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AbstrACt
Lysophosphatidic acid (LPA) is a platelet-enriched bioactive lysophospholipid. By 

binding to its cognitive G protein-coupled receptors, which are encoded by endothelial 
differentiation genes (edgs), LPA regulates various cellular activities including prolif-
eration, survival, and migration. Currently, little is known about the influences of LPA 
on autophagy, a pivotal mechanism for cell survival during conditions of starvation. 
Herein we present data indicating that LPA attenuates starvation-induced autophagy, by 
monitoring the percentage of LC3-II, an autophagy indicator, in human prostate PC-3 
cells. In addition, by using cells stably expressing EGFP-LC3, LPA is shown to inhibit the 
formation of autophagosomes in serum-starved conditions. Our results suggest that in 
these conditions, LPA inhibits autophagy, which might facilitate early cancer develop-
ment.

Lysophosphatidic	acid	(LPA)	is	a	simple	lysophospholipid	with	a	variety	of	biological	
functions.	The	main	sources	of	LPA	are	platelets,1	mildly	oxidized	 low	density	 lipopro-
tein	(mox-LDL),2	and	multiple	types	of	cells	including	ovarian	cancer	cells3	and	prostate	
cancer	 PC-3	 cells.4	 LPA	 regulates	 diverse	 biological	 processes	 by	 binding	 to	 its	 three	
cognitive	 G	 protein-coupled	 receptors,	 LPA1,	 LPA2	 and	 LPA3,	 encoded	 by	 endothelial	
differentiation	genes	 (edgs).	To	date,	 eight	Edg	 receptors	have	been	documented.	edg‑2,	
‑4	 and	 ‑7	 encode	 for	LPA1,	LPA2,	 and	LPA3,	 respectively,	whereas	 the	other	 five	Edgs	
encode	 for	 receptors	 that	 recognize	 sphingosine-1-phosphate	 (S1P),	 another	 bioactive	
lysophospholipid,	 which	 is	 structurally	 and	 functionally	 related	 to	 LPA.	 The	 diverse		
functions	of	LPA	can	be	summarized	in	many	aspects.	In	our	laboratory,	we	have	demon-
strated	 that	 LPA	 induces	 cell	 proliferation,	 migration,5	 ICAM-1,	 IL-8	 and	 MCP-1	
expression,6,7	 and	MMP-2	activation	 in	endothelial	 cells.8	 In	addition,	 the	 relationship	
between	LPA	and	cancer	cells	 is	also	well	characterized.	In	PC-3	cells,	a	prostate	cancer	
cell	line,	LPA	promotes	cell	survival9	and	EGFR	transactivation,10	whereas	MAP-kinase	
activation	and	cell	proliferation	induced	by	LPA	were	observed	in	breast	cancer	cells.11	In	
colon	cancer,	it	is	also	suggested	that	LPA	enhances	metastatic	potential.12	Taken	together,	
LPA	is	an	important	regulator	for	many	physiological	and	pathological	processes	related	to	
inflammation,	wound	healing	and	tumor	formation.

Autophagy	 is	 a	 non-selective	 degradation	 process	 for	 cytoplasm	 and	 organelles.13,14	
Upon	 depletion	 of	 growth	 factors,	 autophagy	 is	 induced	 and	 plays	 a	 cytoprotective	
role	 in	maintaining	cell	viability.15,16	In	many	cancer	cells,	autophagic	activity	 is	 found	
suppressed,17	but	the	relationship	between	autophagy	suppression	and	cancer	cell	survival	
is	not	clearly	understood.	Previous	study	has	demonstrated	that	S1P	induces	autophagy	in	
MCF-7	cells.18	Considering	the	similarities	between	S1P	and	LPA,	we	decided	to	investi-
gate	if	LPA	is	a	regulator	for	autophagy	in	this	study.

To	 assess	 the	 effects	 of	 LPA	 on	 autophagy,	 PC-3	 cells	 were	 used	 as	 a	 model.	 Cells	
were	 cultured	 in	 RPMI1640	 with	 10%	 FBS	 and	 incubated	 at	 37˚C	 in	 humidified	 air	
supplemented	with	5%	CO2.	Before	treatment	with	LPA,	cells	were	subjected	to	serum	
starvation	 for	 24	 hours	 in	 order	 to	 induce	 autophagy.	 Serum-deprived	 cells	 were	 incu-
bated	with	various	concentrations	of	LPA	for	8	hours.	Total	cell	lysates	of	cells	exposed	to	
different	treatments	were	collected	and	analyzed	by	immunoblotting	with	LC3	antiserum	
(kindly	provided	by	Dr.	Tamotsu	Yoshimori).	After	8	hours	treatment	of	5	mM	and	10	
mM	LPA,	the	percentage	of	LC3-II	to	total	LC3,	as	an	indicator	of	autophagy	activity,19	
is	significantly	reduced	from	44.4%	to	27.7%	and	16.3%,	respectively,	whereas	the	effects	
of	 0.5	 mM	 and	 1	 mM	 LPA	 treatments	 are	 not	 statistically	 significant	 (Fig.	 1).	 These	
observations	 suggest	 that	LPA	attenuated	 starvation-induced	autophagy	 in	a	concentra-
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tion-dependent	manner.
Since	 LC3-II	 is	 associated	 with	 autophagosomes,19	 we	 further	

