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Figure 1. Generation of MCF-7 cells stably expressing memER. A, schematic
representation of full-length ERa and memER. B, Western blot analysis of
MCF-7 cells stably expressing memER (memER #1 and #2) and vector clones
(vec-#1 and #2). Whole cell lysates were immunoblotted with: anti-Myc and
anti=a-tubulin antibodies. C, immunocytochemistry of MCE-7 clones expressing
vec #1 and memER #1. Immunostaining with anti-FLAG (M2). antibody shows
membrane localization of ERw protein in memER #1 clone. DAPI staining' shows
the cell nuclei.. Cells were visualized with fluorescence microscopy at a: %600
magnification.. The memER #1 clone stained with anti-FLAG antibody is enlarged
in the inset.

SIGMA.- Alexa Tluor 488 goal anti-niouse TgG and ‘Alexa Fluor 594 goat
anti-rabbit  IgG were. purchased from Molecular: Probe:  Horseradish
peroxidase~conjugated anti-mouse: and: anti-rabbit antibodies were pur-
chased from ' Amersham Pharmacia. 17p3-estradiol (E;) and tamoxifen were
purchased from: SIGMA. HA-peptide was purchased from: Roche.
Plasmids, Membrane-targeted ERa (memER) with: FLAG and Myc
epitope. tags (memERANLS-FLAG-Myc, memER) was generated in . two
steps. In the first step, an expression construct of ERa with an NHa-terminal
membrane-targeling . sequence: (derived from the NH; terminus of: Src
kinase; MGSNKSKPRDASQ) and: COOH-terminal FEAG ‘and Myc tags was
generated. In the second step, the sequence coding the nuclear localizing
signal (NLS; 256-303 amino acids: of:ERe; ref. 10):was deleted with PCR=
based: sited-directed  mutagenesis: from the plasmid ‘generated in the
first step. The AF-1 and activation function 2 domains of ERa with the
NHa-terminal. membrane-targeling. sequence and: COOH-terminal FLAG
tag: (memAEL and memAF2, respectively) were generated as previously
described (6} Deletion mutants of HDAC6 with the COOH-terminal HA tag
were generated by inserting HDACG amplicons in peDNA3I(=)/Myc-His B,
including - the following amino ‘acid numbers of the HDAC protein as

follows: full-length HDACG (full) 1-1215;. AZnF, 1-998:. ADD2-ZnF, 1-408;
ADDL,A09-1215: ADDI-DD2, 9991215,

Cell culture and transfection. MCF-7, COS-7, und 11ER293T cells were
maintained in DMEM with 10% FCS at 37°C under 5% CO MCF-7 and
293T cells were cullured indstrogen-starved” medium. (phenol red-free
DMEM with 5% charcoal/dextran-treated FCS) for 2°d before Fa/tamoxifen
treatment.. Transfection” was perfornied™ using FOGENE 6 (Roche). To
estublish- stable transfectantsi: MCF-7- clones were ' selecied using~ G418
(SIGNIA) at a concentration of 800 g/ml.

Iminunoblotling: and - immunoprecipitation. : Immunoblotting and
immunopreciptation. were performed as’ previously” described (6). For
inmunoprecipilation with: the anti-11A antibody, aliguots of protein were
mixed with anti-HA agarose conjugate (SIGMAJ

Immunocytochemistry, Immunocviochemical analysis’ was performed
as’ described (6). Nuclei: Were stained: with: 47.6-diamidino-2-phenyviindole
{(DAPE SIGMA) diluted with PBS (1:10.0005 for 10 min. Cells were visualized
with g fluorescence ‘microscope’ (KEYENCE} or’ Radiance” 2100 confocal
microscope (BIO<RAD ).

Cellmigration “assuy. The cell " migration assay was: performed - as
previously ‘describied (1) The number of MCF-7 cells migrating through
a polvethylene terephthalate. filier with: 8- jim pores: (Becton: Dickinson)
in 24 h was counted under microscopic examination,

Cell proliferation assay. Cells were seeded in 96-well plates al a density
of 1,000 cells per: well. The viable - cell number was quantified using
tetrazoliun salt (WST-8) that could be converted to a waler-soluble formazan
by metabolically’ active cells: Spectrophotometric absorbance. for formazan
dve was mecasured at 450 nm, with absorbance al 655 nm as refererice;

In:vive tumor growih assay. The i vivo  tumor: growth: assay
was: basically. performed:as. previously described  (12). Four-week-old
female BALB/c nude nrice were ovarieclomized. and a 17 p-estradiol pellet
(072 mg: 90-d' release; Innovative: Research: of Amcrica) was s.c.’ {rans-
planted in the right shoulder of each mouse: For s.¢. implantation of tumor
cells, I million cells suspended in 100-uL of DMEM with 5% FCS were mixed
with Matrigel and implanted in the left shoulder of ovariectomized nude
mice. Tumor size was weekly measured at 2 {6 6 wk afier implantation, and
tumor: volunie was: determined using the tumor radius. Rélative: tumor
volume was determined by normalizing to the mean value at 2wk afier
implantation,

Statistical analyses. Differences between the mean: values of memER:
expressing MCF-7 clones and vector-expressing clones were analyzed using
the Student’s 7 test.

Results

Establishment. of cell lines stably expressing memER. To
analyze the function of membrane-localized ERer, we generated an
expression vector  of memER: that contains the  NH,-terminal
membrane-localizing sequence derived from Src kinase and lacks
the NLS (Fig. 14; vef. 10). Src kinase is'a nonreceptor tyrosine
kinase localizing at the plasma membrane with its myristovlated
NHj-terminal sequence. We established breast cancer MCF-7 cells
stably ‘expressing memER and ‘the control vector (Fig. 1B).
Immunocytochemical staining revealed that memER was predom-
inantly expressed at the plasma membrane (Fig. 1C).

Enhanced motility and in vivo tumorigenesis of MCF-7 cells
stably expressing memER. To elucidate the function of mem-
brane-localized ERe, the motility of MCF-7 clones stably expressing
memER and: control vector was evaluated. The number of cell§
migrating through the 8-um-pored polyethylene terephthalate filter
in:24 h was counted. The motility of memER overexpressing MCF-7
cells (memER #1 and #2) was significantly higher than that of
vector clones (vec #I and #2; Fig. 24). To exclude the pessibility
that the difference in the growth affected the cell migration; the
growth rate of each clone was measured. The growth rates of
memER  overexpressing clones had mot ‘apparently. increased
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compared with” control cells (Fig: 28). Next, we investigated the
contribution of membrane-localized ER to i vivo tumorigenesis
by using a nude mouse xenograft model. To avoid the effect. of
endogenous estrogen production, nude mice were ovariectomized
and estrogen pellets were inserted s.c. The results showed that
tumors ‘derived from: memER: clones. {memER-#] and #2) were
larger than those from vector clones (vec #1 and #2; Fig, 2C and D).
Taken togethier, these results indicite that the:overexpression. of
memER facilitates cell migration activity in cultured cells'as well as
in vivo: tumor formation of breast cancer cells.

Rapid tubulin deéacetylation as a novel nongenomic action
of estrogen. We have previously revealed that tubulin could associate
with: the membrane-targeted’ AF-1 domain: of ERa in- MCF-7 cells
(6). Tubulin is an important component of the microtubule network
that regulates cell motility, which could be enhanced by HDAC6 that
deacetylates tubulin: (7). Thus. we: investigated whether memER
overexpression could modulate the acetylation status of tubulin in
MCF-7 cells. Tubulin acetylation was reduced in memER-expressing
clones compared with vector clones (Fig, 34).

We next assessed whether HDACG is involved in the regulation
of tubulin acctylation in breast cancer cells. To confirm fubulin
deacetylating activity of HDACS, exogenous HDAC6 was transiently
overexpressed in COS-7 cells: and’ the acetylation status of
endogenous tubnlin was evaluated, HDAC6 overexpression appar-
ently reduced tubulin acetvlation in- COS-7 cells (Fig. 38}, We
investigated  whether, subcellular localization. of endogenous
HDAC6 together  with. tubulin. could: be: altered: by estrogen
treatment in-MCF:7 cells. Distribution: of HDAC6 and a-tubulin
was increased in submembrane and membrane protruded regions
by Ey -compared with vehicle: treatment” (Fig.- 3C). We mext
investigated whether the acetylation status of endogenous tubulin
in. MCF-7 cells was altered by E, stimulus. In. this experiment,
tamoxifen; a- known. antagonistic ligand' for the genomic action
of ERa in” MCF-7 cells; was: also used. Notably, the acetylation
levels. of a-tubulin: were reduced. by both 'E; - and ' tamoxifen
treatment, for 15 min in NCF-7 cells. (Fig: 30). ‘These findings
lead 'us- to: hypothesize that estrogen facilitates the' rapid
membrane translocation of ERa and HDACS, which functionally
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Figure 2. Enhanced motility and.in vivo mmorigenesis of MCF-7 cells expressing memER. A, enhanced motility of memER-expressing MCE-7 cells. Number of cells
migraling through a polyethylene terephthalate filter with 8-um pores was counted for each clone. Top, cells on the lower side of the filters were stained with
Giemsa’s staining solution: and visualized under a microscope. Representative views used to count the cells are shown al a x200 magnification. Magnified: views

