individual wells in a volume of 20}, and the cells were
incubated for 72 h at 37°C in humidified air containing 5%
CO;. MTT reagents (MTT, Sigma} were then added to each
wellin a volume of 20 ul, and the cells were incubated for 4h
at 37°C in humidified air containing 5% CO;. Finally, the
growth inhibitory effect of each drug was assessed spectro-
photometrically.

Drug treatment, RNA isolation and microarray hybridization

To obtain reference profiles representing the drug-induced
genomic response, the PC-14 cells were grown on plastic
culture dishes until they reached 80% confluency; they were
then treated with TZT-1027, D10, VDS, VCR, VBL, TXL and
TXT for 6h at the ICs concentration of each drug
determined by MTT assay for 72h. Cell pellets of the eight
samples, including an untreated control, were collected by
centrifugation, and the total RNA from each sample was
isolated using a single-step guanidium thiocyanate proce-
dure ISOGEN; Nippon gene).* Single-channel labeling **P
nylon membrane-based cDNA microarrays containing 588
genes were used (Atlas® Human Cancer cDNA Expression
Array; BD Biosciences Clontech, Palo Alto, CA, USA).
Protocols on array printing, labeling and hybridization are
available at the BD Biosciences Clontech web site (http://
www.bdbiosciences.com/clontech/atlas/index.shtml) The
hybridization intensities on X-ray films (Gel Bond®, FMC
Bio Products Rockland, ME, USA) were scanned and
quantified using a BAS-200011 scanner and Array Gauge
software (Fuji Film, Tokyo).

Microarray data analysis

The intensity values of each gene were log-2-transformed
and median-normalized using Excel software. The changes
in gene expression induced by drug exposure were calcu-
lated for each spot by dividing the intensity of the drug
exposure samples by that of the untreated samples. The
multidimensional scaling analysis, based on a principle
component analysis, was performed using SIMCA-P software
v10.5 (Umetrics, Sweden). Three-dimensional rendering of
the gene profiles was graphed in a manner such that samples
with similar expression profiles would lie closer to each
other than those with dissimilar profiles. The heat map,
which showed the correlation coefficient between each drug
reference profile, was performed by R (http://cran.r-projec-

t.orgf).

Functional analysis of identified genes

To analyze the functions of the clustered genes, a gene
ontology analysis was performed using the EASE bicinfor-
matics software package (http://appsl.niaid. nih.gov/david/
upload.asp).®™*2 This software package was used to rank
functional clusters by statistical over-representation of
individual genes in specific categories relative to all genes
in the same category on the array. The functional clusters
used by EASE were derived from the classification systems of
Gene Ontclogy (GO). The P-value to rank categories of genes
by over-representation was calculated using Jackknife-Fisher
exact probabilities. The threshold for selecting categories
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was a P-value of less than 0.01 and a minimum gene count
of more than two. P-values in gene ontology are not equal to
biological significance but are helpful in focusing on the
processes most likely to be associated with the biological
phenomena associated with aging. We also conducted
further online database searches to refine many specific
GO annotations.

Real-time RT-PCR

Real-time RT-PCR was performed using a Smart Cycler
systemn (Takara) and a SYBR Green PCR kit. The reaction
solution was assembled in a volume of 25l comprised of
TagMan™ Universa] PCR Master Mix (Applied Biosystems,
Foster City, CA, USA), forward and reverse primers (final
concentration, 0.2pmol/l each) and c¢DNA mixture
(=2.5ng) to produce PCR products specific for GSTP1 and
TIMP3. The primers and probes were purchased from Sigma-
GenoSys (Tokyo, Japan). The conditions for real-time RT-
PCR were preheating at 95°C for 101in, followed by 40
cycles of shuttle heating at 95°C for 15 s and at 60°C for 20s.
A threshold was set in the linear part of the amplification
curve, and the number of cycles needed to reach it was
calculated for every gene. Relative mRNA levels were
determined using the included standard curves for each
individual gene and further normalized to the GAPDH
mRNA level. Melting curves were used to establish the purity
of the amplified band. The sequences of the primers used for
RT-PCR were as follows: GSTO1 forward, 5-AGG TTC TGC
CCG TTT GCT GAG AGG and reverse, 5-CAA GCTTTC TCA
TAG GGG TCA TCC G; TIMP3 forward, 5-TGC TGA CAG
GTC GCG TCT ATG ATG G and reverse, 5'-GCG TAG TGT
TTG GAC TGG TAG CCA G; GAPDH forward, 5-TGA AGG
TCG GAG TCA ACG GAT TTG GT and reverse, 5-CAT GTG
GGC CAT GAG GTC CAC CAC.
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7ZD6474 inhibits tumor growth and intraperitoneal dissemination in a highly

metastatic orthotopic gastric cancer model
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Angiogenesis inhibitors have heen used Lo treat some cancers, hul
(he therapeutic potential of these agents for gastric cancer has
remained unclear. To investigate their therapestic potential, we
examined the effect of ZD6474, an agent that selectively targets
rascular endothelial growth faclor receptor-2 (VEGFR-2; KDR)
tyrosine kinase and ecpidermal growth factor receptor (EGFR)
tyresine kinase, in a highly metastatic orthotopic model using an
undilferentiated gastric cancer cell line, 58Ast. ZD6474 (100 mg/
kglday, p.o., 2 weeks) significamly inhibited tumor growth (p <
0,05 ws. contrul) ind reduced tumor dissemination in(o the perito-
neal eavity (p < 0,05 vy. control). In addition, to identify putative
tumor biomarkers that would reflect the effects of ZD6474 treat-
ment in clinical settings, we examined the gene expression profiles
of implanted gastric tomors treated with ZD6474 in vivo, Twenty-
eight candidale genes were identilied, including IGFBP-3. ADM,
ANGPTLY, PLOD2, DSIPY, NDRG1, ENO2, HIG2 and BNIP3L,
which are known to be hypoxia-inducible genes. These genes and
gene products may be aseful bivmarkers for munitoring the cffects
of Z16474 treatment. ZD6474 also improved the survival of mice
with implanted anvther sndifferentiated gastric eancer cell line,
44As3. In conclusion, our results suggest that ZD6474 may have
clinical activity against gastric cancer, particularly wndilferenti-
ated gastrie cancer with peritoncal dissemination. We also identi-
fied petative biomarkers for munitoring the pharmacodynimic
effects of ZD6474 by gene expression profiling.

o 2005 Wiley-Lixs, Inc.

Key words: 2D0474; gastric cancer; intraperitoncal disseminaion;
VEGEF: oligonucleatide microarray

Various ati-cancer agents huve been examined for efficacy
against gasiric cancer over the past 1wo decades, but the mediun
survival time of patients remains around 7 months."® and the
prognusis of gastric cancer patients remains poor. Peritoneal dis-
semination is common in patients with untesectable gastrointesti-
nal cancer. and many sufler Irom peritoncal carcinomatosis in the
terminal stage. Because undifTerentisgted gastric cancer is particu-
larly mvasive und often accompanied by peritoneal dissemina.
lion.” a new lreatment strategy is necded.

Vascular endothelial arowth Factor {(VEGF) is a key mediator of
mmor prowdh and is known to have multiple Junctions in angio-
genesis, vaseular permeability, wnd the regulation of endothelial
cell prafiferation and migration.' ® VEGT receptors (VEGER) are
activated by Hgand stimuolation with VEGF and  commonly
expressed in vascular endothelial celis. VEGFR-2 {(KDR/FLk-1} is
thanght 1o be impurtant for angiogenesis.” Because the VEGT-
VEGER system plavs o key role in ungiogenesis and lumor growih
in vivo. the therapeutic poteatial of many agents Largeting (his sys-
lem is being investipaied.™ A recent study has shown that a combi-
nation ol monaclonal antibody against VEGT and chemotherapy
prigduves aclinically mesningfut survival benefit Jor patients with
metastadic colorectd cancer” and these resalts may lead 10
changes in he stundard sresiment for colorectal cancer”

716474 05w omovel vratly avaitable VEGER-2 (KDR) wyrosine
Linase mhibitor that is alse known 1o selectively targel epidermal
prowth Taetor recepror (EGFR) 1y sosine kinuse. both ol whivh are
pris o) key pathwass insonar prowth, ™ T W demenstied

."’"’T'\‘\ Fuad Do attin an ol Ehe Tk innetistial Lo St Conwen

G uice

g g e e

previously the evidence suggesting that ZD6474 inhibits angio-
genesis and fumor growih by targeting EGFR.*13

In our present sindy, we tested ZD6474 for an inhibitory effect
on tumor growlh and intraperitoneal dissemination, and for
improvement of survival in a newly established, highly metastatic
ortholopic gastric tumor model in vive. In addition. we also identi-
ficd putative biomarkers to monitor the effects of ZD6474 treat-
ment osing gene expression profling.

