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Long non-coding RNAs (lncRNAs) play critical roles in tumor-
igenesis and tumor progression. However, the biological
function of most lncRNAs remains unknown in human gastric
cancer. This study here aims to explore the unknown function
of lncRNA MAGI2-AS3 in gastric cancer. First, bioinformatics
analysis showed that lncRNA MAGI2-AS3 was overexpressed
in gastric cancer tissues, and the overexpression of MAGI2-
AS3 has been shown to be associated with poor prognosis in
all three independent gastric cancer cohorts (The Cancer
Genome Atlas stomach cancer [TCGA_STAD], GEO:
GSE62254 and GSE15459). The multivariate analysis indicated
that lncRNA MAGI2-AS3 was an independent prognostic fac-
tor for both overall survival and disease-free survival of gastric
cancer patients. Moreover, MAGI2-AS3 was identified to be an
epithelial-mesenchymal transition (EMT)-related lncRNA and
was highly co-expressed with ZEB1/2 in both gastric cancer
tissues and normal stomach tissues. Loss-of-function and
gain-of-function studies showed that lncRNA MAGI2-AS3
could positively regulate ZEB1 expression and the process of
cell migration and invasion in gastric cancer. Subcellular loca-
tion assay showed that lncRNA MAGI2-AS3 was mainly
located in the cytoplasm of gastric cancer cells. Bioinformatics
analysis and functional experiments revealed that lncRNA
MAGI2-AS3 was negatively correlated with miR-141/200a
expression and negatively regulated miR-141/200a-3p expres-
sion in gastric cancer. Therefore, we speculate that lncRNA
MAGI2-AS3 promotes tumor progression through sponging
miR-141/200a and maintaining overexpression of ZEB1 in
gastric cancer. Nevertheless, we identified that BRD4 is a tran-
scriptional regulator of lncRNA MAGI2-AS3 in gastric cancer.
Additionally, our findings highlight that lncRNA MAGI2-AS3
is an ideal biomarker and could be a potential therapeutic
target for gastric cancer.
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INTRODUCTION
Gastric cancer is the fourth most diagnosed type of cancer and the
third most common cause of cancer-related death worldwide.1,2

Approximately 989,600 cases are diagnosed with gastric cancer
worldwide annually. More than half of those cases are diagnosed in
Molecular The
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East Asia.3 However, many gastric cancer patients are diagnosed at
advanced stages, presenting with malignant proliferation, extensive
invasion, and distant metastasis. So, the 5-year survival rate of gastric
cancer patients is still unsatisfactory. Characteristic progressive
tumorigenesis and distant metastasis may contribute a lot to the over-
all poor prognosis for gastric cancer.4 Therefore, it is essential to
develop novel biomarkers that could accurately predict cancer stage
or reflect an individual’s cancer risk.

LncRNAs are more than 200 nt in length with no or limited protein-
coding capacity.5 At first, lncRNAs are considered to be useless se-
quences generated during transcription and have no function. How-
ever, as more and more studies have recently discovered that lncRNA
plays a role in the regulation of a variety of cellular processes,
including stem cell pluripotency, apoptosis, cell differentiation, and
cell invasion, the past understanding of lncRNA has been proved to
be absolutely wrong.6 Nowadays, more and more lncRNAs are found
to play a very important role in tumorigenesis via affecting multiple
cellular processes, such as epithelial-mesenchymal transition
(EMT), cell invasion, cell growth, and so on.7 For example, lncRNA
PTAR (pro-transition associated RNA) promotes EMT and inva-
sion-metastasis in ovarian cancer via sponging miR-101 to maintain
ZEB1 overexpression.8 In another study, lncRNA TRERNA1 func-
tions as an enhancer of SNAI1 to promote gastric cancer progression
via regulating the EMT process.2 Therefore, identifying key lncRNAs
involved in gastric cancer progression is important for understanding
the mechanism of this disease.

LncRNA MAGI2-AS3 is rarely studied in cancers. Recently, only a
few studies have reported its anti-cancer effects in breast cancer,
bladder cancer, and liver cancer. In breast cancer, lncRNA
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MAGI2-AS3 inhibited breast cancer progression via positively regu-
lating the Fas/FasL signal pathway.9 In bladder cancer, Wang
et al.10 reported that lncRNAMAGI2-AS3 functioned as a competing
endogenous RNA (ceRNA) to suppress bladder cancer progression
through negatively regulating the miR-15b-5p/CCDC19 signal axis.
In hepatocellular carcinoma, lncRNA MAGI2-AS3 prevents the
development of cancer via recruiting KDM1A and promoting
H3K4me2 demethylation of the RACGAP1 promoter.11 However,
the function of lncRNA MAGI2-AS3 in gastric cancer remains un-
known to date.

Here, according to the analysis of lncRNA MAGI2-AS3 expression
in The Cancer Genome Atlas (TCGA) stomach cancer (TCGA-
STAD) cohort and Asian Cancer Research Group (ACRG) cohort,
we identified that lncRNA MAGI2-AS3 was overexpressed in
gastric cancer tissues and predicted a poor prognosis for gastric can-
cer. Moreover, lncRNA MAGI2-AS3 was an EMT-related lncRNA
in gastric cancer due to it being highly co-expressed with ZEB1,
and we found that lncRNA MAGI2-AS3 promoted gastric cancer
progression by sponging miR-141/200a and maintaining ZEB1
overexpression. Additionally, BRD4 might be a transcriptional regu-
lator of lncRNA MAGI2-AS3. Knockdown of BRD4 expression or
treatment with JQ1 to prevent BRD4 from recognizing H3K27AC
both remarkably decreased MAGI2-AS3 expression in gastric
cancer.

RESULTS
LncRNA MAGI2-AS3 Is Overexpressed in Gastric Cancer

Tissues

To explore the lncRNA MAGI2-AS3 expression profile in human
gastric cancer tissues, we downloaded two microarray gene profiling
datasets (GEO: GSE54129 and GSE79973) from public GEO datasets
of NCBI. The GSE54129 dataset consists of 21 normal and 111 gastric
cancer samples; GSE79973 dataset consists of 10 paired gastric cancer
samples. After analysis of lncRNA MAGI2-AS3 expression data of
gastric cancer patients from GSE54129 and GSE79973 cohorts, we
found that the lncRNAMAGI2-AS3 expression level in tumor tissues
was higher than that of the corresponding normal stomach tissues
(Figure 1A).

