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The	p53-	inducible	gene	3	 (PIG3)	 is	one	of	 the	p53-	induced	genes	at	 the	onset	of	
	apoptosis,	which	plays	an	important	role	in	cell	apoptosis	and	DNA	damage	response.	
Our	 previous	 study	 reported	 an	 oncogenic	 role	 of	 PIG3	 associated	 with	 tumor	
	progression	and	metastasis	in	non-	small	cell	lung	cancer	(NSCLC).	In	this	study,	we	
further	analyzed	PIG3	mRNA	expression	 in	504	 lung	adenocarcinoma	 (LUAD)	and	
501	 lung	squamous	cell	 carcinoma	 (LUSC)	 tissues	 from	The	Cancer	Genome	Atlas	
database	and	we	found	that	PIG3	expression	was	significantly	higher	in	LUAD	with	
lymph	node	metastasis	 than	those	without,	while	no	difference	was	observed	be-
tween	samples	with	and	without	lymph	node	metastasis	in	LUSC.	Gain	and	loss	of	
function	experiments	were	performed	to	confirm	the	metastatic	role	of	PIG3	in	vitro	
and	to	explore	the	mechanism	involved	in	 its	oncogenic	role	 in	NSCLC	metastasis.	
The	results	showed	that	PIG3	knockdown	significantly	 inhibited	the	migration	and	
invasion	ability	of	NSCLC	cells,	and	decreased	paxillin,	phospho-	focal	adhesion		kinase	
(FAK)	and	phospho-	Src	kinase	expression,	while	 its	overexpression	resulted	 in	 the	
opposite	 effects.	 Blocking	 FAK	 with	 its	 inhibitor	 reverses	 PIG3	 overexpression-	
induced	cell	motility	 in	NSCLC	cells,	 indicating	that	PIG3	 increased	cell	metastasis	
through	the	FAK/Src/paxillin	pathway.	Furthermore,	PIG3	silencing	sensitized	NSCLC	
cells	 to	FAK	 inhibitor.	 In	conclusion,	our	data	 revealed	a	 role	 for	PIG3	 in	 inducing	
LUAD	metastasis,	and	 its	 role	as	a	new	FAK	regulator,	 suggesting	 that	 it	 could	be	
considered	as	a	novel	prognostic	biomarker	or	therapeutic	target	in	the	treatment	of	
LUAD	metastasis.
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1  | INTRODUC TION

Lung	 cancer	 is	 one	 of	 the	 most	 commonly	 diagnosed	 tumors	 and	
a	 leading	 cause	 of	 cancer-	related	 death	 globally.	 Approximately	
222	500	newly	diagnosed	lung	cancer	cases	and	155	870	lung	cancer	
deaths	in	the	United	States	were	estimated	in	2017,1	accounting	for	
almost	one-	seventh	of	all	new	cancer	diagnoses	and	one-	quarter	of	
all	cancer	deaths.	In	China,	the	situation	is	even	worse	due	to	severe	
air	pollution	since	2010.2	Indeed,	lung	cancer	became	the	first	cause	
of	cancer	death	among	both	men	and	women	 in	China	 in	2015,	as	
predicted	by	the	National	Cancer	Center.3	Non-	small	cell	lung	cancer	
(NSCLC)	is	one	of	the	most	aggressive	malignant	diseases.	The	sub-
types	of	NSCLC	include	lung	adenocarcinoma	(LUAD),	lung	squamous	
cell	carcinoma	(LUSC)	and	large	cell	carcinoma.	It	accounts	for	nearly	
80%	of	lung	cancer-	related	death	and	is	characterized	by	frequent	and	
extensive	metastasis.	Despite	significant	therapeutic	advances	made	
in	early	diagnosis,4,5	chemotherapy	approaches	and	targeted	thera-
peutics,6,7	lung	cancer	patients’	5-	year	survival	rate	remains	very	low,	
especially	 for	 the	 invasive	 and	metastatic	 NSCLC.8	 Therefore,	 the	
identification	of	novel	biomarkers	that	can	predict	NSCLC	invasive-
ness	and	metastasis	and	the	development	of	new	strategies	targeting	
cancer	cell	migration	and	invasion	are	urgently	needed.

The	 p53-	inducible	 gene	 3	 (PIG3 or TP53I3)	 is	 one	 of	 the	 p53-	
induced	genes	involved	in	apoptosis.	PIG3	plays	an	important	role	in	
cell	apoptosis	through	reactive	oxygen	species	(ROS)	generation	and	
consequent	 oxidative	 stress	 induction.9	 A	 recent	 study	 further	 re-
vealed	the	role	of	PIG3	in	DNA	damage	response:	suppression	of	PIG3	
expression	sensitizes	cells	to	DNA	damage	agents	and	reduces	DNA	
repair.10	Given	 its	 relationship	with	 cell	 apoptosis	 and	DNA	damage	
response,	the	role	of	PIG3	in	cancer	development	and	progression	has	
attracted	substantial	attention	in	recent	10	years,	and	has	become	the	
subject	of	debate.	For	example,	Zhang	et	al.	report	that	PIG3	expres-
sion	is	positively	correlated	with	the	overall	survival	(OS)	rate	in	breast	
cancer	patients,11	while	Xu	J	et	al.	demonstrate	that	PIG3	is	aberrantly	
overexpressed	and	plays	an	oncogenic	role	in	papillary	thyroid	carci-
noma.12	 Similarly,	 our	 previous	 research	 revealed	 that	 PIG3	 expres-
sion	was	positively	associated	with	tumor	size,	differentiation	degree,	
pathological	 stage	 and	distant	metastasis,	 and	 negatively	 correlated	
with	OS	and	disease-	free	survival	in	NSCLC	patients,13	suggesting	an	
oncogenic	role	of	PIG3	in	NSCLC	progression.	Despite	its	role	in	cancer	
progression,	the	role	of	PIG3	in	cancer	metastasis	remains	controver-
sial.	Park	et	al.	report	that	PIG3	silencing	suppresses	cell	migration	and	
invasion	ability	of	HCT116	colon	cancer	cells,14	while	in	glioblastoma	
cells	PIG3	 inhibits	cancer	cell	migration	and	 invasion	through	matrix	
metalloproteinases	 inhibition.15	 PIG3	 also	 impairs	 tumor	 invasion	 in	
melanoma	 by	 suppressing	 Rho-	ROCK	 activity.16	 Moreover,	 another	
group	has	 reported	 that	PIG3	deficiency	promotes	 renal	 cancer	 cell	
migration	through	activation	of	the	hypoxia-	inducible	factor-	1-	vascular	
endothelial	 growth	 factor	 signal	 pathway.17	 However,	 the	 effect	 of	
PIG3	on	NSCLC	invasion	and	metastasis	is	not	yet	fully	understood.

