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The	ubiquitin	ligase	F-	box	and	WD	repeat	domain-	containing	7	(FBXW7)	is	responsi-
ble	for	degrading	diverse	oncoproteins	and	is	considered	a	tumor	suppressor	in	many	
human	cancers.	Inhibiting	FBXW7	enhances	the	malignant	potential	of	several	can-
cers.	In	this	study,	we	aimed	to	investigate	the	role	of	FBXW7	in	cholangiocarcinoma.	
We	found	that	FBXW7	expression	was	associated	with	clinicopathological	outcomes	
in	cholangiocarcinoma	patients.	Both	disease-	free	and	overall	 survival	were	signifi-
cantly	worse	in	the	low-	FBXW7	group	than	in	the	high-	FBXW7	group	(P = .001 and 
P < .001,	respectively).	Multivariate	analysis	with	the	Cox	proportional	hazards	model	
indicated	 that	 FBXW7	was	 the	most	 important	 independent	 prognostic	 factor	 for	
disease-	free	(P = .006)	and	overall	(P = .0004)	survival.	We	also	showed	that	the	two	
FBXW7	substrates,	NOTCH1	and	myeloid	cell	leukemia	sequence	1	(MCL1),	regulate	
cholangiocarcinoma	progression.	Depletion	of	FBXW7	resulted	in	NOTCH1	accumu-
lation	and	increased	cholangiocarcinoma	cell	migration	and	self-	renewal.	Interestingly,	
when	cells	were	stimulated	with	cis-	diamminedichloridoplatinum(II)	(cisplatin),	FBXW7	
suppression	induced	MCL1	upregulation,	which	reduced	the	sensitivity	of	cholangio-
carcinoma	 cells	 to	 apoptosis,	 indicating	 that	 FBXW7-	mediated	 ubiquitylation	 is	
context-	dependent.	These	results	indicate	that	FBXW7	modulates	the	malignant	po-
tential	of	cholangiocarcinoma	through	independent	regulation	of	NOTCH1	and	MCL1.

K E Y W O R D S
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1  | INTRODUC TION

Cholangiocarcinoma	 is	a	 rare	and	aggressive	malignancy	originat-
ing	 in	 the	 epithelium	 of	 the	 bile	 duct.	 East	 and	 South	 Asia	 have	

the	 highest	 incidences	 of	 CC,	 although	 those	 in	 Europe,	 North	
America,	and	Australia	have	increased	in	recent	decades.1	Chronic	
inflammation	and	bile	stasis	in	the	biliary	tract,	such	as	from	gallstones,	
chronic	 hepatitis,	 primary	 sclerosing	 cholangitis,	 and	 liver	 fluke	
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infection,	are	considered	specific	risk	factors	for	CC.2,3	Because	of	
its	insidious	nature,	CC	is	usually	diagnosed	at	an	advanced	stage	
and	has	a	poor	prognosis.	Complete	surgical	resection	is	the	most	
effective	therapy	for	CC4;	however,	this	does	not	significantly	im-
prove	 prognosis,	 especially	 in	 cases	with	 lymph	 node	metastasis	
and	perineural	invasion.5	The	current	standard	for	chemotherapy	in	
advanced	stages	of	CC	is	the	combination	of	GEM	and	CDDP.6 The 
clinical	efficacy	of	this	regimen	is	limited,	with	a	median	survival	of	
11	months.7	Therefore,	clarification	of	 the	molecular	mechanisms	
of	CC	 is	 urgently	 needed	 for	 the	 development	 of	more	 effective	
therapies.

F-	box	 and	 WD	 repeat	 domain-	containing	 7	 (FBXW7)	 (also	
known	as	Fbw7,	SEL-	10,	hCdc4,	or	hAgo)	is	a	member	of	the		F-	box	
family	 of	 proteins	 and	was	 first	 identified	 in	Caenorhabditis ele-
gans	as	a	negative	regulator	of	the	signaling	protein	NOTCH	(LIN-	
12).8	 FBXW7	 functions	 as	 the	 substrate-	recognition	 subunit	 of	
the	 S-	phase	 kinase-	associated	 protein	 1/Cullin	 1/F-	box	 protein	
E3	ubiquitin	ligase	complex,	which	targets	various	mammalian	on-
coproteins	that	promote	cell-	cycle	progression	and	regulate	pro-
liferation,	growth,	and	apoptosis	for	proteasomal	degradation.9-12 
FBXW7	 substrates	 include	 cyclin	 E,13	 NOTCH,14	 mTOR,15,16 
MCL1,12	c-	Myc,17,18	and	c-	Jun.19	Given	its	role	in	the	degradation	
of	these	oncoproteins,	FBXW7	is	considered	a	tumor	suppressor,	
and	its	deficiency	leads	to	tumorigenesis.9	Indeed,	loss-	of-	function	
mutations	in	FBXW7	are	found	in	breast	and	colorectal	cancers,20 
T-	ALL,9,21	and	CC,22	with	an	especially	high	frequency	of	mutation	
observed	 in	CC	patients	 (5%-	35%).22-24	FBXW7	has	3	 functional	
domains	that	are	critical	 to	 its	 function	as	a	ubiquitin	 ligase,	and	
the	WD40	domain	includes	3	arginine	residues	that	are	mutational	
hot	spots	 in	cancer.25	However,	one	study	found	that	 in	pancre-
atic	ductal	adenocarcinoma,	FBXW7	was	rarely	mutated,	although	
its	protein	levels	were	significantly	reduced	through	a	mechanism	
involving	 activated	 Ras/Raf/MAPK	 kinase/ERK	 signaling,	 with	 a	
resultant	increase	in	tumorigenic	potential.26

