only as strongly positive if the three reviewers independently
defined them as such.

Statistical analysis. Statistical analyses were performed using
the StatView statistical program (SaS, Cary, NC). We used
contingency tables to analyze the relationship between FGFR10P
expression and clinicopathological variables in NSCLC patients.
Tumor-specific survival curves were calculated from the date of
surgery to the time of death related to NSCLC, or to the last
follow-up observation, Kaplan-Meier curves were calculated for
each relevant variable and for FGFR1OP expression; differences
in survival times among patient subgroups were analyzed using
the log-rank test.” Univariate and  multivariate analyses- were
carried out with the Cox proportional-hazard regression model
to determine associations between clinicopathological variables
and cancer-related mortality. First, we analyzed associations
between death and possible prognostic factors including age, gender,
histological type, pT-classification, pN-classification, and
smoking history, taking into consideration one factor at a time.
Second, multivariate Cox analysis was applied on backward
(stepwise) procedures that always forced strong FGFR1OP
expression into the model, along with any and all variables that
satisfied an entry level of a P-value of less than 0.05. As the
model continued to:add. factors,. independent. factors. did.not
exceed an exit level of P < 0.05.

RNA interference assay.. Using: the vector-based: RNA - interference
(RNAI) system, psiHIBX3.0, which we had established earlier
to direct the synthesis of siRNAs in mammalian cells,"? we
transfected 10 pg of siRNA-expression vector with 30 uL of
Lipofectamine 2000 (Invitrogen) into two lung-cancer cell lines,
LC319 and SBC-5, that endogenously overexpressed FGFR1OP.
The transfected cells were cultured for 5 days in the presence of
appropriate concentrations of geneticin (G418). Cell numbers
and viabijlity were measured by Giemsa staining and 3-(4,5-
dimethylthiazol-2-y1)-2,5-diphenyltetrazolium - bromide (MTT)
assay in triplicate. The target sequences of  the  synthetic
oligonucleotides for RNAi were as follows: control-1: (EGEFP,
enhanced green fluorescent protein [GFP] gene, a mutant of
Aequorea victoria GFP), 5-GAAGCAGCACGACTTCTTC-3;
control-2 (LUC, luciferase gene from Photinus pyralis), 5'-
CGTACGCGGAATACTTCGA-3"; control-3 (SCR, scramble
chloroplast Euglena gracilis gene coding for the 58 and 16S
rRNA), 5-GCGCGCTTTGTAGGATTCG-3"; siRNA-FGFR10P-1
(si-1), 5-CCTGAAACTAGCACACTGC-3"; siRNA-FGFRIOP-
2 (si-2), '5-GGTAAGAAGAAGACAAGCG-Y¥'. To validate our
RNAI system, downregulation of FGFRIOP expression by
functional siRNA, but not by controls, was confirmed in the
cell lines used for this assay.

Cell migration assay. Using FuGENE 6 Transfection Reagent
(Roche Diagnostics) according to the manufacturer’s instructions,
we transfected COS-7 cells with plasmids expressing FGFR10P
(pCDNA3.1/myc-His-FGFR10P) or mock plasmids (pCDNA3.1/
myc-His). Transfected cells were harvested and suspended in
Dulbecco’s modified Eagle’s medium (DMEM) without FCS.
DMEM containing 10% FCS was added to each lower chamber
of 24-well migration chambers (Becton Dickinson Labware) and
cell suspension was added to each insert of the upper chamber.
The plates of inserts were incubated for 24 h at 37°C, then

subsequently extracted and stained migrated-cells on the bottom
side of the: membrane.

Matrigel invasion assay, COS-7 cells transfected either with
plasmids expressing FGFRIOP (pCDNA3. 1/myc-His-FGFR10P)
or with ‘mock plasmids were grown to near confluence in
DMEM containing 10% FCS. The cells. were harvested by
trypsinization; washed in DMEM without addition of serum or
proteinase inhibitor, and suspended in DMEM at concentration
of ‘1 x.10° cells/mL. Before preparing the cell suspension, the
dried layer of Matrigel matrix (Becton Dickinson Labware) was
rehydrated with DMEM for 2 h at room temperature. DMEM
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(0.7S mL) containing 10% FCS was added to each lower
chamber in 24-well Matrigel invasion chambers, and 0.5 mL
(5 x 10 cells) of the cell suspension was added to each insert of
the upper chamber. The plates of inserts were incubated for 22 h
at 37°C and the chambers were processed; cells invading
through the Matrigel were fixed and stained by Giemsa as
directed by the supplier (Becton Dickinson Labware).

Identification of FGFR10P-associated proteins. Cell extracts from
lung-cancer cell line LC319 were precleared by incubation at
4°C for 1 h with 100 pL of protein G-agarose beads in a final
volume of 2 mL of immunoprecipitation buffer (0.5% NP-40,
50 mM Tris-HCI, 150 mM NaCl) in the presence of proteinase
inhibitor. After centrifugation at 80g for 5 min at 4°C, the
supernatant was incubated at 4°C with anti-FGFRIOP
polyclonal antibody or normal rabbit IgG for 2 h. The beads
were then collected by centrifugation at 2000g for 2 min and
washed six times with 1 mL of each immunoprecipitation buffer.
The washed beads were resuspended in 50 pL of Laemmli sample
buffer and boiled for 5 min, and the proteins were separated
in 5-20% SDS polyacrylamide gel electrophoresis (PAGE)
gels (BIO RAD). After electrophoresis, the gels were stained
with silver. Protein bands specifically found in extracts
immunoprecipitated. with . anti-FGFR1OP polyclonal antibody
were excised and: served for matrix-assisted laser desorption/
ionization-time of flight mass spectrometry (MALDI-TOF-MS)
analysis (AXIMA-CFR plus, SHIMADZU BIOTECH).

ABL1 kinase assay. Recombinant FGFR1OP (Abnova Corporation)
and WRNIP1 were immunoprecipitated with anti-c-myc antibodies
using cell extracts from COS-7 cells transfected with plasmids
expressing myc-tagged proteins (pCDNA3.1/myc-His-FGFR10P
or pCDNA3. 1/myc-His-WRNIP1). Full-length human recombinant
His-tagged ABL (Invitrogen) was incubated with the recombinant
FGFR10OP or WRNIPI in kinase assay buffer (50 mM Tris,
pH 7.4, 10 mM MgCl,, 2 mM dithiothreitol, 1 mM NaF, 0.2 mM
ATP) for 60 min at 30°C. The reactions were terminated by the
addition of Laemmli sample buffer and heating at 95°C for
5 min. We detected in vitro phosphorylated samples by standard
SDS-PAGE and subsequent western-blotting using anti-pan-
phosphotyrosine antibodies or [y-*2P]-ATP incorporation assays,
as reported previously.®®

BrdU-incorporation assay. Lung-cancer A549 cells transfected
with plasmids designed to express ABL1 (pCDNA3.1/myc-His-
ABLY1), FGFR1OP (pCDNA3.1/myc-His-FGFR10P), or WRNIP1
(pCDNA3.1/myc-His-WRNIP1), or mock plasmids (pCDNA3.1/
myc-His), were cultured for 48 h. BrdU (5-bromodeoxyuridine)
solution was then added in culture medium, and the cells were
incubated for 8 h and fixed; incorporated BrdU was measured
using a commercially available kit (Cell Proliferation ELISA,
BrdU; Roche Diagnostics, Basel, Switzerland).

Results

FGFR1OP expression in lung tumors and normal tissues. To identify
target molecules for the development of novel therapeutic agents
and/or biomarkers for lung cancer, we first screened a cDNA
microarray consisting 27 648 genes, and found the FGFRIOP
transcript to be overexpressed in the majority of lung cancer
samples examined. We then confirmed its transactivation by
semiquantitative RT-PCR experiments. in nine of 14 additional
NSCLC tissues and in 17 of 19 lung-cancer cell lines (Fig. 1a).
Because FGFR1OP was originally identified as a fusion partner
for FGFR1 in (6;8)(q27;p11) chromosomal translocations respon-
sible for myeloproliferative “disorders (MSD), we screened
FGFRI-FGFRIOP fusion transcripts in various lung-cancer cell
lines using FGFRIOP and FGFRI. specific primers. % Both
FGFRIOP and FGFRI transcripts were detected in all lung-cancer
cell lines examined, but neither FGFRIOP-FGFRI nor FGFRI-
FGFRIOP reciprocal transcripts was detected (data not shown).
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Fig. 1. Fibroblast growth factor receptor 1 oncogene partner (FGFR1OP) expression in lung cancers and normal tissues. (a) Expression of
FGFRTOP in'clinical samples of non-small cell lung cancer (NSCLC) (T) and corresponding normal Jung tissues (N), examined by semiquantitative
reverse transcription-polymerase: chain reaction: (RT-PCR). (upper panels). Expression. of FGFRTOP in lung-cancer. cell lines, detected by
semiquantitative RT-PCR (lower panels). (b) Western-blot analysis of FGFR10P protein in three representative pairs of lung-cancer tissue samples
(upper. panels). Western-blot: analysis of FGFR1OP protein. in: lung-cancer celi lines (lower panels). (c) Cell-cycle dependent localization of
endogenous FGFR10P. LC319 cells were synchronized at the G1/5 boundary by aphidicolin. At different time-points after the release from cell-cycle
arrest, fluorescence-activated cell sorting (FACS) analysis, immunocytochemical staining was carried out. Cells were immunostained with FGFR10P-
Alexad88 (green) using anti-FGFR1OP antibody or cell nuclei (blue; 4'6-diamidino-2-phenylindole dihydrochloride [DAPI]) at individual time points.
(dy Upper panel, Northern-blot analysis' of the FGFR1OP transcript in 23 normal adult human tissues. Lower panels, immunohistochemical
evaluation of FGFR10P protein in representative normal tissues and lung cancers; adult heart, liver, lung, kidney, testis and lung adenocarcinoma

tissue. Magnification, x200.
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Fig. 1. Continued

We subsequently - examined - by: western-blot - analysis an  orescence analysis- to examine the subcellular localization of
expression of FGFR1OP protein in lung cancer tissues and cell  endogenous FGFR1IOP in lung-cancer cells. 1.C319 cells, syn-
lines, and found the increased FGFR1OP protein expression in - chronized using aphidicolin, were harvested for flow cytometric
representative pairs of clinical lung cancer tissue samples andin  and immunofluorescence analyses at various time-points after
lung-cancer cell lines (Fig. 1b). We then carried out immunoflu-  release from the cell-cycle arrest. Before removal of aphidicolin
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=

Fig. 2. Fibroblast growth :factor: receptor "1
oncogene partner (FGFRTOP) protein expression
and its association with poorer clinical outcomes
for non-small cell lung cancer (NSCLC) patients.
(a) immunohistochemical evaluation of FGFR10P
protein expression on tissue microarrays; Examples
are shown for strong, weak; or absent FGFR1OP
expression in lung squamous cell carcinomas, and
for no expression in normal lung. Magnification,
x100. (b} Kaplan-Meier analysis of tumor-specific
survival in 372 patients with: NSCLCs  according
to the level of FGFR1OP expression (P < 0.0001;
log-rank test).

