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LncRNA NORAD mediates KMT2D expression by targeting
miR-204-5p and affects the growth of gastric cancer
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Background: Long non-coding ribonucleic acids (IncRNAs) are a class of non-coding RNAs implicated
in the development of many malignancies, including gastric cancer (GC). In this study, we investigated
the functions and molecular mechanisms of non-coding RNA activated by deoxyribonucleic acid damage
(NORAD) in GC.

Methods: NORAD expression at the messenger RINA levels was determined by quantitative reverse
transcriptase (RT)-polymerase chain reaction assays. Cell proliferation, migration, and invasion were
detected by Cell Counting Kit-8 assays, in-vive tumor formation assays, and Transwell assays. Cell-cycle
distribution was detected by a flow cytometry analysis. NORAD location was detected by nucleocytoplasmic
fractionation assays. The interaction between NORAD and the microRNA-204-5p (miR-204-5p)/Lysine
Methyltransferase 2D (KMT2D) axis was verified by dual-luciferase reporter gene assays and RNA binding
protein immunoprecipitation (RIP) assays. Western blot was used to study the phosphatase and tensin
homolog (PTEN)/phosphoinositide 3-kinases (PI3K)/protein kinase B (AKT) signaling pathway.

Results: NORAD was upregulated in the GC tissues and cell lines. The silencing of NORAD repressed
cell proliferation and the Growth 2 (G2)/Mitosis (M) cell-cycle transition in GC. NORAD also regulated
KMT?2D expression by targeting 7iR-204-5p and mediated PTEN/PI3K/AKT signaling in GC.
Conclusions: We found that NORAD acts as an oncogene in GC. Our findings might provide a novel
therapeutic target for GC.

Keywords: Non-coding RNA activated by deoxyribonucleic acid damage (NORAD); gastric cancer; miR-204-5p;
cell proliferation; PTEN/PI3K/AKT signaling pathway
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Introduction

Gastric cancer (GC) is one of the most common malignant
tumors worldwide, and is 6th leading cause of cancer
related-death (1,2). As most GC patients are at an advanced
stage at the time of diagnosis, the 5-year survival rate of
patients remains low, particularly in those with local and
distant metastases (3,4). Thus, improved early diagnosis
methods and survival outcomes for GC are urgently needed.

Protein-coding genes regulate many cell processes,
including differentiation, metabolism, and tumorigenesis,
and have been studied extensively in recent years (5,6).
However, with the development of human genome
sequencing, non-coding ribonucleic acids (ncRINAs) have
gradually received increasing attention (7,8). There is
emerging evidence that long-non-coding RNAs (IncRNAs)
are key players in a multitude of cellular processes, and lead
to the aberrant expression of gene products linked to the
progression of diverse human cancers (9,10). However, the
role of IncRNAs in GC and their molecular mechanisms
remain unclear.

Non-coding RNA activated by deoxyribonucleic acid
(DNA) damage (NORAD) is a newly discovered IncRNA
that maps to 20q11.23 in humans and has been reported
to be an oncogenic factor in a number of human cancers
(11-16). For example, a recent study revealed that NORAD
is upregulated in GC tissues and promotes GC cell growth
in vitro (17). Another study reported that silencing NORAD
suppresses cell proliferation and invasion via the positive
modulation of the Ras homolog family member A (RboA)/
Rho-associated coiled-coil-containing protein kinase 1

(ROCKT) pathway in GC (18). Micro-RNAs (miRNAs) are
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endogenous short-chain ncRNA molecules that are involved
in the development and progression of human cancers
(19,20). One of the most well-established biological roles of
IncRINAs is to act as competitive endogenous RNAs (ceRINAs)
to sponge miRNAs (21,22). Interestingly, NORAD also
functions as a ceRNA in many cancers (23-26). MiR-204-
5p is a miRNA that has been implicated in the development
and progression of human cancers, including GC
(27-30). However, to date, very few studies have examined
the relationship between NORAD and miR-204-5p in GC.
In the present study, we sought to comprehensively elucidate
the functional roles of the NORAD/miR-204-5p axis and its
molecular mechanisms in GC, and its potential as therapeutic
targets for the disease. We present the following article in
accordance with the ARRIVE reporting checklist (available
at https://jgo.amegroups.com/article/view/10.21037/jgo-22-
1014/rc).

