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Fig, 6 lmnunchistochemical analysis of two clinical specimens ol non-small cell luag canees whose
EGIR status had been confirmed by the dircet sequencing method
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sections of EGFR (W) and EGIR (1.858R-expressing NSCLC, respectively

cells transfected with the wild-type EGIR (293-
EGHFR (WT)Y) were negative (or the antibody.
On 1he conteary, an anti-EGFR antibody (from
Cell Signaling) detected both the [1-18 and 293-
EGFR (WT) cells (Figure 5, panels ¢ and [).
These results showed that the mutant EGFR
protein expressed in human cells conld be detect-
ed with specificity by AhyD08SY.
tmmunohistochemical evaluation of
AhyDO2889 and AbyDU2890

Finally. we cvaluated the immunohisto-
chemical assay for two clinical specimens of
NSCLC whose FGER status had been confirmed
by direet sequencing  The upper seciens ol un
NSCLC tumor with no EGFR mutation were
negative for both AbyDO2EB9 and Aby 2890
(IFignre 6. punels b oand c) while the lower sec-

tions with the L8S8R mutation were posilive for
Aby[D02889 but negative for AbyI202890. sugges-
ting that AbyD02RRY could specifically detect
the EGFR (1.858R)-expressing cells even in o
paraffin embedded section and might be useful
for the immunohistochemical examination of
LGFR mutations.

Discussion

We developed an antibody specifically recogn-
izing a mutant EGFR (1 858R ) protein hy screen-
ing a HuCAT phage library, We found thas s
specific antibody (AhyDD28RO) could specili-
cally detect the mutant profei and wis o vaifuble
lor FLISA. immunoblotiing. immunocylo
chemistry. and immunohistochemisiry - Fere, we
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woulld like to discuss the feasibility of the use of
this antibody in Lhe cancer rescarch field and in
the clinical situation

Recent eancer rtescarch  has shown  trends
toward the discovery of a molecular lurget which
is necessary (o mainiain tumor survival or
grawth,’ This may possibly lead 1o the develop-
ment of a speeifte inhibitor for molecular targets
characteristic of various twnor species. which

miy become one promising therapeutic strategy

for cancer. Typical cases of this strategy are the
currently suceesstul results of tyrosine kinase
inhibitors such as lressa, tarceva, and glivec.'® **
Gefitinib has been reported o be effective espe-
crally  against NSCLC  patients  with  E740
A150dcel in exon 19 or L858R in exon 21, which
account for approximately 90% of the NSCLC-
assaciated EGFR mutations.®  In other words,
the development of Tressa has made & revolution-
ary contribution 1o lung cancer treatment. The
EGFR muation in Japancse NSCLC patients
has been reported 1o be refatively high in f{re-
quency, although there are differences among the
vartous human racial types.”"?

Under thege circumstances, it is important to
know how to scleet the group of paticnts in
whom the benefit of fressa may be maximized.
Based on this view, we have developed the Scor-
pion ARMS method, a highly-sensitive PCR-
based detection method of gene mutativn, and
have reported its reliability and feasibility lor
clinical use.®' In addition to the high sensitiv-
ity, this method has another greal advantage that
contamination ol the wild-type LEGTFR gene
derived [rom mnormal tissue surrounding the
tumor does not interfere with its sensitivity or
specificity.  However. because there were a lew
false negative or positive cases,” it is siill impos-
sible to say that this method is perfect. For
example, when we examine the genome DNA
containing a lower amount of the mutant EGFR
gene than the lower detectable limit {this is
considered to be caused by the situation that
onty a small nuember of wmor cells having
EGFR mutation exist in the tissue sample), the
Scorpion-ARMS techniyue may possibly fail to
detect this mutation.  Aldough this is consid-
ered as one limitation of the ARMS rechnology.
we still have o make a greater effort to improve
the precise detection of the mutation. One strat-
ey is 1o detect the protein ol the muwtant EGEFR
using a murani-specific antthody. which would
enable us to improve the deteciability through

the use of the antibady and the Scorpion-ARMS
method in combination.  Form this point, we
stress the significance of the mutant EGFR
(LE3ERspecific anlibody and would like o
discuss its feasibility.

This antibody enables us to examine the
mutition using one tumor cell. which is a great
advantage in addition te its contribution to
improvement of the detectability of the muta-
tion Actually, Figures 4 and 5 show that anly
the cells expressing mutant EGFR (L.838R) pro-
tein were stained with the mutaot-specific anti-
body. One tumor cell is the smallest rumor
sample necessary for examination.  Using the
mutant-specific antibody we have developed, it is
therefore possible to detect a single cell muta-
tion, meaning that we can diagnose the EGFR
mutation in one tumor cell derived from the
smallest clinical sample with a less invasive
approach. This antibody offers the potential to
make a large contribution Lo the clinical cvalua-
tion of the EGFR mutation. turthermore, this
antibody shows promising imporiance when
considering tumor oncogenesis and progression
from the aspect of the research field. At present,
il remains controversial whether a hit on the
EGFR gene causes the development of cancer ot
if one heteropopulation of cancer cells in the
tumor acqguires the EGFR mutation.  This dis-
cussion is considered w0 be related largely to the
clinical responsiveness of cancer to Iressa, and its
prognosis. According to the latiee hypothesis of
ancogenesis, the iumor cells with wild-type
EGTR, 1o which Tressa may be less effective, will
survive and grow even while Iressa responds well
to the cells harboring the EGEFR mutation,
There we will find that the mntation-positive
and negative tumor cells co-localize in one
wmor mass using our EGFR (L.838R)-specific
antibody. Finally, we would like ta say that our
EGFR (L858R)-specific antibody will be a use-
ful toul to obtain more important information
on NSCLC in the clinical situation or even in
the research field as well. OQur current research
strategy is [ocused on developing a specific unti-
body agatnst deletional EGFR mutants.
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Gefitinib Efficacy Associated with Multiple Expression
of HER Family in Non-small Cell Lung Cancer

MAKOTO NISHIO!, FUMIKO TAGUCHI!, FUMIYOSHI OHYANAGI!, ATUSHI HORIKIKE!,
YUICHI ISHIKAWA?Z, YUKITOSHI SATOH!, SAKAE OKUMURA!,
KEN NAKAGAWA!, KAZUTO NISHIO® and TAKESHI HORAI

Mporacic Oncology Center, Cancer Insiitute Hospital and *Department of Pathology,
Cancer Institute, Japanese Foundation For Cancer Research, Tokyo;
3pharmacology Division, National Cancer Center Research Institute, Tokyo, Japan

Abstract, The aim of this stusdy was to compare the relationship
between HER fomily expression and clinical response to gefitinib,
Patients and Methods: Tissues from thirty-one non-small cell lung
cancer (NSCLC) patients treated with & monotherapy of gefitinib
were analyzed Expressions of HER family in 31 tumors were
examined by immunchistochemistry. Results: The total expressions
were 21 for EGFR (68%), 24 for HER2 (779), 17 for HER3
(55%) and 4 for HER4 (13%). Fourteen owt of 31 (45%)
demonstrated triple expression of EGFR and HER2, as well as
HER3 or HERA. A significantly better response rate (RR) and time
to progression (TTF) were observed for the group with the triple
expression than for the other groups (RR 50 vs. 11%; p<0.05,
median TTP 4,29 vs. 1.2 months; p<0.05). Conclusion: Mutliple
expression of the HER fomily might be related with the clinical
response io gefitinib and EGFR mutation status.

The epidermal growih factor receptor (EGFR/HERI) is a
promising target for anticancer therapy. Gefitinib (ZD 1835,
Iressa; AstraZeneca, London, UK) is an oraliy active, selective
EGFR-tyrosine kinase inhibitor (1), which showed promise in a
recent clinical trial of non-small cell cancer (NSCLC) cascs, in
terms of rapid symptom improvements (2-7) and clinicatly
‘meaningful benefit in some patients (5, 7), Thus, the selection
of individuals who may demonstrate & response to gefitinib is
important. The degrec of EGFR expression scems not to
directly determine the response, although gefitinib is considered
to be a targeted therapy by virtue of its selective inhibition of
EGFR tyrosine kinase (8-10), Recent reports show that specific

Comespondenée to: Makoto Nishio, MD, Thoracic Oncology
Center, Cancer Instiute Hospital, Ariake 3-19-6, Koto-ku, Tokyo
135-8550, Japan. Tel: 81-3-3520-0111, Fax: +81 3-3570-0343,
e-mailt whishio@jfer.orjp

Key Words: NSCLC, gefitinib, HER?2, tyrosine kinase inhibitor,
molecular target agent, EGFR mutation.
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missense and deletion mutations in the tyrosine kinase domain
of the EGFR gene (11-13) are associated with EGFR tyrosine
kinsse inhibitor sensitivity. Although these BGFR mutations
can account for almost all objective responses to tyrosine kinase
inhibitors, the clinical benefit observed with these drugs and the
survival benefit cannot be explained only by the presence of
mutations.

