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Abstract

Background: Non-small cell lung cancer (NSCLC) is a major histological subtype of lung cancer with high mortality
and morbidity. A substantial amount of evidence demonstrates long non-coding RNAs (IncRNA) as critical
regulators in tumorigeneis and malignant progression of human cancers. The oncogenic role of BBOX1 anti-sense
RNA 1 (BBOX1-AS1) has been reported in several tumors. As yet, the potential functions and mechanisms of BBOX1-
AST in NSCLC are obscure.

Methods: The gene and protein expression was detected by gqRT-PCR and western blot. Cell function was
determined by CCK-8, colony forming, would healing and transwell assays. Bioinformatics tools, ChIP assays, dual
luciferase reporters system and RNA pull-down experiments were used to examine the interaction between
molecules. Subcutaneous tumor models in nude mice were established to investigate in vivo NSCLC cell behavior.

Results: BBOX1-AS1 was highly expressed in NSCLC tissues and cells. High BBOX1-AS1 expression was associated
with worse clinical parameters and poor prognosis. BBOX1-AS1 up-regulation was induced by transcription factor
KLF5. BBOX1-AS1 deficiency resulted in an inhibition of cell proliferation, migration, invasion and EMT in vitro. Also,
knockdown of BBOX1-AS1 suppressed NSCLC xenograft tumor growth in mice in vivo. Mechanistically, BBOX1-AS1
acted act as a competetive “sponge” of miR-27a-5p to promote maternal embryonic leucine zipper kinase (MELK)
expression and activate FAK signaling. miR-27a-5p was confirmed as a tumor suppressor in NSCLC. Moreover,
BBOX1-AST-induced increase of cell proliferation, migration, invasion and EMT was greatly reversed due to the
overexpression of miR-27a-5p. In addition, the suppressive effect of NSCLC progression owing to BBOX1-AS1
depletion was abated by the up-regulation of MELK. Consistently, BBOX1-AS1-mediated carcinogenicity was
attenuated in NSCLC after treatment with a specific MELK inhibitor OTSSP167.

Conclusions: KLF5-induced BBOX1-AS1 exerts tumor-promotive roles in NSCLC via sponging miR-27a-5p to activate
MELK/FAK signaling, providing the possibility of employing BBOX1-AS1 as a therapeutic target for NSCLC patients.
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Background

According to the statistic data from International
Agency for Research on Cancer, lung cancer still ranks
first in cancer morbidity and mortality all over the
world, accounting for approximately 11.6% of the total
cases and 18.4% of the total cancer deaths, respectively
[1]. Nearly 85% of lung cancer patients are diagnosed as
non-small cell lung cancer (NSCLC), of which lung
adenocarcinoma (LUAD) and lung squamous cell carcin-
oma (LUSC) are the most common histological subtypes
[2]. In addition to cigarette smoking, occupational car-
cinogens and air pollution are also regarded to be associ-
ated with this fatal disease [3]. Due to the deficiency of
early detection biomarkers and obvious clinical symp-
toms, most patients are diagnosed at an advanced-stage
[4]. A report on cancer survival during the most recent
time period (2007-2013) shows an unfavorable progno-
sis for lung cancer patients, with a 5-year survival rate of
merely 5% in distant stage [5]. Although recent advances
in targeted therapy and immunotherapy have brought an
exciting possibility of long term responses in advanced
NSCLC [6, 7], elucidating the deep-going pathological
mechanisms behind NSCLC progression is necessary to
develop novel molecular targets and prolong patient
survival.

Long non-coding RNAs (LncRNAs), non-protein-
coding transcripts with a length greater than 200 nucleo-
tides, regulate the expression of neighboring or distal
genes ranging from integrating chromatin remodeling
complexes to tuning transcription and  post-
transcriptional processes [8]. LncRNAs participate in
carcinogenesis and metastasis in a variety of human ma-
lignancies through serving as signaling transducers, en-
hancers, structure scaffolds or molecular decoys by
physically interacting with other RNA species, proteins
or chromatin [9, 10]. Due to high specificity and easy de-
tection in the tissues, serum and plasma, IncRNAs have
been potentially explored as diagnostic and prognostic
biomarkers and therapeutic targets for cancer patients
[11]. A growing list of IncRNAs are reported as tumor
suppressors or drivers in NSCLC via impacting funda-
mental cellular processes, such as proliferation, survival,
apoptosis, migration, invasion and epithelial to mesen-
chymal transition (EMT) [12, 13]. For instance, IncRNA
LINCO01234 conferred an aggressive phenotype to NSCL
C by sponging miR-340-5p/miR-27b-3p in the cytoplasm
and inhibiting BTG2 expression in the nucleus [14].
Hypoxia-induced IncRNA AC020978 facilitates cell pro-
liferation, migration and glycolytic metabolism in NSCL
C through controlling PKM2/HIF-1a axis [15]. BBOX1
anti-sense RNA 1 (BBOX1-AS1) was recently clarified as
an oncogenic IncRNA in several human tumors, includ-
ing gastric cancer [16], cervical cancer [17], ovarian can-
cer [18] and colorectal cancer [19]. Through mining the
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microarray data of GEO database including GSE18842
and GSE19188, BBOX1-AS1 expression was found to be
higher in NSCLC tumor tissues than that in adjacent
non-cancerous tissues. Its detailed functions and under-
lying mechanisms, however, remain undefined.

It is now well understood that some IncRNAs could
act as competing endogenous RNAs (ceRNAs) by bind-
ing to miRNA to reduce their inhibitory effects on target
mRNAs [20, 21]. Evidence to support this concept is also
found in lung tumors [22, 23]. Here, a series of clinical
and functional experiments were conducted to uncover
the biological significance of BBOX1-AS1 in NSCLC, as
well as whether the involvement of BBOXI1-AS1 in
NSCLC was attributed to the similar ceRNA regulating
cascades.

In this study, we demonstrated that KLF5-induced
BBOX1-AS1 could serve as a molecular sponge for miR-
27a-5p to up-regulate MELK expression and activate
FAK signaling, thereby facilitating NSCLC cell prolifera-
tion and metastasis in vitro and in vivo. Our data high-
lights the potential clinical value of BBOX1-AS1 as
prognostic biomarker and therapeutic target in NSCLC.

Materials and methods

Tissue samples

Tumor tissues and adjacent non-cancerous tissues were
surgically obtained from 76 patients with a histopatho-
logical diagnosis of NSCLC at the First Affiliated Hos-
pital of Zhengzhou University between June 2014 and
May 2017. None of patients received preoperative anti-
cancer treatment. The acquired tissues specimens were
quickly frozen in liquid nitrogen and then conserved in
a refrigerator at — 80°C. The experimental procedures
involving human subjects were conducted according to
the principles of Declaration of Helsinki and approved
by the Institutional Ethics Committee of the First Affili-
ated Hospital of Zhengzhou University. Each patient
signed the informed written consent prior to participat-
ing in this research.

Cell culture

An immortalized human bronchial epithelial cell line
BEAS-2B and NSCLC cells (A549, H1975, SK-MES-1
and H520) were obtained from the Institute of Biochem-
istry and Cell Biology of the Chinese Academy of Sci-
ences (Shanghai, China). NSCLC cells were grown in
RPMI 1640 medium (Thermo Fisher Scientific, Wal-
tham, MA, USA) with 10% fetal bovine serum, 100 U/
mL penicillin and 100 pg/mL streptomycin. BEAS-2B
cells were maintained in Bronchial Epithelial Basal
Medium (Lonza, Walkersville, Maryland, USA). All cells
were cultured in a 37 °C incubator with humidified at-
mosphere of 5% CO,. Cells were negative for
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mycoplasma contamination and routinely subcultured at
80% confluence.

Cell transfection

Small interfering RNAs (siRNAs) specifically targeting
BBOX1-AS1 (si-BBOX1-AS1#1, si-BBOX1-AS1 #2) or
MELK (si-MELK) and corresponding non-specific
siRNA (si-NC) were obtained from GenePharma (Shang-
hai, China). MiR-27a-5p mimic (miR-27a-5p), miR-27a-
5p inhibitor (inh-miR-27a-5p) and their corresponding
negative nonsense sequences (miR-NC/inh-NC) were
purchased from RiboBio (Guangzhou, China). BBOX1-
AS1-overexpressing plasmid (BBOX1-AS1), MELK-
overexpression vector (MELK) and negative control
pcDNA3.1 (Vector) were provided by Geneseed
(Guangzhou, China). When cells grew to about 70-80%
confluence, transfection was performed using Lipofecta-
mine 3000 reagent (Invitrogen, Carlsbad, CA, USA) ac-
cording to the manufacturer’s guidance. At 48 h after
transfection, cells were harvested for further analysis.

