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ABSTRACT

Elastin peptides (EP) produced during cancer progresson bind to the dagtin binding protein
(EBP) found at the surface of dermd fibroblasts, leading to the expresson of collagenase-1
gene. The production of this enzyme involved in sromd reaction is due to the sustained
activation of the extracdlular ggnd-regulated kinases 1/2 (ERK1/2) pathway via
CAMP/protein kinase A (PKA) and phosphatidylinositol-3 kinase (PI3K). However, the
mechanism of these sgnding events remains unknown. We show that kappa-eadin (KE), a
commonly used EP, induces maximum phosphorylation of MEK1/2 and ERK1/2 &fter 30
min. The smultaneous inhibition of PKA and PI3K, by N-(2-(p-bromocinnamylamino)ethyl)-
5-isoquinolinesulfonamide  (H-89) and  2-(4-morphalynil)- 8- phenyl-4H- 1- bemzopyran-4-one
(LY294002) respectively, blocked MEK1/2 and ERK1/2 phosphorylation, as did lactose, an
EBP antagonist. kE induced Raf-1 phosphorylation and activation in a Pl3K-dependent
manner. In our system, the PI3K pl10g is expressed and activated by bg-derived subunits
from a pertusss toxin-sengtive G protein following fibroblast simulation. Pertussis toxin aso
blocks the Raf-1/MEK1/2/ERK1/2 phosphorylation cascade. Additionaly, we found that B-
Reaf is expressed in dermd fibroblasts and activated in a PKA-dependent manner following
KE trestment, thereby integrating PKA dgnas to MEK1/2. Importantly, Ras involvement was
excluded as ERK1/2 activation by kE was not blocked in RasN17-transfected fibroblasts.
Collectively, our results identify a novel Ras-independent ERKL/2 activation system in which
pl10gRaf-1/MEK1/2 and PKA/B-Raf/MEK1/2 cooperate to activate ERK1/2. Thus, pl10g
and B-Raf gppear as important modulators of dermd fibroblasts physiology and should now
quaify as thergpeutic targets in drategies aming a limiting eadtin degradation contribution

to cancer progression.
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INTRODUCTION

Elagin is the extracdlular matrix molecule responsble for reslience of tissues and has
been firgly thought to be redtricted to that role. It is now established that dagtin degradation
may lead to the production of bioactive peptides (Hornebeck et a., 2002) influencing cdl
chemotaxis, cdl proliferation and proteases synthess in a broad pand of norma and tumor
cdls (Duca et d., 2004). Their contribution to the stroma reection is therefore envisaged
(Hornebeck et a., 2002).

The receptor of these peptides comprises three subunits. The first two, a 55-kDa cathepsin
A termed protective protein (EC 3.4.16.1) and a 61-kDa neuraminidase (EC 3.2.1.18), are
membrane-associated. The last subunit, which actudly binds eagtin-derived peptides (EP), is
a peripheral 67-kDa protein, termed éadtin binding protein (EBP). This protein possesses
gdactolectin  properties. When gdactosugars bind EBP, its affinity for EP dramdicdly
decreases, leading to thelr release and to further dissociation of EBP from the complex.
Gadactosugars, such as lactose, are therefore commonly used as EBP antagonists (Hinek,
1996).

In human dermd fibroblasts, an eadtin degradation product, k-dagtin (KE), up-regulates
the expresson of pro-collagenase-1, whom eactivated form is crucdly involved in sromd
reaction (Brassart et d., 2001). We have recently shown (Duca et d., 2002) that the
extracdlula-signal  regulated kinase 1/2 pathway (ERK1/2) holds a centrd role in the
sgnding leading to this phenomenon. In our sysem, ERKL1/2 activation involved both
CAMP-dependent activation of protein kinase A (PKA) and phosphatidylinostol-3 kinase
(PI3K). However, the details of this integrated cross-talk were not eucidated.

ERK1/2 activation requires ther phosphorylation by dua specific kinases named mitogen

activated protein kinase/extracelular signd-regulated kinases 1 and 2 (MEK1/2), which are
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themsdves typicaly phosphorylated and activated by kinases named Raf (Houday and Kolch,
2000). In mammas, the Raf family comprises three members : the ubiquitoudy expressed
Raf-1, A-Raf and B Raf whom expressons are more redtricted. Compared to Raf-1, B-Ref is
a gronger activator of the ERK pathway while ARaf is wesker (Chong et d., 2003; Mercer
and Pritchard, 2003). Raf-1 is activated by the smadl GTP-binding protein Ras but other
activators such as protein kinase C (PKC) or PI3K have aso been reported (Dhillon and
Kolch, 2002). The phosphorylation of Raf-1 on S338 is essentid for its activation (Mason et
al., 1999).

Three classes of PI3K have been characterized (Anderson and Jackson, 2003), but only
those belonging to cdlass |, comprisng subclasses I and |g, have been shown to activate
ERK1/2. This activation occurs a the level of Raf-1 or MEK1/2 (King et d., 1997; Mas &t 4.,
2003; Takedaet al., 1999).

Class In PI3K present a p85 regulatory subunit associated to a p110a, pl110b or p110d
cataytic subunit. They are activated by phosphotyrosne motifs and/or Ras. Class Ig ones
possess a pl0l regulatory subunit associated to a pllOg cataytic subunit, which can be
directly activated by G protein bg subunits or Ras (Anderson and Jackson, 2003). Class |
PISK are expressed in fibroblasts (Anderson and Jackson, 2003), but the presence of
p110g has not been reported yet.

