ROLE OF IL-20 IN CUTANEOUS FIBROSIS IN SSc

Table 1. Expression profiles of extracellular matrix-related genes in
the presence or absence of IL-20 in the PCR array®

Fold
Gene symbol Gene name change
Genes up-regulated by
1L-20
THBS2 Thrombospondin 2 113.77
TGIF1L TGFB-induced factor homeobox 1 57,28
MMP9 Matrix metallopeptidase 9 3313
Genes down-regulated
by IL-20
MMP3 Matrix metallopeptidase 3 0.02
SERPINAIL Serpin peptidase inhibitor, clade 0.02
A, member 1
SMAD3 SMAD family member 3 0.02
DCN Decorin 0.03
PLAU Plasminogen activator, urokinase 0.03
LOX Lysyl oxidase ©0.03
COLIA2 Collagen, type 1, o2 0.03
"ENG : Endoglin - 0.05
CAV1 Caveolin 1, caveolae protein, 0.05
22 kd
ILS Interleukin 5 0.06
FASLG Fas ligand 0.06
IL10 Interleukin 10 0.06
ILIA Interleukin 1, a .06

* A mixture of cqual amounts of mRNAs from 3 normal fibroblasts
was prepared in the presence or absence of interleukin-20 (IL-20),
and the mRNA expression profile was evaluated using a polymerase

chain reaction (PCR) array. Fold change was calculated as
1]2(raw Cr of cach mRNA — Ctof housekeeping genes) Genes up- or down-

regulated >16-fold by IL-20 stimulation are shown.

1L-20~treated fibroblasts in comparison with untreated
cells (Table 1). Among them, human «2(I) collagen gene
expression was decreased 0.03-fold by IL-20. Consistent
with the array result, quantitative real-time PCR using
specific primers for al(I) or «2(I) collagen and an
increased number of samples (n = 7) showed that
collagen messenger RNA (mRNA) expression was sig-
nificantly reduced by IL-20 (Figure 1A). Furthermore,
immunoblotting revealed that the protein synthesis of
type I collagen was also decreased in a dose-dependent
manner by treatment with IL-20, and the decrease was
statistically significant (P < 0.05) (Figure 1B).

To determine whether the down-regulation of
collagen by IL-20 takes place at the transcriptional level
or translational level, stability of collagen mRNA was
examined. Because the steady-state level of mRNA is
controlled by the level of gene transcription and/or the
stability of mRNA, de novo mRNA synthesis was
blocked by the RNA synthesis inhibitor actinomycin D
in normal fibroblasts in the presence or absence of
IL-20. As shown in Figure 1C, after actinomycin D
treatment, there was no significant difference in the
decrease rate of a2(I} collagen mRNA between cells
with and those without IL-20. Similarly, when de novo
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protein synthesis and the expression of proteolytic en-
zymes were blocked with cycloheximide, IL-20 stimula-
tion had little effect on the half-lives of collagen protein
(Figure 1D). Taken together, these results indicate that
the stability of collagen mRNA and protein was not
altered by IL-20, and proteolytic enzymes were less
likely to be involved in the effect of IL-20 on collagen
expression. Thus, collagen synthesis is thought to be
decreased by IL-20 at the transcriptional level.

Next, to identify the element of the human o2(1)
collagen promoter that responds to IL-20 stimulation,
we compared activities of serial 5'-deletions of the
promoter linked to the CAT reporter gene in the
presence or absence of IL-20 in normal fibroblasts
(Figure 1E). The full-length —3500 to +358 bp construct
and the shorter construct with deletion end points at
—353 to +58 bp showed a similar fold decrease of
promoter activities by IL-20 relative to the values in
untreated fibroblasts (~0.3-fold). The —264 to +58 bp
construct and shorter constructs did not respond to
IL-20 stimulation, indicating that the element of the
a2(I) collagen promoter gene that responds to IL-20 is
located between —353 and —264 bp.

This region contains the binding sites for Spl, Ets
family transcription factors (e.g., Ets-1 and Fli-1), and
CCAAT/enhancer binding protein B (¢/EBPB) (Figure
1E). According to the results of the PCR array, the
expression of ¢/EBPB and Sp1 was not affected by IL-20
(not shown). Real-time PCR showed that IL-20 induced
the expression of Fli-1 but not that of Ets-1 (Figure 2A).
In addition, the protein expression of Fli-1 was also
increased by IL-20 (Figure 2B). Fli-1 is thought to share
binding sites with Ets-1, and it inhibits «2(I) collagen
promoter activity by competing with Ets-1 using an over-
expression system in vitro (36,37), indicating that the
balance of Ets-1 and Fli-1 controls collagen expression
(36,38). We found that the ratio of Ets-1:Fli-1 protein
expression was significantly decreased by IL-20. Several
lines of evidence revealed that posttranslation modifica-
tion, such as phosphorylation and acetylation, tightly
regulates the protein stability and transcriptional activity
of Fli-1 (29). Although both phosphorylation and acetyl-
ation of Fli-1 were not changed by IL-20 (Figure 2C), the
cytokine increased the association of Fli-1 with the
collagen promoter in chromatin immunoprecipitates
(Figure 2D). These data indicate that IL-20 increased
Fli-1 protein through the induction of Fli-1 mRNA
levels directly without the alterations of phosphorylation
and acetylation.

We also examined the mRNA expression of other
human o2(I) collagen promoter-related molecules by
real-time PCR. The expression of c-Myb, c-Fos, and
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Figure 1. Effect of interleukin-20 (IL-20) on collagen expression. A, Normal fibroblasts were treated with IL-20 (100 ng/ml) for 12 hours. Levels
of collagen mRNA were determined by real-time polymerase chain reaction (PCR) (n = 7 samples). * = P < (.05 versus untreated fibroblasts (set
ta 1.0). B, Normal fibroblasts were treated with IL-20 (100 ng/ml) for 24 hours. Cell lysates were subjected to immunoblotting. The protein levels
of type I collagen quantitated by scanning densitometry and corrected for the levels of B-actin in the same samples are shown relative to those in
untreated fibroblasts (set to 1.0) (n = 3 samples). * = P < 0.05 versus untreated fibroblasts. C, Fibroblasts were incubated in the presence or absence
of IL-20 for 12 hours before the addition of 2.5 pg/ml actinomycin D for 6 or 12 hours. IL-20 mRNA expression was analyzed by real-time PCR.
D, Fibroblasts were incubated in the presence or absence of 1L-20 for 24 hours before the addition of cycloheximide (10 pg/ml). Cells were harvested
at the indicated time points after cycloheximide was administered, and immunoblotting was performed. The protein levels of type I collagen
quantitated by scanning densitometry and corrected for the levels of B-actin in the same samples are shown relative to those in untreated fibroblasts
(set to 1.0) (n = 3 samples). E, The indicated «2(I) collagen promoter deletion constructs were transfected into normal fibroblasts in the absence
or presence of IL-20 (100 ng/ml) for 24 hours (n = 3 samples). The bar graph represents fold stimulation of chloramphenicol acetyltransferase
activitics stimulated with IL-20 relative to those not stimulated with IL-20 (set to 1.0). * = P < 0.05 versus cells not stimulated with IL-20. Values
are the mean + SEM. ¢/EBPB = CCAAT/enhancer binding protein §; AP-1 = activator protein 1; CBF = CCAAT-binding transcription factor.

c-Jun was not affected by IL-20 (Figure 2A). Caveolin 1 sis, the inhibitory effect of IL-20 on collagen was blocked
was down-regulated by IL-20 in the array (Table 1), but by the transfection of Fli-1 siRNA (Figure 2F).

