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Abstract Although the actions of cyclosporin (CyA) on
keratinocyte are well established, little is known about its
effects on dermal fibroblasts. Interleukin-6 (IL-6) is one of the
inflammatory cytokines playing a pivotal role in certain skin
diseases such as psoriasis. The aim of this study has been to
determine whether CyA modifies the metabolism of extracel-
lular matrix (ECM) by human fibroblasts in vitro. CyA altered
the morphology of fibroblasts in the collagen matrix.
Fibroblast proliferation was suppressed by CyA at 100 and
10 ng/ml. The production of type I collagen and tissue inhi-
bitor of metalloproteinase 1 was also suppressed by CyA at
1000 ng/ml, and co-stimulation with IL-6 enhanced decreased
production at 1000 and 100 ng/ml CyA. The production of
matrix metalloproteinase 1 (MMP-1) was also suppressed by
CyA in a dose-dependent manner. [n contrast, the decreased
production of MMP-1 was restored at 0.1-100 ng/ml CyA in
the presence of IL-6. Regardless of the presence or absence of
IL-6, the production of MMP-2 decreased at 1000 and 100 ng/ml,
whereas the production of MMP-9 was unchanged. The
production of transforming growth factor-B decreased at
100 ng/ml CyA. This study thus indicates that CyA influences
ECM metabolism and the proliferation of human dermal fibro-
blasts, and that the effects of CyA are modulated by IL-6. CyA
might also, in part, improve psoriatic skin by regulating the re-
modeling of ECM and by its action on immunocompetent cells.
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Introduction

Psoriasis vulgaris is a chronic inflammatory skin disease of
unknown etiology characterized by dermal infiltration of
neutrophils and lymphocytes and abnormal epidermal prolif-
cration. The clinical efficacy of cyclosporin (CyA) in the
treatment of severe psoriasis is well established. In 1972, CyA
was isolated from the soil fungi, Trichoderma polysporum
and Cylindrocarpon lucidum, during a search for an anti-
fungal agent (Borel et al 1976). CyA has been primarly
used for organ transplantation patients to suppress organ
rejection. Since the first successful treatment of psoriasis
with CyA (Mueller and Herrmann 1971), this immunosup-
pressive drug has been used for severe psoriasis (Griffiths et
al. 1986; Finzi et al. 1989; Ho et al. 1990; Borel 1990).
Although the most important pharmacological action of CyA
is the inhibition of cytokine production, mainly of IL-2 secret-
ed by activated T cells (Kato et al. 1987; Picascia et al. 1987;
Sasaki et al. 1988), its pharmacological effects in psoriasis
are not fully understood.

Although the effects of CyA on keratinocytes are well
documented, little is known about the effects on dermal
fibroblasts (Prignano et al. 1996; Lago et al. 2007). Recently,
CyA has been reported to modify the synthesis and degrada-
tion of extracellular matrix (ECM) by osteoblasts and gingi-
val fibroblasts (Boltchi et al. 1999; Fu et al. 1999; Fornoni
et al. 2001; Bostorm et al. 2005; Bullon et al. 2007). The
histopathological changes in affected skin before and after
CyA administration without topical-treatment or photo-
therapy are obvious in psoriasis vulgaris. Typical manifes-
tation of papillomatosis is completely restored with CyA
treatment. This finding raises the possibility that CyA is
involved in the remodeling of ECM. The present study aims
at determining whether CyA modifies the ECM metabolism
of human fibroblasts.
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Materials and methods

Reagents

Dulbecco’s modified Eagle’s medium (DMEM) and trypsin
solution were obtained from Nihon Seiyaku (Tokyo, Japan).
Bovine serum albumin (BSA) and human recombinant
interleukin (IL)-6 were from Sigma, Steinheim (St. Louis,
Mo.). Fetal bovine serum (FBS) was from Cytosystems
(Castle Hill, NSW, Australia). Vitrogen “100” collagen was
from Cohesion (Palo Alto, Calif.). The procollagen type-I
C-peptide enzyme immunoassay (EIA) kit was from Takara
Shuzo (Kyoto, Japan). Matrix metalloproteinase (MMP)-1,
2, and 9 and tissue inhibitors of metalloproteinase (TIMP)-1
EIA kit were obtained from DAIICHI Fine Chemical
(Toyama, Japan). The Quantikine human transforming
growth factor (TGF)-B1 immunoassay was obtained from
R&D Systems (Minneapolis, Minn.). Rhodamine isothio-
cyanate (RITC)-conjugated phalloidin was from Molecular
Probes (Eugene, Ore.). Fluoromount G was from Southem
Biotechnology Associates (Birmingham, Ala.). The Cell-
Titer 96 AQ One Cell Proliferation Assay was obtained
from Promega (Madison, Wis.). Acid guanidinium thiocy-
anate-phenol extraction reagent (Isogen) was obtained from
Nippongene (Toyama, Japan). TagMan Reverse Transcrip-
tion (RT) reagents, the Applied Biosystemic 7500 Real
Time PCR system (for the polymerase chain reaction; PCR),
and TagMan probes and primers were from Applied
Biosystems (Foster, Calif.). Trypan blue solution was from
Mediatech (Herndon, Va.).

