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Abstract
Background: Chemoresistance is a major contributing factor to cancer treatment 
failure.	Emerging	research	reveals	that	circular	RNA	(circRNA)	dysregulation	is	impli-
cated in chemoresistance. Our current study aimed to investigate the involvement of 
hsa_circ_0092887	in	paclitaxel	(PTX)	resistance	in	non-	small	cell	lung	cancer	(NSCLC).
Methods: RT- qPCR as well as western blotting were used for the analysis of hsa_
circ_0092887,	miR-	490-	5p	and	UBE2T	expression	in	PTX-	resistant	NSCLC	tumor	tis-
sues	and	cells.	CCK-	8	assay	was	done	to	determine	 the	 IC50	value	of	PTX.	CCK-	8	
assay,	wound	healing	assay,	analysis	of	apoptosis	related	proteins	(Bax	and	Bcl-	2),	and	
xenograft	mouse	models	were	utilized	 to	 investigate	 the	 role	of	hsa_circ_0092887	
in	PTX-	resistance	 in	NSCLC.	The	binding	sites	of	miR-	490-	5p	to	hsa_circ_0092887	
or UBE2T were predicted by bioinformatics tools and were verified by RIP and dual- 
luciferase assays.
Results: Expression	 of	 hsa_Circ_0092887	 was	 upregulated	 in	 NSCLC	 tumor	 sam-
ples/cell	lines,	and	its	expression	was	also	higher	in	PTX-	resistant	tumor	samples/cell	
lines	when	compared	with	their	respective	controls.	Silencing	of	hsa_circ_0092887	
in	PTX-	treated	NSCLC	cells	inhibited	cell	proliferation	and	migration,	induced	apop-
tosis,	and	suppressed	tumor	growth	in	xenograft	mouse	models	in	vivo.	MiR-	490-	5p	
was a direct target of hsa_circ_0092887, and UBE2T was a functional downstream 
target	of	hsa_circ_0092887/miR-	490-	5p	axis.	Hsa_circ_0092887	depletion-	induced	
anti-	cancer	effects	in	PTX-	treated	NSCLC	cells	were	reversed	by	miR-	490-	5p	inhibi-
tor.	Furthermore,	inhibition	of	miR-	490-	5p	strengthened	UBE2T	expression,	thereby	
attenuating the anti- cancer effects caused by UBE2T knockdown.
Conclusion: Hsa_circ_0092887	 depletion	 alleviated	 PTX-	resistance	 in	NSCLC	 cells	
via	modulating	the	miR-	490-	5p/UBE2T	axis,	and	the	targeted	management	of	hsa_
circ_0092887-	mediated	signaling	axis	might	contribute	 to	PTX-	resistance	 interven-
tion	in	NSCLC.
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1  |  INTRODUC TION

Lung	cancer	is	the	most	prevalent	malignant	cancer,	second	only	
to female breast cancer in terms of global cancer in 2020, and it 
has the highest mortality rate.1 The major risk factors for lung can-
cer	are	cigarette	smoking,	asbestos	exposure,	and	air	pollution.2 
Non-	small	cell	 lung	cancer	 (NSCLC)	 is	 the	most	common	type	of	
lung cancer that begins in the lungs. If diagnosed at a late stage, 
patients	may	have	a	 shorter	 survival	period	 (with	25%	of	5-	year	
survival).3 Presently, chemotherapy remains the most important 
treatment	 strategy	 for	NSCLC.4	 Paclitaxel	 (PTX),	 a	 chemothera-
peutic drug, has a broad spectrum of action against a variety of 
malignant tumors, and it is the first- line treatment for late- stage 
NSCLC;	 nevertheless,	 the	 development	 of	 PTX-	resistance	 se-
verely limits therapeutic outcomes.5 Biomarkers are vital for early 
diagnosis,	 prediction,	 and	 monitoring	 PTX-	resistance.6,7 Hence, 
it	 is	 crucial	 to	 investigate	 potential	 biomarkers	 to	manage	 PTX-	
resistant	NSCLC.

Circular	RNAs	(circRNAs),	which	were	discovered	as	non-	coding	
RNAs	a	few	years	ago	but	modern	research	reveals	that	they	may	
also act as protein translation templates, have been developed as 
biomarkers to supplement clinical diagnosis and treatment.8– 10 
CircRNAs	are	well-	known	for	specific	closed-	loop	structures	with-
out	 5′	 and	 3′	 ends,	 which	 confers	 circRNAs	 high	 stabilities.	 The	
better	understanding	of	the	molecular	features	related	with	NSCLC	
has	made	 it	 possible	 to	 analyze	 sensitive	 and	 specific	 biomarkers	
via liquid biopsy,6 and the use of biomarkers in other types of body 
fluids	or	blood	 for	 the	diagnosis,	 treatment	guidance	of	NSCLC	 is	
becoming increasingly promising.6	Importantly,	circRNAs	have	been	
shown	to	stably	exist	in	multiple	body	fluids,	such	as	urine,	serum,	
saliva,	 and	 exosomes.11	 These	 characteristics	 hint	 that	 circRNAs,	
relative to linear molecules, are more promising biomarkers applied 
in	 cancer	 biology.	 Interestingly,	 certain	 circRNAs	 were	 reported	
to	be	 implicated	with	PTX	 resistance	 in	NSCLC	development.	For	
example,	 aberrant	 upregulation	 of	 circ_ZFR	 and	 circ_0002874	 in	
PTX-	resistant	 NSCLC	 and	 depletion	 of	 circ_ZFR	 or	 circ_0002874	
enhanced	 PTX	 chemosensitivity	 and	 thus	 blocked	 PTX-	resistant	
NSCLC	cell	malignant	phenotypes,12,13 whereas the involvement of 
several	 circRNAs	 in	 PTX	 resistance	 remains	 unknown.	 Increasing	
circRNA	 expression	 profiles	 obtained	 from	 RNA-	sequencing	 dis-
play	 that	numerous	circRNAs	are	abnormally	expressed	 in	NSCLC	
samples, in contrast to normal samples.14– 16 The data from the GEO 
dataset	GSE112214	revealed	that	hsa_circ_0092887	 is	a	dysregu-
lated	circRNA	that	is	upregulated	in	NSCLC	tissues,	which	attracted	
our interest. However, the functional effects of hsa_circ_0092887 
on	NSCLC	development	and	PTX	resistance	have	not	been	investi-
gated as yet.

