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Figure 2. (a) Transplantation of KM12SM cells mixed with MSCs (0.5 x 10%:1.0 x 10%, n = 12 mice) resulted in significantly greater tumor
weight than that resulting from transplantation of KM12SM cells alone (0.5 x 10°% n = 21). *p < 0.05, Bars: SE. (b) Kaplan-Meier curves
show survival of mice bearing KM12SM cells alone (7 = 24), KM12SM cells mixed with MSCs (n = 28) and MSCs alone (n = 10). The

survival rate was significantly lower in the mixed-cell group. p values

were determined by log-rank test. **p < 0.001. (c) Macroscopic liver

metastasis was seen only in the group that received KM12SM cells mixed with MSCs. Arrows denote macroscopic liver metastases.

(SE). Probability values of <0.05 were considered significant.
All statistical analyses were performed with JMP software
(SAS Institute, Cary, NC).

Results

Migration of MSCs to the stroma of orthotopic primary
tumors and to metastatic liver tumors

After injection of PKH-labeled MSCs into the tail veins of tu-
mor-bearing mice, MSCs were detected specifically in the tu-
mor stroma (Fig. 1a) at the primary site. MSCs were also
detected in the stroma of metastatic liver tumors (Fig. 1b). In
contrast, MSCs were not detected in the noncancerous tis-
sues, such as normal colonic mucosa and liver (Figs. 1¢ and

1d).

Promotion of the growth of orthotopic

colon tumors by MSCs

At 6 weeks after transplantation of KMI12SM cells alone,
KMI12SM cells mixed with MSCs, or MSCs alone into the
cecal wall of nude mice, the weight of tumors resulting from
mixed cells was significantly greater than the weight of
tumors resulting from tumor cells alone (0.47 = 0.10 vs. 1.03
* 038 g, p < 0.05; Fig. 2a). The survival rate was signifi-
cantly lower in the mixed-cell group than in the group that
received KMI12SM cells alone (p < 0.001; Fig. 2b). MSCs

Int. J. Cancer: 127, 2323-2333 (2010) © 2010 UICC

alone did not have the ability to generate any tumor and did
not affect the survival of mice. Surviving mice were killed on
day 42. Liver metastasis was not seen macroscopically in the
21 mice that received tumor cells alone, but liver metastasis
was seen macroscopically in two of the 12 mice in the
mixed-cell group (Fig. 2¢). To clarify the mechanisms under-
lying the growth-promoting effect, we examined proliferation,
apoptosis and angiogenesis in primary tumors by immuno-
histochemistry. The PCNA-LI, Al and MVA were compared
between the tumors resulting from transplantation of
KM12SM cells alone and those resulting from transplantation
of KM12SM cells mixed with MSCs. The PCNA-LI was sig-
nificantly higher (42.0 * 5.3 vs. 62.9 = 4.6 %, p < 0.05; Fig.
3a) and the AI was significantly lower in the mixed-cell
group (7.0 * 0.6 vs. 3.4 = 0.3 %, p < 0.001; Fig. 3b). The
MVA was significantly greater in the tumors from the
mixed-cell group (13,719 * 2,154 vs. 24,594 * 2,230 um?,
p < 0.01; Fig. 3c).

Differentiation of MSCs in orthotopic colon tumors

Three weeks after transplantation of KM12SM cells mixed
with PKH26-labeled MSCs, commingled MSCs were incorpo-
rated into the tumor stroma and expressed a-SMA, PDGFR-
B, desmin, FSP and FAP as CAF markers (Fig. 4a), but they
did not express human CD31 (data not shown). The
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Figure 3. MSCs enhance proliferation and angiogenesis and inhibit apoptosis in vivo. (a) Proliferative activity was evaluated by the
proliferating cell nuclear antigen labeling index (PCNA-LI, %). The PCNA-LI was significantly higher in tumors from the mixed-cell group than
in tumors from the group that received KM12SM cells alone. (b) Apoptotic cells in tumors were detected by the terminal deoxynucleotide
transferase-mediated dUTP-biotin nick end labeling method, and the apoptotic index (Al, %) was calculated. The Al was significantly lower
in tumors from the mixed-cell group than in tumors from the group that received KM12SM cells alone. () Tumor microvessel areas (MVAs)
were calculated. The MVA was significantly greater in tumors from the mixed-cell group. *p < 0.01, Bars: SE. **p < 0.001, Bars: SE. Scale

bars: 100 pm

morphology and distribution of MSCs within tumor stroma
were similar to those of CAFs. Before the introduction of
MSCs into mice, we examined the expression of a-SMA and
PDGFR-B in MSCs during in vitro propagation. MSCs
expressed PDGFR-P at a low level but not a-SMA (Fig. 4b).

Increase in the number of liver metastases by injection

of KM12SM cells mixed with MSCs

Transplantation of KM12SM cells mixed with MSCs into the
spleen of nude mice resulted in a significantly greater number
of liver metastases at 4 weeks than that resulting from
transplantation of KM12SM cells alone (2.6 = 4.3 vs. 15.1 *
6.0, p < 0.01; Fig. 5a). In addition, commingled MSCs
migrated to the stroma of metastatic liver tumors and

expressed a-SMA, PDGFR-f, desmin, FAP and FSP as CAF
markers (Fig. 5b).
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Attraction between KM12SM cells and MSCs in vitro

To investigate whether KM12SM cells have the ability to
attract MSCs in vitro, migration assay was performed. We
found that more human MSCs migrated toward the
KMI12SM cell culture than toward the medium without
KMI12SM cells (30.9 £ 3.5 vs. 24.2 * 3.6 cells/field, p <
0.05; Fig. 6a).

We then examined the effects of MSCs on migration and
invasion of KM12SM cells. The ability of KM12SM cells to
migrate toward the MSC culture was significantly greater
than the ability of these cells to migrate toward the medium
without MSCs (114.9 * 16.1 vs. 170.2 * 18.5 cells/field, p <
0.05; Fig. 6b). Moreover, the invasive ability of KM12SM cells
was significantly greater toward MSC-conditioned medium
than toward control medium (33.1 = 7.4 vs. 59.0 = 7.9 cells/
field, p < 0.05; Fig. 6¢).

Int. ). Cancer: 127, 2323-2333 (2010) © 2010 UICC
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Figure 4. (a) Immunofluorescence staining for a-SMA, PDGFR-B, desmin, FSP or FAP (green) was performed in the orthotopic colon tumors
resulting from KM12SM cells mixed with PKH26-labeled MSCs (red). Commingled MSCs were incorporated into the tumor stroma and
expressed a-SMA, PDGFR-B, desmin, FSP and FAP. (b) Immunofluorescence staining for a-SMA and PDGFR- was performed in MSCs cultured
on slide glass. There was no a-SMA expression and low PDGFR-B expression in the cultured MSCs. T: tumor nest; Scale bars: 100 um

The effect of the soluble factors secreted from MSCs on
the proliferation of KMI12SM cells was also examined.
KM12SM cells were exposed to control medium or MSC-
conditioned medium and then counted on days 2, 4 and 7.
No significant difference was observed in the number of
KMI12SM cells between the two groups at any time point
(Fig. 6d).

