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However, the sensitivity of this method is known to be low,
especially for low-grade UC. Therefore, a more sensitive,
non-invasive method for cancer detection is required.

We previously performed serial analysis of gene
expression (SAGE) of four primary gastric cancers (6) and
identified several gastric cancer-specific genes (7). Of these
genes, regenerating islet-derived family, member 4 (REG4,
which encodes Reg IV) is a candidate gene for cancer-specific
expression, at least in patients with gastric cancer. REG4 is a
member of the REG gene family, which includes three other
genes, and was originally identified by high-throughput
sequence analysis of a large inflammatory bowel disease cDNA
library (8). Quantitative reverse transcription polymerase chain
reaction (RT-PCR) analysis revealed that ~50% of gastric
cancers overexpress the REG4 gene (6) and Reg IV expression
is associated with the intestinal and neuroendocrine differen-
tiation (9). In addition to gastric cancer, overexpression of
Reg IV in colorectal cancer (10), pancreatic cancer (11) and
PCa (12) has been reported. In our previous immunohisto-
chemical analysis (13), 14% of the PCa cases were positive for
Reg IV and Reg IV positivity was associated with intestinal
and neuroendocrine differentiation. Furthermore, Reg IV
expression is an independent prognostic indicator of relapse
after radical prostatectomy. However, histologically, gastric,
colorectal, pancreatic and prostate cancers are adenocarcinomas,
and expression of Reg IV except for adenocarcinomas, such as
RCC or UC, has not yet been investigated.

Reg IV is a secreted protein which we have previously
shown represents a novel biomarker for gastric cancer (14).
The diagnostic sensitivity of serum Reg IV was superior to
that of serum carcinoembryonic antigen or carbohydrate
antigen 19-9. Serum Reg IV serves as a tumor marker for
colorectal and pancreatic cancer (10,11). These data support
the idea that Reg IV protein has potential as a novel serum
tumor marker for a wide variety of malignancies; however,
serum concentration of Reg IV in major urologic cancers
including PCa, RCC or UC has not previously been measured.

In the present study, we examined the expression and
distribution of Reg IV in human RCC and UC by immuno-
histochemistry. We have reported two Reg IV staining patterns
(mucin-like and perinuclear staining) (9). Mucin-like Reg IV
staining, observed in goblet cells and goblet cell-like vesicles
of tumor cells, is associated with MUC2 (a goblet cell marker)
positivity. Perinuclear Reg IV staining is detected in cells with
neuroendocrine differentiation. Therefore, we also performed
immunohistochemical analysis of MUC2, chromogranin A (a
neuroendocrine cell marker) and synaptophysin (a neuro-
endocrine cell marker). Since Reg IV expression was
frequently found in PCa, we also measured Reg IV levels in
sera from patients with PCa by enzyme-linked immunosorbent
assay (ELISA) to investigate the potential diagnostic utility of
Reg IV measurement.

Materials and methods

Tissue samples. In total, 204 primary tumor samples and 78
serum samples were collected. Patients were treated at the
Hiroshima University Hospital or an affiliated hospital.

For immunohistochemical analysis, we used archival
formalin-fixed, paraffin-embedded tissues from 196 patients

who had undergone surgical excision for either RCC (n=101)
or UC (n=95). All 101 patients with RCC were treated by
radical nephrectomy, and all 95 patients with UC were treated
by cystectomy. Tumor staging was performed according to
the TNM classification system (15).

For Western blot analysis, 8 RCC samples and the
corresponding non-neoplastic kidney samples were used.
The samples were obtained during surgery at Hiroshima
University Hospital or an affiliated hospital. We confirmed
microscopically that the tumor specimens were predominantly
RCC tissue (>80%). Samples were frozen immediately in
liquid nitrogen and stored at -80°C until use.

All serum samples were collected before prostate biopsy
and stored at -80°C. Seventy-eight consecutive men who
visited the outpatient clinic of the Department of Urology,
Hiroshima University Hospital due to elevated PSA levels
(>4.0 ng/ml) served as the study population. The PCa
population consisted of 38 men with evidence of cancer from
a prostate biopsy (age range 50-93 years, mean 73 years),
and the remaining 40 men without evidence of cancer from a
prostate biopsy served as a control population (age range 47-
90 years, mean 66 years). In accordance with the Ethics
Guidelines for Human Genome/Gene Research enacted by
the Japanese Government, tissue specimens were collected
and used on the basis of approval from the Ethics Review
Committee of the Hiroshima University School of Medicine
and from the ethics review committees of collaborating
organizations.

Immunohistochemistry. Formalin-fixed, paraffin-embedded
samples were sectioned, deparaffinized and stained with
H&E to ensure that the sectioned block contained tumor
cells. Adjacent sections were then immunohistochemically
stained. Antigen retrieval was performed by microwave
heating in citrate buffer (pH 6.0) for 30 min for Reg 1V,
MUC2, chromogranin A and synaptophysin. Peroxidase
activity was blocked with 3% H,0,-methanol for 10 min and
sections were then incubated with normal goat serum (Dako
Cytomation, Carpinteria, CA, USA) for 20 min to block non-
specific antibody binding. Sections were incubated with a
primary antibody against Reg IV (rabbit polyclonal antibody,
diluted 1:50; anti-Reg IV antibody was raised and chara-
cterized in our laboratory) (9), MUC2 (1:50; Novocastra,
Newcastle, UK), chromogranin A (1:50; Novocastra), or
synaptophysin (1:50; Dako Cytomation) for 1 h at room
temperature, followed by incubation with peroxidase-labeled
anti-rabbit or anti-mouse IgG for 1 h. Staining was completed
with a 10-min incubation in a substrate-chromogen solution.
The sections were counterstained with 0.1% hematoxylin.
The specificity of the Reg IV antibody has been characterized
in detail (9). Staining of each antibody was considered
positive if any tamor cells were stained. Intestinal differen-
tiation was defined as positive staining for MUC2. Neuro-
endocrine differentiation was defined as positive staining for
chromogranin A and/or synaptophysin.

Western blot analysis. Preparation of whole cell lysates. from
the RCC samples and Western blotting were performed as
previously described (16). Protein concentrations were
determined by Bradford protein assay (Bio-Rad, Richmond,
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Figure 1. Immunohistochemical analysis of Reg IV expression in UC of the urinary bladder. (A) Immunostaining of Reg IV in UC. In case 37, mucin-like
staining of Reg IV is present in goblet celi-like vesicles of tumor cells. (B) In case 37, PAS staining was observed in gland-like lumina. (C) Immunostaining
of chromogranin A in UC. (D) Immunostaining of synaptophysin in UC. (E) Immunostaining of MUC2 in UC. In case 37, mucin-like and perinuclear staining
are observed in tumor cells. Arrowhead indicates mucin-like staining of MUC2. (F) Immunostaining of MUC2 in UC. Perinuclear staining of MUC2 is

present in tumor cells.

CA, USA) with BSA used as the standard. Protein (20 pg per
lane) was electrophoresed on SDS-PAGE gels and trans-
ferred to nitrocellulose filters. Filters were incubated for 1 h
at room temperature with anti-Reg IV antibody (rabbit
polyclonal antibody raised in our laboratory). Peroxidase
conjugated anti-rabbit IgG was used in the secondary reaction.
The immunocomplexes were visualized with an ECL Western
blot detection system (Amersham Biosciences, Piscataway,
NI, USA). The quality and amounts of proteins on the gel
were confirmed by detection with anti-8-actin antibody
(Sigma-Aldrich, St. Louis, MO, USA).

ELISA. For measurement of the serum Reg IV concentration,
a sandwich ELISA method was developed as previously
described (14). First, polystyrene microtiter plates were
coated with mouse monoclonal anti-Reg IV antibody (R&D
Systems, Abingdon, UK) by overnight incubation of 50 1/
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125 ng per well of antibody diluted in Tris buffer (pH 7.4).
The plates were then washed 3 times with wash buffer. After
the plates were blocked with 1% milk in phosphate-buffered
saline, 50 pl of recombinant Reg IV standard or sample was
added to each well and incubated overnight at 4°C. After 3
washes, 50 ul of biotinylated goat polyclonal anti-Reg IV
antibody (R&D Systems) in assay buffer [1% BSA, Tris
buffer (pH 7.4) and 0.05% normal goat serum] was added to
each well (75 ng antibody per well). The mixture was then
incubated for 1 h with shaking at 37°C and washed 3 times
with wash buffer. The plates were incubated with 50 ul per
well alkaline phosphatase-conjugated streptavidin (Dako)
diluted 1:2000 in diluent containing 1% BSA and Tris buffer
(pH 7.4) for 1 h at 37°C and washed 3 times. Color develop-
ment was performed with the addition of pNPP chromogenic
substrate (Sigma-Aldrich) followed by incubation at 37°C for
1 h. Absorbance at 405 nm was measured with an ELISA
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Figure 2. ELISA of serum samples from 40 control individuals and 38 patients with PCa. (A) Detection of Reg IV protein in serum samples by ELISA.
Yellow bars indicate the cut-off levels defined on the basis of the previous study {2.00 ng/ml (14)]. Red bars indicate the mean + SE. Differences in the serum
concentration of Reg IV between two groups are tested by Mann-Whitney U test (<). (B) Relation between serum concentrations of Reg IV and PSA.