the decrease became insignificant in real-time PCR with As described above, IL-19, IL-20, and IL-24 share
increasing the number of samples (n = 7) (Figure 2E). a receptor (14), although their functions are different.
Smad3 and endoglin, mediators of TGF signaling, were We investigated whether IL-19 and IL-24 also regulate
significantly decreased by 1L-20 (Figure 2E), consistent collagen expression in vitro. Immunoblotting revealed
with the array results. However, the decrease of Smad3 that protein synthesis of type I collagen was not signifi-
or endoglin could not explain the reduction of «2(I) cantly affected by treatment with IL-19 or IL-24 in

collagen expression by IL-20 in normal fibroblasts, be- comparison with untreated cells (further information
cause their inhibition was shown to have no effect on available from the corresponding author). When the
basal collagen transcription (39,40). Therefore, our re- ratio of Ets-1:Fli-1 was also examined by immunoblot-
sults suggest that IL-20 reduces collagen transcription ting, we did not find significant change (further infor-
mainly via Fli-1 expression. Consistent with our hypothe- mation available from the corresponding author).
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Figure 2. Effect of interfeukin-20 (IL-20) on Fli-1 expression. A, Normal fibroblasts were incubated in the presence or absence of 1L-20 for 12 hours,
Messenger RNA levels were determined by real-time polymerase chain reaction (PCR) (n = 7 samples). # = P < 0.05 versus untreated fibroblasts
(set to 1.0). B, Normal fibroblasts were treated with IL-20 for 24 hours. Immunoblotting was performed using antibody to Ets-1 or Fli-1. Protein
levels of Ets-1 and Fli-1 were quantitated as described in Figure 1B, and the ratio of Ets-1:Fli-T protein expression is shown. # = P < (.05 versus
untreated fibroblasts (set to 1.0) (n = 3 samples). C, Normal fibroblasts were treated with TL-20 (100 ng/ml) for 24 hours. Levels of phosphorylated
and acetylated Fli-1 were determined as described in Patients and Methods, D, Normal fibroblasts were incubated in the presence or absence of
1L-20 for 12 hours. Cellular DNA was sheared, and chromatin (input DNA) was immunoprecipitated with anti-Fli-1 antibody or IgG isotype control
antibody. The presence of a2(I) collagen promoter fragments in the precipitates was detected using PCR followed by agarose gel electrophoresis.
E, Levels of Smad3, endoglin, and caveolin 1 mRNA were determined as described in A, # = P < 0,05 versus untreated fibroblasts (sct to 1.0) (n =
7 samples). ¥, Normal fibroblasts were treated with TL-20 (100 ng/ml) for 12 hours in the presence or absence of Fli-1 small interfering RNA
(siRNA). The expression of type I collagen was determined by immunoblotting. Values are the mean + SEM.

Therefore, among IL-20R-related cytokines, the reduc-
tion of collagen expression via Fli-1 up-regulation is
likely to be specific to 1L-20.

, Expression levels of IL-20 in sera and involved
skin of patients with SSc. Next, we measured the serum
levels of IL-20 in various rheumatic diseases by ELISA.
As shown in Figure 3A, the mean serum IL-20 levels in
patients with SSc, SLE, and DM were slightly but not
significantly decreased compared with those in normal
subjects. On the other hand, patients with scleroderma
spectrum disorders who did not fulfill the ACR classifi-
cation criteria. for SSc but who we thought would
develop SSc in the future (23-25) had IL-20 levels
significantly lower than those in normal subjects.

We determined the association of serum IL-20
levels with clinical features and laboratory findings in

SSc patients (further information available from the
corresponding author). Patients with decreased IL-20
levels (below the average of normal subjects) had a
significantly higher prevalence of esophageal involve-
ment than did those with normal TL-20 levels (52.9%
versus 12.5%; P < 0.05). The modified Rodnan skin
thickness score (41) was also increased, although not
significantly, in those with decreased IL-20 levels. In
contrast, as determined by real-time PCR, IL-20 mRNA
expression in involved skin of SSc patients was signifi-
cantly decreased compared with that in skin of normal
subjects (Figure 3B). Immunohistochemical staining us-
ing paraffin-embedded skin sections also showed that
IL-20 protein was detected strongly in the epidermis of
normal skin but hardly detected in SSc atrophic epider-
mis (Figure 3C). Thus, serum IL-20 levels may be
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Figure 3. Interleukin-20 (IL-20) ievels in sera and skin tissues from patients with rheumatic diseases. A, Shown are serum IL-20 levels as determined
by enzyme-linked immunosorbent assay. Serum samples were obtained from 33 paticnts with systemic sclerosis (SSc), 9 patients with scleroderma
spectrum disorders (SSD), 10 patients with systemic Iupus erythematosus (SLE), 12 patients with dermatomyositis (DM), and 15 normal subjects.
Symbols represent individual samples; bars show the mean. * = P < 0.05. B, Total RNA was extracted from skin tissues obtained from 12 SS8c patients
and 6 normal subjects. IL-20 mRNA expression was analyzed by real-time polymerase chain reaction (PCR). Symbols represent individual samples;
bars show the mean. * = P < 0.05. C, Paraffin-embedded sections of normal and SSc-involved skin were subjected to immunchistochemical analysis
for IL-20. Original magnification X 200 (n = 3 samples). D, Paraffin-embedded sections of normal and SSc-involved skin were subjected to
immunohistochemical analysis for IL-20 receptor (IL-20R). Original magnification X 400 (n = 3 samples). E, Total RNA was extracted, and IL-20R
mRNA expression was analyzed by real-time PCR as described in B. Symbols represent individual samples; bars show the mean. F, Cell lysates were
obtained from cultured normal and SSc dermat fibroblasts and subjected to immunoblotting with antibody to IL-20R. Results are representative of
5 normal and 5 SSc fibroblasts. G, Expression of IL-20R in cultured normal dermal fibroblasts and SS8c fibroblasts was visualized by
immunofluorescence microscopy. Original magnification X 1,000. deSSc = diffuse cutaneous SSc; IeSSc = limited cutanecous SSc.

specifically decreased in the prodromal stage of SSc, immunostaining revealed that TL-20R protein was ex-
while IL-20 expression in involved skin of SSc patients pressed to a similar extent in fibroblast-like spindle-
may be constitutively decreased. shaped cells of normal and SSc skin in vivo (Figure 3D).

Although there has been no previous report This result was consistent with similar IL-20R expression
indicating that IL-20R is expressed in dermal fibroblasts, levels in normal and SSc skin by real-time PCR in vivo
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Figure 4. Effect of IL-20 on collagen expression in transforming growth factor g (TGFB)-stimulated normal fibroblasts or SSc fibroblasts. A,
Normal fibroblasts were treated with IL-20 (100 ng/ml) and/or TGFB (2 ng/ml) for 24 hours. The expression of type I collagen was evaluated by
immunoblotting. B, Normal fibroblasts were treated with IL-20 in the presence of TGFp (2 ng/ml) for 24 hours. Immunoblotting was performed
using antibody to Ets-1 or Fli-1. C, Normal fibroblasts were treated with IL-20 (100 ng/ml) for 12 hours in the presence of TGFS (2 ng/ml). Real-time
PCR was performed to evaluate levels of Smad3, endoglin, and caveolin 1 mRNA (n = 7 samples). = = P < 0,05 versus untreated fibroblasts (sct
to 1.0). D, SSc fibroblasts were treated with IL-20 for 24 hours. Immunoblotting was performed using antibody to type I collagen. E, SSc fibroblasts
were treated with IL-20 for 24hours Immunoblotting was performed using antibody to Ets-1 or Fli-1. F, 8S¢ fibroblasts were treated with 1L-20 (100
ng/ml) for 12 hours. Real-time PCR was performed to evaluate levels of Smad3, endoglin, and caveolin 1 mRNA (n = 7 samples). = = P < 0.05
versus untreated fibroblasts (set to 1.0). Values are the mean = SEM. See Figure 3 for other definitions.

(Figure 3E) or by immunoblotting (Figure 3F) and
immunofluorescence (Figure 3G) in vitro using cultured
fibroblasts. Thus, dermal fibroblasts may express IL-
20R, and its expression levels are likely to be similar in
normal and SSc fibroblasts. Taken together, these re-
sults indicate that TL-20 may have an inhibitory effect on
collagen expression, and down-regulation of IL-20 levels
in SSc skin in vivo contributes to increased collagen
accumulation and tissue fibrosis.

