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SUMMARY dermal fibroblasts (NHDF) cell line seems more

influenced by high concentration of GM-CSF in the
Fibroblasts are involved in all pathologies characculture medium.

terized by increased ExtraCellularMatrix synthesis The adhesion structures and the ECM components

from wound healing to fibrosis. Granulocyte appear variously influenced by GM-CSF treatment

Macrophage-Colony Stimulating Factor (GM-CSF)as compared to fibroblasts cultured in basal condi-

is a cytokine isolated as an hemopoietic growth faction, but newly only NHDF cells are really induced

tor but recently indicated as a differentiative agento increase their synthesis activity. We suggest that

on endothelial cells. In this work we demonstrate(thein vitro treatment with GM-CSF can shift human

the expression of the receptor for GM-CSF (GM-normal fibroblasts towards a more differentiated

CSFR) on human normal skin fibroblasts fromstate, due or accompanied by an increased expres-

healthy subjects (NFPC) and on a human normision of GM-CSFR and that such “differentiation” is

fibroblast cell line (NHDF) and we try to investigate an important event induced by such cytokine.

the biological effects of this cytokine. Human nor-

mal fibroblasts were cultured with different doses o

GM-CSF to study the effects of this factor on GM-INTRODUCTION

CSFR expression, on cell proliferation and adhesio

structures. In addition we studied the production o In the past few years a strict relation between the

some Extra-Cellular Matrix (ECM) components activity of some cytokines and the synthesis of

such as Fibronectin, Tenascin and Collagen 1. Thsome components of the Extra Cellular Matrix

growth rate of fibroblasts from healthy donors(ECM) has become evident. The pathway of such

(NFPC) is not augmented by GM-CSF stimulatiorinteraction are still incompletely known, but in the

in spite of increased expression of the GM-CSFFlast few years the role of T lymphocytes through the

