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TABLE 11 - CHEMOSENSTITIVITY TO PROTEIN KINASE INHIBITORS'

{Csp values (M)

{nhibitor Target RR?
Cy PC-97D

AG-1478 EGFR 0.052 = 0.02 6.0x (08 [17
RG-14620 EGFR I3 1.0 13225 1.0
Lavendustin A EGFR 20+ 46 2726 1.3
Genistein TK 18+ 1.5 27%15 1.5
K252a PKC 0.47 £ 0.17 0.63 = 0.04 1.3
Staurosporin PKC 0.0036 = 0.0019 0.004 = 0.0014 1.1
AG-825 HER2 >50 >50

'Assessed by MTT assay in PC-9 and PC-9/ZD cells. Values are the mean = SD of >3 independent
cxperiments.—Relative resistance value (Csg of resistant cells/ICsg of parental celis).
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FIGURE 2 — Growth-inhibitory effect of gefitinib on PC-9 and PC-9/ZD cells xenotransplanted into nude mice. Ten days before gefitinib
administration. 5 x 10° PC-9 (@) or PC-9/2D (b) cells were injected s.c. into the back of mice. The mice were divided into 4 groups (. control
group; B, 12.5 mg/Kg group; A, 25 mg/Kg group; x, 50 mg/Kg group). Gefitinib was administered p.o. to the tumor-inoculated mice on Days
1-21. Each group consisted of 6 mice. The statisticat analysis was carried out by using the unpaired /~test.

ATP-binding site of the Ber-Abl, the target of the drug>*>" We
analyzed the sequences of the cDNAs of EGFR, HER2, and HER3,
but found no differcuces in their sequences between PC-9 and PC-
9/ZD cells. We did detect a deleted position of EGFR in both cell
Jines that results in deletion of 5 amino acids (G722, Leu723,
Arg724, Glu725, and Ala726) (Fig. 4). Our findings indicate that
the deletion does not dircctly contribuic to the cellular resistance.

Inhibitory effect of gefitinil on antophosphorylation of EGFR in
PC-9(ZD cells

Phosphorylation of EGFR is nccessary for EGFR-mediated
intracellufar signaling. Although the EGFR phosphorylation levels
of tumors were thought to be correlated with sensitivity to gefiti-
nib, the basal level of phosphorylated EGFR in PC-9 and PC-9/
ZD cells is almost the same. Gefitinib inhibited EGFR autophos-
phorylation in a dosc-dependent manner and completely inhibited
its phosphorylation at 0.2-2 pM in PC-9 cells (Fig. Sa), but its
inhibitory effect on autophosphorylation of EGFR in PC-9/ZD
cells was less than in PC-9 cells (Fig. 54). Because each phosphor-
yiation sitc of EGFR has a different rolc in the activation of down-
stream signaling molecules, we examined the inhibitory effect of
gefitinib on site-specific phosphorylation of EGFR. Phosphoryla-
tion of several different EGFR tyrosine residues (Tyr845, Tyr992
and Tyr1068) was dose-dependently inhibited by gefitinib in PC-9
cells, whereas no clear inhibitory effects of gefitinib on phosphor-
ylation at Tyr 845 and Tyr1068 residucs in PC-9/ZD ccils was
observed (Fig. 5h,c,c). The most marked difference of in inhibi-
tion between the cells was observed at Tyr1068 (Fig. 5¢). Tyr1045
showed resistance to inhibition of autophosphorylation by gefiti-
nib in both PC-9 and PC-9/2D cells (Fig. 5d).

Complex formation of EGFR and its adaptor proteins

Tyr1068 of EGFR is the tyrosine that is most resistant to inhibi-
tion of antophosphorylation by gefitinib in PC-9/ZD ccils. Because
the Tyr JO68 is a direct binding site for the GRB2/SH2 domain, and
its phosphorylation is related to the complex formation of EGFR-
adaptor proteins and their signaling, we examined complex forma-
tion between EGFR and the adaptor protcins GRB2, SOS, She, and
PI2K by immunoprecipitation. The level of expression of these pro-
teins in PC-9 and PC-9/ZD cells were similar (Fig. 3@). A smalier
amount of EGFR-GRB2 complex was obscrved in PC-9/ZD cells
and no EGFR-SOS complex was detected at all (Fig. 6).
The amount of HER2- or HER3-GRB2 complex in PC-9 and PC-9/
ZD cells was similar, and no decreases in complex formation were
obscrved after exposure to gefitinib. A decrcased amount of [1ER2-
SOS complex and inability to detect HER3-SOS complex were also
observed in PC-9/ZD cells. HER2-PI3K complex increased in PC-
9/ZD. There are no significant diffcrences in complex formation
between SHC and EGFR, HER2, or HER3 beiween PC-9 and
PC-9/ZD cclls. These results suggest that GRB2-SOS-mediated
signaling may be inactivated in PC-9/ZD cells.

Heterodimerization of HER family imember in PC-91ZD cells

Dimerization of members of the HER family is essential {or
activation of their catalytic activity and their signaling. We cxam-
incd the cffect of gefitinib on the dimerization of HER family
members by immunoblotting, immunoprecipitation and chemical
cross-linking analysis (Figs. 3, Su, 7a). The expression levels of
EGFR and HER2 were similar and the HER3 level was lower in
PC-9/ZD cells by immunoblotting (Fig. 3a). A chemical cross-

136



40 KOIZUM! ET AL.

A Ratio (PC-9/20/PC-9) Ratio (PC-9/2D/PC-9)
P R Protein Gene P R  Protein Gene 1000
ecrr I h 12 27  GRB2 10 27 — 800
N . 2]
L (3]
HER2 . 087 412 sos W} 0.77  0.56 w 600
‘G 400
HER3 056 0.78 She 077 ND 8
200
HER4 0.97 ) Ras 1.08  1.4-1. 0
3.4 14-1.5 7 pc-9 PC-9/2D
PTEN 1.2 ND AKT & 040  0.50
ND: not determined
PI3K 1.2 0.57-2.2 P: PC-0
R: PC-9/2D
B ¢ mPC-9
1.2 B Pc-92D
§ 1 ’
2€08
[T
T 0.6
Q'
g§04
;3 0.2
0

EGFRHERZHER3HER4 PTEN PI3K GRB2 SOS Shc Ras AKT

F1GURE 3 — Expresssion of HER family members and related molecules in PC-9 (P) and PC-9/ZD (R) cells. (¢) Western blot analysis; a 20 ug
sample of total cell lysates was separated by SDS-PAGE, transferred (0 a PVDF membrane, and incubated with a specific anti-human .\nubod)
as the first antibody and then with horseradish peroxidase-conjugated secondary antibody. The ratios of the levels of expression of proteins and
genes in PC-9 cells to the levels in PC-9/ZD cells are shown. (#) cDNA expression array; Poly A RNA was converted into “2P-fabeled first-
strand ¢cDNA with MMLV reverse transcriptase. “The *2p_labeled cDNA fraction was hybridized to the membrane on which fragments of 777
genes were spotied. The close-up view shows EGFR mRNA expression. (¢} Each band was quantified by a densitometry and with NIH image
software. The levels of protein expression are shown in a graph. (d) Absolute amounts of FGFR transcripts of PC-9 cells and PC-9/ZD cells
measured by real-time quantitative RT-PCR. The values were calculated back to the initial cell numbers for RNA extraction in Material and

Methods.
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Ficure 4 — Detection of a deleted position of EGFR. Direct
sequencing of a PC-9 and PC-9/ZD-derived, amplitied cDNA frag-
ment containing the ATP-binding site of EGIFR. Top, wild-type
EGFR: bottom, PC-9 and PC-9/ZD.

linking assay showed that in the absence of gefitinib the amount of
high molecular weight complexes (~400 kDa) that are recognized
by anti-EGFR antibody (EGFR dimers), including formations of
homodimers and heterodimers (EGFR-EGFR, EGFR-HER2 or
EGFR-HER3), was almost the same in PC-9 and PC-9/ZD cells,
whereas HER2 dimerization detected by anti-HER2 antibody was
remarkably lower in PC-9/ZD cells (Fig. 7a). Increased EGFR/
HER2 (and EGFR/HER3) heterodimer formation was detected in
PC-9/ZD cells by immunoprecipitation analysis (Fig. 5a). The
proportion of EGFR heterodimer to homodimer is increased sig-
nificantly in PC-9/ZD (Fig. 7). When exposed to gefitinib at a
concentration of 0.2 uM for 6 br the amount of dimer-formation

increased similarly in PC-9 and PC-9/ZD cclls (Fig. 7a), whercas
marked induction of hetero-dimerization of EGFR-HER2 was
observed only in PC-9 cells (Fig. S4). These resuits suggest that a
difference in hetero- or homo-dimerization is a possible determi-
nant factor of gefitinib sensitivity.