Correlation is examined using Spearman's rank correlation (++).

plate reader. As a reference standard, known concentrations
of human recombinant Reg IV (9) from 0 to 30 ng/ml were
tested in triplicate.

Statistical methods. Association between clinicopathologic
variables and Reg IV expression was analyzed by Fisher's
exact test. Differences in the serum Reg IV concentration
between the two groups were tested by the non-parametric
Mann-Whitney U test. Correlations between the serum Reg IV
concentration and the serum concentration of PSA were
assessed by Spearman's rank correlation test. P<0.05 was
considered statistically significant.

Results

Expression of Reg IV and neuroendocrine and intestinal
differentiation in RCC. We performed immunohistochemical
analysis of Reg IV in 101 RCC samples; however, no staining
of Reg IV was found. In adjacent non-neoplastic kidney
tissues, no Reg IV staining was found. Western blot analysis
of Reg IV was also performed in 8 RCC samples (data not
shown), in which no Reg TV expression was confirmed in the
RCC samples nor in adjacent non-neoplastic kidney samples.
We also performed immunohistochemical analysis of chromo-
granin A, synaptophysin and MUC?2; however, no staining
was detected.

Expression of Reg 1V and neuroendocrine and intestinal
differentiation in UC. We performed immunohistochemical
analysis of Reg IV in 95 UC samples. In adjacent non-
neoplastic urinary bladder tissues, no Reg IV staining was
found. In UC tissues, Reg IV staining was observed in 1
(1%) of 95 UC cases. In this Reg IV-positive UC case (case
37), Reg IV-positive tumor cells were observed in 10% of
tumor cells, and mucin-like staining (Fig. 1A) was observed.
In case 37, Reg IV staining was observed in gland like

lumina, and periodic acid-Schiff (PAS) staining was also
observed in gland-like lumina (Fig. 1B), indicating that this
Reg IV-positive case represents glandular differentiation.
Analysis of the relationship between Reg IV staining and
clinicopathologic characteristics showed that Reg IV did not
correlate with gender, age, pT category, pN category or tumor
stage (data not shown).

Immunostaining of chromogranin A and synaptophysin
was also performed. Representative results of chromo-
granin A and synaptophysin immunostaining in UC are
shown in Fig. 1C and D, respectively. Of the 95 UC cases,
chromo-granin A-positive cases were observed in 3 cases
(3%) and synaptophysin-positive cases were found in 11
cases (12%). In total, UC cases showing neurocendocrine
differentiation were found in 13 cases (14%). However, case
37 (Reg IV-positive UC case) did not show neuroendocrine
differentiation. Analysis of the relationship between neuro-
endocrine differentiation and clinicopathologic characteristics
showed no correlation between neuroendocrine differen-
tiation and gender, age, pT category, pN category or tumor
stage (data not shown).

In UC tissues, MUC2 staining was observed in goblet
cell-like vesicles (Fig. 1E) and perinuclear regions (Fig. 1F)
of tumor cells. Of the 95 UC cases, MUC2-positive cases
were observed in 33 cases (35%). Among the 33 UC cases
showing positive results for MUC2, one case, case 37 (Reg IV-
positive UC case), showed MUC? staining in goblet cell-like
vesicles and perinuclear regions. The remaining 32 cases
showed only perinuclear MUC?2 staining. Analysis of the
relationship between MUC2 positivity and clinicopathologic
characteristics showed no correlation between MUC2-
positivity and gender, age, pT category, pN category or tumor
stage (data not shown).

Serum Reg IV concentration in patients with PCa. As Reg IV
expression was frequently found in PCa, we also measured
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Reg IV levels in sera from patients with PCa by ELISA to
investigate the potential diagnostic utility of Reg IV
measurement, Serum Reg IV levels in 40 control individuals
and 38 patients with PCa prior to biopsy are shown in Fig. 2A.
The serum Reg IV concentration in PCa patients (n=38,
1.69+0.16 ng/ml, mean x SE) was significantly higher than
that in control individuals (n=40, {.28+0.11 ng/ml, P=0.0199,
Mann-Whitney U test), even at stage I (n=31, 1.69+0.18 ng/ml,
P=0.0354, Mann-Whitney U test) (Fig. 2A). The mean of
serum Reg IV concentration in PCa patients at stage IV (n=7,
1.68+0.26 ng/ml) was higher than that in control individuals
(n=40, 1.28+0.11 ng/ml); however, statistical difference was
not found (P=0.1276, Mann-Whitney U test). The Reg IV
concentration in serum samples from patients with PCa
showing a Gleason score of <7 (n=22, 1.75+0.21 ng/ml) was
not significantly different from those showing a Gleason
score of =8 (n=16, 1.60+£0.24 ng/ml) (P=0.7448, Mann-
Whitney U test). In our previous study, the cut-off level for
Reg IV was set at 2.00 ng/ml (14). In the group showing
serum PSA levels of >4 ng/ml, the sensitivity and specificity
for detection of PCa were 34 (13/38) and 90% (36/40),
respectively. Spearman's rank correlation test revealed that
significant correlation was not found between serum Reg IV
and PSA levels (r=0.1987, P=0.2317) (Fig. 2B).

Discussion

Previously, we showed that 14% of the PCa cases were
positive for Reg 1V, and Reg IV positivity was associated
with intestinal and neuroendocrine differentiation (13). These
PCa cases were all adenocarcinomas. In the present study,
immunohistochemical analysis of Reg IV was performed in
other major urologic cancers including RCC and UC, both
of which are not adenocarcinomas. Immunohistochemical
analysis of Reg IV revealed that Reg IV expression was not
found in RCC, and only 1% of UC expressed Reg IV. These
results and our previous immunohistochemical analysis of
Reg IV in PCa indicate that Reg IV is expressed frequently in
PCa among major urologic cancers. Furthermore, we showed
that the serum Reg IV concentration in PCa patients was
significantly higher than that in control individuals. The
sensitivity of serum Reg IV concentration was 34%, and the
specificity was 90%. It has been reported that the specificity
of the PSA test is only 20% at a sensitivity of 80% (17),
indicating that serum Reg IV concentration serve as a
diagnostic tumor marker with high specificity. Since serum
Reg IV concentration was measured in the group showing
serum PSA levels of >4 ng/ml, the sensitivity and specificity
calculated in the present study may differ from those in
healthy individuals, and serum concentration of Reg IV
should also be measured in the group showing serum PSA
levels of <4 ng/ml.

In urologic cancers including PCa, RCC and UC, urine
represents a particularly useful fluid in which to examine
tumor markers because of its enhanced potential to contain
higher concentrations of directly released tumor-derived
products and the fact that collection is non-invasive. In the
present study, Reg IV was detected in serum samples from
patients with PCa. Reg IV expression was not found in RCC,
and only 1% of UC expressed Reg IV. In adjacent non-
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neoplastic kidney and urinary bladder tissues, no Reg IV
staining was found. These results suggest that Reg IV
concentration in urine may represent a novel marker for PCa
at high specificity.

In RCC, no Reg IV expression was detected. Although
neuron-specific enolase (a neuroendocrine cell marker) is
frequently expressed in RCC, chromogranin A expression is
rare (18). It has been reported that staining of MUC?2 is not
found in 16 RCC cases (19). In the present study, we also
observed that RCC showed neither neuroendocrine differen-
tiation based on chromogranin A and synaptophysin staining
nor MUC?2 staining. As Reg IV expression is associated with
neuroendocrine and intestinal differentiation, these results
are accordance with immunonegativity of Reg IV in RCC.

In UC, only 1 (1%) UC case showed Reg 1V staining. In
the Reg IV-positive UC case, Reg IV staining was observed
in gland-like lumina. Although this case was UC, PAS
staining was also observed in gland-like lumina, indicating
that this Reg IV-positive case possessed glandular differen-
tiation. These results indicate that conventional UC is
negative for Reg IV; however, UC with glandular differen-
tiation may express Reg IV. A previous immunohistochemical
study demonstrated that expression of chromogranin A is seen
in 63.5% of UC cases (20). Yet, in the present study, only 14%
of UC cases showed neuroendocrine differentiation and did
not exhibit Reg IV expression. However, in gastric cancer,
chromogranin A-positive tumor cells are not always positive
for Reg IV (9). Furthermore, the one UC case with glandular
differentiation was positive for MUC2 in goblet cell-like
vesicles. Yet, Reg IV staining was not found in UC cases
showing perinuclear MUC2 staining, nor was glandular
differentiation observed in these cases. Based on this evidence,
Reg IV expression is not likely involved in neuroendocrine
differentiation of UC but is likely associated with glandular
differentiation.

