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In an attempt to identify novel therapeutic targets for diffuse-
type gastric cancer, we had previously compared expression pro-
files of 20 diffuse-type gastric-cancer tissues with corresponding
non-cancerous mucosae by means of a cDNA microarray consist-
ing of 23,040 genes. Among 153 genes whose expression levels
were elevated in cancers compared to non-cancerous mucosae,
we focused on a gene termed NOL8 that encodes a putative 150-
kDa protein with an RNA-recognition motif (RRM) domain in its
amino-acid terminal region. Comparison of expression profiles
between diffuse-type and intestinal-type gastric cancers showed
that NOL8 was specifically up-regulated in diffuse-type cancers.
Northern blot analysis revealed that NOL8 was expressed in skel-
etal muscle, but not expressed or hardly detectable in 22 other
tissues examined. Immunocytochemical staining of NOL8 showed
specific localization in the nucleolus. Subsequent protein phos-
phatase analysis coupled with western analysis revealed the pres-
ence of the phosphorylated form. Furthermore, transfection of
short-interfering RNA (siRNA) specific to NOL8 into three diffuse-
type gastric cancer cells, St-4, MKN45 and TMK-1, effectively re-
duced expression of this gene and induced apoptosis in these
cells. These findings provide a new insight into diffuse-type gas-
tric carcinogenesis and may contribute to the development of
new therapeutic strategies for diffuse-type gastric cancer. (Cancer
Sci 2004; 95: 430-435)

G astric cancer is the fourth leading cause of cancer-related
death in the world.” Development of a diagnostic strategy
using endoscopy has facilitated the early detection of gastric
cancers that are curable by surgical resection. However, prog-
nosis of gastric cancer at an advanced stage remains very poor
due to the limited effectiveness of chemotherapy for gastric
cancer; the response rates of presently available anticancer
drugs such as 5-FU, doxorubicin, epirubicin, mitomicin C, eto-
poside and cisplatin range between 19 to 36%.? Furthermore,
since these drugs have cytotoxic and/or cytostatic effects on
both normal and cancer cells, severe or even lethal adverse re-
actions are observed in a subset of patients. In addition, radio-
therapy for cancers in the upper abdomen is technically difficult
and often poorly tolerated. Therefore development of novel
therapeutic approaches is an issue of great and urgent clinical
importance.

Recently, intensive studies on the molecular mechanisms of
carcinogenesis have led to the identification of molecular tar-
gets for development of new anti-tumor agents. For example,
HER2/neu, a receptor that is overexpressed in approximately
30% of breast cancers, mediates growth signals in response to
binding of its specific ligand. A combination therapy of anti-
cancer drugs and an anti-HER2 monoclonal antibody, trastu-
zumab, that antagonizes growth signaling by this ligand-recep-
tor, improved clinical response as well as overall survival in a
subset of breast-cancer patients who had HER2/neu overex-
pression.” A tyrosine kinase inhibitor, STI-571, which selec-
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tively inactivates the ber-abl fusion protein, is very effective for
the treatment of chronic myelogenous leukemias where consti-
tutive activation of ber-abl tyrosine kinase plays a crucial role
in the transformation of leukocytes.® Recently, a novel drug de-
signed to inhibit EGFR tyrosine kinase, EGFR-TKI (Gefitinib)
or ZD1839 (Iressa), has been reported to be highly effective
against non-small-cell lung cancer, because the EGFR-signaling
pathway plays an important role in tumor progression, includ-
ing cell proliferation, angiogenesis and inhibition of apoptosis.”
These results suggest that inhibition of gene products with on-
cogenic activity that are up-regulated specifically in cancer
cells is a promising strategy for development of novel anti-can-
cer agents. This notion prompted us to survey genes up-regu-
lated in cancers in our microarray data.

The nucleolus is the site of ribosome biogenesis, where ribo-
somal RNA is transcribed, modified, assembled with ribosomal
proteins and exported to the cytoplasm to form mature ribo-
somes. The nucleolus is also involved in mitosis and meiosis,
regulation of cell cycle progression, and gene expression.® An
active nucleolus is crucial for nuclear architecture, functional
compartmentalization of the nucleus and control of cell prolif-
eration. Proteomic analyses suggested that more than 200 pro-
teins function in the nucleolus. These proteins include
ribosomal proteins, proteins associated with ribosome biogene-
sis or mRNA metabolism, translation factors, chaperones, fi-
brous proteins and others. To clarify the molecular mechanisms
underlying the biological processes in the nucleolus, it is neces-
sary to uncover the functions of nucleolar proteins.