B-Raf is expressed as multiple dternatively spliced variants but possesses two mgor
isoforms : 68 and 95 kDa (Mercer and Pritchard, 2003). It is an important regulator of
ERK1/2 pathway activation by cAMP-dependent sgnding dements (Houday and Kolch,
2000). cAMP activates ERK1/2 cascade in cdls expressng the 95 kDa isoform while it is
inhibited in NIH 3T3 fibroblagts lacking it (Vosder et d., 1997). cAMP-dependent activation
of the 68 kDa isoform was reported suggesting that it could participate to CAMP-dependent

ERK1/2 pathway induction (Seidd et a., 1999). cAMP-dependent B-Raf activation could
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occur via two mechaniams involving ether the cAMP receptor Epac (exchange protein
directly activaled by cAMP) or the cAMP-dependent protein kinase PKA (Houday and
Kolch, 2000). Although B-Raf is expressed in mouse embryonic fibroblasts and seems to be
absent in NIH3T3 fibroblasts (Huser et d., 2001; Vosder et al., 1997), its presence in human

skin fibroblasts has not been reported.

We describe here the mechanisms leading to ERK1/2 activetion by eadtin-peptides in
derma fibroblasts. We show that kE activates ERK1/2 via both pl10g/Raf-1/MEK1/2 and
PKA/B-Raf/MEK1/2 modules. Such a Rasindependent dgnding sysem is novd and
provides a new regulation sysem for ERK1/2 activation. Additiondly, we show that p110g
and B-Raf, which had never been reported in derma fibroblasts are important modulators of
the physiology of these cdls As ther involvement could explan the strong and sustained
activation of ERK1/2 and subsequent pro-collagenase-1 production, their control in drategies

aming a limiting eastin peptides contribution to cancer progression is discussed.

202 ‘0T |1dy uo sjeusnor 1 34SY e Biosfeulno iadse w.reydjow wo.u} papeojumod


http://molpharm.aspetjournals.org/

Molecular Pharmacology Fast Forward. Published on January 13, 2005 as DOI: 10.1124/mol.104.002725
This article has not been copyedited and formatted. The final version may differ from this version.

MOL (#2725)

MATERIALSAND METHODS

Materials. kE was prepared as previoudy described (Brassat et a., 2001). Human
recombinant epidermal growth factor (EGF) was from Update (distributed by Euromedex,
Mundelsheim, France). Lactose, pertusss  toxin (PTX), phosphatidylserine,
phosphatidylinogitol, phosphatidylinostol-3-phosphate and proteases inhibitors cocktail (Ref.
P8340) were from Sigma (Sant-Quentin  Fdlavier, France). H-89, i.e. N-(2-(p-
bromocinnamylamino)ethyl)-5-isoquinolinesulfonamide,  KT5720 and  LY303511  i.e.
2-piperazinyl- 8- phenyl-4H- 1- benzopyran-4-one were from Cabiochem
(distributed by VWR Int., Strasbourg, France). LY 294002, i.e
2-(4-morpholynil)-8-phenyl-4H-1-benzopyran-4-one, was purchased from Cdl Sgnding
Technology (digtributed by Ozyme, Saint-Quentin en Yvdines, France). Recombinant GST-
MEK1 was from Santa-Cruz Biotechnology (distributed by Tebu, Le Peray en Yvelines,
France). Mouse monoclonal anti-b-actin antibody was purchased from Sigma  Rabbit
polyclonad phospho-specific antibodies againg active forms of ERK1/2 (phosphorylated on
T202 and Y204), MEK1/2 (phosphorylated on S217 and S221) and phospho-specific aitibody
agang phosphorylated Raf-1 S338 and anti-ERK1/2 antibody were from Cdl Signding
Technology. Rabbit anti-p110g, anti-Raf-1 and anti-B-Raf  polyclond antibodies were
purchased from Santa-Cruz Biotechnology. Polyclond anti-p85 antibody was from Upstate
Biotechnology Inc. (distributed by Euromedex, Mundolsheim, France). Mouse monoclond
anti-HA tag was from Roche Molecular Biochemicads (Meylan, France). All reagents for cell
culture and transfection reagent LipofectAMINE 2000 were from Invitrogen (Cergy Pontoise,
France). Enhanced chemiluminescence substrate kit and [g->2P]-ATP were purchased from

Amersham Biosciences (Orsay, France). Others reagents were from Sigma.
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Expression Plasmids. The plasmid pRK5-bARK1-CT (Koch et a., 1994), which encodes the
(G495-L689 fragment corresponding to the C-terminus of b-adrenergic receptor kinase 1
(bARK1-CT), was kindly provided by Dr. RJ. Lefkowitz (Durham, USA). The congtructs
encoding HA-tagged-ERK1 (pECE-HA-ERK1) and the dominant negative RasN17 mutant
(pSV-RasN17) were previoudy described (Guillemot et d., 2000), and were kind gifts from
Dr. J. Pouyssegur (Nice, France) and Dr. F. Schweighoffer (Chatenay-Mdabry, France),

respectively.

Cdl culture, treatments and transfection. Human skin fibroblast strains were established
from explants of human adult skin biopses obtaned from informed hedthy volunteers (age
21-49 years). Cels were grown as monolayer cultures in Dulbecco's modified Eagles medium
(DMEM) supplemented with 10% fetal calf serum and 2mM glutamine in the presence of 5%
CO,. Cdls a subcultures 5to 10 were used. For experiments, fibroblasts were grown to
subconfluency in 10% serum containing medium. Before simulation, cells were incubated for
18 h in DMEM containing 0.5 % fetd cdf serum, washed twice with PBS, then incubated in
serum-free DMEM with or without KE (50 pg/m) or EGF (2 ng/ml) for the indicated times.
The pharmacologicd inhibitors H-89 (1 uM), KT5720 (2 pM), LY294002 (25 uM), and
LY303511 (25 uM) were preincubated 1h before stimulaion, wheress lactose (1 mM) and
PTX (100 ng/ml) were preincubated 3 h and 18 h respectively. Eladin peptide stimulation
was stopped by adding ice-cold PBS containing 50 uM NaVO4. For trandfection experiments,
cdls were grown to 80-90% of confluency in 10% serum containing medium, and incubated
16 h in srum-free DMEM with LipofectAMINE 2000-DNA plasmid complexes. The ratio
was 2 pl of LipofectAMINE 2000 for 2 pg totd plasmidic DNA for 5x10° cels. Growth

