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Nonsmall cell lung cancer (NSCLC) accounts for the majority of lung cancers. Studies have revealed the regulatory role of
IncRNAs in cancer pathogenesis and their potential use as diagnostic and prognostic biomarkers. The epidermal growth factor
receptor antisense RNA 1 (EGFR-AS1) has been reported to be upregulated in NSCLC tissues, while its detailed mechanism in
lung cancer needs to be explored. DNA damage-regulated autophagy modulator 1 (DRAM1) has been known to act as a tumor
suppressor in NSCLC, and miR-524-5p has been reported to be a biomarker in idiopathic pulmonary fibrosis and different lung
disorders. Our investigation revealed that EGFR-ASI is highly expressed in lung cancer tissues, and its knockdown inhibited lung
cancer cell invasion and viability and reduced tumor growth in vivo. We also found that EGFR-AS] targets miR-524-5p, and there
was a negative correlation between their expressions in lung cancer tissues. Simultaneously, miR-524-5p has been found to
promote DRAMI1 expression. In addition, the inhibition of miR-524-5p diminished DRAMI protein expression and promoted
lung cancer cell invasion. Our study has revealed that EGFR-AS1 contributes to the pathogenesis of NSCLC by inhibiting
autophagic-lysosomal degradation via targeting the miR-524-5p/DRAML1 axis. This finding elucidated for the first time the role of
EGFR-ASI in lung cancer progression and the positive regulatory function of miR-524-5p in regulating DRAMI protein and
suppressing lung cancer progression. This novel mechanism provided a better insight into the pathogenesis of lung cancer and
presented a better strategy for the treatment of lung cancer.

1. Introduction

Lung cancer is explicated as small cell lung cancer or
nonsmall cell lung cancer (NSCLC), where NSCLC accounts
for the majority of lung cancers and is a leading global cause
of cancer-related deaths [1,2]. NSCLC is a heterogeneous
disorder, with various subtypes representing different
clinical indexes requiring different treatment strategies.
Distinct clinical outcomes accompany these different his-
tological subtypes, disclosing heterogeneity in disease ag-
gressiveness and underlying prognostic alterations [3-5].

Indeed, complex cellular signaling and tumor microenvi-
ronment factors are associated with poor prognosis,
imparting a distinctive biological basis to an individual’s
disorder [1]. The identification of oncogenic driver modu-
lations has helped ameliorate the outcomes in lung cancer
patients. However, most lung cancer patients do not have an
actionable molecular abnormality [6,7]. Therefore, identi-
fying new biomarkers and alternative treatments is of great
necessity.

Long noncoding RNAs (IncRNAs) are RNA transcripts
larger than 200 bp and encode no proteins [8-11]. IncRNA
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has specific patterns in healthy and tumor tissues. The most
frequently expressed IncRNAs in lung cancers are long
intergenic noncoding RNA, antisense RNA, and processed
transcripts [12]. IncRNAs have emerged as novel cancer
mediators [13-18], although most IncRNAs have yet to be
discovered. IncRNAs seem to be engaged in cell prolifera-
tion, migration, differentiation, immune response, apopto-
sis, tumorigenesis, and angiogenesis [14,18-21]. Previously,
epidermal growth factor receptor antisense RNA 1 (EGFR-
AS1) was shown to promote cell cycle progression in he-
patocellular carcinoma [22] and modulate squamous cell
carcinoma treatment response [23]. In addition, EGFR-AS1
overexpression is associated with a poor prognosis and
promotes chemotherapy resistance in NSCLC [24]. How-
ever, the underlying mechanism of EGFR-AS1 in NSCLC
remains to be fully elucidated.

MicroRNAs (miRNAs) are endogenous, small non-
coding RNAs that positively or negatively regulate gene
expression [25]. Riveting evidence has elucidated the dis-
tinctly dysregulated miRNA expression in human cancers,
including deletion or amplification of miRNA genes, dys-
regulated epigenetic changes, transcriptional control of
miRNAs, and the flawed miRNA biogenesis mechanism
[26]. miR-524-5p was reported to be essential in the path-
ogenesis of gliomas [27]. It has been recently found to be
highly expressed in idiopathic pulmonary fibrosis (IPF) and
can be utilized as a biomarker for the diagnosis and prog-
nosis of IPF [28]. This finding indicated that miR-524-5p
could potentially have a role in the pathogenesis of other
lung-related disorders.

