( please add to chapter * gastric cancer”)

Table 6 Five genes for predicting risk of lymphnode metastasis in intestinal gastric
cancer (Hasegawa 2002)
Title Discriminant
coefficient
DDOST dolichyl-diphosphooligosaccharide-protein 1.87
glycosyltransferase
GNS glucosamine (N-acetyl)-6-sulfatase (Sanfilippo 1.26
disease IIID)

NEDDS neural precursor cell expressed, 1.29
| developmentally down-regulated 8
LOC51096  CGI-48 protein 1.36

AIM?2 absent in melanoma 2 -1.54

Five genes were selected based on microarray data for predicting risk of lymph-node
metastasis in intestinal gastric cancer (Hasegawa 2002).This “predictor” was validated in 9
additional independent cases. All cases were (four node positive and five node negative) were

assigned to each classes.
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( please add to chapter * lymphoma™)

Table 7 Model of 13 genes predicting outcome in DLBCL Patients (Shipp 2002)

Genes associated with good outcome  Genes associated with poor outcome

-Dystrophin related protein 2 -H731

-3UTR of unknown protein “Transduction like enhancer protein
| 1

-uncharacterised -PDE 4B

-Protein Kinase C gamma -uncharacterised

-Minor /NOR 1 -Protein kinase C beta 1

-Hydroxitryptamine 2B Receptor -Oviductal glycoprotein

Zinc finger protein C2H2-150

A 13-gene based “predictor” for outcome in DLBCL patients was developed based on
microarray data by a supervised leaming method (Shipp 2002). The expression of seven genes
were associated with good and the expression of six genes was associated with poor outcome.
This “predictor” was superior to “hierarchical clustering” based classification of Alizedah in

predicting outcome of DLBCL patients.
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Table 8 Analysis of microarray based correlation studies (1999-2003) by Nitani and loannidis
{Nitani 2003) {please add chapter Relability and.. "

Characteristic Studies Cther Total
of major studies (n=84)
clinical {n=54)

outcomes

{n=30)
Year of publication
1999 ' 1(3¥6 2(4Y% 3(4%
2000 2(Myo 1(2¥e 3(4%s
2001 6(20%% 18(33%  24(29%
2002 18(60%% 28(52%  46(55%
2003 3(10% 5(9% 8(10%
Malignant disorder
Haematological 9(30%% 9(17% 18(21%%
Solid tumor 21(70%%6 45(83%  66(79%
Median {IQR) number
of samples 62(29-96) 30(18- 37(20-
Total 43(24-69) 44) 57)
Specific cancer 20(13- 25(15-

36) 45)

Microarray type
cDNA 19(63%6 31(57%  50(60%%
Oligonucleotide 11(37%6 23(43%  34{40%
Median (IQR) 8683 6936 7014
number of probes (6817-18 (456912 (5534-12

624) 600) 600)
Training
Independent 9(30%6 17(32)e  26(31%
Dependent B(27%6 20037y  28(33%
Both : 13(43% 17(32% ___ 30(36%
Validation
Independent 3(10% 1(2¥a 4(5%
Cross-validation 6(20Y6 4(7Ys 100126
Both 3(10%% 5(9% 8(10%
None 18(60%6 44(82%  B2(74%
Outcomes/correlates
assessed 9(30%% 35(65%  44(52¥%
One 12(40%6 11205  23(27%
Two to four 9(30% 8(15% 17(20%%
Five or more
Significant
associations reported  21(70% 20037%  41(49%
s 9(30%5 34(53%  43(51%
No

Microarray correlation studies focused on prediction outcome or other impotent clinico-
pathological features were systematically analysed by Nitani and loannidis in 2003. This table
shows the results of their investigations. In 70%f the studies co melating major clinical outcome
with gene egression significant associations were reported. However, in only 30 percent of the
major outcome focused studies cross-validation or independent validation was performed. These
findings underiine the need for consegent gality control and vali  dation in microarray based
clinical studies.
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Figure legends

Fig. 1. Clustering of gene expressions of tissues 3 from lung cancer patients (Ohira 2002).
Tumor tissue and normal lung tissue was collected while surgery after neoadjuvant
chemotherapy. Tumor tissue and normal tissue from the same patient show more similarities

-and clustered nearer than normal

Fig. 2. Histogram of gene expression profile of lung cancer tissue. Expression profile of
cancer tissues as compared with normal tissues.

