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LncRNA LINC00520 aggravates cell 
proliferation and migration in lung 
adenocarcinoma via a positive feedback loop
Wen Huang1†, Xinxing Wang2†, Fubing Wu2* and Fanggui Xu2* 

Abstract 

Background: Lung adenocarcinoma (LUAD) is the most common histological subtype of primary lung cancer. To 

identify the biomarker of diagnosis for LUAD is of great significance. Long non-coding RNAs (lncRNAs) were previously 

revealed to exert vital effects in numerous cancers. LncRNA long intergenic non-protein coding RNA 520 (LINC00520) 

served as an oncogene in various cancers. Therefore, our study was specially designed to probe the role of LINC00520 

in LUAD.

Results: LINC00520 expression was detected by RT-qPCR. Next, function of LINC00520 in LUAD was verified by 

in vitro loss-of-function experiments. DNA pull down, ChIP, RIP, and luciferase reporter assays were conducted to 

reveal the regulatory mechanism of LINC00520. We found that LINC00520 was upregulated in LUAD. Additionally, 

LINC00520 upregulation is associated with the poor prognosis for patients with LUAD. Furthermore, LINC00520 down-

regulation suppressed LUAD cell proliferation and migration and induced cell apoptosis. Forkhead box P3 (FOXP3) is 

identified as the transcription factor to transcriptionally activate LINC00520. Moreover, LINC00520 positively upregu-

lated FOXP3 expression via sponging miR-3611 in LUAD cells. Subsequently, rescue experiments delineated that 

miR-3611 downregulation or FOXP3 overexpression reversed the effects of silenced LINC00520 on proliferative and 

migratory capabilities in LUAD cells.

Conclusion: This study innovatively indicated that lncRNA LINC00520 facilitated cell proliferative and migratory abili-

ties in LUAD through interacting with miR-3611 and targeting FOXP3, which may provide a potential novel insight for 

treatment of LUAD.
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Introduction
Lung cancer is a leading cause of cancer-related death 

worldwide [1, 2]. Approximately 85% of lung cancer cases 

are non-small-cell lung cancers, of which lung adenocar-

cinoma (LUAD) is the most common histologic subtype 

[3, 4], accounting for about 40% of all lung cancer cases 

[2]. Although most early-stage LUAD can be effectively 

treated by surgery, the prognoses of unresectable LUAD 

are poor with the 5-year survival rates less than 20% [5]. 

LUAD patients are usually diagnosed at advance stages 

with metastasis [6]. �us, it is of great significance to 

find the biomarker affecting LUAD cell proliferation and 

migration.

With the development of next-generation sequencing, 

it has now been recognized that most complex eukary-

otic genomes are noncoding RNAs (ncRNAs), including 

a family of transcripts with length of over 200 nucleo-

tides termed long noncoding RNAs (lncRNAs) [7, 8]. 
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LncRNAs, functioning as miRNA sponges, have been 

characterized in cancer development and pathologies [9]. 

Many lncRNAs including ITGB1-DT [10], LINC01426 

[11], UPLA1 [12] have been revealed to promote LUAD 

cell migration and invasion. Mechanistically, the compet-

ing endogenous RNA (ceRNA) pattern has been widely 

reported to be involved in LUAD progression [13–15]. 

�e ceRNA network refers to that lncRNAs bind with 

microRNAs (miRNAs) to suppress the degradation of 

the targets of the miRNAs [16]. It has been previously 

reported that lncRNA long intergenic non-protein cod-

ing RNA 520 (LINC00520) served as the tumor promotor 

in melanoma [17], papillary thyroid carcinoma [18], and 

colorectal cancer [19] by serving as a ceRNA, while its 

role and regulatory mechanism in LUAD remain elusive.

Transcription factors (TFs) are considered to be the 

main regulators of gene expression [20–22]. TFs are ubiq-

uitously expressed in many tissues and are implicated in 

many biological functions of embryogenesis, cellular pro-

liferation, DNA replication, and differentiation [23]. TFs 

exert their dual functions: activator or repressor of gene 

expression (24, 25) by targeting promoter regions of their 

downstream molecules [26, 27]. We explored the puta-

tive TFs that can transcriptionally regulate LINC00520 in 

LUAD cells.

