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Background: Long non-coding RNAs (lncRNAs), a class of endogenous non-coding 
RNAs, play an important role in the development and metastasis of non-small cell lung 
cancer (NSCLC). However, the function and mechanism of action of long intergenic non- 
protein coding RNA 1089 (LINC01089) in NSCLC remains unclear. This study aimed to 
identify the role of LINC01089 in cell proliferation, migration, and invasion of NSCLC.
Methods: Expression of LINC01089 and the relationship between LINC01089 and overall 
survival (OS) in NSCLC were determined using GEPIA 2.0. Similarly, microRNAs 
(miRNAs) that showed increased expression in NSCLC and correlated with OS were 
identified using the online OncomiR cancer database. Target miRNAs of LINC01089 
were predicted using starBase. Cell models of LINC01089 and miR-3187-3p overexpression 
were constructed using transfection. Quantitative reverse transcription-polymerase chain 
reaction (qRT-PCR) was performed to analyze the expression of LINC01089 and miR- 
3187-3p. MTS assay was used to assess cell proliferation. Transwell was used for migration 
and invasion assays.
Results: LINC01089 expression was significantly reduced in NSCLC tissues and cells. 
Gain-of-function studies further demonstrated that LINC01089 overexpression inhibited 
proliferation, migration, and invasion of lung cancer cell lines, A549 and SK-MES-1. 
Based on starBase prediction and subsequent verification, we revealed that miR-3187-3p is 
a target miRNA of LINC01089. Additionally, miR-3187-3p expression was significantly 
increased in NSCLC tissues and cells. Overexpression of miR-3187-3p promoted prolifera-
tion, migration, and invasion of A549 and SK-MES-1 cells, thereby reversing the effect of 
LINC01089.
Conclusion: LINC01089 attenuates tumor proliferation, migration, and invasion by spong-
ing miR-3187-3p in NSCLC. LINC01089 acts as a tumor suppressor and represents 
a potential therapeutic target in NSCLC.
Keywords: lncRNA, lung cancer, miRNA, prognosis

Introduction
Lung cancer is one of the most common cancers worldwide with high morbidity 
and mortality.1 In China, a total of 781,500 new lung cancer cases were diag-
nosed in 2014, and the morbidity was 57.13 per 100 000 cases.2 Due to increased 
industrialization, accelerated urbanization, and changes in lifestyle, the incidence 
and mortality of lung cancer is on the rise in China and poses a major burden on 
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public health.3 Air pollution and smoking are the main 
causes of lung cancer.4–6 According to the world health 
organization classification, lung cancer can be grouped 
into two main histological groups: small cell lung cancer 
and non-small cell lung cancer (NSCLC, 90% of all lung 
cancers). At present, the treatment modalities for 
NSCLC mainly consist of surgical resection combined 
with chemoradiotherapy. However, NSCLC has a high 
recurrence rate following surgery.7 Therefore, there is an 
urgent need to identify new molecular mechanisms to 
provide novel therapeutic targets for the treatment of 
NSCLC.

In recent years, an increasing number of studies have 
focused on the correlation between long non-coding 
RNAs (lncRNAs) and tumorigenesis. LncRNAs are endo-
genous non-coding RNA molecules >200 nucleotides in 
length. They have important functions in gene silencing, 
transcriptional activation, chromosome modification, and 
intranuclear transport.8,9 Abnormal lncRNA expression is 
closely associated with various steps in the development 
of cancer including regulation of tumor proliferation and 
formation, invasion, and metastasis, and lncRNA also 
participates in the relapse process.10,11 LncRNA plays 
a key role in various biological processes in NSCLC.12 

LncRNAs such as MALAT1, GAS5, HIF1A-AS1, and 
XIST have been shown to play significant regulatory 
roles in tumor biology and may serve as noninvasive 
diagnostic and prognostic biomarkers and potential ther-
apeutic targets in NSCLC.13 Long intergenic non-protein 
coding RNA 1089 (LINC01089) localizes to chromosome 
12: 121,795,267–121,803,906 reverse strand. A previous 
study found that the expression of LINC01089 is down-
regulated in breast cancer and inhibited extracellular 
matrix invasion and tumor metastasis in breast cancer.14 

M2-like tumor-associated macrophages promote epithelial 
ovarian cancer metastasis via suppressing LIMT 
expression.15 Additionally, LINC01089 inhibited cell pro-
liferation and invasion through the Wnt/β-catenin signal-
ing pathway and improved clinical prognosis in breast 
cancer.16 These results suggest that LINC01089 is 
a tumor suppressor gene in breast cancer. However, the 
expression and biological function of LINC01089 in 
NSCLC remains unclear.

