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ABstrAct
EMMPRIN (extracellular matrix metalloproteinase inducer, CD147) participates in the 

progression of various malignancies by stimulating the synthesis of specific matrix metal‑
loproteinases (MMP) from peritumoral fibroblasts. In the present study, the expression 
and functional role of EMMPRIN was investigated in pancreatic neoplasm. QRT‑PCR, 
immunohistochemistry, immunoblot, and ELISA analyses were used to analyze the expres‑
sion, localization, and release of EMMRPIN. Silencing of EMMPRIN was performed 
using siRNA oligonucleotides, and functional consequences were assessed using growth 
assays, invasion assays, as well as MMP1/MMP2 and VEGF ELISA. EMMPRIN mRNA 
levels were 2.2‑fold increased in pancreatic cancer (n = 52) and 2.0‑3.5‑fold increased 
in other pancreatic neoplasm (n = 105), but unchanged in chronic pancreatitis (n = 
10) compared to normal pancreatic tissues (n = 9). Strong and predominantly membra‑
nous immunostaining was observed in the cancer cells and surrounding stromal cells. 
EMMPRIN serum levels were also significantly increased in pancreatic cancer patients (n 
= 44) (4.13 ± 0.28 ng/ml) with an AUC of 0.97 compared to healthy volunteers (n = 
29) (0.95 ± 0.16 ng/ml; p < 0.0001) and with an AUC of 0.74 compared to chronic 
pancreatitis patients (n = 20) (2.98 ± 0.5 ng/ml; p = 0.0021). EMMPRIN silencing 
did not significantly affect anchorage‑dependent or ‑independent growth of pancreatic 
cancer cells. In contrast, EMMPRIN silencing in pancreatic stellate cells slightly repressed 
VEGF and MMP2 levels but strongly increased pro‑MMP1 expression under coculture 
conditions. In conclusion, Increased EMMPRIN expression is present in different pancre‑
atic neoplasm, likely representing a tumor‑specific reaction with the potential to modulate 
the tumor microenvironment rather than a mere reflection of an activated stroma.

INtroductIoN
EMMPRIN/CD147	 (Extracellular	 matrix	 metalloproteinase	 inducer)	 was	 originally	

purified	from	the	plasma	membrane	of	cancer	cells	as	a	glycoprotein	with	a	molecular	weight	
of	58	kDa.	After	biosythesis	in	the	Golgi	complex,	the	core	protein	of	EMMPRIN	(non-
glycosylated	form	of	EMMPRIN)	is	modified	into	the	less	glycosylated	(LG)-EMMPRIN.	
LG-EMMPRIN	 can	 mature	 into	 highly	 glycosylated	 (HG)	 EMMPRIN	 by	 further		
glycosylation.	The	highly	glycosylated	 (HG)	 form	of	EMMPRIN	 is	more	 active	 in	 the	
induction	 of	 matrix	 metalloproteinases	 (MMPs).1,2	 Specifically,	 during	 glycosylation	 of	
EMMPRIN	in	the	Golgi	complex,	the	LG-form	can	associate	with	caveolin-1	which	escorts	
it	to	the	cell	surface.	This	surface	bound	less	glycosylated	form	of	EMMPRIN	(immature	
form)	 does	 not	 self-aggregate	 leading	 to	 impairment	 of	 EMMPIRN	 glycosylation	 and	
MMP	induction.3,4	In	the	absence	of	negative	regulators	such	as	caveolin-1,	EMMPRIN	
is	further	glycosylated	in	the	Golgi	complex	by	addition	of	polylactosamine-type	sugars	as	
it	matures	to	the	HG-form	of	EMMPRIN	(mature	form).	The	HG-form	has	a	tendency	
to	 self-aggregate	 and	 is	 active	 in	 the	 stimulation	 of	 MMP	 production	 by	 neighboring	
cells.4,5

Due	to	its	ability	to	stimulate	the	synthesis	of	collagenase-1	(MMP1)	in	fibroblasts,6,7	
EMMPRIN	was	designated	as	tumor	collagenase	stimulating	factor.	EMMPRIN	contains	
two	 extracellular	 domains,	 a	 transmembrane	 domain	 and	 a	 cytoplasmic	 domain.1,3,8-12	
Only	the	distal	extracellular	domain	and	its	glycosylated	form	contribute	to	EMMPRIN’s	
function.	 Current	 evidence	 indicates	 that	 the	 N-terminal	 Ig	 domain	 of	 EMMPRIN	 is	
required	for	stimulation	of	MMP	production.13	Thus,	inhibition	of	this	interaction	inter-
feres	with	MMP	production	and	MMP-dependent	invasion	of	tumor	cells.

EMMPRIN	expression	is	increased	in	tumors	such	as	bladder	carcinoma,14	lung	carci-
noma,15	 glioma,16	 melanoma,17	 lymphoma18	 and	 pancreatic	 cancer,19,20	 and	 correlates	
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with	tumor	size,	stage,	and	prognosis	in	primary	breast	and	ovarian	
cancer.21,22	In	addition,	EMMPRIN	also	plays	a	role	in	tumor	inva-
sion,17,23-25	angiogenesis,24,26	apoptosis27	and	chemoresistance,28	as	
well	 as	 in	 nonmalignant	 diseases	 such	 as	 rheumatoid	 arthritis,29-31	
chronic	 liver	disease,32,33	heart	 failure34,35	 and	atherosclerosis.35	 In	
the	present	study,	the	expression	of	EMMPRIN	was	analyzed	in	the	
normal	pancreas,	chronic	pancreatitis	(CP),	and	in	various	pancreatic	
tumors,	and	its	functional	role	was	specifically	assessed	in	pancreatic	
cancer.

MAtErIAls ANd MEtHods
Tissue specimens and cell cultures.	 Tissue	 specimens	 were	

obtained	 from	patients	 in	whom	pancreatic	 resections	were	 carried	
out.	 The	 patients	 underwent	 operation	 for	 a	 range	 of	 pancreatic	
diseases:	 pancreatic	 ductal	 adenocarcinoma	 (PDAC;	 n	 =	 52),	 CP		
(n	 =	 10),	 acinar	 cell	 carcinoma	 (n=9),	 mucinous	 cystic	 neoplasm	
(MCN;	n	=	8),	 serous	cystic	neoplasm	(SCN;	n	=	18),	 intraductal	
papillary	 mucinous	 adenoma	 (IPMA;	 n	 =	 22),	 intraductal	 papil-
lary	mucinous	 carcinoma	 (IPMC;	n	=	19),	benign	neuroendocrine	
tumors	 (n	=	8),	 and	neuroendocrine	carcinomas	 (n	=	21).	Normal	
human	pancreatic	tissue	samples	(n	=	9)	were	obtained	through	an	
organ	donor	program	from	previously	healthy	individuals,	when	no	
recipient	 was	 available.	These	 tissues	 were	 then	 processed	 identical	
to	the	other	pancreatic	tissues.	The	study	was	approved	by	the	ethics	
committee	of	the	University	of	Heidelberg,	Germany.

