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Abstract
Objectives: Circular	RNA,	a	type	of	RNA	formed	by	a	covalently	closed	 loop,	pos-
sesses sophisticated abilities of gene regulation in tumorigenesis and metastasis. 
However,	 the	 role	 of	 circRNAs	 on	 lung	 adenocarcinoma	 (LUAD)	 remains	 largely	
unknown.
Materials and methods: The role of cMras was examined both in vitro and in vivo. 
cMras	 expression	 in	 LUAD	 tissues	was	 determined	 by	 quantitative	 real‐time	 PCR	
(qRT‐PCR).	Downstream	targets	of	cMras	were	predicted	by	bioinformatics	tools	and	
confirmed	 by	 RNA	 immunoprecipitation	 assay	 and	 luciferase	 assay.	 qRT‐PCR	 and	
western blot assay were used to detect the expression of specific targets.
Results: Thirty‐six	paired	LUAD	and	healthy	 tissues	were	collected	and	cMras	 re-
sulted significantly downregulated in cancerous tissues. Its expression was nega-
tively	 associated	 with	 tumour	 stages.	 cMras	 overexpression	 suppressed	 LUAD	
growth	and	metastasis,	while	endogenous	cMras	silencing	resulted	in	the	opposite	
effects. Bioinformatics analysis and experimental evidence confirmed that cMras 
was	a	sponge	of	miRNA‐567	and	released	 its	direct	 target,	PTPRG.	cMras	overex-
pression	decreased	miR‐567	expression	and	subsequently	increased	PTPRG	expres-
sion,	while	increased	miRNA‐567	expression	blocked	the	effects	induced	by	cMras.	
Moreover,	PTPRG	was	downregulated	in	LUAD	and	patients	with	low	PTPRG	expres-
sion exhibited significantly poor prognosis. These results suggested that cMras/
miR‐567/PTPRG	regulatory	pathway	might	be	associated	to	LUAD	tumorigenesis	and	
development.
Conclusions: A	novel	circular	RNA	cMras	and	its	functions	were	identified,	discover-
ing	 a	 cMras/miR‐567/PTPRG	 regulatory	 pathway	 in	 LUAD	 tumorigenesis	 and	
development.
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1  | INTRODUC TION

Lung	cancer	is	a	severe	public	health	problem,	representing	one	of	the	
most	 common	 types	of	malignancy	worldwide,	 and	 lung	adenocarci-
noma	(LUAD)	is	its	most	common	histological	type.1-3	Although	coding	
RNAs	had	been	studied	for	hundreds	of	years	to	fight	tumours,	their	
therapeutic	effects	show	a	limited	improvement.	Thus,	in	order	to	im-
prove	the	survival	of	patients,	it	is	crucial	to	find	novel	molecular	mark-
ers that could be beneficial in tumour early diagnosis and therapy.

Non‐coding	RNAs	are	RNA	molecules	that	are	not	translated	into	
proteins.	Abundant	and	functionally	regulatory	types	of	non‐coding	
RNAs	 include	 circular	RNAs	 (circRNAs),	microRNAs	 (miRNAs)	 and	
long	 non‐coding	 RNAs.4	 circRNAs,	 a	 group	 of	 important	 endoge-
nous	non‐coding	RNAs,	mainly	consist	of	transcripts	from	exons	and	
exert important roles in the downstream gene regulation.5,6 Unlike 
linear	RNAs,	such	as	mRNAs	that	possesses	5′	and	3′‐end	at	both	
extremities,	circRNAs	are	circularized	because	free	3′‐	and	5′‐ends	
join	together,	forming	a	circular	structure.	Thus,	compared	to	their	
linear	counterparts,	circRNAs	are	extraordinarily	stable	in	vivo	due	
to their resistance to exonuclease.7‐10 Recent evidences suggest 
that	 circRNAs	 are	 involved	 in	 several	 diseases,	 including	 tumour	
development.	For	example,	circRNA	has_circ_100395	inhibits	 lung	
cancer	progression	through	the	miR‐1228/TCF21	axis,	while	ciRS‐7	
promotes	 oesophageal	 squamous	 cell	 carcinoma	 tumour	 growth	
and	metastasis	by	inducing	miR‐7/HOXB13	axis.11,12

miRNAs	 are	 another	 group	ofnon‐coding	RNAs	 containing	 ap-
proximately	22	nucleotides,	with	a	 role	of	 regulating	gene	expres-
sion.13	 A	 recent	 evidence	 suggests	 that	 miRNAs	 are	 involved	 in	
tumorigenesis	and	tumour	development,	functioning	as	gene	silenc-
ers at a post-transcriptional level.14	In	addition,	transcripts	can	regu-
late	each	other	by	competing	for	miRNA	in	common,	called	ceRNAs	
(competing	endogenous	RNAs).	Several	studies	reveal	that	circRNAs	
are	sponges	of	many	miRNAs,	exerting	the	same	function	as	ceRNAs	
in tumorigenesis.15,16

In	the	present	study,	we	found	that	cMras,	a	novel	circular	RNA	
Mras,	 was	 downregulated	 in	 LUAD	 tissues.	 Enhanced	 cMras	 ex-
pression	inhibited	cell	proliferation	and	motility	in	vitro	and	in	vivo,	
while	its	silenced	expression	had	the	opposite	effects.	As	regard	its	
mechanism	of	action,	we	discovered	that	cMras	could	function	as	a	
sponge	of	miR‐567,	blocking	it	and	releasing	its	target	PTPRG.	Our	
findings revealed a potential mechanism regulated by the cMras/
miR‐567/PTPRG	axis	acting	in	the	suppression	of	LUAD	tumorigen-
esis	and	metastasis.	Thus,	cMras	could	represent	a	novel	biomarker	
with	 antitumour	 effects,	 opening	 new	 perspectives	 in	 cancer	 re-
search and therapy.

2  | MATERIAL S AND METHODS

2.1 | Bioinformatics analysis

Circinteractome	 (https://circinteractome.nia.nih.gov/)	 was	 used	 to	
predict	 the	 potential	 miRNAs	 binding	 sites	 in	 the	 cMras	 and	 cor-
responding	 miRNAs	 to	 study	 the	 “miRNA	 sponge”	 mechanism.17 

DIANA‐TarBase	v8.0	software	(http://diana.imis.athena‐innovation.
gr/DianaTools)	was	used	to	predict	the	potential	miRNA	target.18	RNA	
fold	 software	 (http://rna.tbi.univie.ac.at/cgi‐bin/RNAWebSuite/
RNAfold.cgi)	was	used	to	predict	cMras	advanced	structure.	UCSC	
Genome	 Browser	 Home	 (https://genome.ucsc.edu/)	 was	 used	 to	
display	 genomic	 cMras	 structure.	 KM	 Plotter	 (http://kmplot.com/
analysis/index.php?p=service)	 was	 used	 to	 analyse	 the	 prognostic	
value	of	PTPRG.19

2.2 | Tissue samples

A	total	of	36	pairs	of	LUAD	and	healthy	tissues	were	obtained	from	
patients	 diagnosed	 with	 lung	 cancer,	 who	 underwent	 surgery	 at	
Jiangsu	Province	Hospital	of	TCM,	China.	The	specimens	were	snap‐
frozen	and	stored	at	−80°C	until	use.	All	patients	provided	signed	
informed	 consent	 to	 the	 research.	 The	 Human	 Research	 Ethics	
Committee at this hospital approved the study. Patients’ information 
is shown in Table 1.

