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ABSTRACT. Objective. To investigate the in vitro effect of granulocyte macrophage-colony stimulating factor
(GM-CSF) on the deposition of extracellular matrix (ECM) in fibroblasts obtained from the skin of
patients with systemic sclerosis (Ssc), compared to healthy controls.

Methods. Dermal fibroblasts obtained from 14 patients with SSc (7 with the diffuse form and 7 with
CREST syndrome) and from 7 controls were studied. Both SSc and normal skin fibroblast cultures
were stimulated for 4 and 8 days with 100 ng/ml GM-CFS. GM-CSF receptor (GM-CSFR) expres-
sion was determined by Western blot of cell lysates. Immunofluorescence was used to determine
GM-CSFR expression and to investigate the deposition of ECM (type I collagen, fibronectin, and
tenascin). Quantitative analysis of ECM was performed by ELISA. Expression of type I collagen
and metalloproteinase 1 (MMP-1) mRNA was determined by real-time quantitative PCR.

Results. Deposition of ECM by normal fibroblasts appeared not to be influenced by stimulation with
GM-CSF; in contrast, after stimulation with GM-CSF SSc fibroblasts showed increased deposition
of fibronectin and tenascin, while type I collagen production was decreased; these results were found
with both immunofluorescence and ELISA. Quantitative PCR revealed that GM-CSF inhibited the
expression of mRNA type I collagen in SSc fibroblasts but not in normal fibroblasts, whereas levels
of the main collagenolytic enzyme, MMP-1, were not affected.

Conclusion. These results suggest that in SSc fibroblasts GM-CSF exerts a blocking effect on the
deposition of type I collagen, through an inhibitory action on mRNA, while the production of other
components of ECM such as fibronectin and tenascin is increased by stimulation with this cytokine.
(J Rheumatol 2005;32:656-64)
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SYSTEMIC SCLEROSIS

Scleroderma (systemic sclerosis, SSc) is a multisystem dis-
order of connective tissue characterized by extensive thick-
ening and fibrosis of the skin and by a proliferative reaction
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EXTRACELLULAR MATRIX

in blood vessel walls, often accompanied by a failure of
internal organs, such as lungs, heart, or kidneysl‘4. Various
clinical forms are recognized, the most frequent being the
CREST syndrome (calcinosis, Raynaud’s phenomenon,
esophageal dysmotility, sclerodactyly, telangiectasias) and
the diffuse form. The pathological alterations of the disease
are due to excessive deposition of extracellular matrix
(ECM) proteins, predominantly type I collagen, in the
affected tissues. Excessive ECM production is the conse-
quence of abnormal interactions between endothelial cells,
fibroblasts, and mononuclear cells.

Immunological abnormalities are present very early in
the development of SSc. Mononuclear cells, particularly
macrophages and T lymphocytes, play a prominent role in
fibroblast activation and ECM synthesis. Due to activation
signals from lymphocytes and monocytes, the properties of
endothelial cells and platelet fibroblasts are altered either
directly, by cell contact, or indirectly, via specific cytokines.
In SSc, the pathogenic role of cytokines such as interleukin 1
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(IL-1), IL-2, IL-6, transforming growth factor-8 (TGF-B),
and IL-4 has been emphasized in many studies>8. In partic-
ular, stimulation of fibroblast activity and upregulation of
the synthesis of some components of ECM, such as tenascin
and type I collagen, by cytokines have been reported®-10. We
have reported the presence of enhanced concentrations of
granulocyte macrophage-colony stimulating factor (GM-
CSF) in sera of patients with SSc!'!. GM-CSF is a cytokine
that induces growth and activation of monocytes and granu-
locytes. Stimulating effects on endothelium and connective
tissue cells have also been described'>1%. Moreover, it has
recently been reported that transgenic mice with enhanced
expression of the GM-CSF gene have high serum concen-
trations of this cytokine and develop fibrotic nodules inside
skeletal muscles and diaphragm: these nodules contain
macrophages and fibroblasts!”.

We previously demonstrated the presence of a specific
receptor for GM-CSF (GM-CSFR) on the surface of normal
human skin fibroblasts and its increased expression, in basal
condition, during SSc'8. This receptor consists of 2 chains:
the alpha chain is typical of GM-CSFR, while the beta chain
is also shown by the IL-3 and IL-5 receptors!®.

On the basis of these results that suggest a role of GM-
CSF in the pathogenesis of SSc, we investigated the in vitro
effects of GM-CSF on GM-CSFR expression in fibroblasts
obtained from the skin of patients with SSc. Production of
ECM components by normal and scleroderma skin fibro-
blasts was also studied, with respect, in particular, to
fibronectin, tenascin, and type I collagen. The gene expres-
sion of the main important collagenolytic enzyme, metallo-
proteinase 1 (MMP-1), was also studied.

