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Abstract 
AIM: To investigate the genes regulated in mesenchymal 
stem cells (MSCs) and diffuse-type gastric cancer (GC), 

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

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

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[1,2]. 
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[3]. The 
relationship between MSCs and cancer cells, including 
the mechanism of  stemness exhibited by cancer cells, 
remains unclear. Moreover, the self-renewal of  colorectal 
cancer initiating cells is considered to be a new therapeutic 
approach[4]. It 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[5-7]. Genes, such as necdin homolog (mouse) 
(NDN), EPH receptor A5 (EPHA5), nephroblastoma 
overexpressed gene (NOV) and runt-related transcription 
factor 2 (RUNX2), have been correlated with MSC 
passage numbers[8]. Molecular signatures have also been 
investigated, and a prediction model of  bone marrow 
stromal cell senescence has been discovered[9]. Even gene 
expression at the single cell level can be determined using 
a recent technique[10]. These new approaches, including a 
physical theory, may be important for the advancement of  
stem cell therapeutics. 

Gastric cancer is classified into diffuse and intestinal 
types[11,12]. Diffuse-type gastric carcinomas supposedly 
originate from nonmetaplastic gastric epithelium, and the 
intestinal type originates from the regenerating epithelium 
in chronic atrophic gastritis[12]. Diffuse-type gastric 
cancer (GC) are known to correlate with the EMT[13]. 
We have previously shown that diffuse-type GC can 
be distinguished with combination of  cadherin 1, type 
1, E-cadherin (epithelial) (CDH1) and cadherin 2, type 
1, N-cadherin (neuronal) (CDH2) gene expression in 
MSC and diffuse-type GC associated with the EMT[14]. 
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 investigated[15]. Breast CSCs show 
both mesenchymal-like and epithelial-like phenotypes 
and transition between EMT- and mesenchymal-
epithelial transition-like states[16]. 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[17]. Considering the finding that MSCs 
provide microenvironment for CSCs, the features of  MSC 
and cancer cells should be investigated[18].

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[8]. 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 ℃ in 
a CO2 (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[14,19]. 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[14,19]. Total RNA of  MSCs were purified 
using RNeasy kit (QIAGEN, Düsseldorf, Germany) as 
previously described[8].

Microarray analysis
MSC gene expression data are available to the public via 
the NCBI Gene Expression Omnibus (GEO)[8]. Diffuse-
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type GC gene expression data are also available via the 
NCBI GEO[14]. 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 (NCSS) 
(Figure 1). Probe sets that have a more than a 50-fold 
significant difference between MSCs and diffuse-type GC 
(P < 10-9 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 (RGS1) 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 CDH1, 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 analyzed[20]. 
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[21]. 
Gene expression of  tumor necrosis factor receptor 
superfamily, member 19 (TNFRSF19), 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  TNFRSF8, also known as 

CD30, was slightly up-regulated in diffuse-type GC 
compared with MSCs. The gene expression of  growth 
arrest-specific 6 (GAS6), musashi RNA-binding protein 
2 (MSI2) and hairy and enhancer of  split 1, (Drosophila) 
(HES1), 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[22]. The gene expression 
of  twist family bHLH transcription factor 1 (TWIST1) 
and paired related homeobox 1 (PRRX1) 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 
(HMGA2) has been shown to be involved in the EMT, 
WNT/β-catenin signaling and malignant cancer[23,24]. 
HMGA2 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 (CTNNB1) was up-regulated 
in diffuse-type GC compared with MSCs. The gene 
expression of  the other two probe sets for CTNNB1 
was stable. Sp1 transcription factor (SP1) and lymphoid 
enhancer-binding factor 1 (LEF1) were up-regulated in 
diffuse-type GC compared with MSCs. SP1 is known 
to be an important factor for cell cycle regulation and 
is up-regulated in various cancers[25]. 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[26]. 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  AKT3 gene expression. The gene expression 
of  stratifin (SFN); F11 receptor (F11R); gap junction 
protein, beta 2, 26 kDa (GJB2); occluding (OCLN); 
coxsackie virus and adenovirus receptor (CXADR); and 
keratin 8 (KRT8) 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[27-30]. Next, NOTCH messenger RNA (mRNA) 
expression was examined (Table 4). NOTCH1, 3 and 4 
gene expression was up-regulated, whereas NOTCH2 
gene expression was down-regulated in diffuse-type GC 
compared with MSCs (Figure 5A). The gene expression 
of  delta-like 1 (Drosophila) (DLL1) and Jagged 2 (JAG2) 
were up-regulated in diffuse-type GC compared with MSCs 
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RGS1 expression in normal tissues
To confirm that the up-regulation of  RGS1 was not 
stomach specific, RGS1 gene expression in normal tissues 
was investigated using various data in the database, such 

(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.
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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 
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with MSCs. (Fold change > 50, P < 0.01 and P < 10-9 using Student’s t test in the non-equal variance hypothesis and equal variance hypothesis, respectively).
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as the GEO database. From data analysis of  various types 
of  normal human tissues (GSE2361 and GSE2193)[31,32], 
RGS1 has been shown to be expressed in normal stomach, 

bladder, colon, corpus, liver, lung, placenta, prostate, skin, 
spinal cord, spleen, thymus, thyroid, and trachea, whereas 
RGS1 gene expression is relatively high in the thymus and 
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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 (RGS1) 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, GC60, and GC23s)]. Results represent the mean ± SE. bP < 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 = 12 in MSC cultures and n = 5 in diffuse-type GC). bP < 0.01 and dP < 0.001 using Student’s t test with the non-equal variance hypothesis.
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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 
GC to MSCs