The	considerable	role	of	microRNAs	(miRNAs)	in	tumorigenesis	
and chemoresistance has been widely established. MiR- 490- 5p has 
been universally demonstrated as a tumor- suppressor and shows no-
ticeably	poor	expression	in	multiple	cancers,17– 19 whereas the role of 
miR- 490- 5p on chemoresistance is hardly illustrated. Interestingly, 

our bioinformatics analysis revealed that hsa_circ_0092887 targets 
miR-	490-	5p.	 We	 hypothesized	 that	 hsa_circ_0092887	 might	 be	
involved	 in	NSCLC	 development	 and	 PTX-	resistance	 via	 sponging	
miR- 490- 5p. Moreover, miR- 490- 5p was also shown to sequester 
the	abundance	of	downstream	oncogenes,	thus	exerting	anti-	cancer	
effects in multiple cancers.17– 19 Of note, there are still several miR- 
490- 5p- targeted functional genes that have not yet been charac-
terized.	 Our	 bioinformatics	 analysis	 suggested	 that	 miR-	490-	5p	
was	targeting	UBE2T.	UBE2T	expression	has	been	shown	to	be	ab-
errantly	upregulated	in	NSCLC	and	has	been	linked	to	multiple	on-
cogenic effects in lung cancer.20,21 We speculated that miR- 490- 5p 
targeted	 UBE2T	 to	 suppress	 UBE2T	 expression,	 thus	 preventing	
NSCLC	progression	and	PTX-	resistance.

In	 the	 current	 study,	 we	 aimed	 to	 assess	 the	 expression	 of	
hsa_circ_0092887	 in	 NSCLC	 with	 or	 without	 PTX	 resistance.	
Furthermore,	 we	 scrutinized	 the	 function	 of	 hsa_circ_0092887	
in	PTX-	treated	NSCLC	 to	observe	 its	 role	on	PTX-	resistance.	This	
study	aimed	 to	provide	additional	biomarkers	 for	NSCLC	manage-
ment	and	PTX	therapies.

2  |  MATERIAL S AND METHODS

2.1  |  Tissue samples

NSCLC	 tumor	 samples	 (n =	 50)	 and	 neighboring	 normal	 samples	
(n =	 50)	 were	 removed	 from	 patients	 who	 received	 PTX-	based	
chemotherapy and surgical operation at Wuhan Hospital of 
Traditional	Chinese	Medicine.	All	samples	were	frozen	and	kept	at	
a	 temperature	of	 −80°C.	According	 to	 the	 therapeutic	 outcomes	
as	 per	 the	 National	 Comprehensive	 Cancer	 Network	 guidelines,	
tumor	 samples	were	divided	 into	PTX-	resistant	 samples	 (n =	 20)	
and	PTX-	sensitive	samples	(n =	30).	Informed	consent	was	received	
from	all	patients	enrolled	in	this	study.	A	permission	was	obtained	
from Wuhan Hospital of Traditional Chinese Medicine for the con-
duct of this study. The clinical characteristic of patients is listed in 
Table S1.

2.2  |  Cell lines and induction of paclitaxel  
resistance

Human	embryo	lung	cells	(MRC5)	purchased	from	Procell	were	used	
as	 non-	cancer	 controls	 and	 cultivated	 in	DMEM	 (Procell)	 contain-
ing	10%	FBS	(Procell).	H1299	and	A549	(NSCLC	cells)	bought	from	
Procell	 were,	 respectively,	 cultured	 in	 F-	12 K	 medium	 (Procell)	 or	
RPMI1640	medium	(Procell)	containing	10%	FBS.	To	generate	PTX-	
resistant	NSCLC	cell	 lines,	H1299	and	A549	cells	were	exposed	to	
the	rising	PTX	concentration	(from	0.1	μM to 0.5 μM;	Sigma)	as	pre-
viously described.22	Finally,	A549/PTX	and	H1299/PTX	cells	were	
cultured in the corresponding culture medium containing 0.5 μM 
PTX	to	maintain	PTX	resistance.
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2.3  |  RT- qPCR

RNA	 samples	 were	 extracted	 by	 means	 of	 a	 TRIZOL	 reagent	
(Invitrogen).	 Afterwards,	 PrimeScript	 RT-	PCR	 Kit	 (Takara)	 was	
used	 for	 the	 cDNA	 synthesis	 of	 circRNA	 or	 mRNA,	 and	 miScript	
II	 RT	 kit	 (Qiagen)	 was	 used	 for	 the	 cDNA	 synthesis	 of	 miRNAs.	
Nest,	TB	Green	SYBR	Mixture	(Takara)	was	used	to	conduct	qPCR	
reaction	 on	 QuantStudio	 6	 System	 (ABI).	 Relative	 expression	 of	
hsa_circ_0092887	and	UBE2T	mRNA	was	normalized	by	GAPDH,	
and	was	U6	was	implemented	to	normalize	the	expression	of	miR-	
490- 5p. The calculated method used here was 2−ΔΔCt method. 
Table 1 shows the primer sequences.

2.4  |  RNase R assay

A549	and	H1299	cells-	derived	RNA	samples	were	processed	with	
RNase	R	 (2	U/μg;	 Biovision)	 for	 15 min	 at	 a	 temperature	 of	 37°C.	
Subsequently,	 the	 treated	 RNA	 was	 subject	 to	 transcription	 into	
cDNA	and	designed	for	RT-	qPCR	assay.