Our study focused on the biological role of LINC00520 

in LUAD cells. In addition, the upstream TF and the 

downstream ceRNA pattern of LINC00520 were inves-

tigated. Our data implied that LINC00520 served as an 

oncogene in LUAD and might be useful in future LUAD 

treatment.

Materials and methods
Tissue samples

Twenty pairs of LUAD specimens and adjacent non-

tumor tissues were acquired from patients who did not 

receive any therapy before undergoing operation in Sir 

Run Run Hospital of Nanjing Medical University. Tis-

sue specimens were obtained from patients who signed 

written informed consents. Research was performed in 

accordance with the Declaration of Helsinki and approval 

was obtained from the Ethics Committee of the Sir Run 

Run Hospital of Nanjing Medical University. Immediately 

after the operation, tissue samples were frozen in liquid 

nitrogen and maintained at − 80 °C.

Cell culture

LUAD cell lines (A549, H1975, H2030, H1435) and a nor-

mal human bronchial epithelial cell (BEAS-2B) were pro-

vided by the American Type Culture Collection (ATCC; 

Gaithersburg, MD, USA). Briefly, all cancer cells applied 

in this study were maintained in Dulbecco’s modified 

Eagle’s medium (DMEM; Gibco, Waltham, MA, USA) 

containing 10% fetal bovine serum (FBS; Gibco, Waltham, 

MA, USA), 100 U/ml penicillin (Sigma-Aldrich, USA), 

and 100  mg/ml streptomycin (Sigma-Aldrich, USA) at 

37 °C with 5%  CO2. BEAS-2B cell lines were cultured in 

Clonetics™ media.

Bioinformatics analysis

According to PROMO prediction version 3.0.2 (http:// 

alggen. lsi. upc. es/ cgi- bin/ promo_ v3/ promo/ promo init. 

cgi? dirDB= TF_8.3), 22 potential TFs (condition: within 

a dissimilarity margin less or equal than 0%) bound to 

promoters of LINC00520 were identified. Based on 

JASPAR database (http:// jaspar. gener eg. net/), poten-

tial binding sites of FOXP3 at the promoter region of 

LINC00520 (condition: threshold value greater than 90) 

were predicted, and the DNA motif of FOXP3 was exhib-

ited. Survival analysis of LUAD patients with high or low 

expression of LINC00520 was predicted from Kaplan–

Meier Plotter (https:// kmplot. com/ analy sis/ index. php?p= 

servi ce). Overlapped miRNAs binding with LINC00520 

and FOXP3 were predicted by online tool DIANA 

LncBase Predicted v.2 (http:// carol ina. imis. athena- innov 

ation. gr/ diana_ tools/ web/ index. php?r= lncba sev2/ index- 

predi cted) and miRDB (http:// mirdb. org/).

Plasmids

�e overexpression vector pcDNA™3.1/Hygro(+) (cata-

logue number: V87020) was purchased from Invitrogen 

(Carlsbad, CA, USA). �e construction of pcDNA3.1/

LINC00520 or pcDNA3.1/FOXP3 was provided by 

GenePharma (Shanghai, China). �e negative control 

shRNA vector (pGPU6/Neo; catalogue number: E-03) 

and shRNAs targeting LINC00520 or FOXP3 for silencing 

of LINC00520 or FOXP3 were purchased from GeneP-

harma. �e basic pmirGLO Dual-Luciferase miRNA Tar-

get Expression Vector (catalogue number: E1330) was 

provided by Promega. Construction of the pmirGLO plas-

mids containing the wild type (WT) or mutated (MUT) 

3′ untranslated region (3′UTR) of FOXP3 was provided 

by GenePharma and was used for evaluating binding 

between miR-3611 and FOXP3 3′UTR. �e basic pGL3 

Luciferase Reporter Vector (catalogue number: E1751) 

was purchased from Promega. Construction of the 

pGL3 plasmid containing the WT or MUT promoter of 

LINC00520 was provided by GenePharma and was used 

for evaluating binding between FOXP3 and LINC00520 

promoter. �e pRL Renilla Luciferase Control Reporter 

Vector (catalogue number: E2231; Promega) provides 

normalization for the pmirGLO and pGL3 plasmids.

