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Abstract. Lung adenocarcinoma (LUAD) is the most common 
subtype of lung cancer. Nevertheless, the detailed molecular 
mechanisms of the progression of LUAD remain largely 
unknown. The present bioinformatics analysis reported that 
FAM83A and FAM83A‑AS1 were upregulated in LUAD 
tissues and associated with prognosis in patients with LUAD. 
The purpose of the current study was to investigate the role 
of FAM83A and its antisense long non‑coding (lnc)RNA 
FAM83A‑AS1 in LUAD. Gene Expression Profiling Interactive 
Analysis was used to screen for potential oncogenes in LUAD 
and to analyze the clinical significance of FAM83A and 
FAM83A‑AS1. Small interfering RNAs were constructed and 
transfected into LUAD cells to knock down the expression 
of FAM83A and FAM83A‑AS1. EdU, Cell Counting Kit‑8, 
Transwell and Matrigel assays were performed to detect the 
proliferation, migration and invasion of LUAD cells. The 
interaction between FAM83A‑AS1, microRNA (miR)‑495‑3p 
and FAM83A was explored using a luciferase reporter assay. 
FAM83A and FAM83A‑AS1 were both overexpressed in 
LUAD tissues compared with adjacent normal tissues. High 
expression of FAM83A and FAM83A‑AS1 predicted worse 
survival and more advanced clinical stage. Knockdown of 
FAM83A or FAM83A‑AS1 could inhibit the proliferation, 
migration and invasion of LUAD cells. Moreover, lncRNA 
FAM83A‑AS1 regulated the expression of FAM83A by 

functioning as competing endogenous RNA for miR‑495‑3p. 
These results implicated that FAM83A and FAM83A‑AS1 
both played oncogenic roles in LUAD and FAM83A‑AS1 could 
regulate the expression of FAM83A by sponging miR‑495‑3p. 
The study revealed a novel regulatory mechanism of tumor 
development in LUAD and FAM83A and FAM83A‑AS1 may 
be novel biomarkers and therapeutic targets for LUAD.

Introduction

Lung cancer is the most common malignancy worldwide 
and one‑quarter of all cancer‑associated deaths are due to 
lung cancer globally (1). As the predominant subtype of lung 
cancer, non‑small cell lung cancer (NSCLC) is furtherly 
divided into adenocarcinoma and squamous cell carcinoma, of 
which lung adenocarcinoma (LUAD) is the most common type 
and comprises ~40% of all lung cancer globally in 2020 (2). 
Although treatments for LUAD are plentiful, including surgery, 
radiotherapy, chemotherapy, targeted therapy and immuno‑
therapy, the prognosis of patients with LUAD remains poor, 
with a 5‑year overall survival rate <20% globally in 2020 (3). 
Thus, exploring novel genes functioning in the development of 
LUAD is important and may provide potential targets for the 
diagnosis and treatment of LUAD.

The Gene Expression Profiling Interactive Analysis 
(GEPIA) website (http://gepia.cancer‑pku.cn/) is an online tool 
for visually analyzing gene expression in all types of cancer. The 
database was explored to seek for potential oncogenes in LUAD. 
FAM83A belongs to the FAM83 family of proteins, which are 
characterized by a highly conserved domain of unknown func‑
tion (4). It has been demonstrated that FAM83 proteins exhibit 
oncogenic properties and have significantly elevated levels of 
expression in multiple human tumor types, including breast, 
lung, bladder, testis and ovarian cancer (5). Further research 
showed that ablation of numerous FAM83 proteins resulted in 
a marked suppression of cancer‑associated signaling and loss of 
tumorigenic potential (6). Therefore, it is important to study the 
function and mechanism of FAM83A in LUAD.

Long non‑coding (lnc)RNAs are a type of transcript 
that are >200  nucleotides in length and with limited or 
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no protein‑coding capacity  (7,8). It has been reported that 
lncRNAs exert vital roles in cancer, including cell cycle 
procession, apoptosis, drug resistance and stemness mainte‑
nance (9,10). Gene‑editing tools to target lncRNA have already 
shown the feasibility of gene editing in treating cancer (11). 
FAM83A‑AS1 is the anti‑sense lncRNA of FAM83A, and the 
association of FAM83A‑AS1 with the development of LUAD 
was analyzed by GEPIA.