MATERIALS AND METHODS

Patients and controls. Fourteen patients (12 women, 2 men) with SSc (7
with the diffuse form, 7 with CREST syndrome) were admitted for study,
after giving informed consent and with Ethical Committee approval. No
patient had genetically determined connective tissue pathologies, and none
reported a similar pathology in his or her family. All patients with the dif-
fuse form had involvement of dorsal arm and/or thorax. To reduce vari-
ability among patients, we admitted for study only SSc patients positive for
antinuclear antibodies (ANA) showing a speckled pattern as evaluated by
indirect immunofluorescence and successively by ELISA. Since ANA pos-
itivity may be considered not sufficient for subtype characterization, other
clinical measures were investigated; in particular, all patients with diffuse
disease presented serum anti-Scl-70 topoisomerase I positivity, and patients
with CREST syndrome showed serum anticentromere (CENP-B) positivi-
ty. The mean age of patients was 54 years (range 31-70) and the mean dis-
ease duration was about 8 years (range 4-27). It is commonly held that
scleroderma related processes are not influenced substantially after 4 years’
disease duration?’. Our observations confirm this opinion. Patients and
healthy controls were Caucasians, born in Southern Italy, where the preva-
lence of SSc is about 4-12 new cases/million/year. None had been exposed
to any environmental or professional risk factor or had a family history of
SSc.

No patient had been treated with steroids or immunosuppressive drugs
in the last 6 months. Only patients with diffuse disease presented visceral
involvement, and none had other diseases. In each patient, a fine needle-
punch biopsy was carried out from an affected skin area. The criteria to dif-

ferentiate involved skin areas from unaffected areas were skin elasticity and
the presence of accessory organs of the skin. In the CREST patients, biop-
sies were performed on the dorsal finger skin, and in the diffuse-form
patients on the dorsal forearm skin. Surgical fragments from the same sites
were obtained from 7 volunteers (5 women, 2 men, ages 37 + 4 yrs) under-
going aesthetic or emergency surgery who were used as controls.
Specimens from healthy controls were microdissected in very small frag-
ments comparable to needle-punch biopsies. The length of time and num-
ber of passages required to obtain adequate cell numbers were therefore
similar for control specimens and SSc fibroblasts.

Each fragment was divided into 2: one was embedded in paraffin and
used by the pathologist for histological diagnosis, the other was mechani-
cally dissociated under a stereo microscope and used for in vitro culture.
Cell culture. SSc fibroblasts from skin biopsies were obtained as follows:
surgical fragments were mechanically dissociated and then submitted to
tripsynization for 30 min at 37°C. After repeated washing in phosphate
buffered saline (PBS), microfragments were plated and cultured in
Dulbecco’s minimal essential medium (DMEM; BioWhittaker, Verviers,
Belgium), containing 10% fetal calf serum (FCS; Gibco, Grand Island, NY,
USA), 200 mM L-glutamine, penicillin (100 mg/ml), and streptomycin
(100 mg/ml). Plates were incubated at 37°C in 5% CO,; the medium was
replaced every 3 days.

Surgical fragments from healthy subjects were submitted to the same
treatment and cultured in the same conditions. For immunofluorescence
studies, sterile glass coverslips were put into cell dishes before plating the
fibroblasts, to allow cell attachment.

GM-CSF. Human recombinant GM-CSF (150 mg/ml) was obtained from
Schering Plough (Cork, Ireland). SSc and normal skin fibroblast cultures
were stimulated for 4 and 8 days with 10, 50, 100, and 200 ng/ml of GM-
CSF; fresh factor at the same concentration was added every 2 days to the
culture medium.

GM-CSF showed no statistically significant effect on ECM production
by normal and SSc fibroblasts at any concentration, with the exception of
collagen type I deposition by SSc fibroblasts (see Results). Since the dif-
ferences in collagen type I deposition became statistically significant at 100
ng/ml, we used this concentration for the rest of our study.

Immunoblotting of cell lysates. Primary cultures of fibroblasts from healthy
donors and SSc patients, grown to near confluence in 100 mm dishes, were
incubated 10 min at 4°C with 0.5 ml lysis buffer (PBS, 1% Triton X-100),
containing proteases inhibitors. Cell lysates were collected by scraping and
centrifuged at 12,000 g for 5 min at 4°C. Protein concentrations in cell
lysates were determined by a colorimetric assay (BioRad, Richmond, CO,
USA) and 100 pg of total protein was incubated 5 min at 90°C in Laemmli
sample buffer. Cell lysates were electrophoresed on 10% SDS-polyacry-
lamide gels. Gels were electroblotted and the membranes were blocked
with 5% fat-free dry milk, 1% ovalbumin, 5% FCS, and 7.5% glycine. After
3 washes with washing solution (0.1% fat-free dry milk, 0.1% ovalbumin,
1% FCS in PBS), the membranes were incubated overnight at 4°C with
monoclonal anti-GM-CSFR antibody, concentration 10 pg/ml, in washing
solution. After 4 washes, filters were incubated for 30 min at room temper-
ature with horseradish peroxidase conjugated goat anti-mouse antibody
(BioRad), diluted 1:3000 in PBS. After 3 washes as above and 3 addition-
al washes in TTBS (50 mM Tris, pH 7.5, 0.5 M NaCl, 0.2% Tween-20), the
membranes were stained with an ECL system (Amersham, Little Chalfont,
England). As well, membranes were incubated overnight at 4°C with anti-
actin antibody (as internal standard). A quantitative analysis was performed
by scanner densitometry (Snapscan 1212, Agfa).

