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Abstract
Introduction. Long noncoding RNAs are associated with progressions of lung cancer. LINC00839 has been 
dysregulated in osteosarcoma, breast cancer and lung cancer (LC). As an upregulated lncRNA, the roles of 
LINC00839 in lung cancer remain unclear.
Material and methods. RNA expressions of LINC00839, miR-519d-3p and JMJD6 were assessed using RT-qPCR 
and JMJD6 protein expression were analyzed through Western blot. Meanwhile, viabilities of A549 and H460 
LC cells transfected by siNC, siLINC00839, oeNC, oeLINC00839, NC mimics, miR-519d-3p mimics and oe-
LINC00839 with siJMJD6 were examined with CCK-8 assay while apoptosis was examined using flow cytometry. 
Meanwhile, migration and invasiveness were analyzed using transwell assays. Bindings between LINC00839 and 
miR-519d-3p, miR-519d-3p and JMJD6 were measured by luciferase reporter assays. 
Results. LINC00839 was upregulated in LC cells and its knockdown resulted in reduced cell viability, migratory 
ability and invasion with increased cell apoptosis. MiR-519d-3p was the target gene of LINC00839 and its ex-
pression was reduced by LINC00839 overexpression. JMJD6 was directly targeted and suppressed at the level 
of mRNA and protein expression by miR-519d-3p. Moreover, miR-519d-3p overexpression resulted in low LC 
cell viability, migration, invasiveness but a high apoptosis rate. Furthermore, mRNA and protein expressions 
of JMJD6 were upregulated by LINC00839 overexpression. LINC00839 competitively sponged miR-519d-3p, 
increasing JMJD6 expression, LC cell viability, invasion, migratory abilities and decreasing apoptosis rates in 
A549 and H460 lung cancer cells, which were hindered after JMJD6 knockdown. 
Conclusions. LINC00839/miR-519d-3p/JMJD6 axis mediated cell viability, apoptosis, and migration and inva-
siveness of H460 lung cancer cells. (Folia Histochemica et Cytobiologica 2021, Vol. 59, No. 4, 271–281)
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Introduction

Lung cancer (LC) is ranked as the first threating 
cancer worldwide, which is a global problem and  
a public health issue [1]. This cancer has cellular heter-

ogeneity, which mainly consists of non-small cell lung 
cancer (NSCLC) and small cell lung cancer (SCLC) 
[2]. Though smoking is the major cause, pathogen-
eses of this malignancy become complex with the 
development of industry [1, 3]. Despite progressions 
of surgery and molecular therapy, prognosis of lung 
cancer patients has been changed little [4]. 

Lung cancer has been demonstrated to be associ-
ated with dysregulation of noncoding RNAs [2]. Long 
non-coding RNAs (LncRNAs) are composed of over 
200 nucleotides with no abilities to encode proteins 
[5], which take part in cell proliferation, differentia-
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tion, immune reaction and so on [6–8]. LINC00839 
has been determined to be an oncogene in osteosar-
coma (OS) with promoting proliferation, migratory 
ability and invasion, in which LINC00839 sponged 
miR-454-3p, leading to c-Met positive regulation [9].  
LINC00839 was upregulated in neuroblastoma 
resulting in promoted proliferation, invasion and re-
strained the apoptosis via miR-338-3p/GLUT1 axis in 
cells [10]. Reversely, knockdown of LINC00839 also 
hampered cell growth of neuroblastoma in xenograft 
models [10]. LINC00839 was found to be a differ-
entially expressed lncRNA that was upregulated in 
samples of lung adenocarcinoma and lung squamous 
cell carcinoma [11]. MicroRNAs (miRNAs) are small 
endogenously expressed RNA with 20-25 nucleotides 
in length [2]. MiRNAs can lead to mRNA translation 
suppression and degradation by targeting the 3’UTR 
of mRNA [12]. Aberrant expressions of miRNAs also 
participated in the regulation of cell proliferation, 
differentiation and survival [2]. MiR-519d-3p was 
demonstrated to be down-regulated in gastric cancer 
tissues and it repressed proliferation and invasiveness 
of MGC803 cells through targeting BCL6 [13]. Be-
yond that, overexpression of miRNA-29c inhibited 
proliferation and invasiveness of NSCLC cells by 
downregulating VEGFA and suppressing phospho-
rylation of PI3K/AKT signaling pathway [14]. 