Freshly	 removed	 tissues	 were	 fixed	 in	 paraformaldehyde	 solu-
tion	 for	 12–24	 h	 and	 then	 paraffin	 embedded	 for	 histological	
analysis.	 In	addition,	a	portion	of	 the	 tissue	 samples	was	preserved	
in	 RNAlater	 (Ambion	 Europe	 Ltd.,	 Huntington,	 Ambridgeshire,	
UK),	 or	 snap-frozen	 in	 liquid	 nitrogen	 immediately	 upon	 surgical	
removal	 and	 maintained	 at	 -80˚C	 until	 use.	 Pancreatic	 cancer	 cell	
lines	 were	 grown	 in	 DMEM	 medium	 (Panc-1,	 Aspc-1,	 BxPc-3,	
Capan-1,	 Colo-357,	 SU86.86,	 MiaPaCa-2,	 and	 T3M4),	 supple-
mented	with	10%	 fetal	 calf	 serum	(FCS)	 and	100	U/ml	penicillin	
and	streptomycin	(complete	medium),	and	incubated	in	a	5%	CO2	
humidified	atmosphere.	Pancreatic	stellate	cells	(PSCs)	were	cultured	
in	 low	 glucose	 (1000	 mg/l)	 DMEM	 supplemented	 with	 an	 equal	
amount	of	F12	in	the	presence	of	20%	FCS	and	antibiotics	(peni-
cillin	and	streptomycin).	Isolation	of	primary	PSC	was	made	with	the	
outgrowth	method,	as	described	by	Bachem	et	al.36

Real‑time quantitative RT‑PCR.	 All reagents and equipmentAll	 reagents	 and	 equipment	
for	 mRNA	 and	 cDNA	 preparation	 were	 purchased	 from	 Roche	
(Roche	 Applied	 Science,	 Mannheim,	 Germany).	 RNA	 was	 reverse	
transcribed	into	cDNA	using	the	cDNA	synthesis	kit	for	reverse	tran-
scription	polymerase	chain	reaction	(PCR)	(AMV)	according	to	the	
manufacturer’s	instructions.	Real-time	quantitative	PCR	(QRT-PCR)	
was	performed	with	the	Light	Cycler	Fast	Start	DNA	SYBR	Green	
kit.	The	number	of	specific	transcripts	was	normalized	to	the	levels	
of	two	housekeeping	genes	(cyclophilin	B	and	hypoxanthine	guanine	
phosphoribosyltransferase).	 The	 EMMPRIN	 forward	 primer	 was:		
5'	TTC	AGC	CTC	TGG	GTC	TGA	GT	3'	and	the	reverse	primer:	
5'	GCC	AAG	AGG	TCA	GAG	TCG	TC	3'.

Immunohistochemistry.	Immunohistochemistry	was	performed	
using	 the	 Dako	 Envision	 System	 (Dako	 Cytomation	 GmbH,	
Hamburg,	 Germany).	 Consecutive	 paraffin-embedded	 tissue	
sections	(3–5	mm	thick)	were	deparaffinized	and	rehydrated	using	
routine	methods.37	Antigen	retrieval	was	performed	by	pretreat-
ment	of	the	slides	in	citrate	buffer	(pH	6.0)	in	a	microwave	oven	
for	 10	 minutes.	 Endogenous	 peroxidase	 activity	 was	 quenched	

by	 incubation	 in	 deionized	 water	 containing	 3%	 hydrogen	
peroxide	at	room	temperature	for	10	minutes.	After	blocking	of	
nonspecific	 reactivity	 with	 diluted	 normal	 goat	 serum,	 sections	
were	 incubated	 with	 rabbit	 anti-human	 EMMPRIN	 polyclonal	
antibodies	(10	mg/ml)	(Zymed,	South	San	Francisco,	CA)	at	4˚C	
overnight	and	then	incubated	with	horseradish	peroxidase-linked	
goat	 anti-rabbit	 antibodies,	 followed	by	 reaction	with	diamino-
benzidine	 and	 counterstaining	 with	 Mayer’s	 hemotoxylin.	 In	
addition,	 to	 confirm	 the	 specificity	 of	 the	 primary	 antibodies,	
tissue	 sections	 were	 incubated	 in	 the	 absence	 of	 the	 primary	
antibodies	 and	 with	 negative	 control	 rabbit	 IgG.	 Under	 these	
conditions,	no	specific	immunostaining	was	detected.

ELISA.	 The	 sera	 from	 patients	 and	 controls	 were	 collected,	
processed,	 and	 stored	 in	 an	 identical	 manner	 to	 ensure	 the	
validity	 of	 the	 results.	 There	 was	 a	 short	 time	 interval	 between	
diagnosis	of	patients	and	referral	for	surgery	and	serum	collection	
(1–2	weeks).	Preoperative	blood	was	collected	from	44	pancreatic	
cancer	patients	(median	age	57	years)	and	20	chronic	pancreatitis	
patients	 (median	age	49	years)	undergoing	pancreatic	 resection.	
The	 diagnosis	 was	 confirmed	 in	 all	 cases	 by	 histopathological	
examination.	The	29	control	blood	samples	were	collected	from	
healthy	volunteers	(median	age	31	years).	All	sera	were	obtained	
according	 to	 a	 standardized	 sampling	 and	 coding	 protocol.	
Briefly,	after	sample	collection,	the	7.5	ml	monovettes	(Sarstedt,	
Nümbrecht,	 Germany)	 were	 incubated	 at	 22˚C	 for	 30	 min	
and	 centrifuged	 at	 2,500	×	 g	 for	10	min.	 Serum	was	 collected,	
aliquoted	into	200	ml	portions	and	stored	at	-80˚C	until	further	
processing.	The	 study	was	approved	by	 the	ethics	committee	of	
the	University	of	Heidelberg	and	written	 informed	consent	was	
obtained	 from	 all	 individuals	 from	 whom	 serum	 samples	 were	
collected.

