” An osteosarcoma
(Sa0s2) and a human embryonic kidney (293) cell line were used
as positive controls for pl6 and SMAD4, respectively. Monoclonal
mouse antihuman antibodies to DPC4/Smad 4 (cloneB8, Santa
Cruz Biotechnology, Santa Cruz, CA, USA) and to pl6 (clone
(175-405, PharMingen, San Diego, CA, USA) were used.

Therapeutic studies with 5-fl il (5-FU). S.C. implantation
of 5§ x 10° cultured cells suspended in 0.1 mL. RPMI-1640 medium
was conducted in 6-week-old female SCID mice. To evaluate
the antitumor activity, 3 days after the tumor cell implantation,
the mice were divi into three of six mice each according
to the tumor volume on Day 0. experimental mice were
divided into a control group that reoeiwmiﬁle alone (saline),
and experimental that received i.p. inoculation of different
doses of the drug (50 and 100 mg/kg/head). On Days 3, 10
and 17, tumor-bearing mice received an i.p. injection of 5-
FU. 5-FU was purchased from Sigma (St. Louis, MO, USA) and
dissolved in saline before being injected. Tumor growth was
measured weekly, in terms of the tumor diameter, with calipers.
At appropriate intervals, or when moribund, the mice were
sacrificed and the tissues were examined macroscopically for
metastasis in various organs and then (guceﬂed for histological
examination, as described previously.

Direct sequencing. Samples from the cell lines were analyzed
for the presence of mutations in exon 1 of the K-ras (Kirsten rat
sarcoma-2 viral oncogene homolog) gene and exons 5-8 of the p53
gene by direct sequencing of the PCR-amplified DNA fragments.
PCR and direct sequencing were performed s described pre-
viously®" using minor ifications.

Real-time reverse-transcription polymerase chain reaction. RNA
derived from each cell line was converted to complementary DNA

conditions were as follows: one cycle of denaturation at 95°C for
10 min, followed by 40 cycles at 95°C for 15 s and 60°C for 60 5,
Obtained data was normalized relative to glycernldehy@e-}
phosphate sGAPD) expression. The

were used: -FW: 5-GCA AAT AAA GTA GAC
TGG A-¥; DHFR-RW: 5-AGT TTA AGA TGG CCT GGG
TGA-3"; FPGS-FW: 5"-TCT GCC CTA ACC TGA CAG AGG

:
g
3
a8
%
‘;‘
3
2

RW: 5-CCA GAA GCA GTT AGT TCT GAC ACC A-3"; NP-FW:
§.CAA CCT ACC TGG TTT CAG TGG TCA-3"; NP-RW: 5-CCG
GTC GTA GGC ATC AGA CA-3'; UCK2-FW: 5-TTC GTC AAG
CCT GCC TTT GAG-3'; UCK2-RW: 5-TGG ATG TGC TGC ACG
ATG AG-¥'; GAPD-FW: 5'-GCA CCG TCA AGG CTG AGA
AC-¥; GAPD-RW: 5"-ATG GTG GTG AAG ACG CCA GT-3",

Results

Establishment and charactarization of pancreatic cancer cell lines.
Ten cell lines derived from human pancreatic cancers (Sui65,
Sui66, Sui67, Sui6B, Sni69, Sui70, Sui7l, Svi72, Sui73 and
Sui74) were newly established in the present study (Table 1).
All the cell lines formed mono-layered sheets with clustering on
confluence (Fig. 1 upper column). These cell lines exhibited the
typical morphologic features of epithelial cells, characterized by
sheets of polygonal cells in a pavement-like arrangement. The
Sui6s, 67, 68, 70 and 71 cell lines were found to secrete
carbohydrate antigen19-9 (CA19-9), the concentration of which
in the culre supematants varied from 69 to 450 units/ml
(Table 2). Production of TPA was also detected from all of the
cell lines. The doubling times of the cell lines varied from
approximately 208 to 552h in the RPMI-1640 medium

dol: 10,1111/).1349-7006.2008,00896.x
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Fig. 1. Phase-contrast micrographs of the 10 established cell lines in this study (Sui65-5ui74) at the 25-30th passage (upper column). Original
established

magnification, 200, Histological section of a tumor

Table 2. Biclogical characterization of newly blished h P

o

by s.c. Injection of one of the cell lines into a SCID mowse (lower column). HE Stain, 2400.

