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Abstract

Gastric cancer is a leading cause of cancer-related deaths worldwide. The Tff1 knockout (KO)
mouse model develops gastric lesions that include low-grade dysplasia (LGD), high-grade
dysplasia (HGD), and adenocarcinomas. In this study, we used Affymetrix microarrays gene
expression platforms for analysis of molecular signatures in the mouse stomach (Tff1-KO (LGD)
and Tff1 wild-type (normal)) and human gastric cancer tissues and their adjacent normal tissue
samples. Combined integrated bioinformatics analysis of mouse and human datasets indicated that
172 genes were consistently deregulated in both human gastric cancer samples and Tff1-KO LGD
lesions (P<0.05). Using Ingenuity pathway analysis, these genes mapped to important
transcription networks that include MYC, STAT3, p-catenin, RELA, NFATC2, HIF1A, and ETS1
in both human and mouse. Further analysis demonstrated activation of FOXM1 and inhibition of
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TP53 transcription networks in human gastric cancers but not in Tff1-KO LGD lesions. Using
real-time RT-PCR, we validated the deregulated expression of several genes (VCAMI, BGN,
CLDNZ, COL1A1, COL1AZ COL3A1, EpCAM, IFITM1, MMPY, MMP12, MMP14, PDGFRB,
PLAU, and TIMPI) that map to altered transcription networks in both mouse and human gastric
neoplasia. Our study demonstrates significant similarities in deregulated transcription networks in
human gastric cancer and gastric tumorigenesis in the Tff1-KO mouse model. The data also
suggest that activation of MYC, STAT3, RELA, and B-catenin transcription networks could be an
early molecular step in gastric carcinogenesis.
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Introduction

Gastric cancer is the third leading cause of cancer mortality globally, responsible for
723,000 deaths, 8.8% of the total cancer-related deaths worldwide 1. Diagnosis of gastric
cancer is usually made at advanced stages of the disease due to lack of symptoms in early
stages of gastric tumorigenesis. Therefore, most gastric cancer patients have poor
prognosis 2. Comprehensive understanding of molecular alterations in gastric cancer is
necessary for early detection, treatment, and prevention. Trefoil factor 1 (TFF1) is a small-
secreted peptide that is predominantly expressed in human normal gastric mucosa and its
silencing and reduced expression level are observed in a majority of human gastric

cancers 3-8, Of note, our previous studies demonstrated that knockout of trefoil factor 1
(Tff1) gene expression in mouse successfully induced a cascade of gastric lesions that
include low-grade dysplasia (LGD), high-grade dysplasia (HGD), and gastric
adenocarcinoma ’. Genetically engineered mouse models provide an excellent platform to
study human diseases including cancer 8. Although several molecular studies of gastric
cancer have been reported 9, there is a crucial need for molecular characterization of mouse
models of this disease to assess their similarity to human gastric cancer and suitability for /n
vivo studies. Studies of animal models can provide a better understanding of early changes
in gastric tumorigenesis that can possibly improve our current diagnostic, prognostic, and
possibly therapeutic approaches in gastric cancer.

Activation of WNT/B-catenin, MYC, and STAT transcription factors plays an important role
in initiation and progression of several cancers 1913, The role of B-catenin activation and
cancer is best exemplified in the cascade of colon carcinogenesis 1415, The aberrant
activation of the Wnt/B-catenin signaling pathway has been described in 30% to 60% of
gastric cancer tissues and in gastric cancer cell lines 1611.17-19 The conserved Wnt/p-
Catenin pathway regulates stem cell pluripotency and cell fate decisions during
development 11, A recent study has suggested that Wnt/B-catenin signaling may be involved
in the self-renewal of gastric cancer stem cells (GCSC) 12. The oncogenic MYC family
encodes N-myc, c-myc, and L-myc transcription factors’ proteins 20. MYC plays a
fundamental role in several cellular functions, including regulation of cell growth,
proliferation, metabolism, differentiation, apoptosis, and angiogenesis 2122, MY C activation
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has been reported in different types of cancers that include gastric cancer 10.23.24_ Similar to
MYC, the signal transducer and activator of transcription protein 3 (STAT3) participates in a
series of tumorigenic processes including cell proliferation, cell survival, anti-apoptosis,
angiogenesis, drug resistance, immune evasion, and inflammation 2526, STAT3 is
constitutively activated in several human cancers including thyroid, lung, ovarian, breast,
colon, and gastric cancer 27:28, Inhibition of STAT3 has anti-tumor effects in several human
cancer models 26:29.30,

In this study, we investigated the aberrant gene expression signature and transcription
networks in early dysplastic gastric lesions from mouse and human gastric cancer tissue
samples. Using integrated bioinformatics analysis approaches, we identified similar
molecular signatures and transcription networks in mouse and human neoplastic lesions. The
observed similarities suggest that activation of these pathways could be an early step in
initiation of gastric tumorigenesis. The results also denote that the Tff1 KO mouse is an
excellent model for /n vivo studies of molecular mechanisms in gastric tumorigenesis.

Materials and Methods

Mouse and human gastric tissue samples

In this study, we used gastric tissue samples from Tff1 knockout (KO) and wild-type (WT)
C57BL/6J/129/Svj mice. Tissue samples from the glandular antrum region of the stomach
were collected from 4 Tff1 KO and 6 Tff1 WT mice of similar background and matching
ages (Supplementary Table S1). All vertebrate animal studies were approved by the
Institutional Animal Care and Use Committee at Vanderbilt University. Following
euthanasia, animals were dissected through midline incision of the abdomen. Stomachs were
removed, cut along the greater curvature, washed with ice cold PBS, and opened to lie flat.
The stomachs were examined visually for abnormalities and for number and size of
individual gastric tumors and photographed. The stomach was cut into symmetrical halves.
One half was submerged in 10% buffered formalin solution, embedded in paraffin, and
processed for standard H&E staining for histopathology evaluation. The remaining half of
the stomach was snap-frozen and stored at —80°C for further use. Based on histological
evaluation, we selected tissue samples that showed low-grade dysplasia (LGD) from the Tff1
KO mice. Tissue samples from the Tff1 WT mice showed normal gastric mucosa histology.
The histology and age are included in Supplementary Table S1. Eighteen de-identified
human tissue samples from gastric cancers and their matching histologically normal non-
tumor tissue samples were collected from the National Cancer Institute Cooperative Human
Tissue Network (CHTN) and the pathology archives at Vanderbilt University Medical Center
(Nashville, TN). All tissue samples were obtained coded and de-identified in accordance
with the Vanderbilt University Institutional Review Board-approved protocols.