of membrane pores and migrating cells are shown in the insets. Botiom, columns, mean number of cells counted in five fields; bars, SE. B, MemER expression does not
markedly affect in vitro cell proliferation. MCE-7 clones were seeded at a density of 1,000 cells per well and the cell growth was assayed using WST-8 tetrazolium
salt; Columns, mean of relative absorbance at 450 nm for each clone normalized to values at day 0. (n = 4); bars, SE. N.S., not significant.. C; growth of xenograft
derived from MCF:7 clones expressing memER is significantly accelerated: compared with vecior clones. Xenogralls were established by s.c. implantation of MCF-7
clones in nude mice (one million cells:per mouse). Tumor volume is: shown by fold change normalized {o the value at 2 wk after implantation.: Points, mean of
relative lumor volume (vec #1, n'= 4, vec #2, n = 3; memER¥1, n = 4, memER #2, n'=7); bars, SE. D; photographs of representative mice 8 wk afler the implantation of
MCF-7 clones. Arrowhead, {umor mass.
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Figure 3. Estrogen reduces tubulin acetylation and translocates HDACS {o the
plasma membrane in MCF-7 cells. ‘A, tubulin. in memER-expressing MCF-7
clones is less acetylated. Whole cell lysates of indicated clones were
immunobiotted with anti-Myc (fop),. anti-acetyl-a-tubulin (middle), and
anti—a-tubulin (botfom).: B, tubulin. deacetylase aclivity of HDAC6, COS-7 cells
were transiently fransfected with empty or HDAC6-FLAG vectors, Cells were
lysed at 24 h after transfection and immunoblotied with- anti-acetyl-a-tubulin
(top), anti~a-tubulin: (middie), and anti-ELAG (M5; bottom). C;’ rapid
transiocation of HDACS to the plasma membrane in response to estrogen.
MCF-7 cells were grown in an estrogen-starved medium for 48 h and {reated with
17p-estradiol (Ez;; 10 nmoi/L) or. vehicie (0.1% ethanol) for 15 min: Cells were
immunostained with anti—a-tubulin (green) and anti-HDACE (red) and visualized
with fluorescence microscopy al a: X600 magnification. Concentration of
HDACS6 immunoreactivity. at the plasma membrane is shown in Es-stimulated
cells: Enlarged: panels; magnified views of a parl of the top panels. Membrane
protrusions (white arrowheads) are shown in enlarged panels of Ex-stimulated
cells. D, rapid deacetylation of tubulin in' MCF-7 cells with estrogen stimulation.
MCF-7 cells-were treated with E5 {100 nmol/L), tamoxifen (TAM; 10:imol/L),
or vehicle (Et) for 15 min. Whole-cell lysates before (T = 0) and after drug
treatment were immunoblotied with: anti~acetyl-a-tubulin (fop);: anti=a-tubulin
(top middle), anti-ERw: (bottom middle); and HDACE (bottorn). The acelylated
level of {ubulin is reduced in lysates from E,- and tamoxifen-stimulated cells.

interact with the microtubule network and cause tubulin
deacetylation.

Ligand-dependent association of HDAC6 with ERax. To prove
the hypothesis that ERo associates with HDAC6 at the plasma
membrane, memER and BA-tagged HDACG were cotransfected in
293T cells. An immunoprecipitation: study- verified- the  physical
interaction of memER and HDACG proteins in”an’ E;-dependent
manner. Tamoxifen also induced . a weak. interaction between
memER. and HDACS6 (Fig. 44).

To anilyze the responsible domains for the association” of
HDAC6H and memER, we generaled a series; of HA-tagged HDACH
expression” vectors: with' various functional domains  deleted
(Fig. 48}, HDAC6 includes two deacenvlase. domains (DDI and
DD2) and one ubiquitin® carboxyl-terminal’ hydrolase-like : zine
finger domain (ZnF-UBP).- A~ transfection studv: revealed - that
these HDACH deletion mutants were expressed. predominantly in
the evtoplasm (data not shown). As ERa deletion mutants, we used
memAF1 and memAF2 expression vectors, including the entire A/B
region of ERa:containing the AF-1 domain and’ the entire E/F
region containing the activation finction: 2 domain, respectively,
with:an NHy-terminal membrane-targeted sequence; We previous-
ly showed: that these ERa: deletion” mutants. were predominantly
localized in the cytoplasm’ (6). The imniunoprecipitation ‘study
revealed that the membrane-targeted activation function 2 domain
associated with HDAC6 (Fig, 4C), and the :DD2 domain of HDAC6
was responsible for the interaction with mem€ER (Fig. 4D).

Discussion

Posttranslational modification s an- important factor. for the
regulation of protein: structure and- function: Phosphorylation by
proteinKkinases ' such' as . phosphatidylinositol-3-OH  kinase ' and
mitogen-activated protein kinase has been ' shown to play a critical
role in estrogen-dependent nongenomic action. In the present study,
we: show that estrogen caused the formation of the ERa-HDAC6-
tubulincomplex ‘at the. plasnia. membrane and  rapid  tubulin
deacetylation in' MCF-7 breast cancer: cells. Our: findings show'a
novel: aspect of estrogen nongenomic action that is regulated by
tubulin acetylation, which is distinct from' the previously reported
mechanism dependent on protein phosphorylation:

In MCE-7 cells, estrogen-dependent tubulin deacetylation would
be one of the driving forces of cell motility, as. the microtubule
network including tubulin is ‘a critical element in cell migration.
Our findings are consistent with a previous report that HDAC6
overexpression caused tubulin deacetylation and enhanced motility
of breast cancer cells and the inhibition of HDACG activity reduced
motility  (9). HDAC6  inhibition -is ‘also considered to decrease
turnover of focal adhesion, an interface between the cell membrane
and the extracellular matrix, Decreased turnover of focal adhesion
results in reduced cell motility (13).

It is also notable that memER accelerated tumor growth of
MCF:7 cells in: nude mice without: enhancing 'cell: proliferation
in vitro, I vivo. tumor growth differs from in vitro proliferation in
the aspect that in vivo tumor growth requires: several factors
including anoikis: resistance, angiogenesis, and - survival .in the
hypoxic ‘environment. Anoikis is:a form of apoptosis caused by
absence of: attachment to the extracellular matrix (14). It was
reported recently that HDACG is critical for anoikis resistance and
in-vivo. tumorigenic’ growth  with liuman: ovarian cancer- SKOV3
cells (15)..In another report, stability of microtubules: was shown to
be associated with anoikis through alteration of the focal adhesion
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structure (16). Although the direct effect of tubulin deacetylation is
not evaluated in ‘these reports, it is possible that deacetylated
tubulin ‘affects focal adhesion turnover and regulates anoikis
resistance.

Because HDACG itself is reported as an estrogen-induced gene
and HDACG overexpression is shown to enhance cell motility (8, 9),
the estrogen-dependent up-regulation "of HDACG6 could further
potentiate its enzymatic activity. In this case, the genomic action
of estrogen would promote its nongenomic action in MCE-7 cells.
In contrast, the tanioxifen-induced nongenomic action would
Le unfavorable for the antagonistic function: of this drug in the
genomic. action. We showed that tamoxifen also caused the
interaction of memER with HDACG and tubulin deacetylation in
MCEF-7 cells. We assume: that HDAC6-dependent tubulin deacety-
lation: contribuites to the increased cell motility and  invasive
migration of breast cancer cells; thus, this nongenomic action of
the tamoxifen-induced: tubulin- deacetylation could be one of the
reasons for tamoxifen resistance: in. breast cancer treatment.
Indeed, several clinical ‘trials have  shown the superiority. of
aroniatase inhibitors . over tamoxifen in the first-line endocrine
therapy  for postmenopausal women with both' early-stage and
advanced breast ‘cancers (17, 18); There is also a report that has
shown tamoxifen-induced redistribution of ERae to the extranuclear
region and the activation of nongenomic action via the epidermal
growth factor receptor pathway (19), which would provide another
mechanism for tamoxifen resistance.

HDACG also deacetylates another cytosolic protein, heat shock
protein 90 (20). It has been shown that heat shock protein 90 could

be recruited to membrane ruffles, where deacetylated: heat shock
protein 90 promotes cell motility (21). As there is a recent report
that ERa associates with deacetylated heat shock: protein 90 in
breast cancer cells (22), HDAC6:-dependent: estrogen action may
also be mediated through the complex formation of ERe-HDACG6
with: heat shock protein 90.

In conclusion; we have shown that estrogen exerts rapid actions
including the formation of the ERa-HDACG6-tubulin complex at the
plasma membrane  and tubulin deacetylation, This nongenomic
action of estrogen conld. contribute to: the malignant character
of - breast cancer cells. These findings provide a_ new. clue to
understand  the mechanisms underlying the: pathophysiology of
breast cancer and the resistance to endocrine therapy, and to
develop new molecular targets for breast cancer treatnient.
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Expression of CUB domain containing protein
(CDCP1) is correlated with prognosis and survival
of patients with adenocarcinoma of lung
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CUB domain containing protein (CDCP1), a transmembrane protein
with intracellular tyrosine residues which are phosphorylated upon
activation, is supposed to be engaged in proliferative activities and
resistance to apoptosis of cancer cells. Expression level of CDCP1
was examined in lung adenocarcinoma, and its clinical implications
were: evaluated, CDCP1 expression was immunohistochemically
examined ‘in' lung adenocarcinoma: from 200 ‘patients. Staining
intensity of cancer cells was categorized as low and high in cases
with tumor cells showing no or weakand: strong: membrane
staining, respectively. MiB-1 labeling index was also examined.
There were 113 males and 87 females with median age of 63 years.
Stage of disease was stage | in 144 cases (72.0%), 11in 19.(9.5%), and
Il in:37 (18.5%). Sixty of 200 cases (30.0%) were categorized as
CDCP1-high, and the remaining as CDCP1-low. Significant positive
correlation: was observed between CDCP1-high' expression and
relapse rate (P < 0.0001), poor prognosis (P < 0.0001), MIB-1 labeling
index (P < 0.0001), and occurrence of . lymph node metastasis
(P.= 0.0086). There was a statistically significant difference in
disease-free survival (DFS) (P < 0.0001) and overall survival (OS)
rates (P.< 0.0001) between patients with CDCP1-high and CDCP1-
low: tumors. Univariate analysis showed that lymph node status,
tumor stage, and CDCP1 expression were significant factors for both
OSand DFS. Multivariate  analysis. revealed that only CDCP1
expression was an independent prognostic factor for both OS and
DFS. CDCP1 expression level is a useful marker for prediction of
patients with lung adenocarcinoma (Cancer 5¢i-2009;100: 429-433).