AKT and MAPK pathways in PC-91ZD cells

Because phosphorylation at Tyr 1068 of EGFR plays an impor-
tant role for transduction of the signal to downstream of MAPK
and AKT pathway, ™ we examined the difference between PC-9
and PC-9/ZD cells in downstream signaling. The basal level of
phosphorylated AKT is higher in PC-9 cells than in PC-9/ZD
cells, and although gefitinib inhibited AKT phosphorytation in a
dosc-dependent manner (Fig. 8a), the inhibitory cffect of gefitinib
on phosphorylation of AKT in PC-9/ZD cells was significantly
less than in PC-9 cells (Fig. 8«). This difference in the inhibitory
elfect of gefitinib on AKT phosphorylation between PC-9 and PC-
9ZD cells is very similar to the difference in effect on EGFR
autophosphorylation. No inhibition of phosphorylation of MAPK
by gefitinib was observed in cither cell linc (Fig. 85). These results
suggest that downregulation of activated AKT is closely correlated
with the cellular sensitivity to gefitinib, but that inhibition of the
MAPK pathway does not contribute to drug sensitivity.
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Ficure 5 - Effect of gefitinib on autophosphorylation of EGFR. (¢) PC-9 and PC-9/ZD cells (5 x 10%) were exposed 10 0.02, 0.2 or 2 pM gefi-
tinib for 6 hr. The 1.500 ug of total cell lysate was immunoprecipitated with an anti-EGFR antibody. The immunoprecipitales were subjected to
gel electrophoresis and Western blotting with anti-phosphotyrosine, anti-HER2 and anti-HER3 antibodies. Tyrosine-phosphorylated EGFR was
determined with an anti-phosphotyrosine antibody. Heterodimer formation of EGFR was analyzed with anti-HER2 and anti-HER3 antibodies.
The expression Jevels have been plotied in a graph. (h~¢) PC-9 and PC-9/ZD cells were exposed to 0.02, 0.2 and 2 puM gefitinib for 6 hr. A 20 ng
of protein of each sample was analyzed by Western bloting by using anti phospho-EGFR (Tyr845, Tyr992, Tyr 1045, Tyr 1068) antibodies.
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between EGFR and its adaptor pro-
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Discussion

Interest in resistance to target-based therapy (TBT) has been
growing ever since clinical efficacy was first demonstrated.''™*?
Although CML patients respond to STI-571 well at ﬁrsli most
patients eventually relapse in the late stage of the disease.” 7 1t
has been reported that some paticnts in whom treatment with gefi-
tinib is cffective at first, ultimately hecome refractory.” Resist-
ance is likcly to rcmain a hurdic that limits the long-term
cffectiveness of TBT. PC-9 had a dcletion mutation within the
kinasc domain of EGFR and is highly sensitive. These characters
arc similar to those of NSCLC with clinical responsiveness to gefi-
tinib. Analyzing the mechanism of resistance of PC-9/ZD subline
might be clinically mcaningful.

The mechanism of drug resistance is thought to be multifacto-
rial. Because the growth-inhibitory assay in our present study

- X: EGFR, HER2, or HER3

C 02 C 0.2 gefitinib{uM)

= dimer

Figurg 7 — Chemical cross-link-
ing of PC-9 and PC-9/ZD cells. {a)
After 6 hr exposure to 1.5 mM bis
(sulfosuccinimidyl} substrate dis-
solved in PBS as indicated in
Material and Methods. ‘Ihe cross-
linking reaction was quenched and

; MPC.9 " ) .
69720 the cell lysates were prepared and

subjected 10 immunablot analysis
of EGFR, HER2 and HER3. (»)
Ratio of dimmers formed by PC-9
cells to those by PC-9/ZD cells in
the absence of gefitinib. The den-
sity of the bands in (@) for EGFR-
X, HER2-X and HER3-X were
quantified densitometrically. The
ratio of EGFR-HER2 was calcu-
lated by the band density obtained
in Figwwe Sa. X = EGFR, HER2 or
HER3.

showed no cross resistance to a varicty of cytotoxic agents, the
mechanism of the resistance differs from the mechanism of multi-
drug resistance patterns. Although expression of BCRP, ane of the
multidrug-resistance-related proteins has been reported to contrib-
ute to the resistance to gefitinib,* expression of BCRP mRNA s
observed only in PC-9 cells (data not shown). Although mutations
in the ATP-binding pocket of BCR-ABL gene have been identified
recently in cells from CML patients who were refractory to STi-
571 treatment or relapse,™ 7 there have been no reports of any
such mutations for gefitinib resistance. PC-9/ZD also became
refractory to gefitinib without secondary mutation in EGFR
c¢DNA, These suggest the possibility of refraclory tumor after
treatment of gefitinib including this kind of phenotype.

There is no significant difference in expression level of EGFR
between PC-9 and PC-9/ZD. Does the antitumor effect of gefitinib
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Ficurr. 8 — Effect of gefitinib on the MAPK and AKT pathway. Cells were placed in medium containing 0. 0.02. 0.2 or 2 yM of gefitinib for
6 br and harvested in EBC buffer. Total cellular lysates were separated on SDS-PAGE, transferted to a membrane and bloued with (@) anti-phos-
pho-AKT (Serd73) and (b) anti-phospho-Erk (p44/42) antibodies. The expression levels are shown in a graph.

requirc EGFR cxpression? Naruse ef al.™® suggested that the
high sensitivity of KS562/TPA (o gefitinib is due to acquired
EGFR expression. In their study autophosphorylation of EGFR
in K562/TPA cclls was inhibited by 0.01 pM gefitinib, and the
ICsyp-value of gefitinib in parcntal K562 cells, which do not
cxpress EGFR, was approximately 400-fold higher than that in
the KS562/TPA subline. Furthermore, most patients who
responded to gefitinib therapy have EGFR mutation in lung
tumor.'#¥ These findings suggest strongly that gefitinib exerts
its antitomor effect through an action on EGFR. Our present
study showed similar EGFR expression and autophosphorylation
levels in PC-9 and PC-9/ZD cells. The inhibitory effect of gefi-
tinib on phosphorylation of EGFR is different. PC-9/ZD did not
show cross-resistance to the specific EGFR TK inhibitors
RG-14620 and Lavendustin A in an MTT assay, nor did inhibit
the phosphorylation of EGFR at the ccliular level (data not
shown). Pacz e al.'® reported that phosphorylation of EGFR in
gefitinib-resistant cell lines was inhibited only when gefitinib
was present at high concentration. These findings suggest that
the difference in the inhibitory-effect on EGFR phosphorylation
may determine the cfficacy of the drug.

The inhibitory effect of gefitinib on EGFR phosphorylation is
not significant in PC-9/ZD cells despite the absence of differen-
ces in the sequences of EGFR, HER2, and HER3. There are sev-
cral possible explanations for the difference in inhibitory effect.
First, the avidity of gefitinib for the ATP-binding site of EGFR
may he decrcascd in PC-9/ZD cells due to a protein-protein inter-
action, f.e., EGFR and a certain protein prevent gefitinib from
binding to EGER. Second, a change in the activity of specific
protein-tyrosine kinase or phosphatase of EGFR in PC-9/ZD
cells, especially after exposure to gefitinib, may result in resist-
ance to inhibition of EGFR phosphorylation. The phosphorylation
level is maintained in exquisite balance by the reciprocal activ-
ities of kKinase and phosphalase.”"4 and Wu reported that phos-
phatase plays a role in STIS7!-resistance.”® Third, increased
heterodimer formation by EGFR with other members of the HER

family results in the limited inhibition. Heterodimer formation is
increased in PC-9/ZD cells under basal conditions, and no
increase in formation was observed afler exposure 10 gefitinib,
although marked heterodimer induction was obscrved in PC-9
cclls. Calculations in in vitro studies have shown that the 1Cso-
value for inhibition of the tyrosinc kinasc activity of EGFR is
0.023-0.079 uM, whereas the ICsqg-value for inhibition of HER2
is 100-fold higher.’® We estimaic that the inhibitary effect of
gefitinib depends on the ratio of homodimer formation to hetero-
dimer formation, and the heterodimer may be onc of the routes of
escape from the action of gefitinib.

