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Background: Non-small cell lung cancer (NSCLC) is one of the most lethal malignancies worldwide.
Deepening understanding of the pathogenesis of NSCLC is quite important for its treatment. Circular (circ)
RINA_0015278 has been found to be downregulated in NSCLC, but its role in NSCLC and the underlying
regulatory mechanism is unknown.

Methods: Circ_0015278, microRNA (miR)-1278 and SOCS6 were analyzed with real-time quantitative
reverse transcription polymerase chain reaction (QRT-PCR) or western blot. Cell Counting Kit-8 (CCK-8)
and 5-ethynyl-2'-deoxyuridine (EdU) staining were used to evaluate cell proliferation. The colony forming
capacity and invasion of NSCLC cells were assessed with colony formation and transwell assays, respectively.
The interaction among circ_0015278, miR-1278, and SOCS6 was evaluated using luciferase, receptor
interacting protein (RIP), and RNA-pull down assays. Cell apoptosis was analyzed using flow cytometry. A
subcutaneous NSCLC xenograft mouse model was established for evaluating circ_0015278-mediated effects
on the growth of NSCLC iz vivo.

Results: Circ_0015278 was downregulated in NSCLC tissues and cells, and its reduced expression
indicated poor prognosis. Overexpression of circ_0015278 restrained the proliferation, colony formation,
invasion, and epithelial-mesenchymal transition (EMT) of NSCLC cells and induced NSCLC cell
apoptosis. Moreover, overexpression of circ_0015278 inhibited the growth of NSCLC i vivo. Mechanically,
circ_0015278 acted as an miR-1278 sponge to reduce its quantity, and miR-1278 targeted SOCS6 to inhibit
its expression in NSCLC cells. Circ_0015278 promoted SOCS6 expression by sponging miR-1,278 in
NSCLC cells. Overexpression of circ_0015278 attenuated the malignant phenotypes of NSCLC through
sponging miR-1278 and consequently promoting SOCS6 expression.

Conclusions: We demonstrated for the first time that circ_0015278 attenuated the progression of NSCLC
via targeting the miR-1278/SOCSG axis, which provides potential diagnostic biomarkers and therapeutic

targets.
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Introduction

Lung cancer, originating in the lung, is one of the most common
types of malignancies and the leading cause of cancer-related
deaths globally. It can be divided into two major groups, non-
small cell lung cancer (NSCLC) and small cell lung cancer
(SCLC) (1,2). NSCLC is the most common lung cancer,
accounting for about 85% of all cases (3). Unfortunately, only a
small number of patients with NSCLC (21%) are diagnosed
at stage I due to no obvious symptoms, and most patients
(61%) are diagnosed at the advanced stages (stage III or
IV), leading to the huge decline of 5-year survival from
57% (stage 1) to 4% (stage IV) (4). Although increasing
advances have been made recently in NSCLC therapies,
the high malignancy and metastasis potential of NSCLC
leads to therapeutic failure and very poor prognosis (5).
Therefore, elucidating the pathogenesis and progression of
NSCLC is crucial for seeking early diagnostic biomarkers
and therapeutic targets.

As one of the non-coding RNAs, circular (circ) RNAs
form continuous loops through covalently linking the
5" and 3" termini and play important roles in various
physiological and pathological conditions (6,7). Intriguingly,
increasing evidence has shown that circRNAs can function
as oncogenes or tumor suppressors in NSCLC (8). Jiang
and colleagues found that hsa_circ_0007385 expression
was elevated in NSCLC tissues, and knockdown of hsa_
circ_0007385 restrained NSCLC cell proliferation,
migration, and invasion 7z vitro and restrained its growth
in vivo (9). Circular RNA Forkhead box O3 (circRNA-
FOXO3) was reported to be reduced in NSCLC cells, and
its overexpression clearly repressed NSCLC cell migration
and invasion (10). Circular RNA _0015278 (circ_0015278),
also known as circ_100395, is downregulated in NSCLC
tissues (11), and overexpression of circ_0015278 suppressed
the progression of lung cancer (12). However, more studies
are required to elucidate the role of circ_0015278 and the
underlying mechanisms in NSCLC.

CircRNAs have been well acknowledged to exert
oncogenic or anti-tumor activity via acting as competitive
endogenous RNAs (ceRNAs) to sponge microRNAs
(miRNAs), thereby relieving miRINA-mediated suppressive
effects on downstream targets, in various human cancers
including NSCLC (13,14). Two independent studies have
shown that circ_0015278 targeted microRNA (miR)-
1228 to exert its function in ovarian and lung cancers (15)
Micro RNAs also serve as vital modulators in cancers (16).
MicroRNA-1278 (MiR-1278) was reported to be
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downregulated in nasopharyngeal carcinoma and colorectal
cancer and to exert anti-tumor activity in both cancers (17).
However, its oncogenic activity and roles in NSCLC
to our knowledge have not been reported. In addition,
the interaction between circ_0015278 and miR-1278 is
unknown.

