
O R I G I N A L  R E S E A R C H

Long Noncoding RNA KCNMB2-AS1 Increases 
ROCK1 Expression by Sponging microRNA-374a- 
3p to Facilitate the Progression of Non–Small-Cell 
Lung Cancer

This article was published in the following Dove Press journal: 
Cancer Management and Research

Haitao Yang1,* 
Ziyi Wang2,* 
Zhenyuan Wang1

1Department of Thoracic Surgery, The 
People’s Hospital of Liaoning Province, 
Liaoning 110015, People’s Republic of 
China; 2Department of Thoracic Surgery, 
The Tenth People’s Hospital of Shenyang, 
Liaoning 110044, People’s Republic of 
China  

*These authors contributed equally to 
this work  

Purpose: The expression and roles of most long noncoding RNAs (lncRNAs) in non–small- 
cell lung cancer (NSCLC) remain poorly understood. Thus, this study investigated KCNMB2 
antisense RNA 1 (KCNMB2-AS1) expression in NSCLC and determined the roles and 
mechanisms of KCNMB2-AS1 in regulating NSCLC progression.
Methods: KCNMB2-AS1 expression in NSCLC tissues and cells was detected using reverse 
transcription-quantitative polymerase chain reaction. Cell proliferation, apoptosis, migration, 
and invasion were evaluated using Cell Counting Kit-8, flow cytometry, Transwell migration, 
and Transwell invasion assays, respectively. In vivo tumor xenograft models were constructed to 
assess tumorigenicity. Bioinformatics predictions were performed to identify microRNAs target-
ing KCNMB2-AS1. Interactions between KCNMB2-AS1 and miR-374a-3p were analyzed using 
RNA immunoprecipitation, luciferase reporter, and rescue experiments.
Results: KCNMB2-AS1 levels were increased in NSCLC tissues and cells. KCNMB2-AS1 
silencing hindered NSCLC cell proliferation, migration, and invasion and promoted apopto-
sis in vitro. Additionally, KCNMB2-AS1 knockdown decreased tumor growth in vivo. 
Mechanistically, KCNMB2-AS1 functioned as an endogenous miR-374a-3p sponge and 
increased ρ-associated coiled-coil–containing protein kinase 1 (ROCK1) expression. 
Furthermore, increased miR-374a-3p/ROCK1 output attenuated KCNMB2-AS1 silencing- 
induced inhibition of NSCLC progression.
Conclusion: The KCNMB2-AS1/miR-374a-3p/ROCK1 pathway drives NSCLC progres-
sion, suggesting that this pathway can be targeted to reduce NSCLC progression.
Keywords: KCNMB2 antisense RNA 1, long noncoding RNA, ceRNA theory

Introduction
Lung cancer is the most frequent cancer and the leading cause of cancer-associated 
mortality worldwide.1 Every year, 2.1 million new cases of lung cancer are diagnosed, 
and 1.8 million patients die from the disease globally.1 Approximately 80%–85% of the 
newly diagnosed lung cancer cases are non–small-cell lung cancer (NSCLC), which 
includes adenocarcinoma, squamous cell carcinoma, adenosquamous cell carcinoma, 
and large cell carcinoma.2 The clinical efficacy of NSCLC therapies remains dismal 
despite great efforts made in the development of diagnostic methods and treatment 
options in recent decades.3 The 1-year survival rate of patients with NSCLC is 30%, 
and the 5-year survival rate is only 8%.4 The primary reasons contributing to poor 
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prognosis are uncontrolled tumor growth, high degree of 
malignancy, and high incidence of recurrence and 
metastasis.5 Furthermore, NSCLC has no typical early symp-
toms; thus, approximately 57% of NSCLC cases are diag-
nosed at advanced stages, which is another major cause of 
treatment failure.6 Therefore, elucidating the mechanisms 
responsible for NSCLC carcinogenesis and progression is 
urgently needed to improve therapeutic regimens and diag-
nostic techniques.

Long noncoding RNAs (lncRNAs) are a group of tran-
scripts with lengths of over 200 nucleotides.7 Because most 
lncRNAs do not encode proteins, they were originally con-
sidered to be genomic transcriptional noise.8 In recent years, 
an increasing number of studies have shown that lncRNAs 
perform crucial functions in numerous cellular biological 
processes and are closely related to most human diseases, 
including cancer.9,10 lncRNAs have emerged as novel master 
regulators of tumorigenesis and tumor development by con-
trolling gene expression at epigenetic, transcriptional, and 
post-transcriptional levels.11,12 Consistently, several studies 
have revealed the differential expression of lncRNAs in 
NSCLC, and dysregulation of lncRNAs in NSCLC contri-
butes to cancer oncogenesis.13–15 lncRNAs may play pro- 
oncogenic and anti-oncogenic roles and be implicated in the 
regulation of multiple aggressive processes.15–17

MicroRNAs (miRNAs) are defined as noncoding RNA 
molecules with lengths of approximately 17–24 nucleo-
tides. They play critical roles in diverse physiological and 
pathological processes by directly binding to the 3ʹ- 
untranslated region (3ʹ-UTR) of target genes, thereby trig-
gering mRNA degradation and/or suppressing translation.18 

Recently, an increasing number of studies have focused on 
the interactions between lncRNAs and miRNAs and their 
importance in cancer genesis and progression.19,20 

A competing endogenous RNA (ceRNA) regulatory net-
work was proposed and validated that lncRNAs can serve as 
ceRNAs by sponging certain miRNAs and consequently 
regulating the expression of cancer-related target genes.21 

Hence, identifying the lncRNAs and miRNAs related to the 
development and progression of NSCLC and elucidating 
their detailed roles in NSCLC progression are of great 
significance for the development of promising strategies 
for cancer diagnosis and therapy.

This work aimed to examine the expression pattern of 
KCNMB2-AS1 in NSCLC and explore the functions of 
KCNMB2-AS1 in the regulation of NSCLC oncogenicity. 
In addition, the mechanisms by which KCNMB2-AS1 
affects the aggressive behavior of NSCLC cells were 

fully elucidated. Our results may offer new insight to 
improve the understanding of NSCLC pathogenesis and 
develop effective therapeutic techniques.

Materials and Methods
Tissue Specimens and Cell Lines
Sixty-one pairs of NSCLC tissues and adjacent non-tumor 
lung tissues were obtained from The People’s Hospital of 
Liaoning Provincial. No patients had undergone preoperative 
chemotherapy, radiotherapy, or other antitumor therapeutic 
regimens. All the clinicopathological information of 61 
NSCLC patients was presented in Table 1. All tissue samples 
were snap-frozen and immersed in liquid nitrogen. All tissues 
were obtained following informed consent by the participants, 
and this study was approved by the Ethics Committee of The 
People’s Hospital of Liaoning Provincial (2017–1008).