Signal transduction by the HER family member is mediated by
2 major pathways, the MAPK signaling pathway and the AKT sig-
naling pathway, which regulate cell proliferation and survival,
Because phosphorylated AKT was inhibited completely by gefiti-
nib in PC-9 cells, but inhibition of phosphorylated MAPK was not
significant, inbibition of the AKT pathway may be more important
to cell sensitivity than inhibition of MAPK. Moasser er ol
reported consistent results, showing that downregulation of AKT
activity is predominantly scen in tumors that arc sensitive 1o gefiti-
nib. The phosphorylation of AKT and MAPK was not inhibited
significantly by gefitinib in PC-9/ZD cclls. This finding might be
attributable 10 inactivation of Tyr 1068-GRB2-SOS-mediated sig-
naling,.

Based on the results of this comparative study, EGFR-GRB2-
SOS complex formation, phosphorylation of Tyr1068, the ratio of
the amount of homodimer formation to hetcrodimer formation,
and the AKT signaling pathway are possible predictive biomarkers
for gefitinib sensitivity. As a different approach, we are now Jook-
ing for the genes associated with gefitinib resistance in PC-9/ZD
cells compared to PC-9 cells by subtractive cloning.
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Expression pattern of the scaffold protein IQGAP1 in lung cancer
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Abstract. [QGAP} is a scaffold protein whose function relates
to signal transduction. cell adhesion, local invasion, and
distant metastasis of cancer cells. We examined the expression
patterns of this protein and clinicopathologic features of lung
cancer, and the antibody against IQGAPI| was used for
immunohistochemical analysis. Of the 70 surgical specimens
examined. there were 40 adenocarcinomas, 19 squamous cell
carcinomas. 5 large cell carcinomas, 3 small cell carcinomas,
2 carcinoid tumors. and | mucoepidermoid carcinoma. The
localization of IQGAP!| was classified into three 1ypes:
1y cytoplasmic, 2) membranous, and 3) reduced expression.
In adenocarcinoma, the 3 types were observed equally. and
differentiation grade was related to the expression pattern.
The cytoplasmic type was common in well-differentiated
adenocarcinomas, and membranous or reduced expression
was frequently seen in moderately- or poorly-differentiated
adenocarcinomas. In squamous cel} carcinoma. the
membranous type was most common. Although the staining
pattern of IQGAPI did not correlate with the positivity of
regional lymph nodes, survival in those patients with a
cytoplasmic type was significantly beter than others with
adenocarcinoma (p=0.0144). Expression typing of IQGAPI
in lung cancer was associated with histologic type and can be

used to predict survival in patients with adenocarcinoma of

the lung.
Introduction

In cancer cells. abrormal protein expression affects signal
transduction, cell adhesion. local invasion. and distant
metastasis. TQGAP proteins are multidomain molecules that
contain several protein-interacting motifs. and 1QGAP1 is a
compounent of signaling networks that are integral to
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maintaining cytoskeletal architecture and cell adhesion (1).
These functions include modulating the actin cytoskeleton (2),
mediating signaling by the Rbo family GTPases (3) and
catmodulin (4), and regulating the E-cadherin and B-catenin
function (5.6).

Recent microarray analysis has revealed that highly-
metastatic mouse melanoma cells have gene expression of
IQGAPI increased by >2.5-fold (7). In hwinan clinical cases.
IQGAP! was overexpressed in colon cancer compared with
normal lissue, and IQGAP1 tended to be expressed more at
the invasive front (8). These reports imply that JQGAPt may
play an important role in tumor development and malignant
behavior.

We performed an immunohistochemical analysis using
a newly-developed specific antibody against IQGAPI to
elucidate the relationship between expression patterns of
IQGAPI and clinicopathologic features of patients with lung
cancer.

Patients and methods

Patients. The patients included 45 men and 25 women with
an average age of 63 years. Lobectomy and mediastinal fymph
node dissection were performed in all cases. and no pre-
surgical chemotherapy or radiotherapy was administered.
The diagnosis of Jung cancer was established by histologic
examination of the surgical specimens (9), and TNM staging
was performed using the latest criteria (10) with results
showing pathologic stage TA in 19, 1B in {5.11A in 2, JIB in
12, A in 13, 11IB in 5, and IV in 4 cases. Informed consent
for immunohistochemical analysis of the primary lung cancer
was obtained from all patients, and the median follow-up
period of (he censored cases was 60 months.

Tissue samples. The tissue samples were fixed in buffered
formaldehyde and stored as paraffin-embedded blocks until
use, Distribution of the IQGAP!L antigen in normal human
tissues was examined using NormalGrid™ Mult-Tissue
control slides (Biomeda Corp.. Foster City. CA).

Generation of specific antibody against IQGAP!. We
selected a ¢cDNA clone (KIAAQ051) coding IQGAPI from
the Kazusa cDNA library to generate a specific antibody for
timmunohistochemistry. We screened the HUGE daabase.
which contains human novel large ¢DNAs identified in the
Kazusa ¢cDNA sequencing project (11) and is available at
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Figure t. Western blot analysis of the reactivity of affinity-purified and-
1IQGAPT antibody (KDO019). Lane 1 indicates the results of SDS-PAGE
stained by Coomassie Brilliant Blue. (1) Purified maltose-binding protein-
fusion protein carrying the antigenic vegion of IQGAP]. and (b) contral
protein, Lane 2 indicates the resubts of Western blot analysis veacted with
affinity-pwrified anti-[QGAP | antibody. KDOOII. (a) Purificd maltose-binding
protein-finion protein carying the mtigen region of IQGAPL. and (b) control
protein.

http://www Kazusa.or jp/huge. Using KIAAQOST as a template.
a DNA fragment coding 200 amino acids (E201-N400) was
atplified by polymerase chain reaction (5 primer. CGC
GGATCCGAAGAAATCAACAACATGAAGACTG: and 3'
primer, CCCAAGCTTCTAGTTTGCAGCATCCACTCC
AGACTGCQC). fused to the plasmid pDESTI15 and propagated
in Escherichia coli. The protein was purified and used as an
immunogen. A rabbit was immunized with the purified
IQGAPI, and antiserum was purified with N-hydroxy-
succinimide (NHS)-activated Sepharose 4 Fast Flow
(Amersham Biosciences, Piscataway. NJ) bound with the
same antigen protein. The purified rabbit-specific antibody
against IQGAPT was named KD0019 and used for immuno-
histochemistry.

Western bloi analysis confirms the reactivity of affiniry-
purified anti-IQGAPI antibody. KDOOI9. To verify the
specificity of KDO019. [.2 ug of purified maltose-binding
fusion protein carrying the antigen region of IQGAP! or a
control sequence was separated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGTE), followed

by transfer onto a polyvinylidene fluoride (PVDF) membrane.

The blotted membrane was reacted with KDOOI9 or affinity-
purified control antibody. followed by alkaline phosphatase-
conjugated anti-rabbit I1gG antibody (7500-fold dilution)
(Promega, Madison. WI). The immunoreactive proteins were
visualized with the bromo-chloro-iadory) phosphate (BCIP)/
nitro-blue tetrazolium (NBT) color development substrate
(Promega).

Immunohistochemisiry. The streptavidin-biotin peroxidase
complex {SABC) technique was used for immunohistochemical
staining. Sections (4 wm thick) were cut, kept in xylene,

NAKAMURA er uf: IQGAPI IN LUNG CANCER

Table 1. The staining patiern of IQGAP] according to the
histologic type of lung cancer.

Histologic type

Staining

pattern Ad Sq La Sm Mis Total
C-type 15 } 3 2 25
M-1ype 14 13 ] 0 0 28
R-type 11 2 3 0 } 17
Total 40 19 5 3 3 70

Ad. adenocarcinoma; Sq. squamons cell carcinoma: La. large cell
carcinoma; Sm. small cell carcinoma: Mis. miscellaneous tumors;
C-type. cytoplasmic type; M-type. membranous type: R-type. reduced
expression type.

rehydrated and washed with water, theo wreated with 0.3%
hydrogen peroxide in metharol for 10 min to inhibit endo-
genous peroxidase and autoclaved in a citrate buffer sofwtion
(10 mM sadium ciirate. pt 6.0) at 100°C for 20 min to rewrieve
antigenicity. After blocking non-specific binding with 5%
normal rabbit serum, sections were incubated with primary
antibody. KIDO019 (500 ng/ml) at 4°C overnight. Slides were
then washed and incubated with a second antibody . biotinylated
anti-rabbit 1¢G (LSAB Kit) (Dako. Copenhagen, Denmark)
for 15 min at voom temperature. Finally, the slides were
washed and incubated with SABC Elite reagent (Dako) for
15 min at room (eraperature. Specific staining was developed
with diaminobenzidine tetrahydrochloride supplemented with
0.03% hydrogen peroxide and counterstained with hematoxylin.
and lung cancers were classified into three types according to
the staining pattern of IQGAPI: 1) cytoplasmic (C-type), 2)
membranous (M-type), and 3) reduced expression (R-type}.