RNA isolation and quantitative real-time PCR (qRT-PCR)
Total RNA extraction from tissue specimens and cells
were conducted by using TRIzol Reagent (Invitrogen)
following the supplier’s instructions. For cDNAs synthe-
sis of BBOX1-AS1 or MELK, 1 pg of total RNA was sub-
jected to reverse transcription by using RevertAid First
Strand ¢cDNA Synthesis Kit (Thermo Fisher Scientific,
Waltham, MA, USA). For miR-27a-5p, cDNAs were
generated from total RNA with TagMan MicroRNA re-
verse transcription kit (Applied Biosystems, Foster City,
CA, USA). Quantitative PCR amplification was per-
formed with LightCycler 480 SYBR Green I Master mix
(Roche, Mannheim, Germany) on a LightCycler 480 In-
strument II (Roche). The 2724“T method was applied to
evaluate the relative gene expression. Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) was used as an en-
dogenous control to normalize against BBOX1-AS1 or
MELK, while U6 snRNA served as an internal reference
for miR-27a-3p. The primer sequences were listed in
Additional file 1: Table S1.

Western blot assay

NSCLC cells were lysed with RIPA lysis buffer (Beyo-
time, Shanghai, China) containing a protease inhibitor
cocktail (Roche, Basel, Switzerland) to extract the total
protein. Protein concentration was determined by DC
protein assay kit (Bio-Rad, Hercules, CA, USA). Equiva-
lent protein (25 pg) from each group was loaded on 10%
SDS-PAGE gel, transferred onto 0.22 pm PVDF mem-
branes and blocked in 5% skimmed milk to minimize
non-specific binding of antibodies. Then, the membranes
were separately probed with primary antibodies and fur-
ther incubated with HRP-conjugated secondary for 2h
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at room temperature. The protein blots were visualized
by using an enhanced chemiluminescence detection kit
(ECL Plus; Millipore, Billerica, MA, USA). Images were
acquired with Image Quant Las 4000 system (GE
Healthcare, Chicago, IL, USA) and band intensities were
quantified by ImageQuant TL software (GE Healthcare).
Antibodies against E-cadherin, N-cadherin, Vimentin
and GAPDH were purchased from Cell Signaling Tech-
nology (Danvers, MA, USA). Antibodies against MELK,
p-FAK and FAK were obtained from Abcam (Cam-
bridge, MA, USA).

CCK-8 assay

Cell proliferation potential was evaluated by using CCK-
8 kit (Dojindo, Kumamoto, Japan). Brief, transfected
NSCLC cells were seeded into 96-well plates at a density
of 2.5 x 10® cells/well and incubated under standard con-
dition for 1, 2, 3 and 4 days. After adding 10 pl of CCK-8
solution, the plates were put back to the incubator for
incubation of another 2.5h. The absorbance at 450 nm
was recorded by a microplate reader (Bio-Rad, Hercules,
CA, USA) to depict the growth curves.

Colony formation assay

Transfected NSCLC cells were inoculated in 6-well
plates (800 cells per well) and cultured for another two
weeks. During the culture processes, the medium was
refreshed twice a week. At last, cells were washed with
PBS, fixed with methanol and stained with crystal violet
for 20 min. Images were photographed with a Leica
DMIL inverted light microscope (Leica Microsystems,
Germany) and visible colonies were then counted.

Wound healing assay

Transfected NSCLC cells were inoculated in 6-well
plates and grew to a 100% confluence. Then, the culture
medium was discarded and a linear wound was
scratched across the monolayer using a sterile 200 pl
pipette tip. After removing the non-adherent cells and
debris, the refresh medium was added for 48 h incuba-
tion. Images were taken by an inverted microscope at 0
h and 48h after the wounds were generated. The per-
centage of wound closure (%) = (width on day 0 - with
on day 48)/width on day 0 x 100%.

Transwell invasion assay

Transwell chambers (Costar, Corning Inc., NY, USA)
with 8 pm pore size membranes were applied to examine
cell invasion ability. The membranes of the inserts were
pre-coated with Matrigel matrix at 24 h prior to cell
seeding. A total of 2 x 10° NSCLC cells in 200 L serum-
free medium were added to the upper chamber, while
the bottom chamber was filled with 600 uL complete
serum-containing medium. After 24 h of incubation, the
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non-invasive cells were wiped off from the upper surface
of the filter by using a cotton swab. At the same time,
cells that had travelled through the membrane were
fixed with methanol, stained with crystal violet and
photographed by an optical microscope with digital
camera. The average number of invasive cells was calcu-
lated from five randomly selected fields.

Subcellular fractionation

PARIS kit protein and RNA isolation system (Life Tech-
nologies, Carlsbad, CA, USA) was applied to isolate and
purify the nuclear and cytoplasmic RNA from NSCLC
cells in accordance with the manufacturer’s guidance.
qRT-PCR was used to measure the expression of
BBOX1-AS1 from nuclear and cytoplasmic fractions,
with U6 and GAPDH as respective reference.

Bioinformatics analysis

Microarray data were downloaded from GEO datasets
(GSE18842, GSE19188, GSE135918, GSE29250 and
GSE33532). GEPIA (https://gepia.cancer-pku.cn/index.
html) and starBase (https://starbase.sysu.edu.cn/) were
used to analyze the gene expression level and gene cor-
relation. Kaplan-Meier Plotter (https://kmplot.com/
analysis/) was applied to assess the effect of genes on pa-
tient prognosis in lung cancer. JASPAR (https://jaspar.
genereg.net/) was utilized to predict the binding sites be-
tween KLF5 and BBOX1-AS1 promoter. DIANA-
LncBase (https://carolina.imis.athena-innovation.gr/
diana_tools/web/index.php?r=Incbasev2%2Findex) and
LncBook  (https://bigd.big.ac.cn/Incbook/index) were
used to predict the candidate miRNAs that contain
BBOX1-AS1 binding sites. TargetScan (https://www.
targetscan.org/vert_72/) and miRDB (https://mirdb.org/)
were employed to predict the potential targets of miR-
27a-5p. The subcellular localization of BBOX1-AS1 was
predicted by using IncLocator (https://www.csbio.sjtu.
edu.cn/bioinf/IncLocator).

Chromatin immunoprecipitation (ChIP) assay

EZ-ChIP Chromatin immunoprecipitation kit (Millipore,
Bedford, MA, USA) was used to perform ChIP assay. In
brief, NSCLC cells were treated with 1% formaldehyde
for 15 min to generate DNA-protein cross-linking. Sub-
sequently, cells were lysed and sonicated to obtain chro-
matin fragments with an average size of 200 to 500 bp.
Then, magnetic protein A beads coupled with KLF5
antibody (Abcam, Cambridge, MA, USA) were used to
precipitate the chromatin fragments. Normal rabbit IgG
was used as a negative control. Finally, the precipitated
DNA was subjected to qRT-PCR assay.
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Dual-luciferase reporter assay

The wild type (wt) sequences of BBOX1-AS1 or MELK-
3UTR harboring miR-27a-5p binding sites were sub-
cloned to the downstream of the Firefly luciferase coding
region in pmirGLO vector (Promega, Madison, WI,
USA), generating BBOX1-AS1-wt and MELK-wt re-
porter. The mutant version of BBOX1-AS1 or MELK-
3UTR (BBOX1-AS1-mut or MELK-mut) was created by
using QuikChange XL Site-Directed Mutagenesis kit
(Agilent Technologies, Santa Clara, CA, USA) to change
the nucleotides complementary to miR-27a-5p. The con-
structed luciferase reporters were transfected into NSCL
C cells together with miR-NC or miR-27a-5p. After 48 h,
the luciferase activities were examined with a Dual-
Luciferase reporter assay system (Promega). The relative
luciferase activity was determined by normalizing the
firefly luciferase activity against the Renilla luciferase
activity.

Biotin-coupled miRNA pull-down assay

The biotinylated miRNA mimic (Biotin-miR-27a-5p)
and negative control (Biotin-NC) were purchased from
GenePharma (Shanghai, China). NSCLC cells were
transfected with biotinylated RNAs and cultured for 48 h
at 37 °C. Then, cells were harvested and lysed in the lysis
buffer, followed by incubation with streptavidin-coated
magnetic beads at 4°C for 2h. The enrichment of
BBOX1-AS1 or MELK mRNA in biotin-coupled RNA
complex was detected by qRT-PCR.