Introduction

Since 1985 lung cancer has been the most common cause of
cancer death in the world.) Non-small cell lung cancer
(NSCL.C) comprises 75-85% of all lung cancers, and approxi-
mately two-thirds of NSCLC patients have advanced stages at
diagnosis; Despite the advances in the methods for detection and
treatment of lung cancer, prognosis of NSCLC patients still
remains unfavorable. Therefore, it is important to clarify the
mechanism of tumor biology, and establishment of effective
therapeutic modalities is essential to improve the prognosis in
NSCLC. Previous studies accumulated information regarding
the factors influencing prognosis in NSCLC. They include clinical,
pathological, and molecular factors,

CUB domain conlaining protein (CDCP1) ‘was originally
identified as an epithelial tumor antigen by comiparisons of
molecules expressed in lung cancer cell lines and normal lung
tissues.® CDCPI is a transmembrane protein with three exira-
cellular ' CUB "domains, which are important for cell—cell
inferactions, and  intracellular {yrosine residues ‘which ‘are
phosphorylated upon activation.®-” Previously. we reporied the

doi: 10,1111/j:1349-7006.2008.01066.x
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epigenetic regulation of CDCPL expression: in: the: cell: lines
derived from various malignancies and clinical samples of breast

‘cancer.®?) The CDCP1 expression level correlated with prolifer-

ative activities of breast cancer cells in thé clinical samples.®
Very recently. CDCP1 was reported to protect cells from anoikis,
a form of apoptosis triggered by the Joss of cell survival signals
generated from " interaction of cells - with: - the extracellular
matrix."” The knocked-down expression of CDCP1 by RNA
interference abolished: in vitro colony formation and in vivo
metastatic abilities of lung adenocarcinoma cell linet A549.110
These findings showed that CDCP1 is required for protection of
cells from anoikis, and suggest an important role of CDCP1 for
tumorigenesis and metastasis, at least in cell lines. In the present
study, CDCP1 expression was immunohistochemically examined
in clinical samples from lung adenocarcinoma, and its clinical
implications were evaluated.

Materials and Methods

Patients and tissue samples. Two hundred: patients who un-
derwent surgery for lung adenocarcinoma at Osaka University
Hospital during the period from January 1993 to January 2004
were examined. Clinicopathological findings in these 200 patients
are summarized in Table 1. There were 113 men and 87 women
with ages ranging from 33 to 82 years (median, 63). Resected
specimens : were macroscopically examined to  determine the
location and size of the tumors. The size of the main tumor
ranged from 8 to 70 mm (median, 24.5). The histological stage
was determined according to the 6th edition of the Union
International Contre le Cancer — TNM staging system.t! Histologic
specimens were fixed in 10% formalin and routinely processed
for paraffin-embedding. Paraffin-embedded specimens were stored
in the dark room in the Department of Pathology of Osaka
University Hospital at room temperature, and were sectioned at
4-um thickness at the time of staining. In some cases; total RNA
was extracted using RNeasy kit (Qiagen, Valencia. CA, USA)
with DNase: 1 treatment. All patients were followed up with
laboratory examinations including routine peripheral blood cell
counts at 1+ to:6-month intervals, chest roentgenogram, computed
tomographic scan of the chest, and endoscopic examinations of
the bronchus at 6- to 12-month intervals. The follow-up period
for survivors ranged from 5 10154 months (median; 63). The
study was approved by the ethical review board of the Graduate

This: work is original, and - contains. no: materials. previously presented: in any
reports and publications. ;
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Table 1. Summary of characteristics in 200 pulmonary adenocarcinoma
patients
Sex Number of patients
Male 113
Female 87
Tumor size {cm)
25 12
<5 187
Lymph node metastasis
NO 159
N1 8
N2 29
N3 4
Stage
1 144
H 19
i 37
Recurrence
Positive 60
Negative 140
Prognosis
Dead 41
Alive (with recurrence) 24
Alive (with no recurrence) 135

School of Medicine. Osaka University. Informed consent was
obtained from each patient,

Immunohistochemistry for CDCP1, phosphorylated CDCP1 and Ki-67.
CDCP1 expression was immunohistochemically examined with
use of anti-CDCP1 (Abcam Ltd; Cambridge, UK) and antipho-
sphorylated CDCP1 antibody. The antiphosphorylated CDCP1
antibody recognizes: CDCP1 phosphorylated at Tyr734 and can
be used for immunostaining on paraffin-embedded sections.(!%!1?
The proliferative activity ‘of cancer cells was examined with
monoclonal antibody MIB-1 (Immunotech, Marseilles, France),
recognizing the proliferation-associated antigen Ki-67. After
antigen retrieval with Pascal pressurized heating chamber (Dako,
Glostrup, Denmark), the sections were incubated with anti-CDCP1,
phosphorylated CDCP1 antibody and MIB-1, diluted at x200; x400
and %100, respectively. Then, the sections were (reated with
biotin-conjugated antigoat 1gG (Zymed; San Francisco, CA;
USA) for CDCPI staining, orwith biotin-conjugated antimouse
1gG (Dako) for phosphorylated €DCP1 and MIB-1 staining:
After washing, the sections were incubated with the peroxidase-
conjugated biotin-avidin complex (Vectastain ABC Kit, Vector
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Fig. 1. Surface staining of COCP1-low (A and B)
| and -high (C and D) cases, x 400 (E): Real-time
\\ . reverse transcription—-polymerase chain reaction.
\;& W The amount of CDCP1T mRNA was significantly
T higher . "in: - immunohistochemically - defined
X BN CDCP1-high cases than in CDCP1-low cases: The
L e bar-shows: mean: values: of the. amount of

CDCP1 mRNA. *P< 0.01

Laboratories. Burlingame. CA; USA). diaminobenzidine (Vector
Laboratories) was used as a chromogen. As the negative control,
staining was carried out in the absence of a primary antibody.
Stained sections were evaluated independently by two pathologists
(JI'and EM). Generally, CDCP1 expression levels varied among
tumor cells in the same case. Staining intensity of tumor cells .
was divided into four cafegories; tumor cells with no (represent-
ative field was demonstrated in Fig. 1A), weak (Fig. 1B), moderate
(Fig. 1C). or strong (Fig. 1D) membrane staining. The intensity
of CDCP1 expression in each case was defined by the major
population of staining as follows: cases with tumor cells showing
no or weak membrane staining were categorized as CDCP1-Jow,
and those ‘showing moderate or strong membrane staining as
CDCP1-high. The MIB-1 labeling index was defined as the
percentage: of stained nuclei per. 1000 cells. The cases were
divided into MIB-1-high and MIB-1-low groups using the median
as cut-off value,

Quantification  of - mRNA by ' real-time  reverse . transcription-
polymerase chain reaction (RT-PCR). To evaluate the specificity of
CDCPI1 immunostaining, expression level of CDCP1 at mRNA
and prolein levels was compared. For this; fresh frozen materials
were available in 13 of the 200 cases. Total RNA was extracted
using RNeasy kit (Qiagen. Valencia; CA, USA) with DNase
I treatment. Two micrograms of total RNA was subjected to reverse
transcription. using Superscript HI (Invitrogen; Carlsbad, CA,
USA). The mRNA levels for CDCPI1 and glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) genes were verified using
TaqMan Gene Expression Assays (Hs00224587 m1 and 4310884E.
respectively; Applied Biosystems, Foster City, CA, USA) as
recommended by the manufacturer. The amount of CDCP1
mRNA was normalized to that of GAPDH mRNA.

Statistical analysis. Statistical analyses were performed using
StatView software (SAS Institute Inc., Cary, NC, USA). The
Chi-square and Fisher’s exact probability test were used to
analyze the correlation between CDCPI expression and clin-
icopathological factors in pulmonary adenocarcinoma. Kaplan-
Meier methods were used o calculate overall survival (OS) and
disease-free . survival (DES) rate, and differences in survival
curves were evaluated with the Jog-rank test. Cox’s proportional
hazards regression model with a stepwise manner was used to
analyze the independent prognostic factors. The P-values of less
than 0.05 were considered fo be statistically significant.

Results

Tumor sfages in the present patients were: stage I in 144 patients
(72.0%); 11 in 19 patients (9.5%); and 111.in 37 patients (18.5%).
The histological types:of tumors were: bronchioloalveolar

doi: 10.1111/j.1349-7006.2008.01066.x
© 2008 Japanese Cancer Association
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Fig. 2. Localization of phosphorylated CDCP1. in lung adenocarcinoma.
stained cells with anti-COCP1 antibody: (A), and antiphosphorylated CDCP1
antibody (B). Among the CDCP1-positive tumor cells, peripheral areas of tumor
cell nests were stained with antiphophorylated CDCP1 antibody, x 400.

(62 patients, 31.0%); papillary (48 patients, 24.0%); or mixed
bronchioloalveolar and papillary adenocarcinoma (90 patients,
45.0%). The 5-year DFS and OS was 78.7% and 80.6%,
respectively. Tumors recurred in 60 patients. Of these, 38
patients died due to the tumors.

To evaluate the specificity of immunohistochemical staining
for CDCP1 expression, quantitative real-time RT-PCR was per-
formed: expression levels of CDCP1 at protein and mRNA level
was compared in 13 cases (3 CDCP1-high and 10 CDCP1-low
cases at immnohistochemical results). The amount of CDCP1
mRNA was significantly higher in cases with CDCP1-high
expression at immunohistochemistry than those with CDCP1-
low expression (P < 0.01, Fig. 1E). These results showed that
the immunohistochemical evaluation is a reliable method for
evaluation of CDCP1 expression. '

Immunohistochemical detection of CDCP1 expression was
carried out in 200 lung adenocarcinoma tissues. Sixty of 200
cases (30.0%) were categorized as CDCP1-high, and the remaining
as CDCP1-low. Representative staining results were illustrated
in Fig. 1(A-D).