2.3 | Cell culture and transfection

Human	 non‐small	 cell	 lung	 carcinoma	 (A549,	 H1975	 and	 H1299)	
and	normal	 lung	epidermal	 cell	 line	 (HBE)	were	 routinely	 cultured	
in	RPMI	Medium	1640	or	MEM	(C11875500BT;	Life	Technologies,	
Gaithersburg,	 MD,	 USA)	 supplemented	 with	 10%	 foetal	 bovine	
serum	(13011‐8611;	Tianhang	Biotechnology,	China)	and	penicillin/
streptomycin	 solution	 (15140‐122;	 Life	Technologies)	 at	 37°C	 in	 a	
5%	 CO2	 incubator.	 The	 siRNA	 against	 cMras,	 miR‐567	mimic	 and	
controls were designed and synthesized by Ribobio Biotechnology 
(Guangzhou,	China).	To	overexpress	PTPRG,	the	sequence	of	PTPRG	

TA B L E  1  Clinical	and	pathologic	characteristics	of	LUAD	
patients

 
Numbers of 
patients Relative expression P‐value

Age	(y)

≤60 16 6.69626E-05 0.49

>60 20 0.000155442

Gender

Male 19 5.07355E‐05 0.27

Female 17 0.000189192

Tumour	size	(cm)

<2.5 15 0.000168429 0.22

>2.5 21 2.57721E‐05

Lymphatic	metastasis

Positive 17 4.00105E-05 0.253

Negative 19 0.000184214

Tumour stage

T1 + T2 14 0.00027916 0.0347* 

T3 + T4 22 1.2364E-05

*The	significance	of	P < 0.05.

https://circinteractome.nia.nih.gov/
http://diana.imis.athena-innovation.gr/DianaTools
http://diana.imis.athena-innovation.gr/DianaTools
http://rna.tbi.univie.ac.at/cgi-bin/RNAWebSuite/RNAfold.cgi
http://rna.tbi.univie.ac.at/cgi-bin/RNAWebSuite/RNAfold.cgi
https://genome.ucsc.edu/
http://kmplot.com/analysis/index.php?p=service
http://kmplot.com/analysis/index.php?p=service
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was	cloned	into	pcDNA3.1	vector.	si‐cMras	and	siPTPRG	sequences	
are listed in Supporting Information Table S1.

2.4 | Circular RNA plasmid construction

Human	 cMras	 cloned	 sequence	was	 achieved	 from	Mras	 genomic	
DNA	 in	 A549	 cells.	 Mras	 exon	 2	 sequence,	 100	bp	 upstream	
and	 100	bp	 downstream	 adjacent	 sequences	 were	 included.	
Recombinant	plasmid	pzw‐cMras	was	verified	by	direct	sequencing.	
Primer	sequences	are	listed	in	Supporting	Information	Table	S1.

2.5 | RNA extraction from cell line nuclear and 
cytoplasmic fractions

The extraction of the nuclear and outside cytoplasmic parts was 
performed	 using	 mirVana	 PARIS™	 Kit	 (AM1556;	 Ambion,	 Austin,	
TX,	USA),	 according	 to	 the	manufacturer's	 protocol.	Approximately	
5 × 107	cells	were	collected,	centrifuged	at	low	speed	to	remove	the	
culture	 medium,	 washed	 twice	 in	 pre‐cold	 phosphate‐buffered	 sa-
line	(PBS)	and	placed	on	ice.	Next,	they	were	re‐suspended	in	400	μL	
cell fractionation buffer and incubated on ice for at least 5 minutes. 
Samples	were	centrifuged	at	4°C	and	500	g	for	5	minutes,	and	the	cy-
toplasmic	fraction	was	collected.	An	amount	of	500	μL	Cell	Disruption	
Buffer	was	added	to	the	pellets,	and	the	sample	was	vortexed	to	di-
vide and disrupt the nuclei until the lysate was homogenous.

2.6 | Fluorescence in situ hybridization

Fluorescence	 in	 situ	hybridization	 (FISH)	was	performed	 to	detect	
the	presence	of	cMras	using	a	Cy3‐labelled	DNA	probe	against	5′‐
ATCTTGGACGGTCTGACCTA‐3′	sequence	according	to	the	instruc-
tion	of	 the	 fluorescence	 in	 situ	hybridization	 kit	 (C10910;	Ribobio	
Biotechnology).	 Briefly,	 after	 fixing	 cells	 in	 4%	 paraformaldehyde,	
they were hybridized using the hybridization buffer using specific 
probes	and	incubated	at	42°C	overnight,	followed	by	image	acquisi-
tion.	18S	RNA	probe	was	used	as	the	cytoplasm	marker	and	U6	RNA	
probe was used as the nuclear marker.

2.7 | RNase R treatment

One	unit	of	RNase	R	(526413;	Epicentre	Technologies	Corp,	Madison,	
WI,	USA)	digests	1	µg	of	total	RNA.	Reaction	mixtures	were	placed	
in	a	water	bath	at	37°C	for	10	minutes	with	or	without	RNase	R	fol-
lowed by phenol/chloroform and ethanol precipitation.

2.8 | RNA extraction and quantitative real‐time PCR

Total	RNA	was	extracted	from	patients'	tissue	samples	and	cell	lines	
by	Trizol	Reagent	(15996‐026;	Invitrogen,	CA,	USA).	Quantitative	real‐
time	PCR	(qRT‐PCR)	primers	were	synthesized	from	Sangon	Biotech	
(Shanghai,	China).	GAPDH	or	U6	was	used	as	an	internal	control	and	
the relative gene expression was calculated using the 2−ΔΔCT method. 
Primer	sequences	are	listed	in	Supporting	Information	Table	S1.

2.9 | Cell viability assay

Cell	 viability	 was	 evaluated	 using	 a	 CCK‐8	 Kit	 (HY‐K0301;	
MedChemExpress,	USA).	Approximately,	1	×	103 cells per well were 
seeded	in	96‐well	plates	(four	replicates	for	each	group).	After	1,	2,	
3,	4	and	5	days	incubation,	10	μL	of	the	CCK‐8	reagent	was	added	to	
each	well	and	cells	were	incubated	at	37°C	for	1.5	hours.	The	optical	
density	was	 read	at	450	nm	by	 the	 synergy	2	 (Molecular	Devices,	
Bio‐Tek,	CA,	USA).

