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Editor’s Memo

his issue of Scleroderma Care and Research contains the abstracts that were

presented at the Ninth International Scleroderma Workshop held in Boston in

2006. Joseph H. Korn, MD, and Carol M. Black, MD, were the prime movers
in developing content and maintaining the quality of the biannual International
Workshops. Unfortunately Joe passed away shortly before this Workshop was to take
place. It is fitting, therefore, that we dedicate this issue of Scleroderma Care and
Research to his memory.

The International Scleroderma Workshop was the brainchild of Joe Korn and Carol
Black, who years ago decided that a workshop focused on very basic research (much
of which was not directly linked to scleroderma) would be good for investigators
interested in scleroderma. Many of the invited speakers were from outside the field of
scleroderma. They were asked to present work that was, in the broadest of senses,
“interesting” to investigators in scleroderma, but it often was seemingly quite tangen-
tial. The plan was for scleroderma investigators to see work that would “tweak” them
into thinking about new and entirely different approaches to investigating the disease.

Joe and Carol held their first Workshop in Chicago in 1990, with funding from
an interested patron. It was a small, select group of interested folks. From there, the
workshop alternately bounced between the United States and the United Kingdom on a
biannual basis, with the Ninth Workshop being held in Boston in 2006. The audience
has increased accordingly, with more than 200 investigators attending this year.

Although Carol’s career (she is Professor and Chief of Rheumatology at Royal
Free Hospital in London) has always been based in both basic and clinical research,
Joe started out as a basic researcher. Over the years he blossomed. As Professor of
Medicine, Chief of Rheumatology, and Head of the Scleroderma Unit at Boston
University School of Medicine, he learned how to take care of patients with sclero-
derma. He became the rare division head who was comfortable at the bench taking
care of fibroblasts as well as in the clinic taking care of patients with scleroderma.

As a result, he encouraged and supported both basic and clinical research, both at
Boston and in the world arena.

This dual role that Joe and Carol assumed in their careers (basic research coupled
with clinical care) spilled over into the content of the International Workshop. Although
it began as a forum for basic research, the Workshop began to add segments that
addressed clinical research. In 2002 the Scleroderma Clinical Trials Consortium helped
develop a half-day segment relating to new aspects of clinical research as it pertains to
systemic sclerosis. Over the last few Workshops, I am happy to say that the conference
has continued to include segments dealing with new aspects of clinical research along-
side the basic research that has been the hallmark of this conference.

The entire scleroderma community misses Joe. Importantly, the Workshop is
continuing, even in his absence. As it continues, it should remain a reminder of the

major contributions he made to this field.

Philip J. Clements, MD
Editor-in-Chief



Abstracts Presented—

Ninth International Workshop on

Scleroderma Research

1. The contribution of connective tissue growth factor
(CTGF) to fibroblast biology

Laura Kennedy', Xu Shi-wen?, Yunliang Chen?, David E.
Carter', Karen M Lyons?, Carol M. Black?, David J. Abraham?,
Andrew Leask!

ICIHR Group in Skeletal Development and Remodeling,
University of Western Ontario, London, Ontario, Canada,
2Center for Rheumatology, University College London (Royal
Free Campus), London, UK, 3Department of Biological
Chemistry, UCLA, Los Angeles, California

CCN2 is induced by TGFbeta in fibroblasts and is overexpressed
in connective tissue disease such as scleroderma. CCN2 has been
proposed to be a downstream mediator of TGFbeta action in
fibroblasts; however, the role of CCN2 in regulating this process
unclear. Here, we show using embryonic fibroblasts isolated from
Ccn2-/- mice that CCN2 is required for the induction of 345/942
TGFbeta-responsive  mRNAs. Although TGFbeta properly
induced a generic Smad3-responsive promoter in Ccn2-/- fibrob-
lasts, TGFbeta-induced focal adhesion kinase (FAK) and Akt acti-
vation was reduced in Ccn2-/- fibroblasts. Aktl overexpression in
Ccn2-/- fibroblasts rescued the TGFbeta induced transcription of
CCN2-dependent mRNA. Induction of TGFbeta-induced fibrob-
last adhesion to fibronectin and type I collagen was significantly
diminished in Ccn2-/- fibroblasts. Ccn2-/- fibroblasts showed
reduction in basal expression of approximately 500 genes and
diminished cell migration and matrix contraction, which depend-
ed on MEK/ERK. Thus CCN2 is necessary for the activation of a
matrix synthesis and remodeling program, and therefore is likely
to represent, compared to TGFbeta, a selective target for drug
intervention in scleroderma.

2. Development of a minimal standard for the evaluation of
patients with juvenile systemic sclerosis

Ivan Foeldvari

Hamburger Zentrum fiir Kinder- und Jugendrheumatologie,
Hamburg, Germany

Introduction: Juvenile systemic sclerosis (jSSc) is a rare dis-
ease. Currently just retrospective data exist regarding organ in-
volvement, and evolution of the disease. No standard assessment

of the organ involvement has been developed.

Objectives: The goal of the project is to develop a minimal stan-
dard to assess organ involvement in jSSc and to develop and fol-
low a jSSc inception cohort. Using the standard assessments,
prospective data will be collected to describe organ involvement
and changes in organ involvement over time.

Methods: A group of interested pediatric theumatologists have
held two face-to-face meetings and several rounds of E-mail dis-
cussions to develop a consensus regarding the data set and study
methodology.

Results: For each organ system involved in jSSc, a consensus was
reached regarding aspects of physical examination and diagnostic
tests, and intervals between consecutive evaluations that would be
appropriate for patient care. A minimal scheme for patient evalu-
ation and follow-up was determined, with a requirement that all
diagnostic tests be available in virtually all pediatric rheumatology
centers. Additional tests were suggested as option where available.
Emphasis was placed on collection of quantitative data whenever
possible. An international, multicenter, prospective study of the
disease manifestations and evolution of jSSc has been planned.
The data set for the study will be presented.

Conclusion: A minimal standard of initial and follow-up evalua-
tion has been proposed for jSSc. Based on this standard, an incep-
tion cohort will be developed and data on these patients will be
prospectively collected in an international study group. The results
of this study will not only advance our understanding of jSSc, but
also help guide other physicians in their care of children with sys-
temic sclerosis.

3. Controlled trial of tadalafil in Raynaud phenomenon (RP)
secondary to systemic sclerosis (SSc)

Elena Schiopu, MD !, Vivien M. Hsu, MD 2, Ann J. Impens,
PhD !, Jennifer A. Guerriere-Rothman, MD 2, Deborah A.
McCloskey, BSN 2, Julianne E. Wilson, RN 2, James R. Seibold,
MD'!

'University of Michigan Scleroderma Program, Ann Arbor,
Michigan, 2UMDNIJ Scleroderma Program, New Brunswick,
New Jersey

Objective: Type V ¢cGMP phosphodiesterase inhibitors (PDE-5)
are reported as useful in the treatment of RP and for the ischem-
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ically threatened digit in SSc. Controlled trials are lacking.
Methods: 39 patients with SSc and RP were recruited for a ran-
domized, double-blinded, placebo-controlled, cross-over study of
tadalafil at 20 mg daily. Quality of female sexual function was a
co-primary outcome hence all patients were women. The mean
age was 52.9 £+ 10.6 years. Of the 39 subjects, 29 (74.4%) had lim-
ited and 10 (25.6%) had diffuse scleroderma. The mean duration
of RP was 11.8 + 10 years. Eligible subjects recorded daily diaries
of RP episodes and Raynaud Condition Score (RCS) for 2 weeks.
The average number of RP attacks per week was 20.7 = 12.3.
Subjects that had at least 6 RP attacks per week were randomized
to 20 mg tadalafil or placebo daily for 4 weeks followed by a 2
week wash-out and then 4 weeks of crossover therapy. The safety
and tolerability were assessed by monitoring adverse effects (AE),
vital signs, clinical laboratories and physical examination find-
ings. Efficacy was assessed utilizing a daily paper diary including
RCS. Duration and frequency of RP attacks were secondary effi-
cacy outcomes.

Results: There were no severe AEs. Common AEs included
headache (32.5%), myalgia (22.5%), fluid retention (10%), vaso-
motor changes (7.5%), fatigue (5%), sleep disturbances (5%) and
palpitations (5%). Five subjects reported no AEs. Measures of
efficacy are reported as mean change from baseline and revealed:

RCS RP Frequency RP Duration

(cm) (per day) (min)
Baseline 3.76 2.93 53.42
Tadalafil -1.33 -0.85 -12.81
Placebo -1.23 -0.83 -6.42

All differences were not significant: RCS (t (38) =-0.36, P =.71),
RP Frequency (t (38) =-0.08, P = .93) and RP Duration (t (38) =
-1.15, P =.25). There were too few digital ulcers to permit analy-
sis. Several validated questionnaires of quality of female sexual
function showed no effects (data not presented).

Conclusions: Tadalafil is a long acting PDE-5 inhibitor amenable
to once daily dosing. It appears to be well tolerated in women with
SSc and RP. The present data do not support its use as a therapy
for RP secondary to SSc although studies in pulmonary hyperten-
sion—SSc are in progress. Placebo effect remains a prominent
issue in RP clinical trial design.

4. Influences of clinical features of systemic sclerosis (SSc)
on the Michigan Hand Questionnaire (MHQ)

AJ Impens, PhD, KC Chung, MD, MH Buch, MD, E Schiopu,
MD, S Kotsis, MPH, P Burns, MPH, and JR Seibold, MD
University of Michigan, Ann Arbor, Michigan

Rationale: Domains of SSc hand impairment include digital
ulcers, skin thickening, tendon/joint involvement and atrophy. The
MHQ is a 37-item hand-specific outcomes questionnaire with 6
subscales: overall hand function, activities of daily living (ADL),
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pain, work performance, aesthetics, and patient satisfaction with
hand function. MHQ is highly validated in rheumatoid arthritis
(RA). We have shown reliability and validity in SSc. We examine
the influence of SSc hand features on the MHQ.

Methods and Patients: Ninety-four ambulatory SSc patients, 47
with limited and 47 with diffuse disease, completed MHQ along
with SF36 and SHAQ. Eighty-one (86%) were women. Mean age
was 51 y = 12 and disease duration 7y + 7. SSc patients were sub-
grouped by disease features into 1) tendon involvement (palpable
tendon friction rubs/impaired fist closure) 2) digital tip ulcerations
3) upper extremity skin score (fingers, hands, forearms; 0-3 per
area, range 0-18), and 4) disease classification.

Results:

Spearman’s Correlations for the MHQ, SHAQ, and
Domains of Scleroderma Hand Function

Skin Score Digital Ulcers Tendon Involvement

Combined Limited Diffuse Combined Limited Diffuse Combined Limited Diffuse
MHQ -358 -15NS 369 -08NS _[INS (O3NS -52%  -40+ -57*%
Combined
Overall S34x 221N 319 01N 02NS O3NS -51%  -46+ -48+
Hand
Function
Activities of -34x -01NS -26NS (05N _02NS _ 06 NS -AT7F 0 -30 -44=+
Daily Living
Pain + 21N 1INS 19N J9NS 23NS 5N 36§ .30NS 42+
Aesthetics S250 - 16NS _30NS  _12NS _j4NS g7NS =358 =349 -38(
Work S27 - 15NS 399 -02NS 08NS 06 NS -34+ -20NS_41+
Performance
Satisfaction -34+ -.08NS -36 -04NS 00NS 02 NS -50% =359 -.57*%
Hand Function
SHAQ 25 .10NS 04N 03NS _ 05N 7N A46% 56§ .1LNS

Lower scores on MHQ reflect higher impairment except for MHQ
Pain where higher scores reflect higher pain levels

*P<.0001; § P<.001;+£P<.01; ] P<.05; NS = Not Significant
Conclusions: Digital ulcers and skin thickening had minimal
impact whereas tendon involvement dominated patient ratings of
hand function. No significant correlations were found between
number of digital ulcers and MHQ, MHQ subscales, SHAQ or
SF36 for all patients and diffuse SSc patients. Tendon involve-
ment correlated with several MHQ scales in the total patient sam-
ple and both SSc groups. These observations are consistent with
clinical studies of digital ulcers wherein neither SHAQ nor other
hand functional tools have been shown to be sensitive to change.
MHQ is a valid and reliable measure of hand function in SSc
although sensitivity to change has not been assessed.
Occupational therapy focused on fist closure and tendonitis would
be predicted to influence hand function whereas future studies of
digital ulcers and skin involvement will require more specific
instruments.



5. Validation of the Michigan Hand Outcomes Questionnaire
(MHQ) in systemic sclerosis (SSc)

Al Impens, PhD, KC Chung, MD, MS, MH Buch, MD, E
Schiopu, MD, S Kotsis, MPH, P Burns, MPH, JR Seibold, MD
University of Michigan, Ann Arbor, Michigan

Rationale: Hand involvement is a universal feature of systemic
sclerosis (SSc) and hand impairment is a key determinant of func-
tional status in SSc. Validated outcome measures that are practical
for SSc are lacking. The MHQ is a 37-item hand-specific out-
comes questionnaire with 6 subscales: overall hand function,
activities of daily living (ADL), pain, work performance, aesthet-
ics, and patient satisfaction with hand function. The MHQ has
been validated in rheumatoid arthritis (RA) and has face and con-
tent validity for application in SSc.

Methods and Patients: Ambulatory SSc patients completed the
MHQ along with SF-36 and SHAQ. Thirty-two subjects under-
went repeated testing (2-week intervals) to assess test-retest relia-
bility. MHQ responses were compared with detailed clinical
measurements of SSc.

Results: Ninety-four SSc patients were studied, including 47 with
limited and 47 with diffuse SSc. Eighty-one (86%) were women.
Mean age was 51 y + 12 and disease duration 7y +7. Test-retest
reliability for MHQ was .84 (Spearman correlation), which ranged
from .61 for aesthetic to .86 for ADL subscales. Internal consisten-
cy including overall MHQ and each subscales all scored > .80,
except for a .62 correlation with aesthetic scale. Both limited and
diffuse groups had similar internal consistency scores.

Spearman’s Correlations between the MHQ, SHAQ,
and subscales of SF-36

SF-36 SF-36 SF-36 SF-36
Physical Pain  Mental Health General Health

SHAQ SF-36
Physical+Pain

MHQ -.65% .66%* 43 .64 264 388
Combined

Overall -.56% 55% 39§ 56% A7 NS 339
Hand

Function

Activities -.70% .68% ST .60%* 19 NS A41%
of Daily

Living

Pain + 54 -.58% -3l -.65% -19 N8 =279
Aesthetics -.29+ 30+ A7NS 30+ 259 A7 NS
Work -.55% .69% A4 .60 368 .36%
Performance

Satisfaction -.59% 55% 37 54 259 39§
Hand

Function

Lower scores on MHQ reflect higher impairment except for MHQ Pain, where
higher scores reflect higher pain levels The negative sign in the pain scale indi-
cates reverse scoring: patients with a higher pain score (more pain) have worse
Performance * P <..0001;§ P <..001; + P <.01; P < .05, NS = Not Significant

Conclusions: The MHQ has test-retest reliability and good inter-
nal consistency in a large sample of SSc patients. MHQ has con-
struct validity for SSc because its function and pain domains cor-
related with similar domains in SHAQ and the SF-36. The non-

significant low correlation between the MHQ and the SF-36 men-
tal scale is sensible, while the low correlation between the MHQ
aesthetic domain and other functional domains adds to the con-
struct validity of the aesthetic domain, which is often overlooked.
The MHQ is a promising outcomes tool for SSc and its respon-
siveness will be tested in clinical trials.