Therefore,	in	the	present	study,	we	further	examined	the	role	
of	 PIG3	 in	 NSCLC	metastasis	 in	 vitro	 and	 its	mechanism	 of	 ac-
tion.	Our	 results	 showed	 that	PIG3	expression	was	 significantly	

higher	 in	LUAD	with	 lymph	node	metastasis	than	that	 in	tumors	
without	 lymph	 node	metastasis.	 To	 determine	 the	 role	 of	 PIG3	
on	 NSCLC	 metastasis,	 gain	 and	 loss	 of	 function	 experiments	
were	performed,	 showing	 that	PIG3	knockdown	significantly	 in-
hibited	 the	migration	 and	 invasion	 ability	 of	NSCLC	 cells,	 while	
its	 overexpression	 increased	 the	 above	mentioned	 abilities.	 The	
underlying	mechanism	of	PIG3	in	NSCLC	metastasis	was	further	
explored.	 Results	 showed	 that	 the	 phospho-	focal	 adhesion	 ki-
nase	 (FAK)/phospho-	Src	kinase/paxillin	pathway	was	 involved	 in	
PIG3-	mediated	 cell	 metastasis.	 Moreover,	 suppression	 of	 PIG3	
increased	the	sensitivity	of	NSCLC	cells	to	the	FAK	inhibitors	PF-	
573228	and	PF-	562271.

2  | MATERIAL S AND METHODS

2.1 | Patients and tissue specimens

Thirty-	seven	 fresh	NSCLC	 tissue	 specimens	were	provided	by	 the	
Nanjing	 Medical	 University	 Affiliated	 Suzhou	 Hospital	 (Suzhou,	
China).	They	were	obtained	immediately	after	surgical	resection	and	
stored	at	−80°C	for	further	analysis.	Clinicopathological	parameters	
were	collected	and	listed	in	Table	S1.	Among	the	37	patients	included	
in	this	study,	20	were	male	and	17	were	female.	Patients’	were	aged	
from	35	to	79	years	(mean	age	=	62.76	±	12.02	years)	at	the	time	of	
operation.	As	regards	lymph	node	metastasis	of	the	NSCLC,	13	pa-
tients	presented	with	lymph	node	metastasis	while	24	did	not	show	
any	lymph	node	metastasis.	The	present	study	was	approved	by	the	
Ethics	Committee	of	Nanjing	Medical	University	Affiliated	Suzhou	
Hospital.	All	patients	signed	a	written	informed	consent.

2.2 | RNA isolation and real- time quantitative 
PCR assay

Total	 RNA	 from	 NSCLC	 samples	 was	 extracted	 using	 RNAiso	 Plus	
(TAKARA,	 Otsu,	 Japan)	 according	 to	 the	 manufacturer’s	 protocol.	
RNA	 was	 quantified	 using	 NanoDrop	 ND-	1000	 (Thermo	 Scientific,	
Waltham,	 MA,	 USA).	 cDNA	 was	 obtained	 using	 PrimeScript	RT	
Reagent	 Kit	 (Perfect	 Real	 Time)	 (TAKARA,	 Otsu,	 Japan)	 follow-
ing	 the	 manufacturer’s	 instructions.	 SYBR	 Green	 Real-	Time	 PCR	
assay	 kit	 (TAKARA,	 Otsu,	 Japan)	 was	 used	 for	 cDNA	 amplifica-
tion.	 PIG3	 and	 GAPDH	 mRNA	 levels	 were	 measured	 by	 real-	time	
quantitative	 PCR	 (qPCR)	 in	 triplicate	 using	 a	 7500	 Real-	Time	 PCR	
System	 (Applied	 Biosystems,	 Foster	 City,	 CA,	 USA)	 and	 the	 follow-
ing	 primers:	 PIG3,	 5′-		 CCATGCAGGACTGAGTGGTG-	3′	 (forward),	
5′-		CTGCTCCAAGCTTTTCTGCC-	3′	 (reverse);	GAPDH,	 5′-	CAACTAC 
ATGGTCTACATGTTCC-	3′	 (forward);	 5′-	CAACCTGGTCCTCAGTGTA 
G-	3′	(reverse).	GAPDH	was	used	as	the	internal	control.	The	relative	
PIG3	gene	expression	was	calculated	using	the	2−ΔΔCT	method.

2.3 | PIG3 expression from human databases

PIG3	gene	expression	from	504	LUAD	and	501	LUSC	samples	from	
The	Cancer	Genome	Atlas	(TCGA)	database	(http://cancergenome.

http://cancergenome.nih.gov/
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nih.gov/)	 were	 used	 to	 analyze	 PIG3	 expression	 in	 NSCLC.	
Normalized	mRNA	expression	was	analyzed	as	described	in	the	sub-
section	“Statistical	analysis”.

2.4 | Immunohistochemistry

PIG3	localization	was	evaluated	by	immunohistochemistry	(IHC)	as	
previously	described.18	Rabbit	anti-	human	PIG3	polyclonal	antibody	
(Santa	Cruz	Biotechnology,	Santa	Cruz,	CA,	USA)	was	used	at	a	100-	
fold	dilution.

2.5 | Cell culture and transfection

NSCLC	cell	lines	A549	and	H1299	were	kindly	provided	by	Hongying	
Yang	 from	 the	 Medical	 College	 of	 Soochow	 University	 (Suzhou,	
China).	Cells	were	maintained	in	RPMI-	1640	medium	supplemented	
with	10%	FBS	(Biological	Industries,	Cromwell,	CT,	USA)	in	a	humidi-
fied	5%	CO2	incubator	at	37°C.