2.10 | Transwell assay

Lung	cancer	A549	cell	line	and	H1299	cell	line	in	200	μL	serum‐free	
media were placed into the upper transwell chamber to perform the 
migration assay or placed into the upper transwell chamber cov-
ered	with	matrigel	to	perform	the	 invasion	assay	(8.0	μL	pore	size;	
BD	 Biosciences,	 Franklin	 Lakes,	 USA).	 After	 20	hours,	 cells	 were	
incubated	with	1%	crystal	violet	 for	5	minutes	after	fixation	 in	4%	
paraformaldehyde. Colonies were examined under the microscope 
by	Image	Scanner	(GE,	USA).

2.11 | Colony formation assay

Approximately	500	cells	were	seeded	in	6‐well	plates	for	approximately	
2	weeks.	 Subsequently,	 the	 colonies	were	 incubated	with	1%	crystal	
violet	for	10	minutes	after	fixation	in	4%	paraformaldehyde.	Colonies	
were	examined	under	the	microscope	by	Image	Scanner	(GE).

2.12 | Luciferase assay

A549	cells	were	seeded	in	96‐well	plates	(1	×	104	cells	per	well).	cMras	
sponge	sequence,	PTPRG	3′UTR	harbouring	the	putative	sponge	sites	
of	miR‐567,	and	the	corresponding	site‐directed	mutant	seed	sequence	
were	 cloned	 into	 the	pmirGLO	 reporter	 vector	 (Promega,	USA).	 The	
miR‐567	mimic	was	co‐transfected	into	the	cells	at	the	indicated	con-
centration	 in	 the	 protocol	 (https://www.promega.com.cn/products/
reporter-assays-and-transfection/reporter-vectors-and-cell-lines/
pmirglo‐dual‐luciferase‐mirna‐target‐expression‐vector).	 Lysates	were	
harvested and consecutively measured 48 hours after transfection. 
Primer	sequences	are	listed	in	Supporting	Information	Table	S1.

2.13 | RNA immunoprecipitation

RNA	immunoprecipitation	(RIP)	assay	was	performed	using	A549	and	
H1299	according	 to	 the	protocol	 in	MagnaRIP	RNA‐Binding	Protein	
Immunoprecipitation	Kit	(Millipore,	Bedford,	MA).	cMras	level	was	de-
tected	by	qRT‐PCR.	The	data	were	used	to	compare	firstly	the	input,	
then used to compare the cMas group with the control group.

2.14 | Western blotting

RIPA	buffer	 (P0013C;	Beyotime,	China)	 containing	 the	protease	
inhibitor	Cocktail	 (1	mmol/L,	HY‐K0010;	MedChemExpress)	was	

https://www.promega.com.cn/products/reporter-assays-and-transfection/reporter-vectors-and-cell-lines/pmirglo-dual-luciferase-mirna-target-expression-vector
https://www.promega.com.cn/products/reporter-assays-and-transfection/reporter-vectors-and-cell-lines/pmirglo-dual-luciferase-mirna-target-expression-vector
https://www.promega.com.cn/products/reporter-assays-and-transfection/reporter-vectors-and-cell-lines/pmirglo-dual-luciferase-mirna-target-expression-vector
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used	 to	 lyse	 cells,	 and	 extracted	 total	 proteins	 were	 subjected	
to western blotting following a standard protocol. The primary 
antibody	 Rabbit	 polyclonal	 PTPRG	 antibody	 (1:1000	 dilution)	
was	purchased	from	Thermo	(MA,	USA).	β‐actin	(1:5000	dilution,	
20536‐1‐AP)	and	the	anti‐rabbit	HRP‐linked	secondary	antibody	
(1:1000	 dilution,	 ab50345)	 were	 purchased	 from	 proteintech	
(Cambridge,	MA,	USA).

2.15 | Animal studies

All	 animal	 studies	were	performed	 in	 accordance	with	protocols	
approved	 by	 the	 Animal	 Experimentation	 Ethics	 Committee	 of	
Nanjing	University	of	Chinese	Medical	Center	(Nanjing,	China).	As	
regard	tumour	growth	analysis	in	a	xenograft	model,	4‐	to	6‐week‐
old	 immunodeficient	 mice	 were	 used.	 A	 total	 of	 2	×	105 cMras-
overexpressed	and	control	cells	(A549	or	H1299)	per	mouse	were	

subcutaneously injected into the right collar of the mice. Thirty 
days	 later,	mice	were	 sacrificed,	 and	 tumours	weight	was	meas-
ured.	For	in	vivo	metastasis	assay,	cMras‐overexpressed	and	con-
trol	A549	cells	 (5	×	105	cells/mouse)	were	 intravenously	 injected	
into	 the	 mice	 tail	 vein.	 Forty	 days	 post‐inoculation,	 mice	 were	
sacrificed and nodules developed in their lungs were analysed. 
Immunohistochemical	 analysis	 (IHC)	 for	 ki‐67	was	 performed	 as	
previously described.20	 For	 the	 in	 vivo	 assay	 of	 PTPRG,	 2	×	106 
A549	cells	transfected	with	either	the	PTPRG	overexpression	vec-
tor or control vector were injected subcutaneously into the flank of 
each	mouse.	For	further	investigated	the	role	of	cMras/miR‐567/
PTPRG	regulatory	pathway	 in	LUAD	progression	 in	vivo,	2	×	106 
A549	cells	transfected	with	control	vector	or	cMras	overexpres-
sion	 vector	were	 inoculated	 subcutaneously,	 and	 all	 of	 the	mice	
examined	developed	tumours	at	10th	day.	About	5	nmol	miR‐567	
mimics	(agomir)	or	siRNA	against	PTPRG	(RiboBio)	in	25	μL	saline	

F I G U R E  1  cMras	characterization	and	downregulation	in	LUAD.	A,	cMras	chromosome	location	and	species	conservation	were	displayed	
by	UCSC	websites.	B,	Gel	electrophoresis	of	cMras	PCR	products	amplified	by	divergent	primers	in	gDNA	or	cDNA.	C,	Sanger	sequencing	
displayed	back‐spliced	junction	of	cMras,	red	line	pointed	back‐spliced	site.	D,	cMras	and	linear	Mras	expression	were	detected	by	qRT‐PCR	
after	RNase	R	treatment.	E,	cMras	expression	was	measured	in	36	pairs	of	LUAD	tissues	by	qRT‐PCR.	F,	cMras	levels	in	different	tumour	
stages.	G,	cMras	expression	in	a	panel	of	normal	lung	epithelial	cell	line	and	LUAD	cell	lines.	Data	were	expressed	as	mean	±	standard	
deviation	of	three	independent	experiments.	*P	<	0.05,	**P < 0.01
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buffer was intratumorally injected into cMras overexpression tu-
mours mass at multiple sites per mouse every 2 days during the 
next	20	days,	then	tumours	were	removed	and	weighed.