For	 EMMPRIN	 ELISA,38	 96-well	 Nunc	 Immuno	 plates	
(Nunc,	 Roskilde,	 Denmark)	 were	 coated	 overnight	 at	 4˚C	
with	 50	 ml	 (5	 mg/ml)	 of	 anti-EMMPRIN	 antibodies	 (R&D	
systems)	 in	PBS	 (pH	7.0).	PBS	with	0.05%	Tween20	was	used	
as	 the	 wash	 solution.	 Nonspecific	 binding	 sites	 were	 blocked	
with	 100	ml	 of	 blocking	 buffer	 (3%	 bovine	 serum	 albumin	 in	
PBS)	 for	 1	 h	 at	 37˚C.	 Either	 recombinant	 human	 EMMPRIN	
(R&D	systems,	diluted	 in	blocking	buffer)	or	 serum	(50	ml	per	
well)	 were	 added	 and	 incubated	 for	 2	 h	 at	 37˚C.	 Fifty	 ml	 of	
1:5000	 diluted	 biotin-conjugated	 anti-EMMPRIN	 antibodies	
(RDI-CD147,	Research	Diagnostics,	Concord,	MA)	were	added	
into	each	well	and	incubated	for	2	h	at	37˚C.	Fifty	ml	of	horse-
radish	 peroxidase-conjugated	 streptavidin	 1:1,000	 diluted	 in	
PBS	were	added	to	each	well	and	incubated	for	45	min	at	37˚C.	
After	three	washes	with	PBS-T,	50	ml	of	TMB	substrate	reagent	
A	 (BD	 Biosciences,	 San	 Diego,	 CA)	 were	 added	 for	 10	 min	 at	
37˚C	 to	 quench	 the	 nonspecific	 color	 reaction.	 Subsequently,		
50	ml	of	developing	buffer	(TMB	substrate	reagent	A	and	reagent	
B	 1:1	 mixed)	 were	 added	 to	 each	 well.	 Colorimetric	 reactions	
were	 stopped	 by	 adding	 50	 ml	 of	 2N	 H2SO4,	 and	 analyzed	
by	 microplate	 reader	 at	 450	 nm	 and	 570	 nm	 for	 correction.	
MMP1/2	 and	 VEGF	 ELISAs	 were	 carried	 out	 according	 to	
the	 manufacturer’s	 instructions	 (Quantikine,	 R&D	 systems,	
Wiesbaden-Nordenstadt,	Germany).

Immunoblot analysis and densitometry.	 Cultured	 pancreatic	
cancer	and	primary	pancreatic	stellate	cells	were	lysed	in	ice-cold	
buffer	containing	20	mM	Tris-HCl	(pH	=	7.4),150	mM	NaCl,	1%	
TritonX,	2.5	mM	sodium	pyrophosphate	and	1	tablet	EDTA-free	
protease	 inhibitor	 cocktail	 (Roche,	 Germany)	 for	 30	 minutes.	
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Cell	 lysates	 were	 then	 collected	 after	 centrifugation	 at	 1,350	
rpm	 for	 10	 minutes	 at	 4˚C.	 12.6	mg	 of	 the	 total	 protein	 were	
loaded	 on	 10%	 polyacrylamide	 gels	 and	 transferred	 to	 PVDF	
membranes.	 Membranes	 were	 blocked	 in	 20	 ml	 T-TBS,	 5%	
skim	 milk	 and	 0.05%	 Tween-20	 for	 1h	 and	 incubated	 with	
rabbit	 anti-EMMPRIN	 polyclonal	 antibodies	 (1:100)	 (Zymed,	
South	 San	 Francisco,	 CA)	 or	 anti-erk2	 (1:2500)	 (Santa	 Cruz	
Biotechnology,	 Santa	 Cruz,	 CA)	 overnight	 at	 4˚C.	 Membranes	
were	washed	3	times	with	0.05%	Tween-20-TBS	and	incubated	
with	horseradish	peroxidase	 (HRP)-conjugated	anti-rabbit	 anti-
body	(1:2500)	for	1h	at	room	temperature.	Signals	were	detected	
using	the	enhanced	chemiluminescence	system	(ECL,	Amersham	
Life	 Science	 Ltd.,	 Bucks,	 UK).	 Films	 were	 scanned	 (ScanoScan	
9900F),	 and	 densitometric	 analyses	 was	 carried	 out	 using	 the	
ImageJ	program	(NIH;	http://rsb.info.nih.gov/ij/).

Deglycosylation.	 For	 N-glycosidase	 F	 (Deglycosylation	 Kit,	
Roche,	Germany),	5	ml	of	 total	 cell	 lysates	 (20	mg)	and	5	ml	of	
reduced	denaturation	buffer	were	mixed	and	incubated	for	3	min	
at	 95˚C.	Then,	 10	ml	 of	 reaction	 buffer	 and	 10	ml	 of	 reconsti-
tuted	 N-glycosidase	 F	 were	 added	 and	 incubated	 for	 1	 hour	 at	
37˚C.	 For	 Endoglycosidase	 H	 (Roche,	 Germany),	 5	ml	 of	 total	
cell	lysates	(20	mg),	1	ml	of	protease	inhibitor	and	2	ml	(10	mU)	
of	 Endoglycosidase	 H	 were	 mixed	 and	 incubated	 overnight	 at	
37˚C	in	a	water	bath.

siRNA transfections.	 Synthetic	 siRNA	 oligonucleotides	 for	
EMMPRIN	 were	 purchased	 from	 Qiagen	 (Hilden,	 Germany)	
and	prepared	and	stored	according	to	the	manufacturer’s	instruc-
tions.	Human	EMMPRIN	RNAi	(sense:	GGU	CAG	AGC	UAC	
ACA	UUG	A;	antisense:	UCA	AUG	UGU	AGC	UCU	GAC	C)	
were	used.	The	negative	control	siRNA	(Qiagen)	had	the	target	
sequence	of	AAT	TCT	CCG	AAC	GTG	TCA	CGT.

Cells	 were	 grown	 until	 50–80%	 confluence.	 siRNA	 trans-
fections	 were	 carried	 out	 according	 to	 the	 manufacturer’s	
instructions.	HiPerFect	(Qiagen,	Hilden,	Germany)	transfection	
reagent	was	used.	The	final	concentration	of	both	the	control	and	
specific	 oligonucleotides	 was	 5	 nM.	The	 efficacy	 of	 the	 siRNA	
transfection	was	 ascertained	by	 immunoblot	 analysis	 after	 48	h	
of	transfection.

Invasion assay.	 To	 assess	 cell	 migration	 in	 vitro,	 transwell	
migration	chambers	with	8-mm	pore	size	(BD	Biosciences)	were	
used	and	reconstituted	with	600	ml	serum-free	DMEM	medium	
in	both	top	and	bottom	chambers	for	2–4	h.	Cells	were	trypsin-
ized	 and	 seeded	 in	 the	 top	 chamber	 at	 a	 density	 of	 2.5	 x	 104	
cells	per	well	in	600	ml	DMEM	containing	10%	fetal	calf	serum.	
After	incubation	at	37˚C	for	20	h,	cells	remaining	attached	to	the	
upper	 surface	 of	 the	 filters	 were	 carefully	 removed	 with	 cotton	
swabs,	 while	 cells	 that	 reached	 the	 underside	 of	 the	 chamber	
were	stained	with	H&E	and	counted	under	a	microscope	in	five	
random	fields	at	a	magnification	of	200×.

Anchorage‑dependent growth assay.	Cell	growth	was	determined	
using	 the	 3-(4,5-methylthiazol-2-yl)-2,5-diphenyltetrazolium	
bromide	 (MTT)	 colorimeric	 growth	 assay.	Cells	were	 seeded	 at	
a	density	of	2000	cells/well	in	96-well	plates	for	up	to	five	days.	
Each	 day	 cell	 growth	 was	 determined	 by	 adding	 MTT	 solution		
(50	mg/well)	 for	4	h.	Then,	 the	 solution	was	 removed	by	aspiration	
and	the	crystals	were	solubilized	in	acidic	isopropanol	(100	ml/well).	
The	 optical	 density	 was	 measured	 at	 570	 nm.	 All	 assays	 were	
performed	in	triplicate,	and	repeated	three	times.