Suppressor of cytokine signaling 6 (SOCS6) exerts anti-
tumor effects in various human cancers including prostate
cancer (18), esophageal squamous cell carcinoma (19),
and gastric cancer (20). Xue et al. reported that miR-21
and miR-155 accelerated NSCLC progression through
inhibiting SOCS6 expression (21). Moreover, miR-1260b
directly targets SOCS6 to reduce its expression and enhance
cancer cell proliferation in NSCLC (22,23). However, the
interaction between miR-1278 and SOCS6 and its role in
NSCLC has not been established.

Our preliminary results from bioinformatic analysis
suggested that both circ_0015278 and SOCS6 contain
potential binding sites for miR-1278. Therefore, the
potential circ_0015278/miR-1278/SOCS6 axis might be
involved in the progression of NSCLC. Thus, the purpose
of this study was to test the hypothesis that circ_0015278
might regulate NSCLC progression via sponging miR-1278
and thus promote the expression of SOCS6. Our study will
provide potential diagnostic biomarkers and therapeutic
targets for NSCLC. We present the following article in
accordance with the ARRIVE reporting checklist (available
at https://dx.doi.org/10.21037/atm-21-3456).

Methods
Patients and specimens

NSCLC and adjacent non-tumor tissues were collected
from 62 NSCLC patients at Peking University
Shenzhen Hospital and stored at -80 °C to examine the
expression of circ_0015278, miR-1278, and SOCS6.
Patient survival was monitored. Written informed consent
was obtained from all patients, and our study received
approval from the Ethics Committee of Peking University
Shenzhen Hospital. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013).
Clinical pathological characteristics of NSCLC patients are
shown in Tuble 1.

Cell culture and transfection

Human NSCLC cells including CALU3, A549, H1229 and
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Table 1 Clinical pathological characteristics of patients with non-
small cell lung cancer

Circular_0015278

All cases expression

Characteristic (n=62) I_o—ngh P value
(n=31)  (n=31)

Age (years) 0.445
<60 33 15 18
>60 29 16 13

Gender 0.798
Male 35 18 17
Female 27 13 14

Tumor size (cm) 0.127
<3 30 12 18
>3 32 19 13

Differentiation 0.021*
Well 33 12 21
Moderate/poor 29 19 10

Lymph node metastases 0.002¢
No 34 11 23
Yes 28 20 8

Tumor, node, and metastasis stage 0.039*
-1 36 14 22
-1V 26 17 9

*, P<0.05.

H1975 and bronchial epithelial cells (HBEs) were obtained
from the Cell Bank of Chinese Academy of Sciences
(Shanghai, China). Cells were maintained in Dulbecco’s
Modified Eagle’s medium from Solarbio (Beijing, China)
with 10% fetal bovine serum (FBS, Solarbio, Beijing,
China). For actinomycin D treatment, A549 cells were
treated with actinomycin D obtained from Sigma (St.
Louis, MO, USA) at 3 pg/mL for 0, 6, 12, 18, and 24 hours.
Cells were collected, and RNA was extracted to assess the
stability of circUBXN7. Circ_0015278 was inserted into a
pLV vector, and lentiviral particles were packaged. A549
and H1229 cells with stable overexpression of circ_0015278
were generated through lentiviral transduction. In some
assays, cells were transfected with miR-1278 inhibitor,
siRINA against SOCS6 (si-SOCS6), or miR-1278 mimics
(Ribobio, Guangzhou, China) with Lipofectamine
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RNAiIMAX (ThermoFisher, Waltham, MA, USA). Inhibitor
nucleocapsid protein (NC), siRNA NC (si-NC), and mimics
NC (miR-NC) were used as negative controls.

A subcutaneous NSCLC xenograft mouse model

Ten-week-old male BALB/c nude mice provided by the
Animal Center of Peking University Shenzhen Hospital were
used to establish a subcutaneous NSCLC xenograft mouse
model as previously described with modifications (4). A549
cells were infected with circ_0015278 or empty vector
lentiviral particles, and then 2x10° cells were injected
subcutaneously into the left flanks. Tumor volume was
monitored at days 7, 14, 21, 28, and 35 and calculated using
the formula length x width’/2. Finally, mice were sacrificed,
and excised tumors were weighed and cut into pieces for
immunohistochemistry (IHC) staining and RNA extraction.
Experiments were performed under a project license (No.:
SYXK2016-0167) granted by the Ethics Committee of
Peking University Shenzhen Hospital, in compliance with
national or institutional guidelines for the care and use of
animals. A protocol was prepared before the study without
registration.