2.16 | Statistical analysis

Data	were	expressed	as	mean	±	standard	deviation	(SD).	Student's	t 
test	was	used	to	determine	the	difference	between	groups.	At	least	
three	independent	experiments	were	carried	out	for	each	assay.	A	P 
value <0.05 was considered statistically significant.

3  | RESULTS

3.1 | cMras characterization and downregulation in 
LUAD

Hsa_circ_0067512	(cMras)	is	located	in	the	chromosome	3,	211	base	
pairs	(bp)	in	length	and	consists	of	only	one	exon	(exon	2)	from	the	
Mras	genome.	In	addition,	cMras	is	conserved	in	various	species,	in-
cluding	mouse,	dog	and	zebrafish,	suggesting	its	important	function	
in	biological	process	 (Figure	1A).	To	verify	 that	cMras	was	circular	
rather	 than	products	of	 trans‐splicing	or	genomic	rearrangements,	

circRNA	 identification	assays	were	performed.7 Divergent primers 
to	 amplify	 cMras	 were	 designed.	 Using	 cDNA	 and	 genomic	 DNA	
from	A549	and	H1299	cell	 line	as	 templates,	cMras	was	amplified	
from	cDNA	by	only	divergent	primers,	while	no	amplification	prod-
uct	was	observed	from	genomic	DNA	(Figure	1B).	Next,	 the	back‐
spliced junction in PCR products of cMras was confirmed by Sanger 
sequencing	(Figure	1C).	Moreover,	the	ability	of	resistance	to	RNase	
R exonuclease digestion confirmed that cMras was circular in form 
(Figure	1D).

In	order	to	detect	cMras	differential	expression	 in	LUAD	and	
adjacent	healthy	tissues,	its	expression	was	evaluated	in	a	subset	
of	36	pairs	of	LUAD	samples	by	qRT‐PCR.	The	results	showed	that	
cMras	 was	 downregulated	 in	 LUAD	 compared	 with	 the	 control,	
suggesting	 its	 potential	 tumour	 suppressor	 function	 (Figure	 1E).	
Moreover,	 cMras	 expression	 was	 significantly	 associated	 with	
tumour	stages,	 suggesting	 its	 important	 role	 in	clinical	diagnosis	
(Figure	1F).	Next,	we	examined	cMras	expression	in	four	lung	cell	
lines,	 such	as	 three	LUAD	cell	 lines	 and	1	normal	 lung	epithelial	
cell lines. The results showed that cMras expression was downreg-
ulated	in	lung	cancer	cell	 lines	(Figure	1G).	Taken	together,	these	
results suggested that cMras was actually circular in shape and 
that	it	was	downregulated	in	LUAD.

F I G U R E  2  cMras	overexpression	inhibited	LUAD	cell	proliferation,	migration	and	invasion.	A,	cMras	expression	measured	by	qRT‐PCR	
after	transfection	with	plasmid	pzw‐cMras.	B,	C,	Cell	viability	by	CCK‐8	assay	in	A549	and	H1299	cells	transfected	with	empty	vector	
(control)	or	pzw‐cMras.	D,	Colony	formation	assay	in	A549	and	H1299	cells	transfected	with	empty	vector	(control)	or	pzw‐cMras;	two	
representative	images	are	shown.	Colony	formation	number	was	calculated	by	image	J.	E,	F,	Transwell	assays	were	used	to	measure	the	
migration	and	invasion	ability	of	A549	and	H1299	cells	transfected	with	empty	vector	(control)	or	pzw‐cMras;	two	representative	images	
are shown. Results were expressed as the number of cells per field compared with the corresponding control. Data were expressed as 
mean	±	standard	deviation	of	three	independent	experiments.	*P	<	0.05,	**P < 0.01
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3.2 | cMras overexpression inhibited LUAD cell 
proliferation, migration and invasion

Since	cMras	was	downregulated	 in	LUAD	 tissues	and	associated	
with	 tumour	 stage,	 the	 function	 of	 cMras	 in	 LUAD	 cancer	 cells	
was investigated. We firstly upregulated cMras expression by 
transfection	 with	 pzw‐cMras	 plasmids,	 and	 qRT‐PCR	 confirmed	
the	 successful	 cMras	 overexpression	 (Figure	 2A).	 CCK‐8	 assay	
revealed	 that	 the	viability	of	A549	and	H1299	was	decreased	 in	
cMras overexpression group compared with that in the control 
group	(Figure	2B,C).	Consequently,	colony	numbers	of	cMras	over-
expressing cells were significantly less than those in the control 
group	(Figure	2D).	Furthermore,	transwell	migration	and	invasion	
assay	 indicated	 that	 the	 migration	 and	 invasion	 ability	 of	 A549	

and	H1299	cell	line	were	also	suppressed	by	cMras	(Figure	2E,F).	
These data demonstrated that enhanced cMras expression sup-
pressed	LUAD	cell	proliferation,	migration	and	invasion.

3.3 | cMras silencing promoted LUAD cell 
proliferation, migration and invasion

Next,	 RNA	 interference	 was	 used	 to	 silence	 cMras	 in	 A549	 and	
H1299	 for	 “loss	 of	 function”	 investigation.	 Two	 effective	 siR-
NAs	were	designed	to	 target	 the	back‐spliced	sequence	of	cMras	
(Figure	3A).	The	results	showed	that	si‐cMras#2	possessed	a	better	
silencing	ability	both	in	A549	and	H1299	cells	(Figure	3B,C).	Thus,	
we	choose	it	to	perform	subsequent	experiments.	Cell	proliferation	
assay	 revealed	 that	 cMras	 silencing	 significantly	 promoted	 A549	

F I G U R E  3  cMras	silencing	promoted	LUAD	cell	proliferation,	migration	and	invasion.	A,	Schematic	diagram	representing	the	designed	
siRNA	target	site.	B,	C,	Knockdown	efficiency	of	the	two	different	cMras	siRNAs	by	qRT‐PCR.	D,	E,	Cell	viability	by	CCK‐8	assay	in	A549	
and	H1299	cells	transfected	with	NC	(negative	control)	or	si‐cMras.	F,	Colony	formation	assay	in	A549	and	H1299	cells	transfected	with	NC	
(negative	control)	or	si‐cMras;	two	representative	images	are	shown.	Colony	formation	number	was	calculated	by	image	J.	G,	H,	Transwell	
assays	were	used	to	measure	the	migration	and	invasion	ability	of	A549	and	H1299	cells	transfected	with	NC	(negative	control)	or	si‐cMras;	
Results	were	expressed	as	the	number	of	cells	per	field	compared	with	the	corresponding	control.	Data	were	expressed	as	mean	±	standard	
deviation	of	three	independent	experiments.	*P	<	0.05,	**P < 0.01
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and	H1299	proliferation	 (Figure	 3D‐F).	 In	 addition,	 the	migration	
and	invasion	were	promoted	by	cMras	silencing,	as	shown	by	the	as-
sociated	assays	(Figure	3G,H).	These	results	revealed	that	cMras	si-
lencing	accelerated	LUAD	cell	proliferation,	migration	and	invasion.