Intracellular tyrosine residues of CDCP1 are known to be
phosphorylated upon activation in vitro. To examine the locali-
zation of activated CDCP1, 43 cases of CDCPI-high lung
adenocarcinoma tissues were stained with antiphosphorylated
CDCP1. Phosphorylated CDCP1 was detected only in a small
portion of CDCP1-expressing cells (Fig. 2 A and 2B). which

lkeda et al.

Table 2. Correlation between CDCP1 expression and clinicopathological
parameters

CDCP1 expression

P
Low High

Tumor size {cm)

25 7 5

<5 133 55 0.3630
Ltymph node metastasis

NG 120 39

N1 3 5

N2 15 4

N3 2 2 0.0086
Stage

I 110 34

it 11 8

it 19 18 0.0059
MIB-1 labeling index

25% 56 45

<5% 84 15 <0.0001
Recurrence

Positive 23 37

Negative 117 23 <0.0001
Prognosis

Dead 17 24

Alive {(with recurrence) 10 14
Alive (with no: recurrence) 113 22 <0.0001

appeared to be localized to the peripheral areas of tumor cell
nests, Cells without CDCP1 expression did not show any phos-
phorylated CDCP1 signals, indicating: the specificity ‘of the
antiphophorylated. CDCP1 antibody.  Phosphorylated CDCP1
was detected in 19 out of 43 cases: any significant clinicopatho-
logical differences were not observed bétween cases with and
without phosphorylated CDCP1,

Correlation of CDCP1 expression with the clinicopathological
features was evaluated. Significant positive correlation was
observed between CDCPI:-high expression and relapse rate
(P < 0.0001), poor:prognosis (P < 0.0001), MIB-1. labeling
index (P < 0.0001); and occurrence of lymph riode metastasis
(P = 0.0086). Other parameters including tumor size and stage
did not correlate with CDCP1 expression (Table 2). There was a
statistically significant difference in DFS rates (P < 0.0001) and
OS rates (P < 0.0001) between patients with CDCPI-high and
CDCP1-low tumors (Fig. 3).

Univariate analysis showed: that: lymph node  status, tumor
stage, and CDCP1 expression were significant factors for both
OS and DFS (Table 3). The multivariate analysis revealed that
only CDCP1 expression was an independent prognostic factor
for both OS and DFS.

Discussion

Patient characteristics such as the gender (male preponderance);
age distribution (median age. 6th decades of life), and 5-year OS
of approximately 80% in the present study were similar 10 those
in a previous report on the lung adenocarcinoma.!’? In addition,
the univariate analysis showed the prognostic significance of
occurrence of lymph node metastasis and stage of disease, as
reported previously.' These findings indicate that the results
obtained from the present cases are commonly applicable.
Among the clinicopathological factors examined, high CDCP1
expression level correlated: with increased occurrence of lymph
node metastasis and tumor relapse. A previous study using the
lung ‘adenocarcinoma cell lines indicated a significant role of
CDCP1 for anchorage-independent growth of tumor cells.!!9

Cancer Sci’ | March 2009 |~ vol: 100 | 'no.3: ] 431
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"Table 3. Univariate and multivariate analyses of prognostic factors for overall and disease-free survivals

Overall survival

Disease-free survival

Univariate Multivariate Univariate Multivariate
HR (95% Ci) P-vaiue HR {95% CI) P-value HR (95% Ci) P-value HR(95% CI) P-value
Tumor size 1.07 0.672 111 0.425
{0.79-1.43) (0.86-1.45)
Lymph node status 2.34 <0.001 1.46 0.167 2.40 <0.001 1.43 0.182
(1.77-3.08) (0.85-2.50) (1.82-3.17) (0.84-2.40)
Stage 2.64 <0.001 1.63 0.128 2.77 <0.001 1.74 0.074
(1.90-3.69) (0.87-3.06) (1.99-3.86) (0.95-3.20)
MiB-1 labeling index 1.46 0.235 1.44 0.250
(0.78-2.74) (0.77-2.69)
CDCP1 expression 4.11 <0.001 2.89 0.001 4:32 <0,001 3.04 <0.001
(2.18-7.75) {1.51=5.54) (2.31-8.08) (1.60-5.80) :

HR, hazard ratio; CI; confidence interval,
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Fig. 3. Kaplan-Meier plots of disease-free (A} and overall survival: (B)
of patients.

The knocked-down expression of CDCP1 abolished ability of in
vitro colony formation in the A549 lung adenocarcinoma cell
line. "9 In addition, when injected into nude mice, the number of
metastatic nodules was low in CDCPI-knocked down A349
cells as compared to parental A549 cells.!!? Taken {ogether with
the present results, CDCP1 appeared to play important roles for
metastatic and tumorigenic potentials: of lung adenocarcinoma
not:only in cell lines but also in clinical samples.

High CDCP1 expression was correlated with MIB-1 labeling
index. Since the monoclonal antibody MIB-1 recognizes Ki-67
antigen that is expressed in cells during the cell cycle, except at
the GO phase; it can be applied to evaluate the proliferative

432

activities of cells. Previously; we showed the positive correlation
of CDCP1 expression with MIB-1 labeling index in breast can-
cer cells.™ These findings indicate that CDCP1 expression level
reflects a proliferative dctivity of cancer cells.

Intracellular tyrosine residues of CDCPI are known fo be .
phosphorylated: upon ‘activation;, “and the level ‘of (yrosine
phosphorylation is associated: with' the capacity for anchorage
independence .in ' AS49. cells."'” Immunohistochemically, phos-
phorylated CDCP1 was found to be localized to the peripheral
areas of tumor cell nests, Lung adenocarcinoma cells often show
bronchioalveolar growth in the periphery of the cancer tissues;
but such portions were -almost negative for 'phosphorylated
CDCP1 expression. Phosphorylated CDCP1 was mostly present
in the tumor cells expanding to the surrounding normal tissues;
This was consistent with the previous report that phosphorylated
CDCP1 is localized in the invasive front of gastric cancer,(?
Therefore, phosphorylated CDCP1 may play some roles: for
tumor invasion, in addition to anchorage independence. The
staining. for ‘phosphorylated and non-phosphorylated CDCP1
demonstrated that most lumor cells expressed CDCP1 as a
non-phosphorylated form. This was consistent with the report by
Brown et al. that the phosphorylation of CDCP1 is dynamically
balanced by Src-family kinase and phosphotyrosine phosphatase
activities, yielding low equilibrium phosphorylation.. CDCP1
contains - three . extracellular. CUB “domains, which might ‘be
involved in cell adhesion or: interaction with the extracellular
matrix.“” Non-phosphorylated CDCP1 may function as an
adhesion molecule.

Mulivariate analysis. revealed the high expression of CDCP1
to be an independent factor for poor prognosis. for patients with
lung adenocarcinoma. ‘Benes et al. reported that Src, which
mediates proliferation signals in cancers, forms a complex with
phosphorylated CDCP1.1” These findings indicate that overex-
pression of CDCP1 could stimulafe tumor. growth, explaining
why prognosis of patients with. CDCP1-high tumors-is worse
than that with CDCP1-low tumors, :

In conclusion, high CDCP1 expression is an independent factor
for poor prognosis of patients with lung adenocarcinoma,
Further studies will be necessary to elucidate whether CDCP1
expression could be a useful marker for prediction of prognosis
in- other types of cancers.. CDCP1 could be a molecular farget
for cancer therapy.
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Distinct role of SheC docking protein in the differentiation of

neuroblastoma
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The biological and clinical heterogeneity of neuroblastoma
is closely associated with signaling pathways that control
cellular characteristics such as. proliferation, survival and
differentiation. The Shc family of docking proteins is
important in these pathways by mediating cellular signaling,
In this study, we analysed the expression levels of SheA and
SheC proteins in 46 neuroblastoma samples and showed
that a significantly higher level of ShcC protein is observed
in: neuroblastomas with poor prognostic: factors such as
advanced stage and MYCN amplification (P<0.005),
whereas the expression level of ShcA showed no significant
association with these factors. Using TNBI cells that
express a high level of ShcC protein, it was demonstrated
that knockdown of ShcC by RNAI caused elevation in the
phosphorylation of ShcA, which resulted in sustained
extracellular signal-regulated kinase activation and neurite
outgrowth. The neurites induced by ShcC. knockdown
expressed several markers of neuronal differentiation
suggesting that the expression of SheC potentially has a
function in inhibiting the differentiation of neuroblastoma
cells. In addition, marked suppression of in vivo tumor-
igenicity of TNBI cells in nude mice was observed by stable
knockdown of SheC protein. These findings indicate that
SheC is a therapeutic target that might induce differentia-
tion in the aggressive type of neuroblastomas.

Oncogene (2009) 28, 662-673; doi:10.1038/onc.2008.413;
published online 10 November 2008

Keywords: She family; ERK; neuroblastoma; differen-
tiation: RNAi

Introduction

Neuroblastoma is the most common pediatric solid
tumor derived from the sympathoadrenal lineage of
neural crest and its clinical and biological features are
heterogeneous. Some types of neuroblastomus show
favorable outcomes with spontancous differentiation or
regression by minimum treatiment, whereas other types
have  malignant characteristics  with  metastasis and
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resistance’ to chemotherapy, Age: of onsct.  tumor
volume, presence: of metastasis.: pathological  features
and.-amplification’ of ‘the. N-mve  gene are: important
prognostic:factors of neuroblastoma. Previously; it was
reported that: the: differential expression- of Trk family
receptors: might contribute to clinical: and -biological
outcomes. of neuroblastomas (Nakagawara et al:, 1993;
Nakagawara and Brodeur, 1997) whereas the cellular
signaling involved in-the regulation of the aggressivencss
of neuroblastoma is Jargely unknown.

