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Introduction: Long non-coding RNAs (IncRNAs) regulate and influence cancer cell
development and tumor formation. However, the role for IncRNAs in gastric cancer has not
been fully established. In this study, DGCRY, a IncRNA, was significantly upregulated in gastric
cancer cell lines.

Methods: The expression levels of DGCRY in each patient between formalin-fixed, paraffin-
embedded (FFPE) gastric cancer tissues and adjacent noncancer tissues (NAT) (n=102) were
measured by quantitative reverse-transcription polymerase chain reaction (QRT-PCR). The effect
of DGCRY on cellular proliferation, migration, and glucose uptake was investigated in vitro,
respectively.

Results: DGCRY was shown to have increased expression in gastric cancer tissues and in
gastric cancer cell lines. Further, DGCRY9 was found to be associated with clinicopathological
characteristics of patients with gastric cancer. In particular, DGCR9 was positively associated
with lymph node invasion and tumor-node-metastasis (TNM) stage in gastric cancer patients.
By in vitro functional analysis, knockdown of DGCRY in gastric cancer cells suppressed cellular
proliferation, migration, and glucose uptake. In contrast, overexpression of DGCRY increased
each of these cancer cell characteristics.

Conclusions: DGCRY was upregulated in gastric cancer tissues and was shown to acceler-
ate cellular proliferation, migration, and glucose metabolism, all of which would promote the
formation and development of gastric cancer.

Keywords: long noncoding RNA, DGCRY, gastric cancer, proliferation, migration, glucose

metabolism

Introduction

Gastric carcinoma, 1 of the top 5 digestive system neoplasms, is a major cause of
cancer mortality worldwide."? In recent years, combined treatments, including surgery,
chemotherapy, radiotherapy, and molecular targeted therapy, for gastric cancer have
been developed and continuously improved.>* Even with these multiple treatments
and with early detection, prognosis for patients with advanced gastric carcinoma is
still poor.>!® Hence, understanding the molecular process of cancer development and
the involvement of novel molecules in that process is essential for a full appreciation
of the molecular mechanisms that result in gastric cancer.

RNA transcripts, longer than 200 nucleotides that lack translated open reading
frames, are defined as long noncoding RNAs (IncRNAs).!'2 Many IncRNAs have
been associated with tumors and have been shown to influence tumor occurrence
by either transcriptional regulation or posttranscriptional processing.!>!5 Several
IncRNAs have been shown to contribute to hallmark characteristics of cancer cells
including proliferation, angiogenesis, and unregulated growth.'® Dysregulation
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of IncRNAs has been demonstrated in multiple cancer cell
types.'”!8 For example, the IncRNA MALATI is associated
with cellular metastasis,'® proliferation, angiogenesis, and
apoptosis.’*2? Likewise the IncRNA CASC9, promotes
nasopharyngeal carcinoma by regulating HIF-10..*> The
importance of IncRNAs in tumor progression has been
demonstrated previously.?*

To study the roles of IncRNAs in gastric cancer, we first
screened the high-expressed IncRNAs in gastric associated-
IncRNA microarray database (GSE96856, www.ncbi.nlm.
nih.gov/geo/query/acc.cgi?acc=GSE96856). Then, we used

GO/Pathway analysis to further clarify the possible func-
tions and mechanisms of the IncRNAs. Finally, DiGeorge
syndrome critical region gene 9 (DGCR9) was selected as
the candidate. DGCRY gene is located at position 22q11.21.%
In this investigation, the microarray database determination
was confirmed. Further, DGCR9 was demonstrated to be
upregulated in gastric cancer, to be involved in cell prolifera-
tion and migration, and to affect glucose metabolism. These
results suggest a key role for DGCRY in gastric cancer. To the
best of our knowledge, this is the first report demonstrating
a role for DGCRS in cancer.

