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ABSTRACT

Non-smallcelllung cancer(NSCLA$ a highly malignanttumor. Many circularRNAS(circRNAs#re reportedly in
regulating the progressionof NSCLCTo identify potential therapeutic targets for NSCLCwe conducted a
bioinformaticsanalysisof circRNAglifferentially expressedbetween NSCL@ssuesand adjacentnormaltissues
Hsa_circ_000758®@as upregulatedin NSCL@mor tissues,and the expressionof its host gene(protein kinase
Ca)correlated negativelywith overall survival. Shorthairpin RNAswere usedto knockdown hsa_circ_00075¢
in NSCLells,and geneand protein levelswere measuredwith gRFPCRand Western blotting, respectively
NSCLell proliferation, migration and apoptosiswere evaluatedwith CCKB assaysKi-67 staining, Transwel
assasand flow cytometry, respectively.Knockingdown hsa_circ_000758hhibited proliferation and invasior
by NSCLEellsand inducedtheir apoptosis.Dualluciferasereporter assaysndicated that miR-545-3p canbind
to hsa_circ_0007580(suggestingthat hsa circ_0007580sponges miR-545-3p) and to protein kinase Ce
(suggestingthat miR-545-3p directly inhibits this gene). In a xenograft tumor model, downregulating
hsa_circ_0007580inhibited NSCLCtumorigenesis by inactivating p38/mitogen-activated protein kinase
signaling.Thus,silencinghsa_circ_000758@o0tably inhibited NSCL@rogressionin vitro and in vivo, suggestin
this circRNAcould be a noveltreatment target for NSCLC.

INTRODUCTION

Lung cancer is the most commonly diagnosed cancer
and the leading cause of cancer death glolpa]lyLung
cancers can be divided into nemall cell lung cancer
(NSCLC) and small cell lung cancer. Approximately
83% of all lung cancers are NSCLC, and a®@f6 of
patients with NSCLC are diagnosed in the advanced
stageq2]. Much effort has been made to treat NSCLC,
but the prognosis remains gri8]. Thus, it is urgent to
find a new strategy for treating NSCLC.

Circular RNAs (circRNAs) are endogenous RNAs
characterized by a covalently closed cyclic strucidfe

Intracellular circRNAs with competing endogenous
RNA activity may function as sponges for microRNAs

(miRNAs) because they contain miRNA response
elements. This greatly inhibits miRNA activity and
ultimately upregulates miRNA target gengs, 6].
Therefore, circRNAs are important biological regulators
that should be explored for both their contribution to
disease mechanisms and their potential as therapeutic
targets.

Previous reports have indicatddht circRNAs can alter
gene expression in caneassociated signaling
pathways [7, 8]. Moreover, circRNAs may be
dysregulated in malignant tumors and contribute to the
tumorigenesis of many cancer tyd®s 10]. However,

the function of circRNAs duringhe progression of
NSCLC remains unclear. In this study, we performed a
bioinformatics analysis to identify circRNAs that were
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differentially expressed in NSCLC tissues, in order to
determine potential treatment targets for this disease.

RESULTS
Expression profiles of circRNAs in NSCLC

To analyze the differentially expressed circRNAs in
NSCLC, we performed a bioinformatics analysis of
NSCLC tissues and adjacent normal tissues in the
GSE101586 and GSE112214 data sets. The results were
evaluated usg principal component analysis and a
volcano plot (Figure 1A and1B). Among the
differentially expressed circRNAs in GSE101586, 18
were downregulated and 107 were upregulated in
NSCLC tissues compared with adjacent normal tissues.
In GSE112214, 423 cirdRAs were downregulated and
319 were upregulated in NSCLC tissues (Figure 1C).
The overlap of these differentially expressed circRNAs
between the two data sets is presented in Figure 1D.