3.4 | cMras was a sponge of miR‐567

Recent	studies	revealed	that	circRNAs	function	mainly	as	miRNA	
sponges	to	bind	functional	miRNAs	and	then	regulate	gene	expres-
sion.21	In	this	study,	bioinformatic	analysis	by	Circinteractome,	we	
found	 that	 cMras	 shared	 miRNA	 response	 elements	 of	 several	

miRNAs,	 including	miR‐567	with	 two	binding	 sites	 (Figure	4A,B).	
Since	circRNAs	possess	an	complex	structure,	we	predicted	cMras	
structure	 by	 RNA	 fold	 software.	 Interestingly,	 miR‐567	 bind-
ing	 sites	 were	 localized	 nearly	 in	 two	 loops,	 which	 was	 accord-
ance	 with	 the	 RNA	 sponge	 theory	 (Figure	 4C).	 To	 identify	 the	
miRNA‐binding	ability	of	cMras,	we	performed	FISH	assay	against	
cMras,	and	nuclear	and	cytoplasmic	fraction	assay	to	confirm	that	
cMras	was	preferentially	localized	in	the	cytoplasm	(Figure	4D,E).	
Subsequently,	the	 luciferase	assay	was	performed	to	confirm	the	
interaction	between	cMras	and	miR‐567.	The	results	showed	that	
the	interaction	between	cMras	and	miR‐567	in	A549	decreased	the	

F I G U R E  4  cMras	was	a	sponge	of	miR‐567.	A,	Putative	binding	sites	of	miRNAs	related	to	cMras.	B,	Wild	type	and	mutant	sequence	of	
cMras	compared	with	miR‐567.	C,	Schematic	representation	of	cMras	and	miR‐567	target	site.	D,	FISH	showing	the	localization	of	cMras	in	
A549	cells.	DAPI	was	used	to	stain	the	nuclei;	U6	was	used	as	control;	18S	RNA	was	the	cytoplasmic	control.	E,	U1	(nuclear	control),	GAPDH	
(cytoplasmic	control)	and	cMras	were	measured	by	qRT‐PCR	in	nuclear	and	cytoplasmic	fractions.	F,	Luciferase	reporter	assay	to	detect	the	
luciferase	activity	in	A549	cells	co‐transfected	with	cMras	binding	site	and	miR‐567.	G,	Luciferase	reporter	assay	to	detect	the	luciferase	
activity	in	A549	cMras	wild	type	or	mutant	with	miR‐567.	H,	Ago2	protein	level	by	western	blot	in	A549	and	H1299	cells	transfected	with	
empty	pCDNA	plasmid	and	pCDNA	expressing	Ago2	plasmid.	I,	cMras	level	was	measured	in	complex	of	Ago2	protein	in	RIP	assay.	Data	
were	expressed	as	mean	±	standard	deviation	of	three	independent	experiments.	*P	<	0.05,	**P < 0.01
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luciferase	 activity,	 while	 the	 interaction	 between	 cMras	 mutant	
and	miR‐567	in	A549	did	not	influence	it	(Figure	4F,G).	Moreover,	
the	Ago2	RIP	assay	was	performed	 to	 further	confirm	 this	 inter-
action.	A	specific	enrichment	of	cMras	was	detected	in	the	Ago2	
pulled	down	pellet	compared	with	the	control	group	 (pcDNA	3.1	
empty	vector),	supporting	the	evidence	that	cMras	was	a	sponge	
of	miR‐567	(Figure	4H,I).

Since we demonstrated the interaction between cMras and 
miR‐567,	 next	 the	 relationship	 between	 them	 in	 terms	 of	 mutual	
regulation	was	detected.	qRT‐PCR	assay	showed	that	cMras	overex-
pression	could	decrease	miR‐567	expression,	while	miR‐567	overex-
pression	had	no	effects	on	cMras	expression,	suggesting	that	cMras	
regulated	 miR‐567	 expression	 (Figure	 5A,B).	 Then,	 the	 functional	
aspect was further investigated. The inhibition of cell proliferation 
and migration induced by cMras overexpression was weakened by 
co‐transfection	with	miR‐567	mimics	(Figure	5C‐F),	suggesting	that	
miR‐567	mediated	 cMras	 function	 in	 LUAD	 cells.	 Taken	 together,	
these	 results	 suggested	 that	 cMras	 was	 a	 sponge	 of	 miR‐567	 in	
LUAD	cells.

3.5 | cMras inhibited the proliferation of LUAD cells 
by modulating miR‐567/PTPRG axis

To	find	the	direct	targets	of	miR‐567,	bioinformatic	tools	(Targetscan	
software)	were	used	combined	with	experimental	database	(Tarbase	
v8.0).	Based	on	 the	overlap	 targets	of	 two	 tools,	18	potential	 tar-
gets	were	found	(Figure	6A).	Among	them,	only	EMP1,	PTPRG	and	
DDX17	were	downregulated	in	LUAD	tissues	by	the	analysis	of	TCGA	
database,	 suggesting	 their	 tumour	 suppression	 role	 (Figure	 6B).	
Therefore,	 the	 investigation	 was	 further	 focused	 on	 these	 three	
genes	and	they	were	detected	by	qRT‐PCR.	The	results	showed	that	
EMP1	and	PTPRG	were	both	downregulated	after	transfection	with	
miR‐567	mimics	(Figure	6C).	However,	reference	retrieval	revealed	
that	only	PTPRG	has	an	inhibitory	role	in	cell	proliferation	and	migra-
tion in lung cancer.22	By	in	vitro	and	in	vivo	assay,	we	confirmed	that	
PTPRG	inhibited	LUAD	cells	proliferation	and	migration	(Supporting	
Information	 Figure	 S1A‐G).	 Hence,	 PTPRG	 was	 selected	 for	 fur-
ther	investigation.	Firstly,	the	3′UTR	fragments	of	PTPRG	contain-
ing	miR‐567	binding	sites	and	their	mutant	fragments	were	cloned	