Statistical analysis. Differences between groups were
evaluated using the 7 test, the survival rate was calculated by
the Kaplan-Meier method. and survival differences were
compared using the fog-rank test as a univariate analysis.
p<0.05 was considered significant.

Results

Specificity of ani-1QGAP] antibody. Affinity-pucified anti-
IQGAPI antibody, KDOOI9, strongly reacted with the
maltose-binding IQGAP! fusion protein. but not the control
molecule (Fig. 1).

Localization of IQGAP! in normal litenan tissues. In normal
lung tissues. strong staining was observed in alveolar
macrophages. bronchial epithelium. and bronchial glands. In
bronchial glands. lacalization of IQGAP] was limited to the
cytoplasm and cell boundaries of serous glands; no mucous
glands were stained (Fig. 2A). Skin. epithelium of the
external glands of the prostate, Kupifer cells, and distal
urinary tubules in the kidney all showed relatively sirong
staining (Fig. 2B-F). Skin showed the strongest positive
reaction in both the cell membrane and cytoplasm. Only
weak staining was observed in the spleen. vterus. placenia,
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Figure 2. The distribwtion of IQGAP T in narmal lung. FIGAP] stongly sained
(A bronchial epithelium and serous glands in novmal Jung. (B) normal skin.
(C) extemnal glands of the prostate. (D) Kuplter cells. and (523 distal winary
tubules in the kidney.

429

A

Figure 3. Representative staining pattems of IQGAP! in hung cancer. Adeno-
carcinomas showing {A) cytoplasmic, {B) membranous, and (C) reduced
expression type.

tonsil, testis. ovary. pancreas, breast, heart, stomach, small
and large intestine, brain. pituitary gland. and adrenal gland.

Localization of IQGAP! in lung cancer

Expression patiern according to histologic type. Of the 70
surgical speciimens examined, there were 40 adenocarcinomas,
19 squamous cell carcinomas. 5 large cell carcinomas. 3 small
cell carcinomas, 2 carcinoid tumors, and 1 mucoepidermoid
carcinoma. A representative staining pattern is shown in
Fig. 3A-C. In squamous cell carcinoma, M-type was frequently
seen (68.4%. 13/19); in adenocarcinomas. the 3 types were
equally abserved (Table I). All 3 small cell lung cancers and
2 carcinoids showed weak cytoplasmic staining.

Expression partern and grade of differentiation of lung
cancer. In adenocarcinoma, differentiation grade was related
to the expression pattern (Table ). C-type was common in
well-differentiaied adenocarcinoma, and M- and R- (ypes
were Trequemly seen in moderately- and poorly-differentiated
adenacarcinoma (p=0.0004). Tn squamous cell carcinoma. a
difference in staining paitern according to differentiation
grade was not abserved (p=0.3960).
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Table TI. The staining patiern of IQGAP! according to the
differentiation grade of lung cancer.

Ad Sq
Staining
paitern WD MD PD WD MD PD Tota
C-type 10 S 0 | 1 2 19
M-type 2 9 3 3 9 1 27
R-type I 6 4 0 0 2 13
Total 13 20 7 4 1o 5 59

Ad. adenocarcinoma; Sq. squamous cell carcinoma: La. large cell
carcinoma; Sm. small ¢ell carcinoma: Mis. misccllaneous umors;
C-type. cytoplasmic type: M-type. membranous type; R-type.
reduced expression type.

Table 1L The staining pattern of [QGAP| according to nodal
status.

Ad Sq
Staining
pattern N(-) N(+) N(-) N(+) Total
C-type 12 2 2 19
M-type 7 6 7 27
R-type 4 0 2 13
Total 23 16 8 1 59

N(-). nade negative: N(+). node positive: Ad. adenocarcinoma: Sq.
squamous cell carcinoma; C-type. cytoplasmic type: M-type.
membranous wype; R-type. reduced expression type.

Expression pattern and nodal staius. Staining patterns of
TQGAPI did not correlate with positivity of the regional
lymph nodes (Table IIT).

Expression pattern and survival of patients with lung cancer.
In adenocarcinoma. a survival difference was observed
between the C group and the M and R groups {p=0.0144:
Fig. 4A). This difference was not observed in all cases of
tung cancer or other histologic types (p=0.2363; Fig. 4B).

Discussion

IQGAPI is a scaffold protein that plays an important role in
molding the cyloskeleton. signal transduction. and intercellular
adhesion, and co-localizes with actin filaments in the cell
cortex. It binds in vitro to F-actin and several signaling
proteins, including calmodulin, Cded2, Rac!, and b-catenin
((12.13). F-actin binding activity of IQGAPI is regulated by
its reversible association with these signaling molecules. but
the mechanism is unclear (14).

Previously. localization of IQGAPI in malignant wmors
had only been examined in adenocarcinomas. and gastric.
colon, aind endometrial cancer. In gastric cancer. IQGAP
was frequently observed diffusely in the cytoplasm in
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Figure 4. Kaplan-Meier survival curves alter resection of tung cancer.
(A) Staining pattern of IQGAPT was significantly related (0 survival in
patients with adenocarcinoma (p=0.014d). (13) Staining patiem of IQGAPT was
not related 1o survival when all patients were analvzed together (p=0.2363),

intestinal-type, well-differentiated tumors, but it was
expressed at the cell membrane in diffuse-type. poorly-
differentiated tumors (15). In that report, E-cadherin was
localized to the cell membrane of the well-differentiated type
and in the cytoplasm of poorly-differentiated tumors; thus,
subcellular localization of IQGAPI was inversely correlated
with E-cadherin localization. Movement of IQGAP] from
the cytoplasm to the cell membrane could be correlated with
E-cadherin dysfunction and dedifferentiation in gastric
carcinogenesis. In colorectal cancer, IQGAP! seemed to be
expressed more at the invasion front of the umor. and this
expression pattern was most apparent in advanced disease
(8). In endometrial cancer, u-catenin and IQGAPI| were
absent from cell adhesive sites in well-differentiated
adenocarcinomas (16). All of these results suggest that the
differential grade of adenocarcinomas is associated with
abnormal intracellular localization of IQGAPI.

Lung cancer has four major histologic types: |) adeno-
carcinoma, 2) squamous cell carcinoma, 3) smali cell
carcinoma. and 4) large cell carcinoma. unique from other
cancers. Thus, we were interested in JQGAP} expression
according to the histologic type of Jung cancer. In normal
tissues, we demonstrated that stratified squamous epithelium
showed strong staining in both eytoplasm and cell boundaries
in skin, Therefore. it is not surprising that squamous cell
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carcinoma was positive for IQGAPI. However, squamous
cell carcinoma frequenily showed membranous staining,
whereas normal stratified squamous epithelium showed both
cytoplasmic and membranous staining. This altered localization
of TQGAP1 may relate 1o the dysfunction of cell adhesion or
signal transduction during carcinogenesis in squamous cel}
carcinomas.

Concerning glandular cells. the cytoplasm of normal
bronchial serous glands were specifically stained. whereas
mucous glands were not. Well-differentiated adenocarcinoma
frequently showed a cytoplasmic staining pattern, whereas
moderately- or poorly-differentiated adenocarcinoma showed
membranous staining or reduced expression. Thus. our
findings are similar to gastric (15) and endometrial (16)
cancer. This might result in a worse prognosis for patients
with lung adenocarcinoma showing membranous or reduced
staining patterns. An inverse correlation of membranous
expression of IQGAPI and either E-cadherin or ¢-catenin
(15.16) might explain some dedifferentiated features of cancer
cells. Since the most common cause of death in this series
of patients was distant metastasis, abnormal localization of
IQGAP! might play a role in local invasion and distant
metastases.