http://alggen.lsi.upc.es/cgi-bin/promo_v3/promo/promoinit.cgi?dirDB=TF_8.3
http://alggen.lsi.upc.es/cgi-bin/promo_v3/promo/promoinit.cgi?dirDB=TF_8.3
http://alggen.lsi.upc.es/cgi-bin/promo_v3/promo/promoinit.cgi?dirDB=TF_8.3
http://jaspar.genereg.net/
https://kmplot.com/analysis/index.php?p=service
https://kmplot.com/analysis/index.php?p=service
http://carolina.imis.athena-innovation.gr/diana_tools/web/index.php?r=lncbasev2/index-predicted
http://carolina.imis.athena-innovation.gr/diana_tools/web/index.php?r=lncbasev2/index-predicted
http://carolina.imis.athena-innovation.gr/diana_tools/web/index.php?r=lncbasev2/index-predicted
http://mirdb.org/
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Cell transfection

MiR-3611 mimics (inhibitor) and NC mimics (inhibi-

tor) were supplied by GenePharma. A549 and H1975 

cells were transfected with miR-3611 mimics (inhibi-

tor) or NC mimics (inhibitor), empty pcDNA3.1, 

pcDNA3.1/LINC00520 or pcDNA3.1/FOXP3, shRNA, 

sh-LINC00520#1/2 or sh-FOXP3#1/2 by Lipofectamine 

2000 (Invitrogen, Carlsbad, CA, USA). A549 and H1975 

cells were transfected for 48  h. Additionally, RT-qPCR 

was applied to testify transfection efficiency.

Reverse transcription quantitative polymerase chain 

reaction (RT-qPCR)

Total RNA was extracted from frozen tissue samples or 

cultured cells using TRIzol reagent (�ermo Fisher Sci-

entific) and was reverse transcribed into complementary 

DNA (cDNA) using a Reverse Transcription Kit (Invit-

rogen). RT-qPCR analysis was conducted with a SYBR 

Green Premix PCR Master Mix (Roche, Mannheim, 

Germany) by an ABI HT9600 (Applied Biosystems, Fos-

ter City, CA, USA). Glyceraldehyde-3-phosphate dehy-

drogenase (GAPDH) was taken as the internal reference 

for LINC00520 and FOXP3. RNU6 (U6) was taken as the 

internal reference for miR-3611. �e  2−△△CT method 

was utilized to calculate the relative quantification. Rela-

tive primer sequences are listed as follows:

• LINC00520, forward: 5′-AGG ACA CAG CAT CAG 

AGT C-3′;

• reverse: 5′-TCT GAC TCC TCC ATC AGC T-3′.

• FOXP3, forward: 5′-AGG ACT TCC TCA AGC ACT 

G-3′;

• reverse: 5′-CTC CAG AGA CTG TAC CAT CTC-3′.

• YY1, forward: 5′-GAA TTT GCT AGG GCT GCA C-3′;

• reverse: 5′-CAC ATT CTG CAC AGA CGT G-3′.

• XBP1, forward: 5′-GGA TTC TGG CGG TAT TGA -3′;

• reverse: 5′-AAA GGG AGG CTG GTA AGG -3′.

• GAPDH, forward: 5′-TCA TTT CCT GGT ATG ACA 

ACGA-3′;

• reverse: 5′-GTC TTA CTC CTT GGA GGC C-3′.

• miR-3611, forward: 5′-GTG AAG AAA GAA ATT CTT 

AGC GGC -3′;

• reverse: 5′-CTC TAC AGC TAT ATT GCC AGC CAC -3′.

• miR-6512-3p, forward: 5′-TTC CAG CCC TTC TAA 

TGG TAGG-3′;

• reverse: 5′-CTC TAC AGC TAT ATT GCC AGC CAC -3′.

• miR-6720-5p, forward: 5′-ATT GTG GCG CAC CGA 

GTT -3′;

• reverse: 5′-GCC TAC CAG GGC TGG AAG AA-3′.

• U6, forward: 5′-ATA CAG AGA AAG TTA GCA CGG-

3′;

• reverse: 5′-GGA ATG CTT CAA AGA GTT GTG-3′.

CCK-8 assay

After transfection, cell viability was measured by a Cell 

Counting Kit-8 (CCK‐8; Dojindo, Kyushu, Japan) under 

the manufacturer’s guidance. A549 or H1975 cells 

(1 ×  103) were plated into 96-well plates for 0, 1, 2, 3, and 

4 days. CCK-8 solution was added into plates to cultivate 

cells for 2 h at 37 °C. Optical density at a wavelength of 

450  nm was measured by a microplate reader (�ermo 

Fisher Scientific).