MAGI2-AS3Overexpression Predicts Poor Prognosis of Patients

from TCGA Gastric Cancer Cohort

To understand the correlation between MAGI2-AS3 overexpression
and clinicopathological characteristics of patients with gastric cancer,
we performed a comprehensive transcriptome analysis of RNA-seq
data from 373 gastric cancer tissues with complete clinical informa-
tion. The results showed that the expression level of lncRNA
MAGI2-AS3 was significantly increased in diffuse gastric cancer tis-
sues compared with intestinal gastric cancer tissues (p < 0.0001; Fig-
ure 1B). Moreover, lncRNAMAGI2-AS3 was overexpressed in poorly
differentiated gastric cancer tissues compared with moderately or
highly differentiated gastric cancer tissues (p < 0.0001; Figure 1C).
Furthermore, lncRNAMAGI2-AS3 was more highly expressed in tu-
mors extending beyond the gastric mucosa layer (T2+T3+T4)
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compared with tumors detected only in the gastric mucosa (T1),
and more highly expressed in tumors with a high degree of malig-
nancy (stage II+III+IV) compared with tumors with a low degree
of malignancy (stage I; Figures 1D and 1E). However, there was no
significant difference in the expression of MAGI2-AS3 in gastric can-
cer tissues with or without lymph node metastasis or distant metas-
tasis (Figures 1F and 1G).

To evaluate the association between lncRNAMAGI2-AS3 expression
and the prognosis of patients with gastric cancer, we assigned 373 pa-
tients to the high MAGI2-AS3 expression groups (n = 192) and the
low MAGI2-AS3 expression group (n = 181) according to their
different expression levels of lncRNA MAGI2-AS3 (Table S1). The
cutoff value was determined from the median for the analysis of the
373 patients described below (Figure S1A; Table S1). Then we found
that patients who possessed higher expression level of MAGI2-AS3
had both a shorter overall survival (OV) time and a shorter disease-
free survival (DFS) time than those with lower MAGI2-AS3 expres-
sion level (Figures 1H and 1I). Additionally, the results of multivariate
analysis for OV and DFS suggested that lncRNAMAGI2-AS3 expres-
sion level was an independent prognostic factor for OV and DFS of
gastric cancer patients in TCGA-STAD cohort (hazard ratio, 1.24
and 2.51, respectively; 95% confidence interval [CI]: 1.07–1.42 and
1.17–5.38, respectively; p = 0.0031 and p = 0.0181, respectively;
Table 1). Collectively, these results suggested that higher expression
of lncRNA MAGI2-AS3 predicted a poorer prognosis in gastric
cancer.

MAGI2-AS3 Overexpression Predicts a Poor Prognosis of

Gastric Cancer Patients in the ACRG Cohort

To further verify the oncogenic role of lncRNAMAGI2-AS3 in gastric
cancer, we introduced another gastric cancer cohort (GEO:GSE62254)
into our study. The ACRG (GEO: GSE62254) cohort contains 300
gastric cancer tissues with very detailed clinical information,12 and
the GSE62254 microarray gene profiling dataset based on GPL570
platform contained lncRNA MAGI2-AS3 expression data. After re-
annotation and analysis of the gene expression profile data in
GSE62254 cohort, we found that MAGI2-AS3 expression level was
higher in the diffuse gastric cancer tissues than in intestinal gastric can-
cer tissues (Figure 2A). Furthermore, MAGI2-AS3 was found to be
overexpressed in tumors with a high degree of malignancy compared
with the tumors with a low degree of malignancy (Figures 2B and 2C).
Additionally, we also noted that lncRNA MAGI2-AS3 had no signifi-
cant correlation with lymph node metastasis or distant metastasis in
the GSE62254 cohort (Figures 2D and 2E).

Similarly, we further evaluated the correlation between lncRNA
MAGI2-AS3 expression and the prognosis of gastric cancer patients
in the GSE62254 cohort. According to the MAGI2-AS3 expression
data, the 300 patients in the ACRG cohort were divided into the
high MAGI2-AS3 expression groups (n = 74) and the low MAGI2-
AS3 expression group (n = 226; Table S1). The cutoff value was deter-
mined from the median for the analysis of the 300 patients described
below (Figure S1B). After analysis of the survival curve, we found that



Figure 1. The Clinical Significance of lncRNA MAGI2-AS3 Expression Was Analyzed in TCGA-STAD Cohort

(A) Difference in expression levels of MAGI2-AS3 between GSE79973 and GSE54129 stomach cancer cohorts. (B) Difference in expression levels of MAGI2-AS3 between

intestinal gastric cancer tissues and diffuse gastric cancer tissues. (C) Difference in expression levels of MAGI2-AS3 in gastric cancer tissues with different degrees of

differentiation. (D–G) MAGI2-AS3 expression level in different T stages (D), pathologic stages (E), N stages (F), and M stages (G) of gastric cancer. (H and I) Kaplan-Meier

analysis of overall survival time (H) and disease-free time (I) of patients with gastric cancer according to the expression of lncRNA MAGI2-AS3. ****p < 0.0001; ***p < 0.001;

**p < 0.01; *p < 0.05.
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high expression of lncRNAMAGI2-AS3 was also significantly associ-
ated with both poor overall survival rate and disease-free survival rate
in the GSE62254 cohort (p < 0.0001; Figures 2F and 2G). Moreover,
the results of multivariate analysis for OV andDFS also suggested that
lncRNA MAGI2-AS3 was an independent prognostic factor for the
OV and DFS of gastric cancer patients in the GSE62254 cohort (haz-
ard ratio, 3.67 and 4.00, respectively; 95% CI: 1.19–11.33 and 1.15–
13.92, respectively; p = 0.0235 and 0.0293, respectively; Table 2). In
addition, in the third independent gastric cancer cohort (GEO:
GSE15459), patients with higher expression of MAGI2-AS3 also
had a shorter OV time and DFS time (Figures 2H and 2I). These re-
sults strongly suggested that lncRNA MAGI2-AS3 is a very reliable
biomarker that can accurately predict the prognosis of gastric cancer
patients.