In summary, the expression pattern of IQGAPI in lung
cancer was different according to histologic type. which may
reflect the features of cancer cell origin. In adenocarcinoma.
cytoplasmic staining was frequently observed in the well-
differentiated type. and survival of patients with this (ype
was better than those with membranous or reduced
expression. Therefore, the expression pattern of IQGAPT can
predict survival in patients with lung adenocarcinoma.
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KEYWORDS Summary Inactivation of the cadherin-mediated cell—cell adhesion system is be-
E-cadherin; lieved to play arole in the initial steps of cancer invasion and metastasis. Expression
a-Catenin; of E-cadherin and its intracytoplasmic binding molecules («-catenin, -catenin, and
B-Catenin; plakoglobin) was examined immunohistochemically in 84 cases of intrabronchial pre-
Plakoglobin; cancerous lesions (bronchial squamous metaplasia (BSM) without atypia, BSM with

atypia, dysplasia), and 21 cases of carcinoma in situ, and 4 cases of microinvasion
to the bronchial wall, and 32 cases of stage | well differentiated squamous cell car-
cinoma (squamous cell carcinoma) to investigate the association between expres-
sion of E-cadherin and/or catenins and cancer progression. Reduced expression of
E-cadherin and/or catenins was closely correlated with an atypicat grade of dyspla-
immunohistochemistry sia in the basal layer (p <0.05). In particular, downregulation of E-cadherin and/or
catenins was associated with an atypical grade of BSM with atypia in intrabronchiat
lesions {p <0.01). We conclude that downregulation of a-catenin and/or B-catenin,
which may reflect dysfunction of the cadherin-mediated cell—cell adhesion system,
is an important marker for atypical grade during carcinogenesis of the bronchial
epithelium,

© 2004 Elsevier Ireland Ltd. All rights reserved.

Intrabronchial lesions;

Early-stage bronchial
squamous cell
carcinoma;

1. Introduction
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between cells {1,2], and E-cadherin is the form
most strongly expressed in epithelial cells. Cad-
herins form a complex with cytoplasmic proteins,
known collectively as catenins. This molecular com-
plex, together with other cytoskeletal components
such as actin, constitutes the interceltular adher-
ence junction [2—4]. The catenins are classified into
two groups, a-catenins and B-catenins, and the lat-
ter group includes plakoglobin and Drosophila Ar-
madillo protein as well as B-catenin itself [5,6].
Plakoglobin is isolated from the desmosomal frac-
tion [7] and is present in both desmosomes and ad-
herence junctions [8], and may therefore be a com-
mon regutatory molecute in cetl junctions.

Cadherin-mediated cell adhesion acts as a
suppressor of the invasion of cancer cells in vitro
[9—11], and dysfunction of the E-cadherin system
correlates with cancer cell invasion in human can-
cers [12,13]. The role of a-catenin in the cadherin
adhesion system has been revealed by studies
with cancer cells. The human lung cancer cell line
PC9 expresses an aberrant a-catenin mRNA and
shows very loose celi—cell association [14,15].
PC9 cells become much more closely associated
and acquire an epithelioid arrangement after
transfection with cDNA for a subtype of «-catenin
and aN-catenin [16]. These results suggest that
a-catenin is indispensable for cadherin-mediated
celi—cell adhesion. :

Previous immunohistochemical studies have re-
vealed many examples of reduced and/or hetero-
geneous expression of E-cadherin [17—19] and «-
catenin [20] in undifferentiated invasive cancers,
and impaired expression of E-cadherin or «-catenin
has been repotted to be associated with high inci-
dences of lymph node metastasis of human breast
[21], esophageal [22], and head and neck {[23]
cancers. However, there have been few studies
on the relationship between reduced E-cadherin
expression and the prognosis of cancer patients
[24-28].

The role of B-catenin and plakoglobin in de-
termining the fate of cells has been suggested
by work on a Drosophila homologue of this pro-
tein, Armadillo [29,30]. Moreover, it has been re-
vealed that the association between E-cadherin
and a-catenin is mediated by B-catenin [31], and
that B-catenin in turn mediates the interactions of
the cadherin—catenin complex with the c-erbB-2
gene product and epidermal growth factor recep-
tor (EGF-R) [32-34]. A tumor suppressor gene prod-
uct, APC protein, has been shown to interact with
B-catenin and plakoglobin and to play important
roles in the E-cadherin-mediated cell adhesion sys-
tem and to participate in tumor invasion and metas-
tasis.
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In a previous study, we divided primary lung can-
cers into two groups on the basis of their expres-
sion of E-cadherin and catenins, as detected by im-
munohistochemistry [35]. In addition, we demon-
strated a close relationship between E-cadherin-
associated cell—cell adhesion, catenins, and cyto-
logic features, in particular the formation of cel-
lular clusters and the frequency of solitary cells.
Preoperative evaluation of both cytologic features
and E-cadherin-associated cell—cell adhesion may
be useful for predicting the malignant characteris-
tics of lung cancer [36].

E-cadherin and a-catenin, and also B-catenin
and plakoglobin, play important roles in the
cadherin-mediated cell adhesion system in vari-
ous cancers. However, in the context of carcino-
genesis of the bronchial epithelium, expression of
E-cadherin, a-catenin, B-catenin, and plakoglobin
in intrabronchial precancerous lesions has not yet
been reported. In order to investigate a possible
dysfunction of the E-cadherin-mediated cell adhe-
sion system in intrabronchial lesions, we used im-
munohistochemistry to examine the expression of
E-cadherin, a-catenin, B-catenin, and plakogtobin
in biopsy specimens.

2. Materials and methods
2.1. Biopsy specimens

The biopsy samples were obtained from 109 pa-
tients with intrabronchial lesions resected between
1991 and 2000 at the Department of Surgery
of Tokyo Medical University Hospital. These le-
sions were diagnosed pathologically as BSM with-
out atypia in 32 cases, BSM with atypia in 25 cases,
dysplasia in 5 cases, carcinoma in situ in 21 cases,
ricroinvasion to the bronchial wall in 4 cases, and
stage | well differentiated squamous cell carcinoma
in 32 cases. The specimens were fixed with 10% for-
malin and embedded in paraffin.

2.2. Immunohistochemistry

Mouse monoclonal antibodies against human
E-cadherin (HECD-1; Takara, Kyoto, Japan),
a-catenin and B-catenin (anti-a-catenin and anti-
B-catenin; Transduction Laboratories, Lexington,
KY), and plakoglobin (CBL175; Cymbus Bioscience,
Southampton, UK) were used for immunohisto-
chemical staining. Four-micrometer-thick tissue
sections were prepared from all paraffin-embedded
specimens and collected on silane-coated glass
stides. After deparaffinization, the formalin-fixed
paraffin-embedded sections were treated with
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0.01% trypsin and subjected to microwave antigen
retrieval [37].

The immunohistochemical method using the
avidin-biotin-peroxidase complex was described
previously [35]. The reaction products were visual-
jzed with diaminobenzidine and the sections were
counterstained with hematoxylin.

Negative control staining, which was performed
with the same class of immunoglobulin instead of
the first antibody, yielded negative results in all
cases. The intensity and pattern of immunostain-
ing with HECD-1, anti-a-catenin, anti-B-catenin,
and CBL175 in intrabronchiat tesions were com-
pared with those of normal bronchial epithelium,
and the immunochistochemicat staining results were
evaluated as described previously [35]. Levels of
immunostaining were evaluated in separate com-
partments of the bronchial epithelium: the basal
layer (the first two-fifths of the distance between
the basement membrane and the free surface), the
intermediate layer, and the superficial layer (the
upper one-fifth of this distance). Expression of E-
cadherin, a-catenin, B-catenin, and plakoglobin in
each layer was judged to be normal if more than 90%

E-cadherin o-catenin

of the intrabronchial lesion cells were positively
stained by the appropriate antibodies. If staining
was distinctly weaker than that of normal epithe-
tium, or if less than 90% of the intrabronchial le-
sion cells were positively stained, the expression
was judged to be reduced. Immunohistochemical
staining was scored independently by two observers
(Y.K., Y.E.).