Effect of IL-20 on type I collagen expression in
TGFB-stimulated normal fibroblasts and SSc fibro-
blasts. We next investigated the effect of IL-20 on type
T collagen expression in TGFB-treated normal fibro-
blasts. Exogenous IL-20 decreased basal collagen ex-
pression, and TGFB could not induce collagen expres-
sion in the presence of IL-20 (Figure 4A), suggesting
that IL-20 both suppresses the effect of TGFB and
reduces basal collagen expression. As expected, the

protein expression of Fli-1 was increased by IL-20 in the
presence of TGFB (Figure 4B), while the mRNA expres-
sion levels of Smad3 and endoglin were decreased
significantly (Figure 4C). We assume that IL-20 reduces
basal collagen transcription via Fli-1 induction, while the
down-regulation of Smad3 and endoglin may cancel the
effect of TGFB. The inhibition of collagen by IL-20
(Figure 4D), the induction of Fli-1 by IL-20 (Figure 4E),
and the reduction of Smad3 and endoglin by IL-20
(Figure 4F) were also observed in SSc fibroblasts.
Effect of IL-20 on bleomycin-induced skin fibro-
sis in mice. Skin fibrosis induced by bleomycin injection
in mice is used as a murine model of SSc (33). The
epidermis of control mouse skin expressed IL-20, while
IL-20 expression was decreased in bleomycin-treated
mouse epidermis (Figure SA), as seen in SSc skin. The
expression of IL-20 in inflammatory cells or endothelial
cells was slight and similar between control and
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Figure 5. Effect of interleukin-20 (IL-20) on bleomycin (BLM)-induced skin fibrosis in vivo. A, Paraffin-embedded sections of skin were subjected
to immunohistochemical analysis for IL-20. Top, Phosphate buffered saline (PBS)~treated wild-type mouse. Bottom, Bleomycin-treated mouse.
Results shown are representative of 5 samples. Original magnification X 200. B, PBS- or bleomycin-treated mouse skin was injected with control
PBS (left) or IL-20 (right) and stained with hematoxylin and cosin. Double-headed arrows indicate thickness of the dermis. Results shown are
representative of 5 samples. Bars = 0.1 mm. C, Paraffin-embedded sections of blcomycin-trcated mouse skin injected with control PBS or IL-20 were
subjected to immunohistochemical analysis for Fli-1 or Smad3. Results shown are representative of 5 samples. Original magnification X 400.
D, Dermal thickness was measured in PBS- or bleomyein-treated mouse skin injected with control PBS or IL-20 (n = 5 samples per group). Symbols
represent individual samples; bars show the mean. * = P < 0.05. E, The amount of colfagen content in skin scctions was quantified using an assay
kit (n = 5 samples per group). Symbols represent individual samples; bars show the mean. * = P < 0.05.

bleomycin-treated mouse skin. Accordingly, we tried to
determine whether IL-20 supplementation could reverse
skin fibrosis in SSc.

Bleomycin (300 ug) or control PBS was locally
injected into the back of BALB/c mice 6 times per week
for 1 month, and at the same time PBS or IL-20 (3.5 ug)
was injected once per week (4 times per month) (further
information available from the corresponding author).
In the absence of bleomycin injection, IL-20 reduced

dermal thickness slightly, but the difference was not
significant. Bleomycin treatment without IL-20 induced
dermal fibrosis with an increased number of thickened
collagen bundles (Figure 5B). However, IL-20 reduced
the extent of bleomycin-induced skin thickening (Figure
5B). In immunohistochemical staining using paratfin-
embedded mouse skin sections, the expression of Fli-1 in
fibroblast-like spindle cells was increased by IL-20, while
the expression of Smad3 was decreased (Figure 5C),
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consistent with in vitro results. We found that reversal of
bleomycin-induced dermal thickening by IL-20 was sta-
tistically significant (Figure 5D). In addition, the in-
creased amount of collagen induced by bleomycin in skin
tissue was also significantly decreased by IL-20 (Figure
SE). Taken together, these results indicate that IL-20
supplementation could attenuate bleomycin-induced
skin fibrosis.

DISCUSSION

In the skin, IL-20 is known to induce keratinocyte
proliferation, but the effect on dermal fibroblasts has not
been investigated. Our study revealed that «2(I) colla-
gen mRNA expression was reduced by IL-20 at the

* transcriptional level, and that the decrease was mediated
by Fli-1 induction in normal dermal fibroblasts. We did
not determine the regulatory mechanism of the type 1
collagen al chain in the present study, but there may be
similar mechanisms in IL-20-mediated al(I) collagen
down-regulation, because Fli-1 also controls al(I) col-
lagen expression (33).

There was a significant difference in serum I1L-20
levels between patients with scleroderma spectrum dis-
orders and normal subjects. As described above, sclero-
derma spectrum disorder is a prodromal stage of SSc,
and a similar condition was also reported as “limited
SS¢” by LeRoy and Medsger (42). Because fibrotic
change in SSc is usually irreversible, new strategies are
needed to diagnose paticnts as early as possible and to
follow them up carefully. For that purpose, the concept
of scleroderma spectrum disorder is helpful. Serum
IL-20 levels may be useful for differentiating patients
with scleroderma spectrum disorders from normal sub-
jects.

Generally, patients with scleroderma spectrum
disorders lack a fibrotic response but show prominent
clinical symptoms associated with vasculopathy (further
information available from the corresponding author).
Given that there have been a couple of articles regarding
the role of IL-20 in angiogenesis (43,44), decreased
serum IL-20 levels in patients with scleroderma spec-
trum disorders suggests that IL-20 is potentially linked
to the pathogenesis of vasculopathy leading to the
development of fibrosis. However, as the limitation of
this study, -scleroderma spectrum disorders potentially
include undifferentiated connective tissue diseases de-
veloping into collagen diseases other than SSc. There-
fore, it is basically impossible to say that all patients with
scleroderma spectrum disorders included in this study
have an established clinical entity that will develop into
SSc. Longitudinal studies of serum IL-20 levels in pa-
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tients with SSc developed from scleroderma spectrum
disorders are needed in the future.

We found that IL-20 expression was decreased in
SSc epidermis. We have a hypothetical model of IL-20~
mediated tissue fibrosis in SSc (further information
available from the corresponding author). Reduction of
IL-20 expression in SSc skin may further down-
regulation of Fli-1, with subsequent collagen overexpres-
sion in SSc fibroblasts; Fli-1 was reported to be consti-
tutively decreased in SSc fibroblasts, probably due to
TGFB signaling (45), and reduction of IL-20 expression
may enhance Fli-1 down-regulation. The addition of
ectopic IL-20 reduces collagen expression effectively, via
Fli-1 recovery and suppression of Smad3 and endoglin.
In addition, the epidermis of SSc skin is known to
become atrophic, and this may be because of reduced
keratinocyte proliferation resulting from decreased IL-
20. On the other hand, in psoriasis, IL-20 is thought to
be overexpressed in epidermis and to lead to character-
istic keratinocyte proliferation and epidermal thickening
(13). This may explain why psoriasis skin is protected
from dermal fibrosis despite chronic inflammation.

Our model indicates that 1L.-20 may have thera-
peutic value for the fibrotic condition of SSc¢. We were
able to inhibit bleomycin-induced fibrosis by using IL-20
supplementation in the mouse model. To date, steroids,
cyclophosphamide, and methotrexate are considered the
first-choice drugs for treating the severe skin fibrosis of
SSc (46,47). However, these conventional treatments
usually have limited effects. Furthermore, these treat-
ments are often accompanied by various significant
adverse effects (48). Clarifying the mechanism by which
IL-20 regulates tissuc fibrosis in SSc skin may lead to a
better understanding of this disease and to new thera-
peutic approaches. However, our study has other limi-
tations involving potential contradiction of our in vivo
results with our in vitro results. For example, further
studies are needed to examine the function and expres-
sion pattern of IL-20R in murine dermal fibroblasts.
Similarly, the data showing that the inhibitory effect of
IL-20 on collagen was blocked by Fli-1 siRNA in vitro
should be confirmed in vivo (i.e., the effect of IL-20 on
bleomycin-induced dermal fibrosis in Fli-1-knockout
mice should be determined).
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Successful use of intravenous cyclophosphamide pulse
therapy for interstitial lung disease in a patient with systemic

sclerosis on hemodialysis
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ABSTRACT

Interstitial lung disease and scleroderma renal crisis are major complications of systemic sclerosis, which occa-
sionally coexist in patients with the diffuse cutaneous subtype. We herein report a case of diffuse cutaneous sys-
temic sclerosis under hemodialysis due to a previous history of scleroderma renal crisis, whose interstitial lung
disease was effectively and safely treated with a half dose of i.v. cyclophosphamide pulse. The dose of cyclo-
phosphamide and the timing of hemedialysis leading to efficacy and low toxicity are discussed.