Case B; increased expression of the genes related to cell cycle regulator, intermediate
filaments, adhesion motility and angiogenesis in the tumor tissues. Expression of the other
gene group were decreased in tumor tissue. Case C; increased expression of genes related
with cell cycle, adhesion were observed in the tumor tissue. Decreased expression of growth
factor and cytokine related genes were also observed in tumor of Case C. Taken together, the
expression profile of lung carcinoma could be characterized by the increased expression of the

genes related with adhesion motility and angiogenesis.

Fig. 3(A). Average-linkage hierarchical clustering analysis of ten colorectal tumor samples on
histological diagnosis. Right cluster shows the group of the well-differentiated and left shows
the group of the other differentiations. (B) Principal component analysis on histological
diagnosis. The numbers in blue indicate the patients with well-differentiated adenocarcinoma
and the numbers in red indicate the patients with the other differentiations. The ¢-myc binding
protein gene and the c-jun proto oncogene were identified as possible markers for histological

differentiation,
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Fig. 4. Macroarray analysing of the 21 samples including PCNSCL, Glioblastoma,
Oligodendroglioma and normal tissue. The phylogenetic tree obtained by application of the

“ clustering algorithm shows separation of the PCNSL.

Fig. 5. Re-clustering was performed using selected genes related with to response to chemo-
radiotherapy.The responders (described as GOOD) and non-responders (described as POOR)

were clearly separated clearly by the re-clustering method.

Fig. 6. Gene amplification by T7-based RNA amplification method. In a 2 step approach first
¢DNA was synthesized (RNA—DNA) followed by c.a RNA synthesis (DNA—RNA ) we
could purify 10-100ug RNA of amplified cRNA from small amount of total RNA (1ug or

less).

Fig. 7. Is differential expression conserved even after amplification? In order to analyze the
reproducibility of the clinical samples, the gene expression profile of non-amplified and
amplified samples were compared in scattered plot. Upper: gene expression data of duplicate
samples of peripheral blood mononuclear cells were compared in scattered blot. High
reproducibility (R=0.93) was obtained. These reproducible profiling was also observed in the
amplified samples (R= 0.91). Lower: In a second experiment we compared the differential
gene expression of the PC 14 cell line and of peripheral blood mononuclear cells using
mRNA and after amplification a.cRNA (amplified cRNA). Also the reproducible profiling
was lower after amplification ( R=0.50} than in non-amplified samples (R=0.83) we could

conserve significant differences in gene expression after amplification.
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Fig. 8. Experimental design: sampling of PBL and tissue samples in correlative study in
clinical phase I study of a falnesyltransferase inhibitor (FTI). . Peripheral Blood
Lymphocytes and tumor samples were collected predose, post-dose day 2 and post dose day 8.
Gene alteration after administration of FTI was analyzed for proof the pharmacodynamic

effect of FTI.

Fig.9a The cDNA filter-array with a set of 775 genes chosen for predicting chemosensitivity
analysis Fig. 9b. Gene expression change of tumor tissue and PBL in the melanoma patient
after administration of FTI . Specific gene groups were modulated by FTI. Changes in gene
expression influenced by FTI were not only observed in the tumor samples but also in the
peripheral blood lymphocytes. This findings suggest that drug modulated changes of gene
expression in peripheral blood lymphocytes could be useful as surrogate markers in

pharmacogenomic studies.
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Fig 3A
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Fig 3B
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Fig 6
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Fig 7
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Fig8 Experimental design and drawing PBL samples
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Fig9a Custom Atlas™ Array (cDNA filter-array)