Jumonji domain-containing protein 6 (JMJD6) is 
a catalyst in lysyl hydroxylation and arginyl demeth-
ylation, which also interacts with RNA directly [15]. 
JMJD6 facilitated the formation of autophagosome in 
OS cells by phosphorylating STAT3Y705ph [16]. More-
over, JMJD6 played an oncogenic role in NSCLC 
cells, promoting proliferation, migratory ability and 
invasiveness which were suppressed and targeted by 
miR-770 [17]. JMJD6 overexpression has been dis-
covered to be related to poor prognosis and it could 
accelerate migration and proliferation of hepatocel-
lular carcinoma (HCC) cells by regulating CDK4 [18]. 
On the contrary, knockdown of JMJD6 suppressed 
proliferation and survival of neuroblastoma cells in 
vitro and tumorigenesis in mice [19]. 

Competing endogenous RNAs (ceRNA) networks 
have been reported in cancers, in which lncRNAs 
could competitively sponge miRNA to regulate ex-
pressions of mRNAs [20]. Therefore, lncRNAs have 
been recognized as main components in the ceRNA 
networks contributing to the progression of tumors 
[21, 22]. Putative binding sites of miR-519d-3p were 
offered by a bioinformatics tool, ENCORI (http://star-
base.sysu.edu.cn/). Thereafter, we have proposed that 
LINC00839 might upregulate JMJD6 and promote 
the progression of lung cancer cells through sponging 
miR-519d-3p. To test our hypothesis, we tested cell vi-
ability, apoptosis, capacities of migration and invasion 

in various experimental setups with different levels 
of LINC00839, miR-519d-3p and JMJD6 expression. 

Material and methods

Ethical statements. No animal or human samples were 
directly involved in this study. All the experiments were 
performed under the guidance of The Second OSffiliated 
Hospital of Jiaxing University.

Cell cultures. BEAS-2B cell line, a human normal lung epi-
thelial cell line, was purchased from Procell (Wuhan, China) 
and incubated in BEGM Bullet Kit (CC-3171&CC-4175, 
Lonza, Switzerland) at 37℃ and 5% CO2. A549 cell line,  
a lung cancer cell line was derived from a 58-year-old white 
male and H460 cell line was present in hydrothorax of a male 
patient with non-small-cell lung cancer. Both epithelial cell 
lines were adherent and purchased from Procell. Ham’s 
F-12K (PM150910, Procell) medium was used to incubate 
A549 cells while H460 cells were incubated in RPMI-1640 
(PM150110, Procell) medium. 10% fetal bovine serum 
(FBS, 164210-500, Procell) and 1% penicillin-streptomycin 
solution (PB180120, Procell) were added to these two me-
diums and were cultured at 37℃, 5% CO2. HEK-293 cells 
were also obtained from Procell for luciferase detection and 
cultured in MEM medium (PM150467) with 10% FBS and 
1% penicillin-streptomycin solution.