The NSCLC cell lines A549 and SK-MES-1 were pur-
chased from the Shanghai Institute for Biological Sciences, 
Chinese Academy of Sciences (Shanghai, China). A549 
cells were cultured in F-12K medium supplemented with 
10% heat-inactivated fetal bovine serum (FBS) and 1% 
Glutamax (all from Gibco; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA). MEM medium (Gibco; Thermo 
Fisher Scientific, Inc.,) containing 10% FBS was used to 
culture SK-MES-1 cells. The human nontumorigenic bron-
chial epithelial cell line BEAS-2B and two NSCLC cell 
lines (H522 and H460) were obtained from American 
Type Culture Collection (Manassas, VA, USA). BEAS-2B 
cells were grown in Bronchial Epithelial Cell Growth 
Medium (Lonza/Clonetics Corporation, Walkersville, MD, 
USA), whereas H522 and H460 cells were maintained in 
RPMI 1640 medium (Gibco; Thermo Fisher Scientific, Inc.) 
supplemented with 10% FBS. A 1% mixture of penicillin– 
streptomycin was added in all culture media.

Cell Transfection
Small interfering RNAs (siRNAs) for KCNMB2-AS1 (si- 
KCNMB2-AS1) and negative control (NC) siRNAs (si- 
NC) were designed and synthesized by GenePharma Co., 
Ltd. (Shanghai, China). The si-KCNMB2-AS1#1 sequence 
was 5ʹ-AACTTTTTATTAGATATCAAAGA-3ʹ; si- 
KCNMB2-AS1#2 sequence was 5ʹ-ATGAAGATATC 
TAAAAACAAAGA-3ʹ; si-KCNMB2-AS1#3 sequence was 
5ʹ-CTGGATTTCTTGTGAAGAAAACT-3ʹ; and the si-NC 
sequence was 5ʹ-CACGATAAGACAATGTATTT-3ʹ. An 
overexpression vector (pcDNA3.1/+) harboring human ρ- 
associated coiled-coil–containing protein kinase 1 (pcD 
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Table 1 The Clinicopathological Information of 61 NSCLC Patients

No. Age Sex Pathological Type Pathological Grade Clinical Stage

1 47 Male Squamous Poor III
2 65 Male Adenocarcinoma Poor I

3 55 Female Squamous High I

4 50 Male Squamous Poor I
5 54 Female Squamous Poor I

6 72 Male Adenocarcinoma Poor III

7 66 Male Squamous High II
8 49 Male Squamous High II

9 60 Female Adenocarcinoma Poor IV
10 64 Female Adenocarcinoma Poor IV

11 73 Male Squamous Moderate I

12 29 Male Squamous Poor III
13 46 Male Adenocarcinoma Poor II

14 81 Male Squamous Poor II

15 77 Female Squamous High I
16 65 Male Adenocarcinoma Poor II

17 35 Female Squamous Poor III

18 47 Male Squamous Moderate II
19 64 Female Adenocarcinoma Poor I

20 35 Female Squamous High II

21 66 Male Squamous Poor II
22 38 Male Squamous Moderate II

23 72 Male Squamous High III

24 61 Female Squamous Poor II
25 52 Female Adenocarcinoma Poor IV

26 59 Male Squamous Poor I

27 73 Male Squamous Moderate II
28 72 Female Adenocarcinoma Poor II

29 57 Female Adenocarcinoma Poor III

30 58 Male Squamous Poor IV
31 60 Female Squamous Poor II

32 55 Male Large Moderate II

33 62 Female Squamous Moderate III
34 74 Female Adenocarcinoma Poor I

35 52 Female Squamous Poor II

36 65 Female Squamous Poor I
37 53 Male Adenocarcinoma Poor II

38 80 Female Squamous Moderate III

39 72 Male Squamous Poor IV
40 46 Male Squamous Poor IV

41 40 Male Adenocarcinoma Moderate II

42 65 Male Adenocarcinoma Poor III
43 41 Male Squamous Poor I

44 49 Female Large Moderate III

45 68 Male Adenocarcinoma Poor IV
46 72 Female Squamous Moderate II

47 63 Female Squamous Moderate II

48 43 Male Adenocarcinoma Poor III
49 49 Male Adenocarcinoma Poor III

50 50 Male Adenocarcinoma Poor I

51 65 Male Adenocarcinoma Poor II

(Continued)
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NA3.1-ROCK1) and empty pcDNA3.1 plasmid were also 
synthesized by GenePharma Co., Ltd. miR-374a-3p mimic, 
miR-negative control (miR-NC), miR-374a-3p inhibitor, and 
NC inhibitor were obtained from RiboBio Co., Ltd. 
(Guangzhou, China). Cells were seeded into 6-well plates, 
and Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) 
was used for oligonucleotide and plasmid transfections.

RNA Extraction and Reverse 
Transcription-Quantitative Polymerase 
Chain Reaction (RT-qPCR)
Total RNA extraction was conducted using TRIzol reagent 
(Beyotime Biotechnology; Shanghai, China). The concentra-
tion of total RNA was determined using a NanoDropND- 
1000 spectrophotometer (Invitrogen; Thermo Fisher 
Scientific, Inc.). To analyze KCNMB2-AS1 and ROCK1 
expression, the PrimeScript reagent kit with gDNA Eraser 
(TaKaRa, Dalian, China) was used to reverse-transcribe total 
RNA into cDNA. The cDNA was subjected to qPCR using 
a PrimeScript™ RT Master Mix (TaKaRa). Glycerol 3-phos-
phate dehydrogenase (GAPDH) functioned as a reference 
gene for KCNMB2-AS1 and ROCK1.

