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Long non-coding RNA LOC285194 functions as a tumor
suppressor by targeting pS3 in non-small cell lung cancer
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Abstract. Recently, LOC285194 has shown a potential tumor-
suppressor function in several types of human cancers, but
its function in non-small cell lung cancer (NSCLC) remains
unknown. This study intended to investigate the biological
role of LOC285194 and its clinical significance in NSCLC.
LOC285194 was detected by qRT-PCR, and its correlation
with clinicopathological features of NSCLC was analyzed. The
expression of LOC285194 was knocked down or ectopically
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expressed in lung cancer cells (A549 and H1299) and tumor
cell growth, migration and invasion in vitro were investigated.
In addition, the interaction of LOC285194 and target proteins
was assessed by RNA pulldown and RNA immunoprecipitation
in vitro. The results revealed that the expression of LOC285194
was significantly lower in tumor tissues when compared with
the corresponding non-tumor tissues (P<0.001). Its expression
was correlated with the tumor size (P=0.027). Kaplan-Meier
analysis revealed that patients with lower LOC285194 expres-
sion had worse disease-free survival and overall survival
rates (P<0.05). RNA protein interaction analysis revealed that
p53 was the direct binding target of LOC285194 in NSCLC.
Bioinformatics analyses suggested that depletion of LOC285149
could affect its antitumor function through the KRAS/BRAF/
SMEK pathway. Our findings indicated that LOC285194 was
a novel non-coding prognostic indicator and contributed to
tumor suppression by targeting p53 in NSCLC, suggesting that
it may be a non-coding target for NSCLC gene therapy.

Introduction

Lung cancer is the leading cause of cancer-related deaths
worldwide. The five-year survival of patients diagnosed with
NSCLC remains poor (1). Currently, researchers and physi-
cians are committed to the development of molecular targets
for cancer. With the increasing understanding of the molecular
basis of lung cancer, some targeted treatments have been
revealed to be effective in clinical practice (2). However, the
targeted therapies for other common somatic mutations such
as p53 and KRAS in lung cancer are still far from optimal.
Therefore, the identification of the potential targets for lung
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cancer is crucial for the development of novel molecular-
targeting agents.

Long non-coding RNAs (IncRNAs) are non-protein-coding
transcripts longer than 200 nucleotides, which represent novel
biomarkers for prognosis (3). The expression of IncRNAs is
frequently dysregulated in cancer (4) and participates in the
proliferation, survival, migration, and invasion of cancer
cells by modulating transcriptional, post-transcriptional,
and epigenetic molecular events. Studies have revealed that
targeting cancer-associated IncRNAs can impair cancer cell
growth and metastasis (5). Since IncRNAs are critical for the
carcinogenic process, they could serve as novel therapeutic
targets for cancer treatment (6).

p53 is one of the most common sites of genetic altera-
tions of NSCLC (7). p53 mutations have been associated
with lung cancer progression and treatment responses (8),
however the molecular mechanism underlying their tumor-
suppressing effects requires further studies (9). Recently,
the tumor-suppressor gene p53 was found to be associated
with IncRNAs (10). IncRNA LOC285194 has been revealed
to inhibit the growth of tumor cells as a tumor suppressor in
osteosarcoma (11). Liu et al (12) demonstrated that LOC285194
was a transcriptional target of p53, and that its ectopic expres-
sion functioned as an inhibitor of tumor cell growth in vitro
and in vivo. Whether LOC285194 is associated with the loss
of p53 tumor suppression in lung cancer has not been studied.

In the present study, we first focused on LOC285194
expression patterns in NSCLC tissues and cell lines as
compared to that in normal tissues or cell lines. Further
functional experiments revealed that LOC285194 may act as
a tumor-suppressing non-coding RNA through its interaction
with LOC285194 and p53 in NSCLC cells. Finally, based on
examinations of the relationship between the expression levels
of LOC285194 in tumor tissues and the clinicopathological
features of clinical samples, LOC285194 may be a potential
non-coding predictor for diagnosis.