The HER family includes the following four distinct
receptors: EGFR, HER2 (ErbB-2), HER3 (BrbB-3) and HER4
(ExbB-4) and recent preclinical studies indicated that gefitinib
causes reduccd phosphorylation levels of not only EGFR, but
also of HER2 and HER3 (14), inducing the formation of
inactive BGFR/HER?2 and EGFR/HER3 heterodimers (15).
Based on these data, the co-expression profile of HER family
receptors (especially the additional expression of HER2 and
HER3) was hypothesized to play an important role in
determining the efficacy of gefitinib in NSCLC cases. The
relationship between the co-expression status of HER family
members and gefitinib efficacy was evalvated with regard o
responie rate (RR), time to progression (TTP) and overall
survival (OS).

Patients and Metheds

Betwean September 2002 and January 2004, 31 advanced or recurrent
NSCLC patients from whom tumor tissues wese available, were treated
with 250 mg of gefitinib monotherapy until disease progression st eur
institation. The medical records, pathology slides and imaging studies of
these patients were zetrospectively reviewed. The study wes conductcd
after. obtaining spproval of the appropriste ethical review boards
following recommendations of the Declaration of Helsinkd for blomedical
rescarch involving buman subjects.

For all patients, archivel peraffin blocks of transbrochial fung biopsy
(TBLE) specimens taken at the time of initial diagnosis (n=14) o7 tamor
lissue specimens obtained by surgical resection (n=17) were sectioned
for stalning with antibodies ageinst EGFR, HER2, HER3 and HER4
using en EGFR pharmx kit (DAKOQ), Herceptest (DAKQ), anti-HER3
(Chemicon) and anti-HER4 (Chemlcon), respectively, with the
Autestalner (DARKQ).
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The results of the immunostaining were reviewed by an
expetienced pathologist (Y.1.). For HER2 staining, only moderate lo
strong cell membrane-specific immunostaining was considered
positive, whereas cytoplamic staining was also taken Into account for
the other receptors.

Genetic analysis of the EGFR gene was performed on the 17 frozen
tumor specimens obtalned by surgical resection. Genomic DNA was
extracted from 1-2 mm? tumor specimens using REDExtract-N-AmpT™M
Tissue PCR Kit {Sigma) and the DNA was purified with s QLAmpDNA
blood mini kit

Genetic analysis of the EGFR gene was petformed by PCR
amplification of exons 18, 19 and 21, The following primen, specifically
designed for this study, were uted for PCR amplification: exon
18 (forward, 5-AGGTGACCCTTGTCTCIGTGTTCE-3"; reverse,
3-CACCSOACCATGAGAGGCCCTGOG-S), exon 19 (forward, 5-0A
TCACTGGGCAGCATGTGGCACS 3", reverse, 3- TGGACCOCCAC
ACAGCAAAGCAAAGCAGA-S), exon 21 (forward, 5S“TTCOCATG
ATCATCTOTC-3" reverse, 3-ATGCTGGCTGACCTAAA -5%). PCR
was performed in a total volume of 20 pL, contalning reaction buffer,
15 mmolL MgCl,, 0.2 mmolL dNTPs, 100 nmel/L. each primer,
0.5 units AmpliTaq (Biosystems) and 4 pL. genomic DNA. Thermal
cycling conditions incfuded 3 min at 94°C, followed by 35 cycles of 94°C
for 20 psc, 68°C for 40 sec and 72°C for 3 min,

After completion of the PCR reaction, the products were denatured (5
min at 99°C), immediately cooled on i¢e and loaded onto & nondenaturing
polyacrylamide gel The concentration of eerylamlde wes 1%-14%
gradient. Electrephoresis weas carried out for 3 b at 6°C at 2V/eom. The
shifted bands were removed from the gel, and the recovered DNA was
amplified in duplicate and subjected 10 bidlrectional dye-terminator
sequencing using the same primers used for amplification. Sequencing
fragments were detected by caplllary electrophoresis. SSCP and sequencing
were performed by Hitechi Hitechnology Co. (Tokyo, Japan},

All 31 patients wers evatuated for responses to gefitinib using WHO
criteria (16). TTP and OS5 were measured from the date of initial gefitinib
treatment to the dalo of discase progression and to the date of death or
[ast follow-up examinstior, respectively, and were estimated using the
Faplan-Meier method (17},

Since recent clinical studies suggested that females with no smoking
history end an adenocercinoms were positive predictars for gefitinib
responses (5, 7, 18), these were evalusted &3 potential prognostic
factors for gefitinib scnsitivity. Age, gender, performence status,
histology type, number of prior chemotherapy, prior platinum or
docetaxel use, smoking history and HER family-expression were
analyzed using the Pisher’s cxact test and the Students r-test.
Differences in TTP and OS5 between the bwo groups were tested using
the log-rank teat. All statistical anafyses were performed using SPSS
Version § statistical software (SPSS, Inc,, IL, USA).

Results

Paiients chamcterization. Of the 31 paticats, eleven (35%) were
fernales and 74% of the patients had adenocarcinomas, Bleven
patients (35%) had never smoked (Table I). The median age was
62 years (range, 51 to 77 years). Eight patients (25%) had no
prior chemotherapy and the remainder had received platinum-
based chemotherapy (Table I).

Immunohistochmical sigining of HER family in tumors. Total
positive staining included 21 for EGFR (568%), 24 for HER2
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Table 1, Patient characteristics,

Variable No. of patients %
Portial response

yes by 29

no 2 n
Gender

male 20 65

female 11 35
Age, years

median 62

range 51-71
Smoking history

never 11 35

formerfeurrent 20 65
Histology

adenccarcinoma ) 74

non-gdenccarcinoma 8 25
Stage

m 5 16

v 12 39

recurrence after surgery 14 45
Perforsance atatus

0.1 18 58

»2 13 42
No, of prior chemotherapy regimens

0 8 25

1 14 45

2 7 23

3 2 6
Frior platinum :

yes 23 74

no 8 26
Prior docetaxel

yes 7 3

no 24 mn
Table Il. EGFR/IHER2/HERS/HERY expression status,
Status No.ofpatients %
EGFR

negative 10 kY

positive 21 68
HER2

negative 7 3

positve 4 K
HER3

negative 14 45

positive 17 55
RHER4

negative 27 87

pasitive 4 13
Co-expesion

no expression of EGFR 10 32

mono-expression of EGFR 4 13

double-expression of EGFR/HER2 3 16

triple-expression of EGFR/ 14 45

HERWHER3 or HER4 +
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(77%), 17 for HER3 (55%) and 4 for HER4 (13%) (Table I).
Fourteen out of 31 (45%) samples demonstrated triple expression
of HER family members (13 were positive for EGFR/HERY
HER3 and 1 for EGFR/HER%HERA). Three (10%) double-
expressed EGFR /HERZ, 4 (13%) mono-expressed BGFR and
10 (329) exhibited no expression of EGFR (Table II).

Clinical response to therapy. The response to treatment was
evaluated in all 31 patients. Nine partial responses (PR; 29%)
were observed. The results of univariate analysis of the
significance of potential prognostic factors for gefitini sensitivity
using Fisher's exact test and a f-test for age are provided in Table
T11. An objective response was observed in 6 out of 11 females
and in 3 out of 20 males (p<0.05), 6 outof 11 non-smokers and
3 of 20 current or former smokers (p<0.05), 8 out of 23
gdenocarcinoma and 1 ont of § non-adenocarcinoma {(p=037)
cases (Table I1T),

No correlation was found between the EGFR-expression
status and gefitinib cfficacy. However, there was a significant
difference in the gefitinib response between the group with
triple expression of EGFR/HERZ /HER3 or HER4 and the
remainder (50% vs. 119, p=0.043) (Table HI). There was also
a significant difference in TTP between these groups (TTF; 43
vs. 1.2 months, p=0.0449, Figure 1A). Median O5 time of the
group with triple expression was longer time than that of the
others remainder, but was not significant (153 vs. 6.7 months,
p=0.099, Figure 1B},

EGFR mutations. The genomie status of the TK domain of the
EGFR gene was evaluated in 17 frozen primary NSCLC tumor
specimens. Exons 18, 19 and 21 weré subjected to mutational
analysis, PCR smplification followed by SSCP analysis was used
since SSCP analysis is more sensitive than direct sequencing (19).
A total of 6 of the shifted bands were found and were dircctly
sequenced. Four mutations were located in exon 19, 1 in exon 21,
and 1 in exon 18. Of the 6 mutations identified, 4 were in frame
deletions in exon 19, and 2 were aminoacidic substitutions in
exons 21 and 18, The deletions “E746-A750 del’, "L747-5752" and
"L747-S752 del, P7538° in exon 19, the leucine to arginine
mutstion (L858R) in exon 21 and "E709D, T710del” in exon 18
were found.