In this study, we investigated the expression of 
LINC01089 in NSCLC including lung squamous cell car-
cinoma (LUSC) and lung adenocarcinoma (LUAD). We 
also evaluated the roles of LINC01089 and explored the 

molecular mechanisms underlying the regulatory effects of 
LINC01089 in NSCLC.

Materials and Methods
Database Analyses
GEPIA 2.0 is a publicly accessible online database based on 
tumor and normal samples from the cancer genome atlas and 
the genotype-tissue expression databases (http://gepia2.can 
cer-pku.cn/).17 Expression of LINC01089 was analyzed in 
normal tissues and NSCLC tissues, including LUSC and 
LUAD, using GEPIA 2.0. Additionally, the relationship 
between LINC01089, disease-free survival (DFS) and over-
all survival (OS) of the patients with LUSC and LUAD was 
also analyzed using GEPIA 2.0. OncomiR (http://www.onco 
mir.org/), an online resource for exploring pan-cancer 
microRNA (miRNA) dysregulation, was used to analyze 
miRNA dysregulation in LUSC and LUAD.18

Cell Culture
Normal lung epithelial cells BEAS-2B, lung adenocarci-
noma cell line, A549, and squamous cell lung carcinoma 
cell line, SK-MES-1 were obtained from the cell bank of 
the Chinese Academy of Sciences (Shanghai, China). 
BEAS-2B cells were cultured in bronchial epithelial 
growth medium (BEGM, Walkersville, MD, USA) supple-
mented with 10% fetal bovine serum (FBS, Gibco, 
Carlsbad, CA, USA); A549 cells were cultured in F-12K 
(Gibco) supplemented with 10% FBS (Gibco); and SK- 
MES-1 cells were cultured in Eagle’s minimum essential 
medium (Gibco) supplemented with 10% FBS (Gibco). 
All cells were maintained in a humidified incubator with 
5% CO2 at 37°C.

Quantitative Reverse 
Transcription-Polymerase Chain Reaction 
(qRT-PCR)
QRT-PCR was used to measure the expression of 
LINC01089 and miR-3187-3p, and the expression was 
normalized to β-actin or U6, respectively. The relative 
expression was calculated using the 2−ΔΔCt method. The 
sequence of the primers designed using primer-blast and 
synthesized by Sangon (Shanghai, China) is shown in 
Table 1. Briefly, RNA was isolated from the cells using 
TRIzol (Invitrogen, Carlsbad, CA, USA). RNA was 
reverse-transcribed using RT Master Mix Kit (Promega, 
Madison, WI, USA), and qRT-PCR was performed using 
SYBR Green qPCR SuperMix (Invitrogen).

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                             

Cancer Management and Research 2020:12 12152

Zhang et al                                                                                                                                                            Dovepress

http://gepia2.cancer-pku.cn/
http://gepia2.cancer-pku.cn/
http://www.oncomir.org/
http://www.oncomir.org/
http://www.dovepress.com
http://www.dovepress.com


Transfection
LINC01089 sequence (NR_002809.3) was synthesized by 
Genewiz (Suzhou, China) and inserted into pcDNA3.1 
(ov-LINC01089). Empty pcDNA3.1 vector served as 
a negative control (ov-NC). Three LINC01089 siRNAs 
(si-LINC01089), negative control (si-NC), miR-3187-3p 
mimic and NC mimic were synthesized by Genepharma 
(Shanghai, China). ov- LINC01089, ov-NC, miR-3187-3p 
mimic, and NC mimic were transfected into cells using 
Lipofectamine 3000 (Life Technologies, Gaithersburg, 
MD, USA).