Immunocytochemistry. Glass coverslips with attached fibroblasts were
fixed with 3% formaldehyde in PBS, gently washed with PBS, and then
incubated with mouse monoclonal antibodies against GM-CSFRo. (Santa
Cruz Biotechnology, Santa Cruz, CA, USA), collagen I and tenascin, and
rabbit polyclonal antibody against fibronectin (Sigma, St. Louis, MO,
USA). After further washings with PBS, cells were stained with fluorescein
or rhodamine labeled goat anti-mouse antibodies or with goat anti-rabbit
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fluoresceinated antibodies. Both steps required 1 h incubation at 37°C in a
humid chamber. Nuclear staining with bisbenzimide was performed for 10
min at room temperature.

Coverslips were then mounted with Vectashield (Vector, Newcastle,
UK) and observed with a DM LB microscope (Leica, Solms, Germany)
equipped for epifluorescence and microphotography. Every sample was
evaluated by 3 independent observers, using a 4 point arbitrary scale rang-
ing from O to 3.

In situ ELISA. Quantitative analysis of some ECM components (collagen I,
fibronectin, tenascin) produced by SSc and normal fibroblasts was per-
fomed by in situ ELISA. In particular, quantitative assessment of extracel-
lular and intracytoplasmic collagen I was performed by ELISA, since
Western blot is not suitable for collagen quantification. The ELISA proce-
dure has largely been accepted for quantitative assessment of collagen
expression, in lieu of the hydroxyproline assay?!. Western blotting was
employed to quantify fibronectin and tenascin, in addition to the ELISA,
but no difference was observed between the 2 methods (data not shown).

Fibroblast cells were plated in 96 well plates at a density of 5000
cells/well and analyzed on the fourth and eighth days of culture. Cells were
fixed by acetone/methanol (v/v) for 10 min at room temperature, then incu-
bated in 0.5% PBS/BSA, 0.2% Tween 20 for 2 h at 4°C to minimize aspe-
cific binding sites, and washed in PBS.

Primary antibodies were then added (anticollagen I from goat, anti-
fibronectin, anti-tenascin from rabbit; Chemicon, Temecula, CA, USA) and
cells were incubated 30 min at room temperature with horseradish peroxi-
dase conjugated anti-rabbit IgG and anti-goat 1gG (Santa Cruz Biotech-
nology).

After further washes in PBS, the specific substrate was added (1 mg/ml
OPD/0.1 mol/l citrate buffer, pH 5.0, 0.006% Hzoz) and cells were incu-
bated 30 min at 37°C in the dark. The reaction was then stopped using 1 N
H,S0,, and the absorbance was read at 450 nm in a spectrophotometer.

Reverse-transcriptase polymerase chain reaction (RT-PCR). Total RNA
was isolated from cells cultured at 8 days using Trizol reagent according to
the manufacturer’s instructions (Invitrogen, Paisley, UK). Contaminating
DNA was digested with DNase using a DNase Kit (Invitrogen) and 2 pg of
total RNA was reverse transcribed with 100 U SuperScript II Rnase H-
Reverse Transcriptase (Invitrogen) in a volume of 40 pl, using 100 mM
random hexamer primers (Roche, Indianapolis, IN, USA) according to the
manufacturer’s instructions. Primer sequences for RT-PCR were as follows:
collagen type I forward primer, 5’-GAG GAA GGC CAA GTC GAG G-3’;
collagen type I reverse primer, 5’-CCG AGT GAA GAT CCC CTTTTT A-
3’; and generated an 86 base-pair fragment.

The amplification was established using a DNA Thermal Cycler (Perkin
Elmer Cetus) for 35 cycles as follows: denaturation, 95°C for 45 s; anneal-
ing, 60°C for 30 s; extension, 72°C for 30 s.

At the beginning of the reaction, a cycle at 95°C for 5 min was carried
out to activate Taq polymerase.