Malerial and methods
Reugeits

ZD6474 and gelitinib (Tressa™) were provided by AstraZeneea
{Cheshire, UK).

Cell vudrtures

The newly established highly metustatic wman signct-ring cell
gastric cancer cell lines 58As1 and 44As3 produce large volumes
of ascitic fluid and spontuneousty metastasize 10 the peritoneal
cavity after orthotopic (gastric wall) inmlummiou.w'” 38As] and
44A53 and human non-gmall cell fung cancer cell line PC-9 were
maintained in RPMI-1640 medinm (Sigma. St Louis, MO) sup-
plemented with 10% heat-inactivated FBS (Gibeo BRL. Grand
Island, NY). The PC-9 cells were a gift of Tokyo Medical Univer-
sity. Human cnibryonic kidney cell line 293 (HEK2Y3) was
obtuined from the American Type Cubture Collection (Manassas,
VA) and cultured in DMEM supplemented with 10% FBS. Human
umbilical vein endothelial cells (HUVEC) were nuaintained in
EBM-2 medivm (Clonelics, Walkersville, MB) supplemented
willh EGM-2 kit (Cloneties). according 1o the manufacturer’s
instiuctions,

In vitro growth-inftibition assey

The cell-growth inhibitory elfects of ZD6AT74 and gefitinih were
assessed by the thiazole blue tetrazolium bromide (MTT) assay
(Sigma). Briefy. 180 plpwell of el suspension was secded on to
Sumilon™ 96-well microculture plates (Swnilomo Bakelite., Akita,
Tapan) and incubated in 10% FBS-containing medium for 24 he.
The cells were then Ireated with ZD6474 al vartous concentrations
(4 nM=84 uM} and celtured at 37°C in a humidified atmosphere
for 72 hr. Alter the culture period, 20 pl volume of MTT reagent
was added. and the plales were Turther incubaled Yoy 4 hr. After
centriluging the plates. the culture medium was discasded and (he
wells were lilled with dimethyl-sutloxide. The optical density of
the culluyes was measured a1 362 nm with Delta-solt soltware ona
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Maciniosh computer imerfaced 10 a Bio-Tek Microplate Reader
EL-340 (BioMetallics. Princeton. NI). The experiment was con-
ducted in triplicate.

Inununoblotting

EGFR. phospho-EGFR (specific for Tyr 1068), and anti-ralbit
horseradish peroxidase (HRP)-conjugated antibody were pur-
chased [rom Cell Signalling (Beverly. MA). Cell pellets were
lysed in RIPA bufler (Tris-HCL 50 mM: pH 7.4: NP-40, 1%:; Na-
deoxycholale, (.25%; NaCl. 150 mM; EDTA, | mM; phenyl-
methyl-suifonyl fluoride. 1 mM: aprotinin. leupeptin, pepstatin,
1 mg/ml each; NagVO,, 1 mM; NaF. I mM). Cell exiracts were
efectrophoresed on 7.5% (w/v) polyacrylamide gels mnd trans-
ferred to a polyvinylidene di-fluoride membrane (Nihon Millipore,
Tokyo, Japan). The membrane was incubated in Tris-buffered sal-
ine conaining 0.5% Tween 20 with 3% BSA and then reacted
with the primary antibodies and the HRP-conjugated secondary
antibody for 90 min each. Visualization was achieved with an
enhanced chemiluminescen detection reagend (Amersham Bio-
science, Buckinghamshire, UK).

RT-PCR

A5 pg of total RNA from each cultured cell line was converied lo
cDNA with a GeneAmp™ RNA-PCR kit (Applied Biosysters. Foster
City. CA). The primers used for the PCR were: human-specific beta-
actin, forwardd: 5-GGAAATCGTGCGTGACATT- and reverse: 5'-
CATCTGCTGGAAGGTGGACAG-3,  mouse-specific  beta-actin,
forward: 5'-GAAATCGTGCGTGACATCAAA-Y and reverse: 5'-
TCATGGTGCTAGGAGCCA-3: VEGF-A, forward: 5-GCCTTG-
CCTTGCTGCTCTAC-3 and reverse: 5-CA-GGGATTTTCTTGTC-
TTGC-3: VEGE-C. forward: 5-AAACAAGGAGCTGGATGAA-
GAG-¥ and reverse: 5-CAATATGAAGGGACACAACGAC-3';
VEGIR-1, forward: 5'-TAGCGTCACCAGCAGCGAAAGC-Y and
reverse: 5-CCTTTCTTTTGGGTCTCTGTGC-Y: VEGFR-2, for-
ward: 5'-CAGACGGAC-AGTGGTATGGTTC-3 and reverse: §'-
ACCTGCTGGTGGAAAGAACAAC-3:  VEGFR-3,  forward:
S-AGCCATTCATCAACAAGCCT-3 and reverse: 5'-GGCAACAG-
CTGGATGTCATA-3: IGFBP3. lorwad: 5+ AATGCTAGTGA-
GTCGGAGGAAGAC-Y and reverse: - GGCGACACTGCTTTT-
TCTTATAAA-3; ADM, forward: 5'- CCTGGGTTCGCTCGCCTT-
CCTA-¥ and reverse: 5'- GGCTGGAGCCCCGTGTG- CTTGT-3,

PCR amplification was carried out for 35 cycles (95°C for
45 sec. 56-62°C for 45 sec. and 72°C for 60 sec) with a linal
extension step at 72°C for 7 min. The hands were visualized by
cthidium bromide staining.

Sequencing

Tixons 18-21 of the EGFR ¢DNA Irom the timor eell lines were
sequenced. and the eDNAs were amplified using the Tollowing pri-
mers: forward. 5'-TCCAAACTGCACCTACGGATGC-Y. and
reverse, S-CATCAACTCCCAAACGGTCACC-3. The PCR
amplification consisied of 25 cycles (95°C for 45 sce. 35°C for
30 sec and 72°C for 60 sec). The sequences of the PCR producis
were determiined using ABI prism 310 (Applied Biusystems).
Amplilication and sequencing were carried out in duplicate Tor
cach tumar cedl fine. The sequences were compared o the Gen-
Bank-wrchived human sequence of REGFR (accession number:
NM_00522K.3),

Orthenopic medel in vivo

ZDO474 was dissalved in sterile waler containing 15 TWEEN 50
(Sigma). Six-week old Jeale BALB/c nude mice were purchased
from CLEA Japan Ine. (Tokyo)y amd waingained under specitic
pathogen-Tree condigions. A total o | 10" 38751 cells was inocu-
fated it the pastrie wall of cach maonse afler laparatomy. Thice
davs aller the inoculiion. the mice were given ZDA47D 50 mpfke/
day i mypor I mehgilay b 6o sehicle conol - )
P Tar 1 chys . Alier cuthindzing the mice on Doy 19, umu vl
ume i meisared and umor sinnples sl inrapeiseeal aage
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fluid were collected. The tumor samples were formalin fixed (# = 3)
or stored in Isogen (r = 3} (Nippon Gene, Fokyo, Japan). The intra-
peritoneatly disseminated cells were collected from 2 mi of PBS thai
hnd been used to wash the peritoneal eavity.

In the survival study, mice were inoculated with | X 10° 58As]
or 44As3 cells into the gastric wall after laparotomy. Three days
after inoculation. {he mice were given ZD6474 50 mg/kg/day of
ZD6474 p.o. (n = Ty or i.p. {n = 7) or the vehicle control p-o.
(n = 7) for 14 days. The “visible ascites.” which was evideni a
few days before death in this model, was used as a surrogate for
survival time to consider for animal welfare. Mice were euthan-
ized when asciles became visible, implaniation of the gastric can-
cer cells was confirmed in all of the cathanized mice. No caneer
cetl was found in one mouse (ZD6474 100 megfkg/day. 44As3
implanted), and it was excluded [rom the analysis. The experimen-
tal animal protocols were approved by the Commitiee for Ethics
of Animal Experimentation, and the experiments were conducied
in accordance with the Guidelines for Animal Experiments of the
National Cancer Center.