MTS Assay
Cell proliferation was measured using the CellTiter 96 
AQueous One Solution Cell Proliferation Assay (MTS). 
After culturing for 24, 48, and 72 h, 10 μL of MTS reagent 
was added to each well and incubated for 4 h at 37°C. 
Then, the absorbance was measured at 490 nm using 
a Vmax microplate spectrophotometer (Molecular 
Devices, Sunnyvale, CA). Each sample was assayed 
thrice.

Transwell Assay
Migration and invasion of A549 and SK-MES-1 cells were 
measured using the transwell assay without or with Matrigel 
(BD Biosciences). For the transwell assay, 5 × 104 cells in 200 
µL of medium containing 0.1% FBS was placed in the upper 
chamber of an insert (pore size, 8 µm) while medium (600 
µL) containing 10% FBS was added to the lower chamber. 
After 48 h of incubation, the cells were removed from the 
upper chamber of the filter, fixed with 4% paraformaldehyde, 

and stained with 0.1% crystal violet in 20% ethanol. Cells that 
migrated and invaded the chamber were counted by photo-
graphing at 200× magnification using a LEICA microscope. 
Counts were performed in five independent fields per well.

Luciferase Reporter Assay
The sponged miRNA of LINC01089 was analyzed by 
starBase 3.0 which mainly focuses on miRNA–target 
interactions.19 Wild type LINC01089 (WT-LINC01089) 
and mutated LINC01089 (MUT-LINC01089) were inserted 
into psi-check2. Then, the WT-LINC01089 or MUT- 
LINC01089 and miR-3187-3p mimic (or NC mimic) were 
co-transfected into 293T using Lipofectamine 3000. At 48 
h after transfection, luciferase assays were performed using 
the dual-luciferase reporter assay system (Promega), and 
ratio of Renilla to firefly luciferase activity was calculated. 
The targeted gene of miR-3187-3p was analyzed by starBase 
3.0, TarBase v.8, and Targetscan 7.2.19–21

Statistical Analysis
Statistical analysis was performed using SPSS 19.0 software 
package (SPSS Inc, Chicago, IL, USA). All data are shown 
as mean ± standard deviation (SD). Differences between the 
two groups were analyzed using t-tests. Differences between 
more than three groups were evaluated using one-way ana-
lysis of variance, followed by a Dunnett post hoc test. All 
tests performed were two-sided. P < 0.05 was considered to 
be statistically significant.

Results
LINC01089 Expression is Reduced in 
LUSC and LUAD
Based on the results of GEPIA 2.0 analysis, we found that 
LINC01089 expression was significantly reduced in 
LUAD and LUSC (Figure 1A). Additionally, LINC01089 
expression was not significantly correlated with DFS in 
LUAD and LUSC (Figure 1B and C). Furthermore, 
LINC01089 expression had no significant correlation 
with OS in LUAD whereas it was significantly correlated 
with OS in LUSC (Figure 1D and E). Further, we found 
that LINC01089 expression was significantly lower in 
A549 and SK-MES-1 compared to BEAS-2B (Figure 1F).

LINC01089 Inhibits Proliferation, 
Migration, and Invasion in NSCLC
To examine the role of LINC01089 in NSCLC, 
LINC01089 was overexpressed in A549 and SK-MES-1 

Table 1 Sequences

Primers Sequences (5ʹ–3ʹ)

LINC01089-F GCAGTAAACAGTCCTCAGCGAAG

LINC01089-R CGGTGCCATGGAGTCTAGAAGAT

β-actin-F GCATGGGTCAGAAGGATTCCT

β-actin-R TCGTCCCAGTTGGTGACGAT

miR-3187-3p-F ACACTCCAGCTGGGTTGGCCATGGGGCT

miR-3187-3p-R CTCAACTGGTGTCGTGGA

U6-F CTCGCTTCGGCAGCACA

U6-R AACGCTTCACGAATTTGCGT

siRNAs

si-NC UUCUCCGAACGUGUCACGUTT

si- LINC01089-1 GCCUACCCAACCCUGGAAATT

si- LINC01089-2 GCCUGGCAGGCAACUCCAUTT

si- LINC01089-3 GCGCUCAGCCUUCAGUAAATT

Abbreviations: F, forward primer; R, reverse primer; NC, negative control.
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cells (Figure 2A). Compared to the ov-NC group, cell 
proliferation was markedly inhibited in the ov- 
LINC01089 group at 24, 48, and 72 h following transfec-
tion (Figure 2B). In addition, the migration and invasion of 
cells in the ov-LINC01089 group were also markedly 
inhibited at 48 h following transfection compared to the 
cells in the ov-NC group (Figure 2C and D).

