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Abstract
Background: Lung adenocarcinoma (LUAD) is one of the deadliest types of cancer worldwide. Previous
studies have reported that the expression of LANCL1-AS1 was decreased in LUAD. Hence, the current
study was conducted to con�rm these �ndings and explore the probable mechanism of action.

Methods: LUAD and adjacent tissue samples were collected after the surgical procedure. For experiments
in vitro, CCK-8 assay and colony formation assay were employed to explore the proliferation capacity
while transwell assay was performed to explore the migration and invasion ability of LUAD cell lines.
Luciferase reporter assay and RNA pull-down assay were used to con�rm the interaction between
LANCL1-AS1 and corresponding miRNA as well as the corresponding protein target of the miRNA
predicted by online bioinformatics tools. The effect of different interventions on RNA and protein
expression was con�rmed by qRT-PCR and western blotting.

Results: It was observed that LANCL1-AS1 was low expressed in LUAD tissues and cell lines which was
also associated with decreased survival of cancer patients. Overexpression of LANCL1-AS1 in cell lines
was associated with decreased viability, proliferation, migration, and invasion, and with decreased
subcutaneous tumor growth in nude mice. RNA pull-down and luciferase reporter gene assays suggested
that LANCL1-AS1 interacted with miR-6748a-3p and LUAD tissue samples exhibited increased expression
of miR-6748a-3p. Moreover, miR-6748-3p mimics decreased the RNA and protein expression of PRSS8 in
LUAD cell lines. Interestingly, LUAD tissue samples exhibited low expression of PRSS8. The effects of
LANCL1-AS1 overexpression on viability, proliferation, migration, and invasion capacity of LUAD cell lines
were curtailed after the miR-6748a-3p overexpression or PRSS8 silencing.

Conclusion: Our results suggest that upregulation of LANCL1-AS1 can suppress tumor growth in LUAD
through the modulation of miR-6748a-3p and PRSS8 dependent pathways.

Background
Lung cancer is the leading cause of cancer-related deaths and over a million deaths are attributed to lung
cancer each year worldwide [1]. Despite the availability of new treatments, the 5-year survival of lung
cancer is only about 12% to 15 % [2]. LUAD is a subtype of non-small cell lung cancer (NSCLC) and the
most common type of lung cancer in non-smokers and women [3, 4]. LUAD has a strong association with
previous smoking and may represent up to 40 % of all lung cancers [2]. An early diagnosis of lung cancer
remains the key to the treatment which necessitates �nding new biomarkers and therapeutic targets.

Long-chain non-coding RNAs (lncRNA) are non-coding RNAs of about 200 nt with diverse functions. One
of its biological roles involves inhibition of the negative regulation of miRNA on downstream target genes
through sponging miRNA [5]. The abnormal expression of lncRNA is often related to the occurrence and
development of tumors [6]. For instance, lncRNA TUG1 has been shown to act as a tumor suppressor in
human glioma [7]. lncRNA DGCR5 has been shown to exert inhibitory effects on papillary thyroid
carcinoma via miR‐2861 targeting [8]. Another lncRNA XIST has been reported to suppress prostate



Page 3/17

cancer by modulating the expression of RKIP through miR-23a [9]. The tumor suppressor effects of
lncRNA-BCAT1 on colorectal cancer have also been reported [10]. LncRNAs can not only inhibit but also
promote cancer. For example, lncRNA MIR4435-2HG promotes the development of lung cancer through β
-catenin signaling [11]. LncRNA RMRP has been suggested to act as an oncogene in lung cancer [12].
Another LncRNA CRNDE has been shown to promote cervical cancer through miR-183/CCNB1 axis [13].
The oncogenic role of LncRNA SNHG15 in prostate cancer has also been reported [14]. In a recent report,
Wang et al. have reported that LANCL1-AS1 was down-regulated in LUAD based on machine learning and
weighted gene co-expression network analysis [15]. Indeed, LANCL1-AS1 was proposed as a biomarker of
LUAD in their report, but its role and mechanism in lung cancer have not been studied. LncBase online
database predicts that has a miR-6748-3p binding site, and Targetscan online database predicts that
miR-6748-3p targets PRSS8. Hence, in the current piece of investigation, we have explored the role of
LANCL1-AS1 in LUAD and explored its possible mechanism of action involving the miR-6748-3p/ PRSS8
axis by using a variety of biochemical tools.