In vivo xenograft assays

All animal procedures strictly conformed to the National
Institutes of Health guide for the care and use of Labora-
tory animals and authorized by the Institutional Animal
Care and Use Committee of the First Affiliated Hospital
of Zhengzhou University. Male BALB/c nude mice (6
weeks old, 20-24g) were purchased from Shanghai
SLAC Laboratory Animal Center (Shanghai, China) and
allowed to acclimatize for at least one week prior to ex-
periments. They were caged in a specific pathogen-free
animal facility and fed with standard rodent food and
water ad libitum. Mice were subcutaneously injected
with A549 cells (6 x 10°) with lentivirus vectors carrying
sh-BBOX1-AS1 or sh-NC at the left armpit. Tumor size
was measured and recorded every 5 days. Tumor volume
was calculated with the formula V =0.5ab’ where ‘a’
and ‘b’ represent the long and the short diameters of the
tumor, respectively. At 27 days post-inoculation, mice
were killed and tumor masses were removed for subse-
quent assays.

Immunohistochemistry (IHC)
Xenograft tumor tissues excised from mice were washed
with PBS, fixed with 4% paraformaldehyde, embedded in
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paraffin and cut into 4-um slices. Then, the slices were
incubated with primary antibody against Ki-67 (Santa
Cruz Biotechnology, Dallas, TX, USA) or PCNA (Santa
Cruz Biotechnology) at 4°C overnight, followed by
treated with HRP-conjugated secondary antibody (Santa
Cruz Biotechnology) for 1 h at room temperature. After
stained with diaminobenzidine and haematoxylin, the
tissue sections were visualized under a light microscope.

Statistical analysis

Statistical evaluations were done using the GraphPad
Prism 7 (GraphPad Software, Inc., La Jolla, CA, USA).
All data were shown as mean * standard deviation (SD)
from at least 3 independent experiments. Gene expres-
sion difference between tumor tissue samples and adja-
cent normal tissues were determined using a paired ¢
test. Student’s ¢ test was used to compare the difference
between two groups, while one-way analysis of variance
(ANOVA) was applied for comparison among three
groups or more. The correlation between BBOX1-AS1
expression and clinicopathological features was analyzed
with x2 test. The overall survival was estimated by using
Kaplan-Meier method and compared with log-rank test.
Statistically significant data were presented as *P < 0.05,
**P <0.01 and ***P < 0.001.

Results

BBOX1-AS1 is up-regulated in NSCLC and represents a
poor prognosis

In order to identify the differentially expressed IncRNAs
in NSCLC, two sets of lung cancer microarray data
(GSE18842 and GSE19188) were downloaded from GEO
database. The aberrantly expressed IncRNAs were dis-
played in heatmap (Fig. la and b). According to the
intersection of up-regulated IncRNAs in GSE18842 and
GSE19188, seven IncRNAs (LINC00511, LINC01133,
DUXAP10, LINC01296, BBOX1-AS1, AFAP1-AS1 and
LINCO01116) were found to be highly expressed in NSCL
C tumor tissues in both datasets (Fig. 1 c). Among these
IncRNAs, BBOX1-AS1 was selected for further analysis
due to that its functions and mechanisms in NSCLC
were still unclear. By using the starBase Pan-Cancer
Analysis Platform, BBOX1-AS1 expression was observed
to be increased in both LUAD and LUSC tissues (Fig.
1d). Consistently, bioinformatics tool GEPIA also pre-
sented a rise of BBOX1-AS1 expression in LUSC tissues
(Additional file 1: Fig. S1A). As depicted by survival ana-
lysis platforms Kaplan-Meier Plotter, NSCLC patients
with high BBOX1-AS1 expression had a worse prognosis
compared to that with low BBOX1-AS1 expression (Fig.
1le). Subsequently, we performed qRT-PCR to determine
the expression profile of BBOX1-AS1 in tumor tissues
and adjacent non-cancerous tissues from 76 NSCLC pa-
tients. As a result, higher BBOX1-AS1 expression was

(2021) 40:148

Page 5 of 18

observed in NSCLC tumor specimens than that in
matched paraneoplastic tissues (Fig. 1f). Moreover,
BBOX1-AS1 expression was positively associated with
tumor size (P =0.038), TNM stage (P = 0.006) and lymph
node metastasis (P = 0.022) (Table 1). Kaplan-Meier sur-
vival curves demonstrated a lower survival for NSCLC
patients expressing high level of BBOX1-AS1 (Fig. 1g).
In addition, BBOX1-AS1 showed an increased expres-
sion in NSCLC cells in comparison with normal bron-
chial epithelial cell line BEAS-2B (Fig. 1h). Together,
abnormally up-regulated BBOX1-AS1 might be associ-
ated with NSCLC progression and prognosis.

Transcription factor KLF5 binds to BBOX1-AS1 promoter
to activate its transcription

With the aim of exploring the potential mechanisms in-
volved in BBOX1-AS1 up-regulation in NSCLC, JASPAR
algorithm was used to predict the possible transcription
factors that could bind to the promoter region of
BBOX1-AS1. As shown in Fig. 2a, there were two puta-
tive binding sites for KLF5 in the BBOX1-AS1 promoter.
GEPIA program displayed that KLF5 was highly
expressed LUSC tumor tissues (Fig. 2b). Moreover,
GEPIA website also found a positive correlation between
BBOX1-AS1 and KLF5 in lung cancer tissues (Fig. 2c).
Next, qRT-PCR was applied to detect the effect of KLF5
on BBOX1-AS1 expression in NSCLC cells. The results
showed that BBOX1-AS1 expression was inhibited upon
KLF5 knockdown, but was promoted due to KLF5 up-
regulation in both A549 and SK-MES-1 cells (Fig. 2d).
For exactly confirming the binding between KLF5 and
BBOX1-AS1 promoter, ChIP assay followed by luciferase
reporter experiments were carried out. ChIP assay re-
sults revealed that there was an occupancy for KLF5 at
the P2 site (- 57 ~ - 48) on BBOX1-AS1 promoter (Fig.
2e). Afterwards, luciferase reporter vectors were con-
structed by inserting the wild type or mutant P2 se-
quence of BBOX1-AS1 promoter into pmirGLO, named
as wt-P2 and mut-P2 (Fig. 2f). The luciferase reporter
assay results manifested that overexpression of KLF5 in
A549 cells significantly enhanced the luciferase activity
of wt-P2 rather than mut-P2 (Fig. 2g). On the contrary,
the luciferase activity of wt-P2 but not that of mut-P2
was decreased in SK-MES-1 cells with KLF5 knockdown
(Fig. 2h). These data suggested that KLF5 contributed to
the transcription activation of BBOX1-AS1.

BBOX1-AS1 promotes cell malignant phenotypes in NSCLC

For the purpose of clarifying the biological functions of
BBOX1-AS1 in NSCLC, two siRNAs specifically against
BBOX1-AS1 (si-BBOX1-AS1#1 and si-BBOX1-AS1#2)
were transfected into A549 and SK-MES-1 cells. As
demonstrated by qRT-PCR, BBOX1-AS1 was effectively
suppressed by these two siRNAs (Fig. 3a). Then, CCK-8
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Table 1 Correlation between BBOX1-AS1 expression and
clinicopathological parameters of NSCLC patients

Clinicopathological BBOX1-AS1 expression P value

features Low (n=38)  High (n=38)

Age 0.639
<60 16 14
> 60 22 24

Gender 0.622
Male 11 13
Female 27 25

Tumor size 0.038*
<5cm 25 16
25cm 13 22

TNM stage 0.006*
/1l 26 14
/v 12 24

Lymph node metastasis 0.022*
Negative 23 13
Positive 15 25

Differentiation grade 0454
Well/moderate 28 25
Poor 10 13

Histology type
Adenocarcinoma 20 18 0.646
Squamous carcinoma 18 20

*P <0.05

and colony forming experiments were performed to
examine the influence of BBOX1-AS1 on cell prolifera-
tion. As presented in Fig. 3b and c, depletion of BBOX1-
AS1 led to a significant repression of cell viability and
colony forming ability. Subsequently, wound healing and
transwell invasion assays were applied to evaluate the
impact of BBOX1-AS1 on cell metastatic potential.
Wound healing assays showed a decreased wound clos-
ure ability in A549 and SK-MES-1 cells with low
BBOX1-AS1 expression (Fig. 3d). Transwell invasion as-
says revealed that the number of invasive cells was re-
duced due to BBOXI1-AS1 knockdown (Fig. 3e).
Meanwhile, western blot assays were used to determine
the effect of BBOX1-AS1 on EMT. As a result, we ob-
served an increase of E-cadherin expression, while a de-
cline of N-cadherin and Vimentin expression in response
to BBOX1-AS1 down-regulation (Fig. 3f). The aforemen-
tioned results indicated that BBOX1-AS1 facilitated cell
proliferation, migration, invasion and EMT in NSCLC.