LINC01089 Sponges miR-3187-3p
Using the bioinformatics tool, starBase 3.0, we identified 78 
miRNAs that were potential target genes of LINC01089. 
Additionally, using the OncomiR cancer database, we 
found that 338 miRNAs were significantly increased in 
LUSC and LUAD [Figure 3A, OncomiR (1)]. Additionally, 
using the OncomiR cancer database, we also found that 55 
miRNAs were associated with OS in LUSC and LUAD 
[Figure 3A, OncomiR (2)]. Based on these results, we iden-
tified miR-3187-3p as a common miRNA (Figure 3A). The 
potential binding sites between LINC01089 and miR-3187- 

3p are shown in Figure 3B. Dual-luciferase reporter assay 
was used to confirm the interaction between LINC01089 and 
miR-3187-3p in 293T cells. The results showed that the cells 
transfected with WT-LINC01089 and miR-3187-3p dis-
played lower luciferase activity than the cells transfected 
with MUT-LINC01089 and miR-3187-3p, suggesting an 
interaction between LINC01089 and miR-3187-3p (Figure 
3C). Further, we found that miR-3187-3p expression was 
significantly inhibited in A549 and SK-MES-1, compared to 
BEAS-2B (Figure 3D). Compared with ov-NC group, miR- 
3187-3p expression in ov-LINC01089 group was signifi-
cantly reduced (Figure 3E).

miR-3187-3p Reverses the Effect of 
LINC01089 on Proliferation, Migration, 
and Invasion of NSCLC Cells
To further analyze the relationship between LINC01089 
and miR-3187-3p, miR-3187-3p expression was enhanced 

Figure 1 LINC01089 expression was analyzed in LUAD and LUSC tissues and cells. (A) LINC01089 expression was analyzed using the GEPIA 2.0 database. *P < 0.05. 
(B and C) The relationship between LINC01089 expression and the disease free survival of LUSC and LUAD was analyzed using GEPIA 2.0. (D and E) The relationship 
between LINC01089 expression and the overall survival of LUSC and LUAD was analyzed using GEPIA 2.0. (F) LINC01089 expression was measured by quantitative reverse 
transcription-polymerase chain reaction in normal lung epithelial cells, BEAS-2B, lung adenocarcinoma cell line, A549, and squamous cell lung carcinoma cell line, SK-MES-1. 
*P < 0.05 vs BEAS-2B. 
Abbreviations: LUSC, lung squamous cell carcinoma; LUAD, lung adenocarcinoma; GEPIA, gene expression profiling interactive analysis; T, tumor; N, normal control.
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in LINC01089 overexpressing-A549 and SK-MES-1 cells 
following transfection with miR-3187-3p mimic (Figure 
4A). Compared to the NC mimic group, the proliferation, 
migration, and invasion of A549 and SK-MES-1 were 
markedly increased in the miR-3187-3p mimic group at 
48 h following transfection (Figure 4B-E). Additionally, 

the proliferation, migration, and invasion of LINC01089 
overexpressing-A549 and SK-MES-1 were markedly 
increased in the miR-3187-3p mimic group at 
48 h following transfection, compared to the NC mimic 
group, suggesting the miR-3187-3p reverses the effect of 
LINC01089 in A549 and SK-MES-1 (Figure 4B-E).