Qligonucleotide nticroarray siuey

A DNA microaray procedure was used 1o prepare the in vitro
iranscription products, and oligonucleotide amay hybridization
and scanning were carried ont according to the Affymetrix proto-
cols (Santa Clarx. CA). In briel, lotal RNA extracted from the
tumeor samples was analyzed with the Agilent 2100 Bicanalyzer
{Agilent Technologies, Waldbronn. Germany) and cRNA was syn-
thesized with the GeneChip™ F-Amplilication Reagents One-
Cycle ¢cDNA Synthesis Kit (Affymetrix). The ¢cRNA were then
labeled and purified for use as probes. Hybridization was carried
out 1o the Affymetrix GeneChip HG-U133 Plus2.0 array for 16 hr
at 45°C. After washing the plass slides, spot intensity was meas-
ured by scanning with a GeneChip™ Scanner3000 (AlTymetrix)
and converted 1o numerical data with GeneChip Operating Soft-
ware, Ver.] (Aflymetrix).

Six GeneChips were used 1o primwry implanted 58as! tumor
samples [tom the vehicle control gronp (n =2, and the ZD6474-
freated group {# = 2. 50 mg/ky proup: # = 2. the 100 mptka
2EOup).

Staristical unalvsis

All statistical calealations, except the analysis of the microurray
disa. were ciricd oul using StwiView version 5 suftware (SAS
Institute Inc.. Cary. NCYL A p-valve of < (105 was considered sig-
nificant. The microarray dus were anadyzed with GeneSpring soll-
ware (Sticon Genetics, Redwoud City. CA). The expression data
were nomalized across the sample set by the S0th percentile of
each chip’s intensity range. Relative expression data for each
probe set were generated by median normalization. The Ffold
change (mean value of the ZD6474-trestment group/mean value
of the vehicle caontrol group) was calealated. and genes with >»2-
told change or «0.3-fold change were selected,

Results
Cell sensiviviry 1o 26474 in vilro amd expression uf VEGFR
and EGFR

Cell sensitivity to ZD6474 ad the expression levels of EGTR,
VEGER wnd VEGF were examined i (he 58As] ceils. The
growth-inhibitory cifect of ZDO3T4 and gelitinih was assessed by
an MTT asaay. The 1Csy values of ZD6474 and gefitinib Tor
58AsT vells were S8 & L8 and 110 = 3.0 ML respectively, sug-
gesting that S8A8 cells are not senxitive 0 ZD6474 or gelitinib
i vitro. compared to e “hapersensitive” . PO cells (10,
values AL and 003 pML respectively )"t The 58As] colls
expressed @ eluively high level ol EGFR compared 1 1he cells
evpressing high (PC-93 and low (MEK 2934 [evels of RGFR. bl
the phaspher ftion status wis low (Fig - Ly The expression ke
Iy ol VEGER wind VEGE A C e momarad by RT PR A Jow



206474 FOR GASTRIC CANCER

H58 H58 H58 Hb58

(kD) as—ws | |B: EGFR bl
120-lee aa -
]
. | =
b 1B: p-EGFR )
120=1 =— L
8 98% ®
= 0dg =
§ oo
= w3
c xr
AR fht ] /. 1 1
L G § ¥ £ L R E AT 5 G L A
EGFR. Wl CTGGGCICC ARG GAATTANGAGAAGCAACATCT GGGCTGGLC
58AFl CTGGGCICC PAGGAATTAAGAGARG CAACATCT GGGCTGGCL

485

Ficune 1 - Cellular characieristics of 58As] cells. (a) EGER expression and phosphorylation levels determined by Western blotiing. A mod-
erately high level of EGFR expression was observed in 58As! cells, compared 10 cells expressing high {PC-9) and low [HEK293) levels of
EGFR. The ghosphorylation of EGFR status in 58As) cells was low under normal culture conditions. 1B, immunoblotting. Molecutar marker:
120 kD. {5 Expression levels of VEGFR and VEGF-A and VEGF-C were measured by RT-PCR, A low level of VEGFRI expression was
detected in $8As] cells, but no expression of VEGFR-2 or 3 was detected. 58As}k cells expressed VEGF-A but not VEGF-C. I1, human umbilical
vein endothelial cells. 58: S8As1. 1¢) EGFR sequence in S8As cells. No mutations wese detected near the ATP-binding domains in $8As| cells.

AA, amino acid.

level of VEGTR 1 expression was found in the 58As] cells, but no
VEGER2 or VEGIR3 expression was detected. The 58As]1 cells
expressed VEGF-A. but not VEGE-C (Fig. 1h). Our resulls sug-
gest that 1he lymphatic-metastasis-related VEGF-C and VEGFR3
are not involved in the inhibitory effect of ZDG474 on lumor dis-
semnination observed in our present study i vive.

Because EGFR mutations may be a determinug of fumor cell
sensitivily 1o ZD6474.'% exons 18-21 of EGFR mRNA from
58As5] cells were scquenced. No inutations near (he ATP-binding
domains'®" were detected. the 58As] cells were concluded 10
express the wild-1ype EGFR.

Growth-inhibitory effect of ZD6474 in the orthotopic muorlel
in vive

To examine the antitumor effect of ZD6474 on gasiric cancer.
we assessedd the growih-inhibitory effect of ZID6d 74 by measuring
inplanted wmor volume alter 14 days of p.o. treatment in vivo, A
significant growth-inhibitory effect was abserved in the ZD6474
(100 mafkgfday) group in compison with the vehicle control
group {p = 0.027) in athymic mice Enplanted with 38AsT cells
(Fig. 3u). Average fumor volume in the vehicle control group.
30 ma/kgfilay ZDa474 group and 100 myfkefday 76474 groups
was 1063 & 218 mm". 79.9 = 70.0 mm™. and 423 £ 248 i,
respectively.

Histological examination of H&E stuined specimens showed a
marked reduction in the number of cancer celis in the sub-mucosal
Jesions and the presence ol necrotic tissue in the 76474 groups
(Fig. 2h}. supgestiag that 716474 inhibits the growth of primary
pasiric Mo i vivi.

Fahibiterry-effect of D074 cn peritoneal cissemintion

To monitor e inhibitory clleet of ZD6474 on peritoneally dis-
ceminmted human cineer eells. the mENA - expression rutio ol
hugan B-actinfmurine 3-actin was measured wilh appropriule spe-
¢ific primers in cells eallected fram intraperitancal lavage hid. A
significanily lower level of human-derived B-setin was abserved
w the 100 my/kghlay 710474 group than in the vehicle control
proup ip 09 Ty 20.d), indivating that ZDed 7 ishibits the
inaperitomeal dissenimatian ol sanlric capeer i dose-dependent
ey,

Effect of ZD6474 un survival

In the survivad experiment, we examined the e[fect of ZDo474
(p.o. or ip.) on the survival of mice implanted with 58As1 or
44As3 cells. Both p.o. and i.p. administration of ZDG474 50 mpfkg/
duy significantly improved the survival ol 44As3-impianted mice
(p'= 0:0009, p = G004 v, controf. Fig, 3b). but did not signilicartly
improve the survival of SRAsT-implanted mice (p =009, p=04
vy, control, Fig. 34). The median suivival time of the 58Asl-
implanted mice was 33 days in the control group, 40 days in the i.p.
group, and 46 days in the p.o. group, whereas in the 44As3-
implanted mice. it was 34 days. 43 days and 53 days. respectively.
Oral sdministration of ZD6474 was more cifective than ip. injec-
tion (p = 0.049) in the d4As3-implanted mice (Fig. 35). These
results supgest that ZD6474 is an aclive sgainst gasiric cancer,

Regulation of the geae expression by ZD6A74 in vivo

To idensify putative tumor biomerkers that reflect the eflicacy of
216474 in vivo, we amdyzed the gene expression profiles of
implanted-tumor samples with oligonucleatide microwray. Expres-
sion of 26 genes was upregulated by 2-Told or more in the ZD6:474
treatment group compared to the contral group. whereas 2 penes
were downepulated (Fig. o). Interestingly. of 26 uprepulated
genes. 9 of these genes were reported previously 1o be hypoxia-indu-
cille: JGFBP3 (insudin-like growih fuctor hinding protein 3). ADM
(ceelrenomedulliny. ANGPTLA {ungiopoiciin-tike 4). PLOD2 (rrewcol-
lugen-lyxine, 2-oxoghnarate S-dioxygenase 2). DSIPH (dele sleep
indicing peptide, inmunoreactor). ENO2 {eaclase 2. NDRGT (N-
e owastream yegideted gene 1) THC 32 thyposic-indecible prowin 2)
and BNIP3L (BCL2fadenovivus 1B 19 kDa interacting protein 3-
Jikey. To confim upregulation of the genes. we muasured the expres-
sion levels of representative geacs, JGFRRPS and ADM. Dy RT-PCR
in murine tumer samples (Fig. 4.

