
OR I G I N A L A R T I C L E

LncRNA LINC00511 plays an oncogenic role in lung
adenocarcinoma by regulating PKM2 expression via
sponging miR-625-5p
Jinghui Xue1 & Fayan Zhang2

1 Medical ICU, Tianjin Hospital, Tianjin, China
2 Heart Disease Department, Tianjin Academy of Traditional Chinese Medicine Affiliated Hospital, Tianjin, China

Keywords
LINC00511; lung adenocarcinoma; miR-
625-5p; PKM2.

Correspondence
Jinghui Xue, Medical ICU, Tianjin Hospital,
No.406, Jiefang South Road, Tianjin 300211,
China.
Tel: 60911000
Fax: (022) 60910608
Email: bazhichui470693@163.com

Received: 20 April 2020;
Accepted: 26 June 2020.

doi: 10.1111/1759-7714.13576

Thoracic Cancer 11 (2020) 2570–2579

Abstract
Background: Lung adenocarcinoma (LAC) is the most prominent histological
subtype of non-small cell lung cancer (NSCLC) with a high rate of mortality and
metastasis. Accumulating evidence has shown that long non-coding RNAs
(lncRNAs) play malfunctioning roles in the development of human tumors.
Hence, this study aimed to determine the biological function of LINC00511 in
LAC and to provide a novel diagnostic and therapeutic target for it.
Methods: LINC00511 expression in LAC tissues and cell lines (H1299 and
A549) were detected by real time-polymerase chain reaction (RT-qPCR). Cell
counting kit-8 (CCK-8) assay was employed to analyze cell proliferative ability.
Cell metastasis change was measured using transwell assay. Moreover, we rev-
ealed a novel target gene of LINC00511 and elucidated the underlying competi-
tive endogenous RNA regulatory mechanism in LAC cells.
Results: Data from our study demonstrated that LINC00511 expression was
increased in LAC tissues and cells in comparison to their corresponding controls.
Moreover, overexpression of LINC00511 indicated the poor prognosis of LAC
patients. Overexpression of LINC00511 promoted proliferation, invasion and
migration capacities of LAC cells. Moreover, LINC00511 promoted LAC progres-
sion via serving as a sponge of miR-625-5p and regulating PKM2 expression.
Conclusions: The present study showed that LINC00511 was involved in LAC
progression by targeting miR-625-5p/PKM2, indicating that LINC00511/miR-
625-5p/PKM2 may function as promising therapeutic targets for LAC.

Introduction

Lung cancer is one of the main causes of cancer-related
mortalities worldwide.1 The five-year survival rate of lung
cancer is currently only 18% and is in sharp contrast to the
steady rise in that of other cancers.2 As is widely known,
non-small cell lung cancer (NSCLC) accounts for about
85% of all lung cancers. Moreover, it is worth noting that
lung adenocarcinoma (LAC) is the most prominent histo-
logical subtype of NSCLC with a high rate of mortality and
metastasis.3 Furthermore, atypical cell proliferation in the
alveoli and bronchioles of the lung has been reported to
lead to LAC.2 The carcinogenicity of LAC is related to
inactivation of tumor suppressors and overexpression of

oncogenes.4 To make matters worse, the majority of lung
cancer patients are usually diagnosed at a late stage when a
tumor has started to metastasize.5 Although the prognosis
of LAC has improved with the advent of targeted drugs,
the mortalities of LAC patients are still high as a result of a
lack of effective prognostic and diagnostic biomarkers.6

Hence, it is necessary to fully illustrate good prognostic
indicators to guide the treatment and clinical management
of LAC patients.
Data from human genome sequences indicates that 90%

of the intronic DNA sequences are actively transcribed, and
only 2% of these sequences could encode proteins, while the
rest are non-coding RNAs (ncRNAs).7 According to the
length of the sequences, ncRNAs is classified into long non-
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coding RNA (lncRNA) and microRNA (miR). LncRNAs are
a class of transcripts longer than 200 nucleotides and play
crucial roles in the occurrence and progression of multiple
tumors. At present, due to its application potential in tumor
diagnosis and prognosis as well as its remarkable tissue-
specific characteristics in tumors, lncRNA has become a new
hot spot in tumorigenesis.8 Recent studies have shown that
lncRNA can serve as competing endogenous RNAs
(ceRNAs) through sponging miRs, playing important roles
in epigenetically regulating cancers.9