MAGI2-AS3 Is an EMT-Related lncRNA and Is Highly Co-

expressed with ZEB1

Previous studies had reported that gastric cancer could be further
divided into four subtypes, including microsatellite stablity (MSS)/
TP53�, MSS/TP53+, MSI, and MSS/EMT subtypes, according to
their molecular subtypes.12 Therefore, lncRNA MAGI2-AS3 expres-
sion level in the four subtypes of gastric cancer was analyzed. Inter-
estingly, lncRNA MAGI2-AS3 showed an extremely high expression
level in the MSS/EMT subtype of gastric cancer tissues, which
Molecular Therapy: Nucleic Acids Vol. 19 March 2020 111
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Table 1. The Cox Regression Analysis for Overall Survival (OVS) and Disease-free Survival (DFS) in TCGA Gastric Cancer Cohort

Factors

OVS DFSa

Univariate Cox Multivariate Cox Univariate Cox Multivariate Cox

HR 95% CI p Value HR 95% CI p Value HR 95% CI p Value HR 95% CI p Value

MAGI2-AS3 1.18 1.04–1.34 0.0102b 1.24 1.07–1.42 0.0031b 2.54 1.21–5.29 0.0133b 2.51 1.17–5.38 0.0181b

Sex 0.81 0.57–1.15 0.2442 N/A N/A N/A 1.22 0.56–2.66 0.6096 N/A N/A N/A

Age 1.64 1.16–2.32 0.0051b 1.98 1.38–2.83 0.0002b 1.01 0.97–1.05 0.6087 N/A N/A N/A

T stage 1.39 1.14–1.71 0.0014b 1.28 1.02–1.59 0.0297b 0.9 0.55–1.49 0.6907 N/A N/A N/A

N stage 1.3 1.13–1.49 0.0002b 1.26 1.09–1.45 0.0018b 0.9 0.67–1.23 0.5159 N/A N/A N/A

M stage 1.44 1.05–1.99 0.0237b 1.36 0.99–1.86 0.0555b 0.56 0.08–4.15 0.5731 N/A N/A N/A

Histological type 0.95 0.64–1.41 0.7936 N/A N/A N/A 0.93 0.44–1.98 0.8502 N/A N/A N/A

CI, confidence interval; HR, hazard ratio, N/A, not available.
aOnly 97 gastric cancer patients in TCGA cohort possessed detailed DFS events and time information.
bP < 0.05.
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indicated that MAGI2-AS3 is an EMT-related lncRNA (p < 0.0001;
Figure 3A).

To figure out why lncRNA MAGI2-AS3 was so highly expressed in
the MSS/EMT subtype of gastric cancer, we first analyzed the
expression relationship between all the different mRNAs and
MAGI2-AS3 in the ACRG gastric cancer cohort. The results re-
vealed that ZEB1 and ZEB2, the two widely accepted core regula-
tors of EMT process,13 were both highly co-expressed with
MAGI2-AS3 in the GSE62254 gastric cancer cohort (Figures 3B–
3D); ZEB1 was one of the top three genes that showed the highest
co-expression with MAGI2-AS3 (R > 0.92); and the high co-expres-
sion relationship between ZEB1/ZEB2 and MAGI2-AS3 was
further confirmed in TCGA-STAD cohort (Figures 3E–3G). In
addition, ZEB1/ZEB2 and MAGI2-AS3 were also highly co-ex-
pressed in the normal gastric tissues by analyzing their expression
level in the genotype-tissue expression (GTEx) datasets through us-
ing the GEPIA online web tool (Figures 3H and 3I). Those results
together indicated that lncRNA MAGI2-AS3 was highly co-ex-
pressed with ZEB1/2 transcripts in both normal stomach tissues
and gastric cancer tissues.

LncRNAMAGI2-AS3Mainly Locates in CytoplasmandPromotes

Cell Migration and Invasion in gastric cancer

Due to our above results strongly suggesting that lncRNA MAGI2-
AS3 might be an oncogene in gastric cancer, we then considered
verifying the oncogenic role of lncRNA MAGI2-AS3 in GC cell
lines. First, we examined the expression of lncRNA MAGI2-AS3
in different gastric cancer cell lines by performing qRT-PCR assays.
The result showed that MAGI2-AS3 was highly expressed in the
HCG-27 cell line but hardly expressed in other studied cell lines
(Figure 4A). The subcellular location of lncRNA plays an important
role in helping us interpret and understand the mechanisms of
lncRNA function.14,15 Therefore, we used a one-step method to
simultaneously separate cytoplasm RNA and nucleus RNA. After
reverse transcription and determination of transcripts level of
lncRNA MAGI2-AS3 by qPCR, we noted that lncRNA MAGI2-
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AS3 transcripts were mainly located in cytoplasm of HGC-27 cells
(Figure 4B).

Based on the MAGI2-AS3 expression level in different gastric
cancer cell lines, we knocked down the expression of lncRNA
MAGI2-AS3 in the HCG-27 cell line and overexpressed lncRNA
MAGI2-AS3 in the AGS cell line. After examination of the tran-
script abundance of lncRNA MAGI2-AS3 by qPCR, we found
that the RNAi experiments of MAGI2-AS3 in the HGC-27 cell
line and the overexpression experiments of MAGI2-AS3 in the
AGS cell line were successful (Figures 4C and 4D). The EMT pro-
cess is an essential step for tumor cells to acquire metastasis.16,17

Considering that MAGI2-AS3 is an EMT-related lncRNA, we
further evaluated the effects of MAGI2-AS3 knockdown and over-
expression on gastric cancer cell migration and cell invasion. The
wound healing assays, the Transwell migration assays, and the
Transwell invasion assays were conducted in different gastric cancer
cell lines. The wound healing assays and the Transwell migration as-
says showed that knockdown expression of MAGI2-AS3 signifi-
cantly suppressed gastric cancer cell migration, whereas overexpres-
sion of MAGI2-AS3 remarkably promoted gastric cancer cell
migration (Figures 4E–4G). The Transwell invasion assays showed
that knockdown expression of MAGI2-AS3 significantly suppressed
gastric cancer cell invasion, whereas overexpression of MAGI2-AS3
remarkably promoted gastric cancer cell invasion (Figure 4H).
These results together suggested that lncRNA MAGI2-AS3 posi-
tively regulated the process of cell migration and invasion in gastric
cancer.