Materials and methods

Clinical specimens

Formalin-fixed, paraffin-embedded (FFPE) gastric cancer
tissues and adjacent noncancer tissues (NAT) were obtained
from 102 patients who underwent primary gastric cancer
resection between November, 2016 and January, 2017 at the
Ningbo Pathological Diagnosis Center in People’s Republic
of China. The diagnosis of gastric cancer was confirmed by
2 experienced pathologists. Based on the Seventh Edition
of the American Joint Committee on Cancer, clinicopatho-
logical characteristics, including gender, age, tumor size,
lymph node invasion, differentiation, and TNM stage, were
collected. The study was approved by the Research Ethics
Committee of the Affiliated Hospital of Ningbo University
School of Medicine. All patients provided written informed
consent documents for this study.

Total RNA extraction

Total RNA was extracted from FFPE gastric cancer and NAT
by use of an FFPE RNA Kit (Omega, Norcross, GA, USA),
according to the manufacturer’s instructions. TRIzol reagent
(Ambion, Carlsbad, CA, USA) was used to extract RNA from
cells as described by the manufacturer. RNA concentrations
were measured with a DS-11 spectrophotometer (Denovix,
Wilmington, DE, USA).

Reverse transcription (RT)

The GoScript Reverse Transcription System (Promega,
Madison, WI, USA) was used to synthesize cDNAs. RT
reactions in 20 L were incubated for 60 min at 42°C, 10 min
at 75°C, and then stabilized at 4°C.

Real-time quantitative reverse-

transcription polymerase chain reaction
(qQRT-PCR)

For qRT-PCR, 5 uL of diluted RT products were mixed with
12.5 uL of GoTaq qPCR Master Mix kit (Promega, Madison,
WI, USA), 1 uL forward and reverse primers, and 5.5 uL
of nuclease-free water to a final volume of 25 pL. B-actin
was used as a control. PCR primers used were as follows:
DGCRY forward, 5-TAGCATGGCCAGGTATGCAC-3,
reverse, 5’-TGCGAATCCCAAAGCTGTCA-3’; B-actin
forward, 5"~ AAGGTGACAGCAGTCGGTTG-3’; reverse,
5’-AAGGTGACAGCAGTCGGTTG-3". An Mx30005P
(Stratagene-Agilent, Santa Clara, CA, USA) was used for
measurement. The expression of DGCRS5 was calculated
using the AC, method; with lower AC, values indicating
higher expression.

Cell culture

Human gastric cancer cell lines, AGS, MGC803, HGC27,
and SGC7901, as well as the normal gastric epithelial cell
line GES-1, were purchased from the Shanghai Institutes
for Biological Sciences, Chinese Academy of Sciences
(Shanghai, People’s Republic of China). Cells were cul-
tured in Roswell Park Memorial Institute (RPMI) 1640
medium (Hyclone, GE Healthcare Life Sciences, Logan,
UT, USA) supplemented with 10% fetal bovine serum (FBS;
PAN-Biotech, Adenbach, Germany) and 1% penicillin—
streptomycin in a CO, incubator at 37°C and 5% CO,,.

siRNA transfection

The siRNA targeting DGCRO (Si-DGCR9) was designed and
synthesized by GenePharma, Shanghai, People’s Republic
of China. The sequence of DGCR9 SiRNA was as follows:
sense: 5'-GCUGGGAGGGACAUACUUUTT-3" and
antisense: 5-AAAGUAUGUCCCUCCCAGCTT-3". The
negative control missense siRNA (Si-NC) sequence was as
follows: sense: 5’-UUCUCCGAACGUGUCACGUTT-3’
and antisense: 5-ACGUGACACGUUCGGAGAATT-3".
Gastric cancer cells were cultured in 6-well plates to
70%-90% confluence and then transfected with siRNA
and Lipofectamine 3000 (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer’s instructions. Cells were
harvested 48 h after transfection.
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Lentiviral transfection

The overexpressing lentivirus (LV5-DGCR9) and the control
virus (LV5-NC) were purchased from Shanghai GenePharma
Co., (Shanghai, People’s Republic of China). The MGC803
and AGS cells were transfected by LV5-DGCRY or LV5-NC
for 48 h at a multiplicity of infection of 30. To stabilize
transfection, cells were treated with puromycin (0.5 pg/mL)
for 1 week. After screening, those cells expressing green
fluorescent protein were considered LV-DGCRG and LV-NC.
Transfection efficiency was confirmed by qRT-PCR and
fluorescence microscopy.