Next, Gene Ontology (GO) and pathway analyses were
performed basednothe host genes of the circRNAs. As
shown in Figure 2A, the most common biological
process among the host genes was nucleus organization,
while the most enriched cellular component was the
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cohesion complex and the most enriched molecular
function was lamiin-1 binding. Pathway analysis
revealed that the host genes of the overlapping
circRNAs were associated with the mitoegtivated
protein kinase (MAPK) signaling pathway (Figure 2B).
The Cancer Genome Atlas database indicated that one
of the host gene®RKCA(encoding protein kinased],

was associated with the prognosis of NSCLC (Figure
2C). Based on these results, hsa_circ_0007580 (the
circRNA corresponding to this host gene) was selected
for subsequent experiments.

Downregulation of hsa_circ_0007580significantly
inhibited the proliferation of NSCLC cells

Next, we used shettairpin RNAs (shRNAs) to knock
down hsa circ 0007580 in NSCLC cells. The
transfection efficiency was assessed using quantitative
reattime PCR (gRTPCR), which indicated that shiAl

and shRNA2 each significantly downregulated
hsa_circ_0007580 expression in NSCLC cells (Figure 3A
and 3B). These data suggested that the hsa_circ_0007580
shRNAs were stably transfected into A549 and NCI
H520 cells. Since hsa_circ_0007580 shRNA2 exdubit
better transfection efficiency, it was used for subsequent
experiments.
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Figure 1. Differentially expressed circRNAs in NSGheE.differentially expressed circRNAs between NSCLC tissues and adjacent

normal tissues inA) GSE101586 oB| GSE112214 were assessed usi

ng principal component analysis and a volcano plot. Red indicates high

expression while blue indicates low expressi@).Among the differentially expressed circRNAs in GSE101586, 18 were downregulated and

107 were upregulated in NSCLC tissues. In GSE112214, 423 circ

RNAs were downregulated and 319 were upregulated in NSCLC tissue

(D) The overlapping differentially expressed circRNAs between GSE101586 and GSE112214 were analyzed.
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Next, a Cell Counting Kit 8 (CCK8) assay was Hsa_circ_0007580 shRNA2 notably induced the
performed to detect cell viability. The results apoptosis and inhibited the invasion of NSCLC cells
demonstrated that silencing of hsa_circ_0007580 notably

inhibited NSCLC cell viability (Figure 3C an@D). Next, flow cytometry was used to investigdhe effects
Moreover, the data of K&7 staining revealed that of hsa_circ_ 0007580 shRNA on cell apoptosis. As
knockdown 6 hsa_circ_0007580 significantly suppressed  shown in Figure 4A4D, hsa_circ_0007580 shRNA2
NSCLC cell proliferation (Figure 3E ar3ff). clearly induced NSCLC cell apoptosis. Additionally,

B Pathway analysis. C Overall survival as defined by the classifier
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Figure 2. CircRNA expression profiles in NSCLC analyzed with GO and pathway ar&)ys@snalysis was used to explore the
potential functions of the differentially expressed circRNBsPathway analysis was used to explore the signaling pathways associated with
the host genes of the overlapping circRNA3. The Cancer Genome Atlas wagdiso identify circRNA host genes associated with the
prognosis of NSCLC.
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Figure 3. Downregulation of hsa_circ_0007580 significantly inhibited NSCLC cell prolifersti@i.C cells were transfected with
hsa_circ_0007580 shRNA1 or shRNA2 for 24)HThe expression of hsa_circ_0007580 in A549 cells was detected usisRCHRE) The
expression of hsa_circ_0007580 in fGR0O cells was detected using gRTR. The optical density value ©f A549 or D) NCIH520 cells
was assessed following the CElésay. The proliferation o A549 or § NCIH520 cells was tested by-&7 staining. Red fluorescence
indicates kb7. Blue fluorescendgadicates DAPR00x magnification.” P<0.01 vs. control.
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NSCLC cell invasion was markedighibited when the
cells were treated with hsa_circ_0007580 shRNA2
(Figure 4E4H). A549 cells were more sensitive than
NCI-H520 cells to hsa_circ_0007580 shRNA2, so A549
cells were used in subsequent experiments. Altogether,
these data suggested that thelenging of
hsa_circ_0007580 induced the apoptosis and inhibited
the invasion of NSCLC cells.