Gene expression microarray analysis

RNeasy mini kit (Qiagen, Germantown, MD) was used to isolate total RNAs from antrum
region of gastric mucosa of 10 Tff1 KO (LGD) and Tff1 WT (normal) mice and 9 human
gastric cancer and 9 adjacent histologically normal tissues (Table 1). RNA quality was

evaluated by a 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA). RNA samples
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with an RNA integrity number greater than 7 were reverse transcribed and amplified using a
WT-Ovation Pico RNA amplification kit and labeled with FL-Ovation cDNA Biotin module
v2 (NuGen, San Carlos, CA). Amplified products from mice were hybridized to Affymetrix
Mouse 430 2.0 microarrays (Affymetrix, Santa Clara, CA). RNAs from 18 human gastric
tissues (Table 1) were analyzed using Affymetrix GeneTitan WT Human Gene 1.0 ST
arrays, following the manufactures’ recommendations, by the Vanderbilt Functional
Genomics Shared Resource. Gene expression was compared between Tff1 KO mice (n=4)
and Tff1 WT mice (n=6) or between human gastric cancer samples (n=9) and human normal
gastric tissues (n=9). The raw gene expression data (.cel files) were preprocessed and
normalized by using the robust multiarray average (RMA) expression measure, with RMA
function in Bioconductor affy package (http://www.bioconductor.org/packages/release/bioc/
html/affy.html) 31, The expression values were in log2 format after RMA 31, Bioconductor
limma package was used for array data analysis (http://www.bioconductor.org/packages/
release/bioc/html/limma.html) 32. A linear model was fitted to the expression data for each
probe. Moderated ¢statistics were computed by empirical Bayes shrinkage of the standard
errors toward a common value. The P values corresponded to the moderated ¢ statistics. We
used both P values as well as fold change to determine candidate probe list by requiring at
least 1.5-fold change and P<0.05, using R software version 2.10.0 (https://cran.r-
roject.org/bin/windows/base/old/2.10.0/). Last, the data sets of normalized expression values
plus their associated gene identifiers were uploaded into IPA software (Ingenuity Systems)
to generate biological networks. Gene expression data were analysed using Ingenuity®
Pathway Analysis (IPA®, QIAGEN, Redwood City, CA www.giagen.com/ingenuity) tools
to predict signaling pathways and upstream transcription networks that explain the observed
gene expression changes in our dataset.

Quantitative Real-time RT-PCR validation of downstream target genes in mice and human
gastric tissues

This analysis was performed using independent tissue samples from mice and human.
Mouse glandular stomach tissue samples included 10 Tff1 WT, 10 Tff1 KO with LGD, and
9 Tff1 KO with high-grade dysplasia. The histology and age information are provided in
Supplementary Table S1. De-identified human stomach tissue samples included 19 with
normal histology and 22 showing gastric cancer (Supplementary Table S2). Total RNA was
purified using the RNeasy mini kit (Qiagen). Total RNA (1 pg) was reverse transcribed by an
iScript cDNA synthesis kit (Bio-Rad, Hercules, CA). The quantitative real-time PCR (qRT-
PCR) was performed using a Bio-Rad CFX Connect Real-time System with the threshold
cycle number determined by Bio-Rad CFX manager software version 3.0. Primers that
detect mouse and human genes were ordered from Integrated DNA Technologies (IDT,
Coralville, 1A). The genes and sequences of gRT-PCR primers are given in Supplementary
Table S3. Results of target genes were normalized to mouse Hprtl or human HPRT1.
Expression fold changes were calculated by using the formula; 2 (REED/2 (Rn-En) aq
previously described 33:34,

Statistical analyses

Data were demonstrated as mean + standard deviation of 3 independent experiments.
Statistical significance of the studies was analyzed by a Student’s t test, One way ANOVA,
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analysis of variance, and Mann-Whitney U test. Differences with P values <0.05 were
considered significant.

Results

Significant alterations in gene expression are detectable in low-grade dysplasia

Analysis of gene expression data from mouse gastric LGD lesions, as compared to normal
tissues, demonstrated significant deregulation of 395 genes, using cutoffs of ratio change
>1.5 or <0.75 and P<.01 (Supplementary Table S4). Among 328 genes that were
overexpressed, 13 genes exhibited a fold change greater than 10 in LGD lesions. These
genes included matrix metallopeptidase 10 (Mmp10), Mmpl13, Mmp3, chemokine (C-X-C
motif) ligand 1 (Cxc/1), Cxc/2inhibin beta-A (/nhba), and prostaglandin-endoperoxide
synthase 2 (PfgsZ, also known as Cox2) (Table 2). On the other hand, 67 genes were down-
regulated in gastric LGD tissues. Notably, gastrin (Gast) and solute carrier family 5 (S/c5a5)
were among the top down-regulated genes in LGD tissues. Of note, Tff1 expression was
almost undetectable, as expected, in the Tff1 KO LGD lesions (Table 2). Supplementary
Table S4 lists all deregulated genes in gastric LGD lesions, as compared to normal gastric
mucosa.

Human gastric cancers demonstrate recurrent significant changes in gene expression

Analysis of human gastric cancer gene expression data demonstrated deregulation of 783
genes; 469 genes were overexpressed while 314 genes were down-regulated, using cutoffs of
ratio change =1.5 or <0.75 and P<.01, (Supplementary Table S5). The top up-regulated
genes included matrix metallopeptidase 7 (MMP7), MMP12, MMPY, and chemokine (C-X-
C motif) ligand 9 (CXCL9). The down-regulated genes included ATPase, H+/K+
exchanging, beta polypeptide (A 7P4B), ATPase, H+/K+ exchanging, alpha polypeptide

(A TP4A), chitinase acidic (CH/A), and carboxypeptidase A2 (CPA2). The top 30
deregulated genes are listed in Table 3. Supplementary Table S5 lists significantly
deregulated genes in human gastric cancer tissue samples.