The significance of miR and lncRNA has been well-
stated in a variety of tumors, including lung cancer.6

LncRNA exerts key functions in numerous pathological
and physiological processes, and is closely related to gene
regulation in lung cancer.7, 8Recent evidence has shown
that miR and lncRNA are implicated in regulating the
expression of coding genes in tumors via forming an
ncRNA regulatory network.9 Furthermore, increasing stud-
ies have indicated that many lncRNAs serve key roles in
LAC progression. lncRNA ZFPM2-AS1 was found to pro-
mote LAC cell viability via miR-18b-5p/VMA21 axis.10

LncRNA FTX could facilitate LAC tumorigenesis by
targeting miR-300.11 MiR-625-5p has been proved to be
involved in the progression of cancers. For instance, in cer-
vical carcinoma, miR-625-5p was found to sponge lncRNA
MALAT1 and suppress NF-kappaB signaling to inhibit
cervical carcinoma cell growth12; in gastric cancer, miR-
625-5p/NFIX axis was involved in the functions of
LINC00511 in accelerating gastric cancer progression13; in
addition, miR-625-5p/LASP1 axis participated in the regu-
latory functions of LINC01123 in promoting colorectal
cancer progression.14 PMK2 is an enzyme pyruvate kinase
and a transcriptional coactivator of STAT1 responsible for
the induction of the expression of PDL-1, which is a key
effector in tumor development in terms of immune eva-
sion. In the current study, bioinformation analysis
predicted that there were binding sites between LINC00511
and miR-625-5p. Additionally, emerging studies have fur-
ther highlighted that PKM2 may function as an unfavor-
able prognostic biomarker in various malignancies.15, 16 In
the present study, we explored the functional mechanism
of the interactions between LINC00511 and miR-625-5p/
PKM2 in LAC.

Methods

Tissue samples

Human tissue samples (LAC tissues and corresponding
adjacent normal lung tissues) were collected from 45 LAC
patients that were pathologically and surgically confirmed
at the Tianjin Hospital. None of the enrolled LAC patients
had undergone radiotherapy, chemotherapy, or other

tumor-related therapies prior to the operations. Written
informed consents from all patients were obtained, and
this study was approved by the Ethics committee of Tianjin
Hospital.

Cell lines and cell culture

Human pulmonary epithelial cell line BEAS-2B and LAC
cell lines (H1299and A549) were purchased from ATCC
(Manassas, VA, USA). The cells were cultured at 37�C in a
humidified incubator with DMEM medium (11995073,
Invitrogen, USA) containing 10% fetal bovine serum (FBS)
with 5% CO2 at 37�C.

Cell transfection

Full-length sequences of LINC00511 or PKM2 were synthe-
sized and cloned into pcDNA 3.1 vector, termed pcDNA-
LINC00511 or pcDNA- PKM2. siRNAs targeting LINC00511
were purchased from GenePharma Biotechnology Co. Ltd.
(Shanghai, China), termed si-LINC00511. Specific miR-
625-5p inhibitor or mimic was obtained from Genechem
(Shanghai, China). Lentiviral vectors were transfected using
polybrene (GenePharma Biotechnology Co. Ltd., Shanghai,
China) according to the manufacturer’s instructions.
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) was
applied for transfection of miR-625-5p mimics or inhibitor.
The transfection efficiency was detected using quantitative
real time-polymerase chain reaction (RT-qPCR).

RT-qPCR assay

Total RNA was harvested and isolated from LAC tissues
and cells with the application of Trizol reagent (Invitrogen,
Carlsbad, CA, USA). The synthesis of cDNA was performed
per the proposal of reverse transcription kit (Takara,
Dalian, China). SYBR Premix Ex Taq (Takara) was
employed for RT-qPCR analysis, which was carried out on
an Applied Biosystems 7500 sequence detection system.
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was
utilized as an internal reference for LINC00511 and PKM2
while U6 was an internal control for miR-625-5p. The rela-
tive expression was calculated using the 2−ΔΔCt method.
The primers sequences used were listed as following:
LINC00511, forward: 50-CAGGCATGTGGGGCTTTACT-
30; reverse: 50-TCACGTACCTCACCCAACAC-30. MiR-6
25-5p, forward: 50-AGGGGGAAAGTTCTATAGTCCGC-30;
reverse: 50-CTCTACAGCTATATTGCCAGCCAC-30. PKM2,
forward: 50-CTATCCTCTGGAGGCTGTGC-30; reverse: 50-
GTGGGGTCGCTGGTAATG-30.
GAPDH, forward: 50-AATGGGCAGCCGTTAGGAAA-

30; reverse: 50-GCGCCCAATACGACCAAATC-30. U6,
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forward: 50-CTCGCTTCGGCAGCACA-30; reverse: 50-
AACGCTTCACGAATTTGCGT-30.

