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Fig. 5. Metabolic labeling of DLD-1 cells treated with siRNAs. DLD-1 cells
were treated with various siRNAs on days 1,'4 and 7 and analyzed on day 10.
(A) A di h of i d radioactivity into cellular proteins. Cells
treated with each siRNA were labeled with Na[**S]0; for 24 h and analyzed
as described in Experimental procedures. Cellular proteins were separated by
2-15% gradient SDS-PAGE. The arrowhead indicates the signal that
disappeared upon treatment with HSase. (B) Ratio of sulfate incorporation into
HS, CS and N-glycans in cellular proteins. The amounts of incorporated sulfate
into HS, CS and N-glycans were estimated on the basis of the radioactivity
released after the treatment of cells or cellular proteins with HSase, CSase and
PNGase F, respectively. The amount of total sulfate incorporation into proteins
was determined by the precipitation of the proteins in the cell lysate with TCA.
No siRNA, cells treated with no siRNA; control (100 nM), cells treated with
100 nM control siRNA; control (200 nM), cells treated with 200 nM control
siRNA; PAPSTI, cells treated with 100 nM PAPST] siRNA; PAPST2, cells
treated with 100 nM PAPST2 siRNA; PAPSTI+PAPST2, cells treated with 100
nM PAPSTI siRNA and 100 nM PAPST2 siRNA.

On day 9 (i.e. 2 days after the third transfection), the cells
were labeled with Na2[355]04 for 24 h. Figure 5A shows the
autoradiograph of the cellular proteins in the cell lysates.
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Fig. 6. Cellular prolifcration of DLD-1 cells treated with siRNA. DLD-1 cells
were transfected with each siRNA on days 1, 4 and 7 and seeded onto a
96-well plate on day 8. The number of cells was quantified once per day for
S days using the WST-8 assay. No siRNA, cells treated with no siRNA:
control (100 nM), cells treated with 100 nM control siRNA; control (200
nM), cells treated with 200 nM control siRNA; PAPSTI, cells treated with
100 nM PAPST] siRNA; PAPST2, cells treated with 100 nM PAPST2 siRNA;
PAPSTI+PAPST2, cells treated with 100 nM PAPST/ SiRNA and 100 nM
PAPST2 siRNA.

Treatment with either PAPST] or PAPST2 siRNA reduced the
density of HS (Figure 5A, arrowhead) and other signals.
Figure 5B shows the sulfate incorporation into HS, CS,
N-glycans and other glycans in the DLD-1 cells treated with
each siRNA. The cells treated with PAPST siRNA reduced the
extent of sulfate incorporation into HS to one-third that of the
cells treated with control siRNA. Treatment with P4PST2
siRNA was less effective; the extent of sulfate incorporation
into HS was half that of the cells treated with control siRNA. In
the DLD-1 cells, treatment with PAPST] siRNA showed an
effect on sulfation of HS, CS, and N-glycans, whereas treatment
with PAPST2 siRNA was mainly effective on HS (Figure 5B).
These results indicate that gene expression of PAPS transporters
regulates sulfation in this colorectal carcinoma cell line.