DNA damage-regulated autophagy modulator 1
(DRAM1) is known to induce autophagy and is down-
regulated in multiple human cancers [29]. In the presence of
growth factors, DRAM1 regulates the activation of the IGF-1
receptor and inhibits the downstream PI3K-AKT-mTOR
pathway, promoting autophagy activation and suppressing
cell proliferation in various human cancers [30]. DRAM1
was reported to be decreased in NSCLC and was negatively
correlated with EGFR levels. In addition, DRAM1 over-
expression inhibited the proliferation, invasion, migration,
and EMT of NSCLC cell lines harboring mutant EGFR in
vitro and in vivo [31]. Nevertheless, the underlying mech-
anism of DRAMLI in the pathogenesis of NSCLC remains
unclear.

The mechanism of EGFR-AS1 and miR-524-5p in lung
cancer requires detailed analysis. On the other hand, the role
of DRAMI in lung cancer remains unclear. The present
study identified EGFR-AS1/miR-524-5p/DRAMLI as a novel
signaling pathway associated with lung cancer progression
and comprehended the mechanism of miR-524-5p and
DRAMI in lung cancer pathogenesis.

2. Materials and Methods

2.1. Clinical Samples. Eighty pairs of cancerous and adjacent
normal lung tissues were collected from patients diagnosed
with lung cancer at Jinan Central Hospital Affiliated to
Shandong University. The tissue specimens were collected
postsurgical resection and promptly transferred and stored
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in liquid nitrogen. All patients had written informed con-
sent. This study was approved by Jinan Central Hospital
Affiliated to Shandong University.

2.2. Cell Lines and Cell Culture. The human nontumorigenic
lung epithelial cell line BEAS-2B was purchased from the
American Type Culture Collection (ATCC) and was cul-
tured in BEBM complete medium supplemented with 10%
FBS and incubated at 37°C and 5% CO, atmosphere along
with penicillin (100 U/ml) and streptomycin (100 mg/ml,
HyClone, USA). The adenocarcinoma lung cancer cell lines
HCC827 and NCI-H1650 were purchased from ATCC and
were cultured in RPMI-1640 medium supplemented with
10% FBS and incubated at 37°C and 5% CO, atmosphere
along with penicillin (100 U/ml) and streptomycin (100 mg/
ml, HyClone, USA) at 37°C with 5% CO..

2.3. Cell Transfection. HCC827 and NCI-H1650 cells were
transfected with constructed lentivirus vectors by RiboBio
(Guangzhou, China) to knockdown the expression of miR-
524-5p. According to the manufacturer’s protocols, the cells
were transfected accordingly using Lipofectamine 2000
transfection reagents (Invitrogen, Shanghai, China). The cell
culture medium was replaced with a fresh medium after 24 h.
In addition, cells were transfected with pcDNA3.1-si-EGFR-
AS1 or miR-524-5p inhibitor (GenePharma, Shanghai,
China). The empty vectors in this experiment were con-
sidered as the negative control. Lentiviruses (Iv-shEGFR-
AS1 and Iv-0eEGFR-AS1) were purchased from Shanghai
Heyuan Biotechnology and were transduced into HCC827
cells as previously described [32].

2.4. RT-qPCR. The total RNA from cultured cells was
extracted using TRIzol reagent (Invitrogen, Carlsbad, CA,
USA). Following the manufacturer’s protocols, the cDNA
was synthesized using M-MLV Reverse Transcriptase
(Promega, Madison, WI, USA). miR-524-5p, EGFR-ASI,
and DRAM1 mRNA levels were quantified. U6 was used as
an internal control for miRNA, and GAPDH was used as an
internal control for EGFR-AS1 and DRAMI. The relative
expression levels of miR-524-5p, EGFR-AS1, and DRAM1
were calculated using the 2"*“CT method. The following
primers were used in the experiments: miR-524-5p: forward:
5'-GTGCTCACTCCAGAGGGATG-3',  reverse:  5'-
TATGGTTGTTCACGACTCCTTCAC-3'; EGFR-ASI: for-
ward: 5'-CCATCACGTAGGCTTCCTGG-3', reverse: 5'-
GCATTCATGCGTCTTCACCTG-3'; and DRAMI: for-
ward: 5'-CCACGAUGUAUACAAGAUA-3/, reverse: 5'-
CCACGAAAUCAAUGGUGA-3'.

2.5. Cell Viability and Invasion Assays. The cell viability of
HCC827 and NCI-H1650 cells was measured using the
CCK-8 reagent (Sigma-Aldrich, St. Louis, MO, USA). Three
thousand cells/well were seeded into the 96-well plate and
then cultured for 24, 48, and 96 h. Cell viability was mea-
sured by detecting the absorbance of cultured cells using a
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microplate reader at 450 nm after the addition of CCK-8 for
two hours.