RNase® digestion

Total RNA extracted from A549 cells was digested with
RNase® from Sigma-Aldrich (St. Louis, MO, United States)
at 5 U/pg for 20 minutes at 37 °C for 20 minutes. Then,
RNA was purified, and the quantities of circ_0015278 and
KLHL20 were analyzed with real-time quantitative reverse
transcription polymerase chain reaction (QRT-PCR).

Cell Counting Kit-8 (CCK-8) assay

A549 and H1229 cells with indicated transfection (5x10°
cells) were plated and cultured in 96-well plates for 0, 24,
48, or 72 hours. At each time point, culture medium was
removed and replaced with 100 pL of fresh medium. Then,
CCK-8 reagents (10 pL) were added into each well and
incubated for an additional hours prior to recording the
absorbance (450 nM). The CCK-8 kit was purchased from
Dojindo (Rockville, MD, USA).

5-ethynyl-2'-deoxyuridine (EAU) staining

The Click-IT EdU kit from ThermoFisher (Waltham,
MA, USA) was used for EAU staining. A549 and H1229
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cells with indicated transfection were seeded on coverslips
and cultured in medium containing EAU at 10 pM for 24
hours. Cells were then fixed in formaldehyde solution (4%)
and permeabilized in Triton X-100 (0.3%). The reaction
cocktail was prepared following the manual and added into
cells. Cells were incubated for 30 minutes in the dark and
mounted for imaging with a confocal microscope from
Leica (Wetzlar, Germany).

Luciferase activity

Potential wildtype (WT) or mutant (MUT) miR-1278
binding sites in circ_0015278 and the 3" untranslated region
(3' UTR) of SOCS6 were constructed into the pmirGLO
vector from Promega (Madison, WI, USA). A549 and
H1229 cells were co-transfected with miR-1278 mimics or
miR-NC and circ_0015278 or SOCS6 luciferase reporter.
After 48-72 hours, cells were harvested and used for
examining the luciferase activity with the Dual-Glo system

(Promega, Madison, W1, USA).

Cell apoptosis analysis

The Cell Apoptosis Detection Kit from Solarbio (Beijing,
China) was used to evaluate NSCLC cell apoptosis. A549
and H1229 cells with indicated transfection (1x10° cells)
were stained with annexin V-FITC and PI in 100 pL of
binding buffer for 15 minutes. Subsequently, an additional
300 pL of binding buffer was added, and cell apoptosis was
immediately assessed with Attune NxT flow cytometer

(ThermoFisher, Waltham, MA, USA).

Transwell assays

Eight pm-pore chambers for transwell assays were
purchased from Corning (Corning, NY, USA). The upper
chamber was pre-coated with Matrigel (BD, Franklin
Lakes, NJ, USA), and A549 and H1229 cells with indicated
transfection (2x10° cells) were plated on the upper chamber
and cultured for 18-24 hours for invading into the lower
chamber. Then, crystal violet (Sigma, St. Louis, MO, USA)
was used to stain cells in the lower chamber, and cells were
imaged with an EVOS XL microscope (ThermoFisher,
Waltham, MA, USA).

Colony formation analysis

A549 and H1229 cells with indicated transfection
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(1x10° cells) were plated in a 6-well plate and maintained
in DMEM with 10% FBS for two weeks. Medium was
replaced every 2-3 days. Then, cell colonies formed by
AS549 and H1229 cells were washed, fixed, and stained with
crystal violet (Sigma, St. Louis, MO, USA). Colonies were
imaged under a BX51 microscope from Olympus (Tokyo,

Japan).

RNA immunoprecipitation (RIP) assay

To perform RIP, magnetic beads were pre-coated with a
rabbit Ago-2 antibody (Abcam, Cambridge, UK) or a rabbit
normal IgG. A549 and H1229 cells were lysed on ice, and
cell lysates were collected. Magnetic beads were added into
cell lysates and incubated overnight. The Next day, RNA
was eluted, and the quantities of circ_0015278 and miR-
1278 were evaluated with qRT-PCR.

RNA pull-down

The interactions between circ_0015278 and miR-217, miR-
1278, miR-142-3p, or miR-508-3p were examined using
RNA pull-down assays with a magnetic RNA-Protein pull-
down kit (ThermoFisher, Waltham, MA, USA). In brief,
A549 and H1229 cells were lysed, and cell lysates were
collected. Then, biotin-conjugated circ_0015278 probes
were mixed with cell lysates and incubated with gentle
rotation overnight at 4 °C. The next day, streptavidin-
labeled magnetic beads were added and incubated for
an additional 2 hours. Finally, RNA was eluted, and the
quantities of miR-217, miR-1278, miR-142-3p, and miR-
508-3p were determined using qRT-PCR.