Callins Histologlcal typing' Growth' Tumor marker®
- Original Xenografts Pattern in CDM In Agar DT (h) CEA ng/mlL CA19-9 uml TPA WL CA125 uimlL
Sui6s Tub.ad. Mod tub.ad. M + + 4856 <0.5 69 2600 322
Sui66 Tub.ad. Mod Swell. M + + 4.2 12 < 1800 2.2
Sui67 Tub.ad Poor.tub.ad, M + + 351 26 420 1600 1.5
Sui6s Ad. Poor/mod. M + + 433 5.1 450 980 32
Sul6s Tub.ad. - M - - 55.2 06 <6 2200 <10
Sui7o Ad. Mod.tub.ad M + + 08 <0.5 290 14 000 75
Sui?1 Ad. Wall.tub.ad. M + + 4 <0.5 170 7100 93
Sui72 Tub.ad, Mod.tub.ad. M + + 78 EA N ] 4400 <1.0
Sarcoma

Sul73 Tub.ad. Well/mod. M + + 235 <0.5 <6 2400 1.5
Sui74 Ad. Mucinos ca. M + + 475 <0.5 =] 1800 135

The tumorigenicity of the cell lines were tested by s.c. Injection of 5 x 10° cultured cells suspended in 0.1 mL RPMI-1640 medium into mice.
Histological typing of the pancreatic cancer was conducted in accordance with the ‘General Rules for the Study of Pancreatic Cancer (1993)', as

tub (tubular

adenocarcinoma), or Mucl ca. (Mucinous carcinoma)
A yer; COM, F
albumin (BSA); +, positive; -,

negative; DT, doubling time,

The doubling time of each line was determined as described previously ®®
YSecretion of CEA, CA19-9, TPA and CA125 was tested by radicimmunoassay and immunoradi

supplemented with 10% FBS. When injected s.c., all of the
cultured cell lines established from human pancreatic cancers,
except for Sui69, survived and showed tumorigenicity (Fig. 1,
lower column). These biological propertics are summarized in
Table 2. All the tumorigenic cell lines were also found to be
strictly anchorage independent (60-50% efficiency).

Yanagihara ef al.

d of Dulbecco’s modified Eagle’s medium (DMEM)/Ham's F-12 (1:1) medium supplemented with 0.05% bovine serum

ay at SRL Lab ies (Tokyo, Japan)

Genetic alterations in the established pancreatic cancer cell
lines. The results are summarized in Table 3. K-rus mutations
were observed in eight of the 10 cell lines (80%). Activating
mutations were detected in the 2nd base of codon 12 of k-ras in
cight cell lines. The mutations were G-to-A transitions (GGT to
GAT, Gly to Asp) in five cell lines, G-10-T transversions (GGT

Cancer 5¢i | September2008 | vol 99 | no.9 | 1881
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Table 3. Mclecular alterations of k-ras, p53, SMAD4 and P16 genes in newly