Figure 2 Overexpression of LINC01089 inhibited proliferation, migration, and invasion. (A) LINC01089 was overexpressed following transfection with LINC01089- 
pcDNA3.1. LINC01089 expression was measured by quantitative reverse transcription-polymerase chain reaction in A549 and SK-MES-1 following transfection with 
pcDNA3.1 (ov-NC) and LINC01089-pcDNA3.1 (ov- LINC01089) at 48 h. *P < 0.05. (B) Proliferation of A549 and SK-MES-1 was measured using MTS assay 48 h post- 
transfection. *P < 0.05. (C and D) Migration and invasion of A549 and SK-MES-1 were measured using transwell assay 48 h post-transfection. *P < 0.05. 
Abbreviations: ov, overexpression; NC, negative control.
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Analysis of the Potentially Targeted Gene of 
miR-3187-3p
The targeted-gene of miR-3187-3p was analyzed by 
starBase 3.0, TarBase v.8, and Targetscan 7.2. The 
same targeted-gene was analyzed by Venn and 46 
same targeted-genes were found (Figure 5A). 
Additionally, the expression of the 46 targeted-genes in 
LUSC and LUAD were analyzed by GEPIA 2.0. The 
result showed that only the AHNAK expression was 
significantly lower in the LUSC and LUAD tissues 
than that in normal control (Figure 5B), suggesting 
AHNAK may be the potential targeted-gene of miR- 
3187-3p because miR-3187-3p expression was signifi-
cantly high in NSCLC. Potential binding sites between 
AHNAK and miR-3187-3p are shown in Figure 5C. The 
interaction between AHNAK 3ʹ-untranslated region and 
miR-3187-3p was verified using dual-luciferase reporter 
assay (Figure 5C). The results showed that the cells 

transfected with WT-AHNAK and miR-3187-3p dis-
played lower luciferase activity than the cells trans-
fected with MUT-AHNAK and miR-3187-3p, 
suggesting an interaction between AHNAK and miR- 
3187-3p. Additionally, we found that AHNAK expres-
sion was remarkably lower in A549 and SK-MES-1 
compared to BEAS-2B, and AHNAK expression was 
obviously higher in ov-LINC01089 group than that in 
ov-NC group. Furthermore, AHNAK expression was 
obviously inhibited after transfected miR-3187-3p 
mimic (Figure 5D).

Silenced LINC01089 or Overexpression 
miR-3187-3p Promotes Proliferation, 
Migration, and Invasion in BEAS-2B
To examine the role of LINC01089 and miR-3187-3p in 
NSCLC development, LINC01089 was silenced or miR- 
3187-3p was overexpressed in BEAS-2B cells (Figure 6A 

Figure 3 MiR-3187-3p was sponged by LINC01089. (A) Potential target miRNAs of LINC01089 were identified using starBase 3.0. OncomiR (1): MiRNAs which were 
increased in NSCLC were identified using the bioinformatics tool, OncomiR. OncomiR (2): MiRNAs associated with overall survival in NSCLC were identified using 
OncomiR. (B) Potential binding sites between LINC01089 and miR-3187-3p are shown. (C) The interaction between LINC01089 and miR-3187-3p was verified using dual- 
luciferase reporter assay. *P < 0.05. (D) miR-3187-3p expression in BEAS-2B, A549, and SK-MES-1 was measured using quantitative reverse transcription-polymerase chain 
reaction (*P < 0.05 vs BEAS-2B). (E) The expression of miR-3187-3p after transfection with LINC01089 was measured using quantitative reverse transcription-polymerase 
chain reaction (*P < 0.05 vs ov-NC). 
Abbreviations: NSCLC, non-small cell lung cancer; WT, wild type; MUT, mutation; ov, overexpression; NC, negative control.
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and B). Compared to the si-NC or NC mimic group, cell 
proliferation, migration, and invasion were markedly pro-
moted in the si-LINC01089 or miR-3187-3p mimic group 
at 48 h following transfection, respectively (Figure 6C-E).

Discussion
LncRNA expression is significantly dysregulated in 
NSCLC and can thus be used as a diagnostic and prog-
nostic marker for NSCLC. MALAT1 and GAS5 are 

Figure 4 MiR-3187-3p reverses the effect of LINC01089 in A549 and SK-MES-1. (A) miR-3187-3p expression in A549 and SK-MES-1 was analyzed using quantitative reverse 
transcription-polymerase chain reaction at 48 h after transfection NC mimic, miR-3187-3p mimic, ov-LINC01089+ NC mimic, and ov-LINC01089+miR-3187-3p mimic. *P < 
0.05. (B and C) Proliferation of A549 (B) and SK-MES-1 (C) was measured using MTS at 48 h after transfection. *P < 0.05. (D and E) Migration and invasion of A549 and SK- 
MES-1 was measured using transwell assay without or with Matrigel at 48 h after transfection. *P < 0.05.