BBOX1-AS1 serves AS a sponge for miR-27a-5p in NSCLC cells
Next, we further made an attempt to uncover the mech-
anisms by which BBOX1-AS1 exerts oncogenic property

(2021) 40:148
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in NSCLC. First of all, IncLocator online software was
applied to predict the subcellular distribution of
BBOX1-AS1. As delineated in Fig. 4a, BBOX1-AS1 was
predominantly located in the cytoplasm. Subcellular
fractionation experiments confirmed that there was
much more BBOX1-AS1 in the cytoplasm of NSCLC
cells than that in the nucleus (Fig. 4b), indicating the
cytoplasmic localization of BBOX1-AS1 in NSCLC.
One action mechanisms of cytoplasmic IncRNAs is
that they are able to act as ceRNAs to sequester miR-
NAs and thus alleviate their suppression on target
mRNAs [24]. Here, we speculated whether the car-
cinogenicity of BBOX1-AS1 in NSCLC was dependent
on this “IncRNA-miRNA” interaction. By searching
DIANA-LncBase v2.0 and LncBook programs, 41
miRNAs that contain the complementary sequences
of BBOX1-AS1 were obtained. According to the data
from gene chip GSE135918, a total of 373 down-
regulated miRNAs were identified in lung cancer.
Then, the candidate miRNAs obtained from these two
methods were intersected. As shown in Fig. 4c, only
three miRNAs (hsa-miR-3664-3p, hsa-miR-27a-5p and
hsa-miR-4778-3p) were identified. GSE135918 showed
a significant down-regulation of hsa-miR-3664-3p,
hsa-miR-27a-5p and hsa-miR-4778-3p in lung cancer
tissues compared with corresponding non-tumor tis-
sues (Fig. 4d). By performing the luciferase reporter
assays, miR-27a-5p suppressed the luciferase activity
of wild-type BBOX1-AS1 reporter in HEK293T cells
rather than miR-3664-3p or miR-4778-3p. Hence, we
focus our attention on miR-27a-5p for further assays.
The wild-type BBOX1-AS1 sequences harboring the
miR-27a-5p binding sites as well as its mutant version
in which the binding sequences were replaced were
subcloned to luciferase reporter vector (Fig. 4f). Dual-
luciferase reporter assays were conducted in A549
and SK-MES-1 cells co-transfected with miR-NC or
miR-27a-5p and BBOX1-AS1-wt or BBOX1-AS1-mut
reporter. The results showed that the luciferase activ-
ity of BBOX1-ASl-wt reporter but not that of
BBOX1-AS1-mut was inhibited by miR-27a-5p over-
expression in NSCLC cells (Fig. 4g). RNA pull-down
assay disclosed that much more BBOX1-AS1 was cap-
tured by Biotin-miR-27a-5p rather than by Biotin-NC
(Fig. 4h). Moreover, miR-27a-5p expression was de-
creased in NSCLC cells with BBOX1-AS1 up-
regulation, while BBOX1-AS1 depletion was respon-
sible for the increase of miR-27a-5p expression in
both A549 and SK-MES-1 cells (Fig. 4i). Furthermore,
qRT-PCR assays found that miR-27a-5p was down-
regulated in NSCLC tumor tissues and inversely asso-
ciated with BBOX1-AS1 expression (Fig. 4j and k).
The starBase pan-cancer analysis platform described
the consistent result (Additional File 1: Fig. S1B and
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Fig. 2 KLF5 transcriptionally activates BBOX1-AS1 in NSCLC cells. a Online JASPAR software was utilized to predict the possible binding sites
of trascription factor KLF5 on BBOX1-AST promoter region. b GEPIA database displayed the expression profile of KLF5 in LUSC. ¢ The correlation
between BBOX1-AS1 and KLF5 expression was analyzed by bioinformatics tool GEPIA. d gRT-PCR assays were performed to determine the effect
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C). According to OncoLnc (https://www.oncolnc.org/) BBOX1-AS1 accelerates NSCLC progression in vitro via
that provides online survival analysis for the TCGA  sponging miR-27a-5p

patients (490 LUAD cases and 466 LUSC cases), we Then, we further unearthed the role of miR-27a-5p in
found that there was no significant correlation be- NSCLC, and whether miR-27a-5p was implicated in the
tween miR-27a-5p expression and patient survival in  regulation of BBOX1-AS1 in cell malignant behaviors.
both LUAD and LUSC (Additional file 1: Fig. SID). As a result, enforced expression of miR-27a-5p led to a
Consistently, no significant difference was observed significant repression of cell growth and colony forming
for patient survival in our NSCLC cohort with high capability (Fig. 5a and b). Moreover, cell migration and
or low miR-27a-5p expression (Additional file 1: Fig. invasion potential was effectively attenuated in response
S1E). Thus, miR-27a-5p expression was not correlated to miR-27a-5p overexpression (Fig. 5¢ and d). Similarly,
with patient prognosis in NSCLC. To sum up, increased E-cadherin expression as well as decreased N-
BBOX1-AS1 was able to interact with miR-27a-5p to  cadherin and Vimentin expression were found in NSCL
inhibit its expression in NSCLC cells. C cells with miR-27a-5p up-regulation (Fig. 5e),
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Fig. 3 BBOX1-AS1 induces cell proliferation, migration, invasion and EMT in NSCLC. a After transfection with si-NC or siRNAs aganist

BBOX1-AST (si-BBOX1-AS1#1 or si-BBOX1-AS142), NSCLC cells were subjected to qRT-PCR for detecting BBOX1-AS1 expression level. b and ¢ CCK-
8 and colony formation assays were carried out to assess cell proliferation potential upon BBOX1-AST knockdown. d Wound healing assays were
used to evaluate the impact of BBOX1-AS1 depletion on cell migration. e Transwell assays were applied to detect cell invasion ability in the
present of sikRNAs targeting BBOX1-AST. f Western blot assays were utilized to the measure the expression of EMT markers (E-cadherin, N-cadherin

and vimentin) in NSCLC cells with low BBOX1-AS1 expression. **P < 0.01, ***P < 0.001

J

suggesting the inhibitory effect of miR-27a-5p on EMT.
As noted above, miR-27a-5p was a tumor-suppressive
factor in NSCLC. Importantly, BBOX1-AS1-induced cell
proliferation was greatly abrogated due to the overex-
pression of miR-27a-5p (Fig. 5a and b). Consistently,

exogenous expression of miR-27a-5p also eliminated the
promotive effects of BBOX1-AS1 on cell migration, in-
vasion and EMT (Fig. 5c-e). These data supported that
BBOX1-AS1 exerted tumor-promoting activity in NSCL
C through modulating miR-27a-5p.
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the binding between miR-27a-5p and BBOX1-AS1 in NSCLC cells by using Biotin-NC or Biotin-miR-27a-5p. i The expression of miR-27a-5p was
detected by gRT-PCR assays in NSCLC cells with BBOX1-AS1 overexpression or depletion. j gRT-PCR analysis of miR-27a-5p expression in NSCLC
tumor tissues and corresponding non-cancerous. k Correlation analysis between miR-27a-5p and BBOX1-AS1 in NSCLC tumor

BBOX1-AS1 up-regulates MELK expression via serving AS

a sponge for miR-27a-5p

In order to make an investigation into the possible
mechanism behind the inhibitory influence of miR-27a-
5p on NSCLC, we collected the expression profile from
4 lung cancer microarrays (GSE19188, GSE18842,
GSE29250 and GSE33532) to identify the differentially
expressed genes in lung cancer. As depicted by Venn
diagram in Fig. 6a, a total of 180 up-regulated genes
were discovered in all datasets. By intersecting the above
180 up-regulated genes with the predicted targets of
miR-27a-5p from TargetScan and miRDB, only two
genes (MELK and PPAT) were screened out (Fig. 6b).
According to a previous report, MELK was up-regulated
in NSCLC and could potentially be used as a poor prog-
nostic factor and therapeutic target for NSCLC [25].
Hence, we determined MELK as a follow-up research
target. TCGA data from GEPIA and starBase Pan-
Cancer Analysis Platform both disclosed higher expres-
sion of MELK in LUAD and LUSC tissues (Fig. 6¢ and

Additional file 1: Fig. S1F). Moreover, patients with high
MELK expression showed a significantly decreased over-
all survival compared to that with low MELK expression
in lung cancer by Kaplan—Meier Plotter (Fig. 6d). The
wild-type or mutant binding sites of MELK-3'UTR on
miR-27a-5p were delineated in Fig. 6e. To validate the
actual binding between miR-27a-5p and MELK-
3UTR, luciferase reporter and RNA pull-down experi-
ments were performed. The results revealed that the
luciferase activity of MELK-wt reporter was greatly
suppressed due to miR-27a-5p overexpression, while
no change was observed for the luciferase activity of
MELK-mut reporter between miR-NC and miR-27a-
5p (Fig. 6f). In contrast with Biotin-NC group, MELK
was significantly enriched in RNA complex pulled
down by Biotin-miR-27a-5p (Fig. 6g). Western blot
assays manifested that overexpression of miR-27a-5p
inhibited MELK protein level, while miR-27a-5p
knockdown led to an increase of MELK protein ex-
pression in A549 and SK-MES-1 cells (Fig. 6h). It is
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thus apparent that MELK was a downstream target of
miR-27a-5p in NSCLC cells.