The	 NOTCH	 signaling	 pathway	 is	 evolutionarily	 conserved	
and	 plays	 an	 important	 role	 in	 cell	 proliferation,	 differentiation,	
self-	renewal,	 and	 migration.27,28	 NOTCH1	 signaling	 is	 activated	
by	 the	 binding	 of	 the	 NOTCH	 ligand	 to	 its	 cognate	 receptor,28 
which	is	then	cleaved	by	γ-	secretase	and	functions	as	a	NOTCH1	
intracellular	 domain.	 This	 enters	 the	 nucleus	 and	 regulates	 the	
transcription	 of	 target	 genes.28	 NOTCH1	 intracellular	 domain	 is	
degraded	 by	 FBXW7-	mediated	 ubiquitylation.28	 NOTCH	 signal-
ing	 is	aberrantly	activated	 in	various	malignancies.29-32	 In	T-	ALL,	
NOTCH	signaling	is	activated	by	mutations	in	either	NOTCH1	and/
or	FBXW7	and	 is	associated	with	poor	prognosis.33	Moreover,	 it	
has	been	shown	that	NOTCH	signaling	induces	a	biliary	differen-
tiation	program	 in	hepatocytes	or	hepatic	progenitor	 cells,	 lead-
ing	to	intrahepatic	CC.34	Thus,	NOTCH1	is	closely	associated	with	
both	FBXW7	and	CC.	In	fact,	we	previously	reported	that	aberrant	
NOTCH	signaling	in	CC	might	be	an	indicator	of	poor	survival	and	
that	 inhibiting	NOTCH	signaling	with	agents	 such	as	γ-	secretase	
inhibitor	IX	could	be	a	novel	strategy	for	targeting	cells	with	CSC-	
like	properties.35

Cholangiocarcinoma	 cells	 are	 resistant	 to	 chemotherapeutic	
agents	such	as	CDDP,	accounting	for	the	poor	prognosis	of	CC.7,36 
Several	studies	have	described	the	relationship	between	the	mech-
anism	 of	 CDDP	 resistance	 and	 the	 accumulation	 of	 MCL1.36-38 
Despite	the	importance	of	MCL1	in	several	cancers,	the	relationship	
between	the	FBXW7/MCL1	pathway	and	CDDP-	induced	apoptosis	
in	CC	has	not	been	previously	investigated,	and	the	association	be-
tween	FBXW7	and	MCL1	in	CC	remains	unknown.

We	 aimed	 to	 address	 these	 questions	 in	 the	 present	 study	 by	
first	investigating	the	relationship	between	FBXW7	expression	and	
clinicopathological	outcomes	in	CC	patients	to	assess	the	prognostic	
value	of	FBXW7	expression.	In	addition,	we	examined	the	possible	
mechanisms	underlying	CC	progression	by	exploring	the	expression	
of	FBXW7	and	its	substrates.

2  | MATERIAL S AND METHODS

2.1 | Patients and specimens

Consecutive	patients	with	surgically	resected	CC	(n	=	154),	treated	
at	Tohoku	University	Hospital	 (Sendai,	Japan)	between	2008	and	
2013,	were	examined	in	this	study.	Patients	that	died	in	the	hos-
pital	and	those	in	which	FBXW7	could	not	be	evaluated	were	ex-
cluded.	Histological	differentiation	and	tumor	staging	were	based	
on	 the	7th	edition	of	 the	UICC	classification.	This	 study	was	au-
thorized	by	 the	 Institutional	Review	Board	of	 Tohoku	University	
(2017-	1-	329),	and	all	patients	provided	written,	informed	consent.	
The	median	age	of	the	patients	was	68.5	years	(range,	42-	82	years).	
There	were	105	male	and	49	female	patients;	96	had	perihilar	CC,	
and	58	had	distal	CC.	Lymph	node	metastases	were	observed	 in	
74	patients	(48.1%)	and	distant	metastases	in	18	patients	(11.7%).	
In	 135	 patients	 (87.7%),	 neural	 invasion	 was	 detected.	 Curative	
resection	with	negative	histological	margins	was	achieved	 in	127	
patients	 (82.5%).	 In	 total,	110	patients	 (71.4%)	 received	adjuvant	
chemotherapy.

2.2 | Immunohistochemistry

Immunohistochemistry	was	 carried	 out	 using	Abs	 against	 FBXW7	
(3D1,	1:200	dilution;	Abnova,	Taipei,	Taiwan)	and	MCL1	(1:500	di-
lution;	 Cell	 Signaling	 Technology,	 Danvers,	 MA,	 USA).	 Specimens	
were	fixed	in	10%	formalin	at	20-	25°C,	embedded	in	paraffin,	and	
cut	into	3-	μm-	thick	sections	that	were	placed	on	glue-	coated	glass	
slides.	The	 sections	were	deparaffinized	 in	 xylene	 and	 rehydrated	
in	 a	 graded	 series	 of	 alcohol	 and	distilled	water.	 Endogenous	per-
oxidase	activity	was	blocked	with	3%	H2O2	for	10	minutes.	Antigen	
retrieval	was	undertaken	by	boiling	the	slides	 in	citrate	buffer	 (pH	
6.0).	The	sections	were	incubated	with	primary	Abs	for	16	hours	at	4°C.	
Secondary	Ab	reactions	were	carried	out	for	30	minutes	using	EnVision	
FLEX/HRP	 (Dako,	 Glostrup,	 Denmark),	 and	 the	 sections	 were	 visual-
ized	 by	 treatment	 with	 3,3′-	diaminobenzidine	 tetrachloride	 and	 30%	
H2O2	in	0.05	mol/L	Tris	buffer	(pH	7.6)	followed	by	counterstaining	with	
hematoxylin.
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2.3 | Assessment of FBXW7 expression

Given	 the	 heterogeneity	 in	 FBXW7	 immunostaining,	H	 scoring	was	
used	for	evaluation.	The	percentage	of	 immunostaining	and	staining	
intensity	 (0,	 negative;	 1+,	 weak;	 2+,	 moderate;	 and	 3+,	 strong)	 was	
recorded	 (Figure	S1).	An	H	 score	was	calculated	using	 the	 following	
formula:	H	 score	=	(%	 of	 cells	 of	 weak	 intensity	×	1)	+	(%	 of	 cells	 of	
moderate	intensity	×	2)	+	(%	of	cells	of	strong	intensity	×	3).	The	maxi-
mum H	 score	was	300,	 corresponding	 to	100%	of	 cells	with	 strong	
intensity.39	 Receiver	 operating	 characteristic	 curve	 analysis	was	 un-
dertaken	to	obtain	an	optimal	cut-	off	score	to	analyze	and	distinguish	
tumors	based	on	FBXW7	expression.	For	receiver	operating	charac-
teristic	curve	analysis,	we	divided	patients	into	two	groups	based	on	
specific	survival	(dead	and	alive).	We	defined	an	H	score	>	110	as	high	
expression	and	an	H	score	≤	110	as	low	expression.	The	evaluation	was	
carried	out	by	two	investigators	(A.M.	and	F.F.)	who	were	blinded	to	
patients’	clinical	information.