1Yiscussion

A carrelalion hetween somanie EGFR mutalions in non-smal
celf lung cancer cells and sensitivity FGER-specitic 1yrosine
Kinise inhibilers. inchaling ecfitinib and erlatinib. has been dem-
enstrated vecently.'® ™ and g similar observation was mile in
regund 10 ZDEAT in pia' S We demonsivated previously that
colls trmslected with mutated FGER were - atkfold more UIEYS
live (o 70474 G vier TOTR 1y rosine Kinise inhibilors may pro:
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Figure 2 - AntHumor effect of ZDG474 in un orthotopic dissemination medel in vive. (@) Ja vive growlh-inhibiiory effect of ZD6474. Fhe
implanied tumor volume was calculaled after 14 days of treatment (p.o.). *Athymic mice (# = 7) per group were implanted with 58As) cells,
and o significant growth inlibitory effect was observed in the 100 mp/kp/day group, compared to 1he vehicle control group (p = 0.027). (4) Rep-
resertative 11E staining of tumor tissae in mice treated with ZD6474. The number of cancer cefls in the sub-mucosal lesions was clearly lower
and necrotic tissue was visible in the Z1D6474 group, compared to the control group. (¢) Disseminated cancer ceils were collected rom intraperi-
toneal lavage fuid (o messure the ratio ol wmoer-terived human B-actin to murine B-wrin using RT-PCR and specitic primers (3 mice/group).
Total RNA was equalized 1o 5 pg for eacl sainple. () Densitometric analysis. Ratio of B-actin levels. #Significomly lower level of human-
derived B-actin was detected in the 100 mg/kg/day ZD6474 group than in (he control group (p = 0.049). The dusa shown are means * SD. Cant,
vehicle control: 50, ZID6474 50 mg/ke/day group; 100, ZD6474 100 mefke/day group. Significance was analyzed by Siadent’s r-test,

vide particularly effective therapy for the subsel of lung cancer
patients whose wmor cell growth is highly dependent on EGFR
signaling, including patients with tumor cells harboring activated.
mulated EGFR. The proportion of patients with 1umors highly
dependent on EGFR signaling may be relatively small among var-
ious cancer patiem populutions. Therelore. additional reatmem
oplions for patients with cancers less dependent on EGFR signal-
ing are also necded. 11 was concluded ihat 58As] cells expressing
wild-1ype EGFR are not highly dependent on EGFR sigaaling
in virre because the 1Csg Tor growth inhibitton by ZD6474 (5.8
pMy fell within the range of seasitivity reported by others for
wmwor cells in viren (2.7-13.5 }tM)m and because the 1Cs, lor
growth inhibition by gelilinib, a highly selective EGFR tyrosine

kinase inhibitor. way > HpM. As a resull. the concentaution ol

7136474 reguired to inhibit 38As§ cell growih in vitre was 97-lold
wrenter than requied 1o inhibit VEGE-dependent HUVEC prolil-
cration. ™ Noactheless. ZD6474 signilicanily  inhibited  88As)
winar grasth i vive (Fig, 200 suggesting 1w ZD6474 §s active
iainst gasivic cancers expressing wild-type TGFR in vive and
that 2106474 inhibition ol lumor angiogenesis is likely 1o cantrib-
ule Nignificantly 1o this antitumes elTect.

Our present shindy is unigque becayse oun aggressive and spos-
tancaus infraperitoneal-dissemination model is considered a very
rood madet ol o progression in gasiric cancer patients clini-
cally expecialiy of the undilforesisiod 1vpe Indeed Tackianel

and CPT- 1] have been demonstrated 1o exhibil a growth-inhibi-
tory effect and survival benelit in this model.'” but gefitinib did
nol in preliminaury result (dula not shown), The positive resulis
with ZD6474 in aur present study suggest thal this agent may be
clinically uscful in gastric cancer. We had hypothesized that
direct intraperitoneal injection of ZDOI74 is more effective than
oral administration 1o inhibit intraperiteneal dissemination and
resall in betler survival. however. the result showed that oral
administration led 1o better survival in 44As3-inplanted mice
(Fig. 3.

ZD6474 inhihited the intraperitoneal digssemination of gastric
cancer cells in our dissemination model. Alihough the mecha-
nixms underlying this efTect remuin unelear, a few possibilitics
can be specudated: based on clinieaf evidence. the depth of umor
invasion and clinical staging is thaught 10 be closely related 10
peritoneal dissemination.”’ Thus. one possible mechanism ol the
reductien ol inaperikmea! disseminaiion may have resulted
from a reduction in 1he serosal penctration of the cancer cells by
Tantitumer effect of ZDO474T an the implanted  tumeors.
Although it is unelear whether ZDa474 has an inhibitory elTeet
agabast distal metastasis 1o the liver and Bymph nodes. Jor exam-
ples. i1 35 nol surprising that ZD6474 inhibits “intperitoneal
dissemination.” Tvaluation of its offedt on distad mceiastasis wild
be the sulject of o funese investigation in ow Inhordory. Small
o lesions fup b 2 mig may ohiain the ovvgen and nnirienss
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To idenlify pulative biomaukers of the pharmacodynamic
effects of ZD64T4 in vivo, we idemified 28 candidate penes
from implanted 58As] tumor samples by oligonucleotide
microarray analysis (Fig. 4a). IGFBP-3 has multiple functions,
including in the induction of apoptosis,®* the inkibition of can-
cer cell proliferation,™ and carcinogenesis™ and [GFBP-3
expression is transcriptionally upregulated under hypoxic con-
ditions.™ A recent study has alse shown that EGFR regulates
IGFBP-3 expression and secretion.”” The imhibitory effect of
ZD6474 on EGFR kinase may be associated with the upregu-
lation of IGFBP-3. ADM. which was first identified in a
human pheochromocytoma. is known to regulate circulation by
acling as a hormone.,” Adrenomedullin is also induced by
hypoxia and may have a role in protecting against hypoxic
cellular damage in human retinal pigmem epithelial cells.”
Expressions of nine of the upregulated genes, IGFBP-3. ADM,
ANGPTL4. PLOD2, DSIPf, NDRGI, ENO2. HIG2 and
BNIP3L. has been reporled previously to be induced by hypo-
xia. 262973 pyo hypothesize that ZD6474 inhibits neovasculari-
zation in tmnors, thereby limiting the oxygen and nutrient sup-
ply and resulling in twmor hypoxia and upregulation of hypo-
xia-inducible gemes. If this hypolhesis is correct, hypoxia-
regulated genes and gene products might be uselul biomarkers
for the pharmacodynamic elfects of ZD6474 and other anti-
ungiogenic agents in preclinical and clinical settings, We are
now investigating wheiher these genes and pene products can

ARAQ ET AL

be used as biomarkers for the efficacy of ZD6474 in a correla-
tive study.

Future directions of our study include: () to compare the antitu-
mor effect of other “anti-vascular agents” with ZD6474 in this
model; (if) to evaluate combination therapy with ZD6474 plus
anticancer agents; (/i) lo evaluate the antitumor effect of ZD6474
against micro-metasiasis in vivo: and (/) 10 confinn the usefulness
of the 9 candidale genes as biomarkers in clinically.

In conclusion, we demonstrated that ZD6474 inhibited tumor
growth. suppressed intraperitoneal dissemination, and prolonged
sarvival in a highly metastatic orthotopic gasiric cancer model.
We carried out a microanay analysis of tunor samples and we
identified 9 hypoxia-inducible genes us candidate biomarkers Jor
monitaring the effects of ZD6474 therapy. These lindings provide
a sirong preclinical rationale for investigating ZD8474 for the
treatment of gasiric cancer in the clinic.
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Abstract

Recent progress in the field of molceular
hiology has been expected to contribute to prog-
ress in the ficld of clinical medicine. Personal-
ized medicine conld he achieved hy phar-

macogenomics,  Prospective clinical studics

Intreduction

Remarkable progress has been made in the
field of molecular biclogy in the 20 century
{Table 1). The cotire human genome has been
sequenced by the Human Genome Project. The
21st century s, therefore, called the “Post
Genome” era and further advances in the clinical
application  of  biolechnology are  expecled.
Applied biotechnology is also uscful for both
diagnostic and therapeutic oncology. Here, we
shall discuss the application of biotechnology lo
ihe field of medical oncology.