Gene silencing of PAPS transporters decreases cell growth
in DLD-] cells

Cellular proliferation of the siRNA-treated cells was further
analyzed. On day 8 (i.e. 1 day after the third transfection), the
siRNA-treated cells were seeded onto a 96-well plate and cell
growth was measured once per day for 5 days using the
WST-8 assay. Cells treated with either PAPSTI or PAPST2
siRNA showed significantly decreased cell growth relative to
the cells treated with control siRNA (Figure 6). Similar to the
result of sulfation, PAPST] siRNA was found to have a greater
effect on cell growth than PAPS72 siRNA in the DLD-1 cells.
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The cell growth of double-knockdown cells was comparable to
that of PAPSTI-single knockdown cells. These results indicate
that PAPS transporters play a role in the proliferation of color-
ectal carcinoma cells by controlling their sulfation status.
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Fig. 7. FGF signaling of DLD-1 cells treated with siRNA. (A) Western blot
analysis of ERK phosphorylation. DLD-I cells were treated with each siRNA
on days 1, 4 and 7 and stimulated with 10 ng/mL of FGF-2 on day 10. Cell
lysates were prepared 0 and 5 min after stimulation and western blot analysis
against ERK or phosphorylated ERK antibodies was performed. (B)
Densitometric analysis of the western blot. Levels of phosphorylated ERK/
total ERK 5 min after stimulation were calculated using the NIH Image
program and the value obtained from control cells is presented as 100%.
Values shown are means (SDs) obtained from three independent experiments.
No siRNA, cells treated with no siRNA; control (100 nM), cells treated with
100 nM control siRNA; control (200 nM), cells treated with 200 nM control
SIRNA; PAPSTI, cells treated with 100 nM PAPST] siRNA; PAPST2, cells
treated with 100 nM PAPST2 siRNA; PAPSTI+PAPST2, cells treated with
100 nM PAPSTI siRNA and 100 nM P4PST2 siRNA.

PAPS transporters in colorectal carcinoma

Gene silencing of PAPS transporters reduces HS-dependent
growth factor signaling in DLD-1 cells

It is known that HS is involved in many growth-factor signal-
ing pathways with interacting growth factors. FGF-2 is one of
the HS-interacting growth factors and plays-a role in regulat-
ing the proliferation of cells. Because the interaction between
HS and FGF-2 requires the sulfation of HS (Rapraeger et al.
1991; Yayon et al. 1991), FGF-2 signaling was analyzed in
the siRNA-treated DLD-1 cells. For this experiment, the
DLD-1 cells treated with each siRNA were stimulated with
10 ng/mL FGF-2 on day 10 (i.e. 3 day after the third transfec-
tion), and the transduction of FGF signaling was assessed in
terms of the phosphorylation of extracellular signal-regulated
kinase (ERK). Western blots of phosphorylated ERK and total
ERK in the siRNA-treated cells are shown in Figure 7A. In
cells treated with either PAPST] or PAPST2 siRNA, the ratio
of phosphorylated ERK/total ERK was decreased relative to
the cells treated with control siRNA (Figure 7B). The double-
knockdown cells showed the lowest value for the ERK phos-
phorylation. The transduction of FGF signaling reflected the
sulfation status of HS in the siRNA-treated DLD-1 cells.
These results indicate that the expression of PAPS transporter
genes affects HS-dependent growth factor signaling in color-
ectal carcinoma cells.

Discussion

The present study showed that the expression level of PAPST]
is several times higher than that of PAPST? in colorectal carci-
noma cell lines (Figure 1A). In colorectal carcinoma tissues,
the difference in expression levels of two PAPS transporters
was less prominent than the difference in the cell lines
(Figure 1B). Immunohistochemical analyses revealed that
PAPST! protein is predominantly expressed in epithelial cells
in both noncancerous and cancerous colorectal tissues
(Figure 2E-T). The expression of PAPSTI ‘was foind to be
remarkably increased in fibroblasts around invasive cancer
cells (Figure 21, asterisks) but did not change in epithelial car-
cinoma cells of cancerous colorectal tissues. In contrast,
PAPST2 protein was strongly detected in epithelial cells in
noncancerous colorectal tissues (Figure 2J), whereas the
expression was faintly detectable in epithelial cells in cancer-
ous colorectal tissues (Figure 2K). Therefore, the difference in
the expression levels of PAPS transporters in colorectal carci-
noma cell lines might be associated with decreased PAPST?
expression in epithelial carcinoma cells.