Real-time quantitative PCR. A quantitative assay for type I (alpha 1) colla-
gen mRNA expression and matrix MMP-1 mRNA expression was estab-
lished using the ABI Prism 7000 sequence detection system (Applied
Biosystems, Foster City, CA, USA). All measurements were normalized to
an endogenous control using the 101 bp fragment at 3’ of the beta-glu-
curonidase region. PCR oligo primers were: h-COL1A1 forward primer 5’-
GAG GAA GGC CAA GTC GAG G-3’, and h-COL1A1 reverse primer 5’-
ACG TCT CGG TCA TGG TAC CTG-3" generating an 86 bp fragment;
MMP-1 forward primer 5’-AGAGCAGATGTGGACCATGC-3’ and
MMP-1 reverse primer 5’-ACCGGACTTCATCTCTGTCG -3’; h-GUSB
forward primer 5’-GAA AAT ATG TGG TTG GAG AGC TCA TT-3’ and
h-GUSB reverse primer 5’-CCG AGT GAA GAT CCC CTT TTT A-3".
Real-time PCR was performed using the SYBR Green PCR Master Mix
2X (Applied Biosystems) and 50 ng of cDNA in a total volume of 15 pl.
Each sample was run in triplicate, for both type I (alpha 1) collagen and
beta-glucuronidase. The PCR cycling profile consisted of AmpErase UNG
incubation for 2 min at 50°C and AmpliTaq Gold activation for 10 min at

95°C, as predenaturation steps, and 50 two-step cycles at 95°C for 15 s and
at 60°C for 60 s. For type I (alpha 1) collagen mRNA and MMP-1 mRNA
relative quantification, the comparative Ct method was used according to
the manufacturer’s instructions (Applied Biosystems).

Statistical analysis. For statistical evaluation, we used the Student t test for
unpaired data (t test on the mean), or the independent t test, in which the
means and standard deviations of 2 independent samples are compared.
Probability values of p < 0.05 were accepted as statistically significant.

RESULTS

Immunoblotting of cell lysates. To identify the GM-CSF
receptor—0. chain (GM-CSFRa), whole-cell lysates from
controls and cell lysates of dermal fibroblasts from both SSc
forms were subjected to Western blot with monoclonal anti-
GM-CSFRo. chain antibodies. As expected, the receptor
migrated in a band with an apparent molecular weight of 84
kDa.

In agreement with our previous study!8, GM-CSFR
expression was higher in cell lysates from SSc fibroblasts in
basal conditions compared to normal fibroblasts. Expression
of the receptor appeared significantly increased (p < 0.05) in
lysates from normal cells after GM-CSF stimulation, while
no significant effect of the cytokine was observed in lysates
from SSc fibroblasts (Figure 1) from either the diffuse form
SSc or the CREST syndrome samples.

Immunocytochemistry. GM-CSFR was expressed on the
membrane of normal and SSc cells as shown by immuno-
fluorescence (Figure 2). The deposition of ECM component
at Day 8 in treated and untreated cells is summarized in
Table 1.

Fibronectin and tenascin deposition was increased in all
SSc cultures, compared to fibroblasts from controls, and
was apparently slightly increased after treatment with GM-
CSF. However, the difference between treated and untreated
SSc cells was not significant (Table 1).

Type I collagen production showed quite different behav-
ior. Indeed, deposition was increased in SSc fibroblasts
compared to normal ones, as expected, while GM-CSF
treatment appeared to reduce the production of this compo-
nent; only a few cells exhibited type I collagen immunopos-
itivity. Therefore, untreated SSc cells appeared to be more
active than treated ones, at least for deposition of this type
of collagen (Table 1, Figure 3).

In situ ELISA

Collagen synthesis. Results obtained with this assay con-
firmed the immunofluorescence observations. In basal con-
ditions, scleroderma fibroblasts showed enhanced type I
collagen deposition activity compared to normal fibroblasts,
with a significant increase after 8 days.

In contrast, scleroderma fibroblasts (from both CREST
and diffuse samples) stimulated with GM-CSF concentra-
tions greater than 100 ng/ml showed a statistically signifi-
cant decrease of type I collagen deposition after 8 days com-
pared to SSc untreated cells.
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Figure I. Effect of GM-CSF stimulation on the expression of GM-CSFR.
Primary cell cultures derived from tissues of 7 healthy individuals and 14
SSc patients (7 CREST syndrome, 7 diffuse form) were stimulated with
(st.) or without (n.s.) 100 ng/ml GM-CSF for 8 days, and then lysed; 100
ug total protein was analyzed by 10% SDS-PAGE and Western blot with an
anti-GM-CSFRo antibody. The filter was then hybridized with an anti-actin
antibody, as a control for protein loading. Two representative patterns of
normal individuals (norm, A) and 4 patterns of SSc patients (pt, B) are
shown. A lysate from U937 cells was employed as a positive control for
GM-CSFRa. production. C: mean optical densities of GM-CSFRo. bands
from all 21 samples. No difference was observed between SSc patients with
diffuse and CREST form. *p < 0.05.

Normal fibroblasts were not influenced by GM-CSF
stimulation (Figure 4A, 4B).

Fibronectin and tenascin synthesis. In basal conditions, as
expected, scleroderma fibroblasts showed a significant
increase in fibronectin and tenascin deposition compared to
normal fibroblasts. This activity was not influenced by GM-
CSF treatment in either normal or SSc fibroblasts (Figure
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T— —
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5A, 5B). Indeed, differences between scleroderma fibro-
blasts untreated and treated with GM-CSF were not statisti-
cally significant. The same data were obtained with differ-
ent GM-CSF concentrations (10, 50, or 200 ng/ml; data not
shown).

