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Abstract

AIM: To investigate the genes regulated in mesenchymal
stem cells (MSCs) and diffuse-type gastric cancer (GC),
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gene expression was analyzed.

METHODS: Gene expression of MSCs and diffuse-type
GC cells were analyzed by microarray. Genes related
to stem cells, cancer and the epithelial-mesenchymal
transition (EMT) were extracted from human gene
lists using Gene Ontology and reference information.
Gene panels were generated, and messenger RNA
gene expression in MSCs and diffuse-type GC cells was
analyzed. Cluster analysis was performed using the NCSS
software.

RESULTS: The gene expression of regulator of G-protein
signaling 1 (RGS1) was up-regulated in diffuse-type GC
cells compared with MSCs. A panel of stem-cell related
genes and genes involved in cancer or the EMT were
examined. Stem-cell related genes, such as growth
arrest-specific 6, musashi RNA-binding protein 2 and
hairy and enhancer of split 1 (Drosophila), NOTCH
family genes and Notch ligands, such as delta-like 1
(Drosophila) and Jagged 2, were regulated.

CONCLUSION: Expression of RGS1 is up-regulated,
and genes related to stem cells and NOTCH signaling
are altered in diffuse-type GC compared with MSCs.

Key words: Mesenchymal stem cells; Gastric cancer;
Stem cells; Gene; Epithelial-mesenchymal transition
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Core tip: Recent studies have revealed that epithelial-
mesenchymal transition (EMT) regulators play
important roles in cellular phenotypes. This study
has shown that EMT-related genes are regulated in
diffuse-type gastric cancer and mesenchymal stem
cells (MSCs). Regulator of G-protein signaling 1 (RGS1)
was significantly up-regulated in diffuse-type GC
compared with MSCs. These results are interesting and
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provide insights about the mechanisms of the stem cell
phenotype transition and gastric cancer progression.
These insights will examine the novel role of EMT-
related genes and RGS1.

Tanabe S, Aoyagi K, Yokozaki H, Sasaki H. Regulated genes
in mesenchymal stem cells and gastric cancer. World J Stem
Cells 2015; 7(1): 208-222 Available from: URL: http://www.
wjgnet.com/1948-0210/full/v7/i1/208.htm DOI: http://dx.doi.
org/10.4252/wjsc.v7.i1.208

INTRODUCTION

It is a mystery how the epithelial-mesenchymal transition
(EMT) and cancer stem cells (CSCs) are correlated"”.
Although it is known that the EMT is related to cancer
migration and shares similar molecular characteristics
with CSCs, whether the EMT occurs in CSCs or if there
is any threshold for this phenotype between stem and
cancer cells is largely unknown. The EMT is the cellular
process involving the cell phenotype transitioning from
an epithelial phenotype to a mesenchymal phenotype.
Cancer cells experience the EMT when adhesion is less
important, and the cells can freely migrate throughout
the body. This mechanism is thought to be important in
cancer cell invasion and migration and CSC development.
The stem cell phenotype transforms from a differentiated
stage to an undifferentiated stage and vice versa during the
development of tissues and organs and during different
disease states. Investigating stem cell-regulated genes is
a highly important issue to elucidate the mechanisms of
CSCs.

It has been shown that mesenchymal stem cells (MSCs)
can promote the expression of an EMT phenotype in
cancer cells via CD44, lysyl oxidase and TWIST". The
relationship between MSCs and cancer cells, including
the mechanism of stemness exhibited by cancer cells,
remains unclear. Moteover, the self-renewal of colorectal
cancer initiating cells is considered to be a new therapeutic
approach™. Tt is important to uncover the gene signature of
stem and cancer cells to further understand the stemness of
these cells. Studies to reveal the stemness phenotype have
already been performed. A marker of the putative stem
cell region of human intestinal crypts has been identified
using a Fourier transform infrared microspectroscopy
approach””. Genes, such as necdin homolog (mouse)
(NDN), EPH receptor A5 (EPH.A5), nephroblastoma
overexpressed gene (INOI/) and runt-related transcription
factor 2 (RUNX2), have been correlated with MSC
passage numbers"™. Molecular signatures have also been
investigated, and a prediction model of bone marrow
stromal cell senescence has been discovered”. Even gene
expression at the single cell level can be determined using
a recent technique"’. These new approaches, including a
physical theory, may be important for the advancement of
stem cell therapeutics.
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Gastric cancer is classified into diffuse and intestinal
typesm’m. Diffuse-type gastric carcinomas supposedly
originate from nonmetaplastic gastric epithelium, and the
intestinal type originates from the regenerating epithelium
in chronic atrophic gastritis“zl. Diffuse-type gastric
cancer (GC) are known to correlate with the EMT™
We have previously shown that diffuse-type GC can
be distinguished with combination of cadherin 1, type
1, E-cadherin (epithelial) (CDHT) and cadherin 2, type
1, N-cadherin (neuronal) (CDH?2) gene expression in
MSC and diffuse-type GC associated with the EMT",
Considering that hepatoma cells are converted into
human induced pluripotent stem cell-like cells using
microRNAs, the difference between stem cells and cancer
cells should be deeply investigatedﬂs]. Breast CSCs show
both mesenchymal-like and epithelial-like phenotypes
and transition between EMT- and mesenchymal-
epithelial transition-like states'', Diffuse-type GC has
been reported to be involved in the remodeling of the
pulmonary artery, which suggests cancer niche formation
by diffuse-type GC"". Considering the finding that MSCs
provide microenvironment for CSCs, the features of MSC
and cancer cells should be investigatedm.

In this article, MSC gene expression has been investigated
and compared with diffuse-type GC cells that exhibit a
mesenchymal phenotype more than intestinal-type GC cells
do, and panels of regulated genes in MSCs and diffuse-type
GC have been generated to clarify the important molecular
patterns that distinguish stem and cancer cells.

MATERIALS AND METHODS

Cell culture

MSCs from human bone marrow were cultured according
to the manufacturer’s protocol (Lonza Walkersville, Inc.,
Walkersville, MD, United States). Detailed methods have
been previously described". Briefly, MSCs were cultured
in vitro in mesenchymal stem cell growth medium (Lonza
Catalog #PT-3001; mesenchymal stem cell basal medium
plus SingleQuots™ of growth Supplements) at 37 'C in
a COz2 (5%) incubator. Each number in the MSC sample
name indicates the passage number.

Total RNA extraction

Diffuse-type GC samples were surgically resected and
obtained from the National Cancer Center Research
Institute. Detailed information on total RNA extraction
has been previously described"™*". Briefly, total RNA was
obtained by suspending the cells in ISOGEN lysis buffer
from surgically resected samples, which were provided
by the Central Hospital or East Hospital at the National
Cancer Center™™"”. Total RNA of MSCs were purified
using RNeasy kit (QIAGEN, Disseldorf, Germany) as
previously described™.

Microarray analysis

MSC gene expression data are available to the public iz
the NCBI Gene Expression Omnibus (GEO)". Diffuse-
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type GC gene expression data are also available zia the
NCBI GEO". The accession numbers of data used for
gene expression analysis are GSE7888 and GSE42252
for MSCs and diffuse-type GC, respectively. Briefly, total
RNA from MSCs and diffuse-type GC was analyzed
using a GeneChip® Human Genome U133 Plus 2.0
Array (Affymetrix, Inc., Santa Clara, CA, United States).
Probe set and Gene Ontology information is based on
annotation version na34. Cluster analysis was performed
using NCSS 2007 (NCSS, LLC., Kaysville, UT, United
States).

Statistical analysis

All data are presented as the mean * SE. Statistical
significance was calculated with GraphPad Prism” 6 or
Microsoft” Excel” using the unpaired Student’s t test or
one-way ANOVA with Bonferroni’s multiple comparisons
test.

RESULTS

Regulated genes in diffuse-type GC and MSCs

Genes regulated in diffuse-type GC and MSCs were
investigated and analyzed using cluster analysis (INCSS)
(Figure 1). Probe sets that have a more than a 50-fold
significant difference between MSCs and diffuse-type GC
(P < 10" in the equal variance hypothesis and P < 0.01 in
the non-equal variance hypothesis) are shown in Figure
1. Each panel shows the gene expression in 30 probe
sets. Panels A, B and C show the up-regulated probe
sets in diffuse-type GC compared with MSCs, whereas
panel D shows 29 up-regulated probe sets and one down-
regulated gene, pentraxin 3, long (PTX3). In this analysis,
regulator of G-protein signaling 1 (RGS7) was the most
up-regulated gene in diffuse-type GC compared with
MSCs (Figure 2A). RGS4 gene expression was down-
regulated in diffuse-type GC compared with MSCs (Figure
2B). The regulated RGS family genes are shown in Table
1. Additional up-regulated genes in diffuse-type GC
compared to MSCs included spleen tyrosine kinase (SYK)
and CDHT, which have been suggested to be mutated
in cancer, based on an assessment of the public database
Cancer Gene Census (http://cancer.sanger.ac.uk/
cancergenome/projects/census/).

