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Abstract
Background: Circular RNAs (circRNAs) have been reported to play vital roles in the
progression of diverse human cancers, including non-small cell lung cancer (NSCLC).
The purpose of this study was to explore the exact role and underlying mechanism of
circ_PLXND1 in NSCLC progression.
Methods: Quantitative real-time polymerase chain reaction (qRT-PCR) assay was per-
formed to determine the expression levels of circ_PLXND1, microRNA (miR)-
1287-5p and human epidermal growth factor receptor 3 (ERBB3). The localization of
circ_PLXND1 in NSCLC cells was tested by subcellular fractionation and localization
assay. Cell angiogenesis, proliferation, apoptosis, migration and invasion were evalu-
ated by tube formation assay, 5-ethynyl-20-deoxyuridine (EdU) incorporation assay,
3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) assay, flow
cytometry and transwell assay. Dual-luciferase reporter assay was utilized to confirm
the interaction between miR-1287-5p and circ_PLXND1 or ERBB3. Western blot
assay was exploited to examine the expression of proteins.
Results: Circ_PLXND1 and ERBB3 were upregulated while miR-1287-5p was down-
regulated in NSCLC tissues and cells. Circ_PLXND1 was a stable circRNA and mainly
located in cytoplasm. Circ_PLXND1 silencing suppressed the proliferation, angiogene-
sis, migration and invasion of NSCLC cells in vitro. For mechanism analysis,
circ_PLXND1 could positively regulate ERBB3 expression via sponging miR-1287-5p.
The inhibitory impacts of circ_PLXND1 knockdown on the malignant behaviors of
NSCLC cells were overturned by miR-1287-5p inhibitor. Overexpression of miR-
1287-5p repressed the malignant phenotypes of NSCLC cells by targeting ERBB3. Fur-
thermore, circ_PLXND1 interference inhibited tumor growth in vivo.
Conclusions: Circ_PLXND1 knockdown impeded NSCLC progression through mod-
ulating the miR-1287-5p/ERBB3 axis, indicating a promising molecular target for
NSCLC treatment.
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INTRODUCTION

Non-small cell lung cancer (NSCLC), a major type of lung
cancer, is a huge intimidation to human health with a dis-
mal survival rate, leading to cancer-associated morbidity
and mortality.1,2 Despite considerable progress having been
made in treatment strategies for NSCLC, the prognosis of

NSCLC patients remains unsatisfactory.3,4 Therefore, there
is a necessity to elucidate the pathogenic mechanism of
NSCLC and find novel targeted curative strategies for
NSCLC patients.

Circular RNAs (circRNAs) are a novel class of endoge-
nous non-coding RNAs (ncRNAs) with covalent closed
loops.5,6 Currently, diverse circRNAs have been demonstrated
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to be linked with the occurrence and advancement of diversi-
form tumors, including NSCLC.7 For example, circ-PITX1
expedited the tumorigenesis of NSCLC through the miR-
1248/CCND2 pathway.8 Circ_0020123 exerted oncogenic
property in NSCLC through the miR-142-3p/ZFX axis.9

Moreover, circ_PLXND1 (hsa_circ_0067301), derived from
the PLXND1 gene, is suggested to have elevated expression in
NSCLC tissues through analyzing the GSE101684 data from
the Gene Expression Omnibus database (GEO) public data-
base. Nonetheless, the biological function and regulatory the-
ory of circ_PLXND1 in NSCLC has not yet been explored.

MicroRNAs (miRNAs) are short ncRNAs that trigger
translational repression and exert biological function in cancer
via binding to the 30 untranslated regions (3’UTRs) of targeted
mRNAs.10–12 Similarly, miRNAs have been reported to
be novel biomarkers and promising targets for NSCLC
treatment.13,14 In addition, miR-1287 has been shown to be
involved in NSCLC cell proliferation and invasion via serving
as a target of circ_0026134.15 However, whether circ_PLXND1
might modulate NSCLC advancement by interacting with
miR-1287-5p remains uninvestigated.

Human epidermal growth factor receptor 3 (ERBB3,
HER3), a member of the ERBB receptor family, is relevant
to the development and progression of cancers.16,17 Fur-
thermore, ERBB3 has been found to be upregulated in
NSCLC thus promoting cancer development.18,19 In this
report, utilizing starBase v2.0, ERBB3 was forecasted to be
targeted by miR-1287-5p. Thereby, further investigations
on the role of ERBB3 in the functional effects mediated by
miR-1287-5p on NSCLC progression were conducted in
this study.

Herein, we examined the abundances of circ_PLXND1,
miR-1287-5p and ERBB3 in NSCLC tissue samples and
cells. In addition, the functional effects of circ_PLXND1 in
NSCLC progression and the potential circ_PLXND1/miR-
1287-5p/ERBB3 pathway were investigated.