EGFR mutations were more frequently found in
adenocarcinomas than non-adenocarcinomas (6 out of 12
adenocarcinomas and 0 out of 5 non-adenocarcinoma;). There
were no obvious differences in EGFR mutation status with
gender or smoking history (/6 females and 3/11 males; 3/5 non-
smokers and 3/12 current or former smokers), The clinical
responses to gefitinb in 6 cases with EGFR mutations were 3
partial response (PR) and 3 stable discase, No PR was observed
in the 11 cases without EGFR mutations,

In addition, all 6 cases with EGFR mutations showed triple
expression of EGFR/HERZ/HER3 or HER4 and no EGFR
mutation was detected in non-triple expression cases; p=0.035,

Teble M. Univariaze analysis of featurer ossociated with sensitivity to
genitinib.

Varigble Response Noresponse P
{(n=9) (n=22)
No, of No. of
patients  patients
Gender
male 3 17 0.037
female 6 5
Age, yeans
median 62 63 097
range $3-74 51-T
Histology
adenocarcinoma 8 15 037
non-adenccarcinoma 1 7
No. of prior chemotherapy regimens ’
0 1 7 0.37
»1 8 15
Prior platinum
yes 8 15 038
no 1 7
Prior docetaxel
yes 1 6 0.64
no L] 16
Performance statug
0.1 ] 13 0.99
>2 4 9
Smoking history
never 6 5 0.037
former/eurrent 3 17
HER family expresaton status
EGFR
negative 1 9
positive B 13 0.21
HER2
negative 1 6 0.64
posilive 8 16
HER3
negative 3 11 0.46
positive 6 11
HER4
negative 7 20 0.56
positive 2 2
Co-expression of HER family
teiple expreasion of BGFR/ 7 7 0.043
HER2 /HERS or HER4+
Other 2 15
Discussion

' We studied the correlation between HER family expression status

and sensitivity to gefitinib monotherapy in patients with advanced
NSCLC and we showed that sensitivity to gefitinib is related to
the triple expression of EGFR, HER2 and HER3 or HER4.
Although inhibition of EGFR tyrosine kinase is considered
an essential mode of action of gefitinib, previous studies
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A Time to progression
1 = HER1+/HER2+/HER3+ orHERd4+
Median TTP 4.28 M
0.81 O lan TTP .20
g 0.6
b= p=0.0449
o
® 0.4-
0.2+
0 1 T T T - T T T T T T T
0246 81012141618

Months

B Overall survival
1 — HERT+HER2+HER3# orHER4®
1 Median OS5 153 M
— other Matilan OS 6.7 M
0.8. :
p=0.099
= 06
2
e
o |
? 0.4
0.2
0

0 2 4 6 81012141618
Months

Figure 1. () Time to progression (TTF) and triple expression of HER family (EGFR1+/HER2+/BERI+ or [HER#+}; (B) Overall survival {OS) and

triple expression of HER fomily (EGFR +)HER2+/HER3+ or JHER4+).

indicated that expression of EGFR does not itself determine
sensitivity to gefitinib therapy (8-10, 14, 20, 21), We also found
no correlation between the EGFR-expression status and
gelitinib efficacy. However, there was a significant difference
in the gefitinib response between the group with tripls
expression of EGFR/HER2/HER3 or HER4 and the
remainder (50% vs. 11%, p=0.0439), There was also
significant difference in TTP between these groups (4.3 vs. 1.2
months, respectively; p=0.0449), The results are, thus, in line
with those of several recent studies which indicated that all of
the HER family members are targeted by gefitinib, Preclinical
studies indicate that heterodimer formation is a factor
impacting on sensitivity. Gefitinib causes reduced basal
phosphorylation of EGFR/HER2, EGFR/HER3I and
HERZ/HER3 and this might correlate with the entitumor
activity of this agent (14, 15, 22).

Cappuzzo et al. reported no correlation between co-expression
of EGFR and HER2 in NSCLC patients and the results of
treatment with gefilinib with regard to RR, TTP and OS (8).
However, these authors did not evaluate the expressions of
HER3 and HER4, and HER3 positive rate which is relatively
high (>5095) in this study. This might be critical for sensitivity to
gefitinib. In addition, the RR in our study was relatively high
compared with their value (29% vs. 15.9%, respectively) and an
ethnic difference may acocount for this difference.
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Sensitivity to gefitinib appears to be greatly influenced by the
presence of activating mutations within the kinase domains (11-
13) and the mutations were more frequent in tumors from
Japanese and other East Asian patients (23-25). EGFR genc
mutations in exons 18, 19, 21 were anafyzed by SSCP in this study
and a comparable frequency of EGFR mutations was detected by
the SSCP methods in a previous report (6 cut of 17 cases; 35%).
EGFR mutations were detected in cases with triple expression of
EGFR/HER2 /HER3 or HER4, but ne mulation was found in
cases without triple expression of HER family receptors.
Although these EGFR mutations can account for almost all
objective responses obtained with gefitinib, the clinical benefits,
such as long stable disease, cannot be explained only by the
presence of mutations,

Recently, Hirata ef al teported that NSCLC cells trasfected
with the HER2? gene (LK2/HER2) were spproximately 5-fold
more sensitive to gefitinib than LK2/mock cells and cclt survival
and death were dependent on HER2/HER3 signaling. However,
the sensitivity was about 20-fold lower in the LK%/HER2 cells
than in the PCY cells, which herbor in-frame deletion mutation
of EGFR (E746-A750) in cxon 19 (22). These results support our
findings that multiple expressions of HER family members may
contribute to gefitinib efficacy and multiple expressions of HER
family members may play more important roles in cases without
EGFR mutations than in case with mutations of this gene.
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This small pilot study is not enough to conclude that triple
expression of HER family members is strong predictive factor for
response to gefitinb. Further large-scale prospective trials are
necessary to confirm these results.
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Clinical aspects of epidermal growth factor receptor inhibitors:
Benefit and risk
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Clinjcal aspects of epidermal growth factor receptor inhibltors: Benefit and risk

KATO T, NISHIO K. Respirology 2006; 11; 693-698

Abstract: Gefitinib and erlotinib are small molecules that selectively inhibit epidermi growth fac-
1ar receptor (EGFR) tyrosine kinase activity. Developmental studies of either drug have [ailed ta show
synergistic effects when combined with cytoloxic drugs as the first line treatment in patients with
advanced non-small cell lang cancer, but edotinily has shown survival prolongation when compared
with best suppartive care in paticnis with recurrence, Female gender, adenocarcinoma histology and
lack of smoking history are considered to be clinical lactors predicling rosponse. Being posilive for
EGFR mutations in exons 18-24 In cancer cells has 2 strong correlation with response. On the other
hand, preceding idiopathic pulmonary fibrosis, male gender and history of smoking appear (o be risk
factors for EGFR (yrusine kinase inhibitor-induced imerstitial lung discase in the Japanese popula-
tion, Reports an these factors predicting response or risk for Intersiitial lung disease have attracted
great inferest in the relation between cancer genelles and drugs, as well as the relation between
ethnicity and genetics, In clinical practice, EGFR tyrosine kinase Inhibitor should be prescribed
with careful consideration and it is essential (v assess benedit and risk of the drug.

Key words: interstitial lung disease, lung cancer.

dof 10,1 11143400 1843, 26060004041

INTRODUCTION

lung cancer is the leading cause of canrer-related
death, with 1.18 million deaths worldwide.! Incidence
and mortality rates are increasing because the disease
is very much influenced by past exposure to lobacen
smoking.! Eighty-five per cent ol tumours are non-
small cell lung cancer (NSCLL), the others, small cell
Iung cancers, More than half of NSCLL patients are
diagnosed at an advanced stage at which mainly
systemic chemotherapy is recommuended.

For patients with previously undreated advanced
NSCLL, combination chemotherapy with cisplatin or
carbuplatin and third generation agents, such as doc-
etaxel, gemcitabine, irinotecan, paclitaxel or vinorel-
bine, have yielded a response in 30-40% of the
patients, 7-12 manths of median survival 1imes
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{MST) and 30-40% achieved 1-year survival.® * When
these tumnours become refraciory to te first-line
chemotherapy, docetaxel™ and pemetrexed® are
reportedly effective cytotaxic agents as second-line
treatments, with response rates of about 10%, an 8-
months MST and 30% achieving -year survival with
symplom palliation.

In addition 1o these eytotoxic agents, (wo molecular
targeting agents have been approved for the treal-
ment of advanced NSCLC, gefitinib and erlotinib,
Both agents are omlly active epidermal growth factor
receptlor tyrosine kinase inhibitor (EGFR-TK!), small
molecules belonging 1o the guinazolinamine class,
which inhibit EGFR tyrosine kinase aclivity by
compeling for the ATP-binding domain, hereby
inhibiting cellular proliferation, angiogenesis and
consequentdy  reducing  tumour  vasion  and
melastasis (Fig. 1).