LncRNA MAGI2-AS3 Positively Regulated ZEB1 Expression but

Negatively Regulated miR-141 and miR-200a Expression in

gastric cancer

Due to MAGI2-AS3 being highly co-expressed with ZEB1, we fur-
ther investigated ZEB1 transcripts level after knockdown and overex-
pression of MAGI2-AS3 in gastric cancer cell lines. The results
showed that knockdown expression of MAGI2-AS3 remarkably
decreased ZEB1 expression (Figure 4I), whereas overexpression of



Figure 2. The Clinical Significance of lncRNA MAGI2-AS3 Expression Was Analyzed in the GSE62254 and GSE15459 Cohorts

(A) Difference in expression levels of MAGI2-AS3 between intestinal gastric cancer tissues and diffuse gastric cancer tissues. (B–E) MAGI2-AS3 expression level in different T

stages (B), pathologic stages (C), N stages (D), and M stages (E) of gastric cancer tissues. (F and G) Kaplan-Meier analysis of overall survival time (F) and disease-free time (G)

of gastric cancer patients in the GES62254 cohort according to the expression of lncRNAMAGI2-AS3. (H and I) Kaplan-Meier analysis of overall survival time (H) and disease-

free survival time (I) in the gastric cancer cohort of GSE15459 according to the expression of lncRNA MAGI2-AS3. ****p < 0.0001; ***p < 0.001; **p < 0.01; *p < 0.05.
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MAGI2-AS3 remarkably increased ZEB1 expression (Figure 4J).
These results suggested that lncRNA MAGI2-AS3 could positively
regulate ZEB1 expression in gastric cancer.

However, it is unclear how lncRNA MAGI2-AS3 positively regulates
ZEB1 expression in gastric cancer. MicroRNA (miRNA)-141 and
miR-200a were known to be negative regulators of ZEB1 gene and
the EMT pathway.18,19 Also, our results have shown that lncRNA
MAGI2-AS3 was mainly located in the cytoplasm of gastric cancer
cells. Given these factors, we thought that lncRNA MAGI2-AS3
might regulate ZEB1 expression through two mechanisms: one is
the ceRNA mechanism, and the other is that lncRNA MAGI2-AS3
Molecular Therapy: Nucleic Acids Vol. 19 March 2020 113
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Table 2. The Cox Regression Analysis for Overall Survival (OVS) and Disease-free Survival (DFS) in the GSE62254 Gastric Cancer Cohort

Factors

OVS DFS

Univariate Cox Multivariate Cox Univariate Cox Multivariate Cox

HR 95% CI p Value HR 95% CI p Value HR 95% CI p Value HR 95% CI p Value

MAGI2-AS3 6.73 2.43–18.66 0.0002a 3.67 1.19–11.33 0.0235a 8.33 2.71–25.55 0.0002a 4 1.15–13.92 0.0293a

Sex 1.11 0.79–1.55 0.5587 N/A N/A N/A 1.04 0.72–1.51 0.8303 N/A N/A N/A

Age 1.01 1–1.03 0.1812 N/A N/A N/A 1.47 1.03–2.09 0.0331a N/A N/A N/A

T stage 1.78 1.43–2.22 0.0000a 1.29 1.01–1.65 0.0438a 1.75 1.37–2.22 0.0000a 1.24 0.95–1.62 0.1094

N stage 1.96 1.63–2.34 0.0000a 1.72 1.42–2.09 0.0000a 2.08 1.71–2.53 0.0000a 1.81 1.46–2.23 0.0000a

M stage 3.84 2.48–5.94 0.0000a 2.29 1.45–3.6 0.0003a 4.04 2.51–6.51 0.0000a 2.11 1.28–3.47 0.0034a

Lauren 0.58 0.42–0.8 0.0010a 0.87 0.61–1.24 0.4354 0.59 0.41–0.85 0.0041a 0.9 0.61–1.34 0.6090

CI, confidence interval; HR, hazard ratio; N/A, not available.
aP < 0.05.
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directly binds on ZEB1 mRNA and protects ZEB1 mRNA stability
from degradation by miRNAs.

So, we predicted the RNA-RNA interactions between lncRNA
MAGI2-AS3 and 30 UTR of ZEB1 using the online tool IntaRNA.20

According to the prediction results, we found the interaction region
could not mask the binding sites of miR-141 and miR-200a (Fig-
ure S2). Therefore, it is highly probable that lncRNA MAGI2-AS3
promoted gastric cancer progression through ceRNA mechanism.
To further verify this possibility, we explored the possible miRNAs
that interacted with lncRNA MAGI2-AS3 by using two different on-
line web tools: miRcode and Annolnc. The results showed that a total
of nine miRNA families have potential ability to interact with
MAGI2-AS3 (Figure 5A). Among them, one of the predicted miRNA
families was the miR-141/200a family. Then, we further verified their
binding site on lncRNAMAGI2-AS3 and folding energy by using the
RNA22 online web server (Figure 5B). On the other hand, we
downloaded miRNA expression data in stomach cancer from
TCGA dataset and analyzed the expression correlation of all miRNAs
to MAGI2-AS3. The results showed that lncRNA MAGI2-AS3 was
highly negatively correlated with miR-141-3p and miR-200a-3p
expression (Figures 5C–5E).

Besides, we further analyzed the expression of miR-141, miR-200a,
and ZEB1 in the high MAGI2-AS3 expression groups and the low
MAGI2-AS3 expression group in TCGA cohort and GSE62254
cohort. The results showed that the patients in high MAGI2-AS3
expression groups possessed lower expression of miR-141 and miR-
200a, but had higher expression of ZEB1 compared with patients in
the low MAGI2-AS3 expression group (Figures 5F–5H). Addition-
ally, as mentioned above, MAGI2-AS3 was lowly expressed in gastric
mucosa (T1), but highly expressed in poorly differentiated (G3) or
diffuse type gastric cancers. After analysis of the relationship between
miR-141/200a expression level and clinical pathology of gastric can-
cer in TCGA, we found that miR-141/200a highly expressed in gastric
mucosa (T1), but lowly expressed in poorly differentiated (G3) or
diffuse type gastric cancers (Figures 6A–6D). That is, the expression
114 Molecular Therapy: Nucleic Acids Vol. 19 March 2020
pattern of miR-141 and miR-200a in gastric cancer is completely
opposite to that of lncRNA MAGI2-AS3. Besides, gastric cancer pa-
tients with lower expression level of miR-141 or miR-200a had a
poorer overall survival time compared with those patients with higher
expression level of miR-141 or miR-200a, respectively (Figures 6E
and 6F). Moreover, the fourth independent gastric cancer cohort
(GEO: GSE26596, n = 68) was introduced into our study. After rean-
notation and analysis of these data, we found that miR-141 and miR-
200a were lowly expressed in tumors compared with normal gastric
tissues (Figures 6G and 6H). These results together suggested that
miR-141 and miR-200a showed negative correlation with lncRNA
MAGI2-AS3 in gastric cancer.