Stem cell gene panel

The expression of genes related to stem cells was
investigated (Table 2). Considering that gene combination
is important to understand stem cell phenotype, several
genes involving to stem cells have been analyzedlzoj.
NANOG and SUZ72, which have been found by gene
expression analysis to be involved in MSC invasion was
up-regulated in diffuse-type GC compared to MSCsP
Gene expression of tumor necrosis factor receptor
superfamily, member 19 (ITINFRSF79), tended to decrease
in diffuse-type GC compared with MSCs, but it was not
significantly altered in MSCs and diffuse-type GC (Figure
3). The gene expression of TINFRSFS, also known as
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CD30, was slightly up-regulated in diffuse-type GC
compared with MSCs. The gene expression of growth
arrest-specific 6 (GA456), musashi RNA-binding protein
2 (MSI2) and hairy and enhancer of split 1, (Drosophila)
(HEST), which have stem cell terms in the Gene Ontology
biological process, were regulated in diffuse-type GC and
MSCs (Figure 4).

Investigation of EMT markers

To examine the cellular phenotype of cancer and stem
cells, the expression levels of EMT-related genes were
investigated (Table 3). The gene expression of the
TWIST, ZEB and SNAI families were examined because
these genes have been reported to be associated with
the EMT and cancer regulation[zz]. The gene expression
of twist family bHLH transcription factor 1 (TWISTT)
and paired related homeobox 1 (PRRX7) were down-
regulated in diffuse-type GC compared with MSCs. The
gene expression of zinc finger E-box binding homeobox
2 (ZEB2) was up-regulated in diffuse-type GC compared
with MSCs. Previously, high mobility group AT-hook 2
(HMGA?2) has been shown to be involved in the EMT,
WNT/B—catenin signaling and malignant cancer™?",
HMG.A2 gene expression was down-regulated in diffuse-
type GC compared with MSCs. The gene expression of
one of the probe sets for catenin (cadherin-associated
protein), beta 1, 88 kDa (CTINNBT) was up-regulated
in diffuse-type GC compared with MSCs. The gene
expression of the other two probe sets for CIINNB7
was stable. Sp1 transcription factor (§P7) and lymphoid
enhancer-binding factor 1 (LEFT7) were up-regulated in
diffuse-type GC compared with MSCs. SP7 is known
to be an important factor for cell cycle regulation and
is up-regulated in various cancers™. The AKT gene
family is known to be important in cancer and has been
suggested to regulate the EMT and stem cells in cancer
cells®. Three AKT isoforms were examined, and the
gene expression of v-akt murine thymoma viral oncogene
homolog 2 (AKT2) was up-regulated. However, some
of the probe sets recognizing AKT3 showed a down-
regulation of AK1T3 gene expression. The gene expression
of stratifin (SFIN); F11 receptor (F77R); gap junction
protein, beta 2, 26 kDa (GJB2); occluding (OCLN);
coxsackie virus and adenovirus receptor (CXADR); and
keratin 8 (KKRT8) were up-regulated in diffuse-type GC
compared with MSCs.

Messenger RNA expression of NOTCH signaling-related
genes

NOTCH signaling-related genes are involved in cancer, and
NOTCH signaling is one of the target signaling pathways
of CSCs*™. Next, NOTCH messenger RNA (mRNA)
expression was examined (Table 4). NOTCHT, 3 and 4
gene expression was up-regulated, whereas NOTCH?2
gene expression was down-regulated in diffuse-type GC
compared with MSCs (Figure 5A). The gene expression
of delta-like 1 (Drosophila) (DLL7) and Jagged 2 (JAG2)
were up-regulated in diffuse-type GC compared with MSCs
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To confirm that the up-regulation of RGS7 was not

stomach specific, RGS7 gene expression in normal tissues
was investigated using vatious data in the database, such

RGS1 express

are shown. Each panel (A to D) shows 30 probe sets up-regulated or down-regulated in diffuse-type GC compared
211

using Student’s ¢ test in the non-equal variance hypothesis and equal variance hypothesis, respectively).
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(Figure 5B and 5C). The scheme for NOTCH signaling
and cross-talk between cells is presented in Figure 6A. The
Gene Ontology biological process of the NOTCH family

genes are shown in Table 5.

(49

Figure 1 Genes regulated in mesenchymal stem cells and diffuse-type gastric cancer. A total of 120 probe sets that had more than a 50-fold change in mesenchymal
JRaishideng®

stem cells (MSCs) and diffuse-type gastric cancer (GC)

with MSCs. (Fold change > 50, P < 0.01 and P < 10
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Figure 2 Regulator of G-protein signaling 1 and regulator of G-protein signaling 4 gene expression was up-regulated and down-regulated, respectively, in
diffuse-type gastric cancer. A: regulator of G-protein signaling 1 (RGS7) gene expression was up-regulated in diffuse-type gastric cancer (GC) compared with early-
stage mesenchymal stem cell (MSC) cultures [n = 5 in early-stage MSC cultures (B#4, C#4, F#5, G#4, and H#4), n = 5 in late-stage MSC cultures (B#28, C#24, E#28,
G#28, and H#28), and n = 5 in diffuse-type GC (GC16, GC40, GC54b, GCBO, and GC23s)]. Results represent the mean + SE. °P < 0.01 using a one-way analysis of
variance with Bonferroni’s multiple comparisons test; B: RGS4 gene expression was down-regulated in diffuse-type GC compared with MSCs. Results represent the mean
+ SE (n=12in MSC cultures and n = 5 in diffuse-type GC). °P < 0.01 and “P < 0.001 using Student’s t test with the non-equal variance hypothesis.

Table 1 Gene expression alterations of regulator of G-protein signaling family genes in mesenchymal stem cells and diffuse-type

gastric cancer

Gene symbol Detailed description P value Ratio of diffuse-type Probe set ID
GC to MSCs
RGS1 Immune response / signal transduction / adenylate cyclase-inhibiting G-protein coupled  0.013 1004 202988_s_at
receptor signaling pathway / negative regulation of signal transduction / termination of ~ 0.001 13808 216834 _at

G-protein coupled receptor signaling pathway / positive regulation of GTPase activity
RGS2 Regulation of translation / cell cycle / spermatogenesis / regulation of G-protein coupled  0.007 14.51 202388_at
receptor protein signaling pathway / negative regulation of signal transduction / negative
regulation of phospholipase activity / negative regulation of cardiac muscle hypertrophy
/ termination of G-protein coupled receptor signaling pathway / negative regulation of
mitogen-activated protein (MAP) kinase activity / positive regulation of GTPase activity /
negative regulation of G-protein coupled receptor protein signaling pathway / brown fat
cell differentiation / relaxation of cardiac muscle / relaxation of vascular smooth muscle
/ positive regulation of cardiac muscle contraction / regulation of adrenergic receptor
signaling pathway
RGS3 Inactivation of mitogen-activated protein kinase (MAPK) activity / signal transduction / 1.00E-05 0.39 203823_at
regulation of G-protein coupled receptor protein signaling pathway / negative regulation
of signal transduction / termination of G-protein coupled receptor signaling pathway /
positive regulation of GTPase activity

RGS4 Inactivation of MAPK activity / regulation of G-protein coupled receptor protein signaling 3.00E-04 0.17 204337 _at
pathway / negative regulation of signal transduction / termination of G-protein coupled  0.003 0.11 204338_s_at
receptor signaling pathway / positive regulation of GTPase activity 0.004 0.14 204339_s_at

RGS5 Signal transduction / regulation of G-protein coupled receptor protein signaling pathway  0.01 47.79 209070_s_at
/ negative regulation of signal transduction / termination of G-protein coupled receptor  0.008 81.82 209071_s_at
signaling pathway / positive regulation of GTPase activity 0.009 95.52 218353_at

RGS10 Negative regulation of signal transduction / termination of G-protein coupled receptor  0.003 3.92 204319_s_at
signaling pathway / positive regulation of GTPase activity

RGS19 Autophagy / G-protein coupled receptor signaling pathway / small GTPase mediated 9.00E-04 245 204336_s_at

signal transduction / negative regulation of signal transduction / termination of G-protein
coupled receptor signaling pathway / positive regulation of GTPase activity

RGS family genes that have significant alterations in MSCs and diffuse-type GC are shown. RGS1, RGS2, RGS5, RGS10 and RGS19 were up-regulated in
diffuse-type GC compared with MSCs. RGS3 and RGS4 were down-regulated in diffuse-type GC compared with MSCs. RGS: Regulator of G-protein signaling;
MSCs: Mesenchymal stem cells; GC: Gastric cancer.