The She. family of docking proteins is important in
signaling pathways mediating the activation of various
receptor tyrosine kinases (RTKs) such as the Trk family
triggered by extracellular stimulations. to specific down-
stream’ molecules. The  Ras—extracellular: signal-regu-
lated kinase (ERK) pathway and the phosphoinositide-3
kinase  (PI3K)=Akt pathway are - the most. common
signals regulated by Shc family proteins. representing
important functions ‘in: cellular proliferation; survival
and differentiation.

The She family has three members, ShcA/She; SheB/
Sli/Sck and SheC/Rai/N-She encoded by different genes
(Nakamura ef al.. 1996; O'Bryan et al.. 1996;: Pelicci
et al., 1996). ShcA protein having three protein: iso-
forms, p46, pS2 and p66, is ubiquitously expressed in
most: organs except the adult necural systems, whereas
She€ (p52-and p67 isoforms) are exclusively expressed
in the neuronal system (Sakai er al.. 2000). In the central
nervous system, ShcA expression is most: significant
during embryonic development with sudden decrease
after birth. On the other hand, SheC expression: is
remarkably induced around birth and maintained in the
mature brain. The She family molecules have a unique
PTB-CH 1--SH2 modular organization with two phos-
photyrosine-binding-modules, PTB and SH2 domains;
which “recognize  various phosphotyrosine-containing
peptides with different - specificities. - CH1 ~domains
contain several tyrosine  phosphorylation :sites  that
recruit other adaptor molecules such as Grb2. Func-
tional analysis of SheB and SheC on the neuronal signal
pathway indicate that these proteins in ncuronal cells
potentially regulate cpidermal growth factor (EGE) or
nerve growth factor (NGF) signaling in a similar fashion
to SheA (O'Brvan eral., 1996; Nakamura- er-al...1998),

Major parts of ncuroblastoma cell lines show. the
expression ‘and. - tyrosine. phosphorylation. . of SheC
protein, bui.its effect on the biology of tumor cells



remains to be clucidated. We have recently shown that
constitutive tyrosinc phosphorylation of SheC is in-
duced in a subsct of :ncuroblastoma -cells: by the
activation of anaplastic lymphoma kinase (ALK) owing
to ALK gene amplification and the constitutively
activated ALK=SheC signal pathway could induce cell
survival, anchorage-independent growth of the cells and
progression of tumors (Mivake ez al.. 2002, 2005). In our
study. significant amplification of ALK was observed in
3 of 13 neuroblastoma cell lines and inonly 1 of §5 cases
of human neuroblastoma samples (Osajima-Hakomori
et al.. 2005). Considering these results, it wus suspected
SheC might also contribute: to  the signal: pathway
dssociated: with the: tumor: behavior in ALK-indepen-
dent manners in majority of neuroblastoma cells.

In a recent report, high expression of ShcC mRNA was

shown to be a poor. prognostic factor in neuroblastoma
patients through the semiquantitative reverse transcriptasc
-PCR analysis ol tissue samples (Terui et al; 2005},
suggesting the possibility that ShcC protein might be
causative of tunior progression in neuroblastoma patients.
In the current study, we examined the expression levels of
ShcC protein in tumor samples of 46 ncuroblastoma
patients and confirmed the significant association of the
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expression levels of SheC protein with several faclors
linked to unfavorable outcome of  neuroblastoma.
Furthermore,: we: investigated- the functions: of. SheC-in
cell proliferation, differentiation and i vivo tumorigeni-
city of ncuroblastoma  cells by knockdown' of  SheC
expression in neuroblastoma cell lines expressing a high
level of SheC without ALK amplification.

Results

Expression and tyrosine phosphorvlation of SheC in
newroblastoma cell lines

At first, the expression of ShcA and SheC was analysed
in I} ncuroblastoma cell. lines “using each  specific
antibody (Supplementary. Figure A) along with-DLD-1
as a control;:which is known to express ShcA protein
(mainly p46ShcA and p52SheA). but not She€ protein
(Figure la):: The three cell lines: with ALK ‘gene
amplification (NB-39-v, Nagai and NB-1: Group A)
expressed ShcC at a moderate level in contrast to their
significant phosphorylation so that ALK=SheC complex
Is’ mediating the dominant oncogenic signal (Miyake
et “al., 2002; Osajima-Hakomori er al. 2005): Other

MYCN amp.

type i I type
4
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Figure:T - (A) ‘Expression and tyrosine phosphorylation of SheC in neuroblastoma cell lines detected by specific antibody. The
“expression of ShcA (lower panel). SheC (upper punel) and tyrosine phosphorylation of SheC was analysed in 11 neuroblastoma cell
lines including the cell lines with anuplastic lymphoma kinase (-{LK) gene amplification (ALK amp:) along with DLD-1-4s a control.
Lysutes were immunoprecipitated und then immunoblotted with untibodies agiinst the indicated molecules. The levels of expression/
phosphorvlation of SheC are indicated above. Asicrisks show heivy chains of immunoglobulin. Positions of moleculdr muss markers
(kDa) are shown 1o the left. (B) Expression of SheC und SheA in the tissue samples of three subsels of neuroblustomi patients. ()
Expression levels of SheC/SheA in the samples of 46 neuroblastoma patients were detected by western blotiing being compared 10 the
level offexpression in TNB-1 cells (= 1.0y as un internal control among each experiment and was corrected by each expression level of
a-tubulin. (b) Expression of SheC (upper panel)/SheA (middle panel) of representative samples of each subset were detected ona filter.
The exposure {ime of the filter onto X-ray films was different (o detect between p32SheC (short exposure: Jower panel) and p678heC
(Jong cxposure; upper panel); Eacli isoform of SheC/SheA is indicated by opened or filled triangles. Asterisks show heavy chains of

immunoglobulin:
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ncuroblastoma cells with a single copy of the ALK gene
were divided into two groups. onc with considerably
high levels of SheC expression (YT-v. NH-12. TNB-]
and SCCH-26: Group B) and the other with almost no
SheC expression (KU-YS. SK-N-DZ. SK-N-SH and
GOTO: Group C). Most of the ¢ells in the Group B
showed a morphological tendency to aggregate cach
other and rather low adhesion: to the culture plate.
compared with the cells of the Group C (data not
shown). The degrees of SheC phosphorylation in the
cells in Group B appeared to be lower than the cclls
with 4 LK amplification (Figure JA. middie: punel). In
contrast'to SheC, the expression of ShcA was within
similar+ levels - among . ncuroblastoma - cell: - lines
(Figurc TA. Tower panel).

The expression level-af SheC is prominent in tissue
samplesof poor risk newroblastoma: patients

Next we analysed: the: expression: of SheA and SheC
protein in 46 primary human neuroblastoma specimens
using each specific antibody. These tissue samples were
classified into- three subsets using Brodeur's classifica-
tion; type I (stage 1;:2 or 4S: a single copy of MYCN).
type 1L (stage 3 or 4; a single copy. of M YCN) and type
11 (all: stages:-amplification of M YCN} (Brodeur and
Nakagawara, 1992; OQhira er-al.,-2003). The expression
level: of ShcA: and ShcC - in western blotting ~was
standardized by intensity of a=tubulin within each filter,
standardized by ‘the amounts in TNB-I cells as an
internal control among different filters and statistically
evaluated from at least two independent western:blots
for each sample: (Table 1).- We found- that there is a
significant difference in the expression levels of SheC
among the subsets of neuroblastomas: In: the group of
type TLand type 111, the expression level of SheC protein
was substantially higher than that in the tvpe I group

(Figure .1Ba). Both isoforms of SheC, p52SheC and:

p67SheC, showed similar patterns of expression.- As
shown in Table 2, the expression: level of SheC has a
significant correlation with several - clinical * factors
including late onset of the disease (later than 12 months)
(P32/p67: P<0.001/P=0.015). advanced clinical stage
(stages 11T and 1V) (P<0.001) and gene amplification of
MYCN. (pS2/p67:. P<0.002/P=0.005). Furthermore,
most of the samples from the patients who died within
12 months after the onset of the disease showed
significantly higher levels of ShecC expression. than the
other group of samples in which patients: lived longer
than 12 months (p52/p67: P=0.006/P=0.009). In
contrast; variable expression levels of both isoforms of
SheA protein, p52 and p66. were observed 1n neuro-
blastoma samples with no significant difference among
three subscts of clinical group (£ >0.05) (Table 2; Figure
1Ba). The results of representative samples from each
subset are shown in Figure 1Bb. These dita indicate that
the expression of SheC protein is significantly associated

- with multiple  prognostic factors: of - neuroblastoma,

suggesting that SheC has specific functions in malignant
phenotypes of neuroblastoma presumably by modulat-
ing cellular signaling.

Oncogene

Biological effects of SheC dovwnregulation on TN B-1 cells
To clucidate the biological functions of SheC in the
tumor characteristics causing unfavorable outcomes of
ncuroblastoma patients, we investigated the effeets of
SheC knockdown on the cellular biology and signal
transduction in onc of the ncuroblastoma cell lincs.
TNB-1. which expresses a high level of SheC protein
with no ALK amplification. The expression of SheC and
ShcA was suppressed by RNA interference using two
independent scts of specific small interfering RNA
(siRNA) oligonuclecotides corresponding to SheC and
SheA.  respectively. (Figure 2Aa). The growth rate
of " TNB-1-cells transfected with the ShcA siRNA
was severely - suppressed. (Figure 2Ab). owing to
impaired ability: of proliferation and survival. which
is- consistent- with  previous reports  (Ravichandran,
2001). SheC-knockdown cells showed a relatively weak
cffect on growth rate in the normal culture condition
(Figure 2Ab).