tic cancer cell lines

Gene mutation Gene sxpression

Cell line - - — e

k-ras p53 SMAD4/DPCA pi6
Sui6s codon12 GGT(Gly) — GAT(Asp) codon248 CGGArg) - CAG(GIn) - -
Suls6 codon2 GGT(Gly) - GAT(Asp) codon133 ATG(Met) — AAG(Lys) 4 -
Sui67 codon12 GGT(Gly) - GAT(Asp) codon248 CGG(Arg) -+ TGG(Trp) - +
Sui68 codon12 GGT(Gly) — GAT(Asp) codon245 GGC{Gly) -» AGC(Ser) + -
Sui69 codon12 GGT(Gly) — GTT(Val codon175 CGC(Arg) - CAC(His) " -
Sui70 codon12 GGT(Gly) - GTT(Val) codon175 CGC(Arg) -+ CAC(His) - -
SuiT1 codon12 GGT(Gly) —» GAT(Asp) codon253 ACC(Thr) —+ CCC(Pro) - +
Sui72 Wt codon135 TGC(Cys) - TAC(Tyr) + -
Sul?3 wt wr + -
Sui74 codon12 GGT(Gly) —+ CGT(Arg) wt - +
to GTT, Gly to Val) in two cell lines and G-to-G transitions mn _ SuiT4
(GGT to GGT, Gly to Arg) in the remaining one cell line, sul‘n
Inactivating mutations Sui73 Sul6?

edpﬁm found in eight of the 10 cell
lines (80%), and included missense mutations,

Next, SMAD4/DPC4 gene expression was checked by Western
blot analysis. Marked expression of this gene was observed in
Suib6 and Sui73, while the expression was less marked in Sui68
and Sui72; expression was altogether absent in the remaining six
cell lines. Expression of the P16 product was noted in Sui67,
Sui7l and Sui74, but the levels were quite low or absent in the
other cell lines (Table 3).

Therapeutic studies with 5-FU, Using this panel of human
pancreatic cancer-derived cell lines, we evaluated the effect of
5-FU in suppressing the proliferation of each cell line in vitro.
Sui69 was excluded from the analysis, since its proliferation rate
was quite slow. The other nine cell lines were subjected to the
MTT assay and the results are shown in Fig. 2. Sui72 was about
10-fold more susceptible to the drug, whereas the other cell lines
were resistant to the drug.

Based on this result, wmndnclnd:nudymww.mwhlch
the highly drug-susceptible Sui72 and the resistant Sui70
werc mmdsuhmmleoudyl.nSCIDmka The 5-FU levels
tested were 50 and 100 mg/kg/head. As shown in Fig. 3, tumor
formation was markedly s in all the mice implanted
with Sui72. This fect was dose de mm;
the effectiveness of 5-FU against this cell On the other

i.p. 100 mg/Kg

0
i
5FU

Day0 3 10 17

Sui70
400 : 1500
- - Foma we g ]
2 ol I II ! 1200
- ] 1 ]
=i %
3 200 e
B | i
> A 600
o | /2
100}
g | . L~ 300
= I | P
r_. ;| ] i D
0 0 20 30 40 50 0
Days after implantation
1862

Sulbb I

In vitro (MTT assay)

01F

Concentration (uM)

0.01

1050

0.001 ~
Fig. 2. Inhibition of growth of various human pancreatic cancer cell lines by
S-fluorouracil (5-FU) in vitro. The cell-growth inhl effects of 5-FU
were assessed by the H&SMMMI—Z-:E-I. razolium
bromide) (MTT) assay as described elsewhere

band, 5-FU did not inhibit the formation of tumor following
implantation of Sui70, reflecting the findings in vitro.

We attempted to i ufythncmeufdmhypetumi!imyof
Sui72-5-FU by RT-PCR (Table 4). The mRNA expression levels
of genes associated with the metabolisms of 5-FU, i.e. DHFR, EPGS,
ECGF (TP), UPP1, PRPS1, TYMS (TS), UMPS (OPRT), TK1,
MTHFR, NP (PNP) and UCK2 (UMPK) were analyzed in Sui72

Gont J

Fig. 3. Effect of 5-fluorouracil (5-FU) on Sui70 and
Sui72 wmor growth in the SCID mouse. Six mice
from each group were sacrificed when moribund,
or on Day 28 or 40. The tumaor mass was measured
at predetermined time Intervak in two dimensions
with calipers, and the tumor volume was calculated
according to the equation (Ixw)2 [I=length,
w = width]."® Pancreatic carcinoma was

by histopathology.
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Table & mRNA expression levels of genes related with 5-FU meta-
bolism in a high sensitive Sui72 cells and in other human pancreatic
cancer cell lines