METHODS

Tissue acquisition

A total of 45 pairs of NSCLC tissue samples and adjacent
healthy tissues were collected from NSCLC patients who
underwent surgery at Xi’an Hospital of Traditional Chinese
Medicine. None of the subjects received other preoperative
radiation treatment or chemical therapy. The study obtained
approval from the Ethics Committee of Xi’an Hospital of
Traditional Chinese Medicine. Before sample collection,
written informed consent was also obtained from every
patient.

Cell culture

The human normal bronchial epithelial cell line (16HBE)
and NSCLC cell line H1299 were purchased from Procell.

The NSCLC cell line PC9 was purchased from Cobioer Bio-
sciences Co., Ltd. (Nanjing, China). Above cells were grown
in RPMI-1640 medium (Procell) plus 10% FBS (Procell) and
1% streptomycin/penicillin (P/S, Procell) in a moist atmo-
sphere at 37�C with 5% CO2.

Quantitative real-time polymerase chain
reaction (qRT-PCR)

RNAiso Plus regent (Takara) was employed for total RNA
separation. Then, cDNA was obtained through reverse tran-
scription of RNA utilizing PrimeScript RT reagent kit
(Takara) or miScript II RT kit (Qiagen), followed by qRT-
PCR assay on a PCR system exploiting a SYBR Premix Ex
Taq II kit (Takara). The relative expression was computed
via the 2�ΔΔCt method with glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) or U6 as inner contrast. The spe-
cific primers are shown in Table 1.

Subcellular fractionation and localization

The nuclear RNA and cytoplasmic fractions of H1299 and
PC9 cells were isolated using the mirVana PARIS kit
(Ambion). The proportion of circ_PLXND1 in the cyto-
plasm and nucleus was inspected via qRT-PCR assay, with
GAPDH and U6 as internal controls, respectively.

Actinomycin D assay

For the stability analysis of circ_PLXND1, transcription
inhibitor actinomycin D (1 mg/mL; Abcam) was utilized to
incubate with H1299 and PC9 cells for 0, 8, 16 or 24 h. The
RNAs were isolated from H1299 and PC9 cells and then
subjected to qRT-PCR analysis for detecting the abundances
of circ_PLXND1 and PLXND1.

TAB L E 1 The list of primer sequences for PCR.

Primers for PCR (50-30)

circ_PLXND1 Forward CTCAGTGGTGGAAGACGG

Reverse CAGGTCCCGAAGGATGTA

PLXND1 Forward TGACCGTGAACGCCTCTAAGGA

Reverse GAGCCTACATGGAGGTCATTCC

miR-1287-5p Forward GCTGGATCAGTGGTTCG

Reverse GAACATGTCTGCGTATCTC

ERBB3 Forward CTATGAGGCGATACTTGGAACGG

Reverse GCACAGTTCCAAAGACACCCGA

GAPDH Forward GGAGCCAAAAGGGTCATC

Reverse CCAGTGAGCTTCCCGTTC

U6 Forward GCTTCGGCAGCACATATACTAAAAT

Reverse CGCTTCACGAATTTGCGTGTCAT
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Cell transfection

To silence circ_PLXND1, circ_PLXND1 small interference
RNA (si-circ_PLXND1) and short hairpin RNA (sh-
circ_PLXND1) were constructed by RiboBio, with si-NC or
sh-NC as the negative control. For elevating or inhibiting
miR-1287-5p level, miR-1287-5p mimic or inhibitor (miR-
1287-5p or anti-miR-1287-5p) and matched control (miR-
NC or anti-miR-NC) were also synthesized by RiboBio. For
the acquisition of ERBB3 overexpression plasmid, ERBB3
full-length sequence was introduced into pcDNA3.1 vector
(pcDNA) (Invitrogen). H1299 and PC9 cells were transduced
with oligonucleotides or vectors utilizing lipofectamine 3000
reagent (Invitrogen) referring to the specifications.

Tube formation assay

The serum-free culture medium of assigned H1299 and PC9
cells was collected after centrifugation. Each well of the 96-well
plate was coated with 50 μL Matrigel (BD Biosciences) for 1 h.
Human umbilical vein endothelial cells (HUVECs: Procell)
were starved for 24 h and then seeded on the Matrigel gel with
200 μL collected culture medium plus 1% FBS. The tube for-
mation of HUVECs was detected using a microscope.

5-ethynyl-20-deoxyuridine (EdU) incorporation
assay

For assessing the capacity for DNA synthesis in proliferating
cells, Cell-Light EDU Apollo 567 In Vitro Imaging Kit
(RiboBio) was utilized. Briefly, transfected H1299 and PC9
cells were cultivated for 48 h at 37�C in 96-well plates, and
subsequently immobilized using paraformaldehyde (4%;
Solarbio) for 0.5 h and permeabilized by Triton X-100
(0.5%; Solarbio) for 10 min in the indoor environment. Sub-
sequently, cells were added with 10 μM EdU at 37�C for
2 h-incubation, and 5 μg/mL DAPI solution (Solarbio) was
utilized for the staining of cell nuclei for 10 min. A fluores-
cence microscope (100�; Olympus) was employed for
counting the number of EdU-positive cells in several ran-
domly selected areas. Cell nuclei were stained blue, and
EdU-positive cells were stained red.