The aim of the present study was to explore the roles of 
FAM83A and FAM83A‑AS1 in LUAD. Public databases 
were analyzed and experiments were performed to uncover 
the expression and function of FAM83A and FAM83A‑AS1 
in LUAD. The oncogenic role of FAM83A and FAM83A‑AS1 
might provide diagnostic markers and therapeutic targets for 
patients with LUAD.

Materials and methods

Bioinformatics. The GEPIA website (http://gepia.cancer‑pku.
cn/) was used to screen for potential oncogenes in LUAD and 
to analyze the correlation between gene expression and clinical 
characteristics. The differentially expressed genes in LUAD 
were obtained by searching the ‘Differential Expression 
Analysis’ section of GEPIA website (http://gepia2.cancer‑pku.
cn/#degenes) with the following terms: Cancer name, LUAD; 
|log2 fold‑change (FC)|≥1; q‑value ≤0.01 and differential 
methods, ANOVA. The top 500 differential survival genes 
in LUAD were obtained by searching the ‘Most Differential 
Survival Genes’ section of GEPIA website (http://gepia2.
cancer‑pku.cn/#survival) with the following terms: Cancer 
name, LUAD and group cut‑off, median. The Kaplan‑Meier 
curves were downloaded from the ‘Survival Analysis’ section 
of GEPIA website (http://gepia2.cancer‑pku.cn/#survival) with 
the following terms: Gene, FAM83A or FAM83A‑AS1; group 
cut‑off, median and cancer name, LUAD. The staging boxplots 
were downloaded from the ‘Expression DIY‑Stage Plot’ section 
of GEPIA website (http://gepia2.cancer‑pku.cn/#analysis) with 
the following terms: Gene, FAM83A or FAM83A‑AS1 and 
cancer name, LUAD. The median expression (transcripts per 
million) of genes in normal and LUAD tissue was obtained 
from ‘Differential Expression Analysis’ section of GEPIA 
website (http://gepia2.cancer‑pku.cn/#degenes). The hierar‑
chical clustering map in Fig. 1B was drafted with these data 
using GraphPad Prism version 6 (GraphPad Software). The 
Kaplan‑Meier curves were downloaded from the ‘Survival 
Analysis’ section of GEPIA website (http://gepia2.cancer‑pku.
cn/#survival) with the following terms: Gene, FAM83A 
or FAM83A‑AS1; group cut‑off, median and cancer name, 
LUAD. The violin plots in Fig. 2B and E were downloaded 
from the ‘Expression DIY‑Stage Plot’ section of GEPIA 
website (http://gepia2.cancer‑pku.cn/#analysis) with the 
following terms: Gene, FAM83A or FAM83A‑AS1 and cancer 
name, LUAD. The boxplots in Figs. 3A and 4A were down‑
loaded from the CCLE dataset (https://portals.broadinstitute.
org/ccle) by searching for FAM83A or FAM83A‑AS1. The 
Ensembl genome browser (http://asia.ensembl.org/index.html) 
was scanned to observe the genomic location of FAM83A 
and FAM83A‑AS1. Gene clusters highly correlated with 
FAM83A and FAM83A‑AS1 (Pearson score >0.3) were 
submitted to the database for Annotation, Visualization and 

Integrated Discovery Bioinformatics resources version 6.8 
(http://david.abcc.ncifcrf.gov/) (12) for Gene Ontology (GO) 
and Kyoto Encyclopedia of Genes and Genomes (KEGG) 
analysis, and GO terms and KEGG pathways with a gene 
count ≥3 were included in subsequent analysis. The mRNA 
expression data of FAM83A and FAM83A‑AS1 in different 
types of cancer cells was downloaded from the CCLE dataset 
(https://portals.broadinstitute.org/ccle). The histograms 
in Figs. 3B and 4B were constructed using these data and 
GraphPad. The secondary structure of FAM83A‑AS1 was 
downloaded from the HUGO Gene Nomenclature Committee 
(http://www.genenames.org/)  (13). The cBioPortal website 
(http://www. cbioportal.org/) (14) was utilized to analyze the 
correlation between FAM83A and FAM83A‑AS1. LncBase 
version 2 (http://carolina.imis.athena‑innovation.gr/diana_
tools/web/index.php) (15) and StarBase version 2.0 (http://
starbase.sysu.edu.cn/starbase2/browseNcRNA.php) (16) were 
browsed to identify the miRNAs that bind FAM83A and 
FAM83A‑AS1.