Integrated analysis of mouse gastric LGD and human gastric cancer datasets identifies
activation of common transcription networks

Our integrated bioinformatics analysis indicated that 172 genes were consistently and
significantly deregulated in the same direction in both datasets (P<0.05, FC +1.5). Among
the 172 differentially expressed genes, 122 genes were overexpressed, whereas 50 genes
were down-regulated (Supplementary Table S6). The commonly deregulated genes included
overexpression of phospholipase A2, group VII (PLA2G7), complement component 4
binding protein, alpha (C4BFA), matrix metallopeptidase 12 (MMP12) and down-regulation
of aquaporin 4 (AQP4), prostate stem cell antigen (PSCA), alcohol dehydrogenase 7 (class
IV), mu or sigma polypeptide (ADH?).

We also determined signaling pathways that are likely to be early drivers of gastric
carcinogenesis by performing network analysis of mouse LGD and human gastric cancer
data sets using QIAGEN’s Ingenuity® Pathway Analysis (IPA®, QIAGEN,
www.giagen.com/ingenuity). Pathway Analysis of downstream targets demonstrated
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activation of STAT3, RELA, CTNNB1, HIF1A, ETS1, and NFATC2 transcription networks
in mouse LGD lesions (Table 4). Of note, analysis of human gastric cancer samples data
predicated activation of the same pathways, suggesting that they are required for initiation
and early steps of gastric tumorigenesis. In addition, human gastric cancers also
demonstrated activation of FOXML1 and inhibition of TP53 transcription networks (Table 5
and Supplementary Figure S1). A representative diagram showing co-activated networks that
include MYC, STAT3 and B-catenin signaling pathways in mouse LGD and human gastric
cancer is shown in Figure 1.

gPCR validation of representative transcription network target genes

To confirm the observed consistent changes in gene expression in mouse and human, we
selected 14 differentially expressed genes based on their known functions in gastric
tumorigenesis (Table 6). Using qRT-PCR, we validated several MYC, STAT3 and B-catenin
downstream target genes in both mouse and human gastric tissue samples. Our results
indicated that 7impl1, Epcam, Cldn2, Vicam1, Mmp9, Mmp12, Pdgfrb, Bgn, and Plau were
significantly overexpressed in both mouse LGD and HGD gastric tissue samples, as
compared to normal gastric tissue samples (P<0.05, Figure 2). Notably, Mmp14 was
significantly overexpressed only in mouse HGD tissues (P<0.01), while /ftm1 was up-
regulated exclusively in mouse LGD tissues (P<0.01). In addition, our data showed a non-
significant trend of overexpression of Collal, Col1aZand Col3alin LGD or HGD gastric
tissue samples, as compared to normal gastric tissue samples (Figure 2). On the other hand,
our data indicated that all 14 genes that we tested were significantly overexpressed in human
gastric cancer tissues, as compared to normal gastric samples (P<0.05, Figure 3). Of note,
TFF1 mRNA expression level was significantly down-regulated in human gastric cancer
tissue samples (Supplementary Figure S2). Collectively, our results validate the microarray
data and suggest that these validated genes are possibly involved in early stages of gastric
tumorigenesis and their deregulated expression persists in advanced stages of gastric cancer.

Discussion

Gastric cancer remains the third leading cause of cancer-associated death world-wide 3°.
Although the incidence of distal gastric cancer is declining 36, the incidence of proximal
cancers that include gastric cardia and gastroesophageal junction continues to be on the rise.
The late diagnosis of gastric cancer is a clinically challenging problem with low favorable
response rates to current chemotherapeutics leading to poor prognosis and clinical

outcome 1.

The use of genetic analysis of inbred mouse models of carcinogenesis has an important
advantage of limited heterogeneity, therefore, allowing discovery of consistent genetic
alterations that are related to the disease process. In addition, using mouse models offers an
opportunity to overcome the difficulties associated with early diagnosis, procurement, and
analysis of premalignant lesions in human.

In this study, we performed integrated bioinformatics analysis of mouse and human
molecular signatures to determine genes that are likely early drivers of gastric
carcinogenesis. Our previous studies indicated that the Tff1 KO mice exhibit histological
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changes in the pyloric antrum of the stomach, progressing from gastritis to low-grade
dysplasia, to high-grade dysplasia, and ultimately to malignant adenocarcinoma that are
similar to human gastric tumorigenesis 7-1°. Of note, loss of TFF1 expression is one of the
most frequent molecular alterations in human gastric tumorigenesis due to epigenetic
inactivation, loss of heterozygosity (LOH), or transcriptional regulation 3-6. Herein, we
analyzed early premalignant LGD gastric lesions in the Tff1 KO mouse model and
compared the results to human gastric cancer samples to eliminate the complex genetic and
host heterogeneity factors that are present in human, and to overcome difficulties in
acquiring human premalignant tissue samples. We postulated that if a gene is seen in mouse
LGD lesions as well as in human gastric cancer samples, this gene is likely an early event
and a driver of the disease process. Indeed, we have discovered several molecular
similarities and validated several genes using mouse and human stomach tissues. For
example, we have confirmed overexpression of MMP9, MMP12, MMP14, and EPCAM in
both mouse and human. These genes play an important role in cellular invasion 37. We have
also confirmed the overexpression of CLDNZ2and PDGFRB, which are known to promote
cellular transformation and survival 3839, It is worth mentioning, our data have shown a
progressive increase in expression level of several genes from LGD to HGD, and to
adenocarcinoma. These observations provide confidence in our data and suggest their early
roles in gastric tumorigenesis.