To quantify miRNAs expression, reverse transcription was 
performed using a Mir-X miRNA First-Strand Synthesis Kit 
(TaKaRa), and the Mir-X miRNA qRT-PCR TB Green® Kit 
(TaKaRa) was used for qPCR. miRNA expression was nor-
malized to U6 small nuclear RNA expression. The 2–ΔΔCt 

method was used to analyze relative gene expression.
The primers were designed as follows: KCNMB2-AS1, 5′- 

GCAGTTTGATCTCAGACTGCTGTG −3′ (forward) and 5′- 
TTTATTTCCTGTAGTCTCAGCTACTCAG-3′ (reverse); 
ROCK1, 5′-CTGGGGACAGTTTTGAGACTCG −3′ (for-
ward) and 5′-GTCTTTATATCTGCTTAAAAAGTTG 
TCAA-3′ (reverse); GAPDH, 5′-CGGAGTCAACGG 

ATTTGGTCGTAT-3′ (forward) and 5′-AGCCTTCTC 
CATGGTGGTGAAGAC-3′ (reverse); miR-374a-3p, 5′- 
TCGGCAGGUUAAUGUUAUGUUAG −3′ (forward) and 
5′-CACTCAACTGGTGTCGTGGA −3′ (reverse); miR-676- 
3p, 5′-TCGGCAGGUUGAGUUGUUGGAA −3′ (forward) 
and 5′-CACTCAACTGGTGTCGTGGA −3′ (reverse); miR- 
3194-3p, 5′-TCGGCAGGUGACGGUCACUCGU-3′ (for-
ward) and 5′-CACTCAACTGGTGTCGTGGA-3′ (reverse); 
miR-122-5p, 5′-TCGGCAGGUGGAGUGUGACAAUG-3′ 
(forward) and 5′-CACTCAACTGGTGTCGTGGA-3′ 
(reverse); and U6, 5′-GCTTCGGCAGCACATATACTAA 
AAT-3′ (forward) and 5′-CGCTTCACGAATTTGCGTGTC 
AT-3′ (reverse).

Nuclear and Cytoplasmic Fractionation
A PARIS™ Kit (Invitrogen, CA, USA) was used for the 
separation of nuclear and cytoplasmic fractions. After 
RNA extraction, RT-qPCR was performed to determine 
the distribution of KCNMB2-AS1 in NSCLC cells.

Cell Counting Kit (CCK)-8 Assay
Transfected cells were collected after 24 h and seeded into 
96-well plates. Each well contained 100 µL of cell suspension 
containing 3000 cells. Cell proliferation was quantitatively 
detected for 3 consecutive days by incubating cells with 10 
µL of CCK-8 reagent (Beyotime Biotechnology). Following 
incubation for 2 h at 37°C, the absorbance at a wavelength of 
450 nm was measured using a SUNRISE Microplate Reader 
(Tecan Group, Ltd., Mannedorf, Switzerland).

Flow Cytometry Analysis
The apoptosis rate was determined using an Annexin 
V-Fluorescein Isothiocyanate (FITC) Apoptosis Detection 
Kit (BioLegend, San Diego, CA, USA). Transfected cells 

Table 1 (Continued). 

No. Age Sex Pathological Type Pathological Grade Clinical Stage

52 62 Male Adenocarcinoma Poor IV

53 57 Female squamous Moderate III

54 70 Male Adenocarcinoma Moderate II
55 59 Female Squamous Poor IV

56 74 Male Adenocarcinoma Poor III

57 63 Male Large Poor II
58 77 Female Squamous Poor II

59 53 Male Squamous Moderate II

60 70 Female Adenocarcinoma Poor III
61 62 Male Squamous Moderate II
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were harvested using trypsin, rinsed with pre-cooled phos-
phate-buffered saline, and resuspended in 100 μL of 1X 
binding buffer. Before incubation at room temperature for 
15 min in the dark, 5 μL each of PI and Annexin V-FITC 
was added to the cell suspension. The stained cells were 
analyzed using a BD FACSCalibur cytometer (BD 
Biosciences), and CellQuest software (BD Biosciences) 
was used to analyze all data.

Transwell Cell Migration and Invasion 
Assays
Transfected cells were collected at 48 h after transfection, 
and single-cell suspensions were generated using FBS-free 
culture medium. The 24-well plates with 8-μm Transwell 
inserts (Millipore, Billerica, MA, USA) were used in migra-
tion assays. For invasion assays, the Transwell inserts were 
precoated with Matrigel (BD Biosciences, San Jose, CA, 
USA), and the remaining experimental procedures were the 
same as those used for the migration assays. In brief, 100 μL 
of cell suspension containing 5 × 104 cells was added into the 
upper compartments. The lower compartments were loaded 
with 600 ul of culture medium supplemented with 20% FBS, 
which was used to induce cell migration or invasion. After 24 
h, the non-migrated and non-invaded cells remaining on the 
upper side of the Transwell inserts were removed with 
a cotton bud, and the migrated and invaded cells were fixed 
with 4% polyformaldehyde and stained with 0.1% crystal 
violet. Finally, the migrated and invaded cells were imaged 
using an inverted microscope (x200 magnification; Olympus 
Corporation, Tokyo, Japan), and the number of cells was 
counted in six randomly selected visual fields.

In vivo Tumor Xenograft Model
A short-hairpin RNA (shRNA) targeting KCNMB2-AS1 
(sh-KCNMB2-AS1) and negative control shRNA (sh-NC) 
were designed and constructed by GenePharma Co., Ltd. 
sh-KCNMB2-AS1 and sh-NC lentiviruses were packaged 
and collected from 293 T cells and then used to infect H460 
cells. H460 cells stably transfected with sh-KCNMB2-AS1 
or sh-NC were selected by incubation with puromycin. The 
sh-KCNMB2-AS1 sequence was 5ʹ-CCGGAACTTTTT 
ATTAGATATCAAAGACTCGAGTCTTTGATATCTAAT-
AAAAAGTTTTTTTG-3ʹ; and the sh-NC sequence was 5ʹ- 
CCGGCACGATAAGACAATGTATTTCTCGAGAAATA 
CATTGTCTTATCGTGTTTTTG-3ʹ.

All animal experiments were performed with the 
approval of the Animal Care and Ethics Committee of 

The People’s Hospital of Liaoning Provincial (2019–0214) 
and in accordance with the NIH guidelines for the care and 
use of laboratory animals. BALB/c nude mice aged less 
than 4–6 weeks were acquired from Shanghai SLAC 
Laboratory Animal Co., Ltd. (Shanghai, China) and sub-
cutaneously injected with 2 × 106 H460 cells stably trans-
fected with sh-KCNMB2-AS1 or sh-NC. Each group 
contained three nude mice. The longest and shortest dia-
meters of tumor xenografts were recorded weekly using 
calipers, and tumor volumes were determined with the 
equation volume = 0.5 × length × width2. All mice were 
euthanized 28 days after cell injection, and tumor xeno-
grafts were harvested for further studies.

Hematoxylin and Eosin (HE) Staining and 
Immunohistochemistry
Tumor xenografts were made into 4μm sections and 
embedded with paraffin, followed by staining with hema-
toxylin and eosin. The histological assessment was imple-
mented employing an inverted light microscope (Olympus 
Corporation).

The 4μm sections of tumor xenografts were prepared, 
and incubated with Ki-67 (ab15580; Abcam) and cleaved-
caspase-3 (ab2302; Abcam) primary antibodies. After 
overnight incubation at 4 °C, the secondary antibody 
(ab205718; Abcam) was used to treat the sections at 
room temperature for 1 h. after which were dyed with 
the 3,3-diaminobenzidine tetrahydrochloride. At last, the 
mild restaining with hematoxylin, dehydration, coverslip-
ping, and microscopic examination were executed.