RT-PCR and real-time quantitative PCR. Type 1 collagen
deposition was investigated also by RT-PCR and real-time
quantitative PCR. The results show that GM-CSF inhibited
the expression of type I collagen mRNA in SSc fibroblasts,
while it had no statistically significant effect on healthy con-
trol fibroblasts (Figure 6), in agreement with the data
obtained by immunofluorescence and in situ ELISA. No sta-
tistically significant differences were found in the expres-
sion of MMP-1 mRNA between fibroblasts from healthy
controls and from SSc patients both in basal conditions and
after stimulation (Figure 7).

DISCUSSION

Increased deposition of type I collagen by dermal fibroblasts
is one of the main factors in the pathogenesis of SSc22, and
the role played by various cytokines in this process has been
described in several studies?*2. We have reported that SSc
patients present increased plasma concentrations of GM-
CSF!!. Further, we have also demonstrated an increased
expression of GM-CSFR on the membrane of dermal
fibroblasts from scleroderma patients!'®.

The biological role of the GM-CSF/GM-CSFR system is
an intriguing problem. Since in vitro stimulation of SSc
fibroblasts with GM-CSF failed to influence cell prolifera-
tion'®, we suggested that this cytokine, through its receptor,
exerts some effect on other cellular activities, in particular
on the synthesis of ECM components.

Our results indicate that GM-CSF has a stimulating effect
on collagen deposition in vitro by normal fibroblasts, but not
by SSc fibroblasts, which in contrast show a decreased type
I collagen deposition after treatment with GM-CSF com-
pared to SSc unstimulated cells. Since the basal synthetic
activity of unstimulated SSc fibroblasts increases in the first
8 days of culture, it is reasonable to suggest a direct inhibit-
ing effect of GM-CSF on this activity, in contrast to the
stimulating effect observed in normal fibroblasts.

Since SSc fibroblasts in vitro show increased expression
of GM-CSFR'® we also suggest a correlation with the
increased plasma level of the cytokine. We have demonstrat-
ed that the addition of GM-CSF to the culture medium
induces increased expression of its specific receptor on the
cell membrane of fibroblasts, together with increased depo-
sition of ECM components, without stimulating cell prolifer-
ation. On the other hand, our data show that GM-CSFR is not
upregulated by GM-CSF in SSc fibroblasts in vitro, suggest-
ing that in these cells the expression of GM-CSFR is already
maximal and cannot be stimulated further by GM-CSF.

As a consequence, GM-CSF cannot exert its stimulating
action on the synthetic activity of SSc fibroblasts.
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Figure 2. GM-CSFR expression in healthy control fibroblasts (A), and in SSc untreated (B) and treated (100 ng GM-CSF/ml, C) fibroblasts, shown by
immunofluorescence. At Day 8 of culture, cells were treated with mouse mAb against GM-CSFRo. and stained with rhodamine-labeled goat anti-mouse IgG
antibodies. As expected, the receptor is uniformly distributed on the cell membrane; nuclei are stained with bisbenzimide (light blue; original magnification

x1000).

A B C

Figure 3. Type I collagen deposition, shown by immunofluorescence, is similar in control (A) and SSc untreated (B) fibroblasts, uniformly distributed in all
cells. Cells cultured 8 days in the presence or absence of 100 ng GM-CSF/ml were reacted with mouse anti-collagen I mAb and stained with rhodamine-labeled
goat anti-mouse antibodies. In GM-CSF-treated SSc fibroblasts (C) deposition is decreased and only a few cells exhibit immunopositivity (original magnifi-

cation x400).

The observed decrease of collagen I after GM-CSF stim-
ulation is difficult to explain. In this regard, it is important
to note that 2 different cytokines, interferon-y (IFN-y) and
interleukin 10, interfere with collagen metabolism?26-27. IFN-y
acts by inhibiting transcriptional processes, as shown by the
reduced levels of mRNA of type I, II, and III procollagen
after IFN-y stimulation?’. IL-10, on the other hand, acts
through a stimulating action on the enzymes (metallopro-
teinases) directly involved in collagen catabolism?®. We

Table 1. Immunocytochemical evaluation of deposition of components of
the extracellular matrix by control and SSc fibroblasts in basal conditions
and after GM-CSF treatment. Primary cell cultures derived from 7 controls
and 14 SSc patients were treated 8 days in the presence or absence of 100
ng/ml GM-CSF. Evaluation was as described in Materials and Methods.

Control SSc
Basal GM-CSF Basal GM-CSF
Conditions  Treated Conditions Treated
Fibronectin ++ +++ +++ +++
Tenascin ++ +++ +++ +++
Type I collagen ++ +++ ++++ ++

have, therefore, measured the levels of type I collagen
mRNA and the levels of MMP-1 mRNA, after stimulation of
GM-CSF, to investigate whether this cytokine acts on colla-
gen and MMP-1 gene expression.