Our analysis of LGD lesions demonstrated deregulation of genes that mapped to key
oncogenic transcription networks such as p-catenin, MYC, and STAT3. These transcription
networks were similarly activated in human gastric cancer samples. Activation of WNT/p-
catenin signaling cascade is a key step in several gastrointestinal malignancies. Studies in
colon cancer have shown that activation of B-catenin occurs as early as in adenoma stage due
to frequent mutations of its negative regulators, such as APC 4041, While mutations of APC
and B-catenin are rare in gastric cancer 18, non-mutational activation of p-catenin/TCF
transcription network is common in gastric cancer 42. B-catenin can also be activated by
AKT signaling pathway, which is predominantly active in gastric cancer 43, Furthermore, we
and others have shown that molecular factors that inhibit GSK3p and PP2A activities play a
role in activation of B-catenin in gastric cancer 4344, In addition, regulation of B-catenin by
miRNAs has been described in gastric cancer 4°. B-catenin is an essential transcription
network that regulates a wide spectrum of transcription target genes that control important
cellular functions such as adhesion, proliferation, angiogenesis, and invasion 8. It has also
been suggested that -catenin could play a role in regulating gastric cancer stem cells and
progenitor stem cells capacity 1246, It is, therefore, possible that loss of TFF1 and activation
of WNT/B-catenin signaling in early stages of gastric tumorigenesis 19 may regulate
progenitor cells of gastric cancer. Based on our mouse to human data, we suggest that
activation of B-catenin transcription network is conceivably related to initiation of the gastric
carcinogenesis cascade.

MY C is one of the most recognized transcription factors in biological processes that
regulates numerous oncogenic functions in gastric cancer 22. Although MY C overexpression
alone is incapable of inducing neoplastic transformation of normal human cells 4748 it is
recognized as a potent oncogene that promotes tumor development and progression 4°. We
have found activation of MY C transcription network in LGD of mouse and human gastric
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cancer samples suggesting its importance in early stages of gastric tumorigenesis. This is
particularly important given its known significant role in regulating cellular stemness,
proliferation, and angiogenesis in cancer 22, Taken together, our findings suggest that
activation of MY C transcription network is possibly another crucial early molecular event in
gastric carcinogenesis.

Of note, we also detected activation of STAT3 transcription network in both mouse and
human neoplastic gastric lesions. STAT3 is constitutively activated in several gastrointestinal
malignancies that include colon cancer and gastric cancer °%-51, We have previously shown
that STAT3 regulates angiogenesis, drug response, and cellular proliferation in gastric
cancer 5253, A number of studies have shown that STAT3 promotes stem-like properties and
maintenance of cancer cells providing resistance to several chemotherapeutic drugs 1354, It
is worth mentioning that there is an overlap not only in the transcription targets of -catenin,
MYC, and STAT3, but also in their biological outcomes. Taken together, our finding of
activation of p-catenin, MYC, and STAT3 networks suggests that together they can act in
synergy and harmony to mediate oncogenic cellular functions in essential initiation and
progression steps of gastric tumorigenesis.

Our data also suggested activation of NFATC2, HIF1A, and ETS1 in human gastric cancer
and early stages of tumorigenesis in the Tff1 KO mice. NFATC2 plays an important role in
regulating the development of cancer related inflammation, promoting colon cancer cell
differentiation and proliferation °°. HIF1A is a master regulator of cell response to hypoxia
by activating genes involved in angiogenesis, apoptosis, and energy metabolism 56-58,
HIF1A expression has been recently reported in various human cancers including pancreatic
cancer, esophageal cancer and breast cancer, promoting cancer angiogenesis, proliferation,
and survival °8-80, Similarly, activation of ETS1, a member of the ETS family of
transcription factors, is known to be involved in cancer progression in breast cancer,
pancreatic cancer, prostate cancer, and gastric cancer $1-64, Recent studies suggested that
ETS1 expression is linked to the cancers with higher invasive, angiogenic activity 1. The
fact that we identified activation of these networks in LGD lesions of the Tff1 KO mouse
imply that these transcription factors are not only involved in late stages of cancer but also
possibly in early stages of initiation of gastric tumorigenesis.

We also detected transcription networks that were deregulated in human advanced gastric
cancer but not in mouse LGD lesions. These included inactivation of TP53 and activation of
FOXML. Inactivation of p53 is caused by mutations in more than half of human cancers 6.
Mutant p53 provides cancer cells gain-of-function properties, such as increased cell
proliferation, metastasis and apoptosis resistance 5. Recent studies suggested that loss of
p53 or the accumulation of mutant p53 were observed more in poorly-differentiated than in
well-differentiated gastric carcinomas 6. The accumulation of p53 in immunohistochemical
staining, an indicator of mutation of p53, was also significantly higher in large, advanced,
and metastatic gastric cancers 7. On the other hand, FOXM1 plays a key role in tumor
progression as noted in recent studies showing that cancer cell proliferation and tumor
growth are significantly reduced when FOXM1 is deleted 68:69. In pancreatic cancer, matrix
metalloproteinases (MMPs) were regulated by FOXML1, increasing cancer cell migration and
invasion 9. Of note, FOXM1 expression in cancer cells can promote activation of DNA
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damage repair networks and confer resistance to chemotherapeutics 0. Collectively, these
findings from earlier reports can explain the lack of inactivation of p53 and activation of
FOXML in early neoplastic gastric lesions in the Tff1 KO mouse model.

Although our analysis and interpretation have focused on consistent changes between mouse
LGD and human cancer, there were also examples of genes that did not overlap. A possible
explanation of this apparent discrepancy may be attributed to the conserved nature of gene
expression among different species (mouse and human). Alternatively, it is also plausible
that some of these changes could be related to advanced stages of gastric cancer rather than
early stages of tumorigenesis.

In conclusion, our study provided a comprehensive integrated molecular analysis of
transcription networks in human and mouse models of gastric cancer. Our pilot data
demonstrate that this is a powerful approach to study the molecular events and identify
striking similarities such as activation of p-catenin, MYC, and STATS3 transcription
networks. We acknowledge the limitations in our study due to lack of human dysplastic
lesions. Nevertheless, our findings highlight the important role of mouse models of gastric
cancer that provide an opportunity to overcome some of the inherent limitations in human
studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Transcriptional network analysis demonstrates activation of MYC, STAT3 and g-
catenin

Pathway analysis of gene expression data using Ingenuity online tools indicated activation of
MYC, STAT3 and B-catenin (CTNNBL) transcription networks in both Tff1 KO mice gastric
LGD and human gastric cancer samples.
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Figure 2. Validation of representative MYC, STAT3 and p-catenin downstream target genes in

gastric tissue samples from mice

gRT-PCR analysis of expression of targets genes, as shown, was performed in normal
glandular stomach of 10 wild-type (WT), 10 Tff1 KO with low-grade dysplasia (LGD), and
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9 Tff1 KO with high-grade dysplasia (HGD). The horizontal line indicates the median.