To	 silence	 the	expression	of	endogenous	PIG3	 in	A549	cells,	 
PIG3-	special	 siRNA	 (siPIG3)	 (#1:	 5′-	AAAUGUUCAGGCUGGAGA 
CUATT-	3′;	 #2:	 5′-	GGAAGUCUGAUCACCAGUUTT-	3′)	 or	 non- 
	targeting	 control	 siRNA	 (siNC)	 (5′-	UUCUCCGAACGUGUCACG 
UTT-	3′)	were	synthesized	by	GenePharm	(Shanghai,	China).	A549	
cells	were	seeded	 in	3.5	cm	culture	dishes	and	transiently	 trans-
fected	 using	 20	μmol/L	 siPIG3	 or	 siNC	 in	 Lipofectamine	 3000	
(Invitrogen,	Carlsbad,	CA,	USA)	 following	 the	manufacturer’s	 in-
structions.	To	overexpress	PIG3	 in	H1299	cells,	PIG3	constructs	
were	generated	by	cloning	PCR-	amplified	full-	length	human	PIG3	
cDNA	 into	 a	 pCMV-	TAG-	2B	 vector	 as	 described	 by	 Li	 B	 et	al.19 
H1299	cells	were	seeded	in	3.5	cm	culture	dishes	and	transiently	
transfected	 with	 5	μg	 PIG3	 constructs	 (PIG3)	 or	 empty	 vector	
plasmids	(pCMV)	using	Lipofectamine	3000.	Cells	were	harvested	
48	hours	after	transfection,	and	total	cell	protein	was	extracted	to	
verify	PIG3	overexpression	by	western	blot	analysis.	To	evaluate	
if	 FAK	 pathway	 is	 involved	 in	 the	mechanism	 of	 PIG3-	mediated	
metastasis,	 FAK	 inhibitors	 such	 as	 PF-	573228	 and	 PF-	562271	
(Selleckchem,	Houston,	TX,	USA)	were	used.

2.6 | Protein extraction and western blot analysis

Protein	 extraction	 and	 western	 blot	 were	 performed	 according	
to	 published	 methods.18	 The	 following	 primary	 antibodies	 were	
used:	 rabbit	 anti-	human	 PIG3	 polyclonal	 antibody	 (Santa	 Cruz	
Biotechnology,	 Santa	 Cruz,	 CA,	 USA),	 rabbit	 anti-	human	 p-	FAK	
(Tyr397)	monoclonal	antibody,	rabbit	anti-	human	p-	FAK	(Tyr576)	
polyclonal	antibody,	rabbit	anti-	human	p-	FAK	(Tyr925)	polyclonal	
antibody,	rabbit	anti-	human	total	FAK	monoclonal	antibody,	rab-
bit	 anti-	human	 p-	Src	 (Tyr416)	 monoclonal	 antibody,	 rabbit	 anti-	
human	total	Src	monoclonal	antibody	(Cell	Signaling	Technology,	
Beverly,	 MA,	 USA)	 and	 mouse	 anti-	human	 GAPDH	 monoclonal	
antibody	(Beyotime	Institute	of	Biotechnology,	Haimen,	China)	as	
the	 loading	control.	All	primary	antibodies	were	used	at	a	1000-	
fold	dilution.

2.7 | Wound- healing assay

Non-	small	cell	lung	cancer	cells	transfected	with	siRNA	or	PIG3	con-
structs	were	 seeded	 into	6-	well	 plates.	Confluent	 cell	monolayers	
were	 scratched	using	 a	 sterile	 200-	μL	pipette	 tip,	 followed	by	 re-
moval	of	the	supernatant	and	addition	of	fresh	medium	containing	
2%	FBS.	After	24	hours,	cells	that	migrated	into	the	wounded	region	
were	observed	by	an	inverted	microscope	(Olympus,	Tokyo,	Japan)	
and	 photographed.	 The	 analysis	 of	 the	 wound-	healing	 assay	 was	
performed	using	the	Image	J	software	(National	Institutes	of	Health,	
Bethesda,	MD,	USA).

2.8 | Transwell assay

The	transwell	assay	was	carried	out	as	previously	described20 and 
performed	using	Transwell	 insert	chambers	 (Corning	Incorporated,	
Corning,	NY,	USA).	Briefly,	the	top	chambers	were	pre-	coated	with	
50 μL	Matrigel	for	1	hour,	then	5	×	104	cells	transfected	with	siRNA	
or	PIG3	constructs	were	seeded	into	the	top	chambers.	An	amount	
of	500	μL	RPMI-	1640	medium	containing	10%	FBS	was	added	into	
the	bottom	chambers.	After	24	hours,	cells	that	invaded	the	bottom	
chambers	were	fixed	in	ice-	cold	methanol	for	30	minutes	followed	
by	staining	with	2%	crystal	violet	in	methanol	for	15	minutes.	Finally,	
they	were	counted	under	an	inverted	microscope	(Olympus,	Tokyo,	
Japan)	and	photographed.

2.9 | In vivo cell metastasis experiment

Six-	week-	old	 male	 NOD/SCID	 mice	 were	 purchased	 from	 Beijing	
Vital	River	Laboratory	Animal	Technology	(Beijing,	China),	and	main-
tained	in	the	SPF	animal	laboratory,	Soochow	University.	A549	cells	
stably	expressing	GFP	(A549-	GFP)	were	generously	provided	by	Dr	
Shitao	Zou	at	Nanjing	Medical	University	Affiliated	Suzhou	Hospital	
(Suzhou,	China).	A549-	GFP	cells	were	 transiently	 transfected	with	
20 μmol/L	siPIG3	#1	or	siNC	using	Lipofectamine	3000,	harvested	
24	hours	post-	transfection	and	re-	suspended	with	normal	saline	at	
a	concentration	of	2	×	106	cells/mL.	A	volume	of	.1	mL	of	suspended	
cells	 was	 intravenously	 injected	 into	 the	 tail	 vein	 of	 each	 mouse	
(n	=	5	per	group).	After	24	hours	and	30	days,	A549	cell	colonization	
in	the	NOD/SCID	mouse	organs	was	photographed	using	the	Kodak	
in	vivo	imaging	system.	All	photos	were	taken	under	the	same	condi-
tions.	The	 intensity	of	 the	 relative	 fluorescence	 in	 the	 tissues	was	
measured	using	the	Image	J	analysis	software.	The	design	and	imple-
mentation	of	the	study	were	approved	by	the	Soochow	University	
institutional	Animal	Care	and	Use	Committee.