CCK-8 assay

Gastric cancer cells were seeded into 96-well plates at a
density of 3x10° cells per well and cultured at 37°C. At 0,
24, 48,72, and 96 h; 10 uL of CCK-8 (Dojindo Molecular
Technologies, Kumamoto, Japan) was added to each well
and incubated for 3 h at 37°C. Measurements were made at
450 nm with a microplate reader.

Wound healing assay

Cells were seeded at 5x10° cells/well in 6-well plates and
cultured until they reached confluency. The cell monolayer
was removed by abrasion with a 200 pL pipette tip. The cells
were washed twice with PBS to remove floating cells and then
2 mL of RPMI 1640 medium supplemented with 1% FBS was
added to each well. Cells were immediately photographed
at 0 h and then again at 48 h. The area into which the cells
migrated was measured using Image Pro Plus v6.0 software
package (Media Cybernetics Inc., Bethesda, MD, USA).

Colony formation assay

For the colony formation assay, gastric cancer cells were
seeded into 6-well plates at a density of 500/well and cultured
in RPMI 1640 medium containing 10% FBS for 2 weeks.
After washing with PBS 3 times, the colonies were fixed
in 4% paraformaldehyde for 30 min and stained with 0.1%
crystal violet at room temperature for 30 min.

Transwell migration assay

The migration assay was performed with 24-well Transwell
chambers (Costar, Corning, NY, USA). Cells (8x10*) were
suspended in 200 pL of RPMI 1640 without FBS and
seeded into the upper chamber. Then, 500 uL of medium
containing 10% FBS was added to the lower chamber.
Cells were incubated for 24 h at 37°C and 5% CO,, and
then fixed with 4% paraformaldehyde, stained with 0.1%
crystal violet, and counted with a light microscope at 100x
magnification.

Glucose uptake assay

Glucose uptake was measured with a Glucose Test Kit
(Nanjing Jiancheng Bioengineering Institute, Nanjing,
People’s Republic of China). Cells were seeded in 6-well
plates at a density of 3x10° cells/well in complete culture
medium. A day later, the medium was replaced with phenol
red-free, Dulbecco’s Modified Eagle’s Medium (1,000 mg/L
glucose) supplemented with 10% FBS and antibiotics. The
medium at 0 h was collected as background and the medium
at 48 h was assessed for glucose concentration. The glucose
concentration was normalized to total protein as measured by
the BCA assay. Glucose uptake = (background concentration —
reading concentration)/protein concentration.

Statistical analysis

Data analysis was performed with SPSS 20.0 software (IBM
Corporation, Armonk, NY, USA) and GraphPad Prism 6.0
(GraphPad Software, La Jolla, CA, USA). Association of
DGCRS expression level with FFPE gastric cancer and
NAT was calculated by paired #-test. The }* test was used
to analyze the associations between clinicopathological
characteristics and DGCRS5 expression. P-values less than
0.05 were considered statistically significant.

