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Helicobacter pylori strains produce tumor necrosis factor-o (TNF-a1)-inducing protein, Tipa as a carcinogenic factor in the gas-
‘tric epithelium. Tipa acts as a homodimer with 38-kDa protein, whereas del-Tipa is an inactive monomer. H. pylori isolated
from gastric cancer patients secreted large amounts of Tipa, which are incorporated into gastric cancer cells by directly bind-
ing to nucleolin-on the cell surface, which is a receptor of Tipa. The binding complex induces expression of TNF-a and chemo-
kine genes, and activates NF-kB (nuclear factor kappa-light-chain-enhancer of activated B cells). To understand the
mechanisms of Tipo, in tumor progression, we looked at numerous effects of Tipa on human gastric cancer cell lines. Induction
of cell migration and elongation was found.to be mediated through the binding to surface nucleolin, which was inhibited by

. the nucleolin-targeted siRNAs. Tipa induced formation. of filopodia in MKN-1 cells, suggésting invasive morphological changes.
Tiper enhanced the phosphorylation of 11 cancer-related proteins in serine, threonine and tyrosine, indicating activation of
MEK-ERK signal cascade. Although the downregulation of E-cadherin was not shown in MKN-1-cells, Tipo: induced the expres-

~'sion of vimentin, a significant marker of the epithelial-mesenchymal transition (EMT). It is of great importance to note that
Tipa: reduced the Young’s modulus of MKN-1 cells determined by atomic force microscopy: This shows lower cell stiffness and
increased cell motility. The morphological changes induced in human gastric cancer cells by Tipa are significant phenotypes .
of EMT. This is the first report that Tipa is a new inducer of EMT, probably associated with tumor progression in human gastric

carcinogenesis.

In 1889, Stephen Paget used a seed and soil hypothesis to
explain nonrandom patterns of metastasis,’ and this concept
is of more scientific significance at the molecular level of can-
cer cells.” This hypothesis deals with both cancer cells and
cancer microenvironment in the host. Various carcinogenic
factors, including cytokines and chemokines, induce tumor
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promotion and progression of cancer cells, associated with
transition to a metastatic state. A typical example is generally
called the epithelial-mesenchymal transition (EMT)? EMT is
theoretically understood as acquisition by epithelial cells of
the phenotype of mesenchymal cells, such as fibroblasts. For
example, the cells shut down the expression of numerous epi-
thelial cell markers, such as cytokeratins and E-cadherin, and
induce the expression of mesenchymal proteins, including
vimentin, fibronectin, N-cadherin and integrin. Thus, the
cancer cells phenotypically are more likely to become mesen-
chymal cells associated with metastatic states, such as change
of cell shape and gene expression, acquisition of cell motility
and local invasiveness into adjacent normal tissue.* Weinberg
and coworkers intensively studied the changes in cell pheno-
type between EMT and mesenchymal-epithelial transition
(MET), and reported that EMT is induced in epithelial cells
by a diverse set of stimuli that include tumor growth factor-
B (TGE-B), hepatocyte growth factor (HGF), tumor necrosis
factor-o. (TNF-o), hypoxia inducible factor loe (HIFla), and
several transcription factors.” The early metastatic states of
cancer cells are determined experimentally by migration,
morphological changes and cell stiffness, while cancer micro-
environment induces a unique environment with a highly
acidic area that is low in oxygen, resulting in easier adapta-
tion of cancer cells to microenvironment in the host.®
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' What’s new"

Cell migration induced by Tipa of H. pylori

Helicobacter pylor/ strains are known to produce TNF-a mducmg protein (T |pa) as a carcinogenic factor in the gastrlc eplthe-
lium. Here the authors sought to understand the underlymg mechanisms of tumor progression. They demonstrated:that Tipa
induces migration, elongation, and f‘lopodla of human gastric cancer cell lines. Tlpa, which decreases cell. stlffness, also
enhances phosphorylatxon of cancer-related proteins, and increases the expression of vimentin. with activation of MEK- ERK sig-
nal cascade. This is the first report that Tipa is a new inducer of epithelial-mesenchymal tran5|t|on, probably associated with

tumor progressmn in human gastrlc carcinogenesis.

Our study of gastric carcinogenesis began with the finding
of a new carcinogenic and inflammatory factor, TNF-a-
inducing protein (Tipa) of Helicobacter pylori (H. pylori). The
Tipa gene was cloned from a genome sequence of H. pylori
strain 26695, and Tipa protein consists of 172 amino acids
with 19 kDa; it acts as a homodimer with 38 kDa and is a
strong TNF-a inducer.” A deletion mutant of Tipa (del-Tipe)
lacking the N-terminal six amino acids, including two cys-
teines, is an inactive monomer that was used in our experi-
ments as a negative control.” Clinical isolates of H. pylori from
gastric cancer patients secrete much more Tipo protein than
those from gastritis patients, suggesting that Tipa causes
inflammation related to carcinogenesis.® On the basis of our
evidence that Tipa induces TNF-o gene expression and trans-
forms Bhas 42 cells (v-H-ras-transfected BALB/3T3 cells),” we
concluded that Tipa is a new tumor promoter of H. pylori.
We recently demonstrated that nucleolin is located on cell sur-
face (surface nucleolin) in human and mouse gastric cancer
cell lines, and is a receptor of Tipa®'® Surface nucleolin shut-
tles Tipa from membrane to the nuclei resulting in TNF-a
gene expression through the activation of NF-xB (nuclear fac-
tor kappa-light-chain-enhancer of activated B cells) in both
human and mouse cancer cell lines. As nuclear nucleolin is
known to be as a DNA-, RNA- and protein-binding protein in
the nucleolus, nucleolin regulates DNA and RNA metabolism
in nuclei, and modulates various gene expressions by binding
to mRNA in cytosol.'™"* Thus, both surface and nuclear
nucleolins have multifunctions that depend on different local-
izations in the cells. Surface nucleolin is glycosylated," acts as
a receptor for several ligands, is involved in signal transduction
on the cell surface'* and is constantly induced in proliferating
tumor cells."®

As treatment of a human gastric cancer cell line with
H. pylori is reported to induce cytoskeletal reorganization
through activation of Rac'® and phosphorylation of focal adhe-
sion kinase (FAK)," H. pylori infection appears to act as an
inducer of cell adhesion and motility. However, it is not yet
known precisely which particular molecule of H. pylori induces
phenotypes of EMT in the cells, specifically the metastatic
states. In light of evidence that Tipa induces both NF-«xB acti-
vation and TNF-a protein expression,” which are already
known to be EMT inducers,'® we studied whether Tipa might
be a new EMT inducer for gastric cancer cells. Gastric cancer
causes metastasis mainly in adjacent normal tissues, such as

lymph nodes, peritoneum, and liver. To study the EMT-
inducing activity of Tipa, we confirmed the phenotypic
changes in human gastric cancer cell lines induced by Tipo.
This is the first report to show that Tipa induces migration,
morphological changes with filopodia, reduces cell stiffness,
phosphorylates cancer-related proteins and increases expres-
sion of vimentin, mediated through phosphorylation of MEK-
ERK proteins in human gastric cancer cell lines. We previously
reported that the stiffness of mouse B16 melanoma subclones
determined by atomic force microscopy (AFM) is closely cor-
related with their cell motility.'” In addition, it has been
reported that metastatic cancer cells isolated from the body
fluids of patients with lung, breast and pancreatic cancers
showed lower cell stiffness than normal mesothelial cells
obtained from those body fluids.*® This article presents signifi-
cant results. Treatment of a human gastric cancer cell line
with Tipa decreases cell stiffness, associated with a lower
Young’s modulus and higher cell motility. We report here that
Tipa is a new inducer of EMT in human gastric cancer cell
lines, and that it may stimulate tumor progression.