Gefitinib was a first molocalar targeting agent
approved for lung cancer in the word. Because of
ever higher response rates for recurrent discase, geli-
tinily was made public based on 1o the results of phase
11 trials, To date, il has, however, fuiled 10 proking sur-
vival in NSCLE patients, and the problem of intersti-
tial lung disease (ILD], especially in Japan, s also
boeen recognized. In this seview, the currendt statas of
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Figure 1 Epidenual growth factor seceptor (EGFR) signal
ransduction, its blological consequences and  EGIR
tyrosine kinase inhibion (TK]).

the gefitinib and erotinib will be discussed especially
in terms of benefits and risks in clinical practice,

DEVELOPMENT

Two EGFR-TKIs, gefitinib and etdotinil, have been
developed using simifar procedures. Botl drugs were
well tolerated and had higher response rates in single
agent phase 1 and phase 1l studies, but faited 10
indicale synergistic effects in phase 11 studies with
combination of cytotoxic agenls. Results of sinple
agent phase 11 studies for patienis with recurrent or
resistant disease differed hetween the two drugs.
Although edolinib apparently prolonged survival,
gefitinib did nm,

Phase I trials

Four phase | irials of gefitinib were performed in 252
patients with a variety of solid tumours, including
NSCIL, head and neck cancer and colorectal
cancer” ¥ Major adverse events were rash and diar-
thoea. These events were generally mild and tolerable
at doses not exceeding 600 mg/day and 700 mg/day
came 10 be the maximal wlerated dose (MTI,
Because doses of 150-800 mg/day were associated 1o
lumour responses, 250 and 500 mg/day were selecied
for subscequent phase I trials. In the case of erlminib,
phase [ irials identified a dose of 150 mg/day for fur-
ther clinical development. Adverse events were simi-
lar 10 those of gefitinib and the incidence and severity
al the adverse events gencrally increased as the dose
increased,

Second-line phase 11 trials

Among single-agent phase 11 siudies, one efotinib
and 1wo gefitinid studies were conducted in patients

© 2006 The Awnhors
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with NSCLLC, Two large scale multicentire phase I tri-
als of gefitinib were performed; Tressa™ dose evalua-
tion in advanced lang cancer (IDEAL)-1 In Japan,
Europe and Australia,” and IDEAL-2 in North
America Eligibility critesia of the IDEAL-1 included
having failed only one prior platinum-containing reg-
Imen, whereas the EAL-2 criteria were o have
faited a platinum-containing regimen and docetaxel.
Patients were randomized 10 gefitinib 250 or 500 mg/
day. In the IDEAL trals, response rates ranged from 9
to 19% and severe tokicities were rolatively uncom-
man. Treatiment related toxicities, that is, diarrhoea,
rash, acne, dry skin, nausea and vomiting, were
slightly more severe and more frequent on 500 mg/
day than on 250 mg/day. Because no additional
response was observed with 500 mg/day, gefitinib n1 a
nse of 250 mg/day was approved in japan and the
USA for treatment of advanced NSCIL,

A randomized phasc 1} siudy was also performed
with erlotinib in patients with previously treated
advanced NSCLC. 3 The study, a comparison with best
supportive care, revealed 150 mg/day of the drug 1o
produce a 12.3% of objective sesponse rate in patients
with previously Ireated advanced NSCLLC. MST was
8.4 months amd the 1-year survival rate was 409 will
no grade 4 loxicity.

First-line combination phase III trials

In a preclinical study, EGFR-TKI showed an additive
effect on antitimour activity with no loxicil?r increase
when combined with cytotoxic agents. ™ On the
basis ol these data, four randomized irials were con-
ducted with gefitinib; Iressa™ NSCLE trial assossing
combination tremiment (INTACT)-1, 2, and with
ertotinib; TALENT® and TRIBUTE,? in chemother-
apy-naive patients with advanced NSCIL to compare
chemotherapy plus EGER-TKIs 10 chematherapy
alone,

In the INTACT-1 and TALENT triads, the chemother-
apy regimen consisted of cisplatin and gemeitabine,
I the INTACT-2 and TRIBU'TE trials, the chemaother-
apy reglmen was carboplatin and pactitaxel, Unforw-
nately, none of those studies showed any definitive
benafit of adding an EGFR-TKI to standard chema-
therapy in patients with NSCLC. These trials failed to
support the concept of synergistic preclinical studies
and o show additive or synergistic effects when
combined with platinum-based chemotherapy as a
first-line treatment for NSC1L

Second-line phase 111 trials

To investigate the survival benefit of EGFR-TK)s as
single agents, Iwo large seale placebo comrolled
phase HI trials were comlucted as second- or thind-
line treattnent for the patients with NSCLC. Iregsa™
survival evaluation in lung cancer (ISEL) trial was
plammed to compare gefitinib with a placebo with
1692 patients.™ Although the results of the shuly
showed a response in the gefitinib group, there was
e survival profongation effect with gefitinib, MST
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was 5.6 months in the gefitinib arm and 5.1 months in
the placebo arm. On the other hand, the BR.21 trial
investigated erotinib as compared with a placebo.™
Results of the friat Included 731 patients showing a 9%
of response rafe in the edotinib arm and less than 1%
in the placebo arm. In terms of survival, 2-month pro-
longation of MS'T was achieved in the erotinib arm,
6.7 months compared with 4.7 months in the placeho
arm. Based on these data, erlotinib was approved in
the USA and European countries,

Athough study results were similar in phase [and
phase 11 trials, only erletInib, not gefitinib, produced a
survival benefit compared with the placebo. The rea-
son for the difference may be explained partly by the
administered dose of gefitinib possibly being luwer. In
a phase 1 trial of gefitinil, a dose of 250 mg/day was
Jess toxic and as effective as a dose of 500 mg/day but
the MTD in the tral was 700 mg/day. On the other
hand, a dose of 150 mg of erlotinib is nearly the MTD
in a phase [ ik, Another explanation is an issuce of
the difference in the response to previous treatmen|
between participants in two trials. In terms of the best
response, 18% of the patients in the gefitinib group
had responded and 45% had progressed in the ISEL
irial. By contrast, 38% of the patients in the erlotinib
group had responded and 28% had progressed in
BR.21 irial.

EGFR-TKI-INDUCED INTERSTITIAL
LUNG DISEASE

Incidence

Although toxicities, like myelosuppression and vom-
iting, were not dose limiting for patients receiving
gefitinib, a proportion of Japanese patients experi-
enced JLD.> This type of adverse cvent has also
been reported from Korea®™ and Tajwan.™ In a large
scale survelllance by the West Japan Thoracle Oncol-
ogy Group (WJTOG), among 197G patients, 70
patienis (3.59%) were identified as having 1LD after a
pane! review of 102 patients who were suspected by
their physicians, and 31 patients (1.635) whe had died
due 10 the event.” Another large scale post marketing
surveillance conducted in Japan, an analysis involy-
ing 3322 patients, found that the incidence of 11D was
5.8%, and mortality due o 11D 2.3%.” Other smaller
Dt detatled studies reported simitar ratios of 5.4%

695

and 4.5% Tor lncidence, 3.6% and 2.4% foy maortal-
ity Report of the incidence of 1L in first-line sin-
gle agent treatment is limited. In a phase 1T study of
chemo-naive patlents with advanced NSCIL, 4 of 37
patlents (11%) died due o severe 11137 In this study,
only a CXR was equired 1o exclude preceding inter-
stitial pacumonia or pulmonary fibrosis,

A Korean veport indicated two of 65 patients (3%) 1o
have 1L Another study in Taiwan, of patients with
brain metastases reporied four of 76 patients (6%) (o
have experienced non-lethal 1117 Regional dilfer.
ences seem (o exist because relatively higher ratios of
pulmonary Involvement hiave only been reporied in
East Asian countries, The incidence of ILD) is report-
edly only 1,0-1.1% in the USA or Europe,***" The
ISEL study conducted in botly Burepe and Asla was
the only study in which a difference in incidence
between ethnicities coukl he compared directly. East
and South-east Astan patients tend to suffer more 1LD
in 3-4% of the patients although the frequency of ILD
in all population was 1%, However, there were ho
differences in incidence hetween patients receiving
gefitinib versus a placeho™

Risk factor

Several Japanese studies have reported visk Faciors for
ILD. In the WITOG surveillance, the presence of idio-
pathic pulmonary fibrosis (IPF), male gender and his-
tory of smoking were independent predictive factors
for developing ILD2" In other studies, multivariate
analysis revenled that preceding IPE poor perfor.
mance status (1’S), smoking history, prior history of
jrradintion or chemotherapy were independent risk
lactors for ILDA 997 In ihese studies, the most strike
ing factor was pre-existing IPE with a higher adds
ratio. Factors associated willy a poor prognosis have
been analysed. These included a short interval from
initiation of gefitinib treaiment to the enset o 1LD, an
acute Interstitial pneumonia (AIP) pattern on C15 the

resence of preceding 1PE male gender and a pour
BSF" W Table 1)

Diagnosis and patierns

Muost patlents with EGFR-TKEinduced 111} experi-
enced symploms such as coughing, increasing