A set of 775 genes was chosen for predicting chemosensitivity analysis
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Establishment of a human non-small cell
gefitinib
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lung cancer cell line resistant to

Fumiaki Koizumi'?, Tatsu Shimoyama™, Fumike Taguchi'*, Nagahiro Saijo* and Kazuto Nishio™**

'Shien-Lab, National Cancer Center Haspital, Tokyo, Japan

*Medical Onrology Department, National Cancer Center Hospital, Tokyo, Japun
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The epidermal growth factor receptor (EGFR) tyrosine-kinase
inhibitor gefitinily (Iressa™, ZD1839) has shown promising activity
preclinically and clinically. Because comparative investigations
of drug-resistant sublines with their parental cells are useful
approaches to identifying the mechanism of gefitinily resistance and
select Factors that determine sensitivity to gefitinib, we established a
human non-small cell lung carcinoma subline (PC-9/ZD) that is
resistant to gefitinib, PC-9/ZD cells are ~ 180-fold more resistant to
gelitinib than their parental PC-9 cells and PC-9%ZD cells do not
exhibit cross-resistance to conventional anticancer agents or other
tyrosine kinase inhibitors, except AG-1478, a specific inhibitor of
EGFR. PC-9/ZD cclis also display significant resistance to gefitinib
in a turmor-bearing animal model. To elucidate the mechanism of
resistance, we characterized PC-%/ZD cells, The basal leve] of
EGFR in PC-% and PC-%ZD cclls was comparable. A deletion
mutation was identified within the kinase domain of EGFR in both
P'C-9 and PC-9/ZD, but no difference in the scquence of EGFR
¢DNA was dctected in cither cell line, Increased EGFRAIER2 (and
EGFRMER3) heterodimer formations were demonstrated in PC-9/
2D cells by chemical crass-linking and immunaoprecipitation analy-
sis in cells unexposed to gefitinib, Exposure to gefitinib increased
heterodimer formation in PC-9 cdls, but not in PC-9%ZD cells, Gefi-
tinib inhibits EGFR autophosphorylation in a dose-dependent man-
ner in PC-9 cells but not in PC-9/ZD cclls. A marked difference in
inhibition of sitc-specific phosphorylation of EGFR was observed at
Tyrl068 compared te other tyrosine residucs (Tyr848, 992 and
1045). To elucidate the downstream signaling in the PC9%/ZD cellu-
lar machinery, complex fornation between EGFR and its adaptor
proteins Grh2, SOS, and She was examined, A marked reduction in
the Grb2-EGFR complex and absence of SOS-EGFR  were
observed in PC-9/ZD cells, even though the protein levels of Geb2
and SOS in PC-9 and PC-9/ZD cells were comparable. Expression
of phasphorylated AKT was increased in PC-9 cells and inhibited
by 0.02 pM gelitinib. But the inhibition was not significant in PC-4%/
ZD cells, These results suggest that alterations of adaptor-profein-
mediasted signal transduction from EGEFR to AKT is a possible
mechanism of the resistance to gelitinib in PC-%/2D cells, These
phenotypes including E(_il"R—SOSg complex and heterodimer forna-
tion of HER Family members are potential hiomarker§ for predict-
ing resistance to gefitinib., L) :

€ 2005 Wilev-Liss. Ine. e

Key words: resistance; pefitinib: EGFR: Gib2: SOS: non-small cell
fung cancer

Chemotherapy has played a central role in the treatrment of
patients with Ihoperable NSCLC for over 30 years, although iis
eflicacy seens to be of very limited value." Haman solid tumors,
including lung cancer, glioblastoma, breast cancer, prostate can-
cer, gastric cancer, ovarian cancer, cervical cancer and head axd
neck cancer, express epidenmal growth factor receptor (EGFR)
frequenty. and clevated EGFR levels are related to discase pro-
gression, survival, stage and response (o therapy,” " The therapics
directed at blocking EGFR function are auractive.