Tahle 1 Pragress in the field of modecular hiolog
B i

during the 20" century

yeur cve

1890 Mendelism

1926  Genes on chromosome (Mogan)

1944 DNA as gene eomponent (Fibree)

1953 Double helix of DNA {Walson & Crick)
956  Replication enzyme of DNA (Komburg)
1973 Recombination technology (Cohen)

1985 PCR (Mullis)

1990  Start the Human Genome Project

(994 Deciphering the human genome procecd 1o

multicellular organism
2001 Decoding of the human genome by Celera

Genomies Clo.

using biomarkers are considerced 10 be important.
Investigators should plan (he study design and
carefully perform such studies.

Key words: Pharmacogenomics, DNA chip,
biomarker, prediction

Tissue Banking

Genome biology is cxpected to be applied to
drug development. Drug development. such as
that of cytotoxic anticancer drugs and molecular
target drugs in the lield of oncology, is onc ol the
most upeoming {iclds, The first and most impor-
tart step of drug screening s larget identification
and the search for seeds. The next step is screen-
ing of the compounds, followed by preclinical
and clinical studies. 1t is considered that
genomic information clfectively contributes 10
the targel identification and its validation. To
obtain data about the human genome, analysis
of human materials is essential, This approach is
called the “Reverse Translational Research™ In
the clinical sefling, it is also called “Molccular
Correlative Study™. These approaches are adopt-
ed by government-supported projects both in
Jupan and ubroad. Pharmaceutical companies
also aggressively conduct a search for seeds,
Mega-pharmas, in particular, have already estab-
lished the banking system for haman materials,
Japan has also started @ banking system, but il
seems 10 be still immature and Japan still falls
behind other countries. The process of collect-
ing clinical sumples is called “Tissue Ranking”
or simply “Banking”™.
Pharmacogenomics

The approach mentioned above is also applicd
in the clinical setting. One of the well-recog-
nized approaches is “Personalized Medicine,”

Gl
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that allows therapy lo be customized 1o individ-
vals by analyzing the individual's genome.
Analysis ol the genome is called “phar-
macogenontics”™ when it is related (o (reatment
with drugs
comhining “genomics” and  “pharmacology”
Hroadly, pharamcogenomics includes the analy-
sis of gene products, such as RNA and proteins
The pharmucogenomic approach is considered
to contribute to health and welfare. The US and
other governments are encouraging this strategy.
For example, the US government provides guid-
ance 1o the industry on the process of Inves-
tigational New Drug (IND), New Drug Applica-
tion (NDA), und Biologic licence Application
{(BLA). In our country, the Ministry of Health,
Welfare, und Labour has requested Tor genomic
information obtained hy the genomic festing in
clinical studies for pharmaccutical companies.

Application of pharamcogenomics is expected
in three major stages : discovery, preclinical, and
clinical stages {Table 2). Three examples are
provided as follows : i) research on gene-related
diseases ; i) relationship between gene
palymorphism and response to drug ireatment ;
iit) genomic tests foe the prediction of drug
responses. Examples 2 and 3 are considered 1o
be closely assecialed with cancer treatment and
will directly contribute 1o the exclusion of
patienis with severe 1oxicities or (o the selection
ol responders and non-responders to a particular
treatrnent. The markers obtained by phar-
macogenomics arc called as “biomarkers”,
Biomarkers for molecule-fargeting drogs

We would like 1o consider biomarkers for
target-based drugs. 1) Overexpression of the
target maolecule: this is ofien detected by im-

“Pharmacogenomics™ is a word

Table 2 three broad apphcations  of  phar-
AIACOLEAOTECS

Discovery
T
Mechanisms of Action

arget idenhiication

Target differentiztion

Biomarker identiftcation
Preclinical Toxicology

Toxicogenomics

In vive mechanism ol aclion

Biomarker identification

In vive mechanism ol action

Riomarker deselopment and validation

munehitochemical analysis.  Amplification of
targel molecules is detected by IS, CISH or
POR Somatic mutations in tumor tissues are
detected by direcl sequencing or wther PCR-
For the purification of tumor
tissnes, the microdissection 1echnique is wsefud
There are biomarkers for conventional cytotoxic
drugs ERCCT is an enzyme involved in DNA
tepair and its transcripi levels have been reported
to be related to the responses o platinum-
containing regimens (c.g., cisplalin  plus
gemicitabine} in non-small cell lung cancer
patients.!  Thus, hiemarkers could be determi-
nants for predicting the sensitivity and responses
of tumors to eylatosic drugs.

As mentioncd above, the EGFR somalic
mutation in lung cancer is a4 hot topic. Strong
correlation has heen ohserved between EGFR
somalic mutations and clinical responses to an
EGFR-speeific  1yrosine kinase inhibitor,
gefitinib. Thus, the EGEFR mutation is a definite
biomuarker, and other somatic mutations of on-

based assuys.

cogenes in tumors have been also  reported.
These mutations could be used as new biomar-
kers to clarify subpopulations of patients that
would respond to molecule-targeting  drugs.
Currently, trials for new molecule-targeting ther-
apeutics are now underway for solid tumors.
Treatment with angiogenesis inhibitors and anti-
hodies are expecled 10 improve the outcome of
patients. New biomarkers need to be continually
sought for this type of therapeutics.

Now, these molecular correlative studies are
calted as "Critical Path Research™ in the field of
drag development (Fig. 1),

Considering the background of aggressiveness
of biomurker research, the average response 10
drogs is much lower than that ol other discases
(Fig. 2)

The average response rate Lo anticancer drugs
is 20-30%, which is inadequate.  In order to
improve the response rate to anticancer drugs,
selection of subpopulations of patients tha
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would potentially show response is one strategy.
At the same time, the labeling of drugs with
pharmacogenomic data has been  increasing
recently (Fig. 3}

Government-related regulatory institutions in
the US (Department of Health and Human
Services, Food and Drug Administration, Center
for Drug Evaluation and Research (CDER),
Center for Biologic Evaluation and Rescarch
(CBER), Center for Devices and Radiological
Health (CDRIL)} developed a “Guideline for
Industry,” by which pharmaceutical companics
are required to submis pharmacogenontic data.
How should investigators asscss/evaluate the
data ?  Essentially. we should recognize three
categories  of pharmacogenomic  information
while sclecting the wreatment strategy @ 1) fest
required, 2) test recommended, 3) informarion
only.

Trastuzumab (Merceptin'®) for breast cancer is
a good example ol the first; testing for anti-Her?2
by FISH analysis (HNerceplest®} is reguired for
the administration of Trastuzumab.,  Although
EGFR somatic muwation, EGFR immunohisto-
chemistry, and FISH for EGFR are considered

to be good biomarkers for predicling the
response 1o EGFR-targeting drugs, they belong
to the "Test only”™ category. It is not within the
scope of this review Lo discuss why these differ-
ences exist. Anyway, applied pharmacogenomics
is very important in the selection of appropriate
sulrpopulations, and an increase in the numbe
of "Test required” biomarkers is warranted.
Another point for discussion is thar the phar-
macogenomic approach has so far locused on the
prediction or evaluation of adverse events,
Single- nucleotide polymorphisms of melaboliz-
ing enzymes, such as pds0 or UDP-glucur-
onoyltranslerases (UGTY are closely related to
the toxicity profile of drugs. Therelore, tests for
these genes are also included in the label of the
drugs, The available evidence actually contrib-
wes to identify subpopulations of patients likely
to show severe side cffects. On the other hand.
there is not much evidence, in terms ol biomar-
kers, Lo distinguish accurately between respon-
ders and non-responders. It is important to
consider the latier approach when considering
personalized medicine.
Drag-diagnoestic co-development

As mentioned before, the importance ol phar-
macogenomics has been discussed worldwide.
Last yeur, the FDA proposed the new concepl
“drug-diagnostic co-development”, although it is
still in the draft stage and needs open discussion.
What is the “co-development™?  “Co-develop-
ment”™ means: 1} Critical Path Research for
biomarkers that would distinguish responders
from non-responders in clinical  studies; 2)
research for avoiding severe toxicities ; 3} clini-
cal studies for POC (prool of concept) by
monitoring pharmacodynamic markers.  The
endpoints of these approaches are (o set the
appropriate doses for each subpopulation or
responders.  Investigators should consider the
study designg Mexibly in these approaches. For
example, randomized phase 1 studies and ran-
domized discontinuation studies may be given
more consideration.  In addition, for the selec-
tion of biomarkers in Critical Parh Research,
more sirict validation will be necessary, because
the tests using the biomarkers will directly affect
the treatment of each patient.
Problems in pharameogenomics and luture
perspeetives

Biomarker rescarches can be divided into two
calegories, “hypothesis-ditven™ and “hypothesis-
free™: the former is 1o prove the power ol prees-

ol
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isting biomarkers (prediciubility, reliability,
specificity e.g.), whereas the lalter is 1o select
biomarkers without any hypothesis, by DNA
microarray or proteomics. At the same time,
validalion of the selected biomarkers is neces-
sary. Currently, the hypothesis-free approach
seems (o be the trend.