Several studies have reported that the composition of sul-
fated glycoconjugates is altered in colorectal tissues during car-
cinogenesis. The sialyl 6-sulfo Le* (Izawa et al. 2000) and
3'-sulfo-Le* (Matsushita et al. 1995; Yamachika et al. 1997)
epitopes are predominantly expressed in nonmalignant colorec-
tal tissues, but are not detected in the malignant tissues. The
impaired syntheses of sialyl 6-sulfo Le* and disialyl Le® upon
malignant transformation are responsible for the accumulation
of sialyl Le* and sialyl Le" in colon cancer cells (Izawa et al.
2000; Kannagi 2004; Miyazaki et al. 2004). Very recently,
Yusa et al. (2010) reported that diminished transcription of
sulfate transporter gene DTDST causes decreased expression of
sialyl 6-sulfo Le* and increased expression of sialyl Le* in
colon cancer cells. Sulfate transporters and PAPS synthases are
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involved in PAPS synthesis, whereas PAPS transporters are
required for sulfation reaction in the Golgi apparatus. The
present study showed that the expression status of PAPS trans-
porters is also a key factor in sulfation of cellular proteins in
colon cancer cells. In addition, it has been shown that several
sulfotransferases exhibit altered expression levels and activities
in colorectal carcinomas (Vavasseur et al. 1994; Yang et al.
1994; Kuhns et al. 1995; Seko et al. 2002a, 2002b). Further
- identification of alterations of sulfated glycoconjugates and
components involved in sulfation during malignancy will
provide valuable insights into the role of sulfation in cancer.

Silencing of PAPS transporter genes influences sulfation of
proteoglycans and proliferation of colorectal carcinoma cells.
Dick et al. (2008) reported that the overexpression of PAPST]
enhances the sulfation of CS in the apical pathway of MDCK
cells but does not affect HS sulfation. In contrast, the present
work indicates that silencing of P4PST] gene expression in
DLD-1 cells results in a decrease in both HS and CS sulfation
(Figure 5). It is known that sulfotransferases for CS have
higher K, values for PAPS than the sulfotransferases for HS
(Kolset et al. 2004). The results of the present study indicate
that the sulfotransferases for HS are also susceptible to the
levels of substrate in the Golgi apparatus in colorectal carci-
noma cells.

Silencing of PAPS transporters reduces FGF-2 signaling in
DLD-1 cells. It has been reported that both HS (Rapracger
et al. 1991; Yayon et al. 1991) and CS (Deepa et al. 2002)
bind to FGF-2. Because the amount of cell surface HS was
found to be more than three times greater than that of cell
surface CS (Figure 3), HS is considered to contribute mainly
to FGF-2 signaling in DLD-1 cells. Numerous studies have
shown that cell surface HS plays a crucial role in normal
growth and development. It is well known that HS is required
for regulation of many growth factor-signaling pathways, such
as FGF (Rapraeger et al. 1991; Yayon et al. 1991), wingless/
Wnt (Reichsman et al. 1996), heparin-binding, epidermal
growth factor-like growth factor (Aviezer and Yayon 1994),
hepatocyte growth factor (Zioncheck et al. 1995) and vascular
endothelial growth factor (Soker et al. 1994; Tessler et al.
1994). We previously demonstrated that PAPS transporters are
essential for normal development in Drosophila (Kamiyama
et al. 2003; Kamiyama and Nishihara 2004; Goda et al.
2006). Liders et al. (2003) also demonstrated that the
Drosophila ortholog of PAPST] is required for signaling of
wingless and hedgehog. Therefore, alteration of HS sulfation
may be a significant regulatory factor for cellular proliferation
in colorectal carcinomas, although the significance of CS and
other glycans should also be considered. Additionally, the
strong expression of PAPSTI protein in fibroblasts in the
vicinity of invasive cancer cells (Figure 21, asterisks) suggests
that PAPSTI has a role in the desmoplastic reaction during
tumorigenesis to support cancer growth through modulation
of HS-dependent signaling.