Transfection. Transfection was used to upregulate or inhibit 
expressions of genes. Small interfering RNAs of LINC00839 
and JMJD6 and mimics of miR-519d-3p and their nega-
tive controls were provided by GenePharma (Shanghai, 
China). Sequences of siRNAs of LINC00839 was listed as 
below: siLINC00839-1, F: UAAUGACUUAUUUAAC-
UAGAU and R: CUAGUUAAAUAAGUCAUUAUA; 
siLINC00839-2, F: UUAUAAUGACUUAUUUAAC-
UA and R: GUUAAAUAAGUCAUUAUAAAU; siL-
INC00839-3, F: UAUGAAGAGGGUUAUUUCCAG and 
R: GGAAAUAACCCUCUUCAUAGU. Overexpression 
of LINC00839 was compounded by GeneChem (Shanghai, 
China). Cells (1×105 cells/well) were cultured in 6-well plates 
in a volume of 2 ml and transfection was performed after 
confluence of cells reached 80%. 100 pmol siRNAs (20 μM, 
siLINC00839-1, siLINC00839-2, siLINC00839-3 and siJM-
JD6) were used for transfection and 50 pmol RNA mimics 
were adjusted to 25 μl to prepare for transfection. Later, 
siRNAs, RNA mimics, oeLINC00839 and oeLINC00839 
with siJMJD6 were transfected into A549 and H460 cells 
using Lipofectamine 3000 (Invitrogen, Carlsbad, CA, USA), 
respectively. Cells were incubated for another 24 h after trans-
fection. RNA expressions were examined through RT-qPCR. 

RT-qPCR. All RNA was isolated from BEAS-2B, A549, 
H460 cells and transfected A549 and H460 cells using Trizol 
Reagent (Invitrogen). QuantiTect Reverse Transcription 
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Kit (Qiagen, Dusseldorf, Germany) was applied for re-
verse-transcribing RNA to cDNA. Meanwhile, reverse tran-
scription of miR-519d-3p was performed using miRCURY 
LNA RT Kit (Qiagen). SYBR Select Master Mix (Applied 
Biosystems, Carlsbad, CA, USA) and 7500 Fast PCR System 
(Applied Biosystems) were then applied for amplification. 
Sequences of primers were in Table 1 and conditions were 
listed: predenaturation, 95℃, 15 min followed by 40 cycles 
of denaturation, 95℃, 25 s, annealing, 60℃, 15 s and exten-
sion, 72℃, 30 s. RNA expressions were calculated by 2-DDCt 
method and GAPDH was treated as the internal control of 
LINC00839 and JMJD6 and U6 was used for normalizing 
miR-519d-3p. This experiment was run in triplicate. 

Cell viability. Viabilities of transfected A549 and H460 cells 
were analyzed using Cell Counting Kit-8 (Abmole Biosci-
ence Inc, Houston, TX, USA). First, cells were cultured in  
a 96-well plate at a density of 5×103 cells per well in a volume 
of 100 μl. Thereafter, 10 μl CCK-8 was added at 24 h, 48 h 
and 72 h and cells were cultured for another 1 h. Finally, 
absorbances (OD) of cells were detected by GloMax® Dis-
cover Microplate Reader (Promega, Madison, WI, USA). 
Results were collected from three independent experiments. 

Cell apoptosis. Flow cytometry was applied to analyze rates 
of apoptosis in cancer cells. Briefly, 1 × 105 transfected 
A549 and H460 cells were resuspended in 195 μl Annexin 
V-FITC binding buffer (Beyotime, Shanghai, China) and 
then stained by 5 μl Annexin V-FITC and 10 μl propidium 
iodide (PI). Cells were cultured at 25℃ for 10 min without 
light after staining. Apoptosis rates were then examined by 
BD Accuri™ C6 Plus Flow Cytometer (BD Biosciences, 
Franklin Lakes, NJ, USA). The experiment was repeated 
three times. 

Dual luciferase reporter assay. After binding sites between 
LINC00839 with miR-519d-3p and miR-519d-3p with 
JMJD6 were established by using ENCORI (http://starbase.
sysu.edu.cn/), bindings were confirmed by dual luciferase 
reporter assay. LINC00839 or JMJD6 wild type and mu-
tant type (LINC00839-wt/mut, JMJD6-wt/mut) were first 

inserted into pmirGLO vectors (Promega, Madison, WI, 
USA), respectively. As described in the cell transfection part, 
Lipofectamine 3000 was applied to co-transfect vectors into 
HEK-293 cells (1 × 105 cells/well) in a volume of 100 μl with 
NC mimics or miR-519d-3p mimics after the cell confluence 
reached 70%. Luciferase activities were analyzed according 
to the protocol of Dual-Luciferase® Reporter Assay System 
(Promega) after transfection for 48 h. Experiments were 
run in a triplicate. 