6. Caveolin-1 regulates collagen expression and myofibro-
blast differentiation and inhibits bleomycin-induced lung
fibrosis

Mattieu Richard, Elena Tourkina, Michael Bonner,

Richard. M. Silver, Stanley Hoffman

Department of Medicine, Division of Rheumatology and
Immunology, Medical University of South Carolina, Charleston,
South Carolina

Abnormal deposition of extracellular matrix proteins, mainly col-
lagen, in many lung diseases, including scleroderma, is the hall-
mark of lung fibrosis. Our previous studies suggested that a
PKC/MEK/ERK/caveolin-1 signaling cascade regulates collagen
accumulation in normal lung fibroblasts (NLF). We found that
caveolin-1 depletion leads to increased collagen levels in NLF, but
not in scleroderma lung fibroblasts (SLF), in which caveolin-1 is
already expressed at low levels. To further investigate the role of
caveolin-1 on collagen regulation we overexpressed full-length
caveolin-1 using an adenoviral construct and increased its func-
tion using the caveolin-1 scaffolding domain peptide (CSD). Both
treatments gave the expected decrease in MEK/ERK activation
and collagen levels in NLF and SLF. In addition to regulating their
collagen expression caveolin-1 also regulates the differentiation of
fibroblasts to myofibroblasts. Caveolin-1 depletion leads to a-
smooth muscle actin (ASMA) upregulation in NLF, but not in
SLF, while increasing caveolin-1 expression decreases ASMA
levels in SLF, but not in NLF. Although caveolin-1 perturbations
had no effect on the level of expression of PKC alpha and epsilon,
immunohistochemical analyses revealed alterations in the local-
ization of PKC isoforms after CSD treatment in both NLF and
SLF, suggesting that caveolin-1 may regulate signaling molecule
function by their translocation. In vivo studies have shown that
systemic CSD delivery inhibits bleomycin-induced lung fibrosis
in mice. Thus caveolin-1 plays an important role in the regulation
of collagen synthesis and myofibroblast differentiation, and there-
by inhibits bleomycin-induced lung fibrosis.

7. Adenosine modulates dermal fibrogenesis

Patricia Fernandez!, Sean Trzaska!, Tuere Wilder!, Michael R
Blackburn?, Bruce N Cronstein!, Edwin SL Chan!

'Department of Medicine, New York University School of
Medicine, New York, NY;

“Department of Biochemistry and Molecular Biology, University
of Texas-Houston Medical School, Houston, Texas

Background: Adenosine, acting at its receptors, is a potent mod-
ulator of inflammation and tissue repair. We have recently report-
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IN PAH, TAKE AIM AT ET-1

THROUGH ET, SELECTIVITY

Circulating levels of ET-1, the most potent subtype of ET, have been associated

with disease severity in PAH." The deleterious effects of elevated ET-1 include cellular

proliferation, vasoconstriction, and vascular remodeling.**

In pulmonary arterial hypertension (PAH), endothelin (ET-1)
exerts its cardiovascular effects through 2 receptors: ETy
and ETg. When ET-1 activates the ET, receptor on the
vascular smooth muscle, it leads to vasoconstriction and
vascular remodeling.** Endothelial ETg receptors mediate
the release of vasodilating nitric oxide (NO) and prostacyclin
(PGl,), while inhibiting and clearing ET-1 from circulation.>
Blockade of ETg receptors may significantly impair the
balance of endothelium-derived vasodilating substances.*’

Endothelial dysfunction has been shown to improve with
selective ET, blockade.® Hence, preemptive targeting of
ET-1 through selective ET, receptor antagonism can slow
the progression of PAH, and may even provide better overall
outcomes.**®

Figure 1: ET, receptor pathway

VASOCONSTRICTIC
PROLIFERATION
P CELL MIGRATION
P HYPERTROPHY

TARGETED ET-1 TREATMENTS MAY
PROVIDE BETTER OUTCOMES

Imbalances in the key endothelial cell-derived mediators
NO, PGl,, and specifically ET-1 are thought to be central
to the pathogenesis of PAH.” NO and PGI, are potent
vasodilators with antiproliferative activity.” ET-1 is a potent
vasoconstrictor with proliferative activity.® Chronically
elevated levels of ET-1 are associated with pulmonary
vascular resistance, excessive scar formation and cardiac
remodeling, cellular proliferation, and cardiac hypertrophy."

A reduction of excess ET-1 levels may result in positive
outcomes for patients with PAH. It has been shown that in
patients with congestive heart failure, elevated ET-1 plasma

Figure 2: ETg receptor pathway
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levels are at least partly associated with impaired ETg
receptor-mediated clearance.” Furthermore, the long-
term administration of a selective ETg receptor antagonist
was found to have unfavorable effects on vascular
remodeling.® This is in sharp contrast to the benefits of
selective ET, antagonism.™

Selectivity to the ETp receptor™™*

THE DIFFERENCE LIES IN ET, SELECTIVITY

1:1 1000:1
ET, SELECTIVITY RATIO 1

2000:11 3000:1 4000:1 5000:1  6000:1  7000:1
Vasoconstriction, cellular proliferation, and vascular
remodeling are the hallmarks of PAH.? Studies have
demonstrated that selective ET, antagonists play a pivotal
role in the regulation of ET-1 levels in PAH and have been
beneficial for vascular remodeling.*”*

*Based on in vitro studies.
TBQ-123 is a peptide probe used to measure ET, selectivity of agents.

Figure 3

Effect of ET, receptor selectivity on ET-1 levels®™*

ET-1 AND RECEPTOR-MEDIATED ACTIVITIES

ET-1 LEVELS
INCREASED

Less selective agents

Highly selective ET, blockade maintains ET-1 clearance,
NO and PGl, levels, and reduces or maintains circulating
ET-1 levels, resulting in vasodilation, increased blood
flow, and repair of remodeled vasculature compared to
less selective agents.*”* (See Figures 1,2)

11 1000:1 2000:1% 3000:1 4000:1 5000:1 6000:1 7000:1
ET, SELECTIVITY RATIO : ET-1 LEVELS

i DECREASED OR UNCHANGED

i Highly selective agents

HOW SELECTIVE TO ET, SHOULD !
TREATMENT BE?

Note: Studies in patients with cardiovascular disease and healthy volunteers.
TBQ-123 is a peptide probe used to measure ET, selectivity of agents.

The more selective, the better. One should always be  Figure 4

aware of the varying degrees of selectivity, as they
equate to differences in blockade of the ET, and ETg
receptors and resulting levels of ET-1.2%" Figure 3 illustrates
the difference between a less selective agent and highly
selective agents. These in vitro selectivity ratios demonstrate
the stark differences in ET, selectivity. Figure 4 depicts
how agents with low selectivity of the ET, receptor
(<2400) increase ET-1 levels whereas highly selective ET,

decrease ET-1 levels or leave them unchanged.®®"
The benefits of ET, selectivity are being recognized.

TOWARD BETTER OUTCOMES IN PAH

Currently, there are no highly selective ET, antagonists
available for the treatment of PAH. In vivo studies have
shown that highly selective ET, antagonism may lead to

receptor (>2400) antagonists have been shown to better overall outcomes.”®"?

References: 1. Rubens C, Ewert R, Halank M, et al. Big endothelin-1 and endothelin-1 plasma levels are correlated with the severity of primary pulmonary hypertension. Chest. 2001;120:1562-1569. 2. Luscher TF,
Yang Z, Tschudi M, et al. Interaction between endothelin-1 and endothelium-derived relaxing factor in human arteries and veins. Circ Res. 1990;66:1088-1094. 3. Yanagisawa M, Kurihara H,
Kimura S, et al. A novel potent vasoconstrictor peptide produced by vascular endothelial cells. Nature. 1988;332:411-415. 4. Murakoshi N, Miyauchi T, Kakinuma Y, et al. Vascular endothelin-B receptor
system in vivo plays a favorable inhibitory role in vascular remodeling after injury revealed by endothelin-B receptor-knockout mice. Circulation. 2002;106:1991-1998. 5. Peacock AJ, Rubin LJ, eds. Pulmonary
Circulation: Diseases and Their Treatment. 2nd ed. London: Arnold; 2004. 6. Fukuroda T, Fujikawa T, Ozaki S, Ishikawa K, Yano M, Nishikibe M. Clearance of circulating endothelin-1 by ETg receptors in rats.
Biochem Biophys Res Commun. 1994;199:1461-1465. 7. Verhaar MC, Strachan FE, Newby DE, et al. Endothelin-A receptor antagonist-mediated vasodilatation is attenuated by inhibition of nitric oxide synthesis and
by endothelin-B receptor blockade. Circulation. 1998;97:752-756. 8. Halcox JPJ, Nour KRA, Zalos G, Quyyumi AA. Coronary vasodilation and improvement in endothelial dysfunction with endothelin ET, receptor
blockade. Circ Res. 2001;89:969-976. 9. Giaid A, Yanagisawa M, Langleben D, et al. Expression of endothelin-1 in the lungs of patients with pulmonary hypertension. N Engl J Med. 1993;328:1732-1739. 10. Hankins
SR, Horn EM. Current management of patients with pulmonary hypertension and right ventricular insufficiency. Curr Cardiol Rep. 2000;2:244-251. 11. Spieker LE, Noll G, Ruschitzka FT, Lischer TF. Endothelin receptor
antagonists in congestive heart failure: a new therapeutic principle for the future? J Am Coll Cardiol. 2001;37:1493-1505. 12. Jeffery TK, Wanstall JC. Pulmonary vascular remodeling: a target for therapeutic
intervention in pulmonary hypertension. Pharmacol Ther. 2001;92:1-20. 13. Liischer TF, Barton M. Endothelins and endothelin receptor antagonists: therapeutic considerations for a novel class of cardiovascular drugs.
Circulation. 2000;102:2434-2440. 14. Chen SJ, Chen YF, Opgenorth TJ, et al. The orally active nonpeptide endothelin A-receptor antagonist A-127722 prevents and reverses hypoxia-induced pulmonary
hypertension and pulmonary vascular remodeling in Sprague-Dawley rats. J Cardiovasc Pharmacol. 1997;29:713-725. 15. Ihara M, Noguchi K, Saeki T, et al. Biological profiles of highly potent novel endothelin
antagonists selective for the ET, receptor. Life Sci. 1992;50:247-255. 16. Williamson DJ, Wallman LL, Jones R, et al. Hemodynamic effects of bosentan, an endothelin receptor antagonist, in patients with pulmonary
hypertension. Circulation. 2000;102:411-418. 17. Clozel M, Breu V, Gray GA, et al. Pharmacological characterization of bosentan, a new potent orally active nonpeptide endothelin receptor antagonist. J Pharmacol
Exp Ther. 1994;270:228-235.
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ed that blockade or deletion of adenosine A,, receptors in mice
protects against bleomycin-induced dermal fibrosis, a murine
model of scleroderma. Adenosine may be formed intracellularly
from adenine nucleotides or extracellularly through their sequen-
tial dephosphorylation by nucleoside triphosphate diphosphohy-
drolase (CD39) and ecto-5’nucleotidase (CD73). Adenosine
deaminase (ADA) converts adenosine to its inactive metabolite
inosine, and its deficiency leads to marked increases in extracellu-
lar adenosine levels. To further characterize the contribution of
endogenous adenosine to skin fibrosis, we determined whether
changes in nucleoside levels, due to either injury (as in the
bleomycin-induced model of dermal fibrosis) or ADA deficiency,
regulate dermal fibrosis.

Methods: Male ADA deficient mice (ADAKO) were supplement-
ed with PEG-ADA enzyme therapy for the first 3 weeks after
birth. After the last enzyme injection, animals were maintained
without PEG-ADA for 2 weeks and then sacrificed. Male
CD39/CD73 deficient mice (CD39/73KO) were injected with the
fibrosing agent bleomycin (0.1U sc qod) for 21 days. After sacri-
fice, dermal morphometric measurements were assessed on fresh-
ly excised skin and 6mm skin punch biopsies. Dermal collagen
content was measured by hydroxyproline determination and skin
adenosine levels were assessed by HPLC.

Results: ADAKO mice showed significant increases in dermal
thickness (0.63+0.01 vs. 0.49+0.01 mm), skin-fold thickness
(1.53+0.03 vs. 1.09+0.03 mm), breaking tension (275+l11 vs.
201+6 g), and hydroxyproline content (10.2+0.4 vs. 6.5+0.2 Ig/mg
tissue) (n=5, P < .01 for each) compared with their wild type (WT)
littermates even in the absence of the exogenous fibrosant
bleomycin. Adenosine levels in supernates of cultured skin from
ADAKO mice were significantly higher than WT littermate con-
trols (2.3+0.1-fold increase, n=5, P < .05). Conversely,
CD39/CD73KO0 mice showed lower dermal thickness (0.29+0.05
vs. 0.3620.10 mm), skin-fold thickness (0.79+0.16 vs. 0.97+0.37
mm), tensile strength (198.2+7.3 vs. 248.7+7.0 g) and hydrox-
yproline content (21.7+1.2 vs. 26.5+1.1 Ig/mg tissue) (n=6, P <
.01 for each) compared to control mice after bleomycin treatment.
Conclusion: Adenosine is a critical regulator of dermal fibrosis
whether increased as the result of a metabolic abnormality (ADA
deficiency) or as the result of a toxic insult (bleomycin). Using
models of both increased and decreased tissue adenosine, our
results suggest that modulation of extracellular adenosine produc-
tion may represent a useful therapeutic means to regulate dermal
fibrogenesis in conditions such as scleroderma.

8. Gravitational stress effects in the digestive tract of
patients with systemic sclerosis. Clinical and endoscopic
findings. Preliminary communication

M.E. Isasi, E.S. Isasi, E. Trucco, E. Méndez.

Gravitational Therapy Center, Gastroenterology Service and
Cardiology Center of the Maciel Hospital, Medical Clinic “C”
of Clinical Hospital, Montevideo, Uruguay

Systemic Sclerosis (SS) or scleroderma is an autoimmune connec-
tive tissue disease characterized by vasculopathy, inflammation
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and fibrosis that involves skin and internal organs. Most of the
clinical manifestations in SS are secondary to vascular damage.
Microvascular dysfunction, ECS damage and leakage are the
components of the early inflammatory stage and fibrosis is the
final stage of pathological process. Clinically, Raynaud’s
Phenomenon is practically a constant in SS and it precedes in years
or decades “skin fibrosis”, the hallmark of Scleroderma. Raynaud’s
Phenomenon in SS patients is not limited to the fingers: the
microvascular dysfunction is a widespread phenomenon and the
digestive tract doesn’t escape it. In SS, in a patient with Raynaud’s
Phenomenon and pathological capillaroscopy, the most frequent
digestive involvement is that of the esophagus, and this can be
detected before the appearance of the sclerosis of the dermis.
Materials and Methods: Clinical and endoscopic findings of the
digestive tract were analyzed in 27 outpatients with SS (22 F and
5 M, age 48+13 years) before and after Gravitational Therapy
(Protocol GS (+GZ)). SS diagnosis was carried out according to
American College of Rheumatology criteria for Scleroderma. The
study was approved by the Ethical Committee of the Center and
the patients’ participation committee; an informed consent was
obtained from each patient. All patients were evaluated by:

1) Clinical assessment of gastrointestinal involvement including:
oral aperture measurement, hyposalivation, sclerosis of the facial
skin, lip retraction, heartburn, reflux, dysphagia, dysphonia, chest
pain, night asphyxia episodes, postprandial abdominal pain, con-
stipation or diarrhea, anal sclerosis, rectal incontinence, anorexia
and weight loss.

2) Endoscopic esophagus-gastro-duodenal studies and the ary-
tenoids’ characteristics were documented. Endoscopic data of the
esophagus were categorized. In 10 patients barium esopha-
gograms, and in 3 patients esophageal manometry were per-
formed.

3) Digital photoplethysmograpy with serial records, documented
wave pulse profiles and their evolution. Pharmacological consid-
erations: in this investigation all the patients suspended nons-
teroidal anti-inflammatory drugs (NSAIDs), calcium channel
blockers’ vasodilators or antiplatelets, and / or drugs that influ-
enced the fibrosis metabolism like corticoides, penicillamine,
colchicine, etc. Patients who previously received antacids or pro-
ton-pump inhibitors (a total of 15 patients) maintained the same
medication during this whole investigation.

Gravitational Therapy Procedure: All patients were placed on
the couch of a human centrifuge in supine decubitus. After a week
of training, all patients were exposed to different acceleration and
deceleration profiles from 1 to 6 “g”, from head to feet (+GZ) as
previously described, during one hour, three times per week, over
two months.

Results: Clinical findings before gravitational therapy:
Gastrointestinal disorders involved many regions of the gut from
the mouth to the anus. 1) Limitation of oral and anal opening by
skin sclerosis was observed: at oral level in 13 pts. (48%) and anal
level in 2 pts. (7%). 2) esophagus dysfunction in 18 pts. (67%).
Heartburn in 18 pts. (67%); dysphagia in 16 pts (59%), dysphonia
in 10 pts (37%); chest pain in 4 pts (15%); night asphyxia episodes
in 4 pts. (15%); postprandial abdominal pain in 6 pts. (22%); con-
stipation in 5 pts (19%); anal sclerosis in 2 pts (7%); rectal pro-



lapse in 1 patient. (4%); anorexia in 9 pts. (33%) and weight loss
in 12 pts. (44%).