The invasion ability of HCC827 and NCI-H1650 cells
was assayed using the Matrigel-coated Transwell (Corning,
MA, USA). Cells (2 x 10*) in 200 yL of serum-free medium
were added into the upper Transwell chambers. The bottom
chamber was added with the complete medium. After in-
cubation for 48 h in a humidified atmosphere (37 °C and 5%
CO,), cells on the upper surface of the membrane were
completely removed using a cotton swab. The remaining
cells were fixed with methanol and stained for 20 min with
0.1% crystal violet. The stained cells were counted and
assessed from five randomly selected fields under a mi-
croscope, and the data were presented from triplicate
experiments.

2.6. Luciferase Report Assay. The binding of miR-524-5p to
DRAMI as well as their binding sequences were predicted
from the miRDB database [33]. The wild-type EGFR-AS1 or
DRAMI1 3'untranslated region (3'UTR) sequences, which
have binding sites with miR-524-5p, were inserted into the
pmirGLO vector (Promega, Madison, WI, USA) to construct
the WT-EGFR-AS1 or WT-DRAM1 vector. The mut-EGFR-
AS1l or mut-DRAMI vector was also constructed by
inserting the mutated binding sequences into the pmirGLO
vector. HCC827 and NCI-H1650 cells were cotransfected
with luciferase reporter vectors and miR-524-5p mimic or
negative vectors. Lastly, the relative luciferase activities were
measured with a Dual-Luciferase Reporter Assay Kit
(Promega, Madison, WI, USA) after 48 h of transfection.

2.7. Western Blotting. HCC827 and NCI-H1650 cells were
harvested and lysed in the lysis buffer (Abcam, Cambridge,
USA) containing PMSF and protease inhibitor (Roche,
USA) for 15min on ice. Afterward, the cell lysate was
centrifuged at 12.000g at 4°C for 10min. The protein
concentrations were calculated using the BCA Protein Assay
kit (Sigma-Aldrich, MO, USA). An equal amount of protein
was loaded and electrophoresed on a 10% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis, then transferred
onto the polyvinylidene fluoride membrane (Millipore,
Billerica, USA). Posttransfer, the membrane was blocked in
5% nonfat milk for one hour at room temperature. Then, the
membranes were probed with primary antibodies against
DRAMI (1/2000; ab208160), SQSTM1 (1/10000; ab109012),
Beclin-1 (1/2000; ab207612), LC3 (1/2000; ab192890), and
GAPDH (1/2500; ab9485) overnight at 4°C, and incubated
with the HRP conjugated secondary antibody IgG (1/10000;
ab98624) for 1.5h at room temperature. All antibodies were
purchased from Abcam (Cambridge, USA).GAPDH poly-
clonal antibody was used as an internal control. The protein
bands were visualized wusing an enhanced chem-
iluminescence visualization system (ECL Plus, Amersham
Life Sciences).

2.8. In Vivo Xenograft Model. The present in vivo experi-
ments were approved by the Animal Research Ethics

Committee of the Jinan Central Hospital Affiliated to
Shandong University. The 5-week-old female BALB/c nude
mice were purchased from Charles River (Beijing, China)
and subsequently randomly divided into the designated
groups consisting of five mice in each group. HCC827 cells
(2x107) were injected subcutaneously into the right flank of
each mouse. The tumor size was calculated and recorded
once a week. Six weeks later, the tumors were extracted,
photographed, and weighed.

2.9. Statistical Analysis. All data presented were analyzed for
statistical significance using the Student’s ¢-test and analysis
of variance (ANOVA). Spearman’s correlation analysis was
used for expression correlation analysis in NSCLC speci-
mens. Data in this study were obtained from three inde-
pendent  experiments and  were presented as
mean * standard deviation (S.D). The software GraphPad
Prism 8.0 (San Diego, CA) was used for all statistical ana-
lyses, and a p <0.05 was considered significant.

3. Results

3.1. Silencing EGFR-AS1 Inhibited Lung Cancer Cell Viability
and Invasion and Reduced Tumor Size In Vivo. We com-
pared the expression level of EGFR-AS1 in normal lung cells
and tumor cells. EGFR-AS1 is upregulated in HCC827 and
NCI-H1650 lung cancer cells compared to normal BEAS-
2B cells (Figure 1(a)). EGFR-AS1 was highly expressed in
tumor tissues compared to healthy tissues (Figure 1(b)).
EGFR-AS1 was more prominent in the cytoplasm in
HCC827 and NCI-H1650cells than in the nucleus
(Figure 1(c)). We knocked down EGFR-AS1 expression in
NSCLC cells, and it significantly inhibited its expression
compared to the negative control group (Figure 1(d)). Next,
we determined the effect of silencing EGFR-AS1 on cell
viability and invasion. We found that silencing EGFR-AS1
significantly inhibited the viability and invasion of HCC827
and NCI-H1650 cells (Figures 1(e) and I1(f)). Simulta-
neously, silencing EGFR-AS1 reduced tumor size in nude
mice bearing xenografts (Figure 1(g)).