It has been reported that the expression of nucleotide sugar
transporters is altered in the case of cancer or inflammation.
In these studies, it was found that the expression level of a
UDP-galactose transporter (SLC35A2) is increased in human
colon carcinoma and is responsible for the synthesis of
Thomsen-Friedenreich antigens and sialyl Le® and sialyl Le*
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epitopes  (Kumamoto et al. 2001). Expression of a
GDP-fucose transporter (SLC35C1) is upregulated in hepato-
cellular carcinomas and plays a role in increased fucosylation
(Moriwaki et al. 2007). In addition, the expression levels of
transporters involved in sulfo sialyl Le* glycan biosynthesis
were coordinately upregulated by inflammation-related stimuli
(Huopaniemi et al. 2004). Koike et al. (2004) reported that
transcription of genes involved in the synthesis of the
E-selectin ligands, namely fucosyltransferase VII, sialyltrans-
ferase ST3Gal-I and UDP-galactose transporter 1 (SLC35A2),
is significantly induced in cancer cells under hypoxic culture
conditions. Their study also showed that a hypoxia-inducible
transcription factor induces transcription of these genes and
leads to a significant increase in selectin-mediated cancer cell
adhesion to endothelial cells (Koike et al. 2004). Furthermore,
Yusa et al. (2010) suggested that the transcription of sulfate
transporter DTDST is suppressed by epigenetic silencing via
histone modification in colon cancer cells. It would be an
interesting topic of research to elucidate how the expression
of these transporter genes is transcriptionally regulated in
cancer or inflammiation.

Mutations in nucleotide sugar transporter genes responsible
for several disorders have been recently identified
(Liibke et al. 2001; Liihn et al. 2001; Martinez-Duncker et al.
2005; Hiraoka et al. 2007). With regard to the synthesis
of GAGs, the mutation of a gene involved in the synthesis
of CS, SLC35D1, was reported to be responsible for
Schneckenbecken dysplasia, a severe skeletal dysplasia
(Hiraoka et al. 2007). A missense mutation in the bovine
SLC35A3 gene, which encodes a UDP-N-acetylglucosamine
transporter, causes complex vertebral malformation (Thomsen
et al. 2006). To date, no disorders associated with PAPS trans-
porter gene mutation have been reported. However, Clement
et al. (2008) recently demonstrated that a zebrafish with a
PAPST! mutation has cartilage defects that strorigly resemble
those seen in human patients with hereditary multiple exo-
stoses. Additionally, analyses of Drosophila mutants demon-
strated the significance of PAPS transporters in development
(Kamiyama et al. 2003; Liiders et al. 2003; Goda et al. 2006).
Our recent research has revealed that both PAPSTI and
PAPST?2 contribute to the maintenance and differentiation of
mouse embryonic stem cells by regulating Wnt, bone morpho-
genetic protein and FGF signaling (Sasaki et al. 2009). The
results of the present study provide additional information on
the functions of PAPS transporters in cancer cells. In the
future, approaches using transgenic or knockout mice would
be helpful in elucidating the key roles of PAPS transporters.

Experimental procedures
Cell culture and tissue samples
Omega, DLD-1 and LS174T cell lines were cultured in
Dulbecco’s modified Eagle’s medium (DMEM)/F12 (1:1)
medium (Invitrogen Co., Carlsbad, CA), supplemented with
10% fetal bovine serum and 1x penicillin/streptomycin
(Invitrogen).

The use of the clinical materials was approved by the
ethical committee of the National Hospital Organization
Osaka National Hospital, the Keio University Hospital, the
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National TInstitute of Advanced Industrial Science and
Technology, the Aichi Cancer Center Research Institute and
Soka University. The formalin-fixed and paraffin-embedded
colon cancer samples were obtained from the National
Hospital Organization Osaka National Hospital and used for
immunohistochemical analysis. The frozen rectal cancer
samples were obtained from the Keio University Hospital and
used for in situ hybridization. The frozen cancerous and non-
cancerous colon tissues were obtained from the National
Hospital Organization Osaka National Hospital and the Aichi
Cancer Center Research Institute to use for quantitative PCR
analysis.