Discussion
It has been reported that MSCs migrate to a variety of
tumors, such as melanomas,’** gliomas** and colon,'*?¢

pancreatic’””® and breast cancers.'®**?**® Studies have impli-

cated molecules such as CXCL12 (SDF-1)/CXCR4,*¢ CCL2
(MCP-1)/CCR2* and PDGF” in the tumor-homing ability
of MSCs. In the present study, we showed that circulating
MSCs have the ability to migrate not only to the stroma of
orthotopic colon tumors but also to metastatic lesions. In
in vitro experiments, we observed that tumor cells recruit
MSCs through the release of soluble factors. Although the
exact molecular mechanisms that govern MSC migration are

Int. ). Cancer: 127, 2323-2333 (2010) © 2010 UICC

not fully characterized, this migratory ability points to MSCs
as attractive candidates for delivery vehicles of antitumor
agents.”>* However, several coinjection experiments have
revealed that MSCs promote tumor growth and metastasis,” '
which would present a serious obstacle to using MSCs as deliv-
ery vehicles for anti-cancer therapy. Thus, the precise effects of
MSCs on tumor growth and progression and the mechanism
underlying these effects should be elucidated.

We previously reported that expression of metastasis-
related genes by cancer cells and stromal cells is higher in
orthotopic (cecal wall) KM12SM human colon carcinomas
than in ectopic (subcutaneous) tumors.'>'®** The stromal
reaction and metastatic potential are increased in the ortho-
topic microenvironment. Therefore, orthotopic models should
be used to study tumor-stroma or tumor-MSC interac-
tion.?"#>442 In our study, orthotopic transplantation of tu-
mor cells mixed with MSCs into the cecal wall, in compari-
son to orthotopic transplantation of tumor cells alone,
resulted in significantly greater tumor weight. In primary
tumors, PCNA-LI (proliferation) and MVA (angiogenesis)
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Figure 5. (a) Transplantation of KM12SM cells mixed with MSCs (0.5 x 10%:1.0 x 10%, n = 10) resulted in a significantly greater number of
liver metastases than the number resulting from transplantation of KM12SM cells alone (0.5 x 108, n = 10). *p < 0.01, Bars: SE. (b)
Immunofluorescence staining for «-SMA, PDGFR-B, desmin, FSP and FAP (green) was performed in metastatic liver tumors resulting from
KM12SM cells mixed with PKH26-labeled MSCs (red) injected into the spleen. Commingled MSCs migrated to the stroma of metastatic liver
tumors and expressed a-SMA, PDGFR-B, desmin, FSP and FAP. L: normal liver, T: tumor nest; Scale bars: 100 pm.

were significantly increased, and the Al (apoptosis) was sig-
nificantly lower in the tumors from the mixed-cell group.
More intriguingly, macroscopic liver metastasis appeared
only in the mixed-cell group, and the survival rate was signif-
icantly lower in this group. MSCs promoted migration and
invasion of KM12SM cells in vitro. Because MSCs enhance
proliferation, angiogenesis, migration and invasion and in-
hibit apoptosis of tumor cells, they may promote tumor
growth and metastasis, which are followed by decreased sur-
vival. These findings are consistent with previously reported
findings.®”"!!

In addition, we found commingled MSCs were functionally
incorporated into the stroma of orthotopic colon tumors,
where they expressed a-SMA, PDGFR-f, desmin, FAP and
FSP as CAF markers. These results appear to corroborate the
in vitro findings of Mishra et al, who showed that MSCs
exposed to tumor-conditioned medium for 30 days can act as
CAF-like cells."*'* CAFs are known to promote tumor growth
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and metastasis, and phenotypes of CAFs are distinct from
those of normal fibroblasts.*>** CAFs may arise from fibro-
blasts residing in local tissues,'® periadventitial cells including
pericytes and vascular smooth muscle cells,*® endothelial cells*®
or bone marrow-derived cells including various stem cells.*’
MSC:s differentiate by nature into tissues of mesodermal origin,
so it is reasonable to suppose that CAFs derive from MSCs.

To more specifically determine the effect of MSCs on me-
tastasis in vivo, we used an experimental liver metastasis
model, and we found that MSCs enhanced the metastatic
potential of KM12SM cells. The number of liver metastases
was increased by coimplantation with MSCs; thus, MSCs
may affect colonization step and maintain cancer cells. MSCs
commingled with tumor cells at the primary tumor site
(spleen) were able to travel to the stroma of metastatic foci
in the liver, where they expressed CAF markers. These find-
ings indicate that MSCs support tumor metastasis not only at
the primary site but also at metastatic sites.

Int. ). Cancer: 127, 2323-2333 (2010) © 2010 UICC
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Figure 6. Interactions between KM12SM cells and MSCs in vitro. (a) The migratory ability of MSCs was analyzed by transwell assay. A
significantly greater number of MSCs migrated toward the culture of KM12SM cells than toward the medium without KM12SM cells. (b) The
migratory ability of KM12SM cells was also stimulated by coculture with MSCs. KM12SM cells were plated into upper chambers, which
were then set into the lower chambers with or without MSCs. More KM12SM cells migrated toward the culture of MSCs than toward the
medium without MSCs. (c) Effect of MSCs on the invasion of KM12SM cells. KM12SM cells were seeded in the upper chambers with serum
free medium, and MSC-conditioned medium or control medium was added to the lower chambers. More KM12SM cells invaded Matrigel
toward MSC-conditioned medium than toward control medium. Lower panels are typical photographs of the assay. *p < 0.05, Bars: SE.
Scale bars: 100 um. (d) Proliferation curves. KM12SM cells were exposed to control medium or MSC-conditioned medium and then
counted on days 2, 4 and 7. No significant difference was observed in the number of cells between groups at any time point.

Karnoub et al. reported that CCL5 secreted from MSCs
acts on the CCR5 of breast cancer cells only at the primary
site and temporarily promotes lung metastasis without influ-
encing primary tumor growth and neoangiogenesis'’; in fact,
MSCs did not exist at the sites of lung metastasis. They
speculated that the enhanced metastatic ability was due to
enhanced extravasation and colonization of cancer cells at
the metastatic site. They also showed that MSCs promoted
lung metastasis of all breast cancer cell lines used in their
study, but the growth kinetics of MSC-containing tumors at
the primary sites differ between each breast cancer cell line.
Thus, differences in experimental conditions, such as the
kinds of cell lines and the sites (ectopic or orthotopic) of
transplantation, may influence growth and angiogenesis of
the primary tumors.

