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Abstract

Minerals are important for cellular functions, such as
transcription and enzyme activity, and are also involved in
the metabolism of anticancer chemotherapeutic compounds.
Profiling of intracellular elements in individual cells could
help in understanding the mechanism of drug resistance
in tumors and possibly provide a new sirategy of anti-
cancer chemotherapy. Using a recently developed technique
of scanning X-ray fluorescence microscopy (SXFM), we
anslyzed intracellular elements after treatment with cis-
diamminedichloro-platinum(lI) (CDDP), a platinum-based
anticancer agent. The images obtained by SXFM (element
array) revealed that the average Pt content of CDDP-resistant
cells was 2.6 times less than that of sensitive cells, and the
zine content was inversely correlated with the intracellular
Pt content. Data suggested that Zn-related detoxification is
responsible for resistance to CDDP. Of Zn-related excretion
factors, glutathione was highly correlated with the amount
of Zn. The combined treatment of CDDP and a Zn(II) chelator
resulted in the incorporation of thrice more Pt with the
concomitant down-regulation of glutathione. We propose
that the generation of an element array by SXFM opens
up new avenues in cancer biology and treatment. (Cancer Res
2005; 65(12): 4998-5002)

Introduction

Cis-Diamminedichloro-platinum{ll) (CDDP) is an effective
anticancer agent, but tumor cells can become resistant after
CDDP-based therapy (1), Detoxification of CDDP, an increase in
DNA repair, and excretion of CDDP have been implicated as
major factors contributing to CDDP resistance (1). Incorporated
CDDP is excreted by several molecules, such as overexpressed
P-glycoprotein (2), a zinc-related defense system that is regulated
by increased intracellular glutathione (GSH; ref. 3), and the ATP-
dependent glutathione S-conjugate export pump (GS-X pump),
which plays a role in the vesicle-mediated excretion of GSH-
CDDP conjugates from resistant cells {4). Recent reports suggest

Requests for reprints: Yokihito Ishizakn, Department of Intractable Diseases,
International Medical Center of Japan, 1-21-1 Toyama, Shinjuku-ku, 162-8655 Tokyo,
Japan. Phone/Faot: 81-3-5272-7527; E-mail: zakay@ri.imcj.gojp.

©2005 American Associntion for Cancer Research.

that minerals such as zinc (Zn) and copper (Cu), important
for normal cellular functions (5), are involved in CDDP resistance
(6, 7). The simultaneous monitoring of multiple numbers of
cellular elements would be helpful in identifying the mechanism of
drug resistance in a malignant cell. The recently developed
technique of scanning X-ray fluorescence microscopy (SXFM;
refs. 8, 9) has made it possible to detect elements of interest
by a single measurement and give a profile of these elements
at the single-cell level (termed an element array), To examine
the efficacy of element array analysis, we analyzed elements
before and after treatment with CDDP and compared the ele-
ment profiles of CDDP-sensitive and CDDP-resistant cells. We
showed that the Zn content has an inverse correlation with
Pt incorporation owing to a positive linkage with plutathione
(GSH), & Zn-dependent detoxification factor. The combined
treatment with CDDP and NN.NN-tetrakis-(2-pyridylmethyi)-
ethylenediamine (TPEN), a Zn (II)-chelator (10), increased Pt
uptake with a concomitant reduction of intracellular GSH, We
propose that the element array is a versatile method suitable
for obtaining information about metals involved in drug meta-
bolism and could contribute to a novel strategy for anticancer
chemotherapy.

Materials and Methods

Element array analysis by scanning X-ray fluorescence micro-
scopy. SXFM was set up at an undulator beamline, BL29XU, of the SPring-
8 synchrotron radiation facility (11) by combining a Kirkpatrick-Baez-type
X-ray focusing system (12, 13), an X¥-scanning stage for sample mounting,
and an energy-dispersive X-ray detector {SDD, Réntec, Co, Ltd.). Mono-
chromatic X-rays at 15 keV for Pt L-line excitation were focused into a
L5 pm (&) % 0.75 pm (W) spot with a measured flux of ~ 1 % 10** photons/s.
The focused X-rays simultaneously yielded the fuorescence of various
chemical species in a small volume of sample cells, a5 shown in Fig. 14.
The fluorescence from each element was taken independently and did
not overlap except for the Ptle signal, which waos contaminated by
ZnKp (Fig. 14). This was corrected by subtraction, as described previonsly
(8). In this study, we could also measure PtLf as o tnigue signal of Pt
(Fig. 14). After counts were collected for 4.0 to 85 seconds at each pixel of
scenning, the detected cotints were normalized by incident beam intensity.
In addition to the mapping images, an elemental concentration per single
cell was calcolated from the integrated elemental intensity over the whole
mapping image.m

2 4 Saito et al, manuscript in preparation.
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Visualization of Intracellular Elements
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Figure 1. Element array by SXFM. A, scheme of Imaging cellular
elements by SXFM. Coheren} X-rays are iocused on each area Scanning area
{pixel}, and the X-ray flusrescence from each elsment Is detected.
Each pixel glves an elemental spectrum, as shown In the right
panal, and an Integrated Intensity of the Individual element was B

mapped to the corresponding area of analyzed cells, B, SXFM Nomarski g Fe zn Pt (Lo)
analysls ajter CDDP treatment. Cell morphalogles obtalned by CDDP =

Nomarski are shown at X100 magnification (left). Each fleld of
view |s equivalent to an area of 70 X 70 um, Representative results
are shown. Brighter cofors Indicate a higher signal intensity of each
element. Resulls are shown for PC/SEN (top) and PC/AES cells
(botiom). Note the high Intensity of PtLe in PC/SEN cells afler
CBDP treatment (secand panel of the Pt column) and the higher SEN
signal intensity of Zn In PC/RES cells compared with that of
PC/SEN cells. C, element array based on SXFM analysis,
The mean signal Intensity of each element obtained by SXFM
analysis was calculated, and the fold Increase of elements

In PC/RES cells (red) was depicted by using the Intensity in
PC/SEN cells (biue) as a standard {feff). A part of analyzed
elements is shown. The fold Increase of elements In PC/SEN
(blue) and PC/RES cells (red) after CDDP treatment was also
shown by using the Intensity In PC/SEN betore CODP treatment as -
a standard (right). RES
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Chemicals and biochemical assays. TPEN (Sigma, St. Louis, MO; intracellular GSH. About 3 X 10° to 4 x 10° cells were subjected to GSH
tef. 10), GSH (Calbiochem, La Jolla, CA), and CDDP (Daiichi Kagakn, Tokyo, meastrement, and the data were normalized by cell number.
Japan) were purchased. A GSH colorimetric assay kit (Calbiochem) and a Cell lines. PC-9 cells (PG/SEN} and PC-9 cells resistant to CDDP
BCA protein assay kit (Bio-Rad, Hercules, CA) were nsed for measuring {PC/RES), originally derived from a lung carcinoma cell line (14), were
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maintained in DMEM (Nissui, Co., Tokyo, Jepen) supplemented with 10%
FCS (Sigma). The vigbility of PC/SEN cultured for 72 hours in the
presence of I pmol/L CDDP was 40%, whereas that of PC/RES was
~90%, In this study, each cell line when treated with 1 pmol/L CODP
for 24 hours showed >85% viability.

Colony formation. After treatment, aliquots of PC/SEN and PC/RES
were plated into culture dishes or soft agar, and the numbers of cell
aggregates consisting of >50 cells were counted. Bach number was
normalized by plating efficiency, and the mean and SD of the number
of formed colonies were calculated.

Sample preparation. Cells were plated on a silicon nitide base
(NTT Advanced Technology, Tokyo, Japan) 1 day before the experiment.
After incubation for 24 hours in the presence of 1 pmol/L CDDE, the cells
were washed with PBS, fixed in 2% paraformaldehyde in PBS for 10 minutes
at room temperature, and incubated in cold 70% ethanol for 30 minutes.
The calls were then placed in a 1:3 solution of glacial acetic acid and
methanol for 10 minutes, washed with 70% slcohol, and dried overnight
at room temperature.

Measurement of cellular platinum and zinc. To measure Pt and Zn,
~5 X 10° cells were subjected to inductively coupled plasma mass
spectroscopy (ICP-MS; Toray Research Center, Shiga, Japan; ref. 15).

Statistical analysis. The Pearson product-moment correlation
coefficient and Student’s ! test were nsed to evaluate statistical signifi-
cance {16).

Results and Discussion

Incorporation of platinum and element array after cis-
diamminedichloro-platinum(il} treatment. We analyzed intra-
cellular elements by SXFM after CDDP treatment (Fig. 14).
At 12 hours after treatment with 1 pmol/L CDDP, the level
of Pt was increased in PC/SEN cells, whereas little increase in
the Pt level was seen in PC/RES cells (Fig. 18). The intensity of
Pt in PC/RES cells was 2.6-fold less than that in PC/SEN cells, as
confirmed by the results of ICP-MS, which indicated that the amount
of Pt in PC/RES cells (5.5 fg/cell) was 3.6-fold less than that in PC/
SEN cells (19.7 fg/cell), Therefore, the decreased accumulation of
CDDP is likely to be responsible for resistance in PC/RES cells.

Based on the mean signal intensity obtained by $XFM, element
array analysis was carried out (Fig. IC). The element profie
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Figura 2. Chronological changes in elements after CDOP treatment. A, detection of elements In CDDP-treated PG/SEN cells. From the lefi, Nomarskl images, signals

of 8, Fe, Zn, Cu, and Pt are shown, Top and botlom: sets of panels show cells treat

ed with 1 and 2 pmol/L CDDP, respeclively, In each set of panels, control cells (1op)

and cells treated with CODP for 24 hours (middis} and 48 hours (botfom) are shown. In this experiment, the signals of PtL§ were measured Instead of Ptla

(see Materlals and Methods). The lowest panels show an apoplotic cell after 48 hours, B, summarlzed resuils of chronological changes of elements. The results after
treatment with 1 gmol/L (fop) and 2 pmoliL CDDP (bottom} are shawn. The mean signal Intensity was calculated from the results parlly shown n (A). Amang the
cellular elements, Zn was most Influenced by both 1 and 2 ymol/t. CODP treatment and had an Inverse correlation with Pt content.
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Visualization of intraceliular Elements
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Figure 3. Cellular Zn content and GSH. A, basal level of intracellular GSH.
The Intracellular GSH levels in PC/SEN (black) and PC/RES cells (gray) were
measured. GSH was significantly higher In PC/RES than in PC/SEN cells

(f test, P < 0.05). B, correfation between Zn and Intracellular GSH. A scatter
diagram for Pearson product-momen correlation coefflcient Is deplcted.