Material and Methods

Cell culture and reagents

Four human gastric cancer cell lines were purchased from
RIKEN BRC Cell Bank (Ibaraki, Japan), American Type Cul-
ture Collection (Manassas, VA) and Immuno-Biological Lab-
oratories (Gunma, Japan): MKN-1 (adenosquamous cell
carcinoma), AGS (adenocarcinoma), MKN-7 (well-differenti-
ated tubular adenocarcinoma) and MKN-28 (moderately dif-
ferentiated tubular adenocarcinoma). The cell lines were
grown in RPMI 1640 medium (NISSUI, Tokyo, Japan) with
10% fetal bovine serum (FBS) (JRH Bioscience, KS) at 37°C
under 5% CO,. Anti-nucleolin antibody (Anti-NUC295) and
TNF-a were kindly provided by Dr. Kazuya Hirano (Tokyo
University of Pharmacy and Life Science)*' and Asahi Chem-
ical Industry. Antibodies against actin, lamin B and vimentin
were purchased from Santa Cruz Biotechnology (Santa Cruz,
CA). Antibodies against epidermal growth factor receptor
(EGFR), MEK1, phospho-MEK1 (Ser 217/Ser 221), ERK1/2
and phospho-ERK1/2 (Thr 202/Tyr 204) were purchased
from Cell Signaling (Palo Alto, CA). AS1411 with the
sequence 5 -d(GGTGGTGGTGGTTGTGGTGGTGGTGG)-3'
and a control for AS1411, cytosine-rich oligonucleotide
(CRO) with the sequence 5'-d(CCTCCTCCTCCTTCTCCTC
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CTCCTCC)-3', were synthesized by Sigma Aldrich (Tokyo,
Japan). Lactoferrin was purchased from Sigma Aldrich.

Preparation of recombinant Tipa and del-Tipa

His-tagged Tipa and His-tagged del-Tipa proteins were
expressed in  Escherichia coli (DE3) transformed by
pET28a(+) vector containing Tipa or del-Tipo genes.
Recombinant Tipa protein and recombinant del-Tipa, a
deletion mutant of Tipa, were obtained with Ni-chelating
resin, as described previously.” Both proteins were more than
98% pure for sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE).

Migration of gastric cancer cells by Transwell assay

The migration of human gastric cancer cell lines was assayed
using a Transwell cell culture chamber (Becton-Dickinson,
NJ), as described previously.19 Cells (1 X 10%100 pl) in
serum-free RPMI 1640 containing 0.1% bovine serum albumin
(BSA) were seeded onto the insert well with an 8-pm-pore fil-
ter. Tipae (50 or 100 pg/ml), del-Tipa (50 or 100 pg/ml) or
TNEF-a (50 or 100 ng/ml) was added to a lower chamber con-
taining serum-free RPMI 1640 medium and then kept for 24
hr at 37°C; 10% FBS and fibronectin (10 pg/ml) were used as
positive controls in the same experimental conditions. The
cells that migrated to the reverse side of the filter were stained
with trypan blue and then photographed in 200X magnifica-
tion. Migration was expressed as the number of migrated cells
counted in three different areas on each membrane.

MKN-1 cells treated with various concentrations of AS1411
(nucleolin-targeted DNA aptamer), CRO (a negative control of
AS1411) or lactoferrin were seeded in the upper chambers,
and incubated with 100 pg/ml Tipax in a lower chamber for
24 hr. Inhibitory effects of AS1411 and lactoferrin on Tipa-
induced migration were expressed as % of control. The results
are the mean of three to six independent experiments.

Knockdown of nucleolin in MKN-1 cells by small

interfering RNA

Nucleolin-targeted small interfering RNAs (siRNA-nl and
siRNA-n2) were purchased from Santa Cruz Biotechnology
and Origene (Rockville, MD). siRNA-nl is a mixture of three
siRNAs with different nucleotide sequences, and siRNA-n2
has a single nucleotide sequence. A negative control (siRNA-
nc) was purchased from Santa Cruz Biotechnology. The
sequence of the nucleotides was not provided by the com-
pany. siRNA oligoduplexes at a final concentration of 10 nM
were transfected into MKN-1 cells, which were plated at a
density of 2.5 X 10° cells in RPMI 1640 containing 10% FBS,
using Lipofectamine RNAIMAX Reagents (Invitrogen, CA).
After incubation for 48 hr, MKN-1 cells were subjected to
Transwell assay and examination of cell morphology.

Subcellular fractionation

After incubation of MKN-1 cells with each siRNA for 48 hr,
homogenates of the cells were fractionated into membrane,
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cytosol and nuclei using Qproteome cell compartment kit
(Qiagen, Diisseldorf, Germany), according to the manufac-
turer’s instructions. Each fraction was subjected to Western
blotting, using anti-nucleolin, anti-HSP90 (a marker for cyto-
sol), anti-EGFR (for membrane) and anti-lamin B antibodies
(for nuclei).

Western blotting

MKN-1 cells were lysed with lysis buffer containing 20 mM
Tris-HCI (pH 8.0), 150 mM NaCl, 1% Triton X-100, 0.1%
SDS, 1% sodium deoxycholate, 10 pg/ml aprotinin, 10 pg/ml
leupeptin, 1 mM phenylmethanesulfonyl fluoride (PMSE), 5
mM sodium fluoride, 12 mM glycerol-6-phosphate, 2.5 mM
sodium pyrophosphate and 1 mM sodium orthocarbonate.
The cell lysates were subjected to SDS-PAGE and then trans-
ferred onto nitrocellulose membranes by electric blotting.
The membranes were blocked with 3% skim milk in 20 mM
Tris-HCl (pH 7.6) and 150 mM NaCl with 0.1% Tween 20,
and then incubated with the indicated primary antibody.
Bound antibodies were detected using horseradish
peroxidase-conjugated secondary antibodies with Enhanced
ChemiLuminescence (ECL) system (GE Healthcare, UK).

Cell morphology

MKN-1 cells (2.5 X 10° cells/500 ul) were cultured in serum-
free RPMI 1640 with 100 pg/ml Tipa or del-Tipa in 24-well
plates. The elongated cells and spherical cells were observed
in 100X magnification after incubation at 37°C for 1-12 hr.
MKN-1 cells treated with siRNA for 48 hr were cultured in
serum-free RPMI 1640 containing 25 pg/ml Tipa. The elon-
gated cells and spherical cells were counted separately. Total
number of counted cells was about 500 in each condition,
and the values are the means of two independent
experiments.

Staining of actin filaments with phalloidin

MKN-1 cells were treated with 100 pug/ml Tipa, 10% FBS or
10 pg/ml fibronectin on the coverglass plates overnight in
serum-free RPMI 1640 at 37°C and then washed with PBS.
The cells were fixed with 4% paraformaldehyde and then per-
meabilized with 0.1% Triton X-100. After blocking with
Image-iT™ FX Signal Enhancer (Invitrogen), the cells were
stained with Alexa Fluor 488-conjugated phalloidin (Invitro-
gen) and propidium iodide, and then observed using fluores-
cence microscopy (Leica, Wetzlar, Germany).

Cell stiffness by AFM

Cell stiffness was measured using MFP-3D-Bio]-AFM (Asy-
lum Research, CA) with a sharpened silicon nitride cantilever
(TR400PSA 0.02N/m of spring constant, Olympus, Tokyo,
Japan), as reported previously,'”” with some modifications.
Force curves were recorded at 0.5 Hz for determination of
Young’s modulus (E, Pa). E value was calculated by fitting
with Hertz model. The Poisson ratio of the cells was taken to
be 0.5, as described previously.?” The effects of 100 pg/ml
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Figure 1. Migration of MKN-1 cells induced by Tipa. Tipa, del-Tipa
and TNF-a were separately added in a lower chamber containing
serum-free medium.

Tipa on stiffness of MKN-1 cells in serum-free RPMI 1640
were measured by AFM 24 hr after incubation, and the mean
values of Young’s modulus were obtained from log-normal
fitting curves.

Phosphorylation of cancer-related proteins in MKN-1 cells
treated with Tipa

MKN-1 cells were cultured in serum-free RPMI 1640 with or
without 100 pg/ml Tipa, 15 min after incubation at 37°C,
and the cell extracts were then subjected to analysis using
Cancer Signaling Phospho Antibody Array (Filgen, Nagoya,
Japan). Phosphorylation of 89 cancer-related proteins was
examined wusing Chip spotted with a total of 248
phosphorylation-site-specific antibodies. Eleven proteins were
found in the twofold difference of phosphorylated signal
between Tipa-treated cells and nontreated cells.