F I G U R E  5  miR‐567	expression	
mediated the biological effects of cMras. 
A,	miR‐567	expression	after	transfection	
with	cMras	in	A549	and	H1299	cells.	
B,	cMras	expression	after	transfection	
with	miR‐567	mimic	in	A549	and	H1299	
cells.	C,	D,	Cell	proliferation	measured	
by CCK-8 assay in cells transfected with 
control,	cMras	and	the	combination	
of	cMras	and	miR‐567.	E,	F,	Transwell	
migration and invasion assay in cells 
transfected	with	control,	cMras	and	
the	combination	of	cMras	and	miR‐567.	
G,	H,	Results	were	expressed	as	the	
number of cells per field compared with 
the corresponding control. Data were 
expressed	as	mean	±	standard	deviation	
of three independent experiments. 
*P	<	0.05,	**P < 0.01
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into	the	luciferase	reporter	vectors.	A	consistent	reduction	of	lucif-
erase	activity	was	observed	upon	miR‐567	transfection	in	A549	cell	
line,	while	mutant	 fragments	 abolished	 this	 activity	 (Figure	 6D,E).	
Functional	assays	suggested	that	PTPRG	could	antagonize	the	func-
tion	 of	 miRNA‐567(Supporting	 Information	 Figure	 S1I‐J).	 Next,	
whether	PTPRG	expression	was	regulated	by	cMras	was	evaluated.	
Western	blotting	showed	that	PTPRG	protein	expression	was	upreg-
ulated	by	cMras	overexpression	(Figure	6F).	Subsequently,	the	anal-
ysis	of	 its	potential	 link	with	prognosis	 in	 LUAD	patients	 revealed	
that	 patients	with	 low	PTPRG	 expression	 exhibited	 a	 significantly	
worse	 prognosis	 than	 those	 expressing	 higher	 levels	 (Figure	 6G).	

Taken	 together,	 our	 evidences	 suggested	 that	 cMras	 inhibited	 cell	
proliferation	 and	migration	 by	modulating	miR‐567/PTPRG	 axis	 in	
LUAD.

3.6 | cMras affected cell proliferation in vivo

To	evaluate	the	biological	 function	of	cMras	 in	vivo,	a	mouse	xen-
ograft model was established to investigate whether cMras could 
inhibit	tumour	growth.	A549	or	H1299	cells	overexpressing	cMras	
were	subcutaneously	injected	into	nude	mice.	After	35	days,	the	tu-
mour size was decreased in the cMras overexpressing group when 

F I G U R E  6  cMras	inhibited	the	proliferation	of	LUAD	cells	by	cMras/miR‐567/PTPRG	axis.	A,	Venn	diagram	showing	the	potential	targets	
of	miR‐567	in	Targetscan	and	Tarbase	database.	B,	PTPRG,	DDX17	and	EMP1	expression	in	LUAD	tissues	by	TCGA	database.	C,	PTPRG,	
DDX17	and	EMP1	expression	detected	by	cMras	transfection	in	A549	cells.	D,	PTPRG	sequence	aligned	with	miR‐567.	E,	Luciferase	activity	
reduction	observed	with	PTPRG	wild	type	rather	than	mutant	type	in	A549.	F,	PTPRG	protein	expression	in	A549	and	H1299	treated	
with	control,	cMras	or	cMras	plus	miR‐567	mimic.	The	relative	quantification	was	normalized	by	GAPDH.	G,	Kaplan‐Meier	analysis	of	OS	
in	patients	with	variable	expression	of	three	PTPRG	probes.	Data	were	expressed	as	mean	±	standard	deviation	of	three	independent	
experiments.	*P	<	0.05,	**P < 0.01
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compared with the control group. Similar results were obtained for 
the	tumour	weight	(Figure	7A).	Moreover,	tumour	sections	from	the	
cMras	overexpressing	group	exhibited	weaker	Ki67	 staining	when	
compared	 to	 those	 from	 the	control	group,	 suggesting	 that	 cMras	
overexpression	 inhibited	 tumour	growth	 (Figure	7B).	Furthermore,	
we established a lung metastatic model to verify the metastatic abil-
ity	of	cMras.	The	results	revealed	that	A549‐cMras‐derived	tumours	
possessed a smaller mass and were less numerous as compared with 
the	 control	 group	 (Figure	 7C).	 H&E	 staining	 of	 lung	 tissues	 from	
these	mice	confirmed	these	findings	 (Figure	7D).	Furthermore,	we	

found	that	miR‐567	or	siRNA	against	PTPRG	weaken	the	suppressive	
effect	 of	 cMras	 overexpressing	 tumours	 (Supporting	 Information	
Figure	S1H).	Thus,	these	results	demonstrated	that	cMras	inhibited	
tumour growth and lung metastasis in vivo.

4  | DISCUSSION

CircRNAs	 were	 originally	 considered	 as	 a	 by‐product	 of	 RNA	
transcription	 and	 their	 expression	 abundance	 is	 low.	 Therefore,	

F I G U R E  7  cMras	affected	cell	proliferation	in	vivo.	A,	A549	and	H1299	with	control	or	cMras	overexpression	(OE)	plasmid	were	injected	
in	nude	mice.	Tumour	weight	was	represented	as	mean	of	tumour	weights	±	standard	deviation	(SD).	B,	Immunohistochemical	(IHC)	staining	
of	Ki‐67	in	subcutaneous	mice	tumours.	C,	Lung	metastasis	of	A549	cells	after	tail	vein	injection.	Quantitative	analysis	of	lung	metastatic	
colonies	in	each	group	(n	=	6/group).	D,	Representative	metastatic	lesions	stained	by	H&E	in	the	lungs	of	mice	4	wk	after	tail	vein	injection	of	
the indicated cells. Scale bars: 100 μm.	Data	were	expressed	as	mean	±	SD	of	three	independent	experiments.	*P	<	0.05,	**P < 0.01
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historically,	 they	 have	 not	 been	 considered	 as	 crucially	 biological	
molecules.23	However,	recent	evidences	showed	that	circRNAs	can	
be	 regulatory	 RNAs,	 just	 like	 miRNA	 and	 long	 non‐coding	 RNAs,	
participating in several biological processes.5	 Moreover,	 they	 are	
involved in tumour growth and metastasis.24	 Lung	 cancer	 is	 the	
leading	 cause	 for	 cancer‐related	 death	 worldwide,	 and	 a	 grow-
ing	 number	 of	 studies	 suggested	 that	 circRNAs	 can	 regulate	 lung	
tumorigenesis and development.21	 For	 example,	 X	 Zhu	 et	 al	 ob-
served	 that	 hsa_circ_0013958	 silencing	 suppresses	 the	 ability	 of	
proliferation	and	motility	of	cells.	Besides,	Qiu	et	al25 demonstrated 
that	 circPRKCI‐miR‐545/589‐E2F7	 axis	 enhances	 cell	 prolifera-
tion	and	migration,	 and	 it	 is	positively	correlated	with	clinical	 fea-
ture.	Similarly,	higher	levels	of	circRNA_102231	are	correlated	with	
an	 advanced	TNM	stage,	 lymph	node	metastasis	 and	poor	overall	
survival	of	LUAD	patients.26	As	a	consequence	of	the	above‐men-
tioned	effects,	circRNAs	are	important	regulatory	RNAs	not	only	in	
the	study	of	tumorigenesis	and	development,	but	also	in	the	field	of	
tumour	therapy.	In	our	previous	study,	we	firstly	explored	circRNA	
has_circ_0043256	function	and	its	involvement	in	the	mechanism	of	
cinnamaldehyde against lung adenocarcinoma through its action as 
an	endogenous	sponge	of	miR‐1252,	releasing	its	target	ITCH,	and	
regulating Wnt/β-catenin pathway.20	Thus,	circRNAs	were	identified	
as	 important	 regulatory	RNAs	 in	 lung	cancer	 rather	 than	by‐prod-
ucts	of	mRNA	spliced.	Despite	few	circRNA	reports	are	available	in	
cancer	research,	little	is	known	regarding	their	role	in	LUAD.