Our data show that type I collagen mRNA levels are
decreased in SSc fibroblasts and are unaffected in normal
cells after GM-CSF stimulation, thus showing a direct cor-
relation between mRNA and protein levels. We therefore
suggest an inhibitory role of GM-CSF on the transcriptional
processes of SSc cells, through a suppressing effect on type
I collagen mRNA synthesis. Vice versa, there was no signif-
icant variation, either in basal conditions or after stimula-
tion, in SSc fibroblasts compared to normal samples.

It has been shown that SSc fibroblasts present unaltered
MMP-1 gene expression, as compared to normal fibroblasts,
in spite of reduced enzymatic activity in SSc cells, indicat-
ing that MMP-1 mRNA levels do not necessarily reflect the
activity of the enzyme?8.

Our results are also in agreement with a previous study?’
demonstrating that MMP-1 mRNA levels in fibroblasts from
patients with SSc of more than 6 years’ duration showed no sig-
nificant difference from the levels found in normal fibroblasts.
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Figure 4. Type I collagen deposition in normal and SSc fibroblasts (from CREST syndrome and diffuse form).
(A) Fibroblasts from 7 patients with CREST syndrome and 7 healthy individuals were stimulated with GM-CSF
concentrations as indicated (NS: control, not stimulated). After 4 and 8 days, cells were assayed for collagen dep-
osition by ELISA, using a mouse anti-collagen I mAb (*p < 0.05). (B) Fibroblasts from 7 patients with diffuse
SSc and 7 healthy individuals were assayed by ELISA for collagen I deposition, as in panel A. Each column rep-
resents the average of the 7 SSc patients and the 7 controls; bars indicate standard deviation. Difference between
untreated and treated SSc fibroblasts was statistically significant at GM-CSF concentrations of 100 and 200
ng/ml, after 8 days of stimulation (*p < 0.05).

It has recently been shown that an increased expression
of heat shock protein 47 (HSP-47), a collagen-binding stress
protein able to act as a collagen-specific molecular chaper-
one during the biosynthesis and secretion of procollagen,
is present in SSc but not in normal fibroblasts, and it is asso-
ciated with an overproduction of type I procollagen by SSc
fibroblasts. Moreover, stimulation of these cells with IFN-y
results in a significant decrease in HSP-47 mRNA levels, in
a dose-and time-dependent manner3V,

We therefore plan to test in a forthcoming study whether

GM-CSF is able to reduce HSP-47 expression, and conse-
quently type I procollagen mRNA levels, with a mechanism
similar to that of IFN-y.

On the other hand, the Smad system may be another
interesting pathway to investigate, in order to clarify GM-
CSF involvement in the fibrotic process of scleroderma. The
Smad are intracellular signal transducers mediating fibro-
blast activation and fibrotic response by inducing transcrip-
tion of TGF-B, which in turn promotes collagen deposi-
tion31-33, In particular, murine skin fibroblasts affected by
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Figure 5. ECM protein deposition in control and SSc fibroblasts from CREST syndrome and diffuse form. Fibroblasts from the
same controls and SSc patients shown in Figure 4 were cultured 4 and 8 days in the presence or absence of 100 ng GM-CSF/ml
and analyzed by ELISA for fibronectin (A) and tenascin (B) deposition. Each column represents the average of 7 cultures from
control or SSc fibroblasts; bars indicate standard deviation. No statistically significant differences were observed between treat-

ed and untreated cells.

bleomycin-induced scleroderma showed increased expres-
sion of Smad 2/3; in contrast the expression of Smad 7, the
endogenous inhibitor of Smad signaling, was reduced in the
same experimental conditions’*. We suggest a possible
intracellular signaling axis — GM-CSF/Smad — that
deserves further investigation.

It is not clear why the effect of GM-CSF is confined only
to SSc fibroblasts. As reported, different factors are impli-
cated in the regulation of type I collagen gene expression in
healthy and SSc fibroblasts’>. GM-CSF probably acts in
SSc fibroblasts by activating signal transduction pathways
different from those involved in normal fibroblasts. For
instance, the different concentrations of the aVB5 integrins

observed in scleroderma fibroblasts could influence the
response of these cells to stimulation®.