CCK-8 assay

Cell viability was measured via cell counting kit-8 (CCK-8)
assay. Forty-eight hours post-transfection, the transfected
LAC cells were inoculated into a 96-well plate. The cell via-
bility was evaluated at four time points (24, 48,
72, 96 hours) with the addition of 10 μL CCK-8 solution
(Dojindo, Kumamoto, Japan). After CCK-8 had been
added into the cells, the cells underwent another cultural
incubation for two hours at 37�C. The optical density
(OD) values at 450 nm were detected using a microplate
reader (Olympus, Japan).

Transwell assay

LAC cells with different transfections in serum-free
medium were seeded into the apical chamber (8 μm pore
size, Corning) of a transwell plate (Corning Costar, Cam-
bridge, Massachusetts, USA) precoated with or without
Matrigel (A1569601, BD Biosciences) to evaluate cell inva-
sion or migration capacities. The bottom chamber was
filled with 10% FBS DMEM medium, and the cells were
incubated for 48 hours. After that, the cells which
remained in the apical chambers were wiped out, whereas
those which had adhered to the lower chambers were fixed
and stained with crystal violet. Finally, the captured images
of invasive or migratory cells were counted under a micro-
scope (Olympus, Japan) at 200 × magnification.

Western blot

Total proteins were extracted from LAC cells using radio-
immunoprecipitation assay buffer (RIPA buffer, Thermo
Fisher Scientific, Inc.). A Pierce BCA Protein Assay Kit
(Thermo Scientific, USA) was used to assess the protein
concentration in line with the manufacturer’s instructions.
Thereafter, 30 μg proteins from each sample were loaded
on 10% SDS-PAGE for separation and then transferred to
PVDF membrane, followed by blocking with 5% skimmed
milk for two hours in TBST at room temperature. After
that, the membrane was incubated with primary antibodies
against PKM2 (1:1000, Abcam, Cambridge, MA, USA) and
GAPDH (1:1000, Abcam, Cambridge, MA, USA) at 4�C
overnight. Subsequently, the membrane was incubated with
HRP-conjugated goat anti-rabbit (1: 2000, Abcam,
Cambridge, MA, USA) secondary antibody for two hours
at room temperature. GAPDH was used as the internal
control. Finally, the signals were detected using an
enhanced chemiluminescence (ECL) kit (Millipore, Biller-
ica, MA, USA).

Luciferase reporter assay

The wild-type (WT) and the corresponding mutant (MUT)
binding sites of LINC00511 and PKM2 were cloned into
pGL3 promoter vectors (Promega) to construct WT-
LINC00511, WT-PKM2, MUT-LINC00511, and MUT-
PKM2, respectively. These recombinant plasmids were then
cotransfected into LAC cells together with miR-625-5p
mimics. Cells were harvested 48 hours after the transfection.
Dual-luciferase reporter assay system (Promega) was used to
detect the luciferase activities in accordance with the manu-
facturer’s protocols. Renilla activity was used to normalize
firefly activity.

Statistical analysis

All the above experiments were performed in triplicate. All
data are displayed as the mean � SD. The SPSS 17.0 ver-
sion (SPSS Inc. Chicago, IL, USA) was used to perform the
statistical analysis. Data was tested using Student’s t-test or
one-way ANOVA analysis with Tukey’s post hoc test. The
overall survival of LAC patients was determined by the
Kaplan-Meier curve together with log-rank test. P < 0.05
was considered to be statistically significant.

Results

High LINC00511 expression in LAC
indicated poor prognosis

To examine the role of LINC00511 in LAC, RT-qPCR was
performed to detect LINC00511 expression in LAC tissues
and adjacent normal tissues. As shown in Fig 1a, a con-
spicuous upregulation of LINC00511 was observed in LAC
tissues compared with normal tissues (P < 0.01). Moreover,
we also examined LINC00511 expression in LAC cells. The
results of RT-qPCR showed that LINC00511 was also
remarkably elevated in LAC cells (H1299 and A549) com-
pared with that in BEAS-2B cells (Fig 1b) (P < 0.01;
P < 0.001). Subsequently, the prognostic significance of
LINC00511 in LAC patients was also evaluated, and the
results indicated that LAC patients with higher LINC00511
levels had shorter survival than those with lower
LINC00511 levels (Fig 1c) (P < 0.05). According to these
findings, we were able to confirm that strong expression of
LINC00511 forecasted a poor prognosis in LAC.