Quantitative analysis of PAPSTI and PAPST2 transcripts

The quantities of PAPST] and PAPST?2 transcripts were deter-
mined using real-time PCR. Total RNA from human colorectal
tissues was extracted using RNeasy Plus Mini (QIAGEN K K.,
Tokyo, Japan) or the method of Chomczynski and Sacchi
(1987). The features of each of the colorectal carcinoma
samples were confirmed by histopathological examination
(Table I). Total RNA from the cell lines was prepared using
TRIzol reagent (Invitrogen). First-strand ¢cDNA was syn-
thesized with a Superscript II First Strand Synthesis kit
(Invitrogen) with an oligo-dT primer. Real-time PCR was per-
formed using qPCR Mastermix (QuickGoldStar; Eurogentec,
Seraing, Belgium) and an ABI PRISM 7700 Sequence
Detection System (Applied Biosystems, Foster, CA).

The PCR primer pair sequences and TagMan probes used
for each gene were same as those previously reported
(Kamiyama et al. 2003, 2006). The relative amounts of
PAPST] and PAPST2 transcripts were normalized to the
amount of glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) transcript present in the same cDNA.

In situ hybridization

A pBluescript SK(-) plasmid containing a 0.57 kb PAPST]
sequence was linearized with No/d. A digoxigenin-labeled
antisense riboprobe was synthesized with T7 RNA polymer-
ase using Dig RNA Labeling Kits (Roche Applied Science,
Indianapolis, IN). As a negative control, a sense riboprobe
was synthesized with T3 RNA polymerase after linearization
of the plasmid with XAol. .

Serial frozen sections prepared from rectal tissues in
Tissue-Tech OCT compound (Sakura Finetechnical Co. Ltd.,
Tokyo, Japan) were thawed on slides and the OCT compound
was removed. Sections were treated with 1 pg/mL of protein-
ase K at 37°C for 10 min and refixed in 4% paraformaldehyde
at 4°C for 20 min. Sections were then pre-hybridized in
hybridization buffer (5% SSC containing 50% deionized for-
mamide, 10% dextran sulfate, 0.5% Tween 20, 5 mM dithio-
threitol, 50 pg/mL of heparin and 50 pg/mL of yeast tRNA)
and hybridized with a digoxigenin-labeled sense or antisense
riboprobe in hybridization buffer at 58°C for 16 h. After
hybridization, sections were sequentially washed with 5x SSC
containing 50% formamide and 0.2% Tween-20 at 58°C for
30 min and three times with 2x SSC containing 50% forma-
mide and 0.2% Tween-20 at 58°C for 30 min. The sections
were then treated with 0.5% blocking buffer (Roche Applied
Science) in TBST and reacted with alkaline phosphatase-

PAPS transporters in colorectal carcinoma

conjugated  anti-digoxigenin  antibody (Roche Applied
Science). Endogenous phosphatases were inactivated with 2
mM levamisole in TBST and riboprobes were detected with
0.375 mg/mL  of nitroblue tetrazolium, 0.175 mg/mL of
5-bromo-4-chloro-3-indolyl phosphate, 100 mM NaCl, 100
mM Tris-HCI, pH 9.5, 50 mM MgCl, and 0.1% Tween-20
for 2.5 h. The developed sections were washed three times
with 10 mM Tris-HCI, pH 8.0, and 1 mM EDTA and were
mounted with glycerol.

Immunohistochemical analysis

Rabbit polyclonal antibodies generated against mouse PAPST1,
KAVPTEPPVQKY, and human PAPST2, CAKNPVRTYGYA,
were purified by using each peptide and were then used to
examine the immunohistochemical distribution of PAPS trans-
porter proteins.