We are aware that the in vivo transposition of in vitro
results is often very difficult; we must, however, consider
that the GM-CSF concentrations used in our experiments
correspond to about 50 mg of GM-CSF given “in vivo”, and
that this cytokine is currently employed in therapy, while the
high toxicity of IFN-o in humans has strongly hampered its
therapeutic use. Moreover, a dose-dependent decrease of
collagen deposition (80%) by topical GM-CSF used in
human experimental wounds has recently been reported®’.
We are therefore confident that GM-CSF could be taken into
serious consideration for treatment of SSc.
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Figure 6. Expression of collagen type I mRNA in control and SSc fibroblasts as shown by RT-PCR and real-time PCR. Fibroblasts from the same controls
and SSc patients shown in Figure 4 were cultured 8 days in the presence (+) or absence (—) of 100 ng GM-CSF/ml and analyzed for collagen I mRNA. The
top panel shows a typical RT-PCR gel. Bottom panel, results of the real-time PCR. Each column represents the average of 7 cultures; bars indicate standard
deviation. The difference between fibroblasts stimulated with (ST) and without (NS) GM-CSF was statistically significant (*p < 0.05).

REFERENCES

o7 1. Chen K, See A, Shumack S. Epidemiology and pathogenesis of

scleroderma. Australas J Dermatol 2003;44:1-7.

06 2. Medsger TA. Comment on scleroderma criteria cooperative study.

‘ Black CM, Myers AR, editors. Current topics in rheumatology.

os I New York: Gower Medical Publishing; 1985.

3. Rodnan GP, Jablonska S, Medsger TA. Classification and
nomenclature of progressive systemic sclerosic (sceroderma). Clin
Rheum Dis 1979;5:5.

4. LeRoy EC, Black C, Fleischmajer R, et al. Scleroderma (systemic
sclerosis): classification, subset and pathogenesis. J Rheumatol
1988;15:202-5.

a1 5. Denton CP, Xu S, Black CM, Pearson JD. Scleroderma fibroblasts

show increased responsiveness to endothelial cell-derived IL-1 and

0 bFGF. J Invest Dermatol 1997;108:269-74.

GM-CSF  Normal CREST Diffuse 6. Needlemann BW, Wigley FM, Stair RW. Interleukin-1, interleukin-

— + — + - + 2, interleukin-4, interleukin-6, tumor necrosis factor-o,, and
interferon levels in sera from patients with scleroderma. Arthritis
Rheum 1992;35:67-72.

7. Patrick MR, Kirkhan BW, Graham M, Herrison LC. Circulating
interleukin-16 and soluble interleukin-2 receptor: evaluation as
markers of disease activity in scleroderma. J] Rheumatol
1995;22:654-9.

8. Umehara H, Kumagai S, Ishida H, Suginoshita T, Maeda K, Imura
H. Enhanced production of interleukin-2 in patients with
progressive systemic sclerosis. Hyperactivity of CD4-positive T
cells? Arthritis Rheum 1988;31:401-7.

9. Uitto J, Kouba D. Cytokine modulation of extracellular matrix gene

Fold changs
o
re

o
®

02

Figure 7. Expression of MMP-1 mRNA in control and SSc fibroblasts, as
shown by real-time PCR. Fibroblasts from the same controls and SSc
patients shown in Figure 4 were cultured 8 days in the presence (+) or
absence (—) of 100 ng GM-CSF/ml and analyzed for MMP-1 mRNA by
real-time PCR. Each column represents the average of 7 cultures; bars indi-
cate standard deviation. The difference between untreated and GM-CSF
treated fibroblasts was not statistically significant.

ACKNOWLEDGMENT . IR .

. expression: relevance to fibrotic skin diseases. J] Dermatol Sci
We thank Dr. Luca Vallefuoco and Dr. Giuseppe Lembo for 2000:24:560-9.
technical support. 10. Inagaki Y, Truter S, Ramirez F. Transforming growth factor-beta

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2005. All rights reserved.l—
Postiglione, et al: GM-CSF and SSc 663

Downloaded on April 9, 2024 from www.jrheum.org


http://www.jrheum.org/

stimulates alpha 2(I) collagen gene expression through a cis-acting 25. Postiglione L, Montagnani S, Riccio A, et al. Expression of GM-
element that contains an Spl-binding site. J Biol Chem CSF receptor and “in vitro” effects of GM-CSF on human
1994;269:14828-34. fibroblasts. Life Sci 1998;63:327-36.

11. Riccio A, De Caterina M, Natale D, et al. Serum levels of 26. Reitamo S, Remitz A, Tamai K, Uitto J. Interleukin—10 modulates
granulocyte macrophage-colony stimulating factor (GM-CSF) in a type I collagen and matrix metalloprotease gene expression in
group of patients with systemic sclerosis. Int J Immunopathol cultured human skin fibroblasts. J Clin Invest 1994;94:2489-92.
Pharmacol 1996;9:9-12. 27. Rosenbloom J, Feldman G, Freundlich B, Jimenez SA. Inhibition of

12. Dedhar S, Gaboury L, Galloway P, Eaves C. Human GM-CSF is a excessive scleroderma fibroblast collagen production by
growth factor active on variety of cell types of non-hemopoietic recombinant gamma-interferon. Association with a coordinate
origin. Proc Natl Acad Sci USA. 1988;85:9253-7. decrease in types I and III procollagen messenger RNA levels.