Table}  Factors assockted 10 EGFR-TKT-induced interstitfal lung disease
Factors associated to
Risk factars for 1L poor prognosis after JLID
Definitive Precediog 1PF
Paossible Male gonder AP pattemns

1listory of vigaretie smoking

Pow P8
Prior chiemamherapy

Japanesed Bast Asian vihnicity

Preveding IPE

Latly amsed of 111D

Male gender

Squatants cell varcinoma

AR acute interstidal prvuntetiag EGER-TKIL epiderat growih Fetor receptor 1yrasine kinise inhilibor; TED, intersiitha)
lung disease: 11 idiopathic pulmonary fibrosis; PS, performanee status.
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Toble2  Prediciive imarkers for response 10 EGIR-TKI
Clinteat Muleeutar
Delinilive Female geander adenocascinnma Positive EGFR nngtation
Lack of sroking history
Japanese/Cast Aslan
Possible Hoetter PS hwereased EGER gone copy itunber

No pireceding IPF

Skin ernprion as adverse event

Positive p-Akt expression
Negative K-ras mtation

EGER-TKL epidenimal growth factor receptor tyrosine kinase inhibitor: 1P idiopattic pulmonary fibrosis: 1S, performanee

status.

dyspnoca and fever, It is difficult 1o diagnose ILD and
differentiate it from other respiratory conditions that
praduce similar symptoms, such as infections, and
cancer progression. According o the surveillance,
suspicion of [L0) by the attending physician was
refuled by an expert panel comsisting ol pulmonote-
gists and radiologists in 15.7-31.4% of patlents "3
These findings indicate that a diagnosis of LD might
not always have boen correct n ather reports.

As well as sther pulmonary infilinive disease, it
mtist be emphasized that accurate diagnosis before
the start of the treatment is necessary. When any sign
or symptom or CXR abnormality appears, CT, espe-
cially high-resulutlon CT (HRCT), is recommended (o
dingnose interstitial shadows on the CXR. Screening
for respiratory tract infection is also essential, Includ-
ing culiure and polymerase chain reaction examina-
tion for pneumaocystis carinii and aspergillus, for
example, Tratshranchial biopsy or BAL may contrib-
ute to making a correct diagnosls, and may be the key
to the mechanism of EGFR-TKI-induced LD,

Some reports have tried to classify radiofogical pal-
terns and elinleal eourse' ™ Thare seem 1o be four
patterns, About a half of the 1) pathents shuwed
non-specific ground-glass  attenuation on CT or
HRCE without lung velume loss on CXR*2* This
group and two ciber small groups, including crypro-
genic organizing pneumenta-like pattern and acute
cosinuphilic pneumonia pattern, seemed to correlate
with a falr prognosis or better response to steroid
therapy.® The remaining one third of the patiens
showed AlP-like pattern with extensive bilateral
groumi-glass atenuaton or aisspace consolidation
with traction bronchicectasis on CT and fung volume
loss on CXR. The progposis of AlP-like patern
patienis were very poor with 75-100% dying eary. ™
In some patients, the histopathology at amopsy
revealed difTuse alveolar damage®* These lindings
may support the EGFR-TKI-induced 111 hypothesis
that EGER inhibitor suppresses lung injury repair and
results in irreversible alveolar danage.

PROGNOSTIC FACTORS

According to tha irials and survetllance of EGFR-TKs
used as fistdine treatments or Tor refraciory cases,
as single agents or connbined with other therapies,

@ 2006 The Authors

several Factors have been proposed (o predict
response, long-lerm pragnosis, or risk for ILD.

In summary, female gender, adenocircinoma, lack
of smoking liistory, being Japanese or another East
Asian ethmic group are considered to be dinical
factors predieting response. In addition, betier PS
and lack of preceding pulmonary fibsosis and skin
rash while taking the dnig could be predictive
faclors, WHS02 Clhle )

Hased an molecutar analysis, being positive for
muiations in EGFR exons 18-24, which encode the
kinase domain of the protein, strongly predict
response o EGFR-TKI, especially in the Asian papu-
lation."**  ther molecular factors  include  an
increased  EGER gene copy number,”™  p-Akt
expression®™* and lack of K-ras mutation,® 3 bt are
still controversial, To clarily whether being positive
for EGER tnutations correlines with better surviva,
sume prospective studies are now underway.

In addition s these molecular factors associated
with primary response or resistance, a second rmita-
tion T780M in exon 20 is reported in acquired
resistanee 1o BEGFR-TKLSM

A numbers of research reports and praciical expe-
rience from Asian countries support the favoursble
‘benellt 1o risk’ balance of treating NSCILC patients,
However, (hese results still lack survival advantages,
and there is the problem of ILD, which appears (o
Timit the use in patients with advanced NSCLC in (ak-
ing EGFR-TKIs, even as second- or third-line treat-
ments. It is necessary to assess benedit and risk
individually before preseribing the drug and to give
the patlents adequate information v make an
informed deciston. Even in East Asian countrics, gefi-
tinib should be used only in clinical irats or for well-
assessed patients.

SUMMARY

I remains unclear why gefitinib appears to produce a
greater response in Astan padents than in patients
from the rest of the world, Now, several genetic stud-
ies are starting (o provide clarification of the moecha-
nism underlying the differences in response and
adverse events between ethnicities.

The benefits of using EGER-TKI as the first-line
treatment for NSCLE also remain unclear. There are

Jourmal compifation 6 2008 Asiian Pacifie Socicty of Respirojogy
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no results confirming the superiority of EGFR-TK]
even showing clinical or penetic prediction of a better
response, because these irfals failed o show betier
survival over standand combination regimens inchud-
ing platinun: agenls.

We continue 1o await the tesults of rescarch which

will demunstrate clinical benelits in terms of survival
even in selected patlents, and which may help us 1o
identify patients who are most likely 1o benefit from
treatment with BGFR-TKE Such results would tell us
when and to whom we should preseribe the best drug
to treat NSCLC,
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Y-box-binding protein 1 (YB-1), which is a member of the
DNA-binding ' protein family containing a cold-shock
domain, has pleiotropic functions in response. to various
environmental stimuli. As we previously'showed that YB-1
is a global marker of multidrug resistance in ovarian
cancer-and other tumor types. To identify YB-1-regulated
genes in ovarian cancers, we investigated the expression
profité of YB-1 small-interfering RNA (siRNA)-trans-
fected ovarian cancer cells nsing a high-density oligonu-
cleotide array. YB-1 knockdown by siRNA upregulated
344 genes, including MDRI, thymidylate synthetase,
S100 calcimmn binding protein and cyclin B, and down-
regulated 534 genes, including CXCR4, N-myc down-
stream regulated gene 1, E-cadherin and phospholipase C.
Exogenons serum addition stimulated YB-1 translocation
from the cytoplasm to the nucleus, and treatment with Akt
inhibitors as well as Akt siRINA and integrin-linked kinase

(LK) siRNA specifically blocked YB-1 nuclear localiza-

tion. Inhibition of Akt activation downregulated CXCR4
and upregulated MDRI (ABCBI) gene expression.
Administration of Akt inhibitor resuvlted in decrease in
nuclear YB-1-positive cancer cells in a xenograft animal
model. Akt activation thus regulates the nuclear translo-
cation of YB-1, affecting the expression of drug-resistance
genes and other genes associated with the malignant
characteristics in ovarian cancer cells. Therefore, the Akt
pathway could be a novel target of disrupting the nuclear
translocation of YB-1 that has important implications for
further development of therapeutic strategy against
ovarian cancers.
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Introduction

The Y-box-binding protein 1 (YB-1), which is a DNA/
RNA-binding protein also known as dbpB, regulates
transcription, translation, DNA damage repair and
other biological processes in both the nucleus and
cytoplasm (Matsumoto and Wolffe, 1998; Kohno et al,
2003). In the cytoplasm, YB-1 regulates mRINA stability
and translational regulation (Evdokimova et al., 2001;
Ashizula et al., 2002; Fukuda et al., 2004), while in the
nuclens, it plays a pivotal role in transcriptional
regulation through specific recognition of the Y-box
promoter element (Ladomery and Sommerville, 1995;
Kohno et al., 2003). Interaction of YB-1 with its cognate
Y-box-binding site (inverted CCAAT box) is promoted
by cytotoxic stimuli, including actinomyein D, cisplatin,
etoposide, ultraviolet (UV) and heat shock, leading to
the activation of a representative ABC transporter
MDR1/ABCBI and DNA topoisomerase Ila genes
(Asakuno et al., 1994; Furukawa et al, 1998; Ohga
et al., 1998). YB-1 also selectively interacts with
damaged DNA or RNA, and protects from cytotoxic ’
effects following cellular exposure to cisplatin, mitomy-
cin C, UV and oxygen radicals (Ohga et al., 1996; Ise
et al., 1999). o