MiR-5453p was the downstream target of hsa
circ_0007580

To investigate the mechanism by  which
hsa_circ_0007580 induced the progression of NSCLC, we
analyzed he Circinteractome htps:/circinteractome.
nia.nih.gov). As indicated in Figure 5A anfB, miR-
5453p was detected as a possible downstream target of
hsa_circ_0007580. We then transfected NSCLC cells
with miR-5453p mimics or inhibitors, and performed
gRT-PCR to verify the transfection efficiency. The
expression of miFb453p was notably upregulated by
miR-545-3p mimics but downregulated by mbB253p
inhibitors (Figure 5C).

Next, we performed a duddiciferase reporter assay to
determine  whether miB453p could bind to
hsa_circ_0007580. Indeed, m#d53p mimics reduced
the luciferase activity of a wildpe (WT)
hsa_circ_0007580 reporter, but not a mutated (MT)
reporter sequence (Figure 5D). Flismence in situ
hybridization (FISH) confirmed that miB453p co
localized with hsa_circ_0007580 in NSCLC cells (Figure
5E). Furthermore, the data of RNA pdbwn
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demonstrated that hsa_circ 0007580 could bind to miR
5453p (Figure 5F). Given the notion ath circRNAs
function as miRNA sponges, these data suggested that
miR-545-3p is a downstream target of hsa_circ_0007580.

PRKCAwas the direct target of miR5453p

We next used TargetScanhttp://www.targéscan.
org/vert 71y and the miRDB Ifttp://www.mirdb.org)

to search for miF545-3p target genes, and we verified
the results using a dual luciferase reporter assay. As
demonstrated in Figure 6AC, PRKCAwas identifiel
as a direct target of miB45-3p. We then used gRT
PCR to asses®RKCA expression in NSCLC cells
transfected with miF6453p mimics. As shown in
Figure 6D, PRKCA expression was notably
downregulated in NSCLC cells overexpressing miR
5453p. These resultsindicated that miF5453p
directly inhibitedPRKCAexpression.

Hsa_circ_0007580 silencing inhibited the progression
of NSCLC by inactivating MAPK signaling

To further explore the mechanism by which
downregulating hsa_circ_0007580 suppressed the
progression of NSCLC, we transfected NSCLC cells
with hsa_circ_0007580 shRNA with or without miR
545 3p inhibitors. Western blotting revealed that the
protein levels d phosphorylated (pp38 and PRKCA
were significantly downregulated in NSCLC cells
treated with hsa_ circ_ 0007580 shRNA, while these
results were partially reversed in the presence of
miR-545-3p inhibitors (Figure 7A7C). These data
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Figure 4. Hsa_circ_0007580 shRNA2 notably induced the apoptosis and inhibited the invasion of NSCL&-Delihe
proportion of apoptotic cells was detected using fluoresceactvated cell sorting after double staining with Annexin V and PI. X laais: t
level of Annexi#V fluorescein isothiocyanate fluorescence; Y axis: the Pl fluoresd@&rtl.The invasion of NSCLC cells was tested with a

Transwell invasion assay; 40Magnification.” P<0.01 vs. control.
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demonstrated that ¢hsilencing of hsa_circ_0007580 p-p38 protein leva in tumor tissues were significantly
inhibited the progression of NSCLC by inactivating reduced in mice treated with hsa_circ_ 0007580 shRNA

MAPK signaling. (Figure 8D-8F). These results demonstrated that silencing
hsa_circ_0007580 significantly attenuated the symptoms
Hsa_circ_0007580 shRNAZ2 significantly inhibited of NSCLCin vivo,