medium was then added for 24 h and cdlls were treated before stimulation as described above.
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Western-blotting. Cells (10°) were washed twice in ice-cold PBS containing 50 uM NaVOs,
scrgpped and sonicated in lyss buffer (PBS pH 74, 05 % Triton X-100, 80 mM
b-glycerophosphate, 50 mM EGTA, 15 mM MgCh, 1 mM NaVO,, proteases inhibitors
cocktail). Insoluble materid was removed by centrifugation (20 000 g / 20 min / 4°C). Protein
concentrations were determined by BCA protein assay (Pierce, distributed by Interchim,
Montlugon, France). Equa amounts of proteins were heated for 5 min a 100°C in Laemmli
sample buffer, resolved by SDS-PAGE under reducing conditions, and transferred to
nitrocellulose membranes. The membranes were placed in blocking buffer [5 % (w/v) non-fa
dry milk in TBST (50 mM Tris pH 7.5, 150 mM NaCl, 0.1 % (v/v) Tween 20)] for 1 h a
room temperature and incubated overnight a 4°C with anti-phospho-ERK1/2 (1:1000), anti-
phospho-MEK1/2 (1:1000), anti-phospho-S338-Raf-1  (1:1000), anti-B-Raf (1:500), anti-
p110g (1:500), anti-ERK1/2 (1:1000) or anti-b-actin (1:5000) antibodies. After five washings
with TBST, the membranes were incubated for 1 h a room temperature in the presence of
horseradish peroxydase-coupled anti-rabbit or anti-mouse antibodies (1:4000 and 1:10000 in
blocking buffer, respectively). Immunocomplexes were detected by chemiluminescence.
Blots were semi-quantified by dendtometry usng PhosphorAndys software (Bio-Rad,

Marne-la-Valée, France).

Immunoprecipitation and PI3K activity assay. Cells (8 x 10°) were washed twice in ice-
cold PBS containing 50 uM NaVO4, scrapped in this buffer and centrifuged (375 g / 10 min /
4°C). Pdlets were resuspended and lysed for 15 min & 4°C in immunoprecipitation lysis
buffer (10 mM Tris pH 7.4, 150 mM NaCl, 5 mM EDTA, 10 % (v/v) glyceral, 1 % (v/v) Brij
98, 1ImM NaVO,  proteases inhibitor cocktal). Insoluble materid was removed by
centrifugation (20 000 g / 20 min / 4°C). Protein concentrations were determined usng BCA

protein assay and equa amounts of proteins were incubated with 2.5 pg of anti-p85 or anti-
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p110g antibodies for 1 h at 4°C. The antigen-antibody complexes were incubated with protein
G-Plus-Sepharose (Santa Cruz Biotechnology) for 1h a 4°C, collected by centrifugation,
washed three times in immunoprecipitation lyss buffer then twice with lipid kinase buffer (25
mM Hepes pH 7.4, 100 mM NaCl, 5mM MgCh, 200 uM adenosine). To perform lipid kinase
assay eech pelet was resuspended in 70 pl of lipid kinese buffer supplemented with
phosphatidylinogitol and phosphatidylserine (10 mg/ml each), 25 uM ATP and 10 pCi
[o-3?P]-ATP. The reaction was performed for 15 min at 30°C and stopped by adding 100 pl of
1M HCI. Phospholipids were extracted with 350 ul of chloroform/ymethanol (1:1, v/v), and the
organic phase was washed twice with 200 pl of methanol/IM HCl (11, v/v). Organic phases
(120 pl) were spotted on to oxalate-trested thin layer chromatography (TLC) plates and lipids
were then separated usng a chloroform/methanol/acetone/acetic acid/H,O  (40:13:15:12:7,
VvIViViViv)  solvent  system. Plates were reveded by autoradiography. For transfection
experiments, cells were transfected with ether pRK5-bARK1-CT or the corresponding empty

vector before KE trestment (2 pg of plasmid DNA for 0.5x10° cells).

Raf-1 and B-Raf activities assay. Samples preparation and immunoprecipitetion were
performed as described above. Equal amounts of proteins were incubated with 2.5 pg of anti-
Raf-1 or anti-B-Raf antibodies for 1 h a 4°C. The antigen-antibody complexes were
incubated with protein G-Plus-Sepharose for 1h a 4°C, collected by centrifugation, washed
three times in immunoprecipitation lyss buffer and twice with kinase buffer (20 mM Hepes
pH 7.2, 10 mM MgClk, 10 mM MnCL). For kinases activity assays, pellets were resuspended
in 50 pl kinase buffer supplemented with 1 pg GST-MEK1, 2.5 uM ATP and 10 uCi [g->°P]-
ATP. The reaction was performed for 30 min a 30°C and stopped by adding Laemmli sample
buffer. After boiling a 100°C for 5 min, samples were resolved on a 10% SDS-PAGE, gels

were dried and bands were visuaized by autoradiography.

10
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Assessment of HA-tagged-ERK1 activation. Cells (10°) were cotransfected with 2 g of
pECE-HA-ERK1 and 2 ug of pSV-RasN17, or with the corresponding empty vectors prior to
dimulation. Equal amounts of proteins were incubated for 1h at 4°C with 3 pg of anti-HA tag
antibody. The formed antigenrantibody complexes were incubated with protein G-Pus-
Sepharose for 1h a 4°C, collected by centrifugation, washed three times in
immunoprecipitetion lyss buffer then resuspended in Laemmli sample buffer. Proteins
extracts were then resolved on 10% SDS-PAGE and active phospho-HA-tagged-ERK1 and

HA-tagged- ERK 1 were visudized using anti- phospho- ERK 1/2 and anti-ERK 1/2 antibodies.
Statistical Analysis. All experiments were performed in triplicate. Results are expressed as

mean + SE.M. Comparison between groups were made using Student's t test. The results

were congdered sgnificantly different at p<0.05.