3-(4, 5-dimethylthiazol-2-yl)-2,
5-diphenyltetrazolium bromide (MTT) assay

In brief, transfected H1299 and PC9 cells were seeded in
96-well plates for the cultivation of varying time (1, 2, or
3 days). Thereafter, 20 μL MTT (5 mg/mL; Solarbio) was
supplemented into the well for an additional 4 h-incubation
in the indoor environment. Later, cell supernatant was dis-
carded and 150 μL DMSO (Solarbio) was utilized for melting
the formazan crystals. Ultimately, a microplate reader was
employed for the determination of absorbance at 570 nm.

Flow cytometry analysis

The detection of cell apoptosis was manipulated exploiting
annexin V-FITC Apoptosis Staining/Detection Kit (Abcam).
After 48 h, transfected H1299 and PC9 cells were gathered
and suspended in binding buffer (400 μL). Then, cells were
dyed using annexin V-FITC (10 μL) together with PI (5 μL)
in darkness for 15 min. The apoptotic cells (annexin V-
FITC+ and PI+ or PI�) were identified and the apoptotic
rate was analyzed by flow cytometry.

Transwell assay

Cell migratory and invasive capacities were respectively ana-
lyzed utilizing a transwell chamber (Corning Inc.) coated
without and with Matrigel (Solarbio). Briefly, transfected
H1299 and PC9 cells (1 � 104) were suspended in FBS-free
medium and then plated into the top compartment of the
chamber. Meanwhile, 500 μL complete medium (plus FBS)
was added to the bottom compartment. Following 24 h-cul-
tivation, migratory and invasive cells were fixed in parafor-
maldehyde (4%; Solarbio) for 0.5 h and dyed using 0.5%
crystal violet (Solarbio). Then, a microscope (Olympus) was
utilized for counting and photographing the migratory and
invasive cells from five random areas at 100� magnification.

Dual-luciferase reporter assay

The fragments of circ_PLXND1 or ERBB3 3’UTR possessing
presumptive or mutant complementary sequence for miR-
1287-5p were generated and introduced into pmirGLO
vector (Promega) to construct circ_PLXND1-wild type (WT),
or ERBB3-WT, circ_PLXND1-mutant type (MUT) and
ERBB3-MUT luciferase reporter vectors, respectively. After-
wards, constructed plasmids and miR-NC or miR-1287-5p were
transfected into H1299 and PC9 cells using lipofectamine 3000.

Western blot assay

Total protein was segregated utilizing the RIPA lysis buffer
(Solarbio). After quantification utilizing a BCA kit (Beyotime),
protein (20 μg) was added on 10% SDS-PAGE (Beyotime),
and later transferred onto PVDF membrane (Solarbio). There-
after, the membrane was sealed in 5% fat-free milk for 1 h in
the indoor environment. Afterward, the membrane was
reacted with specific primary antibodies against proliferating
cell nuclear antigen (PCNA) (ab152112, 1:2000, Abcam), twist
family bHLH transcription factor 1 (Twist1) (ab175430,
1:1000, Abcam), E-cadherin (ab133597; 1: 2000, Abcam),
ERBB3 (ab131444, 1:1000, Abcam) or GAPDH (1:3000,
ab8245, Abcam) at 4�C overnight, followed by incubation with
secondary antibodies (1:3000, ab205718 or ab205719, Abcam)
for 1 h in the indoor environment. Finally, the protein signals
were examined via BeyoECL Plus kit (Beyotime).
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Tumor xenograft assay

BALB/c nude mice were acquired from Vital River Labora-
tory Animal Co., Ltd (4–6 weeks old; Beijing, China) and
randomly divided into two groups (n = 5/group). PC9 cells
(2 � 106/0.2 mL PBS) stably introduced with sh-NC or sh-
circ_PLXND1 were inoculated into the right flanks of the
mice through subcutaneous injection. Then, 10 days after
inoculation, tumor volume was detected every 5 days by the
formula (length � width2)/2. At 30 days post inoculation,
the mice were euthanized, and subcutaneous xenografts
from the sacrificed mice were weighed and collected for fur-
ther study. Permission was obtained from the Animal Care
and Use Committee of XXXXXXXXX for the animal assay.

Immunohistochemistry (IHC) analysis

The paraffin-embedded tissue sections from transplanted mice
were divided into sections (4 μm) after dewaxing. After that,
the sections were coreacted with primary antibodies against
ERBB3 (ab131444, 1:50, Abcam) and Ki67 (1:200, ab16667,
Abcam) at 4�C overnight, followed by incubation with second-
ary antibody (1:5000, ab205718, Abcam) for 1 h in the indoor
environment. Afterwards, the sections were stained by 3, 30-
diaminobenzidine solution (DAB; Beyotime), and the nuclei
was counterstained with hematoxylin (Beyotime). Lastly, the
sections were visualized using a microscope (Olympus).