For immunostaining of formalin-fixed and paraffin-
embedded tissue samples, 3 um thick sections were serially
cut and mounted on precoated slides. A Ventana system
(Ventana XT system BenchMark; Ventana Medical Systems,
Tucson, AZ) was used for immunohistochemical analysis. All
procedures were performed automatically by the system
according to the manufacturer’s protocols. Briefly, the tissue
sections were automatically treated with an antigen-retrieval
solution (Ventana) and heated on a slide heater at 100°C for
30 min. Endogenous peroxidase activity was quenched by
immersion in 3% hydrogen peroxide for 4 min. The sections
were then incubated with anti-PAPSTI antibody (rabbit poly-
clonal, 1/500 dilution) for 30 min at 37°C. Detection was per-
formed using the LSAB Ventana Iview DAB detection system
according to the manufacturer’s instructions. Sections were
counterstained with hematoxylin. '

For immunostaining of frozen tissue sections, the sections
were fixed in cold acetone for 5 min and then rehydrated in
phosphate-buffered saline (PBS). The sections were incubated
with a blocking reagent (5% bovine serum albumin in PBS)
at room temperature for- 30 min and reacted with the
anti-PAPSTI antibody (rabbit polyclonal, 1:500 dilution) or
the anti-PAPST2 antibody (rabbit polyclonal, 1:100 dilution)
at 4°C for 16 h. After washing with PBS, the sections were
incubated with anti-rabbit immunoglobulin (IgG)-conjugated
Alexa Fluor 488 at room temperature for 30 min. For counter
staining, the sections were treated with phallotoxins conju-
gated Alexa Fluor 594 (Molecular Probes, Invitrogen,
Eugene, OR) to stain the F-actin for 10 min and then incu-
bated with Hoechst 33342 to stain the nucleus for 10 min.
The sections were mounted in ProLong Gold Antifade reagent
(Molecular Probes).

Verification of antibody specificity

The immunoreactivity of purified anti-PAPST1 antibody to
human PAPSTI protein was confirmed by westem blotting.
The coding region of human PAPST1 was amplified by PCR
using a forward primer 5-GAATTCTGGACGCCAGATGG
TGG-3' and a reverse primer 5-CTCGAGTCAAACCTT
CTGCACAGGAG-3'". The PCR fragment was subcloned into
the EcoRI and Xhol sites of the pCXN2-c-myc vector which
contains an N-terminal-c-myc tag. HEK 293 cells were sub-
cultured onto 6 cm dishes at a concentration of 1 x 10° cells/
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dish and were transfected with 2 pg of plasmid using
Lipofectamine 2000 reagent (Invitrogen). Three days after the
transfection, cells were suspended in 120 uL of 10 mM
triethanolamine containing 0.8 M Sorbitol and lysed with 60
uL of 3x SDS sample buffer (New ‘England Biolabs Inc.,
Ipswich, MA) at 4°C for 16 h. The whole cell lysate (1 pg
protein) was subjected to 10% SDS-polyacrylamide gel elec-

- trophoresis (PAGE), and proteins were transferred onto poly-
vinylidene difluoride membranes (Millipore). The membrane
blot was blocked with 5% skimmed milk in PBS containing
0.1% Tween-20 (PBST, pH 7.4) and then was immunoreacted
with the anti-PAPST1 antibody (1:5000 dilution in PBST) or
an anti-c-myc monoclonal antibody (1:5000 dilution in PBST;
Santa Cruz Biotechnology, Inc., Santa Cruz, CA). After
washing with PBST, each blot was reacted with the corre-
sponding secondary antibody conjugated with horseradish
peroxidase in PBST. The blot was washed with PBST and
developed with ECL Plus reagents (GE Healthcare
Bioscience, Piscataway, NJ).

Metabolic labeli

and deter of total sulfate

incorporation into proteins

Twenty-four hours prior to analysis, cells were subcultured in
a 24-well plate at a concentration of 1 x 10° cells/well in inor-
ganic sulfate-frre DMEM/F12 medium supplemented with
10%_fetal bovine serum and 100 uCi/mL of carrier-free
Na,[*°S]0, (American Radiolabeled Chemicals Inc.,
St. Louis, MO). The cells were rinsed twice with PBS, sus-
pended in 50 uL of lysis buffer (10 mM Tris-HCI, pH 7.4,
0.5% Nonidet P-40, I mM EDTA and 0.5 mM phenylmethyl-
sulfonyl fluoride) and incubated on ice for 1 h. The solution
was centrifuged at 18,500 x g for 30 min, and the supernatant
was used as the cell lysates. Twenty micrograms of the
protein in each sample was precipitated with 10% TCA and
washed with 5% TCA, followed by cold acetone. The precipi-
tate was dried and dissolved in 50 pL of 0.5 N NaOH for
scintillation counting.