11
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RESULTS

KE induces MEK 1/2 activation via PI3K and PK A-dependent signaling.

In a previous work, we have shown that, the treatment of human skin fibroblasts with
KE was followed by a rise of the intracdluar cAMP levd and tha PKA activaion
participated to ERKL/2 induction. Forskolin aone partly reproduced the effect of KE,
demongrating that CAMP-dependent Sgnding was not aufficent to achieve maximum
induction of the ERK1/2 pathway. Indeed, PI3K participation was required to fully activate
ERK1/2 (Duca e d., 2002). Neverthdess, the molecular links between ERK1/2 and ther
upstream activators were not reveaed.

MEK1/2 activates ERK1/2. We therefore analyzed its phosphorylation pattern by
Western-blot usng an antibody specificdly recognizing its active form i.e. phospho-
S217/S221-MEK1/2. In pardld, the presence of the phospho-T202/Y204-ERK1/2 active
form was checked.

The treatment of fibroblasts with 50 pug kE/ml resulted in a sustained activation of
MEKZY/2 up to a maximum reeched & 30 min of stimulation (Fig. 1A). The time-course of this
activation closdy pardleed tha observed for ERK1/2 (Fig. 1A). Interestingly, a strong
activation of both kinases till pergsts after 60 minutes of stimulation.

The importance of PKA and PI3K ggnding towards MEK1/2 activation was
investigated using pharmacologica inhibitors. When cdls were pre-trested for 1 h with H-89
(2 uM) or LY294002 (25 uM), two commonly used PKA and R3K inhibitors respectively,
MEK12 and ERKL12 activations were patidly blocked (Fig. 1B). However, their
smultaneous use totaly abolished MEK1/2 and ERK1/2 activation (Fig. 1B). The same effect

was obtained usng 1 mM lactose (Fig. 1B).

12
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In order to support these observations, kE-induced ERK1/2 activation was assessed in
the presence of LY303511 (25 uM), a compound that is structuradly smilar to LY 294002 but
does not inhibit PI3K. In addition, we inhibited PKA with KT5720 (2 uM), a PKA inhibitor
dructurdly unrdated to H-89. Our results show (Fig. 1C) that LY 303511 has no effect on KE-
induced ERK1/2 ectivation, whereas the use of KT5720 reproduced the effect of H-89,
supporting our previous observations.

PKA and PI3K thus appeared to be crucid moduators of the MEKL/2/ERK1/2

cascade in dastin peptides-induced signding.

Inhibition of PI3K blocks kE-induced Raf-1 S338 phosphorylation and Raf-1
activation.

Raf-1 is the typica activator of MEK1/2 (Houday and Kolch, 2000), the immediate
upstream activator of ERK1/2. Its activation is mainly related to its phosphorylation on S338
(Mason et a., 1999). Severad authors have suggested that S338 phosphorylation and Raf-1
activation could be regulated by PI3K (Chaudhary et al., 2000; Sun et a., 2000). For these
reasons, we examined the effect of kE on S338 phosphorylation and on Raf-1 adtivity in
presence of LY294002. Usng an anti-phospho-S338-Raf-1 antibody, we show by Western
blot that KE cdl stimulation leads to S338 Raf-1 phosphorylation (Fig. 2A) with a time-course
vay gdmilar to those obsarved for MEK12 and ERKY/2 (Fig. 1A). The maximum
phosphorylation level was observed & 30 min. The inhibition of PI3K with LY294002
(25uM) totaly blocked S338 phosphorylation induced by KE treatment (Fig. 2B). However,
even if phosphorylation of S338 is required for Raf-1 activation, it is not a surrogate marker
for Raf-1 activity (Chiloeches et d., 2001; Mason et al., 1999). We therefore andyzed Raf-1
activity under the same conditions. Usng GST-MEK-1 as a subgtrate, we found that Raf-1

activity was very low in reging skin fibroblasts (Fig. 2C, firg lane). However, when cdls
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were treated with KE, its activity was raised five folds (Fig. 2C, second lane). Pretreatment of
cels with LY294002 totaly blocked Raf-1 activity. PKA inhibition (1 pM H-89) had no
effect on Raf- 1 activity (data not shown).

These reaults indicated that kE induced Raf-1 S338 phosphorylation and its activation
via PI3K and that PI3K integrated the MEK1/2/ERK1/2 pathway a the levedl of Raf-1. They

aso suggested that PKA signaling should involve a different integration system.

KE promotes class g PI3K activation in human skin fibroblasts.

Both class 1a and class Iz PI3K were shown to be involved in ERK1/2 activation in
vaious cdl types (King et d., 1997; Mas et a., 2003; Takeda et d., 1999). PI3K activity of
these two subfamilies was therefore andyzed following kE cdl simulation.

Class Ia PI3K asociate with a regulatory p85 subunit. They are found in fibroblasts
(Anderson and Jackson, 2003). In contrast, pl10g binds a pl01 regulatory subunit and its
tissue digribution is more limited (Yart et a., 2002). It is highly expressed in haematopoietic
cdls but its presence has adso been reported in non-haematopoietic cdls, notably melanoma
cdls (Lee et d., 2002). To our knowledge, its expresson has never been reported in skin
fibroblasts.