Daownregulation of SheCindhices newrite outgrowth and

increases differentiation-related markers in TNB=1 cells

SheC: knockdown: caused morphological changes. to
rather flat:and spindle: shape and neurite extension
within: 24 h-after transfection of SheC. siRNA' (Figure
2Ba). These neurite-bearing cells express higher amount
of microtubule-associated protein 2 (MAP-2). growth-
associated protein 43 (GAP-43), a protein expressed in
the growing neurites, and chromogranin “A (Chr-A;
Figure 2Bb); markers of neuronal differentiation (Giu-
dici er-al.; 1992) than the control cells.- On the other
hand. TNB:1 cells treated with ShcA siRNAs' showed
no. remarkable change compared with: the control cells,
relatively round with small processes ‘attached to the
dish surface (Figure 2Ba). These results suggest that the
cndogenous SheC negatively- affects  neurite outgrowth
and differentiation: of TNB-1 cells.

Persistent activation of ERK1/2 due 10 SheC.

dosenregulation induces neurite outgrowth i TNB-I- cells
Neuronal differentiation is - closely - associated with
mitogen-activated protein kinase (MAPK)/ERK kinase
(MEK)/ERK and PI3K-AKT pathways and both of
them might be. controlled downstream. of Shc family
signaling. Downregulation of ShcA ‘induced the sup-
pression: of ‘extracellular  signal-related kinase 1,2
(ERK1/2)y and AKT pathways at 48 h after transfection
of siRNA, nevertheless SheC - downregulation “appar-
ently elevated the ‘base level of ERK phosphorylation
and slightly enhanced AKT activation (Figure 3a). This
clevation of ERK phosphorylation sustained until 96 h
after transfection of siRNA. Similar effect on the ERK
activation was:also observed in NH-12 and YT-v cells,
which express high amount of SheC  (Supplementary
Figure B). It is reported that sustained ractivation of
ERK is responsible for neurite outgrowth and differ-
entiation of . PCI2- cells (Qui and. Green; 1992); To
investigate whether neuronal extension of TNB-1 cells
by SheC: RNAT was induced by sustained activation of
ERK; the cffect of MEK inhibitor, PD98059, on the
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Tahble 1 Characteristics of 46 neuroblastoma samples
Cuse Type Stage Age fmonths j AMYCN Prognosis pS2SheC p67SheC p52Shedd pi6Shed
} I 1 8 1 A 0.01 O 0.92 0.58
2 ] 7 ] A 0 0 0.92 (.52
3 1 8 1 A 0.13 0.07 1.16 0.58
4 1 1 ] A 0 0 0.81 (.63
5 1 4 1 A 0.013 0 1.26 0.62
6 1 8 ] A 0.03 0.006 0.81 0.60
7 ] 8§ | A 0 0 0.54 0.70
8 1 7 1 A 0 0 0.40 048
9 ! 9 1 A 0 0 (40 0.58
10 1 7 1 A 0.15 (.05 0.42 0.31
11 1 7 1 A 0.003 0 0.35 0.36
12 2 38 I A 0.047 0 0.41 0.20
13 2 7 1 A 0 0 0.40 0.39
14 2 7 1 A (.038 0 0.60 0.63
15 2 >132 i A 0.03 0 0.83 0.62
16 {1 3 8 1 A 0 0 0.56 0.45
17 3 7 i A 0.72 0.45 0.42 0:49
18 3 7 1 A 0.03 0.01 1.2 0.62
19 3 8 1 A 0.015 0.01 1.3 0.67
20 3 23 1 A 0 0 0.25 0.32
21 3 22 1 A 0.10 0 0.63 0.63
22 3 > 108 1 A 0:23 0.03 045 0:36
23 3 18 1 A 0.074 0.025 0.75 0.45
24 3 47 ] A¥ 0 0.03 0.87 0.65
25 3 21 i D 0.089 0.03 0.76 0.56
26 3 96 1 A* 0.054 0.001 1.6 0.54
27 4 5 i A 0.03 0 1.03 0.28
28 4 55 | A 0.22 0.018 1.14 : 0:33
29 4 4 1 A 0 0 0.52 0.49
30 4 22 1 D 0.49 0.43 0.89 0:48
3 4 45 1 A* 0 0.068 117 0:53
32 4 57 1 A* 0.10 0.093 1.2 0.42
33 4 102 1 A* 0.15 0 15 0.49
34 m 3 32 amp A* 0 0 1.6 0.37
35 3 k amp D 0.11 0.10 0.86 0.53
36 3 33 amp D 0.77 0.50 0.64 0:50
37 3 2 anp A* 0.47 0.18 0.47 0.49
38 3 26 amp.- A¥* 0.84 0.57 1.1 0.58
39 * 4 23 amp D 0.38 0.13 0.99 0.35
40 4 7 amp D 0.25 0.15 L1 0.58
41 4 >132 amp D 0.96 0.55 1,32 0.65
42 4 18 amp D 0.22 0.13 0.99 0.63
43 4 >24 amp D 0.10 0 0.76 0.54
44 4 59 amp D 0 0 1.80 0.85
45 4 30 amp D 0.99 0.76 0.60 0.56
46 4 34 imp D 0.56 0:21 2053 0.47

Type, as described in ' Materials and methods’; ige: onset of the disease (months); stage. INSS stage; MYCN: single copy (1) or amplification (amip)
of MYCN gene: prognosis, alive (A) or death (D) withiiy 12 months after dingnosisy A*, death after 12’ months from diagnosisy p52/p67 SheC and
P352/66 SheA, the intensity of each band oblained by.western analysis, standardized according to control signals, such as the bands of TNB-1ind o-

tubulin as described: in *Materials and methods’.

differentiation of TNB-1 cells by knockdown of ShcC
was cxamined. It was found that inhibition of the ERK
pathway abolished the neurite outgrowth of TNB-1 cells
by SheC knockdown, indicating that SheC protein has
the potential to suppress necurite outgrowth which s
dependent on the sustained activation of the ERK
pathway (Figure 3b). In addition, the sustained
activation of ERK by the expression of activated Ral
protein, RafCAAX (Leevers er al., 1994; Stokoe er al,,
1994) also induced neurite outgrowth in TNB-I cells

(Supplementary Figure C) just as in PC12 cells (Dhillon

et al., 2003). We also analysed the effect of PI3K

inhibitor on neurite outgrowth induced by ShcC RNA|
to check the involvement of the PI3K=AKT pathway,
whereas no apparent effects on the number and length
of the neurite extension were observed (Supplementary
Figure D).

Effectof SheC knockdown on ERK activation is enhanced
by collagen stimulation by ShcA=Grb2 signaling

Among several culture conditions of cells examined for
the effect of ShcC RNAI on the activity of ERK, the
most obvious activation of ERK was observed after the

Oncogene
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Table 2 Correlution between the expression of SheC protein and
identified prognostic fuctors of neuroblastoma

p32 pi7
Average - Test Average 1= Fest
SheC

Age (months j

12> 0.071 (1.037

=12 (.27 <0001 (.18 0.015
Stage

111 (.03 0.0084

i1V (.26 < 0,001 .14 <0.001
MYCN

Single 0.083 0.040

s .43 0.002 0.25; 0.008
Death in 12 months

-~ (.10 0.047

= 0.41 0.046 0.23 1.009

P32 Poh
Averdge 1-Test Average, 1=Test
ShcA

Age (months)

12> 072 0.53

>12 0.82 0.2 0.52 0.32
Stage

=11 0.68 0.52

HI=1V 0.82 0:1 0.52 0.22
MYCN

Single 0.73 0.51

amp: 0.88 0.16 0.55 0.16
Deatliin 12.months

- 0.75 0.50

+ 0.84 0.27 0.57 0.11

was obscrved following collagen stimulation and further
incrcased: by SheC RNAI (Figures 4b and ‘¢). To
examine - whether the phosphorviation - of  ShcA s
necessary for the neurite formation. theeffect of double
knockdown of both SheC and SheA was examined in
TNB-1 cclls. ERK ‘activation and ‘neurite outgrowth
were not detected in the absence of both SheC and
SheA,  indicating that: SheC . RNAj-induced neurite
outgrowth of TNB-I cells might be dependent on the
SheA expression in adherent state (Figure 4d).

Expression of SheC suppresses the phasphorvlation of
StheAd in KU-YS cells stimulated by EGF

To [further analyse the cffects of SheC expression on
SheA phosphorviation: 'in. neuroblastoma ~cells; - we
introduced a-vector expressing: pS2SheC: into - KU-YS
neuroblastoma cells. which do not express a:detectable

amount of endogenous SheC protein (Figure TA), and

ps

Expression levels: of SheC and SheA in tissuc samples from 46
neureblastoma patients: quantified ' were analyzed: statistically using
r-test. The variables compared are age; onsetl of the discase (months):
stage; INSS:stage;: MYCN. single copy or-amplificition: of - MYCN
gene. Statistically significant correlation (P< 0.01) is indicated in bold.

cells were plated on collagen dishes following suspend-
ing condition (Figure 4a. lower panel). On the contrary,
the activation level of ERK due to ShicC RNAi was not
significant in the suspending condition (Supplementary
Figure E, left panel) showing that SheC RNAi-induced
ERK activation depends on attachment to the specific
extracellular matrix (ECM).

In contrast; ERK activation was consistently sup-
pressed: by knockdown of ShcA regardless of these
culture conditions (Figure 4a; upper panel).