Zn, measured by SXFM (red squares, n = 27) and by ICP-MS (green circles,
n = 29), was plotted against Intraceliular GSH, Scattered values were based on
data from both FC/SEN and PC/RES cells. The correlation coefiiclent r was
calculated, and the statistical signilicance was determined (P < 0.05).

facilitates the identification of the elements related to the mecha-
nism of drug resistance to CDDP. First, we noticed that the Zn
content of untreated PC/RES cells was ~ 3-fold of that in PC/SEN
cells (Fig, 1C, left). The difference in the Zn contents of these cells
was confirmed by ICP-MS analysis {105 fg/cell for PC/SEN cells and
189 fg/cell for PC/RES cells, respectively), When 1 pmol/L CDDP
was used for treatment, constitutive high Zn was observed in PC/
RES (Fig, 1C, right). In PC/SEN cells, the amounts of all the elements
were slightly increased, but the amount of Zn was increased most
markedly.

We then analyzed the chronological changes in the levels of
elements in PC/SEN cells following CDDP treatment. Representa-
tive results for 8, Fe, Zn, Cu, and Pt are shown in Fig. 24. Pt was
clearly observed at 24 hours after treatment with 1 or 2 pmol/L
CDDP (Fig. 24). It was, however, barely detectable at 48 hours
after the cells were treated with 1 umol/L CDDP (Fig. 24, top),
suggesting that the cells excreted CDDP, In contrast, the cellular
content of Pt gradually increased after treatment with 2 pmol/L
CDDP (Fig. 24, bottom), and apoptotic cells with high levels of
incorporated CDDP were observed after 48 hours (Fig. 24, bottom).

The element profile was plotted against the time after treatment
with CDDP (Fig. 2B). When the cells were treated with I pmol/L
CDDP, the Zn content increased remarkably and reached a peak at
24 hours (Fig. 2B, top, red line). In these cells, the Pt content was
reduced after 48 hours. When the cells were treated with 2 pmol/L
CDDPE, the Zn content decreased within 24 hours (Fig, 28, botton),

and the Pt content increased within 48 howrs. In this analysis, Cu
did not show significant changes. The results imply that the
intracellular Zn content has an inverse correlation with the
incorporated Pt content.

Cellular zinc and zinc-related detoxification. We studied
Zn-related detoxification factors, such as metallothioneins (17),
GSH (18), and the GSH-coupled excretory pump GS-X (4), and
we observed that intracelllar GSH was high in PC/RES cells
(Fig. 34). We then examined the possible correlation between the
intracellular Zn content and GSH. As shown in Fig. 3B, the GSH

- levels showed a significant correlation with the levels of Zn

detected by both ICP-MS and SXFM (Pearson product-moment
correlation coefficient r = 0.794, P < 0.05 and r = 0.533, P < 0.05,
respectively). The levels of Zn detected by SXFM may have less
correlation with GSH than do the levels detected by I1CP-MS
because SXFM analyzed Zn in a small number of cells, whereas the
analyses of GSH using JCP-MS were carried out on >10° cells.

Effects of zinc depletion and cis-diamminedichloro-
platinum(ll) wptake. To examine ways of increasing the
sensitivity of PC/RES cells to CDDF, we used the Zn(ll) chelator
TPEN, as it was thought that CDDP uptake would increase when
the GSH level was down-regulated by decreased Zn. Consistent
with this hypothesis, treatment with 7.5 umol/L of TPEN decreased
cellular Zn to ~40 fg/cell at 30 hours after treatment in PC/SEN
cells (Fig. 44, left, solid line), The decrease seen in PC/RES cells
owing to TPEN treatment was more rapid, with the Zn eoncen-
tration being reduced to ~ 40 fg/cell within 7 hours (Fig, 44, left,
dashed line). The intracellular GSH also decreased with the
reduction in intracellular Zn (Fig, 44, right, dashed line),

To determine the effects of TPEN on the growth of PC/RES
cells, the cells were pulse-treated for 2 hours with TPEN for 5
consecutive days and the growth was examined, Although
treatment with 1 wmol/L. CDDP did not induce apparent
morphologic changes (Fig. 48, bottom, left), the combined treat-
ment with TPEN and CDDP caused prominent changes (Fig. 4B,
bottom, right). A colony formation assay clearly showed that the
combination of CDDP and TPEN, as well ag single TPEN treatment,
significantly impaired the growth of PC/RES cells (Fig, 4C).
Consistent with these changes, ICP-MS indicated that the
intracellular Pt content increased 3.5-fold after the combined
treatment (from 0.38 to 1.35 fg/cell with TPEN treatment). It is
important to note that the same dose of TPEN did not attenuate
the growth of PC/SEN cells (Fig. 4C). These datz indicate that the
GSH level seems to be critical for resistance in PC/RES cells,
consistent with previous reports that CDDP-resistant cells have
high levels of GSH and that a decrease in GSH results in loss of
resistance (3, 19). Our data also suggest that the high GSH content
was maintained by the effects of Zn in PC/RES cells. Overall, gur
trial treatment with combined TPEN and CDDP suggests that this
combination would be effective in eliminating tumors even if they
include a CDDP-resistant population of cells with high Zn content,

We showed the use of element array analysis by SXFM to
examine a mechanism of CDDP resistance, Based on element
profiles, we successfully overcame CDDP resistance in PC/RES cells
by using a Zn chelator that down-regulated the GSH level
Although it has been reported that Cu is a necessary factor for
CDDP incorporation {7}, the present work revealed that Cu was
not involved in PC/RES cells. It is tempting to speculate that
drug resistance is generated by various elements, and we propose

" that an element array can contribute to better understanding of

cancer biology as well as other fields of medical science.
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The number of published studies on peritoneal dissemination of
scirrhous gastric carcinomais very small as a result of the unavailability
of highly reproducible animal models. Ortholopic implantation of
HSC-44PE and H5C-58 {scirrhous gastric carcinoma-derived cell fines)
cells into nude mice led to dissemination of the tumor cells to the
greater omentum, mesenterium, peritoneum and so on, and caused
ascites in a small number of animals. Cyeles of isolation of the ascitic
tumor cells and orthotopic inoculation of these cells were repeated
in turn to animals. This was to isolate highly metastatic cell lines
with a strong capahility of inducing the formation of ascites (44As3
from HSC-44PE: 58As1 and 58As9 from HSC-58). All three cell lines
induced tumor formation at the site of orthotopic injection, and
caused fata! cancerous peritonitis and bloody ascites in 90-100% of
the animals approximately 3-5 weeks after the inoculation. When
the parent cells were implanted, the animals becarne moribund in
approximately 12-18 weels, however, none of the animals developed
ascites. Complementary DNA microarray and immunohistochemical
analyses revealed differences in the expression levels of genes coding
for the matrix proteinase, cell adhesion, motility, angiogenesis and
proliferation between the highly metastatic- and parent-cell
lines. The usefulness of this model for the evaluation of drugs was
assessed by analyzing the stability of the metastatic potential of
the cells and the reproducibility. Animals intravenously treated
with CPT-11 and GEM showed suppressed tumor growth and
significanily prolonged survival. The metastatic cell lines and the
in vive model established in the present study are expected to
serve as a model of cancerous peritonitis developing from primary
lesions, and as a useful means of clarifying the pathophysiology
of peritoneal dissemination of scirrhous gastric carcinoma and
the development of drugs for its treatment. {Cancer Sci 2005; 96:
323-332)

Al‘ihongh therapeuntic results for gastric cancer have
improved recently, the prognosis of patients with sciirhous
gasiric carcinomn still remains very poor. Scirhous gastric
carcinoma (diffusely infiltrative carcinoma or Borrmann's
type-1V carcinoma, or the linitis plastica-ype carcinoma) is
characlerized  macroscopically by rigid thickening of the
involved region of the gastric wall, cansing il 1o assume a
plate-like appearance, rather than by a well-defined mass,'"
Histopathologically, scirthous cancer cells do not form glands,
bul cause diffuse nfHration of a broad region of the gastric
wall, resulling in fibsous-like thickening of the gastric wal] 24
Because of such pathological features, early clinical dingnosis
of scirhous gastric carcinoma is difficult. By the time the
diagnosis is made, peritoneal dissemination or distant metastasis
to lymph nodes has already ocawred in many cases. Peritoneal
dissemination occurs frequently even after radical surgery, and
is the cause of dealh in many patients*™ Thus, peritoneal

© Japanese Cancer Association  doi: 10.1113/4.1349-7006.2005.00054.%

dissemination, a frequent form of recurrence and metastasis
of scirrhous gastric carcinoma, serves as a major factor
determining the prognosis of patients with scirrhous gastric
carcinoma. To dnte, however, the mechanism of peritoneal
dissemination in this lype of cancer has not yel been fully
clucidated.

Several theories have been proposed to explain the mechan-
ism of peritoneal dissemination in human gasiric cancer; it has
been suggested that the cancer cells are detached from the
primary lesions and freed into the peritoneal cavity, to colonize
the peritoneum and induce cancerous peritonitis. However, most
of the proposed theories remain speculations, and are seldom
based on adequate evidence.™® It cannot be overemphasized
therefore that animal models of this condition are urgently
needed to pursue studies on its pathophysiology, Some investi-
antors have reported on a model of this condition established
by direct inoculation of cultured gastric cancer cells into the
peritoneal cavity. ™% Tt is difficult, however, to view this model
as faithfully reflecting the characteristics of cancerous peritonitis
vbserved in clinieal cases. In the past, it was considered difficult
to reliably establish a model of peritoneal dissemination devel-
oping from the primary lesions. Under these circumstances,
we established seven cultured cell Lines derived {from human
scirrhous gastric carcinoma st analyzed their characteristics. ="
Of these cell lines, the HSC-44PE and HSC-58 cells were found
1o show spontaneous metastasis to lymph nodes and lungs
following s.c. implantation in nude mice.""" Then, to isolate cell
lines with a high metastatic potential, we performed repetitive
s.c. inocutation of these cell lines and isolated sublines that
tended to melastasize o lymph nodes. When these sublines
were implanted orthotopically, a small number of animals
showed massive bloody ascites. This phenomenon resembled
the cancerous peritonitis seen in clinical cases and suggested a
high possibility of establishing a reproducible monse model of
peritoneal dissemination.