LINC00511 accelerated LAC cell
proliferation, invasion and migration

Following confirmation of the upregulation of LINC00511
in LAC tissues and cell lines, the function of LINC00511
was further explored by transfecting pcDNALINC00511,
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pcDNA3.1, si-LINC00511 or si-NC into LAC cells to aug-
ment or silence LINC00511 expression. The transfection
efficiencies were confirmed by RT-qPCR. We found that

pcDNALINC00511 in H1299 successfully upregulated
LINC00511 expression, while si-LINC00511 significantly
reduced LINC00511 levels in A549 cells (Fig 2a) (P < 0.01;

Figure 1 High LINC00511 expression in LAC indicated poor prognosis. (a) RT-qPCR analysis showed that LINC00511 was increased in LAC tissues.
(b) Upregulated LINC00511 in LAC cells was also confirmed by RT-qPCR analysis. (c) High LINC00511 expression in LAC patients indicated poor
prognosis ( ) LINC00511 (−), ( ) LINC00511 (+). **P < 0.01, ***P < 0.001.

Figure 2 LINC00511 accelerated LAC cell proliferation, invasion and migration. (a) LINC00511 expression was successfully overexpressed or
inhibited by pcDNALINC00511 or si-LINC00511. (b) CCK-8 assays showed that LINC00511 upregulation inhibited LAC cell proliferation ( )
pcDNA3.1, ( ) pcDNALINC00511, ( ) si-NC, ( ) si-LINC00511. (c, d) LINC00511 upregulation inhibited LAC invasion and migration as dem-
onstrated by transwell assays.*P < 0.05, **P < 0.01, ***P < 0.001.
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P < 0.001). In addition, the effects of LINC00511 on LAC
cell growth, invasion and migration was then investigated.
Results of CCK-8 assays showed that LINC00511
upregulation prominently facilitated H1299 cell prolifera-
tion (Fig 2b) (P < 0.01; P < 0.001). Furthermore, over-
expression of LINC00511 also enhanced the cell invasion
and migration abilities in H1299 cells; on the contrary, the
invasion and migration of A549 cells were inhibited by
LINC00511 knockdown (Fig 2c and d) (P < 0.01). Based
on these findings, we were able to confirm that LINC00511
exerted an oncogenic role in LAC development.

LINC00511 acted as a sponge of miR-625-5p
in LAC cells

A number of studies introduced a competing endogenous
RNA (ceRNA) regulatory system where lncRNAs were
treated as rivals to mRNAs to bind with miRNAs so that
those mRNAs lost their ability to translate into protein.13

Subsequently, the starBase database (http://starbase.sysu.edu.
cn/index.php) was utilized to explore the potential

mechanisms of LINC00511 in LAC progression. Results indi-
cated that miR-625-5p complementarily paired with
LINC00511 and the binding sites are presented in Fig 3a.
Thereafter, the luciferase reporter assay was performed by
cotransfecting miR-625-5p mimic and WT-LINC00511 or
MUT-LINC00511 vector into LAC cells to verify whether
LINC00511 was a sponge of miR-625-5p. As presented in
Fig 3b, the luciferase activity of WT-LINC00511 was strik-
ingly decreased by miR-625-5p mimic while MUT-
LINC00511 constrained the reduction function caused by
miR-625-5p mimic (P < 0.001). In addition, the interaction
between LINC00511 and miR-625-5p was further verified by
RT-qPCR analysis. As shown in Fig 3c, miR-625-5p expres-
sion was dramatically downregulated by LINC00511 over-
expression in H1299 cells, and conversely, LINC00511
knockdown in A549 cells significantly increased miR-625-5p
expression (P < 0.01; P < 0.001). Similarly, the regulatory
effect of miR-625-5p on LINC00511 expression was also
detected. As expected, miR-625-5p upregulation conspicu-
ously increased LINC00511 expression, whereas miR-625-5p
silence had the opposite effect (Fig 3d) (P < 0.05; P < 0.001).