*P<0.05, **P<0.01, ***P<0.001, Mann-Whitney U test.
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Figure 3. Validation of representative MYC, STAT3 and p-catenin downstream target genes in
human gastric tissue samples

gRT-PCR analysis of expression of target genes, as shown, in 19 human normal stomach
(NG) and 22 gastric cancer (GC) tissue samples. The horizontal line indicates the median
*P<0.05, **P<0.01, ***P<0.001, Mann-Whitney U test

Genes Chromosomes Cancer. Author manuscript; available in PMC 2018 July 01.




Page 17

Chenetal.

wasAs Buibess J1aoued INNL ‘INNL

4 o Al XINTNpL  ewoulo/edouspy  Yoewols 6
N GG dlll  XINZNEL BwouldIeIouspY  YoewolS 8
4 ag Al XINZNPL ~ ewouloledouspy  Yoewols L
4 2L VIl XINONEL BWOUIIEIOUSPY  YJeWOolS 9
BuissiN Buissiy dl  XIONZL ®wouldledouspy  Yoewols S
Buissiy - Buissin VIl  XINTNZL ®BwouldJedouspy  Udoewols 14
4 T9 VIl OWONPL ®wouldIeIouspy  Yorwols €
N LS dlll XINZNEL ©BwouldeIouspy  Yoewols z
4 85 Al XINZNPL  ewouloedouspy  Yoewols T
x8s aby  sbers INNL ABojoisiH aus @l 9|dwres

'sARJIROIDIW UOISSaIdXa auab X1NBWAYY Ul pasn sajdwres anssi 1aourd d1sed uewiny Jo uonewaoyul jeaibojoyredosiuld

T alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Genes Chromosomes Cancer. Author manuscript; available in PMC 2018 July 01.



Page 18

Chenetal.

[9pOW asnow 1noMo0ouy TH1 wod) sajdwes anssn aLiseh eisejdsAp apeib-mo| ul ssuab payejnbai-ap Ajpueaiiubis g dog

Author Manuscript

osebyelyouoigoayes ‘3 pue v sadAigns ‘g utonw G4/ 20-39T 90-307 100 9eGONIN
T 3udb passaldxa ureiq T4X 20-39G S0-30L 80°0 TXeg

(urewny) nungns Gz d esesjonuoqu g6 2¢0-39S S0-309 800 Geddy

G€ urewop yeadal unAxue Ted€ 20-3ST 90-30T 6600  GEPDIUY

¥ ugjoud (190 lurying ¥O9T 20-3Lv S0-3A0Y 110 ydod

uequejoydsoyd €g0T 20-36. ¥0-30°G A1) uld

€ 9SepIX0 auILEOUOW 88 TTX 2¢0-39T 90-307 zro qoen

6 uredfeo 738 20-37S S0-30§ €10 guded

2 aseyjuhs apixosadopua-uipuelbeisoid THT 20-3¥'c +¥0-3S°T 108 zsbid

@ u1a)o4d pajeroosse JuelvekNS avl +0-30¢ 90-30°7T LT'8 pdys

¢ asesjoud 1199 Isew €OvT €0-3T¥ G0-30°T Lv'8 ado

unBeurde T35 €0-32T 90-30°7T 16'8 Baig

Jonqryur ssepndad 814003n8| A1018108s Hg 20-3ST S0-309 €T'6 1dis

2 Jaquisw ‘3 ape|d Jo)iqiyul asepndad (su18)sAd 10) sulIss #2071 00+300 90-30°T ev'6  gauldiss
€ asepndadojelsw xuyew IV6 ¥0-30€ 90-30°T €0°0T edwiny

G puebl| (40w O-X-0) duBoWayd 7136 20-3TT S0-30°¢€ L6°0T §lox0

€8 T upjnapaiul 42 20-3LT  S0-30L 8.°eT qtil

€T asepndadojjelsw Xuyew 6 €0-32G S0-30°T Le6T  eTdwiy

V-818q ulgyul TVET €0-3TT 90-30T ev'sT eqyul

ewweb ¢ pantiap-18ist Bunessusbal €09 20-30v t0-3zE 86'9T fgbay

©19q € paALiap-19st Buneisusbal 9 20-3r's v0-3T9 08°LT qebay

(g unnuesbied) v uisload Bulpuig wnREd 0OTS  24-T4€  20-3v'6  €0-39°T GI'6T  6BOOTS
Z pueb| (4now O-X-0) dupowayd 736 20-39T S0-309 88°0¢ 2PX0

T puebi| (Jnow O-X-0) duBjowayd 4-3G§ €0-3are  90-3¢e€ e 119%2

0T asepndadoyeow XLiyew IV6 €0-36T 90-30°T zzoy  OTdwiN

¥ aM1|-aseunyd €4€ 20-35G  ¥0-3IT9 Iy vIED

€ V plojAwe wniss v/l 00+300 90-30T 78'65 gees

aWepN aus9  pueqolfd ¥a4d anfen d  abueyd pjo4 JoquiAs

Author Manuscript

¢ 9lqeL

Author Manuscript

Author Manuscript

Genes Chromosomes Cancer. Author manuscript; available in PMC 2018 July 01.



Page 19

Chen et al.

"3Uab 8y} JO BWeU ||y ‘BWBN SUID) ‘BWOSOWOIYD B Jo suolfiaigns
Uo uoIed0| auab ‘pueqoIAD ‘are) AIBA0ISIp asley anlsod ‘Yadd uediIubls PaJapIsu0d Sem GO'S JO anjeA d ‘anjen d :abueyd pjoy uoissaidxa auab anire|as ‘abueyd pjo4 ‘joquiAs auah panoidde ‘|oquiAs

uysed artr 20-39T S0-30°T 9000 1889

Tloey(l0fen €€V /T 00+300 90-30'T 8000 TH

§ Jaquiaw ‘(JauodwiAs apipol winpos) § AjiLuiey JaLied 81njos 7108 20-39°T 90-30'T v0'0 GesdIs
awleN aus9  pueqolfd da4d anjend  abueyd pjo4 loquiAs

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Genes Chromosomes Cancer. Author manuscript; available in PMC 2018 July 01.