Gastric cancers are histologically classified into diffuse type
(infiltrating, poorly differentiated, non-cohesive cancer cells
with vast fibrous stroma) and intestinal type (cohesive, glandu-
lar-like cell groups).” These two types have significant differ-
ences in their epidemiology, etiology, pathogenesis and
biological behavior. The diffuse type is observed in relatively
younger individuals regardless of gender, and often metasta-
sizes to peritoneum or lymph nodes, having a poorer prognosis
as a result. To identify novel therapeutic targets for diffuse-type
gastric cancer, we compared in our previous study the expres-
sion profiles of 20 diffuse-type gastric cancer tissues with those
of the corresponding non-cancerous mucosae by means of a
c¢DNA microarray consisting of 23,040 genes. In the present
study, we demonstrate that a novel nucleolar protein, NOLS, is
frequently up-regulated in diffuse-type gastric cancer, and that
its decreased expression results in induction of apoptosis in
cancer cells. These data should lead to a better understanding of
gastric tumorigenesis, and thereby facilitate the development of
novel strategies for diagnosis and/or treatment of diffuse-type
gastric cancer.
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Materials and Methods

Cell lines and clinical materials. Human diffuse-type gastric cell
lines (MKN45 and MKNI1), mouse fibroblast cell line
(NIH3T3), transformed human embryonic kidney cell line
(293T) and monkey kidney cell line (COS-7) were purchased
from the American Type Culture Collection (ATCC, Rockville,
MD). Other human diffuse-type gastric cell lines, St-4 and
TMK-1, were kindly provided by Dr. Tsuruo (Cancer Institute,
Tokyo) and Dr. Yasui (Hiroshima University School of Medi-
cine), respectively. All cells were cultured as monolayers in ap-
propriate media; RPMI1640 (Sigma-Aldrich Corp., St. Louis,
MO) for St-4, MKN45 and MKN1; DMEM (Sigma-Aldrich)
for TMK-1, 293T, COS7 and NIH3T3; each was supplemented
with 10% fetal bovine serum (Cansera International, Inc., On-
tario, Canada) and 1% antibiotic/antimycotic solution (Sigma-
Aldrich). Cells were maintained at 37°C in an atmosphere of
humidified air with 5% CO,. Cancerous tissues and correspond-
ing non-cancerous mucosae were excised from 20 patients dur-
ing surgery, after informed consent had been obtained.

Multiple-tissue northern blot analysis. Human multiple-tissue
blots (BD Bioscience, Palo Alto, CA) were hybridized with a
32P-labeled PCR product of NOLS, which had been labeled by
random-oligonucleotide priming with a Mega Label kit (Amer-
sham Biosciences, Buckinghamshire, UK). The PCR product
was prepared by RT-PCR using the primer set 5-TTAAG-
CAATTCTACAAACAGAGG-3" and 5-AGCCTTGTTCA-
CATTCAGTATC-3’. Prehybridization, hybridization and
washing were performed according to the supplier’s recommen-
dations. The blots were autoradiographed with intensifying
screens at—80°C for 7 days.

Semi-quantitative RT-PCR. Total RNA was extracted from cul-
tured cells using TRIZOL reagent (Invitrogen) according to the
manufacturer’s protocol. Extracted RNA was treated with
Dnase I (Roche Diagnostics, Mannheim, Germany) and re-
verse-transcribed to single-stranded cDNAs using oligo(dT),_;g
primer with Superscript II reverse transcriptase (Invitrogen).
We prepared appropriate dilutions of each single-stranded
cDNA for subsequent PCR amplification by monitoring the far-
nesyl-diphosphate farnesyltransferase 1 gene (FDFTI) and
glyceraldehyde-3-phosphate dehydrogenase gene (GAPDH)
gene as a quantitative control for RT-PCR of aRNAs and
siRNA experiments, respectively. Primer sequences were 5'-
TGTGTGGCTGGGACCTTTAGGAA-3" and 5-TCATTC-
TAGCCAGGATCATACTAAG-3" for FDFTI; and 5-ACAA-
CAGCCTCAAGATCATCAG-3" and 5-GGTCCACCACTG-
ACACGTTG-3" for GAPDH; and 5-ATATGAGCAGGA-
ACTCTGGGAG-3" and 5-CTCAGGATAGAGGGCAAA-
GAGA-3’ for NOLS. All of the reactions involved initial dena-
turation at 94°C for 2 min followed by 25 cycles at 94°C for 30
s, 60°C for 30 s and 72°C for 30 s (for FDFTI); or 18 cycles at
94°C for 30 s, 58°C for 30 s and 72°C for 30 s (for GAPDH);
or 30 cycles at 94°C for 30 s, 61°C for 30 s and 72°C for 30 s
(for NOLS8), on a GeneAmp PCR system 9700 (PE Applied
Biosystems, Foster, CA).