Firg, totd cels extracts were Western-blotted with a specific anti-p110g antibody
showing that this PI3K isoform is expressed in human skin fibroblasts (Fig. 3A). We then
measured PI3K activity in p85 and pl10g immunoprecipitates usng an in vitro PI3K activity
assay with phosphatidylinositol (Pl) as a substrate. We found (Fig. 3B) that KE trestment led
to an important augmentation of PI3K activity in pl10g immunoprecipitates (about 150%
increase compared to control). A nondgnificant increese was obsarved in p85

immunopreci pitates.
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These results show that class Ig PI3K, pl10g, is expressed in human skin fibroblasts
and that its activity is strongly simulated by eadtin peptides. Additiondly, Figure 3C shows
that, in our experimental conditions, LY294002 inhibited p110g whereas LY 303511 had no
effect. These results are in agreement to those observed for the inhibition of ERK1/2

activation under the same conditions (Fig. 1B and 1C).

pl10g isactivated by b g subunits of pertussistoxin-sensitive G protein.

Severd authors have suggested that EBP could be coupled to a PTX-sendtive G
protein (Brassart et al., 2001; Mochizuki et a., 2002). As the ERK1/2 pathway and pl10g
activation can be due to such a G protein (Takeda et al., 1999; Yart et a., 2002), we therefore
andyzed the effects of PTX treatment on ERK1/2 pathway and pll0g activation following
€lagtin peptides simulation.

Pretrestment with PTX (100 ng/ml, 18h) totaly blocked Raf-1 S338 phosphorylation
while MEKL/2 S217/221 and ERK1/2 T202/Y204 phosphorylaions were partidly inhibited
(Fig. 4A). As these observations were smilar to those obtained with PI3K blocking (Fig. 1B,
and 2B), they srongly suggested that pllOgwas activated by such a G protein. We thus
checked the effect of PTX on pl10g activity. As expected, pretrestment of cdls with PTX
(100 ng/ml, 18h) returned kE-induced pll10g activity to control leve (Fig. 4B). These data
show that a PTX-sengtive G protein is required for p110g activation.

Initidly, when p110g was cloned, it was reported that its activity could be regulated in
vitro by either a or bg G protein subunits (Stoyanov et a., 1995). However, further in vivo
dudies pointed out the crucid role of the bg heterodimer (Brock et al., 2003). So, we

investigated the possible role of bg subunitsin p110g activation.
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To test this hypothess, human skin fibroblasts were transently transfected with a
plasmid encoding the C-termind domain of the b-adrenergic receptor kinase 1 @ARK1-CT)
which acts as a bg-scavenger molecule (Koch et a., 1994). The expression of the bARK1-CT
polypeptide  significantly inhibited kE-induced pl110geactivation (Fig. 4C), showing tha bg
subunits from PTX-sendgtive G proteins are required for pll0g activation. It is important to
underline here that the inhibition levd reported in Figure 4C only reflects the inhibition of
this kinase in pRK5-b ARK 1-CT-transfected fibroblasts.

Taken together, our data show that the trestment of human skin fibroblasts with kE

triggers a PTX-sengtive G protein whom b g subunits activate p110g.

B-Raf is expressed in skin fibroblasts and is activated by elastin-peptides in a
PKA dependent-manner.

B-Raf has been shown to be an upstream activator of MEK1/2 and has the capacity to
pogtively integrate CAMP dgnds to the ERK1/2 pahway (Houday and Kolch, 2000). Its
expresson pattern is restricted compared to Raf-1 (Mercer and Pritchard, 2003), but, athough
its presence was reported in mouse embryonic fibroblasts (Huser et a., 2001), it is absent in
NIH3T3 fibroblasts (Vosder et d., 1997). To our knowledge, its expresson has never been
reported in human skin fibroblagts.

The Western-blot andyss of B-Raf expresson in these cdls (Fig. 5A) reveded that
they expressed its 95 kDa isoform whereas the 68 kDa isoform was apparently absent. As B
Raf can pogtivey integrate cCAMP dgnding to ERKL/2 activation in a PKA-dependent
manner (Schmitt and Stork, 2002), we analyzed BRaf kinase activity, usng GST-MEK1 as a
subgtrate, in the presence of H-89.

In resing cells, B-Raf activity was week (Fig. 5B, lane 1) but strongly increased (5

folds) following KE trestment (Fig. 5B, lane 2). The addition of H-89 (1 uM, pretreatment for
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1h) totaly blocked B-Raf activation (Fig. 5B, lane 3). The involvement of PKA in B-Raf
activation was further confirmed using another PKA inhibitor, KT5720 (Fig. 5C).

These findings show that B-Raf is expressed in human skin fibroblasts and thet it is
activated in the presence of eadtin peptides. Its activation is PKA-dependent and leads to

MEK1/2 and subsequent ERK 1/2 phosphorylation.

kE-triggered ERK activation isindependent of Ras.

The amdl G protein Ras is a mgor activator of the ERK1/2 pathway. It can activate
Raf-1, B-Raf and p110g (Chong et ., 2003; Mercer and Pritchard, 2003; Suire et a., 2002).

In order to evauate the contribution of Ras in kEinduced ERK1/2 activation, skin
fibroblasts were trangently cotransfected with HA-tagged-ERK1 and a dominant-negative
Ras, RasN17, and further stimulated with kE for 30 min.

After HA-immunoprecipitation, ERK1 phosphorylation was assessed by Western-blot
usng the antibody recognizing the active forms of ERK1/2. The andyss of HA-tagged-
ERK1 phosphorylation revedled an increese in ERK1 phosphorylation in simulated cdls
(Fig. 6A, lane 3). This result was ondgtent with previous data (Fig. 1A). The over-expresson
of RasN17 did not block ERK1 phosphorylation in kE-stimulated cdls (Fig. 6A, lane 4). A
non-dgnificant increese in ERK1 phosphorylation was observed when RasN17-transfected
cdls were dimulated with KE. The inhibitory effect of RasN17 expresson on Ras-dependent
ERK1/2 activation in our cdls was assessed by monitoring ERK1/2 activation in RasN17-
transfected human dermd fibroblasts after EGF treatment (Fig. 6B, lane 4 compared to lane

3).
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These results show that the activation of the ERK pathway observed after treatment of

human skin fibroblasts with KE is independent of Ras.
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DISCUSSION

The in vivo generation of EP is thought to influence cancer progresson (Hornebeck et
a., 2002). Fbroblasts play a fundamenta role during the stromd reection (Westermarck and
Kahari, 1999) and because they respond to EP presence by secreting pro-collagenase-1
(Brassart et a., 2001), ther contribution to metastass development could be accentuated in
such conditions.