Methods
Collection of clinical samples

LUAD and normal tissue samples from adjacent tissues were collected from patients participating in the
study at Shunde Hospital of Southern Medical University and immediately frozen at -80 °C until further
use. Written informed consent was obtained from all the patient participants of the study before the
surgical removal of the samples. All the procedures were approved by the ethical committee for human
experimentation, Shunde Hospital of Southern Medical University (China), and were following the
guidelines of the declaration of Helsinki.

Animals and diets

Nude mice of 5-6 weeks of age and weighing between 23 g to 25 g were purchased from Shunde Hospital
of Southern Medical University, China, and kept under standard laboratory conditions (relative humidity
47±9%, 21 ± 3 ˚C, 12 h: 12 h light-dark cycle) with food and water ad libitum. The mice were acclimatized
for at least one week before experimentation. For the subcutaneous injection of LUAD tumor in nude
mice, 2×106 cells with or without LANCL1-AS1 overexpression were suspended in 25 µL of PBS and
injected using a 27 G needle [16]. The size of the tumor was measured after each week for a total period
of 4 weeks. Tumor growth was expressed in terms of volume and weight and the tumor growth curve was
constructed as a function of time. In accordance with the principles of animal welfare,the mice were
euthanized by sodium pentobarbital injection, and the drug was injected intraperitoneally at a dose of
150 mg/kg. All the experimental procedures were approved by the animal ethical committee of Shunde
Hospital of Southern Medical University and in strict accordance with the international guidelines for
animal experimentation.

Cell culture and transfection
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BEGMTM bronchial epithelial cell growth medium (Lonza, Switzerland) was used for the culture of BEAS-
2B cells. H1650, PC9, H1975 cells were cultured in RPMI-1640 medium (Thermo Fisher Scienti�c, USA),
while A549 cells were cultured in ATCC-formulated F-12K medium. Besides, 10% fetal bovine serum (FBS)
and 1 % penicillin-streptomycin (Thermo Fisher Scienti�c, USA) was added to all the culture media.
Standard laboratory conditions i.e. 5% CO2, 37 °C were provided for the cell growth. For transfection of
cells, Lipofectamine 2000 (Invitrogen, USA) was used according to the manufacturers’ guidelines. Brie�y,
cells were seeded to be 70–90% con�uent at transfection. Lipofectamine 2000 and sequence to be
transfected were separately diluted in Opti-MEM®Medium 1:1, incubated for 5 minutes, and added to the
cells. Transfected cells were kept at 37 °C and analyzed after 48 h.

Quantitative Real-Time Polymerase Chain Reaction (qRT- PCR) analysis

qRT-PCR assay was conducted according to the previously reported procedures [17]. TRIzol reagent
(Thermo Fisher Scienti�c) was used for the extraction of RNA from the samples and RNA concentrations
were determined by using a nano-drop spectrophotometer. The RNA was then converted to cDNA using
DNA polymerase and M-MLV reverse transcriptase in a thermocycler (Bio-Rad, USA). Then, PCR was
performed for 40 cycles of alternate temperatures of denaturation, annealing, and extension. SYBR Green
PCR master mix (Thermo Fisher Scienti�c, USA) was used to analyze the gene expression using 2-ΔΔCt