as the GEO database. From data analysis of various types bladder, colon, corpus, liver, lung, placenta, prostate, skin,
of normal human tissues (GSE2361 and GSE2193)[31’32J, spinal cord, spleen, thymus, thyroid, and trachea, whereas
RGST has been shown to be expressed in normal stomach, RGST gene expression is relatively high in the thymus and
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Table 2 Gene expression alterations of stem cell-related genes in mesenchymal stem cells and diffuse-type gastric cancer

Gene symbol Gene name P value Ratio of diffuse-type GC to MSCs Probe set ID
NANOG Nanog homeobox 0.0037 149 220184_at
Suzi2 SUZ12 polycomb repressive complex 2 subunit 0.0022 35.4 1566191_at
TNFRSF8 Tumor necrosis factor receptor superfamily, member 8 0.0126 1.98 206729_at
CD9 CD9 molecule 0.0012 3.44 201005_at
ICAM3 Intercellular adhesion molecule-3 0.0143 2.69 204949 at
CD200 CD200 molecule 0.0013 4.79 209583_s_at
0.0002 435 209582_s_at
THY1 Thy-1 cell surface antigen 0.0081 0.61 208850_s_at
0.0301 0.79 208851_s_at
0.0024 0.67 213869_x_at

Genes related to stem cells in the literature are shown with their gene expression alterations in MSCs and diffuse-type GC. NANOG and SUZ12, which have

been found by gene expression analysis to be involved in MSC invasion was up-regulated in diffuse-type GC compared to MSCs. RGS: Regulator of G-protein

signaling; MSCs: Mesenchymal stem cells; GC: Gastric cancer.

1.5

TNFRSF19

227812_at

1.0

0.5

Ratio to average of early-stage MSC culture

0.0
MSC (early stage) MSC (late stage) Diffuse-type GC

Figure 3 Tumor necrosis factor receptor superfamily, member 19 gene
expression. Tumor necrosis factor receptor superfamily, member 19 (TNFRSF19)
gene expression tended to decrease in diffuse-type gastric cancer (GC) but was
not significantly altered compared with early-stage mesenchymal stem cell (MSC)
cultures. TNFRSF19 gene expression in late-stage MSC cultures was significantly
down-regulated compared with early-stage MSC cultures. Results represent the
mean * SE [n =5 in early-stage MSC cultures (B#4, C#4, F#5, G#4, and H#4), n
= 5in late-stage MSC cultures (B#28, C#24, E#28, G#28, and H#28), and n=5
in diffuse-type GC (GC16, GC40, GC54b, GC60, and GC23s)]. °P < 0.05 using a
one-way ANOVA with Bonferroni’'s multiple comparisons test.

spinal cord but not in the stomach.

DISCUSSION

Gastric cancer progression is associated with Helicobacter
pylori and gastric stem cells are suggested to involve
in the progression from chronic atrophic gastritis to
gastric cancer™. Tt may be assumed that RGS7 plays
a role in regulating G protein signaling and mitogen-
activated protein (MAP) kinase signaling during
gastric cancer progression, which may provide some
hypotheses in which RGS7 promotes stem cell transition
into CSCs, CSCs induce RGS7 expression in gastric
cancer, or RGS7 orchestrates with other molecules in
EMT. In gastric cancer cells, CDHT isoform is found
to increase gastric cancer cell invasion and angiogenesis,
and some inflammatory mechanism is suggested to be
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involved in CDHY regulationml. Analysis of Rgs7(-/-)
has shown that B cell responses to chemokines, plasma
cell localization, and immune tissue architecture are
disturbed when Rgs7 is deleted™. In our studies, RGS7
was up-regulated in diffuse-type GC compared to MSC,
which may suggest that RGS7 plays a role to response
cancer cells and indicate the possibility to involve in
cancer immunity. It may be possible that RGS7 protects
the cells from cancer progression by enhancing anti-
cancer immunity, or promote cell phenotype transition
to cancer. The possibility that diffuse-type GC sample
contains a variety of cells in cancer microenvironment
should be considered. It may also be possible that RGS7
is up-regulated in some cancer microenvironment cells.
Because the dedifferentiation of epithelial cells into stem
cells may play a role in regenerative medicine or diseases,
including cancer, investigating the genes regulated in
stem and cancer cells is important””. Changes in the
gene expression profiles of early- and late-stage MSC
cultures have provided evidence regarding the importance
of studying gene combinations to understand cellular
phenotypeslgj. Cell surface antigens, such as SSEA4 or
TRA-1-81, should also be included for future quality
control in stem cells™ . Furthermore, cell type-specific
transcriptional profiles have been suggested for neural
lineage cells, hepatic lineage cells, embryonic stem cells
and induced pluripotent stem cells (iPSCs)™’. Interestingly,
insulin-like growth factor-1 receptor signaling and EMT
crosstalk is sufficient to down-regulate erlotinib function
in cells, while exon 19 of the erlotinib-sensitive epidermal
growth factor receptor is mutated in non-small cell
lung carcinomas'. Many cell-based iPSC models that
are derived from patient cells have been investigatedwj,
and successful genetic or epigenetic reprogramming of
cellular identity is crucial for the development of these
stem-cell based disease models*”. The investigation of
the molecular combinations associated with different cell
types is important for determining cellular phenotypes.
RGS7 has been shown to be related to cancer in some
studies™*
nucleotide polymorphisms in RGS7 have been shown to

. In late-stage non-small cell lung cancer, single
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Table 3 Gene expression alterations of epithelial-mesenchymal transition-related genes in mesenchymal stem cells and diffuse-type

gastric cancer

Gene symbol Gene name P value Ratio of diffuse-type GC to MSCs  Probe set ID
TWIST1 Twist family bHLH transcription factor 1 0.0004 0.2 213943 _at
PRRX1 Paired related homeobox 1 1.00E-05 03 226695_at
ZEB2 Zinc finger E-box binding homeobox 2 0.027 2.1 203603_s_at
0.03 17 228333_at
6.00E-05 3.9 235593_at
TJP1 Tight junction protein 1 0.184 12 202011_at
0.795 1 214168_s_at
CTNNB1 Catenin (cadherin-associated protein), beta 1, 88 kDa 0.001 9.6 223679_at
VIM Vimentin 0.031 47 1555938_x_at
0.016 0.7 201426_s_at
FN1 Fibronectin 1 0.204 0.6 1558199 _at
0.015 0.7 210495_x_at
0.004 0.7 211719_x_at
0.001 0.6 212464 _s_at
4.00E-08 0.04 214701 _s_at
1.00E-10 0.02 214702_at
0.008 0.7 216442 x_at
AKT1 v-akt murine thymoma viral oncogene homolog 1 0.187 12 207163_s_at
AKT2 v-akt murine thymoma viral oncogene homolog 2 8.00E-09 31 225471 _s_at
0.002 44 226156_at
0.0006 5.6 236664_at
0.0006 7.6 1560689_s_at
AKT3 v-akt murine thymoma viral oncogene homolog 3 0.0006 6.2 242876_at
0.008 0.6 212607_at
0.549 12 212609_s_at
0.385 08 219393_s_at
0.772 11 222880_at
0.0003 05 242879_x_at
SEN Stratifin 0.003 66 33322_i_at
0.008 111 33323_r_at
EPCAM Epithelial cell adhesion molecule 0.0009 725 201839_s_at
FIIR F11 receptor 0.0004 35 221664 _s_at
0.002 21 222354 _at
0.0009 201 223000_s_at
0.012 25 224097_s_at
GJB2 Gap junction protein, beta 2, 26 kDa 0.023 69 223278 _at
LEF1 Lymphoid enhancer-binding factor 1 0.002 26 221558_s_at
JUN Jun proto-oncogene 0.042 4.8 201464 _x_at
0.022 5.1 201466_s_at
0.079 38 201465_s_at
0.019 41 213281_at
TGFB1 Transforming growth factor, beta 1 0.002 2 203085_s_at
TGFB2 Transforming growth factor, beta 2 0.07 04 209909_s_at
0.055 0.6 220407_s_at
0.588 08 228121 _at
TGFB3 Transforming growth factor, beta 3 0.015 6.8 209747 _at
SP1 Sp1 transcription factor 0.0002 3.4 224754 _at
2.00E-05 27 224760_at
HMGA2 High mobility group AT-hook 2 0.003 0.3 208025_s_at
ITGA5 Integrin, alpha 5 (fibronectin receptor, alpha polypeptide) 0.007 0.5 201389_at
OCLN Occludin 0.0008 8 231022_at
0.012 94 235937 _at
0.027 11 209925_at
0.0045 11 227492 _at
CXADR Coxsackie virus and adenovirus receptor 0.013 265 203917 _at
0.014 297 226374 _at
0.021 75 239155_at
KRT8 Keratin 8 0.012 128 209008_x_at

RGS: Regulator of G-protein signaling; MSCs: Mesenchymal stem cells; GC: Gastric cancer.