13. Metcalf D. The GM-CSF. Science 1985;229:16-23. Arthritis Rheum 1986;29:851-6.

14.  Aglietta M, Monzeglio C, Sanavio F, et al. In vivo effect of human 28. Takeda K, Hatamochi A, Ueki H, Nakata M, Oishi Y. Decreased
GM-CSF on megakaryocytopoiesis. Blood 1991;77:1191-4. collagenase expression in cultured systemic sclerosis fibroblasts.

15. Gasson JC. Molecular physiology of GM-CSFE. Blood J Invest Dermatol 1994;103:359-63.
1991;77:1131-9. 29. Kuroda K, Shinkai H. Gene expression of types I and III collagen,

16. Bussolino F, Ziche X, Ming Wang J, et al. In vitro and in vivo decorin, matrix metalloproteinases and tissue inhibitors of
activation of endothelial cells by colony stimulating factors. J Clin metalloproteinases in skin fibroblasts from patients with systemic
Invest 1991;87:986-93. sclerosis. Arch Dermatol Res 1997;289:567-72.

17. Lang RA, Cuthbertson RA, Kelso A, et al. Transgenic mice 30. Kuroda K, Tsukifuji R, Shinkai H. Increased expression of heat-
expressing a hematopoietic growth factor gene (GM-CSF) develop shock protein 47 is associated with overproduction of type I
accumulation of macrophages, blindness, and a fatal syndrome of procollagen in systemic sclerosis skin fibroblasts. J Invest Dermatol
tissue damage. Cell 1997;51:675-88. 1998;111:1023-8.

18. Postiglione L, Montagnani S, Riccio A, et al. Enhanced expression 31. Asano Y, Ihn H, Yamane K, Kubo M, Tamaki K. Impaired Smad7-
of the receptor for granulocyte macrophage-colony stimulating Smurf-mediated negative regulation of TGF-8 signaling in
factor on dermal fibroblasts from scleroderma patients. scleroderma fibroblasts. J Clin Invest 2004;113:253-64.

J Rheumatol 2002;29:94-101. 32. Holmes A, Abraham DJ, Sa S, Shiwen X, Black CM, Leask A.

19. Colotta F, Bussolino F, Polentarutti N, et al. Differential expression CTGF and SMADs, maintenance of scleroderma phenotype is
of the common f and specific o chains of the receptors for GM- independent of SMAD signaling. J Biol Chem 2001;14:10594-601.
CSF, IL3 and IL5 endothelial cells. Cell Res 1993;206:311-20. 33. Mori Y, Chen SJ, Varga J. Expression and regulation of intracellular

20. Steen VD, Medsger TA Jr, Rodnan GP. D-Penicillamine therapy in SMAD signaling in scleroderma skin fibroblasts. Arthritis Rheum
progressive systemic sclerosis (scleroderma): a retrospective 2003;48:1964-78.
analysis. Ann Intern Med 1982;97:652-9. 34. Takagawa S, Lakos G, Mori Y, Yamamoto T, Nishioka K, Varga J.

21. Liu T, Dhanasekaran SM, Jin H, et al. FIZZ 1 stimulation of Sustained activation of fibroblast transforming growth factor-
myofibroblast differentiation. Am J Pathol 2004;164:1315-26. /Smad signaling in a murine model of scleroderma. J Invest

22. Jelaska A, Arakawa M, Broketa G, Korn JH. Heterogeneity of Dermatol 2003;121):41-50.
collagen synthesis in normal and systemic sclerosis skin fibroblasts. 35. Ghosh AK. Factors involved in the regulation of type I collagen
Increased proportion of high collagen-producing cells in systemic gene expression: implication in fibrosis. Exp Biol Med (Maywood)
sclerosis fibroblasts. Arthritis Rheum 1996;39:1338-46. 2002;227:301-14.

23. Higley H, Persichitte K, Chu S, Waegell W, Vancheeswaran R, 36. Asano Y, Ihn H, Yamane K, Kubo M, Tamaki K. Increased
Black C. Immunocytochemical localization and serologic detection expression levels of integrin o5 on scleroderma fibroblasts. Am J
of transforming growth factor 1. Association with type I Pathol 2004;164:1275-92.
procollagen and inflammatory cell markers in diffuse and limited 37. Jorgensen LN, Agren MS, Madsen SM, et al. Dose-dependent
systemic sclerosis, morphea, and Raynaud’s phenomenon. Arthritis impairment of collagen deposition by topical granulocyte
Rheum 1994;37:278-88. macrophage colony stimulating factor in human experimental

24. Yamane K, Thn H, Kubo M, Tamaki K. Increased transcriptional wounds. Ann Surg 2002;236:684-92.

activities of transforming growth factor beta receptors in
scleroderma fibroblasts. Arthritis Rheum 2002;46:2421-8.

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2005. All rights reserved.l—

664 The Journal of Rheumatology 2005; 32:4

Downloaded on April 9, 2024 from www.jrheum.org


http://www.jrheum.org/