In the present paper. we shall report on an analysis of the
characteristics of lumor cell lines that often cause ascites (cell
fines with a high potential for peritoneal dissemination) isolated
hy repeated orthotopic implantation of HSC-44PE and HSC-58
cells. The puper will also describe the results of cDNA microarray
and immunohistochemical analyses of these cell lines as the first
step towards clarifying the molecular mechanism of develop-
ment of peritoneal metastasis in gastric cancer. In addition, the
usefulness of these cell lines as @ melel for drug evaluation will
also be discussed.

To whom correspondence should be addressed. E-mail: kyanagih@gan2.res.ncc.go.jp
Abbreviations: ¢DNA, complementary DNA; CPT-11, camptothecing GEM, gemcitahine;
5.¢., subcutaneously; i.p., intzaperitoneally; i.v., intravenously.
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Materials and Methods

Cell lines and culture. HSC-39, HSC-44PE and HSC-58 and cell
lines established from human scirhous gasiric carcinomas have
been reported previously. ! The cell lines were maintained in
RPMI1640 medinm (Immuno-Biological Laboratories (IBL),
‘Takasaki, Japan) supplemented with 10% FCS (Sigma Chemical,
St Louis, MO, USA), 100 I/mL penicillin G sodium and
100 pgfml. streptomycin sulfate (IBL} in a 5% CO, and 95% air
atmosphere at 37°C, The cells were passaged and expanded by
trypsinization (0.05% trypsin and 0.02% EDTA; 1BL}, followed
by replating every 5-7 days. All the cell lines were routinely
tested for Mycoplasma by the Central Institute for Experimental
Animals (Kawasaki, Japan), and no contamination was detected.
For injection inlo mice, cells in log-phase growth were harvested
by trypsinization and washed with serum-free RPMI1640
meditum.

Animal experimentation. The animal experimental protocols
were approved by the Commilttee for Ethics of Animal Experi-
mentation, and the experiments were conducted in accordance
wilh the Guidelines for Animal Experiments in the National
Cancer Center. The mice were purchased from CLEA Japan
(Tokyo, Japan) and maintained under specific pathogen-free
conditions. They were provided with sterile food and water and
housed in cages. The ambient light was controlled to provide
regular 12-h light and 12-h darkness cycles.

Establishment of cell lines with a strong potential for inducing the
formation of peritoneal metastasis. HSC-44PE and HSC-58 cell
lines were incculated by the orthotopic implantation technique
into BALB/c nude mice. Al appropriate infervals, or when
moribund, the mice were sacrificed and the ascitic tumor cells
were harvested aseptically. The cell suspensions were then
cultured in vitre. The same procedure was repeated using botl
cell lines, and cell lines with a high potential for inducing the
formation of peritoneal metastasis were established afler 12
cycles of stepwise selection. Each resultant cell line after in virre
passages 5—10 was used for experiments.

Orthotopic implantation. Six-week-old female BALB/c nude
mice were anesthetized by 1p. injection of 2.2.2-tribromoethanol
{Aldrich Chemical, Milwaukee, WI, USA) at the dose of 0.28 mg/
g bodyweight. Then, after making a small median abdominal
incision in 1he mice under anesthesia, 2 x 108 cells in 0.05-mL
volume of RPMI mediam were inoculated into the middle wall
of the greater curvature of the plandular portion of the stomach
using a 30-gauge needle (Nipro, Tokyo, JTapan). The stomach
was then returned into the peritoneal cavily, and the abdominal
wall and skin were closed with an AUTOCLIP applier (Becton-
Dickinson, Sparks, MD, USA). The mice were killed 200 days
after the tumor cell inoculation or when meribund, and
peritoneal dissemination was evalualed by counting the number
of lumor nodules in the mesenterinm. The body organs were
examined for metastasis, and various tissues were processed for
histological examination.

Evaluation of the growth rate and metastatic potential of the cell
lines. The tumoripenicity and spontaneous-metastatic potential
of the cell lines were tested by s.c. injection of 0.5-1 x 107 cells
suspended in 0.2 mL of RPMI1640 medium into G-week-0ld
female BALB/c nude mice, All the mice were numbered, housed
separalely, and examined twice weekly for tumor development,
The tumor mass was meastred in two dimensions with calipers,
and the tumor volume was calculaled according to the equation
(1% w?y2 (¢ =length, w = width). Al appropriate intervals or
when moribund, the mice were killed, and varions organs and
lissues were examined for melastasis and processed for histo-
logical examinntion as deseribed.!

Therapeutic studies with CPT-11 and GEM. Orthotopic  mplant-
ation of 2 % 10° 44 As3 or 538As1 cells was condueted in G-week-
old female BALB/c mice {Day 0). The experimental mice were
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divided into a control group thal received vehicle alone (saline},
and experimental groups that received 1.v. inoculation of different
doses of the drugs (50~200 mg/kgfmonse). On Days 3, 7 and 11,
tlumor-bearing mice received an iv. injection of 7-Ethyl-10-[4-
{E-piperidino)-1-piperidino]  carboxycamptothecin  (CPT-11).
CPT-11 was purchased from Yakult Honsha (Tokyo, Japan) and
dissolved in saline before being injected iv. Gemcitabine
{gemcilabine hydrochloride), chemically characterized as (+)-2'-
deoxy-2’, 2".difluorocytidine monohydrochloride, was purchased
from Eli Lilly Japan {Kobe, Japan). The mice were administered
i.v. inoculations of GEM on days 3, 7, 10, 14, 17, and 21. Seven
inice from each group were killed when moribund, or on Day 70.

Statistical analysis. All the data were expressed as the mean *
SE. and analyzed using the unpaired 1-test and a P-value of less
than 0.001 was considered to denote statistical significance.

RT-PCR analysis. Total RNA was extracted using the ISOGEN/
ISOGEN-LS Poly (A) + Isolation Pack (Nippon Gene, Tokyo,
Japan), in accordance with the supplier's protocol. Afler reverse
transcription using 1 pg tota] RNA with an oligo {dT) primer,
the whole mixiure was used for PCR delecting human and
murine B actin. The primers used were as follows; human f§ actin
forward primer, GGAAATCGTGCGTGACATT: reverse priner,
CATCTGCTGGAAGGTGGACAG; murine B actin forward
primer, GAAATCGTGCGTGACATCAAA; reverse primer,
TACTGGTGCTAGGAGCCA, PCR was performed uvsing an
RNA PCR kit (Applicd Biosystems, Foster City, CA, USA),
under the following condilions; initial denaturation at 95°C
for 2 min, 35 cycles of amplification {denaturation at 95°C for
60 s and annealing at 60°C for 60 s), and extension a1 72°C for
7 min. The PCR products were electrophoresed on 2% agarose
gel, and stained with ethidium bromide.

Gene expression profiling by cDNA microarray analysis. 5 pg total
RNA was amplified using an ir wiro transcription reaction.t®
The ampliied RNA (6pg) was reverse-transcribed using
random hexamers and amincallyl-dUTP. The synthesized cDNA
was labeled by allowing it to react with a dye (NHS-ester Cy3
or Cy5, Amersham Biosciences, Buckinghamshire, UK LY The
labeled ¢DNA was applied to the DNA microarray (Human IA;
Agilent Technologies, Palo Alto, CA, USA) and hybridized al
G3°C for 17 h. After washing, the microarray was scanned on a
scanner {Agilent, G2565BA) and the image was analyzed using
a Feature Extraction software (Agilent). The signa) intensity
of each spot was calibrated by subtraction from the intensity of
the negative control. Global normalization methods were used
for idenitfication of the differentially expressed genes in each
microarray experinent,

Immunochistochemical Analysis. Muouse antibodies against human
Cathepsin L (C2970) and MMP-1 (M6427: Sigma-Aldrich, St.
Louis, MO, USA), human VEGF (JH121: Laboratory Vision,
Fremont, CA, USA), human EGER (31G7: Zymed Laboratory,
San Francisco, CA, USA) and human Smadd (B-8; Santa Cruz
Biotechnology, Santa Cruz, CA, USA) were used for this study.
The other antibodies used have been described in a previous
study." Immnnohistochenical staining was camied owt as described
previously® The stuining was repeated {o check for possible
technical errors, bul the resulis were consistent. Scores for the
expression of various genes were assigned semiquantitatively
according lo the percentage of the cells stained and the staining
iiensity.

Results

Establishment of the highly metastatic cell lines. Following s.c.
inoculation, 20-40% of the HSC-4PE and HSC-58 cells
{cultured scirrhous gastric carcinoma cells) metastasized sponta-
neously o the regional lymph nodes and lungs. When the
subclones isolated by repeated s.c. injection of these cells were
implanted orthatopically, they spread to the grealer omentum,

@ Japanese Cancer Association  doiz 10,11114,1349-7006.2005.00054.x
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fig. 1. Phase-contrast micrographs and the growth properties of the sublines showing a high metastatic potential and their parent cell lines.
Original magnification, : 200. {A), Grawth curves of the cells in vitro. Cells were seeded at a density of 1:: 10 cellsiwell in 6-well plates (Falcon,
Lincoln Park, NJ, USA), and the cell numbers were determined daily. The resuits of a representative experiment are given and the points indicate
the average of the results in 3 wells in which the cell numbers varied by 10%. (B), Growth curves of the cells in viva. Tumor volume was measured
at predetermined time intervals described in ‘Materials and Methods.” HSC-44PE (D), 44As3 (H), H5C-58 {O), 58As1 (@), and 58As8 {A) cell lines

were used. Similar results were obtained in a second experiment conducted independently.

mesenterinm and so on, and caused the formation of bloody
ascites in a small number of animals.™ Following this resull,
we incubated the cancer cells isolated from the ascitic Nuid
of mice, which developed cancerous peritonitis 3—6 months
following the orthotopic implantation of HSC-44PE and HSC-
58 cells, and attempted orthotopic injection of the incubated
cells. This sequence of manipulations was repeated for 12 cycles
in an atlempl 1o reliably isolate cell ines thal would have higher
polentials of nndergoing metastasis (in the form of dissemination)
over short pericds of fime. We firsi obtained a cell line (44A53)
from 118C-44PE cells that possessed a high metastatic potential,
witly a strong capability ol inducing ascites. The 44As3 cells
resembled the parent HSC-44PE cells in their morphological
characteristics, While most cells of this subline exhibited high
adlesivily, a small number of spherical cells remained Noaling
and showed proliferative aclivity. Oceasional signet ring cells
were also vhserved (Fig. 1). Although the proliferative polentizl
of the 44As3 cells did not differ greatly from that of the parent
celt lime in wiro (Fig. 1A), the former induced more rapid s.c.
wumor formation than the fatler (Fig. 1B).