Construction of psiH1BX-NOL8. Plasmids expressing siRNAs
specific to NOL8 were prepared by cloning the following dou-
ble-stranded oligonucleotides into psiHIBX3.0 vector that was
constructed by our group as described previously®: 5-TCC-
CGTGCAGAAGGATGAGAGTTTTCAAGAGAAACTCTC-
ATCCTTCTGCAC-3" and 5-AAAAGTGCAGAAGGATGA-
GAGTTTCTCTTGAAAACTCTCATCCTTCTGCAC-3"  for
siA; 5-TCCCTGGCTCATTAGGTGAAGTGTTCAAGAGAC-
ACTTCACCTAATGAGCCA-3" and 5-AAAATGGCTCAT-
TAGGTGAAGTGTCTCTTGAACACTTCACCTAATGAGCC
A-3’ for siB. The forward oligonucleotides and their comple-
ments were each phosphorylated by incubation with T4-polynu-
cleotide kinase at 37°C for 30 min, followed by boiling and
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slow cooling to anneal the two oligonucleotides. Each product
was ligated into psiH1BX3.0 to create a siRNA expression vec-
tor against NOLS. Total RNA was extracted from the cells 48 h
after transfection and the gene-silencing effect of NOL8-siRNA
was subsequently examined by semi-quantitative RT-PCR.

Growth-suppressive effect of NOL8-siRNAs. St-4, MKN45 and
TMK-1 cells plated onto 10-cm dishes (1x10° cells/dish) were
transfected with psiHIBX-NOLS8 or psiHIBX-EGFP plasmids
using a Nucleofector kit V according to the supplier’s recom-
mendations (Amaxa Biosystems, Cologne, Germany), and
maintained in media containing 10% fetal bovine serum with
appropriate concentrations of Geneticin for 10 days. The cells
were then fixed with 100% methanol and stained with Giemsa
solution. Cell viability was additionally measured by MTT as-
say using a cell-counting kit 8 (Dojindo, Kumamoto) as de-
scribed elsewhere.¥

Western blotting and A-protein phosphatase assay. The entire
coding region of human NOLS8 was amplified by RT-PCR using
primers 5-CCAGGTACCTGCCCAGCCTTCATGAAAGTG-
AAC-3" (forward) and 5-CATGAGCTCTTTTGGTTTCAT-
TTTCCTTTTTGCGTC-3" (reverse), and the PCR product was
cloned into an appropriate enzyme site of the pcDNA3.1-myc/
His expression vector (Invitrogen). Plasmids expressing NOL8
(pcDNA3.1-myc/His-NOL8), or the control  vector
(pcDNA3.1-myc/His) were transfected into 293T cells. Prepa-
ration of cell extract and PAGE were performed as described
previously.” Extracts from 293T cells transfected with
pcDNA3.1-myc/His-NOL8 were incubated with or without
Lambda protein phosphatase (A-PPase) (New England Biolabs,
Beverly, MA) according to the manufacturer’s protocol. Immu-
noblotting was carried out with mouse anti-c-Myc monoclonal
antibody (9E10) (Santa Cruz Biotechnologies, Santa Cruz, CA)
as the first antibody, and HRP-conjugated sheep anti-mouse
IgG (Amersham Pharmacia, Little Chalfont, UK) served as the
secondary antibody for the ECL detection system (Amersham
Pharmacia).

Immunocytochemical staining. St-4, MKN1 and COS-7 cells
transfected with pcDNA3.1/Myc-His-NOLS (Invitrogen) were
fixed and stained as described previously.” Mouse anti-c-Myc
9E10 monoclonal antibody (Santa Cruz Biotechnologies) di-
Iuted 1:1000 was used for the first antibody, and the reaction
was visualized after incubation with fluorescein-conjugated
anti-mouse IgG secondary antibodies (ICN Biomedicals, Inc.,
Aurora, OH). Nuclei were counter-stained with 4’,6”-diamidine-
2’-phenylindole dihydrochloride (DAPI). Fluorescence images
were obtained with a TCS SP2 AOBS Spectral Confocal Scan-
ning System (Leica).