(0 h), FGFR1OP was observed in nucleus and cytoplasm with
granular appearance, At 1.5 h after release when most cells were
in the S phase, FGFR10P was stained in nucleus and cytoplasm
as well as centrosome. Interestingly, FGFRI1OP was detected
mainly in perinucleus as well as in nucleus at 4 h when the cells
started to enter the G2/M phase. At 9 h, when most cells were
in the G2/M phase, FGFR1OP was localized mainly in centrosome
and cytoplasm (Fig. 1c). FGFR1OP protein levels were not
changed during cell cycle progression, as detected by westem-blot
analysis (data not shown).

Northern blot analysis using an FGFRIOP c¢DNA fragment
as a probe identified a transcript of about 1.8 kb that was expressed
only in the testis among 23 normal human tissues examined
(Fig. 1d, upper panels). We subsequently examined the expression
of FGFR1OP protein with the anti-FGFR1OP antibody on five
normal tissues (heart, liver, lung, kidney, and testis) and NSCLC
tissues, and found that positive staining was observed in cytoplasm
and/or nucleus of primary lung cancer cells and testicular cells
(Fig. 1d, lower panels).

Association of FGFR10P overexpression with poor clinical outcome
for NSCLC patients. To verify the biological and clinicopathological
significance of FGFR10P, we also examined the expression of
FGFRI1OP protein by means of tissue microarrays: containing
372 primary NSCLC tissues (Fig. 2a). We classified a pattern of
FGFR1OP expression on the tissue array into three classes,
absent (scored as 0), weak positive (scored as 14), and strong
positive (scored as 2+). Positive staining (scored 2+ and 1+)
was observed in 206.(86.9%) of 237 ADC cases examined; in 92
(97.9%) of 94 SCCs, in 24 (85.7%) of 28:LCCs and in 12
(92.3%) of 13 ASCs, while no staining was observed in any of
the normal portions: of the same tissues. Strong FGFRIOP
expression (scored 2+) was observed in: 116 (48.9%) of 237
ADC cases examined, 54 (57.4%).of 94 SCCs, 12 (42.9%) of 28
LCCs and 10 (76.9%) of 13- ASCs. We evaluated the association
between FGFR1OP status and clinicopathological - variables
among surgically resected lung cancers, and found that tumor
size (pT2-4 versus pT1; P=0.0031 by Fisher’s exact test) and
lymph node metastasis (pN1-2 versus pNO; P =0.0056 by
Fisher’s exact test) were significantly associated with the strong
FGFR1OP expression (Table 1). The median survival time of
patients with strong FGFR10P-staining tumors (scored 2+)
was significantly shorter than that of patients with absent and/or
weak FGFR10P-staining (scored.O and: 1+) (P < 0.0001 by log-
rank test; Fig. 2b). We also used: univariate analysis to evaluate
associations - between . patient prognosis . -and- other - factors
including age (265 vs <65); gender (male vs female), histological
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classification (other histological types vs adenocarcinoma), pT
classification (pT2-4 vs pT1) and pN classification (pN1-2 vs
pNO), smoking history (current and former smoker vs never-
smoker); and FGFR1OP status (scored 2+ vs scored O, 1+)
(Table 2). Among those parameters, strong FGFRIOP expression
(P < 0.0001), elderly (P = 0.0375), male gender (P = 0.0008),
non-adenocarcinoma histological type (P = 0.009), advanced pT
stage (P < 0.0001), and advanced pN stage (P < 0.0001) were
significantly associated with poor prognosis. In multivariate
analyses of prognostic factors, strong FGFR1OP expression
(P < 0.0001) as well as elderly (P = 0.0036), advanced pT stage
(P =0.0009), and advanced pN stage (P.< 0.0001) were significant
and independent unfavorable prognostic factors (Table 2).

Effect of FGFR10OP on cell growth, To assess whether upregulation
of FGFR1OP plays a role in growth or survival of lung-cancer
cells, we constructed plasmids to express siRNA against FGFRIOP
(si-1 and -2), along with three different control plasmids
(siRNAs for EGFP, LUC, and SCR), and transfected them into
LC319 and SBC-5 cells to suppress expression of endogenous
FGFRIOP (Fig. 3a). The level of FGFRIOP expression in the
cells transfected . with si-1 was significantly reduced, in
comparison with those with any of the three control siRNAs
(Fig. 3a, upper panels). si-2 showed almost no suppressive effect
on FGFRIOP expression. Cell viability and colony numbers
measured by MTT and colony-formation assays were reduced
significantly in the cells transfected with si-1 in comparison
with' those- transfected with the other plasmid clones (Fig. 3a,
lower panels).

To further examine a potential role of FGFRIOP in tumori-
genesis, we prepared plasmids designed to express FGFR10P
(pcDNA3.1/myc-His-FGFRIOP) and ' transfected them into
COS-7- cells. After: confirmation of FGFRI1OP expression by
western-blot analysis (Fig. 3b, left panels), we carried out MTT
and colony-formation: assays; and- found that growth of the
FGFR10OP-COS-7 cells was promoted at a significant degree in
comparison to the COS-7 cells transfected with the mock vector
(Fig. 3b, right upper and lower panels). There was also a
remarkable tendency in the COS-7-FGFRIOP cells to form
larger colonies than the control cells (Fig. 3b, right lower pan-
els), implying that FGFR 10P has an oncogenic activity in mam-
malian cells.

Activation of cellular migration and invasion by FGFR10P. As the
immunohistochemical analysis on tissue microarray. indicated
that lung cancer patients with FGFR1OP strong-positive tumors
showed a shorter cancer-specific survival period than those with
FGFR 10P-weak-positive and/or negative tumors, we examined a
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Table 1. Association between FGFR10P-positivity in NSCLC tissues and patients’ characteristics (n = 372)
FGFR10P strong FGFR10P weak FGFR10P absent -
Total expression expression expression P-value strong positive
(n=372) (n = 192) (= 142) (n = 38) vs weak/absent
Sex
Male 258 141 93 24 NS
Female 114 51 49 14
Age (years)
<65 186 ) 103 63 20 NS
265 186 89 79 18
Histological type
ADC 237 116 90 31 NS*
SCC 94 54 38
Others! 41 22 14 5
pT factor
™ 125 51 53 21 0.0031*
T2-4 247 141 89 17
pN factor
NO 229 105 95 29 0.0056*
N1+ N2 143 87 47 9
Smoking history
Never smoker 113 57 43 13 NS
Smoker 259 135 99 25

*P < 0.05 (Fisher's exact test). fLarge cell carcinoma (LCC) plus adenosquamous cell carcinoma (ASC). *ADC versus non-ADC (SCC and others). ADC,

adenocarcinoma; NS, no significance; SCC, squamous cell carcinoma.

Table 2. Cox's proportional hazards model analysis of prognostic factors in NSCLC patients

Variables Hazards ratio 95% Cl Unfavorable/favorable P-value
Univariate analysis
FGFR10OP 2.236 1.656-3.020 Strong (+)Yweak (+) or (-) <0.0001*
Age (years) 1.358 1.018-1.812 265/<65 0.0375*
Sex 1.776 1.270-2.484 Male/female 0.0008*
Histological type 1.470 1.101-1.962 non-ADC/ADC1 0.0080*
pT factor 2.639 1.848-3.784 T2-T4/T1 <0.0001*
pN factor 2,569 1.927-3.423 N1+ N2/NO <0.0001*
Smoking history 1.276 0.927-1.756 smoker/non-smoker NS
Multivariate analysis
FGFR1OP 1.892 1.396-2.564 Strong (+)/weak (+) or () <0.0001*
Age (years) 1.552 1.155-2.086 265/<65 0.0036*
Sex 1.382 0.955-2.000 Male/female NS
Histological type 1.091 0.796-1.493 non-ADC/ADC NS
pT factor 1.885 1.295-2.744 T2-4/T1 0.0009*
pN factor 2.380 1.769-3.201 N1+ N2/NO <0.0001*

*P < 0.05. ADC, adenocarcinoma; NS, no significance.

possible role of FGFRIOP in cellular migration and invasion
using cell migration and Matrigel invasion assays. Transfection
of FGFR10P-expressing plasmids (pcDNA3.1/myc-His-FGFR10P)
into COS-7 cells significantly enhanced: its migration as well as
invasive activity through Matrigel; compared to cells transfected
with mock vector (Fig. 3c,d).