Key words:
crisis, systemic sclerosis.

INTRODUCTION

Systemic sclerosis (SSc) is a multisystemn autoimmune disease
characterized by vasculopathy and fibrosis of the skin and cer-
fain internal organs. Interstitial lung disease (ILD) is a major vis-
ceral involvement determining the prognosis of SSc, especially
diffuse cutaneous SSc (dcSSc), as well as pulmonary arterial
hypertension.” Thus far, the combination therapy of prednisone
with intravenous cyclophosphamide pulse (IVCY) is the first-line
treatment and has been widely used against ILD associated
with §Sc.? Scleroderma renal crisis (SRC) is another important
vascular complication mainly observed in patients with early
dcSSc. After the emergence of angiotensin-converting enzyme
inhibitors, the prognosis of SRC has been dramatically
improved,® but the delayed diagnosis and treatment often
results in induction of hemodialysis (HD). Because SRC mostly
occurs in patients with early progressive dcSSc, this complica-
tion often coexists with ILD. Therefore, it appears not to be
rare to administrate IVCY to SSc-ILD patients under HD due to
the previous history of SRC. However, to the best of our
knowledge, there has been no report regarding IVCY therapy
on SSc-iLD patients under HD. We herein report a case of
S8c¢-ILD under HD due to a past history of SRC, who was suc-
cessfully treated with a half dose of IVCY. We also discuss the
dose of cyclophosphamide and the timing of HD leading to
efficacy and low toxicity of IVCY.

hemodialysis, interstitial lung disease, intravenous cyclophosphamide pulse, scleroderma renal

CASE REPORT

A 63-year-old woman without any remarkable past medical his-
tory was referred to our hospital in November 2009 for the
treatment of rapidly deteriorating hypertension and renal func-
tion. She had noticed Raynaud’s phenomenon since winter
2000 and swelling of her fingers since winter 2006. From spring
2008, she had experienced dyspnea during exercise. In
November 2008, she suddenly suffered from severe dyspnea.
She was admitted to the emergency department of the nearby
hospital and then referred to our hospital. On examination,
prominent edema and skin thickening spread all over the
extremities. Her autoantibody screen revealed a positive anti-
nuclear antibody with a titer of 1:320 homogeneous and speck-
led pattern, corresponding to anti-topoisomerase | antibody.
Antineutrophil cytoplasmic antibodies and rheumatoid factor
were negative. Complement levels and hepatic profiles were
within normal limits, but her renal profile revealed markedly ele-
vated serum creatinine level (7.72 mg/dL). Erythrocyte sedi-
mentation rate (114 mm/h) and C-reactive protein (2.22 mg/dL)
were elevated. A skin biopsy from the right forearm showed
diffuse dermal fibrosis and a slight lymphocytic perivascular
infiltrate. High-resolution computed tomography (HRCT) scan
of the lungs revealed early bibasilar interstitial changes
(Fig. 1a). A diagnosis of SSc with ongoing renal crisis was
made, and enalapril and nicardipine were introduced. However,
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Figure 1. High-resolution computed tomography (HRCT) scan before and after intravenous cyclophosphamide pulse (IVCY).
(a) HRCT in November 2009. Before IVCY, the lungs revealed early bibasilar interstitial changes. (b) HRCT in October 2010. After

IVCY, the image revealed a remarkable resolution of ILD.

the renal dysfunction was progressive and HD was introduced.
_ After that, the patient became stable and was discharged.

In July 2010, she became increasingly dyspneic and the dry
cough worsened. A blood test revealed increasing KL-6 and
SP-D values (Fig. 2). The patient was clinically quite unwell
with evidence of progressive worsening of ILD. Under close
communication with nephrologists, we decided to treat this
patient with IVCY to halt the deterioration. Before the therapy,
she had been treated with HD for 3 h, three times a week. At
the introduction of the therapy, the patient was admitted and
the schedule was changed to HD twice a week (Tuesday and
Friday) because the pre-dialysis serum creatinine had been
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Figure 2. Time course of serum markers of interstitial lung dis-~
ease, KL-6 and SP-D, with vital capacity (%VC) and diffusing
capacity for carbon monoxide. (%DLco) of pulmonary function
tests. Left Y-axis for serum KL-8 values and right Y-axis for
serum SP-D values, %VC and %DLco of pulmonary function
tests. Although %VC and %Dlco did not show remarkable
changes during or after intravenous cyclophosphamide pulses,
SP-D values started to decline after the third pulse, followed
by the decline of KL-6 values.
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improving. An intermediate dose of prednisone (20 mg/day)
was started and the first IVCY was infused on Wednesday, the
day after the HD, to avoid the clearance of cyclophosphamide
by HD. Considering the potential increased risk for adverse
events due 1o prolonged drug exposure caused by decreased
clearance, the initial dose of 370 mg, a half dose of 500 mg/m?
body surface area commonly administrated, was given without
hydration infusion, which is routinely done for IVCY against
SSc-ILD at our facility to prevent interstitial cystitis. Thus, the
patient was started on a regime of monthly infusions with a half
dose of IVCY for 5 months.

There was a good response to induction therapy with [VCY
and no remarkable adverse event was noticed. The patient felt
clinically better and did not complain of dyspnea or dry cough
after the first two pulses. A HRCT scan of the lungs done in
Qctober 2010, post-induction of remission therapy with {VCY,
revealed significant improvement of ILD (Fig. 1b). Even though
the pulmonary function test results did not show similar
improvements, the patient was symptomatically (i.e. dyspnea
and dry cough) quite well. Markers of interstitial lung disease,
KL-6.and SP-D, kept increasing during the first three pulses,
but SP-D started to decline after the third pulse, followed by
the decrease in KL-6 value (Fig. 2). The HRCT lung scans done
in January 2011 revealed minimal early bibasilar interstitial and
bronchiectatic changes (data not shown). There was no evi-
dence of progression of fibrosis or ground glass appearance to
suggest active ILD. We seemed to have been successful in
preventing further progression of ILD without any significant
adverse event. All clinical and biochemical parameters were
normal. The patient is undergoing regular reviews to watch out
for relapse of ILD or worsening of systemic symptoms.

DISCUSSION

Intravenous cyclophosphamide pulse is an established treat-
ment for various autoimmune inflammatory diseases, including
systemic lupus erythematosus (SLE) and systemic vasculitis.
Given that patients with SLE and systemic vasculitis, such as
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granulomatosis with polyangiitis and microscopic polyangiitis,
often manifest renal insufficiency and terminal renal failure, it is
not rare to administrate IVCY to patients with reduced renal
function and on HD. In case of SSc, however, there has been
no report regarding the administration of IVCY to patients with
ILD under HD although the combination therapy of prednisone
and IVCY is the first-line treatment against 8Sc-iLD, in which
SRC occasionally coexists.

The important factor determining the efficacy and toxicity of
IVCY is the concentration of its effective metabolite, phospho-
ramide mustard, which has the most ultimate alkylating prop-
erty.*5 Prednisone potentially reduces the terminal elimination
half-life and increases the biotransformation rate of cyclophos-
phamide,® which is a theoretical reason why the combination
therapy of IVCY with prednisone is recommended to obtain its
maximal clinical efficacy. As for the impact of reduced renal
function on the pharmacokinetics and toxicity profile of cyclo-
phosphamide, it is still controversial whether or not dose
adjustment is recommended. Some studies showed no influ-
ence of renal dysfunction on the pharmacokinetics and toxicity
of cyclophosphamide,”® while others reported the decrease in
clearance of both cyclophosphamide and its alkylating metab-
olites resulting in an enhanced toxicity.'®? Following these
studies and others reporting the pharrnacokinetics of cyclo-
phosphamide in patients on HD,'®'* Haubitz et al.’> demon-
strated the detailed data regarding the impact of HD on the
pharmacokinetics of cyclophosphamide in 15 patients with
autoimmune diseases treated with IVCY. According to their
results, the clearance of cyclophosphamide is decreased in
patients with reduced renal function, thereby resulting in an
increased systemic drug exposure. Furthermore, cyclophos-
phamide is effectively eliminated from systemic circulation by
HD, while the area under the curve of cyclophosphamide is
almost identical to that of healthy controls when 3-h HD is car-
ried out 7 h after the administration of IVCY. Based on these
data, the authors concluded that dose reduction of 20-30%,
depending on the degree of renal insufficiency, is suggested to
prevent potential therapy-relfated toxicity and that dialysis
should not be initiated earlier than 12 h after IVCY, which
would prevent drug removal in the early distribution phase but
would still correct for the prolonged terminal elimination
phase.*®

in our case, based on the previous data, we decided to
administrate a half dose of IVCY to carefully avoid the potential
toxicity while conducting HD 48 h after the administration in
order to obtain its maximal clinical effect on SSc-ILD. Given
that circulating cyclophosphamide concentration is decreased
below the biologically active levels 24 h after the administra-
tion,*® it was assumed that HD did not weaken the effect of
IVCY in the present case. In spite of the modest dose, her sub-
jective symptoms significantly improved together with the

© 2014 Japanese Dermatological Association

IVCY for SSc-ILD on hemodialysis

marked decrease in ground glass opacity on pulmonary HRCT
images, while we failed to detect any clinical and laboratory
adverse event throughout the course of whole IVCY.