Statistical analysis

Migration was analyzed by the two-sample independent Stu-
dent’s t-test, and the difference in mean values for Young’s
modulus was conducted using nonparametric analysis with
Wilcoxon-Mann-Whitney test. The p < 0.05 was estimated
to be significant.

Results

Migration of human gastric cancer cell lines by Tipa

The migration of human gastric cancer cell line MKN-1
treated with Tipa was dose-dependently induced in serum-
free condition, as determined by Transwell assay: it was not
induced by del-Tipa an inactive Tipa (Fig. 1). Table 1 shows
the migrated cell numbers of four human gastric cancer cell
lines, MKN-1, AGS, MKN-7 and MKN-28, induced by Tipa
and three other inducers, TNF-a, FBS and fibronectin. The
order of migration potency by Tipa was MKN-1 > AGS >
MKN-7 = MKN-28. MKN-1 cell line (adenosquamous cell
carcinoma) showed the strongest migration among the four
examined gastric cancer cell lines (Table 1). Although Tipa

Cell migration induced by Tipa of H. pylori

Table 1. Migration of human gastric cancer cell lines by Tipa
compared with TNF-o, FBS and fibronectin

No. of migrated cells = SD

Cell lines  Control = Tipa

TNF-o- FBS - Fibronectin
MKN-1  1+1 218%28 1+1 68+26 4917
AGS 0 549 2*+4 6%2 3.£2
MKN-7 0 38+19 0 1+1  50%27
MKN-28 O 38+15 0  39+6 16+*5

The migration was induced by treatment with 100 pg/ml Tipa, 50 ng/
ml TNF-a, 10% FBS or 10 pg/ml fibronectin in serum-free medium for
24 hr, respectively.

induces the secretion of TNF-a from gastric cancer cells, the
migration was not directly induced by TNF-a in the same
experimental conditions.

Role of nucleolin in migration of MKN-1 cells

induced by Tipe

Next, we studied the role of surface nucleolin in the migra-
tion induced by Tipa. Treatment with nucleolin-targeted
siRNA-nl and siRNA-n2 reduced the amount of nucleolin in
whole cell lysate to 50%, but negative control siRNA-nc did
not reduce it (Fig. 2a). Treatment with siRNA-nl and
siRNA-n2 strongly downregulated surface nucleolin in the
membrane fraction compared with that in the cytosol and
nuclear fractions (Fig. 2b). We next studied the effects of
nucleolin knockdown by siRNAs on migration of MKN-I1
cells induced by Tipa. Treatment with siRNA-nl and
siRNA-n2 resulted in decreases of 60.4 and 86.1%, respec-
tively (Fig. 2¢), while the migration of MKN-1 cells induced
by EBS was only slightly reduced by siRNA-nl, a decrease of
22.0% (Fig. 2d), and that induced by fibronectin was inhib-
ited by only 5.0% (Fig. 2e). Control siRNA-nc did not inhibit
the migration of MKN-1 cells induced by Tipa, FBS or fibro-
nectin. The results suggest that surface nucleolin plays a key
role in migration of gastric cancer cells induced by Tipe, and
that the migration induced by FBS or fibronectin was medi-
ated through different pathways than that of Tipa.

On the basis of evidence that AS1411 is a nucleolin-
targeted DNA aptamer,” and that lactoferrin interacts with
cell surface nucleolin,** we studied whether nucleolin-binding
molecules, such as ASI411 and lactoferrin, inhibit the migra-
tion of MKN-1 cells induced by Tipo: AS1411 dose-
dependently inhibited the migration of MKN-1 cells, and 10
pM AS1411 caused a 53.9% reduction, whereas the control
oligonucleotide of AS1411 (CRO) only slightly inhibited the
migration (Fig. 2f). In addition, lactoferrin dose-dependently
inhibited the migration of MKN-1 cells induced by Tipa,
and treatment with 50 pg/ml lactoferrin completely inhibited
it (Fig. 2f). However, lactoferrin did not inhibit migration of
MKN-1 cells induced by fibronectin (data not shown). As
AS1411 and lactoferrin are known to be incorporated into
the cells through surface nucleolin, the results confirm that
surface nucleolin induces cell migration by Tipe.

Int. J. Cancer: 134, 2373-2382 (2014) © 2013 UICC
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Figure 2. Inhibition of cell migration in MKN-1 cells by nucleolin-targeted siRNAs and nucleolin-binding molecules. {a) The expression of nucle-
olin was affected by nontransfection, control siRNA-nc and two different nucleolin-targeted siRNA-n1 and siRNA-n2. (b) The expression of
nucleolin in the membrane fraction was downregulated by siRNA-n1 and siRNA-n2. () Migration of MKN-1 cells induced by Tipa. The cells
were previously treated with nontransfection, controt siRNA-nc, siRNA-n1 and siRNA-n2. (d) Migration of MKN-1 cells induced by FBS. The cells
were previously treated with nontransfection, control siRNA-nc and siRNA-n1. (e) Migration of MKN-1 cells induced by fibronectin. The cells
were previously treated with nontransfection, control siRNA-nc and siRNA-n1. (f) Migration of MKN-1 cells induced by Tipa in the presence of
AS1411, CRO and lactoferrin. All the values are expressed as the average of three independent experiments with SD value, *p < 0.05.

Elongation of MKN-1 cells induced by Tipo

During our study on the migration of MKN-1 cells, we found
that Tipe in a lower chamber induced cell attachment to the
Transwell membrane and elongation of the cells on that mem-
brane. To characterize the nature of cell elongation induced by
Tipa, MKN-1 cells were treated with 100 pg/ml Tipa or del-
Tipa in serum-free medium. When MKN-1 cells were cul-
tured in serum-free medium, most cells maintained their
spherical form (control) even 3 hr after seeding (Fig. 3a).
However, treatment with Tipo began to elongate the morphol-
ogy of the cells only 1 hr later. The number of elongated cells
increased time-dependently, with most of the cells elongated
within 3 hr after treatment, and remaining elongated until 12
hr after (Fig. 3a). Treatment with del-Tipa did not induce any
elongation of the cells nor did control (Fig. 3a). The results
show that Tipa induces the elongation of MKN-1 cells, and
suggest that the morphological changes are associated with
induction of cell migration and early invasiveness.

The role of nucleolin in the elongation of MKN-1 cells
was next studied. Knockdown of nucleolin by siRNA-nl1 and
siRNA-n2 inhibited the elongation induced by Tipe, but
siRNA-nc did not (Fig. 3b). Based on results showing that
the number of elongated MKN-1 cells induced by Tipo was

Int. J. Cancer: 134, 2373-2382 (2014) © 2013 UICC

60.8%, inhibition was 5.0, 16.5 and 39.1% by treatment with
siRNA-nc, siRNA-nl and siRNA-n2, respectively (Fig. 3b).
The results suggest that the elongation of the cells induced
by Tipa is mediated through the binding of Tipa to surface
nucleolin.

Induction of filopodia in MKN-1 cells by Tipa

To characterize the morphological changes of MKN-1 cells
induced by Tipa, actin filaments of MKN-1 cells were stained
with Alexa Fluor 488-conjugated phalloidin 24 hr after seed-
ing. We found that the filaments of elongated MKN-1 cells
contain actin, which has a highly invasive structure (Fig. 3c).
Figure 3¢ shows filamentous actin located around the cell
surface, indicating that filopodia is induced in the cells.
Although other treatments with FBS and fibronectin induced
elongation of the cells in serum-free media, they did not
induce filopodia (Fig. 3¢). Thus, we believe that Tipa specifi-
cally induces filopodia, associated with migration of gastric
cancer cells to extracellular environment.