Bioinformatics Analysis
The potential miRNAs targeting KCNMB2-AS1 were pre-
dicted using StarBase version 3.0 (http://starbase.sysu.edu. 
cn/). TargetScan (http://www.targetscan.org/) and miRDB 
(http://mirdb.org/) were used to identify the candidate 
target genes of miR-374a-3p. After inputting the key 
words KCNMB2-AS1 or miR-374a-3p, their targets will 
be presented.

RNA Immunoprecipitation (RIP) Assay
RIP assays were performed to explore the interaction 
between KCNMB2-AS1 and miR-374a-3p in NSCLC cells 
using the Magna RIP RNA-Binding Protein 
Immunoprecipitation Kit (Millipore, Billerica, MA, USA). 
NSCLC cells were grown to approximately 90% confluence 
and then lysed using RIP lysis buffer. The harvested cell 
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lysates were incubated with RIP immunoprecipitation buf-
fer containing magnetic beads coated with human antibody 
against Ago2 (Millipore) or negative control IgG 
(Millipore). Following overnight cultivation at 4°C, the 
magnetic beads were washed, and the protein was digested 
by incubation with proteinase K. The immunoprecipitated 
RNA was then extracted, followed by the determination of 
KCNMB2-AS1 and miR-374a-3p enrichment using RT- 
qPCR.

Luciferase Reporter Assay
The wild-type fragments of KCNMB2-AS1 (111679–112253 
nt) and ROCK1 3ʹ-UTR (0–356 nt) containing miR-374a-3p 
binding sites were amplified and inserted into the pmirGlO 
Dual-luciferase miRNA Target Expression Vector (Promega, 
Madison, WI, USA). The synthesized luciferase reporter plas-
mids were named KCNMB2-AS1-wt and ROCK1-wt. The 
primers were designed as follows: KCNMB2-AS1-wt, 5′- 
CCGCTCGAG ATCCTCATTGTTAACGATGAAGAAAC 
−3′ (forward) and 5′-GCTCTAGA TTCCATCCATCATTCA 
TTCTTGCCG −3′ (reverse); and ROCK1-wt, 5′- 
CCGCTCGAG CCATGTGACTGAGTGCCCTGT-3′ (for-
ward) and 5′-GCTCTAGAGGCATTTTCTTATAAATCCA 
AAAAG-3′ (reverse). The mutant luciferase reporter plasmids 
were produced by replacing the wild-type sequences with 
mutant sequences, and the resulting reporter plasmids were 
referred to as KCNMB2-AS1-mut and ROCK1-mut. The 
primers were designed as follows: KCNMB2-AS1-mut, 5′- 
CCGCTCGAGATCCTCATTGTTAACGATGAAGAAAC 
−3′ (forward) and 5′- GCTCTAGATTCCATCCATCAT 
TCATTCTTGCCG −3′ (reverse); and ROCK1-mut, 5′- 
CCGCTCGAG CCATGTGACTGAGTGCCCTGT −3′ (for-
ward) and 5′- GCTCTAGAGGCATTTTCTTATAAATCC 
AAAAAG −3′ (reverse). Lipofectamine 2000 was used to 
cotransfect wild-type or mutant reporter plasmids and miR- 
374a-3p mimic or miR-NC. Following incubation for 48 h, the 
dual-luciferase reporter assay system (Promega) was used to 
measure luciferase activity.

Western Blotting
Total protein was isolated from cultured cells using RIPA 
lysis buffer (Beyotime Biotechnology). A Detergent 
Compatible Bradford Protein Assay Kit (Beyotime 
Biotechnology) was used to quantify total proteins. Equal 
amounts of proteins were separated by 10% sodium dodecyl 
sulfate–polyacrylamide gel electrophoresis and transferred 
to polyvinylidene fluoride membranes. The membranes 
were blocked using 5% dried skimmed milk powder diluted 

in TBS with Tween-20 at room temperature for 2 h. Rabbit 
anti-human ROCK1 (ab45171) and rabbit anti-human 
GAPDH (ab181602) antibodies were obtained from 
Abcam (Cambridge, UK) and incubated with the mem-
branes at 4°C. All primary antibodies were used at 
a dilution of 1:1,000. The following day, the membranes 
were washed three times with TBS containing Tween-20 and 
incubated with horseradish peroxidase (HRP)-conjugated 
anti-rabbit IgG secondary antibody (ab205718; Abcam). 
Immunoblots were detected using the Immobilon Western 
Chemiluminescent HRP Substrate (Millipore).

Statistical Analysis
Each experiment included three biological replicates, and the 
obtained results were presented as the mean ± standard 
deviation. All statistical tests justified as appropriate and the 
data meet the assumptions of the tests. In in vivo study, all 
data conforms to the normal distribution. Comparisons 
between two groups were performed using Student’s t-test. 
Multiple comparisons were conducted using one-way analy-
sis of variance together with Dunnett’s post hoc test. Pearson 
correlation analysis was used to assess the correlation 
between KCNMB2-AS1 and miR-374a-3p expression levels. 
A P-value of <0.05 was considered statistically significant.

Results
The lncRNA KCNMB2-AS1 Executes 
Oncogenic Actions in NSCLC
Gene expression profiling interactive analysis (GEPIA; 
http://gepia.cancer-pku.cn/) was used to examine the expres-
sion pattern of lncRNAs in TCGA and GTEx databases and 
identify lncRNAs associated with NSCLC. KCNMB2-AS1 
was found to be significantly upregulated in lung adenocar-
cinoma and lung squamous cell carcinoma tissues compared 
with that in normal tissues (Figure 1A). To verify this obser-
vation, 61 pairs of NSCLC tissues and adjacent non-tumor 
lung tissues were collected and analyzed using RT-qPCR for 
the detection of KCNMB2-AS1 expression. Significantly ele-
vated KCNMB2-AS1 expression was verified in NSCLC 
tissues relative to that in adjacent non-tumor lung tissues 
(Figure 1B). In addition, KCNMB2-AS1expression was ana-
lyzed in four NSCLC cell lines: A549, SK-MES-1, H522, 
and H460. RT-qPCR analysis results indicated that 
KCNMB2-AS1 expression was higher in all four NSCLC 
cell lines than that in BEAS-2B cells (Figure 1C). We then 
examined the correlation between KCNMB2-AS1 and clin-
icopathological factors in patients with NSCLC. As exhibited 
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in Table 2, a high KCNMB2-AS1 expression was closely 
related with the lymph node metastasis, but manifested 
none association with gender, age, tumor size, differentiation 
or TNM stage. GEPIA was also used to evaluate the clinical 
value of KCNMB2-AS1 expression in NSCLC. The analysis 
showed no obvious correlation between KCNMB2-AS1 
expression and tumor stage (Figure 1D), overall survival 
(Figure 1E), or disease-free survival (Figure 1F) in 
NSCLC. We also analyzed the clinical samples collected by 
ourselves as validation to determine the correlation between 
KCNMB2-AS1 and the prognosis of the patients with 
NSCLC. The data depicted that KCNMB2-AS1 expression 
was not related with overall survival (Figure 1G), or disease- 
free survival (Figure 1H) in NSCLC.