In	our	present	study,	we	 identified	a	novel	circRNA,	cMras,	by	
circular	RNA	identification	assays.	cMras	derived	from	chromosome	
3,	exon	6	in	the	Mras	gene	locus,	and	named	as	has_circ_0067512	in	
circbase	(http://www.circbase.org/).	Then,	our	results	showed	that	
cMras was downregulated and negatively correlated with tumour 
stage	in	LUAD.	Based	on	the	above	results,	our	hypothesis	was	that	
cMras	might	function	as	tumour	suppressor	in	LUAD.	Thus,	the	func-
tion	of	cMras	in	LUAD	cell	 lines	was	analysed.	The	results	showed	
that	cMras	inhibited	tumour	growth	and	metastasis,	supporting	our	
speculation.

As	 regard	 the	 mechanism	 of	 action,	 circRNAs	 could	 act	 as	 a	
miRNA	sponge,	binding	RNA‐binding	proteins	 (RBPs)	 and	 translat-
ing peptides.27,28	Of	 note,	 circRNA	acted	 as	 “miRNA	 sponge”	 reg-
ulating the downstream pathway. Our study showed that cMras 
had	many	miRNA‐binding	sites,	including	two	with	miR‐567.	Due	to	
the	“miRNA	sponge”	occurred	in	cytoplasm,	nuclear	and	cytoplasm	
fraction assay was performed and the results showed that cMras 
was	located	mainly	in	the	cytoplasm,	suggesting	the	probability	of	a	
“miRNA	sponge”	effect.	However,	this	result	could	not	explain	why	
cMras	was	also	located	in	the	nucleus.	Thus,	various	functions	of	the	
cMras	in	LUAD	cells	still	need	to	be	explored	beyond	the	“miRNAs	
sponges”	effect.

In	 our	 study,	 miR‐567	 worked	 as	 an	 antagonist	 of	 cMras	 and	
regulated	PTPRG	expression.	Intriguingly,	PTPRG	expression	is	also	
downregulated	 in	 lung	cancer.	Recent	studies	showed	that	PTPRG	
frequently	functions	as	a	tumour	suppressor	in	tumour	growth	and	
development.29,30	 According	 to	 these	 evidences,	 our	 speculation	
was	that	miR‐567	and	PTPRG	might	function	as	“tools,”	controlled	
by	 regulatory	molecules,	 such	 as	 circRNAs.	Hence,	 in	 the	 present	
study,	 we	 demonstrated	 that	 cMras	 inhibited	 tumour	 growth	 and	
metastasis,	working	as	a	sponge	of	miRNA‐567	to	directly	restrain	
its	activity,	and	subsequently	upregulated	its	target	PTPRG	to	exert	
its	tumour	suppressor	function	in	LUAD	(Figure	8).

5  | CONCLUSION

Our work could be considered as an initial attempt in improv-
ing the knowledge regarding the role of cMras dysregulation 
in	 LUAD	 and	 its	 downstream	 molecular	 mechanisms	 through	
the	miR‐567/PTPRG	axis.	Our	findings	provide	novel	evidences	
that	 circRNAs	 act	 as	 “microRNA	 sponges”	 and	 also	 provide	 a	
new therapeutic target and approach in the treatment of lung 
cancer.

ACKNOWLEDG EMENTS

This	 work	 was	 supported	 by	 Foundation	 of	 the	 National	 Natural	
Science	 Foundation	 of	 China	 (No.	 81873277/No.	 81803942),	
Project	of	Administration	of	Traditional	Chinese	Medicine	of	Jiangsu	
Province	 of	 China	 (No.	 JD201503)	 and	 the	 Priority	 Academic	
Program	Development	of	Jiangsu	Higher	Education	Institutions	(No.	
035062002003c).

F I G U R E  8   Schematic illustration of the biological role of cMras 
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sponge,	exerting	its	function	via	regulating	the	downstream	target	
PTPRG;	cMras	knockdown	can	promote	LUAD	cell	proliferation	and	
motility

http://www.circbase.org/


12 of 12  |     YU et al.

CONFLIC T OF INTERE S T

The authors declare no conflicts of interest.

AUTHOR CONTRIBUTIONS

CY,	FT,	XZ	and	QW	conceived	and	coordinated	the	study.	CY,	FT,	
JL,	MS	and	MW	carried	out	the	experiments.	CY	and	FT	analysed	
the	data.	CY	and	FT	wrote	the	manuscript.	All	authors	have	read	
and	 approved	 the	 final	 manuscript.	 CY,	 FT	 and	 JL	 were	 co‐first	
authors.

ORCID

Fang Tian  https://orcid.org/0000-0002-8409-8812 

Xuejun Zhu  https://orcid.org/0000-0001-8885-5924 

Wang Qian  https://orcid.org/0000-0002-1346-9524 

R E FE R E N C E S

	 1.	 Torre	LA,	Siegel	RL,	Jemal	A.	Lung	cancer	statistics.	Adv Exp Med 
Biol. 2016;893:1-19.

	 2.	 Rothschild	SI.	[Advanced	and	metastatic	lung	cancer	–	what	is	new	
in the diagnosis and therapy?]. Praxis (Bern 1994).	2015;104:745‐750.

	 3.	 Siegel	RL,	Miller	KD,	Jemal	A.	Cancer	statistics,	2017.	CA Cancer J 
Clin.	2017;67:7‐30.

	 4.	 Yang	JX,	Rastetter	RH,	Wilhelm	D.	Non‐coding	RNAs:	an	introduc-
tion. Adv Exp Med Biol. 2016;886:13-32.

	 5.	 Memczak	 S,	 Jens	 M,	 Elefsinioti	 A,	 et	 al.	 Circular	 RNAs	 are	 a	
large	 class	 of	 animal	 RNAs	 with	 regulatory	 potency.	 Nature. 
2013;495:333-338.

	 6.	 Capel	B,	Swain	A,	Nicolis	S,	et	al.	Circular	transcripts	of	the	testis‐de-
termining gene Sry in adult mouse testis. Cell.	1993;73:1019‐1030.