Materials and methods

Analysis of TCGA data. RNA sequencing data and the
accompanying clinical data were downloaded from the lung
adenocarcinoma (LUAD) dataset of the TCGA sequencing
project (13) and used for signaling pathway analysis. The
survival data for LOC285194 and p53 were obtained from
cBioPortal (http://www.cbioportal.org/) (14,15). Overall
survival was analyzed by Kaplan-Meier curves and log-rank
tests for all LUAD patients. P-values <0.05 were considered to
indicate a statistically significant result.

Patients and tissue samples. A total of 56 paired NSCLC
tissues and adjacent non-tumor tissues were obtained from the
Affiliated Cancer Hospital and Institute of Guangzhou Medical
University (Guangzhou, China) between January 2006 and
January 2011. All specimens were resected by surgery,
and a pathological examination confirmed the diagnosis of
lung adenocarcinoma. Patients with tuberculosis, diabetes,
pneumonia, and COPD were excluded from the study. None
of patients had received preoperative chemotherapy or radio-
therapy. The tissues were cut into specimens 0.5 cm x 0.5 cm
in size and immediately placed in cryogenic vials with 1.5 ml

RNAlater (Thermo Fisher Scientific, Inc., Waltham, MA,
USA). NSCLC and normal tissues were stored at -80°C until
total RNA was extracted. This study was performed in accor-
dance with a protocol approved and reviewed by the Medical
Ethics Committee of the Affiliated Cancer Hospital and
Institute of Guangzhou Medical University.

Cell lines and culture conditions. Five human NSCLC adeno-
carcinoma cell lines (A549, H1299, PC9, H460 and Calu3)
and a normal human bronchial epithelial cell line (16HBE)
were obtained from American Type Culture Collection
(ATTC; Manassas, VA, USA). All cell lines were cultured
in Dulbecco's modified Eagle's medium (DMEM; Invitrogen
GmbH, Karlsruhe, Germany), supplemented with 10% fetal
bovine serum (FBS), 100 U/ml penicillin and 100 g/ml strep-
tomycin, and left to grow at 37°C in a 5% CO, atmosphere.

RNA Preparation, reverse transcription and quantitative
real-time PCR. Total RNAs were extracted with TRIzol
(Invitrogen; Thermo Fisher Scientific, Inc., Carlsbad,
CA, USA), following the manufacturer's protocol. The
reverse transcription reactions were performed by Reverse
Transcriptase M-MLV (Takara Biotechnology Co., Ltd.,
Dalian, China), and the samples were incubated for 60 min
at 42°C, 15 min at 72°C, and stored at -20°C. For real-time
PCR, 1 ul of diluted RT products were mixed with 10 ul of
SYBR® Premix Ex Taq™ (Takara Biotechnology Co., Ltd.),
0.5 ul of forward and reverse primers, and 4 ul of nuclease-
free water for a final volume of 20 pl, according to the
manufacturer's instructions. The primers used in the present
study were 5"TGTGCCTGTTTGACCTCTGA-3' (forward)
and 5'-AGGAAGGATAAAAGACCGACCA-3' (reverse).
The qPCR reactions were run on the ABI-7500 real-time
PCR system using the following conditions: 95°C for 30 sec,
followed by 45 cycles at 95°C for 3 sec and 60°C for 34 sec.
The relative expression of LOC285194 was calculated using the
comparative cycle threshold (CT) (24%°T), with small nucleolar
RNA U6 as the internal control to normalize the data.

Plasmid constructs and transfection of NCSCL cells. The
LOC285194 shRNA sequence was synthesized and cloned
into pLVX-Puro (Clontech; Takara Biotechnology Co., Ltd.).
The pLVX Puro and package plasmids were then transfected
into 293T cells. Next, the 293T cell line generated the lenti-
virus particles, and a supernatant containing the virus was
centrifuged to concentrate the virus. The virus was then used
to transduce the cell lines of interest: A549 and H1299. The
expression level of LOC285194 was assessed by qPCR.

Cell proliferation assays. Cells were digested using the
common passage method to cause cell suspension, and stably-
transfected plasmids and empty vector cells (3000 cells/well)
were seeded in 96-well plates. When harvested, the cells were
stained with methylthiazolyldiphenyl-tetrazolium bromide
(MTT) and dissolved in dimethyl sulphoxide (DMSO).
Cell growth was assessed every 12 h. All experiments were
performed in triplicate.