In summary, we herein reported the first case of SSc-ILD on
HD who was treated effectively and safely with IVCY. Although
the optimal dose of cyclophosphamide and the timing of HD
have to be considered carefully in each case, we need to be
aware that early intervention with IVCY is helpful in induction of
remission in SSc-ILD even if on HD.

CONFLICT OF INTEREST: none.
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ABSTRACT

Previous studies have demonstrated that B cells play critical roles in autoimmune disorders including systemic
sclerosis {SSc¢) and systemic lupus erythematosus (SLE). However, the effectiveness of rituximab {(RTX), a chimeric
anti-CD20 antibody, for SSc-associated interstitial lung disease (ILD) or SLE disease activity remains controver-
sial. We herein report an SSc patient with severely progressed ILD and concomitant SLE treated by two cycles of
RTX at baseline and half a year later. This treatment Improvedy ILD and SLE activities, along with reduction of der-
mal sclerosis and serum anti-topoisomerase | antibody levels. In addition, our detailed time-course data indicate
that half a year may be appropriate as an interval between each cycle of RTX therapy aimed at SSc-associated
ILD or SLE. Overall, the current report could pave the way to establish RTX as a disease-modifying drug for

patients with SSc and/or SLE showing resistance to other already approved medications,

Key words:

INTRODUCTION

Systemic sclerosis (SSc) is a chronic connective tissue disorder
characterized by injury to vascular walls and following fibrosis
in certain organs such as skin and lung. SSc-associated inter-
stitial lung disease (SSc-ILD) is one of the main causes of death
in SSc patients.! Although most drugs tested so far have shown
poor or modest results, cyclophosphamide has shown statisti-
cally significant but temporal efficacy for the treatment of SSc-
ILD.? Therefore, development of additional therapeutic options
for SSc-ILD has been desired. Although the pathogenesis of
SSc remains unknown, several lines of evidence in 8Sc patients
and animal models indicate a potential role of B cells in $S¢.>*
Rituximab (RTX) is a chimeric antibody binding to the trans-
membrane CD20 receptor on the surface of B lymphocytes,
which causes B-cell depletion and has been successfully used
in the treatment of a variety of autoimmune diseases. Recent
studies revealed possible clinical effects of RTX therapy on
SSc510 as well as systemic lupus erythematosus (SLE).'"'? As
for the effect of RTX on ILD secondary to SSc, some reports
demonstrated that RTX significantly improved lung function,®°
while other studies described that pulmonary function tests
remained stable during their follow up after RTX therapy.5~
Therefore, it turns out that the validity of RTX therapy for lung

B cells, interstitial lung disease, rituximab, systemic lupus erythematosus, systemic sclerosis.

fibrosis in SSc remains controversial, as is the case for SLE
activity.™ We report herein a patient with long-standing diffuse
cutaneous SSc (dcSSc) and concomitant SLE, who received
two cycles of RTX at baseline and half a year later.

CASE REPORT

A 48-year-old Japanese woman had suffered from severe
peripheral circulatory disturbances with digital uicers from 1994
{aged 30 years). She was diagnosed with dcSSc and concomi-
tant SLE in 2004 (aged 40 years). Antibodies to topoisomerase |
(Topo 1) and U1 ribonucleoprotein were detected in her labora-
tory data. In 2004, ILD was evident with reduced forced vital
capacity (FVC) and diffusing capacity for carbon monoxide
{DLco) values to 84% and 55% of predicted, respectively. Fur-
thermore, a slight elevation of serum biomarkers for ILD such
as Krebs von den Lungen-6 (KL-8; cut-off level, 500 U/mL) and
surfactant protein D (SP-D; cut-off level, 110 ng/mL) was found
(526 U/mL and 116 ng/mL, respectively). Subsequently, she
gradually developed dyspnea on exertion (New York Heart
Association class lllj along with the decline of lung function
tests to 59% and 31% for FVC and DLco, respectively, in 2009.
Concurrently, reticular and honeycomb patterns on computed
tomography (CT) scans were deteriorated and serum levels of
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KL-6 and SP-D were elevated to 1642 U/mL and 136 ng/mL,
respectively (Fig. 1). In an attempt to stop the progression of
ILD, she received i.v. cyclophosphamide (IVCY) pulse therapy
(a test dose of 350 mg/m? at the first month followed by four
cycles of monthly IVCY at a dose of 500 mg/m?) with moderate
dose of prednisolone (30 mg/day) in 2010 with improvement of
her respiratory symptoms, biomarkers (1246 U/mL and 76 ng/mL
for KL-6 and SP-D, respectively; Fig. 1) and lung function tests
(66% and 34% for FVC and DLco, respectively; Fig. 1). Unfor-
tunately, she could not continue IVCY pulse therapy due to her
allergic reaction to cyclophosphamide such as fatigue and
fever. Therefore, she was followed by the treatment with miz-
oribine (300 mg/day). However, there was an increased fre-
quency of dry cough accompanied by increased biomarkers
(1621 U/mL and 107 ng/mL for KL-6 and SP-D, respectively;
Fig. 1) and deterioration in respiratory function (57% and 31%
for FVC and DLco, respectively; Fig. 1) in 2011. What is worse
was that she showed the expansion in the area of ground glass
opacities and honeycomb lung on CT images. In consideration
of the exacerbation of her ILD, we planned an independent
clinical study of RTX for the treatment of ILD associated with
SSc. The Medical Ethical Committee of The University of Tokyo
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Figure 1. Time course of treatment and parameters in a
patient with systemic sclerosis (SSc) and systemic lupus eryth-
ematosus (SLE). Upper panel: serum levels of Krebs von den
L.ungen-6 (KL-6) and surfactant protein D (SP-D). Middle panel:
results of forced vital capacity (FVC) (% predicted) and diffus-~
ing capacity for carbon monoxide (DLco) (% predicted) from
lung function tests. Bottom panel: serum levels of anti-dsDNA
antibodies, CH50, C3 and C4. MZR, mizoribine; IVCY, iv.
cyclophosphamide; PSL, prednisolone.
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Successful RTX therapy for $Sc-ILD and SLE

approved the study protocol, which fulfilled the Declaration of
Helsinki requirements. A written informed consent was
obtained from this patient. She received two cycles of RTX at
baseline and 6 months later. Each cycle consisted of four
weekly RTX infusions at the dose of 375 mg/m? according to a
previous report.® She noticed the improvement of her respira-
tory symptoms gradually after the first cycle. CT scan images
revealed the reduction in the area of ground glass opacities in
lungs with the recovery of FVG and DLco to 62% and 41%,
respectively (Fig. 1b). Moreover, the serum levels of KL-6 and
SP-D were dramatically decreased to 763 U/mL and 57 ng/
mL., respectively (Fig. 1). In addition, reduction of modified
Rodnan skin scores was observed from 12 to 8 after two
cycles of RTX therapy. Furthermore, the titer levels of serumn
anti-Topo | antibodies showed a gradual decline after the RTX
administration (Fig. 2), along with the decrease in serum immu-
noglobulin G levels. Of note, successful depletion of B cells
was confirmed by flow cytometric analysis of peripheral blood
leukocytes during the RTX treatment (Fig. 2). In regards to her
SLE activity, she had shown serological abnormalities such as
high levels of anti-dsDNA antibodies and decrease in serum
complement (CH50, C3 and C4) levels despite the treatment
with prednisolone (15 mg/day) for a long time before the treat-
ment with {VCY and RTX. Serum levels of anti-dsDNA antibod-
ies, CH50, C3 and C4 were all improved to the normal levels
by the administration of IVCY and RTX (Fig. 1), indicating the
effectiveness of RTX for SLE. in consideration of RTX-induced
impaired immunity, patient safety was ensured during the
course of this study by periodic laboratory monitoring, such as
$-D-glucan and cytomegalovirus antigen levels in the blood.