A
The others*
272378
1031183
31246
38£50
91152
06105
4994337
72243
466+ 463
44178
NP(PNP) 157180 233
UCKZ{UMPK) 158297 297

n.d.: Not detectable by reverse transcription—polymerase chain

reaction.
"Ratio of target gene/GAPD x 10-3 (fold).
"The average 5D of other cell lines except for Sui72.

b

Sui72
EER
nd.
o1
16
39
0.1
356
6.2
284
96

Genes Fold

DHFR

FPGS

™

upP

PRPS1

DPYD
TYMS(TS)
UMPS(OPRT)
TX1

MTHFR

10
nd.
oo
04
04
01
o7
03
06
22
15
19

a8 with other cell lines. Remarked decreased expression
of D was observed in Sui72 compared with other cell lines
(0.6/-0.5). These results suggest that lower expression of DPYD is
the molecular determinant of high sensitivity to 5-FU in Sui72 cells.

Discusslon

A number of cultured cell lines have been established from human
pancreatic cancers™ " and have contributed greatly to advancing
cancer research by allowing biological characterization (analysis
of the features of proliferation, progression, ete.) of this cancer
nntlbum;m:ﬁllﬂu inical research tool in the evaluation
of anticancer agents."'*! However, after multiple passages, some
dﬁmemﬂlhuhnmwmtulhhhw
logical features of the tumors formed following their implantation).
There scems to be a universal necessity the research
resources through establishment of new cancer cell lines which
would reliably reflect the clinical features of this cancer. Pancrestic
cancer is usually characterized by stromal cell infiltration, therefore
it is relatively difficult to establish pancreatic cancer cell lines.0%
Bearing this in mind, we first attempled to establish pancreatic
cell lines from the tumors formed in SCID mice following implan-
tation of primary or metastatic pancreatic cancer tissue, In this
way, we cstablished 10 cell lines of the Sui series. Half of the
10 cell lines were positive for the tumor marker CA19-9, while
all were positive for TPA. The histopathological profile of most
of the 10 cell lines resembled that of the original tumor. These
cancescel s rliably eflecting e clnical fstree of
cancer pancreatic
cancer. However, one of these cell lines (Sui69) did not form a
tumor in the SCID mice, even though it was transplantable. This
Suif9 cell line exhibited very slow erative activity. We are
currently studying this cell line in NOD-SCID or NOG mice.
Pancreatic cancer cells often exhibit genetic alternations, Point
mutation of the oncogene K-ras, loss of heterozygosity (LOH; 9p,
17p, 184q, 1gq, etc.), point mutation of tumor suppresser genes al
d:euchtmmmalhmﬂuu@a!ﬁ P53, DPC4/AMADA, eic), meth-
yhtbnorlbemwm , elc,, have been reported in pan-
creatic cancer.™ 9 Of the 10 cell lines established in this study,
K-ras point mutation™ ™ and pS3 mutation™ were noted in cight
cell lines, and the genetic alterations found resembled those seen
in the clinical materials. In Sui73, both K-ras and p53 were wild
type. The SMAD4/DPC4 gene is known to show a high frequency