To test the biological functions of KCNMB2-AS1 in 
NSCLC, KCNMB2-AS1expression was silenced in H460 and 

SK-MES-1 cells using siRNAs. si-KCNMB2-AS1#1 and si- 
KCNMB2-AS1#3 were used in the following experiments 
because they exhibited the highest silencing efficiency 
among the three siRNAs (Figure 2A). The CCK-8 assay 
results revealed that the proliferation of H460 and SK-MES 
-1 cells was evidently reduced after KCNMB2-AS1 knock-
down (Figure 2B). In addition, flow cytometry analysis was 
used to detect cell apoptosis, and the results demonstrated that 
KCNMB2-AS1 deficiency notably increased the apoptosis rate 
of H460 and SK-MES-1 cells (Figure 2C). Furthermore, 
Transwell cell migration and invasion assays were performed 
to examine whether KCNMB2-AS1 affects cell migration and 
invasion in NSCLC. As shown in Figure 2D and E, the 
migration and invasion abilities of cells in the si-KCNMB2- 
AS1 group were clearly impaired compared with those of cells 
in the si-NC group. Collectively, these results suggest that 

Figure 1 KCNMB2-AS1 is upregulated in NSCLC. (A) KCNMB2-AS1 expression in lung adenocarcinoma and lung squamous cell carcinoma was analyzed using GEPIA. (B) The 
relative expression level of KCNMB2-AS1 was detected in 61 pairs of NSCLC tissues and adjacent non-tumor lung tissues using RT-qPCR. (C) RT-qPCR was conducted to 
determine KCNMB2-AS1 expression in four NSCLC cell lines (A549, SK-MES-1, H522, and H460), with the human nontumorigenic bronchial epithelial cell line BEAS-2B as the 
control. (D–F) GEPIA was used to determine the correlation between KCNMB2-AS1 expression and tumor stage, overall survival, and disease-free survival in patients with 
NSCLC. (G, H) The correlation between KCNMB2-AS1 expression and overall survival, or disease-free survival in the 61 NSCLC patients was examined. **P < 0.01.
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KCNMB2-AS1 is upregulated in NSCLC and exerts tumor- 
promoting actions during NSCLC progression.

KCNMB2-AS1 is a Molecular Sponge for 
miR-374a-3p in NSCLC Cells
To clarify how KCNMB2-AS1 contributes to the malig-
nancy of NSCLC, the subcellular localization of 
KCNMB2-AS1 was predicted using lncLocator (http:// 
www.csbio.sjtu.edu.cn/bioinf/lncLocator/). KCNMB2-AS1 
was predicted to be mainly localized in the cytoplasm 
(Figure 3A). Nuclear/cytoplasmic fractionation followed 
by RT-qPCR analysis further confirmed this prediction 
(Figure 3B), suggesting that KCNMB2-AS1 may serve as 
a ceRNA for specific miRNAs. Bioinformatics prediction 
was conducted to identify miRNAs with complementary 
base pairing to KCNMB2-AS1. In total, four miRNAs, 
including miR-676-3p, miR-3194-3p, miR-374a-3p, and 
miR-122-5p, were predicted to have relevant binding 
sites in KCNMB2-AS1.

RT-qPCR was conducted to detect putative miRNA 
candidates of KCNMB2-AS1 in H460 and SK-MES-1 cells 
following KCNMB2-AS1 silencing. Downregulation of 

KCNMB2-AS1 expression led to increased levels of miR- 
374a-3p in H460 and SK-MES-1 cells, whereas the expression 
of the other three miRNAs was unaffected by si-KCNMB2- 
AS1 introduction (Figure 3C). Furthermore, miR-374a-3p was 
weakly expressed in NSCLC tissues (Figure 3D) and exhibited 
a negative correlation with KCNMB2-AS1 expression 
(Figure 3E; r = −0.6957, P < 0.0001).

A luciferase reporter assay was performed for target 
investigation. Luciferase reporter plasmids KCNMB2-AS1- 
wt and KCNMB2-AS1-mut harboring wild-type and mutant 
miR-374a-3p binding sites (Figure 3F) were constructed and 
cotransfected with miR-374a-3p mimic or miR-NC into 
H460 and SK-MES-1 cells. The luciferase activity of 
KCNMB2-AS1-wt was inhibited by miR-374a-3p upregula-
tion in H460 and SK-MES-1 cells. However, miR-374a-3p 
mimic had no impact on the luciferase activity of KCNMB2- 
AS1-mut (Figure 3G). Moreover, miR-374a-3p and 
KCNMB2-AS1 were dramatically enriched by the Ago2 anti-
body in H460 and SK-MES-1 cells, suggesting the potential 
endogenous direct interaction between miR-374a-3p and 
KCNMB2-AS1 (Figure 3H). To explore whether miR-374a- 
3p can affect KCNMB2-AS1expression, the relative expres-
sion of KCNMB2-AS1 was detected in NSCLC cells after 
activating miR-374a-3p. The results were shown that trans-
fection with miR-374a-3p mimic did not alter the expression 
of KCNMB2-AS1 in H460 and SK-MES-1 cells (Figure 3I). 
Collectively, these results suggest that KCNMB2-AS1 com-
petitively sponges miR-374a-3p in NSCLC cells.

ROCK1 Expression is Positively 
Regulated by KCNMB2-AS1 via 
miR-374a-3p in NSCLC Cells
We next examined in detail the roles of miR-374a-3p in 
NSCLC cells. miR-374a-3p mimic or miR-NC was 
transfected into H460 and SK-MES-1 cells, and the RT- 
qPCR results confirmed the substantial overexpression of 
miR-374a-3p in miR-374a-3p mimic-transfected cells 
(Figure 4A). Transfection with miR-374a-3p mimic caused 
a clear reduction of H460 and SK-MES-1 cell proliferation, 
as demonstrated by the CCK-8 assay results (Figure 4B). 
Flow cytometry analysis further revealed that exogenous 
miR-374a-3p expression promoted the apoptosis of H460 
and SK-MES-1 cells (Figure 4C). Furthermore, the migration 
(Figure 4D) and invasion (Figure 4E) abilities of H460 and 
SK-MES-1 cells were evidently suppressed by miR-374a-3p 
overexpression.