On the contrary, the proliferation of normal humaraction of several cytokines has been demonstrated
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(Fioccoet al.,1993), sometimes in relation to Reu ago we demonstrated increased serum levels of
roendocrine pathways (Masi al.,1999). In partic  GM-CSF in SSc patients (Ricoa al.,1996).
ular, IL-1 (oo andp), IL-2, IL-6 andTGF-, biolog Recentlyit has also been demonstrated that trans
ical mediators of inflammation and vascular alter genic mice with enhanced expression of the gene
ation in rheumatic diseases (Cutolo, 1999) exert for GM-CSF have high serum levels of this
stimulating action on fibroblast collagen synthesis. cytokine and develop fibrotic nodules inside skele
Itis well known, for example, that the presence otal muscles and diaphragm: these nodules contain
fibronectin is increased in the deep dermis omacrophages and fibroblasts (Lagtgal, 1997).
patients suering of some pathologies of conrec  We hypothesize that some cytokines, markedly
tive tissue like Systemic Sclerosis (SSc) (Coopeincreased in some connective tissue diseases, may
etal, 1979) and is influenced BGF (Xuetal, act as factors inducing the fdifentiation and the
1991). On the other hand, changes in ECM strucsynthetic activity of cells instead of inducing pro
ture and composition, as happens during morphdiferation.
genesis, can have important regulatorfe@t on  In this work, we investigate the expression of the
cell behavior (Sechlest al.,1998). receptor for GM-CSF in human normal skin
The Granulocyte Macrophage-Colony Stimulat fibroblasts both from a stabilized cell line and from
ing Factor (GM-CSF) is a cytokine that induces the¢primary cultures obtained from healthy donors’
growth and the activation of monocytes and grantskin biopsiesAfter having demonstrated the pres
locytes. Stimulating é&cts on endothelium and ence of GM-CSFR on cell membrane, we studied
connective tissue cells have also been demonstrithe efects of GM-CSF treatment in order to eval
ed (Bussolineet al, 1991, Dedhaet al, 1988). uate if this cytokine can modify fibroblast normal
It is interesting to observe that the receptor for GMbehaviour as regards GM-CSFR expression, cell
CSF is formed by two chains: the alpha chain is typgrowth and synthesis of Collagen |1, Fibronectin
ical of the GM-CSF receptor (GM-CSFR) while theandTenascin.
beta chain is common to the IL-3 and IL-5 receptors In fact, even though there is a general agreement
In a previous work (Postiglionet al.,1998) we on the dramatic increase in Collagen (Kuphég5,
demonstrated by cytofluorimetry and immuneflu Leroy, 1972), Fibronectin (Coopet al, 1979) and
orescence the expression of such a receptor (Tenascin (Lacouet al, 1992) synthesis by fibreb
human normal fibroblasts from gingiville also last in connective tissue pathologies accompanied
showed its increase after stimulation with increasby an altered expression of integrins and adhesion
ing doses of GM-CSF up to 100 ng/ml. GM-CSFmolecules both in serum and on fibroblast surface
at the same doses was able to stimulate the prol (Bolbelg et al, 1992, Gruschwitet al,1995), data
eration of these fibroblasis vitro. on the fibroblasts activity under GM-CSF stimula
It was known, on the other hand, that quiescertion are still lacking.
fibroblasts can produce GM-CSF when cultuired
vitro (Kaushanskyet al, 1998).
As fibroblasts are surely the most relevant celMATERIALS AND METHODS
population involved in the synthesis of collagenou:
and non-collagenous components of ECM, ouf pui Sumgical fragments from 5 volunteers (3 females
pose was now to investigate the biological signifi and 2 males, 3# years old) who underwent aes
cance of the expression of GM-CSFR by thesthetic sugery were used to obtain primary <ul
cells.We have already described the relationship ctures of normal fibroblast¥Ve will indicate them
GM-CSF treatment with the development of adheas NFPC (Normal Fibroblasts Primary Cultures).
sion structures and cell proliferation in normal-gin Normal Human Dermal Fibroblasts (NHDF) cell
gival fibroblasts (Postiglionet al.,1998). line obtained from adult subjects without any
This is particularly interesting for us, because wetransformation (McKeeham et Ham, 1977) was
are involved in the study of Systemic Sclerosis (SSckindly gived byAlfonso Oriente, MD (Johns Hep
which is characterized by increased production ckins University Baltimore, USA).
Collagen | and other Extra Cellular Matrix (ECM) For primary cultures, each biopsy fragment was
components by fibroblasts. In addition, some yearmechanically dissociated under the stereo micro
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scope and then submitted to trypsinization for 3(Western Blotting
minutes at 37C. After repeated PBS washing, NHDF cell line and NFPC from healthy donors
microfragments were plated and cultured as followswere counted aniix1C were grown in basal cen
ditions and with 10, 100 or 200 ng/ml GM-CSF for
Cell Culture 6 days in 100mm dishegVe used promonocytic
Human normal fibroblasts from skin biopsies wecell line (U 937) as positive control for GM-CSFR
named NFPC (Normal Fibroblasts Primary -Cul expression. Cells were incubated for 10 min°&t 4
tures) and cell line cultures of human skin filbrob with 0.5 ml of lysis bufer (PBS, 1%ifriton X-100)
lasts (NHDF) were cultured in Dulbecsahinimal  containing proteases inhibitors. Cell lysates were
essential medium (DMEM, BIOWhittakeBel  collected by scraping and centrifuged at 12,000 g
gium), containing 10% fetal calf serum (GIBCO, for 5 min at 4C. The concentration of the protein
Grand Island, NY), 200mM L-glutamine, penicillin in cell lysates was determined by a calorimetric
(100 mg/ml) and streptomycin (100 mg/mihe  assay (BioRad, Richmond, CO) and 1@0of total
plates were incubated at &7, in the presence of protein was incubated 5 min at°@in Laemmli
5% CO2; the medium was replaced every 3 days.sample buer. Cell lysates were electrophoresed
To facilitate immunofluorescence studies, sterileon 10% SDS-polyacrylamide gels. Gels were-elec
glass coverslips were put into some cell dishetroblotted and the membranes were blocked with
before plating the fibroblasts, to allow cell attach 5% fat-free dry milk, 1% ovalbumin, 5% FCS and
ment.We performed every experimental procedure7,5% glycine.After three washes with washing
four times, so as each result is the mean (+/-SCsolution (0,1% fat-free dry milk, 0,1% ovalbumin,

value of four repeated experiments. 1% FCS in PBS), the membranes were incubated
overnight at 4%C with monoclonal anti-GM-
Cell proliferation CSFR antibody at the concentration ofyml in