Statistical analysis

The data from at least three duplicates are exhibited as
mean ± standard deviation and were analyzed by Graphpad
Prism 7 software. The differences were evaluated utilizing
Student’s t-test or one-way analysis of variance. The linear
associations among circ_PLXND1, miR-1287-5p and ERBB3
in NSCLC tissues were assessed via Spearman’s correlation
coefficient analysis. p-values < 0.05 were considered statisti-
cally significant.

RESULTS

Circ_PLXND1 was highly expressed in NSCLC
tissues and cells

In this study, the public database (GSE101684) was used to
inspect the expression change of circRNAs in NSCLC tumor

tissues (T) versus adjacent normal tissues (N) (Figure 1a).
Through analysis of large fold change (p < 0.05), we found a
total of five differentially expressed circRNAs in NSCLC tumor
tissues (Figure 1a,b). As shown in Figure 1c, circ_PLXND1
was the most upregulated circRNA among the above five dif-
ferentially expressed circRNAs in NSCLC cells (H1299 and
PC9) relative to that in normal 16HBE cells. Therefore,
circ_PLXND1 was selected as the target for further investiga-
tion. The expression of circ_PLXND1 in 45 pairs of NSCLC
tissues and neighboring normal tissues was detected by qRT-
PCR analysis. The results displayed that circ_PLXND1 expres-
sion was elevated in NSCLC tissues compared to that in neigh-
boring normal tissues (Figure 1d). Next, the localization
of circ_PLXND1 was determined in H1299 and PC9 cells
through subcellular fractionation and localization assay. The
qRT-PCR data revealed that circ_PLXND1 was predominantly
located in the cytoplasm (Figure 1e,f), implying its potential as
the sponge of miRNAs. The characteristic of circ_PLXND1 in
H1299 and PC9 cells was explored using transcription inhibi-
tor actinomycin D. The result suggested that circ_PLXND1
was more stable than linear PLXND1 mRNA in H1299 and
PC9 cells (Figure 1g,h), confirming that circ_PLXND1 was
indeed a circRNA. These data indicated that circ_PLXND1
was a circular RNA and might be associated with the develop-
ment of NSCLC.

Circ_PLXND1 knockdown suppressed cell
angiogenesis, proliferation, migration, invasion
and facilitated apoptosis in NSCLC cells

For investigating the precise role of circ_PLXND1 in the
tumorigenesis of NSCLC, loss-of-function experiments were
carried out through transfecting si-circ_PLXND1 or si-NC
into H1299 and PC9 cells. The transfection of si-
circ_PLXND1 in H1299 and PC9 cells markedly decreased
the level of circ_PLXND1 but not linear PLXND1 mRNA,
indicating the successful transfection of si-circ_PLXND1
(Figure 2a,b). Tube formation assay exhibited that the tube
formation numbers of HUVECs were distinctly inhibited by
circ_PLXND1 deficiency (Figure 2c). EdU assay showed that
the downregulation of circ_PLXND1 drastically reduced the
numbers of EdU-positive cells in H1299 and PC9 cells
(Figure 2d). MTT assay manifested that circ_PLXND1 silenc-
ing led to an obvious suppression in cell viability in H1299
and PC9 cells (Figure 2e,f). Meanwhile, the expression
of proliferation-related maker PCNA was markedly repressed
by the introduction of si-circ_PLXND1 (Figure 2g). All
these experimental results confirmed that circ_PLXND1

F I G U R E 1 Circ_PLXND1 level was raised in non-small cell lung cancer (NSCLC) tissues and cells. (a) Differentially expressed genes were identified via
volcano plot analysis according to GSE101684 dataset. (b) The five most upregulated circRNAs according to GSE101684 dataset were shown. (c) The
expression of above five upregulated circRNAs in NSCLC cells (H1299 and PC9) and normal 16HBE cells was determined by qRT-PCR. (d) The expression
of circ_PLXND1 in 45 pairs of NSCLC tissues and neighboring normal tissues was detected by qRT-PCR. (e and f) The subcellular location of circ_PLXND1
in H1299 and PC9 cells was analyzed by qRT-PCR analysis. (g and h) H1299 and PC9 cells were treated with actinomycin D at indicated time points, and
qRT-PCR assay was performed for the levels of circ_PLXND1 and PLXND1 mRNA. *p < 0.05.
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knockdown impeded the proliferation of H1299 and PC9 cells.
Furthermore, flow cytometry analysis demonstrated that
circ_PLXND1 interference facilitated the apoptosis of H1299
and PC9 cells (Figure 2h). Transwell assay proved that
circ_PLXND1 knockdown restrained cell migration and inva-
sion capacities in H1299 and PC9 cells (Figure 2I,J). Addition-
ally, the impact of circ_PLXND1 knockdown on metastasis
was analyzed by detecting the levels of metastasis-related pro-
teins. As a result, circ_PLXND1 silencing obviously decreased
the protein level of mesenchymal marker Twist1 and increased
the protein level of epithelial marker E-cadherin in H1299 and
PC9 cells (Figure 2k,l). To summarize, circ_PLXND1 knock-
down suppressed the malignant behaviors of NSCLC cells.