Decrease in cell stiffness of MKN-1 cells by Tipa
We will also discuss cell stiffness of MKN-1 cells, based on
our results showing that cell stiffness measured by AFM
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Figure 3. Morphological changes in MKN-1 cells induced by Tipa. (a) Elongation of MKN-1 cells time-dependently induced by Tipa but not
del-Tipa. (b) Elongation of MKN-1 cells induced with Tipa by pretreatment with nontransfection, siRNA-nc, siRNA-n1 and siRNA-n2. The val-
ues are expressed as the average of two independent experiments with SD value, *p < 0.05. {c) Formation of filopodia in MKN-1 cells
induced by Tipa. MKN-1 cells were treated with Tipa, FBS and fibronectin in serum-free medium and then stained with Alexa Fluor 488-

conjugated phalloidin.

correlates well with the motility of cancer cells," indicated by
Young’s modulus. Changes in cell stiffness of MKN-1 cells
were studied by treatment with Tipa in serum-free medium.
Young’s modulus of the nontreated cells was 2,703 Pa, and
that of Tipa-treated cells after 24 hr was 2,065 Pa, based on
determination of about 600 force curves from 60 cells (Fig.
4). The reduction of Young’s modulus by Tipa resulted in
Tower cell stiffness, i.e., higher cell motility, than that of con-
trol. The report shows that Tipa reduced cell stiffness of
MKN-1 cells and induced high cell motility.

Phosphorylation of cancer-related proteins in MKN-1

cells by Tipa

We presented results showing that MKN-1 cells treated with
Tipa induce migration, elongation, formation of filopodia
and decrease in cell stiffness, which are all related to pheno-
typic changes of EMT. To understand the molecular mecha-
nism of such phenotypic changes, which occur in the cells
within 1 hr after treatment with Tipa, we studied protein
phosphorylation in MKN-1 cells as a quick response to Tipa.
Analysis of 89 cancer-related proteins examined by The

Int. J. Cancer: 134, 2373-2382 (2014) © 2013 UICC
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Figure 3. (Continued)

Cancer Signaling Phospho Antibody Array revealed that
Tipa induces phosphorylation of 11 cancer-related proteins
at the regulatory active sites more than twofold (Supporting
Information Table 1). Furthermore, the phosphorylation of
IxkBa in MKN-1 cells increased about twofold after treatment
with Tipa (data not shown); the results of which were the
same as in our previous report.” As the MEK-ERK1/2 path-
way is reported to be an important signal axis for induction
of EMT,” and as it is activated by surface nucleolin,”® we
further confirmed by Western blotting that Tipo stimulated
phosphorylation at Ser217/Ser221 of MEK1 and at Thr202/
Tyr204 of ERK1/2 (Fig. 5a). These results show that Tipa
stimulates the MEK/ERK1/2 signaling pathway, associated
with phenotypic changes in EMT.

Protein expression in MKN-1 cells by Tipa
Looking at induction of EMT, we found that MKN-1 cells
slightly express N-cadherin and vimentin but not E-cadherin

Int. J. Cancer: 134, 2373-2382 (2014) © 2013 UICC

(data not shown) in the nontreated state. Treatment of
MKN-1 cells with Tipa enhanced the expression of vimentin,
an intermediate filament of the mesenchymal cell cytoskele-
ton, and the expression reached maximal levels 3-6 hr later,
before returning to basal level (Fig. 5b). The results suggest
that Tipa acts as an inducer of EMT in gastric cancer cell
line MKN-1, and that Tipa induces malignant phenotypes in
human gastric cancer.

Discussion

Our study on Tipa, a carcinogenic factor secreted from
H. pylori, has significantly extended our understanding of
H. pylori carcinogenesis in humans. Specifically, Tipa first
binds to surface nucleolin in human gastric cancer cells, and
the complex is rapidly internalized into the cells. The signal
transduction induces expression of TNF-o gene through the
activation of NF-xB, resulting in tumor promotion and
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Figure 4. Histogram of Young’s modulus obtained from force curve
of MKN-1 cells after treatment with Tipa. Decrease in cell stiffness
of MKN-1 cells was shown by treatment with Tipa.

progression.””'® In addition, we previously reported that
Tipa induces chemokine gene expression, including Ccl2,
Ccl7, Ccl20, Cxcll, Cxcl2, Cxcl5 and Cxcl10,2? which further
suggests that the induction of Cxcll and Cxcl5 by TNF-a
results in metastasis.”® All the results show that Tipa induces
tumor progression of H. pylori gastric carcinogenesis in
humans.* This is well supported by evidence that HB-19
pseudopeptide binding to surface nucleolin induces rapid and
intense membrane Ca®" fluxes in various types of cells."
This article presents results showing that treatment of gas-
tric cancer cell line MKN-1 with Tipa induced numerous cel-
lular effects: migration, elongation, formation of filopodia,
decrease in cell stiffness associated with enhanced cell motil-
ity, phosphorylation of cancer-related proteins and expression
of vimentin; all of these are phenotypic changes accompany-
ing EMT. The formation of filopodia was induced only in the
cells treated with Tipa, and because filopodia is an important
marker of partial or complete EMT in human gastric cancer
cells, we anticipate demonstrating that Tipa induces cancer
metastasis in rodents. In other studies, we have presented the

Cell migration induced by Tipa of H. pylori
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Figure 5. Increased phosphorylation of MEK1 and ERK1/2 induced
by Tipa (a) and induction of vimentin expression in MKN-1 cells by
Tipa (b).

results on cell stiffness. Tipa reduced cell stiffness in human
gastric cancer cells and contributed to an increase in cell
motility. As cell stiffness is often discussed in relation to
reorganization of actin filaments®® and adhesion molecules,!
it will be worthwhile to investigate cytoskeletal changes using
high-resolution imaging to show how Tipa decreases cell
stiffness. Migration and elongation of the cells were induced
within 1-3 hr after treatment with Tipa, and phosphoryla-
tion of 11 proteins, including MEK1 and ERK1/2, was found
as associated results of the signal transduction. The results
show that activation of MEK and ERK1/2 pathway through
surface nucleolin is involved in the EMT induction by Tipa.
The precise relationship between MEK and ERK1/2 pathway
and the induction of Ca** membrane fluxes remains to be
studied.

It is a unique feature of H. pylori survives that it is in the
acidic environment of gastric epithelium. Recently, a study
on the structure of the proton-gated urea inner-membrane
urea channel (HpUrel) of H. pylori revealed the region of
urea entry. HpUrel closes at pH 7.0 and fully opens at pH
5.0 to allow the rapid access of urea to cytoplasmic urease.’
We previously elucidated the crystal structure of del-Tipa,
which has a heart-shaped homodimer via noncovalent bonds,
which is assumed to be very similar to Tipa homodimer.*®
The crystal structure of del-Tipa contains a flexible region,
so the activity of Tipa-inducing EMT will be affected by
environmental pH.

We will briefly discuss here the significance of nucleolin
in H. pylori carcinogenesis in humans. The migration and
elongation of MKN-1 cells induced by Tipa, mediated
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through the binding to surface nucleolin, were inhibited by
treatment with siRNA-nl and siRNA-n2, suggesting that
phenotypic changes in EMT will be inhibited by siRNAs.
Nucleolin has various binding molecules, such as AS1411,%
HB-19 pseudopeptide,® lactoferrin,® midkine,” EGFR,***
H-Ras, K-Ras®® and endostatin® HB-19 pseudopeptide
inhibits migration of human umbilical vein epithelial cell
(HUVEQC), resulting in inhibition of angiogenesis.”® Further-
more, cancer cell migration and metastasis of spontaneous
melanoma in RET mice were inhibited by pseudopeptides
including HB-19, associated with reduction of MMP-2 and
MMP-9.*** Thus, surface nucleolin plays a specific role in
regulating cancer progression.

Several EMT inducers, including TGF-B, TNF-a and
HGF, have been reported, and TGF-$ induces EMT 48-72
hr after treatment.” Although the inducers have numerous
functions, they commonly activate the NF-xB pathway in
epithelial cells, suggesting that the induction of EMT is
linked to tumor promotion. This study revealed that Tipc
acts as an EMT inducer of H. pylori.