Page 20

Chenetal.

(oneasoued) zv esepndadAxogues zebs  zo-3TL  €0-3LT 100 2vdo

2 Jaquiaw ‘Ajiwrey pajejal-ys| ‘jauueyd pareh-abeijon wnisseod Zrzebtz  20-38v  v0-36'S 800 ZAND

ul8104d UoneRUBIRYIP |[80-L ‘[EW TTthz  20-36T S0-30L 010 VN

10ydo0a1 v ulupjoisAdsloyd  Z'GTd-T'STdy  20-38'S  €0-3T'T TT°0 dVX00

yuuodenbe  TZTb-Z' TTOST Z0-30€ ¥0-30C [A%0] rdOV

(9seyonpas asopfe) 0T Jaquislu ‘T Aj1uey 8se3onpal 0)3%-0p[e eeb,  z0-386 €0-3L€ U0 0TaTEdY

ewweh 101daoal paefai-ushionss T 20-38% ¥0-36'G €T0 9Yys3

uabnue 132 wass ayesoid Zvebg  20-30C  S0-35'6 €10 vOSd

Z wauodwoo swsa|dwod €Ted9  €0-39°2 G0-30°T 16°€ 20

uedA|Big 8zbx  20-3L'8 €0-3LT v6'€ NOd

T€ Burureuoo ynow sypediy €Ted9 20-3€9 €0-3€T 16€  TENIYL

T ulipA Gebz  z0-359 €0-3€T 20" A

9 Jaquisw ‘Ajiureyiadns urngojBounwiwy Z'7Id9T  Z0-30v  v0-3L€E 80t 94591

(eseuafie|od Al 8dA1 e@iz6 ‘aseunelob eaxee ‘g oseune|sb) 6 asepndadojjelsw xijew  T'eTb-z'TThoz  20-329  €0-32T oy 6dININ
(2 Jaquiawi ‘D Ajiwey-gns a11assed Bulpulg-d1y) Jojenfbal aoueloNpuod surIqUIBWISURI] SIS0AqLY 011SAD Z1eb,  20-3TT S0-302 €0’ H14D
gv plojfwe wniss  pTd-T'STATT  20-358  €0-35C 06'G FAAS

auabopnasd (ssepisoonB-eydie) sse|Aureoon|f-aseljew veb,  zo-30€  ¥0-3TT 6T'9 2€¥E6D0T

T aseusbAxolp-g'g suiuresjopul TTd-gTdg  20-3TL  €0-3LT ZA 100l

(eseaseys abeydoloew) zZT asepndado(ersw xiirew €2ZbTT  Z0-3Ir'T  S0-30°G GZ'9 ZTdAIN

eydye ‘utsiold Buipuiq ¥ Jusuodwod Juswajdwod Zebr  20-39C ¥0-3S'T €79 vdaro

6 puell] (10w -X-) duIOWAYD Teby  20-3rL  €-T6'T STl 610X2

0Z puebi| (Jnow 5-0) sunjowsyd Leb-gebz  z0-38C  ¥0-3LT LEL 027100

(suniaan ‘uisAiyew) £ ssepndadojelsiu xuyew Zeb-TebtT  20-32C  S0-30'6 6€L LdNIN

(ewsed ‘ssejoipAy|f1aoe Jo1oey Buneande-1afereld) 1A dnoib ‘2 ssedijoydsoyd ¢rd-z'Ted9  €0-3¥'9  G0-30°T el [92v1d
(sseuabeyoo [ennsialul) T asepndado)(elsw xiirew €2ZbTT  20-39G6  ¥0-38'8 T8 TdAIN

T Jagqwisw S Ajiwey ‘Buiurejuod urewop Afojowoy utsxs|d €'GeboT  €0-3€C  90-30°7T 098 TSHY3d

@ umnbign €Ted9  €0-36'T 90-30°T G6'6 asn

aWweN auso UC@QO;O da4dd anjen d wmcmco plo4 _OQE>W

Author Manuscript

‘sojdwies anssiy J111seH uewiny [ewJou Ylim patedwod se sanssiy Jaoued a1sel uewiny ul sauab parejnbal-ap Apuediyiubis dog

€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Genes Chromosomes Cancer. Author manuscript; available in PMC 2018 July 01.



Page 21

Chen et al.

"3Uab 8y} JO BWeU ||y ‘BWBN SUID) ‘BWOSOWOIYD B Jo suolfiaigns
Uo uoIed0| auab ‘pueqoIAD ‘are) AIBA0ISIp asley anlsod ‘Yadd uediIubls PaJapIsu0d Sem GO'S JO anjeA d ‘anjen d :abueyd pjoy uoissaidxa auab anire|as ‘abueyd pjo4 ‘joquiAs auah panoidde ‘|oquiAs

apndadAjod e3aq ‘Buibueyoxs +3i/+H ‘ased 1 vebeT  20-3TL  €0-3LT 900 ard1lv
apndadAjod eydie ‘Buibueyaxe +3/+H ‘ssed 1V T€Ib6T  20-3TL €0-39°T 100 Vrd 1V
91pI2E ‘aseunIyd zerdr  20-30v v0-38'€ 100 VIHO

aWeN aus9) pueqoifd ¥a4d anjend  abueyd pjo4 loquiAs

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Genes Chromosomes Cancer. Author manuscript; available in PMC 2018 July 01.