Transwell migration assay and invasion assay. Transwell 
assay was applied to confirm migration ability and inva-
siveness of transfected A549 and H460 cells. In migration 
detection, the upper chamber was filled with serum-free 
medium while the lower one was added with medium con-
taining 10% FBS. For invasion, matrigel was coated onto 
the upper chamber and other conditions were the same as 
with transwell migration assay. Cells then were cultured 
for 24 h at 37℃, 5% CO2. Afterward, cells in the lower 
chamber were stained by 1% crystal violet and numbers 
were counted by a microscope. The average was taken from 
six visual fields. 

Western blot. To analyze changes of JMJD6 in protein 
levels, total protein was first isolated from transfected A549 
and H460 cells using RIPA lysis buffer (Sigma-Aldrich, 
Germany) Protein was quantified using BCA protein assay 
kit (Thermo Scientific, MA, USA). Thereafter, 10% SDS-
PAGE (Beyotime, Shanghai, China) was used for isolation 
of protein through electrophoresis followed by protein 
transferring into PVDF membranes. Primary antibodies 
anti-JMJD6 (1:1000, ab64575, Abcam, Cambridge, UK) 
and anti-GAPDH (1:2000, ab8245, Abcam) were incubated 
at 4℃ overnight with membranes, which were first blocked 
by 5% non-fat milk powder. Next, PVDF membranes were 
rinsed with TBST (Thermo Scientific) twice and cultured 
with HRP-marked goat anti-rabbit IgG (1:800, ab6721, 
Abcam) for 2h at 25°C. Pierce™ ECL (Thermo Scientific) 
was used for developing and proteins were analyzed through 
Image J (National Institutes of Health, USA). Experiments 
were run in a triplicate. 

Table 1. Sequences of primers for RT-qPCR

Gene Sequences

LINC00839 Forward, 5’-CAGGTCCTGAAATCAGCCTTG-3’
Reverse, 5’-GCAGTTTCCACATTTGAAACCA-3’

miR-519d-3p Forward, 5’- GCGGAAAAGTGCTTACAGTG -3’
Reverse, 5’- ATCCAGTGCAGGGTCCGAGG -3’

JMJD6 Forward, 5’- TTGGAAGACTACAAGGTGCC -3’
Reverse, 5’- GGTCGATGTGAATCCCAGTTC -3’

GAPDH Forward, 5’- ACATCGCTCAGACACCATG -3’
Reverse, 5’- TGTAGTTGAGGTCAATGAAGGG -3’

U6 Forward, 5’- GCGGAAAAGTGCTTACAGTG -3’
Reverse, 5’- ATCCAGTGCAGGGTCCGAGG -3’

http://starbase.sysu.edu.cn/
http://starbase.sysu.edu.cn/
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Statistical analysis. Data were denoted as mean ± SD 
and analysis of these date were conducted with SPSS 19.0 
(SPSS, NY, USA) and GraphPad Prism 7 (GraphPad, CA, 
USA). Variances between 2 groups were analyzed through 
Student’s t-test and one-way ANOVA was used for multiple 
groups. Significance was determined when P < 0.05. All 
experiments were run in a triplicate. 

Results

LINC00839 was upregulated in lung cancer cell lines 
while downregulation of LINC00839 suppressed cell 
viability, migration and invasiveness but accelerated 
cell apoptosis. 