Circ_PLXND1 acted as a sponge of miR-
1287-5p

To trace out the action mechanism by which circ_PLXND1
affected the development of NSCLC cells, the target miRNAs
of circ_PLXND1 were estimated using prediction software
Circular RNA interactome (https://circinteractome.nia.nih.
gov/). miR-1287-5p was also identified to bind with
circ_PLXND1 through complementary sites (Figure 3a). Next,
the relationship between circ_PLXND1 and miR-1287-5p was

further confirmed by dual-luciferase reporter assay. The data
manifested that miR-1287-5p upregulation prominently
reduced the luciferase activity of circ_PLXND1-WT (more
than 50%) in H1299 and PC9 cells, while there was no alter-
ation in the luciferase activity of circ_PLXND1-MUT
(Figure 3b,c). Also, circ_PLXND1 silencing obviously ele-
vated the expression of miR-1287-5p in H1299 and PC9
cells (Figure 3d). In addition, miR-1287-5p expression was
decreased in NSCLC cells (H1299 and PC9) and tumor tissues
compared to that in normal 16HBE cells and neighboring
non-tumor tissues (Figure 3e,f). In addition, Spearman’s corre-
lation analysis demonstrated that the expression of miR-
1287-5p was negatively correlated with circ_PLXND1 expres-
sion in NSCLC tumor tissues (Figure 3g). Collectively, miR-
1287-5p was a direct target of circ_PLXND1 and negatively
regulated by circ_PLXND1 in NSCLC cells.

MiR-1287-5p inhibitor alleviated the inhibitory
effects of circ_PLXND1 knockdown on NSCLC
progression

Subsequently, rescue experiments were carried out to con-
firm whether circ_PLXND1 regulated NSCLC progression
via targeting miR-1287-5p. H1299 and PC9 cells were

F I G U R E 2 Circ_PLXND1 knockdown hampered cell angiogenesis, proliferation, migration, invasion and enhanced apoptosis in NSCLC cells. H1299
and PC9 cells were transfected with si-circ_PLXND1 or si-NC. (a and b) QRT-PCR assay was conducted for the expression of circ_PLXND1 and linear
PLXND1 mRNA in H1299 and PC9 cells. (c) Tube formation assay was performed to measure the number of formed tubes. (d) The number of EdU-positive
cells in H1299 and PC9 cells was assessed by EdU assay. (e and f) Cell viability was evaluated by MTT assay. (g) The expression of proliferation-related
maker PCNA was tested by western blot assay. (h) Flow cytometry analysis was employed to determine cell apoptosis rate. (i and j) Transwell assay was
utilized to estimate the number of migration and invasion cells (�100). (k and l) Western blot assay was carried out for the protein levels of Twist1 and E-
cadherin in H1299 and PC9 cells. *p < 0.05.

F I G U R E 3 Circ_PLXND1 sponged miR-1287-5p to negatively regulate miR-1287-5p expression. (a) The binding sites between circ_PLXND1 and miR-
1287-5p were presented. (b and c) The luciferase activity in H1299 and PC9 cells cotransfected with miR-1287-5p or miR-NC and circ_PLXND1-WT or
circ_PLXND1-MUT was determined by dual-luciferase reporter assay. (d) The expression of miR-1287-5p in H1299 and PC9 cells transfected with si-NC or
si-circ_PLXND1 was analyzed by qRT-PCR. (e) The abundance of miR-1287-5p in NSCLC cells (H1299 and PC9) and normal 16HBE cells was detected by
qRT-PCR. (f) The expression of miR-1287-5p in 45 pairs of NSCLC tissues and neighboring normal tissues was examined by qRT-PCR. (g) The correlation
between miR-1287-5p and circ_PLXND1 expression in non-small cell lung cancer (NSCLC) tissues was analyzed by spearman’s correlation coefficient
analysis. *p < 0.05.
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transfected with si-NC, si-circ_PLXND1, si-circ_PLXND1
+ anti-miR-NC or si-circ_PLXND1 + anti-miR-1287-5p.
As exhibited in Figure 4a, circ_PLXND1 interference overtly
enhanced the expression of miR-1287-5p in H1299 and
PC9 cells, whereas the transfection of anti-miR-1287-5p
partly relieved the effect, showing that the transfection was
effective. Furthermore, miR-1287-5p inhibition reversed the
inhibition on the tube formation ability of HUVECs induced
by si-circ_PLXND1 (Figure 4b). The suppressive effect of
circ_PLXND1 knockdown on the proliferation of H1299
and PC9 cells was effectively reversed by the downregulation
of miR-1287-5p, reflected by a decrease in the number of EdU-
positive cells (Figure 4c), arrest in cell viability (Figure 4d,e) and
reduced PCNA protein expression (Figure 4f). Moreover, si-
circ_PLXND1-mediated proapoptosis (Figure 4g), antimigration
(Figure 4h) and anti-invasion (Figure 4i) effects were overturned
by the silencing of miR-1287-5p. In addition, the effects of
circ_PLXND1 knockdown on Twist1 and E-cadherin levels in