Endoscopic findings before Gravitational Therapy: 1) normal
esophagus in 6 pts (22%). Despite endoscopy not being the pre-
ferred technique to evaluate motility, this method was used to
observe: 2) mild esophagitis with esophageal motility conserva-
tion in 4 pts (15%); 3) esophageal hypomotility in 4 pts (15%); 4)
distal esophagus lineal erosions in 3 pts (11%); 5) esophagus lin-
ear ulcers in 8 pts (30%); 6) hiatal hernia in 8 pts (30%); 7)
Barrett’s esophagus in 4 pts (15%); 8) cardias fibrosis in 1 pt (4%);
9) chronic gastritis in 5 pts (22%). 10) arythenoides edema in 10
pts. (37%). No patient in the study displayed esophagus stenosis
for chronic reflux.

Photoplethysmographic findings before Gravitational Therapy:
Raynaud’s Phenomenon was present in 26 pts (96%), absence of
pulse wave in 6 pts (22%) and pulse wave of vasospastic diathe-
sis in 20 pts (74%).

Clinical findings after Gravitational Therapy: 1} Increase of the
mouth opening in 13 pts (100%); 2) improvement of esophagus
dysfunction by disappearance of the heartburn in 17 pts (94%),
disappearance of the dysphagia in 12 pts (75%); correction of the
dysphonia in 9 pts (90%), improvement of the chest pain in 4 pts
(100%); disappearance of the episodes of night asphyxia in 4 pts
(100%); improvement of the postprandial abdominal pain in 5 pts
(83%); correction of constipation in 5 pts (100%); improvement of
the anal sclerosis in 2 pts (100%); improvement of the anorexia in
8 pts (89%). improvement of weight loss in 10 pts (83%).
Endoscopic findings after gravitational therapy: Improvement of
mild esophagitis with esophageal motility conservation in 4 pts
(100%). Improvement of esophageal hypomotility in 3 pts (75%).
Improvement of distal esophagus lineal erosions in 3 pts (100%).
Healing of esophagus lineal ulcers in 7 pts (87%). Notorious
improvement of the arythenoides edema in 10 pts (100%). No
changes were observed in hiatal hernia, Barrett’s esophagus, car-
dias fibrosis and chronic gastritis.

Photoplethysmographic findings after gravitational therapy:
Clinically, Raynaud’s phenomenon improved in 100% of the
patients. Photoplethysmographic studies documented a significant
improvement of digital perfusion (P < .001) with an increase of
the pulse wave amplitude and changes of pulse wave profiles.
Reappearance of the pulse wave was observed in 6 pts (100%).
Discussion and Conclusions: The mechanism of the microvascu-
lar dysfunction and damage in SS remains unknown. Vasodilation
related to flow is severely impaired in patients with SS and
Raynaud’s phenomenon. Vasodilation independent from endothe-
lium is also abnormal in patients with SS and Raynaud’s phenom-
enon, demonstrating a functional and structural alteration of the
smooth vascular muscle.

Endothelial dysfunction can play a critical role in the development
of fibrosis in Systemic Sclerosis. Moreover, endothelial cell dys-
function and damage to the striated muscle and smooth muscle
that make up the digestive tract, can generate leakage, edema and
injury by ischemia, leading to muscle fiber necrosis, and a later
stage, to scarring. Edema and fibrosis result in hypomotility, spe-
cially of the distal esophagus, which in turn alters esophageal
emptying, reflux and esophagitis. Gravitational Therapy in

patients with SS induces a diversity of functional and structural
responses linked to spatial and temporal effects of the gravitation-
al stress on the vascular endothelium, the control of the capillary
filtration and the tissue drainage.In previous studies we have
demonstrated that the frictional vector of the hemodynamic forces
exerted by the gravitational stress, constitutes a mechanical stim-
ulus over the vessel walls, inducing vasodilation that is dependent
on the flow and on the synthesis and release of prostacyclin and
nitric oxide (Isasi & Isasi). The final result of the synthesis of
PGI2 is the increase of intracellular cAMP. In turn, cAMP inhibits
the “cellular proliferation inducing Ras pathway”. This inhibiting
effect is observed particularly on fibroblasts.

Conclusion: Exposure to gravitational stress shows an overall
benefit on the digestive tract of patients with SS, which is brought
about by different mechanisms: a) improving the tissue perfusion,
b) regulating the capillary filtration, c) facilitating the tissue
drainage, d) inhibiting the fibrosis.

9. Alveolar epithelial cell injury triggers lung fibrosis
in a novel mouse model of scleroderma
Rachel K. Hoyles!, Korsa Khan!, Xu Shiwen', Gisela E.
Lindahl!, Patricia Garcia!, Athol U. Wells?, Carol M. Black!,
David J. Abraham!, Christopher P. Denton!

ICentre for Rheumatology, Royal Free and University College
Medical School, London, UK 2Interstitial Lung Disease Unit,
Royal Brompton Hospital, London, UK

Purpose: Sustained activation of transforming growth factor |,
(TGF,) pathways has been implicated in the pathogenesis of sys-
temic sclerosis (SSc). Transgenic mice with fibroblast-specific
perturbation of TGF, signalling (TBRIIAk-fib) develop cutaneous
fibrosis, and 25% develop lung fibrosis from 16 weeks; the spo-
radic nature of lung involvement mimics human SSc. We postu-
late that greater susceptibility to alveolar epithelial cell (AEC)
injury may determine pulmonary disease in the TPRIIAk-fib
model.

Methods: Littermate wild-type (WT) and transgenic (TG) ani-
mals, aged 6 weeks, were injured with intratracheal saline (0.9%,
pH 5.7) or bleomycin (0.03 Units), and sacrificed at day 3, 7, 10,
14, and 21, together with matched untreated controls. Lungs were
processed for ultrastructural analysis by electron microscopy, his-
tology, and RNA and protein analysis of lung homogenates.
Results: There was ultrastructural evidence of baseline epithelial
abnormality in untreated TG lungs, with AEC crenellation.
Similar changes occurred after saline or bleomycin injury in WT
mice. Moreover, TG mice after bleomycin (TG-B) showed severe
damage to the AEC layer at 3 days. Increased lung cellularity,
parenchymal connective tissue, and non cross-linked collagen in
TG-B compared with WT-B animals was demonstrated from 7
days with H&E, Masson’s trichrome and picrosirius red stains
respectively. In addition, immunostaining revealed that, compared
with WT-B, TG-B had increased parenchymal staining for TGF, 1
and PAI-1 in a peribronchial distribution, --SMA persistence from
day 21, and reduced staining for the type II AEC marker TTF-1,
consistent with impaired AEC II hyperplasia. TG mice treated
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with saline (TG-S) and WT-B had phenotypic similarities, imply-
ing greater susceptibility to fibrosis in response to minor injury in
the TG model. These findings support the notion that TG animals
exhibit an exaggerated fibroproliferative response to AEC injury,
compounded by a reduced capacity for epithelial repair. Northern
blotting revealed that at day 21 post injury, collagen mRNA
expression was significantly elevated (P <.0001) in TG compared
with WT animals when treated with saline or bleomycin.
Colorimetric analysis showed that from day 10 post injury, TG-B
had a mean newly synthesised collagen content of 45+0.64 mg/g
wet weight, compared with 37+0.43 mg/g in WI-B (P = .002),
whereas TG-S had 34+0.44 mg/g compared with 10+0.03 mg/g in
WT-S (P = .0002). Thus, RNA and protein analysis confirm
increased matrix deposition in TG animals after injury. Despite
exaggerated fibrosis, lung neutrophil infiltration, quantified by
myeloperoxidase ELISA, was attenuated in TG-B compared with
WT-B animals (168+4 ng/mL -vs- 448+13 ng/mL, P = .008).
Conclusions: Sporadic pulmonary fibrosis in the context of sys-
temic perturbation of TGFf bioactivity and generalised skin thick-
ening make the TPRIIAk-fib strain a powerful model for the
fibrotic complications of SSc. Our results support a model in
which altered AEC structure and exaggerated response to AEC
injury, rather than inflammation, trigger lung fibrosis in this
mouse model of SSc.

10. LA-B35 Influences the response to bosentan in Italian
scleroderma patients with pulmonary hypertension: a new
era of pharmacogenetics?

R Scorza, L Beretta, A Santaniello, M Caronni, N Del Papa,!
A Mazzone?

Unit of Clinical Immunology, Fondazione IRCCS Ospedale
Maggiore and University of Milan. 'Departement of
Rheumatology, Istituto Ortopedico G Pini, Milan. 2UO Internal
Medicine and Oncology, Ospedali Civili di Legnano

Background: In a previous report, we have described an
increased risk for developing pulmonary arterial hypertension
(PAH) in Italian SSc patients carrying the HLA-B35 allele.!
Recently, we have provided a possible explanation for this associ-
ation. Indeed, different kinds of cells expressing the HLA-B35
antigens show increased apoptotic rates when exposed in vitro to
thapsigargin or taxol?> and human ECV304 cells transfected with
the HLA-B35 allele under stimulation with physiological concen-
trations of IL-1f produce increased amounts of endothelin-1 (ET-
1) as compared to cells transfected with other HLA class I anti-
gens or untransfected cells.? Bosentan, a nonselective endothelin
receptor antagonist (ERA) has been shown to improve the
patient’s exercise tolerance, World Health Organisation (WHO)
functional class and survival, in SSc-PAH.# Nonetheless, not all
the patients equally respond to treatment and the reason for this
discrepancy are presently unknown. We conducted the present ret-
rospective study to verify whether the HLA-B35 allele might
influence the response to bosentan in patients with SSc-PAH.

Material and Methods: Twenty-six SSc patients aged 62 + 13.6
years (range 37-82), with a right ventricular systolic pressure
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(RVSP) > 45 mmHg and treated with bosentan (62.5 mg bid for 1
month and then 125 mg bid thereafter) for at least 6 months were
considered. Patients with a decrease in the WHO functional class
were considered as responders, otherwise as nonresponders; the
percent change in the RVSP (ARVSP) with respect to baseline was
also calculated. The presence of the HLA-B35 allele and WHO
functional class responses were compared by the Fischer’s exact
test. To analyse the contributing factor to the ARVSP a linear
regression model was used with the HLA-B35 allele, the patient’s
disease subset and disease duration, the observational time and the
baseline RVSP as covariates. Student’s ¢ test was also used when
appropriate.

Results: Patients were mostly females (n=25, 96%), with the lim-
ited cutaneous form (IcSSc) of the disease (n=19, 73.1%) and a
mean disease duration of 12.7 + 5.1 years (range 3-23); all the
patients but two were in WHO functional class III at the beginning
of therapy. Six patients (23.1%) carried the HLA-B35 antigen.
Bosentan was given for a mean of 21.3 + 9.7 months (range 6-42);
3 patients died (11.5%) in this lapse of time and 2 patients discon-
tinued the drug due to untoward reactions. Overall, an improve-
ment in the WHO functional class was observed in 13 patients
(50%), a deterioration in 4 (15.3%), while no changes were
observed in 8 cases (24.7%). In no patient carrying the HLA-B35
allele an improvement in the WHO functional class was observed,
while 13 out of 20 “naive” patients improved (P = .015). In
patients with a WHO functional class improvement a significant
decrease in the mean RVSP was observed as compared to unre-
sponsive patients (ARVSP: -27.8 £ 15% vs 3.2 + 14%). Patients
carrying the HLA-B35 allele showed no RVSP responses at the
end of the observational period, with a significant increase in the
¢RVSP as compared to HLA ‘naive’ patients (4.6 + 14.9% vs -17.4
+ 20.5%; P = .023). Linear regression analysis showed that the
HLA-B35 allele was the only contributive factor, among those
considered, to the ARVSP in SSc patients treated with bosentan (P
=.022, B =24.5,95% CI for B = 3.91-45.08).

Conclusions: Bosentan is effective in treating SSc-PAH in most,
but not all the patients. The HLA B-35 allele negatively influences
the functional and the hemodynamic responses in Italian SSc-PAH
subjects. Our results suggest the existence of a pharmacogenetics
of responses to ERAs.

1. Scorza R, Caronni M, Bazzi S, et al. Post-menopause is the main risk factor for
developing isolated pulmonary hypertension in systemic sclerosis. Ann N Y Acad
Sci. 2002;966:238-46.

2 Slazar G, Colombo G, Lenna S, et al. HLA-B35 influences the apoptosis rate in
human peripheral blood mononucleated cells and HLA-transfected cells. Human
Immunol. 2006, in press.

3. Santaniello A, Slazar G, Lenna S, et al. HLA-B35 Upregulates the Production
of Endothelin-1 in HLA-Transfected Cells: A Possible Pathogenetic Role in
Pulmonary Hypertension. Tissue Antigens. 2006, in press.

4. Williams MH, Das C, Handler CE, et al. Systemic sclerosis associated pul-
monary hypertension: improved survival in the current era. Heart. 2006
Jul;92(7):926-32.



UNITED THERAPEUTICS CORPORATION
Silver Spring, Maryland

Important: Correction of Information about
Remodulin® (treprostinil sodium) Injection

Dear Health Care Provider:

This letter provides important information about Remodulin relating to the treatment of pulmonary arterial hypertension. We are notify-
ing you that United Therapeutics Corporation recently received a Warning Letter from the Food and Drug Administration (FDA) concern-
ing the promotion of Remodulin® (treprostinil sodium) Injection. The Warning Letter concluded that United Therapeutics disseminated
an advertisement and a promotional booklet that contained unsubstantiated comparative claims, unsubstantiated effectiveness
claims, omitted material facts, and minimized risks relating to the use of Remodulin.

This letter provides accurate information about Remodulin and corrects certain information from our promotional materials.

Specifically, the FDA letter stated that these promotional materials contained misleading comparative claims about the benefits of
Remodulin administration versus Flolan (epoprostenol sodium) because the booklet did not also disclose other comparative information
that Flolan has a proven effect on walking distance and survival in the indicated patient population, while Remodulin has not demon-
strated these benefits.

FDA also stated that these promotional materials contained unsubstantiated effectiveness claims by implying that Remodulin had a
dose-response effect on walk distance, a statistically significant effect on walk distance, and that the effect on walk distance exceeded
10 meters. FDA concluded that these claims were not supported by substantial evidence.

These promotional materials also contained statements minimizing the risks of the infusion site reactions and pain associated with the
subcutaneous administration of Remodulin. The FDA considered these statements as misleading because they did not include the inci-
dence rates for severe reactions and pain from our clinical trials. In clinical trials, severe infusion site reactions occurred in 38% of sub-
jects and severe pain occurred in 39% of subjects treated with Remodulin.

The FDA approved Remodulin as a continuous subcutaneous or intravenous infusion (for those not able to tolerate a subcutaneous
infusion) for the treatment of pulmonary arterial hypertension in patients with NYHA Class II-IV symptoms to diminish symptoms associ-
ated with exercise. Remodulin is also indicated to diminish the rate of clinical deterioration in patients requiring transition from Flolan®;
the risks and benefits of each drug should be carefully considered prior to transition.

The Clinical Effects section of the Remodulin Pl states:

“The effect of Remodulin on 6-minute walk, the primary end point of the studies, was small and did not achieve conventional levels
of statistical significance. For the combined populations, the median change from baseline on Remodulin was 10 meters and the
median change from baseline on placebo was 0 meters from a baseline of approximately 345 meters. Although it was not the pri-
mary endpoint of the study, the Borg dyspnea score was significantly improved by Remodulin during the 6-minute walk, and
Remodulin also had a significant effect, compared with placebo, on an assessment that combined walking distance with the Borg
dyspnea score.”