Identification of molecules interacting with FGFR10P. To elucidate
the biological mechanism of FGFR1OP in lung carcinogenesis,
we attempted to identify proteins that- would- interact  with
FGFRI1OP in lung cancer cells. Cell extracts from LC319 cells
were immunoprecipitated with - anti-FGFR1OP antibody- or
rabbit- IgG (negative control). Following: separation by SDS-
PAGE, protein complexes were silver-stained. Protein bands,
which: were seen in immunoprecipitates by anti-FGFR10P
antibody, but not in those by rabbit IgG, were excised, trypsin-
digested, and subjected to mass spectrometry analysis. Peptides
from two independent protein bands matched to amino-acid
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sequences of WRNIP1 and ABL1. We subsequently confirmed
the cognate interaction of endogenous FGFR1OP with endogenous
WRNIP1:or-ABLI: in. LC319 cells- by immunoprecipitation
experiments (Fig. 4a).

In'vitro-and in vivo phosphorylation of WRNIP1 by ABL1. Since
ABL] ‘is-a- latent tyrosine- kinase- that could- regulate “many
cellular processes including inhibition of - the: cell cycle
progression, ™) we:examined whether FGFR10P or WRNIP1
could be a potential substrate for ABL1. We carried out an in
vitro kinase assay by incubating recombinant His-tagged ABL1
protein with c-myc tagged FGFR10P or ¢-myc-tagged WRNIP1
(Fig. 4b,c). - Subsequent western-blot -analysis- using anti-pan-
phosphotyrosine specific antibodies detected that WRNIP1 was
phosphorylated by ABL1 tyrosine kinase (Fig: 4b, right panels),
whereas there was no detectable ABL I-dependent phosphorylation
of FGFRI1OP (Fig. 4b, left panels). We confirmed the phosph-
orylation of WRNIP! using the same assay in the presence of
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Fig. 3. Effect of fibroblast growth factor receptor 1 oncogene partner (FGFR1OP) on growth and invasive activity of cells. (a) Expression of

FGFR10OP in response to si-FGFR10Ps (si-1 and -2) or control siRNAs (EGFP, enhanced green fluorescent protein [{GFP], luciferase {LUC], or scrambie
[SCR]} in LC319 (left) and SBC-5 (right) cells, analyzed by semiquantitative reverse transcription-polymerase chain reaction (RT-PCR) (upper panels).
Viability of LC319 or SBC-5 cells evaluated by MTT assay in response to si-1, si-2, si-EGFP, si-LUC, or si-SCR (lower panels). Colony-formation assays
of LC319 and SBC-5 cells transfected with specific siRNAs or control plasmids (lower panels). All experiments were carried out in triplicate. (b) Effect
of FGFR10P on growth of COS-7 cells, Expression of FGFR1OP in COS-7 cells examined by western-blot analysis (left panels). The cells transfected
with pcDNA3.1-myc-His-FGFRTOP or mock vector were each cultured in triplicate, the cell viability was evaluated by the MTT assay (right upper
panel), Sizes and numbers of colonies derived from cells transfected with FGFR10P-expressing plasmids are greater than those with mock vector
(right lower panels). (¢} Cell migration assay demonstrating the increased motility of COS-7 cells transfected with expression plasmids for FGFR10P.
Colorimetric measurements and Giemsa: staining were shown (x200) (left and right panels). Assays were carried out three times, and each in
triplicate wells. (d) Assays demonstrating the invasive nature of COS-7 cells in Matrigel matrix after transfection with expression plasmids for
FGFR10OP, Giemsa staining (x200) and the number of cells migrating through the Matrigel-coated filters (left and right panels). Assays were carried
out three times, and each in triplicate wells.

WRNIPT and ABL1 mainly in perinucleus as well as in nucleus
at S '~ G2/M phase (Fig: 5a).

To determine whether FGFR1OP could affect phosphotylation
of WRNIP1 by ABL1, we carried: out in vitro kinase assay by
incubating c-myc tagged WRNIP1 with His-tagged ABL1 in the
absence or presence of .recombinant- glutathione-S-transferase
(GST)-tagged FGFR1OP. As shown in Fig. 5b, FGFRIOP sig-

[¥-?P]-ATP. (Fig. 4c). To further. examine whether WRNIP!
could: be: phosphorylated: by ABL1 in- vivo, we: exogenously
overexpressed both c-myc-tagged WRNIP1 and Flag-tagged
ABL1 in. COS-7:cells, and subsequently immunoprecipitated
the. WRNIP1: with- anti-c-myc: antibody: and immunoblotted. it
using anti-pan-pHosphotyrosine antibody. Expectedly, tyrosine
phosphorylation of WRNIP1 by ABLI was detected (Fig. 4d).

These data suggested that WRNIP1 was likely to be a cognate
substrate of ABL1 kinase.

Inhibition - of . ABL1-dependent . phosphorylation: of - WRNIP1. by
FGFR10P. To elucidate. the function of the interaction between
FGFRIOP: and WRNIPI/ABLL. in lung  carcinogenesis, we
examined the subcellular localization of these proteins. in: lung
cancer- cells;: A549. Immunocytochemical analysis: using anti-
FGFRIOP and anti-WRNIPI/ABLI -antibodies demonstrated
that endogenous FGFR1OP. was' colocalized ‘with ‘endogenous

Mano et al.

nificantly inhibited: the ABLI kinase activity on WRNIP1 in a
dose-dependent manner. We then examined the effect of FGFR10P
overexpression on ABL1-induced cell cycle arrest. We meas-
ured the BrdU. incorporation ability: of A549 cells that were
overexpressed either ABL1, or both ABL1 and FGFRIOP, and
found that ABL!-induced cell cycle: arrest was recovered: by
overexpression of FGFR1OP (Fig. 5c). These results suggested
that FGFRIOP might block phesphorylation of WRNIP1 by
ABL/! and play a significant role in pulmonary carcinogenesis.

December 2007 | vol. 98- | no. 12 1 1909
© 2007 Japanese Cancer Association

Cancer Sci |

—664—



@) P P (b) FGFRIOP (myc-P) &+ + - WRNIPI (myciP) &+ + -
o) % recombinant ABL1 -~ 4+ + recombinant ABL1 ~ 4+ +
% £ 2 a2 (kDa) o
Té e E e 250 ~ 250 —
(*k0a) 5 & wa & E 150 — o W ¢Y 150 — s 0O 4
190 150 — = 100 — 100 — e #
R . A, e ABL Y 75 — 75 =
100 s w— WRNIPY 100 = -
75 — w,l 75 = - 50 =~ 50 —
50 — —— IgG heavy chain o IgG heavy chain WB: phospho-Tyr WB: phospho-Tyr
i — ¥ 2= {kDa) . . . {kDa)
{B: anti-WRNIP{ 1B: anti-ABL1 250 w—— 250 —
input input 150 — 150 —
R 100 — - R
— ) 130 hoid
18: anti-WRNIP1 v . 5
50 = - 50 =~
(© {d) IP: myc Ab.

)recombinant ABL1 +
WRNIPT (myc-IP): +
A\ d

WB: c-mye (FGFR10P) WB: c-myc (WRNIP1)

myc-tagged WRNIP1. + +
Flag-tagged ABL1 +
(kDa) f .
150 = oo
100 =

P incorporation 75 —

WB: phospho-Tyr
180 — = - o
100 — g

78—
WB: c-myc (WRNIP1)

Fig. 4. Interaction of fibroblast growth factor receptor 1 oncogene partner (FGFR10P) with novel FGFR10P-binding proteins. (a) Interaction of
endogenous FGFR10P with Werner helicase interacting protein 1 (WRNIP1) and ABL1 in tung cancer cells, Immunoprecipitations were carried out
using anti-FGFR10P antibodies and extracts from LC319 cells. Immunoprecipitates were subjected to western-blot analysis to detect endogenous
WRNIP1 (left'panels) or ABL1 (right panels). 1B, immunoblotting; IP, immunoprecipitation. (b) ABL1 kinase assays, conducted by incubating ¢-myc-
tagged FGFR1OP (left panels; anti-c-myc immunoprecipitates from COS-7 cells transfected with expression plasmids for c-myc-tagged FGFR10P) or
c-myc-tagged: WRN1IP- (right panels; antic-myc immunoprecipitates from COS-7 cells transfected with expression. plasmids for ¢-myc-tagged
WRNIP1) with recombinant ABL1 (as kinase). After the kinase reaction, samples were subjected to western-blot analysis with anti-pan-phospho-
tyrosine antibodies. The phosphorylated form of WRNIP1 by recombinant ABL1 (#) and the autophosphorylated form of recombinant ABL1 (##)
were indicated. (¢) c-myc-tagged WRN1IP was incubated with recombinant ABL1 and [y-*2P}-ATP. The reaction samples were analyzed by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and autoradiography. The phosphorylated form of WRNIP1 by recombinant ABL1
(#) and the autophosphorylated form of recombinant ABL1 (##) were indicated. (d) COS-7 cells were cotransfected with expression plasmids for ¢-
myc-tagged WRNIP1 and expression plasmids for Flag-tagged ABL1 or.empty plasmids. The anti-c-myc immunoprecipitates {(c-myc-tagged WRNIP1)
were subjected to western-blot analysis with anti-pan-phosphotyrosine antibodies.

To further assess whether expression of WRNIP1 plays a role
in growth of lung-cancer cells, we then examined the biological
significance of the WRNIP1 function in pulmonary carcinogen-
esis using siRNAs against WRNIPI (si-WRNIP1-#1-and -#2).
Treatment of LC319 cells with siRNA oligonucleotides against
WRNIP1 (si-WRNIPI-1 or -2) suppressed expression of the
endogenous WRNIPI in comparison to the control siRNAs
(Fig. 5d, left upper panels). In accordance with the reduced
expression of WRNIP1, LC319 cells showed significant decreases
in cell viability and numbers of colonies (Fig. 5d, left lower and
right panels). These results strongly supported the possibility
that WRNIP1 might also play a significant role in growth and/
or survival of lung cancer cells.