Recently, some transcription factors have been shown to
be EMT regulators, Snail and Slug, which are repressors of
E-cadherin, Twist, an activator of N-cadherin during Dro-
sophila embryogenesis, and FOXc2." H. pylori infection
increases expression of Snail, Slug and vimentin genes in
gastric cancer cells." Rosivatz et al. studied the expression
of Snail, SIP1, Twist, E-cadherin and N-cadherin genes in 28
diffuse-type and 20 intestinal-type human gastric cancers.*’
The tissues of diffuse-type showed reduction of E-cadherin

2381

by 39% and the upregulation of Snail, Twist and N-
cadherin. On the other hand, the tissues of intestinal-type
showed reduction of E-cadherin by 60%, associated with
upregulation of SIP1 and downregulation of Snail, Twist
and N-cadherin.®® The results indicate that the roles of
transcription factors are dependent on the histological phe-
notypes. Cancer cell line MKN45, derived from undifferenti-
ated gastric cancer, expressed high levels of Twist, and
downregulation of Twist inhibited cell migration and inva-
sion, showing that Twist regulates cell migration and inva-
sion in gastric cancer cells."® In this article, we did not find
any downregulation of E-cadherin, as E-cadherin was only
slightly expressed, and Snail and Zebl were expressed in the
nontreated MKN-1 cells. Looking at the process of EMT,
Tipa increased expression of vimentin 3-6 hr after treat-
ment, associated with an increase in migration, formation of
filodpodia and a decrease in cell stiffness. This article is the
first to report a new function of Tipa, an EMT inducer of
H. pylori.
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Summary Background This phase I, dose-finding study
evaluated the maximum tolerated dose (MTD), safety, phar-
macokinetics, and antitumor activity of sunitinib plus S-1/cis-
platin in Japanese patients with advanced/metastatic gastric
cancer. Patients and methods Patients received oral sunitinib
on a contimuous daily dosing (CDD) or 2-weeks-on/2-weeks-
off schedule (Schedule 2/2; 25 mg/day or 37.5 mg/day), plus
S-1 (80-120 mg/day)/cisplatin 60 mg/m”. Results Twenty-
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seven patients rteceived treatment, including 26 patients
treated per protocol (sunitinib 25 mg/day CDD schedule,
n=4; sunitinib 25 mg/day Schedule 2/2, n=16 [dose-lim-
iting toxicity (DLT) cohort, n=6 plus expansion cohort, n=
10]; sunitinib 37.5 mg/day Schedule 2/2, n=6). One patient
erroneously self-administered sunitinib 12.5 mg/day and
was excluded from the analyses. The MTD was sunitinib
25 mg/day on Schedule 2/2. DLTs were reported for: 2/4
patients given sunitinib 25 mg/day on the CDD schedule;
1/6 patients administered sunitinib 25 mg/day on Schedule
2/2 (grade [G] 3 neutropenic infection, G4 thrombocytope-
nia, and S-1 dose interruption >5 days), and 3/6 patients
given sunitinib 37.5 mg/day on Schedule 2/2. Results
below are for the overall MTD cohort (n=16). The most
frequently reported G3/4 adverse events were neutrope-
nia (93.8 %) and leukopenia (75.0 %). The objective
response rate was 37.5 %; six additional patients expe-
rienced no disease progression for >24 weeks. Median
progression-free survival was 12.5 months. No pharma-
cokinetic drug—drug interactions were observed between
sunitinib/S-1/cisplatin and S-1/cisplatin. Conclusions The
MTD of sunitinib was 25 mg/day on Schedule 2/2 combined
with cisplatin/S-1 in patients with advanced/metastatic gastric
cancer. This regimen had a manageable safety profile and
preliminary antitumor activity.

Keywords Sunitinib - Gastric cancer - Phase] - Dose-finding

Introduction
Gastric cancer is the second most common cause of cancer-

related death worldwide, with more than 730,000 deaths
estimated to have occurred in 2008 [1]. Globally, the
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S-year survival rate for gastric cancer is approximately 20 %
[2], and most patients present with advanced, non-resectable
disease [3-5].

Despite recent advances in the treatment for gastric cancer
[6], a standard chemotherapy regimen has not been
established for recurrent or unresectable advanced gastric
cancer; combination chemotherapy is associated with signifi-
cant survival and quality of life advantages, compared with
best supportive care [7, 8]. The use of a S-fluorouracil (5-FU)-
based regimen in combination with a platinum analog is the
most widely accepted first-line treatment regimen, although
combination therapy does have a higher associated toxicity
burden compared with single-agent chemotherapy [8].

Blockade of receptors such as vascular endothelial
growth factor receptor (VEGFR) and platelet-derived
growth factor receptor (PDGFR) has been shown to inhibit
tumor-related angiogenesis and tumor growth {9, 10]. Not
only are these receptors expressed in gastric cancers but they
are known to have direct effects on the growth and metas-
tasis of this disease [9—14].

Sunitinib malate (SUTENT®; Pfizer Inc., New York, NY,
USA) is an oral, multitargeted, tyrosine kinase inhibitor of
VEGFRs 1-3, PDGFR-x and -3, and other receptors [15-17].
Sunitinib is approved multinationally for the treatment of
unresectable and/or metastatic imatinib-resistant/-intolerant
gastrointestinal stromal tumor, advanced/metastatic renal cell
carcinoma, and unresectable or metastatic, well-differentiated
pancreatic neuroendocrine tumors. Phase II study results in
advanced gastric cancer have shown that sunitinib had activity
as a single-agent; progression-free survival (PFS) was
2.3 months and overall survival was 6.8 months in the
second-line setting [18].

In preclinical tumor models, sunitinib has been shown to
enhance the antitumor activity of 5-FU and cisplatin,
suggesting that sunitinib might enhance the effect of che-
motherapy in cancer patients [19, 20]. In the First-Line
Advanced Gastric Cancer Study (FLAGS), the combination
of S-1, an oral derivative of 5-FU, and cisplatin was found
to be effective when administered as a 3-week on/1-week
off regimen (Schedule 3/1) [21]. Therefore, this phase I,
dose-finding study was conducted to determine the maxi-
mum tolerated dose (MTD) and overall safety profile of
sunitinib plus S-1 and cisplatin in Japanese patients with
advanced/metastatic gastric cancer. Tolerability, pharmaco-
kinetics (PK), and antitumor activity were also evaluated.

Materia]s and methods
Study population

Patients (male or female) eligible for inclusion in this study
were aged >20 years, had an Eastern Cooperative Oncology

@ Springer

Group performance status of 0 or 1, adequate organ func-
tion, and histologically or cytologically confirmed Stage IV
gastric adenocarcinoma or gastroesophageal junction ade-
nocarcinoma not amenable to surgery or radiation. Prior
adjuvant therapy was permitted with a recurrence-free inter-
val of >3 months after the completion of adjuvant therapy.
Prior chemotherapy in the advanced/metastatic setting was
not permitted; one regimen of chemotherapy, such as S-1
monotherapy, without progressive disease was allowed if
the duration of treatment was less than 4 weeks.

Exclusion criteria included central nervous system (CNS)
metastases, carcinomatous meningitis, or uncontrolled hy-
pertension (blood pressure >150/100 mmHg). Patients with
severe/unstable angina, myocardial infarction, coronary ar-
tery bypass graft, symptomatic congestive heart failure,
cerebrovascular accident, including transient ischemic at-
tack, or pulmonary embolism within 12 months prior to
starting study treatment were also excluded.

The study was conducted in accordance with the Interna-
tional Conference on Harmonization Good Clinical Practice
guidelines, the declaration of Helsinki, and applicable local
regulatory requirements and laws. Approval from the insti-
tutional review board or independent ethics committee with
the appropriate jurisdiction was required for each participat-
ing investigator/center. Written informed consent was
obtained from all patients.

Study design

This was a phase I, open-label, dose-finding study of sunitinib
in combination with S-1 and cisplatin in patients with
advanced/metastatic gastric cancer (NCT00553696). Patients
received open-label, oral S-1 at a starting dose of 80—
120 mg/day (based on body surface area) on Schedule 3/1
and a cisplatin 60 mg/m? infusion on day 1 that was repeated
every 28 days. Patients were allocated to different doses of
oral sunitinib based on a 3+3 design. Initially, sunitinib was
planned to be administered on a continuous daily dosing
(CDD) schedule or on Schedule 3/1. After four patients re-
ceived treatment in the CDD arm, the protocol was revised to
use a 2-week-on/2-week-off schedule (Schedule 2/2), in-
stead of Schedule 3/1, due to the pattern of adverse events
(AEs). Patients received sunitinib 25 mg/day on a CDD
schedule, or 25 mg/day or 37.5 mg/day on Schedule 2/2 in
4-weekceycles (Fig. 1).