NSCLC tumor growth in vivo
DISCUSSION
Finally, a xenograft mouse model was established to
detect the effects of hsar@ 0007580 shRNA on CircRNA, a type of noncoding RNA, differs from
NSCLCin vivo. The tumor sizes (Figure 8A aBB) and traditional linear RNA, and is widely distributed in mice

tumor weights (Figure 8C) of the mice were significantly  and human$11-13]. It has been reported that circRNAs
reduced when hsa_circ_0007580 was knocked down. can up or downregulate gene expression and ereode

Additionally, Western blotting indicated that PRKCA and  proteins [14]. CircRNAs are stable and widely
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Figure 5. MiR545-3p was the downstream target of hsa_circ_0007588, B) Thegene structure of hsa_circ_0007580 at positions
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expressed in many tumor tissupkb]. Due to their
important biological functions, some circRNAs can be
used as biomarkers for the diagnosis of disess It

is possible that circRNAs, like miRNAs, are also
involved in paracrine signaling or cedl-cell crosstalk.

In this study, we fouth that hsa_circ_0007580 promoted
the tumorigenesis of NSCLC. Knocking down
hsa_circ_0007580 inhibited the proliferation and induced
the apoptosis of NSCLC cells. Many studies have
indicated that circRNAs regulate the progression of
NSCLC [17-19], but our esearch is the first to
demonstrate the biological function of hsa_circ_0007580
in NSCLC. However, Pang W et al found that
hsa_circ_0072309 inhibits the tumorigenesis of NSCLC
[20]. This discrepancy may due to different circRNA
function.

MiRNAs are key catributors to the development of
multiple diseases, including NSCL[R21, 22]. In this
research, we found that downregulating Paif5-3p
partially reversed the inhibitory effects of
hsa_circ_0007580 knockdown on NSCLC progression.
Changjun L et al. found # miR5453p could

>

downregulate the cell proliferation, invasion and
migration in NSCLC[23]. Similarly, our findings
indicated that miR545-3p could be a key inhibitor of
NSCLC progression. In addition, Lu et al.
demonstrated that the circRNA HIPK3 coulttuce
cell proliferation and inhibit apoptosis in NSCLC by
sponging miR149 [17]. Our data revealed a similar
mechanism, as downregulating hsa_circ_0007580
inhibited NSCLC tumorigenesis by reducing the
sponging of miR545-3p.

PRKCA is a member of the protein kinase C family.
The upregulation of PRKCA has been observed in
multiple malignant tumors and found to induce cancer
cell proliferation and metastas[24-26]. We found
that PRKCA was a direct target of miB453p. A
previaus report indicated that miR16a induced the
apoptosis of breast cancer cells by downregulating
PRKCA[27]. Moreover, PRKCA has been confirmed
to induce autophagy in lung cancer cell lifi28]. Our
results were consistent with these findings, suggesting
that PRKCA may promote the development of
NSCLC.
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Figure 6.PRKCAvas a direct target of mifb45-3p. (A, B) Thegene structure oPRKCAt positions 89802 contained the predicted
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According to Qiu et a[29], circPRKCI could sponge
miR-545 in lung cancer. Our research wasilsimto
this previous finding. The host genes of circPRKCI
(PRKCI) and hsa_circ_0007580 (PRKCA) are members

of Protein Kinase C (PKC) family30]. In addition,
PKC family has been proved to be closely correlated
with prognosis of lung cancgl, 32] Thisbackground

may contribute to the similar

function between
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Figure 7. Hsa_circ_0007580 silencing inhibited the progression of NSCLC by inactivating MAPK sighaliegorotein levels
of PRKCA, p38 andp38 in A549 cells were investigated through Western blott{ByThe relative expression of PRKCA was quantified and
normalized to that of3-actin. (O The relative expression ofi88 in A549 cells was quantifiedid normalized to that off-actin.™P<0.01 vs.

control.

