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Abstract
Background: Aberrant expression of long noncoding RNAs (lncRNAs) is associated with the progression
of human cancers, including gastric cancer (GC). The function of lncRNA DLGAP1-AS2, as an oncogene,
has been identi�ed in glioma, hepatocellular carcinoma, and cholangiocarcinoma but not in other
malignancies. Therefore, this study was aimed to explore the association of DLGAP1-AS2 with gastric
tumorigenesis and beyond.

Methods and Results: The expression level of DLGAP1-AS2 was prevaluated in GC datasets from Gene
Expression Omnibus (GEO). Moreover, qRT-PCR experiment was performed on 25 paired GC and adjacent
normal tissue samples. The Cancer Genome Atlas (TCGA) data were also analyzed for further
validations. Consistent with data obtained from GEO datasets, qRT-PCR results revealed that DLGAP1-AS2
was signi�cantly (p < 0.0032) upregulated in GC specimens compared to normal samples, which was
additionally con�rmed using TCGA analysis (p<0.0001). DLGAP1-AS2 expression level was also
correlated with age (p =0.0008), lymphatic and vascular invasion (p =0.0415) in internal samples. Also, a
signi�cant correlation was found between DLGAP1-AS2 and YAP1 expression, as its valid downstream
target, in GC samples. Besides, analysis of other prevalent tumor entities using TCGA illustrated the
signi�cant overexpression of DLGAP1-AS2 in lung, colorectal, and prostate cancers, further indicating its
promise as an oncogene. Moreover, ROC curve analysis showed the high accuracy of the DLGAP1-AS2
expression pattern as a diagnostic biomarker for gastric and colorectal cancers.

Conclusion: Our �ndings indicated that DLGAP1-AS2 might display oncogenic property in gastric
tumorigenesis and be suggested as a therapeutic and diagnostic target.

1. Introduction
Gastric cancer (GC), also known as stomach cancer, is a major human health problem, with over one
million new cases reported worldwide each year [1, 2]. Although the GC incidence has been decreased
recently, it remains the �fth most frequently diagnosed malignancy and accounts for the third cause of
cancer-related death in the world [3, 4]. The GC cases are often diagnosed at an advanced stage, in which
the surgery is not recommended, and the e�cacy of treatment options, including chemotherapy and
radiotherapy, are limited [5–7]. GC is a multifactorial disease in which genetic, epigenetic, and
environmental factors have been identi�ed to participate in GC development [8, 9].

Long non-coding RNAs (lncRNAs) are transcripts with lengths exceeding 200 nucleotides play a role in
gene expression regulation [10]. A growing body of evidence has revealed that the aberrant expression of
lncRNAs is involved in tumorigenesis, progression, and metastasis in numerous cancers, including GC
[11–14]. Some lncRNAs such as PCAT18 and lINC01133 have low cont in GC patients; however, H19,
CCAT1, and GHET1 are abundantly transcribed in GC samples [15–20]. Many studies have provided
evidence indicating that several lncRNAs function as an oncogene or tumor-suppressor in GC [21, 15, 19,
22]. Besides, some lncRNAs have been revealed as potential biomarkers for GC diagnosis [23–25].
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Further investigations of lncRNAs might help elucidate the molecular mechanisms involved in GC and
provide clues that may help clinical application of lncRNAs in GC diagnosis [21].

Cytoplasmic lncRNA DLGAP1 antisense RNA 2 (DLGAP1-AS2), localized on human chromosome
18p11.31, is transcribed in the antisense of the DLGAP1 gene. The DLGAP1-AS2 function has been
recently identi�ed in glioma, hepatocellular carcinoma (HCC), and Cholangiocarcinoma (CCA)
progression. However, little is known about tumorigenesis-related function of DLGAP1-AS2 [26–28]. To
the best of our knowledge, the role of the DLGAP1-AS2 in GC progression has not been studied thus far.
Therefore, we aimed to study the association of DLGAP1-AS2 with gastric tumorigenesis. In this regard,
we initially analyzed microarray datasets from the Gene Expression Omnibus database (GEO) to evaluate
the DLGAP1-AS2 expression level in GC samples. Subsequently, the outcomes were validated in GC and
paired normal tissue samples and datasets from The Cancer Genome Atlas- Stomach Adenocarcinoma
(TCGA-STAD) database. Also, the correlations between DLGAP1-AS2 expression level and
clinicopathological features were analyzed.