H1299 and PC9 cells were also reversed by miR-1287-5p sup-
pression (Figure 4j,k). In summary, circ_PLXND1 deficiency
repressed the malignancy of NSCLC cells via sponging miR-
1287-5p.

Circ_PLXND1 could regulate ERBB3 expression
through competitively binding to miR-1287-5p

For deeper understanding of miR-1287-5p role in the pro-
gression of NSCLC cells, its molecular targets were searched
utilizing starBase v2.0 (http://starbase.sysu.edu.cn/). Predic-
tion results showed that ERBB3 3’UTR had a complemen-
tary binding position with miR-1287-5p (Figure 5a). Dual-
luciferase reporter assay revealed that elevated miR-1287-5p
expression reduced the luciferase activity of ERBB3-WT
luciferase reporter in H1299 and PC9 cells, but there was no
overt difference in the luciferase activity of ERBB3-MUT

F I G U R E 4 Knockdown of circ_PLXND1 suppressed non-small cell lung cancer (NSCLC) cell development through interacting with miR-1287-5p.
H1299 and PC9 cells were transfected with si-NC, si-circ_PLXND1, si-circ_PLXND1 + anti-miR-NC or si-circ_PLXND1 + anti-miR-1287-5p. (a) The level
of miR-1287-5p in H1299 and PC9 cells was examined by qRT-PCR assay. (b) Tube formation assay was performed to measure the number of formed tubes.
(c–e) The proliferation of H1299 and PC9 cells were analyzed by EdU assay (c) and MTT assay (d and e). (f) The protein level of PCNA in H1299 and PC9
cells was measured via Western blot assay. (g–i) The apoptosis (g), migration and invasion (h and i) of H1299 and PC9 cells were evaluated by flow
cytometry analysis and transwell assay, respectively. (g and k) The protein levels of Twist1 and E-cadherin in H1299 and PC9 cells were measured using
western blot assay. *p < 0.05.
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reporter (Figure 5b,c). Next, miR-1287-5p or anti-miR-
1287-5p was successfully transfected into H1299 and PC9
cells to determine the effect of miR-1287-5p on ERBB3
expression, and the overexpression or knockdown efficiency
was evaluated by qRT-PCR assay (Figure 5d). Expectedly,
miR-1287-5p overexpression visibly decreased the mRNA
and protein levels of ERBB3 in H1299 and PC9 cells,

while miR-1287-5p inhibition exhibited the opposite results
(Figure 5e,f). Moreover, it was observed that the mRNA and
protein levels of ERBB3 were strikingly enhanced in NSCLC
tissues relative to neighboring normal tissues (Figure 5g,h).
Furthermore, the expression of ERBB3 mRNA in NSCLC
tissues was negatively correlated with miR-1287-5p exp-
ression (Figure 5i), and positively correlated with circ_PLXND1

F I G U R E 5 Circ_PLXND1 could regulate ERBB3 expression through targeting miR-1287-5p. (a) The putative binding sites between miR-1287-5p and
ERBB3 3’UTR were predicted by starBase v2.0. (b and c) Dual-luciferase reporter assay was conducted to verify the interaction between miR-1287-5p and
ERBB3. (d–f) The expression of miR-1287-5p, ERBB3 mRNA and ERBB3 protein in H1299 and PC9 cells transfected with miR-NC, miR-1287-5p, anti-miR-
NC or anti-miR-1287-5p was measured by qRT-PCR assay or western blot assay. (g and h) The mRNA and protein levels of ERBB3 in NSCLC tissues and
normal tissues were determined by qRT-PCR assay and western blot assay, respectively. (i and j) The correlation between the level of ERBB3 mRNA and
miR-1287-5p or circ_PLXND1 was analyzed by Spearman’s correlation coefficient analysis. (k and l) The mRNA and protein levels of ERBB3 in 16HBE,
H1299 and PC9 cells were examined by qRT-PCR assay and western blot assay, respectively. (m and n) The mRNA and protein levels of ERBB3 in H1299
and PC9 cells transfected with si-NC, si-circ_PLXND1, si-circ_PLXND1 + anti-miR-NC or si-circ_PLXND1 + anti-miR-1287-5p were tested by qRT-PCR
assay and western blot assay, respectively. *p < 0.05.