FACS (fluorescence-activated cell sorter) analysis. Cells were
fixed with 75% ethanol at 4°C, treated with PBS containing
RNase at 37°C for 30 min, and then stained with propidium io-
dide (40 pg/ml). The percentages of sub-G1 nuclei in the popu-
lation were determined from at least 2x10* ungated cells in a
flow cytometer (FACScalibur; Becton Dickinson, San Diego,
CA).

Results

Up-regulation of B3873N in diffuse-type gastric cancer. Our ge-
nome-wide expression analysis of 20 diffuse-type gastric can-
cers using a ¢cDNA microarray consisting of 23,040 genes
identified 153 genes that exhibited more-than-two fold elevated
expression in cancer tissues compared to non-cancerous muco-
sae in more than 50% of the cases examined. Among the 153
genes, we focused on a gene with an in-house identification
number of B3873N, because it was overexpressed in 7 of 12
diffuse-type cancers (data not shown), but in none of the 20 in-
testinal-type cancers previously analyzed.'” Subsequent semi-
quantitative RT-PCR using RNA samples that had served for
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the microarray analysis corroborated its enhanced expression in
6 of the 8 cancers (Fig. 1A). A homology search with the se-
quence of B3873N in public databases revealed that this gene
corresponded to a human gene that had been annotated as
Homo sapiens hypothetical protein FLJ20736 (GenBank acces-
sion number; NM_017948).

Expression and genomic structure of NOL8. Northern blot analy-
sis using B3873N cDNA as a probe identified a 4.4-kb tran-
script that was expressed in human skeletal muscle but was not
or was hardly detectable in the remaining 22 tissues examined
(Fig. 1B). Since assembled cDNAs sequences of B3873N re-
ported in the public databases did not cover the entire tran-
script, we carried out an exon-connection experiment on the
basis of computer-predicted exon-like sequences in the human
genome sequence harboring the gene (GenBank accession num-
ber; NT_008476) using polyA RNA from St-4 cells as a tem-
plate. As a result, we obtained a cDNA sequence of 4302
nucleotides (GenBank accession number; AB105104) encoding
a putative 1167-amino acid protein with a predicted molecular
mass of 131.6 kDa. Comparison of the cDNA sequence with
the genomic sequence allowed us to determine that the NOLS
gene consists of 16 exons and spans a genomic region of ap-
proximately 30 kb on chromosomal band 9q22.32. A search for
protein motifs in the predicted amino-acid sequence using
SMART (http://smart/embl-heidelberg/de/), and CDD (http://
www.ncbi.nlm.nih.gov/Structure/cdd/cdd.shtml) identified an
RRM domain in the amino-acid terminal between codons 9 and
85 and a KOG4365 domain between codons 582 and 1154 (Fig.
1C). Furthermore, the PSORT 1II program (http://
psort.nibb.ac.jp/form2.html) predicted the subcellular localiza-
tion of B3873N in the nucleus. According to its subcellular lo-

calization as described later in the results, we termed this gene
NOLS (Nucleolar Protein 8).

We next examined expression of NOLS in gastric cancer cell
lines MKN1, MKN7, MKN28, MKN74, St-4, MKN45 and
Kato III, as well as skeletal muscle, by semi-quantitative RT-
PCR (Fig. 1D); the expression level of NOLS in the seven gastric
cancer cells was relatively higher than in skeletal muscle. Among
the seven cell lines examined, Kato III most abundantly ex-
pressed NOLS, and MKNI1 showed the lowest expression level.