Figure 3 LINC00511 acted as a
sponge of miR-625-5p in LAC cells.
(a) The binding sites between
LINC00511 and miR-625-5p were
predicted. (b) The luciferase activity
of WT-LINC00511 was strikingly
decreased by miR-625-5p mimic
while luciferase activity of MUT-
LINC00511 was not significantly
affected ( ) NC, ( ) miR-625-5p
mimic. (c) Regulatory functions of
LINC00511 in miR-625-5p expression
was determined by RT-qPCR analysis.
(d) miR-625-5p regulated LINC00511
expression in LAC cells as
demonstrated by RT-qPCR analysis.
(e) miR-625-5p was significantly
downregulated in LAC tissues. (f) A
reverse correlation between miR-
625-5p and LINC00511 in LAC tis-
sues was validated. *P < 0.05,
**P < 0.01,***P < 0.001.
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Obviously decreased miR-625-5p levels in LAC tissues were
also confirmed (Fig 3e) (P < 0.01). For further proof, Pearson
correlation analysis was applied to reveal that there was a
negative correlation between miR-625-5p and LINC00511
(Fig 3f) (P < 0.0001). These results suggest that LINC00511
and miR-625-5p may function as a competing endogenous
RNA (ceRNA) regulatory system whereby LINC00511 are
treated as rivals to mRNAs to bind with miR-625-5p so that
those mRNAs lose their ability to translate into protein.

miR-625-5p inhibited proliferation,
invasion and migration in LAC cells

We further performed gain or loss assays of miR-625-5p to
determine its role in LAC cells. The results of RT-qPCR

showed that miR-625-5p was downregulated in LAC cells
(H1299 and A549) compared with that in BEAS-2B cells
(Fig 4a) (P < 0.05; P < 0.01). miR-625-5p mimic and inhib-
itor was then transfected into A549 and H1299 cells,
respectively. Successful miR-625-5p overexpression or
knockdown in LAC cells were confirmed by RT-qPCR
(Fig 4b) (P < 0.01; P < 0.001). Subsequently, functional
assays, including CCK-8 and transwell assays, were per-
formed to evaluate the effect of miR-625-5p on LAC cell
viability, invasion and migration. As expected, miR-625-5p
overexpression inhibited A549 cell proliferation while miR-
625-5p inhibition promoted the proliferation ability in
H1299 cells (Fig 4c) (P < 0.01; P < 0.001). Moreover, the
invasion and migration abilities of A549 cells were
suppressed by miR-625-5p overexpression whereas the

Figure 4 miR-625-5p inhibited proliferation, invasion and migration in LAC cells. (a) RT-qPCR analysis showed that miR-625-5p was downregulated
in LAC cells. (b) miR-625-5p was successfully overexpressed or inhibited by miR-625-5p mimic or inhibitor. (c) miR-625-5p overexpression inhibited
LAC cell proliferation ( ) NC, ( ) miR-625-5p mimic, ( ) NC, ( ) miR-625-5p inhibitor. (d) miR-625-5p overexpression suppressed LAC
cell invasion and migration. *P < 0.05,**P < 0.01,***P < 0.001.
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invasion and migration capacities of H1299 cells were facil-
itated by miR-625-5p silence as shown in Fig 4d (P < 0.05;
P < 0.01). The findings indicated that miR-625-5p had a
suppressive effect on the capacity of LAC proliferation and
metastasis.

PKM2 served as a target of miR-625-5p in
LAC cells

The binding sequences of miR-625-5p were predicted on
PKM2 30UTR using TargetScan (Fig 5a). Similarly,

luciferase reporter assays identified that PKM2 was a direct
target of miR-625-5p (Fig 5b) (P < 0.01). The regulatory
relationship between PKM2 and miR-625-5p was studied
and RT-qPCR analysis showed that PKM2 expression was
significantly inhibited by miR-625-5p mimic and elevated
by miR-625-5p inhibitor in LAC cells (Fig 5c and d)
(P < 0.05; P < 0.01). Similarly, we also detected PKM2
expression in LAC cells transfected with pcDNALINC00511
or si-LINC00511. As shown in Fig 5e and f, LINC00511
overexpression led to elevated PKM2 expression and
LINC00511 silence inhibited PKM2 expression (P < 0.05;