Initially, three patients were enrolled to receive sunitinib
25 mg/day on the CDD schedule in combination with S-1
and cisplatin 60 mg/m?. If no patients experienced a dose-
limiting toxicity (DLT) in cycle 1 then patients would be
enrolled to the next highest dose level. If no more than one
of the initial three patients experienced a DLT within cycle
1, then the cohort was expanded to a total of six patients. If
no more than one of these six patients experienced a DLT,
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Fig. 1 Treatment schema. Sunitinib CDD
*Sunitinib dose withheld on Sunitinib 25 mg/day® FITTTTITTIT T T
cycle 1 day 1 to enable
pharmacokinetic analysis of S-1 S-1 40 mg/m? BID® X 2R3 222322221
and cisplatin. "S-1 and cisplatin T T T
dose withheld on cycle 1 day 1 Day 1 Day 2 Day 21 Day 28
to enable pharmacokinetic T
analysis of sunitinib. BID twice ) ) i
daily; Schedule 2/2 2 weeks on Cisplatin 80 mg/m?
treatment followed by 2 weeks
off treatment
Sunitinib 25 or 37.5 mg/day* b or
S-1 40 mg/m® BIDY R EEEEER2EE2RER22222
i1 1 1 1
Day 1 Day 2 Day 14 Day 21 Day 28

then patients would be enrolled at the next highest dose
level.

The MTD was defined as the highest dose cohort
where 0/3 or <1/6 patients experienced a DLT, with the
next highest dose having at least 2/3 or 2/6 patients who
experienced a DLT. DLTs are defined in Table 1. In this
study, the MTD level was confirmed by expanding en-
rollment to include up to 10 additional patients with
advanced/metastatic disease in order to obtain additional
safety data for the combination treatment. It was antici-
pated that a total of approximately 30 patients would be
enrolled in this study.

Dose modifications of sunitinib were not allowed until a
DLT was reached. Once dose reduction occurred due to
study drug-related toxicity, the dose was not re-escalated.
Patients could undergo a maximum of two dose reductions
of either S-1 and/or cisplatin. However, patients requiring
more than two dose reductions of S-1 or sunitinib were
withdrawn from the study. Additionally, patients with >1

Table 1 Definition of DLT

Cisplatin 60 mg/m?

missed cisplatin dose were withdrawn. Treatment was con-
tinued for 8 cycles or until disease progression, unaccept-
able toxicity, or withdrawal of patient consent.

The primary endpoint was the assessment of first-cycle
DLTs for sunitinib plus S-1 and cisplatin. Secondary end-
points included overall safety, tumor response, PFS, and PK.

Assessments

Patients were evaluable for DLT assessment if they received
all day 1 chemotherapy and >80 % of their sunitinib doses
and S-1 doses. Those who could not receive >80 % of their
doses for reasons other than a DLT were excluded from the
DLT evaluation. Tumor assessment was performed at base-
line, on day 22 of cycle 1, and every 4 weeks thereafter until
radiographic-confirmed disease progression or end of treat-
ment scan. Objective tumor response in patients with at least
one target lesion was measured using the Response Evalu-
ation Criteria in Solid Tumors (RECIST) guidelines [22]

Category DLT criteria

Hematologic
Grade >3 febrile

Grade 4 neutropenia lasting >7 days

neutropenia

Grade >3 neutropenic infection

Grade 4 thrombocytopenia or grade 3 thrombocytopenia with bleeding

Non-hematologic®

Grade 3 toxicities lasting >7 days

Grade 4 non-hematologic toxicity

Grade 3/4 nausea, vomiting or diarrhea persisting despite maximum supportive therapy

Missed/delayed dose due to toxicity Break from sunit

inib dose >6/28 days on the CDD schedule or >3/14 days on Schedule 2/2

Break from S-1 dose >5/21 days per cycle

Delay of >3 weeks in starting the second treatment cycle

CDD continuous daily dosing; DLT dose-limiting toxicity; Schedule 2/2 2 weeks on treatment followed by 2 weeks off treatment

? Exceptions: hyperamylasemia or hyperlipasemia without other clinical evidence of pancreatitis and asymptomatic hyperuricemia; asymptomatic

hypertension with adequately controlled blood pressure
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and confirmed no sooner than 4 weeks after the initial
documentation of response.

Safety was assessed at regular intervals (during cycle 1
on days 1, 2, 8, 15, and 22; during cycles 2-8 on days 1, 2,
and 21; and during cycles >9 on days 1 and 21). AEs were
monitored during the study and graded using the National
Cancer Institute Common Terminology for Adverse Events
version 3.0 clinical assessments, including laboratory test-
ing for blood hematology and serum chemistry.

To investigate PK drug—drug interactions, full PK pro-
files of sunitinib, its active metabolite SU12662, S-1 (5-FU,
tegafur) and cisplatin (total and free) were assessed in all
cohorts comprising the 3+3 design, and in the MTD expan-
sion cohort. Blood samples for analyses of cisplatin and S-1
were collected on cycle 1 days 1-2 (S-1 and cisplatin),
before starting sunitinib dosing on day 2, and on cycle 2 days
1-2 (in combination with sunitinib) in the MTD cohort. In
the expansion cohort, blood samples for the analyses of
sunitinib and SU12662 were collected on cycle 1 days 1-2
(sunitinib alone), prior to administration of S-1 and cisplatin
on day 2, and cycle 2 days 1-2 (in combination with S-1 and
cisplatin). PK parameters were calculated using non-
compartmental methods.

Trough plasma concentrations of sunitinib and SU12662
were obtained at steady state on cycles 1-3 days 21-22 for
the CDD schedule, and cycles 1-3 days 14-15 for Schedule
2/2. Blood samples were obtained before the administration
of sunitinib and S-1.

On the day of cisplatin PK sampling, blood was drawn
pre-dose (before administration of cisplatin, S-1 or
sunitinib) and at 0.5, 1, 2, 8, and 22 h after completing
infusion. Samples for evaluation of sunitinib, SU12662,
and S-1 PK were obtained pre-dose (before administration
of either S-1 or sunitinib) and at 1, 2, 4, 6, §, and 10 h post-
dose (before dosing of S-1). For sunitinib and SU12662, a
sample was also obtained 24 h post-dose.

Plasma samples were analyzed for sunitinib and
SU12662 concentrations by Bioanalytical Systems Inc.
(USA) using a validated high-performance liquid chroma-
tography tandem mass spectrometric (HPLC-MS/MS) meth-
od. Tegafur and 5-FU plasma concentrations were also
determined using a validated HPLC-MS/MS method by
Tandem Labs (USA). Cisplatin concentrations were deter-
mined in both plasma and plasma ultra filtrate samples by
Covance Laboratories Inc. (USA) using a validated Induc-
tively Coupled Plasma-Mass Spectrometric (ICP/MS)
method.

Statistical analysis
The sample size was determined on an empirical rather than

statistical basis. Assessment of 3—6 patients for each cohort
was considered adequate to characterize the safety of a

@ Springer

treatment regimen prior to investigation in phase II clinical
trials. It was anticipated that up to 30 patients would be
enrolled in this study.

Efficacy analyses included all patients who received at
least one protocol-specified dose of sunitinib. Descriptive
statistics were used to summarize all patient characteristics,
treatment administration/compliance, antitumor activity, and
safety; PFS was summarized using the Kaplan—Meier meth-
od. In an unplanned exploratory analysis, clinical benefit
rate (CBR; percentage of patients with a complete response,
partial response, and stable disease >24 weeks) and PFS
were calculated in patients with scirrhous-type disease of
primary tumors.

Results
Patient characteristics

In total, 27 patients received treatment, including 26 pa-
tients treated per protocol (sunitinib 25 mg/day on the
CDD schedule, 4; sunitinib 25 mg/day on Schedule 2/2,
16 [DLT cohort, 6 plus expansion cohort, 10]; sunitinib
37.5 mg/day on Schedule 2/2, 6), and one patient who
was assigned to sunitinib 25 mg/day on Schedule 2/2 and
erroneously self-administered sunitinib 12.5 mg/day
throughout the study. The latter patient was excluded from
the efficacy analyses. One patient remained on study as of
April 2012. Demographic and baseline disease character-
istics are shown in Table 2. Overall, eight patients had
scirrthous-type disease (seven patients in the MTD cohort).