Monolayer and collagen matrix culture

After informed consent was given, dermal fibroblasts were
obtained from four healthy volunteers. Skin specimens were
cut into small pieces, and outgrown fibroblasts were trypsi-
nized and grown in DMEM supplemented with 10% FBS at
37°C under 5% CO, and 95% humidified air in an incubator.
The culture medium was changed every 3 days. Cells were
used within 7 passages. Cells were harvested with 0.25%
trypsin for 1 min, followed by treatment with DMEM with
10% FBS. For monolayer culture experiments, harvested
cells were seeded at a density of 4x10* cells on 22-mm®
glass coverslips (Fisher Scientific, Chicago, II.), which were
coated with collagen (50 pg/ml for 30 min), and then
incubated in DMEM containing 5 mg/ml BSA with various
concentrations of CyA and 10 ng/ml IL-6. .,

Collagen matrix cultures were prepared by using Vitrogen
“100” collagen as previously described (Grinnell 2003; Abe et
al. 2003). Brefly, neutralized collagen solution (1.5 mg/ml)
containing harvested cells (10° cells/ml) was prewarmed
37°C for 4 min, and then aliquots (500 pl) were placed in a
well of a 24-well culture plate (Greiner Bio-one, Frickenhausen,
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Germany) and allowed to polymerize for 1 h at 37°C in a 5%
CO; humidified incubator. Polymerized matrices were cultured
for 4 h in DMEM containing 5 mg/ml BSA and various
concentrations of CyA and IL-6.

Immunofluorescence microscopy

Cells on coverslips or in matrices were fixed for 10 min with
3% paraformaldehyde in phosphate-buffered saline (PBS) at
room temperature, blocked with 2% glycine/1% BSA in
DPBS (150 mM NaCl, 3 mM KCI, | mM KH,PO,, 6 mM
Na;HPO4, 0.5 mM MgCl,, 1 mM CaCl,, pH 7.2) for 30min,
and then permeabilized for 15 min with 0.5% Triton X-100
in DPBS. Subsequently, the samples were washed with DPBS
and treated for 10 min with 1% BSA in DPBS. RITC-
conjugated phalloidin was diluted in 1% BSA in DPBS
(8 U/mI) and reacted with cells for 30 min at 37°C. After
additional washes, samples were mounted on glass slides with
Fluoromount G. Observed images and the major axis of cells
were collected with an Olympus DP70 camera and an
Olympus DP Controller system.

Assay of fibroblast proliferation

Harvested cells were seeded at a density of 10° cells in 96-well
plastic plates (Coming, N.Y.) and then cultured, with or
without 0.1-1000 ng/ml CyA stimulation, in DMEM supple-
mented with 10% FBS at 37°C under 5% CO, and 95%
humidified air in an incubator. Fibroblast proliferation was
assessed with an MTS assay kit. In each experiment, absor-
bance at 490 nm was calculated from triplicate wells, Cell
viability was assessed by light microscopy and dye exclusion
with trypan blue; cell numbers were evaluated by direct
counting performed with a hemocytometer. We measured
proliferation at incubation periods of 12, 24, 48, 72, and 96 h.

Assay of effect of CyA on ECM metabolism of human
dermal fibroblasts

To study the production and mRNA expression of cach
collagenous protein, harvested cells were seeded at a density
of 10° cells in 6-well plastic plates (Coming) and then
cultured in DMEM supplemented with 10% FBS at 37°C
under 5% CO, and 95% humidified air in an incubator for
48 h. The medium was then replaced with FBS-free DMEM.
After 24 h of serum deprivation, the medium was changed to
DMEM containing 5§ mg/ml BSA with various concentra-
tions of CyA and [L-6.

Preliminary experiments were carried out to check the time
course of production and mRNA expression for each
collagenous protein. We established the optimum incubation
period of 24 h for protein production and 6 h for mRNA
expression; these were used for subsequent experiments.



Assay of type I procollagen

Measurement of procollagen type [ C-peptide in the
supernatant is regarded as a valid technique for the quan-
tification of type I collagen synthesis (Abe et al. 2001).
Therefore, type I collagen production was assessed by
measuring the procollagen type I C-peptide concentration by
using an EIA assay. In each experiment, the procollagen
type I C-peptide concentration was calculated from the
values of triplicate wells.