Two highly metastatic cell lines {38As1 and 38 As0} were also
established from lhe HSC-58 cells. The 58As] cells assumed the
form of aggregates of spherical cells with low adhesive capacity,
which remained foating and showed proliferalive activity. In
conlrast, 38As9 cells often exhibited high adhesivity, resembling
the parent cell line, HSC-58, in this characteristic (Fig. 1). Both
38Ax1 and 58As9 cells exhibited higher proliferative potential
fit vitrer than the parent HSC-58 cells (Fig. 1A), and the twumor-

Yanagihara et al.

forming capability following s.c. injection of these subclones
differed markedly from that of the parent cell line; the 38Axgl
cells, m purticular, showed a markedly higher fumor-forming
capability (IFig. 1B).

Comparison of the highly metastatic cell lines and the parent cell
lines in vivo, Table 1 shows the metastatic belavior and the
survival days of animals following erthotopic injection of the
tumor cells. Ortholopte implantation of 44As3 cells resulied
in the formation of bloody ascites approximately 20 days later,
and some mice became moribund (Fig. 2D). Dissemination was
most often seen to the greater omenturm, mesenteriun, parietal
peritoneum, diaphragm, and so on. Melastasis to the regional
lymph nodes and liver was also frequently seen (Table 1)
Micromelastasis was observed in the pancreas (also in the lungs,
although rarely). The percentage of parent HSC-44PE cells that
survived al the site of implantation was 68%. Inoculation of
HSC-4PE cells resulted in the animals becoming moribund
approximately 85 days afier the implantation, but none of the
apimals developed ascites (Table 1, Fig. 2D).

When 58As] or 538As9 cells were implanted orthotopically,
bloody ascites began o form approximately 3 weeks aller the
inoculation, accompanied by tumor dissemination to the grealer
omentum, mesenterinm, parietal peritoneum, dizphragm and so
on, and the animals died soon thereafter (Table I, Fig. 2A-C).
Lymph node metastasis was observed in all the animals;
mefastasis to the Hiver was also noted. Micromelastases were
seen in the pancreas and the lungs. Implantation of 58AsI cells
was followed by the development of micrometastases in (he
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Table 1. Metastasis and peritoneal dissemination after orthotopic inoculation of human gastric cancer cell lines and sublines’

Disseminated Metastasis

Ceflline  Survival days Tumo.r Ascites Lymph Lung' Lliver Pancreas’ Kidney' Parietal
formation node Omentum  Mesenterium - Diaphragm
peritoneum

HSC-44PE 131144 1319 013 513 a3 o3 013 03 4M3 313 2113 013
(85-200) {68%) (0%)

44 As3 33x 1 2121 19721 2921 2/21 1921 10421 0/21 2121 2121 202 14/21
(20-62} (100%)  (90%)

HSC-58 85+ 16 16420 /186 &6 1186 376 1116 016 6/16 316 3156 0/i6
{68-123) {80%) (6%

58A51 325 21421 202t 2121 6/21 19721 721 4/21 2121 21421 21721 13721
{23-42} (100%) {95%)

58As9 451 13 14114 14/14  14/i4 2114 KL 1/14 0ri4 1414 10/i4 114 8/14
(22-68) {100%)  (100%}

'Mice were killed at 200 days after the orthotopic implantation. Data are shown as the number of mice bearing metastasis at the site/total number
of mice bearing tumor. "Micrometastasis.

100 100+
o~
g ool 80
L]
B L 60 -
[ 60
2 40 407
s —HSCHMPE
@A 20! — A4As3 207
I [ I[ : I
. oy o o oo 0 50 100 150 200
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Fig. 2. Macroscopic appearance of the peritoneal disseminations, and survivaj of nude mice after orthotopic impiantation of the cell lines. {A,B),
Carcinomatous peritonitis was cbserved 4 weeks after orthotopic implantation of 58As1 cells. Abdominal distension because of bloody ascites was
evident. (C), Peritoneal dissemination was recognized from the innumerable whitish nodules visualized in the abdominal cavity, mesenterium,
omentum, parietal peritoneum and diaphragm. Orthotepic implantation of 58As1 cells in the stomach of nude mice was followed by tumor
formation 3 weeks later {green arrow, inset). (D), Survival of 44As3-, and HSC-44PE-tumor-bearing mice {n = 15; £ < 0.001). (£), Survival of 58As1-,
58As9-, and HSC-58-tumor-bearing mice (n = 20; P < 0.001). The experiments were repeated thrice and yielded similar results each time.
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Table 2. Genes that show differential expression levels in 44As3 cells as compared with those in HSC-44PE cells

Ratio Symbol Gene name

Function and description

Upregulated gene

29.63 MMPT Matrix metalloproteinase 1

11.25 LOC57402

9.68 11109564 H19

4.92 LGALST Lectin, galactoside-binding, galectin 1
484 1 930461 Tropomyosin 2 (beta)

4.47 AGR2 Anterior gradient 2 homolog (Xenepus laevis)
4.40 BOK BCL2-related ovarian killer

4.03 NAPTLL Nucleosome assernbly protein 1-like 4
3.99 TNC Tenascin C (hexabrachion)

3.98 HSPB1 Heat shock 27 kDa protein 1

3.95 HGD Homogentisate 1,2-dioxygenase

3.83 PIGPCT

3.52 PIASY

3.48 syp Synaptophysin

3.38 RPS12

3.36 CTsL Cathepsin L

3.35 HSPCOT8

3.23 INSIGT Insulin induced gene 1

3.20 1 962761 Insulin induced gene 1

3.7 1 963048

Downregulated gene

0.14 THBST Thrombospondin 1

0.34 PRGT Proteoglycan 1, secretory granule
0.41 CUL48 Cullin 4B

0.41 MCM3 MCM3

0.42 MNFE2L2 Nuclear factor {erythroid-derived 2)-like 3°
0.43 THBS4 Thrombospondin 4

0.45 Ccps9 CD59 antigen p18-20

0.46 VBP1 von Hippel-lindau binding protein 1
046 LOC57659

0.47 PODXL

0.47 HZ2BFB

0.47 ZNF195 Zine finger protein 195

0.47 MET-1

0.48 D44 D44 antigen

0.48 NDUFAT NADH dehydrogenase {ubiquinone)

Proteolysis and peptidolysis, collagenase

Cell signaling

Unknown function

Apoptosis, cell adhesion

Contractile proteins

Oncogenesis

Induction of apoptosis

Nucleosome assembly

Binding, cell adhesion

Regulation of translational initiation

Tyrosine catabolism, phenylalanine catabolism
Plasma membrane protein actvated by p53, cell death
Apoptosis

Regulating neuroctransmitter release
Ribosomal protein 512

Associated with highly invasive tumors
Unknown function

Metabeolism, cell proliferation

Metabolism, cell proliferation

Immunity

Endopeptidase inhibitor, signal transducer, cell adhesion
Proteoglycan

Cell cycle

Adenosinetriphosphatase, DNA binding

Transcription coactivator, transcription factor

Heparin binding, calcium ion Binding, cell adhesion
Lymphocyte antigen, defense response, signal transduction
Proiein binding

Unkown function

Lymphocyte adhesin and homing

H2B histon family member B

Cyclin, cell cycle
Transmembrane glycoprotein, extracellular matrix attachment
Energy pathways

kidney also. Although only rarely, pleural effusion and ovarian
micrometasinses were also noted (data not shown). Orthotopic
injection of the parent cell line (HSC-38), however, resulted
in the mice becoming moribund approximately 68 days after
the implantation (Table I, Fig, 2E). When the dead animals
were aulopsied, mild peritoneal dissemination was noted, but
ascites were observed in only a very small number of animals
(Table 1).

Comparison of gene expression between the highly metastatic- and
the parent celf lines. The parent cell lines with a low potential
for peritoneal dissemination were compared with the highly
metastatic cell lines, using a ¢DNA microarray (approximately
30 000 genes; Agilent). The differences in the gene expression
levels between the two types of cell lines were asscssed by
measuring the ratios of their expression. The ratio was rated as
significant when it was over 2:1. The first 15 genes ranked in
terms of this ratio are shown in Tables 2 and 3. When the highly
metastatic cell line 44As3 was compared with its parent cell line
HSC-44PE, the expression of 89 genes, such as that of MMP1
and cathepsin L, was more infense and that of 19 gencs; for
example. thrombospondin 1 was less infense in the 44As3 cells
in comparison 1o the parent cell line (Table 2). Table 2 shows the
results of a similar comparison of 38As| and 58As9 cells (highly
metastatic cell lines showing o marked increase of proliferalive