2.5  |  Subcellular location

RNA	from	cytoplasmic	part	or	nuclear	part	of	A549	and	H1299	cells	
was	isolated	by	mean	of	the	commercial	PARIS	kit	(Invitrogen).	RT-	
qPCR revealed the presence of hsa_circ_0092887 in many parts of 
the body.

2.6  |  Cell transfection

Small-	interference-	RNA	 specific	 for	 hsa_circ_0092887	 (si-	circ)	
or	 UBE2T	 (si-	UBE2T)	 and	 si-	NC	 were	 produced	 by	 Genechem.	
MiR-	490-	5p	 mimics	 (miR-	490-	5p),	 miR-	490-	5p	 inhibitors	 (in-
hibitor),	 along	with	 their	 controls	 (miR-	NC	 and	 inhibitor-	NC)	were	
gained	 from	 Ribobio	 located	 in	 Guangzhou.	 The	 experimental	
cells were administered with various transfections by mean of 
Lipofectamine™	 3000	 (Invitrogen).	 After	 24 h	 transfection,	 cells	

were	 collected	 to	 examine	 transfection	 efficiency	 using	 western	
blotting or RT- qPCR.

2.7  |  CCK- 8 assay

Cells	with	several	treatments	were	cultured	in	96-	well	plates	(5 × 103 
cells/well)	and	then	cultured	for	the	specified	time,	including	0,	24,	
48,	and	72 h.	Following	cell	culture,	10	μl	CCK-	8	reagent	(Sigma)	was	
added	 to	each	well	 for	 an	 additional	2 h.	 The	OD	values	 at	wave-
length	450 nm	were	evaluated	by	a	microplate	reader	(Bio-	Rad).

2.8  |  Wound healing assay

Cells with various treatments were maintained in 24- well plates 
(5 × 104	cells/well).	After	cell	growing	at	90%	convergence,	we	used	
a sterile pipette tip to scratch cell surface to create a wound. The dis-
tance	of	wound	was	recorded	at	0	and	24 h,	and	images	were	taken	
meantime	by	light	microscopy	(Olympus).

2.9  |  Xenograft tumor experiment

Short	hairpin	RNA	 (ShRNA)	 specific	 to	hsa_circ_0092887	 (Sh-	circ)	
and	the	scrambled	shRNA	(Sh-	NC)	were	obtained	from	Genechem	
and were subsequently inserted into the lentiviral particles. The len-
tiviruses	carrying	Sh-	circ	or	Sh-	NC	were	transduced	into	A549/PTX	
cells.

All	 animal	 experiments	 were	 carried	 out	 with	 the	 approval	 of	
the animal ethics committee of the Wuhan Hospital of Traditional 
Chinese	Medicine.	Male	 BALB/c	 nude	mice	 (4–	6 weeks	 old)	 were	
acquired	 from	 Vital	 River	 Laboratory	 Animal	 Company,	 and	 were	
disturbed	 in	 two	 groups	 (five	mice	 per	 group).	 PTX-	treated	 A549	
cells	 (4 × 106	 cells)	 stably	 expressing	either	 Sh-	circ	 or	 Sh-	NC	were	
subcutaneously injected into the right flank of the mice. The mice 
were	 then	 housed	 at	 22°C ± 3°C	 in	 a	 pathogen-	free	 environment	
with	 a	 relative	 humidity	 of	 50% ± 15%	 and	 a	 12 h:12 h	 light:dark	
cycle.	The	width	(W)	and	length	(L)	of	their	tumors	were	measured	

Gene Sequences

circ_0092887 Forward 5'-	ATCGTCATCCTCCTTCCACA-	3'

Reverse 5'-	CACTTCCTCTGGGCTGTCTC-	3'

miR- 490- 5p Forward 5'-	CATGGATCTCCAGGTGG-	3'

Reverse 5'-	TGGTGTCGTGGAGTCG-	3'

UBE2T Forward 5'-	CCAGGCAGCTCTTAGTGTGG-	3'

Reverse 5'-	TGGCTCCACCTAATATTTCTACGA-	3'

U6 Forward 5'-	CTCGCTTCGGCAGCACA-	3'

Reverse 5'-	AACGCTTCACGAATTTGCGT-	3'

GAPDH Forward 5'-	AGAAAAACCTGCCAAATATGATGAC-	3'

Reverse 5'-	TGGGTGTCGCTGTTGAAGTC-	3'

TA B L E  1 Real-	time	PCR	Primer	
synthesis list
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and	documented	weekly	and	the	tumor	volumes	(V)	were	calculated	
using the following formula: V =	L × W2 × 0.5.	Finally,	after	5 weeks,	
the	tumors	were	excised	from	the	euthanized	mice	and	their	weights	
were recorded.

2.10  |  Western blotting

Total	 proteins	 were	 pull	 out	 via	 RIPA	 lysis	 (Beyotime)	 and	 BCA	
Protein	 Assay	 Kit	 (Beyotime),	 in	 line	 with	 the	 protocols.	 Protein	
samples	segregated	by	SDS-	PAGE	(10%)	were	transferred	to	PVDF	
membranes.	 Membranes	 blocked	 by	 5%	 skim-	milk	 (at	 room	 tem-
perature,	2	h)	were	subject	to	the	primary	antibody	(at	temperature	
4°C,	 overnight)	 and	matched	 secondary	 antibody	 (room	 tempera-
ture,	2	h).	The	information	of	antibodies	was	shown	below:	anti-	Bax	
(ab32503;	Abcam;	1/2000),	 anti-	Bcl-	2	 (ab32124;	Abcam;	1/1000),	
anti-	UBE2T	 (ab179802;	 Abcam;	 1/2000),	 anti-	GAPDH	 (ab9485;	
Abcam;	 1/2000),	 and	 goat	 anti-	rabbit	 IgG	 (ab205718;	 Abcam;	
1/5000).	Eventually,	the	visible	protein	bands	were	shown	using	the	
ECL	Kit	(Beyotime).