Transcription factor ZEB1 was known to be a target gene of miR-141/
200a in diverse kinds of cancers.21 Therefore, we further examined the
expression levels of miR-141-3p and miR-200a in gastric cancer cell
lines after knockdown and overexpressed lncRNA MAGI2-AS3
expression. As expected, miR-141-3p and miR-200a expression levels
in the HGC-27 cells silencing MAGI2-AS3 expression were signifi-
cantly higher than those in the negative control HGC-27 cells,
whereas overexpression of lncRNA MAGI2-AS3 significantly
decreased miR-141 and miR-200a expression in AGS cells (Figures
6I and 6J). These results strongly indicated that lncRNA MAGI2-
AS3 could negatively regulate mature miR-141/200a-3p expression
in gastric cancer.

MAGI2-AS3 Is Transcriptionally Regulated by BRD4

In addition, we noted the presence of abundant histone H3K27ac
modifications in the promoter region of lncRNA MAGI2-AS3 using
a University of California Santa Cruz (UCSC) online web tool (Fig-
ure 7A). Mountains of evidence showed that histone modifications
were one of the manners to regulate gene expression.22 Among
diverse kinds of the histone modifications, H3K27ac mark was espe-
cially recognized by the BET family of bromodomain proteins, such as
BRD4.23,24 Therefore, we first considered verifying whether lncRNA
MAGI2-AS3 expression level was changed or not after treatment of
HGC-27 cells with JQ1, a potent inhibitor of the BET family of



Figure 3. MAGI2-AS3 Was an EMT-Related lncRNA and Highly Co-expressed with ZEB1/2 in Normal Gastric Tissues and Gastric Cancer Tissues

(A) Expression level of lncRNA MAGI2-AS3 in the four subtypes (MSS/TP53�, MSS/TP53+, MSI, and EMT) of gastric cancer in the GSE62254 cohort. (B) R values of co-

expression between different genes and lncRNAMAGI2-AS3 were analyzed in the GSE62254 cohort. (C and D) lncRNAMAGI2-AS3 was highly co-expressed with ZEB1 (C)

and ZEB2 (D) in the GSE62254 cohort. (E) R values of co-expression between different genes and lncRNA MAGI2-AS3 were analyzed in the TCGA_STAD cohort. (F and G)

lncRNA MAGI2-AS3 was highly co-expressed with ZEB1 (F) and ZEB2 (G) in TCGA-STAD cohort. (H and I) lncRNA MAGI2-AS3 was highly co-expressed with ZEB1 (H) and

ZEB2 (I) in normal stomach tissues from the GTEx dataset. ****p < 0.0001.
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bromodomain proteins.25 A significant decrease of MAGI2-AS3
expression was observed in the HGC-27 cells treated with JQ1
compared with the negative control team (Figure 7B).

Then, we wanted to know which bromodomain protein of the BET
family had played a role in regulating MAGI2-AS3 expression. The
ToolKit application in the Cistrome web server helped us a lot. By us-
ing this application to survey potential transcriptional regulators, we
found that BRD4 was the most probable bromodomain protein that
could regulate MAGI2-AS3 expression because BRD4 binding peaks
were observed in five different samples (Table S2). To verify this pos-
sibility, we knocked down the expression level of BRD4 in the
HGC-27 cells by transfection with small interfering RNAs (siRNAs)
that targeted to BRD4 (Figure 7C). The results showed that knock-
down of BRD4 significantly downregulated MAGI2-AS3 expression
and suggested that BRD4 was a transcriptional regulator of
Molecular Therapy: Nucleic Acids Vol. 19 March 2020 115
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Figure 4. MAGI2-AS3 Positively Regulated Gastric Cancer Cell Migration and Invasion, and Positively Regulated ZEB1 Expression in gastric cancer

(A) lncRNA MAGI2-AS3 expression level in different gastric cancer cell lines was determined by qRT-PCR assay. (B) Relative lncRNA MAGI2-AS3 expression level in

cytoplasm and nuclear of the HGC-27 cell line was determined by qRT-PCR assay. (C and D) The efficiency of knockdown (C) and overexpression (D) of lncRNAMAGI2-AS3

was determined by qRT-PCR assay. (E and F) The wound healing assays were performed in gastric cancer cells after knockdown (E) and overexpression (F) of lncRNA

MAGI2-AS3. (G) The Transwell migration assays were performed in gastric cancer cells after knockdown and overexpression of lncRNA MAGI2-AS3. (H) The Transwell

invasion assays were performed in gastric cancer cells after knockdown and overexpression of lncRNAMAGI2-AS3. (I and J) Relative ZEB1 expression level in gastric cancer

cells after knockdown (I) and overexpression (J) of lncRNA MAGI2-AS3 was determined by qRT-PCR assay. **p < 0.01.
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MAGI2-AS3 in gastric cancer (Figure 7D). Besides, we further inves-
tigated ZEB1 expression level after knockdown of BRD4 in HGC-27.
As expected, knockdown of BRD4 significantly decreased ZEB1
expression level (Figure 7E). In addition, we further analyzed the as-
sociation between survival rate of gastric cancer patients and the
expression level of BRD4 and ZEB1 in gastric cancer tissues by using
Kaplan-Meier Plotter tools. The results showed that gastric cancer pa-
tients with high expression level of BRD4 or ZEB1 both had a shorter
116 Molecular Therapy: Nucleic Acids Vol. 19 March 2020
survival time than gastric cancer patients with low expression of
BRD4 and ZEB1 (Figures 7F–7H).

DISCUSSION
Gastric cancer, a leading cause of cancer-related deaths, is a heteroge-
neous disease with many kinds of subtypes. Mountains of evidence
have shown that different subtypes of gastric cancer usually possess
distinct clinical outcomes.26,27 Hence diverse kinds of biomarkers



Figure 5. LncRNA MAGI2-AS3 Was Negatively Correlated with miR-141/200a Expression in gastric cancer Tissues

(A) PossiblemiRNA families that could interact with lncRNAMAGI2-AS3were predicted by two different online web tools. (B) The binding region and the folding energy ofmiR-

141/200a family andMAGI2-AS3 were predicted by the RNA22 web server. (C) R values of co-expression between different miRNAs and lncRNAMAGI2-AS3 were analyzed

in the TCGA_STAD cohort. (D and E) lncRNA MAGI2-AS3 showed a negative correlation with miR-141 (D) and miR-200a (E) expression in the TCGA_STAD cohort. (F) The

difference in expression level of miR-141 and miR-200a between the high MAGI2-AS3 expression group and low MAGI2-AS3 expression group in the TCGA_STAD cohort.