2.4 | Cell culture and drug treatment

RBE,	HuCCT1,	and	TFK-	1	human	CC	cell	lines	were	purchased	from	
RIKEN	BioResource	Center	(Tsukuba,	Japan)	and	cultured	in	RPMI-	
1640	medium	 (Sigma-	Aldrich,	 St.	 Louis,	MO,	USA)	 supplemented	
with	 10%	heat-	inactivated	 FBS	 (Sigma-	Aldrich)	 and	1%	penicillin/
streptomycin	 (Thermo	 Fisher	 Scientific,	 Waltham,	 MA,	 USA)	 at	
37°C	 and	5%	CO2.	 Cisplatin	was	 purchased	 from	Nippon	Kayaku	
(Tokyo,	Japan)	and	diluted	with	cell	culture	medium	before	use	in	in	
vitro	experiments.

2.5 | Short interfering RNA transfection

The	sense	and	antisense	siRNA	oligonucleotides	used	in	this	experi-
ment	are	listed	in	Table	S1	and	were	purchased	from	Thermo	Fisher	
Scientific.	 Subconfluent	 cells	 were	 transfected	with	 siRNAs	 using	
Lipofectamine	RNAiMAX	(Thermo	Fisher	Scientific)	according	to	the	
manufacturer’s	protocol.

2.6 | Short hairpin RNA transfection

To	generate	 stably	 transfected	cell	 lines,	DNA	oligonucleotides	
encoding	 shRNAs	 directed	 against	 FBXW7 were annealed and 
subcloned	 into	 the	 BamHI	 and	 HindIII	 sites	 of	 the	 pBAsi-	hU6	
Neo	 DNA	 vector	 (Takara	 Bio,	 Otsu,	 Japan).	 The	 sense	 and	 an-
tisense	 shRNA	 sequences	 used	 in	 this	 experiment	 are	 listed	 in	
Table	S2.	RBE	cells	were	 transfected	with	FBXW7	 shRNA	using	
Lipofectamine	LTX	Reagent	with	Plus	(Thermo	Fisher	Scientific)	
according	 to	 the	 manufacturer’s	 protocol.	 The	 pBAsi-	hU6	 Neo	
DNA	negative	control	vector	(Takara	Bio),	encoding	an	shRNA	se-
quence	not	found	in	the	human	genome	database,	was	used	as	a	
control.	Transfected	clones	were	selected	using	G418	(1000	μg/
mL)	 for	3	weeks,	and	single	clones	were	selected	using	the	 lim-
ited	 dilution	 method.	 FBXW7	 silencing	 was	 evaluated	 by	 qRT-	
PCR	and	immunoblotting.

2.7 | Quantitative RT- PCR

For	mRNA	quantification,	total	RNA	was	isolated	using	Nucleospin	
RNA	II	 (Takara	Bio).	RNA	was	quantified	with	a	Nanodrop	spec-
trophotometer	(Thermo	Fisher	Scientific).	cDNA	was	synthesized	
from	1.5	μg	total	RNA	using	PrimeScript	RT	Master	Mix	(Takara	
Bio),	 and	 qPCRs	 were	 carried	 out	 on	 a	 StepOnePlus	 Real-	time	
PCR	system	(Thermo	Fisher	Scientific)	using	SYBR	Premix	Ex	Taq	
II	 (Tli	 RNaseH	Plus;	 Takara	Bio).	GAPDH	mRNA	was	 used	 as	 an	
internal	reference.	The	primers	used	in	this	experiment	are	listed	
in	 Table	 S3.	 Relative	 transcript	 levels	were	 calculated	with	 the	
2−ΔΔCT	method.

2.8 | Immunoblotting

Cells	were	lysed	in	radioimmunoprecipitation	assay	buffer	(Thermo	
Fisher	Scientific)	with	complete	protease	and	phosphatase	 inhibi-
tors	 (Roche	 Diagnostics,	 Indianapolis,	 IN,	 USA).	 For	 immunoblot-
ting,	cell	lysates	were	loaded	on	5%	and	7.5%	polyacrylamide	gels,	
separated	by	SDS-	PAGE,	and	then	transferred	to	a	PVDF	membrane	
using	 a	 Trans-	Blot	 Turbo	 blotting	 system	 (Bio-	Rad,	Hercules,	 CA,	
USA).	The	membrane	was	blocked	with	SuperBlock	(TBS)	Blocking	
Buffer	(Thermo	Fisher	Scientific)	for	90	minutes	at	20-	25°C.	Signals	
were	detected	using	Clarity	Western	ECL	Substrate	 (Bio-	Rad)	 ac-
cording	 to	 the	 manufacturer’s	 instructions.	 Antibodies	 used	 in	
this	experiment	are	 listed	 in	Table	S4.	The	densitometric	 analysis	
was	 undertaken	 using	 ImageJ	 software	 (http://imagej.nih.gov/ij/).	
Arbitrary	densitometric	units	of	the	proteins	of	interest	were	nor-
malized	to	those	of	GAPDH.

2.9 | Colony formation assay

Cells	were	seeded	in	6-	well	plates	at	1	×	103	cells/well	and	cultured	
for	10	days	before	being	fixed	in	99.5%	ethanol	for	30	minutes	and	
stained	with	1%	crystal	violet	solution	for	30	minutes.	The	number	
and	sizes	of	colonies	were	recorded,	and	results	are	reported	as	the	
mean	of	3	independent	experiments	performed	in	triplicate.

2.10 | Wound healing assay

Cells	were	seeded	in	a	6-	well	plate	and	grown	until	90%-	100%	con-
fluence.	Monolayers	were	 scratched	with	 a	200-	μL	 sterile	 pipette	
tip	to	create	an	artificial	wound,	which	was	photographed	at	0	and	
20	hours.	Cell	motility	was	evaluated	by	measuring	the	change	in	the	
migration	area.	Results	are	presented	as	the	mean	of	3	independent	
experiments	performed	in	triplicate.

2.11 | Migration assay

Transwell	assays	were	carried	out	using	a	24-	well	cell	migration	chamber	
kit	(pore	size	=	8	μm;	Millipore,	Billerica,	MA,	USA).	Cells	were	resus-
pended	in	serum-	free	medium	and	transferred	to	the	upper	cham-
ber	 (3	×	105 cells in 300 μL),	while	medium	containing	stimulant	

http://imagej.nih.gov/ij/
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(10%	 FBS)	 was	 added	 to	 the	 lower	 chamber.	 After	 	incubation	
for	24	hours,	cells	that	had	migrated	to	the	lower	chamber	were	
detached	and	stained	according	to	 the	manufacturer’s	protocol.	