In conclusion, we showed that serum Reg IV concentration
serves as a diagnostic tumor marker with high specificity for
PCa. As the significantly high false-positive rate of PSA has
lead to a tremendous increase in the number of unnecessary
biopsies of the prostate (3), measurement of serum concen-
tration of Reg IV may decrease the number of unnecessary
prostate biopsies. Reg IV is correlated with relapse-free
survival of patients with PCa (13), and hormone-refractory
PCa has been reported to express high levels of REG4
mRNA (12). Therefore, serum concentration of Reg IV may
predict relapse-free survival and resistance to androgen-
deprivation therapy.
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Abstract

Objectives: The role of Regenerating (Reg) IV on
peritoneal metastasis was examined in gastric
cancer using.

Material and methods: Reg IV-transfected human
gastric cancer cells (MKN28-R1, MKN28-R2, TMK1-
R1D), control transfectants (MKN28-R0, TMK1-R0),
and REG4-knocked down MKN45 cells were
examined in in vitro and in nude mice peritoneal
metastasis models.

Results and Discussion: Increase of expression and
secretion of Reg IV, and levels of BCL-2, BCL-XL,
survivin, phosphorylated AKT, and phosphorylated
EGFR, and decrease of nitric oxide-induced apoptosis
were found in Reg IV-transfectants, whereas those
were abrogated in the knockdown cells. In mice
models, increased number and size of peritoneal
tumors and decreased apoptosis were found in Reg
IV-transfectants, whereas those were abrogated by
the knockdown cells. Mice survivals were worsened
in Reg IV-transfectants-inoculated mice, but were
improved in Reg I¥V-knockdown cell-inoculated mice.
Levels of Reg IV protein in peritoneal lavage fluids
increased in Reg IV-transfectants inoculated mice,
but decreased in Reg IV-knockdown cell inoculated
mice. In metastasized human gastric cancers, Reg IV
positivity in peritoneum-metastasis cases was higher
than those in negative cases. Reg IV was detected in
peritoneal lavage fluids from human gastric cancer
patients, in whose lavages keratin mRNA was detected
by reverse transcriptase-polymerase chain reaction.
Collectively, Reg IV might accelerate peritoneal
metastasis in gastric cancer. Reg IV in lavage fluids
might be a good marker for peritoneal metastasis.

Correspondence: H. Kuniyasu, Department of Molecular Pathology, Nara
Medical University, 840 Shijo-cho, Kashihara, Nara 734-8521, Japan. Tel.:
+81 722 22 3015; Fax: +81 722 25 7308; E-mail; cooninh@zb4.so-net.ne.jp
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Introduction

Gastric cancer is a leading cause of cancer death in the
world, and is the second leading cause of deaths from
cancer in Japan (1,2). Approximately 20% of gastric cancer
patients show peritoneal and/or liver metastases at surgery
(3), and 30% of who have died from gastric cancer suf-
fered from peritoneal metastasis (4). Peritoneal metastasis
causes the terminal stage of advanced gastric cancer, and
diminishes the quality of patients’ life by intestinal
obstruction, ascites retention and subsequent malnutrition.
Control of peritoneal metastasis is expected to improve
patients’ quality of life (5,6).

The molecular mechanism of peritoneal metastasis is
an ongoing assignment of cancer research. We have
identified loss of heterozygosity of chromosome 7q
involving 7q35 locus as a peritoneal metastasis-associated
event in gastric cancer (7). Overexpression of angiogenic
factors, such as vascular endothelial growth factor
(VEGF) and interleukin-8, is associated with peritoneal
metastasis and ascites production in ovarian cancer (8).
The truncated form of fibroblast growth factor/keratinocyte
growth factor receptor 2 IlIb (K-sam) and c-met show
gene amplification and/or overexpression in scirrhous-
type gastric cancers, which frequently produces peritoneal
metastasis (9—11). Gene expression profiling shows alter-
ation in expression of several genes, such as up-regulation
of trefoil factor 1, o-l-antitrypsin and galectin 4, and
down-regulation of cytidine deaminase (12). Recently, we
reported the importance of activation of peroxisome pro-
liferator-activated receptor gamma (PPAR-Y) in suppress-
ing peritoneal metastasis, which provides tumour growth
inhibition and apoptosis induction in gastric and colon
cancer cells (13,14). The importance of survival factors
in peritoneal metastasis formation is emphasized in
many reports; RUNX3, survivin, nuclear factor kB and
Bcl-2/Bag are also associated with peritoneal metastasis
(15-18).

The Reg (regenerating) gene family belongs to the
calcium-dependent lectin superfamily (19,20). Reg IV is a
new member family, and it is identified as a gene expressed
in the gastrointestinal tract and pancreas (21,22). Human

© 2008 The Authors
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Reg IV gene is located on chromosome 1, unlike other
Reg family genes, which are located on 2pl12 (23).
Reg IV is expressed in Crohn’s disease and ulcerative
colitis (21,24) and is revealed to be associated with
malignant potential of colorectal adenocarcinomas and
malignant transformation of colorectal adenomas (25,26).
Recently, Reg IV has been reported to activate epidermal
growth factor receptor (EGFR), protein kinase B/Akt
and activator protein-1 to accelerate colorectal cancer
cell survival by increasing Bcl-2, Bel-XL and survivin
(27). The anti-apoptotic property of Reg IV is associated
with colorectal cancer development and drug resistance in
gastric cancer (28,29) and its expression is expected to
be a marker for highly malignant potential (30-32).

We have identified Reg IV as a cancer-affiliated expressed
gene, by a serial analysis of gene expression (SAGE)
technique, in which results were deposited in the NCBI
SAGE Library in the Web (http://www.ncbi.nlm.nih.gov/
SAGE/). Reg IV protein is immunohistochemically detected
in 36% of colorectal adenocarcinomas and this is asso-
ciated with tumour stage, whereas Reg IV production is
detected in 29% of gastric adenocarcinomas, and is
associated with both the intestinal mucin phenotype and
neuroendocrine differentiation but not with tumour stage
or patient prognosis (33). Thus, the role of Reg IV in gastric
cancer is still unclear.

In this study, we attempted to determine the relevance
of Reg IV expression in peritoneal metastasis of gastric
cancer using Reg IV-transfected human gastric cancer cells.

Materials and Methods

Cell culture

Human gastric cancer cell lines, MKN28 and TMKI,
were transfected with the Reg IV expression vector
(29,33). MKN28- and TMK1-Reg IV stable transfectants
were selected by G418 (Sigma Chemical Co., St. Louis,
MO, USA). Three transfectants with marked Reg IV
expression were used in the present study, which were
designated as MKN28-R1, MKN28-R2 and TMKI1-R1.
For the control, MKN28 and TMK1 cells were transfected
with empty vector, which was designated as MKN28-R0
and TMK1-R0. MKN45 cells, which express Reg IV at a
high level, was treated with Reg IV siRNA (Santa Cruz
Biotechnology Inc., Santa Cruz, CA, USA) or mixed
siRNA for control. siRNA (50nM for 2x10° cells)
diluted with transfection solution (Santa Cruz Biotech-
nology) was used for treatment according to the manufac-
turer’s instructions. The cells were routinely maintained in
RPMI-1640 (Sigma Chemical) containing 10% foetal
bovine serum (Sigma Chemical) and G418 (500 pg/ml) at
37 °C in a 5% CO,/95% air atmosphere.
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Tissue samples

Gastric cancer cases with metastasis were chosen from the
patients operated on in Hiroshima University Hospital, Nara
Medical University Hospital, and Miyoshi Central Hospital.
Among the 85 cases, all showed lymph node metastasis,
8 cases showed liver metastasis, and 43 cases showed
peritoneal metastasis at surgery. Of 42 cases without
peritoneal metastasis (found via gross and cytological
examinations) at the operation, 21 cases showed peritoneal
recurrence. For immunohistochemistry, representative
formalin-fixed, paraffin-embedded tissue samples were used,
which contained the deepest invasive portion of the tumour.

Cell population growth

The cells were harvested from 80% confluent monolayer
cultures by a brief trypsinization with 0.1% trypsin and
0.1% ethylenediaminetetraacetic acid (Sigma Chemical).
Cells were seeded at a density of 10 000 cells per well in
24-well tissue culture plates and treated under the condi-
tions mentioned in the Results section. Cell number was
counted using an autocytometer (Sysmecs, Kobe, Japan)
at 24, 48 and 72 h. The experiment was repeated three
times. For sodium nitropusside (SNP) treatment, cell
number was counted 48 h after the treatment.

In vitro invasion assay

A modified Boyden chamber assay was performed to
examine in vitro invasion of MKN28 cells. Polycarbonate
filters (pore size 3 pm; diameter 5 mm) were glued to
collagen type IV inserts (Becton-Dickinson Labware,
Bedford, MA, USA), which were placed in the wells of
24-well tissue culture plates. The cells were suspended in
500 pl of regular medium and placed in the upper part of
the chamber. The lower part of the chamber was filled
with regular medium. After 24-h incubation at 37 °C,
filters were carefully removed from the inserts, stained
with haematoxylin for 10 min and mounted on microscope
slides. The number of stained cells was counted in whole
inserts wide at X100 magnification. Invasion activity was
quantified by average number of cells per insert well.
Mean values of invading cells were calculated from the
results of three independent experiments.