Flow cytometric analysis of apoptosis. Stably-transfected
A549 and H1299 cells and empty vectors were harvested
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by trypsinization. Following the standard FITC-Annexin V
and propidium iodide (PI) double staining procedure, the
cells were analyzed by flow cytometry (BD Accuri C6; BD
Biosciences, San Jose, CA, USA). The percentage of apoptotic
cells was assessed (GuavaSoft 3.2). All of the samples were
assayed in triplicate.

Cell invasion assay. After 48 h transfection, 1x10° cells in
serum-free media were placed into the upper chamber pre-
coated with Matrigel (8.0 pm; BD Biosciences). The chambers
were then incubated for 0, 24 and 48 h, respectively, in culture
medium with 10% FBS in the lower chambers before cell
counting. The cells on the upper surface were removed with
a cotton swab, whereas the invaded cells on the lower surface
were fixed with 4% paraformaldehyde and stained with 0.05%
crystal violet. Finally, the invaded cells were counted using a
inverted microscope (BDS200) in triplicate. The experiments
were independently repeated in triplicate.

Wound healing assay. The cells were seeded in 6-well plates
and cultured until 100% confluence. A scratch was performed
using 200-ul pipette tips, and then the serum-free medium was
replaced. The scratch healing process was observed at 0, 24
and 48 h after incubation.

RNA pull down and protein analysis of the LOC285194-
associated protein. The IncRNA cDNA sequence was
cloned to the pGMT vector, and the linear cDNA was
transcribed in vitro using a MEGAscript T7 Transcription
kit (cat. no. AM1333; Life Technologies; Thermo Fisher
Scientific, Inc.), following the manufacturer's instructions.
Protein products (8-10 pg/ul; 50-60 pg total) were separated
with 1% SDS-PAGE on a 10% gel and subsequently trans-
ferred overnight onto a polyvinylidene difluoride membrane
(EMD Millipore, Billerica, MA, USA) using SDS transfer
buffer (Bio-Rad Laboratories, Inc., Hercules, CA, USA). The
membrane was blocked for 1 h by a western-blocking reagent
(Bio-Rad Laboratories, Inc., Hercules, CA, USA) at room
temperature prior to protein detection by specific monoclonal
p53 antibody at 1:1,000 dilution (cat. no. ab131442; Abcam,
Cambridge, MA, USA) overnight at 4°C. This was followed
by incubation with a horseradish peroxidase-conjugated
anti-mouse secondary antibody (1:1,000; cat. no. 6120-05;
SouthernBiotech, Birmingham, AL, USA). The Amersham™
ECL™ Prime Western Blotting Detection Reagent (GE
Healthcare Life Sciences, Shanghai, China) was used to
visualize the blots, following the manufacturer's protocol,
with a 5-10 min exposure to SuperRX X-ray film (Fujifilm
Investment Co., Ltd., Shanghai, China).

RNA immunoprecipitation. An EZ-Magna RIP™ kit (EMD
Millipore, Bedford, MA, USA) was used (according to the
manufacturer's instructions) to perform RNA-binding protein
immunoprecipitation. The anti-p53 antibody co-precipitated
RNAs were purchased from Abcam and the primers used for
the detection of LOC285194 were: H-LOC285194-F forward,
5'-CCTGTGCCTGTTTGACCTCT-3' and reverse, 5-CTG
GTTTGCAGTTTGGCCTC-3'; LOC285194 P2 forward,
5-CCCTCTTGTAGAGCCACAGG-3'and reverse, 5'-CGAAC
ACTGGCATTCATTGAG GG-3'; LOC285194 P3 forward,
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Figure 1. Quantitative real-time polymerase chain reaction analysis of
LOC285194 expression in NSCLC. (A) LOC285194 expression levels were
determined by qPCR in five lung cancer cell lines (A549, H1299, PC9, H460
and Calu3 cells) and normal bronchial epithelial cell line (HBE). Data are
presented as the mean + SEM (n=3). (B) LOC285194 was significantly
downregulated in 56 NSCLC tissues when compared to the adjacent normal
tissues. The AACt method was used to measure the relative LOC285194
expression, which was normalized by the U6 expression level. "P<0.05 indi-
cated a significant difference from the control.