Royer and co-workers were the first to report that
nuclear localization of YB-1 is associated with intrinsic
MDRI] expression in human primary breast cancer
(Bargou et al., 1997). Immunostaining analysis of various
human cancers also supported this result, and showed
that nuclear expression of activated YB-1 was closely
associated - with the acquisiion of P-glycoprotein-
mediated multidrug resistance (Kuwano et al, 2004).
YB-1 has also been shown to induce basal and 5-
fluorouracil-induced expression of the major vault protein
(MVP|LRP) gene, the promoter of which contains a Y-
box (Stein et al., 2005). In human malignancies, vault
proteins are involved in acquiring drug resistance
(Mossink et al, 2003). Taken together, these findings
suggest that nuclear localization of YB-1 might play a key
role in the acquisition of global drug resistance through
transcriptional activation of relevant genes and the repair
of damaged DNA (Kuwano et al., 2004).
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The nuclear localization of YB-1 is required for
transcription and DNA repair in response to various
environmental stimuli, such as adenovirus infection
(Holm et al, 2002), DNA-damaging agents, UV
irradiation, hyperthermia (Stein et #/., 2001) and serum
stimulation (En-Nia et al, 2005). However, as a
nucleocytoplasmic shuttling protein, it is important to
understand which signalling molecules are involived in
the translocation of YB-1 into the nucleus. Koike et al.
(1997} first reported the possible role of protein kinase C
in YB-1 nuclear translocation in cancer cells exposed to
UV irradiation, and highlighted the importance of the
YB-1 C-terminal region in cytoplasmic retention. Other
studies have suggested the involvement of additional
molecules: thrombin-mediated YB-1 nuclear transloca-
tion was shown to be inhibited by protein tyrosine
phosphatase inhibitor in endothelial cells (Stenina ez al.,
2000}, while Dooley et al. (2006) demonstrated the
involvement of Jakl in YB-1 nuclear translocation.
Sutherland et al. (2005) recently reported that phos-
phorylation of YB-1 by Akt at serine 102 in the cold-
shock domain is required for ¥'B-1 nuclear translocation
in cancer cells. Another mechanism for nuclear translo-
cation of ¥B-1 was shown to be promoted by various
cytotoxic anticancer agents, which trigger the proteo-
Iytic cleavage by the 205 proteasome of the YB-1

(OVCARI RMBG  RMG

RMG-I

C-terminal fragment containing the cytoplasmic reten-
tion signal {Sorokin et al, 2005).-In our present study,
we have provided evidence that Akt activation is one of
the mechanisms for nuclear translocalization of YB-1,
and also that YB-I regulates expression of various cell
growth and malignant progression-related genes as well
as global drug resistance-related genes including MDRJ.

Results

Suppression of YB-1 leads to an enhancement of MDR-1
expression and decrease of CXCR-4 expression

‘We previously reported that YB-1 was expressed in the
nucleus in almost 30% of serous ovarian cancers, and
that YB-1 nuclear-positive patients had a poor prog-
nosis (Kamura ez al., 1999). As nuclear translocation of
YB-1 is highly susceptible to environmental stimuli, we
first examined whether the stress-inducing exogenous
addition of serum could stimulate nuclear translocation
of YB-1 in seven serum-deprived human ovarian cancer
cell Hines. Among. the seven cell lines,. nuclear YB-1
translocation was stimulated more than twofold in two:
RMG-III and SKOV-3 (Figure la). In these two lines,
serum incubation markedly enhanced Akt phosphoryla-
tion and increased translocation of ¥B-1 into. the

RMG-l RTSG  SKOV-3
_. + — ‘_.’. :..-

+  Serum

¥ vB-1
| CREB

T Cytoplasm  Nucleus

RGN

without serum.

DAkt
oy | Akt
€ 100
=
)
& 80-
-
E
e 60-
.E
2 4D
th
-~
§ 20+
8
=
LI 2 5
- + - +  SBerum
SKOV-3 RMGI

Tigure 1 Levels of Akt phosphorylation and nuclear localization of YB-1 in ovarian cancer cell lines with or without serum
stimulation. (a) Cyioplasmic and nuclear extracts were prepared 1h after 10% serum simulation. Anti-YB-1 and anti-CREB
immunoblots were performed on nuclear extracts, and anti-pAkt and anti-Akt immunoblots were perfored with cytoplasnic extracts.
CREB and Akt are shown as a loading control. () Immunofluorescent staiming of YB-1 in ovarian cancer cells. Cells stimulated with
or without serum for 1 h were fixed and permeabilized, incubated at 4°C with the primary YB-1 antibody, then with the Alexa Flour
546-labelled secondary antibody. (¢) Quantitative analysis of YB-1 nuclear localization as shown in Figure 1b. Data are mean of three

independent experiments; bars +s.d.
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nucleus, as shown by immunofluorescense analysis
(Figure 1b and c).

Although YB-1is known to regulate the expression of
several genes at the transcriptional level, the complete
network of genes associated with YB-1 has not been
ehicidated. We therefore, explored the expression profile
of YB-1 siRNA-treated SKOV-3 cells and mock-treated
SKOV-3 cells using a high-density oligonucleotide
microarray. 'We transfectd YB-1 siRNA into SKOV-3
cells at a concentration of 200 and 400 nM. Transfection
of 200nM YB-1 siRNA decreased expression of ¥YB-1
mRNA by only 45%, whercas 400 nM YB-1 siRNA
decreased by 70% (Figure 2). Of the 54675 RNA
transcripts and variants in the microarray, we identified
344 genes that were increased more than twofold and
534 genes that were decreased 0.5-fold or less in both
200 and 400nM YB-1 siRNA-transfected cells (Supple-
mentary Table S1). Upregulated genes were classified
into ‘cell cycle’ (P<0.0001), ‘cytoskeleton organization
and biogenesis’ (P =0.0003), ‘cell growth andfor main-
tenance’ (P=0.0005), and GO SLIMS Riological
Process’ (P = 0.0013). Downregulated genes were classi-
fied into ‘catalytic activity’ (P = 0.0007) and ‘transferase’
(P =0.0010). We selected 46 genes that we expected to
be associated with drug resistance, cell growth, cancer
malignant progression and cell signalling (Table 1), and
chose three of these for further study: MDRI, MVP/
LRP and chemokine (C-X-C motif) receptor 4
{CXCR4).

‘We used quantitative real-time PCR (QRT-PCR) to
confirm whether expression of these three genes was
modulated in YB-1 siRNA-transfected cells. Expression
of CYCR4 decreased by 67%, whereas expression of
MVP|LRP was unaffected by the siRNA (Figure 2}.
MDRI expression was increased approximately 30-fold
in 400nM YB-1 siRNA-transfected cells compared
with control siRNA-transfected cells. The results of
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Tipure 2 Effect of YB-1 knock down on expression of MDRI,
MVP/LRP and CXCR4. SKOV-3 cells were treated with YB-1
SIRINA for 48 h and then total RNA was prepared, QRT-PCR was
performed for MDR1, MVP/LRP, CXCR4, YB-I and house-
keeping - gene glyceratdehyde-3-phosphate debydrogenase
{GAPDH). The relative gene expression for each sample was
determined using the formula 2640 = UG (GAPDE)-Crltarget]) yhjch
reflected target gene expression normalized to GAPDH leveis. Data
were mean of three independent experiments; bars£s.d.
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QRT-PCR are broadly consistent with those of the
microarray analysis.

Pearson correlation and hierarchical cluster analysis of
selected NCI-60 genes

We next examined a database containing the expression
profile of the National Cancer Institute (NCI)-60 panel
from the Developmental Therapeutics Program (http: I
www.dtp. ncinih.gov/), shown as a log of mRNA
expression level in the NCI screen. ‘When the Pearson
correlation coefficients were calculated, YB-1 was
negatively correlated with MDRI expression, positively
correlated with CXCR4 expression and showed little
correlation with MVP/LRP (Figure 3). Moreover, the
hierarchical dendrogram of gene expression revealed
that ¥B-1 and CXCR4 belong to the same cluster,
whereas MDRI and MVP/LRP are clustered in a
separate group (Figure 4). Together, these NCI-60
panels suggest that cellular levels of YB-1 negatively
modulate expression of MDRI and positively regulate
expression of CXCR4. In this cluster analysis, six
ovarian cancer cell lines including SKOV-3 showed
various correlation coefficiencies with YB-1 expression.

"Qur oligonucleotide array analysis was performed only

with SKOV-3, and correlation coefficiencies among
ovarian cancer cell lines would depend upon which cell
line was analysed.