Discussion

Molecular-targeted therapies are expected to be highly specific
to malignant cells, with minimal risk of adverse reactions due
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to:their well-defined mechanisms of action. Equally desirable
prospects are minimally invasive, and highly sensitive and
specific new diagnostic methods using selected biomarkers that
would adapt readily to clinical settings. As an approach to this
goal, we have undertaken a strategy that combines screening of
candidate molecules by genome-wide expression analysis with
high-throughput screening of loss-of-function effects, using
the RNAI technique. In addition, we have been using the tissue-
microarray method to analyze hundreds of archived clinical
samples for validation of potential target proteins. Using this
combined approach, we have shown here that FGFRIOP is
frequently overexpressed in clinical lung-cancer samples, and
cell lines, and that the gene product plays indispensable roles in
the growth and progression of lung-cancer cells.

FGFR1OP protein encodes a 399-amino-acid protein with a
LisH domain. LisH motifs in some proteins are reported to
be involved in microtubule dynamics and organization, cell
migration, and chromosome segmentation.“>*? A ¢(6;8)(q27;p11)
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Fig. 5. Significant reduction of ABL1-dependent
phosphorylation of Werner helicase interacting
protein 1 (WRNIP1) by fibroblast growth factor
receptor 1 oncogene partner (FGFR10P), {a) immuno-
fluorescence staining of endogenous FGFR10P
and endogenous WRNIP1 in A549 cells. The
FGFR10P-Alexad88 (green), WRNiIP1-Alexa594
(red), or cell nuclei (4'6"-diamidino-2-phenylindole
dihydrochloride [DAPI}) were visualized. Co-
localization of FGFR1OP and WRNIP1 was observed
mainly in perinucleus (upper panels).” Immuno-
fluorescence “staining of endogenous FGFR1OP
and “endogenous - ABL1 in “A549 cells. The
FGFR10P-Alexad88 (green), ABL1-Alexa594 (red),
or cell nuclei (DAPI)y were visualized. Co-localization
of FGFR10P- and ABL1 was observed ‘mainly in
perinucleus (lower panels). (b) Inhibition of ABL1
kinase: activity on WRNIPT by FGFR10P, Kinase
assays were ¢conducted by incubating c-myc-
tagged WRN1IP' (as substrate) with recombinant
ABLY (as kinase) in the presence of recombinant
GST-tagged FGFR1OP or recombinant GST. After
the kinase reaction, samples were subjected to
western-blot analysis with antipan-phospho-
tyrosine antibodies. (¢) The effect of FGFR1OP on
ABL1-induced cell-cycle arrest was analyzed by
BrdU incorporation ~assay. A549 " cells were
cotransfected with expression plasmids for Flag-
tagged ABL1 and c-myc-tagged FGFR10OP. The
cells were-allowed to. incorporate BrdU for:the
last 8 h; and its absorbancies were measured. (d)
Growth promotive effect of WRNIP1. Inhibition
of growth of a lung cancer cell line LC319 by
siRNAs against WRNIP1, Left upper panels, gene
knockdown “effect -on.” WRNIPT “expression in
LC319: cells' by two' si-WRNIPT (si-WRNIP1-1 and
si-WRNIP-2) - and: two . control:: siRNAs' (si-LUC
fluciferase} “and si-control [CTR}), analyzed by
reverse. transcription-polymerase . chain reaction
(RT-PCR).: Left lower and right panels, colony
formation and MTT assays of LC319 cells transfected
with si-WRNIPs “or control siRNAs, Columns,
relative absorbance of triplicate assays; bars, SD.
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chromosomal translocation, fusing FGFRIOP and FGFRI
genes, was found in cases of myeloproliferative disorder.®*?
The resulting chimeric protein contains the N-terminal leucine-
rich region of FGFRIOP protein fused to the catalytic domain
of FGFR1. The LisH domain in FGFR1OP-FGFR1 fusion
kinase targets the centrosome, activates signaling pathways
at this organelle, and sustains continuous entry in the cell
cycle.® However, since our study by RT-PCR using lung
cancer samples detected no expression of chimeric FGFRIOP-
FGFRI, FGFR1OP-FGFR1 fusion kinase was unlikely to
contribute to lung carcinogenesis.

Our treatment of NSCLC cells with specific siRNA to reduce
expression of FGFRIOP resulted in growth suppression, whereas
induction of FGFR10P promoted the cell growth and increased
the cellular invasion activity (Fig. 3). Moreover, clinicopathological
evidence through our tissue-microarray experiments demon-
strated that NSCLC patients with tumors strongly expressing
FGFR1OP showed shorter cancer-specific survival periods than
those with negative or weak FGFR1OP expression. The results
obtained by in vitro and in vivo assays strongly suggest that
overexpressed FGFRI1OP is likely to be an important molecule
that may induce a highly malignant phenotype of lung-cancer
cells. This is, to our best knowledge, the first study to show the
prognostic value of FGFR1OP expression as a cancer biomarker.
‘We should mention also that we found by our genome-wide gene
expression profile database the overexpression of FGFR1OP in
more than half of bladder cancer, cervical cancer, prostate can-
cer, renal cell cancer, and osteosarcoma (data not shown). This
suggests that overexpression of FGFR10P might play a signifi-
cant role in the progression of various types of cancer as well.

We found that FGFR10P was localized not only in the cen-
trosome, but also in the nucleus, cytoplasm and perinucleus of
lung cancer cells (Fig. 1c). These findings suggested that subcel-
lular localization of FGFR10OP might be tightly regulated in a
cell-cycle-dependent manner. Interestingly, immunocytochemi-
cal analyses revealed colocalization of FGFR1OP with its inter-
acting proteins, WRNIP! and ABLI, mainly in perinucleus as
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On the other hand, the ubiquitously expressed ABL1 is non-
receptor tyrosine kinase distributed in the nucleus and cyto-
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In summary, we indicated that overexpressed FGFR1OP sig-
nificantly reduced ABL1-dependent phosphorylation of WRNIPI1
and resulted in the cell cycle progression of lung tumors, and
that FGFR1OP could be an essential contributor to aggressive
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The human homolog of the Drosophila prune protein (from PRUNE,
which encodes h-prune), which interacts with glycogen synthase
kinase 3, promotes cellular motility. H-prune also interacts with
nm23-H1, a suppressor of cancer metastasis. It has been reported
that stimulation of cellular. motility by h-prune is enhanced by its
interaction with.nm23-H1 in breast cancer celis. In the present study,
we examined the expression of h-prune and nm23-H1 during tumor
-progression in gastric cancer (GC). PRUNE mRNA was overexpressed
in 12 (32%) of 38 GC cases by quantitative reverse transcription—
polymerase chain reaction. PRUNE_mRNA levels correlated
significantly with advanced T grade, N grade and tumor stage.
immunohistochemical analysis revealed that 43 (30%) of 143 GC
cases: were positive for h-prune, and h-prune-positive GC cases
‘showed more advanced T grade, N grade and tumor stage than h-
‘prune-negative GC cases. One hundred and . twenty-four (87%) of
‘143 GC . cases - were positive. for nm23-H1, and nm23-H1 was
expressed in almost all (42 cases, 98%) h-prune-positive GC cases.
Many GC cases positive for both: h-prune and nm23-H1 showed
‘more-advanced T grade, N grade and tumor stage than other type
GC cases. Patients. with h-prune-positive GC had a significantly
‘worse survival rate than patients with h-prune-negative GC. These
findings- indicate that overexpression of h-prune is associated
with tumor progression  and aggressiveness of GC.-nm23-H1 may
~enhance motility of cancer cells by interacting with h-prune. (Cancer
S¢i 2007; 98: 1198-1205) : -

4 \ ccording to the World- Health Organization, gastric cancer
"\(GC) is the fourth most common malignancy worldwide,
with ~approximately: 870 000 new ‘cases. . occurring ~yearly.
Mortality due to GC is second only to that due to lung cancer.®
-“Advances in diagnostic tools and treatment have led to excellent
long-term survival for early GC.® However, despite improvements
‘in /diagnostic - and - therapeutic - strategies, the prognosis. of
~advanced GC: with' extensive invasion and metastasis remains
‘poor.Several discrete steps. can be discerned in the-biological
‘cascade ' of 'metastasis: - loss ' of - celliilar ‘adhesion, increased
motility and ‘invasiveness, entry and survival in the circulation,
exit into new tissue, and eventual colonization of a distant site.®
- Several  molecules associated  with -invasion- and metastasis
“have been identified,"”) but these molecules cannot completely
explain the mechanism of each step of metastasis. In addition,
many ‘genes have been analyzed to understand the molecular
basis of GC,%” but only a few with frequent-alterations have
been-identified sofar. == - T L ,
Previously, we identified: the human homolog of Drosophila
prune protein (PRUNE, which encodes h-prune):as a glycogen
:synthase kinase 3.(GSK-3)-binding protein.® GSK-3 . inhibitors
or: small interfering RNA (siRNA) for. GSK-3 and -h-prune
inhibit cell motility. H-prune-is localized to focal adhesions, and
“the siRNA ‘for GSK-3: or h-prune delays the-disassembly of pax-
~-illin. Tyrosine phosphorylation of focal ‘adhesion kinase (FAK)
and -activation. ‘'of Rac-are 'suppressed in GSK-3 or h-prune

CancerSci "1  August2007. | vol.98 | no.8 | 1198-1205

knock-down cells.® These results suggest that GSK-3 and
h-prune act cooperatively to regulate cellular motility. In fact,
overexpression of h-prune has been reported in breast cancers
and is also associated with high metastatic potential.® In our
previous study, overexpression of h-prune was correlated with T
grade (depth of invasion), N grade (degree of lymph node
metastasis), and tumor stage in colorectal cancers (CRC).®
H-prune has phosphodiesterase (PDE) activity, with a prefer-
ential affinity for cAMP over cGMP as substrate.”” PDE are a
diverse superfamily of molecules that catalyze the hydrolysis of
3’,5'-cyclic nucleotides to. their corresponding nucleoside 5'-
monophosphates.“? H-prune PDE activity is involved in cellular
motility,® and h-prune also interacts with nm23-H1 (NMEI,
which encodes. nm23-H1),41. a known ‘suppressor of cancer
metastasis."? H-prune and nm23-H1 proteins partially colocalize
in the cytoplasm.“? It has been suggested that overexpression of
h-prune inhibits the antimetastasis function of nm23-H1 during
the metastatic. process.®!® Several studies-have suggested an
association between reduced expression of nm23 mRNA or protein
and increasing metastatic activity, resulting in poorer prognosis
in breast cancers,"¥ malignant melanomas® and hepatocellular
carcinomas.!® In contrast, in GC and CRC, overexpression of
nm23-H1 has been reported."”'® High nm23-H1 expression has
been shown to correlate with tumor progression and poor prognosis
of GC.49 :
Taken together, the currently available data suggest that analysis
of h-prune is necessary to- clarify the association ‘between
expression: of nm23-H1 and- metastatic potential.. Correlation
between high nm?23-H1 expression and metastatic. potential in
GC may be due to overexpression of h-prune. However, expression
of h-prune has not been investigated in GC. In the present study,
we examined the expression and distribution: of both h-prune
and ‘nm23-H1 in-human GC by immunohistochemistry and
reverse transcription—polymerase chain reaction (RT-PCR).