be associated with overall survival in patients who received in a human B lymphoma line!™. RGS7 has been
chemotherapy™. Silencing of RGS7 and RGS73 mRNAs suggested to be involved in regulatory T cell trafficking™.
resulted in enhanced responsiveness to chemoattractants Furthermore, RGS7 is up-regulated in T cells from the
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Table 4 Gene expression alterations of NOTCH signaling-related genes in mesenchymal stem cells and diffuse-type gastric cancer

Gene symbol Gene name P value Ratio of diffuse-type GC to MSCs Probe set ID
NOTCH1 Notch 1 0.004 6.9 218902_at
NOTCH2 Notch 2 0.001 0.7 202445_s_at
1.00E-05 0.5 202443_x_at
1.00E-05 0.5 212377_s_at
DLL1 Delta-like 1 (Drosophila) 0.007 31 224215_s_at
JAG2 Jagged 2 0.003 11 32137_at
JAGI Jagged 1 0.003 15 209099_x_at
0.022 14 216268_s_at
0.49 11 209098_s_at
WNT9A Wingless-type MMTYV integration site family, member 9A 0.027 54 230643_at
WNT2B Wingless-type MMTYV integration site family, member 2B 0.026 44 206458_s_at
WNT5A Wingless-type MMTYV integration site family, member 5A 8.00E-05 03 213425_at
3.00E-05 02 205990_s_at
WNT5B Wingless-type MMTYV integration site family, member 5B 0.0002 0.2 221029_s_at
RGS: Regulator of G-protein signaling; MSCs: Mesenchymal stem cells; GC: Gastric cancer.
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Figure 4 Gene expression of stem cell-related genes. A: The gene expression of growth arrest-specific 6 (GAS6) was down-regulated in diffuse-type gastric cancer
(GC) compared with mesenchymal stem cell (MSCs). Results represent the mean + SE (n = 12 in MSC and n = 5 in diffuse-type GC). °P < 0.001 using Student’s ¢ test; B:
The gene expression of musashi RNA-binding protein 2 (MSI2) was up-regulated in diffuse-type GC compared with MSCs. Results represent the mean + SE (n =12 in
MSC and n = 5 in diffuse-type GC). °P < 0.05, °P < 0.01, and °P < 0.001 using Student's ¢ test; C: The gene expression of hairy and enhancer of split 1 (Drosophila) (HES1)
was up-regulated in diffuse-type GC compared with MSCs. Results represent the mean + SE (n = 12in MSC and n = 5 in diffuse-type GC). "P < 0.01 and °P < 0.001 using
Student's t test. All three genes have stem cell terms in the Gene Ontology biological process.

human gut compared with T cells from peripheral blood, and RGS7 regulates gut T cell trafﬁcking[%]. Cancer cells