WU ET AL. 1551



expression (Figure 5j). Likewise, the mRNA and protein levels
of ERBB3 in H1299 and PC9 cells were higher than in normal
16HBE cells (Figure 5k,l). Additionally, downregulation of
circ_0043278 markedly reduced the mRNA and protein levels
of ERBB3 in H1299 and PC9 cells, while this trend was effec-
tively ameliorated by miR-1287-5p inhibition (Figure 5m,n).
Together, these findings manifested that circ_PLXND1 posi-
tively regulated ERBB3 expression via sponging miR-1287-5p
in NSCLC cells.

MiR-1287-5p overexpression-mediated
suppressed influences in the progression of
NSCLC cells were partly overturned by ERBB3
accumulation

To further investigate the effects of miR-1287-5p and ERBB3
on NSCLC cell progression, H1299 and PC9 cells were trans-
fected with miR-NC, miR-1287-5p, miR-1287-5p + pcDNA or
miR-1287-5p + ERBB3. As shown in Figure 6a,b, miR-1287-5p

F I G U R E 6 MiR-1287-5p inhibited the progression of NSCLC cells by targeting ERBB3. H1299 and PC9 cells were transfected with miR-NC, miR-
1287-5p, miR-1287-5p + pcDNA or miR-1287-5p + ERBB3. (a and b) The mRNA and protein expression of ERBB3 was measured by qRT-PCR assay and
western blot assay, respectively. (c) Tube formation assay was performed to measure the number of formed tubes. (d–f) EdU assay and MTT assay were
applied to determine cell proliferation. (g) The level of PCNA in H1299 and PC9 cells was tested via western blot assay. (h) Cell apoptosis was evaluated by
flow cytometry analysis. (i and j) Transwell assay was used to determine cell migration and invasion. (k and l) The protein expression of Twist1 and E-
cadherin in H1299 and PC9 cells was assessed by western blot assay. *p < 0.05.
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transfection resulted in a remarkable reduction in ERBB3
mRNA and protein enrichments in H1299 and PC9 cells, while
the impact was largely rescued by ERBB3 addition. Moreover,
the suppressive effects of miR-1287-5p upregulation on cell
angiogenesis (Figure 6c), proliferation (Figure 6d–f), the expres-
sion of PCNA (Figure 6g), migration (Figure 6i) and invasion
(Figure 6j) and promoting effect of miR-1287-5p upregulation
on cell apoptosis (Figure 6h) were all abolished by the overex-
pression of ERBB3. In addition, western blot assay indicated
that miR-1287-5p overexpression suppressed the protein
expression of Twist1 and increased the expression of E-cad-
herin, whereas the effects were restored by introduction of
ERBB3 (Figure 6k,l). Thus, it was deduced that miR-1287-5p
overexpression suppressed the progression of NSCLC cells by
targeting ERBB3.

Knockdown of circ_PLXND1 suppressed tumor
growth in vivo

To clarify the function of circ_PLXND1 in tumor progres-
sion in vivo, PC9 cells (2 � 106/0.2 mL PBS) stably trans-
fected with sh-circ_PLXND1 or sh-NC were injected into
the nude mice. As illustrated in Figure 7a,b, the tumor vol-
ume and weight in the mice with circ_PLXND1 knockdown
were markedly decreased compared to the sh-NC group.
Furthermore, the levels of circ_PLXND1, miR-1287-5p and
ERBB3 in the harvested tumors were examined. The results
showed that circ_PLXND1, as well as ERBB3 mRNA and

protein levels were decreased, and miR-1287-5p level was
enhanced in the tumors harvested from sh-circ_PLXND1
group relative to sh-NC group (Figure 7c–f). Moreover, IHC
assay further confirmed the downregulated expression of
ERBB3 and Ki67 (proliferation marker) in sh-circ_PLXND1
group (Figure 7g). Hence, these results demonstrated that
circ_PLXND1 knockdown suppressed the growth of NSCLC
in vivo by upregulating miR-1287-5p and downregulating
ERBB3.

DISCUSSION

There is currently growing evidence that circRNAs are inti-
mately linked to the tumorigenesis and development of
many tumors.20 However, the role of circ_PLXND1 and
underlying mechanism in NSCLC progression have not been
explored. Herein, the role of circ_PLXND1 and a newfound
circ_PLXND1/miR-1287-5p/ERBB3 network was exhibited
in NSCLC.