‘Materials and Methods

Tissue samples. In a retrospective study design, 181 primary

‘tumors were collected from patients: diagnosed . with GC who
~underwent surgery between 1991 and 2001 at the Department of

Surgical Oncology, Hiroshima University Hospital (Hiroshima,
Japan). All patients underwent curative resection. Only patients
without preoperative radiotherapy or chemotherapy and without

~clinical evidence for distant metastasis were.enrolled. in the

study. - :
For-quantitative RT-PCR, 38 GC samples and corresponding
non-neéoplastic mucosa samples were used. The samples were

-obtained during surgery at Hiroshima University Hospital. We

confirmed microscopically ‘that the . tumor. specimens. -were
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predominantly cancer tissue (>50% on a nuclear basis). Samples
were frozen immediately in liquid nitrogen and stored at —80°C
until use.

For immunohistochemical analysis, we used archival formalin-
fixed, paraffin-embedded tissues from 143 patients who had
undergone surgical excision for GC. Fifty-nine of the 143
patients had early GC, and 84 had advanced GC. Early GC is
limited to the mucosa or the mucosa and submucosa, regardless
of nodal status.® Advanced GC is a tumor that has invaded
beyond the muscularis propria. Information on patient prognosis
was available for 84 GC cases. Because information on posto-
perative chemotherapy was not available, postoperative chemo-
therapeutic backgrounds were not involved in the prognostic
analysis.

Tumor staging was carried out according to the tumor—node—
metastasis (TNM) stage grouping.®® Histological classification
of GC was carried out according to-the Lauren classification
system.?? Because written informed consent was not obtained,
for strict privacy protection, identifying. information for all
samples was temoved before analysis; this procedure is in
accordance with: Ethical Guidelines for Human Genome/Gene
Research enacted by the Japanese Government and approved by
the Ethical Review Committee of the- Hiroshima University
School of Medicine.

Quantitative RT-PCR analysis. Total RNA was extracted with an
RNeasy Mini Kit (Qiagen, Valencia, CA, USA), and 1 pg of
total RNA was converted to ¢cDNA with a First Strand cDNA
Synthesis Kit (Amersham Biosciences; Piscataway, NJ, USA).
Quantitation of PRUNE mRNA levels in human tissue samples
was - done - by real-time- fluorescence detection as described
previously.®?+ PRUNE primer sequences were -5-GAA GTC
CTG GAA CGC TCC C-3" and 5-GGT TAG GGT GGG TAC
TTG AGG C-3’. PCR was carried out using a- SYBR Green PCR
Core Reagents Kit (Applied -Biosystems,  Foster - City, CA,
USA). Real-time detection of the emission intensity of SYBR
green bound: to double-stranded: DNA ‘was done with an ABI
PRISM 7700 Sequence Detection System (Applied Biosystems)
. as -described- previously.?® ACTB-specific: PCR ‘products  were
amplified from the same RNA samples-and served as internal
controls.

Immunohistochemistry. A Dako LSAB kit (Dako, Carpenteria,
CA; USA):'was used for immunohistochemical analysis. In brief,
sections. were pretreated by microwaving in citrate buffer for
30 min to retrieve: antigenicity. After peroxidase - activity ‘was
blocked - with 3% H,0,~-methanol for 10 min, 'sections were
incubated with normal-goat serum (Dako)for 20 min to block

- non-specific - antibedy binding sites. Sections  were ‘incubated

. with Tabbit  polyclonal antih-prune (diluted 1:50; antih-prune
antibody was raised in our laboratory)® and rabbit polyclonal
antinm23-H1 (1:20, Santa Cruz Biotechnology, Santa Cruz,
CA, USA). The specificity of the h-prune antibody: has:been
characterized in detail.® Sections were incubated with primary
antibody for 1 h at 25°C, followed by incubations with biotinylated
antirabbit IgG and peroxidase-labeled streptavidin for 10 min
each: Staining was completed with a 10-min incubation with the
substrate~chromogen solution. The sections were counterstained
with' 0.1% hematoxylin. The percentage of stained cancer cells
was evaluated for each antibody.

Statistical methods. Correlations - between - clinicopathological
parameters and h-prune or nm23-H1 expression were analyzed
by Fisher’s - exact  test. Kaplan—Meier survival “curves were
constructed for h-prune~ or nm23-H1-positive and h-prune- or
nm23-H1-negative - patients:Survival ‘rates  were compared
between h-prune- or nm23-H1-positive and h-prune- or nm23-
H1-negative groups. Differences between survival curves were
tested for statistical significance using the log-rank test.?¥ Cox
proportional hazards multivariate model was used to examine
the - association of clinical -and - pathological- factors ‘and the
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expression of h-prune with survival. A P-value of less than 0.05
was considered statistically significant.

Results

mRNA expression of PRUNE in GC. Expression of PRUNE mRNA
was analyzed by quantitative RT-PCR of RNA from 38 GC
samples and corresponding non-neoplastic mucosa samples. We
calculated the ratio of PRUNE mRNA levels between GC tissue
(T) and corresponding non-neoplastic mucosa (N). When a T/N
ratio > two-fold was considered to represent overexpression,
PRUNE was overexpressed in 12 (32%) of the 38 GC samples.
As shown in Fig. 1, PRUNE levels were significantly higher in
T3/4 cases than in T1/2 cases (P = 0.0156; Mann—Whitney
U-test). Moreover, PRUNE levels correlated significantly with
N status (P = 0.0122; Mann-Whitney U-test) and tumor stage
(P = 0.0127; Mann—-Whitney U-test). There was no- clear

-tendency- between PRUNE level and histological type.

Immunohistochemical analysis of h-prune in GC. We next investigated
the expression and distribution of h-prune by immunohistochemistry
of 143 GC tissue -samples. In corresponding non-neoplastic
gastric-mucosa, only weak or-no staining of h-prune-was observed
in epithelial and stromal cells (Fig. 2a,b). However, GC tissue
showed: stronger, more extensive staining than corresponding
non-neoplastic mucosa. In' 14 (10%) of the 143 GC cases,
h-prune-positive tumor cells were restricted to-the invasive front
(Fig. 2a,¢,d). In these cases, less than 50% of tumor cells were
stained. However, in the majority of GC. cases containing
h-prune-positive tumor cells, more than 50% of the tumor cells
showed cytoplasmic staining for h-prune (43 of 143 GC cases).
In these GC cases, h-prune-positive tumor:cells were observed
at the invasive front in addition fo the central part of the tumors.
The remaining cases”showed ' 10-50% immunopositive  tumor
cells and h-prune staining was not observed at the invasive front.

‘H-prune was' detected -in - the -cytoplasm "~ of -tumor “cells in

intestinal-type  (Fig. 2¢)- and - diffuse-type - GC- (Fig. 2f,g).. We

-next analyzed the relationship between h-prune expression and

clinicopathological - characteristics: - Several  previous -studies
have indicated that observation of the invasive front is important
in the analysis of tumor cells, because it reflects the ‘invasive
potential of those cells. To investigate the significance of
restricted h-prune staining at the invasive front, the relationship
between h-prune staining and clinicopathiological characteristics
was examined in' GC cases- in which less than 50%:-of fumor
cells were stained. In these cases, GC cases in which h-prune-
positive tumor cells were restricted to the invasive front showed
more advanced T grade (P.= 0.0083, Fisher’s exact test) than

~those in which h-pruné-positive tumor:cells were not restricted

to  the invasive front (Table 1), GC cases in which h-prune-
positive tumor cells were restricted to the invasive front did not
show ‘advanced N grade or. tumor stage (Table 1).- In contrast,
among all of the cases we studied, GC cases in -which more than
50% of tumor cells were stained showed more advanced T
grade (P = 0.0158, Fisher’s exact test), N grade (P = 0.0035,
Fisher’s exact’ test) and tumor stage (P = 0.0466, Fisher’s
exact-test) than those in which less than 50% of tumor cells
were stained’ (Table 1). Therefore, when more: than 50% of

- tumor  cells ‘were - stained, -the: immunostaining was considered
- positive for h-prune: - -

Association between h-prune and nm23-H1: expression. Because
it-has been suggested that overexpression of h-prune in-breast
cancer-inhibits the antimetastasis function of nm23-H1I during
metastasis,®¥ we  ‘also carried -out immunohistochemical
analysis of nm23-H1 in the same 143 GC cases: Consistent with
previous® reports, ¥ - strong -cytoplasmic ‘staining of nm23-H1
was observed in tumor cells. In corresponding non-neoplastic
mucosa, weak staining of nm23-H1 was observed.-In the present
study, to compare the h-prune-staining: pattern ‘with: the
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nm23-HI staining pattern, the same cut-off point for nm23-H1
and h-prune immunostaining was set. When more than 50% of
tumor cells were stained, the immunostaining was considered
positive for nm23-H1. In total, 124 (87%) of 143 GC cases were
positive for nm23-H1. The h-prune staining pattern was then
compared with the nm23-H1 staining pattern.: Of 43 h-prune-
positive GC cases, 42 (98%) were positive for nm23-H1, and in
these 42 GC cases there was a tendency for h-prune and nm23-
H1-to be expressed in the 'same tumor cells (Fig. 3a,b). All 18
GC cases that were negative for both h-prune and nm23-H1
were signet ring cell carcinoma. In contrast, the majority (82 of
143:GC cases, 57%) of cases were positive for nm23-H1 but not
h-prune (Fig. 3c,d). The frequency of nm23-H1I expression in h-
prune-positive GC cases (42 of 43 cases, 98%) was significantly
higher than that in h-prune-negative GC cases (82 of 100 cases,
82%, P = 0.0134, Fisher’s exact test) (Table 2).