Important Safety Information

In clinical trials, the most common side effects reported with subcutaneous Remodulin therapy included infusion site pain (85%) and
infusion site reaction (83%). Subcutaneous infusion site pain required the use of narcotics in 32% of Remodulin treated patients and
led to the discontinuation of treatment in 7% of Remodulin treated patients. Other adverse events included headache (27%), diarrhea
(25%), nausea (22%), rash (14%), jaw pain (13%), vasodilatation (11%), dizziness (9%), edema (9%), pruritus (8%) and hypotension
(4%). In controlled studies of Remodulin administered subcutaneously, there were no reports of infection related to the drug delivery
system. There were 187 infusion system complications reported in 28% of patients (23% Remodulin, 33% placebo); 173 (93%) were
pump related and 14 (7%) related to the infusion set. There are no controlled clinical studies with Remodulin administered intravenous-
ly. Among patients (n=38) treated for twelve weeks with intravenous Remodulin in an open-label study, two patients experienced either
line infections or sepsis. Other events potentially related to intravenous dosing of Remodulin include arm swelling, paresthesias,
hematoma and pain. Remodulin is a potent pulmonary and systemic vasodilator and should be used only by clinicians experienced in
the diagnosis and treatment of pulmonary arterial hypertension. Abrupt withdrawal or sudden large reductions in dosage of Remodulin
may result in worsening of PAH symptoms and should be avoided. Reduction in blood pressure caused by Remodulin may be exacer-
bated by drugs that by themselves alter blood pressure, such as diuretics, antihypertensive agents, or vasodilators. Since Remodulin
inhibits platelet aggregation, there is also a potential for increased risk of bleeding, particularly among patients maintained on anticoag-
ulants. Remodulin should be used with caution in patients with hepatic or renal impairment. Remodulin has not been studied in con-
junction with Flolan® or Tracleer® (bosentan).

If you have any questions regarding this important corrective information, please contact United Therapeutics Corporation at 919-485-
8350. Please refer to the full prescribing information for Remodulin.

United Therapeutics Corporation



REMODULIN® (treprostinil sodium) Injection

BRIEF SUMMARY

The following is a brief summary of the full prescribing information on Remodulin
(treprostinil sodium) Injection. Please review the full prescribing information prior
to prescribing Remodulin.

INDICATIONS AND USAGE

Remodulin® is indicated as a continuous subcutaneous infusion or intravenous
infusion (for those not able to tolerate a subcutaneous infusion) for the treatment
of pulmonary arterial hypertension in patients with NYHA Class II-IV symptoms
to diminish symptoms associated with exercise.

Remodulin is indicated to diminish the rate of clinical deterioration in patients
requiring transition from Flolan®; the risks and benefits of each drug should be
carefully considered prior to transition.

DESCRIPTION

Remodulin® (treprostinil sodium) Injection is a sterile sodium salt supplied in 20
mL vials in four strengths, containing 1 mg/mL, 2.5 mg/mL, 5 mg/mL or 10
mg/mL of treprostinil. Each mL also contains 5.3 mg sodium chloride (except for
the 10 mg/mL strength which contains 4.0 mg sodium chloride), 3.0 mg
metacresol, 6.3 mg sodium citrate, and water for injection.

CONTRAINDICATIONS
Remodulin is contraindicated in patients with known hypersensitivity to the drug
or to structurally related compounds.

WARNINGS

Remodulin is indicated for subcutaneous or intravenous use only.

PRECAUTIONS

General

Remodulin should be used only by clinicians experienced in the diagnosis and
treatment of PAH. Remodulin is a potent pulmonary and systemic vasodilator.
Initiation of Remodulin must be performed in a setting with adequate personnel
and equipment for physiological monitoring and emergency care. Therapy with
Remodulin may be used for prolonged periods, and the patient’s ability to
administer Remodulin and care for an infusion system should be carefully con-
sidered. Dose should be increased for lack of improvement in, or worsening of,
symptoms and it should be decreased for excessive pharmacologic effects or for
unacceptable infusion site symptoms. Abrupt withdrawal or sudden large reduc-
tions in dosage of Remodulin may result in worsening of PAH symptoms and
should be avoided.

Information for Patients

Patients receiving Remodulin should be given the following information:
Remodulin is infused continuously through a subcutaneous or surgically placed
indwelling central venous catheter, via an infusion pump. Therapy with
Remodulin will be needed for prolonged periods, possibly years, and the
patient’s ability to accept and care for a catheter and to use an infusion pump
should be carefully considered. In order to reduce the risk of infection, aseptic
technique must be used in the preparation and administration of Remodulin.
Additionally, patients should be aware that subsequent disease management
may require the initiation of an alternative intravenous prostacyclin therapy,
Flolan® (epoprostenol sodium).

Drug Interactions

Reduction in blood pressure caused by Remodulin may be exacerbated by
drugs that by themselves alter blood pressure, such as diuretics, antihyperten-
sive agents, or vasodilators. Since Remodulin inhibits platelet aggregation,
there is also a potential for increased risk of bleeding, particularly among
patients maintained on anticoagulants. During clinical trials, Remodulin was
used concurrently with anticoagulants, diuretics, cardiac glycosides, calcium
channel blockers, analgesics, antipyretics, nonsteroidal anti-inflammatories, opi-
oids, corticosteroids, and other medications. Remodulin has not been studied
in conjunction with Flolan or Tracleer® (bosentan).

Effect of Other Drugs on Remodulin

In vivo studies: Acetaminophen - Analgesic doses of acetaminophen, 1000 mg
every 6 hours for seven doses, did not affect the pharmacokinetics of
Remodulin, at a subcutaneous infusion rate of 15 ng/kg/min.

Effect of Remodulin on Other Drugs

In vitro studies: Remodulin did not significantly affect the plasma protein binding
of normally observed concentrations of digoxin or warfarin.

In vivo studies: Warfarin - Remodulin does not affect the pharmacokinetics or
pharmacodynamics of warfarin. The pharmacokinetics of R- and S- warfarin and
the INR in healthy subjects given a single 25 mg dose of warfarin were unaffect-
ed by continuous subcutaneous Remodulin at an infusion rate of 10 ng/kg/min.

Hepatic and Renal Impairment
Caution should be used in patients with hepatic or renal impairment.

Carcil i i pail of Fertility

Long-term studies have not been performed to evaluate the carcinogenic poten-
tial of treprostinil. In vitro and in vivo genetic toxicology studies did not demon-
strate any mutagenic or clastogenic effects of treprostinil. Treprostinil sodium did
not affect fertility or mating performance of male or female rats given continuous
subcutaneous infusions at rates of up to 450 ng treprostinil/kg/min [about 59
times the recommended starting human rate of infusion (1.25 ng/kg/min) and
about 8 times the average rate (9.3 ng/kg/min) achieved in clinical trials, on a
ng/m2 basis]. In this study, males were dosed from 10 weeks prior to mating and
through the 2-week mating period. Females were dosed from 2 weeks prior to
mating until gestational day 6.

Pregnancy

Pregnancy Category B - In pregnant rats, continuous subcutaneous infusions of
treprostinil sodium during organogenesis and late gestational development, at
rates as high as 900 ng treprostinil/kg/min (about 117 times the starting human
rate of infusion, on a ng/m? basis and about 16 times the average rate achieved
in clinical trials), resulted in no evidence of harm to the fetus. In pregnant rab-
bits, effects of continuous subcutaneous infusions of treprostinil during organo-
genesis were limited to an increased incidence of fetal skeletal variations (bilat-
eral full rib or right rudimentary rib on lumbar 1) associated with maternal toxic-
ity (reduction in body weight and food consumption) at an infusion rate of 150
ng treprostinil/kg/min (about 41 times the starting human rate of infusion, on a
ng/m? basis, and 5 times the average rate used in clinical trials). In rats, contin-
uous subcutaneous infusion of treprostinil from implantation to the end of lacta-
tion, at rates of up to 450 ng treprostinil’kg/min, did not affect the growth and
development of offspring. Because animal reproduction studies are not always
predictive of human response, Remodulin should be used during pregnancy
only if clearly needed.

Labor and delivery
No treprostinil sodium treatment-related effects on labor and delivery were seen
in animal studies. The effect of treprostinil sodium on labor and delivery in
humans is unknown.

Nursing mothers

It is not known whether treprostinil is excreted in human milk or absorbed sys-
temically after ingestion. Because many drugs are excreted in human milk, cau-
tion should be exercised when Remodulin is administered to nursing women.

Pediatric use

Safety and effectiveness in pediatric patients have not been established.
Clinical studies of Remodulin did not include sufficient numbers of patients aged
<16 years to determine whether they respond differently from older patients. In
general, dose selection should be cautious.

Geriatric use

Clinical studies of Remodulin did not include sufficient numbers of patients aged
65 and over to determine whether they respond differently from younger
patients. In general, dose selection for an elderly patient should be cautious,
reflecting the greater frequency of decreased hepatic, renal, or cardiac function,
and of concomitant disease or other drug therapy.

ADVERSE REACTIONS
Patients receiving Remodulin as a subcutaneous infusion reported a wide range
of adverse events, many potentially related to the underlying disease (dyspnea,

fatigue, chest pain, right ventricular heart failure, and pallor). During clinical tri-
als with subcutaneous infusion of Remodulin, infusion site pain and reaction
were the most common adverse events among those treated with Remodulin.
Infusion site reaction was defined as any local adverse event other than pain or
bleeding/bruising at the infusion site and included symptoms such as erythema,
induration or rash. Infusion site reactions were sometimes severe and could
lead to discontinuation of treatment. In addition, generalized rashes, sometimes
macular or papular in nature, and cellulitis have been infrequently reported in
postmarketing experience.

mately 0.002 mL/hr, (3) have occlusion/no delivery, low battery, programming
error and motor malfunction alarms, (4) have delivery accuracy of 6% or bet-
ter and (5) be positive pressure driven. The reservoir should be made of
polyvinyl chloride, polypropylene or glass.

For subcutaneous infusion, Remodulin is delivered without further dilution
at a calculated Subcutaneous Infusion Rate (mL/hr) based on a patient's Dose
(ng/kg/min), Weight (kg), and the Vial Strength (mg/mL) of Remodulin being
used. During use, a single reservoir (syringe) of undiluted Remodulin can be
administered up to 72 hours at 37=C. The_Subcutaneous Infusion rate is cal-
culated using the following formula:

Per of reporting site adverse
events: B Weight
o @ .
Reaction Pain (ngikgimin) % (kg) X 000008
Placebo | Remodulin Placebo Remodulin Infusion Rate -
milfhi
Severe = LE 2 2 i 0 Remodulin Vial Strength
Requiring N NA’ 1 32 (mgimL)
al .
Leading to ] 3 0 ? *Conversion factor of 0.00006 = 60 min/hour x 0.000001 mg/ng

* based on prescriptions for narcotics, not actual use
**medications used to treat infusion site pain were not distinguished from those used to treat site
reactions

Other adverse events included diarrhea, jaw pain, edema, vasodilatation and
nausea, and these are generally considered to be related to the pharmacologic
effects of Remodulin, whether administered subcutaneously or intravenously.

Adverse Events During Chronic Dosing:

The following table lists adverse events that occurred at a rate of at least 3%
and were more frequent in patients treated with subcutaneous Remodulin than
with placebo in controlled trials in PAH.

Adverse Events in Controlled 12-Week Studies of Patients with PAH,
Occurring with at Least 3% Incidence and More Common on
Subcutaneous Remodulin than on Placebo.

Intravenous Infusion

Remodulin must be diluted with either Sterile Water for Injection or 0.9%
Sodium Chloride Injection and is administered intravenously by continuous
infusion, via a surgically placed indwelling central venous catheter, using an
infusion pump designed for intravenous drug delivery. To avoid potential inter-
ruptions in drug delivery, the patient must have immediate access to a backup
infusion pump and infusion sets. The ambulatory infusion pump used to
administer Remodulin should: (1) be small and lightweight, (2) have occlu-
sion/no delivery, low battery, programming error and motor malfunction alarms,
(3) have delivery accuracy of +6% or better of the hourly dose, and (4) be
positive pressure driven. The reservoir should be made of polyvinyl chloride,
polypropylene or glass. Diluted Remodulin has been shown to be stable at
ambient temperature for up to 48 hours at concentrations as low as 0.004
mg/mL (4,000 ng/mL). When using an appropriate infusion pump and reser-
voir, a predetermined intravenous infusion rate should first be selected to allow
for a desired infusion period length of up to 48 hours between system
changeovers. Typical intravenous infusion system reservoirs have volumes of

Reported adverse events (at least 3%) are included except those too general
to be informative, and those not plausibly attributable to the use of the drug,
because they were associated with the condition being treated or are very
common in the treated population.

Adverse Events Attributable to the Drug Delivery System

In controlled studies of Remodulin administered subcutaneously, there were no
reports of infection related to the drug delivery system. There were 187 infu-
sion system complications reported in 28% of patients (23% Remodulin, 33%
placebo); 173 (93%) were pump related and 14 (7%) related to the infusion set.
Eight of these patients (4 Remodulin, 4 Placebo) reported non-serious adverse
events resulting from infusion system complications. Adverse events resulting
from problems with the delivery systems were typically related to either symp-
toms of excess Remodulin (e.g., nausea) or return of PAH symptoms (e.g., dys-
pnea). These events were generally resolved by correcting the delivery system
pump or infusion set problem such as replacing the syringe or battery, repro-
gramming the pump, or straightening a crimped infusion line. Adverse events
resulting from problems with the delivery system did not lead to clinical instabil-
ity or rapid deterioration. here are no controlled clinical studies with Remodulin
administered intravenously. Among the subjects (n=38) treated for 12-weeks in
an open-label study, 2 patients had either line infections or sepsis. Other events
potentially related to the mode of infusion include arm swelling, paresthesias,
hematoma and pain.

OVERDOSAGE

Signs and symptoms of overdose with Remodulin during clinical trials are exten-
sions of its dose-limiting pharmacologic effects and include flushing, headache,
hypotension, nausea, vomiting, and diarrhea. Most events were self-limiting
and resolved with reduction or withholding of Remodulin.

In controlled clinical trials, seven patients received some level of overdose and
in open-label follow-on treatment seven additional patients received an over-
dose; these occurrences resulted from accidental bolus administration of
Remodulin, errors in pump programmed rate of administration, and prescrip-
tion of an incorrect dose. In only two cases did excess delivery of Remodulin
produce an event of substantial hemodynamic concern (hypotension, near-
syncope). One pediatric patient was accidentally administered 7.5 mg of
Remodulin via a central venous catheter. Symptoms included flushing,
headache, nausea, vomiting, hypotension and seizure-like activity with loss of
consciousness lasting several minutes. The patient subsequently recovered.

DOSAGE AND ADMINISTRATION

Remodulin® is supplied in 20 mL vials in concentrations of 1 mg/mL, 2.5 mg/mL,
5 mg/mL and 10 mg/mL. Remodulin can be administered as supplied or diluted
for intravenous infusion with Sterile Water for Injection or 0.9% Sodium Chloride
Injection prior to administration.

Initial Dose for Patients New to Prostacyclin Infusion Therapy

Remodulin is administered by continuous infusion. Remodulin is preferably
infused subcutaneously, but can be administered by a central intravenous line if
the subcutaneous route is not tolerated, because of severe site pain or reaction.
The infusion rate is initiated at 1.25 ng/kg/min. If this initial dose cannot be tol-
erated because of systemic effects, the infusion rate should be reduced to 0.625
ng/kg/min.

Dosage Adjustments

The goal of chronic dosage adjustments is to establish a dose at which PAH
symptoms are improved, while minimizing excessive pharmacologic effects of
Remodulin (headache, nausea, emesis, restlessness, anxiety and infusion site
pain or reaction). The infusion rate should be increased in increments of no
more than 1.25 ng/kg/min per week for the first four weeks and then no more
than 2.5 ng/kg/min per week for the remaining duration of infusion, depending
on clinical response. There is little experience with doses >40 ng/kg/min. Abrupt
cessation of infusion should be avoided (see PRECAUTIONS).

Administration

Subcutaneous Infusion

Remodulin is administered subcutaneously by continuous infusion, via a self-
inserted subcutaneous catheter, using an infusion pump designed for subcuta-
neous drug delivery. To avoid potential interruptions in drug delivery, the
patient must have immediate access to a backup infusion pump and subcuta-
neous infusion sets. The ambulatory infusion pump used to administer
Remodulin should: (1) be small and lightweight, (2) be adjustable to approxi-

50 or 100 mL. With this selected Intravenous Infusion Rate (mL/hr) and the
Adverse Event Ren:\oddm pﬁ_‘”‘” patient's Dose (ng/kg/min) and Weight (kg), the Diluted Intravenous Remodulin
(N=236) (N=233) . Concentration (mg/mL) can be calculated using the following formula:
Percent of Percent of Patients.
Fatinrls The Amount of Remodulin Injection needed to make the required Diluted
Infusicn Site Pain 85 27 Intravenous Remodulin Concentration for the given reservoir size can then be
calculated using the following formula:
Infusion Site Reaction 83 27
Stag 1 Dose Weight
Headache 27 <] Diluted (nglkgimin) % {,;} 0.00008
Diarrhea 25 16 Remodulin
intart padtas Intravenous Infusion Rate
Nausea 22 18 {mg/mL)
Rash 14 1 Diluted
e = s Intravenous
law Pain Remodulin
Stz Concantration Total Volume o!_
\fasodiatation 1 5 A (mgimL) Diluted Remodulin
s x Solution in
Dizziness g 8 Injection Re:s:‘rL\Jmir
Edema 9 3 {mi) Remodulin Vial
Strength
Pruritus -] [ (mgiml)
Hypatension 4 2 The calculated amount of Remodulin Injection is then added to the reservoir
along with the sufficient volume of diluent (Sterile Water for Injection or 0.9%

Sodium Chloride Injection) to achieve the desired total volume in the reservoir.