5'-CAGTTCCTCAAATTTGACCCC-3' and reverse, 5'-TTT
GAAGGTTTTCCACATGG-3'.

Western blot analysis. Briefly, the cells were washed with
PBS and lysed. Protein products (8-10 pg/ul; 50-60 ug total)
were separated using 10% SDS-PAGE and subsequently
transferred overnight onto a polyvinylidene difluoride
membranes (EMD Millipore). The membranes were blocked
for 1 h with a Blotting-Grade Blocker (no. 1706404, Bio-Rad
Laboratories, Inc.). The specific monoclonal p53 antibody
(diluted 1:1,000; cat. no. abl1101; Abcam) was incubated over-
night at 4°C, followed by incubation with a horseradish
peroxidase-conjugated anti-mouse secondary antibody
(1:1,000; cat. no. 6120-05; SouthernBiotech, Birmingham,
AL, USA). Amersham™ ECL™ Prime Western Blotting
Detection Reagent (GE Healthcare Life Sciences) was used to
visualize the blots. The protein bands were exposed onto
SuperRX X-ray film (Fujifilm Investment Co., Ltd.). Anti-
GAPDH was used as aloading control (1:1,000; cat. no. ab9485;
Abcam, Cambridge, UK).

Statistical analysis. All data were presented as the
means =+ standard error of the mean (SEM). The mean values
of the two groups were compared using the Student's t-test.
Differences between the groups were analyzed with a one-way
analysis of variance (ANOVA). The survival data were
compared using the Kaplan-Meier analysis and log-rank test.
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Table I. LOC285194 expression and clinicopathological char-

acteristics of 56 NSCLC patients.

LOC285194
subgroups®
Low High P-value
Sex 0.576
Male 19 18
Female 10 9
Age 0.202
<60 14 17
=60 15 10
Location 0.169
LUL 4 5
LLL 3 9
RUL 13 10
RML 3 1
RLL 6
Histology 0.595
LUAD 16 15
LUSC 13 12
Size 0.027¢
T1-T2 12 19
T3-T4 17 8
Lymph node 0.469
Negative 18 18
Positive 11 9
Metastasis 0.535
Negative 26 25
Positive 3 2
TNM stage® 0.485
I+ 1I 16 16
I+ Iv 13 11

“Median expression level of LOC285194 was used as a cutoff to
divide the 56 patients into LOC285194 low and high subgroups.
*Tumor stage was defined according to the 7th TNM criteria. °P<0.05.
LUL, left upper lobe; LLL, left lower lobe; RUL, right upper lobe;
RML, right middle lobe; RLL, right lower lobe; LUAD, lung adeno-
carcinoma; LUSC, lung squamous cell carcinoma.

SPSS 19 software (IBM Corp., Armonk NY, USA) was used
for statistical analysis.

Results

LOC285194 is downregulated in cancer cell lines and
tissues. First, we aimed to investigate whether LOC285194
was detectable and aberrantly expressed in NSCLC and
bronchial epithelial cell lines. Among the five NSCLC cell
lines, the expression level of LOC285194 was lower in these
selected NSCLC cell lines when compared with normal bron-
chial epithelial cells (HBE) (P<0.05; Fig. 1A). Furthermore,
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Figure 2. Dowregulation of LOC285194 is associated with poor prognosis in
NSCLC. (A and B) Kaplan-Meier PFS analysis revealed that patients with low
expression of LOC285194 had a significantly lower PFS rate (P<0.001) and
OS rate (P<0.001) compared with patients with a high level of LOC285194
expression.

we examined the expression of LOC285194 in NSCLC
cancer tissues and adjacent normal tissues. We detected that
LOC285194 expression was significantly downregulated in
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Figure 3. Overexpression of LOC285194 inhibits cell proliferation and induces apoptosis of NSCLC cells. (A and B) LOC285194 expression levels were evalu-
ated by gPCR in pLVX-LOC285194- and shLOC285194-transfected A549 and H1299 cells. The expression level of LOC285194 was significantly knocked
down in both A549 and H1299 cells transfected with shLOC285194 and overexpressed in both cell lines transfected with pLVX-LOC285194. (C) The effect
of LOC285194 knockdown on the proliferation of A549 and H1299 cell lines was determined by MTT assay. (D) The effect of LOC285194 ectopic expressed
on the proliferation of A549 and H1299 cell lines was determined by MTT assay. "P<0.05.

both the lung adenocarcinoma and the squamous tumor tissues
when compared to the adjacent normal tissues (P<0.001;
Fig. 1B).