Cell culture and transfection. NCIH1650 and A549 cells 
was purchased from the Shanghai Institutes for Biological 
Science and were cultured in RPMI1640 (Nanjing KeyGen 
Biotech Co., Ltd.) medium containing 10% fetal bovine serum 
(Invitrogen; Thermo Fisher Scientific, Inc.) in a humidified 
incubator containing 5% CO2 at 37˚C. LUAD cells were seeded 
in 6‑well plates with a density of 5x105 cells per well. Two 
small interfering (si)RNAs targeting FAM83A/FAM83A‑AS1, 
miR‑495‑3p mimics and miR‑495‑3p inhibitors were 
constructed and purchased from Guangzhou RiboBio Co., 
Ltd, and si‑NC or miR‑NC (non‑targeting) was used as a 
control. Transfection of siRNA and miRNA mimics was 
performed in room temperature for 6  h according to the 
Lipofectamine® 3000 reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.) protocol. For 6‑well plates, 5  µl siRNAs 
(20 nM) or miRNAs mimics (20 nM) were transfected in each 
well. Subsequent experiments were performed after 48 h of 
transfection. The rescue experiments were performed by trans‑
fecting siRNA of FAM83A/FAM83A‑AS1 and miR‑495‑3p 
inhibitor. The sequence of siRNAs and miRNA mimics were 
as follows: si‑NC, forward: 5'‑UUC​UCC​GAA​CGU​GUC​
ACG​UTT‑3'and reverse: 5'‑ACG​UGA​CAC​GUU​CGG​AGA​
ATT‑3'; si1‑FAM83A, forward: 5'‑UUC​UCC​GAA​CGU​GUC​
ACG​UTT‑3' and reverse: 5'‑ACG​UGA​CAC​GUU​CGG​AGA​
ATT‑3'; si2‑FAM83A, forward: 5'‑UGA​ACU​UCU​CCC​GGA​
UUU​GTT‑3' and reverse: 5'‑CAA​AUC​CGG​GAG​AAG​UUC​
ATT‑3'; si1‑FAM83A‑AS1, forward: 5'‑GCU​GCC​ACC​UAC​
AAG​AUA​ATT‑3' and reverse: 5'‑UUA​UCU​UGU​AGG​UGG​
CAG​CTT‑3'; si2‑FAM83A‑AS1, forward: 5'‑GGC​CCU​GGG​
CUG​AAU​AAU​UTT‑3' and reverse: 5'‑AAUU​AUU​CAG​CCC​
AGG​GCC​TT‑3'; miR‑NC, 5'‑UUC​UCC​GAA​CGU​UCA​CGU​
TT‑3'; miR‑495‑3p mimics, 5'‑AGG​AUG​UCU​AAA​UGU​UUG​
UUA‑3' and miR‑495‑3p inhibitor, 5'‑AAG​AAG​UGC​ACC​
AUG​UUU​GUU​U‑3'.

RNA extraction and reverse transcription‑quantitative 
(RT‑q)PCR. TRIzol® reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.) was used to extract the total RNAs from 
cells transfected as aforementioned. cDNAs were obtained 
by reverse transcription using a Reverse Transcription kit 
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(cat. no. RR036A; Takara Bio, Inc.) at 37˚C for 15 min and 85˚C 
for 5 min. RT‑qPCR was conducted with SYBR Select Master 
mix (cat. no. 4472908; Applied Biosystems; Thermo Fisher 
Scientific, Inc.) and the relative expression was calculated 
using the 2‑ΔΔCq method (17), with ACTB as a reference gene. 
The thermocycling conditions for RT‑qPCR were as follows: 
Initial denaturation, 95˚C for 30 sec; denaturation, 95˚C for 
5 sec, 60˚C for 35 sec, for a total of 40 cycles; annealing and 
extension, 95˚C for 15 sec, 60˚C for 1 min and 95˚C for 15 sec. 
The primers used are shown in Table SI.