Yanagihara et 3/,

potential) with the parent cefl line, HSC-58. Compared to that in
the parent cell line, 58As1 cells showed more intense expression
of 40 and less infense expression of 20 of the genes examined,
while 58As9 cells showed more intense expression of 36 and
less intense expression of 32 of 1he genes examined. In addition
to the MMPI and cathepsin L genes, genes encoding molecules
associated with cell adhesion, motility, proliferation, apoplosis,
metabolic enzymes and so on, also showed altered expression.
Then, the expression levels of MMPI and cathepsin L were
confirmed at the protein level and compared with the expression
levels of known metastasis-associated genes (Table 4). Weak
MMP] protein expression was seen in 44As3 cells as well as
58As9 cells. The cathepsin L. gene was expressed in HSC-44PE
cells, bul even stronger expression was observed in the 44As3
cells (Fig. 3A,B). Intense expression of this gene was also seen
in the metastatic cell line, 38As1 (Fig. 3C). Moderate expression
of the cathepsin L gene was observed in 58As9 cells, whereas
expression of this gene was totally absent in the parent cell line
{Fig. 3D). Molecules whose expression levels differed markedly
between the parent cell line and the 58Asi or 58AsD cells were
dysadherin, CD44, integrin B4, EGFR (Fig. 3E.F), HGF, and
VEGE (Fig. 3G,H). While dysadherin was not expressed in
the HSC-58 cells, it was expressed intensely in all the highly
metasiatic subelones (Fig. 31J). Intense expression of nm23
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Table 3. Genes that show differential expression levels in 58As1 and 58As9 compared with that in HSC-58 cells

Ratio Syrmbol Gene name

Function and description

Upregutated ' genes 58As1

19.41 ADHIC Alcohol dehydrogenase 1C, gamma polypeptide

18.59 ADHI1B Alcohol dehydrogenase B, beta polypeptide

17.70 FABP1 Fatty acid binding protein 1, liver

15.21 ADHITA Alcohol dehydrogenase 1A, alpha polypeptide

14.15 PLAT Plasminogen activator, tissue

11.01 MTP Microsomal triglyceride transfer protein subunit precursor
10.47 AKR1C2 Aldo-keto reductase family 1, member C2

4.71 CYPiBi Cytochrome P450, family 1, subfamily B, polypeptide 1
4,67 AKRIC2 Aldo-keto reductase family 1, member C3

4.04 PON2Z Paraoxonase 2

4.0 RDHL

3.73 SERPINE2 Serine proteinase inhibitor, clade E, member 2

3.60 FPPIR14A Protein phosphatase t, reqgulatory subunit 14A

3.54 TGFBI Transforming growth facter, beta-induced, 68 kDa

3.45 PROCR Protein C receptor, endothelial (EPCR}

Upregulated genes 58As9

7.03 AKR1C2 Aldo-keto reductase family t, member C2

6.08 11109564 H18, imprinted maternally expressed untranslated mRNA
5.95 MKNK2 MAP kinase-interacting serinefthreonine kinase 2

4.10 APOCT Apolipoprotein C

4.07 FLI21847

4.02 SERPINE2 Serine proteinase inhibitor, clade E, member 2

3.77 CTSL Cathepsin L

3.28 AKRTC2 Aldo-keto reductase family 1, member C3

3.1 SIAT8B Sialyltransferase 8B (alpha-2, 8-sialyltransferase}

3.01 FKBP18 FK506 binding protein 1B

2.82 KIAAT247

2.80 11000731 GRB2-associated binding protein 2

277 STMN3 Stathmin-like 3

2.75 ANK3 Ankyrin 3, node of Ranvier {ankyrin G)

2.74 CEBPE CCAAT/enhancer binding protein {/EBP), epsilon
Downregulation 58As1

0.1 LAMRT Laminin receptor 1

013 ST00A4 5100 calcium binding protein A4

0.15 RARREST Retinoic acid receptor responder

.15 HLA-DQBT HLA complex, class If, DQ beta 1 precursor

0.15 KLKE Kallikrein & {neurosin, zyme)

0.16 TMASF4 Transmembrane 4 superfamily member 4

0.16 HLA-DRA Maijor histocompatibility complex, class 1, DR alpha
0.17 CTNNBT Catenin {cadherin-associated pritein), beta 1, 88 kDa
0.19 HLA-DRB3 Major histocompatibility complex, class Il, DR beta 3
0.20 SAT Spermidinefspermine N1-acetyhltransferase

0.20 HLA-DRBS Major histocompatibility complex, class 1l, DR beta 5
0.20 1 966873

0.21 FOS v-fos FBJ murine osteosarcorna viral encogene homolog
0.21 I_965396

0.22 CEACAME Carcincembryonic antigen-related cell adhesion molecule 6
Downregulation 58459

0.06 CEACAMS Carcincembryonic antigen-related cell adhesion molecule 8
0.07 TM4SF3 Transmembrane 4 superfamily mernber 3

0.07 LAMR1 Laminin receptor 1 (ribosomal protein SA, 67 kDa)

0.09 CEACAME Carcincembryonic antigen-related cell adhesion molecule 6
0.12 CTNNBT Catenin {cadherin-associated pritein), beta 1, 88 kDa
0.12 KRT19 Keratin 19

0.13 KRTHA3A Keratin, hair, acidic, 3 A

0.13 CEACAM3 Carcinoembryonic antigen-related cell adhesion molecule 3
.14 1_956690

017 510044 $100 calcium binding protein A4

0.20 FO3 v-fos F8) murine osteosarcoma viral oncogene homoelog
0.22 DAF Decay accelerating factor for complement {CD5S)

0.23 MYC v-myc myelocytomatosis viral oncogene homolog (avian)
0.24 CRIP1 Cysteine-rich protein 1 {intestinal)

0.24 KRTHEG Keratin, hair, basic, 6

Zinc ion binding, electron transporter, metabolism
Zinc ion binding, electron transporter, metabolism
Lipid transporter, fatty acid metabolism, cell signaling
Zinc ion binding, electron transporter, metabolism
Proteolysis and peptidolysis, blood coagulation

Lipid metabolism, Small molecule-binding protein
Bile acid efectron transporter, metabolism
Cytochrome P450, electron transporter, morphogenesis
Electron transporter, metabolism, cell proliferation
Arylesterase

NADP-dependent retinel dehydrogenase/reductase
Serpin, develcpment

Integrin binding, tumeor suppressor, cell adhesion
Receptor, inflammatory response

Bile acid transporter, binding, electron transporter
Unknown function

Phosphorylation, signal transduction

Lipid metabolism

Unknown function

Serpin, development

Cathepsin L, associated with highly invasive tumors
Electron transporter, metabolism, cell proliferation
Metabolism, embryogenesis and morphogenesis
Popeptidylprolyl isomerase

Member of the sulftase family

Protein-protein and protein-lipid interactions
Neurogenesis, SCG10 like-protein, tumor progression
Cytoskeletal anchoring, vesicle transport
Transcription activating factor, defense response

Signal transduction, cell adhesion, invasive growth
Calcium ion binding, invasive growth

Negative regulation of cell proliferation

Immune response

Serine-type peptidase, pathogenesis

Negative regulation of cell preliferation, glycosylation
Imimune response

Tumor suppressor, cell adhesion, transcription
Imrnune response

Diamine N-acetyltransferase, modulates tumorigenicity
Immune response

Strong similarity 10 human HLA-DRB1

Transcription, methylation, cell growth, oncogenesis
Unknown, high similarity to charcterized human AG2
Signal transduction, cell-cell signaling

Tumor antigen, immune response, cell adhesion
Signal transducer, tumor antigen, pathogenesis
Signal transduction, cell adhesion, invasive growth
Signal transduction, cell-cell signaling, cell adhesion
Tumaor suppressor, cell adhesion, oncogenesis
Structural constituent of cytoskeleton, differemtiation
Cell shape and cell size control

Tumor antigen, immune response, cell adhesion
Strong similarity to human HLA-DRB4

Calcium ion binding, invasive growth

Transcription, methylation, cell growth, oncogenesis
Decay accelerating factor

Transcription factor, cell cycle, pathogenesis

Zinc ion binding, cell proliferation

Monilethrix
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Table 4, Expression of metastasis-related genes in the highly metastatic and the parent gastric cancer cell lines

Cell adhesion Oncogenes Angiogenesis
. MMP- hepsi ——
Cell fine Mp o WEpsm - . B-  Integrin ... cerbe o ¢ iL- (L nm23 Smadd
CcD4a4 cadherin Dysadherin cotenin  GBP4 R B-2 cript met HGF bFGF VEGF 6 8
44453 + + 3 ++a + o+ ++ ++ —_ ++ - + + - - + - - +4 -
H5C-44PE - + ++a ++ ++ + o+ -+ ++ - + + + - + - - ~ -
58As1 - ++ o - + + + 4 -4+ + - + ++3 ++ + ++ = - o+ -
58As9 + + ++ - o+ + -+ + & - e + +4+ - = + -
HSC-58 - - + - - ++ - - - + 443 - + - - - - -

Immunchistochemical staining was carried out as described in 2 previous study.™ ++, Moderate or strong stzining intensity, or staining of > 75%
of the cells; +, weak staining intensity, or staining of < 25% of the cells; -, negative staining, or staining of < 1% of the cells. a, gene amplification.

o -

i

3
b

Fig. 3. Immunchistochemical analyses of Cathepsin L, EGFR, VEGF and Dysadherin in the highly metastatic and the parent cell lines. The
metastatic 44As3 (A) and 58As1 {C) expressed strongly detectable cathepsin L in the cytoplasm. Immunocreactivity for cathepsin L observed weakly
at the cytoplasm in HSC-44PE (B), but immunoreactivity completely absent from H5C-58 (D). (E), Expression of EGER is observed in the membranes
of the 58As1 subclone. [F), Immunoreactivity for EGER was completely absent from HSC-58 cells. (G), Expression of VEGF is observed in the
cytoplasm of the 58As9 cells, but immunoreactivity absent from HSC-58 (H). (I}, Expression of dysadherin is observed at the cell-cell boundaries in

58459 subclone. {J), Immunoreactivity for dysaciherin was completely absent from H5C-58 cells.

was also observed in highly metastatic cell lines, while Smadd
expression was noi seen in these cell lines.

Usefulness of the model as a tumor metastasis model for the
evaluation of drugs. All of the highly metastatic cell lines served
as highly reproducible models of peritoneal dissemination, and
a quantitative relationship was observed between the number
of inoculated cells and the animal survival rate (incidence of
tumor) {data not shown), Next we evaluated aniitumor effects
of untitumor agents in this medel. We selected CPT-11"7 and
GEM"'® as representaiive cylotoxic agents. Figure 4A shows the
survival curve of the 538As1 implanted mice treated with CPT-
11, Most of the animals belonging to the untreated control
group died of extensive peritoneal dissemination approximaiely
30 days after the implantation. In the CPT-11-treated group
(200 mgfkg/head), however, 60 days passed before he [irst
animal death was noted. Thus, treatment with CPT-11 signifi-
cantly (7 < 0.004, unpaired 7-test) prolonged the survival of the
animals injected with the wmor cells, and dose-dependency was
evident when the data from multiple groups were compured.
Similar results were also obtained for 44As3 cells (Fig. 4B).