method. The melt-curve analysis was used for the analysis of the product speci�city and all the
experiments were repeated at least in triplicate. GAPDH and U6 are reference genes and used as internal
controls. The sequences for primer used are as follows: LANCL1-AS1, F: AAAGGGGAAGAGGACAGGAA R:
TTTTCAGGCTGTTTGCATTG; PRSS8, F: CTATGAAGGCGTCCATGTGTG, R:
AGTTACACGTCTCACGACTGAT; miR-6748a-3p, F: AACAAGAGGACAGGGACAGAG R:
CAGTGCGTGLUADGTGGAGT; si-PRSS8, F: ACAUUUUAAUCAUUUCUGCCC, R:
GCAGAAAUGAUUAAAAUGUUU. GAPDH, F: ACGGGAAGCTCACTGGCATGG, R:
GGTCCACCACCCTGTTGCTGTA; U6 F-5’–CTCGCTTCGGCAGCACA–3’, R-5’–
AACGCTTCACGAATTTGCGT–3’.

Western blotting

For western blot assay, cells were lysed by using RIPA buffer (Proteintech, China) with added 1% protease
inhibitor cocktail (Sigma, USA). The total protein content of the lysate was determined by the BCA
method. The proteins were separated through SDS-PAGE and transferred onto polyvinylidenedi�uoride
(PVDF) membranes (Millipore, USA). The membranes were blocked by using a 4 % solution of BSA for 2 h
followed by incubation with primary antibody (1:500) overnight at 4 °C in dark. Then, the membranes
were incubated with secondary antibody (1;1000) for 2 h at room temperature and protein bands were
visualized by ECL assay kit (Bio-Rad, USA) and the band densities were compared using ImageJ
software.

Colony formation experiment
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This assay was conducted to analyze the proliferation ability of tumor cells after different interventions.
For this purpose, cells in the logarithmic phase of growth were seeded onto 6 well plates and cultured for
14 days. After this period, the colonies started to appear which were washed twice with PBS followed by
20 min �xation with methanol. Crystal violet dye (Beyotime, China) was used to stain the colonies which
were then air-dried and counted under a laboratory microscope (Olympus life science, Japan).

Transwell assay

Migration and invasion capacities of the tumor cells were analyzed by transwell assay [18]. For invasion
assay, cells suspended in a medium without serum were placed in the upper chamber with a porous
membrane that contained Matrigel solution (BD, USA). The lower chamber of the apparatus was
immersed in a solution that contained a complete cell growth medium. After incubation for 24 h at 37 °C,
cells at the upper side of the membrane were removed gently and cells retained at the lower side were
�xed with 4% formaldehyde solution (Sigma-Aldrich, USA). The cells were then stained with 0.1% crystal
violet solution (Sigma-Aldrich, USA) and counted under the lab microscope. The same protocol was
followed for the migration analysis except that Matrigel was not used.

Luciferase reporter gene assay

For this assay, approximately 5 × 104 cells were seeded onto a 24-well plate for 24 h. Afterward, the
transfection/transfection was carried out using Lipofectamine 2000 (Invitrogen, USA) at 37 °C for 48 h
according to the manufacturer’s guidelines. Luciferase activity was performed using luciferase assay kit
(Promega, USA) and the dual luciferase activity was measured by using microplate reader (Synergy H4
Hybrid Reader, BioTek, Winooski, USA) [17].

RNA pull-down assay

This assay was conducted according to the previously described procedures [19]. Biotin-labeled bio-
LANCL1-AS1 probe was provided by Sangon Biotech (Shanghai, China). Before the assay, cells were
trypsinized and lysed and one of the lysate was kept as the input control. The other portion was
incubated at 4 °C for overnight with magnetic Dynabeads M-280 Streptavidin beads (Invitrogen, Carlsbad,
CA, USA) and the miR-6748-3p enrichment was determined by qRT-PCR analysis.

Statistical analysis

Statistical analysis of the results was conducted by using GraphPad Prism software V6. Kaplan-Meier
survival curve was used to compare the survival rate of LUAD patients. Statistical analysis between two
groups as done by Student’s t-test while One-way ANOVA was used for the signi�cance of the difference
between more than two groups. P values less than 0.05 were considered signi�cant. The data represent
the mean ± SD of three independent experiments.