In patients requiring transition from Flolan:

Transition from Flolan to Remodulin is accomplished by initiating the infusion
of Remodulin and increasing it, while simultaneously reducing the dose of
intravenous Flolan. The transition to Remodulin should take place in a hospital
with constant observation of response (e.g., walk distance and signs and
symptoms of disease progression). During the transition, Remodulin is initiated
at a recommended dose of 10% of the current Flolan dose, and then escalat-
ed as the Flolan dose is decreased (see table below for recommended dose
titrations).

Patients are individually titrated to a dose that allows transition from Flolan
therapy to Remodulin while balancing prostacyclin-limiting adverse events.
Increases in the patient's symptoms of PAH should be first treated with
increases in the dose of Remodulin. Side effects normally associated with
prostacyclin and prostacyclin analogs are to be first treated by decreasing the
dose of Flolan.

Ti ition Dose ClI
Step Flolan Dose Remodulin Dose

1 Unchanged 10% Starting Flotan Dose

2 B0% Starting Flotan Dosa 30% Starting Flolan Dose

3 B60% Starting Flolan Dose 50% Starting Flolan Dose

4 40% Starting Flolan Dose 70% Starting Flolan Dose

5 20% Starting Flotan Dose 90% Starting Flolan Dose

8 5% Starting Flotan Dose 110% Starting Flotan Dose
110% Starting Flolan Dose +

7 0 additional 5-10% increments as

HOW SUPPLIED

Remodulin® is supplied in 20 mL multi-use vials at concentrations of 1 mg/mL,
2.5 mg/mL, 5 mg/mL, and 10 mg/mL treprostinil, as sterile solutions in water
for injection, individually packaged in a carton. Unopened vials of Remodulin
are stable until the date indicated when stored at 15 to 25°C (59 to 77°F).
Store at 25°C (77°F), with excursions permitted to 15-30°C (59-86°F) [see
USP Controlled Room Temperature].

During use, a single reservoir (syringe) of undiluted Remodulin can be admin-
istered up to 72 hours at 37°C. Diluted Remodulin Solution can be adminis-
tered up to 48 hours at 37°C when diluted to concentrations as low as 0.004
mg/mL in Sterile Water for Injection or 0.9% Sodium Chloride Injection. A sin-
gle vial of Remodulin should be used for no more than 30 days after the initial
introduction into the vial.

Parenteral drug products should be inspected visually for particulate matter
and discoloration prior to administration whenever solution and container per-
mit. If either particulate matter or discoloration is noted, Remodulin should not
be administered.
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11. Increased expression of secreted frizzled-related protein 4
in systemic sclerosis and the tight skin mouse: potential role
in skin fibrosis

Julie Bayle, Raphael Lemaire, Robert Lafyatis

Boston University School of Medicine, Rheumatology
Department, Boston, Massachusetts

The tight skin (Tsk) mouse, an animal model for skin fibrosis in
human Systemic Sclerosis (SSc), possesses a large in-frame dupli-
cation within fibrillin-1 gene, a major structural protein of connec-
tive tissue microfibrils. Tsk mice develop skin fibrosis with fea-
tures that parallel skin disease in SSc patients, such as altered elas-
togenesis of the hypodermis and increased collagen expression.
Our objective is to understand better the molecular mechanisms
mediating the effect of Tsk fibrillin on skin fibrosis and how these
mechanisms might be important in human SSc. Gene expression
profiling and Northern blot analysis were used to identify differ-
entially regulated molecules in skin of Tsk/+ and control wild-
type, one month old mice. These results pointed to several poten-
tial candidates and signaling pathways causing altered matrices in
Tsk mice. Among the most highly upregulated genes in Tsk skin,
we identified several molecules of the Wnt signaling pathway,
including Wingless molecules (Wnt2, Wnt9a), Wntl Inducible
Signaling pathway Protein 2 (WISP2), Dapper homolog 2
Antagonist of b-catenin (DACT1, DACT?2) and Secreted Frizzled
Related Proteins (SFRP2 and SFRP4). Wnts proteins are a family
of secreted cytokines that play important signaling role in a wide
range of developmental processes, by binding to Frizzled recep-
tors. The function of SFRP4 in the Tsk pathology was more
specifically investigated. SFRP4 is a family member of soluble
Whnt antagonists that bind directly to Wnt or Frizzled and inhibit
signaling along this pathway. Consistent with mRNA data, we
found increased SFRP4 protein level in Tsk skin by Western blot.
Microarray and quantitative Real-Time PCR analyses showed that
SFRP4 mRNA is upregulated in lesional SSc skin compared to
normal individuals’ skin (5-fold). These data were confirmed
detecting increased expression of SFRP4 protein by immunohis-
tochemistry. We are currently developing conditional mouse
embryonic fibroblasts overexpressing SFRP4, which will permit
us to study in vitro the role of SFRP4 in skin fibrosis. Our find-
ings show here a dysregulation of Wnt signaling pathway, espe-
cially SFRP4, in Tsk and SSc skin. A recent study has demonstrat-
ed that recombinant SFRP4 reduces the number of myofibroblasts
and modulates the progression of renal fibrosis, induced by unilat-
eral ureteral obstruction. Together with these data, our results sug-
gest a novel function of SFRP4, as a putative regulator of the
cytokine cascade that leads to skin fibrosis in Tsk mice and in
patients with SSc, by controlling Wnt activation.

12. CD4+ CD8+ double positive (DP) T cells with very
high IL-4 production potential are present in lesional skin
of systemic sclerosis (SSc) patients

Yann Parel!, Michel Aurrand-Lions?, Agneta Scheja?, Jean-
Michel Dayer!, Eddy Roosnek*, Carlo Chizzolini'

IClinical Immunology and Allergy, Department of Internal

Medicine, Geneva University Hospital and School of Medicine,
Geneva, Switzerland. 2 Department of Pathology and
Immunology, University Medical Center, Geneva School of
Medicine, Geneva, Switzerland. *Department of Rheumatology,
Lund University Hospital, Lund, Sweden. “Transplantation
Immunology, Department of Internal Medicine, Geneva
University Hospital and School of Medicine, Geneva,
Switzerland

Background: Fibrotic skin changes in systemic sclerosis (SSc)
are preceded by an inflammatory infiltrate rich in T cells poised to
high IL-4 production. Since no direct comparison with T cells in
normal skin has been performed, we aimed at functionally charac-
terize T cells infiltrating the skin of early active SSc patients and
normal skin.

Methods: Skin biopsies were from 5 individuals suffering of early
active diffuse SSc and 4 healthy individuals. Biopsy fragments
were cultured in IL-2-containing medium to generate T cell lines
and clones which expression of coreceptors, TcR usage, cytokine
production, helper and cytolytic activity was characterized.
Immunofluorescence analysis of skin biopsies and peripheral
blood was performed to confirm the presence of specific subsets
in vivo.

Results: T cell lines were generated from all normal and SSc
skins. A distinct subset expressing both CD4 and CD8a3 corecep-
tors at high levels (double positive, DP) was present in T cell lines
from normal and, at higher frequency, from SSc skin (P = .006).
DP T cells actively transcribed both accessory molecules, were
endowed with clonally distributed cytolytic and helper activity
and expressed TcR clonotypes distinct from CD4+ and CD8+ sin-
gle positive (SP) T cells. In SSc, DP compared to CD4+ SP T cells
produced very high levels of IL-4. Furthermore, DP T cells were
directly identified in SSc skin, thus arguing for the existence of
DP T cells as a distinct subset in vivo.

Conclusions: T cells with the unusual CD4+CD8+ DP phenotype
are present in the skin. Their very high IL-4 production in early
active SSc may contribute to enhance extracellular matrix deposi-
tion by fibroblasts. Further, the higher frequency of DP T cells in
SSc may reflect an improper negative selection process during
thymic maturation.

Work supported in part by the Swiss National Science Foundation,
grant No 3100A1-100478/1 (CC), and the Association des
Sclérodermiques de France.

13. Flil represses fibrillar collagen genes in mouse skin
Margaret Markiewicz', Masahide Kubo!, Siergei Znoyko',
Gabor Szalai?, Dennis K. Watson? and Maria Trojanowska!
Division of Rheumatology and Immunology, >Department of
Pathology and Laboratory Medicine and Hollings Cancer Center,
Medical University of SC. Charleston, South Carolina

Biosynthesis of fibrillar collagen in the skin is precisely regulated
to maintain proper tissue homeostasis. In Systemic Sclerosis (SSc)
disruption of this homeostasis leads to elevated deposition of
extracellular matrix (ECM) proteins, mainly collagen. We have
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previously shown that Flil is involved in collagen repression in
dermal fibroblast (Czuwara-Ladykowska et al., 2001). The levels
of Flil protein is consistently reduced in lesional fibroblast in
patients with scleroderma (Kubo et al., 2003). The goal of this
study was to determine the role of Flil gene in collagen biosyn-
thesis in vivo using two mouse models, heterozygous Flil mice
(Fli1*~) and mice with homozygous deletion of C-terminal activa-
tion domain of Flil gene (Flil ™) To determine the effect of
Flil gene dosage on collagen gene expression in the skin in vivo
we used Flil* and Fli ¢ mice. The levels of procollagen type
I, II, TIT and V mRNAs were measured by quantitative real-time
PCR in the skin taken from the dorsa of the female and male mice.
Absence of the C-terminal domain (Flil ™°¢) had a dramatic
stimulatory effect on collagen mRNA levels, ranging from 3.6- to
16.4-fold increase in female mice and 3.2- to 6.2-fold in males.
These data indicate that C-terminal domain of Flil plays an
important role in repressing fibrillar collagen gene expression in
mouse skin. The mRNA levels of various collagen chains were
also modestly increased in males and females Flil*~ mice (1.1-2.5
fold increase). To assess newly synthesized collagen in Flilre/rec,
Flil ¥~ and control mice, acetic acid extraction method was
employed. Punches (8 mm) from the dorsa of each mouse were
used and analyzed by SDS-PAGE. The pattern of constituent col-
lagen bands was similar in all samples, suggesting no qualitative
differences in collagen fibril composition. However, significant
quantitative differences were observed in procollagen -1(1) and?
-2(1) chains between male and female mice. In addition differ-
ences were observed in the amounts of the acetic acid extractable
collagen. The increases were more pronounced in female mice
(3.1-4.3 fold increase over control) than in the male mice (1.9-2.5
fold increase). To verify these observations, collagen type I was
analyzed by Western blot using skin protein extracts. The amounts
of type I collagen were elevated in male and female mice skin
extracts in comparison to wild type mice. Fibroblasts cultured
from the skin of Fli1™¢** mice maintained elevated synthesis of
collagen mRNA and protein indicating that Flil-mediated effects
on matrix synthesis are the intrinsic property of these cells. To
determine whether Flil directly targets collagen genes, we utilized
chromatin immunoprecipitation (ChIP) assay. Mouse embryonic
fibroblasts (MEFs) from wild type and Flil null mice were used.
We observed that Flil occupies pro-Coll?1 promoter in living
cells. Similar results were obtained in human adult dermal fibrob-
lasts. Together, our data show that Flil is a key regulator of the
collagen homeostasis in the skin. Furthermore, this study supports
the view that the absence of Flil plays a pathological role in scle-
roderma skin fibrosis.

14. Validation of the six-minute walk test in patients with
scleroderma

Victoria K. Shanmugam, MBBS, MRCP; Jingshu Wu, PhD;
Virginia D. Steen, MD

Division of Rheumatology, Georgetown University Hospital,
Washington, DC

14 Scleroderma Care and Research

Purpose: Systemic sclerosis (SSc) associated lung disease is the
most common cause of scleroderma-related deaths. The six-
minute walk test (6MWT) is a validated measure in therapeutic
studies of some pulmonary diseases including pulmonary hyper-
tension (PAH). However, unlike patients with idiopathic PAH,
SSc patients may have disease-related features which have an
impact on walking performance and their perception of dyspnea.
This prospective study evaluates the 6GMWT in patients with SSc,
both with regard to the patient’s subjective assessment of breath-
ing difficulty and the effects of physical limitation on perform-
ance.

Methods: Patients with SSc who were felt to be at risk for devel-
oping pulmonary vascular disease completed the 6MWT as part of
an established exercise echocardiogram study. In addition to the
6MWT, patients completed pulmonary function tests, an exercise
echocardiogram, the University of California San Diego shortness
of breath questionnaire (UCSD), and the Scleroderma Health
Assessment Questionnaire (SHAQ).

Results: Fifty patients completed 61 6MWTs. Study patients were
predominantly female. Their age ranged from 34 to 77 years
(mean 54) and the disease duration ranged from 1 to 28 years
(mean 8.8). The 6-minute walk distance (6MWD) did not corre-
late with age, weight or disease duration. Low diffusion capacity
(DLCO) was strongly correlated to performance on 6MWT (OR
5.4, CI 1.33-21.98, P = .013) in these patients. Other pulmonary
function tests including TLC, FVC, and FVC/FEV; ratio did not
correlate to 6MWT. All 3 dyspnea indices correlated to 6MWT,
and this relationship was strongest for the UCSD score (OR 5.2,
CI 1.71-15.83, P < .003). The SHAQ visual analog scales (VAS)
were used to evaluate the relationship of non-pulmonary symp-
toms of SSc and performance on 6MWT. The respiratory VAS
correlated to the distance walked (P = .002), but the pain and
Raynaud’s VAS did not. Health assessment questionnaires (HAQ)
performed as part of the SHAQ allow calculation of a disability
index (DI). The DI correlated with distance walked, but on logis-
tic regression the arising component of the HAQ was the most sig-
nificant predictor of poor 6MWT performance.

Conclusions: In SSc patients at increased risk for PAH, 6MWT
correlates with DLCO, but not with other pulmonary function test
abnormalities. Performance on the 6MWT is not influenced by
demographic features, and it validly reflects subjective perception
of dyspnea as measured on the UCSD and the respiratory VAS.
Physical function as represented by the HAQ-DI correlates to poor
performance on the 6MWT, with the “arising” component as the
major contributing factor. The 6BMWT provides a valid measure of
exercise capacity in this subset of SSc patients. It adequately
reflects symptoms without excessive interference from other dis-
ease factors, and should be a useful test to monitor patients at high
risk or with PAH. These findings should hold true for SSc patients
with pulmonary fibrosis, but the correlation with specific fibrotic
lung disease parameters needs to be studied.
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15. MCP-1 (CCL2) knockout mice exhibit severe fibrosis in
murine sclerodermatous graft versus host disease, a model
for human scleroderma

Lixin Zhou, David Askew, Anita C Gilliam Department of
Dermatology, Case University and University Hospitals of
Cleveland, Cleveland, Ohio

Murine sclerodermatous GVHD recapitulates many features of
human scleroderma in which increased TGFp,drive excessive
fibroblast collagen synthesis. Lethally irradiated female BALB/c
(H-2%) mice transplanted with male B10.D2 (H-29) bone marrow
and spleen cells are used to generate Scl GVHD, in which skin
thickening and lung fibrosis are seen by 21 days post bone mar-
row transplantation (BMT). In this model, monocyte/
macrophages, the main producer of TGFf, and T cells are found
in the dermis in early stages of the disease, suggesting that tissue-
selective trafficking mediators may play a crucial role in cuta-
neous fibrosis. We have previously shown that MCP-1(CCL2) and
RANTES (CCL5) mRNAs are upregulated in Scl GVHD mice
compared to syngeneic BMT control mice, similar to human scle-
roderma. To evaluate the role of MCP-1 and macrophage influx in
skin fibrosis in vivo, we used irradiated MCP-1 KO mice on the
BALB/c background and wild-type littermates as recipients of
B10.D2 cells. Surprisingly, those MCP-1 KO mice showed more

fibrosis in skin and lungs than wild-type Scl GVHD mice despite
reduced CD45, CD3, CD11b cells in skin on day 7 compared with
wild type mice with Scl GVHD. There was also a significant dif-
ference in the cutaneous gene expression profile by genechip
analysis between MCP-1 KO and wild-type BALB/C mice with
Scl GVHD. Therefore, we hypothesize that in addition to its func-
tion as a chemokine for immune cell; MCP-1 plays an important
regulatory role in murine Scl GVHD and possibly in human scle-
roderma.