We analyzed RNA levels of LINC00839 in lung 
cancer cells, indicating that LINC00839 was promoted 
in A549 and H460 cells versus normal BEAS-2B cells 
(Fig. 1A). Furthermore, LINC00839 was downregulat-
ed in A549 and H460 cells after their transfection with 
small interfering RNAs, and the siLINC00839-1 group 
had the lowest expression of LINC00839 compared 
to the siLINC00839-2 group and the siLINC00839-3 
group (Fig. 1B). Therefore, siLINC00839-1 was se-
lected for following experiments. Besides that, cell 
viabilities of A549 and H460 cells were also decreased 
after siLINC00839-1 transfection (Fig. 1C, D) while 
the apoptosis rates of cells were promoted (Fig. 1E). 
Moreover, knockdown of LINC00839 decreased the 
migration and invasiveness of A549 and H460 cells 
(Fig. 1F, G). 

LINC00839 directly targeted miR-519d-3p 
By using the bioinformatics tool (ENCORI, http://
starbase.sysu.edu.cn/), supposed binding sites be-
tween LINC00389 and miR-519d-3p were shown 
(Fig. 2A). Thereafter, we found that the luciferase 
activity was lower in the wild type of LINC00839 
(LINC8839-wt) with miR-519d-3p mimics group in 
HEK-293 cells compared with other groups (Fig. 
2B). Subsequently, we examined the miR-519d-3p 
RNA level, revealing that this gene was suppressed 
in A549 and H460 cells in comparison with normal 
BEAS-2B cells (Fig. 2C). Moreover, RNA expres-
sions of miR-519d-3p were decreased in the studied 
LC cells after the overexpression of LINC00839 
RNA (Fig. 2D). 

JMJD6 was targeted by miR-519d-3p
ENCORI also provided putative binding sites between 
miR-519d-3p and JMJD6 (Fig. 3A). Then, luciferase 
reporter test revealed that the activity of fluorescence 
was the lowest in the miR-519d-3p with wild type of 
JMJD6 group (Fig. 3B). Besides that, JMJD6 RNA 
level was upregulated in cancer cells (Fig. 3C), which 

was then inhibited at both mRNA and protein levels 
after the transfection with miR-519d-3p mimics (Fig. 
3D, E).

MiR-519d-3p modulated viability, apoptosis, 
migratory capacity and invasiveness of lung cancer 
cells by suppressing JMJD6 
As JMJD6 was confirmed to be downregulated 
after miR-519d-3p overexpression, cell functions 
were analyzed next, indicating that cell viabilities 
of A549 and H460 cells with miR-519d-3p mimics 
transfection were both decreased (Fig. 4A, B). 
However, overexpressed miR-519d-3p promoted 
apoptosis rate of cancer cells (Fig. 4C). Additionally, 
migratory capacity and invasiveness were both re-
duced after cells were transfected with miR-519d-3p 
mimics (Fig. 4D, E). 

LINC00839/miR-519d-3p/JMJD6 axis modulated 
viability, apoptosis, invasiveness and migration 
capability of lung cancer cells
Correlations among LINC00839, miR-519d-3p and 
JMJD6 were examined later. Results of RT-qPCR 
indicated that overexpressed LINC00839 promoted 
JMJD6 at the mRNA and protein levels which were 
reversed by the knockdown of JMJD6 (Fig. 5A, B). 
Moreover, high cell viability caused by upregulated 
LINC00839 was suppressed after JMJD6 inhibition 
(Fig. 5C). Oppositely, knockdown of JMJD6 re-
strained reduced apoptosis rate of A549 and H460 
cells caused by the overexpression of LINC00839 (Fig. 
5D). Moreover, migratory ability and invasiveness of 
A549 and H460 cells were both promoted after the 
overexpression of LINC00839 RNA, which was then 
decreased with knockdown of JMJD6 (Fig. 5E, F). 