Soft agar assay.	 Four	 x 10x	 103	 cells	 were	 suspended	 in	 0.35%	
low-melting	 agarose	 (Hoefer	 Scientific	 Instruments,	 San	Francisco,	
CA),	dissolved	in	1.5	ml	of	complete	medium,	and	plated	on	the	top	
of	1.5	ml	of	0.6%	agarose	 in	 the	 same	medium	 in	12-well	 culture	
plates.	 Every	 five	 days,	 0.5	 ml	 of	 complete	 medium	 containing	
0.35%	agarose	were	added.	After	two	weeks	of	incubation,	colonies	
were	 visualized	 by	 MTT	 staining	 (300	mg/well)	 for	 24	 hours.	 All	
assays	were	performed	in	triplicate.

Anoikis assay.	Cells	were	 seeded	 at	 a	 density	 of	 1	 x	 105	 cells	
per	well	in	12-well	plates	coated	with	2	ml	of	a	20	mg/ml	solution	
of	polyhydroxyethylmethacrylate.27,39	After	incubation	for	three	
days	under	 standard	culture	conditions,	 the	cell	 suspension	was	
collected	and	centrifuged	at	1,350	rpm	for	10	min	and	dissolved	
in	 1:4	 diluted	 binding	 buffer	 (1	 ml	 binding	 buffer	 and	 3	 ml	
distilled	water).	5	ml	Annexin	V-FITC	(human	AnnexinV-FITC	
kit,	Bender	MedSystems,	Burlingame,	CA)	were	added,	vortexed	
for	a	few	seconds,	and	incubated	for	10	min	at	room	temperature.	
Thereafter,	 apoptotic	 cells	 were	 detected	 by	 FACS	 after	 adding	
10	 ml	 of	 the	 20	 mg/ml	 propidium	 iodide	 stock	 solution	 (final	
concentration	1	mg/ml).

Statistical analysis.	 Data are expressed as the mean �� standardData	 are	 expressed	 as	 the	 mean	 ��	 standard	
error	of	 the	mean	 (SEM)	 for	 in	vitro	 assays	 and	median	and	 indi-
vidual	data	points	for	QRT-PCR	and	ELISA	results	unless	indicated	
otherwise.	The	Mann-Whitney	test,	and	the	Kruskal-Wallis	test	were	
utilized	and	groups	were	compared	using	Dunn’s	multiple	compar-
ison	 test.	 A p value �0.05 was taken as the level of significance.A	 p	 value	 �0.05	 was	 taken	 as	 the	 level	 of	 significance.	
The	 mean	 difference	 between	 groups	 was	 estimated	 with	 a	 95%	
confidence	interval	(CI).	The	receiver	operating	characteristic	curve	
(ROC)	program	(ACOMED	Statistik,	Leipzig,	Germany)	was	used	
to	 assess	 the	 sensitivity	 and	 specificity	 of	 serum	 EMMPRIN	 levels	
for	differentiation	of	pancreatic	cancer	patients	from	healthy	controls	
and	chronic	pancreatitis	patients.	The	area	under	 the	curve	 (AUC)	
was	calculated	by	the	trapez-method.40,41	SE	and	CI	of	AUC	were	

Figure 1. EMMPRIN mRNA expression in pancreatic tissues. Real‑time 
quantitative RT‑PCR analysis of EMMPRIN mRNA levels in various pancreatic 
tumors, chronic pancreatitis tissues, and normal tissues was carried out as 
described in the Material and Methods section. RNA input was normalized to 
the average expression of the two housekeeping genes HPRT and cyclophilin 
B, and is presented as copy number/ml cDNA. Horizontal lines represent the 
median. CP, chronic pancreatitis; PDAC, pancreatic ductal adenocarcinoma; 
ACC, acinar cell carcinoma; MCN, mucinous cystic neoplasm; SCN, serous 
cystic neoplasm; IPMA, intraductal papillary mucinous adenoma; IPMC, 
intraductal papillary mucinous carcinoma; benign NET, benign neuroendo‑
crine tumor; malignant NET: malignant neuroendocrine tumor.
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calculated	according	to	Hanley	et	al.40	The	confidence-interval	
of	the	curve	was	calculated	by	the	exact	local	binomial	CI	of	
sensitivity	and	specificity.	It	is	a	conservative	estimator	for	the	
CI.

rEsults
EMMPRIN expression and localization in pancre‑

atic tissues.	 To	 quantify	 the	 mRNA	 levels	 of	 EMMPRIN,	
QRT-PCR	 was	 performed	 using	 specific	 primers	 for	
EMMPRIN	in	different	types	of	pancreatic	tissues,	including	
52	 cases	 of	 pancreatic	 ductal	 adenocarcinoma	 (PDAC),	 ten	
cases	of	chronic	pancreatitis	(CP),	and	nine	normal	pancreatic	
tissues.	 This	 analysis	 revealed	 a	 2.2-fold	 increase	 of	 median	
EMMPRIN	mRNA	 levels	 in	pancreatic	 cancer	 tissues	 (2920	
arbitrary	 units)	 in	 comparison	 with	 normal	 tissues	 (1308	
arbitrary	units;	p	�	0.001).	A	large	number	of	other	pancreatic	
tumors,	 including	 cystic	 and	 neuroendocrine	 tumors,	 also	
displayed	 increased	 EMMPRIN	 mRNA	 levels,	 ranging	 from	
2.0-fold	 to	 3.5-fold	 compared	 to	 normal	 pancreatic	 tissues		
(p	 �	 0.01)	 (Fig.	 1).	 Interestingly,	 EMMPRIN	 mRNA	 levels	
were	not	 significantly	different	 in	CP	 tissues	 (1486	 arbitrary	
units)	compared	to	the	normal	pancreas	(1308	arbitrary	units)	
(Fig.	 1).	 However,	 the	 mean	 difference	 between	 normal	 and	
CP	 tissues	 was	 374	 arbitrary	 units	 with	 a	 95%	 confidence	
interval	 of	 13-735	 arbitrary	 units	 suggesting	 that	 a	 larger	
patient	cohort	would	be	required	to	confirm	the	absence	of	a	
significant	difference	between	normal	and	CP	tissues.

Immunostaining	was	performed	next	in	20	cases	of	PDAC,	
10	 cases	 of	 chronic	 pancreatitis	 and	 nine	 normal	 pancreatic	
tissues	 to	determine	 the	 localization	of	EMMPRIN	 (Fig.	 2).	
EMMPRIN	was	moderately	 to	weakly	present	 in	ductal	 and	
acinar	 cells	 in	 chronic	 pancreatitis	 and	 the	 normal	 pancreas	
(Fig.	2A).	There	was	 also	moderate	 staining	 in	 the	nerves	 in	
both	pancreatic	cancer	and	chronic	pancreatitis	tissues	(Fig.	2B).	
EMMPRIN	 was	 strongly	 expressed	 on	 the	 membrane	 and	
partly	in	the	cytoplasm	of	pancreatic	cancer	cells	(Fig.	2C	and	
D).	 In	 addition,	 there	 was	 strong	 expression	 in	 the	 stromal	
cells	 adjacent	 to	 the	 tumor	 mass	 in	 pancreatic	 cancer	 tissues		
(Fig.	2E)	but	not	in	stromal	cells	in	chronic	pancreatitis	tissues.