Int. ). Cancer: 127, 2323-2333 (2010) © 2010 UICC

Our data indicate that MSCs may directly encourage tu-
mor cells at the primary site to metastasize to the liver and
that metastasized tumor cells may in turn recruit MSCs to
metastatic sites where the MSCs differentiate into supporting
CAF-like cells. Understanding the molecular mechanisms of
interaction between tumor cells and MSCs could lead to
establishment of new therapies for targeting tumor stroma at
both primary and metastatic sites. Orthotopic transplantation
models should be used in in vivo studies of tumor-MSC
interactions for the design of anticancer therapies.
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Abstract

Gastric cancer (GC) is one of the most common malignancies worldwide. Genes expressed only in cancer tissue, and
especially on the cell membrane, will be useful molecular markers for diagnosis and may also be good therapeutic
targets. To identify genes that encode transmembrane proteins present in GC, we generated Escherichia coli
ampicillin secretion trap (CAST) libraries from two GC cell lines and normal stomach. By sequencing 4320
colonies from CAST libraries, we identified 30 candidate genes that encode transmembrane proteins present in GC.
Quantitative reverse transcription-polymerase chain reaction analysis of these candidates revealed that ZDHHC14,
BST2, DRAM2, and DSC2 were expressed much more highly in GC than in 14 kinds of normal tissues. Among
these, DSC2 encodes desmocollin 2, which is one of three known desmocollins. Immunohistochemical analysis
demonstrated that 22 (28%) of 80 GC cases were positive for desmocollin 2, and desmocollin 2 expression
was observed frequently in GC with the intestinal mucin phenotype. Furthermore, desmocollin 2 expression was
correlated with CDX2 expression. These results suggest that expression of desmocoliin 2, induced by CDX2, may
be a key regulator for GC with the intestinal mucin phenotype. Our results provide a list of genes that have high
potential as a diagnostic and therapeutic target for GC.
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Introduction

Gastric cancer (GC) is one of the most common human
cancers. Cancer develops as a result of multiple genetic
and epigenetic alterations [1]. Better knowledge of
changes in gene expression that occur during gastric
carcinogenesis may lead to improvements in diagno-
sis, treatment, and prevention. Identification of novel
biomarkers for cancer diagnosis and novel targets for
treatment is a major goal in this field [2]. Genes
encoding transmembrane/secretory proteins expressed
specifically in cancers may be ideal biomarkers for
cancer diagnosis [3]. If the function of the gene prod-
uct is involved in the neoplastic process, this gene
may constitute a therapeutic target. We previously per-
formed serial analysis of gene expression (SAGE) on
four primary GC tissues [4] and identified several
GC-specific genes [5]. Of these genes, regenerating
islet-derived family, member 4 (REG4, which encodes

Copyright © 2010 Pathological Society of Great Britain and Ireland.
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Reg IV) and olfactomedin 4 (OLFM4, also known as
GW112 or hGC-1) encode secreted proteins and serve
as highly sensitive serum markers for GC [6,7]. How-
ever, through SAGE, we could not find GC-specific
genes encoding transmembrane proteins.

In the present study, to identify genes that encode
transmembrane proteins present in GC, we gener-
ated Escherichia coli ampicillin secretion trap (CAST)
libraries from two GC cell lines, MKN-1 and MKN-28.
CAST is a signal sequence trap method, developed by
Ferguson et al [8]. Signal peptides target secreted and
transmembrane proteins to their appropriate subcellular
location, and typically consist of four to 15 hydropho-
bic amino acids flanked by a basic NH» terminus and
a polar COOH terminus [9]. A consensus sequence for
the signal peptide has not been identified and thus,
standard molecular techniques are not well suited for
identifying such proteins. CAST is a survival-based
signal sequence trap method that exploits the ability
of mammalian signal sequences to confer ampicillin
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resistance to a mutant f-lactamase lacking the endoge-
nous signal sequence [10]. We report here the iden-
tification of several genes that encode transmembrane
proteins expressed in GC. Among these, we focused on
the DSC2 gene because this gene is frequently over-
expressed in GC and DSC2 expression is narrowly
restricted in normal tissues. DSC2 encodes desmo-
collin 2, which is one of the three known desmocollins.
Desmocollins are membrane-spanning glycoproteins
that form desmosomes along with desmogleins and
function as Ca’*-dependent cell adhesion molecules
[11]. We examined the expression and distribution of
desmocollin 2 in human GC by immunohistochemistry,
and the relationship between desmocollin 2 staining
and clinicopathological characteristics. Furthermore,
because desmocollin 2 is expressed in intestinal meta-
plasia of the stomach, the association between desmo-
collin 2 expression and the mucin phenotype in GC
was investigated.

Materials and methods

CAST library construction

CAST library construction was performed as described
previously [8].

Tissue samples

In total, 457 primary tumour samples were collected
from patients diagnosed with GC. Patients were treated
at the Hiroshima University Hospital or an affiliated
hospital. Because written informed consent was not
obtained, for strict privacy protection, identifying infor-
mation for all samples was removed before analysis.
This procedure was in accordance with the Ethical
Guidelines for Human Genome/Gene Research of the
Japanese Government.

For quantitative reverse transcription-polymerase
chain (RT-PCR) reaction, 50 GC samples and corre-
sponding non-neoplastic mucosa samples were used.
Samples were frozen immediately in liquid nitrogen
and stored at —80 °C until use. Non-cancerous samples
of heart, lung, stomach, small intestine, colon, liver,
pancreas, kidney, bone marrow, peripheral leukocytes,
spleen, skeletal muscle, brain, and spinal cord were
purchased from Clontech (Palo Alto, CA, USA).

For immunohistochemical analysis, we used archival
formalin-fixed, paraffin-embedded tissues from 407
patients who had undergone surgical excision for GC.
Of 407 GC samples, one or two representative tumour
blocks were examined from each patient by immuno-
histochemistry in 80 GC samples. Immunohistochem-
ical analysis of the remaining 327 GC samples was
carried out in a tissue microarray (TMA) [12}. Tumour
staging was according to the TNM classification sys-
tem [13]. Histological classification of GC was carried
out according to the Lauren classification system [14].

Copyright © 2010 Pathological Society of Great Britain and Ireland.
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Quantitative RT-PCR and western blot

Quantitative RT-PCR was performed with an ABI
PRISM 7700 Sequence Detection System (Applied
Biosystems, Foster City, CA, USA) as described pre-
viously [15]. Western blot was performed as described
previously [16]. Detailed information of quantitative
RT-PCR and western blot is described in the Support-
ing information, Supplementary material.

Evaluation of the specificity of gene expression

To evaluate the specificity of expression of each gene,
a specificity index was calculated as follows: first,
we identified the normal tissue in which the target
gene expression was highest among the 14 normal
tissues analysed by quantitative RT-PCR (the mRNA
expression level in this tissue was denoted as A).
We then identified GC among the nine GC samples
in which the target gene expression was highest by
quantitative RT-PCR (the mRNA expression level in
this tissue was denoted as B). The ratio B to A was
defined as the specificity index. When the specificity
index of the target gene was greater than or equal to
10, the gene was considered to show high specificity
for GC. When the specificity index of the target gene
was less than 10 and greater than or equal to 2, the
gene was considered to show low specificity for GC.
When the specificity index of the target gene was less
than 2, the gene was considered to show no specificity
for GC.