Phosphorylation and nucleolar localization of NOL8. To investi-
gate the function of NOLS protein, we amplified and cloned its
entire coding region into pcDNA3.1/Myc-His vector
(pcDNA3.1/Myc-His-NOLS). Immunoblot analysis using cel-
lular extracts of 293T transfected with pcDNA3.1/Myc-His-
NOLS revealed a band of approximately 150 kDa that was
larger than the predicted molecular weight of myc-/His-tagged
NOLS and non-specific bands between 75 and 90 kDa. There-
fore, we hypothesized that NOL8 was modified in mammalian
cells. Since the amino acid sequence contained several putative
serine/threonine/tyrosine phosphorylation sites predicted by
the NetPhos 2.0 Server computer program (http://
www.cbs.dtu.dk/services/NetPhos/), we examined the protein
phosphorylation status. We incubated extracts from the trans-
fected cells in the presence or absence of A-protein phos-
phatase, and analyzed the molecular weight of tagged NOLS
protein by western blot analysis. As expected, the measured
weight of the tagged NOLS protein in the extracts treated with
phosphatase was smaller than that in the untreated cells, and
corresponded to the expected molecular weight of 140 kDa.
These data indicated that NOLS protein was possibly phospho-
rylated in mammalian cells (Fig. 2A). To investigate its subcel-
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Fig. 1.

Expression and genomic structure of NOL8. A) Expression of B3873N in diffuse-type gastric cancers (T) and corresponding non-cancerous

epithelia (N) by semi-quantitative RT-PCR. Expression of FDFT1 served as an internal control (FDFT1 showed the smallest T/N fluctuation in our mi-
croarray data). B) Northern blot analysis of B3873N in various human tissues. The transcript of B3873N is approximately 4.4 kb in size. C) Genomic
structure of the NOL8 gene and motifs of the predicted NOL8 protein. RRM, RNA recognition motif; KOG4365, a conserved domain in eukaryotes
with unknown function. D) Comparison of NOL8 expression level in seven gastric cancer cell lines and skeletal muscle by semi-quantitative RT-PCR.

Expression of GAPDH served as an internal control.
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Fig. 2. Phosphorylation and subcellular localization of myc-tagged NOL8 protein. A) Phosphatase (A-PPase) assay of myc-tagged NOL8 protein in
293T cells transfected with pcDNA3.1/Myc-His-NOL8 (lane 1, whole extract; lane 2, whole extract treated with A-PPase or mock vector (lane 3)). B)
The cells were stained with mouse anti-myc monoclonal antibody and visualized by FITC-conjugated anti-mouse IgG secondary antibody. Nuclei

were counter-stained with DAPI.

lular localization, we transfected COS-7, St-4 and MKNI1 cells
with pcDNA3.1/Myc-His-NOL8 and performed immunocy-
tochemical staining with anti-c-Myc antibody. The tagged NOL8
protein was selectively stained in nucleoli of all cells examined,
but was not observed in mock-transfected cells (Fig. 2B).

Effect of NOL8-siRNAs on growth of diffuse-type gastric cancer
cells. We then constructed plasmids expressing siRNAs specific
to NOLS under the control of the HIRNA promoter (psiH1BX-
NOLS). We transfected psiHIBX-NOLS-siA, psiH1BX-NOLS-
siB or control vector (psiH1BX-siEGFP) into three gastric can-
cer cells, St-4, MKN45 and TMK-1 and examined the expres-
sion of NOLS at 48 h after transfection. Semi-quantitative RT-
PCR revealed that psiHIBX-NOLS-siA significantly sup-
pressed endogenous expression of NOLS in the cells, while no
effect was observed in the cells transfected with psiHIBX-
NOLS-siB, or the control (Fig. 3A, data not shown for
MKN45). As a consequence of this reduced expression, the
growth of St-4, MKN45 and TMK-1 cells transfected with
psiHIBX-NOLS-siA was suppressed; the number of viable
cells was significantly fewer than those transfected with
psiH1BX-NOLS-siB or the control plasmid (Fig. 3, B and C,
and data not shown for MKN45).

Effect of NOL8-siRNAs on apoptosis. We further investigated
whether the growth-suppressive effect of NOLS-siRNAs was
associated with apoptosis induction by FACS analysis. We
transfected St-4, MKN45 and TMK-1 cells with psiHIBX-
NOLS-siA, psiH1BX-NOLS-siB or psiH1BX-siEGFP and mea-
sured the proportions of the sub-G1 fraction; a significant in-
crease of sub-Gl population was observed in response to
NOLS-siA compared to NOLS8-siB or siEGFP, indicating that
suppression of NOLS8 expression induced apoptosis (Fig. 4, A
and B, data not shown for St-4 and MKN45). This result sug-
gests that expression of NOLS is essential for the survival of
these gastric cancer cells.
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Discussion

In the study presented here, we revealed that a novel gene,
NOLS encoding a nucleolar protein was up-regulated in the ma-
jority of diffuse-type gastric cancers, but not in intestinal-type
gastric cancers. We revealed that reduced expression of NOLS
suppressed the growth of diffuse-type gastric cancer cells. We
also transferred NOLS into NIH3T3 cells, but failed to observe
an oncogenic effect on the cells (data not shown). We think that
the elevated expression of this gene alone does not have
growth-enhancing activity, but the lack of this gene product has
a critical effect on the survival of diffuse-type gastric cancer
cells.