Yznagihara et al

Figure 4(C) shows the resulls of the experiment in which GEM
was administered intravenously Jollowing orthotopic inoculation
of 58As1 cells. The survival period was significantly prolonged
in the GEM-treated group (100 mg/kp/head). Similar resulis
were also oblained for mice implanted with the 44 As3 cells (data
not shown).

To identify the stage of tumor metastasis suppressed by these
agents, RT-PCR analysis was performed with sets of primers
specific for hwman and mouse [ actin, respectively. Cells collected
from the intraperitoneal lavage fuid 21 days after orthotopic
implantation of 58As] cells served as the samples. Autopsy
examination revealed Lhal there was no macroscopic tumor
formation in the gastric wall of the drug-treated animals, while
peritoneal dissemination was noled in the unireated control group.
Figure 412} shows two typical animals used for each experi-
menlal group. In the untreated control group, RT-PCR product
represents human-derived f§ actin gene was clearly identified
{lanes 3 and 4). In the CPT-11- and GEM-ireated groups,
however, the gene sequence of human origin was less clear
tlanes 5, 6 and 7. §, respectively). These resulls suggested that
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Fig. 4. Effects of CPT-11 and GEM in the peritoneal dissemination mouse medel established using orthotopically implanted 44As3 or 58431 cells.

Mice receiving CPT-11 or GEM, or vehicle alone as control, were monitored daily for the development of peritoneal dissemination. (A}, Survival of
58As1-tumor-bearing mice after CPT-11 treatment (n = 5; P < 0.001}. This experiment was repeated thrice and similar results were observed each
time. (B}, Survival of 44As3-tumor-bearing mice after CPT-11 treatment {n = 6; P < 0.001). (C), Survival of 58Asi-tumor-bearing mice after GEM
treatment (n=7; P <0.001). Similar results were obtained in two independent experiments. (D), CPT-11 and GEM inhibit dissemination of cancer
cells into the peritoneal cavity in vivo. RT-PCR was performed on the disseminated cells isolated from the intraperitonea! favage fluid (2 mL of PBS)
using human-specific and mouse-specific primers against f-actin. The tetal amount of RNA {200 ng) was equalized in all the samples. Lane 1,
maker; lane 2, human gastric cell line H5C-39; lanes 3 and 4, untreated control group; lanes 5 and 6, 200 ma/kg CPT-11-treated group; lanes 7 and
8, 100 mg/kg GEM-treated group; lane 8, murine leukemia cell line P388,

treatment with 1he agents reduced the number of cancer cells in
the peritoncal cavity. It was also found that the drugs directly
inhibited the growth of s.c. tumors following implantalion of
S8As] and 44 As3 cells (data not shown). From these results,
it is considered highly likely that while the agents suppress
melastasis of these tumor cells by suppressing tumor formation
at the implanted site, the small number of tumor cells remaining
within the peritoneal cavity gradually proliferate, making it dif-
ficutt 1o obtain better therapeutic resulis than some prolongation
of the survival period.

Discussion

In the present study, we isolated 4dAs3 cells from HSC-44PE,
and 58As| and 538As2 cells [rom HSC-58, and succeeded, in a
reliable manner. in establishing a model in which peritoneal dis-
semination occwred from a primary lesion of gasiric carcinoma.
The 44As3, 58As] wnd 58As9 sublines were generated by the
conventional method, that is by selection of highly metasiatic
clones (fomxd in small numbers among cancer cells showing
poor melastatic potential) i vivo™ On the basis of a smdy
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using clinical samples for microarray analysis of primary and
metastalic lesions, investigators recently suggested thal primary
cancers willl a high metastalic potential may differ in nature
from those having a poor metastalic potential. ™ However, the
resulls of our study support the conventional view that clones
with a high metastatic potential contained in smali amounts
among the cancer lissues are responsible for the formation of
melastatic lesions.

We consider that the establishment of 1his mode] is significant
in the following respects: (i) it allows reproduction of all the
sleps in the development of cancerous peritonilis, from the stage
of infiltrative growth of the tumor within the gastric mucosa to
peritoneal dissemination and formation of ascites; (i) 11 is an
animal mode] of metastatic gastric cancer 1hat closely resembles
that in clinical cases; (iii) quantitative analysis is possible with
this model. because it is cstablished from cultured cells, The
madel is expected to be useful for the study of the continuity or
association between infiltrative growth/peritoneal dissemination
ad gene expression, mechanism of formation of bloody asciles,
and analysis of the microenvironmental factors influencing the
development of the melastases. Comparison of the expression
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levels of the relevant genes among different cell lines with
markedly varying metastatic polential may be expected to allow
isolation of new molecules involved in the peritoneal dissemina-
tion of tumors. Furthermore, these sublines are also expecled to
contribute to advancement of the functional analysis of the
involvement of the newly identified molecules in pertoneal
dissemination,

Following recent advances in the comprehensive analysis
of gene expression, il has been gradually revealed that gene
expression pallerns undergo complex allerations during the
course of metastasis of gastric carcinoma?2" ¢DNA array
analysis camried out using cell lines with varying melastatic
potentials in the present study revealed aliered expressions
of numerous genes in these cells, including those involved in
adhesion, proliferation and melabolism. Among others, markedly
increased expression of the MMP1 gene®™ was observed in
44As3 cells; however, the expression of MMP1 ai the protein
level was low in these cells, suggesting that MMP1 may not be
closely involved in metastasis. Cathepsin L, involved in the
degradation of the extraceliular matrix,”™ was inlensely expressed
in not only 44As3, but also 58Asl cells. This finding was
confirmed by immunostaining. Intense cathepsin L. expression
was also seen in 58As9 cells. These results suggest thal this
molecule may be closely associnted with the metastatic potential
of these temor cells, Meanwhile, it is known that invasion and
metastasis of gastric cancer occur as a result of accumulation of
changes in several genes.™ These include genes encoding cell
adhesion-related molecules (E-cadherin, %! B-catenin, ™ integrin
o6B4,% dysadherin,®® CD44,5%3 etel), molecules associated
with proliferation, loss of intercellolar adhesion and mairix
degradation (EGF, c-erbB-2,%% ¢ript,®? etc.), motility-associated
melecules (HGF, c-met,¥? ete,), molecules associated with
vascularization (VEGE, "8 1L-6,8% IL-8 1" bFGF#" ete.), a tumor
metastasis suppressor gene (nm23)% a gene associated with the
malignant course of tumors (Smad),"** and so on. When the
expression of these genes was analyzed, markedly increased
expression of MMPI, cathepsin L and nm23 was observed in
the highly metastatic 44As3 cell line as compared with thal in
the poorly metastatic parent cell line. Molecules expressed
specifically in the highly melastatic cell lines 58As1 and 58As9
included cathepsin L, dysadherin, CD44, integrin B4, EGER,
HGE and VEGE. Although these molecules seemed {0 be closely
related o peritoneal dissemination of gastric carcinoma, it would
be desirable 1o determine the exact causal relationship between
these molecules and tumor metastasis using in wive models.
Noneiheless, our results suggest that: (i) there may be mulkiple
pathways involving different molecules for the apparently single
process of tumor metastasis, and (ii} the genes confributing 1o
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the metastatic polential of tumor cells may dilfer between the
pareni cells and the clones selectively isolated from it

As slaled, the presence of peritoneal melastasis represents an
advanced stage of cancer associnied with a poor prognosis, and
no elfective therapy for this condition is available as yet. It is
therefore impartant to devise a new lherapeutic strategy based
on the aforementioned novel viewpoints. One such sirategy that
has been discussed is the development of anticancer agents based
on molecular targeting. To seek such agents, a model allowing
appropriate evaluation of drugs is essential, and models to be
used for drug evaluation in vive need o satisly the following six
requirements: {i) the tumor should undergo proliferation, spread,
dissemination and metastasis akin to those seen in clinical cases;
{i1) the tumor cell survival rate in the gastric wall following
orthotopic implantation should be 100%; (iii} the frequency of
metastasis should be 90-100%; (iv} the model should be highly
repraducible; (v) the interindividual variance shouold be small, 10
allow easy comparison among different lest groups; {(vi) appli-
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established in this study was evaluated according fo thess criteria,
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of these six requirements. We evaluated the antitumor activities of
two antitumor agents (CPT-119% and GEM™) using the animal
models implanted with 58As] and 44As3 cells. Trealment
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prove 1o be useful for the develepment of drugs based on
molecular targeting.

In the past, no approach was known for isolation of host factors
involved in the cascade of tumor proliferation in the primary
lesion o formation of ascites, or for the fimetional analysis of this
cascade (e.g. analysis of inleractions). The model established in
the present study is expected to contribute greatly to the advance-
ment of studies in these fields and in other applied research.

Acknowledgments

We are grateful to Dr A. Ochiai (Pathology Division, National Cincer
Center Research Institte Bast) for fruitful discussiens. This study was
supported in part by a Grant-in-Aid for Cancer Research Trom the
Ministiy of Health, Labor and Wellare of Japan.

~l

Fujita 8, Suvzuki 11, Kinoshita M. Hirohashi S. Inhibition of cell attaclment,
invasion and metastasis of iunmn carcinoma cels by anti-inlegrin $1 subunit
antibody. Jpi J Caneer Res 1992 §3: 1317-26.

Ishit ¥. Ochini A, Yamada T et of. Inlegrin «64 a5 o suppressor and

predictive marker for peritoneal dissemination i human pastric cancer.

{Fasrrsemerslogy 2000; F18: 497-506.

Kolamagi H, Saito Y, $hinozawa N, Koyama K. Bstablistinent of a human

cancer cefl line with high petemtial for periteneal dissemination.

I Gavoenreral 19957 307 4374,

10 Kaneko X, Yano M, Tsujimka T of .of, Establishment of a visible peritoncat
micromednstuic model from a gastric adenocarcinoma cell line by green
fluorescent protein, fnd J Oneed 2000: 16: 893-8.