Cancer Management and Research 2020:12                                                                               submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                      
12157

Dovepress                                                                                                                                                           Zhang et al

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


diagnostic biomarkers for NSCLC.22,23 LINC00504 and 
NANCI are also associated with NSCLC prognosis.24,25 

In this study, we found that LINC01089 expression was 
significantly reduced in LUAD, LUSC, and NSCLC cell 
lines. Additionally, LINC01089 expression was signifi-
cantly associated with OS in LUSC. These results suggest 
that the downregulation of LINC01089 is associated with 
poor prognosis in LUSC. Surprisingly, although the 
expression of LINC01089 was significantly reduced in 
LUAD, it was not significantly associated with prognosis 
in LUAD.

Infinite proliferation and metastasis are important char-
acteristics of malignant cells, and also the main processes 

that affect tumor treatment and relapse. LncRNAs that act 
as oncogenes and anti-oncogenes have a significant effect 
on the development, metastasis, and chemotherapeutic 
resistance of NSCLC. LINC01234 acts as an oncogene to 
promote cell proliferation and tumor growth in NSCLC.26 

LncRNA LIMD1-AS1 acts as an anti-oncogene to sup-
press NSCLC progression.27 LncRNAs, HAS2-AS1 and 
XIST, accelerate resistance to chemotherapy in 
NSCLC.28,29 In this study, we found that LINC01089 
overexpression inhibited the proliferation, migration, and 
invasion of A549 and SK-MES-1, suggesting that 
LINC01089 acts as an anti-oncogene to inhibit tumorigen-
esis and metastasis in NSCLC. A previous study found 

Figure 5 Analysis of the potentially targeted gene of miR-3187-3p. (A) The targeted-gene of miR-3187-3p was analyzed by starBase 3.0, TarBase v.8, and Targetscan 7.2 and 
the same targeted-gene was analyzed by Venn. (B) AHNAK expression was analyzed by GEPIA 2.0. *P < 0.05. (C) Potential binding sites between AHNAK 3ʹ-untranslated 
region and miR-3187-3p are shown. The interaction between AHNAK and miR-3187-3p was verified using dual-luciferase reporter assay. *P < 0.05. (D) AHNAK expression 
was measured by Western blot. 
Abbreviations: LUSC, lung squamous cell carcinoma; LUAD, lung adenocarcinoma; GEPIA, gene expression profiling interactive analysis; T, tumor; N, normal control, ov, 
overexpression; NC, negative control.
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that LINC01089 inhibits cell invasion in vitro and tumor 
metastasis in vivo and acts as a tumor suppressor gene and 
prognostic biomarker in breast cancer and ovarian 
cancer.14–16 LINC01089 overexpression inhibited the β- 

catenin expression and blocked the Wnt/β-catenin pathway 
to inhibit breast cancer proliferation, migration, and 
invasion.16 According to our data, LINC01089 has an anti- 
cancer role in NSCLC, similar to its role in breast cancer. 

Figure 6 Silenced LINC01089 or overexpression miR-3187-3p promotes proliferation, migration, and invasion in BEAS-2B. (A) LINC01089 was down-expressed following 
transfection with si-LINC01089. LINC01089 expression was measured by quantitative reverse transcription-polymerase chain reaction in BEAS-2B following transfection 
with si-NC and three si-LINC01089 at 48 h. And si-LINC01089-1 was used for further study. *P < 0.05. (B) miR-3187-3p was overexpressed following transfection with 
miR-3187-3p mimic. miR-3187-3p expression was measured by quantitative reverse transcription-polymerase chain reaction in BEAS-2B following transfection with NC 
mimic and miR-3187-3p mimic at 48 h. *P < 0.05. (C) Proliferation of BEAS-2B was measured using MTS assay 48 h post-transfection. *P < 0.05. (D and E) Migration and 
invasion of BEAS-2B were measured using transwell assay 48 h post-transfection. *P < 0.05. 
Abbreviations: si, siRNA; NC, negative control.
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Additionally, cell proliferation, migration, and invasion 
were markedly promoted after silenced LINC01089 in 
normal lung epithelial cells, which also suggested 
LINC01089 has an anti-cancer role in NSCLC.