Results
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LUAD tissues and cell lines have a decreased expression of LANCL1-AS1

Web database TGCA analysis showed that LANCL1-AS1 expression was decreased in LUAD and was
associated with decreased survival in cancer patients (Fig.1A). To further con�rm these �ndings, the
expression level of LANCL1-AS1 in 54 pairs of LUAD tissues and adjacent tissues was detected by qRT-
PCR. It was observed that LUAD tissues exhibited signi�cantly decreased (P < 0.01) expression of
LANCL1-AS1 compared with the controls (Fig.1B). In accordance, LUAD cell lines including A549, H1975,
H1650, and PC9 exhibited signi�cantly lower expression of LANCL1-AS1 than the normal lung epithelial
cell line Beas-2B (Fig.1C). With the median expression value of LANCL1-AS1 in LUAD tissue in Fig.1B as a
cut-off value, 54 LUAD patients were divided into high expression group (n=27) and low expression group
(n = 27), and Kaplan-Meier survival curve was used to evaluate the overall survival rate of the two groups.
It was revealed that the low expression group of LANCL1-AS1 had signi�cantly decreased (P = 0.0242)
survival than the high expression group (Fig.1D). The relationship between the expression of LANCL1-
AS1 and clinical medical records of LUAD in the low-expression group and high-expression group was
analyzed as shown in Table 1. The two groups were not signi�cantly different in terms of age, gender,
and tumor size (Table 1). It was observed that the high expression of LANCL1-AS1 was associated with a
signi�cantly higher incidence of poor tumor differentiation, lymph node metastasis, and higher TNM
stage than low expression (Table 1).

Overexpression of LANCL1-AS1 inhibited the proliferation, migration, and invasion of LUAD cells and
increased the apoptosis rate

Two LUAD cell lines i.e. A549 and H1975 with the lowest expression of LANCL1-AS1 in Fig.1B were
selected and stable cell lines with LANCL1-AS1 overexpression (OE) were established (Fig.2A). It was
observed that LANCL1-AS1 OE was associated with signi�cantly reduced survival (Fig.2B), proliferation
(Fig.2C) migration (Fig.2D), and invasion (Fig.2E) capacity of A549 and H1975 cells. Interestingly,
subcutaneous injection of LANCL1-AS1 OE cells in nude mice resulted in signi�cantly reduced
subcutaneous tumor growth than control (Fig.2F).

LANCL1-AS1 sponges miR-6748a-3p

Online database starBase predicted the binding sites of miR-6748a-3p in LANCL1-AS1 (Fig.3A). To
con�rm these �ndings, two luciferase reporting experiments were carried out in A549 and H1975 cells. It
was observed that compared with vector, overexpression of LANCL1-AS1 signi�cantly decreased
luciferase activity in A549 and H1975 cells, and the inhibition disappeared after the mutation of the
LANCL1-AS1binding site (Fig.3B). Besides, an RNA pull-down experiment was carried out with a biotin-
labeled LANCL1-AS1 probe. Hence, it was observed that compared with the oligo probe, LANCL1-AS1
probe pulled down signi�cantly more (P < 0.01) miR-6748a-3p (Fig.3C). Moreover, overexpression of
LANCL1-AS1 signi�cantly reduced (P < 0.01) the expression of miR-6748a-3p than control which further
con�rms that miR-6748a-3p can directly interact with LANCL1-AS1 in A549 and H1975 cells (Fig.3D).
Interestingly, LUAD tissue samples exhibited signi�cantly increased (P < 0.05) expression of miR-6748-3p
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than the normal cells (Fig.3E), and an inverse correlation was observed between miR-6748-3p and
LANCL1-AS1 expression in these tissues (Fig.3F), which further corroborates the in vitro �ndings.

miR-6748a-3p targets PRSS8

Web tool Targetscan database analysis predicted that PRSS8 has miR-6748a-3p binding sites (Fig.4A).
Henceforth, dual luciferase reporting experiments were carried out in A549 and H1975 cells. It was
observed that overexpression of miR-6748a-3p signi�cantly inhibited (P < 0.01) luciferase activity in A549
and H1975 cells, and this inhibitory effect disappeared after the mutation in the PRSS8 binding site
(Fig.4B). In addition, overexpression of miR-6748-3p resulted in decreased mRNA (Fig.4C) and protein
(Fig.4D) expression of PRSS8 than control. Under the in vitro �ndings, LUAD tissue samples exhibited
signi�cantly reduced expression of PRSS8 than controls (P < 0.01) while PRSS8 and miR-6748a-3p
expression exhibited a signi�cant negative correlation (R=0.8367, P < 0.001) (Fig.4E, F).