Migrated	 cells	 were	 detected	 with	 a	 fluorescence	 microplate	
reader.	Results	are	presented	as	the	mean	of	3	 independent	ex-
periments	performed	in	triplicate.

Factors

FBXW7 expression

High (n = 37) Low (n = 117) P valuea

Age,	year 71	(42-	80) 67	(46-	82) .312

Sex Male 23 82 .367

Female 14 35

Location Perihilar 24 72 .716

Distal 13 45

Neoadjuvant	chemotherapy No 32 101 .98

Yes 5 16

UICC-	G 1,	2 32 106 .54

3 4 9

UICC-	pT 1,	2 20 58 .635

3,	4 17 59

UICC-	pN 0 23 57 .154

1 14 60

UICC-	pM 0 34 102 .437

1 3 15

Nodal	invasion Negative 7 10 .079

Positive 30 107

Vessel	invasion Negative 6 8 .084

Positive 31 109

Neural	invasion Negative 6 13 .411

Positive 31 104

Curative	resection R0 30 97 .799

R1 or 2 7 20

Adjuvant	chemotherapy No 13 31 .311

Yes 24 86

aχ2	test.	

TABLE  1 Correlation	analysis	between	
FBXW7	expression	and	
clinicopathological	characteristics	in	154	
cholangiocarcinoma	patients

F IGURE  1 Association	between	FBXW7	expression	and	cholangiocarcinoma	patient	survival.	A,	Kaplan–Meier	analysis	of	disease-	free	
survival	according	to	FBXW7	expression	levels.	B,	Overall	survival	according	to	FBXW7	expression	levels.	Dotted	and	solid	lines	indicate	
high	and	low	FBXW7	expression	groups,	respectively.	P	values	were	determined	with	the	log-	rank	test
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2.12 | Apoptosis assay

To	 detect	 apoptosis,	 cells	 treated	 with	 CDDP	 (50	μmol/L)	
for	 24	hours	 and	 with	 GEM	 (0.1-	10	μmol/L)	 for	 48	hours	
were	 stained	 with	 propidium	 iodide	 and	 annexin	 V-		 FITC	 (BD	
Biosciences,	Franklin	Lakes,	NJ,	USA)	according	to	the	manufac-
turer’s	 instructions.	Stained	cells	were	sorted	on	a	FACSVerse	
system	 (BD	Biosciences).	 Cells	 that	were	 positive	 only	 for	 an-
nexin	V-	FITC	were	counted	as	apoptotic	cells.	Results	are	pre-
sented	 as	 the	mean	 of	 3	 independent	 experiments	 performed	
in	triplicate.

2.13 | Statistical analysis

Unless	otherwise	indicated,	data	are	expressed	as	the	mean	±	SE.	
Differences	between	two	groups	were	evaluated	with	the	t	test.	

The χ2	 test	 was	 used	 to	 compare	 categorical	 variables,	 and	 the	
Kaplan-	Meier	 method	 was	 used	 to	 generate	 survival	 curves.	
Associations	 between	 clinicopathological	 factors	 and	 FBXW7	
expression	were	assessed	based	on	Pearson’s	correlation	coeffi-
cients.	Data	were	analyzed	with	JMP	Pro	version	11.2.0	software	
(SAS	Institute,	Cary,	NC,	USA).	P < .05	was	considered	statistically	
significant.

3  | RESULTS

3.1 | FBXW7 expression is not correlated with 
clinicopathological features of CC

To	investigate	the	relationship	between	FBXW7	expression	and	clinico-
pathological	characteristics	of	CC,	the	154	CC	patients	were	classified	into	
groups	with	relatively	high	FBXW7	expression	(H	score	>	110,	n	=	37)	and	

TABLE  2 Univariate	and	multivariate	analyses	of	prognostic	factors	for	disease-	free	survival	(A)	and	overall	survival	(B)

Prognostic factor

Univariate analysis Multivariate analysis

P value RR 95% CI P value

(A)	Disease-	free	survival

FBXW7	(low	vs	high) .0010 2.244 1.25-	4.417 .0060*

Age,	years	(<65	vs	≥65) .1550 – – –

Gender	(male	vs	female) .5970 – – –

Location	(perihilar	vs	distal) .5700 – – –

Neoadjuvant	chemotherapy	(with	vs	without) .6010 – – –

UICC-	G	(1/2	vs	3) .9930 – – –

UICC-	pT	(T1/2	vs	T3/4) .0020 0.657 0.419-	1.021 .0620

UICC-	pN	(1	vs	0) <.0001 2.624 1.680-	4.178 <.0001*

Node	invasion	(1	vs	0) .0004 2.748 0.627-	15.842 .1930

Vessel	invasion	(1	vs	0) .0100 1.933 0.398-	7.348 .3910

Nerve	invasion	(1	vs	0) .0010 2.275 0.751-	9.211 .1590

Adjuvant	chemotherapy	(with	vs	without) .0010 1.015 0.578-	1.881 .9610

(B)	Overall	survival

FBXW7	(low	vs	high) .0001 5.172 1.889-	21.339 .0004*

Age	(<65	vs	≥65) .3850 – – –

Gender	(male	vs	female) .4800 – – –

Location	(perihilar	vs	distal) .4690 – – –

Neoadjuvant	chemotherapy	(with	vs	without) .3480 – – –

UICC-	G	(1/2	vs	3) .8990 – – –

UICC-	pT	(T1/2	vs	T3/4) .0010 0.549 0.311-	0.949 .0320*

UICC-	pN	(1	vs	0) <.0001 2.514 1.427-	4.549 .0010*

UICC-	pM	(1	vs	0) <.0001 2.179 1.09-	4.115 .0290*

Node	invasion	(1	vs	0) .0130 1.248 0.300-	6.668 .7740

Vessel	invasion	(1	vs	0) .0510

Nerve	invasion	(1	vs	0) .0290 1.037 0.323-	4.46 .9560

Curative	resection	(R0	vs	R1/2) .0290 0.577 0.314-	1.132 .1060

Adjuvant	chemotherapy	(with	vs	without) .0050 1.011 0.502-	2.213 .9770

*P < .05. 
—,	not	applicable;	CI,	confidence	interval;	RR,	relative	risk.
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those	with	relatively	low	expression	(H	score	≤	110,	n	=	117).	There	were	
no	correlations	between	any	clinicopathological	features	and	FBXW7	ex-
pression	levels	in	tumor	tissue	samples	from	CC	patients	(Table	1).