Table 2 The Correlations Between KCNMB2-AS1 and 
Clinicopathological Characteristics in NSCLC

Clinicopathological Characteristics KCNMB2- 
AS1

P

High Low

Gender 0.797

Male 19 17

Female 12 13

Age (years) 0.611

< 60 13 15
≥ 60 18 15

Tumor size (cm) 0.444
< 3 15 18

≥ 3 16 12

Differentiation 0.592

High and Moderate 12 9

Poor 19 21

TNM stage 0.434

I+II 17 20
III+IV 14 10

Lymph node metastasis 0.040*

Negative 19 26

Positive 12 4

Note: *P < 0.05 by chi-square test.
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The bioinformatics tools miRDB and TargetScan were 
used to identify the putative targets of miR-374a-3p. miR- 
374a-3p was predicted to interact with ROCK1 via comple-
mentary sequences (Figure 5A), and because of its critical 
roles in NSCLC tumorigenesis, ROCK1 was selected for 
further investigation. A luciferase reporter assay was con-
ducted to determine whether ROCK1 was a functional target 
of miR-374a-3p. Ectopic miR-374a-3p expression signifi-
cantly decreased the luciferase activity of ROCK1-wt in 
H460 and SK-MES-1 cells, whereas the luciferase activity 

of ROCK1-mut was unchanged following miR-374a-3p 
mimic transfection (Figure 5B). To further evaluate the 
potential interaction between miR-374a-3p and ROCK1, 
ROCK1 expression was detected in miR-374a-3p mimic- 
transfected or miR-NC-transfected H460 and SK-MES-1 
cells. RT-qPCR and Western blotting results showed that 
miR-374a-3p upregulation obviously downregulated 
ROCK1 mRNA (Figure 5C) and protein (Figure 5D) expres-
sion in H460 and SK-MES-1 cells. Additionally, ROCK1 
mRNA expression was upregulated in NSCLC tissues 

Figure 2 Downregulation of KCNMB2-AS1 expression suppressed NSCLC cell proliferation, migration, and invasion and facilitated cell apoptosis. (A) Three different 
siRNAs were constructed to silence KCNMB2-AS1 expression in H460 and SK-MES-1 cells. (B) The proliferative ability of H460 and SK-MES-1 cells was assessed using CCK- 
8 assay after si-KCNMB2-AS1 or si-NC transfection. (C) Flow cytometry analysis was performed to assess apoptosis of H460 and SK-MES-1 cells after transfection with si- 
KCNMB2-AS1 or si-NC. (D, E) Migration and invasion abilities were measured using Transwell cell migration and invasion assays (x200 magnification) in H460 and SK-MES-1 
cells with or without KCNMB2-AS1 knockdown. *P < 0.05 and **P < 0.01.
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compared with that in adjacent non-tumor lung tissues 
(Figure 5E) and was inversely related to miR-374a-3p 
expression in NSCLC tissues (Figure 5F; r = −0.6498, 
P < 0.0001).

The effects of KCNMB2-AS1 depletion on ROCK1 
expression in NSCLC cells were determined using RT- 
qPCR and Western blotting. In KCNMB2-AS1-deficient 
H460 and SK-MES-1 cells, ROCK1 expression was 
decreased at both the mRNA (Figure 5G) and protein 
(Figure 5H) levels. Rescue experiments were performed to 

evaluate the role of miR-374a-3p in the regulation of ROCK1 
expression by KCNMB2-AS1 in NSCLC cells. The si- 
KCNMB2-AS1-mediated downregulation of ROCK1 
mRNA (Figure 5I) and protein (Figure 5J) expression levels 
were prominently reversed in H460 and SK-MES-1 cells 
after miR-374a-3p inhibitor cotransfection. Additionally, 
a positive correlation between KCNMB2-AS1 and ROCK1 
expression in NSCLC tissues was validated using Pearson 
correlation analysis (Figure 5K; r = 0.6715, P < 0.0001). 
Altogether, ROCK1 was a direct target of miR-374a-3p in 

Figure 3 KCNMB2-AS1 serves as a ceRNA and sponges miR-374a-3p in NSCLC cells. (A) The subcellular localization of KCNMB2-AS1 predicted by lncLocator. (B) Nuclear/ 
cytoplasmic fractionation and RT-qPCR analysis were used to evaluate the distribution of KCNMB2-AS1 in H460 and SK-MES-1 cells. (C) RT-qPCR analysis was performed to 
detect miR-676-3p, miR-3194-3p, miR-374a-3p, and miR-122-5p expression in KCNMB2-AS1-silenced H460 and SK-MES-1 cells. (D) miR-374a-3p expression in 61 pairs of 
NSCLC tissues and adjacent non-tumor lung tissues was measured using RT-qPCR. (E) Pearson correlation analysis of KCNMB2-AS1 and miR-374a-3p expression in NSCLC 
tissues. (F) The wild-type and mutant miR-374a-3p binding sites within the sequences of KCNMB2-AS1. (G) Luciferase reporter assays were conducted to measure the 
luciferase activity in H460 and SK-MES-1 cells after cotransfection with miR-374a-3p mimic or miR-NC and KCNMB2-AS1-wt or KCNMB2-AS1-mut. (H) The degree of 
KCNMB2-AS1 and miR-374a-3p enrichment by the Ago2 antibody in H460 and SK-MES-1 cells was examined using RIP assays. (I) Expression of KCNMB2-AS1 was detected in 
H460 and SK-MES-1 cells after miR-374a-3p overexpression using RT-qPCR. **P < 0.01.
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NSCLC, and KCNMB2-AS1 positively regulated ROCK1 
expression by sponging miR-374a-3p.

Loss of KCNMB2-AS1 Inhibits NSCLC 
Cells via the miR-374a-3p/ROCK1 Axis
Rescue experiments were performed to further assess the abil-
ity of the miR-374a-3p/ROCK1 axis to regulate KCNMB2- 
AS1-mediated pro-oncogenic actions in NSCLC cells.