Integrins-mediated extracellular signaling lead. the
activation of Ras/ERK signaling by ShcA, and that
process is reported to be associated with Src family
kinase (Wary er al., 1996, 1998); focal adhesion Kinase
(Hecker et al,; 2002) or some RTKs (Moro eral.. 1998:
Hinsby ¢ al.. 2004). In TNB-1 cells; enhanced ShcA
phosphorylation  and. ShcA-Grb2 complex formation

Oncogene

obtained scveral stable clones: expressing p52SheC at
different levels: (Figurc 5a). As controls; clonecs over-
expressing p46/p52ShcA, or expressing the expression
veetor alone were also prepared. We checked the ShcA
phosphorylation of each clone under the stimulation of
EGE (Figure 5b). EGF stimulation to'the control and
SheA expressing cells showed typical activation of ShcA.
whereas the cell expressing: SheC showed decreased
levels of ShcA phosphorylation according to the levels
ol SheC protein.: We also confirmed that activation of
ShcA by EGFE was suppressed in the cells transiently
overexpressing ShcC (Supplementary Figure F). Those
cells showed almost the samc level of EGFE receptor
(EGER) activation induced by EGF. judging from the
phosphorylation levels of EGER .indicating. that the
expression of SheC negatively affected the EGER-ShcA
signaling - after the activation of EGER. such as
competing manners against ShcA. In addition, we
examined whether tyrosine phosphorylation of SheC is
crucial for the suppression of ShcA phosphorylation by
establishing two clones: that express a p52ShcC mutant,
JIYF lacking all three tyrosines, which-are reported to be
involved: in: the tyrosine phosphorylation . of ShcC
(Miyake er al.. 2005). ‘Tt was revealed that the 3YF
mutant of SheC could suppress the EGF-induced
activation of ShcA in both clones almost as efficiently
as the original SheC in SheC2 cells (Supplementary
Figure ), suggesting that negative regulation of ShcA
phosphorylation by SheC does not require tyrosine
phosphorylation of SheC.

SheC dovenregularion negatively: affects aichorage-
independent grovwrh and in vivo tumorigenicity:

We investigated the effect of Shce€ knockdown on the
anchorage-independent growth and i vivo tumorigeni-
city of TNB-I cells by establishing cells with stuable
suppression: of SheC expression using the miR RNA;i
expression vector (as described in ‘Materials - and
methods’). As analysed in the mixed clones by soft agar
colony formution assay, stable suppression of SheC
caused marked inhibition: of anchorage-independent
growth (Figure 6a). Three isolated clones of SheC miR
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Figure2  Biological effects of SheC downregulation using smallinterfering RNA (SiIRNA) on TNB-1 cells. (A) (1) Expression of SheC
(lower panel)y and ShcA (upper panel) was suppressed by RNA interference using specific siRNA oligontcleotides corresponding to
SheC und SheA. respectively: then. detected by western analysis with each specificantibody. (b) Growth rate of siRNA-treated cells in
{issue culture condition. TNB:1 cells 48 h aftet the transfection with ShcA SheC siRNA cultured by 30-mm dishes were counted:at: the
indicated time points: The results represent the average values (£35.d.) of three replicated experiments. (B) Downregulation of SheC
induces neurite outgrowth and increases the expression of differentiation-related markers in TNB-1 cells; (@) Evaluation of neurite
outprowth of ShcA or SheC-knockdown TNB-| cells 72N after siRNA treatment: without any extracellular matrix (ECMy stimulation.
(b) Expression ‘of ‘several niolecules used as differentiation-reluted. murkers: in SheC-knockdown  TNB-1 - cells (left puanel:
immunostaining of neuritis as described in *Materials and methods’: right pancl: western analysis using indicated untibodies). As a

positive control of differentiation, 2.5 uM retinoic ucid (RA) wis treated 24 1 before analysis. AR, AR2/CRI. CR2: two independent
SGiIRNA of SheA /SheC: Li: treated with only Lipofectamine 2000; ucl. ac2.cel. cc2: control siRNA for ShcA /SheC siRNA,

respectively. NC: negative control for universil SIRNA (as described in Materials and methods’).

RNAi (miSheC-1. -2 and -3) were prepared by checking
the level of SheC protein along with clones of LacZ miR
RNAI (miLacZ-1 and -2) as controls (Figure 6b). These
clones with suppressed level of SheC showed the same
morphological features of neurite formation in tissue
culture condition as observed in the cells transfected
‘with SheC siRNAs (data not shown). The volumes and
weights of subcutaneous tumors in nude mice were
measured at 6 weeks after injections of the cells and
evaluated in at least 4 independent injections per clone.
Control LacZ miR RNAI clones (miLacZ-1. miLacZ-2)
developed large tumor masses in vivo (Figure 6¢),
wheteas remarkable reduction of the size and weight
of tumors (or almost disappearance of tumors in some
cases) was observed by the stable suppression of SheC
expression. These tumors from ShcC miR RNAi clones
showed marked increase in numbers of apoptotic cells
compared with control tissues as shown by terminal
transferase dUTP nick-end labeling (TUNEL) staining.
On the other hand; staining by a proliferation marker,

Ki-67 showed no significant -difference among each
tumor tissue (Figure 6d):

Discussion

Tt has already been shown that some signal pathways

strongly affcct tumor progression and treatment resis-
tance (Schwab et al., 2003). Other than the Trk family;
the PI3K/AKt pathway (Opel er al; 2007). Ret (Iwamoto
et al.; 1993; Marshall ¢r-al., 1997), hepatocyte growth
factor/c-Met pathway (Heeht ez al., 2004) were repotted
to be closely associated with several diagnostic profiles
and biological characteristics of neuroblastoma cells.
This is the first study to show that the expression of
SheC ‘protein, a member of the She family docking
proteins, 18 significantly - correlated with: malignant
phenotypes associated with advanced neuroblastoma.
Expression of both p52 and p67 isoforms of SheC,

Oncogene
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Figure 3 Persisient activation of extracellular signal-related Kinase 1 2 (ERK1/2) in ShcC downregulation induces neurite outgrowth
in TNB-1 cells. (a) Downregulition of ShcC positively affects the ERK /2 and Akt pathway in TNB-1 cells. Activation of ERK /2 und
AKC i the cells treated with: SheA or. SheC siRNA were examined by western blotting. The levels of activation were: quuntified
compiring to that of cells ireated with control siRNA (NC). (b) Effect of MEK inhibitor on neurite outgrowth induced by SheC RNAi
i TNB- I cells. The siRNA-transfected cells indicated were treated with dimethylsulphoxide (DMSOj or PD98059 und incubuted for
3hin the tissue culture condition, then counted for neurite-containing cells,

shows significant correlation with clinical stage and
MYCN gene amplification whereas the expression of
both isoforms of ShcA, p52 and p66, showed little
dssociation with those aspects. These results, in the
protein level, give further evidence that SheC is a factor
which “determines the prognosis of neuroblastoma.
which was recently suggested by analysis of the mRNA
expression of SheC (Terui ez al.. 2005).

The biological analysis of TNB-1 cells treated with
SheC-specific siRNAs provided evidence that ShcC
protein expressed in the ncuroblastoma cells is suppres-
sing the differentiation of neuroblastoma cells. Neurite
outgrowth of TNB-1 cells, induced by downregulation
of SheC was dependent on sustained activation of the
MEK/ERK pathway. Sustained activation of the ERK
pathway triggered by factors such as NGF is required
for ncuronal differentiation in some neuronal tumor
cells such as PC12 cells (Quiand Green. 1992; Yaka
et al., 1998). The fact that constitutively activated Raf-
ERK signaling induced neurite outgrowth in the same
cell line (Supplementary Figure C), such as the RTK-
related pathway might induce the ERK activation and
cellular differentiation in TNB-1 cells, although NGE
stimulation failed to induce neurite elongation of TNB-1
cells (data not shown).

Interestingly. elevation in the level of phosphorylated
SheA followed by activation of the ERK pathway by
SheA-Grb2 signals was observed in TNB1 when  the
SheC protein expression was suppressed by RNAI, This

Oncogene

activation of the: ShcA-Grb2-ERK pathway caused: by
downregulation of SheC may be due to a competitive
effect between SheC and ShcA for binding to certain
RTKs. This possibility is supported by another experi-
ment showing that both EGF-induced phosphorylation
of ShcA and complex formation between SheA and
Grb2 in KU-YS cells are suppressed by the expression of
SheC in a dose-dependent manner. It was shown that
the expression of -the PTB domains of ShcC partially
interfered with the binding -of endogenous ShcA ' to
activated EGFR in 293 cells (O'Bryan. et al., 1998).
These data are consistent with our current: findings
described above. It is suspected that some types of
differentiation signals mediated by ShcA are blocked by
the overexpression of SheC in some neuroblastoma cells
such as TNB-1, and the suppression of ShcC protein
by RNAi causes the ShcA-mediated differentiation of
these cells.

Elevated level of ShcA phosphorylation and ERK
activation induced by SheC downregulation was niore
significant under the stimulation: of collagen:1. than
without any ECM stimulation: In-addition; in suspend-
ing condition we could not detect any activation of
SheA nor ERK signal after SheC downregulation
{Supplementary Figure E). These results indicate that
the difference between ShcA and SheC might be in
mteraction - with - matrix-adhesion signals. . ShcA' s
considered: to be implicated 'in the adherent: related
pathway, phosphorylated by forming a complex with
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Figure 4 - Elevation of extracellular signal-regulated Kinase ()-uctivated level in SheC-knockdown cells is increased by collagen
stimulation by ShcA-Grb2 signaling: (a) Elevation of the ERK 1/2-activated level due 1o SheC downregulation is further increased 2 h
alter collagen stimulation, siRNAs of ShcA/ShcC-transfecied TNB-1 cells (AR1, AR2/CR1: CR2, respectively) were incubated in the
tissue culture condition for 70h and stimulated by collagen type 1. Duplicated cells were harvested 0 and 2 haafier collagen stimulation
(sts described in ‘Materials and methods?). (b) After collagen stimulation ShcA was phosphorviated more strongly in SheC-knockdown
colls than the control cells. Asterisks show heavy chains of imniunoglobulin. (¢) ShcA=Grb2 complex formation (upper panel) were
increased by downregulation of SheC. (d) The SheA-knockdown effect on the neurite outgrowth: in cells transfected with ShcC siRNA
wis evaluated by the same method performed in Figure 2Ba. The number of neurites obscrved in the cells:trunsfected with both ShcA

and SHEC siRNA was obviously decreased compitred to cells transfected with only ShcC siRNA,

Fyn (Wary et al., 1998) through its prolinc-rich region
that is not conserved in ShcC.