DISCUSSION

In this case, the treatment with RTX dramatically improved
ILD-related serum biomarkers, lung function tests parameters
and subjective respiratory symptoms. As described in the
Introduction section, the validity of RTX for ILD in SSc patients
remains controversial. Therefore, this case provides the addi-
tional evidence needed to answer this question. Given the

& 3 s —e— CD20-positive cells 250 o

@ - ;o F
% ] i-\'-‘ = Anti-Topo | antibody 3 g
o8 24 T 200 g 2
S —— g
2% S » 5
g2}y TR - R
O R o -

150

251 g2
R < g
a8f 0 =3

g ‘/ a

@

£ 1] T m—— T T L] L] 13 ] ~5

‘ ‘ (Weeks)

RTX RTX

Figure 2. Successful ‘'depletion of peripheral CD20-positive
leukocytes, followed by gradual decrease in serum titer levels
of anti-topoisomerase | (Topo I} antibodies, after rituximab
(RTX) administrations.
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limited duration of effect after drug discontinuation and toxic-
ity according to long-term use in cyclophosphamide therapy,
RTX may be a viable option for patients with 8Sc-ILD, who are
not able to be treated with or resistant to cyclophosphamide.
In addition, our data indicated a possible contribution of RTX
to the decrease in serum titer levels of anti-Topo | antibodies.
Considering that the titers are related to clinical severity of
$Sc,'® ATX would ameliorate not only ILD activity but also
other various SSc-associated symptoms like skin sclerosis.

There have been a wide variety of protocols for RTX therapy
in terms of dose for one treatment, frequency of administration
or intervals of each cycle. Especially, further inspections have
been required for the RTX treatment aimed at SSc-ILD. At least
in the patient described here, improving trends of ILD-associ-
ated parameters such as KL-68, SP-D, FVC and DlLco were
attenuated approximately half a year after the first and second
cycles of RTX therapy (4 weekly RTX infusions at the dose of
375 mg/m?), as is the case in SLE activity parameters (Fig. 1).
Of note, the percentage of CD20-positive leukocytes began to
increase at similar timing (Fig. 2). Therefore, appropriate inter-
vals of each cycle may be half a year in the RTX treatment for
ILD secondary to SSc.

To our best knowledge, this is the first case report of suc- 1
cessful RTX treatment in an SSc patient overlapped with SLE.
In addition, detailed time-course data of parameters regarding
ILD and serum titer levels of anti-Topo | antibodies after the
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RTX injection have never been documented. Overall, our case 12 Tokunaga M, Saito K, Kawabata D et al. Efficacy of rituximab (anti-

report will pave the way for future development of RTX as a
disease-modifying drug for SSc-ILD as well as SLE activities.
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Bosentan reverses the pro-fibrotic phenotype of
systemic sclerosis dermal fibroblasts via increasing
DNA binding ability of transcription factor Fli1

Kaname Akamata, Yoshihide Asano’, Naohiko Aozasa, Shinji Noda, Takashi Taniguchi, Takehiro Takahashi,
Yohei Ichimura, Tetsuo Toyama and Shinichi Sato

Abstract

Introduction: Although the pathogenesis of systemic sclerosis (S5¢) still remains unknown, recent studies have
demonstrated that endothelins are deeply involved in the developmental process of fibrosis and vasculopathy
associated with S5¢, and a dual endothelin receptor antagonist, bosentan, has a potential to serve as a disease
modifying drug for this disorder. Importantly, endothelin-1 (ET-1} exerts a pro-fibrotic effect on normal dermal
fibroblasts and bosentan reverses the pro-fibrotic phenotype of SSc¢ dermal fibroblasts. The purpose of this study
was to clarify the details of molecular mechanisms underlying the effects of ET-1 and bosentan on dermal
fibroblasts, which have not been well studied.

Methods: The mRNA levels of target genes and the expression and phosphorylation levels of target proteins were
determined by reverse transcription real-time PCR and immunobilotting, respectively. Promoter assays were
performed using a sequential deletion of human a2 (I) coltagen (COL1A2) promoter. DNA affinity precipitation and
chromatin immunoprecipitation were employed to evaluate the DNA binding ability of Fli1. Fli1 protein levels in
murine skin were evaluated by imrmunostaining.

Results: In normal fibroblasts, ET-1 activated c-Abl and protein kinase C (PKQ)-6 and induced Fli1 phosphorylation
at threonine 312, leading to the decreased DNA binding of Fli1, a potent repressor of the COLIA2 gene, and the
increase in type | collagen expression. On the other hand, bosentan reduced the expression of c-Abl and PKC-6,
the nuclear localization of PKC-6, and Fli1 phosphorylation, resulting in the increased DNA binding of Fiil and the
suppression of type | collagen expression in SSc fibroblasts. In bleomycin-treated mice, bosentan prevented dermal
fibrosis and increased Fli1 expression in lesional dermal fibroblasts.

Conclusions: ET-1 exerts a potent pro-fibrotic effect on normal fibroblasts by activating "c-Abl - PKC-6 - Fli1”
pathway. Bosentan reverses the pro-fibrotic phenotype of SSc fibroblasts and prevents the development of dermal
fibrosis in bleomycin-treated mice by blocking this signaling pathway. Although the efficacy of bosentan for dermal
and pulmonary fibrosis is limited in SSc, the present observation definitely provides us with a useful clue to further
| explore the potential of the upcoming new dual endothelin receptor antagonists as disease modifying drugs for SSc.
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Medicine, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8655, Japan
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Introduction .
Systemic sclerosis (SSc¢) is a multisystem connective tissue
disease characterized by immune abnormalities, vascular
injuries, and fibrosis of skin and certain internal organs
{1]. Although the pathogenesis of SSc still remains unclear,
it has been believed that fibroblast activation is a final con-
sequence following inflammation, autoimmune attacks,
and vascular damage. A wealth of evidence suggests that,
once activated, SSc¢ dermal fibroblasts establish a self-
activation system by autocrine transforming growth factor
(TGF)-B stimulation at least partially via upregulating cell
surface receptors for latent-form TGF-f, such as integrin
aVPB3, integrin aVP5, and thrombospondin-1 [2-6]. A
plausible strategy to treat fibrosis in SSc is to block the
autocrine TGF-$ signaling in SSc fibroblasts and better
- understanding of its molecular mechanism is necessary to
develop the treatment for this complicated disorder [1,7].

The endothelins are a family of 21-amino-acid peptides
mainly produced by endothelial cells, which consist of three
isoforms, including endothelin-1 (ET-1) and the related
peptides endothelin-2 and -3. In addition to a potent vaso-
constrictive effect, ET-1 possesses a wide range of biological
effects on different cell types. Several lines of evidence have
demonstrated that ET-1 plays a pivotal role in the process
of fibroblast activation as a downstream target of TGF-
[8-11]. TGF-P1 induces the expression of ET-1 through
Smad- and activator protcin-1/c-Jun N-terminal kinase-
dependent signaling in human dermal fibroblasts, while
through a Smad-independent ALK5/activator protein-1/c-
Jun N-terminal kinase-dependent signaling in human lung
fibroblasts, and the ability of TGF-P1 to trigger the pro-
fibrotic gene program is dependent on ET-1 in both of
these cells [9,12]. In animal models, forced expression of
ET-1 accelerates dermal wound healing as well as TGF-B1,
while blockade of endothelin signaling with bosentan, a
dual endothelin receptor antagonist, significantly in-
hibits the effect of TGF-f1 on dermal wound healing
{12]. Importantly, bosentan also attenuates bleomycin
(BLM)-induced skin fibrosis in animal models [12].
Thus, endothelins are potentially implicated in the
pathogenesis of fibrotic disorders.