2. Material And Methods

2.1. In-silico investigation of DLGAP1-AS2 expression using
the GEO database
We �rst analyzed microarray expression datasets from the GEO (http://www.ncbi.nlm.nih.gov/geo/)
database to identify the DLGAP1-AS2 expression level in GC compared to normal tissues. Three datasets
were retrieved, including GSE79973 (10 GC and 10 paired normal tissues), GSE19826 (12 GC and its 12
adjacent noncancer tissues), and GSE54129 (111 GC tissues and 21 noncancerous gastric tissues).
Differentially expressed genes between gastric tumors and noncancerous gastric samples were obtained
using GEO2R available at http://www.ncbi.nlm.nih.gov/geo/geo2r/.

2.2. Sample preparation
After written informed consent, twenty-�ve GC samples and paired non-tumoral adjacent tissues were
obtained from the Iranian tumor bank (Tehran, Iran). Tissue samples were stored in liquid nitrogen until
RNA extraction. The enrolled subjects received no radiotherapy and chemotherapy before the surgery.
Clinicopathological and epidemiological data assessed for this study include gender, age, tumor size,
primary tumor site, lymphatic invasion, histological grade, perineural, serosal and vascular invasion,
clinical-stage, smoking status, and GC family history.

2.3. RNA extraction and cDNA synthesis
Tissue specimens were ground in liquid nitrogen using a mortar and pestle, afterward transferred into the
lysis buffer, and homogenized with a needle and syringe. The total RNA was isolated using the AllPrep
DNA/RNA Kit (Germany, Qiagen) according to the manufacturer’s protocol. The concentration and quality
of the RNA samples were calculated by NanoDrop spectrophotometer (ThermoFisher Scienti�c Life
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Sciences, USA). The 1% agarose gel electrophoresis was carried out to assess the integrity of RNA. cDNA
was synthesized from 1 µg of total RNA using the PrimeScriptTM RT Reagent Kit (TaKaRa Bio, Japan) in
a �nal volume of 20 ml according to the manufacturer’s instruction.

2.4. Quantitative real-time PCR (qPCR)
qPCR was performed using the BioFACT™ 2X Real-Time PCR Master Mix (Korea) and gene-speci�c primer
sets in a 10 ml total reaction volume. qPCR was done by Step One Plus Real-Time PCR System (Applied
Biosystems, USA) in three steps as follows: initial denaturing at 95°C for 15 min, 45 cycles of
denaturation at 95°C for 10 s; primer annealing temperature at 60°C for 30 s; and elongation at 72°C for
20 s. Melting curves were obtained at the end of each run. GAPDH gene was used as a reference gene for
data normalization. The 2−ΔΔCt method was used to calculate the relative expression level of DLGAP1-AS2
between groups. Table 1 summarizes primer sequences.

Table 1
Primer sequences used for qPCR.

Target Forward (5′ – 3′ direction) Reverse (5′ – 3′ direction)

DLGAP1-AS2 CTAACTCCTGCCAACATCGT CCTTTGTAAGAATCCACTTCAA

GAPDH AAGGTGAAGGTCGGAGTCAAC GGGGTCATTGATGGCAACAA

2.5. Data Validation using TCGA datasets
In order to con�rm the GEO datasets results and qPCR analysis in GC internal samples, The Cancer
Genome Atlas- Stomach Adenocarcinoma (TCGA-STAD) database was analyzed. RNAseq gene
expression data were retrieved from the UCSC Xena Functional Genomics Explorer [29] and analyzed.
Furthermore, using TCGA-STAD dataset Kaplan-Meier survival analysis was performed to determine the
relevance of DLGAP1-AS2 expression with the overall survival (OS) of GC patients. Also, the expression
levels of DLGAP1-AS2 in other common cancers entities, including breast, lung, colorectal and prostate
cancers, were evaluated. ROC analysis was performed to evaluate the potential of DLGAP1-AS2
expression as a diagnostic biomarker for distinguishing GC and normal cases.