Studies have manifested that various dysregulated cir-
cRNAs could act as crucial modulators during tumor pro-
gression.21,22 Likewise, many key differentially expressed
circRNAs in NSCLC have been identified,23 and multiple
circRNAs have been demonstrated to serve vital roles in the
carcinogenesis of NSCLC.7 For example, Zhang et al. unra-
veled that circDENND2A might act as a tumor promoter in
NSCLC via miR-34a/CCNE1 axis.24 Cheng et al. suggested
that CircSEC31A sponged miR-376a to accelerate the

F I G U R E 7 Knockdown of circ_PLXND1 restrained tumor growth in vivo. PC9 cells transfected with sh-circ_PLXND1 or sh-NC were injected
subcutaneously into the nude mice. (a) Xenograft tumor volume was monitored every 5 days. (b) Xenograft tumor weight was examined on day 30. (c–e) The
expression levels of circ_PLXND1, miR-1287-5p and ERBB3 mRNA in the collected tumor tissues were detected by qRT-PCR assay. (f) Western blot assay
was carried out to examine the protein expression of ERBB3 in harvested tumor tissues. (g) ERBB3-positive and Ki67-positive cells in tumor tissues were
detected by immunohistochemistry (IHC) analysis. *p < 0.05.
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malignant development of NSCLC by upregulating SEC31A.25

Moreover, Zhang et al. pointed out that circ_PLXND1 was
related to the epithelial-mesenchymal transition process in
endometriosis via the miR-141-5p/Notch-1 axis.26 However,
the function of circ_PLXND1 in NSCLC progression remains
unknown. Through the analysis of GSE101684 dataset, five dif-
ferentially expressed circRNAs in NSCLC tumor tissues were
identified, including circ_PLXND1. Also, in this study,
circ_PLXND1 was verified to be most upregulated in NSCLC
cells relative to that in normal 16HBE cells among the five dys-
regulated circRNAs. Consistent with the result of GSE101684
dataset, here, circ_PLXND1 abundance was also observed to
be enhanced in NSCLC. Furthermore, the loss-of-function
experiments showed that circ_PLXND1 deficiency caused
obvious repressions in the growth and metastasis and an
enhancement in apoptosis of NSCLC cells. These results illus-
trate that circ_PLXND1 might exert an oncogenic role in
NSCLC progression.

It is widely accepted that circRNAs exert their biological
functions through competitively binding to miRNAs and
relieving the repressive effects of miRNAs on their targeted
genes.6,27,28 To explore whether circ_PLXND1 regulated
NSCLC progression via binding to miRNAs, the potential
targets of circ_PLXND1 were forecasted by circular RNA
interactome. The results suggested that miR-1287-5p was
sponged by circ_PLXND1. MiR-1287-5p has been reported
to exert tumor-inhibiting function to participate in the devel-
opment of diversiform malignancies, including pancreatic
carcinoma,29 colorectal cancer30 and cervical cancer.31 Like-
wise, Li et al. uncovered that miR-1287 was downregulated in
NSCLC and concerned with the tumorigenesis of NSCLC
through being targeted by circ_0016760.32 Conformably, we
attested the reduced level of miR-1287-5p in NSCLC, and the
inverse relevance of miR-1287-5p and circ_PLXND1 expres-
sion in NSCLC tissues. Further investigation disclosed that
miR-1287-5p introduction distinctly inhibited the develop-
ment of NSCLC cells. More importantly, rescue experiments
exhibited that miR-1287-5p inhibition relieved the impedi-
tive impacts of circ_PLXND1 silencing in the vicious pheno-
types of NSCLC cells. Therefore, we speculated that
circ_PLXND1 could modulate the progression of NSCLC
cells by interacting with miR-1287-5p.

MiRNAs have been expounded to take part in multifari-
ous physiological and pathological processes by modulating
the expression of targeted mRNAs.33 Herein, ERBB3 was
evidenced as a candidate target of miR-1287-5p. Research
has shown that ERBB3 was upregulated in NSCLC and con-
nected with the poor outcome of NSCLC patients.18,34 In
keeping with these reports, this study also proved the ele-
vated level of ERBB3 in NSCLC tissues and cells. Mean-
while, ERBB3 expression was reversely related to miR-
1287-5p expression and positively linked to circ_PLXND1
expression. Furthermore, we attested the positive regulation
of circ_PLXND1 on ERBB3 expression via downregulating
miR-1287-5p. Functionally, enforced expression of ERBB3
attenuated the antitumor role of miR-1287-5p in NSCLC
cells, implying that miR-1287-5p could suppress the

development of NSCLC cells by modulating ERBB3. For
in vivo experiments, circ_PLXND1 downregulation blocked
tumor growth via upregulating miR-1287-5p and downregu-
lating ERBB3. Overall, circ_PLXND1 silencing inhibited the
progression of NSCLC by elevating ERBB3 via miR-
1287-5p.

In summary, our results revealed that circ_PLXND1 was
overexpressed in NSCLC, and circ_PLXND1 knockdown
efficiently suppressed the malignancy of NSCLC through
modulating miR-1287-5p/ERBB3 axis. This study therefore
offers new insights into the action pattern of circ_PLXND1
in NSCLC advancement and indicates that circ_PLXND1
might be a promising therapeutic target for NSCLC patients.
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