Methods
Clinical samples

Our sample cohort comprised 60 pairs of matched normal
and GC tissues obtained from the Affiliated Dongguan
People’s Hospital, Southern Medical University (Dongguan
People’s Hospital). After liquid nitrogen freezing, all the
tissue samples were stored at =80 °C in a cryogenic freezer.
All the participants in this study signed written informed
consent forms. This study was approved by the Affiliated
Dongguan People’s Hospital, Southern Medical University
(Dongguan People’s Hospital) (No. KYKT-2020-026)
and was conducted in accordance with the Declaration of
Helsinki (as revised in 2013).

qRT-PCR assays

Cellular RNA was extracted using TRIzol Reagent
(Invitrogen, CA, USA) in accordance with the
manufacturer’s instructions. The PrimeScript reverse
transcriptase (RT) Reagent Kit (TaKaRa Biotechnology)
was used for total RNA reverse transcription. The
expression of NORAD and KMT2D was detected using a
LightCycler 480 Instrument (Roche, Basel, Switzerland)
and SYBR green polymerase chain reaction (PCR) kit
(TaKaRa Biotechnology), and Glyceraldebyde-3-phosphate
debydrogenase (GAPDH) was used as an internal control.
The relative expression of 7iR-204-5p was measured using
TagMan miRNA assays (Applied Biosystems), and U6 was
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Table 1 The primer sequences

Gene name Primer sequences
NORAD forward  5'-CTGGATTGAAGGCAGAGAAGGAAGG-3'
primer

NORAD reverse ~ 5'-TTGTCCACCACATACACAGCACTG-3'

primer

GAPDH forward 5'-GTCAACGGATTTGGTCTGTATT-3'
primer

GAPDH reverse 5'-AGTCTTCTGGGTGGCAGTGAT-3'
primer

miR-204-5p 5'-ACTATGGCTTCCCTTTGTCATCC-3'

forward primer

miR-204-5p
reverse primer

5'-AGTGCAGGGTCCGAGGTATT-3'

U6 forward primer 5'-CTCGCTTCGGCAGCACA-3'
U6 reverse primer 5'-AACGCTTCACGAATTTGCGT-3'

KMT2D forward
primer

5'-TGACAAGTGTGAATCCCGTGAAG-3'

KMT2D reverse
primer

5'-CATTTCATCCGTTGTTACGAAG-3'

NORAD, non-coding RNA activated by deoxyribonucleic acid
damage; GAPDH, glyceraldehyde-3-phosphate dehydrogenase;
KMT2D, Lysine Methyltransferase 2D.

used as an internal control. All the primer sequences are
listed in 7able 1.

Cell cultures

The cell lines MGC-803, SGC-7901, BGC-823, MKN-
45, AGS, and GES-1 were purchased from the Chinese
Academy of Sciences (Shanghai, China). The MGC-803,
BGC-823, and MKN-45 cells were cultured in Roswell
Park Memorial Institute (RPMI) 1640. SGC-7901,
AGS, and the GES-1 cells were cultured in Dulbecco’s
Modified Eagle Medium(DMEM) supplemented with 10%
fetal bovine serum (FBS; Gibco, Rockville, MD, USA),
100 U/mL of penicillin, and 100 mg/mL of streptomycin
(Invitrogen, Carlsbad, CA, USA) at 37 °C with 5% carbon
dioxide.

Cell transfection

Short-hairpin RNA (shRNA) and NC shRNA specific for
NORAD were obtained from Sangon Biotech (Guangzhou,
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China). The GC cells were infected with a mixture of
lentiviruses [multiplicity of infection (MOI), 100] and
5 mg/mL of polybrene. MiR-204-5p angomir/NC and miR-
204-5p antangomir/NC were synthesized by GenePharma
Co. Ltd. (Shanghai, China). They were transfected into
the GC cells using Lipofectamine 3000 (Invitrogen,
Carlsbad, CA, USA) in accordance with the manufacturer’s
instructions.