WJSC | www.wjgnet.com 215 January 26, 2015 | Volume 7 | Issuel |

JRaishideng®



Tanabe S et a/. Regulated genes in MSCs and GC

3o uonemSaraanisod // ¢68GF00 /// Arrequrs erjonms 1o souanbas woxy paryur / / juspuadap-yN( ‘vondrosuen jo uonem3ar aanedau / / 7685500 /// UOHRIOUUR JIUOLII[S WO PALIdJUT / / UOHRHUSISHIP [[90
rer8 jo uonengax aanisod // /89¢H00 /// AyLre[rurs [ermongs 1o aousnbas woly paLdjur // UOHENUSISJIP ISe[qoa)so Jo uonemdar aanedau // g996500 /// UOnEIOULe JIUOND3[d WOI) PILIDJUL / / UOHEUSISHIP UOINSU
0 uonem3ar aanedau // 6996500 /// 2dAousyd jueinur woxy parRyul // uoneRuUSIIP Jse[qoAur Jo uonem3ar aanedau // 799600 /// UOHejOuLE JIUONO[E WOLj PILdUL / / UORRRUSISHIP )Adoumersy jo uonemn3ax
aansod // 8196500 /// UOLEIOUE DIUONO[E WOL PILIdJUI // UOHRHUSIDNIP [[92 [eIpyjopus jo uonemn3ar aanisod // ¢096H00 /// UOnEIOUUR U0 WO PALIdJUI / / UOHEHUSIIP [[90 Jo uonendar aanedau
// 9655500 /// uonejouue JIuoNIS[d WO PILIDJUL / / JUSUIILILIOD ) [[3d // G9TGH00 /// Arefuus fermnionms 1o souanbas wioxy pawayur // Ayianoe onAeyed jo uonem3ar aanedau // 980¢H00 /// UOnLIOUE JIUOIOS[d
woxy paxjur // sseooad opoydode jo uonemBar aaneSau // 99000 /// uonejouue druondse wox paujur // ssavoxd onoydode jo uonemSar aansod // g9ogk00 /// UonEIOULR dIUonds[e Wioly paLpjur // usgeue //
0%9ZH00 /// UoneIoUUR dIUONI[E WOy PILJuUL / / uonersuadar anssy // 9Fgeh00 /// uoneiouue druondse woly parsyur // uonessijoid oo Jo uonendar // /z1cH00 /// Aesse 10911Ip wioxy paimdjul // sninuims I0joey
IMo13 [erpyjopus Te[nosea o} asuodsar remnEd // $265€00 /// UOHeIouUR DIUOIOS[S WOy PALIdJUT / / UORRUSISHIP [[90 dpsnu [e[es // F166900 /// 2dAousyd jueynur woxy paxsjur // uonewroy aqny // §F1SE00
/// uonejouure druondse woxy parjur / / sissusdoydrow quupuny druokiquus // 9T1GE00 /// UonejouLe dIUonds[e wioly parjul // aprreypoesAjododiy 0y asuodsar / / 96%2€00 /// UOIEIOULRE DIUOLOS[E WOL) PALIDJUL
// apndadip [Auremu 0} asuodsar // Getzg00 /// UOBEIOULE JIUONII[E WOy PALIJUI // SNNWNS PIOISISOdRI0d 0} asuodsar // 0961€00 /// Uonejouue dIUonds[e woly parwyur // uoneruadar uedio // 0011£00 ///
UOLIOULIE DIUOIS[D W0y patdjul / / sisausdoydiow apjoy mrey / / 6901€00 /// Uonejoulre dIuonds|e woy parsjur / / juswdopasp ureiqaioy // 0060€00 /// Aremurs femyonns 1o sousnbas woxy patmajur // Aemuyped
SurreuSis qAg Jo uonemSar aanedau // F150€00 /// Aireruls femjonas o aduanbas woxy paxeyur // Aemiyed Sureuls JNg jo uonemSar aanisod // €160€00 /// Arrermurs fenionmgs 1o sousnbas woxy parjur //
uonex3ru [[90 jo uonemgar aanisod // gegoe00 /// UOHRIOUUR DIUONIS[D WOLy paLdjul // uoneidnu [[20 jo uonem3ar // 660600 /// uonejouue dIuonds[e woly paryur // sissusoydiow quurf sruoLiquis // 9260£00
/// uonejouure druonddE woly parjur // juswdopasp Suny // $2e0g00 /// Arreurs femnjonns 1o sdusnbas woxy paisyur // uonedyisso jo uonem3ar aanedau // 6/20€00 /// UOHEIOULE dIUOLII[D WO PILISJUL
// uonenuaIyIp AjAdounesy // 9170€00 /// Uonejoue dIUonds[e WOy PALRJUL / / UONRHUSIdNIP uomau // 81000 /// UOHejoue dIUonds[e WO PALIJUL / / UONEHUSIHIP [[90 / / $GT0E00 /// UOejouLe SIUONIS[d
woxy paxwyur // juswdopasp aqny [emau // GI6TZ00 /// UonejouuR dIUONII[ WOy paLRjul // piod [eurds ur UORRHUINIP [[20 // GIGTZ00 /// Uonejouue dIUoNd3[e WOl PILJuL // sisausdojiuos jo uonemdar //
Z08¥100 /// Arreuas fernionms 1o aousnbas woxy pawayur / / juswdopasp [[ed fewAypussaw // T¢0HT00 /// ALre[ius [ermionmns 1o aousnbas wioly parejul / / uonenuaiajIp aqnioAuw jo uonemgar aanedau // ze80100
/// Kesse 10011p woxy parLyur // uorsaype ajensqns-[[@d jo uonemaar aanedau // Z180100 /// @dAousyd jueynur woxy parejur // uonisuern fewAypussaur 0 Terpysids jo uonemSar aanisod // 810100 /// uonejouue
o003 W0y pardyur // uorssardxa auad jo uonemn3ar // gop0100 /// yuswje)s toyne djqesoerny // uorssaxdxa ausl // /950100 /// UOHEIOUUR DIUONOS[E WOL PALIdJUI / / UOHRHUSISHIP [[99 Ter8 // 1000100
/// uonejouue dIUONS[E WOL PILIBJUL / / Jusumiunuod dyej [[30 10ydadax Axoypne // 7166000 /// Uonejouue dmuonds woly pauajur // juswdopasp oLiquis // 066000 /// Uonejouue dIU0NOS[e Woj patjul //
yuswdopeaap sturepida // $H98000 /// Aesse 10a1rp woxy paxmejur / / uonerdjroid [0 jo uonem3ar aanedau // 688000 /// 2dAousyd jueinur woxy paxeyur // uonersjroxd [[20 jo uonemSax aantsod // 828000 ///
Kesse paxp woxy paryur // uonersyroid [0 jo uonem3ar aanisod // 878000 /// 2dAousyd juemnur woxy paxrsyur / / yuswdofeasp 31eay // £06/000 /// UonejouUe dIUond3[e WoLy paLjul / / juswdopasp uLespopus
// T6¥2000 /// uonejouue druonde woy parajur // sissusdoydiow 13105 // 0%F000 /// UOnEIOULR JIUONDS[E WOy paLdjul // sisausdouoxe // ¢0%/000 /// UOneIouUR dIUOND3[d WOy paLLjul // uonedsymads
uroped jusunredwod // 98¢/000 /// Ayrermurs [ernjonms 1o ousnbes woxy paxmoyur // Ansurwuis JySLI /359 Jo UoneuTuLIep // 89¢/000 /// Uonejoule dIUonds[e woxy parwjul // sisauadoyeurads // €82/000
/// uonejouue druond3e wioxy patur / / juswdopasp [ewsuedio remyponmw // /2000 /// Arreurs fermonys 1o aousnbas woxy pawsyur / / 3981ey 103dedar yojoN jo uondrosuen jo uonemndar aanisod // 122000
/// yuswaels soyine sjqeaden; // Surssadoxd xoydadar yoloN // 0¢zZ000 /// uswsiess royne sjqeader; // Aemyyed SureuSis yojoN // 6122000 /// @d&ousyd jueynur woxy paxseyur // Aemuyped Surreuds yojoN //
6122000 /// uonejoUe dIUOLIS[e WoI) PaLRul / / asuodsar sunurwr ferowmny / / 6669000 /// Juswayels oyne sjqeaden-uou / / asuodsax sunwwt // 6669000 /// usuajess oyne s[qeaoer // wjowoxd [y aserowdjod
VN woxy uonenur uonduosuen // £9¢9000 /// uonejouue duondd[R woiy paryul // wjoword 1 sserswAjod yN woxy uonduosuern jo uogensgar // £6e9000 /// yuswaje)s toyine s[qeader // juspuadop
-y N ‘uonduosuen jo uonengar // 69000 /// uoneiouure druondsfp woly pajur // juspuadap-yN( ‘vonduosuen // 1669000 /// Ayrefnurs fermnionmns 1o adusnbas woxy paxsjur // sissusfoydrowr wmnipreotad
// ¥%€€000 /// Arremurs remyongs 1o sdouenbes woly parojur // UOKEULIO] UOTYSND [RIPILdOPUS UL PIAJOAUT UORRISIW [[90 // €/2€000 /// UOnejoule dIUonds[e Wwoly patpjul // uonersijoid jse[qorpIed poryy jreay
Arepuooas jo uonem3ar ur pasjoaur Aemyyed SureuSts YojoN // 042€000 /// uonejouue dIuonds[e woly pateyur // uonemsijoid jsejqorpred jo uonemn3ar // $9g000 /// Arequurs [emongs 1o sdusnbas wioly parwyur
// uonenuaIayIp [[90 Josmdaid TerpresoAw ur paajoaur sjowoid || aserowAjod yNR wox uonduosuen jo uonem3ar // 967000 /// Areiuurs femionns 1o adusnbas woxy parwyur // sissusfoydiowr 1eay ur paAjoAur
wpmod // TH2€000 /// Lreqruurs femjongs 1o ousnbas woxy paxdjur // sissusdoydrowr wnipreooAur enoaqer; JemojuaA // ggze000 /// Uonejouue dIUOonds[e WO PALRJUL // UOHeuLIoy SPIjuLA 3Lt derpred //
6129000 /// Kreurs [eanjongs 1o sduanbas woxy pawayur // sisouadoydiow spLyuaA 1y9] derpaed / / F12e000 /// Ayrerus remonys 1o sousnbas woxy paxyur // sissusoydiow winrye g3 oerpred // ¢12€000 ///
Ayuremuurs ernyons 1o aousnbas woiy pareyur // sissusdoydiowr wntne derpred // 602000 /// Aremurs emonms 1o sduanbas woxy paxsjur // sisausSoydiowr spIyuaA derpred // 80ge000 /// Aremus remonns
I0 9ouanbas Woxy PaLRJUT /,/ UOHRULIOf Iaquueyd derpred // /0ze000 /// Arre[nurs femjongs 1o adusnbas woxy paxyur // sissusdoydrour uonysnd [erpreoopua // ¢0ze000 /// Ayreqmurs femmjonns 1o aouanbas woxy
paLIdjuI / / UOIRULIO) UOIYSND [RIPIEDOPUS UL PIAJOAUL UonIsuer [ewAypussaw o} ferpyiids // 861£000 /// @d&ousyd jueynur woxy parjur // uoneurioy dAeA feni // z61e000 /// 2dKousyd juenw woxy paroyur
// sisauaSoydiowr aafea Areuowrnd // $81£000 /// Arefmurs [emonms 1o adusnbas woxy pawayur // sisausdoydiowr aafea remorpuasorie // 181€000 /// 2dAousyd juemur woxy parsyur // sisausdoydiouwr aatea
onxoe // 081000 /// Areqmurs remjongs 1o sousnbas woxy paeyur // sisausdoydiow uea Areuoiod // 6916000 /// UOnEIoUUE DIUOKII[D WO paLdjul / / jusuido[@Asp spou IenorguaAomye // z91e000 /// Arermurs
remydnas 1o sdusnbas woxy pawyur // sisausdoydiow wnipresopus // 0919000 /// Arequurs rermongs 1o sdusnbas woiy paryur // juswdopasp wnipredopus // £GT€000 /// UOBEIOULR JIUONII[E WOL PILIDJUIL
// snnuuns ouasdnue o3 asuodsar Aroyeurureryur // /652000 /// UoneIoULR dIuonds[e woly parjur // uonessrjoid jsejqomau jo uonemngar aanisod // 2602000 /// UOneIouUR dIUONIS[S WOy paLjul // sisauadordue
Sunmnoids // 0502000 /// Anre[murs femjongs 1o souanbas woxy paxmeyur // Surdoor yeay // /F6T000 /// Uoneoue druonds[e woxy parjul // juswdoPadp 10AT // 6881000 /// Ayreqnuls femionys Jo sousnbas
woxy paryur // uonisuen fewypussaw o} ferpyids // 681000 /// Uonejouur duonds[ woly parpyur // uonesynads ayey [[20 // 8041000 /// uonejouue dSIuondd[e woxy pajur // juswdopasp druoAIquis oxn
ur // 1041000 /// uonejouue druondse woxy paxjur / / sissuadordue // 6ze1000 /// Arreuurs remionms 1o sousnbas woiy paxyur // myowoid [1 aserswAjod N woxy uondrosuern jo uonengar aanedau // zz10000

[HOLON

ss9204d [ed13ojoiq A30]03uU0 dUIN) JOqUIAS dUIND)

saudg Ajiwey HO1ON Jo A3ojojuo audan ¢ djqe]

January 26, 2015 | Volume 7 | Issuel |

216

WIJSC | www.wjgnet.com

JBaishideng®



Tanabe S et a/. Regulated genes in MSCs and GC

UOT}LJOULIe DIUOI}O[D WIOIJ PALIdJUI / / UOTIeULIO)