	 7.	 Jeck	 WR,	 Sharpless	 NE.	 Detecting	 and	 characterizing	 circular	
RNAs.	Nat Biotechnol. 2014;32:453-461.

	 8.	 Zhang	XO,	Wang	HB,	Zhang	Y,	Lu	X,	Chen	LL,	Yang	L.	Complementary	
sequence‐mediated	exon	circularization.	Cell.	2014;159:134‐147.

	 9.	 Graveley	 BR.	 Molecular	 biology:	 power	 sequencing.	 Nature. 
2008;453:1197‐1198.

	10.	 Wilhelm	BT,	Marguerat	 S,	Watt	 S,	 et	 al.	Dynamic	 repertoire	 of	 a	
eukaryotic transcriptome surveyed at single-nucleotide resolution. 
Nature. 2008;453:1239-1243.

	11.	 Chen	D,	Ma	W,	 Ke	 Z,	 Xie	 F.	 CircRNA	 hsa_circ_100395	 regulates	
miR‐1228/TCF21	pathway	to	 inhibit	 lung	cancer	progression.	Cell 
Cycle.	2018;17:2080‐2090.

	12.	 Li	R‐C,	Ke	S,	Meng	F‐K,	et	al.	CiRS‐7	promotes	growth	and	metasta-
sis	of	esophageal	squamous	cell	carcinoma	via	regulation	of	miR‐7/
HOXB13.	Cell Death Dis. 2018;9:838.

	13.	 Li	 J,	Tan	S,	Kooger	R,	Zhang	C,	Zhang	Y.	MicroRNAs	as	novel	bi-
ological targets for detection and regulation. Chem Soc Rev. 
2014;43:506‐517.

	14.	 Alshalalfa	M.	miRNA	regulation	in	the	context	of	functional	protein	
networks: principles and applications. Wiley Interdiscip Rev Syst Biol 
Med. 2014;6:189-199.

	15.	 Jiang	C,	Chen	X,	Alattar	M,	Wei	J,	Liu	H.	MicroRNAs	in	tumorigen-
esis,	metastasis,	diagnosis	and	prognosis	of	gastric	cancer.	Cancer 
Gene Ther. 2015;22:291-301.

	16.	 Qi	X,	Zhang	DH,	Wu	N,	Xiao	 JH,	Wang	X,	Ma	W.	ceRNA	 in	can-
cer: possible functions and clinical implications. J Med Genet. 
2015;52:710‐718.

	17.	 Dudekula	 DB,	 Panda	 AC,	 Grammatikakis	 I,	 De	 S,	 Abdelmohsen	
K,	Gorospe	M.	CircInteractome:	 a	web	 tool	 for	 exploring	 circular	
RNAs	 and	 their	 interacting	 proteins	 and	 microRNAs.	 RNA Biol. 
2016;13:34-42.

	18.	 Karagkouni	D,	Paraskevopoulou	MD,	Chatzopoulos	S,	et	al.	DIANA‐
TarBase v8: a decade-long collection of experimentally supported 
miRNA‐gene	interactions.	Nucleic Acids Res. 2018;46:D239-D245.

	19.	 Gyorffy	 B,	 Surowiak	 P,	 Budczies	 J,	 Lanczky	 A.	 Online	 survival	
analysis software to assess the prognostic value of biomarkers 
using transcriptomic data in non-small-cell lung cancer. PLoS One. 
2013;8:e82241.

	20.	 Tian	 F,	 Yu	 CT,	 Ye	 WD,	 Wang	 Q.	 Cinnamaldehyde	 induces	 cell	
apoptosis	 mediated	 by	 a	 novel	 circular	 RNA	 hsa_circ_0043256	
in non-small cell lung cancer. Biochem Biophys Res Commun. 
2017;493:1260‐1266.

	21.	 Xie	W,	Yuan	S,	Sun	Z,	Li	Y.	Long	noncoding	and	circular	RNAs	in	lung	
cancer: advances and perspectives. Epigenomics.	2016;8:1275‐1287.

	22.	 Galvan	A,	Colombo	F,	Frullanti	E,	et	al.	Germline	polymorphisms	and	
survival of lung adenocarcinoma patients: a genome-wide study in 
two European patient series. Int J Cancer.	2015;136:E262‐E271.

	23.	 Xin	Z,	Ma	Q,	Ren	S,	Wang	G,	 Li	 F.	 The	understanding	of	 circular	
RNAs	 as	 special	 triggers	 in	 carcinogenesis.	Brief Funct Genomics. 
2017;16:80‐86.

	24.	 Belousova	EA,	Filipenko	ML,	Kushlinskii	NE.	Circular	RNA:	new	reg-
ulatory molecules. Bull Exp Biol Med. 2018;164:803-815.

	25.	 Qiu	 M,	 Xia	 W,	 Chen	 R,	 et	 al.	 The	 circular	 RNA	 circPRKCI	 pro-
motes tumor growth in lung adenocarcinoma. Cancer Res. 
2018;78:2839‐2851.

	26.	 Zong	 L,	 Sun	 Q,	 Zhang	 H,	 et	 al.	 Increased	 expression	 of	 cir-
cRNA_102231	 in	 lung	 cancer	 and	 its	 clinical	 significance.	Biomed 
Pharmacother. 2018;102:639-644.

	27.	 Chen	LL.	The	biogenesis	and	emerging	roles	of	circular	RNAs.	Nat 
Rev Mol Cell Biol.	2016;17:205‐211.

	28.	 Beermann	J,	Piccoli	MT,	Viereck	J,	Thum	T.	Non‐coding	RNAs	in	de-
velopment	and	disease:	background,	mechanisms,	and	therapeutic	
approaches. Physiol Rev.	2016;96:1297‐1325.

	29.	 Cheung	AK,	Ip	JC,	Chu	AC,	et	al.	PTPRG	suppresses	tumor	growth	
and	invasion	via	inhibition	of	Akt	signaling	in	nasopharyngeal	carci-
noma. Oncotarget.	2015;6:13434‐13447.

	30.	 Liu	M,	Yang	R,	Urrehman	U,	et	al.	MiR‐19b	suppresses	PTPRG	to	
promote breast tumorigenesis. Oncotarget.	2016;7:64100‐64108.

SUPPORTING INFORMATION

Additional	 supporting	 information	 may	 be	 found	 online	 in	 the	
Supporting	Information	section	at	the	end	of	the	article.   

How to cite this article:	Yu	C,	Tian	F,	Liu	J,	et	al.	Circular	RNA	
cMras inhibits lung adenocarcinoma progression via 
modulating	miR‐567/PTPRG	regulatory	pathway.	Cell Prolif. 
2019;52:e12610. https://doi.org/10.1111/cpr.12610

https://orcid.org/0000-0002-8409-8812
https://orcid.org/0000-0002-8409-8812
https://orcid.org/0000-0001-8885-5924
https://orcid.org/0000-0001-8885-5924
https://orcid.org/0000-0002-1346-9524
https://orcid.org/0000-0002-1346-9524
https://doi.org/10.1111/cpr.12610