LOC285194 expression and clinicopathological factors in
NSCLC. The clinicopathological data of 56 patients are shown
in Table I. We divided the 56 patients into low or high expres-

sion groups (average AACt expression value of 0.44), with the
median expression level of LOC285194 as a cutoff. As indi-
cated in Table I, the low LOC285194 group was significantly
associated with increased tumor size (P=0.027), but no signifi-
cant association was found between LOC285194 expression
and other clinicopathological data including sex, age, tumor
location, histological subtype, lymph node metastasis, distant
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Figure 4. The apoptotic impact of A549 and H1299 cells stably overexpressing LOC285194. (A and B) The apoptotic impact of A549 and H1299 cells
stably overexpressing LOC285194 was detected by flow cytometry. The flow cytometric analysis of A549 and H1299 cells revealed that overexpression of
LOC285194 induced apoptosis in comparison with the control cells. Data were presented as the mean + SD from three independent experiments.

organ metastases, and TNM stage (P>0.05; Table I). Thus, our
results indicated that the reduced expression of LOC285194
was correlated with tumor growth in NSCLC.

Kaplan-Meier analysis revealed that patients with lower
LOC285194 expression levels had a significantly worse
progression-free survival (PFS) (P<0.01; Fig. 2A) and
overall survival (OS) (P<0.01; Fig. 2B) than those with high
LOC285194 expression. Moreover, multivariate Cox propor-
tional hazard regression analysis revealed that low LOC285194
expression was an independent prognostic factor in NSCLC
patients (P<0.01; Table II). Additionally, the survival data
from cBioPortal also revealed that the deletion of LOC285194
led to poor patient survival compared to patients with normal
LOC285194 expression, similar to the loss of p53 in NSCLC
patients compared with patients without a loss of p53 expres-
sion. These data inferred that LOC285194 expression was
associated with prognosis after lobectomy and shared the
prognostic pattern of p53 loss in NSCLC populations.

LOC285194 inhibits proliferation and promotes apoptosis
of lung cancer cells in vitro. To further study the effect of
LOC285194inNSCLC, lentiviral vectors of pLVX-LOC285194
and shLOC285194 were produced and then separately trans-
fected into A549 and H1299 cells. The gPCR results confirmed
that the expression level of LOC285194 was significantly
knocked down or overexpressed in both cells transfected with

shLOC285194 or pLVX-LOC285194 (Fig. 3A and B). We also
found that the ectopic expression of LOC285194 inhibited the
proliferation ability of both A549 and H1299 cells (Fig. 3D),
while the knockdown of LOC285194 did not increase the
proliferation ability of H1299 cells (Fig. 3C). Additionally, the
flow cytometric analysis of A549 and H1299 cells revealed
that overexpression of LOC285194 induced apoptosis in
comparison with the control cells (Fig. 4A and B).

Effect of LOC285194 on cell migration and invasiveness. To
determine whether LOC285194 was involved in the migration
of tumor cells and facilitated cell invasion in vitro, we evaluated
cancer cell migration and invasion by wound healing assay and
matrigel invasion assay. Knockdown of LOC285194 expres-
sion by shRNA increased A549 and H1299 cell migration and
invasion (Fig. 5A and B). Ectopic expression of LOC285194
led to significantly decreased migration and invasion abilities
of A549 cells. (P<0.05; Fig. 6A and B). Collectively, these
results revealed that the alteration of LOC285194 expression
could affect NSCLC cell migration and invasion abilities
compared with the control group.