3.2. EGFR-ASI Expression Is Negatively Correlated with the
Expression of miR-524-5p. We utilized in silico analysis to
predict if there could be a potential relation/interaction
between EGFR-AS1 and miR-524-5p. As shown in
Figure 2(a), EGFR-ASI and miR-524-5p have been shown to
interact potentially. Comparing the enrichment levels of
EGFR-AS1 and miR-524-5p, EGFR-AS1 is more enriched
than miR-524-5p in HCC827 and NCI-H1650 cells
(Figure 2(b)). To confirm the binding between EGFR-AS1
and miR-524-5p, we conducted a luciferase activity assay.
Luciferase activity of wt-EGFR-AS1 was suppressed by miR-
524-5p mimics, while that of mut-EGFR-AS1 showed no
significant response (Figure 2(c)). On the other hand, the
expression of miR-524-5p was found to be higher in healthy
lung cells and tissues than in control cells and tissues
(Figures 2(d) and 2(e)). Moreover, we found that EGFR-AS1
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FiGUure 1: EGFR-ASI is vital for NSCLC pathogenesis. (a) The relative expression level of EGFR-AS1 in normal BEAS-2B cells and NSCLC
cell lines. One-way ANOVA was applied. (b) The expression levels of EGFR-AS1 in 80 samples of normal lung tissues and NSCLC tissues.
The paired-student ¢ test was applied. (c) Cytoplasmic and nuclear expression of EGFR-AS1 in NSCLC cells was detected by RT-qPCR. (d)
The knockdown effect of si-EGFR-ASI in NSCLC cells was assessed by RT-qPCR. The unpaired-student ¢ test was applied. (e) The effect of
EGFR-AS1 knockdown on NSCLC cells’ viability. Two-way ANOVA was applied. (f) The effect of EGFR-AS1 knockdown on the NSCLC
cells’ invasion. The unpaired-student ¢ test was applied. (g) The effect of EGFR-AS1 knockdown on the tumor weight and volume in nude
mice bearing HCC827 cells. Two-way ANOVA and the unpaired-student ¢ test were applied for difference comparison in the line chart and
bar chart, respectively. The data are represented as mean+ S.D. **p <0.01 and *** p <0.001.
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FIGURE 2: miR-524-5p is negatively correlated to EGFR-ASI. (a) In silico prediction of interaction between EGFR-AS1 and miR-524-5p. (b)
Comparison of the different relative expressions of EGFR-ASI and miR-524-5p enriched in Ago2 in NSCLC cells. The unpaired-student ¢ test was
applied. (c) The binding of miR-524-5p to EGFR-AS1 in NSCLC cells was assessed by luciferase reporter assay. The unpaired-student ¢ test was
applied. (d) The expression level of miR-524-5p in normal lung cells and NSCLC cells. One-way ANOVA was applied. (e) The expression level of
miR-524-5p in 50 samples of normal lung tissues and NSCLC tissues. The paired-student ¢ test was applied. (f) A negative correlation was found
between miR-524-5p and EGFR-AS1 in NSCLC samples. Spearman’s correlation analysis was conducted. The data are represented as mean + S.D.

*p <0.05 **p<0.01, and ***p <0.001.
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FIGURE 3: miR-524-5p inhibition promoted NSCLC cell progression. (a) The effect of si-EGFR-AS1 and miR-524-5p inhibitors on the miR-
524-5p expression level. One-way ANOVA was applied. (b) The CCK-8 assay determined the effect of inhibiting miR-524-5p and EGFR-
AS1 on NSCLC cell viability. Two-way ANOVA was applied. (c) The effect of inhibiting miR-524-5p and EGFR-AS1 on NSCLC cell
invasion. One-way ANOVA was applied. The data are represented as mean+S.D. *p <0.05, ** p <0.01, and *** p < 0.001.

expression is negatively correlated with the expression of
miR-524-5p (Figure 2(f)).

3.3. miR-524-5p Expression Suppressed Lung Cancer Cell
Viability and Invasion. We analyzed the role of miR-524-5p in
the progression of lung cancer cells. We found that silencing
EGFR-AS1 promoted the expression of miR-524-5p while miR-
524-5p inhibited its expression (Figure 3(a)). Inhibiting miR-
524-5p increased lung cancer cell viability, while silencing
EGFR-AS1 decreased it compared to the negative control
group. These effects were rescued by the combination of si-
EGFR-AS1 and miR-524-5p inhibitor (Figure 3(b)). We de-
termined the effect of inhibiting miR-524-5p on cell invasion.
Our results indicated that compared to the negative control
group, inhibiting miR-524-5p significantly increased lung
cancer cell invasion while silencing EGFR-AS1 significantly
inhibited cell invasion. These effects were rescued by si-EGFR-
AS1+miR-524-5p inhibitor (Figure 3(c)). These results indi-
cated the correlation between EGFR-AS1 and miR-524-5p.