16. TGFp3, Receptor type I dependent fibrogenic gene
program is mediated via activation of Smadl and ERK1/2
pathways: relevance for scleroderma fibrosis

Jaspreet Pannu!, Sashidar Nakarakanti', Edwin Smith!, Peter ten
Dijke?, Maria Trojanowska'

'Division of Rheumatology and Immunology, Medical
University of South Carolina, Charleston, SC; *Department of
Molecular Cell Biology, Leiden University Medical Center,
Leiden, The Netherlands

Alterations in the TGFp signaling pathway have been implicated
in scleroderma (SSc) fibrosis. We have earlier reported that SSc

fibroblasts express higher endogenous ratio of TGF,RI: TGF,RII
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(as compared to control fibroblasts). Furthermore, we demonstrat-
ed that forced expression (using adenoviral vectors) of TGF,RI
(RD) in control fibroblasts at the expression levels corresponding
to those in SSc fibroblasts resulted in an upregulation of the basal
collagen type I gene expression (Pannu et al., A&R, 2004) sug-
gesting that this system may be used as a model of fibrosis. Using
this model, we carried out Affymetrix genechip analysis and have
demonstrated an upregulation of matrix gene program (that close-
ly resemble the Scleroderma phenotype) in dermal fibroblasts
overexpressing TGFB,RI (Pannu et al., A& R, in press). The pres-
ent study was aimed at determining the molecular mechanisms
underlying the profibrotic program in this model of fibrosis. We
demonstrated that the TGFf3,RI-dependent up regulation of colla-
gen and CCN2 (CTGF) genes did not involve Smad2/3 activation
but was mediated by ALK1/Smadl and ERK1/2 pathways. The
following findings support this conclusion: i) Smad2 and 3 were
not phosphorylated in response to TGFf,RI, ii) a TGF-,RI mutant
defective in Smad2/3 activation, ALKS(3A) potently stimulated
collagen production, iii) Smadl was persistently phosphorylated
in response to elevated TGFB,RI, iv) blockade of Smadl via
siRNA abrogated collagen and CCN2 up regulation in this model,
v) elevated TGFp,RI led to a prolonged activation of ERK1/2, vi)
pharmacologic inhibitor of ERK1/2 inhibited profibrotic effects of
elevated TGFB-RI. To understand the mechanistic basis of this
observation, we have utilized CCN2/CTGF promoter constructs
containing site-specific mutations. We have demonstrated that the
effects of RI overexpression on the CTGF promoter are mediated
through a GC rich motif located between the TATA box and the
transcription start site (previously characterized as the Spl
response element) and did not require functional Smad response
element. This GC rich element was shown previously to mediate
upregulation of CCN2 promoter in SSc fibroblasts. Furthermore,
this motif in the CCN2 promoter mediated Smadl-dependent
increase of promoter activity in this model. In conclusion, this
study defines a novel ALKI1/Smadl and ERK1/2 dependent,
Smad3-independent mode of TGFp, signaling that may operate
during chronic stages of fibrosis in SSc.

17. Proteomic analysis of scleroderma lesional skin showing
an epidermal wound healing phenotype

Nima Aden, Xu Shiwen, Deeqo Aden, David Abraham, Chris
Denton, Andrew Leask, Richard Stratton

Centre for Rheumatology, Royal Free Hospital and University
College School of Medicine, Royal Free Campus, London, UK

Scleroderma is a severe connective tissue disorder of unknown
etiology characterized by a persistent fibrotic response in the skin
and internal organs. Changes in the dermis in scleroderma have
received much attention where persistent over production of extra-
cellular matrix proteins by dermal fibroblasts explain in part the
pathological changes seen in the disease. In order to obtain new
insight into the changes in scleroderma we performed a proteom-
ic analysis of whole skin biopsy material taken from the fibrotic
skin lesions of patients with recent onset scleroderma, drawing
comparison with the array of proteins expressed in healthy control
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material. Proteins of altered abundance in the disease were for-
mally identified by mass spectroscopy, and include proteins
involved in fibroblast differentiation and extracellular matrix pro-
duction. In addition we were surprised to find that proteins specif-
ic for the epidermal layer and involved in epidermal keratinocyte
differentiation were of altered abundance in the disease. We go on
to show that in scleroderma maturation of epidermal ker-
atinocytes is delayed and abnormal and resembles a wound heal-
ing phenotype. The epidermis is endowed with fibrosis enhanc-
ing factors including endothelin-1 and transforming growth fac-
tor beta and we show altered expression of these factors in the
epidermis in scleroderma. We speculate that changes in the epi-
dermal layer might contribute to the generalized fibrotic tenden-
cy in scleroderma.

18. Autoantibodies to CD22 in patients with systemic
sclerosis

Manabu Fujimoto, Maki Murata, Minoru Hasegawa, Kazuhiko
Takehara

Department of Dermatology, Kanazawa University Graduate
School of Medical Science, Kanazawa, Japan

CD22 is a B cell-specific Siglec protein expressed on the cell sur-
face as B cells mature to

express IgD. CD22 has six tyrosine residues within the cytoplas-
mic domain, some of which are phosphorylated following B cell
antigen receptor ligation. Furthermore, CD22 ligation also
induces tyrosine phosphorylation of CD22. Phosphorylated CD22
recruits SHP-1 tyrosine phosphatase, and thus acts as a negative
regulator of B cell activation. Therefore, CD22 engagement can
modulate B cell function. Herein we examined the presence of
autoantibodies to CD22 in the sera from patients with systemic
sclerosis (SSc) by ELISA using recombinant protein of CD22
extracellular domain. Of 55 SSc patients, 15 (27%) were positive
for anti-CD22 antibodies. While functional analyses of these
autoantibodies are currently being undertaken, these results sug-
gest that autoantibodies produced in SSc patients can influence B
cell functions in vivo.

19. Effect of mycophenolate mofetil on pulmonary function
in scleroderma-associated interstitial lung disease

Anthony J. Gerbino, MD !, Amanda Mondt, RN 2, Jerry Molitor,
MD, PhD?

Sections of Pulmonary/Critical Care Medicine' and
Rheumatology?, Arthritis Clinical Research Unit?, Virginia
Mason Medical Center, Seattle, Washington

Purpose: To determine the effectiveness of mycophenolate
mofetil (MMF) in scleroderma-associated interstitial lung disease
(SSc-ILD).

Methods: We retrospectively identified patients who received
MMF for treatment of SSc-ILD. Patients were included if they
met ACR criteria for systemic sclerosis, had an abnormal high-
resolution chest CT, received more than 1 gram/day of MMF for



at least 6 months, and had pulmonary function measured before
and during treatment. Diffusion capacity (DLCO), vital capacity
(VC), and modified Rodnan skin scores at treatment onset were
compared with those on treatment using paired t-tests.
Standardized selection rules were used to identify DLCO and VC
measurements made ~12 months prior to treatment, and these val-
ues were also compared to DLCO and VC at treatment onset using
paired t-tests.

Results: Thirteen patients with systemic sclerosis (9 diffuse, 4
limited) were treated with a median dose of 2 g/day of MMF.
Patients were diagnosed with systemic sclerosis and SSc-ILD a
median of 6 and 2 years, respectively, prior to treatment with
MMEF. Pulmonary function abnormalities at treatment onset were
mild-to-moderate (VC 2.7 + 0.6 L or 70 + 15% predicted; DLCO
16 + 6 mL/mmHg/min or 51 + 13% of the predicted value).
During median follow-up of 21 months, patients treated with
MMF experienced an improvement in VC (mean difference +129
mL [CI +52 to +205] and +4% of the predicted value [CI +2 to +7]
) but no change in DLCO (mean difference 0.1 mL/mmHg/min
[CI-1.1 to +1.3] and +1 % of the predicted value [CI -3 to +5] ).
In contrast, during a median 14-month period prior to treatment
onset, patients experienced a decrease in VC (mean difference
—228 mL [CI =384 to —72] and —5% of the predicted value [CI -9
to— 1] ) and trend towards decrease in DLCO (mean difference -
1.5 mL/mmHg/min [CI -3.3 to +0.4] and —4 % of the predicted
value [-9 to +1] ). Modified Rodnan skin scores did not change
during treatment with MMF (mean difference —1 [CI -5 to +3]).
Conclusion: These retrospective data suggest MMF improves VC
and may prevent deterioration in DLCO in patients with SSc-ILD.

20. Monitoring of gene expression by microarrays: bosentan
attenuates the pro-fibrotic gene expression profile of lung
fibroblasts in scleroderma

Xu Shiwen, Andrew Leask, Elisabetta Renzoni, George Bou-
Gharios, Jeremy Pearson, Roland du Bois, Christopher P.
Denton, David Abraham, Carol Black

Royal Free Hospital and University College Medical School,
London, UK

Purpose: A body of indirect evidence implicates endothelin-1
(ET-1) in pathogenesis of scleroderma (SSc). Bosentan is a dual
specificity endothelin receptor antagonist that has beneficial
effects on vasculopathy in SSc. ET-1 has previously been shown
to have profibrotic activity, although recent clinical studies of
bosentan in fibrotic lung disease have been inconclusive. In the
present study we have explored the potential attenuation of fibrot-
ic gene expression by bosentan using explanted fibroblasts from
scleroderma associated pulmonary fibrosis (SSc-PF) and from
nonfibrotic control lung samples.

Methods: The effect of an 18 hour treatment of bosentan on the
expression of genes in normal and FASSc lung fibroblasts (N=5)
was assessed by U133A Affymetrix gene chips analyzed by D-
Chip software, real-time polymerase chain reaction (RT-PCR) and
Western blot analysis. In addition, the effect of bosentan on the pheno-
type of SSc-PF lung fibroblasts was assessed by functional assays.

Results: Hierarchical cluster analysis of Affymetrix gene arrays
revealed that FASSc lung fibroblasts differentially overexpressed
over 350 genes compared to control normal lung fibroblasts, of
which approximately 25% were dependent upon endogenous ET-
1 signaling. Cluster analysis revealed that mRNAs involved with
metabolism, cytoskeleton, adhesion, transcription, extracellular
matrix (ECM) and cell proliferation were sensitive to bosentan.
RT-PCR and Western analysis confirmed that members of all
cohorts were upregulated in SSc-PF lung fibroblasts and sensitive
to endothelin antagonist treatment. Functional analysis revealed
that the overexpression of ECM and ECM-associated genes,
including type I collagen, fibronectin and connective tissue
growth factor, by SSc-PF lung fibroblasts was blocked by bosen-
tan (P < .05). Similarly, the elevated adhesive, migratory and con-
tractile phenotype of SSc-PF lung fibroblasts was blocked by
bosentan.

Conclusion: These data suggest that elevated endogenous ET-1
signaling contributes to the pro-fibrotic phenotype observed in
SSc-PF lung fibroblasts. Our findings provide support for contin-
ued exploration of the potential clinical benefit of endothelin
receptor antagonists in SSc and other fibrotic diseases.

21. The transcription factor Egr-1 is a novel mediator of
TGF-B responses and plays key roles in fibrosis in vitro

and in vivo

Minghua Wu, Shu-Jen Chen, Denisa Melichian, Hongyan Ning,
Shiva Shahrara, Flavia Castelino, John Varga

Division of Rheumatology, Northwestern University, Chicago,
linois

Purpose: We showed previously that the zinc finger transcription
factor Egr-1 was rapidly induced by TGF-6 in fibroblasts, and
played a key role in stimulation of collagen gene expression by
TGF-B. Because the significance of Egr-1 in fibrosis is unknown,
we investigated its expression, regulation, mechanism of action
and biological role in fibrotic responses in vitro and in vivo.
Methods: Normal and scleroderma skin fibroblasts, and fibrob-
lasts from Egr-1 null mice, were used. Gene expression was exam-
ined with Northern and Western analysis and transient transfection
assays. Skin and lung fibrosis in wildtype and Egr-1 null mice was
induced in vivo with bleomycin. Lesional tissue was examined by
histology, immunohistochemistry and PCR. Tissue collagen was
quantitated with SIRCOL assays. Ex vivo cytokine production by
bone marrow macrophages was assessed by ELISA.

Results: In normal fibroblasts, Egr-1 (protein and mRNA) was
rapidly induced by TGF-B. Transient transfection assays with Egr
promoter-luc constructs demonstrated that stimulation was medi-
ated at the transcriptional level. Stimulation was blocked by
inhibitors of ERK1/2, but not the ALKS, indicating that this
response was MAPK-dependent and ALKS5/Smad-independent.
Egr-1 overexpression in normal fibroblasts caused increased col-
lagen synthesis, and Egr-1 directly transactivated COL1A2 via a
consensus DNA element (EBS) located within the TGF-B
response region of the COL1A2 promoter. Stimulation of collagen
gene expression by TGF- was markedly impaired in Egr-1-null
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fibroblasts. In BALB/c mice, bleomycin induced striking early
skin inflammation, and subsequent fibrosis associated with eleva-
tion in lesional Egr-1. In contrast, in Egr-1-null mice both acute
inflammation and cutaneous fibrosis were markedly reduced.
Fibrosis in the lung was also attenuated. Furthermore, collagen
mRNA expression, collagen accumulation and organization were
impaired, and alpha smooth muscle expression and fibrogenic
cytokine levels were reduced. Egr-1-null macrophages showed
impaired TGF-(-dependent cytokine production ex vivo.
Summary: Egr-1 is a novel TGF-B-inducible gene that plays key
roles in mediating TGF-B-dependent profibrotic activation of
fibroblasts. Tissue fibrosis in a mouse model is associated with
marked increase in Egr-1 expression in lesional tissue, and loss of
Egr-1 in these mice is associated with fibrosis resistance.
Conclusion: This is the first evidence implicating Egr-1 as an
important component of TGF--driven Smad-independent fibrot-
ic responses relevant to the pathogenesis of scleroderma.
Therapeutic targeting of Egr-1 therefore represents a novel
approach to controlling fibrosis.

22. The role of Gata3 as a regulator of ECM homeostasis
in SSc

A. Ghatnekar,* B. Kapanadze,* Y. Asano,* H. Gardner,Y E.
Smith,* S. Jablonska,” M. Blaszczyk,” M. Trojanowska*

From the Division of Rheumatology and Immunology, Medical
University of South Carolina*; Novartis Institutes for
Biomedical Research Inc., Cambridge, MAY; and the
Dermatological Clinic, Warsaw Medical Academy, Warsaw,
Poland®

Systemic sclerosis (SSc) is a connective tissue disease that is dis-
tinguished by the increased production and deposition of extracel-
luar matrix (ECM), especially collagen. In the past, cultured
fibroblasts from SSc patients were used to study the mechanism of
the disease, but a recent cDNA microarray study revealed that
with passaging SSc fibroblasts lose many of their characteristics
(Gardner et al., in press). The data suggested that analyzing the
SSc biopsy as a whole with powerful methods, like cDNA
microarray analysis, may provide many more leads on which
pathways are altered in SSc fibroblasts. Interestingly, array data
indicated that expression levels of a transcription factor, Gata3,
are significantly reduced in SSc skin. To determine the distribu-
tion of Gata3 in skin cell types, we performed immunohistochem-
ical analysis of 7 normal and 15 SSc dermal sections. In healthy
skin, immunoreactivity was detected in epithelial cells in the epi-
dermis and hair follicles, endothelial cells lining blood vessels and
fibroblasts. In contrast, in the majority of SSc dermal sections,
Gata3 expression was seen in epithelial cells in the epidermis and
hair follicles (9/15), but was drastically downregulated in dermal
fibroblasts (12/15) and endothelial cells (14/15). These data
reveal for the first time that Gata3, a T-cell specific transcription
factor, is expressed in dermal fibroblasts and differentially
expressed in SSc skin. To determine a potential role of Gata3 in
fibroblast function, a cDNA microarray analysis was performed
with Gata3 suppressed by siRNA. 503 genes were upregulated
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and 540 genes were downregulated, indicating that Gata3 func-
tions as both a repressor and activator in fibroblasts. Most impor-
tantly, this experiment showed that when Gata3 is knocked down
in fibroblasts, cellular matrix proteins including thrombospondinl
(TSP1), tenascin C (TN-C), procollagen-lysine 2-oxoglutarate 5-
diooxygenase (PLOD2) and lysyl oxidase-like 2 (LOXL2) are
upregulated. This was a significant finding because these matrix
proteins are markedly upregulated in fibrosis. In addition, many
other characteristics of the SSc biopsy were recapitulated in
fibroblasts with Gata3 suppressed. For example, the Wnt pathway
was one of the major pathways upregulated in the biopsy microar-
ray analysis and it was also upregulated in the Gata3 knockdown
array. To further investigate the role of Gata3 as a transcriptional
repressor in fibroblasts, we are focusing on the TN-C promoter,
which contains 7 putative GATA sites. Using a series of 5° dele-
tions of the TN-C promoter linked to the chloremphenicol acetyl-
transferase reporter gene, we cotransfected Gata3 and analyzed
promoter activity. The deletion constructs, -2100, -1300, -516, and
—248, which contain 5, 3, 1, and 0 putative GATA sites, respective-
ly, were cotransfected with 0.5 mg of Gata3. Both distal portions,
-2100 and —1300, showed about a 50% decrease in promoter
activity in the presence of Gata3, while the —-516 promoter activi-
ty was suppressed about 90%. Gata3 had no significant effect on
the activity of the —248 promoter. These data suggest that Gata3
may be a functional repressor of the TN-C promoter and that the
putative GATA site within the —516 promoter may be a key nega-
tive GATA response element.