CCK-8 assays

The cells were seeded in 96-well plates at a density of
2x10’ cells/well. At the designated time points (24, 48, and
72 h), 10 pL of Cell Counting Kit-8 (CCK-8; Dojindo,
Kumamoto, Japan) solution was added to each well. The
absorbance at 450 nm was measured for each sample using a
microplate reader (Bio-Rad, Hercules, CA, USA).

Cell-cycle assays

The cells were fixed with 70% cold anhydrous ethanol. The
cells were then treated with Propidium iodide (PI) (KeyGen
Biotech, Nanjing, China) and Ribonuclease A (RNase A).

Cell-cycle distribution was analyzed using a flow cytometer
(BD Biosciences, San Diego, CA, USA).

In-vivo tumor formation assays

Lentiviral-mediated stable NORAD-knockdown cells and
negative control cells were subcutaneously injected into
the flanks of the BALB/c nude mice [Specific Pathogen
Free (SPF) grade, 3-4-week-old, male]. Tumor volume
was measured every 4 days. The volume of the xenografted
tumor was monitored every 3 days using the following
formula: volume = (length x width x width)/2. The
grouping of the mice was known to the designers of this
study, but not to the breeders and operators. This protocol
was prepared before the study without registration. Animal
experiments were performed under a project license (No.
TACUC-AWEC-202011003) granted by the Animal Care
& Welfare Committee of The Affiliated Dongguan People’s
Hospital, Southern Medical University, in compliance
with Chinese National Standard (No. GBT35823-2018)
guidelines for the care and use of animals.

Transwell assays

Cells were added to the top chamber with or without
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Matrigel coating, while the lower chamber was supplemented
with culture medium containing 10% FBS only. After 24 h
of cell culture, the cells that migrated or invaded the lower
chamber were fixed using 4% paraformaldehyde, stained
with 0.1% crystal violet solution, and subsequently visualized
using an inverted light microscope.

Nucleocytoplasmic fractionation assays

The cytoplasmic and nuclear components were separated
using the PARIS kit (Life Technologies, MA, USA).
The nuclear and cytoplasmic fractions were detected by
quantitative RT-PCR to determine NORAD distribution
using GAPDH and U6 as the cytoplasmic and nuclear
references, respectively.

Bioinformatics analysis and dual-luciferase reporter gene
assays

The binding sites for 7iR-204-5p within the NORAD-3
prime untranslated region (3'UTR) and KMT2D-3'"UTR
were obtained from Starbase. Putative wild-type (WT)
and mutant (MUT) miR-204-5p binding sites in the 3'-
UTR of NORAD or KMT2D mRNA, termed NORAD-WT
or NORAD-MUT and KMT2D-WT or KMT2D-MUT,
were sub-cloned into the pGL3 basic vector (Promega,
Madison, WI, USA). MiR-204-5p angomir or angomir NC
was co-transfected with NORAD-W'T, NORAD-MUT,
KMT2D-W'T, or KMT2D-MUT reporter constructs using
Lipofectamine™3000 reagent. Luciferase activity was

determined using a Multimode Detector Reporter Assay
System (Beckman Coulter, Brea, CA, USA).

RIP assays

RNA immunoprecipitation (RIP) assays were
performed using a Magna RIP RNA-Binding Protein
Immunoprecipitation kit (Millipore, Billerica, MA, USA)
in accordance with the manufacturer’s instructions. Anti-
Argonaute-2 or anti-immunoglobulin G (IgG) antibodies
were also used. The enrichment of NORAD and miR-204-
5p was determined using qRT-PCR.

Western blot

Cell lysates were extracted using radioimmunoprecipitation
assays (Beyotime, Shanghai, China), fractionated by
electrophoresis, and transferred onto a polyvinylidene
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fluoride membranes (Millipore). The membranes were
blocked with 5% non-fat skim milk and incubated with
primary and secondary antibodies. The bands on the
membranes were visualized using electrochemiluminescence
(Pierce, Rockford, IL, USA). The following primary
antibodies were used: anti-KMT2D (1:1,000; Abcam,
Cambridge, MA, USA), anti-phosphatase and tensin homolog
(PTEN; 1:1,000; Cell Signaling Technology, Danvers, CO,
USA), anti-PTEN (1:1,000), anti-phosphoinositide 3-kinases
(PI3K) (1:1,000; Cell Signaling Technology), anti-protein
kinase B (AKT; 1:1,000; Cell Signaling Technology), and
anti-phosphorylated AKT (pAKT; 1:1,000; Cell Signaling
Technology).