EMMPRIN serum levels in patients and healthy controls.	
To	 analyze	 whether	 increased	 tissue	 levels	 of	 EMMPRIN	
would	 result	 in	 increased	 serum	 levels,	 EMMPRIN	 protein	

Figure 2. Localization of EMMPRIN in pancreatic tissues. 
Immunohistochemistry using a specific EMMPRIN antibody was  
carried out as described in the Material and Methods section. 
EMMPRIN in the normal pancreas (A), chronic pancreatitis (B; depicting 
inflammatory cells and nerves) and pancreatic ductal adenocarci‑
noma (C–F). (D) is a 400× magnification of the focus region in (C), 
F‑insert: negative control using isotype‑matched IgG.

Figure 3. EMMPRIN serum levels in patients and healthy controls. 
(A) EMMPRIN ELISA was performed as described in Materials and 
Methods. Soluble EMMPRIN was detected in the sera of pancreatic 
cancer (n = 44) and chronic pancreatitis (n = 20) patients and healthy 
volunteers (n = 29). Horizontal lines represent the median values.  
(B) Specificity and sensitivity of soluble EMMPRIN were analyzed for 
pancreatic cancer patients vs. normal volunteers (left) and for pancre‑
atic cancer patients vs. chronic pancreatitis patients (right) using ROC 
analysis (red line). The dashed lines represent the 95% confidence 
intervals.
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concentration	 was	 determined	 by	 ELISA	 in	 the	 serum	 of	 healthy	
volunteers,	 chronic	 pancreatitis	 and	 pancreatic	 cancer	 patients.	 As	
shown	in	Figure	3A,	mean	EMMPRIN	levels	in	the	serum	of	healthy	
volunteers	 (n	 =	 29)	 were	 low	 (0.95	 ��	 0.16	 ng/ml),	 but	 increased	
3.1-fold	and	4.3-fold	 in	the	sera	of	chronic	pancreatitis	patients	 (n	
=	20)	(2.98	��	0.5	ng/ml;	p	�	0.0001)	and	pancreatic	cancer	patients	
(n	=	44)	 (4.13	��	0.28	ng/ml;	 p	 �	0.0001)	 in	 accordance	with	 the	
mRNA	data.	ROC	curve	analysis	(Fig.	3B)	was	performed	to	assess	
the	effectiveness	of	serum	EMMPRIN	levels	to	discriminate	between	
pancreatic	cancer	patients,	chronic	pancreatitis	patients	and	healthy	

volunteers.	 A	 cut-off	 level	 of	 2.7	 ng/ml	 EMMPRIN	 resulted	 in	
a	 sensitivity	 of	 81.8%	 to	 discriminate	 between	 pancreatic	 cancer	
patients	 and	 normal	 controls,	 and	 between	 cancer	 and	 chronic	
pancreatitis	 patients.	 At	 the	 same	 cut-off	 level,	 the	 specificity	 was	
100%	in	cancer	patients	versus	normal	controls,	and	75%	in	cancer	
versus	chronic	pancreatitis	patients.	The	AUC	for	the	discrimination	
of	cancer	versus	control	was	0.97	with	a	SE	of	0.019	and	a	95%	CI	
of	0.90-0.99.	The	AUC	for	the	discrimination	of	cancer	versus	CP	
was	0.74	with	a	SE	of	0.062	and	a	95%	CI	of	0.62-0.84.	Although	
there	was	a	difference	in	median	age	between	the	three	groups,	this	
difference	is	unlikely	to	have	contributed	to	the	observed	differences	
in	EMMPRIN	levels	inasmuch	as	there	was	no	correlation	between	
age	and	EMMPRIN	levels	within	the	cohort	(data	not	shown).	There	
was	 also	 no	 correlation	 between	 EMMPRIN	 serum	 levels	 and	 the	
stage	(TNM)	of	the	disease	for	pancreatic	cancer	patients.	There	was	
no	obvious	difference	of	the	3	CP	and	the	four	cancer	patients	that	
exhibited	the	highest	EMMPRIN	serum	levels	(Fig.	3A).	Specifically,	
the	 3	 CP	 patients	 had	 no	 signs	 of	 malignancy	 (initially,	 and	 also	
during	follow-up),	and	the	four	cancer	cases	were	not	more	advanced	
in	comparison	to	the	other	40	cases.

Expression of EMMPRIN in pancreatic cancer cell lines.	 To	
further	investigate	the	expression	of	EMMPRIN	in	pancreatic	cancer,	
we	quantified	and	compared	 its	mRNA	levels	and	protein	 levels	 in	
eight	 human	 pancreatic	 cancer	 cell	 lines	 (Panc-1,	 Aspc-1,	 BxPc-3,	
Capan-1,	Colo-357,	SU86.86,	MiaPaCa-2	and	T3M4)	as	well	as	in	
primary	PSC	using	QRT-PCR	and	immunoblot	analysis.	As	shown	
in	Figure	4A,	EMMPRIN	mRNA	was	highly	expressed	in	all	pancre-
atic	cancer	cell	lines	and	PSC.

Cell	lysates	of	all	cell	lines	demonstrated	that	EMMPRIN	existed	
in	 pancreatic	 cancer	 cell	 lines	 and	 PSC	 in	 the	 highly	 glycosylated	
form	 (HG)	 migrating	 at	 ~75–45	 kDa,	 with	 significant	 differences	
in	the	amount	and	size	of	the	mature	form	in	different	cell	lines.	In	
addition,	 a	 less	 glycosylated	 (LG)	 form	 migrating	 at	 ~40–35	 kDa	
could	also	be	observed,	the	size	being	almost	equal,	while	the	amount	
was	significantly	different	in	different	cell	lines	(Fig.	4B).

Next,	 to	 confirm	 the	 specificity	 of	 the	 observed	 EMMPRIN	
variants,	 deglycosylation	 of	 different	 parts	 of	 the	 oligosaccharide	
chains	 of	 EMMPRIN	 using	 N-glycosidase	 F	 or	 endoglycosidase	
H	 was	 performed.	 In	 Panc-1	 and	 Aspc-1	 cells	 lysates,	 treatment	
with	N-glycosidase	F	resulted	in	a	shift	of	both	the	HG	form,	with	
45–70	kDa,	and	the	LG	form,	with	35–40	kDa,	to	a	single	band	of	
approximately	20–30	kDa	representing	the	core	protein.	As	expected,	
after	 treatment	 with	 endoglycosidase	 H,	 the	 LG	 form	 shifted	 to	 a	
lower	 band	of	 approximately	 20–30	kDa,	 while	 the	HG	 form	did	
not	change	(Fig.	4C).	This	is	in	accordance	with	the	mechanism	that	
N-glycosidase	F	targets	and	deglycosylates	both	highly	and	less	glyco-
sylated	forms	to	the	nonglycosylated	form,	whereas	endoglycosidase	
H	only	 targets	 and	deglycosylates	 the	 less	 glycosylated	 form	 to	 the	
nonglycosylated	form.