Animal model

BALB/c nu-nu athymic mice were purchased from Japan
SLC Inc. (Shizuoka, Japan). Mice were maintained according
to the institutional guidelines approved by the Committee
for Animal Experimentation of the Nara Medical University,
in accordance with the current regulations and standards

Journal compilation © 2008 Blackwell Publishing Ltd, Cell Proliferation, 42, 110-121.
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of the Ministry of Health, Labour and Welfare. The mice were
used according to the institutional guidelines when they were
5 weeks old. Cells (as above) were briefly trypsinized and
washed with Hanks’ balanced saline solution (HBSS) three
times. They were suspended in HBSS and were injected into
the peritoneal cavity (1 x 107) of each mouse; eight or nine
mice were injected per group. The mice were sacrificed to
count numbers of metastatic foci in the peritoneal cavity.
In another experimental set, survival of 10 mice was
observed in each cell line until 16 weeks after the inocu-
lation. Mice inoculated with MKN45 cells treated with
siRNA were administrated siRNA encapsulated with
liposome (34). siRNA (100 pmol) was encapsulated with
2ml of kationic liposome (EL-C-01, Nippon-Oil_Fats
Co., Tokyo, Japan), and 200 pl of the solution was
administrated intraperitoneally to each mouse twice a week.

Immunohistochemistry

Consecutive 4-pum sections were cut from each block, and
immunostaining was performed by immunoperoxidase
technique following antigen retrieval with citrate buffer
(pH 6.0) treatment for 10 min (three times). After endo-
genous peroxidase block by 3% hydrogen peroxide-
methanol for 15 min, specimens were rinsed with 5%
washing solution (BioGenex, San Ramon, CA, USA).
Anti-Reg IV antibody established in our laboratory was
used at 0.5 pg/ml primary antibody, and incubated at
room temperature for 2 h (33). Specimens were rinsed
with 5% washing solution and incubated at room
temperature for 1 h with secondary antibody conjugated
to peroxidase diluted at 0.5 pg/ml (anti-rabbit 1gG,
Medical & Biotechnological Laboratories Co., Ltd, Nagoya,
Japan). All specimens were then rinsed with 5% washing
solution and colour was developed by diaminobenzidine
solution (Dako, Glostrup, Denmark). After washing with
water, specimens were counterstained with Meyer’s
haematoxylin (Sigma Chemical). Immunostaining of all
specimens was performed to ensure the same condition of
antibody reaction and diaminobenzidine exposure.

Preparation of conditioned medium, peritoneal lavage
and serum

Cells were cultured in RPMI-1640 containing 1% foetal
bovine serum for 12 h. Then, the conditioned medium
was filtered with 02-um filter (Becton-Dickinson
Labware). The peritoneal cavity of a sacrificed mouse was
washed with 2 ml of phosphate-buffered saline and saved
phosphate-buffered saline was filtered with 0.2-um filter
(Becton-Dickinson Labware). Mouse blood was obtained
by cardiac puncture, mixed with heparin (5% v/v), and
centrifuged at 500 g for 15 min at 4 °C. The supernatant

serum was used for immunoblot analysis. For human peri-
toneal lavage, the entire peritoneal cavity was washed
with 100 ml saline after opening of the peritoneal cavity.
Of the peritoneal lavage fluid, 10 ml was centrifuged at
500 g for 15 min at 4 °C. The supernatant was used for
immunoblotting and the pellet was used for reverse
transcriptase—polymerase chain reaction (RT-PCR).
Remnants of lavage fluid were used for cytological
examination. Slot blotted lavage fluids and cultured media
stained with Coomassie blue dye were served as the con-
trol for the sample loading.

Immunoblot analysis

Whole-cell lysates were prepared as described previously
(35). The cultured medium and peritoneal lavage fluids
were concentrated with the Protein Concentrate kit
(TaKaRa Bio Inc., Shiga, Japan). Forty-microgram lysates
were subjected to immunoblot analysis in 12.5% sodium
dodecyl sulphate-polyacrylamide gels followed by
electrotransfer on to nitrocellulose filters. Filters were
incubated with primary antibodies and then with peroxidase-
conjugated IgG antibodies (Medical and Biological
Laboratories, Nagoya, Japan). a-tubulin or B-actin
antibodies assessed levels of protein loaded per lane
(Oncogene Research Products, Cambridge, MA, USA).
The immune complex was visualized by CSA system
(Dako) or ECL system (Amersham Biosciences Corp.,
Piscataway, NJ, USA). Antibodies for Reg IV (33), Bel-2
(Dako), Bel-XL, survivin (Santa Cruz Biotechnology),
phosphorylated AKT (phospho-Ser473, Upstate Biotech-
nology Inc., Lake Placid, NY, USA), phosphorylated
EGFR (phospho-Tyr992, Cell Signaling Technology,
Beverly, MA, USA), and EGFR (Cell Signaling Technology)
were used as primary antibodies.

Detection of cytokeratin in peritoneal lavage

Pellet from the peritoneal lavage fluids were used for RT-
PCR, which was performed with iScript One-Step RT-PCR
Kit (Bio-Rad Laboratories, Hercules, CA, USA). Primers
for cytokeratin 20 mRNA were 5'-GAG GTT CAA CTA
ACG GAG CT-3’ (forward) and 5’-TCT CTC TTC CAG
GGT GCT TA-3’ (reverse) were referred to GenBank
NMO019010, which were synthesized by Sigma Genosys
(Ishikari, Japan).

Statistical analysis

Statistical significance was examined by two-tailed Fisher’s
exact test, two-tailed chi-squared test, and two-tailed,
unpaired Mann-Whitney test by using InStat software
(GraphPad Software, Los Angels, CA, USA). Survival
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curves were calculated by Kaplan—Meier model (Statview
4.5, Abacus Concepts Inc., Berkeley, CA, USA). Difference
of survivals was calculated by Cox proportional hazard
model (Statview 4.5). Statistical significance was defined
as a two-sided P-value of less than 0.05.

Results
Production of Reg IV protein and survival factors in
gastric cancer cells

We first confirmed expression of RegIV protein in
Reg IV-transfected MKIN28 and TMK1 cells and Reg IV

© 2008 The Authors
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siRNA-treated MKN45 cells (Fig. 1a). Three Reg IV-
transfected cells (MKN28-R1, MKN28-R2 and TMKI-
R1) and control vector-transfected cells (MKN28-R0 and
TMK1-R0) were examined to detect Reg IV protein in the
cell lysates and cultured media. MKN28-R0 and TMK1-R0
cells showed undetectable levels of Reg IV in the lysate
and cultured media, whereas MKN28-R1, MKN28-R2
and TMKI1-R1 cells produced Reg IV in the lysates and
media. siRNA mixture-treated MKN45 cells expressed
Reg IV at high level, whereas Reg IV siRNA-treated MKN45
cells did not express Reg IV. Second, levels of survival-
related proteins in these cells were examined (Fig. 1b).
Protein levels of Bcl-2, Bel-XL, survivin and phorphorylated
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Figure 2. Effects of Reg IV transfection on cell population growth, in vitro invasion and nitric oxide-induced apoptosis in gastric cancer cells.

(a—) Cell growth of Reg IV transfectants and Reg IV siRNA-treated

cells. (d—f) Invasion activity was examined by in vitro invasion assay with

type IV collagen-coated insert. Anti-Reg IV polyclonal antibody was added to culture media for neutralizing secreted Reg IV at 0.5% v/v (‘Reg1V
Ab). (g-i) Sensitivity to nitric oxide-induced cytotoxicity was examined. Sodium nitroprusside (SNP) was used as nitric oxide donor. (a) P <0.001;
(b) P<0.0001. (a~c) MKN-R!, MKN-R2 and TMKI-RI: stable Reg IV-transfectants. MKN28-R0O and TMKI1-RO: empty vector-transfectant.
MKN45-siRNA: Reg IV siRNA-treated MKN4S5 cells, MKN4S5-Cont: siRNA mixture-treated MKN45 cells. Error bar: standard deviation.