(G and H) The difference in expression level of ZEB1 between high MAGI2-AS3 expression group and low MAGI2-AS3 expression group in the TCGA_STAD cohort (G) and

GSE62254 cohort (H). ****p < 0.0001.
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are used to distinguish subtypes of gastric cancer. Nowadays, long
non-coding RNAs are found to be functional and could act as novel
biomarkers to predict clinical outcomes in all kinds of cancers.28

Therefore, in order to provide a rational treatment option and acquire
a better outcome for stomach cancer patients, more and more
lncRNAs needed to be developed and identified as diagnostic and
prognostic biomarkers in gastric cancer.
In this study, we identified the lncRNA MAGI2-AS3 as a novel
and reliable biomarker that could accurately predict the prognosis
of patients with gastric cancer. A variety of different independent
gastric cancer cohorts were used to verify accuracy and reliability
of the prediction by MAGI2-AS3, including TCGA stomach
cancer (STAD) cohort, gastric cancer cohort of the ACRG
(GEO: GSE62254, Korea), and the Singapore gastric cancer
Molecular Therapy: Nucleic Acids Vol. 19 March 2020 117
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Figure 6. LncRNA MAGI2-AS3 Negatively Regulated miR-141 and miR-200a Expression in gastric cancer

(A and B) Difference in expression levels of miR-141 (A) and miR-200a (B) in different T stages of gastric cancer tissues in TCGA cohort. (C) Difference in expression levels of

miR-141/200a in gastric cancer tissues with different degrees of differentiation. (D) Difference in expression levels of miR-141/200a between intestinal gastric cancer tissues

and diffuse gastric cancer tissues from TCGA cohort. (E and F) Kaplan-Meier analysis of overall survival time in TCGA cohort according to the expression of miR-141 (E) and

miR-200a (F). (G and H) Difference in expression levels of miR-141 (G) and miR-200a (H) in normal stomach tissues and different T stage of gastric cancer tissues from the

GSE26595 cohort. (I and J) Relative miR-141 and miR-200a expression levels in gastric cancer cells after knockdown (I) and overexpression (J) of lncRNA MAGI2-AS3 was

determined by qRT-PCR assay. ***p < 0.001; **p < 0.01; *p < 0.05.
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cohort (GEO: GSE15459). Also, the phenomenon that higher
expression of MAGI2-AS3 predicts poorer prognosis of gastric
cancer patients existed in all of the studied gastric cancer cohorts.
Besides, our multivariate analysis for OV and DFS in two indepen-
dent gastric cancer cohorts (TCGA_STAD and GEO: GSE62254)
both suggested that lncRNA MAGI2-AS3 was an independent
prognostic marker of gastric cancer (Tables 1 and 2).

As described above, lncRNAMAGI2-AS3 is an EMT-related lncRNA
and is highly co-expressed with the core EMT regulators ZEB1 and
ZEB2 (Figure 3). Given that EMT is an essential process for tumor
118 Molecular Therapy: Nucleic Acids Vol. 19 March 2020
cells to acquire invasion,29 we thought lncRNA MAGI2-AS3 may
play a role in gastric cancer cell migration and invasion. Loss-of-func-
tion and gain-of-function studies in different gastric cancer cell lines
showed that lncRNA MAGI2-AS3 positively regulated the process of
cell migration and invasion in gastric cancer (Figures 4E–4H). These
results strongly indicated that MAGI2-AS3 indeed functioned as an
oncogene in gastric cancer progression.

However, the reason why MAGI2-AS3 are highly co-expressed with
ZEB1 is still unknown. Considering that ZEB1 was a transcription
factor, the first possible reason for explaining the high co-expression



Figure 7. BRD4 Transcriptionally Regulated lncRNA MAGI2-AS3 Expression in gastric cancer

(A) Abundant H3K27Ac marks were observed in the promoter region of MAGI2-AS3 according to the UCSC web server. (B) lncRNA MAGI2-AS3 expression remarkably

decreased in the HGC-27 cells treated with 2.5 mMJQ1 comparedwith negative control. (C) Knockdown efficiency of BRD4 by RNA interference in HGC-27 cell line. (D and E)

Knockdown of BRD4 expression reduced lncRNA MAGI2-AS3 expression (D) and ZEB1 expression (E) in gastric cancer. (F and G) Kaplan-Meier analysis of overall survival

time in the gastric cancer cohort of GSE62254 according to BRD4 (F) and ZEB1 (G) expression levels. (H) Kaplan-Meier analysis of overall survival time in the gastric cancer

cohort of TCGA according to ZEB1 expression. **p < 0.01.
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of ZEB1 and MAGI2-AS3 is that ZEB1 can directly regulate the
expression of lncRNAMAGI2-AS3. However, after analysis of the ge-
netic alterations of ZEB1 gene in TCGA-STAD samples, we noted
that lncRNA MAGI2-AS3 was still highly expressed in some ZEB1
mutant samples (Figure S3). It suggested that the high co-expression
between MAGI2-AS3 and ZEB1 may not be due to ZEB1-regulated
MAGI2-AS3, but MAGI2-AS3-regulated ZEB1, and the subsequent
studies showed that MAGI2-AS3 could positively regulate the expres-
sion of ZEB1 in gastric cancer (Figures 4I and 4H), which further con-
firms our hypothesis.
Subcellular location assay showed that lncRNA MAGI2-AS3 was
mainly located in cytoplasm of gastric cancer cells (Figure 4B). As a
cytoplasm lncRNA, there are only two reasons (the ceRNA mecha-
nism or lncRNA-mRNA interactions) that can be used to explain
how MAGI2-AS3 regulates ZEB1 expression.20,30 Because the inter-
action region between lncRNA MAGI2-AS3 and ZEB1 mRNA could
not mask the binding sites of miR-141 and miR-200a (Figure S2), it is
highly probable that lncRNA MAGI2-AS3 may regulate ZEB1 gene
expression through ceRNA mechanism. Consistent with this infer-
ence, it has been found that the roles of lncRNA MAGI2-AS3 in
Molecular Therapy: Nucleic Acids Vol. 19 March 2020 119
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bladder cancer,10 breast cancer,31 lung cancer,32 and liver cancer33

were achieved through the ceRNA mechanism.