Interest in target-based therapy has been growing ever since the
clinical efficacy of STI-571 was first demonstrated,” 1% and small
molecules and monoctonal antibodies that block activation of the
EGFR and FrbB2 have been developed over the past few decades.
The leading small-molecute EGFR tyrosine-Rinase inhibitor, gef-
tinib (Iressa ™, ZDIR3D. has shown excellent antitumor activity in
a series of Phase ¥ and 1 studies, M '™ and Phase 11 intemational

@UICC Publication ol the Internaional Umon Against Canyen

fiab] cander cootiol

multicenter trials (IDEALI and 2) yield an overall RR of 11.8-
18.4% and overall disease control rate of 42.2-54.4% (gefitinib 250
mgfday) in patients with advanced non-small cell lung cancer
(NSCLC) who had undergo at least 2 previous treatments with che-
motherapy. INTACT | and 2 (‘Iressa” NSCLC Trials Assessing
Combination Therapy) have demonstrated that gefitinib does not
provide improvement in survival when added to standard first line
platinum-based chemotherapy vs. chemotherapy alone in advanced
NSCLC."!? Two small retrospective studies reported recently that
activaling mutation of EGFR correlute with sensitivity and clinical
response 1o gefitinib and erlotinib.** ™ Although information of
EGFR mutation ntay enable to identify the subgroup of patients
with NSCLC who will respond to gefitinib and eslotinib, it would
be expected that acquired resistance would develop in such patients
after treatment. The problem of acquired resistance to gefitinib
might be growing, but there has been no preclinical research about
the mechanism of developing resistance 1o gefitinib. We established
resistant subline using PC-9 that is highly sensitive 1o gefitinib.
Establishment of drug-resistant sublines and comparative inves-
tigations with their parental cells to identify their molecular. bio-
logical and biochemical properties are useful approaches to
elucidating the mechanism of the drug's action. Our study
describes the establishment of a gefitinib-resistant cell line and jts
characterization at the cellular and subcellular levels. The PC-9/
ZD cell line is the first human NSCLC cell line resistant to gefiti-
nib ever reported. PC-9 is a Jung adenucarcinoma cell tine that is
highly sensitive to gefitinib at its TCsg-value of 0.039 pM, but the
PC-9/ZD subline, which has a level of EGFR expression compara-
ble to that of PC-9 eells, is specifically resistant to gefitinib. Thus,
PC-9 and PC-9/Z12 cells will provide useful information about thie
mechanism of developing resistance (o gefitinib and molecules as
surrogate markers for predicting chemosensitivity to gefitinib.

+ - Material and meihods
Drug.v'_amf cells ) .o
Gcﬁtinih(N’{}chlom-zl-ﬂuoruphényI)-7-mell1oxy-6-[3-(mur-
pholin-4-yDpropoxy] quinazolin-4-amine) was supplied by Astra-
Zeneea Plarmaceuoticals (Cheshire, UK). AG-1478, AG-R25,
K252a, staurosporin, genistein, RG-14620 and Lavendustin A
were purchased from Funakoshi Co. Ltd (Tokyo, Japan).

NECLC cell line PCY (derived from a patient with adenocarci-
noma untreated previously) was provided by Prof. Hayata of
Tokyo Medical University (Tokyo, Japan).?* PC-9 and PC-9/2D
cells were cultured in RPMT-1640 medium (Sigma. St. Louis,
MO} supplemented willk 10% FBS (GIBCO-BRL., Grand Island,
NY), penicillin and streptomycin (100 U/ml and 100 pg/ml,
respectively; GIBCO-BRL) in a humidified atmosphere of 5%
€O, at 37 C, Gefitinib-resistant PC-9/ZD cells were selected from

-
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a subculture that had acquired resistance to gefitinib using the fol-
lowing procedure. Cultured PC-9 cells were exposed to 2.5 pg/ml
N-maihyl-N'-nitro-N-nitrosoguanidine (MNNG) for 24 hr and then
washed and culwred in medium containing 0.2 pM gefitinib for
7 days. After exposure to gefitinib, they were washed and cultured
in drug-free medium for 14 days. When varable cells had
increased, they were seeded in medium containing 0.3-0.5 M of
gefitinib on 96-well cultured plates for subcloning. After 21-28
days, the colonies were harvested and a single clone was obtained.
The subcloned cells exhibited an 182-fold increase in resistance to
the growth-inhibitery effect of gefitinib as determined by MTT
assay, and the resistant phenotype bas been stable for at least
6 months under drug-free conditions.