For cell number measurement, in every culturtwashing solutionAfter four washes, filters were
dish 2,5x10 cells were initially plated and grown incubated for 30 min at room temperature with
in the same conditions, except for the addition ohorseradish peroxidase-conjugated goat anti-
different doses of GM-CSF to the culture mediummouse antibody (BioRad) diluted 1:3000 in PBS.
After 24, 48 and 72 hours and after 9 days, cellAfter three washes as above and three additional
were detached with E@T{10 mM), pH 7,4, for 10 washes i TBS (50 mMTris pH 7,5, 0,5M NacCl,
min at +37C and 50 min at +£, and counted in 0,2% Tween-20), the membranes were stained
a Neubauer hemocytometer (Neubauer Manifacwith an Enhanced Chemio Luminescence (ECL)
turing Co, Minneapolis, Minn.). system (Amersham, England).

Cytokine Enzyme-linked immunoassay (ELISA IN
Human recombinant GM-CSF (150 mg/ml) wasSITU)

obtained from Schering Plough (County Cork, IR). We measured ECM proteins production by
Both cell line and normal skin fibroblast culturesEnzyme-linked immunoassay isitu (Vitale et
were stimulated for 9 days with concentrations oal., 1998).Cells unstimulated and cells treated
GM-CSF ranging from 10 to 200 ng/ml, accordingwith 10 and 100 ng/ml of GM-CSF were plated in
to previously evaluated optimal concentrationsmultiwell plates and cultured until 96 At appro

for GM-CSF receptor (GM-CSFR) modulation priate times (6, 24, 48, 72, 96 h) they were fixed
(Postiglioneet al., 1998). Fresh factor was added with methanol-acetone @¥/Vol) for 10 min at
every 3 days to the culture medium. Monoclonaroom temperature and then air driddhey were
antibody against GM-CSF (clone BVD2-23B6) blocked with PBS/BS®,5%, for 2 hr at 4C, and
from Pharmingen (S. Diego, California) was usecwashed with Phosphate Befed Saline (PBS)
to block GM-CSF dects on cultured cells. GM- 1X. The wells were filled with 5QI antibodies
CSF efects were totally neutralized by incubation (dilution 1:10) Goat collagen I, Rabbit anti-human
with 40 ng/ml rat anti-human GM-CSF monoclon fibronectin and tenascin (Chemicofemencula,

al antibody for 40at 37C and then added to the CA), in PBS/0,5% BSAand 0,2%Tween 20 and
culture medium (Bussolinet al,1991). allowed to react for 1 hr at room temperature.The
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disks were washed 3 times with PBS to removityrosine monoclonal antibody (Sigma). Double
non-reactive antibodies and filled with 5@  immunostaining was performed utilizing meno
horseradish peroxidase-conjugated anti goat Igiclonal and polyclonal antibodies (for example,
for collagen | and anti-rabbit IgG for fibronectin anti-Fibronectin and antiehascin) or Phalloidine
and tenascin (Santa Cruz Biotechnoldgglaware staining and one antibody contemporarily

Avenue Santa Cruz, CA) in 0,5% B%Ad 0,2%  Negative and positive controls were carried out as
Tween 20 PBS (dilution 1:1000) and allowed tcusual. Coverslips were then mounted witbviol
react for 30 min. Cells in multiwell plates were (Du Pont R.J. & Co, Nemours, France) and
washed with PBS and filled with 5Q0 1 mg/ml  observed with aAxiophot microscope (Leitz, Ger
O-phenylenediamine, 0,006% hydrogen peroxidimany) equipped for epifluorescence and micrepho
and 0,1 mol/Lcitrate bufer pH 5,0 After 30 min  tography Every sample was evaluated by three
incubation at 37C in the dark, the reaction was independent observers, using a four point arbitrary
stopped with EBO: 1N. The absorbance measure scale ranging from 0 to 3.

ment was performed in a microplate reade o .