Colony formation assay

A549 or H1975 cells (1 ×  103) were plated into 6-well 

plates at 37 °C with 5%  CO2. After 2 weeks, colonies were 

fixed by 4% paraformaldehyde (Solarbio, Beijing, China) 

for 10  min, and dyed by crystal violet (Beyotime, Nan-

tong, China) for 5  min when colonies were visible. �e 

plates were photographed, and the number of colonies 

was manually counted.

Flow cytometry analysis

Transfected cells were collected and resuspended with 

phosphate buffered saline (PBS). After being cultured at 

6-well plates for 48 h, A549 or H1975 cells were fixed in 

70% ethanol pre-cooled with ice for 2  h. Quantification 

of apoptosis was measured by flow cytometry (�ermo 

Fisher Scientific) after staining with Annexin V-FITC/PI 

(BD Biosciences, San Jose, CA, USA).

Wound healing assay

After transfection, A549 or H1975 cells seeded in 6-well 

plates were subjected to serum starvation for 4 h. �ere-

after, the wound was stimulated by straight scratching in 

the cell monolayer using a sterile 200-μL pipette tip. After 

gently scraping the scratched monolayer cells twice with 

serum-free medium, the wound was healed in complete 

medium for 24  h. �en, after the wound was formed, 

photographs of the wound width at 0  h and 24  h were 

captured using an inverted microscope, respectively.

Western bolt

Cells were lysed with lysis buffer containing protease 

inhibitors (50  mM Tris-HCl pH 8; 50  mM NaCl; 0.5% 

NP-40). Total protein was extracted from tissues and cells 

using radioimmunoprecipitation assay buffer (�ermo 

Fisher Scientific, Inc.). Protein concentration was deter-

mined using a bicinchoninic acid assay. �e extracted 

total protein (20  µg) was subjected to 10% sodium 

dodecyl sulfate–polyacrylamide gel electrophoresis 

(SDS-PAGE; Solarbio, Beijing, China) and transferred 

to polyvinylidene fluoride (PVDF) membranes (Sigma-

Aldrich, Shanghai, China). After PVDF membranes was 

blocked with 5% skim milk at 25 °C for 1 h, the primary 

antibodies were added for incubation overnight. Primary 
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antibodies included anti-BAX (1/1000; ab32503; Abcam), 

anti-Bcl-2 (1/1000; ab32124; Abcam), anti-E-cadherin 

(1/10000; ab40772; Abcam), anti-N-cadherin (1/5000; 

ab76011; Abcam) and anti-GAPDH (1/2500; ab9485; 

Abcam). After adding secondary antibodies, proteins 

were visualized by an enhanced chemiluminescence 

detection kit (Amersham Pharmacia Biotech, UK) and 

analyzed by a Bio-Rad image analysis system (Bio-Rad, 

CA, USA).  Unprocessed original scans of the western 

blots were provided in Additional file 1.

DNA pull down assay

A DNA pull-down test kit (Gzscbio, Guangzhou, China) 

was utilized under manufacturer’s guidance to analyze 

the interactions between proteins and DNA for identify-

ing the transcription factors for LINC00520. �e DNA 

pull down assay was conducted according to a previous 

study [28]. In brief, cells were lysed followed by cen-

trifugation at 12,000 rpm at 4  °C for 15 min. Probe tar-

geting LINC00520 promoter was designed and labeled 

with desthiobiotin, and then bound with streptavidin-

containing magnetic beads, followed by cultivation with 

cellular protein extracts at 4 °C overnight, and separation 

by SDS-PAGE. �e eluates were subjected to western 

blotting analysis for detection of potential transcription 

factors.

Chromatin immunoprecipitation (ChIP) assay

A chromatin immunoprecipitation (ChIP) assay was 

performed using a Magna ChIP Kit (Millipore, Billerica, 

MA) under manufacturer’s instructions. In brief, DNA 

fragments were sonicated from LUAD cells and collected 

by centrifugation, which were then immunoprecipitated 

with anti-FOXP3 (1/30, ab215206, Abcam) and negative 

control anti-IgG (1/50, ab172730, Abcam). Subsequently, 

DNA fragment bing with the above antibodies was puri-

fied by DNA-purifying slurry and detected by PCR using 

primers targeting the promoter sequences of LINC00520.