AKT in MKN28-R1, MKN28-R2, TMK1-R1 and siRNA
mixture-treated MKN45 cells were higher than those in
MKN28-R0, TMK1-R0 and Reg I'V siRNA-treated MKN45
cells, Third, phosphorylated form of EGFR (phosphotyrosin
992) in these cells was examined (Fig. Ic). pEGFR
levels in MKN28-R1, MKN28-R2, TMK1-R1 and siRNA
mixture-treated MKN45 cells were higher than those in
MKN28-R0, TMKI-R0 and RegIV siRNA-treated
MKN45 cells.
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Effect of Reg IV transfection on cell population growth,
invasion and swrvival of gastric cancer cells

Next, biological effects of Reg IV transfection on MKN28
cells were examined (Fig.2). As shown in Fig. 2(a),
growth of MKN28-R1 and MKN28-R2 cells was not
different from MKN28-R0 and MKN28 parental cells.
Numbers of MKN28-R1 and MKN28-R2 cells invading
into type IV collagen-coated membranes was not different

© 2008 The Authors
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Table 1. Peritoneal metastasis of Reg IV transfectants

Celis Treatment Metastasis®  Number Size (mm)
MEKN28
RO Vehicle 2/9° 1.5+0.7° 1.0%0.14
RI Reg IV 9/9® 53+£1.0° 42+1.29
R2 Reg IV 9/9b 56+£09° 52+14¢
TMKI
RO Vehicle 2/8% 0.7+£0.6° 0.6%0.19
R1 RegIV 8/8b 98415 4.6£0.89
MKN45
Control  siRNA mix 8/8 144%2.1¢4 352074
SiRNA  RegIVsiRNA  5/8 055+0.7¢ 094059

2Metastasis determined at 2 weeks post inoculation.
bp < 0,01, °P < 0.001, 4P < 0.0001.

from those of MKN28-RO cells. Anti-Reg [V antibody
added to the culture media to neutralize secreted Reg IV
did not affect invasion of three types of MKN28 cells
(Fig. 2d). In TMK1 and MKN45 cells, transfection or
knockdown of Reg IV did not affect the cell growth or
invasion (Fig. 2b,c,e,f). We next treated these cells with
nitric oxide (NO) using SNP as an NO donor. NO cyto-
toxicity depends on NO concentration and sensitivity of
the cells (36). MKN28-RO cells were decreased by SNP
treatment in a dose-dependent manner (Fig. 2g). In con-
trast, MKN28-R2 and MKN28-R1 cells attenuated cell
decrease in SNP concentration higher than 1077 M. At
1071 M, the relative cell numbers compared to untreated
MKN28 parental cells were 28 £3% and 57+5% in
MKN28-R1 and MKN28-R2 cells, respectively, which
were higher than that in MKN28-R0 cells (13 +2%)
(both P <0.0001). TMK1-R1 cells also showed lower
sensitivities to SNP-induced cytotoxicity than that in
TMKI1-RO cells. In contrast, MKN45-siRNA cells showed
higher SNP sensitivities than that in MKN45-Cont cells
(Fig. 2h,i).

Peritoneal tumours of Reg IV-transfectants

Reg IV-transfected MKN28 cells were inoculated into the
peritoneal cavities of nude mice. Peritoneal tumours of
Reg IV-transfected MKN28 cells were compared to
MKN28-RO tumours (Table 1, Fig. 3). Tumorigenicity of
MKN28-R1 and MKN28-R2 cells was significantly higher
(both 9/9) than that of MKN-RO cells (2/9) (P = 0.0023).
Numbers of peritoneal tumours in MKN28-R1 and
MKN28-R2 cells were higher (5.3+1.0 and 5.6+ 0.9
foci, respectively) than of MKN28-RO cells (1.5£0.7
foci) (P = 0.0364). Sizes of tumours of MKN28-R1 and
MKN28-R2 cells were significantly larger (4.2 + 1.2 mm
and 5.2 £ 1.4 mm, respectively) than of MKN28-RO cells
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(1.0£ 0.1 mm) (P =0.0005). MKN28-R2 cells formed
larger tumours in the peritoneum than MKN28-RO cells
(Fig. 1a). Reg IV-transfected TMK1-R1 cells also showed
higher tumorigenicity (8/8) than TMK1-RO cells (2/8).
Numbers and sizes of the peritoneal tumours were larger
(9.8 £ 1.5 foci and 4.6 + 0.8 mm, respectively) in TMK1-
R1 cells than those in TMK1-R0 cells (0.7 £ 0.6 foci and
0.6 £ 0.1 mm, respectively) (P < 0.001 and P < 0.0001).
In contrast, knockdown of Reg IV decreased tumouri-
genicity, tumour number and tumour growth in MKN45
cells. Reg IV siRNA-treated MKN45 cells showed lower
tumorigenicity (5/8) than siRNA mixture-treated MKN45
cells (8/8). The number and sizes of the peritoneal tumours
in Reg IV siRNA-treated MKN45 cells were smaller
(0.55%£0.7 foci and 0.9 +0.5 mm, respectively) than
those in siRNA mixture-treated MKN45 cells (14.4 £ 2.1
foci and 3.5% 0.7 mm, respectively) (P <0.0001 and
P <0.0001).

Histologically, MKN28-R0 tumours showed large
areas of necrosis, whereas no necrosis was found in the
MKN28-R2 tumours (Fig. 3b). Production of Reg IV in
the tumours was confirmed by immunohistochemistry
(Fig. 3b, Table 2). MKN28-R0O tumours contained few
Reg I'V-positive cells, whereas MKN28-R2 tumours showed
marked Reg IV immunoreactivity in the cytoplasm in all
tumour cells (Allred’s grade 8). As shown in Table 2,
MKN28-R1, TMK1-R1 and siRNA mixture-treated MKN45
cells showed marked Reg IV expression (grades 7, 8 and
8, respectively), whereas MKN28-R0, TMK1-RO and Reg IV
siRNA-treated MKN4S5 cells showed no Reg IV expression
(grade 0).

Cell proliferation and apoptotic properties of
MKN28-R1 and -R2 tumours were compared to those of
MKN28-RO tumours (Fig. 3c, Table 2). Proliferating cell
nuclear antigen (PCNA) indices in MKN28-R1 and
MKN28-R2 tumours were 87 + 5% and 83 + 4%, respec-
tively, which were similar to those in MKN28-R0 tumours
(84 £ 5%). In contrast, TUNEL indices in MKN28-R1
and MKN28-R2 tumours were 0.8+0.8% and
0.5 £0.7%, respectively, which were significantly lower
than in MKN28-RO tumours (6.2 + 1.6%, P <0.0001).
We examined labelling indices of PCNA and TUNEL in
TMKI1-R1 and Reg IV siRNA-treated MKN45 tumours,
which were compared to those in TMK1-R0 and siRNA
mixture-treated MKN45 tumours. PCNA indices in
TMKI-RO and TMKI1-R1 tumours were 58+ 7 and
65 + 7, respectively, which were similar to each other. In
contrast, the TUNEL index in Reg IV-transfected TMK1-
R1 tumours was significantly lower (2.3 £ 1.8) than that
in TMK1-RO tumours (8.6 £2.4) (P <0.01). TUNEL-
positive apoptotic cells were significantly increased by
Reg IV knockdown in MKN4S5 cells. In contrast, PCNA
indices were not affected by Reg IV knockdown.

Journal compilation © 2008 Blackwell Publishing Ltd, Cell Proliferation, 42, 110~121.

—188—



116 H. Kuniyasu et al,

(a)

MKN2B8-RO -
MEKN28-R2
2 mm
MRN2K-R2

MKN2S-R0

(d) 1o « MKN28-R1
A = MKN28-R2
- > MTKN28-R0
S | i
= 60
g g
£ 40, ;
7z
20 "
CP<0.001 LS
¥ ! ids
S S 55 60 65 70 75 8O BS990
: (e) Days after inoculation
i 1008 - BB
e W < 1
80 . . I i
3 s T
o~
~ 60 m = >
v 40 ? Sl
5 P<0.0001 ‘ :
o p : &
T TMKI-RO & u I
- ® TMKI-R1 )
50 60 70 80 90

Days after inoculation

.
A\

-2~ MRN45-Cont
vy ¥ MKNAS-siRNA

80 : ;
X |
=60 . A4 d
o : ;
5 0! Y PO
5 7 )
7 2] : {
204 4 B
‘ vy
| Y Y. N
50 60 70 80 90

Days after inoculation

Figure 3, Peritoneal tumours of Reg IV transfectants. (a) Macroscopic appearance of MKN28-RO cell tumour (at the mesocolon, arrow) and
MKN28-R2 tumour (at the abdominal wall). (b) Histological findings using haematoxylin and eosin staining (upper panels). Necrotic area (asterisk).
Immunostaining of Reg IV (lower panels). Immunoreactivity was observed in cytoplasm in MKN28-R2 cells. (c) Immunostaining of PCNA and
TUNEL assay in MKN28-R2 and MKN28-R0 tumours. Arrow, TUNEL-positive apoptotic cells. (d-f) Survival of mice inoculated with MKN28-R1,
MEKN28-R2 and MKN28-RO cells (d), TMK1-R0 and TMK1-R1 (e), and MKN45 treated with Reg IV-siRNA (MKN45-5siRNA) or siRNA mixture

(MIN45-Cont) (f) were calculated by Kaplan-Meier model and comp

ared by Cox proportional hazard model. Survival of mice inoculated with

MKN28-RI/MKN28-R2, TMK 1-R1 and MKN45-Cont were significantly worse than those of mice inoculated with MKN28-R0, TMK-R0, MKN45-

siRNA (P < 0.001, P <0.0001, P < 0.0005, respectively).