Assay of MMPs, TIMP-1, and TGF-p

The production of MMP-1, -2, and -9, TIMP-1, and TGE-§
by fibroblasts was assessed by measuring their concentration
with EIA kits. In each experiment, the concentration was
calculated from triplicate wells. :

Quantitative PCR and RT-PCR

Total RNA from the cell layer was isolated by a single-step
method with an acid guanidinjum thiocyanate-phenol extraction
reagent (Isogen) and treated with RNase-free DNase according
to the manufacturer’s instructions. Then, 1 pg RNA was
reverse-transcribed to cDNA with TagMan reverse transcription
reagents. Quantitative PCR was performed by using the
TagMan probes and primers for D-glyceraldehyde-3-phosphate
dehydrogenase (GAPDH; assay ID: Hs99999905_m1), colla-
gen type [ 1 (Hs00164004_m1), MMP-1 (Hs00233958 ml1),
MMP-2 (Hs00234422 ml), MMP-9 (Hs00234579_ml),
TIMP-1 (Hs00171558 ml), and TGF-§ (Hs00171257 ml)
on the Applied Biosystemic 7500 Real Time PCR System
under the following conditions: 2 min at 50°C; 10 min at 90°C;
40 cycles of 15 s at 95°C, 1 min at 60°C, The GAPDH
transcript was used as an endogenous reference to calculate the
relative expression levels of target genes according to the
manufacturer’s instructions. Samples were assayed in triplicate,
and the relative expression was normalized to the amount of
GAPDH in the same cDNA by using the standard curve method
described by the manufacturer.

Statistical analysis

Data for the concentration and expression in each experiment
were expressed as mean+SEM. Statistical analysis was carried
out by using Statview software (version 4.0; Abacus
Concepts, Berkeley, Calif., USA). Group data were analyzed
by variance testing to determine the overall impact of sample
treatments within the experiment. Additional post hoc testing
by using the Fisher Protected Least Significant Difference
(PLSD) test was carried out to determine the statistical sig-
nificance of individual sample treatments on the parameters in
question. The result of the analysis of variance was considered

significant only if both the analysis of variance and the Fisher
PLSD test yielded a probability (P) value of 0.05 or less.

Results

Cell spreading and CyA on collagen-coated coverslips
and in collagen matrix

Experiments were carried out to determine whether force
generation could be demonstrated during cell spreading on
collagen-coated coverslips (two dimensions) and in a collagen
matrix (three dimensions) following CyA treatment in the
presence or absence of 10 ng/ml IL-6. Figure la-f shows
fibroblasts spreading on collagen-coated coverslips with actin
staining for prominent stress fibers, regardless of the presence
or absence of 10 ng/ml [L-6. In two-dimensional experiments
on collagen-coated coverslips, no significant difference was
seen in morphologies, even when the culture medium
contained 100 and 0.1 ng/ml CyA or 10 ng/ml [L-6. In
contrast, CyA altered fibroblast morphology in the collagen
matrix. Figure 1g-1 reveals the morphologies of fibroblasts
with extended projections in various directions (without
CyA) and with bipolarity (with CyA at 100 ng/ml). Figure 2
shows the quantitative analysis of the major axis of
fibroblasts in the presence or absence of 100 and 0.1 ng/ml
CyA or 10 ng/ml [L-6. In the absence of IL-6, the major axis
of fibroblasts stimulated with 0.1 ng/ml of CyA was the same
as for controls (without CyA); however, in the presence of
10 ng/ml [L-6, the major axis of fibroblasts stimulated with
0.1 ng/ml CyA was longer than that of controls (without
CyA). This result implied that CyA directly affected the
morphology of fibroblasts in three-dimensional environments,
and that the effects of CyA were influenced by 10 ng/ml IL-6.

Effect of CyA on fibroblast proliferation

Experiments were carried out to confirm the effect of CyA on
fibroblast proliferation by the MTS method. Fibroblast
proliferation was constantly suppressed by CyA at 100 and
10 ng/ml, respectively. Figure 3a shows a representative
result after a 24-h incubation. Using the trypan blue staining,
we also confirmed that the cells retained their viability, even
when the culture medium contained various concentrations
of CyA (Fig. 3b).

Effect of CyA on type I collagen production
and mRNA expression

In the absence of 10 ng/ml IL-6, the production of type I
collagen was suppressed only with CyA at 1000 ng/ml
However, in the presence of 10 ng/ml [L-6, the suppressed
production was restored with CyA at 1000 to 10 ng/ml after a
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