11 Yamagihara K, Seyama T, Tsumuraya M, Kunoda N, Yokere K.
Fstablishment amd characterization of human signet ring cell gastric
carcinenna cell lnes with amplification of 1he c-miye oncogene. Cuiteer Rues
1991; 5§: 381 6.

12 Yanagilwa K. Kamada N, Tsumuraya M, Amane F. Establishment uxl
characerization of 4 human gastiie scirrhous carcinoma cell line in seeum-
free chemically defined medivng, Jne 7 Conreer 199% 54: 200-7,

13 Yamagibara K, Tto A, Toge T, Nunsoie M. Antiproliferative effects of

=3

=]

CancerSci 3 June2005 | vol.96 | no.6 | 3319



332

isoflavones ot human cancer cedl lines esiablished from the gasirointestinal
tck. Clancer Res 19930 53: 381521

Yunagihara K. Tanaka H. Takigahira M er al. Establishment of two cell lines
from human gastric scihous carcinona that possess the potealial to
metastasize spontanconsly in nude mice, Clancer Sof 2004; 95: 573-82.

Luo L, Salunga RC, Guo I1 er f, Gene expression profiles of laser-caphured
adjacent neuronal sublypes. Nar Med 1999; 52 137-22.

Hughes TR, Mao M. Jones AR ¢r of. Expression profiling using microamays
fabricated by wn ink-jet oligonuclestide synthesizer. Nt Bintechast 2001;
19: 3:42-7.

Kanzowa F, Saijo N. Jo vitroe interaction belween gemcitabine wnd other
anticancer drups using a novel three-dimensional model. Semin Oneol 1997:
24: §7-8-87-16,

Saijo N. Preclinical and clinical trials of topeisomerase inhibitors. Ana N ¥
Acad Sei 2000; 922; 92-9,

Fidler 1], Rationate and methods for the vse of nude mice to sy the
biolopy and iherapy of humah cancer metastasis. Cumeer Metast Rev 1986
5: 20-49.

Ramaswamy S, Ross KN, Lander ES, Golub TR, A meodecular signature of
metastasis in primary solid unors. Mer Gener 2003 33: 49-54,

Yokozaki H, Yasui W, Tahara E. Genetic and epigenctic changes in stomach
cunicer. It Rev Cyrof 2001, 204: 49-93.

Yasui W, Que N, Tto R, Kuraoka K, Nakayama H. Search lor new
biemarkers of gasiric cancer through serkal analysis of pene expression wul
its clinical implications. Cancer S¢i 2004; 95: 385-92.

Hippo Y, Yashiro M, 1shii M «r al, Differential gene expiession profifes of
scirthious gasiric cancer cells with high metasiatic potendial (o peritonewmn or
Lyaph nodes. Canevr Res 2004; 610 §89-05,

Hippo Y, Taniguchi H, Tsutsumi 8 o af. Global gene expression analysis of
yastric cancer by ofigonucleotide microwmys. Cancer Res 2002; 62: 23340,
Hasegawa S, Furdkawa ¥, Li M o all Genome-wide analysis of gene
expaession i infestinalHype gastric cancers using a complementary DNA
microarrmy representing 23 (0 genes. Clancer Res 2002: 62: 7012-7.
Weiss MM, Kuipers EJ, Postina C er al. CGenomic profiting of gasiric cancer
nredicts lymph node status and survival. Oneogene 2003; 22: 1872-9.
Inove T, Yashire M, Nishimura § o al. Matrix metatloproteimse-1
expression s a propnostic factor for patients wilh advanced gasivic cancer.
fur J Mot Med 1999: 4: 73-7.

Sakumi Y, Omni ¥, Kwneyuna K er 2. Therole of stromal cells in the
expression of interstitial collagenase {matrix metalloproteinase-1) in the
invasion of pastric cancer. J Surg Oncal 1997 66: 168-72.

Dobelin A, Suzuki JI, Seki H, Maswani M, Shiroto H, Kawakami Y.
Imnumostained cathepsins B and L correlate with depth of invasion wd

33

M

35

[F%)
oD

37

38

39

40

4

=
ie

4

w

different metastutic pathways in early stage gasiric carcinoma. Cancer 2000,
89: 4827,

Hirohashi 8. Inactivation ol e E-cadherin-mediated cell adliesion system in
lnan cancers. An J Patiol 1998; 153: 333-9.

Belwens 1, Mareel MM, Van Roy M, Bircluneier W. Dissecting tumor cell
imvasion: epithelial cells ocquire invasive; preperties after fhe Poss of
uvomotulin-mediated cetl-cell adbesion. J Ceff Biof 1989: 108: 2435-47.

2 ke Y, Gotoh M, Sakamoto M, Tsukagoshi K. Hirohashi S, Dysadberin, a

cancer-associaled cell membrane glycoprotein. down-regulated E-adberin
and promedes meiastasis. Proc Mad Acad Sei (754 2002: 99: 365-70.
Yokozaki M, Ito R, Noakayuna M, Kuniyasu 11, Tanivama K, Taloem R
Expression of CD<4 abnormal teianscripts in human gastric carcinomas.
Cuncer Lot 1994 83 229-34,

Nishimura S. Chung Y3, Yashiro M. Inoue T, Sowa M. CDH44H plays an
important role in peritaneal dissemination of scirrhous gastric cineer cebls.
Jpn J Comeer Res 1996: 870 123544,

Tsugawa K, Yonemura Y, Hirono Y or ol Amplification of the c-met, ¢-
¢rbB-2 and epidermal growth factor receplor gene in human gastric concers:
correlation to clinical features. Onecdogy 1998; 551 475-41.

Kuruyasu H, Yoshida K, Yokozaki H ¢ al. Expression of eript, a novel gene
of the cpidermyid growdh factor family, in human gastreintestinal carcinomas,
Jpn T Ceaneer Res 19915 §2: 969-73,

Kunuyasu H, Yasui W, Yokoznki H, Kitadai Y, Tabara E. Aberant
expression of ¢-met mRNA in human pastric carcinomas. fur J Cancer 1993
88 72-5.

Takahashi Y, Cleary KR, Mai M, Kitadai Y, Bucana CD, Ellis LM.
Significance of vessel count and wascular endethelial prowdh factor and its
recepior (KDR) in infestinal-Lype pastric cancer. Clin Cancer Res 1986; 2:
1679-84.

Huang SP, Wu MS, Wang HP, Yang PS5, Kvo ML, Lin JT. Conelation
between seruny levels of interleukin-6 and vascular endothetial growth factor
in gastric carcinomin. J Gastroentere!l Heparof 2002: 17: 1165-9.

Kitadai ¥, Huuma K, Swmii K o1 af. Regulation of angiogenesis in human
pashiie carcinomas by interleukin-§. Am J Parthof 1998; 152; 93-100.

Ueki T, Koji T, Tamiya S, Nakane PK, Tsuneyoslii M. Expression of asic
fibroblast growth factor and fibreblast growih facter in advanced gastric
carcinoma. J Pathol 1995; 177: 333-61.

2 Nakayama H, Yasoi W, Yokozaki H, Tahara E. Reduced expression of nni23

is associaled with metasiasis of human gasiric curcinomas. Jpn F Cancer Res
1993; 84: 15490,

Ifichi H, Ikenoue T, Kate N ¢r of Systemic analysis of the T'GF-beta-srawd
sippaling pathway in pastrointestinal cancer cells. Biovhiem Biophys Res
Comnmeen 2001; 289: 350-7.

& Japanese Cancer Assodiation  doi: 10.1111/.1349-7006.2005.00054.%



[Eats]

British Journal of Cancer (2005) 92, 1577

|
@ MY Careen Pearaeh LI 21 vghty jeae i) 00 [T BT (. @

www. bjeancer.com

Gefitinib treatment affects androgen levels in non-small-cell lung
cancer patients
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Seditia, an mbibier of the epdemal growth faclor recepte (EGIR, HERVErBBIY tyrewne kvase, has been shovwn 1o have clinical
activty against non-seaall cell lung cancers {(FSC1Cs), especally in wonmen nonsmokers with adenccarcnomas  The am af the
aresert stucly was Lo clarify the refationship between androgen levels and gefiinib reateneal in pittients witks acvanced NSCLCs Sera
from 67 cases (36 men and 31 women) were cbitaned prelreatment and dusing reatment wath gefitioby ronolherapy (days 14 18)
for exammnation of testosicrone, dehyd oeplandrolerane solphate (DHEA), and delhydroeptandrastercne sulphate (T1HFAS) fevels.
Tesiosterone and IHEA dunng treatment were sigiificantly loweer than the pretreatmant values i both women and men, and the
DUEAS levels during treatment were alse signiicartly lowered i warnen. Gefitinby treatrnem significantly suppressed anchogen
levels, especally in women who had no smokrg hislory In adduion, hormone leveis in women responding (o pelilind were
significant'y lower during ine tremment than n women whe didd rot respond. Gefitnib-assocterd detrense n serum anrrogen levels

may play a role n Hs clirical cfficacy
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Non-small-cell lung cancer (NSCLC) is a mujor health problem
worldwide for both men and women (Ferlay et af, 2001} Usually
at the time of diagnesis more than 50% of the patients have ad-
vanced or metastatic disease. While cylotoxic  chemotherapy
slightly prolongs survival among advanced NSCLC patients, it
exents clinically significant adverse effects (Non-Small-Cell Lung
Cancer Collaborative Group, 1995; Schiller et al, 2002). An
effective, palliative, low-toxicity Ireatment for palicns with
advanced NSCLC is therefore needed and for this purpose the
epidermal growth factor receptor (EGFR/HERD) is 2 promising
largel. Gefitinib (21 1839, lressa; AstraZeneca, London, UK) is an
orally active, selective HERI-tyrosine kinase inhibitor {Wakeling
ef af, 20023, which has becn shown 1o elicit objective responses in
NSCLC cases, particularly in women nansmolers wilh adeno-
carcinomas (Fukuoka ef al, 2003; Kris et al, 2003). Recently, active
mulations of EGFR have been identified in such cases (Pacz ef al,
2004; Pao e al, 2004) and may be linked with the sepsitivity to
gefitinib (Lynch et al, 2004; Paez et al, 2004; Pao er al, 2004}
However, the reason why mutations frequently ncem in these
particular individvals is poorly understood.