Survival of mice burdened with peritoneal tumours of
Reg IV-transfected gastric cancer cells

The survival of a further set of mice inoculated with
Reg IV-transfected MKN28 and TMK1 cells or Reg IV
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siRNA-treated MKN45 cells into the peritoneal cavity was
analysed (Fig. 3d-f). Mice inoculated with MKN45 cells
were continuously administrated liposome-encapsulated
siRNA into the peritoneal cavity. Survival of mice
inoculated with MKN28-R1 and MKN28-R2 cells, or
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Table 2. PCNA and TUNEL indices in peritoneal metastasis of Reg IV
transfectants in mice

Immunohistochemistry

Cell line Reg IV grade? PCNA (%) TUNEL (%)
MEKN28
RO 0 84+5 6.2+ 1.6b¢
Rl 7 8745 0.8+0.8°
R2 8 83%4 0.5%0.7°
TMK1
RO 0 587 8.6 +2.4¢
R1 8 6517 234184
MKN45
Control 8 76+ 8 3.740.54
siRNA 0 7249 10.6£2.3¢

*According to Allred grading. Grade 0, no staining;

Grade 7, intermediates immunoreactivity was found in all cells;
Grade 8, strong immunoreactivity was found in all cells.

bep < 0,0001, 9P < 0.01.

TMKI1-R1 cells was significantly worse than of those of
mice inoculated with MKN28-R0 and TMK-RO cells
(P <0.001 and P<0.0001, respectively). In contrast,
mice inoculated with Reg IV siRNA-treated MKN45 cells
showed significantly better survival than those inoculated
with siRNA mixture-treated MKN45 cells (P < 0.0005).
All mice died from extended peritoneal tumours which
lead to malnutrition.

Reg 1V levels in peritoneal lavage fluid and serum of Reg IV
transfectants-inoculated nude mice and human gastric
cancer patients

Next, we detected Reg IV protein in peritoneal lavage
fluid and serum from Reg IV-transfected MKN28 and
TMKI1 cells or siRNA-treated MKN45 cells (Fig. 4a,b).
Reg IV protein levels in peritoneal lavage fluid from mice
inoculated with MKN28-R1, MKN28-R2 and TMK1-R1
cells increased 12.3, 19.6 and 1.5 times, respectively,
higher than that from mice inoculated with MKN28-R0 or
TMK1-RO cells. In contrast, Reg I'V protein levels in peri-
toneal lavage fluid from mice inoculated with Reg IV
siRNA-treated MKN45 cells were 9% of that in mice
inoculated with siRNA mixture-treated MKN45 cells.
Reg IV protein levels in serum from mice inoculated with
MKN28-R1, MKN28-R2 and TMK1-R1 increased 2, 3.4
and 12 times, respectively, higher than that in mice ino-
culated with MKN28-R0 or TMK1-RO cells. In contrast,
Reg IV protein levels in serum from mice inoculated with
Reg IV siRNA-treated MKN45 cells were 0.6% of that in
mice inoculated with siRNA mixture-treated MKN45
cells.

© 2008 The Authors

Journal compilation © 2008 Blackwell Publishing Ltd, Cell Proliferation, 42, 110-121.

Reg IV expression in peritoneal metastasis 117

Table 3. Reg IV expression in metastatic gastric cancer

Reg IV expression

n Positive Negative
At operation
Peritoneal metastasis (+) 43 29° 14
Peritoneal metastasis (-) 21 12p 20
Peritoneal recurrence 21 18® 3
Total 85 48 37

3bp < 0.0001 (Fisher’s exact test).

We next examined expression of Reg IV in 85 human
gastric cancer patients with metastasis to the lymph
nodes, liver or peritoneum (Table 3, Fig. 4c). RegIV
expression was detected in 30 of 64 (47%) gastric cancers
at the time of surgery. In these cases, Reg IV was detected
in 29 of 43 (67%) peritoneal metastasis-positive cases at
the operation, whereas 1 of 21 (5%) peritoneal metastasis-
negative cases showed Reg IV expression (P < 0.0001).
In 21 peritoneal recurrent cases, 18 (86%) were positive for
Reg IV. In 48 Reg I'V-positive cases, 29 showed peritoneal
metastasis at the time of operation. In contrast, the 18 out
of the 48 cases showed peritoneal recurrence after the
operation despite no peritoneal metastasis at the opera-
tion. It suggested that Reg IV-positive peritoneal lavage
might be a marker for peritoneal recurrence.

We further detected Reg IV protein in peritoneal
lavage fluid from 14 gastric cancer cases, which were found
to be invading into the serosa (Fig. 4¢). In 8 out of the
14 cases, Reg IV protein, keratin mRNA, and cancer cells
were detected in the peritoneal lavage fluids (Fig. 4d).
PCR examination of epithelial cell-specific keratin was
also positive in the above 8 cases, which supported the
evidence that cancer cells existed in the lavage fluid. In 6
cytology-negative cases, Reg IV protein was detected in 2
cases in which keratin was detected. The other 4 cases
were negative for Reg IV protein, cytology and keratin,

Discussion

Our data have shown that Reg IV increased expression
levels of anti-apoptotic BCL-2, BCL-XL and survivin,
and phosphorylation levels of AKT in Reg [V-transfected
MKN28 and TMKI1 gastric cancer cells. Moreover,
Reg IV knockdown decreased these apoptotic factors in
Reg IV-expressing MKN45 cells; Reg IV protein levels
paralleled apoptotic factors in these cells. Although NO
is a strong inducer of apoptosis, increments of anti-
apoptotic factors reduced NO-induced cytotoxicity in these
cells (36). Anti-apoptotic property of Reg IV has been
reported in several studies, and this gives cancer cells a
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survival advantages for progression and metastasis
(24,27,29,37).

We have previously confirmed that EGF and the
receptor formed autocrine and paracrine loops in MKN28
and TMKI1 cells (38). MKN28 and TMKI1 cells showed
high phosphorylation levels of EGFR and Reg IV is
reported to be associated with phosphorylation of EGFR
(27). Our data confirmed increased phophorylation levels
of EGFR in Reg [V-transfected MKN28 and TMK cells,
whereas cell population growth and invasive capacity
were not enhanced in the transfectants, Reg IV enhanced
phosphorylation of EGFR, however, downstream signals
might be preferentially associated with cell survival but
not with growth and invasion in the Reg IV-transfected
MKN28 and TMKI1 cells. Reg IV knockdown inversely
suppressed EGFR phosphorylation in MKN45 cells
but the intracellular signalling pathway of Reg IV needs to
be elucidated.

Reg IV-transfected and TMK cells produced perito-
neal metastasis with larger diameter tumours and higher
multiplicity than those of control cells. Proliferative activ-
ity of transfectant tumours was not different from that of
the control cell tumours, whereas transfectant tumours
had reduced necrosis and apoptosis in comparison to con-
trol tumours. These findings suggest that anti-apoptotic
property of Reg I'V renders more pronounced potential for
peritoneal metastasis of MKN28 and TMK1 cells. Moreover,
remarkable progression of metastatic tumours worsened
survival of mice inoculated with the Reg IV-transfected
MKN28 cells than that of mice inoculated with control
cells. In contrast, Reg IV knockdown significantly sup-
pressed peritoneal metastasis of MKN45 cells. Tumouri-
genicity was still sustained in Reg IV siRNA-treated
MKN45 cells. In vivo knockdown using liposome encap-
sulation of siRNA might be less efficient than that of
invifro treatment (34). MKN45 cells express c-met at
high levels with gene amplification, which is associated
with the scirthous phenotype and peritoneal metastasis
(7,9,10).

Our previous report shows that Reg IV expression is
not associated with peritoneal metastasis in the overall
gastric cancer cases (33). However, examination of meta-
static gastric cancer shows that Reg IV expression is
significantly associated with peritoneal metastasis and
peritoneal recurrence. In establishment of peritoneal
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metastasis, several mechanisms are proposed. Cell-to-cell
adhesion between cancer cells and peritoneal mesothelial
cells is an initial step of peritoneal metastasis, expression
of CD44 and B1 integrin and intercellular adhesion mole-
cule-1 playing a role in cancer cell adhesion to mesothelial
cells (39,40). However, CD44 expression is silenced in
MKN28 cells and also in the Reg IV-transfected MKN28
cells (data not shown) (41). The anti-apoptotic property of
cancer cells is emphasized in formation of peritoneal
metastasis (15-18). In our data, Reg [V transfectants
showed up-regulation of several anti-apoptotic proteins:
Bel-2, Bel-XL, survivin, and phosphorylated AKT.
Reg IV transfectants acquired resistance to NO-induced
apoptosis. TMK1 cells, which are sensitive to various
apoptotic inducers, show the anti-apoptotic phenotype after
Reg IV transfection (35). Reg IV is associated with anti-
apoptotic phenotype in MKN45 cells, which carry wild-
type p53 differently from MKN28 and TMK1 cells (41)
and the anti-apoptotic property is not specific to perito-
neal metastasis; however, enhanced survival potential
might be a relevant advantage for peritoneally dissemi-
nated cancer cells to form metastatic foci.