Conclusion: Based on these findings, we hypothesize that Gata3
may play a role in maintaining a quiescent state of fibroblasts by
regulating programs responsible for ECM production. Loss of
Gata3 may directly contribute to SSc fibrosis.

23. Fibrillin-1 mutants in Marfan syndrome and tight-skin
mouse antagonistically affect expression of CCN3 and
MAGP-2: novel molecular insights into extracellular
matrix regulation by fibrillin-1 in connective tissue

Raphael Lemaire, Julie Bayle, Robert Lafyatis

Boston University School of Medicine, Boston, Massachusetts

Purpose: Fibrillins are major structural components of connective
tissue microfibrils and play important functions in extracellular
matrix homeostasis. Mutations in fibrillins are associated with
various connective tissue dysfunctions that range from fibrosis in
the skin of Tight-skin (Tsk) mouse (gain-of-function mutation) to
reduction of structural integrity in the skin and the aorta in Marfan
syndrome (loss-of-function mutation). The molecular basis for
extracellular matrix dysregulation by these mutant fibrillins is
unclear. We investigated here altered gene expression and matrix
deposition associated with fibrillin-1 mutations in both the Tsk
mouse, a model of skin fibrosis in scleroderma, and in Marfan
syndrome.

Methods: Gene expression in Tsk and control mouse skin was
analyzed by Affymetrix microarray. Further analysis was per-
formed using northern blot, western blot, immunohistochemistry,
and immunofluorescence. Gene expression in Marfan syndrome
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Use of TRACLEER® requires attention to two significant concerns: 1) potential for serious liver injury, and
2) potential damage to a fetus.

WARNING: Potential liver injury. TRACLEER® causes at least 3-fold (upper limit of normal; ULN) elevation of
liver aminotransferases (ALT and AST) in about 11% of patients, accompanied by elevated bilirubin in a small

should be considered. Patients using CYP3A4 metabolized statins should have cholesterol levels monitored after TRACLEER®
is initiated to see whether the statin dose needs adjustment. Warfarin: Co-administration of bosentan 500 mg b.i.d. for
6 days decreased the plasma concentrations of both S-warfarin (a CYP2C9 substrate) and R-warfarin (a CYP3A4 substrate)
by 29 and 38%, respectively. Clinical experience with concomitant administration of bosentan and warfarin in patients
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kinetic i ions with digoxin and nimodipine, and losartan has no effect on plasma levels of bosentan.

Sildenafil: In healthy subjects, co-administration of multiple doses of 125 mg b.i.d bosentan and 80 mg ti.d. sildenafil resulted
in a reduction of sildenafil plasma concentrations by 63% and increased bosentan plasma concentrations by 50%. A dose
adjustment of neither drug is necessary. This recommendation holds true when sildenafil is used for the treatment of pul-
monary arterial hvpertension or erectile dysfunction.
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Carcil is, M of Femlny Two years of dietary administration of bosentan to mice produced
an increased incid of | llul and carcinomas in males at doses about 8 times the maximum
human d_ose [MRHD] of 125mg b id, ,ona mg/m? basis. In the same study, doses greater than about 32 times

and DOSAGE AND ADMINISTRATION). In the post-marketing period, in the setting of close rare

cases of unexplained hepatic cmhosus were reponed after prolonged (> 12 months) therapy with TRACLEER®

in patients with multiple and drug th ies. There have also been rare reports of liver failure.

The contribution of TRACLEER® in these cases could not be excluded.

In at least one case the initial presentation (after > Zﬂ months of

aminotransferases and bilirubin levels b pecific all of which resolved slowly
i the

the MRHD were i with an of colon s in both males and females. In rats, dietary
administration of bosentan for two years was | with an | of brain astrocy in males at
doses about 16 times the MRHD. Impairment of Fertility/Testicular Function: Many endothelin receptor antagonists have
profound effects on the histology and function of the testes in animals. These drugs have been shown to induce atrophy of
the seminiferous tubules of the testes and to reduce sperm counts and male fertility in rats when administered for longer
than 10 weeks. Where studied, testicular tubular atrophy and decreases in male fertility observed with endothelin receptor

Y

over time after discontinuation of TRACLEER®. This case of strict to the
monthly monitoring schedule for the duratmn of treatment and the treatment algorithm, which includes stop-
ping TRACLEER® with a rise of ami 1 by signs or of liver dysfi
(see DOSAGE AND ADMINISTRATION).
Elevations in aminotransferases requlre close anemlnn (see DOSAGE AND ADMINISTRATION). TRACLEER®
should generally be avoided in patients with el x ULN) at baseline because mon-
itoring liver injury may be more difficult. If liver ami i are ied by clinical
symptoms of liver injury (such as nausea, fev | pai ice, or unusual lethargy or
fatigue) or increases in bilirubin = 2 x ULN, treatment should be stopped There is no experience with the
re-introduction of TRACLEER® in these circumstances.
CONTRAINDICATION: P TRACLEER® (b |s very likely to produce major hmh defects if used by

pregnant women, as this effect has been seen when it is d to animals (see
CONTRAINDICATIONS) Therefore, pregnancy must be excluded before the start of treatment with TRACLEER“’
and prevenled therealler by the use of a reliable method of
oral, inj I, and i pti should not be used as the sole means of contra-
ception_ hecause lhese may not be effective in patients receiving TRACLEER® (see Precautions: Drug
through additional forms of contraception must be practiced.

Monthly preg: tests should be ok d
Because of putentlal liver injury and in an effort to make the chance of fetal exposure to TRACLEER®
(bosentan) as small as possible, TRACLEER® may be prescribed only through TRACLEER® Access Program by
calling 1866 228 3546. Adverse events can also be reported directly via this number.

INDICATIONS AND USAGE: TRACLEER® is indicated for the treatment of pulmonary arterial hypertension (WHO Group I} in
patients with WHO Class Il or IV symptoms, to improve exercise ability and decrease the rate of clinical worsening.
CONTRAINDICATIONS: TRACLEER® is contraindicated in pregnancy, with concomitant use of cvclosporme A, with co-
administration of glyburide, and in patients who are hypersensitive to bosentan or any of the

appear irreversible. In fertility studies in which male and female rats were treated with bosentan at oral doses
of up to 50 times the MRHD on a mg/m? basis, no effects on sperm count, sperm motility, mating performance or fertility
were observed. An increased incidence of testicular tubular atrophy was observed in rats given bosentan orally at doses
as low as about 4 times the MRHD for two years but not at doses as high as about 50 times the MRHD for 6 months. An
increased incidence of tubular atrophy was not observed in mice treated for 2 years at doses up to about 75 times the
MRHD or in dogs treated up to 12 months at doses up to about 50 times the MRHD. There are no data on the effects of
bosentan or other endothelin receptor antagonists on testicular function in man.

Pregnancy, Teratogenic Effects: Category X

SPECIAL POPULATIONS: Nursing Mothers: It is not known whether this drug is excreted in human milk. Because many
drugs are excreted in human milk, breastfeeding while taking TRACLEER® is not recommended. Pediatric Use: Safety and
efficacy in pediatric patients have not been established. Use in Elderly Patients: Clinical experience with TRACLEER® in
subjects aged 65 or older has not included a sufficient number of such subjects to identify a difference in response
between elderly and younger patients.

ADVERSE REACTIONS: Safety data on bosentan were obtained from 12 clinical studies (8 placebo-controlled and 4
open-label) in 777 patients with pulmonary arterial hypertension, and other diseases. Treatment discontinuations due to
adverse events other than those related to pulmonary hypertension during the clinical trials in patients with pulmonary
arterial hypertension were more frequent on bosentan (5%; 8/165 patients) than on placebo (3%; 2/80 patients). In this
database the only cause of discontinuations > 1%, and occurring more often on bosentan was abnormal liver function. In
placebo-controlled studies of bosentan in pulmonary arterial hypertension and for other diseases (primarily chronic heart
failure), a total of 677 patients were treated with bosentan at daily doses ranging from 100 mg to 2000 mg and 288 patients
were treated with placebo. The duration of treatment ranged from 4 weeks to 6 months. For the adverse drug reactions that
occurred in = 3% of bosentan-treated patients, the only ones that occurred more frequently on bosentan than on placebo
(= 2% difference) were headache (16% vs. 13%), flushing (7% vs. 2%), abnormal hepatic function (6% vs. 2%), leg edema
(5% vs. 1%), and anemia (3% vs. 1%). Additional adverse reactions that occurred in > 3% of hosentan-treated
pulmunary arterial hypertension patients were: nasopharyngitis (11% vs. 8%), hypotension (7% vs. 4%), palpitations (5% vs.

Pregnancy Category X. TRACLEER® is expected to cause fetal harm if administered to pregnant women. The similarity of
malformations induced by bosentan and those observed in endothelin-1 knockout mice and in animals treated with other

dothelin receptor ists indicates that ter icity is a class effect of these drugs. There are no data on the use
of TRACLEER® in pregnant women. TRACLEER® should be started only in patients known not to be pregnant. For female
patients of childbearing potential, a prescription for TRACLEER® should not be issued by the prescriber unless the patient
assures the prescriber that she is not sexually active or provides negative results from a urine or serum pregnancy test
performed during the first 5 days of a normal menstrual period and at least 11 days after the last unprotected act of sexual

1%), dysp (4% vs. 0%), edema (4% vs. 3%), fatigue (4% vs. 1%), and pruritus (4% vs. 0%). Post-marketing experience:
hypersenswtlwty, rash, angiodema.

Special Considerations: Patients with Congestive Heart Failure (CHF): Based on the results of a pair of studies with 1613
subjects, bosentan is not effective in the treatment of CHF with left ventricular dysfunction.

OVERDOSAGE: Bosentan has been given as a single dose of up to 2400 mg in normal volunteers, or up to 2000 mg/day for
2 months in patients, without any major clinical consequences. The most common side effect was headache of mild to
moderate intensity. In the cyclosporine A interaction study, in which doses of 500 and 1000 mg| b.i.d. of bosentan were given

intercourse. Follow-up urine or serum pregnancy tests should be obtained monthly in women of childb potential
taking TRACLEER®. The patient must be advised that if there is any delay in onset of menses or any other reason to suspect
pregnancy, she must notify the physician i y for y testing. If the pregnancy test s positive, the physician
and patient must discuss the risk to the pregnancy and to the fetus.

WARNINGS: Potential Liver Injury: Elevations in ALT or AST by more than 3 x ULN were observed in 11% of bosentan-treated
patients (N = 658) compared to 2% of placebo-treated patients (N = 280). The combination of hepatocellular injury (increases
in aminotransferases of > 3 x ULN) and increases in total bilirubin (= 3 x ULN) is a marker for potential serious liver injury.
Elevations of AST and/or ALT associated with bosentan are dose-dependent, occur both early and late in treatment,
usually progress slowly, are typically asymptomatic, and to date have heen reversible after treatment interruption or
cessation. These aminotransferase elevations may reverse sp ly while continuing treatment with TRACLEER®.
Liver aminotransferase levels must be measured prior to initiation of treatment and then monthly. If elevated aminotrans-
ferase levels are seen, changes in monitoring and treatment must be initiated. If liver aminotransferase elevations are
accompanied by clinical symptoms of liver injury (such as nausea, vomiting, fever, abdominal pain, jaundice, or unusual
lethargy or fatigue) or increases in bilirubin = 2 x ULN, treatment should be stopped. There is no experience with the
re-introduction of TRACLEER® in these circumstances. Pre-existing Liver Impairment: TRACLEER® should generally be
avoided in patients with moderate or severe liver impairment. In addition, TRACLEER® should generally be avoided in
patients with elevated aminotransferases (>3 x ULN) because monitoring liver injury in these patients may be more difficult.

PRECAUTIONS: Hematologic Changes: Treatment with TRACLEER® caused a dose-related decrease in hemoglobin and
hematocrit. The overall mean decrease in hemoglobin concentration for bosentan-treated patients was 0.9 g/dl (change to
end of treatment). Most of this decrease of hemoglobin concentration was detected during the first few weeks of bosentan

and lobin levels ilized by 4-12 weeks of bosentan treatment. In placebo-controlled studies of all
uses of bosentan, marked decreases in hemoglobin (> 15% decrease from baseline resulting in values of < 11 g/dI) were
observed in 6% of bosentan-treated patients and 3% of placebo-treated patients. In patients with pulmonary arterial
hypertension treated with doses of 125 and 250 mg b.i.d., marked decreases in hemoglobin occurred in 3% compared
0 1% in placebo-treated patients. A decrease in hemoglobin concentration by at least 1 g/dl was observed in 57% of
bosentan-treated patients as compared to 29% of placebo-treated patients. In 80% of cases, the decrease occurred
during the first 6 weeks of bosentan treatment. During the course of treatment the hemoglobin concentration remained
within normal limits in 68% of bosentan-treated patients compared to 76% of placebo patients. The explanation for the
change in hemoglobin is not known, but it does not appear to be hemorrhage or hemolysis. It is recommended that hemo-
globin concentrations be checked after 1 and 3 months, and every 3 months thereafter. If a marked decrease in hemo-
globin concentration occurs, further evaluation should be undertaken to determine the cause and need for specmc

ly with cyclosporine A, trough plasma of bosentan i } 30-fold, resulting in severe
headache, nausea, and vomiting, but no serious adverse events. Mild decreases in blood pressure and increases in heart
rate were observed. There is no specific experience of overdosage with bosentan beyond the doses described above.
Massive dosage may result in p d ion requiring active cardiovascular support.
DOSAGE AND ADMINISTRATION: TRACLEER® treatment should be initiated at a dose of 62.5 mg b.i.d. for
4 weeks and then increased to the maintenance dose of 125 mg b.i.d. Doses above 125 mg b.i.d. did not appear to confer
additional benefit sufficient to offset the increased risk of liver injury. Tablets should be administered morning and evening
with or without food.

Dosage Adjustment and Monitoring in Patients Developmq Aminotransferase Abnormalities

ALT/AST levels il and T fati
>3and <5x ULN

Confirm by another aminotransferase test; if confirmed, reduce the daily dose or
interrupt treatment, and monitor aminotransferase levels at least every 2 weeks. If the
aminotransferase levels return to pre-treatment values, continue or re-introduce the
treatment as appropriate (see below).

>5and =8 x ULN Confirm by another aminotransferase test; if confirmed, stop treatment and monitor
aminotransferase levels at least every 2 weeks. Once the aminotransferase levels
return to pre-treatment values, consider re-introduction of the treatment (see below).

>8xULN Treatment should be stopped and reintroduction of TRACLEER® should not be considered.

There is no experience with re-introduction of TRACLEER® in these circumstances.