IHC staining

Excised subcutaneous tumors were sliced into pieces, fixed,
and embedded in paraffin. Samples were cut into 5 pm
sections, which were then deparaffinized and rehydrated.
After antigen retrieval, sections were treated with H,0O, and
blocked in 8% bovine serum albumin (BSA) solution. Then,
sections were incubated with a rabbit Ki-67 (1:100, Abcam,
Cambridge, UK) or SOCS6 (1:50, Abcam, Cambridge, UK)
antibody overnight. The next day, sections were rinsed and
incubated with a goat anti-rabbit horseradish peroxidase
(HRP)-conjugated secondary antibody for 1 hour. Signals
were visualized with diaminobenzidine (DAB, Beyotime,
Shanghai, China). Finally, sections were stained with
hematoxylin (Sigma, St. Louis, MO, USA), mounted, and
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Table 2 Real-time quantitative reverse transcription polymerase
chain reaction primers used in our study

Primers Primer sequences

Circular_0015278 5'-AGTGATGTGGCCCCTACAAG-3'
5'-CCACTGGAGACCACTGGTTG-3'
MicroRNA-1278 5'-TAGTACTGTGCATATCATC-3'
5'-GAACATGTCTGCGTATCTC-3'
SOCS6 5'-ATCACGGAGCTATTGTCTGGA-3'
5'-CTGACTCTCATCCTCGGGGA-3'
U6 small nuclear RNA 5'-CTCGCTTCGGCAGCACA-3'
5'-AACGCTTCACGAATTTGCGT-3'
GAPDH 5'-GGATTTGGTCGTATTGGG-3'

5'-GGAAGATGGTGATGGGATT-3'

GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

imaged under a BX51 microscope (Olympus).

Western blot

A549 and H1229 cells with indicated transfection
were lysed, and cell lysates were collected followed by
protein quantification using BCA Protein Assay Kit
(Beyotime, Shanghai, China). Proteins (40 pg) were
loaded for electrophoresis for 1-2 hours and transferred
to polyvinylidene difluoride (PVDF) membranes (Sigma,
St. Louis, MO, USA) prior to blocking in 5% non-fat
milk solution for 1 hour. Subsequently, membranes were
incubated with a rabbit E-cadherin (Abcam, Cambridge,
UK 1:1,000), N-cadherin (Abcam, Cambridge, UK,
1:1,000), vimentin (Abcam, Cambridge, UK, 1:2,000) or
glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
(Abcam, Cambridge, UK, 1:5,000) antibody overnight.
The next day, membranes were rinsed and incubated with
an HRP-conjugated goat anti-rabbit secondary antibody
(Bosterbio, Pleasanton, CA, USA) for 1 hour. Bands were
visualized using enhanced chemiluminescence (ECL)
substrates (Beyotime, Shanghai, China).

Quantitative real-time reverse-transcription PCR (qRT-
PCR)

For RNA extraction, subcutaneous tumors from mice and
patient tissues were snap-frozen and homogenized. RNA
was isolated from A549 and H1229 cells with indicated
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transfection and tissue homogenates with TRIzol Reagent
from Sigma (St. Louis, MO, USA) and quantified with Qubit
4 (ThermoFisher, Waltham, MA, USA), which was reversely
transcribed into ¢cDNA. The mirPremier microRNA
Isolation Kit from Sigma (St. Louis, MO, USA) was used to
extract miRNAs, and miRNAs were reversely transcribed
using the miScript kit (QIAGEN, Germantown, MD, USA).
The expression of circ_0015278, miR-1278, and SOSC6
was examined by quantitative real-time PCR. Circ_0015278
and SOCS were normalized to GAPDH, and miR-1278 was
normalized to U6 snRNA. Primers used are listed in Table 2.

Statistical analyses

Results in our study were from at least three independent
experiments and are reported as mean = standard deviation.
The significance of variance between two groups was
analyzed with the Student’s z-test. One-way analysis of
variance (ANOVA) was used for comparing the variance
of multiple groups. The Kaplan-Meier plotter was applied
to assess the survival of patients with high or low level of
circ_0015278. Spearman’s correlations were used to analyze
the correlations among the expression of circ_0015278,
miR-1278, and SOCS6 in NSCLC tissues from patients.
P<0.05 was considered to indicate statistical significance
(*P<0.05, **P<0.01 and ***P<0.001).