The role of ET-1 has also been well-studied in SSc. Cir-
culating ET-1 levels are elevated in diffuse cutaneous SSc
and limited cutaneous SSc¢ patients compared with healthy
controls, and in limited cutaneous SSc patients with pul-
monary arterial hypertension as compared to those without
[13,14], suggesting the involvement of ET-1 in the develop-
ment of fibrotic and vascular involvement associated with
SSc. Clinically, bosentan has been shown to prevent the de-
velopment of new digital ulcers in SSc patients by two
high-quality randomized clinical trials [15,16]. As for pul-
monary arterial hypertension associated with SSc, bosentan
mostly prevents the exacerbation of hemodynamic pa-
rameters and improves exercise tolerance evaluated by
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6-minute walk distance {17-19]. These clinical data suggest
that bosentan is useful for the treatment of vascular in-
volvement in SSc. In contrast, the clinical efficacy of
bosentan for interstitial lung disease (ILD) is relatively
limited [20,21], though bosentan reverses. the pro-fibrotic
phenotype of cultured SSc lung fibroblasts {8-11]. Since
this discrepancy between experimental data and clinical
observation may be partly due to the relatively lower tissue
distribution of bosentan (approximately 1%) [22], endothe-
lin receptor antagonists with better tissue distribution have
a potential to improve the pathological fibrosis in SSc.

As described above, although ET-1 is a potent pro-
fibrotic peptide and bosentan exerts a novel anti-fibrotic
effect, the detailed molecular mechanism explaining
these observations has still remained unknown. There-
fore, we herein investigated the mechanisms by which
ET-1 drives a pro-fibrotic gene program in normal der-
mal fibroblasts and bosentan reverses the pro-fibrotic
phenotype of SSc¢ dermal fibroblasts and the experimen-
tal dermal fibrosis in animal models.

Methods

Reagents

Anti-Flil antibody for immunoblotting and immunofluores-
cence and anti-protein kinase C (PKC)-8 antibody were pur-
chased from Santa Cruz Biotechnology (Santa Cruz, CA,
USA). Anti-Flil antibody for immunohistochemistry was
obtained from BD Biosciences (San Diego, CA, USA). Anti-
bodies against ¢-Abl and phospho-c-Abl (Tyr245) were
bought from Cell Signaling (Danvers, MA, USA). Antibodies
for B-actin and a-smooth muscle actin (a-SMA) and anti-
body for type I collagen were products from Sigma-Aldrich
(St. Louis, MO) and Southern Biotech (Birmingham, AL,
USA), respectively. The polyclonal rabbit anti-phospho-
Flil (Thr312)-specific antibody was generated as described
previously [23]. Bosentan was a gift from Actelion Phar-
maceuticals (Allschwil, Switzerland). Smad3 inhibitor SIS3
was purchased from Calbiochem (San Diego, CA, USA).

Cell cultures

Human dermal fibroblasts were obtained by skin biopsy
from the affected areas (dorsal forearm) of eight patients
with diffuse cutaneous SSc with less than 2 years of skin
thickening and from the corresponding area of eight closely
matched healthy donors. Fibroblasts were cultured in
Dulbecco’s modified eagle medium with 10% fetal calf
serum, 2 mM L-glutamine, and the antibiotic antimycotic
solution. These cells were individually maintained as mono-
layers at 37°C in 95% air, 5% CO,. All studies used cells
from passage number three to six. The study was per-
formed according to the Declaration of Helsinki and ap-
proved by the ethical committee of the University of Tokyo
Graduate School of Medicine. Written informed consent
was obtained from all of the patients and healthy controls.
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Cell viability assay

Cell viability was evaluated by the trypan blue exclusion
test. Cells were treated with the indicated concentration of
bosentan. Cell viability was examined at 24 and 48 hours.
Stained (dead) and unstained (viable) cells were counted
with a hematocytometer.

Immunoblotting

Confluent quiescent fibroblasts were serum-starved for
48 hours and harvested. In some experiments, cells were
stimulated with ET-1 or bosentan for the indicated
period of time before being harvested. Whole cell lysates
and nuclear extracts were prepared as described previ-
ously [2,24]. Samples were subjected to sodium dodecyl
sulfate-polyacrylamide gels electrophoresis and immuno-
blotting with the indicated primary antibodies. Bands
were detected using enhanced chemiluminescent tech-
niques (Thermo Scientific, Rockford, IL, USA). Accord-
ing to a series of pilot experiments, anti-Flil antibody
and anti-phospho-Flil (Thr312)-specific antibody work
much better in immunoblotting using nuclear extracts
and whole cell lysates, respectively.

RNA isolation and reverse transcription (RT) real-time PCR
Total RNA was isolated from normal and SSc fibroblasts
with RNeasy spin columns {Qiagen, Crawley, UK). One pg
of total RNA from each sample was reverse-transcribed
into ¢cDNA using the iScript cDNA synthesis kit (Bio-Rad,
Hercules, CA, USA). Real-time quantitative PCR was
performed using Fast SYBR Green PCR Master Mix
(Applied Biosystems, Carlsbad, CA, USA) on ABI prism
7000 (Applied Biosystems) in triplicates. Human o2 (I)
collagen (COL1A2) and Flil mRNA levels were normal-
ized to human 18S rRNA mRNA levels. The sequences of
primers for COL1A2, Flil, and 18S rRNA were obtained
from previous publications [25,26]. The AACt method was
used to compare target gene and housekeeping gene (18S
rRNA) mRNA expression.

Plasmid construction

Generation of a series of 5'-deletions of COL1A2/
chloramphenicol acetyltransferase (CAT) construct con-
sisting of the COLIA2 gene fragments (+58 to -353, -264,
-186, or —108 bp relative to the transcription start site)
linked to the CAT reporter gene was done as previously
described {27,28].

The evaluation of COL1A2 promoter activity by RT

real-time PCR

Normal or SSc fibroblasts were grown to 50% conflu-
ence in 100-mm dishes, transfected with the indicated
constructs along with pSV-B-galactosidase {3-GAL) using
FuGENE6 (Roche Diagnostics, Indianapolis, IN, USA).
After overnight incubation at 37°C, some cells were
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further stimulated with ET-1 or bosentan for 24 hours.
The cells were harvested and CAT and B-GAL mRNA
levels were determined using RT real-time PCR. Transfec-
tion efficiency was normalized by f-GAL mRNA levels.
In some samples, it was confirmed that this method re-
produces the results of relative promoter activity evalu-
ated by the canonical method of CAT reporter assay
using [**C]-chloramphenicol. The sequences of primers
were as follows: CAT forward 5-TTCGTCTCAGCCA
ATCCCTGGGTGA-3" and reverse 5'-CCCATCGTGA
AAACGGGGGCGAA-3"; B-GAL forward 5-TCCACC
TTCCCTGCGTTA-3" and reverse 5 -AGAAGTCGGG
AGGTTGCTG-3".

DNA affinity precipitation assay

DNA affinity precipitation assay was performed as de-
scribed previously {29]. Briefly, nuclear extracts prepared
from dermal fibroblasts were incubated for 10 minutes at
4°C with gel shift binding buffer, and 20 pg of poly (dI-dC)
in a final volume of 1 ml. Pre-clearing was performed by
adding streptavidin-coupled agarose beads and incubating
the mixture for 30 minutes at 4°C. After centrifugation,
the supernatant was incubated with 500 pM of COL1A2-
EBS oligonucleotide, which corresponds to bp -307
to ~269 of COL1A2 promoter, or COL1A2-EBS-M oligo-
nucleotide, which has a mutated Ets binding site (EBS) of
COL1A2-EBS oligonucleotide, overnight at 4°C. Then,
streptavidin-coated agarose beads were added, followed by
a further 2-hour incubation at 4°C. The protein-DNA-
streptavidin-agarose complex was washed twice with Tris-
ethylenediaminetetraacetic acid (EDTA) including 100
mM NaCl, twice with gel shift binding buffer, and once
with PBS. Precipitates were subjected to immunoblotting
with anti-Flil antibody.