Akt activity is prerequisite for nuclear translocation of
YB-land transcriptional regulation by YB-1
Phosphorylation of YB-1 by Akt is " a necessary
requirement for'its translocation from the cytoplasm
into the nuclens (Sutherland et al., 2005). We therefore
investigated the effect of two inhibitors of Akt activa-
tion (LY294002 and 1_L-6-11ydroxymethyl—chfro-inositol
2(R)-2-O-methyl-3-0-octadecylcarbonate) on serum-sti-
mulated SIKOV-3 cells. Both Akt inhibitors markedly
blocked the nuclear accumulation of YB-1, whereas
treatment with inhibitors of MEK (U0126), pIBMAPK’
(SB203580) and’ JNK (SP600125) had no effect on
nuclear translocation (Figure 5a). In addition, phos-
phorylation of Akt was inhibited by LY294002 and
octadecylcarbonate, but not by U0126, SB203580 and
SP600125. Tmmunofluorescence analysis with a YB-1
antibody also demonstrated the predominant accumula-
tion of YB-1 in the cytoplasm when treated with
1Y294002 and octadecylcarbonate (Figure 5b and c).
As Akt inhibitors blocked the nuclear translocation of
YB-1, we examined whether they could also affect
expression of YB-1-regulated genes. CX\ CR4 expression
was found to be downregulated in a dose-dependent
manner following treatment with the Akt inhibitors
when determined by QRT-PCR analysis (Figure 5d).
Treatment with Akt inhibitors upregulated the expres-
sion of MDRI, but not MVP/LRP.

SKOV-3 cells expressed high level of Aktl protein,
very low level of Akt2 protein, and no Akt3 protein
when assayed by immunoblotting analysis (Figure Ga).
We introduced siRNA targeting Akt or ILK into
SKOV-3 cells at a concentration of 100 and 10nM,
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Table 1 List of genes differentially expressed in YB-! siRNA-transfected SKOV-3 cells
Unigene Accession Symbol Description Mean fold
change
Hs.489033  ™NM_000927 ABCBI1 MDR], ATP-binding cassette, sub-family B (MDR/TAP), member 1 2.46
Hs.369762  AB077208 TYMS Thymidylate synthetase 1.71
Hs.198363  NM_018518 MCMI10 MCMI10 minichromosome maintenance deficient 10 1.70
Hs405958  U77949 CDC6 CDCG cell division cycle 6 homolog (S. cerevisiag) 1.66
Hs.442658  ABO11444 AURKB Aurora kinase B 1.65
Hs.516484  NM_005978 S100A2 5100 calcium-binding protein A2 1.48
Hs.23860 NM_031966 CCNB1 Cyclin Bl 1.40
Hs.460184  AA604621 MCM4 MCM4 minichromosome maintenance deficient 4 (S. cerevisiae) 1.40
Hs438720  AF279960 MCM7 MCM?7 minichromosome maintenance deficient 7 (5. cerevisiae) 1.36
Hs433168  NM_002960 S100A3 S100 calcium binding protein A3 1.33
Hs.115474  NM_002915 RFC3 Replication factor C (activator 1) 3, 38kDa 1.28
Fs.[22908  NM_030928 CDTI DNA replication factor 1.28
Hs5.320989  NM_005030 PLKI Pole-like kinase 1 {(Drosophila) . 1.21
Hs334562  NM_001786 CDC2 Cell division cycle 2, Gl to S2nd G2 to M 121
Hs. 74034 NM_001753 CAVI Caveolin 1, caveolse protein, 22kDa - 1.19
Hs.477481  NM_004526 MCM2 MCM2 miniclromosome maintenance deficient 2, mitotin . 118
Hs.284244  M27968 FGF2 Fibroblast growth factor 2 (basic) 1.10
Hs.179565  NM_002388 MCM3 MCM3 minicliromosome maintenance deficient 3 (S, cerevisiae) 1.08
Hs.194698  NM_004701 CCNB2 Cyclin B2 - ’ 1.04
Hs.506989  BCOCG1&66 RFC5 Replication factor C (activator 1) 5, 36.5kDa : 1.02
Hs 171596  NM_004431 EPHAZ EPH reCeptor A2~ - . 1.01
Hs.194143  NM_007254 BRCAI1 DBreast cancer 1, early onset . 0.75
Hs.15634¢  NM_001067 TOP2A Topoisomerase (ONA) I alpha 170kDa 0.64
Hs.473163  NM_001719 BMP7 Bone morphogenetic protein 7 {osteogenic protein 1) ’ 0.54°
Hs.391464  NM_0049%6 ABCCI ‘ MRP-1, ATP-binding cassette, sub-family C (CFTR/MRF), member 1 0.20
Hs256301 NM_199249  MGCI3170 Multidrug resistance-related protein - 0.15
Hs.513488 NM_017458 Mve Major vault protein’ —0.05
Hs.482526 NM_014886 TINPI " TGF beta-inducible nuclear protein 1 —-0.23
Hs.525557  NM_000295 SERPINA| Serpin peptidase inhibitor, clade A (lpha-1 antiproteinase, antitrypsin), member  —1.01
Hs.500466  BG403361 PTEN Phosphatase and tensin homolog (mutated in multiple advanced cancers 1) —1.05
Hs.25292 NM_002219 JUNB Jun B proto-oncogene —1.06
Hs.132225  AI934473 PIK3R1 P]10sphoin;)sitidc-}kiuase, regulatory subunit, polypeptide 1 -1.16
" ‘ ) (p85 alpha, .
Hs.83169 NM_002421 MMPL | Matrix metalloproteinase 1 (interstitial collagenase) -1.22
Hs.508999 NM_002742 ~ PRKCM Protein kinase C, mm ' o -1.29°
Hs.326035  NM_001964 EGRI1 Early growil response 1 -1.26
Hs.2256 NM_002423-  MMP7- Matrix metalloproteinase 7 (matrilysin, uterine) —-1.32
Hs.197922 NM_018584 CaMKIINalpha Calcium/calmodulin-dependent protein kinase II ~1.36°
Hs.132966  AA005141 MET Met proto-oncogene (hepatocyte growth factor receptor) —1.39
Hs.208124  NM_000125 ESR1 Estrogen receptor I ) -~L1.50
Hs.73793 M27281° VEGF Vascular endothelial growth factor —1.53
Hs.381167  AWS12196 SERFINBI Serine (or cysteine) proteinase inhibitor, clade B (ovalbumin), -1.70
- : member 1’
Hs.413111  NM_002661 PLCG2 Phospholipase C, gamma 2 (phosphatidylinositol-specific) —1.75
Hs.461086  NM_004360 CDH! Cadherin [, type 1, E-cadherin (epithelial) —1.92
Hs.472793  AI631895 SGK12 Serum/glucocorticoid regulated kinase 2 -2.04
Hs372914  NM_006096 NDRG!E " N-myc downstream regulated gene | —2.34
Hs421986  NM_001008540 CXCR4 Chemokine (C-X-C motif) receptor 4 —2.64

High-density oligonucleotide array was performed on 400nM YB-1 siRNA-treated SKOV-3 cells and mock-treated cells’ siIRNA duplexes were
transfected using Lipofect AMINE2000 with Opti-MEM medimms. At 48k after siRNA transfection, total RINA was prepared, and subjected to
double-stranded cDNA synthesis and in vitrp transcription. The labeled cRNA was applied to the oligonucleotide microarray.

respectively, and silencing effects of siRNA were
analysed by immunoblotting (Figure 6a). In Akt siRNA
almost completely silenced both Aktl and Akt2, and
siRNA for ILK, the upstream kinase for Akt, silenced
ILK on protein level. Treatment with Akt siRNA and
JLK siRNA resulted in a marked decrease in both pAkt
expression and nuclear accumulation of YB-l
(Figure 6a). As both Akt and TLX siRNA blocked the
nuclear translocation of YB-1, we examined their effects
on expression of YB-l-regulated genes (Figure 6b).

Oncogene

Treatment with Akt and ILK siRNA downregnlated the
expression of CXCR4 gene, and upregulated the
expression of MDRI gene. By contrast there appeared
no marked effect on the expression of MVP/LRP and
YB-I genes when treated with both siRNAs (Figure 6b).

Effect of LY294002 treatment on Akt phosphorylation
and YB-1 nuclear localization in SKOV-3 xenograft

To further investigate the involvement of Akt in
tumoural YB-1 nuclear localization, an i vive xenograft



y=0.310%- 0.053, R=0.327 y=0.361% + 0.048, R=0.217
1.0 T . 10 PR
h - « " -~ 1 ‘"'-’L": g
o sy o *NG
o 0.0+ M O 0.0 o
< e [ g “
U . [T 4 PN . m 4 e dw
- R - v n B
04 . -1.04 . -
10 00 10 A0 | ob 10
YB-1 ¥
y=0470x 0028, R=0.122 y=0.087x - 0.135, R=0.060
104 .. 1.0 -
- - :...;. . - S aa™
B 0.0 o gigee 200 unRand
b N -*‘." » .s -: Q 1 ‘:’:' ':o- -
4.0- .t 1.0 g
k ¥ T L [) [}
4.0 00 | 10 10 00 10
¥E-1 vB-1
y=-0.025x +0.059, R=-0,026 y=-0.068x + 0.064, R=-0.033
1.0+ 1 104 v =
v "
- ] - .:l'l"..u e % ] ﬂ’a:‘,' -t
u | e et
X 00 T T & 00 T
-1 . - a . -
-1.04 . ~1.0 v s adod
T ] T 1 1 T T T T T
40 0.0 10 4.0 0.0 10
: YE-1 -1
¥=-0.087x - 0.061, R=-0069 y=-0.144x + 0024, R=-0.112
1.0+ < ! . 1.04 IR .
- ’ ..: "
o T - '. 42" . 6 ’ k)1 :v
E 00 et | 200 TR
m i |‘1 ---cvi 1 " ":49:'\9“'".
o> ] . L] »
-1.0+ as™ -1.0 -
1 T { [] T T {
40 0o 10 A0 | 00 10
YB-1 YB-1
y=.0.190x - 0.113, R=-0151 y=-0.291x - 0.053, R=-0.197
10 S 1.0 - .
- 4 v . LI '.-a; N M
bond o — -
= 001 hﬁ'&_ﬁ";- g 007+ s
. « 8 L+
= E . = .f'- . * = b t:‘_ .
-1.0+ . . 4.0 “"a "%
] 1 T I 1 T 1 i 1 )
4.0 0o 10 1.0 8.0 1.0
¥B-1 ‘ YE-1