MiRNAs are single-stranded small non-coding RNA 
molecules, usually composed of 21–25 nt, which play 
a key role in several physiological and pathological pro-
cesses in NSCLC. Abnormal expression of miRNAs in 
tissue, blood, and blood-exosomes can be used as 
a potential diagnostic, therapeutic, and prognostic biomar-
ker in NSCLC patients.30,31 LncRNAs can serve as com-
peting endogenous RNAs (ceRNAs) to sponge miRNAs 
and regulate tumorigenesis and metastasis of NSCLC. 
LncRNA, XIST, sponges miR-744 and miR-137 to inhibit 
cell proliferation, metastasis, and epithelial–mesenchymal 
transition in NSCLC.32,33 Another important finding of 
this study is the identification of miR-3187-3p as the 
downstream target of LINC01089. miR-3187-3p is asso-
ciated with inflammation.34 The miR-3187-3p expression 
is increased in melanoma and drives immune escape.35 

The miR-3187-3p expression is also increased in color-
ectal cancer and promotes colorectal cancer proliferation 
through suppressing ASXL1 expression.36 According to 
these results, miR-3187-3p has an oncogenic effect in 
melanoma and colorectal cancer. In this study, based on 
OncomiR analysis, we found that miR-3187-3p was sig-
nificantly upregulated in NSCLC and higher miR-3187-3p 
expression was associated with lower OS in NSCLC. 
Additionally, miR-3187-3p overexpression promoted pro-
liferation, migration, and invasion of A549 and SK-MES 
-1, reversing the effect of LINC01089. These results sug-
gest that miR-3187-3p acts as an oncogene in NSCLC, 
similar to its role in melanoma and colorectal cancer. 
These results also suggest that LINC01089 and miR- 
3187-3p constitute a regulatory axis in NSCLC. 
Additionally, cell proliferation, migration, and invasion 
were markedly promoted after overexpressed miR-3187- 
3p in normal lung epithelial cells, which also suggested 
miR-3187-3p acts as an oncogene in NSCLC.

AHNAK is a scaffolding protein that implicated blood- 
brain barrier, cell migration, the regulation of cardiac calcium 
channels and muscle membrane repair, and the development 
of tumor metastasis.37 A previous study found that AHNAK 
expression was significantly reduced in human lung adenocar-
cinomas compared with matched normal lung tissues, and 
reduced AHNAK expression enhanced Type II Pneumocyte 
Hyperplasia and expedited the lung tumor development.38 

AHNAK degradation could maintain the stemness of lung 

cancer stem-like cells.39 Consistently, this study showed that 
AHNAK expression was significantly decreased in NSCLC 
tissues and cells. Additionally, we found that AHNAK 3ʹ- 
untranslated region was bound to miR-3187-3p and 
AHNAK expression was significantly increased by 
LINC01089 overexpression while it was significantly 
decreased by miR-3187-3p overexpression. These results sug-
gested that AHNAK, the target gene of miR-3187-3p, can 
regulate by LINC01089. However, the study has two limita-
tions. First, LINC01089 expression was only obtained in 
GEPIA 2.0 online analysis and did not show in its own clinical 
sample. Second, the effect of LINC01089/miR-3187-3p/ 
AHNAK axis on NSCLC needs to be elucidated through 
animal studies in the future.

Conclusions
In conclusion, LINC01089 attenuates tumor proliferation, 
migration, and invasion by sponging miR-3187-3p in 
NSCLC. LINC01089 acts as a tumor suppressor and repre-
sents a potential therapeutic target for NSCLC.
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miRNAs, microRNAs; LUSC, lung squamous cell carci-
noma; LUAD, lung adenocarcinoma; DFS, disease-free 
survival; ceRNAs, competing endogenous RNAs.
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