Given that the ceRNA action mechanisms for
IncRNAs, we further explored whether BBOX1-AS1
was able to affect MELK expression by sponging miR-
27a-5p. Based on the TCGA data from GEPIA, there
was a positive correlation between MELK and
BBOX1-AS1 expression in LUSC tissues (Fig. 6i).
qRT-PCR verified the higher MELK expression in
NSCLC tumor samples than that in proximal normal
tissues (Fig. 6j). Additionally, MELK level was posi-
tively correlated to BBOX1-AS1 expression, while was
negatively associated with miR-27a-5p expression (Fig.
6k). What’s more, MELK protein level was increased
in response to BBOX1-AS1 up-regulation in A549
cells, but this effect was impaired by miR-27a-5p
overexpression or MELK knockdown (Fig. 61 and m).
On the contrary, MELK protein level was reduced in

SK-MES-1 cells due to BBOX1-AS1 silencing, while
co-transfection with miR-27a-5p inhibitor or MELK-
overexpressing plasmid reversed this influence (Fig. 6l
and m). Focal adhesion kinase (FAK), a protein tyro-
sine kinase activated and/or overexpressed in ad-
vanced cancers, is able to drive tumor growth and
metastasis [26]. Here, we found that BBOX1-AS1
overexpression promoted the phosphorylation levels
of FAK in A549 cells, but miR-27a-5p up-regulation
or MELK depletion abated this impact (Fig. 61 and
m). In SK-MES-1 cells, knockdown of BBOX1-AS1
inhibited the phosphorylation levels of FAK, while
this effect was abolished by miR-27a-5p down-
regulation or MELK overexpression to a great extent
(Fig. 61 and m). According to these data, it was con-
cluded that BBOX1-AS1 served as a miR-27a-5p
sponge to up-regulate MELK expression and activate
FAK signaling.
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BBOX1-AS1 exerts oncogenic role in NSCLC via regulating
MELK

In line with a previous document [27], knockdown of
MELK was found to exert an inhibitory effect on NSCL
C cell proliferation, migration and invasion (Additional
file 1: Fig. S2A-D). In an effort to figure out whether
BBOX1-AS1-mediated oncogenic activity in NSCLC was
dependent on MELK, si-BBOX1-AS1#2 was transfected
into A549 and SK-MES-1 cells alone or together with
MELK-overexpressing vector. It turned out that the pro-
liferation inhibition triggered by BBOX1-AS depletion
was restored upon MELK up-regulation (Fig. 7a and b).
Likewise, si-BBOX1-AS1-induced suppression of cell mi-
gration, invasion and EMT were counteracted in re-
sponse to MELK overexpression (Fig. 7c-e).

On the other hand, a specific MELK inhibitor
OTSSP167 (50 nM) was used to treat A549 and SK-
MES-1 cells prior to transfection with BBOX1-AS1-
overexpressing plasmid. The result showed that
BBOX1-AS1-induced increase of cell viability and col-
ony forming potential was reversed by treatment with
OTSSP167 (Fig. 8a and b). Moreover, BBOX1-AS1-
mediated promotion of cell migration, invasion and
EMT was attenuated upon OTSSP167 treatment (Fig.
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8c-e). Collectively, the carcinogenicity of BBOX1-AS1
was at least, in part, able to be explained by the in-
crease of MELK expression.

BBOX1-AS1 promoted NSCLC tumor growth in vivo

To examine the influence of BBOX1-AS1 on NSCLC
tumor growth in vivo, A549 cells carrying sh-BBOX1-
AS1 or sh-NC were subcutaneously injected into nude
mice. The results showed that silencing of BBOX1-AS1
significantly suppressed tumor growth when compared
with sh-NC group (Fig. 9a). As expected, tumor weight
was lower in sh-BBOX1-AS1 group than that in sh-NC
group (Fig. 9b). IHC analysis revealed a decline of Ki-67
and PCNA expression in xenograft tumor tissues derived
from sh-BBOX1-AS1-transfected cells (Fig. 9¢c). qRT-
PCR assay manifested that knockdown of BBOX1-AS1
led to a decrease of BBOX1-AS1 and MELK expression,
while an enhancement of miR-27a-5p expression in
tumor tissues (Fig. 9d). Western blot assays also demon-
strated compared to sh-NC group, MELK protein level
was declined in BBOX1-AS1-depletion tumor tissues
(Fig. 9e). Moreover, inhibition of BBOX1-AS1 led to an
increase of E-cadherin protein level, but a decrease of N-
cadherin protein expression in the excised tumors (Fig.
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9e). Altogether, BBOX1-AS1 was responsible for NSCLC
tumorigenesis in vivo.

Discussion

With the development of systemic therapies in NSCLC,
such as targeted therapy, immunotherapy and chemo-
therapy, the clinical outcome for advanced and meta-
static patients has been improved [28, 29]. In recent
years, IncRNAs have drawn a great deal of attention and
interest as crucial regulator in multiple cellular processes
associated with tumorigenesis and metastasis [30, 31]. In
the present study, we analyzed the expression profile of
IncRNAs in NSCLC through two microarray datasets
(GSE18842 and GSE19188). Aberrantly up-regulated
BBOX1-AS1 was selected as the object for function and
mechanism investigation. As a result, BBOX1-AS1 was
confirmed to be highly expressed in NSCLC tumor tis-
sues and cells. Moreover, high BBOX1-AS1 expression
was positively related to tumor size, TNM stage and
lymph node metastasis. Additionally, high BBOX1-AS1
expression was observed to indicate an adverse

prognosis for NSCLC patients. These data presented
above implied the potential application of BBOX1-AS1
as a prognosis biomarker for NSCLC.

Emerging documents demonstrate that some tran-
scription factors are able to induce the transcription and
expression of IncRNAs, such as SP1 [32] and EGR1 [33].
With the assistance of online tool JASPAR, KLF5 was
predicted as a candidate transcription factor. By using
ChIP and luciferase reporter assays, we confirmed that
KLF5 was responsible for BBOX1-AS1 up-regulation in
NSCLC cells by binding to its promoter region. In line
with our data, KLF5 was also discovered as a transcrip-
tion factor to facilitate IncRNAs expression in other ma-
lignancies. For instance, KLF5-activated IncRNA NEAT1
accelerated gastric cancer progression via serving as a
scaffold for BRG1 to down-regulate GADD45A expres-
sion [34]. KLF5-regulated IncRNA RP1 contributed to
cell proliferation and metastasis in breast cancer through
suppressing p27kipl translation [35]. Overall, the abnor-
mal increase of BBOX1-AS1 was at least partly attribut-
able to KLF5 dysregulation.
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Recently, the biological functions of BBOX1-AS1 in
several human cancers have been demonstrated. Yang
et al. revealed that BBOX1-AS1 was up-regulated in gas-
tric cancer, and promoted cell growth via interaction
with miR-3940-3p to facilitate BIRC5 expression [16].
Xu et al. uncovered that BBOX1-AS1 expression was el-
evated in cervical cancer, and BBOX1-AS1 could drive
cell malignant phenotypes by up-regulating HOXC6 via
miR-361-3p and HuR [17]. Yao et al. found that
BBOX1-AS1 exerted a tumor-promotive effect in ovar-
ian cancer through sequestering miR-361-3p to enhance
PODXL expression [18]. Liu et al. disclosed that
BBOX1-AS1 acted as a sponge for miR-361-3p to induce
SH2B1 expression, thereby accelerating cell proliferation

and metastasis in colorectal cancer [19]. In the present
study, we found that depletion of BBOX1-AS1 inhibited
NSCLC cell proliferation, migration, invasion and EMT
in vitro. Moreover, knockdown of BBOX1-AS1 slowed
xenograft growth in vivo. All these results supported
BBOX1-AS1 as a tumor driver in NSCLC progression.