2.11  |  Dual- luciferase reporter assay

Hsa_circ_0092887 sequence fragments comprising the mutant- 
type	 (MUT)	 miR-	490-	5p	 and	 wild-	type	 (WT)	 miR-	490-	5p	 binding	
sites	were,	respectively,	synthesized	and	implanted	into	firefly	lucif-
erase	gene	downstream	in	pmirGLO	vector	from	Promega.	Similarly,	
UBE2T 3'UTR sequence fragments harboring WT or MUT miR- 
490- 5p binding sites were, respectively, produced and cloned into 
pmirGLO	vector.	Cells	were	cultivated	in	96-	well	plates	with	the	co-	
transfection	of	MUT	or	WT	 luciferase	 reporter	 construct	 (400 ng)	
and	 miR-	490-	5p	 mimic	 or	 miR-	NC	 (40 nM).	 Cells	 were	 harvested	
after	 culturing	 cells	 for	 48 h,	 and	 luciferase	 activities	were	 scruti-
nized	via	the	Dual	Luciferase	Reporter	Assay	Kit	(Promega).

2.12  |  RIP assay

Ago2	 protein	 is	 essential	 for	 miRNA-	induced	 RISC.	 To	 realize	
whether	hsa_circ_0092887	was	expressed	 in	miR-	490-	5p-	induced	
RISC,	RIP	study	was	performed	using	the	Commercial	RIP	Assay	Kit	
from	Millipore.	In	short,	the	lysates	of	A549	and	H1299	cells	were	
co-	cultured	with	magnetic	beads	conjugated	with	anti-	Ago2	or	anti-	
IgG.	Then,	we	 isolated	RNA	samples	from	beads	and	detected	the	
expression	of	hsa_circ_0092887	using	RT-	qPCR.

2.13  |  Statistical analysis

In this investigation, three separate biological studies were in-
cluded,	 and	GraphPad	Prism	7	 (GraphPad)	was	used	 for	data	pro-
cessing.	 Student's	 t test or analysis of variance were applied to 

analyze	 the	 difference	 in	 diverse	 groups.	 Data	 were	 displayed	 as	
mean ± standard	 deviation.	 Pearson's	 correlation	 analysis	 was	 ap-
plied	 to	 scrutinize	 the	 association	 among	 miR-	490-	5p	 expression	
and	 hsa_circ_0092887	 expression	 or	 UBE2T	 expression.	 p < 0.05	
was known as a substantial difference.

3  |  RESULTS

3.1  |  Hsa_circ_0092887 was richly expressed in 
PTX- resistant tumor samples and cells

Hsa_circ_0092887	was	produced	by	back-	splicing	from	the	exon7-	
exon12	 regions	 of	 DHTKD1	 mRNA	 (NM_018706),	 with	 995 bp	 in	
length	 (Figure 1A).	 Hsa_circ_0092887	 expression	 was	 found	 to	
be significantly high in tumor samples when compared with nor-
mal	 tissues,	and	 it	was	also	shown	to	be	elevated	 in	PTX-	resistant	
tumor	 samples	when	compared	with	PTX-	sensitive	 tumor	 samples	
(Figure 1B).	Moreover,	the	hsa_circ_0092887	expression	was	associ-
ated	with	TNM	stage	and	paclitaxel	therapy	(Table S1).	In	addition,	
hsa_circ_0092887	 expression	 was	 heightened	 in	 H1299	 cells	 and	
A549	 cells	 than	 in	MRC5	 cells,	 and	 its	 expression	was	 noticeably	
higher	 in	PTX-	resistant	H1299	cells	and	A549	cells,	corresponding	
to	 their	 parental	 cells	 (Figure 1C).	 RNase	R	 had	 no	 effect	 on	 hsa_
circ_0092887	expression,	while	it	significantly	reduced	DHTKD1	ex-
pression	(Figure 1D),	suggesting	the	existence	of	hsa_circ_0092887.	
Moreover,	we	observed	that	hsa_circ_0092887	was	mainly	localized	
in	the	cytoplasm	but	not	in	the	nucleus	of	NSCLC	cells	(Figure 1E).	
These results mainly illustrated that the aberrant upregulation of hsa_
circ_0092887	in	NSCLC	might	be	associated	with	PTX-	resistance.

3.2  |  Silencing hsa_circ_0092887 repressed PTX- 
resistance in NSCLC in vitro as well as inhibited tumor 
formation in vivo

A549,	A549/PTX,	H1299	and	H1299/PTX	cells	were	administered	
with	various	PTX	concentrations	 (from	0.05	 to	12.8	μM)	 to	moni-
tor	 their	 IC50	to	PTX.	The	PTX-	resistant	 IC50	value	 in	A549	cells	
was	 strikingly	elevated	 than	 that	of	A549	cells,	 and	PTX-	resistant	
IC50 value in H1299 cells was strikingly higher comparing to H1299 
cells	 (Figure 2A).	Then,	we	assayed	the	how	hsa_circ_0092887	ef-
fect	 functionally	 in	 NSCLC.	 The	 expression	 of	 hsa_circ_0092887	
was	knocked	down	 in	PTX-	treated	H1299	cells	 and	A549	cells	by	
si-	circ	transfection	(Figure 2B).	Silencing	hsa_circ_0092887	in	PTX-	
treated	H1299	and	A549	cells	resulted	in	significantly	reduced	cell	
proliferation,	 particularly	 72 h	 post	 transfection,	 when	 compared	
with	si-	NC-	transfected	cells	(Figure 2C).	Similarly,	PTX-	treated	A549	
and	H1299	 cells	 with	 hsa_circ_0092887	 expression	 depletion	 ex-
hibited	 repressive	 cell	migratory	 capacity	 (Figure 2D).	 In	 addition,	
Bax	 expression	 was	 considerably	 reinforced,	 while	 Bcl-	2	 expres-
sion	was	considerably	diminished	in	PTX-	treated	A549	and	H1299	
cells	after	hsa_circ_0092887	depletion	(Figure 2E).	The	in	vivo	assay	
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further validated our findings as silencing hsa_circ_0092887 sig-
nificantly	 reduced	 the	 size,	 volume,	 and	weight	of	 tumor	 tissue	 in	
nude	mice	(Figure 2F– H).	Collectively,	these	results	suggested	that	
hsa_circ_0092887	acts	as	an	oncogene	 in	NSCLC,	and	that	silenc-
ing	it	decreased	PTX-	resistance	and	produced	anti-	cancer	effects	in	
PTX-	treated	NSCLC.