Statistical analysis

All the statistical analyses were performed using SPSS 21.0
(SPSS, Chicago, IL, USA) or GraphPad Prism (GraphPad
Prism, Inc., La Jolla, CA, USA). Each experiment was
performed based on 3 independent replicates, and the data
are presented as the mean + standard deviation. A Student’s
t-test or 1-way analysis of variance was used to compare
the means of the 2 or 3 groups, respectively. Statistical
significance was set at P<0.05.

Results
NORAD is bighly expressed in GC tissues and cell lines

A cohort containing 60 pairs of freshly frozen GC tissues
and paired adjacent normal tissues was included in our study.
QRT-PCR was performed to determine the expression levels
of NORAD. As Figure 1A shows, NORAD was significantly
more upregulated in the GC tissues than the matched
adjacent normal tissues (P<0.001). We also examined
NORAD expression in different cell lines, and found that the
expression of NORAD was significantly higher in several GC
cell lines (MKN-45, SGC-7901, AGS, BGC-823, and MGC-
803) compared to the gastric epithelial cell line (GES-1)
(see Figure 1B). Among these cell lines, the MKN-45 and
SGC-7901 cells exhibited the highest levels and were used
in the subsequent experiments. Collectively, these results
indicate that NORAD is highly expressed in GC.

NORAD silencing bampers GC cell growth in vitro and

in vivo

To evaluate the biological role of NORAD in the behavior
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Figure 1 NORAD is upregulated in GC tissues and cell lines. (A) The relative expression of NORAD in 60 pairs of GC tumor tissues and
adjacent normal tissues was detected by qRT-PCR assays. (B) The expression levels of NORAD in GC cell lines (MKN-45, SGC-7901,
AGS, BGC-823, and BGC-803) was determined relative to those in a gastric epithelium cell line (GES-1). ***P<0.001. NORAD, non-coding
RINA activated by deoxyribonucleic acid damage; GC, gastric cancer; qRT-PCR, quantitative reverse transcripts-polymerase chain reaction.

of GC cells, 2 shRNAs specifically targeting NORAD
(i.e., SANORAD-1 and shNORAD-2) were designed and
constructed. These shRNAs were transfected into the
MKN-45 and SGC-7901 cells. The qRT-PCR results
showed that SAENORAD-1 and shNORAD-2 significantly
reduced the expression levels of NORAD in the MKN-
45 and SGC-7901 cells (see Figure 24,2B), indicating
satisfactory interfering efficiency for further loss-function
experiments.

Sustained proliferative signaling is a hallmark of cancer.
The roles of NORAD silencing in GC cell growth in GC
were investigated first. The CCK-8 results demonstrated
that cell proliferation was significantly more suppressed
in the ssNORAD group than the shControl group (see
Figure 2C,2D). We then evaluated the effects of NORAD
on GC growth in a mouse model. As Figure 2E,2F show,
the sizes and weights of the tumors in the ssNORAD
group were significantly lower than those in the shControl
group 18 days after inoculation. These results suggest that
NORAD silencing suppressed GC cell proliferation.

NORAD silencing leads to cell-cycle arrest but does not

affect cell migration and invasion in GC

Uncontrolled cell division contributes to the malignant

© Journal of Gastrointestinal Oncology. All rights reserved.

characteristics of cancer cells. To determine whether
aberrant NORAD expression disturbs the cell cycle, we
analyzed the mitotic cycle of NORAD-silenced GC cells.
The results of the flow cytometric analysis showed that the
proportions of MKN-45 and SGC-7901 cells increased
significantly at the G2/M phase of mitosis after NORAD
knockdown (P<0.05, see Figure 34,3B).

The activation of invasion and metastasis are other
malignant characteristics of cancer cells. The invasion and
migration abilities of the cells were assessed using Transwell
assays. As Figure S1A shows, transfection with shNORAD
did not affect GC cell invasion compared to transfection with
the shControl. The same trend as that of cell invasion was
observed in relation to cell migratory ability (see Figure S1B).
These results implied that NORAD silencing arrested the cell
cycle but did not alter cell invasion or migration in GC.