determined	the	ability	for	LPA	to	prevent	autophagosome	formation	
by	visualizing	the	patterns	of	EGFP-LC3	signals	in	stably	transfected	
PC-3	 cells.	 Upon	 serum	 starvation,	 a	 punctate	 pattern	 of	 EGFP	
signals,	 indicating	 the	 recruitment	 of	 EGFP-LC3	 molecules	 to		
the	 autophagosomal	 membrane,	 is	 observed	 in	 the	 control	 cells		
(Fig.	 2A).	 In	 contrast,	 a	 diffuse	 cytosolic	 EGFP	 signal	 is	 observed	
after	 10	 mM	 of	 LPA	 treatment	 for	 8	 hours,	 demonstrating	 that	
LPA	 indeed	 inhibits	 the	 formation	of	 autophagosomes	 induced	by	
nutrient	 deprivation	 (Fig.	 2B).	 Quantitative	 results	 (Fig.	 2C)	 were	
obtained	by	directly	counting	the	cells	with	punctate	EGFP	signals	
for	at	 least	10	 fields	with	a	 total	of	100	 to	300	cells	 in	each	 treat-
ment.	The	percentage	of	cells	with	autophagosomes	was	significantly	
decreased	from	63.7%	to	21.8%	in	the	presence	of	LPA.	Our	results	
indicated	that	in	serum-deprived	condition,	LPA	inhibits	autophagy,	
which	might	facilitate	early	cancer	development.

Previous	studies	showed	that	LPA	not	only	induces	proliferation	
of	PC-3	cells	through	activating	the	ERK	pathway,20	but	also	trans-
activates	EGFR	pathways	in	these	cells.10,20,21	In	the	present	study,	
we	demonstrate	that	LPA	inhibits	autophagosome	formation	in	PC-3	
cells.	These	data	are	consistent	with	the	observations	that	autophagy	
activity	 is	 suppressed	 in	mitotic	cells,22	but	whether	suppression	of	
autophagy	activity	 is	caused	directly	by	LPA	signaling	or	 indirectly	
by	LPA	stimulation	of	cell	division	remains	to	be	tested.	Moreover,	
LPA	 was	 found	 to	 act	 as	 an	 autocrine	 mediator	 in	 prostate	 cancer	
cells.4	Whether	modulation	of	 autophagy	 activity	by	 synthesis	 and	
degradation	of	LPA	affects	cancer	development	is	an	interesting	ques-
tion	to	be	answered.	LPA	may	not	only	activate	mitogenic	activities	
but	also	promote	cell	survival	by	inhibiting	autophagy.	It	is	reported	
that	 LPA1	 might	 be	 involved	 in	 LPA-induced	 EGFR	 transactiva-
tion	 and	 subsequent	 cell	 proliferation.21	 In	 the	 future,	 siRNA	 of	
LPA	 receptors	 will	 be	 used	 to	 delineate	 the	 signaling	 pathways	 by	
which	LPA	 inhibits	 autophagy.	 In	contrast	 to	LPA,	 recent	 research	
demonstrated	 that	 S1P	 induces	 autophagy	 in	human	breast	 cancer	
MCF-7	 cells18	 and	 our	 previous	 study	 showed	 that	 S1P-inhibits	

cell	proliferation	in	PC-3	cells.23	Considering	that	LPA	and	S1P	are	
both	enriched	in	platelets	with	many	similar	cellular	effects,24,25	their	
different	 roles	 in	 autophagy	 regulation	 are	 quite	 intriguing.	 Since	
the	role	of	autophagy	in	tumorigenesis	is	still	controversial,26	studies	
of	the	molecular	mechanisms	through	which	LPA	and	S1P	regulate	
autophagy	 could	 provide	 us	 important	 information	 to	 understand	
the	behavior	of	cancer	cells.