3.3  |  MiR- 490- 5p was a downstream target of 
hsa_circ_0092887

Our	 bioinformatics	 analysis	 (circular	 RNA	 Interactome)	 showed	
that hsa_circ_0092887 possessed a special binding site with 
miR-	490-	5p	(Figure 3A).	We	further	observed	that	luciferase	ac-
tivities were greatly impaired in cells containing miR- 490- 5p and 
WT-  hsa_circ_0092887 vector transfections, while luciferase 
activities were hardly affected in cells containing miR- 490- 5p 
and	MUT-		hsa_circ_0092887	vector	transfections	(Figure 3B).	 In	
addition, high abundance of hsa_circ_0092887 and miR- 490- 5p 
was	captured	by	anti-	Ago2,	in	comparison	with	anti-	IgG,	through	

RIP	 assay	 (Figure 3C).	 The	 miR-	490-	5p	 expression	 was	 signifi-
cantly lower in the tumor samples when compared with nor-
mal	 samples,	 as	well	 as	 its	 expression	was	notably	weakened	 in	
PTX-	resistant	tumor	samples	when	compared	with	PTX-	sensitive	
samples	 (Figure 3D).	 Furthermore,	 miR-	490-	5p	 abundance	 was	
markedly	declined	in	H1299	and	A549	cells	when	compared	with	
MRC5	cells,	and	it	was	much	lower	in	H1299/PTX	cells	and	A549/
PTX	 cells	 when	 compared	 with	 their	 respective	 parental	 cells	
(Figure 3E).	Additionally,	miR-	490-	5p	expression	in	tumor	samples	
showed	a	negative	association	with	hsa_circ_0092887	expression	
(Figure 3F).	The	results	verified	the	binding	of	hsa_circ_0092887	
to miR- 490- 5p.

3.4  |  Hsa_circ_0092887 silencing repressed PTX- 
resistance in NSCLC cells via upregulating miR- 490- 5p

PTX-	treated	 H1299	 and	 A549	 cells	 were	 transfected	 with	 si-	NC,	
inhibitor-	NC,	 inhibitor,	 si-	circ,	 or	 si-	circ + inhibitor.	 Subsequent	 ex-
pression analysis demonstrated that miR- 490- 5p was noticeably 

F I G U R E  1 Hsa_circ_0092887	showed	higher	expression	in	PTX-	resistant	NSCLC	tumor	tissues	and	cells.	(A)	The	formation	and	
structure	of	hsa_circ_0092887;	(B)	Relative	hsa_circ_0092887	expression	in	tumor	samples	and	normal	samples,	and	relative	expression	of	
hsa_circ_0092887	in	PTX-	resistant	and	PTX-	sensitive	tumor	tissues	were	checked	by	RT-	qPCR.	(C)	Hsa_circ_0092887	expression	in	MRC5,	
A549,	H1299,	and	PTX-	resistant	A549	and	H1299	cells	was	checked	by	RT-	qPCR,	**p < 0.01	relative	to	MRC5;	##p < 0.01	relative	to	A549;	
&&p < 0.01	relative	to	H1299.	(D)	The	presence	of	hsa_circ_0092887	was	ensured	using	RNase	R,	**p < 0.01	relative	to	Mock.	(E)	Subcellular	
location showed the site of hsa_circ_0092887 in cytoplasm and nucleus.
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F I G U R E  2 Hsa_circ_0092887	downregulation	repressed	PTX-	resistance	in	NSCLC	in	vitro	as	well	as	inhibited	tumor	formation	in	vivo.	(A)	
The	IC50	values	of	H1299/PTX,	A549,	A549/PTX,	and	H1299	cells	were	checked	using	CCK-	8	assay.	(B)	The	inhibitory	efficiency	of	si-	circ	
on	hsa_circ_0092887	expression	was	ascertained	by	RT-	qPCR.	(C)	The	outcome	of	hsa_circ_0092887	downregulation	on	cell	proliferation	
was	determined	by	CCK-	8	assay.	(D)	The	effect	of	hsa_circ_0092887	downregulation	on	cell	migration	was	determined	by	wound	healing	
assay.	(E)	The	protein	levels	of	Bax	and	Bcl-	2	in	si-	circ-		or	si-	NC-	transfected	cells	were	determined	by	western	blotting.	**p < 0.01	relative	to	
si-	NC.	(F)	Tumor	size	between	Sh-	NC	and	Sh-	circ	groups.	(G)	Tumor	volumes	from	the	Sh-	NC	and	Sh-	circ	groups	were	measured	every	week.	
(H)	After	5 weeks,	the	mice	were	sacrificed	and	tumor	weights	were	evaluated	in	both	the	groups.	**p < 0.01	vs.	Sh-	NC.