Immunohistochemistry

Immunohistochemical analysis was performed with a
Dako Envision + Mouse Peroxidase Detection System
(Dako Cytomation, Carpinteria, CA, USA). Antigen
retrieval was done by heating in citrate buffer (pH
6.0) in a microwave oven for 30 min. After peroxi-
dase activity was blocked with 3% H;O;—methanol
for 10 min, sections were incubated with normal goat
serum (Dako Cytomation) for 20 min to block non-
specific antibody binding sites. Sections were incu-
bated with the following antibody dilutions: mouse
monoclonal anti-desmocollin 2 (LifeSpan BioSciences,
Inc, Seattle, WA, USA), 1:50, and mouse monoclonal
anti-CDX2, 1:50 (BioGenex, San Ramon, CA, USA).
Sections were incubated with primary antibody for
1 h at room temperature, followed by incubations with
Envision+ anti-mouse peroxidase for 1 h. For colour
reaction, except for the normal heart, sections were
incubated with the DAB Substrate-Chromogen Solu-
tion (Dako Cytomation) for 10 min. For colour reaction
of the normal heart, sections were incubated with the
AEC Substrate-Chromogen Solution (Dako Cytoma-
tion) for 10 min. Sections were counterstained with
0.1% haematoxylin. A result was considered positive if
at least 10% of the cells were stained. When fewer than
10% of cancer cells were stained, the immunostaining
was considered negative.
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Phenotypic analysis of GC

GCs were classified into four phenotypes: gastric
(G) type, intestinal (I) type, gastric and intestinal
mixed (GI) type, and unclassified (N) type. For phe-
notypic expression analysis of GC, we performed
immunohistochemical analysis (as described above)
with four antibodies: anti-MUCS5AC (Novocastra, New-
castle, UK) as a marker of foveolar epithelial cells
in the stomach; anti-MUC6 (Novocastra) as a marker
of pyloric gland cells in the stomach; anti-MUC2
(Novocastra) as a marker of goblet cells in the small
intestine and colorectum; and anti-CD10 (Novocastra)
as a marker of microvilli of absorptive cells in the
small intestine and colorectum. The criteria [17] for
the classification of G-type and I-type GCs were as
follows: GCs in which more than 10% of cells in
the section expressed at least one gastric epithelial
cell marker MUCSAC or MUC6) or intestinal epithe-
lial cell marker (MUC2 or CD10) were classified as
G-type or I-type cancers, respectively. Sections that
showed both gastric and intestinal phenotypes were
classified as GI type, and those that lacked both the
gastric and the intestinal phenotypes were classified as
N type.

Cell lines

Eight cell lines derived from human GC were used.
Detailed information of the GC cell lines is described
in the Supporting information, Supplementary material.
To assess DSC2 as a CDX2-regulated gene, the HT-
29 cell line was inoculated with the pCDX2-ER
vector as described previously [18]. The pCDX2-ER
vector encodes a chimeric protein in which full-length
CDX2 sequences are fused upstream of a mutated
oestrogen receptor (ER) ligand-binding domain. The
mutated ER ligand-binding domain no longer binds
oestrogen, but retains the ability to bind tamoxifen. In
HT-29 cells expressing the CDX2—-ER fusion protein
(HT-29/CDX2-ER), CDX2 function was activated by
the addition of 4-hydroxytamoxifen (4-OHT) (Sigma
Chemical, St Louis, MO, USA) to the growth medium
at a final concentration of 500 nmol/l.

RNA interference (RNAI) and cell growth
and in vitro invasion assays

To knockdown the endogenous DSC2, RNAi was
performed. Short interfering RNA (siRNA) oligonu-
cleotides for DSC2 and a negative control were pur-
chased from Invitrogen (Carlsbad, CA, USA). 3-(4,5-
Dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide
(MTT) [19] and modified Boyden chamber assays were
performed to examine cell growth and invasiveness,
respectively (see Supporting information, Supplemen-
tary material).

Statistical method

Correlations between clinicopathological parameters
and desmocollin 2 protein expression were analysed
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by Fisher’s exact test. A p value of less than 0.05 was
considered statistically significant.

Results

Generation of CAST libraries

To identify genes that encode transmembrane pro-
teins present in GC, we generated CAST libraries
from two GC cell lines (MKN-1 and MKN-28)
and normal stomach. We sequenced 1440 ampicillin-
resistant colonies from each CAST library. We com-
pared these sequences with those deposited in the pub-
lic databases using BLAST (accessed at http://blast.
ncbi.nlm.nih.gov/Blast.cgi) and evaluated the subcel-
lular localization of the gene products using data
from GeneCards (accessed at http://www.genecards.
org/index.shtml). Of 1440 colonies from the MKN-
1 cell line, 1035 colonies were human named genes,
which included 359 genes. In order for the E. coli to
survive the antibiotic challenge, the signal sequence
and translation initiator ATG codon must be cloned
in-frame with the leaderless B-lactamase reporter.
Among the 359 genes, 152 genes were cloned in-
frame upstream of the leaderless P-lactamase gene.
Of the 152 genes, ten genes encoded secreted pro-
teins; 58 genes encoded transmembrane proteins; and
76 genes encoded proteins that were not secreted
proteins or transmembrane proteins. The remaining
eight genes were not well studied. Of 1440 colonies
from the MKN-28 cell line, 1173 colonies expressed
human named genes, which included 313 genes.
Among the 313 genes, 154 genes were cloned in-
frame upstream of the leaderless f-lactamase gene.
Of these 154 genes, 13 genes encoded secreted pro-
teins; 59 genes encoded transmembrane proteins; and
74 genes encoded proteins that were not secreted pro-
teins or transmembrane proteins. The remaining eight
genes were not well studied. Of 1440 colonies from
normal stomach, 1248 colonies were human named
genes, which included 158 genes. Among the 158
genes, 77 genes were cloned in-frame upstream of
the leaderless B-lactamase gene. Of these 77 genes,
11 genes encoded secreted proteins; 29 genes encoded
transmembrane proteins; and 30 genes encoded pro-
teins that were not secreted proteins or transmem-
brane proteins. The remaining seven genes were not
well studied. Because the purpose of this study was
to identify genes that encode transmembrane pro-
teins present in GC, we focused on transmembrane
proteins.

Identification of genes expressed more highly in GC
than in normal tissues

To identify genes expressed specifically in GC, we
compared the gene list from each GC cell line CAST
library with the normal stomach CAST library. We
selected only genes that were detected at least twice
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f candidate genes specifically expressed in gastric cancer

Table 1. Summary of quantitative RT-PCR analysis o
f .