(Diamedix BP96) at 450 nm. Experiments wereStatistical analysis _

carried out and repeated three times. 96-well plate We used the t-Student test for unpaired data for
with studied cells filled with aspecific human IgG Statistical evaluation of our data on cell prolifera
were used as negative controls and purified humetion , GM-CSF receptor expression (this was eval
collagen I, fibronectin and tenascin (Chemiconuated as Optical Density) and ELISN SITU

Temencula, CA) were used as positive controls. dat&; & probability value of £0,05 was accepted
as statistically significant.

Immunocytochemistry

Glass coverslips with attached fibroblasts wert
fixed with 3% formaldehyde in PBS for &t room
temperature, gently washed with PBS and the
incubated with rabbit anti-human antibodies
against Fibronectin and:-Actinin (Sigma, St.
Louis, Missouri) or with mouse anti-human meno
clonal antibodies againstinculin, Paxillin, Talin,
Tenascin, (Sigma) and GM-CSFR (IgM against
chain of GM-CSF receptpiclone M5D12 from
Pharmingen) for 1 hour at 32 in a humid cham
ber All primary antibodies were diluted in PBS \yastern blot of cell lysates

according to the manufacturerdfter further In order to identify the GM-CSF receptor-
washings with PBS, cells were stained with fluo -p5in (GM-CSFRa), whole cell lysates from
rescein or rhodamine labeled rabbit anti-mousNEPC and NHDF were subjectediéestern blot
IgG in the case of monoclonal antibodies (IgM foryith monoclonal anti-GM-CSE receptor-chain
anti-GM-CSFR) or goat anti-rabbit 19G (for pely antibodies (Fig. 2)As expected, the receptor
clonal antibodies). Both steps required 1 houmjgrated in a band with an apparent molecular
incubation at room temperature, in a humid chamweight of 84KdaThis band was present in all der
ber. For actin visualization, cells on glass cover mal fibroblasts lysates both from NHDF cell line
slips were fixed as above, permeabilized With both from NFPC primary cultures.

ton X100 bufer (20 mM HEPES, 300 mM The GM-CSFR band has only slight intensity in
sucrose, 50 mM NaCl, 3 mM MgCI2, 0,58ton  NHDF, when compared with the U937 macrophage
X100, pH 7,4) for 2at room temperature and then cell line we used as control, but is more evident in
stained with 1:40 PBS diluted fluorescein-labelectNFPC cells (Fig. 2)The expression of GM-CSFR
Phalloidin (FPHD, Sigma) for 1 hour at°&7in a is however always increased under treatment with
humid chambeiTo show phosphotyrosine activity the cytokine in all fibroblasts, and it is particularly
in adhesion plaques, permeabilized cells werenhanced in NFPC up to 200 ng/ml of GM-CSF
stained with rhodamine-conjugated anti-phospha(Fig. 3).

RESULTS

Immunocytochemistry of GM-CSFR mem
brane expression

Both NFPC and NHDF cells show a slight
immunopositivity for GM-CSFR in basal condi
tions. The expression of GM-CSFR is enhanced
on the membrane of fibroblasts under GM-CSF
treatment in both types of cells. (Fig. 1).
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increase is evident and seems related to the higher
dose of the cytokine. In fact, the proliferation rate
is dramatically increased for these cells after nine
days of culture but only at 80 ng/ml of GM-CSF

Cell adhesion
As expected, all fibroblasts exhibited the eom
mon adhesion structures, with strong immunepos
itivity for Vinculin, a-Actinin, Paxillin and an ear
ly, strong Phosphotyrosine-related activity in
basal condition. On the other hand, adhesion
structure components are more expressed under
GM-CSF treatment at low doses (Fig. 6).
Immunopositivity for adhesion markers likén-
Fig. 1 - Immunopositivity for GM-CSFR on NHDF in basal culin, Talin, a-Actinin and Paxillin is very strong
conditions (a) and after 7 days stimulation with 100 ng/mland widely distributed on the cell surface which
GM-CSF(b). Magnification 1060x adheres to glass coverslips in the culture dishes,
with abundant and well-structured adhesion
Usa? KNHODF NFPC MNFPC  NFPC plagues and dot-like structures immunopositive
1 for Vinculin and alpha-actinimAt high GM-CSF

2 a
AL ‘ y i ‘ doses, such structures are always less evident.