Effects of EMMPRIN silencing on proliferation and invasion 
of pancreatic cancer cells.	 Panc-1	 and	 Aspc-1	 pancreatic	 cancer	
cell	 lines,	 which	 express	 different	 levels	 of	 HG	 EMMPRIN,	 were	
chosen	 for	 further	 experiments.	 Transfection	 of	 Panc-1	 cells	 with	
EMMPRIN	 siRNA	 for	24	h,	48	h	 and	72	h	 reduced	EMMPRIN	
expression	 significantly	 to	 30.5%,	 16.8%	 and	 12.1%,	 respectively	
(by	densitometric	analysis),	compared	with	control	samples	(Fig.	5A).	
Transfection	of	Aspc-1	 and	PSC	cells	with	EMMPRIN	siRNA	 for	
the	 indicated	 times	 significantly	 reduced	 EMMPRIN	 expression	
compared	with	 the	control	group	as	well.	The	efficacy	of	 silencing	
is	 summarized	 in	Table	1.	To	 investigate	 the	effects	of	EMMPRIN	

Figure 4. Differential expression and glycosylation patterns of EMMPRIN 
in pancreatic ductal adenocarcinoma cell lines. (A) Real‑time quantita‑
tive RT‑PCR analysis of EMMPRIN mRNA levels in 8 pancreatic cancer 
cell lines as well as in PSC, as described in Material and Methods. RNA 
input was normalized to the average expression of the two housekeeping 
genes HPRT and cylophilin B, and is presented as copy number/ml cDNA.  
(B) Immunoblot analysis was carried out to detect expression of EMMPRIN 
in eight pancreatic cancer cell lines and PSC. Equal loading of the protein 
samples was confirmed using an ERK‑2 antibody. (C) Deglycosylation analysis 
was performed to confirm the highly glycosylated form and less glycosylated 
form by using N‑glycosidase F and endoglycosidase H in Panc‑1 and Aspc‑1 
cells, as described in Material and Methods. HG (45–70 kDa) is the highly 
glycosylated EMMPRIN form, LG (35–40 kDa) is the less glycosylated form 
of EMMPRIN, and CP (20–30 kDa) is the core protein.
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on	invasion,	Panc-1	and	Aspc-1	cells	were	treated	with	EMMPRIN	
siRNA	for	48h.	Although	there	was	no	significant	change	in	Panc-1	
invasiveness,	 a	 63%	 inhibitory	 effect	 was	 observed	 in	 Aspc-1	 cells	
(Fig.	5B).

The	 effect	 of	 EMMPRIN	 silencing	 on	 the	 growth	 of	 Panc-1	
and	Aspc-1	 cells	was	 assessed	 in	order	 to	 exclude	 the	possibility	of	
growth	 inhibition	appearing	as	reduction	of	 invasiveness.	Although	
there	 was	 a	 slight	 reduction	 of	 cell	 growth	 in	 both	 cell	 lines	 at	
longer	 time	points,	 there	was	no	difference	 at	 48	hours	 (Fig.	 5C).	
Anchorage-independent	 growth	 using	 soft	 agar	 assay	 also	 did	 not	
reveal	 any	 significant	 differences	 in	 the	 colony	 formation	 capacity	
between	these	two	groups	(Fig.	6A).	Since	Aspc-1	cells	do	not	grow	
in	soft	agar,	we	performed	an	anoikis	assay	using	Annexin	V-FITC	
labeling	for	FACS	analysis	to	assess	apoptosis.	This	analysis	revealed	
that	silencing	of	EMMPRIN	did	not	alter	apoptosis	of	Aspc-1	cells	
(Figs	6B	and	C).

Table 1 Densitometric analysis of EMMPRIN levels  
 in Panc-1, Aspc-1 and PSC following siRNA   
 silencing

 total (HG + lG) HG lG
Panc‑1 17.4 ± 0.4% 22.9 ± 3.4% 19.0 ± 6.3%19.0 ± 6.3%%
Aspc‑1 31.8 ± 1.2% 32.8 ± 12.9% 1.8 ± 1.3%spc‑1 31.8 ± 1.2% 32.8 ± 12.9% 1.8 ± 1.3%‑1 31.8 ± 1.2% 32.8 ± 12.9% 1.8 ± 1.3%
PSC 43.8 ± 6.6% 46.6 ± 7.5% 18.1 ± 9.3%

Indicated cells were subjected to immunoblot analysis after transfection with control RNAi and EMMPRIN 
RNAi for 48 hours. Films were scanned, and densitometric analysis was carried out as described in 
the Methods section. Data are presented as mean percent ± SEM optical density of EMMRPIN RNAi  
transfected versus control RNAi transfected cells of two independent experiments. HG is the highly glycosyl-
ated EMMPRIN form; LG is the less glycosylated form of EMMPRIN.

Figure 5. Silencing of EMMPRIN expression by siRNA and its effects on invasion and anchorage‑dependent growth in Panc‑1 and Aspc‑1 cells in vitro. 
(A) Expression of EMMPRIN after transfection with EMMPRIN siRNA (+) and siRNA control (‑) at different time points in Panc‑1 cells. Equal loading of the 
protein samples was confirmed using an ERK‑2 antibody. (B) An in vitro cell invasion assay was performed to evaluate the effect of EMMPRIN silencing on 
invasiveness in Panc‑1 and Aspc‑1 cell lines. Cells were transfected with EMMPRIN siRNA or control siRNA for 48 h as described. The values shown are the 
mean ± SEM obtained from three independent experiments. (C) Anchorage‑dependent growth was tested in Panc‑1 and Aspc‑1 cell lines after transfection 
with EMMPRIN siRNA (dash line) or control siRNA (straight line) as described in Materials and Methods. Data are expressed as mean ± SEM obtained 
from three independent experiments.