In ftissue culture and in transgenic mice, signaling
through Fyn has been closely associated with neurite
extension and cell adhesion (Brouns et ul., 2000, 2001).
Berwanger er al. (2002) referred to the inverse correla-
tion between the expression of Fyn and progression of
neuroblastoma from 94 primary neuroblastoma: speci-
mens, showing that expressed Fyn-induced differentia-
tion and growth arrest of neuroblastoma cell lincs.
Another report indicated that active Fyn kinase induces
a lasting activation of the MAPK pathway through
inhibition: of MAPX phosphatase 1 (Wellbrock ¢t al.,
2002). We confirmed that neurite outgrowth of SheC-
knockdown TNB-1 cells was suppressed by Src family
inhibitor, PP2 (Supplementary Figure H). These data
suggest the possibility that Integrin-Fyn-SheA signals

could be closely associated with the differentiation of
TNB-1 cells induced by ShcC downregulation along
with the signals of RTK=ShcA/SheC.

Noticeably, the interference of the ShcA-mediated
signaling by SheC: protein is independent of tyrosine
phosphorylation of SheC. The function of the nonpho-
sphorvlated domain of SheC such as SH2 might be also
highlighted.  As for the difference in the downstream

signaling between SheC and SheA. little is known so far.

Regarding to this point, Nakamura et al. (2002)
indicated that inhibition of NGE-induced ERK dctiva-
tion by the expression of ShcC was due to the different
Gib2-binding  capacity: between ShcA and - SheC in
response to NGF. It was previously reported - that ShcA
preferentially: binds to TrkA - (Yamada et al, 2002),
which is the key receptor against NGFE due to neurite
outgrowth with the sustained ERK phosphorylation,
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Figure S High expression of ShcC ‘suppresses the phosphorylition of SheA in KU-YS cells stimulated by epidermal growth factor
(EGF). We generited stable clones of KU-YS cells expressing Flag-tagged SheA and diverse levels of p52SheC (SheCland SheC2)
other than clones transfected with the control vector. (ay Each expression level wus detected by western analysis. (b Levels of
expression and- tyrosine phosphorylation 'of EGFR (middle pinel). ShcA (upper panel) and SheC (lower panel} were analysed by
immunoprecipitation and- immunoblotting using the antibodies indicated i figure in the KU-Y'S clone cells stimulated by EGE
(as described i ‘Materials and mcthods’) Asterisks show heavy chiains of immunoglobulin,

whereas SheC associated with: TrkB rather than TrkA
(O’Bryan et al, 1998, Liu and Meakin, 2002). In
neuroblastoma, the function of signal pathways down-
stream of these two neurotrophin receptors might be
quite different (Nakagawara et al., 1993), also suggest-
ing the distinct function of downstream signal mediated
by SheC.

The effect of ShcC knockdown in in vive tumorigeni=
city was quite remarkable comparing the effect in
growth rate in tissue culture condition. We found that
anchorage-independent growth in cells was also drama-
tically decreased by knockdown of SheC as shown by
soft agar assay (Figure 6a): Furthermore, the proportion
of apoptotic cells in the nude mouse tumors generated
from ‘neuroblastoma “cells 7 vivo was remarkably
increased by the knockdown of SheC. In recent study,
Magrassi ¢t al. (2005) showed that ShcC positively
effects on cell survival by PI3K-AKT pathway. in
glioma cells using dominant negative form of ShcC.
Theses data indicate that ShcC has additional function
in the protection from some types of apoptosis in
addition to the induction of differentiation of cells.

It was: indicated that ShcC  might have a potent
function for: tumor progression in neuroblastoma. by

Oncogene.

suppressing the differentiation and by promoting the
anchorage-independent growth in the majority of
neuroblastoma cells which has high expression of SheC
protein.. Erom: these points. of view, we suggest that
SheC is a potent tool for predicting the phenotype: of
neuroblastoma and. is also a good candidate [for
therapeutic targets of advanced neuroblastoma.

Materials and methods

Cell culture and - tissue samiples
DLD-1 cells and all cell lines of neuroblastomas in: this study
were prepared as described inthe previous report (Miyake
et ali:2002). These cells -were cultured in an RPMI 1640
medium with 10% fetal calf serum (FCS). (Sigma. St Louis,
MO, USA) at 37 °C in an atmosphere containing 5% COs.
Anonymous 46 frozen neuroblastoma tissues were used 1m
this study. The samples were divided inlo three subsets using
Brodeur’s classification: type I (stage 1, 2 or 48; a single copy
of MYCN), type 11 (stage 3 or 4: a single copy of MYCN)
and:type. HI- (all stagesy amplification. of MYCN) (Brodeur
and Nakagawira, 1992; Ohira ‘er wl.. 2003). A total of 15
samples: belonged (o type 1 18 samples o type 1 and /13
saniples:to type 111 Staging classification was according to the
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Figure 6 - ShcC downregulation negatively affects tumorigenicity in vivo. (a) Cells. transfected with: the miR RNAI vector: for SheC
(miSheCy and: LicZ (miLacZ) that also contains an EmGEP coding sequence for co-cistronic expression with the pre-miRNA were
culiured in medium: containing blasticidin (Invivogen) for only 1" week, and then mixed.. Mulliclone cells for LacZ and ShcC were
analysed for the ability of anchorage-independent growth using sofl agar assay by 1 x 107 cells per & well of six-well plate for: 3 weeks
(as described in previous report: Miyake er af., 2005). The results represent the average Value (£ s.d.) of three replicited experiments;
(b} Expression levels of SheC in clones of TNB-1 cells stubly transfected with miR RNA1 expression vector for LacZ (miLudcZ-1 und
miLieZ:2) and SheC (miSheC:F -2 und -3) were detected by western analysis using zhSheC (as described in Materials and methods?).
() Nude mouse tumors derived from two clones of LacZ miR RNAi and three clones of ShcC. Upper panel: Photographs of tumors
from: nude mice at 6 weeks after subcutaneous: injections of 5 % 10% cloned cells (bar: 20mm): lower panel: ability. of i vive
tumorigenicity is shown by average weight (%) of four tumor derived from each clone: (d) SheC-knockdown cells: show tendency. to
apoptosis 71 vivo. Upper panel: Photographs of a cross-section of cach tumor tissues from mikacZ-1and miSheC-2 using microscope al
a magnification of: X400, that-were stained with hematoxylin and cosin (HE). diaminobenzidine (DAB) by terminal transferase dUTP
nicksend labeling (TUNEL) assay and anti-Ki-67 antibody (bar: 25pm); lower punel: the tendency o apoplosis wis defined as the
number of positive stained cells per 1000 tumor cells in TUNEL uassay dnd the proliferating activity was indicated as the labeling index
ol Ki-67 by counting 1000 tumor cells. The data show the averiage scores 2 s.d. of positive cells in three different areas of each slide.
Staining of each sample wus owing to the procedure by SRL Inc.

(Santa Cruz. Biotechnology). ‘anti-c-Src. antibody  (Upstate
Biotechnology  Inc.),  anti-phospho-Src - family. - antibody
(Tyrd16) (Cell Signaling). anti-Grb2 antibody. (BD. Transduc-
tion: Laboratories), anti-T7tag antibody (Novagen, San Diego;
CA, USA) and anti-Flag M2 antibody (Sigma). As secondary
antibodics, horseradish peroxidase-conjugated anti-rabbit and
anti-mouse 19Gs (GE Healthcare, Buckinghamshire. UK) were
used. All inhibitors used in this study (PD98059, 1Y 294002,
PP2-and PP3) were purchased from Calbiochem; San Diego,
CA, USA.

International: Neuroblastoma' Staging System and N-Myc
amplification (> 10 copy) accepted as a poor prognastic risk
factor was checked before clinical intervention.

| Reagents

The polyclonal antibodies against the CH1 domain of human

SheC (amino ucid 324):2hSheC were generated by the
same method as described previously (Miyake er al., 2002).
Polyclonal antibodics of human ShcA:ahShcA were prepared
as described in previous reports (Mivike er al., 2002).

Other antibodies were purchased as follows: antiphospho-

{yrosine antibody  (4G10) (Upstate Biotechnology Inc.. Cell stinudation, imnumoprecipitation: and inumunoblotting

Chartlottesville, VA, USA). anti-SheA/ShcC monoclonal anti-
bodics: aSheAaSheC (BD Transduction Laboratories, Sun Diego,
CA. USA), anti-s-tubulin antibody (Zymed  Laboratories,
San Erancisco. CA. USA), anti-pd44/42 MAPK (ERK 172, anti-
phospho-p44/42 MAPK (P-ERK1/2), anti-Akt, and anti-
phospho-Akt (Serd73) (P-AkD) antibodies (Cell Stenaling.
Danvers, MA. USA), anti-chromogranin A (ChrA) antibody
(Santa Cruz Biolechnology, Santi Cruz, CA, USA). anli-
GAP43 antibody (Zymed Labordtorics); anti-MAP2 antibody

Cell stimulation analysis with EGFE (Wako) was performed as
described: (Mivake er al., 2002). The cells were starved for 24 h
and treated for 5 min with EGE (100 ng/ml). As for stimulation
witlr collagen type I, cultured cells with or without serum for
24 hiwere detached from: culture: dishes by pipetie: treatment
and: after the suspending condition for 30 min; seeded onto a
collagen type I-coated dish (Iwaki, Tokyo. Japan). Cells were
harvested after 2 h using PLC lysis:buffer: Control cells were
harvested before: the attachment on' the collagen I-couted
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