‘We next analyzed the relationship between nm23-H1 expression
and ¢linicopathological characteristics. Expression of nm23-H1
was not correlated with age, sex, T grade, N' grade or tumor

stage (Table 3). As reported previously,'” expression of nm23-
H1 was observed more frequently. in intestinal-type GC (79 of .
85 cases, 93%) than in diffuse-type GC (45. of 58 cases, 78%, .

P =0.0113, Fisher’s exact test) (Table 3). It has been reported
that in the majority of nm23-H1-positive tumors, more than
75% of the tumor cells contained a homogeneous cytoplasmic
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pattern for nm23-H1.% GC cases containing more than 75% of
nm23-Hl-positive tumor cells were found in 113 of 143 GC
cases. GC cases containing more than 75% of nm23-H1-positive
tumor cells did not show advanced T grade, N grade or tumor
stage (data not shown). Among the nm23-H1-positive GC cases,
h-prune-positive GC cases showed ‘advanced T grade (P = 0.0341,
Fisher’s  exact test), N grade (P = 0.0083, Fisher’s exact test)
and tumor stage (P = 0.0371, Fisher’s exact test) more frequently
than h-prune-negative GC cases. (Fig. 4a-c). In contrast, among
h-prune-negative GC cases there was no statistically significant
correlation between nm23-H1 positivity and T grade, N grade or
tumor: stage (Fig. 4a—c).

We ‘also examined the relationship between survival and
expression of h-prune and nm23-H1 in GC (n = 84). On univariate
analysis, T grade (P < 0.0001, log-rank test), N grade (P = 0.0474,
log-rank ‘test), tumor stage (P'=0.0001, log-rank test) and h-
prune expression (P < 0.0001, log-rank test) (Fig. 4d) were sig-
nificant prognostic factors of survival in patients with GC, whereas
age, ‘sex; histological type' and nm23-H1 expression (Fig. 4e)
were not correlated with survival. Next, Cox proportional haz-
ards multivariate model was used. to examine the association of
clinicopathological: factors and the expression: of h-prune with
survival. Multivariate analysis indicated that T grade, N grade,
tumor stage and h-prune expression were independent predictors
of survival in patients with GC (Table 4).
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Fig. 2. “Immunohistochemical analysis of h:prune in gastric cancer {(GC) tissues. (a) GC case in which h-prune expression was strong at the invasive
front {original - magnification, x40).(b.c,d} High magnification images of the fields indicated by boxes in panel (a). {(b) In corresponding non-
neoplastic gastric mucosa, only weak or no'staining of h-prune was observed in epithelial and stromal cells {original magnification, x100). (¢) In
the superficial layer of ‘GC tissue, only weak or no staining of h-prune was observed {original magnification, x400). (d) In the invasive front of GC
tissue; strong cytoplasmic staining:of ‘h-prune was observed in GC cells (original magnification, x400). (e} H-prune-positive intestinal-type GC.
Strong- cytoplasmic staining of h-prune was observed in GC- cells (original magnification, %400). (f) H-prune-positive diffuse-type GC. Strong
cytoplasmic staining. of h-prune was observed in GC cells {original magnification, x400). (g} H-prune-positive diffuse-type GC (so-called scirrhous-
type GC). Strong: cytoplasmic staining of h-prune was observed in GC cells (original magnification, x400).

Table 1. . Association of h-prune expression with clinicopathologic features of gastric cancer

H-prune expression (%): .

. x \d ) 3+
Feature Invasion P-value P-value

Positive front positive Negative

Age (years) . . L : : e . o .
>65. .. . : 20 (25%) 6 (7%) T 55 o : 0.1504 - 0.1410
<65 . 23:(37%) . 8 (13%) . - : 31

Sex. .. D e l ; .. : )

Male S 25.(27%) . 42 10:(11%) ; : 57 : 0.7703 ; 0.3442
Female g . 18 (35%) ) ; 4:(8%)- L E 29 ; :

T grade® : b . : " o : .
~T1 - i 11(19%). it 243%) Rt 46 - - ::2:0.0083:. - X 0.0158
T203/4:. . . 32 (38%) o 12.{14%). “hig 40 dE It ) :

N gradet E e I T e E -

NO 16 (20%) o i 6. (8%) s el 58 vtr e 2001305 G 0.0035
N1/2/3. 27 (43%) E B 8:(13%) o 28 : : S

Stage$ ‘ o D b i s T : T : SR
Stage Vil el +.25(25%) - - 8.(8%):: SRR 68 220:5.2.0.09448: - 0.0466
Stage iV Fos =18 (43%)-. - 2 6:(14%): 18 T ST ey

Histological type! . 71 . T s e e R e e st il SR S

Intestinal .. - ' 22.(26%) e e 9 (T %) St e S ey o vt R0000 T e T 20,1988
Diffuse L + 21(36%) - i 1+ 5:(9%): . w32 g : c

"Invasion front positive versus negative. Statistical significance’ was determined wnth Fisher's exact test. *Positive versus invasion front-posmve
plus-niegative: Statistical significance was determined with Fisher's exact test. $Stage was classified according to the criteria of the Internatlonal
Union Against Cancer TNM classmcatlon of maltgnant tumors. 2‘”‘Hls’mlogy was classmed according to the criteria of Lauren.
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Table 2. _Distribution of h-prune and nm23-H1 expression in gastric
cancer

nm23-H1 expression

H-prune P‘value‘;
expression Positive Negative

Positive 42 (98%) 1 0.0134
Negative 82 (82%) 18

'Statistical significance was determined with Fisher's exact test.

Table 3. Association of nm23-H1 expression with clinicopathologic
features of gastric cancer

nm23-H1 expression (%)

Feature P-value®
Positive Negative

Age (years)
>65 70 (86%) 11 1.0000
<65 54(87%) 8

Sex :
Male 80 (87%) 12 1.0000
Female 44 (86%) 7

T grade*
T1 49 (83%) 10 0.3220
T34 75 (89%) 9 '

N grade’ '
NO 68 (85%) 12 0.6219
N1/2/3 56 (89%) 7
Stage* :
Stage i 88 (87%) . 13 0.7926
Stage /v 36 (86%) - 6

Histological type® ' '
Intestinal . 79(93%) 6 0.0113
Diffuse 45 (78%) 13 '

TStatistical significance ‘was determined with Fisher's exact test. *Stage
was classified according to the criteria of the International Union
Against Cancer TNM classification of malignant tumors.?® SHistology
was classified according to the criteria of Lauren. :

1202

Fig. 3. Expression and distribution of h-prune
and nm23-H1 in gastric cancer (GC) tissues. (a)
Immunohistochemistry of h-prune in h-prune-
positive GC case. Staining for h-prune was observed
in diffuse-type GC cells but not in signet ring cell
carcinoma components (arrowhead) (original
magnification, x100). (b) Immunohistochemistry of
nm23-H1 in the same GC case as in panel (a). H-
prune and nm23-H1 tended to be located in
the same GC cells (original magnification,
x100). (¢} immunchistochemistry of h-prune in
h-prune-negative GC case (original magnification,
x100). (d) tmmunohistochemistry of nm23-H1 in
the same GC case as in panel (c). Staining of
nm23-H1 was observed in GC cells (original
magnification, x100).

Discussion

Metastasis fundamentally involves the movement of cells from
one site to another. The molecular mechanisms that underlie cell
migration involve dynamic cytoskeletal changes, cell-matrix
interactions, localized proteolysis, actin—myosin contractions
and focal contact disassembly.® We reported previously that h-
prune is localized to focal adhesions and that knockdown of h-
prune inhibits cell motility. Suppression of tyrosine phosphorylation
of FAK and activation of Rac are involved in inhibition of
cell motility.® In the present study, overexpression of PRUNE
mRNA was observed in 32% of cases by quantitative RT-PCR
analysis,  and - cytoplasmic - staining of h-prune protein was
observed in 30% of cases by immunohistochemistry in GC
tissue samples. Expression of h-prune was correlated with T
grade, N grade and tumor stage. In addition, patients with h-
prune-positive GC had a significantly worse survival rate than
patients with h-prune-negative GC. Taken together, these results
suggest that extensive expression of h-prune contributes to the
malignant behavior of GC, possibly by promoting cancer cell
motility. H-prune may be a good marker of poor survival of GC.