First, miR-374a-3p was demonstrated to be decreased in 
H460 and SK-MES-1 cells after miR-374a-3p inhibitor trans-
fection (Figure 6A). Next, KCNMB2-AS1-deficient H460 and 
SK-MES-1 cells were cotransfected with miR-374a-3p inhi-
bitor or NC inhibitor. The proliferation of H460 and SK-MES 
-1 cells was significantly hindered following treatment with si- 
KCNMB2-AS1, whereas the suppressed cell proliferation 
ability was recovered after cotransfection with miR-374a-3p 
inhibitor (Figure 6B). Furthermore, loss of KCNMB2-AS1 

Figure 4 miR-374a-3p overexpression inhibits NSCLC cell proliferation, migration, invasion but induces cell apoptosis. (A) RT-qPCR was used to determine the expression levels 
of miR-374a-3p in H460 and SK-MES-1 cells after the introduction of miR-374a-3p mimic or miR-NC. (B, C) CCK-8 assays and flow cytometry analyses were used to determine 
the effects of miR-374a-3p upregulation on the proliferation and apoptosis of H460 and SK-MES-1 cells, respectively. (D, E) Transwell cell migration and invasion assays were 
performed to explore the migration and invasion abilities of H460 and SK-MES-1 cells transfected with miR-374a-3p mimic or miR-NC (x200 magnification). **P < 0.01.
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evidently facilitated cell apoptosis (Figure 6C) and attenuated 
H460 and SK-MES-1 cell migration (Figure 6D) and invasion 
(Figure 6E), whereas miR-374a-3p inhibitor cotransfection 
counteracted these effects.

To perform rescue experiments, ROCK1 expression was 
restored in KCNMB2-AS1-silenced H460 and SK-MES-1 
cells. The efficiency of pcDNA3.1-ROCK1 transfection was 
determined by Western blotting (Figure 7A). Restoration of 
ROCK1 expression partly abrogated the suppression of H460 
and SK-MES-1 cell proliferation (Figure 7B) and the promo-
tion of cell apoptosis (Figure 7C) induced by KCNMB2-AS1 
silencing. The addition of pcDNA3.1-ROCK1 recovered the 

migration (Figure 7D) and invasion (Figure 7E) abilities of 
H460 and SK-MES-1 cells that were suppressed by 
KCNMB2-AS1 silencing. Taken together, these results sug-
gest that KCNMB2-AS1enhances NSCLC oncogenicity by 
regulating the miR-374a-3p/ROCK1 axis.

KCNMB2-AS1 Knockdown Prevents 
Tumor Growth of NSCLC Cells in vivo
After the identification of the biological roles of KCNMB2- 
AS1 in vitro, a tumor xenograft model was generated to 
verify the cancer-promoting actions of KCNMB2-AS1 in 
NSCLC cells in vivo. H460 cells stably transfected with 

Figure 5 KCNMB2-AS1 regulates ROCK1 expression via miR-374a-3p in NSCLC cells. (A) The potential wild-type and mutant sequences of miR-374a-3p within the 3ʹ-UTR 
sequences of ROCK1. (B) Luciferase activities were determined after cotransfection with miR-374a-3p mimic or miR-NC and ROCK1-wt or ROCK-mut in H460 and SK- 
MES-1 cells. (C, D) After transfection with miR-374a-3p mimic or miR-NC, the mRNA and protein expressions of ROCK1 in H460 and SK-MES-1 cells were analyzed using 
RT-qPCR and Western blotting, respectively. (E) RT-qPCR was used to determine ROCK1 mRNA expression in 61 pairs of NSCLC tissues and adjacent non-tumor lung 
tissues. (F) The relationship between miR-374a-3p and ROCK1 mRNA expression in NSCLC tissues was assessed using Pearson correlation analysis. (G, H) After 
transfection with si-KCNMB2-AS1 or si-NC, RT-qPCR and Western blotting were conducted to examine changes in ROCK1 mRNA and protein expression, respectively. (I, 
J) si-KCNMB2-AS1, along with miR-374a-3p inhibitor or NC inhibitor, was cotransfected into H460 and SK-MES-1 cells. ROCK1 mRNA and protein levels were determined 
using RT-qPCR and Western blotting, respectively. (K) The correlation between KCNMB2-AS1 and ROCK1 mRNA expression in NSCLC tissues was assessed using Pearson 
correlation analysis. **P < 0.01.
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sh-KCNMB2-AS1 or sh-NC were subcutaneously injected 
into nude mice. The KCNMB2-AS1-silenced group showed 
significantly reduced tumor growth compared with the sh- 
NC group (Figure 8A and B). In addition, tumor weights of 
the sh-KCNMB2-AS1 group were evidently lower relative to 
those in the sh-NC group (Figure 8C). All tumor xenografts 
were harvested at 4 weeks after cell injection, and molecular 

analysis was performed to determine KCNMB2-AS1, miR- 
374a-3p, and ROCK1 expression. RT-qPCR analysis indi-
cated that KCNMB2-AS1 expression remained low 
(Figure 8D), whereas the expression of miR-374a-3p was 
elevated (Figure 8E) in the tumors originating from 
KCNMB2-AS1-depleted H460 cells. Furthermore, the 
ROCK1 protein expression was downregulated by 

Figure 6 miR-374a-3p inhibitor reverses the effects of si-KCNMB2-AS1 on NSCLC cells. (A) RT-qPCR analysis showed the expression of miR-374a-3p in H460 and SK-MES 
-1 cells transfected with miR-374a-3p inhibitor or NC inhibitor. (B, C) si-KCNMB2-AS1 was cotransfected with miR-374a-3p inhibitor or NC inhibitor into H460 and SK- 
MES-1 cells. CCK-8 assay and flow cytometry were performed to detect cell proliferation and apoptosis in different groups. (D, E) The migration and invasion abilities of 
H460 and SK-MES-1 cells treated as described above were examined using Transwell cell migration and invasion assays (x200 magnification). *P < 0.05 and **P < 0.01.
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KCNMB2-AS1 silencing (Figure 8F), which was consistent 
with the in vitro results. Moreover, HE staining delineated 
that the tumor xenografts were derived from H460 cells 
(Figure 8G). The immunohistochemistry also confirmed 
that Ki-67 was decreased whereas cleaved Caspase-3 was 
increased in the KCNMB2-AS1-depleted tumor xenografts 
(Figure 8H). Thus, KCNMB2-AS1 downregulation inhibited 
the tumor growth of NSCLC cells in vivo.