In skin fibroblagts, KE up-regulate collagenase-1 expression through PKA, PI3K and
ERK1/2 pathway activation (Duca et d., 2002). However, the detalled mechanisms of these
PKA- and PI3K-ggndings were unexplained. We show here that kE activates ERK1/2 via a
Ras-independent  mechanism  involving pl10gRaf-1/MEK1/2 and PKA/B-Raf/MEK1/2
cascades.

Up to now, the activation of ERK1/2 by EP has been reported in smooth muscle cdls
(SMC) (Mochizuki et d., 2002), fibroblasts (Duca et a., 2002) and monocytes (Fulop et d.,
2001). However, the activation of MEK1/2, the immediate upstream activator of ERK1/2, had
not been reported. We show here that kE treatment leads to the phosphorylation of MEK1/2
on S217/221, thereby generating their active forms. This activation cascade occurs in PI3K-
and PKA-dependent manners (Fig. 1). This observation is consgent with the previoudy
described induction of ERK1/2 phosphorylation by these matrix peptides (Duca et d., 2002).
As the smultaneous inhibition of PI3K and PKA totaly blocked MEK1/2 and ERK1/2
activation, reproducing the effect of lactose, we concluded thet those enzymes were crucid
components in EP-induced MEK 1/2 and ERK 1/2 activation in skin fibroblasts.

In our sysem, the phosphorylation of Raf-1 on S338 and its kinase activity are

controlled by PI3K activity and lead to MEK1/2 activetion (Fig. 2).

19

202 ‘0T |1dy uo sjeusnor 1 34SY e Biosfeulno iadse w.reydjow wo.u} papeojumod


http://molpharm.aspetjournals.org/

Molecular Pharmacology Fast Forward. Published on January 13, 2005 as DOI: 10.1124/mol.104.002725
This article has not been copyedited and formatted. The final version may differ from this version.

MOL (#2725)

The possble involvement of Raf-1 in dadin dgnding had been suggested as the
missng link between Ras and MEKL/2 in porcine SMC (Mochizuki et a., 2002). Indeed,
these authors used radicicol which acts as a depleting agent for Raf-1 (Soga et a., 1998). In
contrast, our work demonstrates the activation of Raf-1 following simulation of cells by EP.

It is wel edtablished that phosphorylation of Raf-1 on S338 is essentid for its
activation (Mason et al., 1999). The contribution of PI3K to these events has been proposed
(Chaudhary et al., 2000; Sun et al., 2000). Neverthdess, this modd was chalenged
(Chiloeches e d., 2001). The authors showed that LY294002 inhibited Raf-1 S338
phosphorylation only at concentrations far grester than those required to inhibit PI3K. They
thus suggested that Raf-1 S338 phosphorylation inhibition could not be attributed to PI3K.

Here, we blocked S338 phosphorylation and Raf-1 activity using LY 294002 (Fig. 2),
a a commonly used and rather low concentration (25 pM). Our data thus suggest that, in
fibroblasts, S338 phosphorylation could be PI3K-dependent, which supports the hypothesis
that PISK could contribute to Raf-1 S338 phosphorylation and activation (Chaudhary et d.,
2000; Sun et d., 2000).

We andyzed the effects of KE dimulation on the activities of class | PI3K. In derma
fibroblagts, the activity of cdass 1a isoforms remaned unchenged after kE treatment. In
contrast, p110g activity was srongly increased (Fig. 3). This finding shows, for the first time,
that human skin fibroblasts do possess an efficient p110g.

We tested the effect of PTX on Raf-1/MEK/ERK cascade and found that PTX blocked
Raf-1 S338, MEK1/2 and ERK1/2 phosphorylation with an efficiency comparable to that
observed using LY?294002. This pardld between the results observed with PTX and those
related to PI3K inhibition (Fig. 4A) prompted us to propose that a G protein-inducible PI3K

closed the gap between G protein and Raf-1 activation. Our data suggest that p110g could be
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that kinase. This proposa is strongly supported by the fact that PTX totaly blocked pll10g
activity (Fig. 4B).

A class In PI3K, p110b, has been shown to be simulated by G bg subunits (Murga et
a., 2000). Nevertheless, this process requires its pre-activation by binding of its p85
regulatory subunit to phospho-tyrosine motifs (Yart et d., 2002). In this case, bg act as p110b
activity enhancers and, consequently, the blocking of these subunits partly inhibits the
activation of pl110b downstream targets. The very wesk PISK activity we observed in p85
immunoprecipitates (Fig. 3B) is non sgnificant. So, the participation of pllOb to ERK1/2
activation was excluded. Additiondly, Raf-1 S338 phosphorylation was fully inhibited by
PTX (Fig. 4A), indicaing that the activation of a G protein was sufficient to transduce the
sgnd to Raf-1.

bg heterodimers are important regulators of pl10g in vivo (Brock et al., 2003). We
obsarved that transent trandfection of dermd fibroblasts with a congruct encoding the
bARK1-CT polypeptide blocked p110g activity (Fig. 4C). Our results are consstent with data
showing b g requirement for p110g activation (Brock et al., 2003).

Collectively, our observations strongly suggest that kE-mediated ERK1/2 ectivation

by PI3K could be attributed to p110g.