2.3. Statistical analysis

The data were analyzed using the Cochran—
Armitage test [38], which was conducted by a step-
wise method excluding E-cadherin, a-catenin, B-
catenin, and plakoglobin, since these four vari-
ables are the variables of interest. Differences
at p<0.05 were considered to be statistically
significant. )

3. Results

in bronchial epithelium, E-cadherin and all catenins
were expressed at a high tevel. immunohistochem-

B-catenin

plakoglobin

{A) Dyspiasia (B) and {C) carcinoma in situ *x400

Fig. 1 (A) Representative immunohistochemical staining for E-cadherin, «-catenin, B-catenin, and plakoglobin in
biopsy specimens of dysplasia (a} and carcinoma in situ {b and ¢). Evaluation for each layer of the intrabronchial
lesions is shown at the right side of each picture x400. (B) A borderline area between carcinoma in situ and dysplasia.
Evaluation for each layer of the carcinoma in situ area is shown at the left side of each picture, and that for each
layer of the dysplasia area at the right side of each picture.
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E-cadherin a-catenin

a-catenin plakoglobin

) (i) Carcinoma in sity, (ii) dysplasia x400

Fig. 1 (Continued).

ical findings for representative intrabronchial {e-  with atypia (n=25 cases), loss of expression of E-
sions are shown in Fig. 1. Cases with reduced ex- cadherin, a-catenin, B-catenin or plakoglobin was
pression of either E-cadherin or catenins in intra- observed in the basal layer in seven cases {28%}, in
bronchial lesions are summarized in Table 1. Re-  the intermediate layer in seven cases (28%), and in
duced expression of E-cadherin and/or cateninswas  the superficial layer in five cases (20%). In dysplasia
closely correlated with an atypical grade of dyspla- (n=5 cases), loss of expression of these molecules
sia in the basal layer (p < 0.05). In particular, down- was observed in the basal layer in two cases (40%),
regulation of E-cadherin and/or catenins was asso-  in the intermediate layer in one case (20%), and
ciated with an atypical grade of BSM with atypia in  in the superficial layer in one case (20%). In carci-
intrabronchial lesions (p <0.01). Additionally, re- noma in situ (n=21 cases), loss of expression was
duced expression of E-cadherin and catenins was  observed in the basal layer in 10 cases {48%), in
observed in squamous cell carcinoma, as shown in the intermediate layer in 9 cases (43%), and in the
Table 2. superficial layer in 8 cases (38%). In microinvasion

In BMS without atypia (n=32 cases), loss of ex- to bronchial wall (n=4), loss of expression was ob-
pression of a-catenin, B-catenin or plakoglobinwas  served in the basal layer in four cases (100%), in the
observed in the basal layer in six cases (18%), in  intermediate layer in three cases (75%), and in the
the intermediate layer in two cases (6%), and in  superficial layer in two cases (50%). These results
the superficial layer in three cases (9%). In BSM  are presented in Fig. 2 and Table 3.
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Table 1 Aberrant expression of E-cadherin and catenins in intrabrounchial lesions
E-cadherin a-Catenin B-Catenin Plakoglobin Rate? (%)
B | S B | ) B i S B i S
+ + + — -— + + + + - —_ —
+ + + + + + - + + + + +
, + + + + + + - + + + + +
BSM )N'Ithf)Ut + + + + + + + + - + + + 21
atypia n=32 . . . . . . . . + - + +
+ + + + + + + + + —_ + +
+ + + + + + + + + - — -
—_— — + + + + + + + + + +
+ + + - + + — — - + + +
X X + + + — - - - - - + + +
BSM with atypia . . + . . + - - — + + + 28
n=25 + + + + + + — - — + + +
+ + + + + + _ -_— + —_— -_ +
Dysplasia - + + - + + - - - - - - 40
n=540% —_ + + —_— + + + + + + + +
+ + + + + — — + + + +
+ + + + + - + + —_ + +
+ + + pu —_ —_— - -— — —_ — —
+ - + - - + - — - + + +
Carcinoma in - + + - - - - - - - - - 48
situ n=21 — - + — — - + + + + + +
—_ — _— — —_ + —_ — — — _ +
- - — - — — — —_ + + +
Microinvasion + + + - - + - - —_ + . +
to bronchial + + - - - + + + +
wall n=4 + + + + - —_ — — 100
+ + + + + + -
Variable Contrast p-Value
BSM without atypia BSM with atypia 0.097
BSM without atypia Dysplasia 0.043
BSM without atypia Carcinoma in situ 0.003
BSM without atypia Microinvasive to bronchial wall 0.001

B: basal layer; |: intermedtate layer; S: superficial tayer.

2 Reduced expession rate of either E-cadherin or catenins in intrabronchial lesions.

Table 2 Reduced expression rate of E-cadherin
and catenins in advanced stage of squamous cell
carcinoma

Squamous cell carcionoma, n=232

E-cadherin 21 (67%)
a-Catenin 26 (81%)
B-Catenin 27 (84%)
Plakoglobin 14 (44%)
Rate? 100%

2 Reduced expression rate of either E-cadherin or catenins
in squamous cell carcinoma.
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4, Discussion

It has been established that malignant transforma-
tion can arise from an accumulation of genetic al-
terations. This stepwise transformation is known as
multistep carcinogenesis. In general, it is known
that primary lung carcinoma is one of the most
malignant solid tumors, and that it has a wide
range of invasive and metastatic behavior. There
is a high possibility that alterations in genotype
are reflected in the morphological phenotype of
the bronchial epithelium. In this context, bronchial
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Superficial layer
intermediate layer

Basal layer

100%

80%

60% —&— Basal layer
--@-~Intermediate layer]

---A-- Superficial layer

4°°/°

20%

0%

cis

BSM with
atypia
Dysplasia

BSM without
atypia
Microinvasive

Fig. 2 Proportion of cases with reduced expression of
either E-cadherin or catenins within the basal tayer (4),
the intermediate layer (®) or the superficial layer (a4) of
the intrabronchial lesions. The relative distribution of the
different layers is shown in the upper part of the figure.

squamous metaplasia and dysplasia can be con-
sidered as precancerous lesions, mutation of the
P53 tumor suppressor gene, and deletion of chro-
mosome 17p have been reported in such lesions
[39—-42]. We have reported sequential changes in
cell proliferation, DNA aneuploidy and accumula-
tion of mutant p53 protein during carcinogenesis
in the bronchial epithelium, and that these his-
tochemical changes initially occurred in the basal
tayer [43]. We believe that the ability of cancer-
ous cells to invade the bronchial wall will be ac-
quired in a sequential manner during carcinogen-
esis. Therefore, we investigated the reduction of
expression of E-cadherin and/or catenins in intra-
bronchial precancerous lesions and the early stages
of bronchial squamous cell carcinoma. In intra-
bronchial lesions and squamous cell carcinoma, ex-
pression of either E-cadherin or catenins was re-
duced in 21% of BSM without atypia, 28% of BSM
with atypia, 40% of dysplasia, 48% of carcinoma
in situ, 100% of carcinoma microinvasive to the

bronchial wall, and 100% of squamous cell carci-
noma. We also demonstrated a positive correlation
between the expression of these molecules and the
grade of atypia of intrabronchial lesions. Our pre-
vious studies showed that reduced expression of
E-cadherin and catenins occurs frequently in non-
smatl cell lung carcinoma [35]. Hence, our present
findings indicate that downregulation of E-cadherin
and catenins may play an important role in the pro-
gression of human intrabronchial lesions and squa-
mous cell carcinoma.

Studies on cell—cell adhesion molecules may
help to clarify the mechanisms of local invasion and
metastasis. Investigations of the cadherin—catenin
complex have been carried out at the cellular and
molecular levels [14,22,44]. It has already been re-
ported that reduction of E-cadherin expression is
caused by mutation and by inactivation of the E-
cadherin gene by hypermethylation in the promoter
region [45]. Dysfunction of the cadherin—catenin
complex caused by reduction of the expression of
these molecules implies an increased ability of can-
cer cells to disperse, which is the probable early
step of local invasion and metastasis. Reduction
of expression of E-cadherin and a-catenin is asso-
ciated with local invasion and metastasis of scir--
rhous carcinoma in gastric cancer, breast cancer,
and esophageal cancer [20,22].

in BSM with atypia and dysplasia, cells showing
reduction of E-cadherin and/or catenin expression
were localized mainly in the basal layer. As his-
tologicatl atypia increased, reduced expression of
each molecule also became evident in the interme-
diate and superficial layers. This observation par-
altels the finding that proliferating cells and cells
with accumulation of mutant p53 protein appeared
from the basal layer to the superficial layer dur-
ing carcinogenesis in the bronchus [43]. Therefore,
we hypothesize that these cellular changes indicate
anincreased risk of eventual malignant transforma-
tion, and also that cells in the basal layer are the
first to acquire the capacity for local invasion.