In vitro growth-inhibition assay

The growth-inhibitory effects of cisplatin, carboplatin, adriamy-
cin, irinotecan, gemcitabine, vindesine, paclitaxel, genistein,
K252a, staurosporin, AG-825, AG-1478, Tyrophostin 51, RG-
14620, Lavendustin A and gefitinib in PC-9 and PC-9/Z2D cells
were examined by using a 3-(4 S-dlmcthyhhmzo[ 2-yl} 2,5-diphe-
nyltetrazolium bromide (MTT) assay.” A 180 pl volume of an
exponentially growing cell suspension (6 x 10 LCHS/m]) wis
seeded into a 96-well microtiter plate, and 20 pl of various concen-
trations of each drug was added. Afier incubation for 72 I at 37°C,
20 w1 of MTT solution (3 mg/ml in PBS) was added to each well,
and the plates were incubated for an additional 4 lr ot 37°C. After
centrifuging the plates at 200g for 5 min, the medium was aspirated
from each well and 180 pl of DMSO was added to each well 1o dis-
solve the formazan. Optical density was measured at 562 and 630
nm with a Delta Suft ELISA analysis program interfaced with a
Bio-Tek Microplate Reader (EL-340, Bio-Metallics, Princeton, N3).
Each experiment was carried out in 6 replicate wells for each drug
concentration and earricd out independently 3 or 4 times. The 1Cse-
value was defined as the concentration needed for a 50% reduction
in the absorbance calculated based on the survival carves. Percent
survival was calculated as: (mean absorbance uf 6 replicate wells
comtaining drugs — mean ahsorbance of six replicate background
wellsYimean absorbance of 6 replicate drug-free wells — mean
absorbance of 6 replicate background wells) x 10X,

o vivo growth-inhilition assays

Experiments were camried out in accordance with the United
Kingdom Coordinating Committee on Cancer Research Guide-
lines for the welfare of animals in experimental neoplasia
(2nd ed)). Female BALB/C nude mice, 6-weeks-old, were pur-

chased from Japan Charles River Co. Ltd (Atsugi, Japan). All
mice were maintained in our. lahommry unclcr specific-pathogen- -

free conditions. Ju vivo experiéents were scllcdulcd to evaluhte
the effect of oral administration “of “gefitinib’ on prc-axlstmg
wmors. Ten days before administration, § x 10° PC-9 or PC-9/ZD
cells were injected subeutaneously (s.¢.) into the back of the mice,
amd gefitinid (12.5, 25 or 50 mg/kg, p.o.) was administered o the
mice on Days 1-21. Tumor diameter was measured with calipers
on Days 1, 4,8, 11, 14, 19 and 22 1o evaluate the cffect of trem-
ment, and tumor volume was dclct‘mmcd by using the following
equation: tumor volume = ab/2 (mm?) (where ¢ is the l()nbcs'l
diamcier of the tumor and & is e shonest diameter). Day **
denotes the day on which the effect of the drugs was cslimalcd.
and Day **1"" denotes the first day of treatment. All mice were
sacrificed on Day 22, aller measuring their wmors. We considered
absence of a umor mass on Day 22 w indicate a cure. Differences
in tumor sizes between the treatment groups it control group a
Day 22 were analyzed by the unpaired t-test. A p-value of <003
was considered stadstically significant,

cDNA expression wrray

The gene expression profile of PC-9/ZD was assessed with an
Atlas Nylon ¢DNA Expression Amay (B Bioscience Clomech,
Pale Alto, CAY Total RNA was extracied Dy a single-step guani-