2.10 | Immunofluorescence assay

Cells	were	plated	on	polylysine-	coated	slides.	After	a	 specific	 cul-
ture	 time,	 cells	 were	 fixed	 in	 4%	 paraformaldehyde/PBS	 at	 room	
temperature	 for	 30	minutes.	 Then,	 the	 cells	 were	 permeabilized	
with	 .5%	 Triton	 X-	100/PBS	 at	 room	 temperature	 for	 15	minutes.	
Next,	slides	were	blocked	with	1%	BSA/PBS	at	 room	temperature	

http://cancergenome.nih.gov/
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for	30	minutes.	Slides	were	incubated	with	rabbit	anti-	human	paxil-
lin,	 rabbit	 anti-	human	p-	FAK	 (Tyr397)	or	 rabbit	 anti-	human	p-	FAK	
(Tyr925)	 antibodies	 (Cell	 Signaling	Technology,	Beverly,	MA,	USA)	
diluted	1000-	fold	 for	4	hours	 at	 room	 temperature.	After	primary	
antibody	 incubation,	 slides	were	 incubated	with	Alexa-	488	 conju-
gated	 anti-	rabbit	 secondary	 antibodies	 (Invitrogen,	 Carlsbad,	 CA,	
USA)	 for	 1	hour	 at	 37°C.	 The	mounting	medium	 containing	 DAPI	
(Vector	 Laboratories,	 Burlingame,	 CA,	USA)	was	 used	 to	 visualize	
the	nucleus.	 Images	were	obtained	using	a	 laser-	scanning	confocal	
microscope	(FV1200;	Olympus,	Tokyo,	Japan).

2.11 | Single cell tracking assay

A549	cells	transfected	with	siPIG3	were	seeded	in	confocal	dishes.	The	
single	cell	tracking	assay	was	performed	using	the	living	cells	workstation	
(Olympus,	Tokyo,	Japan).	Cells	were	continually	monitored	for	6	hours.

2.12 | Cell viability assay

Cell	 viability	was	 evaluated	 using	 the	Cell	 Counting	Kit-	8	 (CCK-	8;	
Dojindo	 Laboratories,	 Kumamoto,	 Japan)	 according	 to	 the	 manu-
facturer’s	 instructions.	 A549	 cells	 transfected	 with	 siPIG3	 were	
seeded	 in	a	96-	well	plate	at	a	density	of	2000	cells	per	well.	Cells	
were	then	treated	with	different	concentrations	(0,	1.25,	2.5,	5,	10	

and 20 μmol/L)	 of	 FAK	 inhibitors	 PF-	573228	 or	 PF-	562271.	 After	
72	hours	 incubation,	10	μL	CCK-	8	solution	was	added	into	the	96-	
well	 plate.	 Two	 hours	 later,	 absorbance	 at	 450	nm	was	measured	
using	a	Microplate	Reader	(VersaMax;	BioTek,	Winooski,	VT,	USA).

2.13 | Statistical analysis

The	Mann-	Whitney	U	 test	was	performed	for	analyzing	the	signifi-
cance	of	the	difference	in	PIG3	expression	at	different	levels	of	lymph	
node	metastasis.	 Spearman’s	 test	was	performed	 for	 analyzing	 the	
correlation	of	PIG3	and	lymph	node	metastasis.	Student’s	t-	test	was	
used	for	2-	group	comparison	and	one-	way	ANOVA	was	performed	
for	multiple	comparisons.	Statistical	analyses	were	performed	using	
SPSS	16.0	software	(SPSS,	Chicago,	IL,	USA).	All	tests	were	2-	sided,	
and	differences	were	considered	statistically	significant	when	P < .05.

3  | RESULTS

3.1 | PIG3 increased expression is associated with 
lymph node metastasis from non- small cell lung 
cancer

To	evaluate	 the	potential	 role	of	PIG3	 in	NSCLC	metastasis,	 PIG3	
mRNA	 and	 protein	 expression	 in	 NSCLC	 tumor	 samples	 were	

F IGURE  1 PIG3	is	upregulated	in	
samples	from	NSCLC	patients	with	
metastasis.	A,	Representative	images	of	
PIG3	expression	in	adjacent	non-	tumor	
lung	tissue	and	lung	cancer	tissue	with	
or	without	metastasis	detected	by	IHC.	
Scale	bar	=	50	μm.	B,	A	dot	plot	showing	
PIG3	mRNA	expression	in	NSCLC	patients	
with	(n	=	13)	or	without	(n	=	24)	lymph	
node	metastasis	detected	by	real-	time	
quantitative	PCR.	Data	were	presented	as	
mean	±	SEM	(*P <	.05).	PIG3	expression	in	
504	lung	adenocarcinoma	(LUAD)	(C)	and	
501	lung	squamous	cell	carcinoma	(LUSC)	
(D)	tissues	with	or	without	metastasis	
using	normalized	PIG3	mRNA	expression	
data	from	the	TCGA	database.	Data	were	
presented	as	mean	±	SEM	(**P <	.01)
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detected	 by	 IHC	 staining	 and	 real-	time	 qPCR	 (Figure	1A	 and	 B).	
Consistent	 with	 our	 previous	 study,	 NSCLC	 patients	 with	 lymph	
node	metastasis	had	higher	PIG3	mRNA	expression	 in	comparison	
with	 those	without	 (P = .039,	 Figure	1B).	We	 further	 analyzed	 the	
expression	 of	 PIG3	mRNA	 in	NSCLC	 tissues	 by	 using	 the	 publicly	
available	database	TCGA	and	found	that	PIG3	gene	expression	was	
increased	 in	 LUAD	 with	 lymph	 node	 metastasis	 compared	 with	
that	without	lymph	node	metastasis	(P = .0034,	Figure	1C),	while	it	
was	not	increased	in	LUSC	with	lymph	node	metastasis	(P = .4054,	
Figure	1D).	As	the	Mann-	Whitney	U	test	and	Spearman’s	test	 indi-
cated,	PIG3	expression	was	positively	associated	with	 lymph	node	
metastasis	 from	 LUAD.	 In	 other	 words,	 LUAD	 patients	 with	 high	
PIG3	 expression	 had	 a	 higher	 metastatic	 risk	 in	 comparison	 with	
those	 with	 low	 PIG3	 expression	 (P = .001),	 suggesting	 that	 PIG3	
might	represent	an	auxiliary	diagnostic	element	for	lymph	node	me-
tastasis	in	LUAD.	Because	PIG3	expression	in	lymph	node	metastasis	
from	LUAD	and	LUSC	was	significantly	different,	PIG3	may	be	used	

as	an	additional	diagnostic	marker	to	discriminate	between	different	
NSCLC	 subtypes.	Collectively,	 these	 findings	 suggested	 that	PIG3	
could	 be	 used	 to	 diagnose	 lymph	 node	metastasis	 and	 to	 classify	
NSCLC	subtypes	carried	by	the	patients.