Results
Upregulation of DGCR9 in gastric

cancer tissues and cell lines

To investigate the association of DGCR9 with gastric
cancer, qRT-PCR was used to assess DGCR9 expres-
sion in 102 paired FFPE gastric cancer tissues and NAT.
DGCRY expression was significantly increased in gastric
cancer tissues compared to NAT (Figure 1A). DGCR9
also showed a higher expression in gastric cancer cell
lines (HGC27, AGS, MGC803, and SGC7901) than that in
the normal gastric epithelial cell line GES-1 (Figure 1B).
Receiver operating characteristic curve analysis was used
to evaluate the potential gastric cancer by using DGCRO.
DGCR9 showed potential predictive value with an area
under curve of 0.691 (Figure 1C). To assess associations
among DGCRY expression and clinicopathological char-
acteristics of patients with gastric cancer, patients were
divided into 2 groups, a high expression group (n=77,
fold-change =2) and a low expression group (n=25,
fold-change <2). The clinicopathological characteristics
of these 2 groups are summarized in Table 1. DGCR9
was significantly associated with lymph node invasion
(P=0.011) and TNM stage (P=0.018). These results suggest
that DGCR9 may play a role in gastric cancer progression.
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Figure | DGCR9 expression in FFPE gastric cancer tissues and cell lines.

Notes: (A) Expression levels of DGCR9 in each patient between FFPE gastric cancer tissues and NAT (n=102) were measured by qRT-PCR. Lower AC values indicate higher
expression. (B) Relative expression of DGCR9 in 4 gastric cancer cell lines (HGC27, AGS, MGC803, and SGC7901) and a normal cell line GES-1I. Each cell line was analyzed
3 times. (C€) ROC curve analysis was used to determine whether DGCR9 could distinguish gastric cancer tissues from NAT. *P<<0.05, **P<<0.01.

Abbreviations: AUC, area under the curve; DGCR9, DiGeorge syndrome critical region gene 9; FFPE, formalin-fixed, paraffin-embedded; NAT, adjacent noncancer tissues;

qRT-PCR, quantitative reverse-transcription polymerase chain reaction; ROC, receiver operating characteristic.

Knockdown of DGCR9 suppresses

cell proliferation and migration

To investigate the biological role of DGCRY, a chemi-
cally modified small interfering RNA target for DGCR9
(Si-DGCRY) was used to knockdown the expression of
DGCRY in AGS and MGC803 gastric cancer cells. A sig-
nificant reduction in DGCRY expression by Si-DGCR9
was observed by qRT-PCR (Figure 2A). Cell proliferation
was significantly suppressed by DGCR9 downregulation
as demonstrated by the CCK-8 assay (Figure 2B). Knock-
down of DGCRY in AGS and MGC803 cells dramatically
reduced colony formation in comparison to missense-treated
cells, Si-NC (Figure 2C). Further, both wound healing
and Transwell migration of AGS and MGC803 cells were
reduced with Si-DGCR9 when compared to cells treated

with Si-NC (Figure 2D and E). These data demonstrate the
involvement of DGCRY in gastric cancer cell proliferation
and migration.

Upregulated DGCR9 induces cell

proliferation and migration

AGS and MGC803 gastric cancer cells were transfected
with a lentivirus expressing DGCR9 (LV-DGCRY), and as
demonstrated by the results of qRT-PCR, the expression of
DGCRY was remarkably upregulated when compared to
cells transfected with a negative control lentivirus, LV-NC
(Figure 3A). Similarly, cell proliferation and colony for-
mation (Figure 3B and C) as well as wound healing and
cell migration were significantly promoted by LV-DGCR9
when compared to LV-NC (Figure 3D and E). The results
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Table | DGCR9 and the clinicopathological characteristic of
patients with gastric cancer

Characteristics n High (%) Low (%) P-value

All cases 102 77 25

Gender 0.491
Male 67 52 (67.5) 15 (60.0)
Female 35 25 (32.5) 10 (40.0)

Age (y) 0.405
=60 30 21 (27.3) 9 (36.0)
>60 72 56 (72.7) 16 (64.0)

Tumor size (cm) 0.424
=5 71 52 (67.5) 19 (76.0)
>5 31 25 (32.5) 6 (24.0)

Lymph node invasion 0.011*
Absent 32 19 (24.7) 13 (52.0)
Present 70 58 (75.3) 12 (48.0)

Differentiation 0.858
Well 72 54 (70.1) 18 (72.0)
Moderate-to-poor 30 23 (29.9) 7 (28.0)

Lauren type 0.885
Intestinal 38 28 (36.8) 10 (38.5)
Diffuse and mixed 64 48 (63.2) 16 (61.5)

TNM stage 0.018*
-l 37 23 (29.9) 14 (56.0)
-V 65 54 (70.1) Il (44.0)

Note: *P<<0.05, ? test.
Abbreviation: DGCR9, DiGeorge syndrome critical region gene 9.

demonstrate LV-DGCRO significantly induced proliferation
and migration of gastric cancer cells.