3.4. miR-524-5p Negatively Correlated with the Expression
of DRAM1 in Lung Cancer Cells. To identify the potential
target of miR-524-5p, we utilized in silico analysis to

recognize the potential targets of miR-524-5p
(Figure 4(a)). miR-524-5p reduced luciferase activity of
DRAMI1-wt and had no significant effects on that con-
taining DRAMI1-mut (Figure 4(b)). Knowing that
DRAMI1 is downregulated in lung cancer cells, we con-
firmed these observations in vitro and in vivo; we found
that DRAMI is upregulated in NSCLC tissues compared
with adjacent nontumor tissues. DRAM1 was upregu-
lated in the HCC827 and NCI-H1650 cell lines than the
control BEAS-2B cells (Figures 4(c) and 4(d)). Finally, we
found that the expression of miR-524-5p was negatively
correlated with DRAM1 expression (Figure 4(e)). This
result indicated a possibility that miR-524-5p could have
a regulatory role on DRAMI.

3.5. The miR-524-5p/DRAM1 Axis Is Vital for Lung Cancer
Cell Biological Processes. We further investigated the role of
DRAM1 in lung cancer cell biological processes. Western
blot analysis showed that both pcDNA-DRAMI and miR-
524-5p inhibitors increased DRAMI protein expression
(Figure 5(a)). Concerning the role of DRAMI1 in autophagy,
we examined the autophagic signaling pathway and found
that the inhibition of miR-524-5p and overexpression of
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FIGURE 4: The expression of miR-524-5p is negatively correlated with DRAMI1 expression. (a) In silico prediction of the potential targets of
miR-524-5p. (b) The binding of miR-524-5p on DRAM1 was revealed by luciferase reporter assay. The unpaired-student ¢ test was applied.
(c) The expression level of DRAM1 in 50 samples of normal lung tissues and NSCLC tissues. The paired-student ¢ test was applied. (d) The
expression level of DRAMI in normal lung cells and NSCLC cells. One-way ANOVA was applied. (e) There was a negative correlation
between the expression of DRAMI and miR-524-5p. Spearman’s correlation analysis was conducted. The data are represented as

mean +S.D. *p <0.05, **p<0.01, and *** p <0.001.

DRAMI suppressed SQSTM1, Beclin-1, and LC3 protein
expression compared to the negative control groups
(Figure 5(b)). CCK-8 and transwell assays showed that
overexpression of DRAM1 and inhibition of miR-524-5p
significantly promoted lung cancer cell viability and invasion
compared to the negative control groups (Figures 5(c) and

5(d)).

4. Discussion

Globally, the lung cancer mortality rate is very high. NSCLC
represents most of the disease despite improving NSCLC
management [34,35]. This burden turned scientists’ atten-
tion toward IncRNAs as a potential therapeutic target in the
treatment of NSCLC, which play essential roles in gene
expression and signaling pathways [36-38]. Recently,
IncRNAs have been dysregulated in different cancer types,
resulting in aberrant cell functions. They could act as tumor
suppressors and oncogenes in different cancer types [12,39].
EGFR-ASI is engaged in the progression of lung cancer [24].
EGFR-ASI has been reported to be upregulated in lung
cancer and has been significantly correlated with the poor

survival of lung cancer patients [24]. After knockdown, the
EGFR-AS1 gene expression profiling gives more unbiased
information concerning pathways at the transcriptional
levels. The knockdown of EGFR-ASI has been shown to
suppress lung cancer cell migration, invasion, and prolif-
eration [24]. Our experimental results confirmed the pre-
viously reported findings. We have confirmed that the
knockdown of EGFR-ASI inhibited cell viability in HCC827
and NCI-H1650 cell lines and reduced tumor size in vivo in
nude mice models bearing the HCC827 cells.

miRNAs can sustain proliferative signaling, evade
growth suppressors, avoid immune destruction and tumors,
promote inflammation, resist cell death mechanisms, de-
regulate cell energetics, activate invasion and metastasis, and
induce angiogenesis [40]. Increased attention has been
drawn toward miR-524 in human cancers. Its down-
regulation was reported to suppress angiogenesis in colon
cancer and promote cell proliferation in osteosarcoma
[41,42]. It could be used as a biomarker for the early di-
agnosis of idiopathic pulmonary fibrosis [28]. Moreover, the
overexpression of miR-524-5p is associated with a poor
prognosis of patients with idiopathic pulmonary fibrosis
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FIGURE 5: The miR-524-5p/DRAMI axis is vital for lung cancer cell biological processes. (a) Western blotting analysis was utilized to
determine the effect of miR-524-5p inhibition on DRAM1 protein expression in NSCLC cells. One-way ANOVA was applied. (b) Western
blot analysis was utilized to determine the effect of miR-524-5p inhibition on autophagy-related protein expression in NSCLC cells. One-
way ANOVA was applied. (c) The CCK-8 assay was used to determine the effect of miR-524-5p inhibition and DRAM1 knockdown on
NSCLC cell viability. Two-way ANOV A was applied. (d) The effect of inhibiting miR-524-5p and DRAM1 on NSCLC cell invasion. One-way
ANOVA was applied. The data are represented as mean+ S.D. **p <0.01.