Results

The expression of circ_0015278 was reduced in NSCLC
tissues and cells

To explore the function of circular RNAs (circRNAs)
in NSCLC, we reanalyzed circRNA expression profiles
in NSCLC and adjacent normal tissues from three
microarrays, GSE112214, GSE158659, and GSE101586,
and found six downregulated circRNAs in NSCLC tissues
(Figure 14). We collected NSCLC and adjacent non-
tumor tissues from patients and analyzed the expression of
circ_0015278 by qRT-PCR. Circ_0015278 was significantly
downregulated in NSCLC tissues (Figure 1B). NSCLC
patients were divided into two groups based on the median of
circ_0015278 expression in NSCLC tissues: circ_0015278"¢"
and circ_0015278"°". We observed obvious poor survival
of circ_0015278"" patients (Figure 1C), indicating that
circ_0015278 improved the prognosis of patients with
NSCLC. Furthermore, we found that circ_0015278

expression was closely correlated with tumor size, lymphatic

Ann Transl Med 2021;9(15):1255 | https://dx.doi.org/10.21037/atm-21-3456



Ye et al. Circ_0015278 inhibits NSCLC

Page 6 of 16
GSE101586
A GSE112214 B © 25 ok
N .
= 2.0
& 557
6 0' 3 15
(2 6%) =0
&) g5
v )
= 0.5
o 0
Q
4 0.0 T T
NC NSCLC
GSE158659 (n=62) (n=62)

E 2 F§
w» 191 e circ_0015278 2 15; mm RNaseR-
§ - KLHL20 mRNA @ mm RNase R+
3 S
I X 1.0
ot B
b <
z =
il & o5 Kk
< *kk [
= >
= g
3 0.0 T T T T T o 00
x© Oh 6h 12h 18h 24h o circ_0015278 KLHL20 mRNA

Actinomycin D

C = 100 ; high D ® 15
9 circ_0015278"9! ~
< (n=31) g
s Sc
2 S .9 10
g ® 07"
a =9 Hekk
— 407 circ_o015278'° o g *kk
= (n=31) o X 05 *kk  KRE
5 9 ; )
2 P<0.01 &
° “6 20 Y 60 € oo
> %] > \
) F L LS
Time (Months) RS ov\« Yy & E
G 150 mm Cytoplasm
] mm Nucleus
3
< 100
4
(4
]
2 50
E=]
L]
7]
o
0
circ_0015278 U6 GAPDH

Figure 1 Circular (circ)_0015278 was downregulated in non-small cell lung cancer (NSCLC) tissues and cells. (A) Downregulated circular
RNAs in GSE112214, GSE158659, and GSE101586 were analyzed. (B) Circ_0015278 expression in NSCLC and adjacent normal tissues

was assessed by real-time quantitative reverse transcription polymerase chain reaction (QRT-PCR) (n=62). (C) A Kaplan-Meier plotter

was used to evaluate the survival of patients with high and low expression of circ_0015278 (circ_0015278"" and circ_0015278""). (D)
Circ_0015278 expression in CALU3, A549, H1229, H1975, and HBEs was examined with qRT-qPCR (n=3). (E) Circ_0015278 and
KLHL20 messenger RNA were examined after actinomycin D treatment at 0, 6, 8, 12, 18, and 24 hours (n=3). (F) qRT-PCR analysis of
circ_0015278 and KLHL20 after RNase® or mock digestion (n=3). (G) qRT-PCR analysis of circ_0015278, GAPDI, and U6 snRNA in

nuclear and cytoplasmic fractions from A549 cells (n=3). ***P<0.001.

metastasis, and tumor, node, and metastasis (TNM) staging
rather than age, gender, and tumor differentiation (7able I).
We also examined the expression of circ_0015278 in
human NSCLC cell lines including CALU3, A549, H1299,
and H1975 and HBEs and found that the expression of
circ_0015278 was reduced in all these NSCLC cell lines
compared to those of HBEs (Figure 1D). A549 and H1229
cells showed lowest expression of circ_0015278 (Figure 1D),
and these were chosen for subsequent experiments.
Circ_0015278 was stable in response to actinomycin D
treatment and its half-life was over 24 hours, but the half-
life of linear KLHL.20 messenger RNA (mRNA) was less
than 12 hours (Figure 1E). Furthermore, as RNase® can
digest linear RNAs but not circRNAs, total RNA extracted
from AS549 cells were treated with RNase® and analyzed
by qRT-PCR. As shown in Figure IF, circ_0015278 was
resistant to RNase® treatment, but KLHL20 mRNA was
degraded, implying that circ_0015278 was a circular RNA.
Nuclear and cytoplasmic fractions of A549 cells were
separated, and we found that circ_0015278 was mainly
located in the cytoplasm as the cytoplastic reference
GAPDH (Figure 1G). The nuclear reference U6 was located
in the nucleus as expected (Figure 1G). These data suggested
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that circ_0015278 is a circular RNA, and that it might be
implicated in the progression of NSCLC.