3.2 | FBXW7 expression is associated with CC 
patient survival

We	evaluated	patient	survival	using	Kaplan-	Meier	survival	analy-
sis	 to	compare	the	postoperative	prognosis	of	patients	with	high	
vs	 low	FBXW7	expression.	The	 log-	rank	test	 revealed	significant	
differences	in	DFS	and	OS	between	the	two	groups	(P = .001 and 
P < .001,	 respectively)	 (Figure	1).	 Both	 DFS	 and	 OS	 rates	 were	
lower	 in	patients	with	 low	FBXW7	expression	than	in	those	with	
high	FBXW7	expression,	with	5-	year	survival	rates	of	38.6%	and	
89.7%,	respectively.

3.3 | FBXW7 expression is a prognostic biomarker 
in CC

To	assess	 the	prognostic	value	of	FBXW7,	we	carried	out	univariate	
analyses	 for	DFS	 and	OS	 in	CC	patients.	 The	univariate	 analysis	 for	
DFS	revealed	that	FBXW7	expression	(P = .001),	UICC	primary	tumor	
classification	 (UICC-	pT)	 (P = .002),	UICC-	pN	 (P < .0001),	 lymphatic	 in-
vasion	(P = .0004),	venous	invasion	(P = .01),	neural	invasion	(P = .001),	
and	adjuvant	chemotherapy	(P = .001)	were	useful	prognostic	factors	
(Table	2A).	Multivariate	Cox	regression	analysis	showed	that	FBXW7	
expression	(P = .006)	and	UICC-	pN	(P < .0001)	were	independent	prog-
nostic	factors	for	DFS	(Table	2A).	The	univariate	analysis	for	OS	revealed	
that	 FBXW7	 expression	 (P = .0001),	 UICC-	pT	 (P = .001),	 UICC-	pN	
(P < .0001),	 UICC-	pM	 (P < .0001),	 lymphatic	 invasion	 (P = .013),	 neu-
ral	 invasion	 (P = .029),	 curative	 resection	 (P = .029),	 and	 adjuvant	
chemotherapy	 (P = .005)	were	valuable	prognostic	 factors	 (Table	2B).	
Multivariate	 Cox	 regression	 analysis	 indicated	 that	 FBXW7	 expres-
sion	(P = .0004),	UICC-	pT	(P = .032),	UICC-	pN	(P = .001),	and	UICC-	pM	
(P = .029)	were	independent	predictors	of	OS	(Table	2B).	These	results	
show	that,	in	addition	to	other	reported	factors,4,40	FBXW7	expression	
is	a	useful	prognostic	biomarker	in	CC	patients.

3.4 | FBXW7 suppression leads to NOTCH1 
accumulation

Immunohistochemical	 analysis	 of	 CC	 patient	 tissue	 samples	 re-
vealed	 that	 low	 FBXW7	 expression	 was	 significantly	 associated	

with	extremely	poor	prognosis.	To	determine	whether	FBXW7	sup-
pression	 and	 the	 consequent	 accumulation	 of	 its	 substrates	were	
the	cause	of	poor	outcomes,	we	examined	the	ubiquitin	ligase	func-
tion	of	 FBXW7	 in	RBE,	HuCCT1,	 and	TFK-	1	 cells.	 In	 all	 3	CC	 cell	
lines,	NOTCH1	expression	was	upregulated	following	FBXW7	sup-
pression	 (Figure	2A-	C,	 Figure	 S2A-	C),	 with	 no	 changes	 observed	
in	 the	 levels	 of	MCL1,	 mTOR	 (Figure	2A-	C,	 Figure	 S2A-	C),	 cyclin	
E,	c-	Myc,	or	c-	Jun	 (data	not	shown).	 In	contrast,	qRT-	PCR	analysis	
revealed	 that	NOTCH1	mRNA	 levels	were	unaltered	 in	CC	cells	 in	
which	FBXW7	was	suppressed	(Figure	2D-	F).	These	results	indicate	
that	NOTCH1	is	regulated	by	FBXW7	not	at	the	transcriptional	but	
at	the	protein	level;	that	is,	suppression	of	FBXW7	results	in	the	ac-
cumulation	of	NOTCH1	in	CC	cells.

3.5 | FBXW7 suppression does not affect CC cell 
proliferation

To	investigate	the	role	of	FBXW7	in	the	progression	of	CC,	we	evalu-
ated	 the	effect	of	FBXW7	suppression	on	CC	cell	proliferation	by	
counting	the	number	of	cells	every	24	hours.	There	was	no	differ-
ence	in	the	growth	rates	of	FBXW7-	depleted	and	control	cells	in	any	
of	the	cell	lines	examined	(Figure	2G).

3.6 | FBXW7 suppression promotes CC progression

We	established	stable	silencing	of	FBXW7	in	RBE	cells	by	transfecting	
them	with	FBXW7	shRNA.	FBXW7	knockdown	resulted	in	the	accu-
mulation	of	NOTCH1,	as	determined	by	immunoblotting	(Figures	2H,	
S2D);	however,	qRT-	PCR	analysis	 revealed	 that	 the	NOTCH1	mRNA	
level	was	unaltered	(Figure	2I).	Similar	results	were	obtained	by	siRNA-	
mediated	FBXW7	knockdown.

Although	low	FBXW7	expression	was	linked	to	poor	survival	
in	CC	patients,	 FBXW7	suppression	did	not	 affect	CC	 cell	 pro-
liferation.	 NOTCH	 signaling	 has	 been	 shown	 to	 promote	 self-	
renewal,	 differentiation,	 proliferation,	 survival,	 angiogenesis,	
and	 migration27,28;	 therefore,	 as	 NOTCH1	 is	 a	 substrate	 of	
FBXW7	 in	 CC	 cells,	 we	 examined	 its	 role	 as	 an	 oncoprotein	
by	evaluating	whether	NOTCH1	activation	in	FBXW7-	depleted	
CC	cells	enhanced	self-	renewal	and	migration	using	colony	for-
mation,	 wound	 healing,	 and	migration	 assays.	 FBXW7	 inhibi-
tion	 increased	 colony	 number	 (Figure	3A)	 and	 promoted	 cell	
migration	(Figure	3B,C)	compared	to	levels	in	the	control	treat-
ment.	 To	 determine	 whether	 these	 effects	 were	 attributable	