Western blotting. For protein extraction, cells transfected as 
aforementioned were lysed in RIPA lysis buffer with freshly 
added protease inhibitor PMSF (1:100; Nanjing KeyGen 
Biotech Co., Ltd.). Protein concentration was determined using 
a BCA kit (Nanjing KeyGen Biotech Co., Ltd.) and 30 µg of 
lysate protein was loaded per lane for western blotting. Briefly, 
protein extracts were loaded on 10% SDS‑PAGE gels for 
electrophoresis and then were electrotransferred to a PVDF 
membrane. The membrane was blocked at room tempera‑
ture with non‑fat milk for 2 h and incubated overnight with 
respective primary antibodies at 4˚C. The following primary 
antibodies were used: Anti‑β‑actin (1:1,000; cat. no. 3700; 
Cell Signaling Technology, Inc.) and anti‑FAM83A (1:1,000; 
cat. no. ab214014; Abcam). Then secondary antibodies (goat 
anti‑rabbit antibody, 1:10,000; cat. no.  ab6721; Abcam, or 
goat anti‑mouse antibody, 1:10,000; cat. no. ab6789; Abcam) 
were used to incubate the membrane for 2  h. Blots were 
visualized using ECL detection with an ECL Substrate kit 
(cat. no. ab133406; Abcam) and ImageJ (version 1.48; National 
Institutes of Health) software was used to quantify protein 
expression.

EdU assay. An EdU Apollo® 488 In  Vitro Imaging kit 
(Guangzhou RiboBio Co., Ltd.) was used to detect proliferation 
rate of NCIH1650 and A549 cells. After transfection of 24 h, 
8,000 cells/100 µl were plated in 96‑well plates overnight and 
then incubated with 100 µl 50 µM EdU solution for 2 h. The 
cells were then fixed with 50 µl 4% paraformaldehyde at room 
temperature for 10 min and neutralized using 50 µl 2 mg/ml 
glycine. After permeabilization with 0.5% Triton X‑100 for 
20 min, the cells were stained for DAPI with 100 µl 1x Apollo 
solution and stained for Edu with 100 µl 1x Hoechst33342 
solution, both at room temperature for 30 min. Images were 
captured using fluorescence microscopy with 40 times magni‑
fication and proliferation cells ratios were counted from three 
random fields of view.

Cell Counting Kit (CCK)‑8 assay. The CCK‑8 assay was 
performed to evaluate the relative number of NCIH1650 and 
A549 cells. After transfection of 24 h, 2,000 cells/100 µl were 
plated in 96‑well plates and total of 20 µl CCK‑8 reagent 
(Guangzhou RiboBio Co., Ltd.) was added to each test well 
and cells were then incubated for 2 h at 37˚C. The absorbance 
at 450 nm was measured every 24 h.

Migration and invasion assay. Transwell assay inserts (8 µM 
PET, 24‑well Millicell) and Matrigel‑coated membranes 
(BD Biosciences) were used to detect the migration and inva‑
sion of cells, respectively. In total, 200 µl serum‑free medium 

was added to the upper chamber and 800 µl 10% DMEM 
serum‑containing medium to the lower chamber. Matrigel 
pre‑coating was performed at 37˚C for 30 min. The NCIH1650 
and A549 cells were harvested 24 h after transfection and 
added to the upper chamber (50,000 cells). After incubation 
at 37 C for 24 h (migration assay) or 48 h (invasion assay), the 
migrated or invaded cells were fixed with 4% polyformalde‑
hyde and stained with crystal violet, both at room temperature 
for 30 min. Images were captured with light microscopy and 
cells were counted by ImageJ software.

Luciferase reporter assay. A Dual Luciferase Reporter 
Assay system (Promega Corporation) was used for lucif‑
erase assays. The binding sites of FAM83A‑AS1 with 
FAM83A 3'UTR were identified using StarBase as afore‑
mentioned. A fragment of the FAM83A‑AS1 or FAM83A 
3'UTR sequence containing a putative target site or mutated 
target site for miR‑495‑3p was amplified and cloned into 
the pGL3 reporter vector (Guangzhou RiboBio Co., Ltd.). 
The luciferase reporter plasmids were co‑transfected 
miR‑495‑3p mimics or miR control (Guangzhou RiboBio 
Co., Ltd.) as aforementioned. After transfection for 48 h, 
Renilla and Firefly luciferase activities were detected in the 
dual luciferase reporter gene kit (Promega Corporation). 
Firefly/Renilla value was used to measure relative luciferase 
activity and results were normalized to the activity of the 
control. The sequences of miRNA mimic/inhibitor were as 
follows: miR‑NC, 5'‑UUC​UCC​GAA​CGU​UCA​CGU​TT‑3'; 
miR‑495‑3p mimics, 5'‑AGG​AUG​UCU​AAA​UGU​UUG​
UUA‑3' and miR‑495‑3p inhibitor, 5'‑AAG​AAG​UGC​ACC​
AUG​UUU​GUU​U‑3'