2.6 Statistical analysis
GraphPad 6 Prism was applied to analyze the qPCR results and datasets and draw the graphs. Paired
and unpaired t-test and Mann-Whitney test were performed to statistically analyze differences of
DLGAP1-AS2 expression level between groups. All data are presented as mean ± SEM (standard error of
the mean). A value of P < 0.05 was considered to be signi�cant.

3. Results

3.1. DLGAP1-AS2 high levels in GC samples retrieved from
GEO
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We initially analyzed microarray datasets from the GEO to evaluate the DLGAP1-AS2 expression levels in
GC samples compared to normal gastric tissues. As shown in Fig. 1, all the GSE79973, GSE19826, and
GSE54129 datasets were in line with each other and revealed that DLGAP1-AS2 is signi�cantly
upregulated (p < 0.05, p < 0.01 and p < 0.0001, respectively) in GC samples compared to normal ones;
indicating its signi�cance through gastric tumorigenesis.

3.2. DLGAP1-AS2 upregulation in internal GC samples
We performed a qPCR experiment using the 25 GC tissue samples and 25 paired noncancerous gastric
tissues. The qPCR analysis data revealed that DLGAP1-AS2 was signi�cantly upregulated (p < 0.0032) in
GC tissue specimens compared to paired normal samples (Fig. 2), which con�rmed the results obtained
from GEO datasets.

The correlation between the expression level of DLGAP1-AS2 and clinicopathological features in GC
patients was analyzed. There was no correlation between DLGAP1-AS2 expression level and gender,
tumor size, primary tumor site, histological grade, perineural and serosal invasion, clinical-stage, smoking
status, and GC family history (Table 2). Interestingly, the relative expression level of DLGAP1-AS2 was
signi�cantly correlated with age (p = 0.0008) (Fig. 3a), and lymphatic and vascular invasion (p = 0.0415)
(Fig. 3b).
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Table 2
The correlations between DLGAP1-AS2 expression and

clinicopathological features in GC patients.
Properties No. of cases (%) p-value

DLGAP1-AS2

Age    

< 60 12 (48%) 0.0008

>=60 13 (52%)

Gender    

Male 21 (84%) 0.3560

Female 4 (16%)

primary tumor site    

Gastric Cardia 4 (16%) 0.3430

Antrum 5 (20%)

Stomach 16 (64%)

Tumor size (cm)    

< 5 11 (44%) 0.8700

≥ 5 12 (48%)

Unknown 2 (8%)

Histology grade    

I, II 17 (68%) 0.2303

III, IV 8 (32%)

Lymphatic invasion    

Yes 19 (76%) 0.0415

No 6 (24%)

Vascular invasion    

Yes 19 (76%) 0.0415

No 6 (24%)

Serosal invasion    

Yes 14(56%) 0.1270
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Properties No. of cases (%) p-value

DLGAP1-AS2

No 11(44%)  

Perineural invasion    

Yes 16 (64%) 0.1928

No 9 (36%)

Clinical Stage    

I, II 9 (36%) 0.0640

III, IV 16 (64%)

Family history    

Yes 9 (36%) 0.7671

No 16 (64%)

Smoking    

Yes 14 (56%) 0.5899

No 11 (44%)

3.3. Validation of DLGAP1-AS2 overexpression in TCGA-
STAD dataset
The TCGA-STAD database was also analyzed to con�rm the results obtained from the GEO datasets and
qPCR experiment. Overall, DLGAP1-AS2 expression was analyzed in 375 GC and 32 normal samples. The
data from TCGA-STAD analysis demonstrated that DLGAP1-AS2 is signi�cantly overexpressed (p < 
0.0001) in GC samples compared to normal specimens (Fig. 4a). Kaplan–Meier survival analysis of GC
patients further revealed no association between survival with the DLGAP1-AS2 expression level (p = 
0.8172) (Fig. 4b). Moreover, as illustrated in Fig. 4c, DLGAP1-AS2 expression possesses the potential as a
diagnostic target for distinguishing GC and normal samples with the AUC up to 0.89 (p < 0. 0001).