Yanagihara ef al
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of alterations (50%), including mutation (20%) and deletion
(30%). Marked expression of the SMDA4/DPC4 gene was
observed in two cell lines, and less marked expression in two cell
lines; expression was altogether absent in the remaining six cell
lines. Analysis of expression of the PI6/CDKN2A/INK4A product
in the 10 established cell lincs revealed its expression in three
cell lines, but the expression was quite low or altogether absent
in remaining seven cell lines. It has been suggested that in pan-
creatic cancer free of PJ6 mutations or deletions, expression of
this gene is absent because of sbnormal methylation of the gene
wmwummmm
malfunctioning of P16.9%*" These changes are seen commonly
in many cases of pancreatic cancer and seem to determine the

and radiotherapy is selected depending on the stage of the
cancer.%53 Conventionally, various regimens of adjuvant chem-
, primarily involving 5-FU, have been attempted,® % but
no means of treating pancreatic cancer have yet been estab-
lished, We attempted to evaluate the efficacy of 5-FU (a drug used
as a standard for this cancer in the past) against the cell
lines established by us in this study. When tested in vitro, Sui72
was susceptible to the drug, whereas the remaining eight lines
(Sui70, etc.) were found to be resistant to the drug. This finding
was endorsed by the results of the in vive study. We then
the molecular determinant of sensitivity of the Sui72 cell
5-FU. The results of the analysis suggest that the decreased
expression of DPYD may be involved in the mechanism of cellular
sensitivity to 5-FU. In addition, decreased expression of TYMS
was also observed in Sui72 as compared with other cell lines.
This observation might be consistent with high sensitivity to 5-
FU of Sui72 cells,

‘Throughout this study, it was shown that the new cell lines of
the Sui series are useful for research on pancreatic cancer (e.g.
cvaluation of cancer cell proliferation and progression,
evaluation of the efficacy of anticancer agents, and so on).
d:%nmm(e; TS-1, Mnhhwhlheaﬁﬂg

). gemeitabine hydrochloride (GEM) have recen!

become available for clinical use,®*® with the expectation of
extending the survival period of patients with pancreatic cancer,
To date, however, no chem agents more efficacious
:meEMprumuticmcer ave been developed. Clinical
studies have therefore been carried out, focusing on developing
treatment regimens containing GEM in combination with some
other drugs. I!GEMwmmmbinedmlhTSloroﬁcrmolewk
targeted drugs, further extension of the survival period of
cancer patients may be expected. In the near future, we propose
1o carry out preclinical studies to evaluate the efficacy of various
anticancer agents in SCID mice implanted with the new cell lines
derived from human pancreatic cancer and to identify the genes,
etc. which determine the susceptibility of pancreatic cancer cells
to anticancer agents, It also seems to be essential to develop a
model of orthotopic implantation, with the goal of establishin
a drug evaluation system more relevant (o the clinical setting.”™

In conclusion, we established 10 cell lines derived from human
pancreatic cancers that were found to possess biological charac-
teristics and genetic alterations unique to pancreatic cancer. These
new cell lines are expected to be highly useful for analyzing the
pattern of pancreatic cancer progression and evaluating the efficacy
of anticancer agents.
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Objective: With regard to adjuvant chemoltherapy for non-small-cell lung cancer. the useful-
ness of combined chemotherapy with cisplatin (CODP) and vinorelbine (VNR) has been
reported. However, poor compliance has been reported with VNR administered weekly by the
convenlional method for 16 consecutive weeks, and there is no report on the safety and com-
pliance of adjuvant chematherapy with CDDP and VNR in Japanese patients

Methods: The subjects were 25 non-small-cell lung cancer patients who received CDDP and
VNR as adjuvant chemotherapy at the Shizuoka Cancer Center between April 2005 and April
2008. The treatment schedule included combined treatment, with CDDP at 80 mg/m* admi-
nistered on Day 1 and VNR at 25 mg/m” administered on Days 1 and 8. The treatment was
repeated every 3 weeks, and each 3-week treatmenl! schedule was designaled as one cycle
A total of four cycles were administered

Results; The main adverse events were Grade 3 or more severe neutropenia (76%), anemia
(12%), anorexia (12%) and nausea (12%). Thus, the adverse events were mostly mild. There
were no treatment-related deaths. The rale of completion of the four cycles was 92% The
mean dose of CDDP and VNR was 312 and 195 mg/m’, respectively. The mean dose admi-
nistered of either drug was 97.5% of the scheduled dose

Conclusion: This study was retrospective and had some limitations, for example, non-
hematological toxicity would be evaluated milder. However, it was considered that adjuvant
chemotherapy with CDDP administered on Day 1 and VNR administered on Days 1 and 8
every 3 weeks was sale, and that the rate of completion of the four cycles was also salistaclory
in Japanese patients.