Areides xemiswo[3 // 0100 /// Uoneiouue druoxndd[e woly patdjur // ssaoid reyuswdofaasp jo uonemsSar // ¢6/0500 /// UOTEIOULE DIUOIIDS[S WO PALIBJUI // JUSUIWIIOD 1] uoInau // ¢998%00 ///
UOI}LJOUe DIUOIIOS[ WLy paxdjul / / uonerajrord [[a0 apsnu ypoows jo uonengar aanisod // 1998500 /// UOHLIOUUR DIUOIDS[E WOLJ PALIdJUI / / UOHEHURIDIIP UoInau jo uonemdar aanedau // 6995500 ///
UOTJBJOULIe DIUOIIDS[E WOLJ PALIDJUI // UOHEHUSISIP [[90 Jo uonemdar aanedau // 966600 /// Uonejouue druonds[e woly parjul // juswdoeasp ureiqaioy // 0060€00 /// UOIEIOUUE DIUOLDS[E WOLj PILIDJUL
// uonenuaIsyIp 130 // $S10€00 /// Jusuiaieys Joyine sjqeader // uoissaidxs sauad // /9%0100 /// uonejouue dIuonds[d woly parwjul // juswidopasp rewsmuedio xemponmw // /2000 /// uswaiels
Joyme a[qeaden) // Guissavoxd 103dadar yooN // 022000 /// yuawayess royine ajqesden; // Aemyyed Gurpeudis yojoN // 6122000 /// yuswayess toyine sjqeader) // mjowoid 1 aserowrd[od N WOIJ UOETUT
uondusuen // /99000 /// uonejouue dIuondd[d woly parur // juspuadap-yN(Q ‘vonduosuern jo uonemn3ar // g6e9000 /// Uoneiouue druoxds[d woly pawajur // juspuadep-yN( ‘uonduosuen // 1669000
UOTJR)OULIe DIUOIIOI[S WOLJ PALIJUT / / UONRIdAS H-urynafIaiur / / ¢09z/00 /// 1oyeand Aq parmjur / / juswudoraasp jreay ut paajoaut Surreudts yojoN // $1€1900 /// uonejouue

oruoxdae woy paxmdyur // juswdopasp [assaa poorq eyusoerd // $£90900 /// ed&ousyd jueinur woxy paxmeyur // sisaua8oydiow wmydes [erme // 130900 /// UOneIouUR dIUONIS[e WLy patwjur // ssavoxd
reyuswdopaaap jo uonemSar // 60500 /// @d&ousyd jueinw woxy paxmajur // Surppowar auoq // 6¥89%00 /// Aesse 10a1p woxy partdjur // uononpsuern feudis urdjord sey jo uonemngar sanisod // 65900
/// yaswagess toyine s[qeaoen; / / ssavoad onoydode jo uonenSar aanedau // 990¢H00 /// Uoneouur druondse woly parajur / / ssavoxd onoydode jo uonen3ar aanisod // Gooe00 /// UOEIOULE DIUOIOS[S WOL)
paxroyur // uonersuadax anssy // 9F¢cH00 /// Uonejouue druonodd woiy paryur // sissusdoydiowr quurp oruoAiquis // 9z€0€00 /// UOnejouUe dIUOI9 WOy PALIJUL // UOHRHUSINIP [0 // $ST0€00 ///
JuawRle)s IoyIne d[qeadeny // sisarodoway // /600€00 /// Yuswiaje)s Ioyme ajqeader) / / adurusjurewt [[20 wials // £z86100 /// Aesse 10a11p woxy paxrojur / / qimox3 [[20 // 6F09100 /// Jusuuaje)s Ioyine a[qeadery
// uorssaxdxa aua8 // £9%0100 /// uiened uorssardxs woiy parjur // sisausdoydiow uedio // /886000 /// Aesse 10a1p woiy parajur // uonerdyrjord [[a0 jo uonen3ar aanedau // ¢8gg000 /// yusware)s
Ioyjne a[qeaden-uou // jusurdo[easp wa)sAs snoatsu // 66£/000 /// UOnEIOULE DIUOO[D WOoL parjul // AnaurwAs JySLI /339 Jo uoneuruiap // §9¢/000 /// jusuwisie)s oyine sjqeadern-uou // juswdo[paap
rewsmuegio reEonmMu // 62000 /// yuswaie)s zoyine ajqeaser; / / Suissasoxd 103dedax yojoN // 022000 /// yusuiaieys toyine djqeadsen; / / Aemiped Surreudis yojoN // 6122000 /// Aesse 10911p woly parrajur
// ¥sa1xe 3Ad [[9d // 0604000 /// uonejouue dIuonds[d woxy parmdyur // asuodsar sunuwl [exowny // 6569000 /// yusuwjeys royine sjqeasen; // sisoydode jo uononpur // 4169000 /// yusuwijeis oyine
d[qeaoen; // ssavoxd onoydode // G169000 /// yuowajess royine ajqeaoer; // xejowoid 1 aserswAjod v wox uonenur uonduosuern // £9¢9000 /// yuswaye)s royine sjqeader // juspuadep-yN( ‘uondrosuen
jo uonem3ar // 66£9000 /// uonejouure druoxda[e wioxj pardur / / juspuadap-yN( ‘uonduosuen // 1669000 /// 2dKousyd jueinw woiy paxajur / / sisausdoydiowr aafea Areuowrnd // $81£000 /// uonejouue
OIUOI)D9[e WOy parrdyur // snnuuns druadnue 0y asuodsar Aroyewrwrepyur // /£€%¢000 /// Uonejouue dIuondd[e woxy parjul // 39ays rerpyids ue jo sissusSoydrowr // 1102000 /// UOHEIOUUR JIUOIDI[D WOLy
paxajur // yuswdoaasp eyusderd // 0681000 /// Iuswsje)s Ioyine a[qeader} // UOHRUIULISRP 1) [[32 // 6041000 /// Uonejouue dIUoijdd[e woly paiejul // juswdo[easp druokiquia o ut // 1041000

Kesse 10211p WOy PaLIdIUL / / SIXEIoWSD [[90 [RIPYIOPUS Jo uone[ngaraanedau // /0100 /// Aurequus femionns 1o sdusnbas woy paxwjur //
uoneRURIRHIP [0 g-oxd jo uonemSar aanedau // 160002 /// 2dAousyd jueynur woxy paxejur // spyioue jo uogemgar aanedau // 118000z /// 2dAousyd jueinuu woy pareyur // uonenuLIagIp [[00 W9)s Jo uonemngal
aanedau // /£€/000¢ /// Airequrs [ernjongs 1o adusnbas woxy pameyur // A[quussse Xujew Ienpoenxa jo uonemdar // 10z1061 /// uiened uorssardxe woxy paLejur // sdueusjurew [[9d Wwa)s [euomau // 051600
/// uonejouue duonds[e woxy parpyur // Aemyyed Surreudis x0ydaoar Jupn Teoruoued jo uonem3ar aanedau // 0600600 /// Aesse 1pa1p woxy paryur // sisauadordue Sunnoids ur paajoAur uoneIdnu [[20 jo uonengax
aaneSau // 1600600 /// UOIEIOUUE DIUOIDS[E WO PALIdJUL // UONaIdes F-UnmaIuI // 209200 /// UOnejouue dSIuonds[e wiox parejur // juswdo@adp [[eo [erduesaw remiowio[3 // 100 /// UOHejouLe dIUonda[e
woxy paxwjur // uawdopaap jonp 3underod // FH0cZ00 /// uonejouure druondde woxy paupjur // juswdopasp apnqny restp // 410200 /// Aesse 1091p woIj paLdjul // SNNWNS SUOWLIOY Sune[numns-aoI[oj 0}
asuodsar xe[nyed // ¢/€1/00 /// uoneiouue duonds[e woxy parjur // uoneoynads sixe 3431 /39] // 9860400 /// Arrequrs fermyonys 1o sdusnbas woxy pawayur // erxodAy o) asuodsar ur mjowoid [y sserswAjod
VNI wox uonduosuern jo uonemn3ar aanisod // 6TF1900 /// Arre[rurs femyonas 1o susnbas woxy patyur // sisausoydiowr emoaqen ey // $8¢1900 /// 2dAousyd jueinur woxy paxmeyur // juswdopasp jreay
ur paajoaur Surfeudis YojoN // FIE1900 /// Arrequrs remiongs 1o sdusnbas woxy paxyur // sisousoydiowr Areyre Areuoiod // z860900 /// Ayrefruurs remonas 1o aouanbas woxy parjur // sisauadoydiouwn remosea
A1euoIod ur paAjoAUT sISau30NdSeA // 6/60900 /// Areiurs [ermongs 1o adusnbas woxy parsyul // UOHERUSISHIP [[30 [eIpIedopus // 9660900 /// Arefmurs [emiongs 1o adusnbas woxy paxyur // juswudoaasp [[90
S[OSNU JOOWS Te[ndsea derpred // 60900 /// AVLre[Iuurs [ermjongs Jo aousnbas woxy parojur // UONEeHUSISHIP [[20 [BIPYIOPUD snousa // ¢580900 /// Are[ruus [emionns 1o adusnbas woxy parjur // uonenuaiDyp
1[99 TerPyIopua [erLye // 7H80900 /// uonejouue druondse woxy paxjur // juswdopasp pued ajeysoxd ur paajoaur uonessyrord [[eo rerpyiide jo uonemsar // 89/0900 /// UoneIouUE JIUONII[D WO paLjul //
stsauadoydiow wnrpyyids puerd ayeysoxd // 050900 /// UoneloUUR DIUONIS[E WOL PaLIdJUI // ypeap [[90 jo uonemndar aanedau // §FG0900 /// uonejouur druondse woiy paajur // juswdofpasp snume Tenpueld
9)e3501d UT PIAJOAUT UOHRIUSIDJIP ([0 [erPy3ida reuruuny feuwuniod A103019s // 8260900 /// @dAousyd jueynur woxy paxmajur // sisauadoydiouwr wnydes remortnuaa // Z1$0900 /// Ayre[ruurs [emionns 1o aouanbas woxy
paxjur // sisouaoydiowr wmydas derpred // 1150900 /// Arre[nurs femionns Jo aduanbas woxy paxeyur // uonisuen [ewAypuasawr oy ferpuyiide derpred // 2160900 /// Are[ruurs femjongs 1o aouanbas woxy parajur
// uonerajjoxd [1a0 1enS jo uonemSar aaneSau // £620900 /// Arenurs rermjonms 1o aousnbas woxy pasyur / / uonersyrjord [0 spsnw derpaed jo uonem3ar aanisod // GF00900 /// UOHLIOUUR DIUIOIIS[D WOLy PILIJUL
// uoneraprioxd [[eo apsnu derpred // 8600900 /// Ayreqnuls fermjongs 1o aouanbas wioxy pateyur // sissusdoydiouwr anssy apsnu derpred // §005e00 /// Uonejoule dIuonoae woxy patajur // ssavord rejusurdopasp
jo uonemSar // ¢6£0S00 /// Arrerurs feniongs 1o aduanbas woxy patejur // sissusdomau jo uonemSar aanedau // 8970500 /// Uonejoue diuonds[e woly paLur // sissusdomsau jo uonemndar // 940600 ///
UOEJOULE DIUOIOSd WOy parmdjur / / uonersyrjoxd o [erpyiids jo uonemn3ar aanisod // 6/90600 /// uonejouue druondse woiy parajur // uonessjrjoxd (oo Terpypids jo uonemsar // /90500 /// Uonejouue druondse
woxy paryur / / aqny rerppuypids ue jo sisauadoydiow Sunpuelq // $6/8500 /// Arre[urs remjonas 1o sousnbas woiy pareyur // uonenuaiepIp a34001puaporjo jo uonemgar aanedsu // G1/8500 /// Are[uurs [emionns
J0 dduanbas woxy parmdyuI // uonENUAINIP Ajhdomnse Jo uonemdar aansod // T1/8%00 /// UOHEIOUUE JIUONOS[E WO PALIdJUI / / UonenuaIdfIp 9}4001puapolio // 608500 /// UOneIouUe dIUOIIS[d WOLj PALIJUT
// uonenuaayIp aykdonse // 80/8F00 /// UOnEIOULR JIUONDII[E WOL PALIDJUT // JUSUIUILIOD 3)ey UoIaU // ¢998F0( /// UOnLIOULe dIUOXI[S WOLy PALIdJUI / / UOISIAIP [[9D Wa)s dnewos // ¢018H00 /// uonejouue
OIUOIOR[E WO PALIdJUL / / UOHeRULIHIP [[20 I0jdadarojoyd jo uonem3ar sanedau // ¢eqop00 /// Atrenurs [emiongs 1o suanbas woiy parwyur // apeosed 1y 1SV jo uonem3ar aanisod // /z59%00 /// uonejouue
JIUIOIOI[D WL pamdjur / / s1503400xa Juspuadap-uor wmmnjed jo uonengar aanedau // ¢ae6H00 /// Ayremurs [emiongs 1o adusnbas woxy paxeyur // 1ejowoid [y aserswiAjod yN woxy uondrosuen jo uonemngar aanisod
// ¥965500 /// Aesse y0a1rp woxy paayur // xjoword || aserswAjod yNR woxy uonduosuen jo uonemndar aanisod // $H65H00 /// Anrequrs femionys 1o sdusnbas woxy pareyur // juspuadap-yN( ‘uondrosuen