Hence we further predicted probable miRNAs that may interact with
lncRNAMAGI2-AS3 by bioinformatics analysis (Figures 5A and 5B),
given that lncRNA MAGI2-AS3 was negatively correlated with miR-
141 and miR-200a expression in gastric cancer tissues (Figures 5C–
5E). So, we further examined ZEB1 transcripts level and miR-141/
200a-3p expression level in the HGC-27 cells after knockdown of
MAGI2-AS3. The result shows that MAGI2-AS3 negatively regulates
miR-141/200a-3p expression. Besides, the clinical outcome and the
expression patterns of MAGI2-AS3 and miR-141/200a are almost
exactly the opposite (Figures 6A–6H). That is, lncRNA MAGI2-
AS3 positively controls ZEB1 overexpression in gastric cancer
through sponging miR-141/200a-3p. Consistent with this specula-
tion, in the ZEB1 upregulated samples of TCGA,MAGI2-AS3 usually
possessed the highest expression level, accompanying very low
expression levels of miR-141 and miR-200a (Figure S3).

However, the reason why MAGI2-AS3 was overexpressed in gastric
cancer remains unclear. During investigating the function of
MAGI2-AS3 in gastric cancer, we note that there are abundant
H3K27Ac marks existing in the promoter region of MAGI2-AS3 by
using the UCSC web server. As we all know, histone modifications
are an important manner to regulate gene expression. So, we wonder
whether the overexpression of MAGI2-AS3 is related to this modifi-
cation. To verify this possibility, we conducted a series of experiments
in gastric cancer. Both the JQ1 treatment and the BRD4 knockdown
significantly decrease MAGI2-AS3 expression in HGC-27. Besides,
the ZEB1 transcripts in the BRD4 knockdown cells are also reduced.
Additionally, previous studies have proved that BRD4 and ZEB1
function as oncogenic roles in gastric cancer,34,35 whereas miR-141-
3p functions as a tumor suppressor role in gastric cancer.36 Therefore,
we speculate that the overexpression of MAGI2-AS3 in gastric cancer
is caused by overexpression of BRD4. Collectively, our results prove
that BRD4 is a transcriptional regulator of MAGI2-AS3 in gastric
cancer.

Conclusions

Our findings reveal that MAGI2-AS3 is an EMT-related lncRNA, and
overexpression of MAGI2-AS3 predicts a poor prognosis in gastric
cancer. lncRNA MAGI2-AS3 was mainly located in cytoplasm and
promotes tumor progression through sponging miR-141/200a to
maintain overexpression of ZEB1 in gastric cancer. Additionally, we
prove that BRD4 is a transcriptional regulator of MAGI2-AS3 in
gastric cancer. Besides, our results highlight that lncRNA MAGI2-
AS3 might be an ideal therapeutic target in gastric cancer.

MATERIALS AND METHODS
RNA-Seq Data Analysis of Stomach Cancer in TCGA

RNA-seq data of 407 gastric cancer samples, miRNA-seq data of 491
gastric cancer samples, and the correlated clinical information of 443
gastric cancer samples were downloaded from The Cancer Genome
Atlas (TCGA) by using SangerBox software (http://sangerbox.com/)
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developed by ShengXinRen (https://shengxin.ren/). Expression level
per gene was calculated from log2 of its upper quartile Fragments
Per Kilobase of transcript per Million mapped reads (FPKM-UQ)
value. Expression level per miRNA was calculated from log2 of its
TPM (transcripts per million) value.. The genetic alterations and
the mutations of ZEB1 gene in TCGA-STAD samples were analyzed
by using a web-based tool: cBioPortal web server (http://www.
cbioportal.org/).37

Microarray Data Analysis

Public gastric cancer microarray gene profiling datasets used in this
study (GEO: GSE79973, GSE54129, GSE62254, and GSE26595)
were downloaded from the GEO in the NCBI web server. After pass-
ing the quality-control check, the expression values of each GEO da-
taset were normalized using the robust multi-array analysis (RMA).
The RMA normalized expression data were further annotated using
the R package in SangerBox software. The GPL 570 platform file
was used to replace the probe name with corresponding gene name,
which can be downloaded from the GEO dataset. The clinical
information of GSE62254 gastric cancer cohort was obtained as
we described previously.38 The expression data of normal stomach
tissue was obtained from GTEx by using GEPIA web server (http://
gepia.cancer-pku.cn/index.html). Kaplan-Meier survival plot of
overall survival time of gastric cancer in the datasets of GSE22377
and GSE51105 was analyzed by the web tool Kaplan-Meier
Plotter (http://kmplot.com/analysis/index.php?p=service&cancer=
gastric). The possible miRNA families that interacted with lncRNA
MAGI2-AS3 were predicted by miRcode (http://www.mircode.org)
and Annolnc server (http://annolnc.cbi.pku.edu.cn/index.jsp). The
folding energy of the interaction between MAGI2-AS3 and miR-
141/200a was predicted by the RNA22 web server (https://cm.
jefferson.edu/rna22/Interactive/).

Cell Culture, Transfection, and Treatment

The human gastric cancer cell lines (MKN74, MKN45, KATO III,
AGS, and HGC27) and the normal gastric cell line GES-1 were pur-
chased from the Shanghai Cell Bank of Chinese Academy of Sciences
(Shanghai, China). All of the gastric cancer cell lines were cultured in
DMEM containing 10% fetal bovine serum (FBS), 100 U/mL peni-
cillin, 100 U/mL streptomycin, and 0.03% glutamine at 37�C in 5%
CO2. For siRNA transfection: the siRNAs were designed and synthe-
sized by Genepharma (Shanghai, China) and then used to knock
down MAGI2-AS3 and BRD4 expression in HGC-27 (si-MAGI2-
AS3#2: 50-CCTTCACACTTCCTGCTAT-30, si-MAGI2-AS3#3: 50-
CCACAGACACUUAACACAA-30, si-BRD4#1: 50-AGCUGAACC
UCCCUGAUUA-30; si-BRD4#2: 50-UAAAUGAGCUACCCACA
GA-30, si-BRD4#3: 50-CGGAGCCCAAGACCACCAA-30; si-NC:
50-UUCU-CCGAACGUGUCACGU-30). gastric cancer cells were
grown in six-well plates and transfected by Lipofectamine 2000 (Invi-
trogen) according to the manufacturer’s instructions. At 48 h post-
transfection, cells were harvested for qPCR analysis. For lncRNA
MAGI2-AS3 overexpression, full-length cDNA of MAGI2-AS3
(NR_038346) was linkage into pcDNA3.1 vector. The recombinant
vector and empty vector were transfected into gastric cancer cells
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using Lipofectamine 3000 (Invitrogen) according to the manufac-
turer’s instructions. For JQ1 treatment, HGC-27 cells were seeded
overnight at 1 � 105 cells/well of a six-well plate. The next day, me-
dium was changed and HGC-27 growing cells were treated with
2.5 mM JQ1 (Selleck Chemicals) and DMSO. After 24 h, cells were
harvested for qPCR analysis.