References
	 1.	 Eichholtz	T,	Jalink	K,	Fahrenfort	I,	Moolenaar	WH.	The	bioactive	phospholipid	lysophos-

phatidic	acid	is	released	from	activated	platelets.	Biochem	J	1993;	291:677-80.
	 2.	 Siess	 W,	 Zangl	 KJ,	 Essler	 M,	 Bauer	 M,	 Brandl	 R,	 Corrinth	 C,	 Bittman	 R,	 Tigyi	 G,	

Aepfelbacher	 M.	 Lysophosphatidic	 acid	 mediates	 the	 rapid	 activation	 of	 platelets	 and	
endothelial	 cells	 by	 mildly	 oxidized	 low	 density	 lipoprotein	 and	 accumulates	 in	 human	
atherosclerotic	lesions.	Proc	Natl	Acad	Sci	USA	1999;	96:6931-6.

	 3.	 Xu	Y,	Shen	Z,	Wiper	DW,	Wu	M,	Morton	RE,	Elson	P,	Kennedy	AW,	Belinson	J,	Markman	
M,	Casey	G.	Lysophosphatidic	acid	as	a	potential	biomarker	for	ovarian	and	other	gyneco-
logic	cancers.	JAMA	1998;	280:719-23.

	 4.	 Xie	Y,	Gibbs	TC,	Mukhin	YV,	Meier	KE.	Role	for	18:1	lysophosphatidic	acid	as	an	auto-
crine	mediator	in	prostate	cancer	cells.	J	Biol	Chem	2002;	277:32516-26.

	 5.	 Lee	 H,	 Goetzl	 EJ,	 An	 S.	 Lysophosphatidic	 acid	 and	 sphingosine	 1-phosphate	 stimulate	
endothelial	cell	wound	healing.	Am	J	Physiol	Cell	Physiol	2000;	278:C612-8.

	 6.	 Lee	H,	Lin	CI,	Liao	JJ,	Lee	YW,	Yang	HY,	Lee	CY,	Hsu	HY,	Wu	HL.	Lysophospholipids	
increase	ICAM-1	expression	in	HUVEC	through	a	Gi-	and	NF-kB-dependent	mechanism.	
Am	J	Physiol	Cell	Physiol	2004;	287:C1657-66.

	 7.	 Lin	CI,	Chen	CN,	Chen	JH,	Lee	H.	Lysophospholipids	increase	IL-8	and	MCP-1	expres-
sions	 in	human	umbilical	 cord	 vein	 endothelial	 cells	 through	 an	 IL-1-dependent	mecha-
nism.	J	Cell	Biochem	2006;	99:1216-32.

	 8.	 Wu	WT,	Chen	CN,	Lin	CI,	Chen	JH,	Lee	H.	Lysophospholipids	enhance	matrix	metal-
loproteinase-2	expression	in	human	endothelial	cells.	Endocrinology	2005;	146:3387-400.

Figure 1. LPA inhibits serum starvation-induced autophagy in PC-3 cells. PC-3 
cells were starved for 24 hours followed by treatment with different concen-
trations of LPA for 8 hours. Total proteins were extracted and subjected to 
Western blotting using antiserum against LC3. The ratios of LC3-II to total 
LC3 signals were calculated from three independent experiments. *p < 0.05; 
**p < 0.01.

Figure 2. LPA treatment induces redistribution of EGFP-LC3 in PC-3 cells. 
PC-3 cells stably expressing EGFP-LC3 were starved for 24 hours, fol-
lowed by incubation in the absence (A) or presence (B) of 10 mM LPA for 
8 more hours in serum-free medium. After treatment, cells were fixed with 
4% paraformaldehyde and mounted for fluorescence microscopy analysis.  
(C) Quantitative data calculated from three independent experiments. ***p 
< 0.001. Scale bar, 10 mm.



LPA	Suppresses	Autophagy	in	PC3	Cells

270	 Autophagy	 2007;	Vol.	3	Issue	3

	 9.	 Raj	GV,	Sekula	JA,	Guo	R,	Madden	JF,	Daaka	Y.	Lysophosphatidic	acid	promotes	survival	
of	androgen-insensitive	prostate	cancer	PC3	cells	via	activation	of	NF-kB.	Prostate	2004;	
61:105-13.

	 10.	 Gschwind	A,	Prenzel	N,	Ullrich	A.	Lysophosphatidic	acid-induced	squamous	cell	carcinoma	
cell	proliferation	and	motility	involves	epidermal	growth	factor	receptor	signal	transactiva-
tion.	Cancer	Res	2002;	62:6329-36.