Because Reg IV is a small secretory protein, its detec-
tion in ascites might be expected as a marker for perito-
neal metastasis (22). We examined Reg IV protein in
peritoneal lavage of gastric cancer cell-inoculated mice.
Reg IV in peritoneal lavage fluid was at higher levels in
Reg IV-transfected MKN28 and TMK 1 cells than in con-
trol cells. In contrast, lavage RegIV was significantly
lower in mice inoculated with Reg IV-knocked down
MKN45 cells. We then examined Reg IV protein in
peritoneal lavage fluid of gastric cancer patients at the
operation. Reg IV protein was detected in all cases with
macroscopical and cytological peritoneal metastasis.
Moreover, all cases with keratin mRNA-positive ascites
showed RegIV protein in the ascites. Ascites keratin
detected by RT-PCR is a sensitive marker for scanty cancer
cells in ascites in cytologically metastasis-negative cases
(42). These findings suggest that ascites Reg IV might
be a sensitive marker for peritoneal metastasis of gastric
cancer.

In the present study, we have reported the pivotal role
of Reg IV in peritoneal metastasis of gastric cancer. Reg IV
is expected to be a marker for early detection of peritoneal
metastasis and a prognostic marker for gastric cancer.

Figure 4. Reg IV protein levels in peritoneal lavage fluids and serum of Reg IV-transfected gastric cancer cells and human gastric cancer
cases. (a) Reg IV protein levels were examined in peritoneal lavage fluids and serum of Reg IV-transfected MKN28 and TMK] cells and Reg IV
siRNA-treated MKN45 cells by immunoblotting (CB: loaded protein detected by Coomassie blue). (b) Reg IV signals of mice lavage fluids and
serum were semiquantified. Reg IV signal of peritoneal lavage fluid of MKB28-R0 inoculated mice was set to 10. Error bar: standard deviation.
(c) Immunohistochemistry of Reg IV in serosa-invading human gastric cancer. Signet ring cells showed strong Reg IV immunoreactivity. Bar: 50 um.
(d) Reg IV protein levels were examined in peritoneal lavage fiuids from human gastric cancers by immunoblotting. Cytol., cytological examination
of the lavage fluid; +, cancer cell positive; —, cancer cell negative; Ker., PCR examination of keratin in the lavage fluid.
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Background: Since many thyroid cancer tissue samples from atomic bomb (A-bomb) survivors have been
preserved for several decades as unbuffered formalin-fixed, paraffin-embedded specimens, molecular onco-
logical analysis of such archival specimens is indispensable for clarifying the mechanisms of thyroid carcino-
genesis in A-bomb survivors. Although RET gene rearrangements are the most important targets, it is a difficult
task to examine all of the 13 known types of RET gene rearrangements with the use of the limited quantity of
RNA that has been extracted from invaluable paraffin-embedded tissue specimens of A-bomb survivors. In this
study, we established an improved 5’ rapid amplification of cDNA ends (RACE) method using a small amount
of RNA extracted from archival thyroid cancer tissue specimens.

Methods: Three archival thyroid cancer tissue specimens from three different patients were used as in-house
controls to determine the conditions for an improved switching mechanism at 5 end of RNA transcript
(SMART™) RACE method; one tissue specimen with RET/PTCI rearrangement and one with RET/PTC3 re-
arrangement were used as positive samples. One other specimen, used as a negative sample, revealed no
detectable expression of the RET gene tyrosine kinase domain.

Results: We established a 5 RACE method using an amount of RNA as small as 10 ng extracted from long-term
preserved, unbuffered formalin-fixed, paraffin-embedded thyroid cancer tissue by application of SMART
technology. This improved SMART RACE method not only identified common RET gene rearrangements, but
also isolated a clone containing a 93-bp insert of rare RTE/PTC8 in RNA extracted from formalin-fixed, paraffin-
embedded thyroid cancer specimens from one A-bomb survivor who had been exposed to a high radiation dose.
In addition, in the papillary thyroid cancer of another high-dose A-bomb survivor, this method detected one
novel type of RET gene rearrangement whose partner gene is acyl coenzyme A binding domain 5, located on
chromosome 10p.

Conclusion: We conclude that our improved SMART RACE method is expected to prove useful in molecular
analyses using archival formalin-fixed, paraffin-embedded tissue samples of limited quantity.

Background Since many thyroid cancer tissue samples from atomic
bomb (A-bomb) survivors have been preserved for a long time

MOLECULAR ONCOLOGICAL ANALYSES of archival tissue as unbuffered formalin-fixed, paraffin-embedded specimens,
specimens are indispensable, especially for studies of ~analysis of such archival specimens is indispensable for clari-

rare cancers or cancers associated with uncommon past fying the characteristics of thyroid carcinogenesis in A-bomb
events, such as radiation exposures in Thorotrast treatment, survivors. RET gene rearrangements are thought to play an
nuclear power plant accidents, and atomic bombings. In re-  initial and critical role in papillary thyroid cancer develop-
cent years, application of new molecular techniques, includ-  ment, although wide variations in the prevalence of such re-
ing polymerase chain reaction (PCR) in the use of archival ~arrangements, ranging from 3% to 70%, have been observed in
tissue samples, is anticipated to advance the understanding of ~ different geographic areas (2-4). To date, at least 13 rear-
the molecular mechanisms of these cancers (1). ranged forms of the RET gene (RET/PTC 1-9, PCM1-RET,

1Deparl:ment of Radiobiology/Molecular Epidemiology, Radiation Effects Research Foundation, Hiroshima, Japan.
2Translational Research Center, Saitama Medical University, International Medical Center, Saitama, Hidaka, Japan.
3Geriatric Health Service Facility Hidamari, Hiroshima, Japan.
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ELKS-RET, ARFP-RET, and HOOK3-RET) have been identi-
fied, of which RET/PTC1 and RET/PTC3 are by far the most
frequent, from papillary thyroid cancers in patients both with
and without radiation-exposure history (3,5-7). Analysis of
RET gene rearrangements is one of the most important issues
in molecular thyroid cancer research among A-bomb survi-
vors. However, it is a difficult task to examine all types of RET
rearrangements because of the limited quantity of paraffin-
embedded tissue specimens from A-bomb survivors; namely,
itis almost impossible to investigate all 13 rearranged forms of
the RET gene using such limited amounts of RNA.

Clontech’s {Mountain View, CA) switching mechanism at 5’
end of RNA transcript (SMART™) technology is based on the
terminal transferase activity of reverse transcriptase, which
adds a few additional nucleotides, primarily deoxycytidine, to
the 3’ end of cDNA, creating an extended template at the 5’ end
in combination with a SMART oligonucleotide (8). Therefore,
PCR amplification of cDNA using a set of adaptor-specific
primer and gene-specific primer will produce the cDNA that
contains the complete 5 end of mRNA (9).

We improved and established the 5’ rapid amplification of
c¢DNA ends (RACE) method (10) using a very small amount of
RNA extracted from unbuffered paraffin-embedded thyroid
cancer tissue by application of SMART technology. In addi-
tion to the analysis of common RET gene rearrangements, this
method succeeded in detecting not only rare RET gene re-
arrangements but also one RET gene rearrangement that has
not yet been reported.

Materials and Methods
Tissue

All cancer tissue specimens used for this study were pre-
pared from archival unbuffered formalin-fixed, paraffin-
embedded blocks. Three thyroid cancer tissue specimens from
three different patients were used as in-house controls to
determine the conditions for an improved SMART RACE
method; one tissue specimen with RET/PTC1 rearrangement
and one with RET/PTC3 rearrangement were used as positive
samples. One other specimen, used as a negative sample, re-
vealed no detectable expression of the RET gene tyrosine ki-
nase (TK) domain. The control samples had been preserved at
room temperature for 19-21 years. Papillary thyroid cancer
specimens from A-bomb survivors, preserved at room tem-
perature for 20-50 years, were collected after approval from
the Human Investigation Committee and the Ethics Com-
mittee for Genome Research at the Radiation Effects Research
Foundation (RERF). After deparaffinization of 5 um sections
by Hemo-De (Fujisawa Yakuhin Kogyo, Osaka, Japan) and
staining with methyl green (Sigma-Aldrich, St. Louis, MO),
cancerous regions were isolated using disposable scalpels. All
cancerous regions from two to four successive tissue sections
were combined for RNA extraction.

RNA extraction

RNA was isolated from dissected tissue using the High Pure
RNA Paraffin kit according to the manufacture’s instructions
(Roche Diagnostics, Manheim, Germany), with some modifi-
cations. Briefly, dissected tissue was digested with proteinase
K at 55°C overnight, followed by DNase I treatment. After the
lysate was purified by High Pure filter, RNA was eluted twice

HAMATANI ET AL.

with 100 uL. of RNase-free water. RNA was then precipitated
by ethanol in the presence of 2 uL of ethachinmate (Nippon
Gene, Tokyo, Japan) as a carrier and resuspended in 30 uL of
RNase-free water.

¢DNA synthesis

To enhance template activity of RNA extracted from ar-
chival unbuffered formalin-fixed, paraffin-embedded tissue
specimens, total RNA was first heated in 10mM of citrate
buffer (pH 4.0) at 70°C for 45 minutes and then precipitated by
ethanol (11). Then, 100ng of total RNA and 50 pmol/uL. of
random primers (9 mer) were heated in 11 uL. of RNase-free
water at 65°C for 10 minutes and chilled in ice water. A
mixture consisting of 4 ul. of 5x reverse transcription (RT)
buffer, 2 uL. of 20mM DTT, 1 yL of 10 mM dNTPs, and 1 uL of
RNase Inhibitor (20 U/uL; TaKaRa, Tokyo, Japan) was added
to the RNA solution and incubated at room temperature for 5
minutes. After addition of 1 uL of Rever Tra Ace (100U/puL;
Toyobo, Osaka, Japan), the reaction mixture was incubated at
42°C for 45 minutes.