Our present study suggests that reduction of ex-
pression of E-cadherin and/or catenins is a rela-

Table 3  Aberrant expression rate of E-cadherin and/or catenins in intrabronchial lesions

BSM without BSM with Dysplasia c.is Microinvasion to Sq.c.ca.
atypia atypia bronchial wall
Basal layer 6 (18%) 7 (28%) 2 (40%) 10 (48%) 4 (100%) 100%
Intermediate layer 2 (6%) 7 (28%) 1 (20%) 9 (43%) 3(75%)
Superficial layer 3 (9%) 5 (20%) 1 (20%) 8 (38%) 2 (50%)
Whole layer 7 (21%) 7 (28%) 2 {40%) 10 (48%) 4 (100%)
Total (cases) 32 25 5 21 4 32
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tively early event in the genesis of bronchial squa-
mous celt carcinoma, and that increasing histologi-
cal atypia is accompanied by further diminution in
the expression of these molecules. Finally, reduced
levels of E-cadherin and/or catenins might play a
critical role in local invasion beyond the basement
membrane and the development of the advanced
stage of squamous cell lung carcinoma.

References

[1] Takeichi M. Functional correlation between cell adhesive
properties and some cell surface proteins. J Cell Biot
1997,75:464~-74.

[2] Takeichi M. Cadherin cell adhesion receptors as a morpho-
genetic regulator. Science 1991;251:1451-5.

[3] Hirano S, Nose A, Hatta K, Kawakami A, Takeichi M. Calcium
dependent cell-cell adhesion molecules {cadherins). J Cell
Biol 1987;105:2501--10.

[4} Ozawa M, Ringwald M, Kemler R. The cytoplasmic domain
of the cell adhesion molecule uvomorulin associates with
three independent proteins structurally related in different
species. EMBO J 1989;8:1711--7.

[5] Peifer M, McCrea PD, Green KJ, Weischaus E, Gumbiner BM.
The vertebrate adhesive junction proteins a-catenin and
plakoglobin and the Drosophita segment polarity gene Ar-
madilto form a multigene family with similar proteins. J Cell
Biol 1992;118:681--91.

[6] Butz S, Stappert J, Wessing H, Kemler R. Plakoglobin
and B-catenin: distinct but closely related. Science
1992;257:1142—4.

{7] Cowin P, Kapprell HP, Franke WW, Tamkun J, Hynes RO.
Plakoglobin: a protein common to different kinds of inter-
cellular adhering junctions. Cell 1986;46:1063-73.

[8] Korman NJ, Eyre RW, Klaus-Kovtun V, Stantey JR. Demon-
stration of an adhering-junction molecule (plakoglobin) in
the autoantigens of pemphigus foliacus and pemphigus vul-
garis. N Engl J Med 1989;321:631~35.

[9] Behrens J, Mareel MM, Van Roy FM, Birchmeier W. Dissecting
tumor cell invasion: epithelial cells acquire invasive prop-
erties after the loss of uvomorulin-mediated cell--cell ad-
hesion. J Cell Biol 1989;108:2435—-47.

[10] Frixen UH, Behrens J, Sachs M, Eberle G, Voss B, Warda
A, et al. E-cadherin-mediated cell--cell adhesion pre-
vents invasiveness of human carcinoma cells. J Cell Biot
1991;113:173--85.

[11] Vleminckx K, Vakaet Jr L, Mareel M, Fiers W, Van Roy F.
Genetic manipulation of E-cadherin expression by epithe-
lial tumor cells reveals an invasion suppressor role. Cell
1991;66:107--19.

[12] Hirohashi S. Inactivation of the E-cadherin-mediated
cell adhesion system in human cancers. Am J Pathol
1998;153:333-9.

[13] Akimoto S, Ochiai A, Inomata M, Hirohashi S. Expression of
cadherin—catenin celt adhesion molecules, phosphorylated
tyrosine residues and growth factor receptor-tyrosine ki-
nases in gastric cancer. Jpn J Cancer Res 1998:89:829--36.

[14] shimoyama Y, Nagafuchi A, Fujita S, Gotoh M, Takeichi M,
Tsukita S, et al. Cadherin dysfunction in a human can-
cer line: possible involvement of loss of «-catenin ex-
pression in reduced cell-cell adhesiveness. Cancer Res
1992;52:5770--4.

153

[15] Oda T, Kanai Y, Shimoyama Y, Nagafuchi A, Tsukita S, Hiro-
hashi S. Cloning of the human a-catenin ¢cDNA and its aber-
rant mRNA in a human cancer cell line. Biochem Biophys
Res Commun 1993;193:897--904.

[16] Hirano S, Kimoto N, Shimoyama Y, Hirohashi S, Takeichi
M. Identification of a neural a-catenin as a key regulator
of cadherin function and multicetlular organization. Cell
1992;70:293—301.

[17) Shimoyama Y, Hirohashi S, Hirano S, Noguchi M, Shimosato
Y, Takeichi M, et al. Cadherin cell-adhesion molecules
in human epithelial tissue and carcinomas. Cancer Res
1989;49:2128-33.

[18) Shimoyama Y, Hirohashi S. Cadherin intercellular adhesion
molecule in hepatocellular carcinomas: loss of E-cadherin
expression in an undifferentiated carcinoma. Cancer Lett
1991;57:131-5.

[191 Shimoyama Y, Hirohashi S. Expression of €- and P-cadherin
in gastric carcinomas. Cancer. Res 1991;51:2185-92.

[20] Ochiai A, Akimoto S, Shimoyama Y, Nagafuchi A, Tsukita
S. Frequent loss of a-catenin expression in scirrhous car-
cinoma with scattered cell growth. Jpn J Cancer Res
1994;85:266~73.

[21] Oka H, Shiozaki H, Kobayashi K, Tahara H, Kobayashi T,
Takatsuka Y, et al. Expression of E-cadherin cell adhesion
molecules in human breast cancer tissues and its relation-
ship to metastasis. Cancer Res 1993;53:1696~701.

[22} Kadowaki T, Shiozaki H, inoue M, Tamura S, Oka H, Doki
Y, et al. E-cadherin and alpha-catenin expression in human
esophageal cancer. Cancer Res 1994;54:291--6.

{23] Schipper JH, Frixen UH, Behrens J, Unger A, Jahnke K,
Birchmeier W. E-cadherin expression in squamous cell car-
cinoma of head and neck: inverse correlation with tumor
dedifferentiation and lymph node metastasis. Cancer Res
1991,51:6328-37.

[24] Mayer B, Johnson JP, Leitt F, Jauch KW, Heiss MM, Schildberg
FW, et al. E-cadherin expression in primary and metastatic
gastric cancer: down-regulation correlates with cellular
dedifferentiation and glandular disintegration. Cancer Res
1993,;53:1690-5.

[25] Bringuier PP, Umbas R, Schaafsma HE, Kaethaus HF, De-
bruyne FM, Schalken JA. Decreased E-cadherin immunore-
activity correlates with poor survival in patients with blad-
der tumors. Cancer Res 1993;55:3241-5.

[26] Mattijssen V, Peters HM, Schalwijk L, Manni JJ, Van’t Holf-
Grootenboer B, de Mulder PH, et al. E-cadherin expression
in head and neck squamous-ceil carcinoma is associated
with clinical outcome. Int J Cancer 1993;55:580--5.

[27] Umbas R, Isaacs WB, Bringuier PP, Schaafsma HE, Karthaus
HF, Oosterhof GO, et al. Decreased £-cadherin expression
is associated with poor prognosis in prostate cancer. Cancer
Res 1994;15:3929--33.

{28] Nakanishi Y, Ochiai A, Akimoto S, Kato H, Watanabe H,
Tachimori Y, et al. Expression of E-cadherin, alpha-catenin,
beta-catenin, and plakoglobin in esophageal carcinomas
and its prognostic significance: immunohistochemical anal-
ysis of 96 lesions. Oncology 1997;54:158--65.

[29] Riggleman B, Wieschaus E, Schedl P. Molecular analysis
of the armadillo locus: uniformly distributed transcripts
and a protein with novel internal repeats are associ-
ated with a Drosophila segment polarity gene. Genes Dev
1989:3:96—113.

[30] Peifer M, Rauskob C, Willams M, Riggleman B, Wieschaus
E. The segment potarity gene armadillo interacts with the
wingless signaling pathway in both embryonic and adult pat-
tern formation. Development 1991;111:1029-43.