NORAD specifically binds to miR-204-5p

Cytoplasmic IncRNAs are often involved in post-
transcriptional regulation, and play roles as miRNA sponges.
In the present study, we determined the cytoplasmic
localization of NORAD in the GC cells (see Figure 44,4B).
As NORAD was mainly co-localized in the cytoplasm, we
further analyzed whether it could post-transcriptionally
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Figure 2 NORAD silencing hampers GC cell growth. (A,B) The relative expression of NORAD was examined in MKN-45 and SGC-7901
cells transfected with shENORAD-1, shNORAD-2, and shControl by qRT-PCR. (C,D) CCK-8 assays were conducted to detect cell growth
in MKN-45 and SGC-7901 cells transfected with sENORAD-1, shNORAD-2, and shControl. (E,F) Tumor sizes, weights, and volumes
of xenografts harvested at 18 days after the subcutaneous injection of MKN-45 and SGC-7901 cells transfected with shNORAD-2 and
shControl. *P<0.05, **P<0.01, **P<0.001. NORAD, non-coding RNA activated by deoxyribonucleic acid damage; GC, gastric cancer; CCK-

8, Cell Counting Kit 8; OD, optical density.

regulate gene expression by acting as an miRNA sponge.
First, miR-204-5p was predicted to be a target of NORAD,
and putative binding sites were obtained (see Figure 4C). To
examine the interaction between NORAD and miR-204-5p,
dual-luciferase reporter gene assays were performed using
the MKN-45 and SGC-7901 cells. The results showed that
the overexpression of miR-204-5p significantly reduced the
luciferase activity with the NORAD-W'T vector but did not
change the luciferase activity with the NORAD-W'T vector,
indicating an interaction between NORAD and miR-204-5p
(see Figure 4D,4E). The RIP assays further confirmed that
NORAD could bind to 7iR-204-5p, with higher levels of
NORAD and miR-204-5p in the Ago2 antibody group than in
the IgG control group (see Figure 4E4G). Subsequently, the
qRT-PCR results showed that NORAD silencing increased
miR-204-5p expression levels (see Figure 4H,41). MiR-204-
5p expression was lower in the GC tissues (see Figure 47).

© Journal of Gastrointestinal Oncology. All rights reserved.

Further, a Pearson correlation analysis revealed a negative
correlation between NORAD and miR-204-5p expression in
the GC tissues (see Figure 4K). Overall, our data suggested
that NORAD directly binds to 7iR-204-5p.

KMT?2D is a target gene of miR-204-5p in GC

Based on the bioinformatic prediction, a UTR-binding
site was predicted between 72iR-204-5p and KMT2D (see
Figure 5A4), and it was hypothesized that KMT2D serves
as the target gene of miR-204-5p. Their interactions were
confirmed using dual-luciferase reporter gene assays. The
results showed that the luciferase activity of the MKN-45 and
SGC-7901 cells transfected with the KMT2D W'T vector
decreased upon the overexpression of 7iR-204-5p, but no
significant change was observed in the MKN-45 and SGC-
7901 cells transfected with the KMT2D-MUT vector (see
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Figure 3 NORAD silencing leads to G2/M cell-cycle arrest in GC. Flow cytometric analysis of the mitotic cell cycles of MKN-45 (A) and
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Figure 5B,5C). Moreover, miR-204-5p overexpression
significantly reduced KM7T2D mRNA and protein expression
in the MKN-45 and SGC-7901 cells (see Figure 5D,5E).
We also confirmed a negative linear relationship between
KMT2D mRNA and miR-204-5p expression in the GC tissues
(r=-0.3671, P<0.001; see Figure SF). Further, qRT-PCR and
western blotting revealed that the mRNA and protein levels
of KM'T2D were suppressed in the MKN-45 and SGC-
7901 cells following NORAD silencing (see Figure 5G,5H).
Finally, the Pearson’s correlation analysis revealed a positive
correlation between NORAD and KMT2D mRNA expression
in the same sample cohort (see Figure 51). Taken together,
these results indicate that NORAD positively regulates the
miR-204-5p-target gene KMT2D in GC.