Page 22

"aseg abpajmouy
Annuabu| ayy uo paseq Jojejnbais weansdn uonduosuely e Aq payeinfial ale 1ey sausb ‘Jaserep ul sajnasjow 18bie] -aseqg abpajmoudt Anuabul ayy ul paiols Joreinbal jeuondiiosuel e Ag pareinfial ate jey saush pue 1as auab no usamiaq dejsano Jo aduedIIUBIS Byl sainseaw
anfen-d siy 158 19ex3 s,48ysi4 Buisn paindwiod anjea d ‘desano Jo anjeA d 'sjans| uoissaidxa auab 18fue) weasisumop sy uo paseq paolpald si snyels Aemyred Buijeubis ‘81e1S UOIBANDY PaloIpald 1eserep ul sauab 1abiel ay) Joy Joreinbal weansdn ay) ‘1oye|nbay weasnsdn

IZINSIST13Y'CSOLd VEHNIZaVA'e10XDTvIaY  €0-3er'e PareAldY ¢O1Vv4AN

29 IZ'TIANIYIS TXNNY'ETdNIN TN TL14'VZd904'9910°2190  ¥0-369'9 paleAndy 1s13
VADIATIANIMY 3STSOLd TINOYd TONN'66TTVVINAVOLI'GGHNI'STTI'€dE 4D1'ZHH VTAIH TVID TL14 TIHA TSTIAD YHOXI'4910'30dV  80-320°S pareAnoy VIdIH
VADIATTASINLTSEH L'OHVdS TLWHS ZINIdYIS TANIdYIS T1IOS TLVS TINOYC 'GY 49Ad 2IN THH VTHIH TVID TNS'€LIAA‘TVS102'2VP10D'T V#102'2VT 100 TVI10D'dND NIO'PPAD ' ZANDD IOV IXAdY  0T-3TC'E OAN

V493 ATdWILYXOS TINIdHIS EVNIYIS €S TXNNY 2SO Ld'dV Sd'EdININ'GECANIN'GIDIN'GGHNI TITTI'TTI'GdEADI TINL 141’ TVHLHZE.TASH ZXdD' LSV TOXO04 TNA'49.L02vF 10D ‘T 10D TVITOJ INATO TYS T30 YA ZANDD TSNdVI'NDE  TI-ITC PareAldY TANNLD

V493A'ZANIdYIS YOS eees B 6oy 'VEDIH 2SO LA NYT T AT I TAVOI'ELIAA' THOXD'9TIXD ‘€10XD'Z10OXD' TTOXD' TVT102'ada30'vrAd ‘290 TT100'30dY  2T-3T6'T  PaleAdY V134

V493N TTASANL TAANILTIZING IS ZNd LA 2SO Ld YVIAd 201V AN TONIN'NIT I GT I ZVHET TI'Sd4D 1 TAVIIZHH VIHIH'T ddIT9'LS4' TNA'€L1AA‘9T10XD'€10X0'add30'6dD'€109' IOV €1-392°¢C paleAndy €1VIS
dejaano ael1s

j0 uoieAndy  JoyejnBay

19se1ep Ul S3|ndsjow 1abie] anpen-d palIpald weansdn

Chen et al.

‘sojdwies anssny eise|dsAp apeiBb-mo| o1iased 1noxoouy TH1 ayr ul sauab 196ie] J1ay) pue syJomisu uondiiosuen weansdn

¥ alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Genes Chromosomes Cancer. Author manuscript; available in PMC 2018 July 01.



Page 23

"aseg abpajmouy
Aynuabuj sy uo paseq Joyeinbias weansdn uonduiosuely e Aq payeinBal ale yeyy sauab ‘1aserep ul sajndosjow 196ie] aseg abpajmoud| Ainuabuj ayi ul paiols Joreinbal jeuondiiosuely e Ag parenfial ale yeyr sausb pue 18s auab 1o usamiaq dejsano Jo aouedIIUBIS BY) SaINseawW anjeA
-d s1yJ 1531 19ex3 S,Jaysi4 Buisn paindwiod anjea d ay st siy ‘deiano Jo anjen 4 'sjans| uoissaidxa auab 1ab.e] wealisumop ay) uo paseq paloipaid sniels sAemyred Buijeubis ‘a1e1S UOITRAIOY PaldIpald “1aserep ul sauab 1abie) ay) 4oy Jorejnba. weansdn ayl ‘Jojeinbay weansdn

TSVYXE1'00TdS “TNd' NV 1d TdUVd 6dNIN TAININ'VHZT1'EdX04'8400  20-312°C pareAldY 1s13
T4 M'TdNIL'THOS NV 1d ' VOOd TAVON 6NN LdININ'#Td IN TN TN V1T T4 T'EdV 1 TOHIM €2 TALIAI'T Od1'vA1'aLETHID TN OTYID4"Y24'28HAI TIZdAD VS AD'6T10XD'ZSLD'SVYF100'NOE' T12108 vdOV'eVEHATY  v0-3L2'T TANNLD
Y41 YVITOTS THOLON 6NN HH1T‘EdE4DI ‘(S18U30 S3PNJOUI) WHHTLSIH'SO4'OHYSA'VSHAD'EING'TIZT0E' YHINY  20-3r9°L pareAldY VIdIH

ZIVLS'TIVLIS TN TNN'VHZTI'ZLIAI'SODI'EdX04'6423 V1L PMAD' TVIOaY  ¥0-326°€ paleAndy ¢O1Vv4N

20QL'ZIV1S'GZOdS ¥VZIS ‘THOS ‘TaHVIS'89IN Sd ‘TOHd ‘THISTd ‘TdVSNNZHIN'OdVIN '6dNIN ‘Td WN'TINVETHIN MO TINXOH'S04'GdvO 1A' TOAd3A ‘ZLNMO'IdNID'2aNID'Alg A0 LY INdSV NINY €§.°¢ pareAldY TINXO4
TOdX'0z38N'SINAL'G0TASHANL XY

ASINL/OTESINL DY L TAdYNS THOS THNIdYIS TN NV T1d'7ADAd TdHVd 6NN LAININ‘LINDIN‘QINDINI(S13410 sapnjout) WrHTLSIH TINXO04'2aNL432NI 1A THIHD $MAD '9520A0'€L0D'2aNID'Avd'aTangd‘ 1ana' Tova’zLdONY  S0-382°C pareAIdY OAN

TdWIL'TdVL'TIVLS' THOS 69INSd'88INS d'6dININ‘'GZLYN V2T I'IMEMI'SEIAI'0EI] *SODI'T WVII'E -V TH'LSA'€dX04'SO 4'2L03'6T1OXD 'YV ILI'INTI TIEIHD'08AD'0210D T 12108 L0-32SY pareAndy €1V1S

d9dVL'TdVL'YWZOTIS' VIS ZVVS'ONd LA 69INSd TN NZEMIN'6dNIN TININ'NAT LI Z4ONSI' TINVII'SO4'9 82dAD'6T1OXD TTTOXI TIOXD'0¢10D' TT 100 112109 IWed 80-32S'L pareAIdY V134