Determination of sulfate incorporation into HS, CS and
N-linked glycans

The Nay[**S]O4-labeled cells were rinsed twice with PBS and
cultured in normal medium for 2 h. Cells were rinsed with
PBS and treated with 0.5 mL of DMEM/F12 medium contain-
ing 10 mU/mL of heparitinase (Seikagaku Kogyo, Tokyo,
Japan) or 100 mU/mL of chondroitinase ABC (Seikagaku
Kogyo) at 37°C for 2 h. The medium was saved and centri-
fuged at 18,500 x g for 5 min, and the supernatant was used
for scintillation counting. For each sample, the value was cal-
culated as the difference between the radioactivity obtained
from cells treated with the enzyme and the background radio-
activity without the enzyme.

For quantification of sulfate incorporation into N-linked
glycans, 20 pg of protein from the cell lysate was treated with
PNGase F (New England BioLabs) at 37°C for 2 h. Proteins
were precipitated with 20% TCA and washed with 5% TCA,
followed by cold acetone. The precipitate was dried and dis-
solved in 50 uL of 0.5N NaOH for scintillation counting.
The value was calculated as the difference between the
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radioactivity obtained from the cell lysate without the enzyme
and the radioactivity from the cell lysate treated with the
enzyme.

Treatment of DLD-1 cells with siRNA
Nineteen-base pair siRNAs with two bases of 3’ overhangs
were designed using the siDirect program (http:/genomics.jp/
sidirect). The siRNA sequences used were as follows: for
control siRNA, sense strand 5-GUACCGCACGUCAUUCG
UAUC-3' and antisense strand 5-UACGAAUGACGUGC
GGUACGU-3"; for PAPSTI siRNA, sense strand 5'-GGU
CAAGAGAGCAUAGGUAGG-3" and antisense strand 5'-UA
CCUAUGCUCUCUUGACCCC-3; for PAPST2 siRNA,
sense strand 5-CCAGUUCGGACCUAUGGUUAU-3' and
antisense strand 5'-AACCAUAGGUCCGAACUGGAU-3'".
DLD-1 cells were subcultured onto 6 cm dishes at a con-
centration of 1 x 10 cells/dish 24 h prior to transfection. The
cells were repeatedly transfected with 100 nM siRNA with
Lipofectamine 2000 reagent three times on days 1, 4 and
7. On day 9, the cells were labeled with Na,[**S]0, for 24 h
and analyzed as described in ‘Metabolic labeling and determi-
nation of total sulfate incorporation into proteins’. RNA was
extracted using TRIzol reagent (Invitrogen) on day 10.

Cell proliferation assay

Cell proliferation was assessed using an assay with a
tetrazolium salt, 2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl )-
5-(2,4-disulfophenyl)-2H  tetrazolium  monosodium  salt
(WST-8). In this experiment, cells were seeded onto a 96-well
plate at a concentration of 2 x 10° cells/well in quadruplicate on
day 8 and cultured in the normal medium. The number of cells
was quantified once per day for 5 days using a Cell Counting
Kit-8 (Dojindo Laboratories, Kumamoto, Japan). The absor-
bance at 450 nm was measured 2 h after the reaction using a
microplate reader (Model 3550; Bio-Rad Labs, Hercules, CA).
The obtained value was adjusted by subtracting the background
value (obtained without the reagent).

Cell stimulation and western blot analysis

For activation of FGF signaling, cells were serum-starved for
16h and treated with 10ng/mL of FGF-2 (Upstate
Biotechnology Inc., Lake Placid, NY) for 5 min. Cells were
rinsed with ice-cold PBS and lysed in lysis buffer (50 mM
Tris-HCI, pH 7.4; 150 mM NaCl, 1% Triton X-100, 1 mM
Na;VO,, 10 mM NaF and protease inhibitors) and centrifuged
at 18,500 x g for 5 min. The supernatant was used for western
blot analysis.