LANCL1-AS1 suppresses LUAD progression by sponging miR-6748a-3p and thereby up-regulating PRSS8

It was observed that A549 and H1975 LUAD cells that overexpressedLANCL1-AS1 also exhibited
signi�cantly increased mRNA (Fig.5A) and protein (Fig.5B) expression of PRSS8. In contrast, increased
miR-6748 expression or si-PRSS8 signi�cantly curtailed the mRNA and protein expression of PRSS8 in
A549 and H1975 cells while overexpressing LANCL1-AS1 (Fig.5A, B). Interestingly, decreased viability
(Fig.5C), colony formation (Fig.5D), migration (Fig.5E), and invasion (Fig.5F) capacities of LUAD cells
caused by LANCL1-AS1 overexpression were partially rescued after increased miR-6748 expression or
PRSS8 silencing in these cells. These observations suggest that LANCL1-AS1 exerts its modulatory
effects on LUAD cells through miR-6748 and PRSS8 dependent pathways.

Discussion
Low expression of LANCL1-AS1 in LUAD tissue samples as well as in cell lines was observed during our
study. The low expression of LANCL1-AS1 was strongly associated with poor prognosis and decreased
survival in LUAD patients. Acha-Sagredo et al. have recently reported lncRNA dysregulation as a frequent
event in NSCLC and their �ndings suggested that LANCL1-AS1 was down-regulated in NSCLC [20]. By
using bioinformatics tool, Salavaty et al. have suggested that LANCL1-AS1 might be involved in the
pathogenesis of LUAD and closely linked with overall survival [21]. Hence, our results are in corroboration
of the previous reports and con�rm their �ndings.

It was observed that overexpression of LANCL1-AS1 decreased the survival, proliferation, and metastasis
capacity in LUAD cell lines by modulating PRSS8 through miR-6748a-3p sponging. The interaction
between LANCL1-AS1 and miR-6748a-3p was con�rmed by luciferase reporter gene assays and RNA pull-
down assay. Interestingly, increased miR-6748-3p expression was also observed in LUAD tissue samples,
and a signi�cant negative correlation was noted between miR-6748-3p and PRSS8, which is in
accordance with miR-6748a-3p targeting of PRSS8. Indeed, the lncRNA sponging of miRNAs has been
reported in several previous reports and is a well-known mechanism involved during the action of lnRNAs
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in cancer [22–24]. To our knowledge, no previous studies are available that discuss miR-6748a-3p and
the current report presents the �rst evidence of the implication of miR-6748a-3p in any type of cancer.
Nonetheless, several prior reports are available that have documented the tumor regulation by lncRNAs
through miRNA sponging [25–29]. In contrast, the role of PRSS8 in the pathogenesis of cancer is well
documented. For instance, Bao et al. have reported that PRSS8 suppressed the carcinogenesis and
metastasis in colorectal cancer [30, 31]. Loss of PRSS8 has shown to be closely associated with
epithelial-mesenchymal transition in human bladder transitional cell carcinoma cell lines [32]. In contrast,
increased expression of PRSS8 in cancer has also been reported in few studies. For instance, Tamir et al.
have reported more than 100 fold increased expression of PRSS8 in ovarian cancer than normal or
benign ovarian lesions and have suggested PRSS8 as a potential biomarker for the detection of ovarian
cancer [33]. Interestingly, PRSS8 has been shown to inhibit the NSCLC tumor growth in both cell lines in
vitro and in vivo which further strengthens the �ndings observed during the current report [34].