Overexpression of circ_0015278 restrained NSCLC
cell proliferation, invasion, and EMT and induced cell
apoptosis

Circ_0015278 was stably overexpressed through lentiviral
transduction in NSCLC cells (Figure 24). CCK-8 and EdU
staining assays showed that overexpression of circ_0015728
markedly suppressed A549 and H1229 cell proliferation
(Figure 2B,2C). Moreover, the colony formation of A549 and
H1229 cells was inhibited by overexpression of circ_0015728
(Figure 2D). A549 and H1229 cells with circ_0015728
overexpression exhibited increased cell apoptosis
compared to cells transfected with vectors (Figure 2E),
indicating that circ_0015728 enhanced NSCLC cell
apoptosis. Transwell assays with Matrigel were conducted
to evaluate cell invasion. The invasive capacity of A549
and H1229 cells was restrained by overexpression of
circ_0015728 (Figure 2F). Besides, we examined EMT
markers such as E-cadherin, N-cadherin, and vimentin
and found that overexpression of circ_0015728 reduced
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the expression of N-cadherin and vimentin but promoted
E-cadherin expression in A549 and H1229 cells (Figure 2G).
These observations indicated that overexpression of
circ_0015278 inhibited NSCLC cell proliferation, invasion,
and EMT and enhanced cancer cell apoptosis.

Circ_0015728 functioned as a miR-1278 sponge to reduce
its expression in NSCLC cells

As circRNA can function as a ceRNA to sponge miRNAs
in various cancers (4), we performed bioinformatic analysis
of data from circBank, starBase and circinteractome and
identified four potential miRNA targets of circ_0015228
through Venn diagrams: miR-217, miR-1278, miR-142-
3p, and miR-508-3p (Figure 34). Compared to a control
probe, the circ_0015228 probe efficiently enriched miR-
1278, but not miR-217, miR-142-3p, and miR-508-3p,
in A549 and H1229 cells (Figure 3B). In addition, miR-
1278 was highly expressed in NSCLC tissues (Figure 3C),
and the expression of circ_0015228 negatively correlated
with miR-1278 expression in NSCLC tissues (Figure 3D).
Compared to HBEs, all NSCLC cells showed elevated
expression of miR-1278 expression (Figure 3E). MiR-1278
was overexpressed in A549 and H1229 cells by miR-1278
mimics transfection (Figure 3F). As shown in Figure 3G, a
potential binding site for miR-1278 in circ_0015228 was
predicted. The binding site was mutated for constructing
mutant circ_0015228 reporter. Overexpression of miR-1278
significantly reduced the luciferase activity of the wildtype
circ_0015228 reporter, but the luciferase activity of the
mutant circ_0015228 reporter was unaffected (Figure 3H).
Furthermore, RIP assays showed that both miR-1278 and
circ_0015228 could be enriched by an Ago-2 antibody
(Figure 3I). The expression of miR-1278 was clearly
suppressed by overexpression of circ_0015228 in A549 and
H1229 cells (Figure 37). Collectively, circ_0015228 sponged
miR-1278 to inhibit its expression in NSCLC cells.

Overexpression of miR-1278 reversed circ_0015728-
mediated suppression of NSCLC

To examine whether circ_0015728-mediated suppression
of NSCLC is dependent on sponging miR-1278, A549,
and H1229 cells were transfected with circ_0015728
in combination with miR-1278 mimics or mimics NC.
Circ_0015278-mediated suppression of miR-1278
expression was restored by miR-1278 mimics (Figure 4A4).
CCK-8 and EdU staining assays showed that circ_0015728

© Annals of Translational Medicine. All rights reserved.
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mediated suppressive effects on A549 and H1229, and that cell
proliferation was largely reversed by miR-1278 overexpression
(Figure 4B,C). Consistent with this, overexpression of
circ_0015728 impaired the colony forming capacity of
A549 and H1229 cells, but it was reversed by concomitant
overexpression of miR-1278 (Figure 4D). Increased apoptosis
of A549 and H1229 cells with circ_0015728 overexpression
was partially suppressed by miR-1278 overexpression
(Figure 4E). Moreover, overexpression of miR-1278 reversed
circ_0015728-mediated inhibition of the invasion of A549
and H1229 cells (Figure 4F). Decreased expression of
N-cadherin and vimentin and elevated E-cadherin expression
were observed in A549 and H1229 cells with circ_0015728
overexpression, which was restored by overexpression of miR-
1278 (Figure 4G). 'To conclude, circ_0015728 attenuated
NSCLC cell proliferation, invasion, and EMT and enhanced
its apoptosis through sponging miR-1278.