Figure 5 PKM2 served as a target of
miR-625-5p in LAC cells. (a) The binding
sequences of miR-625-5p were predicted
on PKM2 30UTR using TargetScan. (b)
Luciferase reporter assays indicated that
miR-625-5p mimic significantly decreased
luciferase activity of WT-PKM2 while had
no obvious influence on luciferase activity
of MUT-PKM2 ( ) NC, ( ) miR-625-5p
mimic. (c, d) miR-625-5p regulated PKM2
expression in LAC cells. (e,f) The function
of LINC00511 in regulating PKM2 expres-
sion was detected by RT-qPCR. (g) PKM2
expression was notably increased in LAC
tissues. (h) A positive correlation between
PKM2 expression and LINC00511 expres-
sion in LAC tissues was observed.
*P < 0.05, **P < 0.01.
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Figure 6 LINC00511 promoted LAC tumorigenesis by sponging miR-625-5p to upregulate PKM2. (a) Decreased PKM2 expression in LAC cells caused by
si-LINC00511 were restored by miR-625-5p inhibitor or pcDNA-PKM2 ( ) si-NC, ( ) si-LINC00511, ( ) si-LINC00511+miR-625-5p inhibitor, ( ) si-
LINC00511+pcDNA-PKM2. (b) Decreased PDL-1 expression in LAC cells caused by si-LINC00511 were restored by miR-625-5p inhibitor or pcDNA-PKM2.
(c, d) The impaired proliferation, invasion and migration abilities of LAC cells caused by si-LINC00511 were recovered by miR-625-5p inhibitor or pcDNA-
PKM2 ( ) si-NC, ( ) si-LINC00511, ( ) si-LINC00511+miR-625-5p inhibitor, ( ) si-LINC00511+pcDNA-PKM2, ( ) si-NC, ( ) si-LINC00511,
( ) si-LINC00511+miR-625-5p inhibitor, ( ) si-LINC00511+pcDNA-PKM2, ( ) si-NC, ( ) si-LINC00511, ( ) si-LINC00511+miR-625-5p inhibitor, ( )
si-LINC00511+pcDNA-PKM2. **P < 0.01,***P < 0.001.
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P < 0.01). Additionally, PKM2 expression in LAC tissues
was also measured and the results demonstrated a signifi-
cant increase compared to surrounding healthy tissues
(Fig 5g) (P < 0.01). In LAC tissues, PKM2 expression was
positively associated with LINC00511 expression (Fig 5h)
(P < 0.0001). All these data suggest that miR-625-5p can
modulate PKM2 expression by directly targeting its 30UTR.

LINC00511 promoted LAC tumorigenesis
by sponging miR-625-5p to
upregulate PKM2

To identify the interaction between LINC00511 and miR-
625-5p/PKM2 axis in LAC cells, we transfected si-
LINC00511, miR-625-5p inhibitor and pcDNA-PKM2 into
A549 cells as indicated. The results of western blot and RT-
qPCR showed that si-LINC00511 significantly decreased
PKM2 expression, while in cells with cotransfection of si-
LINC00511 and miR-625-5p inhibitor/pcDNA-PKM2, the
reduced PKM2 expression was recovered (Fig 6a)
(P < 0.001). Moreover, we also detected the PDL-1 expres-
sion level, a downstream factor of PMK2, to further confirm
our conclusions. Results showed that si-LINC00511 signifi-
cantly decreased PDL-1 expression, while in cells with
cotransfection of si-LINC00511 and miR-625-5p inhibitor/
pcDNA-PKM2, the reduced PDL-1 expression was recovered
(Fig 6b) (P < 0.01). CCK-8 assays demonstrated that miR-
625-5p silence or PKM2 upregulation in si-
LINC00511-transfected cells could restore cell proliferation
in comparison with the controls (Fig 6c) (P < 0.01). Cotrans-
fection with si-LINC00511 and miR-625-5p inhibitor or
pcDNA-PKM2 led to an obvious increase in the number of
cell invasion and migration compared to the corresponding
si-LINC00511-transfected cells (Fig 6d) (P < 0.01). These
findings implied that LINC00511 promoted LAC tumorigen-
esis by sponging miR-625-5p to upregulate PKM2.