[28]. Considering the previously reported findings
[24,28,31], we examined the role of miR-524-5p in HCC827
and NCI-H1650 cell lines and found that the enrichment of
miR-524-5p was significantly lower than EGFR-AS1, and
that they were inversely expressed in HCC827 and NCI-
H1650 cell lines. Subsequently, the inhibition of miR-524-
5p promoted the viability and invasion of HCC827 and
NCI-H1650cell lines. These results indicated that the
IncRNA EGFR-ASI1 could have a regulatory role over miR-
524-5p.

Emerging evidence suggested that DRAMI1 is engaged in
the biological functions of cancer cells [30,43]. DRAM1 has
been found to play a tumor suppressor role in NSCLC [31].
However, DRAMI expression and clinical significance in
lung cancer have not been elucidated. Considering the vital
role of miR-524-5p in lung cancer prognosis [28], we ex-
plored its potential in regulating DRAM1 expression. We
have found that miR-524-5p decreased DRAMI expression.
There was a negative expression correlation between miR-
524-5p and DRAMI. Inhibiting miR-524-5p or
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overexpressing DRAM1 decreased autophagy-related pro-
teins and increased viability and invasion in NSCLC cells.

Our results suggested that EGFR-AS1 could regulate
NSCLC progression by the DRAM1/miR-524-5p axis. For
the first time, we reported DRAMI as a potential target of
miRNA-524-5p and elucidated its role in lung cancer. The
present study has some limitations. We shall investigate the
role of EGFR-AS1 concerning the miR-524-5p/DRAM1 axis
in vivo and provide a detailed analysis of the underlying
mechanism. We also need to validate our results regarding
cell death mechanisms.

5. Conclusion

We spotlighted the vital role of EGFR-AS1 in NSCLC
progression and the role of miR-524-5p in regulating
DRAMI. For the first time, our results have practically
elucidated that EGFR-AS1 contributes to the progression of
NSCLC via inhibiting the miR-524-5p/DRAM1 axis. Our
findings set forth a novel mechanism of the progression of
NSCLC, providing a newly identified target for lung cancer
treatment.

Data Availability

Data supporting this research article are available from the
corresponding author on reasonable request.

Ethical Approval

The experimental protocol was established according to the
ethical guidelines of the Helsinki Declaration and was ap-
proved by the Jinan Central Hospital Affiliated to Shandong
University.

Conflicts of Interest

The authors declare no conflicts of interest in this study.

Acknowledgments

This study was supported by the Jinan Post-Doctoral In-
novation Program (187411) and the Science and Technology
Planning Project of Jinan Municipal Health Commission
(2018-1-03).

References

[1] R. S. Herbst, J. V. Heymach, and S. M. Lippman, “Lung
cancer,” New England Journal of Medicine, vol. 359, no. 13,
pp. 1367-1380, 2008.

[2] R. L. Siegel, K. D. Miller, and A. Jemal, “Cancer statistics,
2015, CA: A Cancer Journal for Clinicians, vol. 65, no. 1,
pp. 5-29, 2015.

[3] Y. He, L. Wang, W. Liu et al., “MAP3K3 expression in tumor
cells and tumor-infiltrating lymphocytes is correlated with
favorable patient survival in lung cancer,” Scientific Reports,
vol. 5, no. 1, Article ID 11471, 2015.

[4] N. Motoi, J. Szoke, G. J. Riely et al., “Lung adenocarcinoma:
modification of the 2004 WHO mixed subtype to include the
major histologic subtype suggests correlations between

papillary and micropapillary adenocarcinoma subtypes,

EGFR mutations and gene expression analysis,” The American

Journal of Surgical Pathology, vol. 32, no. 6, pp. 810-827, 2008.

E. Nadal, A. Truini, A. Nakata et al., “A novel serum 4-

microRNA signature for lung cancer detection,” Scientific

Reports, vol. 5, no. 1, Article ID 12464, 2015.

[6] S. M. Dhanasekaran, O. Alejandro Balbin, G. Chen et al,
“Transcriptome meta-analysis of lung cancer reveals recurrent
aberrations in NRGI and Hippo pathway genes,” Nature
Communications, vol. 5, no. 1, p. 5893, 2014.