High specificity

PCDHBS Skeletal muscle 29 576 198.6 7 4
C40rf34 Pancreas 6.6 418.8 835 2 1
ADAM17 Small intestine 38 187.4 52.1 3 1
TMEMS508B Pancreas 3 97 323 5 2
ENPP4 Leukocyte 49 96.3 19.7 1 1
SLC38A2 Skeletal muscle  16.2 182.6 10 2 0
Low specificity
CD151 Small intestine 25.1 191.3 7.6 1 Q
RFT1 Pancreas 116 78.8 6.8 2 0
CLDN7 Colon 289 150.2 52 2 0
D5C2 Heart 12.7 408 32 1 0
BST2 Liver 16.2 50.2 33 2 0
ZDHHC14 Brain 8.9 23.6 27 1 0
APP Small intestine 21.1 56.5 27 1 0
DRAMZ2 Heart 2.3 5.8 25 1 L}
No specificity

ATP13A3 Heart 6.5 10.6 1.6 0 0
SiC12A2 Colon 1.2 1.8 1.5 0 0
AGPATS Pancreas 10 13.7 1.4 0 0
SLC7AT Pancreas 19.6 282 14 O o
ATP8B1 Pancreas 37 37 1 0 0
LNPEP Skeletal muscie 4.7 4.3 0.9 0 0
PTP4AT Skeletal muscle 299 24.1 0.8 0 0
XPR1 Heart 204 16.4 0.8 0 0
CD63 Pancreas 8.6 46 0.7 0 0
TFRC Heart 153 108 0.7 o 0
SLC35F5 Skeletal muscle 9.1 5.1 0.6 0 0
SLC38A9 Pancreas 11.3 6.4 0.6 0 0
TM9SF4 Pancreas 131 7.8 0.6 0 %t Aol
C3orf1 Heart 324 12.9 0.4 0 0
SLC44A2 Skeletal muscle 112.2 422 ! 04 0 0
TM75F3 Kidney 93 2.1 02 4] 0

*The units are arbitrary. Target mRNA expression levels were standardized to 1.0 ug total RNA from normal stomach as 1.0.

in each GC cell line CAST library. In addition,
genes were selected that were not found in the nor-
mal stomach CAST library. We obtained 19 candi-
dates from MKN-1 and 17 candidates from MKN-28.
In total, 30 individual candidate genes were identi-
fied (Table 1). To confirm that these candidates were
GC-specific, quantitative RT-PCR was performed to
measure the expression of these candidates in nine
GC tissue samples and in 14 normal tissues. Rep-
resentative results are shown in Figure 1. Expression
of the 30 candidate genes was not necessarily spe-
cific for GC. However, several genes showed much
higher expression in GC than in normal tissues. We
then focused on cancer specificity by calculating the
specificity index for each gene. First, we identified
the normal tissue in which the target gene expres-
sion was highest (nRNA expression levels are shown
as A, Table 1). We then identified the GC among
nine tissues in which the target gene expression was
highest (mRNA expression levels are shown as B,
Table 1). The specificity index (B/A ratio) for each

Copyright © 2010 Pathological Society of Great Britain and Ireland.
Published by John Wiley & Sons, Ltd. www.pathsoc.org.uk

gene is shown in Table 1. Of the 30 candidates,
six genes— PCDHBY, C4orf34, ADAM17, TMEM50B,
ENPP4, and SLC38A2 —were found to show high
specificity for GC, and eight genes—CDI151, RFTI,
CLDN7, DSC2, BST2, ZDHHCI4, APP, and
DRAM?2 —were found to show low specificity for
GC.

mRNA expression of high- and low-specificity
genes for GC

Expression of the six high-specificity and eight low-
specificity genes for GC was analysed by quantitative
RT-PCR in an additional 41 GC samples and cor-
responding non-neoplastic mucosa samples. We cal-
culated the ratio of target gene mRNA expression
levels between GC tissue (T) and corresponding non-
neoplastic mucosa (N). T/N ratios greater than two-fold
were considered to represent overexpression. Genes
showing overexpression in more than 30% of the sam-
ples included ZDHHC14 (19/41, 46%), BST2 (16/41,
39%), DRAM?2 (15/41, 37%), and DSC2 (13/41, 32%).
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Figure 1. Quantitative RT-PCR analysis of candidate genes that encode cell surface proteins in 14 normal tissues and nine GC samples.
Definitions of high specificity, low specificity, and no specificity are described in the Materials and methods section. mRNA expression
levels of PCDHB9, ADAM17, and TMEM50B were much higher in GC samples than in normal tissues. In contrast, mRNA expression levels
of ATP13A3, LNPEP, and TM7SF3 were not significantly different between GC and normal tissues.

Other genes were overexpressed in less than 30% of the ~ desmocollin 2 expression in GC. Immunohistochem-
samples examined (RFTI, 10/41, 24%; PCDHB9, 8/41, ical analysis was first performed in non-cancerous
20%; TMEMS50B, 8/41, 20%; C4orf34, 6/41, 15%; and  tissues with the obvious mRNA expression to serve
SLC38A2, 5/41, 12%). as positive controls. Immunostaining of desmocollin
2 in the normal heart showed staining of cardiomy-
- ocytes (Figure 2A). Immunostaining in the normal
pancreas revealed that duct epithelial cells expressed
desmocollin 2 on cell membranes (Figure 2B). As
To confirm overexpression of genes whose expres-  reported previously, colonic epithelial cells expressed
sion by quantitative RT-PCR was much higher in GC  desmocollin 2 on cell membranes (Figure 2C). These
than in normal tissues, we performed immunohisto-  results are consistent with our quantitative RT-PCR
chemical analysis. Among four genes that were fre-  results.
quently overexpressed in GC, we focused on DSC2 Next, immunohistochemistry was performed on 80
because an antibody against DSC2 protein is com-  GC samples. In non-neoplastic gastric mucosa, weak
mercially available. DSC2 encodes desmocollin 2, or no staining of desmocollin 2 was observed in
and desmocollins are membrane-spanning glycopro-  the foveolar epithelium, whereas desmocollin 2 was
teins that function as Ca’*-dependent cell adhesion  expressed in the intestinal metaplasia (Figure 2D).
molecules [11]. Although desmocollin 2 is expressed  Expression of desmocollin 2 was not detected in stro-
in normal colonic epithelium, its expression is reduced  mal cells, such as inflammatory cells and fibroblasts.
in colorectal cancer [20]. There are no reports of  In contrast, GC tissue showed stronger, more extensive

Immunohistochemical staining for DSC2 in GC
and non-cancerous tissues

Copyright © 2010 Pathological Society of Great Britain and Ireland. J Pathol 2010; 221: 275-284
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Figure 2. Immunohistochemical analysis of desmocollin 2 in non-neoplastic human tissues and GC tissues. (A) Immunostaining of
desmocollin 2 in the normal heart showed staining of cardiomyocytes. Note that the signal is red (using AEC Substrate-Chromogen
Solution) to differentiate the staining from the brown pigment in cardiomyocytes. Original magnification: 1000x. (B) Immunostaining
of desmocollin 2 in non-neoplastic pancreas revealed that duct epithelial cells expressed desmocollin 2 on cell membranes. Original
magnification: 400x. (C) Immunostaining of desmocollin 2 in non-neoplastic colon revealed that colonic epithelial cells expressed
desmocollin 2 on cell membranes. Original magnification: 400x. (D) Immunostaining of desmocollin 2 in non-neoplastic gastric mucosa.
Desmocollin 2 was present in intestinal metaplasia. Original magnification: 200x. (E) Immunostaining of desmocollin 2 in intestinal-type
GC. Desmocollin 2 staining was observed in GC cells on cell membranes. Original magnification: 400x. (F) Immunostaining of desmocollin