We have shown that KE stimulation of fibroblasts increased the intracdlular level of
cAMP, thereby inducing PKA activation and its participation to ERK1/2 activation (Duca et
al., 2002). However, the mechanisms involved were not described.

PKA can paticipae to ERK1/2 pathway activation via B-Raf activation but the
occurrence of this mechanism had never been reported in derma fibroblasts. Our work
conditutes the firg obsarvation of B-Raf expresson in dermd fibroblasts. The 95 kDa

isoform was detected, wheress its 68 kDa counterpart was apparently aosent (Fig. 5A). B-Raf
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kinase activity on MEK was strongly increased by KE and could be totaly blocked usng H
89 or KT5720 (Fig. 5B and 5C). Thus, B-Raf activation gppeared PKA-dependent. To our
knowledge, this is the firg time that a system describing MEK induction via PKA-dependent
activaion of B-Raf is reported in dermd fibroblasts. B-Raf activation by cAMP via PKA-
dependent mechanism involves the smdl G protein Rgp-1 (Houday and Kolch, 2000). It
would be interesting to explore itsrole in our system.

We point out here that the mechanism leading to the CAMP increase remains unknown
and should aso be explored. Indeed, PTX-sendtive G protein bg subunits can activate the
adenylyl cydase (Albert and Robillard, 2002). However, such a mechanism can not be
involved in our system because PTX failed to totaly block EP-induced Sgnding.

The use of PTX has dready permitted to demondtrate the involvement of a G/Gg in EP
sgnding (Brassart et d., 2001; Mochizuki et a., 2002). Our work support this view but raises
the intriguing posshility that a Gs could dso paticipate. The dua activation of G and G by
the same receptor has been reported (Herrlich et d., 1996; Zou et a., 1999). In our system,
this point should deserve specific atention because the mechanisms leading to G protein
activation by the dadtin receptor remain largely unknown, a fact mostly due to our ignorance
of its operationa mechaniam.

It was suggested that EP could lead to Ras induction in porcine SMC (Mochizuki et
al., 2002). Moreover, Ras can directly activate Raf-1, B-Raf and p110g (Mercer and Pritchard,
2003; Suire et d., 2002). For these reasons, we evaluated Ras contribution to ERK pathway
activation. Our results with dermd fibroblasts transfected with the dominant negative RasN17
mutant strongly suggest that the kE-induced ERK activation does not require Ras (Fig. 6A).
The dight increese in HA-tagged-ERK-1 phosphorylation we observed when KkE-treated

fibroblasts were trandfected with RasN17 was non dgnificant. A comparable, but more
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important effect, was reported for nocodazol-treated RasN17-transfected HEK293T cdls
(Zang et d., 2001). Thisintriguing phenomenon is not explained.

The dua activation of Raf isoforms and their complementary contribution to ERK1/2
activation have been described in other cdls (Garcia et a., 2001; Norum et al., 2003), but
examples of its occurrence reman scarce. We provide another example of this type of
regulation and identify dermd fibroblasts as B-Raf expressng cdls. Being the drongest
ERK1/2 activator within the Raf family (Mercer and Pritchard, 2003), B-Raf should be
consdered as a crucid ERK1/2 activator in these cells. We emphasize that the concerted
action of Raf-1 and B-Raf could explain the sustained ERK1/2 activation observed in KE
treasted fibroblasts, as shown for thrombopoietin-dimulated UT7-Mpl cdls (Garcia e d.,
2001).

We dso edtablish that pl10g is expressed in dermd fibroblasts and strongly activated
by KE. EP ae wdl known for their chemotactic activity and the migration they promote.
pl10g is a criticd dement in the development of the chemotactic response in neutrophils
(Hirsch et d., 2000). We think that this enzyme could be a key dement of EP-induced
migration.

EP are produced in norma and physiopathologica conditions, such as wound heding and
sroma reaction. According to our data, Raf isoforms and pllOg appear as important
mediators of ther effects and could therefore qudify as potentid therapeutics targets in
drategies aming a limiting eastin contribution to cancer progresson. But, because they are
expressed in these cdls, these ggndling molecules are most certainly important modulators
of fibroblast physologicd functions such as ther migration and ther proliferation. Thus, the
potentid for adverse side effects on these stroma cells should be an important consideration

when designing such thergpies.
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FIGURES LEGEND

Fic. 1. Regulation of MEK1/2 and ERK1/2 activation by KE through PKA and PI3K
dependent pathways.

Western-blot andyss of cdlular extracts. Membranes were probed with anti-phospho-
ERK1L2 (T202/Y204) and anti-phospho-MEK1/2 (S217/S221) polyclona antibodies. To
demondtrate equa loading, blots were stripped and reprobed with an anti-b-actin antibody.
Blots are representative of three independent experiments with smilar results. A) Cells were
incubated without (-) or with 50 pg kE/ml (+) for the indicated times. B) Cdls were
simulated for 30 min. The PI3K (25uM LY294002) and PKA (1uM H89) inhibitors were
added 1h prior to simulation. EBP antagonis (1 mM lactose) was added 3h before
dimulation. The dendtometric andyss obtained from the blots is presented. C) Cdls were
gimulated for 30 min. LY303511 (25 puM) and KT5720 (2 uM) were added 1h prior to
gimulation.

Data are mean £ SEM, n = 3. Significance when compared to the agonist done : **, p<0.01

and ***, p<0.001.

FIc. 2. kE simulates phosphorylation of S338 Raf-1 and Raf-1 kinase activity in a
PI3K -dependent manner.