DGCR9 promotes glucose metabolism

in gastric cancer cells

Since glucose metabolism is essential to tumor cell prolif-
eration, the effect of DGCR9 on glucose metabolism was
assessed by the glucose uptake assay. Results showed that
downregulation of DGCRY reduced glucose uptake in AGS
and MGC803 cells (Figure 4A). In contrast, overexpression
increased glucose uptake in gastric cancer cells (Figure 4B).
These results demonstrate the regulation of glucose metabo-
lism in gastric cancer cells by DGCRO.

Discussion
With the general implementation of high-throughput sequenc-
ing technology, it has become apparent that IncRNAs account
for the majority of sequences within the genome. Many IncR-
NAs regulate biological networks within various tumors.*
Further, IncRNAs have become new and significant diagnos-
tic biomarkers as well as targets for molecular therapies.?’
Herein, high expression levels of DGCR9 were found
in gastric cancer by microarray analysis. Further, results
showed that DGCR9 was upregulated in gastric cancer tissues

compared to NAT (Figure 1A). DGCR9 overexpression
was also found in gastric cancer cell lines, but not in a
normal gastric epithelial cell line (Figure 1A). Moreover,
increased expression of DGCR9 was positively associated
with lymph node invasion and TNM stage in gastric cancer
patients (Table 1). These results suggest that DGCR9 may
be involved in gastric cancer progression. For in vitro cul-
ture functional studies, interference of DGCRY resulted in
decreased cellular proliferation and migration (Figure 2).
In contrast, overexpression of DGCR9 promoted cellular
proliferation and migration (Figure 3). These characteristics
suggest that aberrant expression of DGCR9 may be associ-
ated with gastric cancer.

The underlying mechanism by which DGCR9 regulates
proliferation and migration of gastric cancer cells is likely
related to glucose uptake (Figure 4). In a previous report,
the IncRNA CASC8 was shown to significantly suppress
the proliferation of bladder cancer cells by regulating
glycolysis.”® ANRIL promotes nasopharnygeal carcinoma
progression by reprograming cell glucose metabolism.?
Overexpression of DGCRO increased glucose uptake, while
DGCRO interference reduced glucose uptake (Figure 4). It is
possible that DGCRY drives progression of gastric cancer
through enhanced glucose metabolism. Since the main role of
DGCRY is to regulate glucose uptake, the expression location
of DGCRY should be mainly located in cytoplasm.

DGCRO is transcripted from DiGeorge syndrome critical
region gene 9. And here we found that DGCRO plays arole in
gastric occurrence (Figures 2 and 3). However, to date, there
is no evidence to show the correlation between DiGeorge
syndrome and gastric cancer.

Although this is the first report of DGCR9 in gastric
cancer, there are still some limitations in this study. For
instance, DGCRY expression was significantly upregulated
in FFPE gastric cancer tissues compared to NAT. To explore
the early diagnostic value of DGCR9, many more samples,
such as fresh gastric cancer tissue or gastric juice, should be
collected for work in the future. Moreover, the role of related
proteins, for example MMP, in regulating proliferation and
migration of gastric cancer should be verified.

In conclusion, DGCRY was significantly expressed in
gastric cancer tissues and cell lines. Dysregulated expres-
sion of DGCRY was associated with lymph node invasion
and TNM stage. Furthermore, knockdown of DGCR9 sup-
pressed cell proliferation, migration, and glucose uptake,
with opposite effects observed upon overexpression. Overall,
DGCR9 may represent a novel biomarker for the diagnosis
of gastric cancer.
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