The inhibitory effects of NORAD silencing on GC cell
growth are mediated by the miR-204-5p/KMT2D axis

Based on the aforementioned assays, we speculated that
the NORAD/miR-204-5p/KMT?2D axis plays an important
role in GC growth. Thus, rescue assays were performed. As
Figure 64-6D show, the miR-204-5p antangomir reversed
the anti-proliferative effects on MKN-45 and SGC-7901

© Journal of Gastrointestinal Oncology. All rights reserved.

cells induced by NORAD silencing. In addition, NORAD
silencing resulted in an increase in the G2/M phase arrest,
while the miR-204-5p antagonist rescued this increase.
However, such rescue effects were partially abolished by
co-transfection with siKMT2D. Based on these results, we
showed that the NORAD/miR-204-5p/KMT2D axis may
have regulatory effects on GC.

NORAD/miR-204-5p/KMT2D axis regulates the PTEN/
PI3BK/AKT signaling pathway in GC

There is increasing evidence that the PTEN/PI3SK/AKT
signaling pathway is a biological mediator of tumor
progression. In the present study, we investigated whether
NORAD leads to the aberrant activation of the PTEN/
PI3K/AKT signaling pathway in GC cells. We measured
the protein levels of PTEN/PI3K/AKT pathway factors and
found that NORAD silencing significantly increased the
expression of PTEN but reduced the expression of PI3K
and phosphorylated AKT (pAKT), indicating the potential
regulatory effects of NORAD on the PTEN/PI3K/AKT
signaling pathway. This regulatory effect was also found to
be mediated by the 7iR-204-5p/KMT?2D axis (see Figure 7).
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Discussion Our study found that NORAD post-transcriptionally
regulates the progression of GC through a ceRNA
mechanism. The ceRNA network hypothesis states that
IncRNAs can absorb miRNAs by binding to them and

subsequently function as miRNA sponges, ultimately

GC results from a multi-step process involving the
accumulation of numerous genetic and epigenetic alterations
in oncogenes and tumor suppressor genes (31,32).

LncRNAs were once considered simple cloning artifacts constructing a framework, under which the miRNA-response

or transcriptional noise (33); however, in recent years,
multiple studies have highlighted their potential roles in the
pathogenesis of GC (34). The current study showed that
NORAD expression is elevated in GC tissues and cell lines
and that the silencing of NORAD suppresses GC cell growth
via the induction of cell-cycle arrest, which provides evidence
of the potential role of this IncRNA in GC progression.

© Journal of Gastrointestinal Oncology. All rights reserved.

element-harboring ncRINAs are systematically functionalized
and integrated with the protein-coding RNA element (21,22).
As reported previously, long intergenic non-protein coding RNA
00184 (LINCO0184) augments the proliferation and invasion
of GC cells by targeting the miR-145/ANGPT2 pathway (35).
Chen et al. reported that the IncRNA HCPS inhibits GC
progression by functioning as a ceRNA for 72iR-106b-5p and
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(B,C) Luciferase activity in MKN-45 and SGC-7901 cells co-transfected with the miR-204-5p angomir or angomir NC and KMT2D-
WT or KMT2D-MUT transcripts. (D) The relative expression of KMT2D was examined in MKN-45 and SGC-7901 cells transfected
with the miR-204-5p angomir or angomir NC by RT-qPCR. (E) The expression of KMT2D was examined in MKN-45 and SGC-7901
cells transfected with the miR-204-5p angomir or angomir NC by western blotting. (F) The statistical correlation between KM7T2D and
miR-204-5p in GC tissue was analyzed based on Pearson’s correlation coefficients. (G) The relative expression of KMT2D was examined
in MKN-45 and SGC-7901 cells transfected with saiNORAD-1, shNORAD-2, and shControl by RT-qPCR assays. (H) The expression of
KMT2D was examined in MKNN-45 and SGC-7901 cells transfected with SsNORAD-1, ssNORAD-2, and shControl by western blotting. (I)
The statistical correlation between KMT2D and NORAD in GC tissues was analyzed based on Pearson’s correlation coefficients. ***P<0.001.
KMT?2D, Lysine Methyltransferase 2D; NORAD, non-coding RNA activated by deoxyribonucleic acid damage; GC, gastric cancer; qRT-
PCR, quantitative reverse transcripts-polymerase chain reaction; WT, wild type; MU'T, mutant type; NC, negative control.

thus affecting p21 expression (36). Similarly, we found that
NORAD interacts with miR-204-5p, a finding which has also
been reported in Parkinson’s disease (37).