Discussion

Lung cancer is the most common malignant tumor world-
wide, among which LAC has the highest degree of diversi-
ties. Metastasis-related deaths account for approximately
90% of total mortality.17 In recent years, accumulating
studies have proposed that aberrant lncRNA expression
participates in a variety of cancer-related processes.18 Addi-
tionally, it has been identified that certain lncRNAs are
specific to developmental stages, disease types and tis-
sues.19, 20 Therefore, further research of the relationship
between tumorigenesis and lncRNAs is very important to
better understand cancer. Herein, we discovered that
LINC00511 was highly expressed in LAC tissues compared
with that in corresponding noncancerous tissues, and
higher LINC00511 expression was closely connected with

worse survival in LAC patients. We also confirmed that
silencing LINC00511 suppressed LAC cell proliferation,
invasion and migration. Mechanistically, we revealed that
LINC00511 directly interacted with miR-625-5p at recog-
nized seeds. LINC00511 exerted its oncogenic function on
LAC via its role to act as a ceRNA for miR-625-5p, and
subsequently activate the PKM2 signaling pathway. These
findings indicate that LINC00511 may exert an oncogenic
function and play a crucial role in LAC development.
LINC00511 is a newly discovered lncRNA reported to

exert important functions in tumorigenesis. In cervical can-
cer, inhibition of LINC00511 was found to promote cell
apoptosis and autophagy via RXRA-regulated PLD1.21 In
hepatocellular carcinoma, overexpression of LINC00511 was
correlated with poor prognosis, and promoted cell metasta-
sis and proliferation by regulating of miR-424.22 LINC00511
functioned as a competing endogenous RNA to regulate
VEGFA via sponging miR-29b-3p in pancreatic ductal ade-
nocarcinoma.23 All these results support the potential onco-
genic roles of LINC00511 in tumors. However, there are no
relevant studies which focus on the effects of LINC00511 on
LAC. In our study, upregulation of LINC00511 was identi-
fied and validated in LAC cells and tissues. Further, Kaplan
Meier analysis determined that LINC00511 expression is an
indicator for overall survival, and is markedly correlated
with shorter survival and poor prognosis. Moreover, we also
found that overexpression of LINC00511 promoted LAC
cell proliferation, invasion and migration.
Identifying the molecular events associated with the carci-

nogenic effects of LINC00511 on LAC will help to explore
effective treatment strategies. Competitive endogenous
RNAs (ceRNAs) are considered to be a kind of post-
transcriptional regulator in altering gene expression by
miRs.24 Recently, lncRNAs have been identified to function
as ceRNAs in mediating the gene expressions which are
involved in tumor progression.25 Data in our study indi-
cated that LINC00511 acted as a ceRNA of miR-625-5p via
regulation of PKM2 in LAC. Underexpression of miR-
625-5p has been identified in multiple human cancer types,
including cervical cancer26 and gastric cancer.13 Here, our
solid data demonstrated that miR-625-5p was down-
regulated in LAC tissues and cell lines. MiR-625-5p over-
expression inhibited LAC cell malignancy by inhibiting
proliferation, invasion and migration. Another important
finding in our study was that the oncogenic functions of
LINC00511 in LAC cells may depend on sponging miR-
625-5p. Importantly, Pearson correlation analysis was
applied to reveal that there was a negative correlation
between miR-625-5p and LINC00511 in LAC tissues. In
brief, we found that LINC00511 expression was inhibited by
miR-625-5p overexpression and promoted by silencing
miR-625-5p, suggesting that miR-625-5p is involved in the
functions of LINC00511 in LAC. miR may exert its function
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via direct interaction with the 30-UTRs of the target
mRNAs. Therefore, the mechanism underlying miR-625-5p
inhibited LAC progression was further investigated in the
current study. PKM2 was confirmed as a direct target of
miR-625-5p and was involved in the regulatory functions of
miR-625-5p/LINC00511 axis in LAC. Consequently, we
found that silencing LINC00511 and miR-625-5p restora-
tion could inhibit LAC cell proliferation, invasion and
migration via downregulation of PKM2.
In conclusion, upregulation of LINC00511 in LAC tissues

and cell lines was validated. Upregulation of LINC00511 was
closely correlated with shorter overall survival in LAC
patients. We explored the biological function of LINC00511
in promoting LAC cell proliferation, migration and invasion.
Moreover, LINC00511 knockdown could significantly sup-
press LAC malignancy, partially by sponging miR-625-5p,
and then upregulate PKM2 to exert its tumor-suppressive
effect. Our studies confirmed the roles of a novel LINC00511/
miR-625-5p/PKM2 axis in LAC progression, which might
provide a promising application in LAC treatment.
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