Androgens are importam hormones thal play definitive roles in
the differentiation of males and females. They can madily the
activity of the epidermal growth factor network and EGFR
signaling is cssential for androgen-induced preliferation (Klein
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and Nielsen, 1993; Dammann ef al, 20003 Torring et of, 2003}, A
receplor for androgens has heen reported la occur in NSCLCs
(Beattie et af, 1985; Kaiser er al, 1996) and there may be
cooperative interaction between the hormones and active muta-
tions of EGFR during the developiment of lung cancer. Previous
reports have suggested that smoking increases the levels of
androgens iy men and women (Law ¢f al, 1997; Trummer ef al,
2002) and carcinogens from cigaretie smoke may disrupt androgen
function by reducing androgen recepior {(AR) levels in androgen-
responsive organs (Lin et al, 2004).

On the basis of these reports, we hypothesised thal androgens
may play an imporiant role in the efficacy of gefitinib in NSCLC
cuses, [ the present study, we therefore evaluated androgen levels
in patients treated with gefitinib and the relationship with clinical
efficacy.

PATIENTS AND METHODS

Retween September 2002 and May 2004, 67 advanced or recurrent
NSCLEC patienis were analysed in this study. All 67 weie treated
at our instiluiion with gefitinib monotherapy (250 mp oral doses
of gebitinib once daily} until disease progression occurred.
Response  cvaluntion  and  confirmation  were performed in
accordance with the WHO eriteria {WHO, 1979). by brief, complete
respanse (CR) was defined as complete disappearance of all lesions
in imaging studies for at Jeast 4 weeks without the appearance of
any new lesions. Partial response {PR) was deflined as 2 > 50%
decrease under the baseline in the sum of the products of the
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perpendicular diameters of all measurable fesions and at least
stabilisation of all nonmcasurable lesions over 2 mininum period
of 4 weelts. Progressive discase (PD) was defined as a > 25%
increase in the sum of the products of ol measurable lesions, an
unequivocal increase of nonmeasurable disease, or the appearance
of new lesions, Cases were classified as having stable disease (S19) if
none of the criteria for classilying responses as a CR, PR, or 1D
were mel,

Blood was drawn before and during gefitinib administration. A
previvus report indicated the median time o symptom improve-
ment with gefitinih 1o be only 8 days (Fukucka ef of, 2003), and we
therefore checked the hormane levels al days 1418, when serum
was sampled beiween 10:00 and 14:00 and stored at 80°C for
subsequent analyses. Serum Jevels of testosterone, dehydroepi-
androsterone (DHEA), and  dehydroepiandrosterone  sulphate
(DHEAS) were all measured at the SR Labaratory (Tolyn, Japan).
For lestoslerone, an electrochemiluminescence immunoassay was
applicd (ECLusys testosterone; Roche Diagnostics KK, Tokyo,
Japan) and radivimmmunoassays were used lor DIEA and DHEAS
(DPC DHEA and DPC DHEAS kits; Diagnostic Products Corpora-
tion, Los Angeles, GA, USA). The detection limits for testosterone,
DHEA, and DHEAS were 5, 0.2, and 20 ng mib ', respectively, Inter-
and intra-assay coefficiems of variation were 6 and 8% for
lestosterone, 8 and 9% for DIIEA, and 4 and 4% [or DHEAS,
respectively,

Appropriste ethical review boards approved the study, which
followed the recommendations of the Declaration of Helsinki for
biomedical research involving human subjects.

Statistical analysis

A paired f-test was used Lo compare the androgen levels between
the two lime periods. Palivats were grouped into responders (CR
and PR) and nonresponders (SI) @id P} and the variables in each
group were compared with an unpaired t-test. All statistical
analyses were performed using SPSS version 8 staristical software
(SPSS Inc, 11, USA).

RESULTS
Patieni characterisation

Data for patient characteristics are listed in Table |. Of the 67, 31
(16.3%) were women. The median age was 61 years {range, 42 - 80
years). There were 26 patients (38.8%) who had never smoked and
adenocarcinoma was the primary histological linding in 36 cases
(83.6%). There was no prioc chemotherapy in 16 {23.9%)} of
the patients, and the remainder had received platinum-based
chemotherapy.

Response to Ireatment could only be eviloated in 64 of the 67
cases. We observed 20 PR (29.894), and of these, 13 (65%) were
women and seven (35%) were men (P 0.074). The median and
range of treatmend duration with gefitinib were 2.1 and 0.2-21
wmonths, Tn all, 10 (50%) of 20 responders and 29 (66%) of 44
nonresponders had a smoking history (P 0.216).

Effects of gefilinib treatment on androgens levels in
NSCLC patienis

Testosterons, DIEA, and DIEAS were detected in the serum of all
67 paticnls (see Table 2) There was a significant difference
abserved hetween men and women [or serom lestosterone levels
{£-0.0001), but not for scrum DEA o DHEAS {(DHEA;
Po0.267, DIEAS; '~ 0.05065)

in women, testosterone, DHEA, and DIEAS levels a1 pretren
mwent were stgaificantly higher than during treannment (lesto
slevane; - 0,025, DIIEA; £ 00065, DITEAS; P 0.0226). In men,
preeatment Teatosterene and DHEA levels were sigificantly
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higher than daring treatment, but there was no significant
difference  Tor DHEAS  (lestostervne,  P=0.0008;  DHEA,
tO0D0RS; DHEAS, P .33) L addition, we compared hormone
levels between smokers and nonsmokers, Pretreatinent, there were
no significant differences between woanen with and witluut a
smoking  history, Ou the other hand, bormone  levels were
cignificantly suppressed by gefitinib treatment in e 21 women
who bid ne smeking history (testosterome, 6, DITEA,
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P 0.0157; DHEAS, P=0.0441), bul not in the 10 who had a
smoking history (lestosterone, P = (.6159 DHEA, P 0.2487;
DHEAS, P= 0.4740). Figure 1 depicts the androgen levels for
women alter dividing the group into respenders vs nonresponders.
Testosterone, DHEA, and DHEAS levels in wonen responders
during treatment were significantly lower than those observed in
women nonresponders (testosterone, P=0.007; DHEA, P 0.046;
DHEAS, P=0.029). When men were included in the analysis,
DIEA and DHEAS levels during treatment in the responders
(31 = 20) were still significantly lower than in the nonesponders
(11 4d) (DHEA, P==0,0324; DHEAS, P= 0.0447}.

DISCUSSION

fhe present study of andiogen levels (testosterane, DIEA, aned
DHEAS) in advanced NSCLC patients 1reated with gefitinib
monotherapy revealed treatment-related decrease, especially in
women who had no smaeking history, The clinical response ol
gelitinib Lreatmenl appeared th be corrclaled with the suppression
ol the hormone levels.

To our knowledge, there have been no previvus repurls of
effects of gefitinib treatment on levels of androgens in patients,
although a number of authars have examined relativnships
hetween androgens and activity of the epidermal growlh factor
network (Klein and Nielsen, 1993; Dammann ol af, 20005 Torring
et al, 2003). There is evidence thal BGFR expression is imvolved
in prostate cancer development and in progression fo androgen
independence (Di Lorenzo ef al, 2002), and an fn vitve study
has provided evidence that androgens increase the EGFR devels in
androgen-sensitive prostate cancer cells and thal EGFR signaling
is essential for androgen induced  prolileration and survival
{Torring et al, 2003}, Althaugh there has been no sidication
of any 1ckationship hetween androgens and RGER i NSECLCs,

we L e MO i b

expression of ARs has been delected in NSCLC cell Tines and
biopsy samples of primary lung cancers (Kaiser ef al, 1996).
Additionally, expression has been detected more frequently in
women with adenecarcinoema, and thus this may be a prognostic
factor for use of gefitinib in NSCLCs (Fulwoka of al, 2003; Kris
ct al, 2003 Miller ¢f al, 2004). The data suggpest thal there is a
correlation between the AR and EGFR [unctions in lung cancer. In
agreement with this hypothesis, our results demonstrated clinical
responses Lo gefilinib treatment 1o correlate with suppression of
androgen levels.

One reason for lower androgen levels in responders than
nonresponders might be that smokers are resistant and have
higher androgen levels. However, there were no significant
difference in smoking history between responders and non-
responder in our study and there was no significant difference
of e pretreaiment levels of androgens between smokers and
nonsmolkers. On the ather hand, gefitinib tremment significantly
suppressed androgen levels in women who had no smoking
history, but not in smokers. Smolking may disropt the carrelation
hetween EGFR and androgen.

Both gefitinib and androgens are metabaolised by CYP3A4/5;
therefore, it can be speculated that gefitinib may affect the
metabalisms of androgens. On the other hand, there are no direct
evidences demonstating PK interaclion between gefitinid and
androgens. PK interaction between gefitinih and other drugs
metabolised by CY3A4/3 such as docctaxel or irinolecan were
reported [Fandi of el, 2003; Furman ef el, 2004). These reports
suggested that gefitinib may decrease the clearance of these drugs
and it may be dug 10 CYPIAL/S subsirate competition, I there are
any PK interactions between gefitinib and androgens, androgens
clearance may decrease and andiogen levels may increase by
gefitinib treatment, However, we showed that gefitinib treatment
ducreased the levels of andropens and it suggested that the effeet
may not be due so change of CYPIAALS activity.
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With single estintalions of testosterone and  LHEA, it is
necessary to lake inte acconnt the circadian rhythms. In this
study, all blood was therefore taken a1 approximately the same
time, that is, between 100 and 14:00, although this does not
preclude any influence of eycles. On the other hand, several repors
have suggested that there is no circadian ehythm for serum DHEAS
levels (Molta and Schwartz, 1986; Hall e af, 1993; Kos-Kudla ¢f af,
2001). Therefore, the differences seen in the DHEAS levels in this
study presnmably veflect actual effects of gefitinib treatment. This
would suggest thal the data for the ather boomones mighl also
have clinical significance.

In conclusion, the reselts nf the presemt small, retrospective
study indicate that androgen levels in NSCEE patients are affected
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