Probe set ID

RGS1 Immune response / signal transduction / adenylate cyclase-inhibiting G-protein coupled 
receptor signaling pathway / negative regulation of signal transduction / termination of 
G-protein coupled receptor signaling pathway / positive regulation of GTPase activity

0.013   1004 202988_s_at
0.001 13808 216834_at

RGS2 Regulation of translation / cell cycle / spermatogenesis / regulation of G-protein coupled 
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 

0.007            14.51 202388_at

RGS3 Inactivation of mitogen-activated protein kinase (MAPK) activity / signal transduction / 
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

1.00E-05              0.39 203823_at

RGS4 Inactivation of MAPK activity / 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

3.00E-04              0.17 204337_at
0.003              0.11 204338_s_at
0.004              0.14 204339_s_at

RGS5 Signal transduction / 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

0.01            47.79 209070_s_at
0.008             81.82 209071_s_at
0.009            95.52 218353_at

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

0.003              3.92 204319_s_at

RGS19 Autophagy / G-protein coupled receptor signaling pathway / small GTPase mediated 
signal transduction / negative regulation of signal transduction / termination of G-protein 
coupled receptor signaling pathway / positive regulation of GTPase activity 

9.00E-04              2.45 204336_s_at

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.
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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[33]. It may be assumed that RGS1 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 RGS1 promotes stem cell transition 
into CSCs, CSCs induce RGS1 expression in gastric 
cancer, or RGS1 orchestrates with other molecules in 
EMT. In gastric cancer cells, CDH1 isoform is found 
to increase gastric cancer cell invasion and angiogenesis, 
and some inflammatory mechanism is suggested to be 

involved in CDH1 regulation[34]. Analysis of  Rgs1(-/-) 
has shown that B cell responses to chemokines, plasma 
cell localization, and immune tissue architecture are 
disturbed when Rgs1 is deleted[35]. In our studies, RGS1 
was up-regulated in diffuse-type GC compared to MSC, 
which may suggest that RGS1 plays a role to response 
cancer cells and indicate the possibility to involve in 
cancer immunity. It may be possible that RGS1 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 RGS1 
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[36]. 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 
phenotypes[8]. Cell surface antigens, such as SSEA4 or 
TRA-1-81, should also be included for future quality 
control in stem cells[37-39]. 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)[40]. 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[41]. Many cell-based iPSC models that 
are derived from patient cells have been investigated[42], 
and successful genetic or epigenetic reprogramming of  
cellular identity is crucial for the development of  these 
stem-cell based disease models[42]. The investigation of  
the molecular combinations associated with different cell 
types is important for determining cellular phenotypes.

RGS1 has been shown to be related to cancer in some 
studies[43-45]. In late-stage non-small cell lung cancer, single 
nucleotide polymorphisms in RGS1 have been shown to 
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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 14.9 220184_at
SUZ12 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 4.35 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.
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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 
= 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, GC60, and GC23s)]. aP < 0.05 using a 
one-way ANOVA with Bonferroni’s multiple comparisons test.

a
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be associated with overall survival in patients who received 
chemotherapy[43]. Silencing of  RGS1 and RGS13 mRNAs 
resulted in enhanced responsiveness to chemoattractants 

in a human B lymphoma line[44]. RGS1 has been 
suggested to be involved in regulatory T cell trafficking[45]. 
Furthermore, RGS1 is up-regulated in T cells from the 
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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        0.3 226695_at
ZEB2 Zinc finger E-box binding homeobox 2 0.027        2.1 203603_s_at

0.03        1.7 228333_at
6.00E-05        3.9 235593_at

TJP1 Tight junction protein 1 0.184        1.2 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        4.7 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        1.2 207163_s_at
AKT2 v-akt murine thymoma viral oncogene homolog 2 8.00E-09        3.1 225471_s_at

0.002        4.4 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        1.2 212609_s_at
0.385        0.8 219393_s_at
0.772        1.1 222880_at
0.0003        0.5 242879_x_at

SFN Stratifin 0.003  66 33322_i_at
0.008 111 33323_r_at

EPCAM Epithelial cell adhesion molecule 0.0009 725 201839_s_at
F11R 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        3.8 201465_s_at
0.019        4.1 213281_at

TGFB1 Transforming growth factor, beta 1 0.002      2 203085_s_at
TGFB2 Transforming growth factor, beta 2 0.07        0.4 209909_s_at

0.055        0.6 220407_s_at
0.588        0.8 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        2.7 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        9.4 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.
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human gut compared with T cells from peripheral blood, and RGS1 regulates gut T cell trafficking[46]. Cancer cells 
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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
JAG1 Jagged 1 0.003     1.5 209099_x_at

0.022     1.4 216268_s_at
0.49     1.1 209098_s_at

WNT9A Wingless-type MMTV integration site family, member 9A 0.027     5.4 230643_at
WNT2B Wingless-type MMTV integration site family, member 2B 0.026     4.4 206458_s_at
WNT5A Wingless-type MMTV integration site family, member 5A 8.00E-05     0.3 213425_at

3.00E-05     0.2 205990_s_at
WNT5B Wingless-type MMTV 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). bP < 0.001 using Student’s t 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). aP < 0.05, bP < 0.01, and dP < 0.001 using Student’s t test; C: The gene expression of hairy and enhancer of split 1 (Drosophila) (HES1) 
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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 

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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