Conclusions
Reduced expression of LANCL1-AS1 promotes the tumor formation in LUAD and may serve as the
biomarker and prognostic indicator of the disease. However, future studies are desirable in larger patient
populations to further ascertain these �ndings.
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Figure 1

LncRNA LANCL1-AS1 is expressed at low levels in LUAD tissue and cell line. (A) TGCA online database
analysis showed that LANCL1-AS1 expression decreased in LUAD that was associated with decreased
survival. (B) The expression level of LANCL1-AS1 in 54 pairs of LUAD tissues and adjacent tissues was
detected by qRT-PCR. (C) The expression level of LANCL1-AS1 in LUAD cell line (A549, H1975, H1650, and
PC9) and normal lung epithelial cell line Beas-2B was detected by qRT-PCR. Kaplan-Meier survival curve
after the median expression value of LANCL1-AS1 in LUAD tissue in Fig.1C was used as cut-off value and
54 LUAD were divided into high expression group (n=27) and low expression group (n = 27). Statistical
analysis has been described under the Materials and Methods section.*= P < 0.05, **= P < 0.01
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Figure 2

LANCL1-AS1 overexpression decreases the viability, proliferation, migration and invasion of LUAD cells.
(A) LANCL1-AS1 was overexpressed in LUAD cell lines and the overexpression was con�rmed by qRT-
PCR. (B) CCK8 assay to detect the absorbance values of A549 and H1975 cells in different groups. (C)
Colony formation assay. (D, E) Transwell assay for the determination of the migration and invasion
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capacity of LUAD cells. (F) Tumor growth in nude mice in terms of volume and weight. Statistical
analysis has been described under the Materials and Methods section.*= P < 0.05, **= P < 0.01

Figure 3

miR-6748a-3p is the target of LncRNA LANCL1-AS1. (A) miR-6748a-3p binding site on LANCL1-AS1 was
predicted by LncBase online database. (B) Luciferase reporter gene experiments on in A549 and h1975
cells. (C) RNA pull down experiment with biotin-labeled LANCL1-AS1 probe. (D) Effect of LANCL1-AS1
over expression on the expression of miR-6748-3p. (E) The expression level of miR-6748a-3p in 54 pairs
of LUAD tissues and normal tissues adjacent to cancer. (F) Pearson correlation coe�cient was used to
analyze the correlation between LANCL1-AS1 and miR-6748a-3p expression. Statistical analysis has been
described under the Materials and Methods section.*= P < 0.05, **= P < 0.01
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Figure 4

miR-6748a-3p targets PRSS8. (A) A: Targetscan database predicated that PRSS8 had the miR-6748a-
3pbinding sites. (B) Luciferase reporting experiments in A549 and h1975 cells respectively. (C, D) qRT-
PCR and western blots were used to detect the mRNA and protein expression level of PRSS8 mRNA in
A549 and H1975 cells after overexpression of miR-6748a-3p. (E) Pearson correlation coe�cient to
analyze the correlation between PRSS8 and miR-6748a-3p expression. Statistical analysis has been
described under the Materials and Methods section.*= P < 0.05, **= P < 0.01
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Figure 5

LANCL1-AS1 suppresses LUAD progression by sponging miR-6748a-3p and subsequent upregulation of
PRSS8. (A, B) The qRT-PCR and western blot were used to detect mRNA and protein expression of PRSS8
in different groups (EV, OE LANCL1-AS1, OE LANCL1-AS1+miR-6748 mimics, OE LANCL1-AS1+si-PRSS8).
(C) CCK-8 assay, (D) Colony formation assay, trasnwell assay for migration (E) and invasion (F) capacity
of LUAD cells in different groups (EV, OE LANCL1-AS1, OE LANCL1-AS1+miR-6748 mimics, OE LANCL1-
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AS1+si-PRSS8). Statistical analysis has been described under the Materials and Methods section.*= P <
0.05, **= P < 0.01.
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