A 1500+

- control
-+ hsa_circ_0007580 shRNA2

1000+

(g

500

%k

“® 0 0 @

hsa_circ_0007580 shRNA2

0.5

® o

Tumor weight (g)

Tumor volume (mm3)

0 ' d T T T T
0 1 2 3 4
Treatment time (week)

0.6
PRKCA s

0.4
P-p38 s .

of PPKCA

0.2

P38 =l dBess
g-actin «uilP SN

Relative exrepssion [T}

0.0

i{!!|l|l|[||I|ﬂ]|m||“mml““|““|m““m“““““““mw 0.0
0 13 S

8 9 12 1 X 0

o

o
1
L4

o
a
1

©
®
e
o
s

o
N
h

(=
o
@
@
Qo
@
e
%
°
2
5
]
o

0.0-

Figure 8. Hsa_circ_0007580 shRNAZ2 significantly attenuated the symptoms of NiS@LE Mice were injected with the vecter
control or hsa_circ_0007580 shRNA®. The tumor volumes of the miagere measured weekly for four week®&) @At the end of the study,
the tumor tissues were collected and photographé@. The tumor weights in each group of mice were calcula@pThe protein levels of
PRKCA, p38 andg38 in tumor tissues from the miogere detected through Western blottingE) The relative expression of PRKCA was
quantified and normalized to that dg-actin. (F) The relative expression ofg88 was quantified and normalized to that @&ctin. ” P<0.01

vs. control.

6ooOH-EAFA2Y

Mnoop

! DLbD



hsa_circ_0007580 and circPRKCI. Meanwhile, Qiu et
al found that circPRKCI could regulate E2F7/Cyclin
D1. Indeed, PRKCA is known to mediate G2/M phase
arrest [33]. However, E2F7 has been confirmed to
induce G1 phase arref34]. Theaefore, the different
mechanisms of hsa_circ_0007580 and circPRKCI in
lung cancer may due to different functions of E2F7 and
PRKCA.

P38 is expressed in a many cell types, and can promote
the progression of cancer by activating MARS, 36] In

the preset study, knockdown of hsa_circ_0007580
significantly inactivated p38/MAPK signaling. A previous
report indicated that the activation of p38 MAPK could
contribute to the stem cdike properties of NSCL(37].
Additionally, it has been proved that PRKCancactivate
p38/MAPK signaling in NSCLJ38]. Our research was
consistent with these findings, suggesting that p38/MAPK
could promote the progression of NSCLC. Frankly
speaking, this study focused only on p38/MAPK signaling
so far. Since phosphoinositidekBiase/Akt signaling has
also been reported to be involved in the development of
NSCLC [39], we will further investigate the effects of
hsa_circ_0007580 on phosphoinositidekirkase/Akt
signaling.

In conclusion, the downregulation of hsa_circ_0007580
inhibited the tumorigenesis of NSCLC by reducing the
sponging of miR545-3p; thus, this circRNA could be a
new target for the treatment of NSCLC.

MATERIALS AND METHOD S
Cell culture

A549, NCFH520 and 293T cell lines were obtained
from the American Typ€ulture Collection (Manassas,
VA, USA) and cultured in
Medium (DMEM, Thermo Fisher Scientific, Waltham,
MA, USA) with 10% fetal bovine serum (Thermo
Fischer Scientific), 1% penicillin and streptomycin
(Thermo Fisher Scientifi@t 37°C and 5% C9

Bioinformatics analysis

Two datasets (GSE101586 and GSE112214) containing
gene expression data for NSCLC and adjacent normal
tissues (controls) were obtained from the Gene
Expression Omnibus databasehttis://www.ncbi.
nim.nih.gov/ged. Principal component analysis and
volcano plot were performed to asses the expressions of
cirRNAs in NSCLC and adjacent normal tissues. GO
analysis was performed to explotke functions of
circRNA host genes in terms of biological processes,
cellular components and molecular functions.
Biological pathways were assessed in the Kyoto