2 in diffuse-type GC. Desmocollin 2 staining was observed in GC cells on cell membranes. Original magnification: 400x.

staining than corresponding non-neoplastic mucosa.
Desmocollin 2 staining was frequently observed in
intestinal-type GC (Figure 2E). Most diffuse-type GCs
did not express desmocollin 2; however, some signet
ring cell carcinoma cells did stain for desmocollin
2 (Figure 2F). Some GCs showed heterogeneity of
desmocollin 2 immunostaining and the percentage of
desmocollin 2-positive tumour cells ranged from 0%
to 80%. The relationship of desmocollin 2 staining
to clinicopathological characteristics was investigated
(Table 2). When at least 10% of tumour cells were
stained, the immunostaining was considered positive
for desmocollin 2. In total, 22 (28%) of 80 GC cases
were positive for desmocollin 2. Desmocollin 2 stain-
ing was observed more frequently in stage I/Il cases
(16/41, 39%) than in stage III/IV cases (6/39, 15%,
p = 0.0243, Fisher’s exact test). Moreover, desmo-
collin 2 staining was detected more frequently in
intestinal-type GC (20/46, 46%) than in diffuse-type
GC (2/34, 6%, p < 0.0001, Fisher’s exact test). In
the group of 59 advanced GC patients, no statisti-
cally significant prognostic impact was found (data not
shown).

Desmocollin 2 is expressed in GC with the intestinal
phenotype

Despite the usefulness of the Lauren classification, it
was previously reported that GC can be subdivided
into four phenotypes according to mucin expression
(G type, I type, GI type, and N type) [21]. We fur-
ther investigated the association between desmocollin

Copyright © 2010 Pathological Society of Great Britain and Ireland.
Published by John Wiley & Sons, Ltd. www.pathsoc.org.uk

2 expression and the mucin phenotype, because desmo-
collin 2 was detected in intestinal metaplasia of the
stomach and colon. Immunohistochemical analysis of
gastric (MUC5AC and MUC6) and intestinal (MUC2
and CD10) markers was carried out in a TMA of 327
GC cases. In general, desmocollin 2 was frequently
expressed in MUC2-positive GC cases (Figure 3A).
Desmocollin 2 staining was detected more frequently
in MUC2-positive GC (33/61, 54%) than in MUC2-
negative GC (74/266, 28%, p < 0.0001, Fisher’s exact
test). However, desmocollin 2 was also expressed in
tumour cells that did not express MUC2. There was no
clear relationship between expression of desmocollin
2 and MUCS5AC, MUC6, or CD10. On the basis of
the expression of these four markers, we classified the
327 GC cases phenotypically as 133 (40%) G type,
55 (17%) 1 type, 64 (20%) GI type, and 75 (23%)
N type. Expression of desmocollin 2 was observed
more frequently in I-type GC than in other (G, GI,
and N) GC types (p = 0.0396, Fisher’s exact test)
(Figure 3B).

CDX2 induces desmocollin 2 expression

We found that expression of desmocollin 2 is associ-
ated with the intestinal mucin phenotype in GC. It is
known that intestinal metaplasia of the stomach and
GC with the intestinal mucin phenotype are associ-
ated with ectopic CDX2 expression [21,22]. It has been
reported that CDX2 interacts with the DSC2 promoter
and activates DSC2 transcription [23]. To confirm the
relationship between CDX2 function and DSC2 gene
expression, we studied desmocollin 2 expression in
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Age, years :
<65 6 (29%) 15 1.0000
>65 16 (27%) 43

Sex
Male 14 (26%) 39 0.7951
Femaie 8 (30%) 19

T classification”
T 8 (38%) 13 0.2574
T2/3/4 14 {24%) 45

N dassification”
NO 10 (31%) 22 0.6130
N1/2/3 12 {25%) 36

Stage :
i 16 {39%) 25 0.0243
v 8 (15%) 33

Histological classification
Intestinal 20 (43%) 26 <0.0001
Diffuse 2 {6%) 32

*Fisher's exact test. *T1, tumour invades lamina propria or submucosa; T2, tumour invades muscularis propria or subserosa; T3, tumour penetrates serosa; T4, tumour
invades adjacent structures. *NO, no regional lymph node metastasis; N1, metastasis in one to six regional lymph nodes; N2, metastasis in seven to 15 regional lymph
nodes; N3, metastasis in more than 15 regional lymph nodes.

HT-29/CDX2-ER
0 2 4 6 8 daysind4-OHT
| 5 - Desmocollin 2

_ MKN-28

- p-actin

Desmocollin 2
positive

Desmocollin 2
negative

* Itype vs Gi, G, and N type

100 (%)

Figure 3. Expression of the mucin phenotype of GC. (A) Expression of desmocollin 2 and MUC2 in GC. In this case, desmocollin 2 was
detected in GC cell membranes. MUC2 was also expressed, but several desmocollin 2-positive GC cells did not express MUC2. Original
magnification: 400x. (B) Summary of desmocollin 2 expression and expression of the mucin phenotype. Desmocollin 2-positive GC cases
were found more frequently in I-type GC than in the other (G, G, and N) GC types. *Fisher's exact test. (C) Western blot analysis of
desmocollin 2. Time course of desmocollin 2 induction in response to activation of a CDX2-ER fusion protein by 4-OHT. (D) Expression of
desmocollin 2 and CDX2 in GC. Original magnification: 400x.

an HT-29-derived line with tightly regulated CDX2
activity [18,24]. We used a polyclonal HT-29 cell
line that had been transduced with a vector encod-
ing a chimeric CDX2-ER fusion protein. Treatment
of the HT-29/CDX2-ER cell line with 4-OHT resulted
in strong induction of desmocollin 2 protein expression
within 2 days (Figure 3C). These results indicate that
DSC2 is a direct or primary target gene regulated by
CDX2.

We then investigated whether CDX2 induces desmo-
collin 2 expression in GC tissue. Immunohistochem-
ical analysis of CDX2 was carried out in a TMA
(Figure 3D). Of 327 GC cases, 74 (23%) GC cases

Copyright © 2010 Pathological Society of Great Britain and Ireland.
Published by John Wiley & Sons, Ltd. www.pathsoc.org.uk

were positive for CDX2. Desmocollin 2 staining was
found more frequently in CDX2-positive GC (44/74,
59%) than in CDX2-negative GC (63/253, 25%, p <
0.0001, Fisher’s exact test). However, desmocollin 2
was also stained in tumour cells that were negative for
CDX2.