€HOLON

CHOLON

January 26, 2015 | Volume 7 | Issuel |

217

WIJSC | www.wjgnet.com

JRaishideng®



Tanabe S et a/. Regulated genes in MSCs and GC

“Apras s ut paajoAur o8 oym ofdoad oy woig 1xoddns oy o9Spaymoude sJoTINe Y|,

SLNINOAITMONIDV

._ﬁ_mcmdcwﬁ owcomwwum:huuoucmumoGOﬁmMﬁmo\EEonau%HQQBmﬁScoﬂom_%maQuﬁg.wﬁ%ﬁcducoeguﬁ_couuwwcom
Aq pareSnsoaur uooq aaey ‘skemiped Fureusys oseuR| JYIN PUE SOUSS A[ruue] urpne[d oy Surpnpul ‘skemiped [e30a0g .maéo&&@ﬁ%ﬁ 390UED JO FUIPULISIOPUN [BIUdWEPUN] opraoid
Kews wopemsor ouod Aq uorsroauod adfiouayd (90 Jo swsTUEBYdOW o) OIUT SIYSSUT oy pue ‘vonemdod [[20 300ued oy 07 Jurazodwr st uorssordxo | v1oq UISAU] ‘(g9 2m3L])
ZHOION $s23dxo 181 s00 adKrouoyd-Tewdypuasowr 01 uontsuen /), [ON Sulssardxo s[po adfyouoyd-reroypido 1emq ofqrssod st 11 ‘sisoqpodAy TINH o uf "(V9 23n8r]) ormnyg
o1 UT PaIESNSOAUT 9q P[NOYS SUTEUSIS 190Ued d1Hses pue Sureudss () [ON P drigsuone[or oy T, 'soads 100ued o) uo Surpuadop s3ossorddns 30000 JO $oU500UO0 SE JOOUED UT
sojox Jueizodur Ae[d pue suonouny a1rs0ddo QXD ZEHD) LON PUE [HDOLON SIS9US0UDIed omses Ul £, [ON JO JUdWIAJOAUT SunsaS3ns sSUIpUy snojaaid o) TPIM JU2ISISTOD
ST SOQIN 01 paredwod Doy od-osnggip ur wopemsai-dn £ [ ON SUNEIIPUT BIep () el L8 1M NI O3 Aq Po19587E) STSOUDSOUDIELD JTAISES 01 PAIE[F 9 0) PIISIZINS ST
FHO.LON 418unsoraiuy sHQ 01 paredwod Nny adL-osnggrp ur paremsor-dn st ¢ [ON Y8y SunedIpur Apris ST) UT SINSIT o1} TPIA JUISISTOD oFe $130do3 snorasid oy, elS)
odf1-osngJIp UT pasearour 9q 01 PUNOJ sEM (D[ ON "$o8eIs 1uazggIp ul odfiouoyd ooued owos YFew AeW FE) [ON SDSIN 03 paredwiod Do) od41-osnjJip Ur palenSoI-umop sem
ZHD.ION Ulg *_ stowm dnnadesay-1sod up paseasdul ses uorssardxa 7D TON (LINH 0 SOSD Ul paiesnsaaul oq pioys ZHDOLON JO 2[0F 9y DIUISIS JnIp UT PIAJOAUL 9]
Kewr $HSD) 1BY) SUTIOPISUON) g D UL 22UBISIST Adezotpowoyd Ut paAjoAuT 9q Aews D [ ON e paredrpur Apmas snojaoid oy, TeArains 1uoned M pajeIzod oq 01 pPalsassns
sess ZHDLON JINNLD ‘G€ISD JO uoissardxa jo uopeuiquio)) | Jadued dMses pajean-jueanipeoau Jo sisoudosd Joj soxrew a1epipued € aq 0y parsodar usaq sey ZHOLON
$130dox snoradxd ur )NSaT oY) YIIM JUSISUOD ST SAPTIS O U SHSIN 03 paredwiod Doy ad-asngyip ur J (DT ON Jo vonemSas-dn oy, * 2d4) asny5Ip pue BONEIO[ BIPFED-UOU (im
F90UED DLASES I PAIBPOSSE ST /[ [ON YY) UMOYS U] SeY 3] °|, FOIUED JLISES U Paseasdul st uolssaidxo /1) TON suonisuen adfouayd [pd jo vonemSas puonduosuen