MiR-1278 targeted SOCS6 to suppress its expression in
NSCLC cells

Through TargetScan, we predicted a potential binding site
for miR-1278 in the 3" UTR of SOCS6 (Figure 54) and
that overexpression of miR-1278 could reduce the luciferase
activity of the wildtype SOCS6 reporter, but it did not affect
the luciferase activity of the mutant SOCS6 reporter in
AS549 and H1229 cells (Figure 5B). Besides, the expression
of SOCS6 was clearly reduced in A549 and H1229 cells
with miR-1278 overexpression (Figure 5C). Overexpression
of circ_0015728 promoted SOCS6 expression in A549 and
H1229 cells, which was inhibited by concomitant miR-
1278 overexpression (Figure 5D). Compared to adjacent
normal tissues, NSCLC tissues showed reduced expression
of SOCS6 (Figure SE). Furthermore, we found that the
expression of SOCS6 negatively correlated with miR-1278
expression but positively correlated with circ_0015728
expression in NSCLC tissues from patients (Figure SEG). We
also analyzed SOCS6 expression in NSCLC cells and HBEs
and found that SOCS6 was downregulated in NSCLC cells
comparted to that in HBEs (Figure SH). These observations
suggest that miR-1278 could bind to SOCS6 to inhibit its
expression in NSCLC cells and circ_0015728 might regulate
SOCS6 expression through targeting miR-1278.

Knockdown of SOCS6 reversed miR-1278 inbibitor-
mediated acceleration of NSCLC

To investigate whether miR-1278 regulates NSCLC
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development by inhibiting SOCS6 expression, SOCS6
was knocked down through si-SOCS6 transfection
(Figure 6A4). Subsequently, NSCLC cells were co-
transfected with miR-1278 inhibitor and si-SOCS6 or si-
NC. Knockdown of miR-1278 inhibited proliferation and
colony formation, which were all reversed via concomitant
silencing of SOCS6 (Figure 6B,6C). We observed enhanced
apoptosis of A549 and H1229 cells transfected with miR-
1278 inhibitor, but it was partially reduced by si-SOCS6
transfection (Figure 6D,6E). Additionally, knockdown of
miR-1278 inhibited the invasion of NSCLC cells, which
was largely reversed by knockdown of SOCS6 (Figure 6F).
Reduced expression of N-cadherin and vimentin and
increased E-cadherin expression in A549 and H1229 cells
with knockdown of miR-1278 were restored by concomitant
silencing of SOCS6 (Figure 6G). These data indicate
that miR-1278 regulated the progression of NSCLC by
inhibiting SOCS6 expression.

Circ_0015728 inhibited the growth of NSCLC in vivo

A subcutaneous NSCLC xenograft mouse model was
established to examine whether circ_0015728 could regulate
the progression of NSCLC in vivo. Circ_0015278 was stably
overexpressed through lentiviral transduction in A549 cells,
and cells were injected subcutaneously into the left flanks
of mice. The volume and weight of subcutaneous tumors
formed by A549 cells with circ_0015278 overexpression
were significantly reduced compared to those of tumors
formed by cells transtected with vector (Figure 74,7B). IHC
staining showed reduced expression of Ki-67 in tumors
formed by A549 cells with circ_0015278 overexpression,
indicating that circ_0015278 suppressed tumor cell
proliferation (Figure 7C). Moreover, circ_0015278
overexpressing tumors showed increased expression
of SOCS6 (Figure 7C). As expected, circ_0015278 was
upregulated in tumors formed by A549 cells transfected
with circ_0015278 overexpressing lentiviral particles
(Figure 7D). In addition, miR-1278 expression was reduced
in circ_0015278 overexpressing tumors, suggesting that
circ_0015278 suppressed miR-1278 expression in tumors.
Taken together, circ_0015278 restrained the growth of
NSCLC possibly through targeting the miR-1278/SOCS6

axis 2 vivo.