Luciferase reporter assay

�e pmirGLO plasmids containing WT FOXP3 3′UTR 

were co-transfected with NC mimics, or miR-3611 mim-

ics, or miR-3611 mimics + pcDNA3.1/LINC00520 into 

A549 or H1975 cells with Lipofectamine 2000 (Invitro-

gen). Similarly, the pmirGLO plasmids containing MUT 

FOXP3 3′UTR were co-transfected with NC mimics, or 

miR-3611 mimics, or miR-3611 mimics + pcDNA3.1/

LINC00520 into A549 or H1975 cells. �e pGL3 plas-

mids containing WT or MUT promoter sequences 

of LINC00520 were co-transfected with pcDNA3.1, 

or pcDNA3.1/FOXP3 into A549 or H1975 cells using 

Lipofectamine 2000. Dual-Luciferase Reporter Assay 

System (Promega) was utilized to confirm luciferase 

activities. Relative firefly luciferase activity was normal-

ized to renilla luciferase activity.

Subcellular fractionation

�e cytoplasmic and nuclear extracts were extracted 

from A549 or H1975 cells by Nuclear and Cytoplasmic 

Extraction Reagents (�ermo Fisher Scientific). RNAs 

isolated from nucleus or cytoplasm were performed 

RT-qPCR analysis. �e levels of U6 (nucleus control), 

GAPDH (cytoplasm control), and LINC00520 were 

determined by PCR, respectively.

RNA immunoprecipitation (RIP) assay

RNA immunoprecipitation (RIP) experiment was con-

ducted using a Magna RIP™ RNA-Binding Protein 

Immunoprecipitation Kit (Millipore, Billerica, MA) 

under manufacturer’s instructions. A549 and H1975 cells 

were lysed in complete RIPA lysis buffer, and the cell 

extract was incubated with magnetic beads conjugated 

with anti-Ago2 or control anti-IgG for 6  h at 4  °C. �e 

beads were washed and then incubated with Proteinase K 

to detach proteins. RT-qPCR was utilized to detect rela-

tive expression of co-precipitated RNAs.

Statistical analysis

Data were analyzed by SPSS (SPSS Inc., Chicago, IL, 

USA). Results were denoted as means ± standard devia-

tion. Kaplan Meier and Log-rank test were performed 

for survival curve. Comparison between two groups was 

evaluated by Student’s t test. Comparison among three 

groups was assessed with analysis of variance (ANOVA) 

followed by Turkey’s post-hoc test. Each experiment was 

repeated three times in triplicate. p < 0.05 was considered 

as statistically significant.

Results
LINC00520 was upregulated in LUAD and facilitated cell 

proliferation and migration in LUAD

Under RT-qPCR result, LINC00520 presented upregula-

tion in LUAD tissues than in adjacent non-tumor tissues 

(Fig. 1a). In addition, LINC00520 expression was higher 

in LUAD cells (A549, H1975, H2030, H1435) than nor-

mal cell line (BEAS-2B) (Fig.  1b). In addition, Kaplan 

Meier analysis revealed that LINC00520 upregulation 

implied unfavorable prognosis of patients with LUAD 

(Fig.  1c). Subsequently, we knocked down LINC00520 

expression in A549 and H1975 cells by transfection with 

sh-LINC00520 plasmids with sh-NC as scramble control. 

LINC00520 expression under sh-LINC00520 transfec-

tion was downregulated in LUAD cells compared with 

that in scramble control group (Fig.  1d). LINC00520 

silencing repressed cell viability and reduced number of 

colonies, indicating that LINC00520 silencing impeded 
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LUAD cell proliferation (Figs. 1e, f ). Number of colonies 

in A549 and H1975 cells transfected with sh-LIN00520#1 

(or sh-LIN00520#2) is 47% (or 53%) of the sh-NC group. 

Furthermore, LINC00520 knockdown facilitated the 

apoptosis of LUAD cells, as evidenced by the flow cytom-

etry analysis and western blotting (Fig.  1g–i). Moreo-

ver, the migratory ability of LUAD cells was suppressed 

by LINC00520 depletion (Fig.  1j). �e EMT process in 

LUAD was determined via measuring EMT marker pro-

tein levels using western blot. We found that E-cadherin 

level showed significant increase, and N-cadherin level 

showed significant decrease under LINC00520 depletion 

(Fig. 1k).