3.4. DLGAP1-AS2 expression was correlated with YAP1
levels in GC samples
We further analyzed the association of DLGAP1-AS2 expression with YAP1 (Yes1 Associated
Transcriptional Regulator) levels, as its valid downstream mediator, in GC patient’s cohort from TCGA
dataset. As shown in Fig. 5, Pearson's correlation analysis revealed a signi�cant (p < 0.0001) positive
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correlation between DLGAP1-AS2 and YAP1 expression in GC samples (r = 0.2623), which suggested that
DLGAP1-AS2 may be involved in gastric tumorigenesis through modulating YAP1 expression.

3.5. DLGAP1-AS2 expression levels in other prevalent
cancers
Considering that the involvement in DLGAP1-AS2 dysregulation hasn’t been investigated in a wide array
of human malignancies, its expression levels were evaluated in other common cancer entities using
TCGA. The obtained results (Fig. 6a) illustrated that despite no signi�cant difference in breast cancer
samples, DLGAP1-AS2 exhibits high levels of expression in lung adenocarcinoma (p < 0.0001), colorectal
(p < 0.0001), and prostate (p < 0.05) cancers compared to normal samples. Besides, as illustrated in
Fig. 6b, ROC curve analysis showed a high diagnostic value of DLGAP1-AS2 colorectal cancer as well (p < 
0.0001, and AUC = 0.95); suggesting its great promise as a diagnostic marker for gastrointestinal
malignancies.

4. Discussion
Despite the decreased incidence of GC, it is still a major human health concern. Exploration of pathogenic
molecular mechanisms underlying GC is still needed for early detection of GC and decline its mortality
rates [30]. Since lncRNAs are involved in gene regulation, they have received increasing attention recently
[21]. Additionally, aberrant expression of lncRNAs is associated with the development and progression of
numerous cancers, including GC [21, 24].

Accordingly, to study the association of DLGAP1-AS2 with gastric tumorigenesis, we �rst analyzed
microarray expression datasets from the GEO database to evaluate the DLGAP1-AS2 expression level in
GC and normal tissues. DLGAP1-AS2 expression was found to be elevated in GC cases compared to
normal samples. Also, the qPCR analysis data revealed that DLGAP1-AS2 was signi�cantly upregulated in
GC tissue specimens compared to paired normal samples. Another layer of con�rmation came from
analyzing the TCGA-STAD dataset. An interesting and unexpected �nding was the negative correlation
between DLGAP1-AS2 expression level and the patients' age, which is controversial and needs further
investigation. Also, the relative expression level of DLGAP1-AS2 in GC tissue samples was signi�cantly
correlated with lymphatic and vascular invasion. Therefore, our �ndings indicate that the DLGAP1-AS2
overexpression might be associated with GC progression and metastasis and suggest the possible
oncogenic role of DLGAP1-AS2 in GC as well.