In gencral, biomarkers in the hypothesis-
driven approach are relalively easy to under
stand, and are based on biological evidence.
They can be expected o be more eusily applied
clinically, However, there is a limitation: only
pre-existing biomarkers can be used. On the
other hand, in the cuse of biomarkers in the
hypothesis-free approach, it s difficult to under-
stand underlying biological mechanisms and it is
dilficult to directly apply these markers clinical-
ly. However, novel biomarkers can be discover-
ed by this approach.

When considering a new prospective study
using microarray gene expression profiling, i s
of importance 1o pay attention Lo sofoe points, as
follows. The investipators should recognize the
role of quality assurance and perform the study
accordingly, Regarding the data of DNA expres-
sion for Cancer Diagnostics, the guidelines
proposed by the NCI-EORTC Working Group
are helpful® Far the development of classifica-
tions based on the gene expression profile, the
following points must be taken into considera-

Table 3

The |7 gene signature associated with metastasis

lion. 1} A common therapy is essential lor
identical populations. Are the resulls reasonahle
enough to establish a therupeutic policy 7 Will
the new classification be generally used based on
the cost-benefit balance, by comparing the selec-
tion of the therapies and the cost for mis-classi-
fied 7 These points should be discussed
prefiminarily during the process of designing of
the study.  For further evaluation, internal
validation is necessary to prove Lhe accuracy of
the new classification in comparison with the
pre-existing prognostic factors. The validation
process includes 1) transfer to other platforms
that are commonly used in clinical situations.
{For cxample, will the classitication identilied
by DNA chip analysis be valid for transfer to
that by RT-PCR or immunchistochemical (1CH)
examination), 2} conlirmation of the re-
praducibility ol the classilication by the new
platform (RT-PCR or 1CH), und 3) independent
validation in a prospective study. In addition,
the investigatars should recognize “mubtiplicity™
of the comprehensive data sets, such as those of
gene expression. Many rescarchers huve reported
vlassifiers to predict the prognosis of patients
with cancets. For examiple, a 17- gene signature
associated with metastasis was identified by 2
DNA chip analysis by Ramaswamy et al.* (Fig.
4)

Several researchers have attempted the same

Gene Gene name
Upregulaled in metastases

GenBa n“k ID

SNRPF Small nuclear ribonucleaprotein F Al032612
EIF4EL3 Elongation inttiation factor 4E-like 3 AT-(038957
HNRPAB Heterogencous nuclear ribonucleoprotein A/ MGOS02S
DHPS Deoxyhypusine synthase u79262
PTTGI Securin AAZ03476
CoLIA! Type 1 collagen, al Y 15915
COLIAZ I'ype 1 collugen, a2 103464
LMNBI Lamin B! 1 37747
Downrcgulated in melastases

ACTG2 Actin, 2 00654
MYLK Myosin light chain kinase 11484959
MYHI! Myosin, heavy cham 11 AFOD] 54K
CNNI Calponin | 17408
HLA-DPBI MIEC Class 11 DPAT ME3664
RUNXI Runi-related transcription factor | 1243969
MT3 Mctallothionein 3 S7T2M3
NRAAL Nuclear hormone receptor TR 113740

RBMS5

1§)

RNA binding mulil 3

AF091263
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Fig.4  Genes assownted with metastases

nomialzed expression

mnetastdses

high

Calumas represent human lumar sumples (64 primary and 12 metastutic adenocarcinomas) . 1Ows

represent The 128 genes (64 averexpressed and 64 underex pressed in metastases) that best distin-

guished the primary from the metastatic tumors using a weighted voting algarithr in leave-one-ont

crossvalidation (oross-validation accurscy = 80%, #0012 by permutation testing ; Colorgram

depicts high tred) and low (blue) redative levels of gene expression A 'striped” putiern win observed

in snme primary (wmors (arrow), indicating the presence nf a gene-cxpresston program issacialed

witly metastases (Ramaswamy of al, Narwre Genetics 2002)

approach and obiained gene sefs tha prediet
prognosis of patients with breasi cancer. Sorike
selected a sel of 450 genes® (PNAS 2000). Van't
Veer selected o set of 231 genes determining the
prognosis and validated it using the independent
data of 295 patienis®  However, 1 relation 0
their selecied genes. a few genes were overlupped.
This discrepancy mightt be due (o the foHowing
reasans ;1Y validation in difTerent clinical back-
grounds. such as discase, histotogy, response
criteria. and oreatmen, 23 difference in the sssay

methods used for RNA purification and in the
methods used for gene amplilication, and/or 3)
difference in the analytical process used, such us
standdardizations and algorithms,  How should
future biomarker studies be considered 7 Fulure
biomatker studies should include @ 1} a prospec-
jive correlative study between markers and clini-
cal features (survival and response e b 2) bar-
chunes  sample sice. and X)) validation  on
another platform *

Another preblem s that the selected markers

i
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usually contun many  functionally unknown
markers. Therelove, it is dilficult to discuss the
implications of biomarkers without the availa-
bility of biological information. At the siume
time, it is necessary to analyze the functions of
cich biomarker, which requires much cffors.
Therelore, investigators should start biomarker
(pharmacogenomic) studies in the early phase.
Statistically, algorithms and data sels containing
the hiological information should be construct-
ed. In addition, standardization of these analyti-
cal methods is essential. Far clinical side appli-
cation ?, adequate prospective clinical studies are
required. 11 is thus of ulmost importance (o
establish better communication between clinical
rescarchers, basic rescarchers and  bio-statisti-
ciuns from the planning stage.
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Abstract

LB58R point mutation in exon 21 of the
EGIR gene, nccounting for npproximately 40%
of non-small cell lumg cancer (NSCLC)-as-
sociated EGFR mutations, has been known Lo
hyper-respond to gefitinib, a seleetive EGFR
tyrosine kinase ishibitor. From this view point,
it is important te detect EGFR mutations,
Immunohistochemistry (IFLC) is commonly used
to analyze the molecular status of several clini-
cal specimens.  We have developed specific
antibodies recognizing the mutant EGFR
(L85BR) profein and characterized the anti-
bodies by ELISA, Western blot, immunaeyto-

Introduction

Lung cancer is a major cause of cancer-related
mortality worldwide and is expected o remain a
major health problem for the foresecable future.!
Targeting the epidermal growth factor receplor
(EGFR) is one appealing therapeutic strategy for
non-small cell lung cancer (NSCLC) because
constitutively-active types of EGFR mutations,
somelimes together with their strong expression,
have been believed Lo contribute to the patholog-
ical features of NSCLC such as disease propres-
ston, or unregulated cell growth 2 In the clinical
situation, NSCLC tumors with such muntations

Recerved Oerober 23 2006, Aceepted November [0, 2006

chemistry, and immunobistochemistry,  Using
any of these evaluation metheds, we found an
antibody, AbyD02889, which could defeetl the
EGER  (LBSRR) protein  with specificity.
AbyD02889 may be a useful tool to deicet the
EGFR (LB58R) mutution of NSCLC in the
clinical situation, JHC using the mutant-spe-
cific anfi-EGFR antibedy will be u powerful
assuy to predict or sclect Sul}populatiou sensitive
to EGFR-TKL

Key words : NSCLC, mutant EGFR, HuCAL
antibody

have been reported to hyper-respond significant-
ly to gefitinib, a sclective EGFR tyrosine kinase
inhiibitor™ Such EGFR mutations cansisted of
small in-frame deletions or substitutions cluster-
ed around the ATP-binding site in exons 18, 19,
and 21 of the EGFR, and the mufations in-
creased the affinity ol the enzyme for ATP and
gelitinib. Some investigators subsequently found
that these EGFR mumations were strong determi-
nants of the tumor response to an KGFR
tyrosine kinasc inhibitor® 7 The two studics
demonstrated rtwo major FEGFR muations (E746
ATMdel in exan 19 and L858R in exon 21)
oceupying approximately 90% of the NSCLC-
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associated EGFR mutations, in both trials using
surgical tissue 1o detect the EGFR mutations.®®

Our laboratory has also been interested in the
clinical relationship hetween the somatic LGEFR
mulations and responsivencss of NSCLC-tumors
1o EGTR tyrosine kinase inhibitors, Kitmura
reported that the Scorpion ARMS method could
detect the EGFR muotations using serum ar
pleural effusion from NSCLC patients with a
high sensitivity. reliability, and less invasiveness
even theugh only a small amount of genomic
DNA was contained in the serum of pleural
cffusion  sample ™" In addition o these
approaches 1o deteet EGEFR mutations using
genomic DNA, it is considered important and
useful 1o specifically detect the mutant LGFR
proteins which are final products by the somatic
mutations in cancer cells, From this view point,
development of a specilic antibody recognizing a
mutant EGFR protein becomes a useful afterna-
tive method of detection 1o PCR-based genomic
Jdiagnosis, which will provide us with even more
information about the muation. For example.
using the muant-specific antibody and im-
munocytochemical technigue, we will be able o
conveniently detect EGFR mutations in only
one cancer cell.