The present study showed that KMT2D is a downstream
target of miR-204-5p. In a previous study, we found that
KMT?2D is overexpressed in GC tissues (38), and that its

depletion suppressed cell proliferation both in vitro and
in vivo. In the present study, we found that KMT2D was
negatively correlated with miR-204-5p but was positively
correlated with NORAD in GC tissues. Based on the
luciferase reporter assays, we verified the direct interaction

between KMT2D and miR-204-5p in the GC cells. We
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Figure 6 NORAD regulates GC growth by targeting the #2iR-204-5p/KMT2D axis. (A,B) CCK-8 assays were conducted to detect growth
in MKN-45 and SGC-7901 cells after co-transfection. (C,D) Flow cytometric analysis of the mitotic cell cycle of MKN-45 and SGC-7901
cells after co-transfection. Quantification analysis of GC cells arrested in the G2/M phase (right panel). *P<0.05, **P<0.01, ***P<0.001.
NORAD, non-coding RNA activated by deoxyribonucleic acid damage; GC, gastric cancer; KMT2D, Lysine Methyltransferase 2D; G2/M,

Growth 2/Mitosis; OD, optical density.

hypothesized that NORAD sponges miR-204-5p to regulate
KMT2D expression in GC cells.

PI3Ks, consisting of the PI3K/AKT signaling pathway,
are a family of signaling enzymes that regulate diverse
cellular processes, including apoptosis, metabolism, cell
proliferation, and cell growth (39). The tumor suppressor
PTEN, which is decreased or absent in many tumors, can
block the biological processes that inhibit the development of
tumors by inactivating the PI3K/AKT signaling pathway (40).
The PTEN/PIBK/AKT signaling pathway has been shown to
have tumorigenic properties in GC. In our previous study,
KMT?2D depletion triggered changes in the PTEN/PI3K/
AKT pathway (38). In another study, Lv e 4/. found that
KMT2D sustains carcinogenesis by activating the PI3K/AKT
pathway (41). In the present study, NORAD, which mediates

© Journal of Gastrointestinal Oncology. All rights reserved.

the expression of KMT2D by targeting miR-204-5p, was
confirmed to be a positive regulator of cell proliferation and
the cell cycle via the PTEN/PI3K/AKT pathway in GC cells.
Most importantly, our rescue experiments further confirmed
that NORAD regulates malignant features by targeting the
miR-204-5p/KMT2D axis in GC cells. Our findings revealed
a novel role for NORAD as a therapeutic target for GC.

Conclusions

In conclusion, our study identified NORAD as a promising
oncogene target for GC. NORAD contributes to GC growth
by modulating KMT?2D expression by targeting miR-204a-
5p (see Figure 8). These findings extend understandings
of the roles of NORAD and may lead to the development
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Figure 8 Schematic illustration of the regulation of GC progression
by the NORAD/miR-204-5p/KMT2D axis. GC, gastric cancer;
NORAD, non-coding RNA activated by deoxyribonucleic acid
damage; KMT2D, Lysine Methyltransferase 2D.

of novel therapeutic strategies for the treatment of GC.
However, given that our study was conducted under a
retrospective design, further prospective studies with
eligibility criteria applicable to clinical trials are needed to
confirm our findings that NORAD could accurately predict
outcomes for patients with GC.
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Figure S1 NORAD silencing does not affect cell migration and invasion in GC. Representative images (40x magnification) of invasive (A)
and migratory (B) MKN-45 and SGC-7901 cells transfected with shNORAD-1, shNORAD-2, and shControl (left panel). The cells were
stained by crystal violet. The quantification analysis is also shown (right panel). NORAD, non-coding RINA activated by deoxyribonucleic
acid damage; GC, gastric cancer.
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