It is generally accepted that cancer progresses as a disease of
genetically heterogeneous cell populations. In the present study,
there ‘were several cases in which h-prune-positive tumor: cells
were restricted to the invasive front. Among GC cases in which
less than 50% of tumor cells were stained, GC cases in which
h-prune-positive tumor cells were restricted to the invasive front
showed more advanced T grade than those in which h-prune-
positive tamor cells.:-were not:restricted to the invasive front;
however, these GC cases comprised only 10% of 143 GC cases,
and did not show advanced N grade or tumor stage, suggesting
that expression of h-prune’ may represent tumor invasiveness,
especially: local invasiveness. Observation of the invasive: front
is important in the analysis of tumor cells, because it reflects the
invasive potential- of  tumor-cells: It- has- been reported: that
expression of ‘matrilysin in- the: invasive front is a- promising
biomarker predicting nodal metastasis of colorectal cancers.?®
Overexpression of ‘heéparanase. at:the. invasive front has been
reported in GC;: and high expression of heparanase is a strong
predictor. ‘of poor: survival.?” These results-indicate: that the
proteolytic degradation of extracellular matrix by these molecules
is one of the most important mechanisms in tumor progression,
and ‘the -proteolytic - degradation occurs at the: invasive front.
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Fig. 4. Correlation of h-prune .and nm23-H1 expression  with clinicopathologic features. Many gastric cancer (GC) cases positive for both h-prune
and'nm23-H1 showed advanced:(a). T'grade;: (b} N grade and (c) tumor stage. There were no clear differences between h-prune-negative/nm23-
H1-positive: GC cases and h-prune-negative/nm23-H1-negative GC. cases. There was only h-prune-positive/nm23-H1-negative GC among 143 GC
cases. (d) The survival of patients with h-prune-positive GC was significantly worse in 84 patients with GC (P < 0.0001, log-rank test). (€) There was
no_statistical difference between the survival rate of patients with nm23-H1-positive GC and that of patients with nm23-H1-negative GC

(P =0.6081, log-rank test).

Because: h-prune promotes cell motility, expression of h=prune
at the invasive front may partly: contribute ‘to the ‘malignant
behavior of GC, such as local invasiveness.

The mechanism of regulation of h-prune expression is still
unknown. In the present study, overexpression of PRUNE mRNA
was ‘observed  in 32%: by-quantitative RT-PCR analysis; and
h-prune:positive GC cases were found in 30% by immunohisto-
chemisiry. Because: GC samples: analyzed by quantitative RT-
PCR were different from those analyzed by immunohistochemistry,
we-couid not compare PRUNE mRNA levels with h-prune protein
levels. However, these findings suggest that overexpression of
PRUNE. occurs: at the transcriptionalor:mRNA level in GC,
PRUNE amplification:and overexpression have been reéported in
certain sarcomas’ and breast cancers.*® PRUNE is located -on
chromosome 1q21.3; and gains of '1q21.1-21.2: and 1¢21.3 have
been reported in GC.*® Amplification: of the: PRUNE gene may

Oue et al.

be involved in overexpression of h-prune in GC cases. The main
cause of peptic ulceration is Helicobacter pylori, and H. pylori
is the strongest risk factor for the development of distal GC.%%%0
Because stimulation of matrilysin by H. pylori has been
reported,®V induction of h-prune by H. pylori should be examined
in the near future.

In the present study, immunohistochemical analysis of GC
tissues revealed that almost all h-prunie-positive GC cases (98%)
also expressed nm23-H1. Expression of nm23-H1 was found in
both early- and late-stage GC, whereas expression of h-prune
was detected mainly in late-stage tumors. In nm23-HI-positive
GC cases, h-prune-positive GC cells may develop in accordance
with: tumor: progression. In. GC cases positive for both h-prune
and ' nm23-H1,  intratumoral - distribution-of - h-prune-positive
tumor- cells and nm23-H1-positive tumor-cells ‘was similar; and
many of these GC cases showed advanced T grade, N'grade and

Cancer Sci | August 2007 | vol.98 | no.8 | 1203
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Table 4. Multivariate analysis of factors influencing survival

Factor Haz?rd 95% Cl x? P-value
ratio

T grade’
T 1 Reference 7.42 0.0064
T2/3/4 18.99 2.28-157.86

N grade!
NO 1 Reference 5.57 0.0182
N1/2/3 8.24 1.43-47.46

Stage’
Stage Vil 1 Reference 5.71 0.0168
Stage HIV 6.42 1.38-29.43

H-prune expression
Negative 1 Reference 8.18 0.0043
Positive 4.87 1.63-14.48

'Stage was classified according to the criteria of the International
Union. Against Cancer TNM-classification of malignant tumors.?

tumor stage. Because the PDE activity of h-prune, which is
involved in cellular motility, is enhanced by the interaction with
nm23-H1,” expression of both proteins may confer celiular
motility to GC cells. Among h-prune-negative GC cases, there
were no clear differences between nm23-H1 positivity and clinical
characteristics, ‘suggesting that expression of only nm23-H1
does not influence progression of GC. Although there was no
impact of nm23-H1-expression on patient survival in the present
study, it has been reported that high nm23-H1 expression correlates
with tumor progression; and poor prognosis.”” Expression of
nm23-H1 may enhance the PDE activity of h-prune but may not
have antimetastatic activity. All 18 GC cases negative for both
h-prune and nm23-H1 were signet ring cell carcinoma. Several
reports have indicated that the prognosis of patients with signet
ring cell carcinoma is relatively favorable in the early stages and
poor in advanced stages compared with other histological types
of GC.®® In fact, of 18 signet ring cell carcinoma cases, 12
cases showed stage I and the prognosis of patients with these
GC was favorable.

Epigenetic changes, such as DNA methylation of CpG islands,
are detected commonly in human cancers. Hypermethylation of
CpG islands is associated with silencing of many genes, especially
defective tumor-related genes, and has been proposed as an
alternative way to inactivate tumor-related genes in human
cancers.®® GC show the CpG island methylator phenotype
(CIMP).6*3% CIMP-positive GC also tend to show DNA meth-
ylation of the p]6™%% 9 hMLHI® and RIZ® genes, suggesting
that CIMP is an important pathway involved in stomach
carcinogenesis. Because DNA methylation inhibitors such as
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5-aza-2’-deoxycytidine have been shown to increase nm23-H1
expression in breast cancer cells,®® h-prune or nm23-H1 expression
may be associated with CIMP.

Is h-prune a good therapeutic target for GC? Previous data
indicated that dipyridamole, an antiplatelet aggregation drug,
inhibits h-prune PDE activity and cellular motility in a breast
cancer cell line.®” In the SW480 CRC cell line, knockdown of
h-prune decreased cell motility.® These results suggest that
inhibition of h-prune may be useful for the prevention or treatment
of metastasis. However, because h-prune is expressed ubiquitously
in normal human adult tissues,') inhibitors of h-prune, such as
dipyridamole, may have severe adverse effects. However, it is
known that components of the blood-clotting pathway contrib-
ute to metastasis by trapping tumor cells in capillaries or by
facilitating adhesion of tumor cells to capillary walls. Anti-platelet
aggregation drugs may interfere with this step in the metastatic
process. In fact, several studies have indicated that the formation
of metastatic tumors could be inhibited by antiplatelet aggregation
drugs (reviewed by Hejna et al.®?). In GC, combined chemotherapy
with dipyridamole with adriamycin and 5-fluorouracil appears
to be safe and may be useful clinically for treatment of GC.®®
Taken together with our present results; h-prune inhibitors, such
as dipyridamole, may be effective for the prevention or treatment
of h-prune-positive GC without severe adverse effects. The PDE
superfamily is large and complex, containing 11 highly related
and structurally related gene families and over 60 distinct isoforms.
Each of the PDE families contains one to four genes, and many
genes generate multiple isoforms.®” Development of specific h-
prune inhibitors is important because dipyridamole also inhibits the
activities of PDES, PDE6, PDE7, PDES, PDE10 and PDE11.%”

In conclusion, we found that h-prune is overexpressed in GC
and that this overexpression correlates with tumor progression
and poor survival in patients with GC. Although the significance
of overexpression of nm23-H1 is still unclear, nm23-H1 may
contribute to tumor cell motility by upregulating the function of
h-prune. Although the precise mechanism by which h-prune
regulates cellular motility remains unclear, the efficacy of a
combination chemotherapy with S5-fluorouracil, cisplatin and
dipyridamole® should be investigated in h-prune-positive GC.
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The retinoblastoma protein-interacting zinc finger gene, RIZ1, is
thought to be a tumor suppressor gene. RIZ1 is inactivated by
mutation, deletion and DNA methylation in several human cancers.
In the present study, the relationship between DNA methylation of
RIZ1 and mutation of p53 was investigated in prostate cancer (PCa).
In total, 47 cases of node-negative PCa (stages I-lll) were analyzed.
DNA methylation of the RIZ7 gene was detected in 20 (42.6%) of the
47 PCa tissues by methylation-specific polymerase chain reaction.
DNA methylation of the RIZT gene was not associated with
clinicopathological features. DNA methylation of RIZ1 tended to be
present more frequently in PCa specimens with a high Gleason score
(16/30, 53.3%) than in those with a low Gleason score (4/17, 23.5%);
however, this tendency was not statistically significant (P = 0.0675).
Nuclear accumulation of p53 was observed in four (8.5%) of 47 PCa
specimens by immunostaining. All four PCa specimens with nuclear
accumulation of p53 were stage Hl disease and showed DNA
methylation of RIZ1. However, of the remaining 43 cancers with-
out nuclear accumulation of p53, DNA methylation of RIZT was
observed in only 16 (37.2%) specimens (P = 0.0272). Of the three
PCa cell lines, only the PC3 cell line showed loss of RIZT mRNA
due to DNA methylation, and this loss was rectified by treatment
with a demethylating agent, 5-Aza-2'-deoxycytidine. These results
suggest that transcriptional inactivation of RIZ7 by aberrant DNA
methylation may contribute to prostate carcinogenesis. Genetic
alterations are likely associated with epigenetic alterations in PCa.
(Cancer Sci 2007; 98: 32-36)