F I G U R E  3 Hsa_circ_0092887	directly	targeted	miR-	490-	5p.	(A)	Hsa_circ_0092887	targeting	miR-	490-	5p	was	predicted	by	
circinteractome	(https://circi ntera ctome.nia.nih.gov/).	(B)	The	predicted	binding	site	among	hsa_circ_0092887	and	miR-	490-	5p	was	verified	
by	dual-	luciferase	reporter	study,	**p < 0.01	relating	miR-	NC.	(C)	The	binding	of	hsa_circ_0092887	to	miR-	490-	5p	was	verified	by	RIP	study,	
**p < 0.01	proportionate	to	Anti-	IgG.	(D)	Relative	expression	of	miR-	490-	5p	in	tumor	samples	and	normal	samples,	and	relative	expression	
of	miR-	490-	5p	in	PTX-	resistant	and	PTX-	sensitive	tumor	samples	were	checked	by	RT-	qPCR.	(E)	Relative	expression	of	miR-	490-	5p	in	
MRC5,	A549,	H1299,	A549/PTX,	and	H1299/PTX	cells,	**p < 0.01	proportionate	to	MRC5;	##p < 0.01	proportionate	to	A549;	&p < 0.01	
proportionate	to	H1299.	(F)	The	association	among	miR-	490-	5p	expression	and	hsa_circ_0092887	expression	in	tumor	samples	was	tested	
using Pearson's correlation analysis.
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heightened	 in	 si-	circ-	transfected	NSCLC	 cells	 but	 reduced	 in	miR-	
490-	5p	 inhibitor-	transfected	 cells,	 and	 the	 enhanced	 expression	
of miR- 490- 5p induced by si- circ was considerably repressed by 

miR-	490-	5p	inhibitor	co-	transfection	(Figure 4A).	 In	function,	miR-	
490-	5p	inhibition	aggravated	the	migration	and	proliferation	of	PTX-	
treated	NSCLC	 cells,	 and	 hsa_circ_0092887	 knockdown-	mediated	

F I G U R E  4 MiR-	490-	5p	inhibition	inverted	the	inhibitory	outcomes	of	hsa_circ_0092887	downregulation	in	PTX-	resistant	NSCLC	cells.	
(A–	D)	H1299	as	well	as	A549	cells	treated	with	PTX	were	transfected	with	si-	NC,	inhibitor-	NC,	si-	circ,	inhibitor,	or	si-	circ + inhibitor.	(A)	MiR-	
490-	5p	expression	in	these	cells	was	scrutinized	by	RT-	qPCR.	(B)	Cell	proliferation	in	these	cells	was	examined	by	CCK-	8	assay.	(C)	By	using	
a	wound	healing	test,	cell	migration	in	these	cells	was	studied.	(D)	The	protein	levels	of	Bax	and	Bcl-	2	in	these	cells,	examined	by	western	
blotting	analysis.	*p < 0.05,	**p < 0.01	corresponding	to	si-	NC;	#p < 0.05,	##p < 0.01	corresponding	to	inhibitor-	NC;	&p < 0.05,	&&p < 0.01	
corresponding	to	si-	circ + inhibitor
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suppression of proliferation and migration was mostly overturned 
by	 miR-	490-	5p	 downregulation	 (Figure 4B,C).	 Additionally,	 miR-	
490-	5p	 downregulation	 impaired	 Bax	 expression	 and	 reinforced	
Bcl-	2	expression	in	PTX-	treated	NSCLC	cells,	and	hsa_circ_0092887	
depletion-	induced	Bax	upregulation	and	Bcl-	2	downregulation	were	
considerably reversed by additional miR- 490- 5p downregulation 
(Figure 4D).	 These	 findings	 illustrated	 that	 hsa_circ_0092887	 si-
lencing	 repressed	 PTX-	resistance	 in	 NSCLC	 cells	 via	 upregulating	
miR- 490- 5p.

3.5  |  UBE2T was a downstream target of 
miR- 490- 5p

TargetScan	predicted	that	miR-	490-	5p	possessed	a	special	bind-
ing	 site	 with	 UBE2T	 3'UTR	 (Figure 5A).	 Next,	 the	 decreased	
luciferase	 activities	 were	 observed	 in	 the	 experimental	 cells	
with miR- 490- 5p mimic and UBE2T- WT vector co- transfection 
(Figure 5B).	The	expression	of	UBE2T	mRNA	was	remarkably	ele-
vated	in	tumor	samples	as	well	as	in	PTX-	resistance	tumor	samples	
when	 compared	 with	 their	 corresponding	 controls	 (Figure 5C).	
Furthermore,	UBE2T	expression	was	significantly	higher	in	A549	
and	H1299	 cells	 compared	with	MRC5	 cells,	 and	 its	 expression	
was	also	markedly	higher	in	H1299/PTX	cells	and	A549/PTX	cells	
in	 comparison	 to	 their	 parental	 cells	 (Figure 5D).	 Interestingly,	
miR-	490-	5p	 expression	 in	 tumor	 samples	 was	 inversely	 linked	
with	 expression	 of	 UBE2T	 (Figure 5E).	 These	 results	 showed	
that UBE2T was a downstream target of hsa_circ_0092887/miR- 
490-	5p	axis.