Discussion
In recent years, emerging evidence has verified the impor-
tant roles played by lncRNAs in the occurrence and devel-
opment of NSCLC.22–24 Several lncRNAs are 
dysregulated in NSCLC, and they exert cancer-promoting 
or cancer-inhibiting roles during regulation of the malig-
nant characteristics of NSCLC cells.25–27 Therefore, the 
exploration of tumor-associated lncRNAs in NSCLC 

Figure 7 The effects of KCNMB2-AS1 knockdown on NSCLC cells are reversed by pcDNA3.1-ROCK1. (A) ROCK1 protein expression was examined using Western blotting 
in H460 and SK-MES-1 cells transfected with pcDNA3.1-ROCK1 or pcDNA3.1. (B–E) si-KCNMB2-AS1, along with pcDNA3.1-ROCK1 or pcDNA3.1, was transfected into 
H460 and SK-MES-1 cells, and cell proliferation, apoptosis, migration, and invasion were detected using CCK-8, flow cytometry, Transwell migration, and Transwell invasion 
assays (x200 magnification), respectively. *P < 0.05 and **P < 0.01.
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carcinogenesis and progression may be helpful in the 
development of more effective NSCLC therapies. 
Currently, the expression status and detailed functions of 
most lncRNAs in NSCLC remain largely unclear; thus, the 
study of lncRNAs in NSCLC is urgent and necessary 
despite significant advances in this field.

KCNMB2-AS1expression is correlated with the overall 
survival of patients with endometrial cancer.28 However, the 
expression profile and precise functions of KCNMB2-AS1 in 
NSCLC remain unknown. In this study, GEPIA of the 
TCGA and GTEx databases was performed to analyze the 
expression of KCNMB2-AS1 in NSCLC. The results 
revealed that KCNMB2-AS1 expression was upregulated in 
lung adenocarcinoma and lung squamous cell carcinoma 
tissues. RT-qPCR was conducted to confirm this finding 
and showed an increased expression level of KCNMB2- 
AS1 in NSCLC tissues relative to that in non-tumor lung 
tissues. Various experiments were conducted to determine 
the influences of KCNMB2-AS1 silencing on the malignant 

processes in NSCLC cells in vitro and in vivo. After 
KCNMB2-AS1 silencing, the proliferation, migration, and 
invasion abilities of NSCLC cells were hindered. 
Additionally, KCNMB2-AS1 knockdown promoted apopto-
sis of NSCLC cells in vitro and decreased tumor growth 
in vivo.

The possible mechanisms by which KCNMB2-AS1 
exhibits oncogenic functions during NSCLC progression 
were elucidated in detail. Recent studies identified that 
lncRNAs are implicated in tumorigenesis via different 
mechanisms, depending mostly on their subcellular 
localization.29,30 The ceRNA theory proposed in recent 
years postulates that lncRNAs can competitively bind to 
miRNA response elements and serve as a molecular 
sponge for miRNAs, thereby regulating the expression 
of corresponding target mRNAs.31 In this study, the 
distribution of KCNMB2-AS1 in NSCLC cells was first 
predicted by lncLocator, and the results showed that 
KCNMB2-AS1 was mainly located in the cytoplasm. 

Figure 8 Loss of KCNMB2-AS1 impairs NSCLC cell tumor growth in vivo. (A) Tumor growth curves were plotted according to the tumor volumes measured weekly. (B) 
Representative images of the tumor xenografts formed from sh-KCNMB2-AS1 or sh-NC stably-transfected H460 cells. (C) After 4 weeks, all mice were euthanized, and the 
tumor xenografts were excised and weighed. (D, E) KCNMB2-AS1 and miR-374a-3p expression levels in the tumor xenografts were measured using RT-qPCR. (F) Western 
blotting was conducted to detect the protein level of ROCK1 in tumor xenografts. (G) HE staining was conducted in the tumor xenografts. (H) The immunohistochemistry 
was employed to detect Ki-67 and cleaved Caspase-3 in tumor xenografts. **P < 0.01.
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Subsequently, nuclear/cytoplasmic fractionation assays 
performed to separate the nuclear and cytoplasmic frac-
tions of NSCLC cells and analyze the relative propor-
tion of KCNMB2-AS1 in these fractions demonstrated 
that KCNMB2-AS1was mainly distributed in the cyto-
plasm of NSCLC cells.

Next, miRNA complementary base pairing with 
KCNMB2-AS1 was predicted using bioinformatics analysis. 
miR-374a-3p was identified to be a potential miRNA target-
ing KCNMB2-AS1. RT-qPCR results confirmed that 
KCNMB2-AS1 interference increased the expression of 
miR-374a-3p in NSCLC cells. Further investigations 
revealed that miR-374a-3p was weakly expressed in 
NSCLC tissues and exhibited an inverse correlation with 
KCNMB2-AS1 expression. Furthermore, KCNMB2-AS1 
interacted with miR-374a-3p via complementary gene 
sequences, as evidenced by luciferase reporter and RIP 
assay results. After identifying ROCK1 as a direct target of 
KCNMB2-AS1, we next determined whether KCNMB2-AS1 
affects ROCK1 expression via miR-374a-3p. The results 
showed that KCNMB2-AS1 deficiency resulted in 
a substantial decrease in ROCK1 mRNA and protein expres-
sion in NSCLC cells, and cotransfection with miR-374a-3p 
inhibitor abrogated these impacts. These results provided 
sufficient evidence that KCNMB2-AS1 serves as an endogen-
ous sponge of miR-374a-3p and consequently increases 
ROCK1 expression in NSCLC cells.

ROCK1 is located on 18q11.1 and is an essential down-
stream effector of Rho small guanosine 5ʹ- 
triphosphatases.32–34 ROCK1 has been demonstrated to be 
upregulated in NSCLC and validated as a critical regulator of 
cancer genesis and progression.35,36 Here, our results showed 
that ROCK1 was regulated by the KCNMB2-AS1/miR- 
374a-3p axis in NSCLC cells. Furthermore, increasing the 
activity of the miR-374a-3p/ROCK1 axis attenuated 
KCNMB2-AS1 silencing-induced inhibition of NSCLC pro-
gression. Collectively, a novel ceRNA model was defined in 
which KCNMB2-AS1 functions as a molecular sponge to 
competitively adsorb miR-374a-3p with ROCK1 in NSCLC 
cells, thereby resulting in the suppression of miR-374a-3p 
and recovering ROCK1 expression and activities. Hence, any 
alteration in the KCNMB2-AS1/miR-374a-3p/ROCK1 path-
way may contribute to the pathologic processes in NSCLC.

In this study, we explored the correlation between 
KCNMB2-AS1 and miR-374a-3p in NSCLC tissues. 
Also, the correlation between miR-374a-3p and ROCK1 
in NSCLC tissues was also tested. However, we did not 
investigate the correlation between KCNMB2-AS1 and 

miR-374a-3p as well as miR-374a-3p and ROCK1 in 
TCGA. It was a limitation of our study, and we will 
resolve it in the near future.

Conclusion
In summary, our data revealed the involvement of KCNMB2- 
AS1 in accelerating the progression of NSCLC by regulating 
the miR-374a-3p/ROCK1 axis. These results may have 
a positive significance for the identification of novel thera-
peutic targets for the management of NSCLC in the future.
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