Prostate cancer (PCa) is one of the most common cancers and
the second leading cause of cancer death in men in the USA.("
An understanding of the genetic' and epigenetic pathways
involved in the pathogenesis of PCa is essential for development
of improved diagnostic and treatment modalities. A variety of
genetic and epigenetic alterations are associated with PCa,®?
Epigenetic changes, such as DNA methylation of CpG islands,
are detected commonly in human cancers. Hypermethylation of
CpG islandsis ‘associated with  silencing. of many genes,
especially defective tumor-related genes, and has been proposed
as an alternative way to inactivate tumor-related genes in human
cancers.“” Identification of methylated genes may be useful in
the diagnosis and treatment of PCa and may provide insight into
prostate carcinogenesis.: Prior studies have shown that DNA
hypermethylation is & crucial ‘mechanism - in - transcriptional
silencing of tumor-related genes in PCa.©”

The retinoblastoma protein-interacting zinc finger gene, RIZI,
was isolated with a functional screen for retinoblastoma (Rb)-
binding proteins.® Domain analysis suggested that RIZ1 is a
histone methyltransferase. (HMT) specific for the lysine 9 residue
of histone H3, an activity known to be linked with transcriptional
repression.® RIZI is considered to be a tumor suppressor gene
because it can induce: G,~M arrest and apoptosis of several types
of “cancer cells.%'D RIZI plays an important role in human
cancers, as evidenced by genetic mutations.">'¥ The RIZI gene

CancerSci | January2007 | vol.98 | no.1 | 32-36

is located on human chromosome 1p36, a region deleted in
many human cancers,'¥ and chromosome 1p36 is a potential
hereditary PCa susceptibility locus.®® In addition to genetic
alterations, DNA methylation of RIZ/ has been shown to be a
common mechanism for inactivation of RIZI expression in
human cancers./”'® In PCa, DNA methylation of RIZ! is
present in 31% of tumor tissues."

A knockout study showed that RIZ! is a tumor susceptibility
gene in mice.’ RIZ] and p53 deficiencies likely cooperate in
tumor formation in mice and are expected to occur in human
cancers as well."Y In fact, many sporadic human cancers carry
both p53 mutations and a silenced RIZI gene.“%'¥ The p53 gene
is involved in the tumorigenesis of many human cancers,®”
including PCa.®? p53 functions as a transcriptional regulator
involved in G, phase growth arrest of cells in response to DNA
damage. p53 also has roles in regulation of the spindle check-
point, centrosome homeostasis and G,-M phase transition.®
Several lines of evidence suggest associations between genetic
and epigeretic alterations. p53 mutations have been found
frequently in colorectal and gastric cancers without DNA
methylation.?*?» However, the association between genetic and
epigenetic alterations has not been investigated in PCa.

In the present study, we investigated the relationship between
RIZI methylation status and p53 mutation status in 47 PCa
tissues. To determine whether transcriptional silencing of the
RIZ1 gene is caused by DNA hypermethylation, we compared
the methylation status with expression of RIZ/ mRNA in PCa
cell lines.

Materials and Methods

Tissue samples. Subjects were 47 patients with PCa who were
referred to the Department of Urology, Hiroshima University
Hospital (Hiroshima, Japan). Forty-seven PCa tissues from these
47 patients were analyzed for DNA methylation of R/ZI and
localization of p53. PCa samples were obtained by radical
prostatectomy, and all PCa cases were confirmed to be node
negative by pathological examination. None of the 47 patients
with. PCa received preoperative treatment. All 47 specimens
were archival, formalin-fixed, paraffin-embedded tissues. It was
confirmed microscopically that the tumor specimens consisted
mainly (>50%) of cancer cells. Tumor staging was according to
the TNM classification system.® In the present study, PCa were
graded by the reporting pathologists on the radical surgery
specimen, according to the system of the Gleason score.® After
prostatectomy, the serum prostate-specific antigen (PSA) level
was measured by, E-test Tosoh IT Assay (Tosoh, Tokyo, Japan).
Patients were followed up by PSA measurement monthly during
the first 6 months after prostatectomy and then every 3 months
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thereafter. Biochemical relapse was defined as a PSA level of
0.2 ng/mL or greater. Because written informed consent was not
obtained, for strict privacy protection, identifying information
for all samples was removed before analysis. This procedure was
in accordance with the Ethical Guidelines for Human Genome/
Gene Research of the Japanese Government.

Cell lines and drug treatment. LNCaP, PC3 and DU145 PCa cell
lines were purchased from American Type Culture Collection
(Manassas, VA, USA). All cell lines were maintained in RPMI-
1640 (Nissui Pharmaceutical, Tokyo, Japan) containing 10%
fetal bovine serum (Whittaker, Walkersville, MD, USA) in a
humidified atmosphere of 5% CO, and 95% air at 37°C. Cells
were treated with a final concentration of I uM 5-aza-2’-
deoxycytidine (Aza-dC; Sigma Chemical, St Louis, MO, USA)
for 5days before they were harvested for DNA or RNA
extraction.

Genomic DNA extraction and methylation-specific polymerase chain
reaction. For extraction of DNA from the archival, formalin-fixed,
paraffin-embedded tissue samples, PCa samples were dissected
manually from different sets of 10 serial, 10 um-thick, formalin-
fixed, paraffin-embedded tissue sections with a fine needle. The
dissected samples were lysed by incubation in 200 mg/mL
proteinase K at 55°C for 3 days. Genomic DNA was purified by
three rounds of phenol-chloroform extraction followed by ethanol
precipitation. For DNA extraction from cell lines, genomic
DNA was extracted with a Genomic DNA Purification Kit
(Promega, Madison, WI, USA). To examine the DNA methylation
pattern, genomic DNA was treated with 3 M sodium bisulfite, as
described previously.?” For analysis of DNA methylation of the
RIZ] gene, methylation-specific polymerase chain reaction (MSP)
was carried out as described previously."” Polymerase chain
reaction (PCR) products (15 uL) were loaded onto 8% non-
denaturing polyacrylamide gels, stained with ethidium bromide,
and visualized under ultraviolet light.

Immunohistochemistry. Formalin-fixed, paraffin-embedded
samples  were sectioned, deparaffinized, and - stained  with
hematoxylin—eosin to ensure that the sectioned block contained
tumor cells. Adjacent sections were then stained immunohisto-
schemically. For immunostaining of p53, ‘a Dako LSAB Kit
(Dako, Carpinteria, CA, USA) was used in accordance with
the manufacturer’s recommendations. In brief, sections were
pretreated by microwaving in citrate buffer for 30 min to retrieve
antigenicity. After peroxidase activity was blocked with 3%
H,O,~methanol for 10 min, sections were incubated with normal
goat serum (Dako) for 20 min to block ‘non-specific antibody
binding sites. Anti-p53 antibody (DO7, 1:100; Novocastra,
Newcastle, UK) was incubated with tissue samples for 60 min at
room temperature followed by incubations with biotinylated
antimouse IgG and peroxidase-labeled streptavidin for 10 min
each. Staining was completed with a 10-min incubation with the
substrate~chromogen solution. The sections were counterstained
with 0.1% hematoxylin. p53 staining was classified according to
the percentage of stained cancer cells. When more than 10% of
cancer cells were stained, the immunostaining was considered
positive.

PCR-single-strand conformation polymorphism analysis. Exons
5-8 of the p53 gene were examined for mutations by PCR-
single-strand conformation polymorphism (SSCP) analysis with
10 "sets of primers, as described previously.®® Each target
sequence was amplified in a 20-jL reaction volume containing
10-20ng  genomic. DNA,; 0.2uM dNTP, 10 mM Tris-HCl
(pH 8.3); 50 mM KCl, 2 mM MgCl,, 0.3 pM of each primer and
0.2 uL of Ampli Taq Gold (Applied Biosystems, Foster City,
CA, USA). PCR amplification consisted of 35 cycles of 94°C
for 30 s, 60°C or 55°C for 30 s, and 72°C for 30 s after the initial
activation step of 94°C for 10 min. PCR products were diluted
10-fold with formamide dye solution, denatured at 85°C for
10 min, and separated by electrophoresis on 6% polyacrylamide
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gels. Gels were stained, and bands were visualized with a Silver
Staining 11 kit (WAKO, Osaka, Japan).

Reverse transcription-polymerase chain reaction. Expression of
RIZI mRNA was analyzed by reverse transcription (RT)-PCR.
Total RNA was extracted with an RNeasy Mimi Kit (Qiagen,
Valencia, CA, USA), and 1 ug of total RNA was converted to
cDNA with a First-Strand ¢cDNA Synthesis Kit (Amersham
Biosciences, Piscataway, NJ, USA). Primer sequences and
amplification conditions were as described previously.!'®
RT-PCR products were subjected to 1.5% agarose gel electro-
phoresis, stained with ethidium bromide, and examined under
ultraviolet light. ACTB-specific PCR products were amplified
from the same RNA samples and served as internal controls.

Statistical methods. Associations between clinicopathological
parameters and DNA methylation of RIZI were analyzed by
Fisher’s exact test. A P-value of less than 0.05 was considered
statistically significant.

Results

DNA methylation of RIZT and p53 mutation status in PCa tissues.
DNA methylation status of the RIZ/ gene was examined in a total
of 47 PCa tissue specimens from 47 patients. DNA methylation
of RIZI was detected in 20 (42.6%) of 47 PCa tissues.
Representative results of MSP for RIZ] are shown in Fig. 1A.
No association was detected between the methylation status of

(A)

Prostate cancer
1 2 3 4 5
UMUMUMUMUM

- RIZ1

(B)

Fig. 1. ' (A) Methylation-specific ‘polymerase’ chain reaction (PCR) of
RIZ1 in prostate cancer (PCa). Methylated: RIZ1 was detected in
two cases. (cases 2. and 3) of PCa. U, unmethylated PCR product; M,
methylated PCR product. (B) Immunostaining of p53 in PCa. Nuclear
accumulation of p53 was observed in PCa cells. Original magnification,
x400. (C) PCR-single-strand conformation polymorphism analysis of
p53. A p53 mutation was detected in one case (case 10).
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