Encyclopedia of Genes and Genomes. Survival curves
were generated using The Cancer GenomeasAtl
(https://www.cancer.gov/abouci/organization/ccg/
research/structuralenomics/tcga

gRT-PCR

Total RNA from NSCLC cell lines was extracted with

TRIzol reagent (TaKaRa, Tokyo, Japan) according to

t he manufacturer’s protoco
synthesized with a reverse transcription kit (TaKaRa,
Ver. 3.0) according to the
following protocol was used to perform gqHPCR in

triplicate: 2 minutes at 94°C, followed by 35 cycles of

30 seconds at 94°C and 45 seconds at 55°C. The
following primers were obtained from GenePharma
(Shanghai, China): Hsa_cir
CAGGACCTTCTGTGGGACTE3 ' and rrever s
TCCAAAACTCCCCTTTCCCAS ! MiR-545-3p:

f or wa TGCGGTCAGCAAACATTTATTG3 '’ and
rever ERAGTECAGGGTCCGAGGTATI3 ' = B
actin: FAGCEABCATCCBCCAAAGTTF3 '
and r e -@GGEACGAAGGCTCATCATTE3 '
Uué6: f or WAGTUCGGEAGCACATATAG3 '
and r ev AKASATGGBACGCTTCACGA-3

The relative fold changes were calculated with thé 2!
method using the formula:(Z @ mp!-€ 0ACH o \yhafel )
ACt i s t he di fference
amplification thresholds of the gene of interest and the
internal reference gene usedif nor mal i zat i on
actin).

bet

Cell transfection

Two shRNAs directly targeting hsa_circ_0007580
(shRNA1 and shRNA2) and one shRNA with a
nontargeting sequence (negative control) were obtained

D framid-anbie BioteshnalpgydCp. f Ltd ¢Sthanghai, dhira) s

and pakaged into lentiviruses. The lentiviral vector

DNAs were then transfected into 293T cells, and the

cells were incubated at 32°C. Then, the supernatants
were collected and filtered for the retrieval of lentiviral
particles. Finally, NSCLC cells were infed with the
lentiviral particles accorc
protocol. After 48 h of incubation, stably transfected
NSCLC cells were selected
Sigma Aldrich, St. Louis, MO, USA), and gRACR
was used to verify the efficiency wansfection.

Wi

For miR545-3p transfection, Lipofectamine 2000 was
used to transfect A549 or NE1520 cells with miR
5453p mimics, miR5453p inhibitors or negative
controls, as described previous[$0]. The mimic,
inhibitor and negative control RNAsere purchased
from GenePharma (Shanghai, China). The efficiency of
transfection was detected with gfPCR.
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CCK-8 assay

A549 or NCHH520 cells were seeded in-9ll plates
(5%1C cells per well) overnight. Then, the cells were
treated with hsa_circ_0007868hRNA2 or the negative
control for 0, 24, 48 or 72 h. The cells in each well were
then treated w8 reagenthd fupthier
incubated for 2 h at 37°C. Finally, the absorbance of the
NSCLC cells was measured at 450 nm on a microplate
reader (Tlermo Fisher Scientific).

Ki-67 staining

NSCLC cells were seeded in-24ll plates overnight.
Next, cells were treated with negative control or
hsa_circ_0007580 shRNA2 for 72 h. Then, cells were
blocked with 10% goat serum for 30 min at room
temperature r@d then incubated with arti67 antibody
(Abcam, Cambridge, MA, USA; 1:1000) at 4°C
overnight, After that, cells were incubated with goat-anti
rabbit 1IgG (Abcam; 1:5000) at 37°C for 1 h. The nuclei
were stained with DAPI (Beyotime, Shanghai, China) for
5 min. Finally, cells were observed under a fluorescence
microscope (Olympus CX23, Tokyo, Japan).

Cell apoptosis analysis

A549 or NCHH520 cells were trypsinized, washed with
phosphatduffered saline and resuspended in Annexin V
Binding Buffer. The cell s
fluorescein isothiocyanate
for 15 minutes. A flow cytometgBD, Franklin Lakes,

NJ, USA) was used to determine the cell apoptosis rate.