EMMPRIN	in	Pancreatic	Cancer	and	Stellate	Cells

e7	 Cancer	Biology	&	Therapy	 2007;	Vol.	6	Issue	2

Effects of EMMPRIN on VEGF, MMP1 and MMP2 production.	
In	the	next	set	of	experiments	we	analyzed	the	effects	of	EMMPRIN	
silencing	 in	 pancreatic	 cancer	 and	 stellate	 cells	 on	VEGF,	 MMP1,	
and	 MMP2	 secretion.	 Both	 Aspc-1	 and	 PSC	 can	 produce	 VEGF.	
Interestingly,	after	coculture,	VEGF	production	increased	compared	
to	either	cell	line	alone	(calculated	as	VEGF	levels	normalized	to	the	
cell	number;	Fig.	7A).	Although	silencing	of	EMMPRIN	expression	
in	 PSC	 resulted	 in	 slightly	 reduced	 VEGF	 secretion	 in	 coculture	
experiments,	 silencing	 EMMPRIN	 in	 Aspc-1	 had	 no	 effect	 on	
VEGF	production	(Fig.	8A).	Aspc-1	cells	did	not	produce	MMP-1	at	
detectable	levels.	In	contrast,	PSC	cells	released	significant	amounts	
of	MMP-1	into	the	cell	culture	supernatant	(Fig.	7B).	Interestingly,	
coculture	 of	 Aspc-1	 and	 PSC	 resulted	 in	 suppression	 of	 MMP-1	
production.	 EMMPRIN	 silencing	 in	 PSC	 cells	 but	 not	 Aspc-1	
cells	led	to	marked	up-regulation	of	MMP-1	(Fig.	8B).	Aspc-1	cells	
also	did	not	produce	MMP2	at	detectable	levels	(Fig.	7C).	As	with	
MMP1,	PSC	cells	released	significant	amounts	of	MMP-2	into	the	
supernatant,	and	this	was	not	 inhibited	by	coculturing.	In	contrast	
to	 MMP1,	 EMMPRIN	 silencing	 in	 PSC	 but	 not	 in	 Aspc-1	 cells	
resulted	in	a	slight	suppression	of	MMP2	levels	(Fig.	8C).

dIscussIoN
In	the	present	study	we	demonstrated	

increased	 expression	 of	 EMMPRIN	
in	 human	 pancreatic	 cancer	 tissues,	
mainly	 localized	on	 the	membranes	of	
pancreatic	 cancer	 cells	 and	 in	 tumor-	
associated	 fibroblasts.	 However,	
increased	 expression	 of	 EMMPRIN	
is	 not	 specific	 for	 pancreatic	 cancer,	
since	 it	 has	 also	 been	 observed	 in	 a	
number	 of	 other	 human	 tumors,	 such	
as	breast	 cancer,42	glioma43	 and	 laryn-
geal	cancer.44

As	 is	 hinted	 by	 its	 name,	 one	 can	
expect	EMMPRIN	(extracellular	matrix	
metalloproteinase	 inducer)	 expression	
to	 be	 proportional	 to	 the	 amount	 of	
ECM,	as	it	is	involved	in	its	turn-over.	
Although	 CP	 tissues	 exhibit	 a	 strong	

desmoplastic	reaction	which	is	comparable	to	that	of	PDAC	tissues,	
EMMPRIN	 levels	 were	 not	 significantly	 increased	 compared	 to	
normal	 pancreatic	 tissues.	 In	 contrast,	 all	 examined	 pancreatic	
neoplasms	(serous	cystic	neoplasm,	mucinous	cystic	neoplasm,	intra-
ductal	 papillary	 mucinous	 neoplasm,	 neuroendocrine	 tumors,	 and	
acinar	cell	carcinoma),	regardless	of	whether	they	were	desmoplastic,	
displayed	significantly	increased	EMMPRIN	expression.	These	find-
ings	 suggest	 that	 increased	EMMPRIN	 levels	 are	more	 specific	 for	
neoplastic	 (versus	 inflammatory)	 changes	 in	 the	 pancreas,	 but	 not	
directly	related	to	an	activated	stroma.

Moreover,	 in	 accordance	 with	 our	 QRT-PCR	 and	 immunohis-
tochemistry	 data,	 EMMPRIN	 serum	 levels	 clearly	 distinguished	
pancreatic	 cancer	 patients	 from	 healthy	 volunteers.	 However,	 this	
specificity	decreased	when	pancreatic	cancer	patients	were	compared	
to	 chronic	 pancreatitis	 patients.	 Nevertheless,	 our	 findings	 suggest	
that	EMMPRIN	could	have	a	potential	 role	as	a	diagnostic	and/or	
as	 a	 follow-up	marker	 for	pancreatic	 cancer,	 although	 large	patient	
cohorts	are	required	to	validate	this	point.

Besides	its	ability	to	stimulate	MMP	production,	the	second	best	
characterized	 function	 of	 EMMPRIN	 is	 adhesion.45	 EMMPRIN	
had	 a	 moderate	 effect	 on	 cancer	 cell	 invasion	 in	 one	 of	 the	 two	
investigated	 pancreatic	 cancer	 cell	 lines.	 Similar	 effects	 have	 been	

Figure 6. Effect of EMMPRIN silencing 
by siRNA on anchorage‑independent 
growth in Panc‑1 and Aspc‑1 cells.  
(A) Anchorage‑independent cell growth for 
individual clones was measured in Panc‑1 
cells by soft agar assay as described 
in Material and Methods. Data are  
presented for control and EMMPRIN 
siRNA transfected as indicated. Data are  
presented as mean ± SEM obtained 
from three independent experiments.  
(B and C) Anchorage‑independent cell 
growth was measured in Aspc‑1 by anoikis 
assay as described in Material and Methods. 
Total apoptotic cells, early apoptotic cells 
and late apoptotic cells were detected using 
FACS and Annexin V‑FITC labeling. Data 
are presented as mean ± SEM obtained 
from three independent experiments.
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observed	 in	 prostate,23	 ovarian46	 and	 other	 cancer	 cells.17,24,25	
Thus,	 EMMPRIN	 might	 have	 direct	 effects	 on	 the	 invasion	 of	
human	pancreatic	 cancer	 cells,	 although	more	 cell	 lines	have	 to	be	
analyzed	to	confirm	this	assumption.	The	effects	of	adhesion	on	cell	
growth	 are	 also	 a	 well	 known	 phenomenon.	 In	 the	 present	 study,	
silencing	 of	 endogenous	 EMMPRIN	 did	 not	 significantly	 affect	
pancreatic	cancer	cell	growth.	These	findings	are	in	agreement	with	
other	 studies	 that	 could	not	 find	 a	direct	 effect	 of	EMMPRIN	on	
proliferation	of	cells.47	In	contrast,	 it	has	recently	been	shown	that	
EMMPRIN	 confers	 resistance	 to	 anoikis	 in	 breast	 cancer	 cells.27	
However,	silencing	of	EMMPRIN	in	pancreatic	cancer	cells	did	also	
not	affect	anchorage-independent	growth	or	anoikis.