For western blot analysis, proteins in the cell lysate (5 pg)
were separated with 10% SDS-PAGE and transferred onto
polyvinylidene difluoride membranes (Millipore). The mem-
brane blot was blocked with 1% bovine serum albumin in 20
mM Tris-buffered saline containing 0.1% Tween-20 (TBST,
pH 7.4) for 2'h at room temperature and then immunoreacted
with an antibody against ERK-1/2 (Cell Signaling Technology,
Beverly, MA) or phosphorylated ERK-1/2 (Thr-202 and
Thr-204; Cell Signaling Technology) in blocking buffer at 4°C
overnight. After washing with TBST, each blot was reacted
with its corresponding secondary antibody conjugated with
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horseradish peroxidase in TBST at room temperature for 1 h.
The blot was washed with TBST and developed with ECL
Plus reagents (GE Healthcare Bioscience).
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Ectopic liver and ectopic hepatocellular carcinoma
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Re—Resection of the Liver as Reduction Surgery for Hepatocellular Carcinoma: Atsushi Miyamoto, Shoji Nakamori, Ma-
sanori Tsujie, Masayoshi Yasui, Masakazu lkenaga, Michihiko Miyazaki, Motohiro Hirao, Kazumasa Fujitani, Hideyuki Mishi-
ma and Toshimasa Tsujinaka (Dept. of Surgery, National Hospital Organization, Osaka National Hospital)
Summary

In this study, we report four cases of re-resection of the liver as reduction surgery for a failure of transcatheter hepatic ar-
terial embolization (TAE) for multiple intrahepatic recurrences after hepatic resection. In all of the 4 cases, a liver function
was well preserved and portal vein thrombosis was not revealed in preoperative CT scan. Although bile leakage was ob-
served in one case, no major complications were.observed in other 3 cases and their hospital stay after surgery was within
13 days. To date, one year survival rate after re—resection is 100%, and a short—term prognosis is good. On the basis of the
result, re—resection of the liver as reduction susgery could be considered as one of options of the locoresional treatment for
a failure of TAE for multiple intrahepatic recurrences. Key words: Hepatocellular carcinoma, Reduction surgery, Re-resec-
tion of the liver '
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A Case of Salvage Treatment for Local Recurrence of Squamous Cell Anal Carcinoma after Chemoradiation: Hironobu
Goto*', Masakazu lkenaga*’, Masayoshi Yasui*', Michihiko Miyazaki*', Hideyuki Mishima*', Masanori Tsujie*", Atsushi Mi-
yamoto*", Motohiro Hirao* !, Kazumasa Fujitani*", Shoji Nakamori*”, Ken Yoshida*2 and Toshimasa Tsujinaka*" (*'Dept. of
Surgery, and **Dept. of Radiiology, National Hospital Organization, Osaka National Hospital)
Summary

A 76-year—old woman consulted her local physician because she experienced anal pain during defecation. She was di-
agnosed with squamous cell anal carcinoma and underwent chemoradiation (59.4 Gy +UFT 500 mg/5 days/week). The
examinations after chemoradiation revealed a complete remission of the tumor. She was followed up and 8 months later,
she experienced anal erosion and pain. Local recurrence was observed, however, distant metastasis was not observed.
Abdominoperineal resection (APR) was performed as salvage treatment, and she has been disease free for 10 months.
Functional preservation employing concomitant chemoradiation has become the standard treatment for most case of squa-
mous cell anal carcinoma, with APR backup being a salvage procedure. However, approximately 30% of the cases require
a salvage operation because of primary non—response or recurrence. We predict that the incidence of such cases will in-
crease in the future. Key words: Squamous cell anal carcinoma, Chemoradiation, Salvage treatment
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