FOXP3 transcriptionally induced upregulation 

of LINC00520 in LUAD cells

Based on PROMO prediction, 22 potential TFs were 

predicted to bind to promoters of LINC00520 (Fig.  2a). 

To probe interaction between TFs and LINC00520 pro-

moter, DNA pull down assay was conducted. Results 

revealed that three TFs (FOXP3, YY1 and XBP-1) showed 

enrichment in LINC00520 promoter sense group than in 

antisense group (Fig. 2b). As presented in Fig. 2c, FOXP3 

was upregulated in LUAD cells, and the other two TFs 

were not. Additionally, FOXP3 expression illustrated the 

upregulation in LUAD tissues compared to that in adja-

cent non-tumor tissues (Fig. 2d). �erefore, FOXP3 was 

proved to be the transcriptional activator of LINC00520 

in LUAD. Subsequently, we successfully overexpressed 

(or silenced) FOXP3 expression by transfection with 

pcDNA3.1/FOXP3 (or sh-FOXP3#1/2) (Fig.  2e). FOXP3 

overexpression upregulated LINC00520 expression and 

FOXP3 silencing downregulated LINC00520 expres-

sion in LUAD cells (Fig. 2f ). Five potential binding sites 

of FOXP3 at the promoter region of LINC00520 were 

predicted (Fig. 2g). ChIP experiment revealed that DNA 

sequence containing site 5 showed an enrichment in 

FOXP3 immunoprecipitation product (Fig.  2h), which 

suggested abundant binding of FOXP3 with LINC00520 

promoter at site 5. Additionally, it was found from lucif-

erase reporter assay that FOXP3 overexpression induced 

increase in luciferase activity of pGL3 vector containing 

WT LINC00520 promoter (Fig. 2i).

LINC00520 interacted with miR-3611 to regulate FOXP3

Subsequently, we investigated the regulatory mecha-

nism of LINC00520 on FOXP3. LINC00520 knock-

down suppressed FOXP3 expression and LINC00520 

upregulation increased FOXP3 expression (Fig.  3a, b), 

which suggested that LINC00520 positively modulated 

FOXP3 expression. Next, results of subcellular fractiona-

tion experiment revealed the cytoplasmic localization of 

LINC00520 in A549 and H1975 cells (Fig.  3c), indicat-

ing the post-transcriptional regulation of LINC00520 

on downstream genes. As shown by the Venn pattern in 

Fig. 3d, there were three putative miRNAs binding with 

both LINC00520 and FOXP3. Moreover, expression of 

the three miRNAs in 4 LUAD cells and BEAS-2B cell line 

was testified by RT-qPCR. As a result, only miR-3611 was 

downregulated in LUAD cells (Fig.  3e). Additionally, it 

was demonstrated from RT-qPCR result that miR-3611 

expression presented downregulation in LUAD tissues 

compared to that in adjacent non-tumor tissues (Fig. 3f ). 

We overexpressed miR-3611 using miR-3611 mimics and 

NC mimics was used as a negative control. It turned out 

that miR-3611 expression was increased by miR-3611 

mimics transfection (Fig.  3g). Additionally, miR-3611 

binding site on LINC00520 or FOXP3 was predicted 

with DIANA or miRDB, as shown in Fig. 3h. Luciferase 

reporter assay indicated that upregulation of LINC00520 

increased luciferase activity of FOXP3-WT, which was 

suppressed under miR-3611 overexpression, and lucif-

erase activity of FOXP3-Mut presented no significant 

alteration under the same condition (Fig.  3i). Results of 

RIP assay revealed that miR-3611 was co-immunopre-

cipitated with LINC00520 and FOXP3 by Ago2, which 

revealed that miR-3611 bound to LINC00520 and FOXP3 

in RNA-induced silencing complex (RISC) (Fig. 3j).