3.2 | PIG3 dysregulation affects non- small cell lung 
cancer cell migration

To	determine	the	role	of	PIG3	on	NSCLC	metastasis,	we	performed	the	
gain	and	loss	of	function	experiments	in	vitro.	Our	preliminary	results	
demonstrated	that	A549	cells	possessed	the	highest	PIG3	protein	ex-
pression,	while	H1299	cells	showed	almost	no	PIG3	protein	expression	
among	all	lung	cancer	cell	lines	we	tested.	Thus,	we	chose	these	2	cell	
lines	 to	perform	the	gain	and	 loss	of	 function	experiments.	Two	dif-
ferent	siRNA	constructs	targeting	PIG3	and	a	negative	control	siRNA	
were	synthesized	and	transfected	into	A549	cells.	Western	blot	analy-
sis	 demonstrated	 that	 siPIG3	 markedly	 downregulated	 endogenous	

F IGURE  2 PIG3	promotes	non-	
small	cell	lung	cancer	(NSCLC)	cell	
migration.	PIG3	knockdown	(A)	and	
overexpression	(D)	were	verified	in	A549	
and	H1299	cells	by	western	blot.	The	
cell	migration	of	A549	cells	transfected	
with	PIG3-	special	siRNA	(siPIG3)	#1,	
#2	or	non-	targeting	control	siRNA	
(siNC)	(B)	and	H1299	cells	transfected	
with	PIG3	constructs	(PIG3)	or	empty	
vector	(pCMV)	(E)	was	determined	as	
described	in	the	Materials	and	Methods.	
Representative	images	of	the	migrated	
cells	are	shown.	Scale	bar	=	100	μm. 
Histogram	of	relative	migration	distance	
of	transfected	A549	cells	(C)	and	H1299	
cells	(F)	determined	by	measuring	the	
distance	between	the	scratch.	Data	
were	presented	as	mean	±	SD	from	3	
independent	experiments.	Compared	
with	the	corresponding	control,	*P < .05; 
***P <	.001.	G,	Representative	images	
of	single	cell	migration	of	A549	cells	
transfected	with	siPIG3	#1	or	siNC.	
Scale	bar	=	10	μm.	H,	Migration	distance	
of	single	A549	cell	was	measured	using	
Image	J	software.	Data	were	presented	
as	mean	±	SD	from	3	independent	
experiments,	with	at	least	30	cells	
measured	in	each	experiment.	***P < .001 
compared	with	siNC	group
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PIG3	protein	 expression	 compared	with	 siNC	 (Figure	2A).	A	wound-	
healing	 assay	was	 performed	 to	 further	 explore	 the	 involvement	 of	
PIG3	 in	 cell	migration.	 PIG3	 silencing	 significantly	 suppressed	A549	
cell	migration	to	the	scratched	zone,	showing	44%	and	28%	reduction	
in	relative	migration	distance	by	siPIG3	#1	and	siPIG3	#2	transfected	
cells,	 respectively,	compared	to	corresponding	siNC-	transfected	cells	
(P < .05,	Figure	2B	and	C).	In	addition,	we	continually	monitored	single	
cell	migration	for	6	hours	using	live	image	analysis.	Representative	cell	
migration	 tracks	 for	 siPIG3	#1	and	siNC-	transfected	cells	are	shown	
in	Figure	2G.	The	mean	migration	distance	of	siPIG3-	transfected	cells	
was	much	shorter	than	siNC-	transfected	cells	(P < .05,	Figure	2H).

In	 contrast,	 H1299	 cells	 were	 transfected	 with	 PIG3-	pCMV-	
TAG-	2B	 plasmid	 and	 PIG3	 overexpression	 in	 transfected	 H1299	

cells	was	verified	by	western	blot	(Figure	2D).	We	further	examined	
the	effect	of	PIG3	overexpression	on	cell	migration	using	a	wound-	
healing	 assay.	 The	 results	 showed	 that	 PIG3	 upregulation	 signifi-
cantly	 increased	 H1299	 cell	 migration	 (53.98	±	2.81%	 in	 pCMV	
transfected	cells	vs	71.96	±	8.79%	in	PIG3-	pCMV	transfected	cells,	
P	<	.05,	Figure	2E	and	F).	These	results	indicated	that	PIG3	was	cru-
cial	in	promoting	NSCLC	cell	migration.

3.3 | PIG3 dysregulation affects invasion of  
non- small cell lung cancer cells

A	transwell	 assay	was	performed	 to	explore	 the	effect	of	PIG3	on	
cancer	 invasion.	 Only	 few	 siPIG3-	transfected	 cells	 were	 found	 in	

F IGURE  3 PIG3	promotes	non-	small	
cell	lung	cancer	(NSCLC)	cell	invasion	
in	vitro	and	metastasis	in	vivo.	The	cell	
invasion	of	A549	cells	transfected	with	
PIG3-	special	siRNA	(siPIG3)	#1,	#2	or	
non-	targeting	control	siRNA	(siNC)	(A)	
and	H1299	cells	transfected	with	PIG3	
constructs	(PIG3)	or	empty	vector	(pCMV)	
(C)	was	determined	as	described	in	the	
Materials	and	Methods.	Representative	
images	of	the	invading	cells	are	shown	
(200×	magnification).	Histogram	of	
invading	cells	per	field	of	transfected	
A549	cells	(B)	and	H1299	cells	(D)	
determined	by	counting	the	invading	cells	
in	5	random	fields.	Data	were	presented	
as	mean	±	SD	from	3	independent	
experiments	(***P <	.001).	E,	A549-	GFP	
cells	were	injected	into	NOD/SCID	mice	
via	the	tail	vein.	After	24	h	and	30	d,	A549	
cell	colonization	in	the	mice	liver,	lung	
and	kidney	was	visualized	using	an	in	vivo	
imaging	system.	All	photos	were	taken	
under	the	same	conditions.	F,	The	relative	
green	fluorescence	intensity	in	the	
indicated	group	of	tissues	was	calculated	
using	the	Image	J	analysis	software	
(*P <	.05,	***P <	.001)
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the	 Matrigel-	coated	 chambers	 compared	 to	 the	 amount	 of	 siNC-	
transfected	cells	(P < .001,	Figure	3A	and	B).	In	contrast,	the	invasive-
ness	of	H1299	cells	was	dramatically	increased	by	PIG3	upregulation,	
as	shown	in	Figure	3C	and	D	(P	<	.001).	These	results	indicated	that	
PIG3	was	essential	in	enhancing	NSCLC	cell	invasion	ability.