MorphoSys (Munich, Germany) provides an
uniquely powerful lechnology of antibody gener-
ation. In the HuCAL® libraries, the structural
diversity of the human antihody repertoire 18
represented by seven heavy chain und seven hight
chain variable region genes, giving rise 1o 49
frameworks in the master library. Highly vari-
able genetic cassettes {CDRs, complementarily
determining regions) are (hen superimposed on
these frameworks to mimic the citire human
antibody repertoire (Figure IA). More than 10
hillion [unctional luman antibady specificities
in Fab format have alrcady been prefabricated
and are available in phage libraries.”'""

Using this technotogy, we developed a specific
antibody for the mutant EG FR(LESER). Herein
we report the characterization of the antibody
and discuss the feasibility of using the amibody
for NSCLC.

Maleriuls and Methods
Lixpression construcls
A eukaryolic cxpression vetor, peDNAG
{ 1) (Invitrogen, Carbshod. CA), was used as o

hackbone vewtor 1 produce pelINA-IG, which

hi

wits constructed by insertion of an IRES-EGFFP
(enhanced green fuorescence protein [oHowing
internal ribosome entry scqguence) fragment al
the Notl-Xhol sites of peDNAZL (+). peDNA-
1G expressed the gene of interest together with
EGFP and allowed us to ascertain the protein
expression indirectly by monitoring the EGFP

cxpression.  Full length cDNA ol wild-type

. EGER and its mutant ECGFR (LE3SR) were

amplified by RT-PCR from a human embryonal
kidnoy cell line (MEK293) and & nan-small cell
Jung cancer eell line,' =¥ respectively. A High
Fidelity RNA PCR Kit (TaKaRa, Shiga, Japan}
wis used Tor the RT-PCR abd the Tollowing
primer  sets  were synihesized  (Torward,
CGCTAGCCCCCTGACTCCGTO-
CAGTATTGA ; reverse, CCCCTGACTCC-
GTCCAGTATTGA). T'he POR products wete
amplilied again  using Pyrobesi TM - DNA
polymerase (TaKaRa) with the primer sets {fow-
ward, CGCTAGCCCCCTGACTCCGTC:
CAGTATTGA | reverse, CGAAGCTTTGOT-
CCAATAAATICACTGCY  This amplified
PNA encoding wild-type and mutant EGER
included Nhel and Hiadlll at the 5~ and ¥-ends.
respeetively.  These two PCR products were
subcloned into a pCR Bluntll-TOPO vector
{lnvitrogen) and rheir sequences were confirmed
with an ABI 310 capillary sequencer (Applicd
Biosystem).

Reverse and forward oligonucleotides encod-
ing the myc-tag sequence (EQKLISEEDLN)
were designed and synthesized as follows: [or-
ward, AGCTTGAACAGAAGCTGATCT-
CAGAGGAGGACCTGAATTGAC ;) reverse.
TCGAGTCAATTCAGGTCOTCCTICT-
GAGATCAGCTTCTGTTCA.  Two oligos
were annealed under at the following condi-
tions: 95°C lor 2 mm, 80°C Tar 2 min, 55°C and
37°C for 2 min. This annealing procedure gencr-
ated the ds-oligos including HindIli- and Notl-
cut cohesive ends, at the 5- and 3'-ends, rospec-
tively.,  These ds-oligos were inserted in the
Hindl1-Notl sites of pcDNA-IG. Subsequently.
cach ¢DNA of wild-type or mutant EGER, that
waus cut out from the pCR Blunl-TOPO vecior
with Nhel and Hindlll, was transferred to the
Nhel-HindI sites of pcDNA-1G Finally, 1wo
veclors  expressing  myc-tagged wild-type or
mutant EGEFR proteins with EGFP were con-
structed and designated as peDINA-FGFR (W)
myc-iGoand  peDNA-EGH R (LE5BR)-mye-1G,
respectively
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Cell enlture aml transfection

HEK293 (a human cmbryonal kidney cell
line) and 11-18 (a4 non-small ccll Tung cancer cell
line) celis were maintained in RPMI-1640
medium supplemented with 10 % fetal bovine
sesum (FBS). peDNA-EGFR (WT)-miye-1G or
peDNA-EGFR {1.858R)-myc-1G was transfected
into the HEK 293 cells using the FuGene6 trans-
fection reagent (Rache Diagnostics, Basel, Swit-
zerfand). Briefly, 80% conluent cells cultured on
a IDcm dish were transicnily transfected with 6
ng of vector.  Forty-eight hours after transfec-
tion, the cells were washed with phosphate bul-
fered saline (PBS) and the cell lysates were
prepared for immunoblotting analysis. For im-
munostaining, the transfected cells were trypsin-
ized once, replated on a poly-L-lysine (PLL)
(SIGMA-ALDRICH, St Louts, MO)-coated 24
well plate, and then used for the examination
ELISA

The specificity of cach HuCAL antihody
(AbyYD02889, AbyDO02890, AhyD02991) was
checked by ELISA. Bricfly, a 96-well microtiter
plate was coated with 20 gg/ml of EGER (WT),
EGFR ([.858R), CD33-6xHis, Ubiquitin, Sia,
and FITC proteins which were diluted in PBS
with or without either transferring (TrD) or
bovine serum albumin {(BSA), After incubation
at 37°C for | h, the plate was washed three times
with PBS. Then, the proteins were proved with
each HuCAL antibody # 1 ug/m) lollowed by
incubation with horseradish peroxidase (HRP)-
conjugated anti-His antibody (Santa Cruz Biote-
chnologies). One hundred gl of the substrate
solution were added per well.  After sulficient
color development, 100 g1 of stop solution 1o the
wells. The absorbance of cach well was read at
450 nm with a plate reader,
Immunoprecipitation and Immunoblotting

The two GST-fused recombinant proteins with
cytoplasmic witd-type EGFR and iis T R38R
mutant were purchased from Upsiate Biotech
{Lake Placid, NY). The wansiently transfected
HEK293 cells with cither peDNA-EGFR (WT)-
myc-1G or pcDNA-EGEFR (1.8538R)-myc-1G were
lysed 48 I later with a lysis buffer containing %
triton X, SO0 mM HEPES (pl1 7.4). 3 mM EDTA,
S0mM NaCl, 10 mM Na pyrophosphate, 530 mM
Nal', 1 mM Na orthovanadate. and profease
inhibitor mix, complete™ (Roche).  ¥ive hun-
dred micrograms of cell lysute were immuno-
precipitated by incubation with 2 g of anti-myc
antihady (Roche) for 3 h foHowed by furthe

incubation with protein-Ci agarose (Sana Cruz
Biotechnrologies) for 1h. The recombinant pro-
leins and immunoprecipilated samples were se-
parited with SDS-PAGE and blotted on a
PVDEF membrane. The membrane was probed
with HuCAL amibodies, monoclonal  anti-
EGFR antibody (Cell Signaling, Reverly, MA),
or monoclonal anii-pY20 antiboady (Ccll Signa-
ling) followed by incubation with 2 monoclonal
or polyclonal HRP-conjugated second antibody
(Cell Signaling, Beverly, MA), An ECL detee-
tion system was then used for visualization.
GST-1agged cytoplasmic wild-1ype and mutant
EGEFR (L858R) proteins were purchased from
Upstate Biotech. For probing with His-lagged
anli-EGIFR - (L838R)Y HuCAL  antibodies, &
monoclonal HRP-conjugated anti-His anlibody
(Santa Cruz Biotechnologies) was used as the
second antibody.
Immuonocytechemistry and [mmunohisto-
chenmistry