In	 addition	 to	 having	 direct	 effects	 on	 cancer	 cell	 growth,	
EMMPRIN	 also	 has	 the	 potential	 to	 indirectly	 stimulate	 tumor	
growth.47	One	of	the	main	determinants	of	tumor	growth	is	angiogen-
esis,	which	is	a	function	of	stromal	tissue	around	the	cancer	cells.48	It	
is	widely	accepted	that	the	EMMPRIN-MMP-VEGF	system	plays	a	
very	important	role	in	tumor	progression	as	a	result	of	stroma-cancer	
interactions.	 For	 example,	 in	 breast	 cancer,	 increased	 EMMPRIN	
expression	 results	 in	 immediate	 stimulation	 of	 VEGF	 and	 MMP	
production	 in	 tumor	 and	 stromal	 cells,	 and	 tumor-derived	 MMP	
can	 increase	 soluble	VEGF	or	 release	biologically	active	angiogenic	

growth	 factors	 from	 matrix-bound	 complexes	 to	 modulate	 VEGF	
secretion	in	an	MMP-dependent	fashion	in	vivo.26,49-51	Recent	find-
ings	 also	 illustrate	 that	 EMMPRIN	 stimulates	 fibroblast-mediated	
tumor	growth	in	head	and	neck	squamous	cell	carcinoma	in	vivo,52	
and	revealed	that	fibroblasts	have	a	more	profound	influence	on	the	
development	and	progression	of	carcinomas.

In	the	present	study,	we	tried	to	mimic	the	tumor-stroma	interac-
tion	in	pancreatic	cancer	in	vitro	by	coculturing	PSC	with	pancreatic	
cancer	 cells.	 In	 accordance	 with	 the	 literature,	 VEGF	 production	
increased	 in	coculture	of	PSC	with	cancer	cells.	To	provide	 insight	
into	pancreatic	cancer-stellate	cell	interactions	we	repeated	coculture	
experiments	 with	 various	 combinations	 of	 EMMPRIN	 silencing.	
Silencing	 of	 EMMPRIN	 expression	 in	 PSC	 but	 not	 in	 pancreatic	
cancer	 cells	 resulted	 in	 reduced	VEGF	 secretion,	 slightly	decreased	

Figure 7. Detection of VEGF, pro‑MMP1 and MMP2 production in single‑ 
cultured or cocultured Aspc‑1 and PSC cells. After the indicated time, 
supernatants were collected and submitted to VEGF (A), pro‑MMP1 (B) or 
MMP2 (C) ELISA. Data are presented as mean ± SEM obtained from three 
independent experiments. The amount of secreted protein was normalized 
to 105 cells.

Figure 8. Effect of EMMPRIN silencing on VEGF, pro‑MMP1 and MMP2 
production in cocultured PSC and Aspc‑1 cells. Aspc‑1 cells transfected 
with either control siRNA or EMMPRIN siRNA were cocultured with PSC 
(also transfected with either control siRNA or EMMPRIN siRNA). After the 
indicated time, the supernatants were collected and submitted to VEGF (A), 
pro‑MMP1 (B) or MMP2 (C) ELISA. Data are presented as mean ± SEM 
obtained from three independent experiments. The amount of secreted pro‑
tein was normalized to 105 cells.
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MMP2	 production,	 and	 a	 marked	 up-regulation	 of	 pro-MMP-1	
in	coculture	experiments.	This	 is	 in	general	agreement	with	studies	
finding	 that	EMMPRIN	in	 fibroblasts	can	modulate	MMP/VEGF	
expression.26	 Interestingly,	 we	 could	 show	 that	 the	 effects	 were	
predominantly	 exerted	by	 the	 stellate	 cells	 (fibroblasts)	 and	not	by	
cancer	 cell-derived	 EMMPRIN.	This	 is	 in	 line	 with	 a	 number	 of	
reports	regarding	the	effects	of	fibroblast-derived	EMMPRIN.53

Nevertheless,	 although	 EMMPRIN’s	 name	 reflects	 its	 ability	 to	
induce	MMPs,	its	role	 in	the	modulation	of	various	MMPs	should	
not	 be	 oversimplified	 to	 an	 on/off	 function.	 EMMPRIN	 silencing	
had	paradoxical	effects	on	MMP-1	(collagenase)	and	MMP-2	(gela-
tinase)	expression.	Interestingly,	collagenases	are	the	MMPs	that	can	
effectively	degrade	the	fibrillary	collagens	(type-I,	II,	III),	which	are	
the	 main	 components	 of	 the	 ECM.54	 Cleavage	 by	 these	 enzymes	
makes	 the	 collagen	molecules	 unwind	 to	 form	gelatin,	 after	which	
they	 can	 be	 degraded	 by	 the	 gelatinases.55	 However,	 the	 basement	
membrane,	which	is	mostly	composed	of	collagen	IV	and	laminin,	
is	 a	 substrate	 for	gelatinases.56	Therefore,	 the	effect	of	EMMPRIN	
may	even	vary	during	the	course	of	tumor	progression,	as	breaching	
of	 the	basement	membrane	 takes	place	as	an	early	event.	This	 step	
brings	tumor	cells	into	direct	contact	with	fibrillary	collagens,	which	
are	 known	 to	 support	 tumor	 growth	 and	 increase	 resistance	 to	
therapy.57

Our	observation	that	EMMRIN	has	different	effects	on	MMP1	
and	MMP2	production	has	not	 been	previously	 observed	 in	 other	
cell	 lines.	This	 discrepant	 observation	 may	 be	 due	 to	 the	 fact	 that	
MMPs	are	regulated	at	multiple	levels,	including	transcription,	acti-
vation	of	the	zymogen	forms,	extracellular	inhibitors,	location	inside	
or	 outside	 the	 cell,	 and	 internalization	 by	 endocytosis.	 Moreover,	
there	 are	 several	 mechanisms	 that	 may	 inactivate	 MMPs,	 such	 as	
TIMPS,	RECK	and	alpha2-macroglobulin.55	Thus,	further	research	
is	required	to	elucidate	these	mechanisms.

Differential	 modification	 of	 EMMPRIN	 through	 glycosylation	
may	be	cell-type-specific	or	associated	with	the	malignancy	of	cells.	
Variable	 highly	 and	 less	 glycosylated	 forms	 of	 EMMPRIN	 were	
detected	 in	different	pancreatic	 cancer	 cell	 lines	 as	well	 as	 in	PSC.	
The	 functional	 consequences	of	 this	different	 glycosylation	pattern	
in	 pancreatic	 cancer	 cells	 are	 not	 clear.	 In	 our	 experiments,	 unlike	
in	breast	cancer	cells,58	there	was	no	correlation	of	the	glycosylation	
pattern	and	the	basal	invasiveness	of	pancreatic	cancer	cells.	It	is	clear,	
however,	that	the	HG	form	of	EMMPRIN	is	the	form	that	induces	
MMP	 production	 in	 fibroblasts	 and	 breast	 cancer	 cells.1,13	 All	
cultured	pancreatic	cancer	cells,	as	well	as	primary	pancreatic	stellate	
cells,	expressed	the	active	HG	form	of	EMMPRIN	in	our	study.

In	 conclusion,	 EMMPRIN	 is	 highly	 expressed	 in	 pancreatic	
cancer	cells	 as	well	 as	 in	PSC.	EMMPRIN	does	not	directly	 influ-
ence	pancreatic	cancer	cell	growth	and	has	only	moderate	effects	on	
pancreatic	cancer	cell	invasion.	In	contrast,	PSC-derived	EMMPRIN	
has	the	potential	to	modulate	VEGF	and	MMP	production,	thereby	
contributing	to	a	more	favorable	peritumoral	microenvironment.
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