{31} Oyama T, Kanai Y, Ochiai A, Akimoto S, Oda T, Yanagihara
K, et al. A truncated {3-catenin disrupts the interaction be-



330

Y. Kato et al.

tween E-cadherin and a-catenin: a cause of loss of intercetl-
lular adhesiveness in human cancer cell lines. Cancer Res
1994;54:6282—7.

[32] Hoschuetzky H, Aberte H, Kemter. p-Catenin mediates the
interaction of the cadherin—catenin complex with epider-
mal growth factor receptor. J Cell Biol 1994;127:1375—80.

[33} Ochiai A, Akimoto S, Kanai Y, Shibata T, Oyama T, Hirohashi
S. c-erbB-2 gene product associates with catenins in human
cancer cells. Biochem Biophys Res Commun 1994;205:73--8.

[34] Kanai Y, Ochiai A, Shibata T, Oyama T, Ushijima S, Akimoto
S, et al. c-erbB-2 gene product directly associates with
p-catenin and plakoglobin. Biochem Biophys Res Commun
1995,208:1067—72.

[35] Shibanuma H, Hirano T, Tsuji K, Wu Q, Sherestha B, Konaka
C, et al. Influence of E-cadherin dysfunction upon local in-
vasion and metastasis in non-small cell lung cancer. Lung
Cancer 1998;22:85-95.

[36] Tsuji K, Hirano T, Shibanuma H, Okada S, Kawate N, Kon-
aka C, et al. Cytologic features based on the expression
of E-cadherin and catenins in lung adenocarcinoma. Acta
Cytologica 1998;43:381--9.

[37] BarbareschiM, Girlando S, MauriMF, Forti S, Eccher C, Mauri
FA, et al. Quantitative growth fraction evaluation with MIB1
and Ki67 antibodies in breast carcinomas. Am J Clin Pathol
1994;102:171~5.

[38] Armitage P. Test for linear trend in proportions and frequen-
cies. Biometrics 1955;11:375—-84.

[39] Sundaresan V, Ganly P, Hasleton P, Rudd R, Sinha G, Bleehen
NM, et al. p53 and chromosome 3 abnormalities, charac-
teristic of malignant tung tumor, are detectable in prein-
vasive lesions of the bronchus. Oncogene 1992;7:1289--
997.

[40] Sozzi G, Moizzo M, Donghi R, Pilotti S, Cariani CT, Pastorino
U, et al. Deletions of 17p and p53 mutations in preneoplas-
tic lesions of the lung. Cancer Res 1992;52:6079-82.

[41] Klein N, Vignaud M, Sadmi M, Plenat J, Borelly J, Duprez A,
et al. Squamous metaplasia expression of protooncogenes
and p53 in lung cancer patients. Lab Invest 1993;68:26—
32.

{42} Nuorva K, Soini Y, Kamel D, Autio-Harmainen H, Risteli L,
Risteli J, et al. Concurrent p53 expression in bronchial
dysplasia and squamous cell lung carcinoma. Am J Pathol
1993;142:725-32.

[43] Hirano T, Franzén B, Kato H, Ebihara Y, Auer G. Genesis of
squamous cell lung carcinoma: sequential change of pro-
liferation, DNA ploidy, and p53 expression. Am J Pathol
1994:144:296—302.

[44] Nose A, Nagafuchi A, Takeichi M. Expressed recombinant
cadherins mediate cell sorting in model systems. Cell
1998;54:992—1001.

[45] Yoshiura K, Kanai K, Ochiai A, Shimoyama Y, Sugimura T,
Hirohashi S. Silencing of the E-cadherin invasion-suppressor
gene by CpG methylation in buman carcinomas. Proc Natl
Acad 5¢i USA 1995;92:7416--9,

Available online at www.sciencedirect.com

sclsuce@mnscr"

154



Clinical report 1123

Gefitinib in the adjuvant setting: safety results from a phase
Il study in patients with completely resected non-smali cell

lung cancer
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Standard therapy for stage I~H11A non-smali cell ling
cancer (NSGLC) is surgery, although adjuvaht therapies are

required to prevent disease recurrence.and improve patient

survival. This is the first study that planned 1o administer
adjuvant gefitinib (Iressa) 250 mg/day or placebo to
randomized patients with completely resected NSCLC
(stage IB-1lIA) 4-6 weeks following surgery, for 2 years,
until recurréncg/wiihdrawal. However, recruitment was
stopped after the tandomfzation of 38 patients, because
interstitial lung disease (ILD)-type events were being
increasingly reported in Japan in the advanced disease
setting. Finally, the trial was halted, Safety data for 38
recrulted patients (18 gefitinib and 20 placebo) showed no
unexpected adverse drug reactions (ADRs), with the most
common being grade 1/2 gastrointestinal and skin
disorders in 12 and 16 pztients receiving gefitinib and in
five and six patients receiving placebo, respectively. Grade
374 ADRs occurred in four paﬁenﬁ receiving gefitinib and
one patient receiving placebo. ILD-type events were
reported in one patient receiving gefitinib {concomitantly
with sther ILD-inducing drugs) who died and two patients
receiving piacebp. Eight patients receiving gefitinib
withdrew due to ADRs compared with three patients
receiving placebo. Adverse events assoclated with surgical
complications were reported for six patienis receiving -

Introduction

Non-small cell Jung cancer (NSCLC) is generally not
diagnosed until the disease is symptomatic, by which
time more than two-thirds of patients are in the advanced
stages of disease and havc 2 poor prognosis [1].
Approximately 25% of patients with NSCLC are diag-
nosed when their disease is in the early stages; however,
as many of these patients frequently have undetectable
metastases, disease often recurs in distant sites {2).
Adjuvant therapies are therefore required 1o help prevent
disease recurrence and as they will need to be given to
patients post-operatively for 2 prolonged period, they
should be well tolerated.

Although some clinical trials in NSCLC have shown a
significant survival benefit with adjuvant uracil plus
tegafur {UFT) and cisplatin-based chemotherapy [3-7),
others have not observed a significant improvement in
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gefitinib and four patients receiving placého. in the
adjuvant setting there were no unexpected: advérse
events observed. Gefitinib had no impact on é,ﬁféery-
related complications when given within 4~6 weeks
post-operatively. Anti-Cancer Drugs16:1123-1128 @ 2005
Lippincott Williams & Wilkins. ‘
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Keywords: gefilinib, non-small cell lung cencer, phase i1), safety

"Tokyo Medical University Hospital, Tokyo, Japan, ®National Cancer Center
Hospita! East, Chiba, Japan, *National Cancer Center Hospital, Tokyo, Japan,
“Kyoto University Faculty of Medicine, Kyoto, Jepan, ®*Osaka City Genera!
Hospite), Osaka, Japan, National Kyushu Cancer Center, Fukuoka, Japan,
SKinki University Schoot of Medicine, Osaka, Japan and "AstraZeneca KK,
Osaka, Japan,

Sponsorship: This trizl was coordinated and supenised by the Study
Coordinating Commitiee (principal investigators plus AstraZeneca personnei),
and the Independent Data Monitoring Committee {lung cancer and statistical
experts independent of AstraZenecs), with funding and organizational support
from the triz} sponsor AstraZereca.

Correspondence 1o M. Tsuboi, Depariment of Surgery, Tokyo Medical University
Hospital, 6-7-1 Nishi-Shinjuku, Shinjuku-ku, Tokye 160-0023, Japan.

Tel: +81-8-3342-6111; fax: +B81-3-3340-0326:

e-mail: mtsuboi@za2.s0-nel.nejp

Received 21 February 2005 Revised form accepled 3 August 2002

survival [5,8.9]. At the time of commencing this study,
there were no standard adjvvant tréatment regimens for

NSCLC.

Gefitinib (Iressa), an orally active epidermal growth
factor receptor tyrosine kinase inhibitor (EGFPR-TKJS,
was approved in Japan for the ireatment of inoperable or
recurrent NSCLC in 2002. Two large phase 11 trials,
IDEAL (Iressa Dosc Evaluation in Advanced Lung
cancer) 1 and 2, observed objective responses and stable
disease in more than 40% of pre-treated patients with
NSCLC receiving 250 mg/day gefitinib, with the majo_ri;y
of adverse events (AEs) being mild to moderate
gasttointestinzl and skin disorders {10,11]. Gefitinib
was$ not associated with the well-recognized AEs Ob'sf?'{f’?d
with cytotoxic chemotherapy (e.g. bone marrow dt?If{ es
sion, neurotoxicity, nephrotoxicity). The tolerabifity
profile of gefitinib has'been confirmed by data from the