The [1-18 and HEK 293 cells were plated on a
PlLL-coated 24-well plaic at 3000 cells/well.
IFor assay of the transfected cells, the 48 h-in-
cubaled cells after transfeetion were trypsinized
and replated. The cells were fixed with 4%
paraformaldehyde Tor 30 min. The cells were
then permeabilized and blocked with a PBS
buffer containing 0.3% Triton X and 10% normal
goat scrum for 1 h and probed with the HuCAL
antibodies at 20 gp/ml followed by visualization
using an FITC- or rhodamine-conjugated anti-
His antibody (Sania Cruz Biotechnologies) us
the second antibody. Fluorescence microscopic
examination was carried out using o KEY ENCE
microscopic system (Woodcliff Lake, NI). For
immunohistochemistry, an [IRP-conjugated
anti-His antibody was used as the second anti-
body followed by DAB staining,

Resulis

Generation of monoclonal antibedics against
mulant EGFR (L858R)

We used the recombinant antibodies technol-
opy provided by MorphoSys (MorphoSys). An
antigen (the peptide of mutant EGIFFR (L858R))
was designed and synthesized. The antigen was
screened against the ThuC AL GOLD® library
{(MorphoSys) with its more than 15 bilhon anii-
body specificities. whicl enabled us 10 develop
monaclonal antibodies rapidly.  The antigen
enters The auwtomaled  panning  process

(;l)
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(AutcPan® provided by MorphoSys), where itis
immobilized for screening against an antibody-
displaying phage. Three candidates
(Aby[02889, AbyDD2890, and AbyDO2ES1)
from the screening process were oblained and
affinity-purificd. We used the monovalent for-
mat of the Fab fragment tagged with Myc-His at
the C-erminus (Figure 1A) and checked the
specificity of these three antihodies with an
ELISA for EGFR (WT), EGFR (L858R)-BSA.
and EGFR (L858R)-I'if (Figure 1B). Two anti-
bodies, Aby[02889 and AbyD02890, recognized
EGFR (L.858R) specifically, whereas
AbyDU02891 bound to hoth the wild-type and
mutant EGER.,
Specificity of HuCAL antibodies agains!
recombinant GST-fused wild type and mutant
EGTFR proteins

Figure 2A shows a schematic representation of
(he cytoplasmic domains ol wild-type and
[ 858 R-mutant EGFR fused with ghnathione $-
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Fig. 1 Generation of monoclunal  antibodies  againd o
muwtsut EGEFR (LE58R)
(AY A represcatation of the siroaiure of upiv EGTR
{LB38RY antibodies  Lhe snuctual diversity of 1he
himan antibody repertaire is represented by heavy
and light cham varizble region genes. Highly ari-
able gencur  casseites  (CDRs complementarity
darersnining repinns) are then superimposed on these
frameworks o mimic the entire hanan antibody
repertoite  The mouovalent forimal of the Fab hiag
ment we used is lagged wigh Myc-His al the Cutere-
ST (U1 Characlerization of three candidates
LALYDOZERS. ALy 02890, and CADyDO2RYIY by
ETISA  Hhe speaiticiy of the three was cheched by
an FLISA for EGIR (W) BGER (] ESKRI-BSA.
and FGUVR TTRSER) 1ol

i

iransferase (GST). Using these two antigens, we
lested the specificity of the HuCAL antibodics.
Both AbyD02889 and AbyD(2890 anlibodies

(351 EGERIWNT)

(@er 0
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1 anb-1.B50R
(AhyD0ZB09)
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(ALyDD2BI0)

Fip. 2 lmmunoklot anslysis of 1wo recombapant GST-Tused
EGFR protcins, GST EGER{WTI wnd GST-
FCGFR(LASER), using AbyDOIEBY and AbyD02850
1A]  Cytoplasmmic domains of wild-iype and LRSBR.
muiand CGER were fused with glmathjone S-tians-
ferase (GST) and used for immunaoblol analysis as
the antigens against AbyDO2BEY and AhyDUO28Y0.
(B) Checking the  specificity  and affiny  of
AbyD02889 and AbyDO2RUISY againg wo GST-
fused EGFR protcins, Fify, 5. and 0.5 ng ol each
protein were scpasuted by SNS-PAGE and blotted
on a PYDF memhrane followed by probing vsing
AhyDD2880 or AbyD02890 antibady at 5 pep/ml
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Fip. 3 Checking the specificiny end alfinity of AbyL3D2RE9
and AbyDO2820 against the Full length wild-type or
LESER mutant FGFR O proter capressed i the
FIVI93 cells One o1 0.2 g of enhes pcDNAJ
EGER (WT)-mye ot pel?NAZ L EGER (LRSSR Y -mye
were fransiently transieeied into the [TEK293 cetls
(008 cells/6om welly  Dive hundied pg of cell
lysate were imponopiecpitaled with anti-mye Toll
oued by immunoblosting The membrane  was
piohed wih a commercially svatlable antk LGER
autibody  anu pY antihody,  AbyDDIERD ar
AbyNIRIN
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recognized SO ng mutant FGER protein specifi-
cally, while they were not able 1o bind to wild-
type EGER protein al all (Figuee 2B). In addi-
tion, the affintty of AbyDD(02889 for the mutant
protein was clearly demonstrated to be higher
than thal of AbyD02890.
Specific recognifion of AhyD02889 against the
full iength mutant EGFR (L8S8R) protein
expressed in 11TK293 cells

One or 0.2 xp of either pcDNAZI-EGFR
{(WTrmyc or peDDNAJLIL-EGFR (L838R)-mye
was {ransiently transfected into  the 2xi0f
HEK293 cebls/6 cm well,  Immunoprecipitated
EGFR (1.858R) protein with anti-mye antibody
(in the upper panels of Figure 3) was phosphor-
ylated at a much higher rate than wild-type
FEGFER protein (in the middle pancls). After
denuding the anii-pY antibody, the membrane
was reproved with AbyDO0O28R9 and AbyD02890.
AbyDO02889 spectfically recognized the EGFR
(LESER) protein but AbyD02890 did not (in the
lower panels). These findings together with the

4 anti-LeseR (AbyDOZBES)
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results in Figure 2 sugpesied that AbyDU2ERD
specilically recogniced the EGFR (L838R} pro-
tein cither produced in bacicria or expressed in
humao cells.
Immunocyischemieal cvaluation of (he
specificity of AbyD02889 and AbyD028390)
Next, we checked the Teasibility of the use of
HuCAL antibodies for immunocytochemistry,
The HEK293 cells were trausfected  with
pcDNA3ZL (Figure 4, panels a, d, g. and j).
peDNAZL-EGFR (WT)mye (Figure 4, panels
b, e, h, and k), or pcDNAJLI-EGFR (1.8581R)-
myc (Fipure 4, panels ¢, [, I, and 1). EGFR
(L858R J-transfected TTEK293 cells (293-L838R)
were positive for AbyDO28RY (Figure 4, panel ¢)
but negative for AbyD0890O {Figure 4. panel i),
and EGFR (WT)-transfected cells were negalive
for both antibodies {Figure 4, pancls b and h).
Then, we analyzed 11-18 cells harboring an
imrinsic  EGFR (L858R) wmutation using
AbyD02889. The 11-18 cclls were positive for
AbyD02889 (Figure 5, panel b) hul the HEK293
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Evaluation of rhe specificity of AbyDOIREY and AbyDG2890 by inmunocyiochenncal analysss

The HEK293 cells transfecied with peD™NAX 1, d g, ond i, peDNALT FGFR (W Thmye (b, ¢
hoand k), or p:DNAJ T RLGEFR (LESSR) myc (e L L and 1) were examined immunocyiochemically
using the LG AL anubodies  Fony cight boafter tansfeenon, the cells were ceplated on s PLL-
coated 24-well phie ar 5,000 cells/well and fnrthe jncubated for 24 h - Afler fixation peimisliza-
ton,and hlocking, the eells were probed with the Hol AL annibedbies Tnllowed by viswahzwion
using a thodamine-conjugated anti Fhis antibody ay the second antibody A luosesence micra-
seopic exaninativn was carried oul The Auorescence mivioseepic views of 1he cells puobed with
AbYDOEED and ADyDO2RIG are shown in the upper (a boand ¢ and lower panets 1p. b and (3

respectively  The light mrctescopic sices are shosn modo e 1jok, and