3.6  |  The anti- cancer effect of UBE2T knockdown 
in PTX- treated NSCLC cells was alleviated by 
miR- 490- 5p downregulation

PTX-	treated	 NSCLC	 cells	 were	 transfected	 with	 si-	NC,	 inhibitor-
	NC,	 si-	UBE2T,	 inhibitor,	 or	 si-	UBE2T + inhibitor.	We	detected	 that	
UBE2T	 expression	 was	 distinctly	 low	 in	 si-	UBE2T-	transfected	
cells but strengthened in miR- 490- 5p inhibitor- transfected cells, 
and	UBE2T	expression	was	markedly	 restored	by	 si-	UBE2T + miR-	
490-	5p	 inhibitor	 transfection	 in	 NSCLC	 cells	 when	 compared	
with	 si-	UBE2T	 (Figure 6A).	 In	 function,	 UBE2T	 downregulation	
markedly restrained the proliferative and migratory capacities of 
PTX-	treated	NSCLC	 cells,	while	 addition	 of	miR-	490-	5p	 inhibition	
partially recovered the inhibited proliferative and migratory ca-
pacities	 (Figure 6B,C).	 Moreover,	 UBE2T	 downregulation	 signifi-
cantly	 enhanced	 Bax	 expression	 and	 weakened	 Bcl-	2	 expression,	
while	UBE2T	 downregulation-	induced	Bax	 upregulation	 and	Bcl-	2	
downregulation were largely inverted by miR- 490- 5p inhibition 
(Figure 6D).	 Collectively,	 these	 results	 indicated	 that	 miR-	490-	5p	
knockdown	 strengthened	 the	 UBE2T	 expression	 and	 thus	 aggra-
vated	the	malignant	behaviors	of	PTX-	treated	cells.

4  |  DISCUSSION

PTX	 remains	 the	 first-	line	 drug	 for	 advanced	or	metastatic	NSCLC,	
and drug resistance is the main challenge for therapeutic outcomes.5 
Our	current	study	looked	at	the	effects	of	hsa_circ_0092887	on	PTX-	
resistance	in	NSCLC.	We	primarily	presented	that	hsa_circ_0092887	

F I G U R E  5 MiR-	490-	5p	directly	
targeted	UBE2T.	(A)	MiR-	490-	5p	
targeting UBE2T 3'UTR was predicted by 
TargetScan	(http://www.targe tscan.org/
vert_72/).	(B)	The	predicted	binding	site	
among miR- 490- 5p and UBE2T 3'UTR 
was validated by dual- luciferase reporter 
study,	**p < 0.01	proportionate	to	miR-	NC.	
(C)	Relative	UBE2T	expression	in	tumor	
samples and normal samples, and relative 
UBE2T	expression	in	PTX-	resistant	
and	PTX-	sensitive	tumor	samples	were	
checked	by	RT-	qPCR.	(D)	Relative	UBE2T	
expression	in	A549/PTX,	MRC5,	H1299,	
A549,	and	H1299/PTX	cells,	**p < 0.01	
proportionate to MRC5; ##p < 0.01	
proportionate	to	A549;	&&p < 0.01	relative	
to	H1299.	(E)	The	association	among	miR-	
490-	5p	expression	and	UBE2T	expression	
in tumor samples was tested via Pearson's 
correlation analysis.

(A)

hsa-miR-490-5p

5’...CGGGAGGCUCUACUUUCCAUGAA...3’

3’...UGGGUGGACCUCUAGGUACC...5’

(B)

(D)

2 4 8

(E)
y=-0.07438x+0.6898

R2=0.6147

R
el

at
iv

e
lu

ci
fe

ra
se

ac
tiv

ity

0.0

1.0

0.5

1.5

0

4

2

WT MUT WT MUT

miR-NC miR-490-5p

0

6

Position 1544-1550 of UBE2T 3’UTR

H1299A549

** **

** **

6

(C)

Normal Tumor Sensitive Resistant

P 0.0001

n=50 n=50

P 0.0001

n=30 n=20

P 0.0001

##
&&

R
el

at
iv

e
le

ve
ls

of
U

BE
2T

MRC5

A54
9/P

TX
H12

99
A54

9

H12
99

/PTX

0

2

4

6

8

R
el

at
iv

e
le

ve
ls

of
U

BE
2T

0.0

0.2

0.4

0.6

0.8

Relative levels of UBE2T

R
el

at
iv

e
le

ve
ls

of
m

iR
-4

90
-5

p

0

2

4

6

8

R
el

at
iv

e
le

ve
ls

of
U

BE
2T

http://www.targetscan.org/vert_72/
http://www.targetscan.org/vert_72/


10 of 12  |     WANG et al.

was	aberrantly	upregulated	in	PTX-	resistant	tumor	samples	and	cells.	
Silencing	hsa_circ_0092887	repressed	cell	proliferation,	migration	and	
enhanced	apoptosis	in	PTX-	treated	NSCLC	cells.	These	results	were	
supplemented	by	our	in	vivo	experiment	as	well.	We	additionally	dem-
onstrated that hsa_circ_0092887 controlled the miR- 490- 5p/UBE2T 
network	to	respond	to	PTX-	resistance	in	NSCLC,	at	least	in	part.

Nowadays,	the	advanced	bioinformatics	analysis	and	expression	
profile	 data	 identify	 a	 variety	 of	 differently	 expressed	 circRNAs	
in	 between	 PTX-	resistant	 and	 PTX-	sensitive	NSCLC	 samples.23 In 
terms	of	 circRNA	 function,	 Li	 et	 al.	 discovered	 that	 circ_0002483	
was	poorly	expressed	in	NSCLC	samples,	and	ectopic	circ_0002483	
expression	 in	 cells	 and	 animal	 models	 impaired	 PTX-	resistance	
in	 NSCLC.24	 In	 contrast,	 in	 NSCLC	 materials	 we	 observed	 rich	
circ_0011292	 expression,	 particularly	 in	 NSCLC	 cells	 with	 PTX-	
resistant,	 and	circ_0011292	silencing	weakened	 the	PTX-	resistant	
cells	 IC50	 to	 PTX.25 In our study, we obtained hsa_circ_0092887 

from	GSE112214	dataset	in	GEO	database	whose	results	displayed	
that	 hsa_circ_0092887	 was	 overexpressed	 in	 NSCLC	 tissues.	
Consistent	 with	 the	 existing	 data,	 the	 hsa_circ_0092887	 upregu-
lation	was	confirmed	in	our	NSCLC	samples	and	cells.	Besides,	we	
also	 observed	 enhanced	 expression	 of	 hsa_circ_0092887	 in	 PTX-	
resistant	 tissue	 samples	 and	 cell	 lines	 relative	 to	 PTX-	sensitive	
samples.	We	functionally	characterized	that	hsa_circ_0092887	de-
pletion restrained proliferation and migration, but accelerated cell 
apoptosis	 in	NSCLC	 cells	 treated	with	PTX.	Based	on	our	 current	
results,	we	propose	that	hsa_circ_0092887	overexpression	confers	
chemoresistance	to	PTX	in	NSCLC,	which	might	provide	a	therapeu-
tic	strategy	for	PTX-	administered	NSCLC.