Discussion

Lung carcinoma is common and fatal worldwide (24). In

© Annals of Translational Medicine. All rights reserved.
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2018 more than 2 million new patients were diagnosed, and
lung carcinoma caused over 1.7 million deaths (25). As the
most common type of lung carcinoma, NSCLC is highly
lethal, as most patients have advanced cancer when they
are diagnosed (26). Thus, it is truly important to explore
the pathogenesis of NSCLC and identify key regulators of
NSCLC progression for seeking novel diagnostic biomarkers
and therapeutic targets. In the present study, we showed
key roles of the novel circ_0015278/miR-1278/SOCS6
axis in regulating the progression of NSCLC for the first
time. We showed that circ_0015278 was downregulated,
and its overexpression suppressed malignant phenotypes of
NSCLC by sponging miR-1278. Furthermore, miR-1278
regulated the progression of NSCLC by binding to SOCS6
and reducing its expression. To conclude, circ_0015278 was
found to exert anti-tumor effects in NSCLC via regulating
the miR-1278/SOCS6 axis.

CircRNA is becoming a research focus as increasing
evidence in recent decades has shown the key roles of
circRNA in many aspects of tumor biology (27). Emerging
studies increasingly show the potential of circRNA to be
applied in personalized cancer treatment (28,29). Many
circRNAs are implicated in the regulation of the progression
of NSCLC (30). For instance, circSLC25A16 promotes
the glycolysis and proliferation of NSCLC cells via
interacting with miR-488-3p and enhancing the expression
of HIF-1a (31). CircPTPRA as been reported to inhibit
EMT and metastasis through targeting miR-96-5p and
thus increasing RASSF8 expression in NSCLC cells (32).
In addition, circRNAs in plasma and tumor tissues are
considered to have diagnostic and prognostic value for
NSCLC, such as circFARSA (33), circ_0014130 (34),
and circ_100876 (35). To seek novel circRNA candidates
with diagnostic and therapeutic values for NSCLC, we
considered circ_0015278 due to its low expression in
NSCLC tissues. Intriguingly, consistent with previous
findings that show that circ_0015278 functions as a
tumor suppressor in NSCLC (11), we demonstrated that
circ_0015278 overexpression restrained the progression of
NSCLC both iz vitro and in vive, indicating diagnostic and
therapeutic value of circ_0015278 in relation to NSCLC.

CircRNAs can sponge miRNAs and regulate downstream
targets in cancers. Several miRNA targets of circ_0015278
have been identified, such as miR-1228 , miR-141-3p,
and miR-200a-3p (36). Here, we identified miR-1278 as a
novel miRNA target of circ_0015278 in NSCLC. Circular
0015278-mediated suppression of NSCLC progression
was dependent on targeting miR-1278 (37). MiR-1278 was
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Figure 7 Circular (circ)_0015728 inhibited the growth of non-small cell lung cancer in vivo. Circ_0015278 was stably overexpressed in

A549 cells via lentiviral transduction. An empty lentiviral vector was used as a negative control. Then cells were injected subcutaneously into

the left flanks. Tumor volume (A, n=8) and weight (B, n=8). (C) Immunohistochemistry staining of Ki-67 and SOCS6 in tumor sections.

(D) Real-time quantitative reverse transcription polymerase chain reaction analysis of circ_0015278 and microRNA-1278 in subcutaneous

tumors (n=3). **P<0.01; **P<0.001.

reported to exert anti-tumor activity in nasopharyngeal
and colorectal cancers, but we are the first to report that
miR-1278 had an opposing oncogenic role in NSCLC.
Generally speaking, a single miRNA is able to target many
downstream mRNAs and the opposing activity of miR-
1278 might be caused by different mRINA targets in various
contexts of diverse cancers (38).

SOCS6 has been well documented as a tumor suppressor
in carcinomas including NSCLC (39). Consistent with this,
we reported SOCS6 as a novel target of miR-1278, and
SOCSG6 silencing partially reversed knockdown of miR-1278-
mediated suppression of NSCLC malignant phenotypes,
demonstrating the anti-tumor activity of SOCS6 in NSCLC.
It also explains why miR-1278 exerted an oncogenic role in
NSCLC. SOCS6 can regulate several signaling pathways,
such as KI'T, Flt3, and STAT3 signaling (40). Further studies
are needed to investigate downstream signaling of SOCS6
in NSCLC for clinical application.

To summarize, we are the first to demonstrate that
circ_0015278 suppressed the proliferation, invasion, and
EMT of NSCLC and enhanced NSCLC cell apoptosis
through sponging miR-1278 and thus increased the
expression of SOCS6. Our findings not only shed light on
the molecular basis of NSCLC progression but also provide

© Annals of Translational Medicine. All rights reserved.

potential diagnostic biomarkers and therapeutic targets. In
the future, we can develop small molecule compounds for
targeted therapy of circ_0015278 and miR-1278, or develop
corresponding detection kits for the above small molecules
in clinical applications. However, more investigations are
required to clarify molecular mechanisms for future clinical
applications.
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