oyp ur ajox yuersodur ve Lejd Aewr vorssardxo dudS A[ruey (D[ ON JO UOReMSaT oY, °, . SUIPUSIS U BONED[UNWWOD [[93 0} SPES] YoryA ‘vonduosuen sus3 sargmsds pue snopnu
a1 0IUT $:120TsUER ((TDIN) F03d0293 Y210N] 911 JO UTEWOP FL[[[92LRNUT ) ‘VONL[NWMS FE[N[[2d pues) YooN vodn o) odL1-osnjgmp ur pare[n3or-umop sem ZEDLON SedaFoym
SHQIN I paredwod oy adfy-osngyrp ur parensor-dn sem ¢ pue ¢ YD TON JO UOrssardxa ouan) 'SHSN put D) 2dL-osngjip ur paxalfe sem uorssardxa ouad [ TON
“JUSUIEDT) JOOULD O SSOUIAISTOASIF JOJ JONFew & 9q PO /¢y 1eyd A1rqrssod o) SUTWEXD 01 PIPIdU
(g PLUIOISE[OINSU UL BONEST ¢ 'Y UL PPAJOAUT 9q 03 pa130dar uaaq dArY SN0 TUSUNEaR 01 AIADISUIS JPUY O3 S[[9D J9DUED DIEN[EAD OF ‘/ FOY
Surpnpur ‘suonedsrdde ouas ormng jo Arqrssod oy 1s933ns Aewr Apnas sip €4 $OY PUE SOUSS pareI-NH JO uonesdnsoaur oy wox] ‘(TgDHN) [(VHI) UOnEIOuUE J[UOFIII[D WOIJ
pazzoyuT {(VSI) Juswarels Joyane d[qeades] | ssaooxd [eargoforq A3o[0au() suon) o ur Aemiped Sureusdis 101dodar pojdnoo uord-0) B Jo uoRLUTWIN pUE AIANJE ISELLL) JO
uonemsas oaprsod ‘osuodsor sunww Kemiped Sureusds 101dos01 pajdnod urel01d-0) SunIqIUUI-0sE[24d 91B[AUSPE U UT POAJOAUT ST / ()Y TUSUWNEIT JOOUED JOJ 1983¥) [enualod & oq
Lewr /9oy SOSI Yo paredwiod oy odAy-osnggrp ur paremGai-dn st /0oy reys Subapisuo)) °|  Adesay s90uEd-puE 30§ S1oGre) 21y oq Lewr wWsAs SunWT OY) PIM FundTIIUL

9JE SJUQWISSISSE Joylin, *

UOTjejOUUe JIUOII[D W0y paLidjul / / ssavoad Teyuswudoraasp jo uonemnSar / / ¢6/0600 /// yuswaieys royine sjqesden; // juspuadap-yN( ‘uondrosuer jo uonen3ax
aanisod // ¢685%00 /// Arreqrurs [eanjongs 10 aouanbas wioxy parejul / / UOHENUSIdJJIP [[90 [eIPYIopus Jo uonemdar aanedau // 09sH00 /// Jususje)s Ioyine [qeaden}-uou // UOHeHUSIdJJIpP [[99 JO uonem3ax
aane3au // 9666100 /// UonelouUe dIUOIDS[E WOy PILIJUL // UOLRUSISHIP [[90 [eIPYIopud // 9pHcH00 /// Aesse 30a1rp woiy parwdjur // juswdopasp pueld Arewrwewr // 6/80€00 /// yuswajeis oyine
d[qeaden-uou / / UonenuaIdIp [[90 // $ST0L00 /// yuswajes royine a[qeadern; // sisatodowsy // £600€00 /// yusuwrsje)s toyine a[qeaden) / / uorssaidxa susl // /950100 /// Arre[uls [ermnjonis 1o sduanbas woiy
paxmdyur // yuswdorpaap okiquis // 0646000 /// UoneIouue dIuood[d wogy pardur / / juswdoasp rewsmuegio remeonmu // 6/z/000 /// yusuwsiels oyine sjqeader) // 1981e) 103dadax yojoN jo uondrosuery
jo uonengaz aanisod // 12z/000 /// yuswsajels toyine a[qeaden; // Surssadoxd 103desar ysjoN // 022000 /// yuswajess royine sjqeaden // Aemyyed Surreulis yojoN // 6124000 /// yuswaie)s Ioyine a[qeadesy
// 1@owoid |1 aserpwd[od yNR woxy uonenul uonduosuen // £9¢9000 /// Uoneiouue dIUONdI[D Woly patjur // juspuadep-yN( ‘vondruosuen jo uonemnsdar // ¢ego000 /// Uomejouue dIUood[e Woly
paxpyur // juapuadap-yN(Q ‘vondudsuen // 16£9000 /// Uonejouue dIUOIOI[ W0y patajul // sisauadoydiou 20 Terpyjopua // 9881000 /// Are[nurs [emjongs Jo sduanbas woiy patajur // 21mnjonns
Sumyoueiq e jo sissusaBoydiow // ¢9/1000 /// Juswajes Ioyine s[qesder) // uoneuruIaiap a3ey [0 // 6041000 /// Arefrurs reinjonys 1o aduanbas woxy paxreyur // spssaa poojq jo Sururaned // 6961000 $HDILON

January 26, 2015 | Volume 7 | Issuel |

218

WIJSC | www.wjgnet.com

JRaishideng®



A 9 NOTCH
1 MSC
M GC
=)
X
©
€
5]
c
é b
<
g
Q
]
=
S
g a
©
m S m O Ca
& ¥ ¥ & >
7 [°Y4 2Y4 1°Y4 D/\\/
/\¢)b/ n;\/\/ ’1’:’%/ Q{,S\/
N A
AR AGR LS
A S
P & & XS
14 JAG
c b O MsC
M GC
5 12 +
N
g 10
S
c
z st
o
3
g 5[
]
=
S 4r
8
©
o 2 b b a
0 = s Hs NS |
¥ 3 s > S
,1’;;\/ cg’?/ QQ(/,/ 6?3?/ Q%c/,/
» N N & N
& v > »> >
3?‘ (,;\/ (9\’ 0’\, (9\,
¥ ¥ ¥ ¥

Tanabe S et a/. Regulated genes in MSCs and GC

DLL1 W DLL1 224215_s_at

b

40 -

30

20

10

Ratio to MSC (GAPDH normalized)

MSC

GC

Figure 5 Gene expression of NOTCH, delta-like 1 (Drosophila) (DLL1) and JAG. A: The gene expression of NOTCH1, 3 and 4 was up-regulated in diffuse-type gastric
cancer (GC) compared with mesenchymal stem cell (MSCs), whereas NOTCH2 was down-regulated. Results represent the mean + SE (n = 12 in MSC cultures and n =
5 in diffuse-type GC). °P < 0.05, °P < 0.01, and °P < 0.001 using Student's ¢ test; B: DLL1, a NOTCH ligand, was up-regulated in diffuse-type GC compared with MSCs.
Results represent the mean + SE (n = 12 in MSC cultures and n = 5 in diffuse-type GC). °P < 0.01 using Student's ¢ test; C: Jagged 2 (JAG2), a NOTCH ligand, was up-
regulated in diffuse-type GC compared with MSCs. Jagged 1 (JAG1) was up-regulated in diffuse-type GC compared with MSCs. Results represent the mean + SE (n =12
in MSC cultures and n = 5 in diffuse-type GC). °P < 0.05 and °P < 0.01 using Students ¢ test.

COMMENTS

Background

Mesenchymal stem cells (MSCs) exhibit mesenchymal features and are useful
in regenerative medicine. Gastric cancer (GC) can be classified into two types,
including diffuse-type GC that has mesenchymal features and intestinal-type GC
that has epithelial features. The epithelial-mesenchymal transition (EMT) is an
important mechanism in cancer development. The EMT is known to be involved
in cancer cell migration and malignancy. Cancer stem cells (CSCs) are known to
be resistant to anti-cancer drugs and involved in cancer recurrence.

Research frontiers

Gene regulation in MSCs and diffuse-type GC may provide new insights into
CSCs. In this study, regulator of G-protein signaling (RGS) has been identified to
be up-regulated in diffuse-type GC compared with MSCs. It is a novel hypothesis
where RGS signaling may be involved in the EMT pathway.

Innovations and breakthroughs

Recent progress in genome-wide analysis in cancer has revealed that the gene
signature is important for cancer diagnosis and exploring the targets of cancer
therapy. CSCs are one of the targets for cancer treatment because these cells
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tend to be resistant to anti-cancer drugs and are involved in cancer recurrence.
This study is the first to demonstrate that RGS1 may distinguish diffuse-type GC
and MSCs.

Applications

By understanding how RGS1 is involved in the EMT and CSC signaling, this study
represents potential future strategies for GC including diffuse-type GC treatment
and prediction.

Terminology

RGS1 is protein involved in G-protein signaling and the regulation of GDP
dissociation from the G alpha subunit and GTP binding to form trimetric G
proteins. The EMT is the mechanism by which epithelial cells change into
mesenchymal cells with a migratory capacity. Several adhesion molecules are
involved in the EMT, and RGS1 may contribute to the changes in signaling.
Peer review

The authors described a global gene expression analysis in comparison
between MSCs and diffuse-type GC cells. The authors found that RGS1 gene
was upregulated in diffuse-type GC cells compared with MSCs, and that genes
related to stem cells and NOTCH signaling were altered in diffuse-type GC cells
compared with MSCs. The results may provide some insights in correlation
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between the EMT and CSCs. This paper summarizes important and actual data,
it fulfils all criteria and demands put on articles published in World Journal of Stem
Cells.
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