Extra-Cellular Matrix synthesis
Fig. 2 -Western blot analysis of GM-CSFR alpha-chain in-con Both |mmunocyt0‘3hem|5try and ELISA SITU
trol (U937), in human skin fibroblast cell line (NHDF) and in 3 data confirm, of course, tha8FPC as well as
different healthy donors skin fibroblasts (NFPC 1,2 and 3).  NHDF cells are able to produce ECM components
like FibronectinTenascin and Collagen typlvit-

A quantitative analysis of the GM-CSFR bands/0- The efects of stimulation with diérent doses of
obtained in a series of experiments similar to thaBM-CSF were studied with both methods to obtain

shown in Fig. 2 and 3, is shown in Fig. 4. a gquantitative confirmation of the morphological
observations which are summarizedrable 1.At
Cell proliferation the used doses of GM-CSF it was impossible to

NHDF and NFPC cells showed the proliferation@SSess by immunofluorescence only a dose-
rates reported in Fig. Fhe growth rate of NFPC response relation; howeveall these structures
does not appear significantly influenced by variou@PPeared well expressed (Fig. 7). On the other hand,

GM-CSF doses, while NHDF cell line proliferation ELISA IN SITU showed that the synthesis of these
three ECM components is fiifent if we compare

NHDF line to NFPC from biopsies.

' e : As regards Fibronectin, its production is perhaps
S e 200 . S more early in primary cultures than in fibroblast
GM-CEFFG - | & cell line, but GM-CSF is not able to induce any
statistically significant increase in production
from either culture (Fig. 8a).
1« NOT BTIMULATED . . L .
2 - 410 rogimi GRHCIF As regardsTenascin, this protein is more rapidly
3 - #1100 ngimd GM-CEF produced by NHDF than by NFPC, but only NFPC
A - 4700 nghen] GA-CEF

primary cultures seem slightly sensitive to the
Fig. 3 - Western blot analysis of GM-CSFR alpha-chain effects of GM-CSF showing increasing synthesis of
expression in NHDF and NFPC after 7 days stimulation withe (Fig. 8b).

different doses of human recombinant GM-CBB37 cells
are used as contralhe upper band in NHDF lanes 1, 2, 3, 4 Th‘? results of the study on Collagen type I-syn
is explained as background often observed also in nonth€sis are very dérent from the other ECM com

immune serum (data not shown). ponents we examined. It is noteworthy that here
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Fig. 4 - Quantitative analysis of GM-CSFR evidentiated by
Western blot is expressed as Optical Density

by il el s T
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Fig. 5 - Cell proliferation rate of human normal skin fibrob
lasts from primary cultures (NFPC) and from cell line
(NHDF) under stimulation with dérent doses of GM-CSk

is evident a significant increase in growth rate for NHDF cell
line under high dose of cytokine, while théeets of GM-CSF
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Fig. 6 - All adhesion structure components of both kind of
cells are more expressed after 7 days GM-CSF treatment at
low doses: ared-stainedVinculin distribution in NFPC in
basal condition; c, after treatment with 10 ng/ml GM-CIEF

is evident the increased number of plaques (arrow) and the
unusual presence of “dots” (asterisk). In b and d, fluoresceine
labeled Phalloidin individuate actin fibers in the same prepa
rations. Magnification 1060x

the diference in the Collagen production between
NFPC and NHDF line is near 50% and this gap is
mantained after eight-days treatment with GM-
CSF (Fig. 8c), but in this case GM-CSF seems
able to induce an increase only in NHDF type |
Collagen synthesis activity (Fig. 9).

DISCUSSION

At first we demonstrated the expression of the
receptor for GM-CSF on both fibroblast types we
used and its relation with the concentration of the
cytokine in the culture mediunThis is important
because GM-CSFas other cytokines, is variously
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Table |
Immunopositivity of ECM components in basal conditions and after 7 days of GM-CSF stimulation
ECM Components  Not stimulated GM-CSF 10 ng/ml GM-CSF 80 ng/ml
NFPC NHDF NFPC NHDF NFPC NHDF
Fibronectin ++ ++ + ++ ++ ++
Tenascin ++ +4++ ++ ++ 4+ o+
Collagen | ++ + ++ ++ ++ 4+

As regards the intensity of immunofluorescence, every sample was evaluated by three independent observers, using

a four point arbitrary scale ranging from 0 to 3.