Discussion

Recent studies have clarified key roles of LncRNAs 
in progressions of tumors [23] and lncRNA has be-
come one of the largest and multifarious RNAs in this 
family [24]. However, only a few of them have been 
demonstrated in lung cancer. LncRNA HOTAIR was 
promoted in lung cancer, leading to bad prognosis 
through promoting proliferation, invasion, migration 
and drug resistance, which has been demonstrated in 
both in vitro and clinical stages [25]. LncRNA DAN-
CR was upregulated in tissues of NSCLC (Grade 
II, Grade III and Grade IV) and cells (NCI-H1299, 
A549 and NCI-H1975) of lung cancer which en-
hanced proliferation and tumor growth by sponging 
miR-216a [26]. In our research, we have found a new 
long non-coding RNA, LINC00839, which has been 
detected to be upregulated in lung cancer samples as 
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Figure 1. LINC00839 was upregulated in A549 and H460 cells and suppression of LINC00839 inhibited cell viability, migra-
tion and invasion but enhanced apoptosis. A. RNA expressions of LINC00839 were examined using RT-qPCR in BEAS-2B, 
A549 and H460 cells, **P < 0.05 vs. BEAS-2B cell and ***P < 0.01 vs. BEAS-2B cells. B. RNA levels of knockdown of 
LINC00839 (siLINC00839-1, siLINC00839-2 and siLINC00839-3) were evaluated by RT-qPCR, **P < 0.05 vs. siNC group. 
C, D. CCK-8 test was used for cell viability determination of A549 and H460 cells after siLINC00839-1 transfection, **P 
< 0.05 in comparison with siNC group. E. Apoptosis rates of A549 and H460 cells with siLINC00839-1 transfection were 
evaluated using flow cytometry, **P < 0.05 vs. siNC group. F, G. Transwell assay was used for evaluating migratory abilities 
and invasiveness of A549 and H460 cells (200×) after LINC00839 suppression, **P < 0.05 in comparison with siNC group. 
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Figure 2. MiR-519d-3p was the target gene of LINC00839. A. Predicted binding sites between LINC0839 and miR-519d-3p 
were provided by ENCORI (http://starbase.sysu.edu.cn/). B. Luciferase reporter assay was conducted to evaluate bindings 
of wild type or mutant type of LINC00839 (LINC00839-wt/mut) with miR-519d-3p, **P < 0.05 vs. LINC00839-wt+NC 
mimics, LINC00839-mut + NC mimics and LINC00839-mut + miR-519d-3p mimics group. C. RT-qPCR was applied for 
validating RNA levels of miR-519d-3p in BEAS-2B, A549 and H460 cells, **P < 0.05 in comparison with BEAS-2B cells and  
***P < 0.01 vs. BEAS-2B cells. D. RNA expressions of miR-519d-3p were assessed through RT-qPCR in A549 and H460 
cells after the overexpression of LINC00839 RNA, **P < 0.05 vs. oeNC group. 

a differentially expressed lncRNA [11]. Nevertheless, 
functions of this lncRNA in lung cancer cells were still 
unclear. Therefore, we decided to figure out roles of 
this lncRNA and related mechanism. Consistently, 
LINC00839 was upregulated in A549 and H460 cells 
and knockdown of LINC00839 resulted in low cell 
viability, invasion and migration and in increased 
apoptosis. According to results of experiments, 
LINC00839 could facilitate biological functions of 
LC cells. However, these initial observations required 
further investigations to find out the cellular mecha-
nisms of LINC00839 actions in LC cells.