F IGURE  2 FBXW7	deficiency	results	in	NOTCH1	intracellular	domain	(NICD1)	accumulation	in	cholangiocarcinoma	(CC)	cells.	A,	
Immunoblot	analysis	of	FBXW7	substrates	in	RBE	cells.	B,	Immunoblot	analysis	of	FBXW7	substrates	in	HuCCT1	cells.	C,	Immunoblot	
analysis	of	FBXW7	substrates	in	TFK-	1	cells.	D,	Evaluation	of	FBXW7 and NOTCH1	mRNA	levels	by	quantitative	(qRT-	PCR)	in	RBE	cells.	E,	
Evaluation	of	FBXW7 and NOTCH1	mRNA	levels	by	qRT-	PCR	in	HuCCT1	cells.	F,	Evaluation	of	FBXW7 and NOTCH1	mRNA	levels	by	qRT-	
PCR	in	TFK-	1	cells.	CC	cell	lines	were	treated	with	control	siRNA	(siControl)	or	siRNA	targeting	FBXW7	(siFBXW7).	G,	Cell	proliferation,	
as	determined	from	RBE,	HuCCT1,	and	TFK-	1	cell	growth	curve	analyses.	CC	cell	lines	were	transfected	with	siControl	or	siFBXW7.	H,	
Immunoblot	analysis	of	FBXW7	substrates	in	RBE	cells	transfected	with	indicated	shRNAs.	I,	Evaluation	of	FBXW7 and NOTCH1	mRNA	
levels	by	qRT-	PCR	in	RBE	cells	transfected	with	indicated	shRNAs.	Results	represent	the	mean	of	triplicate	determinations.	*P < .05 
(Student’s	t-	test).	EV,	empty	vector;	sh1,	short	hairpin	FBXW7-	1;	sh2,	short	hairpin	FBXW7-	2;	si1,	short	interfering	FBXW7-	1;	si2,	short	
interfering	FBXW7-	2;	siCtl,	short	interfering	control
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to	NOTCH1	activation,	we	knocked	down	NOTCH1	in	FBXW7-	
depleted	 CC	 cells	 (Figures	3D,	 S3).	 Loss	 of	 NOTCH1	 attenu-
ated	the	migratory	capacity	of	CC	cells,	restoring	control	levels	
(Figure	3E,F).	 Consistent	 with	 previous	 reports,27,28,41	 sup-
pression	of	FBXW7	also	enhanced	the	self-	renewal	of	CC	cells	
according	to	colony	formation	assay.	Thus,	FBXW7	inhibits	CC	
cell	migration	through	downregulation	of	NOTCH1.

3.7 | FBXW7 suppression inhibits CDDP- induced 
apoptosis through MCL1 accumulation

Cis-	diamminedichloridoplatinum	is	a	chemotherapeutic	agent	that	is	
widely	used	to	treat	patients	with	CC.6	We	examined	the	effect	of	
FBXW7	suppression	on	CDDP-	induced	apoptosis.	 In	 cells	without	
CDDP	treatment,	the	rate	of	apoptosis	was	unaffected	by	FBXW7	

F I GUR E   3  FBXW7	depletion	promotes	cholangiocarcinoma	progression.	A,	Colony	formation	in	FBXW7-	depleted	RBE	cells.	
B,C,	Migratory	capacity	of	FBXW7-	depleted	RBE	cells,	as	determined	by	wound	healing	assay	(B)	and	Transwell	migration	assay	(C).	
D,	Immunoblot	analysis	of	FBXW7	and	NOTCH1	intracellular	domain	(NICD1)	following	inhibition	of	NOTCH1	in	FBXW7-	depleted	
RBE	cells.	E,F,	Migratory	capacity	of	FBXW7-	depleted	RBE	cells	following	inhibition	of	NOTCH1,	as	determined	by	wound	healing	
assay	(E)	and	Transwell	migration	assay	(F).	Results	in	A-	F	show	the	mean	of	triplicate	determinations.	*P < .05	(Student’s	t	test).	
EV,	empty	vector;	sh1,	short	hairpin	FBXW7-	1;	sh2,	short	hairpin	FBXW7-	2;	si1,	short	interfering	FBXW7-	1;	si2,	short	interfering	
FBXW7-	2;	siCtl,	short	interfering	control
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knockdown	 (Figure	4A).	 However,	 in	 the	 presence	 of	 CDDP,	 the	
fraction	of	apoptotic	cells	was	reduced	in	FBXW7-	depleted	CC	cells	
compared	to	that	in	control	cells	(Figure	4B).

Myeloid	 cell	 leukemia	 sequence	 1	 is	 a	 FBXW7	 substrate	 that	
is	 associated	 with	 CDDP	 resistance	 in	 several	 types	 of	 malig-
nancy.36,38,42	To	determine	whether	MCL1	 is	regulated	by	FBXW7	
in	CC	cells	treated	with	CDDP,	we	analyzed	MCL1	levels	in	FBXW7-	
depleted	 CC	 cells	 by	 immunoblotting.	 We	 found	 that	 MCL1	 ex-
pression	 was	 increased	 in	 these	 cells	 in	 the	 presence,	 but	 not	 in	
the	absence,	of	CDDP	(Figures	2A-	C,H,	4C,	S4A).	In	contrast,	there	
was	no	change	in	MCL1	mRNA	expression	following	suppression	of	
FBXW7	(Figure	4D).

To	 determine	whether	MCL1	mediates	 the	 effects	 of	 FBXW7	
on	apoptosis,	we	silenced	MCL1	in	FBXW7-	depleted	CC	cells,	and	
we	found	that	the	apoptotic	fraction	was	restored	to	control	levels	
(Figure	4B,E).	These	results	suggest	that	FBXW7	enhances	apopto-
sis	by	promoting	the	degradation	of	MCL1	in	CC.

4  | DISCUSSION

Among	cancers,	CC	has	one	of	the	worst	prognoses.	As	such,	there	
is	an	urgent	need	to	identify	new	prognostic	biomarkers	and	thera-
peutic	 targets.	 The	 downregulation	 of	 FBXW7,	which	 encodes	 a	
tumor-	suppressor	protein,	 is	observed	 in	various	 types	of	 cancer	
and	 affects	 many	 aspects	 of	 carcinogenesis,	 including	 cell	 cycle	
progression,	 proliferation,	 differentiation,	 stem	 cell	 quiescence,	
transcription,	DNA	 damage	 repair,	 and	 apoptosis.43	Mutations	 in	
FBXW7	 have	 been	 observed	 in	 various	 types	 of	 human	 cancer,	
including	 CC.9,20-24	 In	 the	 absence	 of	 FBXW7	mutations,	 impair-
ment	 of	 FBXW7	 function	 by	 a	 mechanism	 involving	 activated	
Ras-	Raf-	MEK-	ERK	 signaling	 is	 reportedly	 associated	 with	 tumo-
rigenic	potential	and	poor	prognosis	in	pancreatic	ductal	cancer.26 
Furthermore,	miR-	223	promotes	CDDP	resistance	in	gastric	cancer	
cells	by	regulating	G1/S	cell	cycle	transition	and	apoptosis	through	
the	targeting	of	FBXW7.42	Therefore,	we	sought	to	confirm	the	as-
sociation	between	 low	FBXW7	expression	and	poor	prognosis	 in	
CC,	regardless	of	mutation	status.