Additionally, further analysis DLGAP1-AS2 expression in other prevalent malignancies using TCGA,
illustrated this lncRNA is also upregulated in breast, colorectal, and prostate cancer specimens compared
to normal samples, indicating a promising role of DLGAP1-AS2 as an oncogene through tumorigenesis of
human cancers. In line with our �ndings, Liu et al. observed the up-regulation of DLGAP1-AS2 in CCA cell
lines. Additionally, they found that DLGAP1-AS2 contributes to CCA progression by modulating the miR-
505/GALNT10 cascade [28]. Recently the overexpression of DLGAP1-AS2 and down-regulation of miR-
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154-5P was observed in patients with HCC. Further investigations identi�ed that DLGAP1-AS2 knockdown
in HCC cells resulted in decreased methylation and overexpression of miR-154-5p, consequently inhibition
of HCC cell invasion and migration. Therefore, these �ndings provided clues that DLGAP1-AS2 might play
a role as an oncogene in HCC [27]. Miao et al. found that DLGAP1-AS2 was overexpressed in glioma
patients. They revealed that DLGAP1-AS2 depletion in glioma cells promoted cell apoptosis and inhibited
cell proliferation as well as cell migration, which consequently attenuated the progression of glioma. Also,
YAP1 expression was downregulated in these cells. Thereby, YAP1 was considered a downstream target
of DLGAP1-AS2 and appears to play a biological role in glioma progression. These �ndings thus support
the view that DLGAP1-AS2 might function as an oncogene in glioma progression [26]. Several lines of
evidence from different studies have identi�ed YAP1 as an oncogene in numerous cancers. Besides,
overexpression of YAP1 has been identi�ed in GC. Further investigations have revealed that up-regulation
of YAP1 could promote cell proliferation, growth, and migration in GC and associates with the
progression and lymph node metastasis of GC as well. Consequently, these �ndings demonstrate that
YAP1 functions as an oncogene in GC [31–35].

It is noteworthy that we found a signi�cant correlation between DLGAP1-AS2 and YAP1 expression in
TCGA dataset by Pearson’s correlation analysis. According to the previous studies and the correlation
between DLGAP1-AS2 and YAP1 expression, YAP1 might be the downstream target of DLGAP1-AS2 in GC
progression and invasion. Further investigations are required to identify the molecular mechanisms by
which DLGAP1-AS2 contributes to the GC progression. According to the ROC curve analysis, DLGAP1-AS2
overexpression may be suggested as a potential diagnostic target for discriminating GC and normal
cases (p < 0. 0001, AUC = 0.8920).

5. Conclusion
In conclusion, our results revealed that the aberrant overexpression of DLGAP1-AS2 might be associated
with GC progression and metastasis and suggest the possible oncogenic role of DLGAP1-AS2 in GC as
well. Also, YAP1 might be the downstream target of DLGAP1-AS2 in GC progression and lymphatic and
vascular invasion. According to the ROC curve analysis, DLGAP1-AS2 may be suggested as a potential
diagnostic target for GC. Also, our results illustrated overexpression of DLGAP1-AS2 in other prevalent
malignancies, including lung, colorectal, and prostate cancers. However, further investigations could
elucidate the molecular mechanisms by which DLGAP1-AS2 participates in tumorigenesis and provide
clues that may help its clinical application.
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Figures

Figure 1

Investigation of DLGAP1-AS2 expression applying three GEO datasets in GC and normal cases (a)
GSE79973, (b) GSE19826, and (c) GSE54129. *p <0.05, **p < 0.01, and ****p < 0.0001.
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Figure 2

q-PCR analysis of DLGAP1-AS2 expression applying control tissue specimens (N = 25) and gastric
carcinoma cases (N = 25); p = 0.0032.



Page 16/19

Figure 3

a) The correlations between DLGAP1-AS2 expression and GC patients age (***p =0.0008). b) Lymph node
status in GC tissue specimens (*p =0.0415).
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Figure 4

a) The validation of DLGAP1-AS2 overexpression in TCGA-STAD dataset; ****p < 0.0001. b) Comparison
of the DLGAP1-AS2 overexpression and survival distribution (p = 0.8172). c) ROC curve analysis for
DLGAP1-AS2 overexpression was used to differentiate between GC and normal cases (p < 0.0001, and
AUC=0.8920).
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Figure 5

The correlation between DLGAP1-AS2 and YAP1 expression levels was analyzed using TCGA-STAD
patient cohort.



Page 19/19

Figure 6

DLGAP1-AS2 status in other prevalent cancer entities using TCGA. a) DLGAP1-AS2 expression levels were
analyzed in breast, lung, colorectal and prostate cancers. b) ROC curve analysis was performed.
****p<0.0001, *p<0.01, ns = non-signi�cant.