MiRNAs have also been reported to participate 
in progression of lung cancer. E.g., miR-148a was 
decreased in tissue samples of lung cancer while 
its overexpression resulted in low migration and 
invasiveness of lung cancer cells by negatively 
modulating Wnt1 [27]. MiR-621 overexpression 
induced apoptosis of lung cancer cells by targeting 
SIX4, which could also improve the prognosis of 
patients [28]. Through bioinformatics tool (EN-
CORI), potential binding sites between LINC00839 
and miR-519d-3p were provided and miR-519d-3p 

was found to be a target that was directly sponged 
by LINC00839. MiR-519d-3p has been discovered 
to retard progression of several kinds of tumors. 
Upregulated miR-519d-3p inhibited proliferation 
and arrested cell cycle of breast cancer cells (MDA-
MB-231 cells and HCC1937 cells) through binding 
LIMK1 and suppressing cofilin 1 phosphorylation 
[29]. MiR-519d-3p upregulation also reduced pro-
liferation and cell cycle of prostatic cancer cells by 
binding TRAF4 [30]. Moreover, miR-519d-3p has 
been demonstrated to suppress cell proliferation, 
migratory ability, invasion and DDP resistance by 
negatively interacting with circ_007385 or HMGB1 
in lung cancer cells [31]. Our study has revealed that 
miR-519d-3p RNA expression was also downregulat-
ed after overexpression of LINC00839 RNA. Besides 
that, binding sites between JMJD6 and miR-519d-3p 
were provided by ENCORI and the binding was con-
firmed using luciferase reporter assay documenting 
that miR-519 targeted JMJD6 directly. In the study 
of Zhao et al., JMJD6 was promoted by lncRNA 
ZFPM2-AS1, which resulted in increased prolifer-
ation and migratory capacity of breast cancer cells 

http://starbase.sysu.edu.cn/
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Figure 3. JMJD6, the target of miR-519d-3p, was suppressed by miR-519d-3p. A. ENCORI offered potential binding sites 
between miR-519d-3p and JMJD6. B. Luciferase activity of wild type of mutant type of JMJD6 (JMJD6-wt/mut) with mim-
ics of miR-519d-3p and NC were detected by luciferase reporter assay, **P < 0.05 compared with JMJD6-wt+NC mimics, 
JMJD6-mut+NC mimics and JMJD6-mut+miR-519d-3p mimics. C. RNA expressions of JMJD6 in BEAS-2B, A549 and 
H460 cells were examined using RT-qPCR, **P < 0.05 in comparison with BEAS-2B cells and **P < 0.01 vs. BEAS-2B 
cells. D. RT-qPCR was used to measure RNA levels of JMJD6 after upregulation of miR-519d-3p, **P < 0.05 vs. NC mimics 
group. E. Protein levels of JMJD6 in A549 and H460 cells were evaluated by Western blot, **P < 0.05 vs. NC mimics group. 

and increased tumor volume and weight in vivo [32].  
In colon carcinogenesis, JMJD6 also facilitated pro-
liferation and tumorigenesis in vivo and inhibited cell 
apoptosis in vitro by targeting p53 [33]. According 
to Zhang et al., relative expressions of JMJD6 at the 
mRNA and protein levels in lung adenocarcinoma 
tissues were higher than normal lung tissues, which 
resulted in bad prognosis [34]. JMJD6 was revealed 
to be an oncogene in NSCLC, which rescued low 
volume and weight of tumors caused by miR-770 
overexpression in mice via activating the Wnt/b-cat-
enin signaling pathway [17]. Moreover, the promoter 
of JMJD6 gene was occupied by acetylated HOXB9 
(AcK27), which suppressed migration of mouse lung 
cancer cells in vitro and inhibited xenografted tumor 
growth [35]. According to these studies, JMJD6 
might be a mature biomarker that facilitated the 
progression of lung cancer. In this study, JMJD6 was 
inhibited by miR-519d-3p overexpression. Moreover, 
overexpressed miR-519d-3p decreased cell viability 
and repressed migratory and invasive capacities but 
enhanced apoptosis of A549 and H460 cells, which 

determined that miR-519d-3p might have the sup-
pressed neoplastic potential of lung cancer cells.