LOC285194 binds to the tumor supressor p53 protein. Since
IncRNAs may perform their molecular functions by binding
to specific proteins and regulate cell growth by modulating
the p53 pathway (10), we hypothesized that LOC285194 may
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Figure 5. The migration and invasion effects of shLOC285194 on A549 and H1299 cells. (A) The migration capacity of A549 and H1299 cells was increased
by shLOC285194 ("P<0.05) at 0, 24 and 48 h after the creation of wounds. (B) The invasion capacity of A549 and H1299 cells was increased by shLOC285194
("P<0.05) at 0, 24 and 48 h.

inhibit tumor growth and metastasis through this mechanism.  were performed to identify proteins that are associated with
The RNA pull-down experiment and western blot analysis ~ LOC285194 (Fig. 7A). In brief, we resolved the RNA-enriched
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decreased by pLVX-LOC285194 ("P<0.05) at 0, 24 and 48 h after the creation of wounds. (B) The invasion capacity of A549 and H1299 cells was decreased
by pLVX-LOC285194 (‘'P<0.05) at 0, 24 and 48 h.

proteins on an SDS-PAGE gel, cut out the bands specific to ~ We then detected p53 expression in LOC285194 siRNA-
p53, and subjected them to western blot analysis (Fig. 7B).  interfering NSCLC cells. The results revealed that the
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Figure 7. LOC285194 binds to p53 and affects KRAS/BRAF/SMEK signaling. (A and B) Biotinylated LOC285194 or antisense RNA was incubated with
total-cell extracts (A549 cells). The associated proteins were resolved in a gel. Western blot analysis of the slice of page at the p53 molecular weight confirms
the interaction. (C) The expression of the p53 protein was detected by western blotting. (D) The possible p53 pathway recruited by LOC285194 is estimated by
Cancer Browser of UCSC. TCGA lung adenocarcinoma (LUAD) gene expression by RNA-seq (Illumina HiSeq), N=571.

expression of p53 was low as shown in Fig. 7C. By analyzing
the LUAD dataset from the TCGA sequencing project by
UCSC cancer browser, we discovered that the p53 expression
pattern was correlated with KRAS, BRAF and SMEK, but not
EGFR and PI3K. These data confirmed that LOC285194 func-
tions as a tumor suppressor non-coding RNA by interfering
with EGFR/KRAS/BRAF signaling in NSCLC (Fig. 7D).

Discussion

Lung cancer is one of leading causes of cancer-related
deaths worldwide, with very high incidence and mortality
rates (16). Early detection, diagnosis, and treatment are vital
to the management of lung cancer patients. The metastasis of
distant organs contributes to the decline in the quality of life
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Table II. Multivariate Cox regression analysis of the 5-year progression-free survival and overall survival of 56 NSCLC patients.

PFS oS
Variables HR 95% C1 P-value HR 95% CI P-value
Age
(<60/=60 years) 0.177 0.085-0.368 <0.001* 0.241 0.118-0.490 <0.001*
Sex
(Male/Female) 0.427 0.201-0.908 0.027* 0.681 0.334-1.388 0.291
Location
(LUL/LLL/RUL/RML/RLL) 1.138 0.887-1.458 0.309 1.250 0.968-1.614 0.087
Histology
(LUAD/LUSC) 1.427 0.116-17.499 0.781 3.253 0.251-42.207 0.367
Size
(T1+T2/T3+T4) 1.132 0.594-2.160 0.706 0.821 0.439-1.536 0.821
Lymph node
(Absence/Presence) 0.819 0.287-2.341 0.710 0.385 0.125-1.185 0.096
Metastasis
(Absence/Presence) 0.734 0.212-2.539 0.625 1.194 0.353-4.039 0.775
Stage
(I+IV/III+1V) 6.535 0.521-82.002 0.146 5.304 0.375-74.950 0.217
LOC285194
(Low/High) 0.153 0.073-0.318 <0.001* 0.199 0.094-0.423 <0.001*

aP<0.05. HR, hazard ratio; CI, confidence interval.

and to poor disease prognosis. Increasing evidence suggests
that IncRNAs may be involved in the regulation of cancer
invasion and metastasis. Some IncRNAs are more aberrantly
expressed in cancer tissues than in normal tissues (17,18), and
thus some of them can be used as novel molecular markers
for tumor diagnosis and treatment. Other studies have revealed
that IncRNAs play a key role in EGFR exon 19 deletions (19),
drug resistance (20), and chemical carcinogenesis (21-24).
Additionally, IncRNAs such as MALATI can be used as
markers of lung cancer, but with low sensitivity (25).