- vinowelhine -

Kev words: adjuvamt chemotherapy — non-small-cell lung cancer — cisplatin

Jupanese patients — safely — complicinee

INTRODUCTION

The radical treatment lor clinical stages IA-11B and part of

1A non-small cell lung cancer (NSCLC) is a surgical resec-
tion. However. 40-70% of patients with pathological stage
1B 1o I1IA NSCLC who are ireated by surgical reseclion
develop recurrence and show a fatal outcome (1). Recurence

For reprints aind all commespondence: Nobuywks Y amamom, Diwisan of
Ihomcie Oncalogy. Shizanka Cancer Center. 1007, Sagairmm. Shizuoka
U1 -8TT7 Japan. C-minl, n yamamonod sechjp

in these cases occurs even when all the lesions that are
deteciable by diagnostic imaging are totally resected: there-
fore. they have been considered to be caused by micrometa-
stalic lesions already present a1 the time ol resection. Based
on the recognition of such lesions as the possible cause of
recurrence, there have been some attempts 1o administer
postoperstive adjuvant chemotherapy 1o selecied patients of
NSCLC with the nim of reducing the monality associated
with postoperative recumence.

1 The Author (2009), Published by Oxford Universiy Pross. All rights neserved.
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Betore 2000, most clincal studies on postoperatise adju-
vani chemotherapy have tailed 1o demonstrate s uselulness
For survival (233 In these studies, the chemotherapeutic
regimen included drugs that exisied before the deyelopment
of third-generation drugs, and the number ol patients
included was small. These factors seem o have had an influ-
ence on the ilure of the treatments reported from the
studies. In 1995, a meta-umalvsis of many previous clinical
studies on postoperative mdjuvam chemotherapy was per-
formed. which suggesied the uselulness of this sirateay
because an improvement in the S-year survival rate in the
postoperative adjiuvam chemotherapy group by 3" was
observed as compared with that in the course obsen atinn
wroup (P = 0.08) (61, Since the publication of this repuont
many studies have been conducted 1o investigate the uselul-
ness ol postoperative adpant chiemaotherapy. as follows:
International Lung Cancer Traal (IALT) based on cisplatin
(O DR 7Y JBIR 10 aal by the combined use of CDDP and
vinorelbine (VNR: Adjuvint Navelbine  Intermitional

Trinlist Association (ANITAY trial by the combined use of

CDDP and VNR (85.9). The JBR 10 rial showed that €V
(CDOP-EVNRY improved the S-vear sunvival rate by 13" i
patients with pathological stuge 1B 10 B NSCLC. The
ANITA trial showed that CV improved the S-year survival
rute by B.6% in pimiems with pathologieal stage 13 10 HIA
NSCLC, On the other hand, the Cancer and Leukemin Group
B ICALGE) 9633 trial showed that combined therapy with
carboplatin and paclitaxel improved the 4-year survival mte
by 12%0 in patients with pathological stage [B NSCLC (10)
A longer-term follow-up study. however. revealed no stalisti-
cally significant improvement in the sarvival mte (1)