Safety and drug exposure

Twenty-seven patients were evaluable for safety. The MTD
was determined to be sunitinib 25 mg/day on Schedule 2/2
plus cisplatin and S-1, and a further 10 patients were allo-
cated to this cohort. Of the four patients who received
sunitinib 25 mg/day on the CDD schedule, two DLTs were
reported: grade 4 thrombocytopenia (n=1), and grade 4
thrombocytopenia plus grade 3 febrile neutropenia (n=1).
Subsequently, the treatment frequency was reduced to
sunitinib 25 mg/day on Schedule 2/2. In the second cohort,
one of six patients reported a DLT: grade 3 neutropenic
infection plus grade 4 thrombocytopenia and S-1 dose in-
terruption of >5 days. As defined in the protocol, the
sunitinib dose was then increased to 37.5 mg/day on Sched-
ule 2/2, where three of six patients experienced a DLT: grade
3 febrile neutropenia plus S-1 dose interruption of >5 days
(n=1), grade 4 thrombocytopenia (n=1), and grade 4 neu-
tropenia of >7 days (n=1).

All patients experienced at least one AE. No grade 5
AEs occurred. Serious AEs (SAEs) were reported in 13
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Table 2 Bascline patient characteristics

CDD schedule sunitinib 25 mg/day

Schedule 2/2 sunitinib 25 mg/day

Schedule 2/2 sunitinib

All patients (n=4)"

All patients (n1=16)"¢

37.5 mg/day
Patients with scirthous-type  All patients (n=6)°

discase (n=7)

Gender, male, n (%) 2 (50.0) 13 (81.3) 6(85.7) 4 (66.7)
Age, years

Median 63.0 60.0 57.0 60.5
Range 44-73 31-71 31-67 28-71
ECOG performance status, n (%)

0 1(25.0) 7 (43.8) 2 (28.6) 3(50.0)
1 3 (75.0) 9 (56.3) 5(71.4) 3 (50.0)
Measurable disease, n (%) 3 (75.0) 11 (68.8) 5(71.4) 4 (66.7)
Histology, n (%)

Diffuse 2 (50.0) 9(56.2) 6 (85.7) 2 (33.3)
Intestinal 2 (50.0) 7 (43.8) 1(14.3) 3 (50.0)
Other 0 (0) 0(0) 0(0) 1°(16.7)
Prior surgery,  (%0) 1 (25.0) 5(31.3) 1(14.3) 2 (33.3)
Prior systemic therapy, 11 (%)

0 2 (50.0) 16 (100.0) 7 (100.0) 5(83.3)
1 2 (50.0) 0(0) 0 1(16.7)
>2 0 00 0 0(0)

CDD continuous daily dosing; £COG Eastern Cooperative Oncology Group; Schedule 2/2 2 weeks on treatment followed by 2 weeks off treatment

*Includes one patient with scirrhous-type discase

®Includes 10 patients from the expansion cohort

The subject assigned to sunitinib 25 mg/day on Schedule 2/2 who mistakenly received sunitinib 12.5 mg/day was excluded from the efficacy
analyses. At baseline, this patient had an ECOG performance status of 0, stage IV measurable intestinal disease, with 2 involved tumor sites (liver

and lymph node) and no prior surgery or systemic therapy
4No patients had scirrhous-type disease in this cohort
©This patient had mucinous histology

patients overall (48.1 %). Dose reductions due to AEs
occurred for all three drugs: sunitinib: n=8; S-1: n=7;
cisplatin: n=8. At the MTD, the median relative dose
intensity (% actual/intended dose intensity) was 80.6 %
(range, 32.4-100.0) for sunitinib (25 mg/day, Schedule
2/2), 68.2 % (35.7-85.7) for S-1, and 73.8 % (27.1-98.9)
for cisplatin. Overall, seven patients discontinued the
study treatment due to AEs, including four patients in
the MTD cohort.

In the MTD cohort (sunitinib 25 mg/day, Schedule 2/2;
n=16), the frequencies of common AEs of any grade are
presented in Table 3. Neutropenia was the most frequently
reported grade 3 or 4 AE, occurring in 15 patients (93.8 %).
In total, 75.0 % of patients in the MTD cohort experienced
grade 3 or 4 leukopenia. Fatigue, decreased appetite, nausea,
constipation, thrombocytopenia, and stomatitis were the
most common grade 1 or 2 AEs reported. In this cohort,
SAEs occurred in eight patients (50.0 %); the most frequent
SAEs were febrile neutropenia (=3, 18.8 %) and platelet
count decreased (n=2, 12.5 %).

Pharmacokinetics

The MTD combination of sunitinib (25 mg/day, Schedule
2/2) with S-1 plus cisplatin demonstrated no changes in the
PK of sunitinib or its active metabolite (SU12662). In addi-
tion, combination treatment had no impact on the PK of
cisplatin, tegafur, 5-FU, or S-1, compared with S-1 plus
cisplatin alone (Table 4).

The mean trough plasma concentrations (Cyougn) of
sunitinib, SU12662, and total drug were 33.5 ng/mL,
13.9 ng/mL, and 47.5 ng/mL, respectively, for sunitinib
25 mg/day, and 69.9 ng/mL, 24.0 ng/mL, and 93.4 ng/mL,
respectively, for sunitinib 37.5 mg/day. These Cyougn values

suggested that plasma concentrations of sunitinib increased

in a dose-dependent manner.
Antitumor activity

All patients were evaluable for efficacy. In the MTD group
(sunitinib 25 mg/day, Schedule 2/2), 11/16 patients had
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Table 3 Treatment-emergent (all-causality) adverse events in >30 %
of patients in the maximum tolerated dose cohort (sunitinib 25 mg/day
on Schedule 2/2+cisplatin+S-1; n=16)

Adverse event, n (%) Grade 1/2 Grade 3/4 All grades
Leukopenia 4(25.0) 12 (75.0) 16 (100.0)
Neutropenia 1(6.3) 15 (93.8) 16 (100.0)
Anemia 6 (37.5) 9 (56.3) 15 (93.8)
Decreased appetite 14 (87.5) 1(6.3) 15 (93.8)
Thrombocytopenia 9 (56.3) 6 (37.5) 15 (93.8)
Fatigue 14 (87.5) 0 14 (87.5)
Nausea 14 (87.5) 0 14 (87.5)
Constipation 12 (75.0) 0 12 (75.0)
Stomatitis 9 (56.3) 0 9 (56.3)
Diarrhea 7 (43.8) 1(6.3) 8 (50.0)
Dysgeusia 7 (43.8) 0 7 (43.8)
Pyrexia 7 (43.8) 0 7 (43.8)
Hiccups 6 (37.5) 0 6 (37.5)
Rash 5(31.3) 0 5(31.3)
Vomiting 5(31.3) 0 5(31.3)

Schedule 2/2 2 weeks on treatment followed by 2 weeks off treatment

measurable disease. No patients had a complete response,
and partial responses occurred in 6/11 patients (54.5 %) with
measurable disease, resulting in an overall objective re-
sponse rate (ORR) of 37.5 % (95 % confidence interval
[CI], 15.2-64.6) in 16 evaluable patients. A further six
patients experienced no disease progression for >24 weeks,
producing a CBR of 75.0 % (95 % CI, 47.6-92.7) among
the 16 patients. Maximum percentage reduction in target
lesion size in the 11 patients with measurable disease is
shown in Fig. 2. The CBR for patients treated at the MTD
with scirthous-type disease was 57.1 % (95 % CI, 18.4—
90.1; 4/7 patients). Tumor response in one patient with

scirthous-type disease is shown in Fig. 3. At the MTD,
median PFS was 12.5 months (95 % CI, 6.4-16.5) and 6-
month survival was 78.3 % (95 % CI, 56.5-100.0; Table 5;
Fig. 4). Among the seven patients with scirrhous-type dis-
ease, four of five patients who had measurable lesion had a
partial response, and median PFS was 12.5 months (95 %
CI, 10.1-13.3).