[7] L. Ding, G. Getz, D. A. Wheeler et al., “Somatic mutations
affect key pathways in lung adenocarcinoma,” Nature,
vol. 455, no. 7216, pp. 1069-1075, 2008.

[8] O. A. Balbin, R. Malik, S. M. Dhanasekaran et al., “The
landscape of antisense gene expression in human cancers,”
Genome Research, vol. 25, no. 7, pp. 1068-1079, 2015.

[9] M. Guttman, I. Amit, M. Garber et al., “Chromatin signature
reveals over a thousand highly conserved large non-coding
RNAs in mammals,” Nature, vol. 458, no. 7235, pp. 223-227,
2009.

[10] J. T. Y. Kung, D. Colognori, and J. T. Lee, “Long noncoding
RNAs: past, present, and future,” Genetics, vol. 193, no. 3,
pp. 651-669, 2013.

[11] J. R. Prensner, M. K. Iyer, O. A. Balbin et al., “Transcriptome
sequencing across a prostate cancer cohort identifies PCAT-1,
an unannotated lincRNA implicated in disease progression,”
Nature Biotechnology, vol. 29, no. 8, pp. 742-749, 2011.

[12] L. Wang, Z. Chen, L. An et al., “Analysis of long non-coding
RNA expression profiles in non-small cell lung cancer,”
Cellular Physiology and Biochemistry, vol. 38, no. 6,
pp. 2389-2400, 2016.

[13] P.]J.Batistaand H. Y. Chang, “Long noncoding RNAs: cellular
address codes in development and disease,” Cell, vol. 152,
no. 6, pp. 1298-1307, 2013.

[14] S. Carpenter, D. Aiello, M. K. Atianand et al, “A long
noncoding RNA mediates both activation and repression of
immune response genes,” Science, vol. 341, no. 6147,
pp. 789-792, 2013.

[15] Y. Huang, N. Liu, J. P. Wang et al., “Regulatory long non-
coding RNA and its functions,” Journal of Physiology &
Biochemistry, vol. 68, no. 4, pp. 611-618, 2012.

[16] C. Wahlestedt, “Targeting long non-coding RNA to thera-
peutically upregulate gene expression,” Nature Reviews Drug
Discovery, vol. 12, no. 6, pp. 433-446, 2013.

[17] F. Yang, X.-s. Huo, S.-x. Yuan et al., “Repression of the long
noncoding RNA-LET by histone deacetylase 3 contributes to
hypoxia-mediated metastasis,” Molecular Cell, vol. 49, no. 6,
pp. 1083-1096, 2013.

[18] L.Yang, C. Lin, C. Jin et al., “IncRNA-dependent mechanisms
of androgen-receptor-regulated gene activation programs,”
Nature, vol. 500, no. 7464, pp. 598-602, 2013.

[19] M. Guttman, ]. Donaghey, B. W. Carey et al., “lincRNAs act in
the circuitry controlling pluripotency and differentiation,”
Nature, vol. 477, no. 7364, pp. 295-300, 2011.

[20] M. Huarte, M. Guttman, D. Feldser et al., “A large intergenic
noncoding RNA induced by p53 mediates global gene re-
pression in the p53 response,” Cell, vol. 142, no. 3,
pp. 409-419, 2010.

[21] V. Tripathi, Z. Shen, A. Chakraborty et al., “Long noncoding
RNA MALATI controls cell cycle progression by regulating
the expression of oncogenic transcription factor B-MYB,”
PLoS Genetics, vol. 9, no. 3, Article ID 1003368, 2013.

[22] H.-L Qj, C.-s. Li, C.-w. Qian et al., “The long noncoding RNA,
EGFR-AS], a target of GHR, increases the expression of EGFR

[5



10

in hepatocellular carcinoma,” Tumor Biology, vol. 37, no. 1,
pp. 1079-1089, 2016.

[23] D.S. W. Tan, F. T. Chong, H. S. Leong et al., “Long noncoding
RNA EGFR-ASI mediates epidermal growth factor receptor
addiction and modulates treatment response in squamous cell
carcinoma,” Nature Medicine, vol. 23, no. 10, pp. 1167-1175,
2017.

[24] Y. H. Xu, J. R. Tu, T. T. Zhao, S. G. Xie, and S. B. Tang,
“Overexpression of IncRNA EGFR-AS1 is associated with a
poor prognosis and promotes chemotherapy resistance in
non-small cell lung cancer,” International Journal of Oncology,
vol. 54, pp. 295-305, 2019.

[25] A. Valinezhad Orang, R. Safaralizadeh, and M. Kazemzadeh-
Bavili, “Mechanisms of miRNA-mediated gene regulation
from common downregulation to mRNA-specific upregula-
tion,” International Journal of Genomics, vol. 2014, Article ID
970607, 2014.