Based on the resulls ol these studies, CDDP-based regi-
mens, particularly CV. have been recommended as post-
operative adjuvant chemothempy for NSCLC (12). In the
IBR 10 trinl and ANITA trial. VNR was administered
weekly for 16 weeks, and the median dose ol VNR could be
administered in only 52% of the patients. Gebbia et al. (13).
who conducted a Phase 11 study of combined use of CDDP
at 100 mg/m’ administered on Day 1 plus VNR at 25 mg/m”
administered on Days 1, 8 and 15 every 4 weeks and com-
bined use of CHDP at 80 mwm” administered on Day | plus
VNR at 30 mg/m” administered on Days | and 8 every 3
weeks for Stage HIBAYV NSCLC reported the absence of any
significant difference m the survival period or the elficacy
rate between the 3- and d-week cycles of CV described
above, and that the 3-week cyele showed excellent safety. I
has also been confirmed that the combined use of CDDP m
80 myp/m? administered on Day | plus VNR at 23 mg m*
administered on Days | and 8 every 3 weeks is effective for
Stage HB/IV NSCLC in Japanese patients (14). However.
there is no report on the safety and compliance of postopera-
tive adjuvant chemotherapy with CV administered in this
schedule in Japanese patients.

Under these circumstinees. we relrospectively assessed
the safety and comphance of postoperative adjuvant che-
motherapy with CDDP a1 80 mg m* administered on Day |
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plus VNI 253 mg/me admimistered on Davs | and 8 every
3 weeks in Japanese patients.

PATIENTS AND METHODS

Theve were 26 patients with histopathologically or eyiologi-
cally diagnosed NSCLC between April 2005 and Apnl 2008
al the Shizuoka Caneer Center. who underwent surgical
complete resection and then received postoperative adjus ant
chemotherapy with the CV regimen, Based on the inclusion
eriterin [(i) age= I8 years. (1) pathological siage 1B 1o 1A
and G performance statis (PS), -2 and esclusion eriteria
1001 douhle cancer. (i) serious complications such as active
infeations diseases. serions haan diseises, pourly controlled
hypertension diabetes metlitns and radiologieally distine
rerstitinl preumonia and G pror chemotherapy | for the
sidy, 23 patients were included as subjects Tor the present
sindy and one patient was oxcluded because ol prios
neo-adivant chemothernpy. CHDP ar 80 mg m° was admi-
mistered on Day 1 amd VXR ar 25 mg m” was administered
on Dovs T oand 8 The combined use of these drugs was
repeted every 3 weeks and cach 3-week treatment schedule
wits desipnuted s one evele As i rule, paents were in the
twspital Trom Day | 1o 3 of chemotherapy and thereatter
they were discharged and admimistered VR on Day 8 1n
autpatient setting. A total of four excles were administercd
In regand 1w the antiemelic therpy. granisetron plus dexa-
methaxone were psed according 1w the ASCO guidelines,
Granuloeyte colony-stimulating fuctor was used when
patients with febrile neutropenin or Grude 4 neutropenia
were judged as requinng  its administration by the
physician-in-charge. Dose reduction ol the anticancer
drugs was based on the judgment of the respective
physicians-in-charge. but. as a rule. when Grade 3 or more
severe non-hematoloxicity or Grade 4 hematotoxicity
appeared, the doses of CDDI" und VNR in the subsequen
eyeles were reduced to 60 and 20 mg'm”. respectively. 11
further dose reduction was required. the treatment was dis-
continued. Complete blood count and biochemisiry were
usually examined at least once per week

These patients were examined for the patient background
characteristics. adverse events. treatiment complinnee and
relapse-fiee survival. Adverse events were evaluated until 4
weeks afier the completion of chemotherapy according to the
Common Terminology Critena for Adverse Events (CTCAR)
Version, 3.0, Relapse-free survival was defined as time from
the first adiministrntion of adjuvint chemotherapy to relapse or
death. and caleulated using Kaplan—Meier method.

RESULTS

Table | shows the patient characteristies. The number of
male patients. 18 (72%). was larger than that of the female
patients, and the median age of the patients was 62 years
The number of patients with Stage A was the largest. that
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I,

L (40%) In relation 1o the histological tvpe of the
2 )

lesions, ~2 3 of all the patients had adenocarcinoma. Xlosi
ol the patients hidd undergone lobectomy as the surgical pro-
cedure. and most bad a 'S of (1 The interval from the oper-
ation 1o the skt ol this ireatment ranged from 29 to 79 davs,
with o median of 41 davs.