Statistical analysis. Generally experiments were repeated 
three times and data are presented as the mean ± standard 
deviation (unless otherwise shown). Unpaired student's t‑tests 
were used to determine statistical significance between two 
groups. ANOVA test and Dunnett's post hoc were used for the 
comparison of multiple groups. Spearman's test was used for 
the correlation analysis of two genes. Graphs were made using 
the GraphPad Prism 6.0 software package. Statistical analysis 
was performed using SPSS version  20.0 (IBM Corp) and 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

FAM83A and FAM83A‑AS1 are potential oncogenes 
according to GEPIA analysis. To screen for genes abnor‑
mally expressed and associated with survival of patients with 
LUAD, the following filter criterion was used: Cancer name, 
LUAD; gene expression, |log2 FC|≥1, q‑value ≤0.01 (tumor 
vs. normal); differential survival genes with overall survival 
(OS) rates (top 500) and disease‑free survival (top 500) rates. 
Using this method, 42 genes were obtained (Fig. 1A). To sort 
these genes by differences in expression, it was demonstrated 
that FAM83A was the most differentially expressed gene 
and its antisense lncRNA, FAM83A‑AS1, was also among 
the list (Fig. 1B). As shown in Ensembl genome browser, 
FAM83A‑AS1 is the antisense of FAM83A and both have 
several different transcripts (Fig. 1C).
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FAM83A and FAM83A‑AS1 are correlated with clinical 
characteristics of LUAD. Further analysis of GEPIA indi‑
cated that FAM83A was significantly upregulated in LUAD 
(tumor, n=483 vs. normal, n=347) (Fig. 2A) and its expres‑
sion was relatively higher in patients with LUAD with more 
advanced stages (Fig.  2B). Survival analysis showed that 
patients of high FAM83A (n=239) had a worse OS (P<0.001) 
compared paired with patients with low FAM83A expres‑
sion (n=239) (Fig. 2C). Analogously, FAM83A‑AS1 was also 
overexpressed in LUAD and associated with tumor stage 
and survival of patients (Fig. 2D‑F). Moreover, to predict the 
potential biological function of FAM83A and FAM83A‑AS1, 
genes highly co‑expressed with these were submitted for GO 
and KEGG pathway analysis, respectively. Results suggested 
that FAM83A and FAM83A‑AS1 bear strong similarities in 
biological processes, mainly including ‘cell‑cell adhesion’ and 
‘central carbon metabolism in cancer’ (Fig. 2G‑J). FAM83A 
and FAM83A‑AS1 both associated with clinical characteristics 

of LUAD and it is important to deeply study their roles in 
LUAD.

Knockdown of FAM83A inhibits proliferation, migration and 
invasion of LUAD cells. The CCLE dataset was searched to 
evaluate the expression of FAM83A in different cancer cells 
and the results indicated that the expression of FAM83A in 
NSCLC (lung_NSC) and multiple other types of cancer cell 
was elevated (Fig. 3A). In the list of lung_NSC cell lines with 
high expression of FAM83A, the common LUAD cell line, 
NCIH1650, has been used for research in a previous study (18) 
and was selected for subsequent experiments (Fig. 3B). To 
explore the biological role of FAM83A, two siRNAs targeting 
FAM83A were transfected into NCIH1650 and both siRNAs 
effectively silenced the expression of FAM83A, confirmed by 
RTq‑PCR and western blotting (Fig. 3C). CCK‑8 and EdU 
assays validated that knockdown of FAM83A inhibited prolif‑
eration of NCIH1650 cells (Fig. 3D and E). Transwell and 

Figure 1. Gene Expression Profiling Interactive Analysis website predicts that FAM83A and FAM83A‑AS1 are potential oncogenes in LUAD. (A) Venn 
Diagram shows that 42 genes are differentially expressed and associated with OS and DFS in LUAD. (B) FAM83A was the most differentially expressed gene 
in these 42 genes and he antisense lncRNA of FAM83A, FAM83A‑AS1. (C) Genomic location of FAM83A and FAM83A‑AS1 in Ensembl genome browser. 
LUAD, lung adenocarcinoma; OS, overall survival; DFS, disease‑free survival.
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Matrigel assays revealed that silencing FAM83A suppressed 
the ability of NCIH1650 cells to migrate and invade (Fig. 3F 
and  G). Additionally, knockdown of FAM83A inhibited 
proliferation, migration and invasion of A549 cells (Fig. S1). 
These results suggested that FAM83A played a vital role in the 
carcinogenesis of LUAD.