[26] Y. Peng and C. M. Croce, “The role of MicroRNAs in human
cancer,” Signal Transduction and Targeted Therapy, vol. 1,
no. 1, Article ID 15004, 2016.

[27] K. Zhao, Q. Wang, Y. Wang et al., “EGFR/c-myc axis regulates
TGFp/Hippo/Notch pathway via epigenetic silencing miR-
524 in gliomas,” Cancer Letters, vol. 406, pp. 12-21, 2017.

[28] Q. Li, M. Li, K. Zheng et al., “Detection of microRNA ex-
pression levels based on microarray analysis for classification
of idiopathic pulmonary fibrosis,” Experimental and Thera-
peutic Medicine, vol. 20, pp. 3096-3103, 2020.

[29] T. Wang, J. Zhang, S. Wang et al., “The exon 19-deleted EGFR
undergoes ubiquitylation-mediated endocytic degradation via
dynamin activity-dependent and -independent mechanisms,”
Cell Communication and Signaling, vol. 16, no. 1, p. 40, 2018.

[30] T.Lu, Z. Zhu, J. Wu et al,, “DRAMI1 regulates autophagy and
cell proliferation via inhibition of the phosphoinositide 3-
kinase-Akt-mTOR-ribosomal protein S6 pathway,” Cell
Communication and Signaling, vol. 17, no. 1, p. 28, 2019.

[31] J. Geng, R. Zhang, X. Yuan et al, “DRAMI plays a tumor
suppressor role in NSCLC cells by promoting lysosomal
degradation of EGFR,” Cell Death & Disease, vol. 11, no. 9,
p. 768, 2020.

[32] J. Elegheert, E. Behiels, B. Bishop et al., “Lentiviral trans-
duction of mammalian cells for fast, scalable and high-level
production of soluble and membrane proteins,” Nature
Protocols, vol. 13, no. 12, pp. 2991-3017, 2018.

[33] Y. Chen and X. Wang, “miRDB: an online database for
prediction of functional microRNA targets,” Nucleic Acids
Research, vol. 48, no. D1, pp. D127-d131, 2020.

[34] F. Bray, J. Ferlay, I. Soerjomataram, R. L. Siegel, L. A. Torre,
and A. Jemal, “Global cancer statistics 2018: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers
in 185 countries,” CA: A Cancer Journal for Clinicians, vol. 68,
no. 6, pp. 394-424, 2018.

[35] C. Zappa and S. A. Mousa, “Non-small cell lung cancer:
current treatment and future advances,” Translational Lung
Cancer Research, vol. 5, no. 3, pp. 288-300, 2016.

[36] E. Anastasiadou, L. S. Jacob, and F. J. Slack, “Non-coding
RNA networks in cancer,” Nature Reviews Cancer, vol. 18,
no. 1, pp. 5-18, 2018.

[37] Z. Chen, C. M. Fillmore, P. S. Hammerman, C. F. Kim, and
K.-K. Wong, “Non-small-cell lung cancers: a heterogeneous
set of diseases,” Nature Reviews Cancer, vol. 14, no. 8,
pp. 535-546, 2014

[38] L. A. Pikor, V. R. Ramnarine, S. Lam, and W. L. Lam, “Genetic
alterations defining NSCLC subtypes and their therapeutic
implications,” Lung Cancer, vol. 82, no. 2, pp. 179-189, 2013.

Journal of Oncology

[39] Y. Zhan, H. Zang, J. Feng, J. Lu, L. Chen, and S. Fan, “Long
non-coding RNAs associated with non-small cell lung can-
cer,” Oncotarget, vol. 8, no. 40, pp. 69174-69184, 2017.

[40] K. L. Wu, Y. M. Tsai, C. T. Lien, P. L. Kuo, and A. J. Hung,
“The roles of MicroRNA in lung cancer,” International
Journal of Molecular Sciences, vol. 20, 2019.

[41] X. Li, Z. Li, Y. Zhu et al., “miR-524-5p inhibits angiogenesis
through targeting WNKI1 in colon cancer cells,” American
Journal of Physiology—Gastrointestinal and Liver Physiology,
vol. 318, no. 4, pp. G827-g839, 2020.

[42] M. Zhuang, X. Qiu, D. Cheng, C. Zhu, and L. Chen,
“MicroRNA-524 promotes cell proliferation by down-regu-
lating PTEN expression in osteosarcoma,” Cancer Cell In-
ternational, vol. 18, no. 1, p. 114, 2018.

[43] C.Chen, Q.Y.Liang, H. K. Chen et al., “DRAMI1 regulates the
migration and invasion of hepatoblastoma cells via auto-
phagy-EMT pathway,” Oncology Letters, vol. 16, pp. 2427-
2433, 2018.