IncRNA LOC285194, also known as antisense RNA
LSAMP3, is a long non-coding RNA located at the 3q13.31
loci with a length of 2 kb. It has been revealed to be a tumor
suppressor (11), inhibiting the growth of osteosarcoma cells.
Liu et al (12) revealed that LOC285194 was a transcriptional
target of p53, and that the ectopic expression of LOC285194
inhibited the growth of tumor cells in vitro and in vivo.
Qi et al (26) determined that LOC285194 expression was
downregulated in colon cancer specimens compared to normal
tissues. Similar findings were found in pancreatic ductal
adenocarcinoma (27).

In the present study, we first investigated the relationship
between LOC285194 expression and the prognosis of NSCLC
and found that the expression of LOC285194 was signifi-
cantly lower in lung cancer tissues than in the adjacent lung
tissues. Similar to previous studies, the lack of LOC285194
expression in patients with lung adenocarcinoma led to poor
prognosis compared to patients with normal expression (28).
In addition, the ectopic expression of LOC285194 significantly

inhibited the growth, migration, and invasion abilities of lung
cancer cells in vitro. Inversely, the knockdown of LOC285194
promoted cell growth, migration, and invasion. These results
revealed that LOC285194 may play an important role in the
progression of lung cancer.

The presence of TP53 tumor suppressor gene mutation
occurs in 50-80% of human cancers. However, it remains
unclear whether the lack of its related tumor suppressor
IncRNA can also promote tumor occurrence and development.
Recent studies reported that TP53 was involved in tumori-
genesis and progression through interaction with IncRNAs.
For example, Zhang et al (29) found that IncRNA TUGI
was the direct transcriptional target of p53 genes. Moreover,
Han et al (30) confirmed that the IncRNA PANDAR was
the direct transcriptional target of the p53 gene in NSCLC.
Recently, the two binding sites of the HOTAIR promoter
region were reported to be bound by p53, with p53 binding
inhibiting the transcription of HOTAIR mRNA. When the
p53 gene was overexpressed in A549 cells, the expression
of IncRNA HOTAIR was downregulated and the cell prolif-
eration rate and invasion abilities were decreased (31). In
the present study, we revealed that LOC285194 can interact
with p53 and interfere with lung cancer cell carcinogenesis.
By analyzing the LUAD dataset of the TCGA sequencing
project and the corresponding clinical data and incorporating
the UCSC cancer browser for visualization, we discovered
that the p53 expression pattern was correlated with KRAS,
BRAF, and SMEK but not with EGFR and PI3K. Therefore,
we proposed that in the NSCLC model, the loss of p53 by
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LOC285194 recruitment may impair antitumor function
through the KRAS/BRAF/SMEK pathway.

The main difference between this study and previous
research (12) is that we studied the function of LOC285194
on lung cancer cells, and confirmed the direct binding of
LOC285194 and p53 through molecular biology experi-
ments. The related research of this study demonstrated that
LOC285194 could be used as a biomarker for prognosis (32).

Our results revealed that LOC285194 may be a tumor
suppressor that may regulate p53. However, further experi-
ments are warranted, such as the western blot analysis of
the KRAS/BRAF/SMEK pathway downstream proteins.
RNA-targeting drugs based on RNAi and lipid nanopar-
ticles (LNPs) are under development and have been tested
in humans (33). Restoring the function of the p53 protein by
targeting IncRNAs could lead to a new method of treatment
for malignant tumors.

To the best of our knowledge, no study has been previ-
ously published with respect to the association between
LOC285194 expression levels and lung cancer prognosis. Our
results revealed that LOC285194 expression was significantly
decreased in NSCLC tissues and cell lines. Lower expres-
sion of LOC285194 was associated with poor prognosis.
LOC285194 may play a role in suppressing the progression of
lung cancer by recruiting p53. Thus, approaches for targeting
LOC285194 to block NSCLC proliferation are needed for
further investigation.
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