Dual luciferase reporter assay

For the construction of the WT/MT reporter vectors for
hsa_circ_0007580 arflRKCA respectively, the partial
sequences of hsa_circ_0007580 and3Hentranslated
region (UTR) of PRKCA containing the putative
binding sites for miKB453p were synthesized by
Sangon Biotech (Shanghai, China) and cloned into
pmirGLO DuatLuciferase miRNA Target Expression
Vectors (Promega, Madison, WI, USA). Lipofeciam
2000 (Thermo Fisher Scientific) was used to transfect
293T cells with the hsa_circ_00075B&KCA(WT) or
hsa_circ_000758BRKCA (MT) vectors, together with
the control, vectecontrol or miR5453p mimics,
according t o t he
relative luciferase activity was analyzed on a BQ&
Luciferase Assay System (Promega).

RNA pull-down

For RNA pulkdown assay, the Biotin RNA Labeling
Mix (Roche, Basel, Switzerland) was used to transcribe

and label probeontrol or probehsa circ 0007580
from hsa_circ_0007580 shRNA2 lenti veciar vitro.

An RNA structure buffer (Thermo Fisher Scientific)
was used to induce secondary structure formation from
the biotinlabeled RNAs. Streptavidin beads (Thermo

Fisher Scientific) were washed thréeemme s wi t h 50

o fof RN@ Kimmunoprecipitation wash buffer (Thermo

Fisher Scientific) and then added to the biotinylated
RNAs at 4°C overnight. The overnight mixture was
separated by a magnetic field so that streptavidin-bead
RNA complexes could be obtainetdhen, lysates of
NSCLC cells were added to the complexes and
incubated on a rotator at room temperature for one hour.
The incubated mixture was again separated with a
magnetic field so that streptavidin beBNIA-protein
complexes could be obtained.

FISH detection

The celocalization of miR545-3p and
hsa_circ_0007580 in the cytoplasm was investigated
using FISH detection as described previol$ly.

Western blotting

Total protein was isolated from cell lysates or tumor
tissues with radiammunoprecipiation assay buffer and
quantified with a bicinchoninic acid protein assay kit
(Beyotime, Shanghai, China). Proteins were resolved on
Wosorsadiur dodecy! sufateapdlyaaythmide igelskand Shenu L
transfetred3o pplyvinypdene difluaideumembiaced {Bid e  (
Rad). Afterbeing blocked, the membranes were incubated
with primary antibodies at 4°C overnight and then
incubated with an antabbit secondary antibody (Abcam;
1:5000) at room temperature for 1 h. The membranes
were scanned on an Odyssey Imaging System and
analyzel with Odyssey v2.0 software (LICOR
Biosciences, Lincoln, NE, USA). The primary antibodies
used in this study were: aB8 (Abcam, Cambridge,

MA, USA; 1:1000), antPRKCA (Abcam; 1:1000) and
anttBact i n ( Ab c aantn wds: used @D an. B
internal ontrol.

In vivo study
Eight BALB/c nude mice (six to eight weeks old) were

purchased from Vital River (Beijing, China). The mice
were housed in a dedicated speegfahogerree

ma hef a c tfagilitye 1A349 celis n(sobtmol uar tsialdyn expressing

hsa_circ_0007580 shRNA2) were transplanted
subcutaneously into each mouse as described previously
[42]. The tumor volume was measured weekly as
previously reported43]. At the end of the experiment,
the mice were sacrificed and their tumors were collected
and weighed. Alln vivo experiments were performed in
accordance with the National Institutes of Health Guide
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for the Care and Use of Laboratory Animals, following
a protocol approved by the Ethics CommitteesTloé
First Affiliated Hospital, Zhejiang University.

Statistical analysis

For each analysis, at least three independent experiments
were performed. All data are expressed as the mean *

standard deviation. Differences were analyzed with
St u d etest (forstwotgroups) or ongay analysis of
variance

f ol $ test éfat thrbeyor manek e y ’

groups) in GraphPad Prism 7. P<0.05 was considered to 6.

indicate a statistically significant difference.
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