Knockdown of FAM83A‑AS1 inhibits the malignant pheno‑
type of LUAD cells. The average expression of FAM83A‑AS1 
in lung_NSC cells was high, ranking 5th in all types of cancer 
(Fig. 4A). The expression of FAM83A‑AS1 in NCIH1650 was 

also elevated compared with other common LUAD cell lines 
(Fig. 4B). FAM83A‑AS1 is an antisense transcript and with 
limited ability to encode proteins (19,20). Two siRNAs were 
transfected to knock down the expression of FAM83A‑AS1 
in NCIH1650 cell and to further study its function (Fig. 4D). 
Consistently, silencing FAM83A‑AS1 inhibited the prolifera‑
tion, migration and invasion of NCIH1650 cells (Fig. 4E‑H). 
Moreover, knockdown of FAM83A‑AS1 also suppressed the 
proliferation, migration and invasion of A549 cells (Fig. S2). 
Based on these results, it was concluded that both FAM83A 
and FAM83A‑AS1 played oncogenic roles in LUAD.

Figure 2. FAM83A and FAM83A‑AS1 are both overexpressed in LUAD and relevant to tumor stage and patients' survival. (A) FAM83A overexpressed in 
LUAD. (B) Tissues with more advanced stages exhibit higher expression of FAM83A. (C) Patients in the high FAM83A group showed worse OS compared with 
those of low FAM83A group. (D) FAM83A‑AS1 is overexpressed in LUAD. (E) Tissues with more advanced stages exhibit higher expression of FAM83A‑AS1. 
(F) Patients of high FAM83A‑AS1 group show worse OS compared with those of low FAM83A group. Enrichments of (G) GO and (H) KEGG for FAM83A. 
Enrichments of (I) GO and (J) KEGG for FAM83A‑AS1 bear strong similarities in biological function. *P<0.05. LUAD, lung adenocarcinoma; OS, overall 
survival; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.
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FAM83A‑AS1 functions as a competing endogenous 
(ce)RNA to regulate FAM83A by sponging miR‑495‑3p. 
Previous studies have shown that numerous antisense 
lncRNAs exert biological roles via regulating its natural 
antisense transcript (21‑23). Thus, it was hypothesized that 
FAM83A‑AS1 might promote the progression of LUAD by 
influencing the expression of FAM83A. Using the cBioPortal 
website, it was reported that the expression of FAM83A‑AS1 
positively correlated with FAM83A (Spearman score=0.90; 

Fig. 5A). After knockdown of FAM83A‑AS1, the expression 
of FAM83A was decreased (Fig. 5B). Accumulating evidence 
has highlighted the important roles of lncRNAs acting as 
ceRNAs in cancer development (24‑26), and FAM83A‑AS1 
might regulate FAM83A via sponging specific miRNA. 
Using LncBase and StarBase, miR‑495‑3p was predicted to 
interact with both FAM83A‑AS1 and FAM83A (Fig. 5C). 
Consistent with the assumption that FAM83A‑AS1 might 
regulate FAM83A via sponging specific miRNA, treatment 