Chromatin immunoprecipitation (ChiP) assay

ChIP assay was carried out using EpiQuik ChIP kit
(Epigentek, Farmingdale, NY, USA). Briefly, cells were
treated with 1% formaldehyde for 10 minutes. The
cross-linked chromatin was then prepared and soni-
cated to an average size of 300 to 500 bp. The DNA
fragments were immunoprecipitated with anti-Flil anti-
body at 4°C. As a negative control, normal rabbit IgG
was used. After reversal of crosslinking, the immuno-
precipitated chromatin was quantified by RT real-time
PCR. The primers were as follows: COL1A2/F-404, 5'-
CTGGACAGCTCCTGCTTTGAT-3"; COL1A2/R-233,
5'-CITTCAAGGGGAAACTCTGACTC-3".

BLM-induced murine model of SSc

BLM (Nippon Kayaku, Tokyo, Japan) or PBS was
injected subcutaneously into the back of C57BL/6 mice
daily for 3 weeks, as described previously [30].
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Immunohistochemistry

Immunohistochemistry with Vectastain ABC kit (Vector
Laboratories, Burlingame, CA, USA) was performed on
formalin-fixed, paraffin-embedded tissue sections using
anti-Flil antibody according to the manufacturer’s
instruction.

Immunofluorescence

Rabbit anti-Flil antibody and mouse anti-a-SMA antibody
were used as primary antibodies and Alexa Fluor 546 goat
anti-rabbit IgG antibody (Invitrogen, Carlsbad, CA, USA)
and fluorescein isothiocyanate (FITC)-conjugated rat anti-
mouse IgG antibody (Roche) were used as secondary anti-
bodies. Coverslips were mounted by using Vectashield
with DAPI (Vector Laboratories), and staining was exam-
ined by using Bio Zero BZ-8000 (Keyence, Osaka, Japan)
at 495 nm (green), 565 nm (red), and 400 nm (blue).

Statistical analysis

Statistical analysis was carried out with the Mann-
Whitney U-test to compare the distributions of two
unmatched groups. The paired t-test was used for the
comparison of paired data after confirming the normal
distribution. Statistical significance was defined as a
P-value of <0.05.

Results

ET-1 rapidly induced the expression of type | collagen via
the non-Smad signaling pathway

As an initial experiment, to determine the optimal dose
of ET-1 to induce the expression of type I collagen in
normal dermal fibroblasts, cells were treated with ET-1
at the concentration of 0, 50, 100, 200, or 400 nM for
24 hours and mRNA levels of the COLIA2 gene were
determined by RT real-time PCR. As shown in Figure 1A,
ET-1 significantly increased the mRNA levels of the
COL1A2 gene at the concentration of 200 nM. To fur-
ther confirm this finding at protein levels, the levels of
type I collagen protein were determined by immunoblot-
ting under the same conditions. As shown in Figure 1B,
ET-1 induced the expression of type I collagen protein
in a dose-dependent manner, reaching a peak at the
concentration of 200 nM. Therefore, in the following
studies, we stimulated cells with ET-1 at the concentration
of 200 nM. :

We next investigated the time course of ET-1-
dependent induction of type I collagen in normal dermal
fibroblasts. As shown in Figure 1C, the increase in the
mRNA levels of the COLIA2 gene was observed mod-
estly but significantly as early as 15 minutes and reached
a maximum around 30 to 60 minutes after the ET-1
stimulation. This observation was also reproduced at
protein levels by immunoblotting (Figure 1D). As Smad3
has a big impact on the TGF-f-dependent regulation of

Page 4 of 14

type I collagen expression, we also investigated the effect
of Smad3 inhibitor SIS3 on the ET-1-induced mRNA ex-
pression of the COLIA2 gene. As shown in Figure 1E,
SIS3 did not affect the mRNA levels of the COLIA2
gene induced by ET-1 stimulation. Collectively, these re-
sults indicate that ET-1 rapidly increases the expression
of type I collagen via the non-Smad signaling pathway.

The responsive element of COL1A2 promoter to ET-1 was
located between —-353 and —264 bp, which includes the
Fli1 binding site

To identify potential regulatory elements of the COLIA2
gene by ET-1, we performed a reporter analysis using a
series of 5'-deletions of the COL1A2/CAT construct. As
basal promoter. activities of these constructs have been
well-studied in our previous reports [31], we focused on
the difference in the fold increase of each promoter ac-
tivity induced by ET-1 stimulation. As shown in Figure 2,
ET-1 significantly increased the promoter activity of
the -353 COL1A2/CAT construct, whereas ET-1 totally
lost its stimulatory effect on the promoter activity of
the ~264, ~186, and ~108 COL1A2/CAT constructs. These
results indicate that the responsive element of COL1A2
promoter to ET-1 is located between -353 and -264 bp.
Given that ET-1 increases the mRNA expression of the
COLIA2 gene independently of Smad3, ET-1 potentially
exerts its stimulatory effect on the COLIA2 gene by inacti-
vating transcriptional repressor(s). As the binding site of
Flil, a potent repressor of the COLIAZ2 gene, is located at
~285 to ~282 bp [32], we speculated that Flil may play a
central role in the ET-1-dependent regulation of the
COLIA2 gene expression.

ET-1 induced the phosphorylation of Fli1 at threonine

312 and decreased its binding to the COL1A2 promoter
To confirm the hypothesis described above, we asked if
ET-1 regulates the transcriptional activity of Flil in normal
dermal fibroblasts. Qur previous studies reported that
transcriptional activity of Flil is tightly regulated by the
phosphorylation-acetylation cascade triggered by PKC-d-
dependent phosphorylation of Flil at threonine 312 [23].
Phosphorylated Flil is subsequently acetylated by p300/
CBP-associated factor at lysine 380, resulting in the loss of
DNA binding ability. [29] and degradation through the
proteasomal pathway (unpublished data). As the phos-
phorylation of Flil at threonine 312 is a critical step regu-
lating Flil transcriptional activity, we initially looked at the
effect of ET-1 on the phosphorylation levels of Flil at
threonine 312. As shown in Figure 3A, consistent with
our hypothesis, Flil was phosphorylated at threonine 312
by ET-1 as early as 15 minutes after the stimulation. To
further confirm if ET-1 decreases the binding ability of
Flil to COL1A2 promoter, we employed the DNA affin-
ity precipitation assay. As shown in Figure 3B, ET-1
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Figure 1 Endothelin-1 (ET-1) induced the expression of type | collage through the non-Smad pathway in normal dermal fibroblasts.

A, B. Quiescent normal dermal fibroblasts were treated with the indicated concentration of ET-1 for 24 hours. mRNA levels of the human a2

(h coltagen (COL1A2) gene were determined by reverse transcription (RT) real-time PCR (A). Under the same condition, whole ceil lysates were
subjected to immunoblotting with anti-type | collagen antibody (B). (€, D) Quiescent normal dermal fibroblasts were treated with 200 nM of ET-1
for the indicated period of time. mRNA levels of the COLIAZ gene (C) and the protein levels of type | collagen in whole cell lysates (D) were
evaluated by RT real-time PCR and immunoblotting, respectively. (E) Quisscent normal dermal fibroblasts were treated with $IS3 (3 uM) or
methanol. One hour fater, some of the cells were treated with 200 nM of ET-1 for 3 or 24 hours. mRNA levels of the COLIA2 gene were assessed
by RT real-time PCR. The graph represents fold change in mRNA levels of the COLIA2 gene and protein levels of type | collagen, which were
quantified by densitometry, in response to ET-1 in comparison to unstimulated controls, which were arbitrarily set at 1. *P <0.05 versus control
cells untreated with ET-1. a1{l), a1(l) procollagen; a2{l), a2() procollagen; AU, arbitrary unit.
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stimulation decreased the DNA binding ability of Flil as
early as 15 minutes, consistent with the results of im-
munoblotting. This observation was also confirmed
in vivo by ChIP analysis showing that ET-1 decreased the
association of Flil with the COL1A2 promoter at 3 hours
after stimulation (Figure 3C). Taken together, these results
indicate that ET-1 increases the promoter activity of the

COLIA2 gene by attenuating the DNA binding of Flii
through its phosphorylation at threonine 312.

ET-1 promoted the nuclear localization of PKC-5 by
activating c-Abl

We previously disclosed that sequential activation of ¢-
Abl and PKC-8 is necessary for Flil phosphorylation at

— 521 —