All the Tour eveles could be complered in 23 of the 23
ptients (92%) The trestment was discontinued in two of the
25 patients (K50 il was discontinued after one cyvele because
ol prolonged myvelosuppression in one patient. and the Day §
dose in the fourth cvele was omitted because of Grade 3
i and the study period ended without ils adminis-
imtion beciuse ol prolonged myelosuppression in the other
pattent. There wag no patient in whom the teatment was dis-
continued becanse of treatment rejection by the patient.
recurrence or death: The mean cumulative dose of CDDP
and VNR was 312 (97.5% of the scheduled dose) and
1935 mg m’ (97 3% of the scheduled dose). respectively

Table 2 shows the mlverse events. The Grde 3 or 4
wdverse events ohserved in the patients included neutrapenia
in 76% leukopenia in 20%, anemia in 12%. onorexia in

2 and paused o 12% 0l the patients, The dose needed 1o
be reduced because ol the developmen ol adverse evenis in
five patients. The reaxons for dose reduction were Grade 3

Fable 1. Patent chiniaenistics i« 25)

Giender [N (%]

Male 18 (72
Female 712%m
Age (avar)
Median 0l
Rimpye W.ld
Stage [No ("]
" (NE ]
A 832%)
i 01 24")
A 10 40
Histedogy [N ("a1]
Al Ty 104" 0
Sy 4 i16%0)
Lange 2 112%)
Others 3%
Opeation [N "s1)
Lobegtmmy 22 (K8%)
P umonectoniv Ji12%)
s
] 19 (76%)
1 6 (24%)
Ad. ad it Sy, sy el cacinoma: PS. perfisemance
atifuls
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Fuble 2, Adhvérse cvemts (g = Ty
i T L hd N

Latibaspwenia 4 b 0 .
Noutnmeria n in U] T
Ancinig n s U [ ™
Fimbwwc bopenia " i "
I g L] 4 ' u '
st 1 11 X u %
pSTTE 12 i b n 12
Nomting K t i i 4"y
Compsnpanim i 0 i
I hcemgh b " i "
Mlipwivia i i "
A% 1 L[] 4"
ALY I " "
Licabunin N i n i
Fuebwte mevpenug n i L[] 4
Infecinm i i i 1]
Fhiletsinis " 4 " [ "

G, grode, AST, aspattne winbiwnanstones: AL L alimine aminotians Riose

elevation of AST and ALT in lirst eyele in one patient.
Grade 3 Tatigue snd Grde 4 neutropenia in second eycle in
another patient. Grade 4 nentropenia and Grade | elevation
of the serum creatining in first cyele in another patient.
Grade 3 febrile newropenia and Grade | elevation ol the
serum creatinine in first evele in another patient. Grade |
elevation of the serum creatinine in thied cycle in the other
patient, There was no patient who died within 30 days ol the
treatment, or there were no treatment-related deaths.

The Kaplan—Meier curve of relapse-free survival is shown
m Figure |. There were seven events and all of them were
relapse. Median relapse-free survival hud not been reached.
Estimated | year relapse-free survival was 67.3%, One
patient died because ol disease progression after relapse of
lung cancer.

DISCUSSION

The major trials on postoperative adjuvant therapy using the
combination regimen of CDDP and VNR include the IBR 10
trial and the ANITA ftrial. In the present study. CODP ot
80 mg/m* was administered on Day | and VNR at 25 merm”
wns administered on Days | and 8 every 3 weeks. and each
J-week treatment schedule was designated as one cycle. In
the JBR 10 trial. CDDP mt 50 mg/m” was administered on
Days | and & and VNR at 30 mg/m® was administered on
Days 1. 8. 15 and 22 every 4 weeks, and each 4-week (real-
ment schedule was designated as one cycle. In this trial.
however, the dose of VNR was reduced 10 25 mg/m” because