Figure 3. Knockdown of FAM83A inhibits the malignant phenotype of LUAD in NCIH1650 cells. (A) Expression plot FAM83A in multiple cancer cell lines. 
(B) Expression of FAM83A in some lung_NSC cells and the common LUAD cell line NCIH1650 was chosen for further research. (C) Transfection efficiency 
of siRNAs were confirmed using reverse transcirption‑quantitative PCR and western blotting. (D) EdU (magnification, x400) and (E) CCK‑8 assays indicated 
that silencing FAM83A suppressed proliferation of NCIH1650 cells. (F) Transwell (x400) and (G) Matrigel (magnification, x400) assays suggested that knock‑
down of FAM83A inhibited migration and invasion of NCIH1650 cells. ***P<0.001 vs. si‑NC. lung_NSC, non‑small cell lung cancer; CCK‑8, Cell Counting 
Kit‑8; si, small interfering; NC, negative control.
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of miR‑495‑3p mimics significantly decreased mRNA 
levels of FAM83A‑AS1 and FAM83A in NCIH1650 cells 
(P<0.001; Fig. 5D and E). To clarify their potential interac‑
tions, luciferase vectors (wild‑type and mutant type) were 
constructed according to the putative binding sites (Fig. 5F 
and G). The luciferase reporter assay showed that ectopic 
expression of miR‑495‑3p decreased the luciferase activity of 
FAM83A/FAM83A‑AS1 wild‑type reporters, but not mutant 
type (Fig. 5H and I). Furthermore, the rescue experiment 
showed that miR‑495‑3p counteracted the effect of FAM83A 
and FAM83A‑AS1 in NCIH1650 cells. The influence of 
FAM83A/FAM83A‑AS1‑knockdown on proliferation, 
migration and invasion in LUAD cells could be restored 
by miR‑495‑3p inhibitor (Fig. S3). These results indicated 
that FAM83A‑AS1 functioned as a ceRNA through binding 

miR‑495‑3p, thereby decreasing the levels of FAM83A 
mRNA transcripts.

Discussion

The poor prognosis of LUAD is largely due to that most cases 
are diagnosed in advanced stages and lose the opportunity 
of surgical treatment (27). Therefore, it is critical to identify 
novel molecular drivers of LUAD and thus to provide diag‑
nostic markers and therapeutic targets for patients. The present 
study identified that coding gene FAM83A and lncRNA 
FAM83A‑AS1 were both upregulated in LUAD tissues, and 
the overexpression of FAM83A and FAM83A‑AS1 was associ‑
ated with more advanced clinical stages and poorer prognosis 
of patients with LUAD. Further experiments indicated that 

Figure 4. Knockdown of FAM83A‑AS1 inhibits the malignant phenotype of LUAD in NCIH1650 cells. (A and B) Expression of FAM83A‑AS1 in multiple cancer 
cell lines and NCIH1650 cells. (C) Predicted secondary structure of FAM83A‑AS1. (D) Two siRNAs effectively downregulated the expression of FAM83A‑AS1 
in NCIH1650 cells. (E and F) Silencing FAM83A‑AS1 suppressed proliferation of NCIH1650 cells (EdU magnification x400). (G and H) Knockdown of 
FAM83A‑AS1 inhibited migration and invasion of NCIH1650 cells (magnification x400). *P<0.05; **P<0.01; ***P<0.001. si, small interfering; NC, negative control.
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knockdown of FAM83A or FAM83A‑AS1 could inhibit prolif‑
eration, migration and invasion of LUAD. Moreover, it was 
confirmed that FAM83A‑AS1 regulated the expression of its 
natural antisense transcript FAM83A by acting as a ceRNA 
through binding miR‑495‑3p.

FAM83A belongs to FAM83 family of proteins, which 
contain a conserved domain of unknown function, namely 
the DUF1669 domain  (28). This family consists of eight 
members (A‑H), and a study demonstrated that some of the 
FAM83 family proteins have oncogenic properties and have 
significantly elevated expression levels in multiple human 
tumor types  (29), including cervical, prostate, liver and 
ovarian cancer. For example, FAM83B promotes endometrial 
cancer cell proliferation and invasion by inhibiting autophagy 
via activating the PI3K/AKT/mTOR pathway (30). FAM83D 
is associated with sex, American Joint Committee on Cancer 
stage, OS and DFS in hepatocellular carcinoma (31). FAM83H 
is involved in progression of osteosarcoma via stabilization 
of β‑catenin  (32). As for FAM83A, previous studies have 
indicated that FAM83A conferred EGFR‑tyrosine kinase 
inhibitor resistance in breast cancer cells by interacting with 

and inducing phosphorylation of c‑RAF and PI3K p85 (33). 
FAM83A expression is significantly elevated in human and 
murine pancreatic cancer and is essential for the proliferation 
and tumorigenesis of pancreatic cancer cells (34). In conformity 
with these studies, the present study identified the oncogenic 
role of FAM83A in LUAD and deepened the cognizance of 
FAM83 family proteins in cancer development.