In	the	present	study,	we	determined	that	FBXW7	expression	
level	was	the	most	important	independent	prognostic	factor	for	
DFS	and	OS,	although	there	were	no	correlations	between	any	
clinicopathological	 features	 and	 FBXW7	 expression	 levels	 in	
tumor	tissue	samples	from	CC	patients.	Loss	of	FBXW7	has	been	
linked	 to	 tumor	progression	and	poor	prognosis	 in	 intrahepatic	
CC44;	 however,	 in	 this	 prior	 study,	 downregulation	 of	 FBXW7	
was	 not	 identified	 as	 an	 independent	 prognostic	 factor	 for	
DFS	or	OS,	most	likely	because	of	the	small	number	of	patients	

included.	Our	results	indicate	that	FBXW7	can	predict	malignant	
potential	in	CC	and	might	be	associated	with	sensitivity	to	ther-
apy	after	recurrence.

The	 NOTCH	 signaling	 pathway	 is	 evolutionarily	 conserved	
and	 plays	 important	 roles	 in	 cell	 self-	renewal,	 differentiation,	
proliferation,	survival,	angiogenesis,	and	migration.27,28	NOTCH	
signaling	is	aberrantly	activated	in	various	malignancies,	includ-
ing	 ovarian,	 breast,	 and	 pancreatic	 cancers	 and	 leukemia.29-32 
NOTCH	 signaling	 is	 also	 activated	 in	 CC,	 and	 NOTCH	 overex-
pression	 has	 been	 linked	 to	 poor	 survival.35	 NOTCH	 signaling	
could	 induce	 a	 biliary	 differentiation	 program	 in	 hepatocytes	
or	 hepatic	 progenitor	 cells,	 resulting	 in	 intrahepatic	 CC.34	 In	
the	 present	 study,	 we	 observed	 NOTCH1	 accumulation	 in	 CC	
cells	depleted	of	FBXW7.	 It	was	 recently	 shown	 that	 increases	
in	 colony-	forming	 capacity,	 invasiveness,	 and	 migratory	 ability	
were	 associated	 with	 other	 CSC	 characteristics,	 such	 as	 self-	
renewal,	 in	 hepatocellular	 carcinoma	 and	 promoted	 tumor	 ini-
tiation	 and	 growth,	 leading	 to	metastasis.41	 In	 addition,	 it	 was	
reported	 that	 suppression	of	 FBXW7	 increased	 the	 expression	
of	OCT4	and	NANOG	in	CC	cells	and	that	the	cells	formed	tumor	
spheres,	 which	 indicated	 promotion	 of	 the	 CSC-	like	 capability	
of	 CC	 cells.16	 The	 increased	 self-	renewal	 capacity	 observed	 in	
our	study	could	be	due	to	NOTCH1	accumulation	resulting	from	
FBXW7	 suppression	 in	 CC.	 Moreover,	 FBXW7	 knockdown	 in-
duced	CC	cell	migration	by	an	increase	in	NOTCH1,	which	could	
promote	malignant	potential	 and	metastasis	 in	CC.	 In	 contrast,	
previous	experiments	by	our	group	have	shown	that	there	were	
no	 significant	 survival	 differences	 between	 patients	 with	 and	
without	NOTCH1	 expression.	 Thus,	we	 concluded	 that	 the	 re-
lationships	between	 the	 clinicopathological	 features	of	CC	and	
NOTCH	differed	according	to	the	type	of	NOTCH	receptors	and	
that	 NOTCH	 signaling	 participates	 in	 the	 initial	 step	 of	 tumor	
progression.35

The	current	 standard	 for	 chemotherapy	 in	 advanced	and	 re-
current	CC	is	the	combination	of	GEM	and	CDDP,6	but	its	efficacy	
is	limited	due	to	the	development	of	chemoresistance,	the	mech-
anisms	 of	which	 are	 not	well	 understood.	 Several	 studies	 have,	
however,	 described	 the	 relationship	 between	 CDDP	 resistance	
and	the	accumulation	of	MCL1.36-38	Unlike	other	B-	cell	lymphoma	
two	 family	members,	MCL1	 is	 unstable45	 and	 provides	 a	mech-
anism	for	cells	to	shift	 from	survival	to	apoptosis	 in	response	to	
stressors.46	 FBXW7	modulates	 the	 apoptotic	 pathway	 by	 regu-
lating	 MCL1	 degradation.12	 However,	 the	 relationship	 between	
the	FBXW7/MCL1	pathway	and	CDDP-	induced	apoptosis	 in	CC	
has	not	been	previously	investigated.	We	reveal	here	for	the	first	
time	that	suppression	of	FBXW7	inhibits	CDDP-	induced	apopto-
sis	by	accumulation	of	MCL1	 in	CC.	We	found	that	MCL1	was	a	