Based on previous research, long non-coding RNA 
LCAT1 positively modulated RAC1 promoting cell 
proliferation and invasiveness in vitro and tumori-
genesis and metastasis in vivo through competitively 
sponging miR-4715-5p [36]. In the study of Chen et 
al., lncRNA UCA1 facilitated resistance to gefitinib, 
accelerated cell proliferation and blocked apoptosis 
in NSCLC cells as a ceRNA to trigger FOSL2 through 
sponging miR-413 [37]. Thereafter, correlations 
among LINC00839, miR-519d-3p and JMJD6 were 
examined, in which miR-519d-3p was downregulat-
ed by LINC00839 overexpression and JMJD6 was 
decreased by miR-519d-3p upregulation. We have 
chosen overexpressed LINC00839 with suppression 
of JMJD6 to verify our hypothesis. After LINC00839 
RNA overexpression, JMJD6 was promoted at both 
mRNA and protein levels while inhibition of JMJD6 
reversed its expression. Additionally, enhanced cell 
viability, migration and invasiveness and low apoptosis 
of A549 and H460 cells caused by LINC00839 RNA 
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Figure 4. MiR-519d-3p modulated cell viability, apoptosis, metastasis and invasion of A549 and H460 cells through target-
ing JMJD6. A, B. Cell viabilities of A549 and H460 cells were analyzed using CCK-8 after miR-519d-3p overexpression,  
**P < 0.05 in comparison with NC mimics group. C. Flow cytometry was used to validate apoptosis rate of A549 and H460 
cells after miR-519d-3p upregulation, **P < 0.05 vs. NC mimics group. D, E. Migratory capacities and invasiveness of A549 
and H460 cells with miR-519d-3p overexpression were checked using transwell assay (200×), **P < 0.05 compared to NC 
mimics group. 
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Figure 5. LINC00839/miR-519d-3p/JMJD6 axis mediated cell viability, apoptosis, migration and invasiveness of A549 and H460 
cells. A, B. RNA and protein expressions of JMJD6 were assessed by RT-qPCR in A549 and H460 cells after overexpression 
of LINC00839 and JMJD6 inhibition, **P < 0.05 in comparison with NC group and **P < 0.05 vs. oeLINC00839 group.  
C, D: CCK-8 was applied to measure cell viabilities of A549 and H460 cells after transfection with overexpressed LINC00839 and 
oeLINC00839 with siJMJD6, **P < 0.05 vs. NC group and **P < 0.05 in comparison with oeLINC0839 group. E. Percentage 
of apoptosis in A549 and H460 cells were evaluated through flow cytometry after transfecting them with oeLINC00839 and 
oeLINC00839 with siJMJD6, **P < 0.05 vs. NC group and **P < 0.05 in comparison with oeLINC0839 group. F, G. Transwell 
assay was applied to measure abilities of A549 and H460 cell in migration as well as invasion after oeLINC00839 or oeLINC00839 
with siJMJD6 transfection (200×), **P < 0.05 vs. NC group and **P < 0.05 in comparison with oeLINC0839 group.
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upregulation were decreased after JMJD6 inhibition 
while the repressed apoptosis was reversed to a high 
level. Based on these experiments, LINC00839 has 
been determined to upregulate JMJD6 through 
sponging miR-519d-3p in lung cancer cells and 
LINC00839/miR-519d-3p/JMJD6 axis has been 
verified to regulate progressions of lung cancer cells 
positively in vitro. Therefore, LINC00839 promoted 
JMJD6 accelerating cell viability, migration and in-
vasiveness of A549 and H460 cells via competitively 
sponging miR-519d-3p. 

In summary, LINC00839 was expressed higher in 
A549 and H460 cells than BEAS-2B cells and promot-
ed cell viability, migratory and invasive abilities but 
repressed apoptosis as a ceRNA that triggered JMJD6 
by sponging miR-519d-3p. These findings suggest that 
LINC00839/miR-519d-3p/JMJD6 axis components 
might be potential biomarkers for lung cancer treat-
ment. However, further studies in vivo and clinical 
experiments are requested for a better understanding 
of the mechanisms of these in vitro studied phenomena. 
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