dinium thiocyanate procedure (ISOGEN, Nippon Gene, Tokyo,
Iapan). An Atlas Pure Total RNA Labeling System was used to
isolate RNA and label probes. The materials provided with the kit
were used, and the manufacturer’s instuctions were followed for
all steps. Briefly, streptavidin-coated magnetic beads and biotiny-
lated oligo(dT) were used to isolate poly A RNA from 50 ug of
total RNA and the RNA obtained was converted imo *P-labeled
fist-stzamd  ¢DNA  with MMLV reverse transcriptase. The
3ptabeled cDNA fraction was purified on NucleoSpin columns
and was added to the membrane on which fragments of 777 genes
were spotled. ITybridization was allowed to proceed overnight at
68°C. After washing, the mdiclabeled spots were visualized and
quantified by BAS-200011 and Array Gauge 1.1 (Fuji Film Co.,
Ltd., Tokyo, Japan). The data were adjusted for the total density
level of each membrane.

Quantitative Real-Time RT-PCR Analysis

Total RNAs exiracted from PC-9 cells and PC-9/ZD cells (1 x
10° cells each) were incubated with DNase 1 (Invitrogen) for 30
min. First-strand cDNA synthesis was carried out on 1 pg of RNA
in 10 pl of a reaction mixture with 50 pmol of Random hexamers
and 50 U of M-MLV RTase. Oligonucleotide primers for human
EGFR were obtained from Takara (HHA003051, Takara Bie Co.,
Tokyo, Japan). For PCR calibration, we generated a calibrator
dilution series for EGFR ¢DNA in spUSEamp vector {Upstate,
Charlotiesville, VA) ranging from 10 ~10° copies/1 pl. A total of
2 pl of reverse wranscriptase products was used for PCR amplifica-
tion using Smarnt Cycler system (Takara) according to manufac-
wrer's instructions. Absolute copy numbers were ealculated back
to the initial cell numbers, which were set into the RNA extrac-
tion. As a resull we obtained copicsfeell:ratio representing the
average EGFR RNA amount per cell.

Immunoprecipitation and immunoblaotting

The cultured cells were washed twice with ice-cold PBS, and
lysed in EBC buffer (50 mM Tris-HCI, pH 8.0, 120 mM NaCl,
0.55 Nonidet P-40, 100 mM NaF, 200 mM Na orthovanadate,
and 10 mg/ml eich of leupeptin, aprotinin, pepstatin A and phe-
nylmcthylsulphonyl fluoride). The lysate was cleared by centrifu-
gation at 15000 r.p.m. for 10 min, and the protein concentration
of the supematant was measured by BCA protein assay (Pierce,
Rockford, IL). The membrane was probed with antibody against
EGFR (1005; Sama Cruz, Sama Crez, CA), HER2/icu (c-18;
Santa Cruz), HHER3 (¢-17; Santa Cruz), 11ER4 (¢-18; Santa Cruz),
PI3K (4; BD), Grb2 (8§1: B, SOSL/2 (D-21; Santa Cruz). She
(30; BD,"San Jose, CA), PTEN (9552; Cell Signaling, Beverly,
MA), IAKT -(9272;.Cell Signaling) phospho-EGFR specific for
Tyr 845, Tyr 992.°Tyr 1045, and Tyr 1068 (2231, 2235, 2237,

2234; Cell Signaling); phospho AKT (Ser473) (927 1; Cell Signal-
mg) phospho-Frk (9106; Cell Signaling), and phospho-Tyr ®Y-
20: BD) as the Grst antibody. and then with by horseradish-peroxi-
dase-conjugnied secondary antibody. The bands were visualized
by enhanced chemiluminescence (ECL Wesiem Blotting Detec-
1ion }(11 Amersham, Piscataway, NJ) For Immunoprecipitation.
5 x 10% cells were washed, {lysed in EBC buffer, and centrifuged,
and the supernatants obtained (1,500 pg) were incubated at 4
with the anti-EGFR {1005}, -HER2 (c-18), and -HER3 (¢-17) Ab
overnight. The immunocomplexes were absorbed onto protein
AJG-Sepharose beads, washed 5 times with lysate buffer, denatured,
and subjected to electrophoresis on a 7.5% polyacrylamide gel.