Effect of desmocollin 2 inhibition on cell growth
and invasive activity

Desmocollin 2-positive GC cases were observed more
frequently in stage I/II than in stage III/IV, suggest-
ing that desmocollin 2 may be associated with tumour
progression; however, the biological significance of
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desmocollin 2 in human cancer has not been stud-
ied. To investigate the possible anti-proliferative effect
of desmocollin 2 knockdown, we performed an MTT
assay 8 days after siRNA transfection in the MKN-1,
MKN-28, and MKN-45 cell lines; however, cell viabil-
ity was not significantly different between desmocollin
2 siRNA-transfected GC cells and negative control
siRNA-transfected GC cells (data not shown). Next,
to determine the possible role of desmocollin 2 in the
invasiveness of GC cells, a transwell invasion assay
was performed in the MKN-1, MKN-28, and MKN-45
cell lines. Invasion ability was not significantly differ-
ent between desmocollin 2 knockdown GC cells and
negative control siRNA-transfected GC cells (data not
shown).

Discussion

In the present study, we generated CAST libraries
from two GC cell lines and identified several genes
that encode transmembrane proteins present in GC.
Quantitative RT-PCR revealed that PCDHB9, C4orf34,
ADAMI17, TMEM50B, ENPP4, SLC38A2, CDI5I,
RFTI, CLDN7, DSC2, BST2, ZDHHCI14, APP, and
DRAM?2 were expressed much more highly in GC
than in 14 types of normal tissues. Quantitative RT-
PCR in an additional 41 GC samples revealed that
ZDHHCI4, BST2, DRAM?2, and DSC2 were overex-
pressed in more than 30% of the samples. Because
these genes were identified by CAST analysis of GC
cell lines and quantitative RT-PCR analysis of bulk GC
tissues, immunohistochemistry was required to deter-
mine which cells expressed these genes. Among these
four genes, only an antibody against desmocollin 2
was commercially available. Therefore, we performed
immunohistochemical analysis of desmocollin 2 in
GC and found that 22 (28%) of 80 GC cases were
positive for desmocollin 2. Desmocollin 2 was fre-
quently expressed in MUC2-positive GC cases, and
desmocollin 2 expression was observed frequently in
I-type GC. Ectopic CDX2 expression plays an impor-
tant role in the development of I-type GC [21,22]
and it has been reported that CDX2 activates DSC2
transcription [23]. In the present study, we showed
that desmocollin 2 expression was correlated with
CDX2 expression in GC tissue. Taken together, expres-
sion of desmocollin 2, induced by CDX2, may be a
key factor mediating the biological behaviour of I-
type GC.

In quantitative RT-PCR, DSC2 was overexpressed
in 32% of the samples examined. The observation
is based on a comparison of GC with corresponding
non-neoplastic mucosa. I-type GC contains I-type GC
cells, whereas corresponding non-neoplastic mucosa is
composed of a mixed population of foveolar, oxyn-
tic, and endocrine cells. Because DSC2, similar to
CDX2, is a marker of the intestinal mucin phenotype
in both normal and GC cells, it is not surprising that
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DSC2 is enriched in GC when compared with cor-
responding non-neoplastic mucosa containing foveolar
epithelium. Therefore, it is correct to say that DSC2 is
ectopically expressed in GC, rather than overexpressed
in GC.

In immunohistochemical analysis, desmocollin 2 is
variably expressed in the normal upper gastrointesti-
nal tract and thus, desmocollin 2 expression in I-type
GC is not specific. Knockdown of desmocollin 2 by
RNAI did not affect cell growth and invasiveness in
GC cell lines. These results indicate that desmocollin
2 expression is not likely to be involved in carcinogen-
esis. Because desmocollin 2 is a membrane-spanning
glycoprotein that functions as a Ca®*-dependent cell
adhesion molecule, there is a possibility that desmo-
collin 2 plays an important role in glandular formation
of GC cells. In the present study, desmocollin 2 stain-
ing was observed more frequently in stage I/Il cases
than in stage III/IV cases. Therefore, loss of desmo-
collin 2 expression may be associated with tumour
progression.

Several lines of evidence suggest that distinct cell
surface or cell adhesion molecules are expressed in G-
type GC and I-type GC. The claudin protein family,
which comprises 24 members, is a component of
tight junctions. All claudins are 20-27 kDa proteins
with four transmembrane domains [25]. Expression of
claudin-18 is frequently down-regulated in I-type GC
[26]. In contrast, ectopic expression of claudin-3 and
claudin-4 is found in I-type GC [27]. Liver-intestine
cadherin (LI-cadherin), which is a member of the
cadherin family of cell adhesion molecules [28], is one
of the CDX2-regulated genes [18]. Ectopic expression
of Ll-cadherin is observed in I-type GC [29]. Taken
together with the present results, it seems that the
biological characteristics of I-type GC are different
from those of G-type GC and thus, classification of
GC based on the mucin phenotype is important for
treatment of GC. In fact, distinctive responses to
chemotherapy between G-type and I-type GC have
been reported [30].

In summary, our present study yielded a list of genes
that encode transmembrane proteins present in GC.
We found that desmocollin 2 is expressed in GC and
that expression of desmocollin 2 is associated with the
intestinal mucin phenotype. We identified several genes
by quantitative RT-PCR that have not been implicated
previously in GC. Our current data also provide infor-
mation with respect to the expression of these genes
throughout the body. Additional examination includ-
ing functional and immunohistochemical analysis will
certify whether the genes identified in the present study
may constitute not only a diagnostic but also a thera-
peutic target.
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Relation between microRNA expression and progression and
prognosis of gastric cancer: a microRNA expression analysis

Tetsuya Ueda, Stefano Volinia, Hiroshi Okumura, Masayoshi Shimizu, Cristian Taccioli, Simona Rossi, Hansjuerg Alder, Chang-gong Liv,
Naohide Oue, Wataru Yasui, Kazuhiro Yoshida, Hiroki Sasaki, Sachiyo Nomura, Yasuyuki Seto, Michio Kaminishi, George A Calin, Carlo M Croce

Summary

Background Analyses of microRNA expression profiles have shown that many microRNAs are expressed aberrantly
and correlate with tumorigenesis, progression, and prognosis of various haematological and solid tumours. We aimed
to assess the relation between microRNA expression and progression and prognosis of gastric cancer.

Methods 353 gastric samples from two independent subsets of patients from Japan were analysed by microRNA
microarray. MicroRNA expression patterns were compared between non-tumour mucosa and cancer samples, graded
by diffuse and intestinal histological types and by progression-related factors (eg, depth of invasion, metastasis, and
stage). Disease outcome was calculated by multivariable regression analysis to establish whether microRNAs are
independent prognostic factors.

Findings In 160 paired samples of non-tumour mucosa and cancer, 22 microRNAs were upregulated and 13 were
downregulated in gastric cancer; 292 (83%) samples were distinguished correctly by this signature. The two histological
subtypes of gastric cancer showed different microRNA signatures: eight microRNAs were upregulated in diffuse-type
and four in intestinal-type cancer. In the progression-related signature, miR-125b, miR-199a, and miR-100 were the most
important microRNAs involved. Low expression of let-7g (hazard ratio 2-6 [95% CI 1.-3—4.9]) and miR-433 (2-1[1.1-3-9})
and high expression of miR-214 (2-4 [1.2-4.5]) were associated with unfavourable outcome in overall survival

independent of dinical covariates, including depth of invasion, lymph-node metastasis, and stage.