F IGURE  4 FBXW7	knockdown	blocks	cis-	diamminedichloridoplatinum(II)	(CDDP)-	induced	apoptosis	through	regulation	of	myeloid	cell	
leukemia	sequence	1	(MCL1).	A,B,	Proportion	of	apoptotic	cells,	as	detected	by	flow	cytometry,	following	CDDP	treatment	(50	μmol/L)	
of	FBXW7-	depleted	RBE	cells	transfected	with	control	siRNA	(siControl)	or	siRNA	targeting	MCL1	(siMCL1).	C,	Immunoblot	analysis	of	
FBXW7-	depleted	RBE	cells	transfected	with	siMCL1	or	siControl	and	treated	with	50	μmol/L	CDDP	for	24	h.	D,	Quantitative	RT-	PCR	
analysis	of	relative	MCL1	mRNA	levels	in	FBXW7-	depleted	RBE	cells	treated	with	50	μmol/L	CDDP	for	24	h	or	left	untreated.	Results	
represent	the	mean	±	SE	of	3	independent	experiments.	*P < .05	(Student’s	t	test)
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substrate	 of	 FBXW7	only	 in	CC	 cells	 that	were	 stimulated	with	
CDDP	and	 that	FBXW7-	depleted	CC	cells	with	 increased	MCL1	
expression	 were	 less	 sensitive	 to	 apoptotic	 signals.	 Moreover,	
inhibiting	 MCL1	 expression	 in	 FBXW7-	depleted	 cells	 restored	
apoptosis	 to	control	 levels.	Collectively,	 these	data	suggest	 that	
FBXW7-	deficient	 CC	 cells	 require	 elevated	 levels	 of	 MCL1	 to	
evade	 apoptosis.	 MCL1	 accumulation	 resulting	 from	 reduced	
FBXW7	expression	could	thus	contribute	to	a	decrease	in	OS	as-
sociated	with	resistance	to	CDDP-	based	chemotherapy.	In	tumor	
tissue	samples	from	CC	patients	who	received	or	did	not	receive	
CDDP,	 however,	 FBXW7	 expression	 was	 not	 an	 independent	
prognostic	 factor	 for	OS,	 likely	 because	 of	 the	 small	 number	 of	
high-	FBXW7	 patients	who	were	 treated	with	 CDDP,	which	 is	 a	
limitation	of	 this	 retrospective	analysis.	Additionally,	 there	were	
no	 significant	 inverse	 associations	 between	 FBXW7	 expression	
and	MCL1	 expression	 by	Pearson’s	 correlation	 analysis.	Our	 re-
sults	 showed	 that	MCL1	was	 a	 substrate	 of	 FBXW7	only	 in	CC	
cells	 stimulated	with	 CDDP	 and	 that	 FBXW7-	depleted	 CC	 cells	
with	increased	MCL1	expression	were	less	sensitive	to	apoptotic	
signals,	which	did	not	contradict	the	results	of	immunohistochem-
ical	analysis.	Thus,	it	seems	useful	to	prospectively	analyze	tissue	
samples	from	unresectable	CC	patients.	In	addition,	MCL1	accu-
mulation	and	function	were	dependent	on	CDDP	stimulation;	this	
is	in	accordance	with	other	reports	that	MCL1	is	extremely	unsta-
ble	in	nature	and	is	affected	by	various	stresses.45,46	For	example,	
FBXW7-	deficient	human	T-	ALL	cells	with	elevated	MCL1	expres-
sion	are	more	sensitive	to	a	multikinase	inhibitor	than	T-	ALL	cell	
lines	with	WT	FBXW7	levels.12	Moreover,	Nakajima	et	al	showed	
that	CDDP	transcriptionally	induced	Noxa,	which	enhanced	MCL1	
phosphorylation,	 ubiquitination,	 and	 proteasome-	mediated	 deg-
radation.37	 Thus,	 in	 the	 present	 study,	we	 found	 that	 the	 phos-
phorylation	of	MCL1	was	upregulated	by	CDDP	treatment,	which	
affected	 the	 FBXW7/MCL1	 interaction.	However,	we	 could	 not	
identify	 the	 specific	 molecules	 that	 enhanced	 CDDP-	induced	
MCL1	phosphorylation.	Therefore,	further	studies	are	needed	to	
verify	 the	mechanisms	of	MCL1	accumulation	and	 function	 that	
are	dependent	on	CDDP	stimulation.

An	association	between	the	downregulation	of	FBXW7	and	ac-
cumulation	of	its	substrates	has	been	reported	in	various	malignan-
cies.12-18	 In	CC,	mTOR	 is	 a	 substrate	 of	 FBXW7	 that	 is	 implicated	
in	 epithelial-	mesenchymal	 transition	 and	 metastasis.16	 However,	
we	did	not	observe	any	increases	in	the	levels	of	mTOR	or	other	re-
ported	FBXW7	substrates	in	CC	cells	transfected	with	either	siRNA	
or	shRNA	against	FBXW7.	 It	has	been	reported	that	FBXW7	ubiq-
uitylation	 of	 its	 substrates	 is	 context-		 and	 tissue-	dependent.9,47-49 
Thus,	similar	to	the	accumulation	of	MCL1	in	response	to	CDDP,	an	
increase	in	the	other	FBXW7	substrates	might	be	observed	in	spe-
cific	tissues	or	contexts.

To	evaluate	the	effect	of	FBXW7	on	GEM-	induced	apoptosis,	we	
analyzed	the	apoptotic	rate	in	CC	cells	treated	with	GEM.	Gemcitabine	
did	not	induce	apoptosis	in	a	concentration-	dependent	manner	(Figure	
S4B).	It	was	previously	reported	that	GEM-	resistant	pancreatic	cancer	
cells	show	senescence-	associated	phenotypes	instead	of	undergoing	

apoptosis,	leading	to	reversible	cellular	arrest	to	evade	cell	death	and	
the	development	of	GEM	resistance.50	We	propose	that	a	similar	phe-
nomenon	occurs	in	CC	cells	treated	with	GEM.

In	 this	 study,	 we	 identified	 NOTCH1	 and	 MCL1	 as	 two	 sub-
strates	of	FBXW7	in	CC	cells.	Although	it	is	important	to	understand	
the	 interaction	 between	NOTCH1	 and	MCL1,	 this	was	 not	 inves-
tigated	 here	 and	will	 be	 addressed	 in	 future	 studies.	Moreover,	 it	
has	been	reported	that	impairment	of	FBXW7	function	by	a	mecha-
nism	involving	activated	Ras	is	associated	with	tumorigenic	potential	
and	poor	prognosis26	and	that	the	Fbxw7	gene	is	a	p53-	dependent	
tumor-	suppressor	gene	in	mice.15	Thus,	FBXW7	might	be	associated	
with	other	tumor	and	tumor-	suppressor	genes	that	might	contribute	
to	poor	prognosis	of	CC.

In	conclusion,	our	study	showed	that	suppression	of	FBXW7	is	as-
sociated	with	poor	survival	outcome	in	CC	patients.	FBXW7	was	found	
to	regulate	the	migration	and	self-	renewal	of	CC	cells	through	modu-
lation	of	NOTCH1	as	well	as	CDDP-	induced	apoptosis	by	MCL1	accu-
mulation	 in	CC	cells.	These	 findings	suggest	 that	FBXW7	modulates	
the	malignant	potential—including	metastasis	and	chemoresistance—of	
CC	through	two	signals,	NOTCH1	and	MCL1.	Moreover,	FBXW7	is	a	
potential	biomarker	and	therapeutic	target	for	the	treatment	of	CC.
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