3.4 | PIG3 downregulation inhibits non- small cell 
lung cancer cell metastasis in vivo

To	validate	the	effect	of	PIG3	on	the	metastatic	potential	of	A549	cells	in	
vivo,	A549-	GFP	cells	transfected	with	siPIG3	were	injected	into	NOD/
SCID	mice	via	the	tail	vein.	A549	cell	colonization	in	different	mouse	
organs	was	visualized	using	an	in	vivo	imaging	system	at	24	hours	and	
30	days	after	inoculation.	As	shown	in	Figure	3E	and	F,	PIG3	silenced	
cells	exhibited	a	weaker	green	 fluorescence	signal	 in	mice	 liver,	 lung	
and	kidney	compared	with	the	fluorescence	in	the	same	organs	of	the	
control	cells.	The	difference	in	green	fluorescence	levels,	especially	in	
the	 lung,	was	even	more	pronounced	between	the	2	groups	of	mice	
after	30	days	inoculation.	These	in	vivo	data	demonstrated	that	PIG3	
was	capable	of	promoting	NSCLC	cell	metastasis	in	vivo.

3.5 | PIG3 dysregulation affects focal adhesion

Cell	 invasion	 is	promoted	by	 focal	adhesion,	a	cellular	adhesion	to	
the	extracellular	matrix	(ECM).21	Because	integrin-	mediated	tether-
ing	of	actin	filaments	forms	the	focal	adhesion,	we	next	addressed	

whether	 PIG3	 affects	 the	 focal	 adhesion.	 Figure	4	 shows	 the	 im-
munofluorescence	staining	with	paxillin,	which	is	a	marker	of	focal	
adhesion,	revealing	the	detection	of	focal	adhesions	around	the	cells	
as	 green	 foci.	PIG3	 silencing	 reduced	 the	number	of	 these	 foci	 as	
compared	with	siNC-	transfected	A549	cells	(P < .001,	Figure	4A	and	
B).	 In	contrast,	the	number	of	stained	foci	 in	H1299	cells	was	dra-
matically	increased	after	PIG3	upregulation,	as	shown	in	Figure	4C	
and D (P	<	.001).	These	observations	suggested	that	PIG3	positively	
regulates	cell	invasion	by	promoting	the	effective	assembly	of	focal	
adhesion	complexes	formation.

3.6 | FAK/Src signaling pathway is involved in PIG3- 
promoting cell metastasis

Our	results	showed	that	PIG3	had	the	ability	to	promote	cell	metas-
tasis	in	NSCLC	cells.	The	FAK/Src	pathway	is	known	to	play	a	role	in	
tumor	metastasis	in	many	tumors	types.	To	elucidate	the	involvement	
of	 the	FAK/Src	pathway	 in	PIG3-	mediated	cell	metastasis,	western	
blot	analysis	and	immunofluorescence	staining	were	performed.	The	
results	revealed	that	PIG3	overexpression	increased	the	expression	
of	phosphorylated	FAK	and	phosphorylated	Src	but	not	total	FAK	and	
Src	(Figure	5A	and	B).	In	contrast,	PIG3	knockdown	suppressed	the	
expression	of	phosphorylated	FAK	and	phosphorylated	Src.

The	involvement	of	FAK/Src	pathway	in	PIG3-	mediated	cell	me-
tastasis	was	further	confirmed	using	the	specific	FAK	inhibitor	(PF-	
573228).	H1299	cells	transfected	with	PIG3	constructs	and	treated	

F IGURE  4 PIG3	positively	regulates	
focal	adhesion	of	non-	small	cell	lung	
cancer	(NSCLC)	cells.	A549	cells	
transfected	with	control	or	PIG3	siRNA	
(A)	and	H1299	cells	transfected	with	
PIG3	constructs	(PIG3)	or	empty	vector	
(pCMV)	(C)	were	stained	with	paxillin	
(green)	antibody.	DAPI	(blue)	was	used	to	
visualize	the	nucleus.	Scale	bar	=	5	μm. 
B	and	D,	Numbers	of	focal	adhesions	
(paxillin	dots)	per	cell	were	quantified.	
Data	were	presented	as	mean	±	SD	from	3	
independent	experiments	(***P <	.001)
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with	the	FAK	inhibitor	PF-	573228	at	different	concentrations	(0,	5,	
and 10 μmol/L)	 for	24	hours	 resulted	 in	 effective	dose-	dependent	
inhibition	 of	 FAK	phosphorylation	 (Figure	6A).	 This	 treatment	 and	
consequent	 effect	 on	 FAK	 reversed	 PIG3	 overexpression-	induced	
migration	and	 invasion	 in	H1299	cells	 (Figure	6B-	E).	 These	 results	
indicated	 that	PIG3	 increasing	NSCLC	metastasis	might	be	due	 to	
FAK/Src	signaling	pathway	activation.

Furthermore,	we	evaluated	whether	PIG3	silencing	might	mod-
ulate	the	sensitivity	of	NSCLC	cells	 to	PF-	573228	and	PF-	562271.	
The	cell	viability	of	siPIG3	and	siNC-	transfected	A549	cells	was	mea-
sured	by	CCK8	assay	at	72	hours	after	PF-	573228	and	PF-	562271	
treatment.	 PIG3	 silenced	 cells	 were	more	 sensitive	 to	 PF-	573228	
and	 PF-	562271	 treatment	 compared	 with	 siNC-	transfected	 cells	
(Figure	6F	and	Figure	S1).

4  | DISCUSSION

Non-	small	 cell	 lung	 cancer	 patients	 have	 extremely	 high	 mortal-
ity	 rates.	The	main	 reason	 is	 that	most	of	 the	NSCLC	patients	are	
already	at	an	advanced	metastatic	 stage	when	 this	cancer	 is	diag-
nosed.22	 Consequently,	 identifying	 specific	 biomarkers	 that	 pre-
dict	 the	onset	of	metastasis	 is	 crucial	 for	 improving	 the	outcomes	
in	 NSCLC	 patients.	 In	 this	 study,	 we	 found	 that	 PIG3	 expression	

was	positively	associated	with	 lymph	node	metastasis	from	LUAD.	
Moreover,	there	is	a	significant	difference	in	the	expression	of	PIG3	
in	different	lymph	node	metastatic	levels	between	LUAD	and	LUSC,	
indicating	that	PIG3	might	be	used	in	the	diagnosis	of	 lymph	node	
metastasis	and	classification	in	NSCLC	patients.