TO dX'€719N°0239N'SINAL'ZXdL ' Tdd L' T125Ad L 'VZdOL'64S HANL'0T4SHANL XYESINL/OTESINLZOAL TdVL INWL S'TIVLS'SZOdS SXNS'9V9ID TS ZTVZI IS ZTHDEEHS THOS ‘THNIdYIS INHY €044 1194 AYVIAd INd Ld TOHd TN
d'V00dZHYVA THOLON'ZEMANZHIN'HAVON'DdVIN'6 dNIN'TIIN'ZINDIN'ININ'ENDIN'SSTHITZYNIN TOFIM ‘€241M' 82V '60dI'VHZ 11'€d9491'2dg4D1° HT4D1'SEIFI'0 €141'ZHAI' TDINH'IDIGH NSD'EXdD' TXdD 1TAdD ' TIVN
9 INTOEdX04'SO4'TLvH'S4"°H2d TOXI TXHII' TNSA'TL IWNAVSEAD T1OXD'SLD'GMI'ZdVMI THIHIIANID'EN MADYMAD'L0AD'20'a1aNgd ' 1aNg TvIda edING Al 11 2108 VANV GTOdEV EVXNY TVYHA TV TTLOJV TIVOV  9T-309C pauqIyul €4d1l

aels
dejsano uolfeAldy  Jo0reinbay
19selep ul sajndsjow 18bue]  Jjoanjea-d  pajipald weansdn

Chenetal.

'sajdwies anssiy Jaaued o1seh uewny ul sauab 19bie] 118y pue syiomiau uondiiosuen weansdn

G 9|qeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Genes Chromosomes Cancer. Author manuscript; available in PMC 2018 July 01.



Page 24

*3uab 8y} JO BWeU ||} ‘BWEN BUIS) ‘BWOSOWOIYI € Jo suolfaigns
uo uo11ed0| 8ush ‘pueqoIAD ‘a1e) AIBN0ISIP Bs|e) anlIsod ‘Yd-d ‘JuediiubIS PaJapISU0d Sem GO'S JO anjeA d ‘anjeA d ‘abueyd pjoy uoissaldxa auab aalre|as ‘abueyd pjo4 ‘|oquiAs suab panoidde ‘|oquiAs

aseup{oun ‘10jennde usbouswseld 820 20-3Lv'T 12 eV T nejd L0°0 €0-3€€'T LT ebot nvd

zuipnep  z0-3087  ¥0-308'% TT°e T4 X TuplD  TO-30LT  20-30LT 8LT €eb-gzzbX ZNa10

(pawiasut-aueiquusw) T asepridadojferow xLyew 120 20-3rE'T 67T 0¥ yTdwin 600 €0-3€T°E 6T zTb-1TbyT YTdININ
apndadAjod eiaq ‘J0ydadas 10108 Yimoib pantiep-ialereld 500 ¥0-3G6'S € 1381 q446pd 9T'0 20-397'T 4 T'egbg g449ad
7 eydie ‘|11 adf ‘usbeyjoo 110 €0-3T7'C LT TI0T TegloD 92°0 20-309'7 1T 1€bg TVET00
2 eydie ‘| 8dAy ‘uafiej00 200 ¥0-350'T 5 v 9 zet|od 120 20-36LY 12 T'zeb, Zv1100

T 3INJ3]0W UOISBYPE |[32 Je[nIseA v€0 20-397'C ST 19¢ TWedIA vT°0 €0-398'6 9T 1ed-zedt TINVOA

T Utejoud aueIqUIBLISUEL) PRONPUL UOJBKAIL  €0-30V'E  00+300°0 96°€ L Wyl Z0-30v'S  ¥0-30€'8 16T §'gTdTT TNLII
7 eydie ‘| adfs ‘uabej00 0 90-300'S g€ artrt Ter|od 110 €0-3LLY € €eTehLT TVI100

8|Nd3|oW UOISAYpE [180 [ellayNds  TO-J06'T  €0-30%'9 v9'T v3 LT wead3  T0-30¥'T 20-300°T €ee Tede VD43

T Joyqyur asepndadoyelsw dNIL  20-302°8  €0-3J0E'T 4% eIVX  TdwiL  g0-302°9 00+300°0 9.°€ €zTTd-eTIdX  TdWIL

uedA|biq 200 G0-3€€°L € ax ubg 600 €0-3€L°C 6'€ 8zbx NOg
(aseuabe||0d Al 2dA) eAMZ6

‘aseune|ab e@iz6 ‘g aseunelob) 6 ssepndadojerew xurew  T0-30v'C  20-30T'T G881 ZH-THZ  6dwIN  20-3029 €0-302°T Yy TETb-zTThoz  6dININ
(esesseye abeydoioew) zT esepndadojeiew xurew  20-3/8°2  €0-302°T e V6 ZrdwiN - 20-3EP'T  S0-300°G G2'9 €'ZebiT ZTdNIN
aweN aus Ha4d anjend  abueyo pjo4 pueqolf)  |oqUIAS ya4d anjend  abueyd pjo4 pueqoifd JoquiAs

9SNOIA uewnH

Chenetal.

‘sa|dwies anssiy a11Ised [ewlou
yum pasedwod se ‘sajdwies anssi eise|dsAp apelf-mo| asnow 1N0MI0UY THUL pue J3dued J1sed uewiny ylog ul sauab parejnbalap Ajpusisisuod Jo ssjdwex3

9 9|qeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Genes Chromosomes Cancer. Author manuscript; available in PMC 2018 July 01.



	Abstract
	Introduction
	Materials and Methods
	Mouse and human gastric tissue samples
	Gene expression microarray analysis
	Quantitative Real-time RT-PCR validation of downstream target genes in mice
and human gastric tissues
	Statistical analyses

	Results
	Significant alterations in gene expression are detectable in low-grade
dysplasia
	Human gastric cancers demonstrate recurrent significant changes in gene
expression
	Integrated analysis of mouse gastric LGD and human gastric cancer datasets
identifies activation of common transcription networks
	qPCR validation of representative transcription network target genes

	Discussion
	References
	Figure 1
	Figure 2
	Figure 3
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6