Wound Healing Assay, Cell Migration, and Invasion Assay

For wound healing assay, cells were seeded in individual wells of a
six-well culture plate. Transfection was performed as above. Before
transfection, a sterile 100-mL pipette tip was used to longitudinally
scratch a constant-diameter stripe in the confluent monolayer.
The medium and cell debris were aspirated away and replaced
with 2 mL of fresh medium. Photographs were taken at 0 and
48 h after wounding. For statistical analysis, 10 randomly selected
fields along each wound were marked, the area of the wound was
measured, and the average was calculated as the wound area of
this wound. The cell suspension was prepared by digesting the
cultured cells with trypsin, washing twice with serum-free medium,
grinding the cells into a single-cell suspension, and adjusting the cell
concentration to 1 � 105 cells/mL.

For Transwell assay, the upper chamber was placed into a 24-well
plate containing 500 mL of medium containing 20% FBS. A cell sus-
pension (200 mL) was added to the upper chamber of the Transwell
module and incubated for 16 h at 37�C in 5% CO2. The Transwell
module was then washed twice with PBS and fixed with pre-chilled
methanol for 10 min at �20�C. The upper chamber of the Trans-
well module was washed twice with PBS. The cells remaining on
the top surface of the upper chamber were removed with a wet cot-
ton swab. The upper chamber was then washed three times with
PBS and air-dried at the inverted position. The chamber membrane
was stained with a 0.1% crystal violet staining solution at 500 mL per
well for 30 min at 37�C, washed three times, and air-dried. The cell
migration rate through the Transwell membrane was measured by
eluting the crystal violet stained on the Transwell with 33% acetic
acid and measuring the optical density (OD) 570 nm value of the
eluate by a microplate reader. The cell invasion rate through the
Transwell membrane, which has been incubated with Matrigel in
the upper chamber side of the membrane, was measured by eluting
the crystal violet stained on the Transwell with 33% acetic acid and
measuring the OD 570 nm value of the eluate by a microplate
reader.

Subcellular Location of lncRNA MAGI2-AS3

HGC-27 cells were seeded in individual wells of a six-well culture
plate and cultured in DMEM containing 10% fetal bovine serum
(FBS), 100 U/mL penicillin, 100 U/mL streptomycin, and 0.03%
glutamine at 37�C in 5% CO2. The next day, when the cell plating
density reached 80%–90%, cells were harvested for isolation of cyto-
plasm and nuclear using the Nuclear/cytoplasmic separation kit
(BB-36021-2; BestBio, China) according to the manufacturer’s in-
structions. The obtained cytoplasmic components and cytoplasmic
components were added to 500 mL of TRIzol and then extracted
RNA using TRIzol reagent (Invitrogen, USA) according to the man-
ufacturer’s instructions. For qRT-PCR, 1 mg of cytoplasm RNA and
1 mg of nuclear RNA were reversed to obtain cDNA using the
PrimeScript RT reagent kit (Perfect Real Time, Takara). Relative
fold changes of gene expression were calculated using the compara-
tive DCt method. The primers for quantitation of GAPDH and
lncRNA MALAT-1 transcripts level were listed below: GAPDH qF,
50-TCACCAGGGCTGCTTTTA-30, qR, 50-AAGGTCATCCCTGA
GCTGAA-30; MALAT1 qF, 50-AAAGCAAGGTCTCCCCACA
AG-30, qR, 50-GGTCTGTGCTAGATCAAAAGGCA-30. Each gene
was run in triplicate with different cDNAs synthesized from three
biological replicates.

qRT-PCR

Total RNAwas extracted using TRIzol reagent (Invitrogen, USA). For
detection of the mRNA level by real-time qPCR, reverse transcription
was performed to obtain cDNA using the PrimeScript RT Reagent Kit
(Perfect Real Time, Takara). The mRNA expressions of MAGI2-AS3,
BRD4, and ZEB1 were determined by using the specific primers
synthesized by Wcgene Biotech (Shanghai, China): MAGI2-AS3 qF,
50-tgggtctgtgcagagttgag-30, qR, 50-agggagtctaggccccttct-30; BRD4 qF,
50-gtggtgcacatcatccagtc-30, qR, ttgacttcggagccatctct-30; ZEB1 qF, 50-
ACCTCTTCACAGGTTGCTCCT-30, qR, 50-AGTGCAGGAGCTG
AGAGTCA-30; ACTIN qF, 50-ATCGTCCACCGCAAATGCTT
CTA-30, qR, 50-AGCCATGCCAATCTCATCTTGTT-30. For detec-
tion of the mature miRNAs level by qRT-PCR, we used miRNA-
specific stem-loop primers to obtain cDNA using the PrimeScript
RT reagent Kit (Perfect Real Time, Takara). For miR-141-3p
stem-loop reverse primer: 50-GTCGTATCCAGTGCGTGTCGT
GGAGTCGGCAATTGCACTGGATACGACCCATCTT-30; miR-
141-3p qPCR primer qF: 50-ggggTAACACTGTCTGGTAA
AG-30; for mir-200a-3p stem-loop reverse primer: 50-GTCGTAT
CCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGA
CAC ATCGT-30; qPCR primer qF: 50-gggTAACACTGTCT
GGTAACG; the universal primer qR: 50-CAGTGCGTGT
CGTGGAGT-30; U6 qF: 50-CTCGCTTCGGCAGCACA-30; U6 qR:
50-AACGCTTCACGAATTTGCGT-30. Each gene was run in tripli-
cate with different cDNAs synthesized from three biological repli-
cates. Relative fold changes of gene expression were calculated using
the comparative DDCt method.

Statistical Analysis

For gene expression analysis of different subtypes of gastric cancer,
the p values were estimated using Mann-Whitney nonparametric
test. R values of co-expression were calculated using Pearson’s prod-
uct-moment correlation coefficient. Survival curves were calculated
using the Kaplan-Meier method, and differences between the curves
were analyzed using the log rank test. A Cox proportional hazards
model was used for multivariate survival analysis. All of the rest
of the experiments used unpaired t test or one-way ANOVA test.
For in vitro experiments, a minimum of triplicates per group and
repetition of at least three times was applied to achieve reproduc-
ibility. All tests with p values less than 0.05 were considered statis-
tically significant.
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