YB-1 as an Ald-regufated gene in ovarian cancer
¥ Basaki et af : L

5
y=0,2689% + 0,005, R=0.190 y=0.212%- 0.020, R=0.139
104 ’ : 10' : -"'c .
= 1 ’;' :1.‘- F g i ,:V‘:.‘
S 004y a0 | B00q gt
2 s | BT
1.0 o apd . T
' T T T ¥ T . 7 T T T T
A0 0.0 10 10 X 10
¥B-1 : YB-1
y=0.076x- 0420, R=0.077 y=0.030% - 0131, R=0.024
1.0 - 1.0 P
* -
— 7 ’ i 7 "‘-‘ < - ‘
o0y __stglefies | T 00 T EPE
{3
1.0 < a 1.0+ Ye -
T ) r ]
o " oo 10 - 408 ' oo | 10
¥B-1 Y81 .
y=-0.084x + 0.014, R=0084 . y=0.073x - 0.042,R=-0.064
1.0 . 104 -
B it I R | .4,
» . -
Foo{ T go.o-w
% - & [ f. . - oA . “.
1.0 RPN .
A0 ' 0B | 10 46 op @ 10
YR-! P -
y=-0.160x + 0,036, R=-0.121 y=-0.187% - 0.074, R=-0.140
i.0 . 1.0 . .
; o ' T
a? T | “ - *
5 ool —r—iago__ | 8 oo "‘—%.-:’—'___
= - [ : LY KO
- - - *“ [ U R B - a Vgt - A
-1.04 T et dod ™ Wte
T T i | L 1 ] T T 1
10 0.0 10 4.0 0.0 10
vB-1 _ vB-1
y=-0.307x + 0016, R=-0221  y=-0.227%+ D075, R=-0.224
1.0" - LY .. M 1.0 - -
- [ 1 . . .4": *
- I - . - ,
5 0.0+ 7 F004 ";f%—tu\_,
(&) i . heth LA - -
-1 .0 . -1.04 -
Ao oo 10 A0 00 @ 10
Y81 VB

Figure 3 Correlation analysis of gene expression in NCI-60 screen. Gene expression data for the 60 human tumor cell lines were
obtained from the Developmental Therapeutics Program (http:f/www.dtp.nci.nih.gov/), expressed as log of the mRNA levels in cell
ling/mRMNA levels in reference pool in the NCI screen. Pearson correlation coefficients were calculated for each gene-gene pair.

assay was performed. Adminisiration of LY294002 (i.p.}
to mice carrying SKOV-3 cell tumors inhibited the
phosphorylation of Akt (Figure 7Ta and b). Akt
phosphorylation and YB-1 nuclear localization were
also evaluated by immunohistochemical analysis. Tu-
mors in the LY204002-treated group displayed a lower
level of pAkt staining (3.3+0.5) than those in the
control group, where the mean number of nuclear YB-1-
positive cells was 24.7+3.4 (Figure 7c and d). Taken
together, these results suggest that nuclear localization
of YB-1 in ovarian cancer cells is closely associated with
AXt phosphorylation activity in vitre and in vive.

Discussion

The nuclear localization of YB-1 is essential process
for YB-l-driven transcription of various penes and
DNA repair in cancer cells in response to various
environmental stimuli. One should understand which
signalling pathway specifically controls the translocation
of YB-1 from cytoplasm into nucleus. Our previous
study has demonstrated that PKC activates the nuclear
localization of YB-1 in cancer cells treated with UV
irradiation or cisplatin, and also that the C-terminal
region of YB-1 was important for its cytoplasmic

Oncogene
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Figure 4 Hierarchical clustering of gene expression in NCI-60
screen. Hierarchical elustering can be used to group cell lines and
genes in term of their patterns of gene expression. To obtain cluster
trees for genes that showed distinct expression patterns across the
60 cell lines, we used the program *Cluster’ and ‘Tree View’ (hitp://
rana.lbl.govf) with average linkage clustering and a correlation
metric.

retention (Koike ez al., 1997). Sutherland et al. (2003)
have presented more definitive mechanism at molecular
basis that phosphorylation of serine 102 at cold-shock
domain of YB-1 by Akt is essential for the nuclear YB-1
localization in breast cancer cells, and also that ILK
phosphorylate its downstream Akt, resulting in activa-
tion of YB-1 and it nuclear localization. Consistent with
this study, our present study also demonstrated that Akt
as well as ILX played a critical role in the nuclear YB-1
localization and YB-1-driven-transcriptional control of
various genes including CYCR4 ard MDRJ in human
ovarian cancer cells.

In our present study, we examined whether expression
of two multidrug resistance relevant genes, MVP/LRP
and MDRI|ABCBI, was affected by Imockdown of YB-
1. Stein et al. (2005) have reported that the MVP/LRP
gene is transcriptionally activated by YB-1 in response
to cytotoxic anticancer agents including doxorubicin

{ Oncogene

and S-fluoronracil: MVP/LRP is an essential vault
protein involving acquirement of multidrug resistance.
However, in ovarian cancer cells, there was no causative
association between the two genes when assayed by
microarray and QRT-PCR. YB-1 might not regulate
MVP[LRP expression in ovarian cancer cells used in
our present study. In contrast, in human breast cancer
cells, treatment with YB-1 siRNA markedly upregulated
MVP[LRP expression (Shimoyama T, Nishio K, Basaki
Y, Ono M and Kuwano M, unpublished data),
suggesting that YB-1-induced regulation of MVP/LRP
gene expression depends upon cancer cell types and/or
types of stimuli. In conirast, knockdown or nuclear
translocation inhibition of YB-1 upregulated expression
of another drug resistance MDRI gene in ovarian cancer
cells. Various environmental stimuli often upregulated
MDRI gene in various human cancer cells through
pleiotropic transcriptional regulations (Kuwano et al.,
2004). Our present study further presented a novel
regulation of YB-1-induced negative control of MDRI
gene in ovarian cancer cells, and further study should be
required to understand its underlying mechanism at
molecular basis.

In our present study, we first observed that the
knockdown of ¥YB-1, ILK and Akt as well as an Akt
inhibitor all downregulated expression of CXCR4 gene.
Consistent with recent study by Sutherland et al. (2005),
ILK-Akt activation could be responsible for the nuclear
localization of YB-1, resulting in enhanced expression of
CXCR4 gene. The 2.6Kb 5-flanking region located
upstream of the CXCRY gene contains a TATA box and
the transcription start site characteristic of a functional
promoter (Caruz ef al, 1998) and  this region also
contained putative consensus Y-box-binding site (inverted
CCAAT box) form ~685 to —681. However, it remains
unknown whether ILK-Akt-induced activation of YB-1 is
directly involved in the npregulation of CXCR4 gene.

CXCL12 (SDF-lo) is a specific ligand of CXCRA4.
CXCLI2 induced a dose dependent proliferation of
human ovarian cancer cells through its specific interac-’
tion with CXCR4 (Porcile et al., 2005). This CXCR4
activation by CXCLI12 further stimulated EGF receptor
phosphorylation and its downstream kinases, ERK1/2,
Akt and c-Sre that might link several signallings of cell
proliferation in ovarian cancer cells (Porcile et al., 2005).
On the other hand, VEGF, a potent angiogenic factor,
induced upregulation of CXCR4 gene expression in
vascular endothelial cells, and expression of both VEGF
and CXCLI2 was very high in ascites of patients with
advanced ovarian cancers (Kryczek er al., 2005). The
cross-talk of CXCL12/CXCR4 with EGF/EGF receptor
and/for VEGF/VEGF receptor might thus provide
important signallings for both cell proliferation and
angiogenesis in ovarian cancers.

CXCLI2/CXCR4 pathway is also expected to be
clinically involved in acquirement of malignant char-
acteristics of human ovarian cancers. Of 14 chemokine
recepiors, only CXCR4 protein was found to be
expressed in ovarian cancer cell lines and in ascites
[rom patients with ovarian cancers (Scotton et al., 2001).
The CXCLI12/CXCR4 pathway has been implicated in