Analvsis of the genes of the HER fanulics by divect sequencing
Total RNAs were extracted from PC-9 and PC-9/ZD cells with
ISOGEN (Nippon Gene) according to manulacturer’s instructions.
First-strand ¢DNA was synthesized from 2 pg of total RNA by
using 400 U of SuperScript 11 thivirogen. Carlsbad, CA). Aler
reverse transcription with oligo (dT) primer {(Invitrogen) or mn-
dom primer (Invitrogen), the tirst-strand cDNA was amplified by
PCR by using specific primers [or EGFR, 11ER2 and HHER3. The
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reaction mixture (50 pi) contained 1.25 U AmpliTaq DNA poly- 100 L] _w
merase (Applied Biosystem, Foster City, CA). and amplificaion o 9
was carricd out by 30 cycles of denaturation (95°C, 30 sec), ? 90 \ ] LT N
anncaling (55-59°C, 30 sec), and extension (72°C, 30 sec) witha g 80 > \T..-_.
GeneAmp PCR System 9600 (Applied Biosystem). After amplifi- 8
cation, 5 l of the RT-PCR products was subjected to electropho- % 70 \
retic analysis on a 2% agarose gel with ethidium bromide. DNA 2 6D
sequencing of the PCR products was carried out by the dideoxy ™
chain termination method using the ABI PRISM 310 Genetic Ana- g 50 \
lyzer (Applied Biosystem). g 40 s l\
. N
Chemical eross-linking § 30 T
Chemical cross- Imkmg in intact cells was camied outl as 20 W s e .
described previously.” In brief, after 6 hr exposure to 0.2 pM n
geflitinib, cells were washed with PBS and incubated for 25 min m 10 N
4°C in PBS containing {.5 mM of the nonpermeable cross-linker 0
his (sulfosuccinimidyl) substrate (Pierce, Rockford, IL). The reac- 0.04 0.1 1 10
tion was terminated by adding 250 mM glycine for 5 min while gefitinib (M)
rocking. Cells were washed in EBC buffer and 20 pg of protein
was resolved by 5-10% gradient SDS-PAGE, and then immuno-
blot analyzed for EGFR, HER2, HER3 and P-Tyr. PC-9 PC-8/2D
1Cy, value (M) 0.0391G.002 711006
Results Doubling time (hr) 203 21.0

Sensitivity of PC-91ZD cells to cytotoxic agents and tyrosine kin-
ase inhibitors

No significant difference between PC-9 and PC-9/ZD cells was
observed in in vitre cell growth (doubling time of 20.3 hrand 214
b, respectively} and microscopic morphology, Figure 1 shows the
growth-inhibitory effect of gefitinib on the parent PC-9 cell line
and its resistant subline, PC-9/ZD. The ICs,-value of gefitinib in
PC-9 cells was 0.039 puM, as compared to 7.1 pM in PC-9/ZD
cells (182-fold resistance). PC-9/ZD> cells exhibited no cross-
resistance 10 other conventional anticancer agents, including cis-
platin, carboplatin, adiiamycin, vindesine, paclitaxel and irinote-
can. We also examined the growii-inhibitory effect of the EGFR
tyrosine kinase inhibitors AG-1478, RG-14620 and Lavendustin A
and other tyrosine kinase inhibitors in PC-9 and PC-9/ZD cells.
PC-9/ZD cells show cross-resistance to AG 1478, but not to all of
the tyrosine kinase inhibitors (Tables L 11). Tt is likely that PC-9/
ZD would also be resistant to E(:FR—nrgcud quinazoline deriva-
tives including gefitini and erlotinib.*