Fig. 7 - In basal conditions, Fibronectin (a) arahascin (b) appear well expressed and partially co-distributed using double
immunostaining in NFPC cells (arrow#)s regardsType | Collagen, it is more produced by NFPC cells (c) than by NHDF cell
line (d). Magnification 1060x

producedn vivo during wound healing, inflamma  Extra-Cellular Matrix deposition and adhesion

tion and other pathologieShe increase of the structures were generally more evident in cells
expression of GM-CSFR related to increased corobtained from skin biopsies, also after GM-CSF
centration of GM-CSF in the culture mediumtreatment, than in normal cutaneous fibroblasts
prompted us to investigate the influence of GM-CSHrom cell line cultures.

on proliferation rate and biosynthetic activity of On the other hand, both kinds of human dermal
fibroblasts. In fact, data on fibroblast synthetic activ fibroblasts exhibit a strongly adhesive phenotype
ity under GM-CSF stimulation are still lacking. and this finding could explain their poor growth
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Extral ellular Matrix pn]ﬂ“[‘ﬁnn production: the NHDF line produces half the
under stimulation with GAM-CSF qguantity of Collagen in respect of primary cultures
) _ but GM-CSF is really able to induce an increase of
Fibronectin this synthetic activity

L In this regard, the &#ct of GM-CSF on this

W1 fibroblast cell line is surprising because it seems
able to increase both the proliferation rate and the
type | Collagen synthesis.dtiggests the possibil

ity that this molecule exerts its biologicalfeadt
both on cell proliferation and digrentiation.

We hypothesize that these fibroblasts ugdem
shift toward a more dérentiated state, due to or
accompanied by an increased expression of GM-
CSFR, but such that this condition does not block

Tenascin their growth.

It is interesting that in some epithelial cells the
expression of an adhesive phenotype stimulates
cell proliferation (\itale et al. 1997).The NHDF
cell line could exhibit a similar behavior

It is therefore clear that the relationship between
cell adhesion and proliferation is a complex one,
depending on the cell type and théeef of sever
al factors. Our data strongly suggest that GM-CSF
is indeed one of the relevant cytokines, because it
seems to induce a “less adhesive” phenotype at
; wy high concentration and this condition is probably
Collagen Type 1 related to the observed increase in proliferation.

In conclusion we think that the expression of
GM-CSFR on cutaneous fibroblasts can play an
important role, sometimes by influencing ECM
deposition in addition to cell proliferatiofhe
evidence that NHDF fibroblast cell lines from
human normal skin after GM-CSF treatment have
at the same time an enhanced expression of GM-
CSFR (associated with a mean increased prelifer
ation index) and a stronger synthetic activity-sug
gests that both aspects may be involved in the reg
ulation of biosynthetic activity of these cells.

o b s Hdas

Ti s

* plh 05 o respect to basal conditions The efects of GM-CSF on the direntiation of
CNEPT ussiiardsied fibroblasts, mediated by the increased expression of
R T et wei BEL gy GM-CSF receptorare probably amplified by the
SR, Strm gl it 1041 gl interaction with the ECM. It has in fact been demon

Fig. 8 - ELISAIN SITU evidentiates only slight modification Strated that ECM can bind GM-CSF and present it
in Fibronectin (a) an@ienascin (b) production both for NHDF in a biologically active form (Rober&t al, 1988).
and NFPC under stimulation with GM-CSFe synthesis of It is also possible that fibroblasts play the double
Collagen type | by NHDF cells (c) is significantly increased rgle of cells expressing the receptor for GM-CSF
by GM-CSF addition to the culture medium. and also producing themselves the ligand, like many
) . . other cells involved in autocrine mechaniswvie
rates.The diferent synthetic activity among the pope our future investigation can someway clarify
two cell population we used is particularly evidenline rejation of GM-CSF with some connective tis
when we point our attention to type | Collageng,e giseases which are characterized by an early
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