lncRNAs are RNA molecules >200  nucleotides in 
length with limited ability to encode proteins and partici‑
pate in the regulation of various biological processes, such 
as embryonic development, tissue differentiation and cell 
proliferation (35). As a type of lncRNA, natural antisense 
transcripts (NATs) are non‑coding RNA sequences that are 
complementary to and overlap with either protein‑coding or 
non‑coding transcripts  (36). NATs have diverse transcrip‑
tional and post‑transcriptional regulatory mechanisms with a 
wide variety of biological roles, such as alternative splicing, 
chromatin remodeling and transcriptional regulation (37). In 
particular, NATs show potential for use as therapeutic targets 
because of their highly locus‑specific effects (38). In the present 
study, FAM83A‑AS1, the antisense transcript of FAM83A, was 

Figure 5. FAM83A‑AS1 functions as competing endogenous RNA to regulate FAM83A by sponging miR‑495‑3p. (A) Expression of FAM83A‑AS1 positively 
correlated with the expression of FAM83A in LUAD. (B) Knockdown of FAM83A‑AS1 downregulated the expression of FAM83A. (C) Predicted using 
LncBase and StarBase, miR‑495‑3p could interact with both FAM83A‑AS1 and FAM83A. (D and E) miR‑495‑3p mimics significantly reduced the expression 
of FAM83A‑AS1 and FAM83A. (F) Potential binding sites of miR‑495‑3p with FAM83A‑AS1 and FAM83A. (G) WT and MUT FAM83A‑AS1/FAM83A 
sequences were constructed according to the putative binding sites. (H and I) miR‑495‑3p decreased the luciferase activity of wild‑type FAM83A‑AS1 and 
FAM83A reporter plasmids. ***P<0.001 miRNA/miR, microRNA; NC, negative control; WT, wild‑type; MUT, mutant.
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overexpressed in LUAD and involved in the malignant proper‑
ties of LUAD cells. A previous review of studies identified the 
tumor‑promoting function of FAM83A‑AS1 in lung tumori‑
genesis, but the mechanism is still unclear (39,40). It has been 
demonstrated that NATs are abundant non‑coding RNAs that 
regulate their corresponding sense mRNA through a variety 
of molecular mechanisms (41). For instance, receptor‑type 
tyrosine‑protein phosphatase ε (PTPRE)‑AS1 binds to WD 
repeat‑containing protein 5 and mediates H3 lysine 4 trimeth‑
ylation of the PTPRE promoter region, thereby epigenetically 
activating PTPRE gene expression (42). NCK1‑AS1 competed 
with NCK1 mRNA for miR‑137 binding to boost NCK1 
mRNA expression and thus to facilitate tumorigenesis and 
chemo‑resistance in ovarian cancer (43). Metastasis‑associated 
in colon cancer protein 1 (MACC1)‑AS1 promoted MACC1 
mRNA stability and expression through AMPK activation 
and subsequent Lin28 translocation from the nucleus to the 
cytoplasm (44). The most common mode of lncRNA function 
is as ceRNAs to sponge certain miRNAs, hence relieving 
repression of target mRNAs at a post‑transcriptional level (45), 
and the present study validated that FAM83A‑AS1 regulated 
the expression of FAM83A via a ceRNA network by sponging 
miR‑495‑3p. miR‑495‑3p act as a tumor suppressor in multiple 
cancer types (46‑48). In lung cancer, miR‑495‑3p is associated 
with prolonged OS time of patients treated with nivolumab (49) 
and is a novel biomarker to predict radiotherapy response 
clinically (50). The FAM83A‑AS1/miR‑495‑3p/FAM83A axis 
played important roles in the regulation of LUAD progres‑
sion and the current results provided new evidence for the 
pathogenesis of LUAD. The limitation of the present study 
is the lack of an interaction network involving FAM83A‑AS1 
and miR‑495‑3p. Mapping the proposed network of ceRNAs 
will determine whether miR‑495‑3p is part of a wider ceRNA 
network. Additional studies should be conducted to further 
our understanding of the role of this ceRNA network in lung 
cancer.

In conclusion, the current study demonstrated that 
FAM83A and FAM83A‑AS1 were both upregulated in LUAD 
and their expression is associated with advanced stages and 
poor prognosis of patients with LUAD. Moreover, knockdown 
of FAM83A or FAM83A‑AS1 could inhibit proliferation, 
migration and invasion of LUAD and FAM83A‑AS1 regu‑
lated the expression of FAM83A via sponging miR‑495‑3p. 
These results highlighted that FAM83A and FAM83A‑AS1 
are promising novel targets for the diagnosis and therapy of 
patients with LUAD.
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