The nucleolus has many important functions, including ribo-
some biogenesis and modifying small RNAs, assembling ribo-
nucleoprotein, sequestering regulatory molecules, regulating
cell-cycle progression and controlling aging.'” Since the puta-
tive amino acid sequence of NOLS contains an RNA recogni-
tion motif (RRM), one of the most common and evolutionarily-
conserved motifs in the RNA-binding protein family,'> NOLS
is likely to function as a novel RNA-binding protein. In eukary-
otic cells, a large number of different RNA-binding proteins
form functional ribonucleoprotein (RNP) complexes associated
with various RNA species. RRMs are found in a variety of
RNA-binding proteins, including heterogeneous nuclear ribonu-
cleoproteins (hnRNPs), proteins implicated in regulation of al-
ternative splicing, and protein components of small nuclear
ribonucleoproteins (snRNPs). In view of its nucleolar localiza-
tion, NOLS8 may also be involved in regulation of gene expres-
sion at the post-transcriptional level or in ribosome biogenesis
in cancer cells.

Since suppression of NOLS by siRNAs resulted in significant
growth suppression in diffuse-type gastric cancer cells through
induction of apoptosis, expression of NOLS could be essential
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for the survival of diffuse-type cancer cells. Recently, it was re-
ported that some nucleolar proteins play an important role in
apoptosis. For example, overexpression of nucleolar PHGPx
significantly decreased cell death that was induced by actino-
mycin D and doxorubicin in rat RBL2H3 cells, suggesting that
this nucleolar PHGPx may function as an inhibitor of apoptosis
and/or a suppressor of nucleolar damage.'” One of the major
nucleolar proteins, nucleolin, is directly involved in the regula-
tion of ribosome synthesis, the regulation of cell proliferation
and growth, cytokinesis, replication, embryogenesis and nu-
cleogenesis, indicating that it is fundamental to the survival and
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1 cells. B) Colony formation assays of
St-4 and TMK-1 cells transfected with
SiEGFP, NOL8-siA and NOLS8-siB.
Transfected cells were selected by
treatment with Geneticin for 10
days. C) Quantitative analysis of via-
ble cells in response to the control
and NOL8-siRNAs was carried out in
triplicate using a Cell Counting Kit 8.

NOL8-siB

subG1

0 1000

FL2-A

% Fig. 4. FACS analysis of gastric cancer cells transfected with NOL8-siRNAs. A) Represen-

tative histogram-plot of the FACS analysis of TMK-1 cells treated with control (siEGFP) or
NOLS8-siRNAs. B) Sub-G1 population (%) of TMK-1 cells in response to control or NOL8-
siB siRNAs. This assay was carried out in triplicate.

proliferation of cells.!¥ In addition, nucleolin has been reported
to play an important role in apoptosis of leukemia cells,'> and
to act as an activator of HPV18 oncogene transcription in cervi-
cal cancer.!® Therefore, NOL8 may independently play a cru-
cial role for the survival of cancer cells as well. Alternatively,
NOLS8 may interact with PHGPx or nucleolin, and modulate
their function. During the preparation of this manuscript, an-
other group reported that NOLS binds to G proteins, RRAG A/
C/D in the nucleolus.'” Although they termed the gene as
Nop132, we used NOLS because it is an approved symbol of
HUGO.
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Since the expression of NOLS was enhanced in the majority
of diffuse-type gastric cancers, it may be a good molecular tar-
get for treatment of diffuse-type gastric cancer. In this study, we
also demonstrated that NOLS is a phosphorylated protein. A
computer program, NetPhos 2.0 (http://www.cbs.dtu.dk/
services/NetPhos/), predicted a total of 121 putative Ser-Thr-
Tyr phosphorylation sites in NOL8 protein. Since phosphoryla-
tion is one of the major control mechanisms of protein function,
it is of great importance to examine whether phosphorylation is
associated with the function of NOLS. Further investigations
are of necessity to disclose which amino acid residue(s) is
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phosphorylated, which molecule phosphorylates NOLS, and
how it is regulated. Functional analysis of NOL8 should pro-
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