Improved SMART RACE

After 1uL of various concentrations of SMART adaptor
(SMART I A oligonucleotide; Clontech) was added to 20 L
of cDNA solution, the mixture was further incubated at 42°C
for 60 minutes and heated at 70°C for 15 minutes to inactivate
reverse transcriptase. SMART RACE-PCR was performed in
a 25 ul. volume containing 1xPCR buffer; 200 uM each of
dATP, dCTP, dGTP, and dTTP; 3mM of MgCly; 0.4 uM of
each primer (SMART adaptor-specific primer, S-RACE 1, 5'-
AAGCAGTGGTAACAACGCAGAGTA-3'; exon 12 of RET
gene-specific primer, RET-Ex12PR9, 5-TCCGAGGGAATTC
CCACTTT-3'); 0.5U of FastStart Taq DNA polymerase con-
taining a thermostable proof-reading protein (Roche Diag-
nostics); and 2 uL. of SMART adaptor-treated cDNA. PCR was
carried out on a DNA Engine using the following cycle con-
ditions: at 95°C for 3 minutes; 45 cycles at 95°C for 30 seconds,
at 60°C for 30 seconds, and at 72°C for 45 seconds; and a final
extension at 72°C for 5 minutes. The first PCR products were
diluted at 1000- to 10,000-fold in water, and 1 uL of diluted
samples was used as a template for semi-nested SMART
RACE-PCR with SMART adaptor and nested primer (RET
gene-specific primer, RET-Ex12A4; Table 1). The second PCR
conditions were as described in the first PCR, with the ex-
ception of annealing temperature (66°C instead of 60°C) and
number of cycles (25 cycles instead of 45 cycles).

Cloning and sequencing of cDNA fragments

Five microliters of second SMART RACE-PCR products
was electrophoresed on an 8% acrylamide gel and viewed
with ethidium bromide. Target candidate bands were deter-
mined by BamHI (TaKaRa) digestion of aliquots of second
SMART RACE-PCR products, because the fragments ampli-
fied by SMART RACE-PCR included a BanHI recognition site
located at the 5’ end of exon 12 of the RET gene. Target can-
didate cDNA fragments derived from 50 yL. of second SMART
RACE-PCR products were eluted from 8% acrylamide gel and
cloned into Hincll-digested and dephosphorylated pUC118
vector using TaKaRa Blunting Kination Ligation kit (TaKaRa).
Plasmid DNA containing a longer insert than 70bp was
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TaBLE 1. PRIMERS AND OLIGONUCLEOTIDES USED FOR DETECTION OF MRNA EXPRESSION
BY REVERSE TRANSCRIPTION-POLYMERASE CHAIN REACTION
Annealing
Primer name Sequence temperature
BCR BCR-52 5 -GGTGGGCGACCTCTTCCAGA-3' (20mer) 58°C
BCR-A2 5. TCCACGAAGGCCCGGTACAC-3' (20 mer)
Kinase domain of RET RET-Ex1255 5-GAGCAGGGTACACCACGGTGG-3 (21 mer) 60°C
RET-Ex13A2 5-CTCACTCGGGGAGGCGTTCT-3' (20 mer)
RET/PTC1 PTC1514 5-AACCGCGACCTGCGCAAAGC-3' (20 mer) 58°C
RET-Ex12A 5 -GAGGGAATTCCCACTTTGGA-3 (20 mer)
RET/PTC3 PTC3/4-12 5-ACCCAAAAGCAGACCTTGGA-3' (20 mer) 56°C
RET-Ex12A4 5-GAGGGAATTCCCACTTTGGA-3' (20 mer)
RET/PTCS8 PTC851 5-GAGTGATCTTTCTAGCAAAACACA-3' (24 mer) 58°C
RET-Ex12A4 5'-GAGGGAATTCCCACTTTGGA-3' (20 mer)
PTC8-o0ligo77 5-AAGAGAGGGAGAGTGATCTTTCTAGCAAAA
CACAGCTGTTACAGGAGGATCCAAAGT
GGGAATTCCCTCAAGCCGAA-3' (77 mer)
ACBDS5-RET ACBD5S1 5-ACATTGCAGACTGCTCCTCA-3' (20 mer) 58°C
RET-Ex12A4 5-GAGGGAATTCCCACTTTGGA-3' (20 mer)

ACBD5-RET-oligo77

5-TCAACATCAACATTGCAGACTGCTCCTCAG

CCCACCTCACAGGAGGATCCAAAGTGGG

AATTCCCTCGGAAGAACTT-3 (77 mer)

sequenced using DNA sequencer CEQ8000 (Beckman Coul-
ter, Fullerton, CA), because the total length of the SMART
adaptor and the 5’ portion of exon 12 of RET was 55bp.

Detection of RET/PTC8 expression in papillary thyroid
cancer from A-bomb survivors by RT-PCR

Amplification of the BCR gene as an internal control by
RT-PCR was at first conducted for examination of availabil-
ity of RNA extracted from archival tissue samples. The cDNA
derived from 10ng of total RNA was used as a template for
RT-PCR. RT-PCR for detection of RET/PTC8 and ACBDS5-
RET was performed in a 25 uL. volume of solution contain-
ing 1xPCR buffer; 200 uM each of dATP, dCTP, dGTP, and
dTTP; MgSOy (3.5 mM for RET/PTC8 and 3.0 mM for ACBDS5-
RET); 0.4uM of each primer (PTC8S1, RET-Ex12A4 for
RET/PTCS8; ACBD5S1, RET-Ex12A4 for ACBDS5-RET); and
0.5U of Platinum Taq DNA polymerase High Fidelity (In-
vitrogen, Carlsbad, CA). PCR conditions consisted of initial
denaturation (95°C for 3 minutes), followed by 40 cycles
(denaturation at 95°C for 30 seconds, annealing at 58°C for 30
seconds, and extension at 68°C for 45 seconds), and final ex-
tension at 68°C for 5 minutes. To detect expression of BCR, the
TK domain of the RET gene, RET/PTC1, and RET/PTC3, RT-
PCR was conducted using Platinum Taq DNA polymerase
(Invitrogen) in the presence of 1xPCR buffer; 200 uM each of
dATP, dCTP, dGTP, and dTTP; 2.5mM MgCl, (2.0mM for
RET/PTC3); and 0.4 uM of each primer at 40 cycles for BCR,
RET/PTC1, and RET/PTC3, and 36 cycles for the TK domain.
Reaction conditions were as described in RET/PTCS, except
for extension temperature (72°C instead of 68°C). Primer sets
and annealing temperatures are summarized in Table 1. RT-
PCR products of RET/PTC8 and ACBD5-RET were confirmed
to be actual products by sequencing after cloning of corre-
sponding bands into a cloning vector.

RT-PCR products other than RET/PTC8 and ACBD5-RET
were confirmed to be actual products by digestion of restric-
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tion enzymes, BamHI for RET/PTCI and RET/PTC3, Alul for
BCR (TaKaRa), and Haelll (New England Biolabs, Beverly,
MA) for the RET gene TK domain, which existed within each
amplified target fragment. For positive control of RT-PCR on
the BCR gene, the RET gene TK domain and RET/PTC1,
c¢DNA derived from a human thyroid cell line (TPC1) with
RET/PTCI rearrangement was used as a template. For posi-
tive control of RT-PCR on RET/PTC8 and ACBDS5-RET, a
mixture of 77 base-synthesized nucleotides (PTC8-oligo77
for RET/PTC8 and ACBDS5-RET-oligo77 for ACBDS5-RET,
respectively) and genomic DNA at a molar ratio of 1:1
was used as a template. For negative control, H,O was used as
a template. No amplification of RNA without RT was ob-
served.

Results
Concentration of SMART adaptor

All cDNA syntheses in this study were performed with
random primer (9mer), since RNA extracted from archi-
val formalin-fixed, paraffin-embedded thyroid cancer tissue
specimens was invariably degraded to some degree. Using
RNA prepared from each of two in-house controls harboring
RET/PTC1 and RET/PTC3 rearrangements, first we exam-
ined the effects of concentration of SMART adaptor on the
amplification efficiency by SMART RACE-PCR with gene-
specific and adaptor-specific primers. One microliter of vari-
ous concentrations of SMART adaptor was added to the
reaction mixture immediately after cDNA synthesis had been
completed. The mixture was further incubated at 42°C for
60 minutes in the presence of SMART adaptor. Since the total
length of the SMART adaptor and the 5’ portion of exon 12 of
RET is 55 bp, the length of amplified target fragments requires
more than 70 bp to identify the counterpart gene. In addition,
it is important to conduct cloning of obvious and intense
fragments for successful isolation and identification of the
counterpart gene. Therefore, among clear-cut fragments of