Interpretation MicroRNAs are expressed differentially in gastric cancers, and histological subtypes are characterised
by specific microRNA signatures. Unique microRNAs are associated with progression and prognosis of gastric

cancer.

Funding National Cancer Institute.

Introduction

Gastric cancer is the fourth ‘most common human
malignant disease and the second most frequent cause of
cancer-related death wotldwide! Improvement of
diagnosis and treatment has resulted in good long-term
survival for patients with early gastric cancer, whereas
the outlook for individuals with advanced disease remains
poor.? Advanced gastric cancer frequently recurs as nodal
and haematogenous metastases and peritoneal
dissemination. Although several types of non-surgical
treatment have been assessed, surgical resection is still
the primary curative treatment for localised gastric
cancer.

Data from several studies show that various genetic
alterations cause tumorigenesis and progression of
gastric cancer.’* Inactivation of runt-related transcription
factor 3 (RUNX3) by methylation has also been reported.®
Several groups have undertaken high-throughput
analyses of gastric cancer expression profiles by DNA
microarrays* and microdissection.® However, markers for
tumorigenesis and progression of gastric cancer have not
yet been discovered and specific therapeutic targets have
not been identified.

A new class of small non-coding RNAs—microRNAs—
has been discovered.” Mature microRNAs are composed
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of 19-25  nucleotides and are cleaved from
60-110-nucleotide hairpin microRNA precursors in the
cytoplasm by the RNase 11 enzyme Dicer.? Single-stranded
microRNAs bind mRNAs of potentially hundreds of
genes at the 3" untranslated region with imperfect
complementarity, resulting in degradation of target
mRNAs and inhibition of translation® Several
target-prediction programs have been developed, but very
few targets have been proved experimentally.’ MicroRNAs
play a part in crucial cellular processes, including
development, differentiation, stress response, apoptosis,
and proliferation.* 475 human microRNAs have been
reported to date (miRBase version 9.2; University of
Manchester, Manchester, UK);" this number could reach
800-1000 through experimental confirmation of predicted
microRNA genes.” .

Microarray platforms have been developed for analysis
of microRNA expression, and data show that several
microRNAs are expressed aberrantly in various
haematological and solid malignant diseases.%
MicroRNAs act as novel oncogenes or tumour-suppressor
genes.”® We and others have noted that alterations in
microRNA expression correlate highly with progression
and prognosis of human tumours.®* Thus, focusing on
microRNAs in gastric cancer could yield new insights
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into the biological behaviour of this disease. For
oncogenic microRNAs, antagomirs are a type of antisense
oligonucleotide that inhibit microRNA function in vivo
effectively;*” for tumour-suppressive microRNAs,
reconstitution with microRNA precursor sequences has
an antitumour effect. Therefore, microRNAs are possible
therapeutic targets for cancer.”?*

To ascertain whether microRNA expression signatures
can differ between gastric cancer and non-tumour
mucosa, we undertook - genome-wide microRNA
expression profiling in two sets of gastric tissues. With
expression-profile results for these samples and
associated clinical variables, we investigated the
association between microRNAs and histological types,
tumour progression, and prognosis of gastric cancer.

Methods

Tissue samples

For microRNA expression profiling, we obtained-gastric
tissue samples (cancer lesions and adjacent non-tumour
mucosae) from patients who underwent gastrectomy

between 2002 and 2005 at the University of Tokyo

(group 1) and between 1998 -and 2005 at Hiroshima
University (group 2). We gathered all samples in the

Panel: Patient cohorts and of analyses undertaken

STEP 1: MicroRNA expression patterns in gastric cancer

{non-tumour mucosa vs cancer)

Samples

61 pairs in group 1 and 99 in group 2 were anaiysed

independently

Statistical methods

1 Class comparison by BRB-ArrayTools; paired ¢ test
(p<0-03)

2 (lass prediction by BR&Amchais paired dlass
_prediction by the leave-one-out cross-validation method

Sampfes ‘

- 169 non-tumour mucosae (64 samples from group 1and |
105 from group 2) and 184 cancers (81 samples from group 1
and 103 from group 2) (unpaired condition)

Statistical methods
Average linkage clustering with centred Pearson correlation
with 35 microRNAs

STEP 2: MicroRNA expression patterns and histological
types (diffuse-type vs intestinal-type gastric cancer)
Samples

103 diffuse-type and 81 intestinal-type gastric cancer

samples

Statistical methods

1 (lass comparison by BRB-ArrayTools; two-sample ¢ test
(p<0-001)

2 Average linkage clustering with centred Pearson
correlation with the 19 most significant microRNAs
(ps2x107%) -

(Continues in next column)
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same manner, and they were snap-frozen immediately in
liquid nitrogen and stored at —80°C until RNA and
protein extraction could be done. Since microdissection
is difficult to do in diffuse-type gastric cancer, for technical
uniformity we used bulk tissue for all cases.

We obtained study approval from the ethics committee
at the University of Tokyo and every patient from the
University of Tokyo gave written informed consent for
samples to be used. Because we did not obtain written
informed consent for samples from Hiroshima
University, for strict privacy protection, identification
information was removed before analysis; this
procedure is in accordance with ethical guidelines for
human genome or gene research enacted by the
Japanese Government-and was approved by the ethics
review committee of the Hiroshima University School
of Medicine.

(Continued from previous column)

STEP 3: MicroRNA expression and tumour progression

correlation

Samples

+ T3andT4vsT1 (101 vs 15 samples)

+ Lymph-node metastasis (N) positive vs negative
{126 vs 54 samples)

» Stage IV vs1(51 vs 37 samples)

+ Peritoneal dissemination (P, CY) positive vs negative
{33 vs 76 samples)

= Haematogenous metastasis (H, M) positive vs negatwe
{12 vs 169 samples)

Statistical methods

1 Class comparison by BRB-ArrayTools; two-sample t test

~ (p<0-01, for haematogenous metastasis, p<0-05}

2 Venndiagram of T, N, and stage

3 Significance analysis of microarrays (SAM} with
~ rank-regression option for T and stage

STEP 4: MicroRNA expression and prognosis correfation
Samples
101 cases have information for disease outcome and
underwent curative surgery. All 182 cases had surgery
(curative or non-curative)
Overall survival
» Statistical methods
1 Univariate Cox proportional hazards regression in
RB-ArrayTools
2 Kaplan-Meier survival curves
3 Multivariable Cox proportional hazards regression
analysis
Disease-free survival
- Statistical methods
1 Univariate Cox proportional hazards regression in
BRB-ArrayTools
2 Kaplan-Meier survival curves
3  Multivariable Cox proportional hazards regression
analysis
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