CircRNAs	 harboring	 miRNA	 binding	 sites	 may	 bind	 to	 miRNA	
and	thus	affect	the	expression	of	downstream	genes.26 For instance, 
circ_0001821	 deficiency	 reduced	 PTX	 resistance	 and	 cell	 aggres-
sive	phenotypes	 in	NSCLC	via	miR-	526b-	5p	upregulated-	mediated	

F I G U R E  6 MiR-	490-	5p	repression	
attenuated the inhibitory effects of 
UBE2T	knockdown	in	PTX-	treated	
NSCLC	cells.	(A–	D)	A549	and	H1299	
cells	treated	with	PTX	were	transfected	
with	si-	NC,	inhibitor-	NC,	si-	UBE2T,	
inhibitor,	or	si-	UBE2T + inhibitor.	(A)	The	
expression	of	UBE2T	protein	in	these	
cells	was	examined	by	western	blotting.	
(B)	Cell	proliferation	in	these	cells	was	
examined	by	CCK-	8	assay	analysis.	(C)	
For	cell	migration	examination,	the	data	
were taken from wound healing assay 
analysis.	(D)	The	protein	Bax	and	Bcl-	2	
levels	in	these	cells	were	examined	by	
western	blotting.	*p < 0.05,	**p < 0.01	
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GRK5 repression.27 Given that miR- 490- 5p was potentially targeted 
by	hsa_circ_0092887,	we	picked	miR-	490-	5p	 for	 additional	 exam-
ination	and	verified	 their	 interactions	 in	NSCLC,	demonstrated	by	
the	rescue	impacts	of	miR-	490-	5p	inhibition	on	the	inhibited	PTX-	
resistance caused by hsa_circ_0092887 depletion. Previous findings 
have shown that miR- 490- 5p was downregulated in hepatocellular 
carcinoma, and miR- 490- 5p restoration reduced the metastatic 
ability of cancer cells.17	Likewise,	miR-	490-	5p	was	also	downregu-
lated in renal cell cancer, and its restoration repressed cell prolif-
erative, migration and invasive capacities.19 Recent studies have 
also	 shown	 reduced	expression	of	miR-	490-	5p	 in	 various	 cancers,	
including colon cancer, pancreatic cancer, and supraglottic laryngeal 
squamous cell carcinoma.28– 30 Consistently, our data demonstrated 
the	 downregulation	 of	 miR-	490-	5p	 in	 NSCLC,	 especially	 in	 PTX-	
resistant	NSCLC	samples.	MiR-	490-	5p	inhibition	aggravated	the	mi-
gration,	growth,	and	survival	of	PTX-	treated	NSCLC	cells,	suggesting	
that	miR-	490-	5p	deficiency	conferred	NSCLC	PTX-	resistance.

Furthermore,	we	recognized	that	UBE2T	was	targeted	by	miR-	
490-	5p.	Overexpression	of	UBE2T	was	previously	reported	in	lung	
cancer and associated with poor outcomes.20,31 UBE2T has been 
shown	 to	 enhance	 radiation	 resistance	 in	 NSCLC	 and	 contribute	
to	 NSCLC	 cell	 growth	 and	 epithelial–	mesenchymal	 transition.21 
UBE2T	overexpression	strengthened	cisplatin	resistance	in	lung	ad-
enocarcinoma via increasing cisplatin- induced autophagy.32 Overall, 
the	 existing	 evidence	 highlighted	 the	 oncogenic	 role	 of	UBE2T	 in	
not only lung cancer but also osteosarcoma, gastric cancer, and 
bladder cancer.33– 35	We	 found	 that	 UBE2T	 was	 highly	 expressed	
in	PTX-	resistant	NSCLC	samples	and	cells.	UBE2T	 silencing	 inhib-
ited	 migration,	 proliferation,	 and	 survival	 in	 PTX-	treated	 NSCLC	
cells,	indicating	that	UBE2T	decrease	may	improve	PTX	sensitivity.	
However,	miR-	490-	5p	depletion	reinforced	UBE2T	expression	and	
thus	 recovered	UBE2T	downregulation-	reduced	PTX	 resistance	 in	
NSCLC.

Our study demonstrated the effects of hsa_circ_0092887/miR- 
490-	5p/UBE2T	 axis	 on	 PTX-	resistance	 in	 NSCLC.	 However,	 the	
association	 between	 hsa_circ_0092887	 expression	 and	 prognosis	
with patients was still lacking, which limited the clinical implication 
of	hsa_circ_0092887	as	a	biomarker	for	PTX-	treated	NSCLC.	Future	
work should focus on this issue.

5  |  CONCLUSIONS

We	found	elevated	hsa_circ_0092887	expression	in	NSCLC	tissues	
and	cells	with	PTX-	resistance.	High	expression	of	hsa_circ_0092887	
conferred	 NSCLC	 PTX-	resistance	 via	 targeting	 the	 miR-	490-	5p/
UBE2T network. We anticipate hsa_circ_0092887 to be a new bio-
marker	in	PTX-	treated	NSCLC,	which	is	subject	to	further	validation.
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