Lung	adenocarcinoma	is	mostly	found	in	young	women,	and	its	
pathogenesis	is	not	related	to	smoking,	while	LUSC	is	mostly	found	
in	men	over	50	years	old.	The	onset	of	LUSC	 is	closely	 related	 to	
long-	term	 smoking.	Our	 previous	 research	 showed	 that	 PIG3	 ex-
pression	 is	 significantly	 and	 negatively	 correlated	 with	 smoking	
history	(P < .05),13	indicating	that	non-	smokers	are	associated	with	
high	PIG3	expression	while	smokers	are	associated	with	low	PIG3	
expression.	We	speculated	that	a	potential	explanation	to	elucidate	
the	difference	 in	PIG3	expression	 in	 lymph	node	metastasis	 from	
LUAD	and	LUSC	might	be	the	smoking	history	of	NSCLC	patients.	
Because	LUAD	is	typically	found	in	young	women	who	are	mostly	
non-	smokers,	metastasis	can	occur	in	early-	stage	LUAD	due	to	high	
PIG3	expression.	 LUSC	 is	mostly	 found	 in	men	over	 50	years	 old	
who	are	mostly	smokers.	The	metastasis	of	LUSC	patients	occurred	
relatively	 late	 due	 to	 low	 PIG3	 expression.	 The	 leading	 cause	 of	
metastasis	 in	 LUSC	 patients	 could	 also	 depend	 on	 other	 factors.	
Metastasis	is	a	complex	process	influenced	by	many	factors.

Our	 present	 data	 showed	 that	 both	 PIG3	 mRNA	 and	 protein	
expressions	 are	 significantly	 higher	 in	 NSCLC	 with	 lymph	 node	

F IGURE  5 Fak/Src	signaling	is	stimulated	by	PIG3.	A,	A549	cells	were	transfected	with	PIG3-	special	siRNA	(siPIG3)	#1,	#2	or	non-	
targeting	control	siRNA	(siNC)	and	H1299	cells	were	transfected	with	PIG3	construct	(PIG3)	or	empty	vector	(pCMV).	Then	the	total	
cell	lysates	were	subjected	to	western	blot	to	analyze	the	phosphorylation	of	FAK	and	Src	as	described	in	the	Materials	and	Methods.	B,	
Transfected	A549	and	H1299	cells	were	fixed	and	subjected	to	immunofluorescence	staining	using	p-	FAK	(Tyr397)	and	p-	FAK	(Tyr925)	
primary	antibodies,	followed	by	Alexa-	488	conjugated	secondary	antibodies	(green),	coupled	with	DAPI	staining	(for	nucleus,	blue).	Scale	
bar	=	10	μm
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metastasis	 than	 the	 expression	 in	 the	 same	 tumor	without	 lymph	
node	metastasis.	 PIG3	 expression	 is	 regulated	 by	 the	 tumor	 sup-
pressor	 p53.	 The	 PIG3	 promoter	 contains	 tandem	 repeats	 of	

pentanucleotides	 (TGYCC)n	 that	 is	 known	as	 a	p53	binding	 site.23 
The	 induction	 of	 PIG3	 by	 p53	 is	 affected	 by	 mutation	 and	 post-	
translational	modification	of	p53.	p53	mutations	are	present	in	many	

F IGURE  6 FAK	inhibition	reverses	metastatic	characteristics	of	non-	small	cell	lung	cancer	(NSCLC)	cells	induced	by	PIG3	overexpression.	
A,	H1299	cells	transfected	with	PIG3	constructs	were	treated	with	the	FAK	inhibitor	(FAKi)	PF-	573228	at	different	concentrations	(0,	5,	
10 μmol/L)	for	24	h.	Inhibition	efficiency	of	PF-	573228	on	FAK	phosphorylation	was	examined	by	western	blot.	B,	The	wound-	healing	assay	
of	transfected	H1299	cells	treated	with	different	concentrations	of	PF-	573228.	Representative	images	of	the	migrated	cells	are	shown.	
Scale	bar	=	100	μm.	C,	Histogram	of	relative	migration	distance	of	transfected	H1299	cells	determined	by	measuring	the	distance	between	
the	scratch.	Data	were	presented	as	mean	±	SD	from	3	independent	experiments.	*P <	.05;	**P <	.01;	***P <	.001	compared	with	control	
cells.	D,	Transwell	assay	of	transfected	H1299	cells	treated	with	PF-	573228	at	different	concentrations.	Representative	images	of	the	
invading	cells	are	shown	(200	×		magnification).	E,	Histogram	of	invading	cells	per	field	of	transfected	H1299	cells	determined	by	counting	
the	invading	cells	in	5	random	fields.	Data	were	presented	as	mean	±	SD	from	3	independent	experiments	(*P <	.05;	**P <	.01;	***P <	.001).	
F,	PIG3	silencing	sensitizes	A549	cells	to	PF-	573228.	Twenty-	four	hours	after	transfection	with	PIG3	and	control	siRNA,	A549	cells	were	
exposed	to	PF-	573228	at	different	concentrations	(0,	1.25,	2.5,	5,	10,	20	μmol/L).	Cell	proliferation	was	determined	by	CCK8	assay	72	h	
post-	treatment.	Data	were	presented	as	mean	±	SD	from	3	independent	experiments	(**P <	.01;	***P <	.001)
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tumors,	but	different	p53	mutants	have	different	regulatory	effects	
on	PIG3.	p53	point	mutations	mostly	do	not	cause	loss	of	transcrip-
tional	regulatory	function.	For	example,	the	transcriptional	activity	
of	the	p53	mutant	C277Y	isolated	from	a	Ewing’s	sarcoma	did	not	
decrease	but	 increased,	and	it	 is	accompanied	by	high	constitutive	
PIG3	expression.24	In	contrast,	Campomenosi	et	al.	revealed	that	16	
of	77	 tumor-	derived	p53	mutants	displayed	 a	preferential	 binding	
to	p21	but	not	 to	Bax	or	PIG3	promoters.25	 Shajani-	Yi	 et	al.	 show	
that	36%	of	NSCLC	patients	have	one	or	more	mutations	in	TP53.26 
Eighty-	two	percent	of	these	mutations	were	found	in	the	DNA	bind-
ing	 region.	 Eleven	 percent	were	 found	 in	 hotspot	 residues.	 The	 2	
most	common	mutations	were	V157	and	R158	in	their	patient	pop-
ulation.	 Therefore,	 regulation	 of	 PIG3	 expression	 by	 p53	mutants	
in	the	context	of	NSCLC	is	still	unclear.	Besides	p53,	prohibitin	and	
prohibiton	are	novel	factors	binding	to	the	PIG3	promoter	(TGYCC)n	
motif.27	Prohibitin	and	prohibiton	promote	the	transcription	of	PIG3	
independent	of	p53.27	Thus,	high	expression	of	PIG3	in	NSCLC	with	
lymph	node	metastasis	might	result	from	other	factors	such	as	pro-
hibitin	and	prohibiton.	Jiang	et	al.	report	that	prohibitin1	expression	
is	 increased	 in	 NSCLC	 and	 prohibitin1	 upregulation	 is	 associated	
with	a	clinically	aggressive	phenotype.28	Therefore,	our	future	work	
will	focus	on	the	mechanism	regulating	PIG3	increase	in	NSCLC	with	
lymph	node	metastasis.