A hypothesis that cytoplasmic IncRNAs can compete
for miRNAs via binding to their shared binding sites on
protein-coding mRNAs has been widely accepted [36].
By bioinformatic prediction tool and subcellular frac-
tionation assay, most of BBOX1-AS1 was confirmed to
be located in the cytoplasm. According to web-based al-
gorithms, luciferase reporter assays and RNA pull down
experiments, miR-27a-5p was validated as a downstream
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target of BBOX1-AS1. MiR-27a is demonstrated to be
implicated in oncogenesis, invasion, metastasis, EMT
and chemoresistance in kinds of solid tumors, implying
its potential as biomarker and therapeutic target in hu-
man cancers [37, 38]. A previous document confirmed
the downregulation of miR-27a-5p in small cell lung
cancer (SCLC) clinical specimens, and ectopic expres-
sion of miR-27a-5p suppressed cancer cell aggressiveness
[39]. What's more, a recent document revealed that
miR-27a-5p was down-regulated in lung adenocarcin-
oma and exerted an tumor-suppressive activity via inhi-
biting cell colony forming ability [40]. Nonetheless, there
is still an insufficient understanding of role miR-27a-5p’s
role in NSCLC development. In this current study, we
found that miR-27a-5p overexpression significantly sup-
pressed proliferation, migration, invasion and EMT of
both A549 and SK-MES-1 cells. More importantly, miR-
27a-5p could partly countervail the promotive effects of
BBOX1-AS1 on NSCLC cell malignant phenotypes.
Therefore, it was inferred that BBOX1-AS1 could act as
an endogenous sponge to repress the expression and
function of miR-27a-5p.

MELK, a highly conserved serine/threonine kinase, has
been reported to be highly expressed in various types of
human malignancies and exert an oncogenic role
through modulating cell proliferation, apoptosis, cancer
stem cell phenotypes, EMT, metastasis and treatment re-
sistance [41]. In accordance with previous literatures
concerning MELK in NSCLC [25, 42], we found that
MELK was up-regulated in NSCLC tumor samples com-
pared with normal specimens by analyzing the lung car-
cinoma mRNA microarray profile from the GEO
datasets. Through a series of bioinformatic prediction
and experiment validation, MELK was identified as a dir-
ect target of miR-27a-5p. Functionally, silencing of
MELK resulted in a significant repression of cell prolifer-
ation, migration and invasion in NSCLC. Consistently,
Tang et al. recently uncovered MELK as a oncogenic
kinase critical for metastasis, mitotic progression and
programmed death of LUAD [27]. Mechanistically,
BBOX1-AS1 served as a molecular sponge for miR-27a-
5p to attenuate its suppressive effects on MELK expres-
sion. Furthermore, the tumor-suppressive activity owing
to BBOX1-AS1 knockdown was partly reversed by
MELK overexpression. Focal adhesion kinase (FAK), a
cytoplasmic protein tyrosine kinase that is overexpressed
and activated in several solid cancers, could drive tumor
progression and metastasis through different pathways
[43]. Here, we found that BBOX1-AS1 could activate
FAK signaling by sponging miR-27a-5p. Thus, we con-
cluded that BBOX1-AS exerted oncogenic effects in
NSCLC at least in part by positively regulating MELK/
FAK pathway via sponging miR-27a-5p. Liu et al. re-
cently disclosed that MELK facilitated colorectal cancer
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progression by activating FAK/Src pathway [44]. MELK
is reported to be involved in multiple cellular events in
tumorigenesis and malignant progression of human can-
cers by phosphorylation and regulation of several signal-
ing molecules [45], such as NF-«xB [46] and mTOR [47].
Thus, more detailed investigation on the downstream
signaling pathways of MELK is required in NSCLC.

Conclusion

Taken together, BBOX1-AS1 was highly expressed in
NSCLC. Higher BBOX1-AS1 expression was correlated
with worse clinical parameters and poorer patient out-
comes. Moreover, BBOX1-AS1 up-regulation in NSCLC
was induced by transcription factor KLF5. Functionally,
knockdown of BBOX1-AS1 inhibited cell proliferation,
migration, invasion and EMT in vitro and slowered
tumor growth in vivo. Mechanistically, BBOX1-AS1
acted as a sponge for miR-27a-5p to release MELK ex-
pression and activating FAK signaling. Our findings
clarified a KLF5/BBOX1-AS1/miR-27a-5p/MELK regula-
tory axis in NSCLC (Fig. 8f), offering a theoretical foun-
dation for employing BBOXI1-AS1 as a promising
therapeutic target for NSCLC. Although IncRNA-based
researches open up new avenues for therapeutic inter-
vention of cancer patients, there is still a long way to go
to bring these molecular targets to clinic use.

Abbreviations

NSCLC: Non-small cell lung cancer; IncRNAs: Long non-coding RNAs; BBOX1-
AST: BBOX1 anti-sense RNA 1; MELK: Maternal embryonic leucine Zipper
kinase; LUAD: Lung adenocarcinoma; LUSC: Lung squamous cell carcinoma;
EMT: Epithelial to mesenchymal transition; ceRNAs: Competing endogenous
RNAs; siRNAs: Small interfering RNAs; gRT-PCR: Quantitative real-time PCR;
ChIP: Chromatin immunoprecipitation; IHC: Immunohistochemistry;

ANOVA: One-way analysis of variance; FAK: Focal adhesion kinase

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/513046-021-01943-5.

Additional file 1: Table S1. Primer sequences used in qRT-PCR. Figure
S1. (A) GEPIA website shows the expression of BBOX1-AST in LUSC. (B)
starBase Pan-Cancer Analysis Platform reveals the expression of miR-27a-
5p in LUSC. (C) starBase Pan-Cancer Analysis Platform was used to analyze
the correlation between miR-27a-5p and BBOX1-AST in lung cancer tis-
sues. (D) Kaplan-Meier survival plots using the TCGA LUAD and LUSC pa-
tients by expression value of miR-27a-5p. (E) Kaplan-Meier survival curve
was used to determine the correlation between overall survival and miR-
27a-5p expression in NSCLC. (F) GEPIA database displays the expression
of MELK mRNA in LUSC and LUAD. Figure S2. MELK promotes cell prolif-
eration, migration and invasion in NSCLC. (A-D) A549 and SK-MES-1 cells
were transfected with si-NC or si-MELK, followed by CCK-8 assay of cell
viability (A), colony forming assay (B), wound healing assay of cell migra-
tion (C) and transwell assay of cell invasion. **P < 0.01, ***P < 0.001.

Acknowledgements
Not applicable.

Authors’ contributions
J S and J J conceived and designed the concept. J S, C Y and J A carried out
the experiments. J S, D H and C L are responsible for data collection and


https://doi.org/10.1186/s13046-021-01943-5
https://doi.org/10.1186/s13046-021-01943-5

Shi et al. Journal of Experimental & Clinical Cancer Research

analysis. J S and J L wrote the manuscript. J S and J J provide some
comments and revisions. All authors read and approved the final version.

Funding
This study was supported by Henan Key Medical Science and Technology
Research Project (No. LHGJ20190036).

Availability of data and materials
The datasets used and analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Competing interest
The authors declare that they have no conflicts of interest.

Ethics approval and consent to participate

The experimental procedures involving human subjects were conducted
according to the principles of Declaration of Helsinki and approved by the
Institutional Ethics Committee of the First Affiliated Hospital of Zhengzhou
University.

All animal procedures strictly conformed to the National Institutes of Health
guide for the care and use of Laboratory animals and authorized by the
Institutional Animal Care and Use Committee of the First Affiliated Hospital
of Zhengzhou University.

Consent for publication
Not applicable.

Author details

'Department of Geriatric Respiratory Medicine, the First Affiliated Hospital of
Zhengzhou University, Zhengzhou 450052, China. “Department of
Neurology, the First Affiliated Hospital of Zhengzhou University, Zhengzhou
450052, China.

Received: 1 February 2021 Accepted: 11 April 2021
Published online: 30 April 2021

References

1. Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries. CA Cancer J Clin. 2018:68(6):394-424.
https.//doi.org/10.3322/caac.21492.

2. Chen Z Fillmore CM, Hammerman PS, Kim CF, Wong KK. Non-small-cell
lung cancers: a heterogeneous set of diseases. Nat Rev Cancer. 2014;14(8):
535-46. https://doi.org/10.1038/nrc3775.

3. Herbst RS, Morgensztern D, Boshoff C. The biology and management of
non-small cell lung cancer. Nature. 2018;553(7689):446-54. https://doi.org/1
0.1038/nature25183.