	 11.	 Xu	Y,	Fang	XJ,	Casey	G,	Mills	GB.	Lysophospholipids	activate	ovarian	and	breast	cancer	
cells.	Biochem	J	1995;	309:933-40.

	 12.	 Shida	D,	Kitayama	J,	Yamaguchi	H,	Okaji	Y,	Tsuno	NH,	Watanabe	T,	Takuwa	Y,	Nagawa	
H.	Lysophosphatidic	acid	(LPA)	enhances	 the	metastatic	potential	of	human	colon	carci-
noma	DLD1	cells	through	LPA1.	Cancer	Res	2003;	63:1706-11.

	 13.	 Klionsky	DJ,	Emr	SD.	Autophagy	as	a	regulated	pathway	of	cellular	degradation.	Science	
2000;	290:1717-21.

	 14.	 Seglen	 PO,	 Bohley	 P.	 Autophagy	 and	 other	 vacuolar	 protein	 degradation	 mechanisms.	
Experientia	1992;	48:158-72.

	 15.	 Lum	 JJ,	 Bauer	 DE,	 Kong	 M,	 Harris	 MH,	 Li	 C,	 Lindsten	 T,	 Thompson	 CB.	 Growth	
factor	 regulation	 of	 autophagy	 and	 cell	 survival	 in	 the	 absence	 of	 apoptosis.	 Cell	 2005;	
120:237-48.

	 16.	 Boya	P,	Gonzalez-Polo	RA,	Casares	N,	Perfettini	JL,	Dessen	P,	Larochette	N,	Metivier	D,	
Meley	D,	Souquere	S,	Yoshimori	T,	Pierron	G,	Codogno	P,	Kroemer	G.	Inhibition	of	mac-
roautophagy	triggers	apoptosis.	Mol	Cell	Biol	2005;	25:1025-40.

	 17.	 Gozuacik	 D,	 Kimchi	 A.	 Autophagy	 as	 a	 cell	 death	 and	 tumor	 suppressor	 mechanism.	
Oncogene	2004;	23:2891-906.

	 18.	 Lavieu	 G,	 Scarlatti	 F,	 Sala	 G,	 Carpentier	 S,	 Levade	T,	 Ghidoni	 R,	 Botti	 J,	 Codogno	 P.	
Regulation	of	autophagy	by	sphingosine	kinase	1	and	its	role	in	cell	survival	during	nutrient	
starvation.	J	Biol	Chem	2006;	281:8518-27.

	 19.	 Kabeya	Y,	Mizushima	N,	Ueno	T,	Yamamoto	A,	Kirisako	T,	Noda	T,	Kominami	E,	Ohsumi	
Y,	Yoshimori	T.	LC3,	a	mammalian	homologue	of	yeast	Apg8p,	is	localized	in	autophago-
some	membranes	after	processing.	EMBO	J	2000;	19:5720-8.

	 20.	 Kue	PF,	Taub	JS,	Harrington	LB,	Polakiewicz	RD,	Ullrich	A,	Daaka	Y.	Lysophosphatidic	
acid-regulated	mitogenic	ERK	signaling	in	androgen-insensitive	prostate	cancer	PC-3	cells.	
Int	J	Cancer	2002;	102:572-9.

	 21.	 Daaka	Y.	Mitogenic	action	of	LPA	in	prostate.	Biochim	Biophys	Acta	2002;	1582:265-9.
	 22.	 Eskelinen	EL,	Prescott	AR,	Cooper	J,	Brachmann	SM,	Wang	L,	Tang	X,	Backer	JM,	Lucocq	

JM.	Inhibition	of	autophagy	in	mitotic	animal	cells.	Traffic	2002;	3:878-893.
	 23.	 Liao	JJ,	Huang	YT,	Lee	H.	Inhibitory	effects	of	sphingosine	1-phosphate	on	proliferation	of	

PC-3	human	prostate	cancer	cells.	Zool	Stud	2005;	44:219-27.
	 24.	 Goetzl	EJ,	Graeler	M,	Huang	MC,	Shankar	G.	Lysophospholipid	growth	factors	and	their	

G	 protein-coupled	 receptors	 in	 immunity,	 coronary	 artery	 disease,	 and	 cancer.	 Scientific	
World	Journal	2002;	2:324-38.

	 25.	 Anliker	B,	Chun	J.	Cell	 surface	 receptors	 in	 lysophospholipid	 signaling.	Semin	Cell	Dev	
Biol	2004;	15:457-65.

	 26.	 Kondo	Y,	Kanzawa	T,	Sawaya	R,	Kondo	S.	The	role	of	autophagy	in	cancer	development	
and	response	to	therapy.	Nat	Rev	Cancer	2005;	5:726-34.