LINC00520 functioned to be an oncogene in LUAD cells 

though positive feedback loop of LINC00520/miR-3611/

FOXP3

To explore whether LINC00520 modulates cell prolif-

eration and migration by the miR-3611/FOXP3 axis, we 

performed rescue experiments. First, it was verified that 

miR-3611 expression was silenced under transfection 

of miR-3611 inhibitor (Fig.  4a). Next, inhibitory effect 

Fig. 1 LINC00520 presented upregulation in LUAD and promoted proliferation and migration in LUAD cells. a LINC00520 level in LUAD tissues and 

adjacent non-tumor ones was examined through RT-qPCR. b RT-qPCR testified LINC00520 expression in 4 LUAD cells and BEAS-2B cell line. c Kaplan 

Meier analysis depicted the survival curve for prognosis of patients with LUAD. d RT-qPCR detected knockdown efficacy of sh-LINC00520#1/2 in 

LUAD cells. e CCK-8 assay was adopted to confirm viability of LUAD cells under LINC00520 silencing. f Colony formation assay assessed LUAD cell 

proliferation affected by LINC00520 knockdown. g, h Apoptosis rate of LUAD cells influenced by LINC00520 downregulation was analyzed by flow 

cytometric analysis. i Western blotting was conducted to reveal the effects of sh-LINC00520 on Bax and Bcl-2 protein levels in A549 and H1975 cells. 

j Migrative ability of LUAD cells was detected by wound healing experiment after LINC00520 downregulation. k Western blot analysis examined 

protein expression levels of EMT markers affected by LINC00520 silencing. **p < 0.01, ***p < 0.001

(See figure on next page.)
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Fig. 1 (See legend on previous page.)
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Fig. 2 FOXP3 transcriptionally activated LINC00520 in LUAD cells. a TFs for LINC00520 promoter were predicted though online tool PROMO. b 

Putative TFs that bind to LINC00520 promoter were identified by DNA pull down assay. c RT-qPCR analysis confirmed expression of putative TFs in 

LUAD cells. d RT-qPCR testified FOXP3 expression levels in LUAD tissues and adjacent non-tumor tissues. e The transfection efficiency of pcDNA3.1/

FOXP3 or sh-FOXP3#1/2 in LUAD cells was determined by RT-qPCR. f Effects of sh-FOXP3#1/2 and pcDNA3.1/FOXP3 on LINC00520 were confirmed 

by RT-qPCR. g Five FOXP3 binding sites on LINC00520 promoter were predicted through online tool JASPAR. h ChIP assay verified the binding of 

FOXP3 protein and LINC00520 promoter. i Luciferase reporter assay validated the effect of FOXP3 overexpression on luciferase activity of pGL3 

vector containing WT/MUT LINC00520 promoter. ***p < 0.001
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Fig. 3 LINC00520 upregulated FOXP3 expression by binding to miR-3611. a Effect of sh-LINC00520#1/2 on FOXP3 expression was testified by 

RT-qPCR. b The overexpression efficiency of LINC00520 and the impact of LINC00520 upregulation on FOXP3 expression in LUAD cells were 

determined by RT-qPCR. c Subcellular localization of LINC00520 was confirmed with subcellular fractionation assay in LUAD cells. d Venn pattern 

showed three putative shared miRNAs for LINC00520 and FOXP3 with online tool DIANA and miRDB. e RT-qPCR was conducted to detect 

expression of 3 putative miRNAs in LUAD cells. f MiR-3611 levels in LUAD tissues and adjacent non-tumor tissues was determined via RT-qPCR. g The 

overexpression efficiency of miR-3611 in LUAD cells was tested through RT-qPCR analysis. h Binding sequence between miR-3611 and LIN00520 

(FOXP3) were predicted through DIANA and miRDB, respectively. i Luciferase reporter experiment verified binding ability of miR-3611 and FOXP3. j 

Enrichment of miR-3611, LINC00520, FOXP3 precipitated by Ago2 was further validated by RIP assay. ***p < 0.001
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Fig. 4 LINC00520 facilitated proliferation and migration in LUAD cells through modulating the LINC00520/miR-3611/FOXP3 axis. a Silencing 

efficiency of miR-3611 in LUAD cells was measured through RT-qPCR. b Cell viability under indicated transfection was confirmed via CCK-8 assay. 

c, d Colony formation assay was performed to detect LUAD cell proliferative ability in indicated transfection groups. e–g LUAD cell apoptosis in 

each group was detected by flow cytometric analysis and western blotting. h Wound healing assay determined the migration of LUAD cells after 

indicated transfection. i Western blot measured protein expression of EMT markers in LUAD cells under co-transfection. **p < 0.01, ***p < 0.001