4. Gridelli C, Rossi A, Carbone DP, Guarize J, Karachaliou N, Mok T, et al. Non-
small-cell lung cancer. Nat Rev Dis Primers. 2015;1(1):15009. https://doi.org/1
0.1038/nrdp.2015.9.

5. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer J Clin. 2018;
68(1):7-30. https://doi.org/10.3322/caac.21442.

6. Hirsch FR, Suda K, Wiens J, Bunn PA Jr. New and emerging targeted

treatments in advanced non-small-cell lung cancer. Lancet. 2016;388(10048):

1012-24. https;//doi.org/10.1016/50140-6736(16)31473-8.

7. Doroshow DB, Sanmamed MF, Hastings K, Politi K, Rimm DL, Chen L, et al.
Immunotherapy in non-small cell lung Cancer: facts and hopes. Clin Cancer
Res. 2019;25(15):4592-602. https//doi.org/10.1158/1078-0432.CCR-18-1538.

8. Bhat SA, Ahmad SM, Mumtaz PT, Malik AA, Dar MA, Urwat U, et al. Long
non-coding RNAs: mechanism of action and functional utility. Noncoding
RNA Res. 2016;1(1):43-50. https://doi.org/10.1016/j.ncrna.2016.11.002.

9. Sanchez Calle A, Kawamura Y. Emerging roles of long non-coding RNA in
cancer. Cancer Sci. 2018;109(7):2093-100. https//doi.org/10.1111/cas.13642.

10.  Fang Y, Fullwood MJ. Roles, functions, and mechanisms of long non-coding
RNAs in Cancer. Genom Proteomics Bioinform. 2016;14(1):42-54. https://doi.
0rg/10.1016/j.gpb.2015.09.006.

11. Chandra Gupta S, Nandan TY. Potential of long non-coding RNAs in cancer
patients: from biomarkers to therapeutic targets. Int J Cancer. 2017;140(9):
1955-67. https://doi.org/10.1002/ijc.30546.

(2021) 40:148

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

32.

Page 17 of 18

Ginn L, Shi L, Montagna M, Garofalo M. LncRNAs in non-small-cell lung
Cancer. Noncoding RNA. 2020,6(3):25.

Ricciuti B, Mencaroni C, Paglialunga L, Paciullo F, Crino L, Chiari R, et al.
Long noncoding RNAs: new insights into non-small cell lung cancer
biology, diagnosis and therapy. Med Oncol. 2016;33(2):18. https://doi.org/1
0.1007/512032-016-0731-2.

Chen Z,Chen X, Lu B, Gu Y, Chen Q, Lei T, et al. Up-regulated LINC01234
promotes non-small-cell lung cancer cell metastasis by activating VAV3 and
repressing BTG2 expression. J Hematol Oncol. 2020;13(1):7. https://doi.org/1
0.1186/513045-019-0842-2.

Hua Q, Mi B, Xu F, Wen J, Zhao L, Liu J, et al. Hypoxia-induced IncRNA-
AC020978 promotes proliferation and glycolytic metabolism of non-small
cell lung cancer by regulating PKM2/HIF-1a axis. Theranostics. 2020;10(11):
4762-78. https://doi.org/10.7150/thno.43839.

Yang Y, Yu Q, Li B, Guan R, Huang C, Yang X. BBOX1-AS1 accelerates gastric
Cancer proliferation by sponging miR-3940-3p to Upregulate BIRCS
expression. Dig Dis Sci. 2021;66(4):1054-62. https://doi.org/10.1007/510620-
020-06308-0.

Xu J, Yang B, Wang L, Zhu Y, Zhu X, Xia Z, et al. LncRNA BBOX1-AS1
upregulates HOXC6 expression through miR-361-3p and HuR to drive
cervical cancer progression. Cell Prolif. 2020;53(7):e12823. https://doi.org/1
0.1111/cpr.12823.

Yao H, Chen R, Yang Y, Jiang J. LncRNA BBOX1-AS1 aggravates the
development of ovarian Cancer by sequestering miR-361-3p to augment
PODXL expression. Reprod Sci. 2021;28(3):736-44. https.//doi.org/10.1007/
$43032-020-00366-5.

Liu J, Zhu J, Xiao Z, Wang X, Luo J. BBOX1-AS1 contributes to colorectal
cancer progression by sponging hsa-miR-361-3p and targeting SH2B1. FEBS
Open Bio. 2020. https://doi.org/10.1002/2211-5463.12802.

Bartonicek N, Maag JL, Dinger ME. Long noncoding RNAs in cancer:
mechanisms of action and technological advancements. Mol Cancer. 2016;
15(1):43. https;//doi.org/10.1186/512943-016-0530-6.

Yoon JH, Abdelmohsen K, Gorospe M. Functional interactions among
microRNAs and long noncoding RNAs. Semin Cell Dev Biol. 2014;34(4):9-14.
https://doi.org/10.1016/j.semcdb.2014.05.015.

Liu G Li X, Hao Y, Wang F, Cheng Z, Geng H, et al. STAT1-induced
upregulation of INcRNA KTN1-AST predicts poor prognosis and facilitates
non-small cell lung cancer progression via miR-23b/DEPDC1 axis. Aging
(Albany NY). 2020;12(9):8680-701. https.//doi.org/10.18632/aging.103191.

Li C, Zhao W, Pan X, Li X, Yan F, Liu S, et al. LncRNA KTN1-AST promotes
the progression of non-small cell lung cancer via sponging of miR-130a-5p
and activation of PDPK1. Oncogene. 2020;39(39):6157-71. https://doi.org/1
0.1038/541388-020-01427-4.

Rashid F, Shah A, Shan G. Long non-coding RNAs in the cytoplasm. Genom
Proteomics Bioinform. 2016;14(2):73-80. https.//doi.org/10.1016/.gpb.2016.03.005.
Zang X, Qian C, Ruan Y, Xie J, Luo T, Xu B, et al. Higher maternal embryonic
leucine zipper kinase mRNA expression level is a poor prognostic factor in
non-small-cell lung carcinoma patients. Biomark Med. 2019;13(16):1349-61.
https://doi.org/10.2217/bmm-2019-0052.

Yoon H, Dehart JP, Murphy JM, Lim ST. Understanding the roles of FAK in
cancer: inhibitors, genetic models, and new insights. J Histochem
Cytochem. 2015;63(2):114-28. https://doi.org/10.1369/0022155414561498.
Tang Q, Li W, Zheng X, Ren L, Liu J, Li S, et al. MELK is an oncogenic kinase
essential for metastasis, mitotic progression, and programmed death in
lung carcinoma. Signal Transduct Target Ther. 2020;5(1):279. https://doi.
0rg/10.1038/541392-020-00288-3.

Arbour KC, Riely GJ. Systemic therapy for locally advanced and metastatic
non-small cell lung Cancer: a review. JAMA. 2019,;322(8):764-74. https://doi.
0rg/10.1001/jama.2019.11058.

Howlader N, Forjaz G, Mooradian MJ, Meza R, Kong CY, Cronin KA, et al. The
effect of advances in lung-Cancer treatment on population mortality. N
Engl J Med. 2020,383(7):640-9. https://doi.org/10.1056/NEJMoa1916623.
Chi'Y, Wang D, Wang J, Yu W, Yang J. Long non-coding RNA in the
pathogenesis of cancers. Cells. 2019;8(9):1015. https://doi.org/10.3390/
cells8091015.

Weidle UH, Birzele F, Kollmorgen G, Riger R. Long non-coding RNAs and
their role in metastasis. Cancer Genomics Proteomics. 2017;14(3):143-60.
https.//doi.org/10.21873/cgp.20027.