A) Fibroblasts were stimulated during the indicated times in absence () or presence (+) of kE
(50 pg/ml). Membranes were Western-blotted with specific  anti- phospho-S338- Raf-1
antibody. To demondtrate equal loading, blots were stripped and reprobed with anti-b-actin.
The presented Western-blots are representative of three independent experiments with samilar
results. B) Same as A except that LY294002 (25 uM) was preincubated 1 h prior to cdl

dimulation (30 min). The dendtometric andyss is presented under the blot. C) Cdls were

30

202 ‘0T |1dy uo sjeusnor 1 34SY e Biosfeulno iadse w.reydjow wo.u} papeojumod


http://molpharm.aspetjournals.org/

Molecular Pharmacology Fast Forward. Published on January 13, 2005 as DOI: 10.1124/mol.104.002725
This article has not been copyedited and formatted. The final version may differ from this version.

MOL (#2725)

gimulated for 30 min with kE (50 pg/ml). LY294002 was used as described above. Equa
amounts of proteins were subjected to immunoprecipitation usng a Raf-1 specific antibody.
Immunoprecipitates were incubated in the presence of GST-MEK1 and [-*2P]-ATP for 30
min then subjected to SDS-PAGE and autoradiographied. Results are representative of three
independent  experiments with smilar results. The corresponding dendtometric andyss s
shown.

Data are mean £ SEM, n = 3. Significance when compared to the agonist done : **, p<0.01

and ***, p<0.001.

FIG. 3. p110g expression and PI3K activity in dermal fibroblasts.

A) Untreated fibroblasts lysates were Western-blotted using a pl110g specific antibody. The
presented blot is representative of three independent experiments with sSmilar results. B)
Fibroblasts were treated with KE (50 pg/ml) for 30 min. Equa amounts of proteins were
subjected to immunoprecipitation usng a pll0g or a p85 specific antibody.
Immunoprecipitates were incubated with a mixture of phosphatidylinogtol/phosphatidylserine
and [g->%P]-ATP for 15 min. Lipids were extracted, separated using TLC and the plates were
autoradiographed. PI-3P was identified by comparing its Rg to that of a commercia control.
The presented figure is representative of three independent experiments. The corresponding
denstometric andyss is shown. C) Fibroblasts were treated with kE (50 pug/ml) for 30 min.
LY294002 (25 pM) and LY303511 (25 pM) were added 1h prior to stimulation. Equal
amounts of proteins were subjected to immunoprecipitation usng a pl10g specific antibody.
The PI3K activity assay was performed as described in B).

Data are mean £ SEM, n = 3*** ggnificantly different (p<0.001) from the corresponding

contral. NS, not sgnificantly different from the corresponding control.
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FiG. 4. Effects of PTX on S338-Raf-1 phosphorylation, MEK1/2, ERK1/2 (A) and p110g
activation (B). Influence of b ARK 1-CT expression on p110g activity (C).

A) Cdls were gimulated for 30 min with kE (50 pg/ml). PTX (100 ng/ml) was preincubated
for 18h prior to dimulation. Cdlular extracts were Western-blotted using anti- phospho-
T202/Y204-ERK1/2,  anti-phospho-S217/S221-MEK1/2, and  anti-phospho-S338-Raf-1
antibodies. The corresponding dendtometric analyss is presented under the blot. Blots are
representative of three independent experiments with smilar results. B) Cdl dimulation same
as A. Cdl lysaes were subjected to immunoprecipitation using a specific pl110g antibody.
Immunoprecipitates were incubated with a mixture of phosphatidylinogtol/phosphatidylserine
and [g->2P]-ATP for 15 min. Lipids were extracted, separated using TLC and the plates were
autoradiographed. PI-3P was identified by comparing its Rr to that of a commercid control.
The presented figure is representative of three independent experiments. The corresponding
denstometric andydss is shown. C) Fbroblasts were transfected with pRK5-bARK1-CT
(bARK1-CT) or with the corresponding empty vector (V), and simulated for 30 min with kE
(50 pg/mi). PI3K activity was determined as in B. The presented figure is representative of
three independent experiments. The corresponding densitometric anadlysisis shown.

Data are mean £ SEM, n = 3. Significance when compared to the agonigt done : **, p<0.01

and *** p<0.001.

FIG. 5. B-Raf expression and activity in dermal fibroblasts.

A) Untreasted fibroblasts lysates were subjected to Western-blot andyss usng a B-Ref
antibody. The band observed under the mgor 95 kDa isoform is ascribed to a spliced variant
of B-Raf. The 68 kDa B-Raf isoform was not observed. The blot is representative of three
independent experiments with smilar results. B) Cdls were stimulated for 30 min with kE (50

pg/mi). H-89 (1 uM) was preincubated for 1h prior to stimulation. Cell lysates were subjected
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to immunoprecipitation usng a B-Raf specific antibody. The immunoprecipitates were
incubated with GST-MEK1 and [g-3?P]-ATP for 30 min and further subjected to SDS-PAGE
and autoradiographed. The presented results are representative of three independent
experiments with smilar results. The corresponding denstometric andyss is shown. C) Same
as B) using KT5720 (2 pM). Data are mean £ SEM, n = 3. Significance when compared to the

agonigt done: **, p<0.01.

FiG. 6. ERK activation isindependent of Ras.

A) Cdls were cotrandfected with congtructs encoding HA-tagged-ERK1 and the dominant
negative RasN17 or with the corresponding empty vectors (V). After KE stimulation for 30
min (50 pg kE/ml), cdls were lysed and HA-tagged-ERK1 was immunoprecipited with an
anti-HA antibody. Immunoprecipitates were then subjected to Western-blotting using the anti-
phospho-ERK1/2  antibody. The amount of immunoprecipited HA-tagged-ERK1 was
controlled by anti-ERK1/2 immunoblotting. Blots are representative of three independent
experiments with gmilar results. The corresponding denstometric andyss is shown. B)
Same as A) except that cdls were simulated with EGF (2 ng/ml) for 5 min.

Dataare mean £ SEM, n = 3. NS, not sgnificantly different from the agonist done.
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