Page 10 of 12Huang et al. BMC Pulm Med          (2021) 21:287 

of LINC00520 silencing on viability of A549 cells was 

partially rescued under miR-3611 downregulation or 

FOXP3 upregulation (Fig.  4b). Additionally, pcDNA3.1/

FOXP3 or miR-3611 inhibitor rescued the decreased 

number of colonies mediated by LINC00520 down-

regulation (Fig. 4c, d). Number of colonies in A549 cells 

transfected with sh-LIN00520#1 is 52% of the sh-NC 

group. Number of colonies in A549 cells cotransfected 

with sh-LIN00520#1 + miR-3611 inhibitor (or sh-

LIN00520#1 + pcDNA3.1/FOXP3) is 172% (or 181%) of 

the sh-LIN00520#1 group. Furthermore, increased apop-

tosis of A549 cells caused by LINC00520 silencing was 

countervailed by miR-3611 downregulation or FOXP3 

upregulation (Fig.  4e–g). Additionally, miR-3611 knock-

down or FOXP3 overexpression rescued the suppressed 

migratory ability of LUAD cells caused by LINC00520 

depletion (Fig. 4h). Moreover, the increase in E-cadherin 

and decrease in N-cadherin under LINC00520-knock-

down was rescued by miR-3611 depletion or FOXP3 ele-

vation (Fig. 4i).

Discussion
Recently, lncRNAs have been found to function as onco-

genes in modulating cell proliferation and migration [29, 

30]. As previously reported, LINC00520 has an onco-

genic effect on melanoma [17], papillary thyroid carci-

noma [18], and colorectal cancer [19]. We revealed that 

LINC00520 expression was upregulated in LUAD cells 

and tissues. Online Kaplan Meier analysis showed that 

higher LINC00520 expression implied poorer prognosis 

of LUAD patients. Functionally, silencing of LINC00520 

inhibited proliferative and migratory abilities and pro-

moted apoptosis of LUAD cells. �ese results revealed 

that LINC00520 functioned as an oncogene in LUAD. 

LncRNAs can be transcriptionally activated by their 

upstream TFs to exert regulatory effects in LUAD [31, 

32]. FOXP3 is a forkhead lineage-transcription factor 

and presents upregulated expression in various can-

cers including breast cancer [33], colorectal cancer [34], 

tongue squamous cell carcinoma [35] and cervical cancer 

[36]. In addition, FOXP3 has been reported to promote 

cell proliferation, invasion and EMT in non-small cell 

lung cancer [37]. Expression level of FOXP3 was signifi-

cantly positively correlated with somatic mutation bur-

den in LUAD patients [38]. We identified that FOXP3 

was a TF for LINC00520 to induce its upregulation and 

was overexpressed in LUAD tissues and cell lines.

Furthermore, we found that FOXP3 expression can 

be positively modulated by LINC00520 in LUAD cells. 

Results from subcellular fractionation assay suggested 

the cytoplasmic localization of LINC00520 in LUAD 

cells, which implied that LINC00520 post-transcrip-

tionally modulated FOXP3 expression. �e ceRNA 

network is a typical regulatory pattern occurring in the 

cytoplasm of cancer cells [39, 40]. �e present study 

identified that miR-3611 was downregulated in LUAD 

tissues and cell lines. �e role of miR-3611 in cancers 

has not been revealed by other studies, while Cheng Liu 

et al. revealed that exosome derived miR-3611 is upreg-

ulated in subjects with increased low-density lipopro-

tein cholesterol serum levels [41], and Sigrun Lange 

et al. revealed that miR-3611 is similar between SARS-

CoV-2 and the human genome [42]. Our findings indi-

cated that miR-3611 can bind with both LINC0020 and 

FOXP3. MiR-3611 degraded FOXP3 by targeting its 

3′UTR. Additionally, LINC00520 upregulated FOXP3 

expression by functioning as a miR-3611 sponge. 

Finally, a series of rescue assays further suggested that 

LINC00520 contributed to LUAD cell proliferation and 

migration via sponging miR-3611 to upregulate FOXP3.

In conclusion, FOXP3-induced LINC00520 was an 

oncogene in LUAD and induced proliferation and 

migration as well as suppressed apoptosis in LUAD 

cells. Mechanistically, LINC00520 served as a ceRNA 

against miR-3611 to suppress the degradation of 

FOXP3 caused by miR-3611. Our study potentially pro-

vides a new vision for treatment of LUAD.
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