Although	 PIG3-	mediated	 tumor	 dissemination	 is	 controversial,	
our	results	demonstrate	a	role	of	PIG3	in	inducing	NSCLC	cell	me-
tastasis.	Tumor	metastasis	is	a	multi-	step	complex	process	involving	
a	variety	of	signaling	molecules.	Tumor	cells	must	adhere	to	the	ECM	
and	promote	cell	adhesion,	motility	and	migration	by	promoting	the	
ECM	signal	transduction	dependent	on	the	activity	of	protein	tyro-
sine	kinase.	The	FAK-	mediated	signaling	pathway	is	one	of	the	most	
important	cellular	signaling	pathways	involved	in	cell	metastasis.	The	
FAK	gene	encodes	a	non-	receptor	tyrosine	kinase	that	is	localized	at	
focal	adhesions	representing	the	contact	points	between	cells	and	
ECM,	and	is	activated	by	the	cell	surface	receptor	integrin	or	growth	
factor	receptor	(c-	Met,	EGFR,	PDGFR)	or	angiogenesis	receptors.29 
Here	we	demonstrate	that	PIG3	increased	NSCLC	cell	migration	and	
invasion	by	inducing	FAK	activation.

The	 relationship	 between	 p53	 and	 FAK	 has	 been	 thoroughly	
studied.	Golubovskaya	et	al.	found	that	FAK	promoter	contains	p53	
binding	 sites,	 and	 that	 p53	 negatively	 regulates	 FAK	 transcription	
both	 in vitro30 and in vivo.31	 FAK	 conversely	 inhibits	 p53-	induced	
apoptotic	signaling	by	 interacting	with	p53	 itself32	and	suppresses	
the	 transcriptional	 activity	 of	 p53	 through	 its	 interaction	 with	
Mdm2,	which	mediates	p53	ubiquitination	and	degradation.33	There	
is	a	feedback	 loop	 in	FAK-	p53	regulation.29	 In	addition,	p53	muta-
tions	that	are	frequently	found	in	cancers	can	lead	to	upregulation	
and	overexpression	of	FAK.34	p53	is	inactivated	in	a	significant	num-
ber	of	NSCLC	patients	and	contributes	to	metastatic	spread.35	Thus,	
further	investigation	is	needed	to	evaluate	whether	p53	mutation-	
induced	FAK	upregulation	is	mediated	by	PIG3	in	NSCLC.

Although	the	relationship	between	p53	and	FAK	is	clear,	it	is	still	
uncertain	how	PIG3	facilitates	the	activation	of	FAK.	PIG3	belongs	
to	the	quinone	oxidoreductase	family,	which	 is	highly	homologous	

to	 oxidoreductase	 TED2	 in	 plant	 cells	 and	 oxidoreductase	 zeta-	
crystalline	in	mammalian	cells.9	It	exhibits	a	NADPH-	dependent	re-
ductase	activity	with	orthoquinones	and	contributes	to	p53-	induced	
cell	 apoptosis	by	promoting	 the	 formation	of	 intracellular	ROS.9,36 
Glutathione	peroxidase	3	can	also	enhance	the	induction	of	ROS	by	
PIG3	through	interacting	directly	with	PIG3.37	ROS	such	as	hydro-
gen	peroxide	and	superoxide	anion	are	crucial	 secondary	messen-
gers	 in	 cellular	 adhesion,	motility	 and	migration.38-40	 Indeed,	 ROS	
can	regulate	these	processes	via	activating	focal	adhesions	and	focal	
complex,	which	is	mediated	by	the	integrins	pathway.40	FAK	and	its	
downstream	signaling	pathway	are	further	activated	by	integrins	as	
previously	described.	Therefore,	the	ability	of	PIG3	to	activate	FAK	
in	a	ROS-	dependent	manner	in	NSCLC	needs	further	investigations.

A	variety	of	FAK	inhibitors	including	PF-	573228	have	been	used	
as	targeted	chemotherapeutic	agents,	alone	or	in	combination	with	
other	 drugs,	 to	 treat	 various	 solid	 tumors	 in	 preclinical	 or	 clinical	
trials.41-43	Some	of	 these	agents	achieved	 satisfactory	 therapeutic	
effects	on	advanced	NSCLC.	PF-	04554878	efficacy	in	NSCLC	with	
KRAS	gene	mutation	 is	currently	under	phase	 II	 clinical	 trials.44 In 
the	present	study,	we	demonstrated	that	a	lack	of	PIG3	significantly	
sensitized	 NSCLC	 cells	 to	 PF-	573228	 and	 PF-	562271,	 suggesting	
that	both	of	them	might	be	considered	as	an	effective	targeted	ther-
apy	against	PIG3-	low	expressing	NSCLC.

Overall,	 our	 data	 demonstrated	 that	 PIG3	might	 function	 as	 a	
FAK	regulator	in	NSCLC	and	could	serve	as	a	novel	prognostic	bio-
marker	or	therapeutic	target	in	the	treatment	of	NSCLC	metastasis.	
This	evidence	will	further	help	scientists	to	understand	NSCLC	pro-
gression	and	to	develop	new	therapeutic	strategies.
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