PCSIZD cells show significant resistanee 1o gefitiniy in an
in vive model

To ascertain whether the resistance of PC-9/ZI¥-occurs in. vive,

we investigated the growih-inhibitory”effect of gefitinih on PC-9 " their geneé (Fzg qu) Thc bgm[ lcvui U[ EGFR was comparable or

cells and PC-9/ZD cells in a. xenotmnsp!nm-,d madel, There was
no significant difference in the size of the of PC-9 and PC-9/ZD
cell tumor masses in nude mice before the start of gefitinib injec-
tion. Figure 2 shows the growth-inhibition curve of PC-9 (Fig. 2a)
and PC-9/Z1 (Fig. 2 cells in vive during the ohservition period.
The PC-9 wumor masses decreased markedly in volume at all doses
of gefitinib. In the 50 mg/kg/day p.o. group, the PC-9 masses were
eradicated in all mice and did not regrow within the observation
period. Growth of the PCO/2D masses, on the other hand, was
inhibited by gefitinib administration in a dose-dependent manner,
but significant tumor reduction was observed only in the 25 and
50 mg/kg/day groups, and the PC-97ZD masses were not eradicated
even in 50 mg/kg/day group. These results clearly demonstrate the
significant in vive resistance of PC-92ZD cells w0 gefitinib.

Expression of HER family members and velated molecules in
PC-Y and PC-912D celis

We examined the gene eapression and protein fevels of HER
family members and related molecules by cDNA expression amay
tfollowed by confimuion using RT-PCR., dati not shown) and
immunublotting. The ratios of the protein expression levels of PC-
G cells w PC-9/71D cells almost paralleled the expression levels of

FrGure 1 - Growth-inhibitory efiect of pefitinib on PC-9 and PC-9/
ZD cells determined by MTT assay. The cells were exposed to the
concentrations of gefitinib indicated for 72 hr, The growth-inhibition
curves of PC-Y (M) and PC-9/ZD (@) wre shown. Duuhlmg tine wits
ducn'nmcd by MTT assay.

TAGBLE 1 - CHEMOSENSITIVITY TO OTHER ANTICANCER DRUGS

TC,nvalues Gsh)?

Duup R’RRY | A
BC-Y PCAYZD
* Cisplatin 9 =07 31=*15 2. 0
Carboplatin 1521 49023 1.3
" Adriamycin 016 *0.13 0.20 % 0.15 22
Irinolecan ) 1510 3211 15
Etoposide 45*x 15 6.6% 1.3 1.5
Guemcitabine 18+15 715 0.7
Vindesine 00046 * 000K 0.0032 = 00000 12
Paclituxel 0.0041 £ 0.0011  0.0048 & D.0004 L.6

'As assessed by MTT assay in PC-% and PC -0/ZD cells. Values are
the mean * 5D of >3 independent experiments.="Relative resistance
value f[(.su of resisunt cells/1Cqy ufp'm:m.ll cells).

slightly higher in PC-9/ZD" cells' (Fig. 3a.b), whereas the [{ER3
and AKT levels were lower in resistant cells,

We carried out quantitative RT-PCR 10 measure the copy num-
bers of EGFR. Estimated transcript levels of EGFR were 786.3
and 7121 copiesfeell for PC-9 cells and PC-9/ZD cells, respee-
tively (Fig. 3d). Relative ratio of EGFR expression levels in PC-9
cells and PC-9/ZD eells is 1.104. Microamray analysis using Code-
Link Bioarray (Amersham Bio, Piscataway, NIy confirmed equiv-
alem gene expression of EGFR with matio of 1.002 between PC-Y
and PC-972D) cells (data not shown).

Expression of PI3K, Grb2, SOS, and She, the adaptor protcing of
EGFR, md PTEN was almost 1the same in PC-9 and PC-9/2D cells,
and nu change i the prutein levels was obscrved afier exposure to
gehtinib (data not shown). The relative densitometric units of each
protein are shown in Figure 3. These tesults suggest that the dil-
ference in protein levels of EGFR, 1ER2, and related proteing can
not explain the high resistance of PC-9/ZD cells w gefitinib.

Sequence of HER fumily member in PC-9120 cells

Several reports suggest that the reststance w receptor tyrosine
kinase inhibitor STI-5T1 is pantially due to mutions in the
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