Discussion

In this study, the MTD of sunitinib in combination with S-1
(80-120 mg) plus cisplatin 60 mg/m? was established as
25 mg/day on Schedule 2/2 in patients with advanced or
metastatic gastric cancer for whom curative therapy was not
an option. Other tested combinations included sunitinib
25 mg/day on a CDD schedule and a dose-increment from
the MTD cohort to 37.5 mg; both cohorts were discontinued
after DLTs were experienced. An additional 10 patients were
then enrolled in the MTD cohort and followed for safety,
antitumor activity, and PK parameters.

The MTD combination regimen demonstrated a manage-
able safety profile, with neutropenia and leukopenia as the
most frequently reported grade 3 or 4 AEs: 93.8 % and
75.0 %, respectively. This safety profile was also consistent
with a similar phase I dose-escalation study conducted in
Western patients with advanced gastric cancer [23]. In general,
the type of AEs was consistent with those previously reported
when 5-FU and cisplatin were administered in patients with
gastric cancer [24], although the frequency of events, partic-
ularly hematologic AEs, was greater than expected from pre-
vious studies of sunitinib in other tumor types [18, 25-28].
Previously reported mild skin reactions associated with
sunitinib, such as yellowing skin/discoloration [29], were
not observed in this study. There were no grade 3 or 4 non-

Table 4 Pharmacokinetics in the maximum tolerated dose cohort (sunitinib 25 mg/day on Schedule 2/2 +cisplatin+S-1)

Treatment Analyte n Mean Cpax ng/mL (CV%) Mean AUC g ng-h/mL (CV%)
Sunitinib alone or SP Combined Sunitinib alone or SP Combined
Sunitinib Sunitinib 7 15.8 (32.2) 16.2 (44.6) 234 (25.3) 244 (38.6)
SU12662 7 2.9 (43.6) 2.8 (49.3) 46.0 (34.2) 50.5 (50.7)
Total drug 7 18.5 (33.0) 19.0 (42.3) 280 (25.0) 294 (37.2)
S-1 Tegafur 5 1,500 (9.8) 1,688 (26.9) 8,290 (10.5) 9,163 (12.7)
5-FU 5 144 (23.5) 114 (16.5) 582 (19.3) 522 (28.0)
Cisplatin Total 5 1,794 (7.8) 1,984 (3.6) 27,478 (7.1) 31,574 (5.4)
Free 5 178 (68.3) 187 (74.6) 790 (25.8) 973 (28.3)

AUC,,,, area under the plasma concentration—time curve from time zero until last quantifiable observation; C,,,, maximum concentration; CV’
coefficient of variation; 5-FU S-fluorouracil; Schedule 2/2 2 weeks on treatment followed by 2 weeks off treatment; SP cisplatin 60 mg/m? every
28 days+S-1 40 mg/m? twice daily every 3/1 weeks; SUI2662 sunitinib active metabolite
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Fig. 2 Maximum percentage 20
change in target lesion size in ®
the maximum tolerated dose ,5 |
(MTD) cohort (sunitinib 25 mg/ B 0
day on Schedule 2/2+ T
cisplatin+8-1)." Schedule 2/2 g 20
2 weeks on treatment followed h= s
by 2 wecks off treatment. “Five @
@ -40 -
of 16 patients receiving the 5
MTD did not have measurable G
disease £ -60
£
E
% -80 -
b=
=100

hematologic events reported in 230 % of patients within the
MTD cohort. No new safety signals were observed for
sunitinib.

Although tumor evaluation was not the primary objective
of this study, the ORR for the MTD cohort was 37.5 %
(95 % CI, 15.2-64.6) and included responses in patients
with scirrhous-type disease. Since five of 16 patients treated
at the MTD did not have measurable disease and were
assessed as non-responders in the ORR calculation, tumor
response rates may be underestimated in our study. The
ORR at the MTD among the 11 patients with measurable

Fig. 3 Tumor response in a
patient with scirrhous gastric
cancer who received the
maximum tolerated dose of
sunitinib (25 mg/day on
Schedule 2/2) combined with
cisplatin and S-1. Blue
arrowheads: primary lesion;
orange arrowheads: peritoneal
metastasis; green arrowheads:
lymph node metastasis;
Schedule 2/2 2 weeks on
treatment followed by 2 weeks
off treatment

Before treatment

i Patients with non-scirrhous-type disease
B Patients with scirrhous-type disease

discase was 54.5 %. Median PFS was 12.5 months (95 %
Cl, 6.4-16.5) in the overall MTD cohort. These results
demonstrate promising preliminary antitumor activity, com-
pared with that observed for sunitinib as a single-agent
modality in advanced gastric cancer, [18] and with the
median PFS of 6 months reported for S-1 plus cisplatin
[30]. However, our results must be interpreted with caution
given the limited sample size studied.

A multitargeted tyrosine kinase inhibitor like sunitinib
may be a promising drug for scirrthous gastric cancer. Our
preliminary results suggest that sunitinib in combination

After treatment
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Table 5 Summary of progression-free survival

CDD schedule

Sunitinib 25 mg/day (n=4)

Schedule 2/2

Sunitinib 25 mg/day (n=16)? Sunitinib 37.5 mg/day (n=6)

Patients with events, n (%) 2 (50.0)
Progression-free survival, months”

Median 7.1

95 % CI 6.7-17.5
Probability of being event-free at month 6°
Percentage 100.0

95 % CI¢ 100.0-100.0

Exploratory analysis: scirrhous-type disease

Patients with events, n (%)
Progression-free survival, months®
Median

95 % CI

9 (56.3) 4(66.7)
12.5 5.8
6.4-16.5 44-79
78.3 50.0
56.5-100.0 1.0-99.0
Schedule 2/2

Sunitinib 25 mg/day (n=7)"

4(57.1)

125

10.1-13.3

CDD continuous daily dosing; CI confidence interval; Schedule 2/2 2 weeks on treatment followed by 2 weeks off treatment

#Maximum tolerated dose
®Based on the Brookmeyer and Crowley Method
¢ Estimated from the Kaplan—Meier curve

4 Calculated from the product-limit method

with S-1 and cisplatin might have antitumor activity in
patients with this disease type. However, as only seven of
16 patients at the MTD had scirrthous-type disease, caution
should be used when interpreting these results. Despite this
caveat, these data are encouraging, as scirrhous gastric can-
cer carries a worse prognosis than the non-scirrhous-type
[31, 32], as it is characterized by rapid cancer cell infiltration
and proliferation accompanied by extensive stromal fibrosis
[32]. The proliferative and invasive ability of scirrhous
gastric cancer cells have been shown to be closely associat-
ed with the growth factors produced by organ-specific

1.0 1 Sunitinib 25 mg/day (Schedule 2/2) + S-1 + cisplatin (n=16)
Median, 12.5 months (95% Cl, 6.4-16.5)

0.8

0.6

0.4

0.2 4

Probability of progression-free survival

Time (months)

Fig. 4 Kaplan-Meier estimate of progression-free survival in the max-
imum tolerated dose cohort (sunitinib 25 mg/day on Schedule 2/2+
cisplatin+S-1). CTI confidence interval; Schedule 2/2 2 weeks on treat-
ment followed by 2 weeks off treatment

@ Springer

fibroblasts and other stromal cells [32]. Therefore, targeting
this cancer—stroma interaction using a multitargeted tyrosine
kinase inhibitor such as sunitinib could be a reasonable
treatment option for patients with scirthous gastric cancer.
However, large randomized studies would be required to
confirm this hypothesis.

The combination of sunitinib with cisplatin plus S-1
demonstrated no PK drug—drug interactions, consistent with
the different pathways of metabolism and elimination for
these drugs. These findings are consistent with those from
the phase I study with cisplatin plus 5-FU in Western pa-
tients [23]. The mean observed Ciyyen plasma concentration
of 47.5 ng/mL, for total drug (sunitinib plus SU12662) at
steady-state with sunitinib 25 mg/day dosing, in the present
study suggests that optimal sunitinib exposure was almost
achieved, in terms of the required concentration for target
inhibition of >50 ng/mL [16].

In summary, the MTD of sunitinib was 25 mg/day on
Schedule 2/2 in combination with cisplatin and S-1 when
administered as a first-line therapy in patients with advanced
or metastatic gastric cancer. This combination had a man-
ageable safety profile and showed preliminary evidence of
antitumor activity.
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