Yang J, Zhao S. SP1-mediated IncRNA PVT1 modulates the proliferation and
apoptosis of lens epithelial cells in diabetic cataract via miR-214-3p/MMP2
axis. J Cell Mol Med. 2020,24(1):554-61. https://doi.org/10.1111/jcmm.14762.


https://doi.org/10.3322/caac.21492
https://doi.org/10.1038/nrc3775
https://doi.org/10.1038/nature25183
https://doi.org/10.1038/nature25183
https://doi.org/10.1038/nrdp.2015.9
https://doi.org/10.1038/nrdp.2015.9
https://doi.org/10.3322/caac.21442
https://doi.org/10.1016/S0140-6736(16)31473-8
https://doi.org/10.1158/1078-0432.CCR-18-1538
https://doi.org/10.1016/j.ncrna.2016.11.002
https://doi.org/10.1111/cas.13642
https://doi.org/10.1016/j.gpb.2015.09.006
https://doi.org/10.1016/j.gpb.2015.09.006
https://doi.org/10.1002/ijc.30546
https://doi.org/10.1007/s12032-016-0731-2
https://doi.org/10.1007/s12032-016-0731-2
https://doi.org/10.1186/s13045-019-0842-2
https://doi.org/10.1186/s13045-019-0842-2
https://doi.org/10.7150/thno.43839
https://doi.org/10.1007/s10620-020-06308-0
https://doi.org/10.1007/s10620-020-06308-0
https://doi.org/10.1111/cpr.12823
https://doi.org/10.1111/cpr.12823
https://doi.org/10.1007/s43032-020-00366-5
https://doi.org/10.1007/s43032-020-00366-5
https://doi.org/10.1002/2211-5463.12802
https://doi.org/10.1186/s12943-016-0530-6
https://doi.org/10.1016/j.semcdb.2014.05.015
https://doi.org/10.18632/aging.103191
https://doi.org/10.1038/s41388-020-01427-4
https://doi.org/10.1038/s41388-020-01427-4
https://doi.org/10.1016/j.gpb.2016.03.005
https://doi.org/10.2217/bmm-2019-0052
https://doi.org/10.1369/0022155414561498
https://doi.org/10.1038/s41392-020-00288-3
https://doi.org/10.1038/s41392-020-00288-3
https://doi.org/10.1001/jama.2019.11058
https://doi.org/10.1001/jama.2019.11058
https://doi.org/10.1056/NEJMoa1916623
https://doi.org/10.3390/cells8091015
https://doi.org/10.3390/cells8091015
https://doi.org/10.21873/cgp.20027
https://doi.org/10.1111/jcmm.14762

Shi et al. Journal of Experimental & Clinical Cancer Research

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

(2021) 40:148

Liu HT, Liu S, Liu L, Ma RR, Gao P. EGR1-mediated transcription of IncRNA-
HNF1A-AST promotes cell-cycle progression in gastric Cancer. Cancer Res.
2018;78(20):5877-90. https://doi.org/10.1158/0008-5472.CAN-18-1011.

Ma P, Pan Y, Yang F, Fang Y, Liu W, Zhao C, et al. KLF5-modulated IncRNA
NEATT contributes to tumorigenesis by acting as a scaffold for BRG1 to
silence GADD45A in gastric Cancer. Mol Ther Nucleic Acids. 2020;22:382-95.
https://doi.org/10.1016/j.0mtn.2020.09.003.

Jia X, Shi L, Wang X, Luo L, Ling L, Yin J, et al. KLF5 regulated IncRNA RP1
promotes the growth and metastasis of breast cancer via repressing
p27kip1 translation. Cell Death Dis. 2019;10(5):373. https://doi.org/10.1038/
s41419-019-1566-5.

Noh JH, Kim KM, McClusky WG, Abdelmohsen K, Gorospe M. Cytoplasmic
functions of long noncoding RNAs. Wiley Interdiscip Rev RNA. 2018,9(3):
e1471. https//doi.org/10.1002/wrna.1471.

Zhang J, Cao Z, Yang G, You L, Zhang T, Zhao Y. MicroRNA-27a (miR-27a) in
solid tumors: a review based on mechanisms and clinical observations.
Front Oncol. 2019;9:893. https://doi.org/10.3389/fonc.2019.00893.

Li X, Xu M, Ding L, Tang J. MiR-27a: a novel biomarker and potential
therapeutic target in tumors. J Cancer. 2019;10(12):2836-48. https://doi.
0rg/10.7150/jca.31361.

Mizuno K, Mataki H, Arai T, Okato A, Kamikawaji K, Kumamoto T, et al. The
microRNA expression signature of small cell lung cancer: tumor suppressors
of miR-27a-5p and miR-34b-3p and their targeted oncogenes. J Hum Genet.
201762(7)671-8. https//doi.org/10.1038/jhg.2017.27.

Yu N, Yong S, Kim HK, Choi YL, Jung Y, Kim D, et al. Identification of tumor
suppressor miRNAs by integrative miRNA and mRNA sequencing of
matched tumor-normal samples in lung adenocarcinoma. Mol Oncol. 2019;
13(6):1356-68. https://doi.org/10.1002/1878-0261.12478.

Pitner MK; Taliaferro JM, Dalby KN, Bartholomeusz C. MELK: a potential novel
therapeutic target for TNBC and other aggressive malignancies. Expert Opin
Ther Targets. 2017,21(9):849-59. https://doi.org/10.1080/14728222.2017.13
63183.

Zhang L, Peng R, Sun Y, Wang J, Chong X, Zhang Z. Identification of key
genes in non-small cell lung cancer by bioinformatics analysis. Peer J. 2019;
7:8215. https;//doi.org/10.7717/peerj.8215.

Sulzmaier FJ, Jean C, Schlaepfer DD. FAK in cancer: mechanistic findings
and clinical applications. Nat Rev Cancer. 2014;14(9):598-610. https://doi.
0rg/10.1038/nrc3792.

Liu G, Zhan W, Guo W, Hu F, Qin J, Li R, et al. MELK accelerates the
progression of colorectal Cancer via activating the FAK/Src pathway.
Biochem Genet. 2020;58(5):771-82. https://doi.org/10.1007/510528-020-
09974-x.

Thangaraj K, Ponnusamy L, Natarajan SR, Manoharan R. MELK/MPK38 in
cancer: from mechanistic aspects to therapeutic strategies. Drug Discov
Today. 2020,25(12):2161-73. https://doi.org/10.1016/j.drudis.2020.09.029.
Janostiak R, Rauniyar N, Lam TT, Ou J, Zhu LJ, Green MR, et al. MELK
promotes melanoma growth by stimulating the NF-kB pathway. Cell Rep.
2017;21(10):2829-41. https://doi.org/10.1016/j.celrep.2017.11.033.

Xu Q, Ge Q, Zhou Y, Yang B, Yang Q, Jiang S, et al. MELK promotes
endometrial carcinoma progression via activating mTOR signaling pathway.
EBioMedicine. 2020;51:102609. https://doi.org/10.1016/j.ebiom.2019.102609.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 18 of 18

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions


https://doi.org/10.1158/0008-5472.CAN-18-1011
https://doi.org/10.1016/j.omtn.2020.09.003
https://doi.org/10.1038/s41419-019-1566-5
https://doi.org/10.1038/s41419-019-1566-5
https://doi.org/10.1002/wrna.1471
https://doi.org/10.3389/fonc.2019.00893
https://doi.org/10.7150/jca.31361
https://doi.org/10.7150/jca.31361
https://doi.org/10.1038/jhg.2017.27
https://doi.org/10.1002/1878-0261.12478
https://doi.org/10.1080/14728222.2017.1363183
https://doi.org/10.1080/14728222.2017.1363183
https://doi.org/10.7717/peerj.8215
https://doi.org/10.1038/nrc3792
https://doi.org/10.1038/nrc3792
https://doi.org/10.1007/s10528-020-09974-x
https://doi.org/10.1007/s10528-020-09974-x
https://doi.org/10.1016/j.drudis.2020.09.029
https://doi.org/10.1016/j.celrep.2017.11.033
https://doi.org/10.1016/j.ebiom.2019.102609

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Materials and methods
	Tissue samples
	Cell culture
	Cell transfection
	RNA isolation and quantitative real-time PCR (qRT-PCR)
	Western blot assay
	CCK-8 assay
	Colony formation assay
	Wound healing assay
	Transwell invasion assay
	Subcellular fractionation
	Bioinformatics analysis
	Chromatin immunoprecipitation (ChIP) assay
	Dual-luciferase reporter assay
	Biotin-coupled miRNA pull-down assay
	In vivo xenograft assays
	Immunohistochemistry (IHC)
	Statistical analysis

	Results
	BBOX1-AS1 is up-regulated in NSCLC and represents a poor prognosis
	Transcription factor KLF5 binds to BBOX1-AS1 promoter to activate its transcription
	BBOX1-AS1 promotes cell malignant phenotypes in NSCLC
	BBOX1-AS1 serves AS a sponge for miR-27a-5p in NSCLC cells
	BBOX1-AS1 accelerates NSCLC progression in�vitro via sponging miR-27a-5p
	BBOX1-AS1 up-regulates MELK expression via serving AS a sponge for miR-27a-5p
	BBOX1-AS1 exerts oncogenic role in NSCLC via regulating MELK
	BBOX1-AS1 promoted NSCLC tumor growth in�vivo

	Discussion
	Conclusion
	Abbreviations
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Competing interest
	Ethics approval and consent to participate
	Consent for publication
	Author details
	References
	Publisher’s Note