If TRACLEER® is re-introduced it should be at the starting dose; aminotransferase levels should be checked within 3 days
and thereafter according to the recommendations above. If liver ferase el are ied by clinical
symptoms of liver injury (such as nausea, vomiting, fever, abdominal pain, jaundice, or unusual lethargy or fatigue) or
increases in bilirubin 2 2 x ULN,trearmentshouId be stopped. There is no experience with the re-introduction of TRACLEER®
in these circumstances. Use in Women of Child-bearing Potential: See CONTRAINDICATIONS and Drug Interactions.
Dosage Adjustment in Renally Impaired Patients: The effect of renal impairment on the pharmacokinetics of bosentan is
small and does not require dosing adjustment. Dosage Adjustment in Geriatric Patients: Clinical studies of TRACLEER® did
not include sufficient numbers of subjects aged 65 and older to determine whether they respond differently from younger
subjects. In general, caution should be exercised in dose selection for elderly patients given the greater frequency of
decreased hepatlc renal, or cardiac function, and of concomitant disease or other drug therapy in this age group. Dosage

treatment Fluid retention: In a placebo-controlled trial of patients with severe chronic heart failure, there was an

0 for CHF iated with weight gain and increased leg edema during the first 4-8 weeks of treat-
ment with TRACLEER®. In addition, there have been numerous post-marketing reports of fluid retention in patients with pul-
monary hypenensmn occurring within weeks after starting TRACLEER®. Patients required intervention with a diuretic, fluid

orh ford p heart failure.

Information for Patients: Patients are advised to consult the TRACLEER® Medication Guide on the safe use of TRACLEER®.
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was analyzed in an in vitro model using doxycycline (dox)-regu-
lated mouse embryonic fibroblasts (MEF) conditionally overex-
pressing a C-terminal truncated Marfan-like fibrillin-1 mutant that
prevents microfibril formation. Genes found dramatically altered
by both Tsk and Marfan-like fibrillin-1 mutants (mainly CCN3
and MAGP-2) were further investigated using dox-regulated MEF
cell conditionally overexpressing these genes.

Results: Among the genes with the most highly increased expres-
sion in Tsk mouse skin were CCN3 (23-fold increase), a member
of the CCN gene family that includes CTGF, and microfibril-asso-
ciated-glycoprotein-2 (MAGP-2, 10-fold increase), a matrix pro-
tein that binds to fibrillin-1. In contrast, overexpression of the
deficient Marfan-like fibrillin-1 mutant decreased both CCN3 and
MAGP-2. Similar to the effect of Tsk fibrillin-1 expression, over-
expression of CCN3 increased MAGP-2, while MAGP-2 overex-
pression did not alter CCN3. Together, these data suggest that fib-
rillin-1 matrix may control MAGP-2 matrix via CCN3. Finally,
unlike Tsk fibrillin-1 that increases type I collagen matrix,
Marfan-like fibrillin-1 mutant decreased type I collagen in vitro.
Conclusion: We show here that fibrillin-1 regulates MAGP-2
expression and that CCN3 might mediate this effect. Since
MAGP-2 stimulates type I collagen (Lemaire et al., A&R, 2005,
2005. 52:1812-1823) and elastogenesis (Lemaire et al, A&R,
2005, 52, S366), these results suggest that the fibrillin-1 / CCN3 /
MAGP-2 pathway might also contribute to the altered regulation
of extracellular matrix in human connective tissue disorders, such
as scleroderma and Marfan syndrome.

24. Peroxisome proliferator-activated receptor-y (PPAR-y)
inhibits collagen gene expression: implications for fibrosis
Asish K. Ghosh, Swati Bhattacharyya, Yasuji Mori, Jaspreet
Pannu*, Maria Trojanowska*, John Varga

Northwestern University, Chicago, Illinois; *Medical University
of South Carolina, Charleston, South Carolina

Purpose: By stimulating collagen synthesis and myofibroblast
differentiation, TGF-8 has a pivotal role in the pathogenesis of
fibrosis. PPAR-y is a broadly expressed nuclear receptor that func-
tions as a ligand-activated transcription factor induced by
prostaglandins, lipids, and antidiabetic drugs. In addition to its
role in regulation of energy metabolism, PPAR-y is increasingly
implicated in inflammation and tissue repair. We previously
showed that PPAR-y blocked stimulation of collagen gene expres-
sion in skin fibroblasts. In the present study, we investigated the
molecular mechanisms underlying PPAR-y suppression of profi-
brotic TGF-8 responses.

Methods: Primary cultures of normal and scleroderma skin
fibroblasts, and fibroblasts from PPAR-y null mouse embryos,
were used. COL1A2 transcriptional activity was studied by tran-
sient transfection assays. Protein expression and phosphorylation
were determined by Western analysis. Nuclear protein DNA bind-
ing activities were examined by gel shift and DNA affinity precip-
itation assays. Subcellular Smad distribution was examined by
confocal microscopy.

Results: The levels of collagen and COL1A2 promoter activity

were strikingly elevated in the absence of TGF-§ in mouse embry-
onic fibroblasts lacking PPAR-y. Incubation of normal skin
fibroblasts with PPAR-y ligands (15d-PGJ, and troglitazone)
blocked stimulation of collagen synthesis elicited by TGF-8, or by
ectopic expression of its downstream signal mediator Smad3.
However, TGF-B-dependent Smad activation and inducible
sequence-specific DNA binding activities were not abrogated.
TGF- enhanced the direct interaction between Smad3 and the
ubiquitous coactivator p300 in the COL1A2 transcriptional com-
plex. Significantly, this response was completely abrogated by
PPAR-y ligands. Furthermore, ectopic p300 was able to rescue
TGF-6 stimulation of COL1A2 promoter activity in the presence
of PPAR-y, suggesting that interference with the p300-dependent
Smad transcriptional complex assembly accounted for inhibition
of Smad-dependent TGF-8 responses by PPAR-y. Levels of cellu-
lar PPAR-y were reduced in three out of five SSc skin fibroblast
lines compared to matched normal controls.

Conclusion: PPAR-y inhibited profibrotic responses induced by
TGF-B, and in fibroblasts appeared to function as an endogenous
natural repressor of collagen production. Ligand activation of
PPAR-y resulted in disruption of inducible Smad3-coactivator
interactions, and blocked Smad-mediated transcriptional respons-
es. The findings establish a mechanism of action for the anti-
fibrotic effect of PPAR-y and suggest that pharmacological PPAR-
y activation may be a novel approach to controlling fibrosis in
scleroderma.

Acknowledgments: Supported by grants from the Scleroderma
Foundation and NIH.

25. Regulation of the coactivator and histone acetyltrans-
ferase (HAT) p300

Swati Bhattacharyya, Jianxiu Yu*, John Varga, Asish K.Ghosh
Northwestern University, Chicago, Illinois,*Burnham Institute,
La Jolla, California

Purpose: p300 is a ubiquitous transcriptional coactivator with
intrinsic HAT activity. Previously we have shown that inducible
interaction of p300 with TGF-B-activated Smad2/3 played a fun-
damental role in profibrotic TGF-§ signaling. In normal fibrob-
lasts, elevation of the level of p300 markedly enhanced the stimu-
lation of collagen gene expression induced by TGF-, whereas
p300 suppression blocked the response, suggesting that the rela-
tive abundance of cellular p300 governed the intensity of TGF-3
responses. Further, we and others showed that both the expression
of p300, and its interaction with Smad3 were significantly elevat-
ed in scleroderma lesional fibroblasts. Because the regulation of
p300 expression is not well understood, we investigated the regu-
lation of p300 in fibroblasts.

Methods: Primary cultures of human foreskin and lung fibrob-
lasts, and mouse embryonic fibroblasts (MEFs) were used. mRNA
steady-state levels and transcript stability were examined by RT-
PCR. Protein levels and acetylation state were determined by
Western analysis. p300 gene promoter activity was studied in tran-
sient transfection assays. HAT activity was determined using a kit.
Results: Incubation of normal skin and lung fibroblasts with

Scleroderma Care and Research 21



TGF-f resulted in substantial time- and dose-dependent increase
in p300 mRNA and protein accumulation, and was accompanied
by enhanced HAT activity and histone acetylation. Whereas stabil-
ity of p300 mRNA transcripts was unaffected by TGF-8, the activ-
ity of the p300 gene promoter was markedly induced in transient-
ly transfected fibroblasts. SB431542, a selective inhibitor of the
ALKS TGF-B receptor, did not prevent stimulation of p300
expression, whereas the ERK1/2 inhibitor PD98059 fully blocked
the response. Increased cellular p300 accumulation in TGF-83-
treated fibroblasts could account for the increase in HAT activity
and H4 acetylation in these cells.

Conclusion: These results indicate for the first time that expres-
sion of p300, an integral component of the TGF- intracellular
signal transduction pathways, can be modulated by cytokines.
Stimulation of p300 by TGF-f involved ALKS5-independent tran-
scriptional activation of the p300 gene. Because the relative levels
of p300 govern cellular responsiveness to TGF-, enhanced p300
expression and/or function could have a key role in the fibrotic
phenotype of scleroderma fibroblasts. Furthermore, selective tar-
geting of p300, or its interaction with Smads, may represent novel
therapeutic approaches to fibrosis.

Acknowledgments: Supported by grants from the Scleroderma
Foundation and NIAMS-NIH.

26. Host conditioning and the ‘“‘cytokine storm’ are not
required for generation of sclerodermatous graft-versus-host
disease

David Askew, David Zhou, Anita C. Gilliam

Department of Dermatology, Case Western Reserve University,
Cleveland, Ohio

Our laboratory has modeled human scleroderma with murine scle-
rodermatous graft versus host disease (Scl GVHD), in which
transplantation of bone marrow and spleen cells of B10.D2 (H-29)
into lethally irradiated BALB/c (H-2%) across minor histocompat-
ibility loci (MiHC) produces skin thickening and lung fibrosis
rather than classic cytotoxic GVHD. The focus of these studies is
to examine the early immune events in Scl GVHD that may pro-
vide insight to changes that occur in early scleroderma, during
which immune-based therapies may be used. Cytotoxic GVHD is
thought to be initiated by the conditioning phase that generates the
“cytokine storm” in which recipient antigen presenting cells
(APCs) are activated by cytokines released by damaged gut and
tissue. The role that host conditioning and the “cytokine storm”
has on the induction of Scl GVHD is unknown. The Scl GVHD
model (B10.D2 — Balb/c) depends on irradiation (conditioning)
to ablate the host bone marrow. Rag 2 knockout mice have been
used successfully to generate Scl GVHD (1). We used Rag 1
knockout mice on Balb/c background to avoid the effects of irra-
diation and determine the role of conditioning. When CD4* T cells
from B10.D2 mice were injected into irradiated or non-irradiated
Rag 1 mice, Scl GVHD was generated in both recipient groups.
When C57BL/6 CD4* T cells were injected into Ragl knockout
mice, irradiated mice developed cytotoxic GVHD as expected.
However, when non-irradiated mice were the recipient, Scl
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GVHD developed. Suggesting that important APC-T cell interac-
tions that lead to one or the other form of GVHD. Also,, the
cytokine environment is important because TNFa appears to be
critical cutaneous cytokine for cytotoxic GVHD, but is absent in
Scl GVHD.

1. Ruzek MC, Jha S, Ledbetter S, Richards SM, Garman RD. A modified model of
graft versus-host-induced systemic sclerosis (scleroderma) exhibits all major
aspects of the human disease. Arthritis Rheum. 2004;50:1319-1331.

27. Establishment of immortal SSc fibroblast clonal

cell lines by introduction of the hTERT gene

Bagrat Kapanadze, Erin Morris, Ed Smith, Maria Trojanowska
Medical University of South Carolina, Division of
Rheumatology, Charleston, South Carolina

The lack of an adequate experimental model has hindered our
ability to understand scleroderma (SSc) pathogenesis. Current
scleroderma research is based on the study of cultured fibroblasts
from SSc skin biopsies. Gene array analysis has shown that cul-
tured fibroblasts do not fully maintain the fibrotic phenotype
observed in SSc biopsies (Gardner et. al, in press). This may be
a result of the heterogeneity of biopsy fibroblast populations.
With passaging a certain fibroblast phenotype may overtake the
culture population so that the in vivo phenotype is lost. The goal
of this study was to use hTERT immortalization to determine if
passaging leads to a change in the phenotypic culture population.
hTERT immortalization was chosen because it is the least disrup-
tive to the cellular genome and gene expression profiling.
Fibroblasts from two pairs of closely matched normal and SSc
biopsies were used in this study. Fibroblasts from one pair were
immortalized in passage five and the second pair was immortal-
ized in passage zero by infection with an hTERT lentivirus and
selection with zeocin. hTERT infected clones were isolated and
cultured for several months. The presence of telomerase was con-
firmed using RT-PCR and telomeric repeat amplification protocol
(TRAP). We used QPCR to measure the mRNA levels of 9 genes
shown by microarray to differ in biopsy and culture including col-
lagen I (COL1A1), thrombospondin 1 (TSP1), lysyl hydroxylase
2 (PLOD2), connective tissue growth factor (CCN2), collagen XI,
fibrillin 2, desmin, calponin 1, and tenascin C. Protein levels of
CCN2 and COL1AIl were confirmed using western blotting.
Clonal phenotypes were compared to whole cell biopsy popula-
tions to compare phenotype stability. Ten normal and 8 SSc clones
from the first pair of biopsy samples were immortalized in passage
zero. A normal clone with low levels of COL1al expression was
selected and used to normalize all mRNA and protein measure-
ments. Among the normal clones five produced low levels of
COL1A1 mRNA (1-1.9) and four clones produced intermediate
levels (3.2-5.8). Of the SSc clones, three produced low levels of
COL1A1 (1-1.8), one produced intermediated levels (5.5), and
four produced high levels (7.3-11.1). TSP1 mRNA levels in nor-
mal clones ranged from 0.9-2.3 and from 1-12.7 in SSc clones
with a strong correlation to COL1A1 levels. Likewise, CCN2 lev-
els ranged from 0.9-2.7 in normal clones and from 0.9-4.7 in SSc
clones with a high correlation to COL1A1. Several genes includ-



ing PLOD2 showed only minimal variation. In contrast to these
observations, normal and SSc clones immortalized in passage five
showed only slight variation in the levels of COL1A1, TSP1, and
CCN2 expression.

These data show that some of the SSc biopsy characteristics
including expression of COL1A1, TSP1, and CCN2 are lost in
culture due to passaging. Other genes that were significantly
changed in the SSc biopsies, including PLOD2, are not main-
tained in culture. These genes may require the presence of other
cell types or the in vivo matrix environment that cannot be reca-
pitulated in cell culture. The scleroderma cell lines immortalized
in passage zero may present a new and useful model to investigate
scleroderma pathogenesis.

28. The role of Flil in the collagen processing and
fibrillogenesis

Asano Y*, Znoyko S*, Markiewicz M*, Watson DK™,
Trojanowska M*.

Division of Rheumatology and Immunology* and the Laboratory
of Cancer Genomics*, Medical University of South Carolina,
Charleston, South Carolina

Flil, a member of Ets family of transcriptional factors, has been
implicated in collagen gene regulation. We have previously
observed markedly reduced levels of Flil protein in lesional
fibroblasts of patients with scleroderma, suggesting that an
absence of Flil may contribute to the process of cutaneous fibro-
sis. The aberrant ultrastructure of collagen has been observed in
involved skin of scleroderma, however the basis for the abnormal-
ities of the collagen processing and/or fibrillogenesis remains to
be clarified. The goal of this study was to investigate the role of
Flil in the collagen processing and fibrillogenesis using in vitro
cultivated foreskin fibroblasts and in vivo mouse model.

In in vitro studies, we compared by quantitative realtime RT-PCR
the effects of TGFP1 and siRNA-induced gene silencing of Flil on
mRNA levels of the following eleven genes which participate in the
collagen processing and fibrillogenesis; (i) Procollagen assembly-
related genes; prolyl-4-hydroxylase - (P4H-), heat shock protein 47
(HSP47), protein disulfide isomerase (PDI), (ii) Procollagen cleav-
age-related genes; a disintegrin and metalloproteinase with throm-
bospondin motifs 2 (ADAMTS?2), bone morphogenetic protein 1
(BMP1), procollagen C terminal peptidase enhancer protein
(PCPE), (iii) Pyridinoline cross-link-related genes; procollagen-
lysine 2-oxyglutarate 5-dioxygenase 2 (PLOD2), lysyl oxidase-like
2 (LOXL2), (iv) small leucine-rich proteoglycans (sLRPs);
decorin, fibromodulin, lumican. The treatment with TGF-B1 signif-
icantly increased mRNA levels of PAH., HSP47, PDI, ADAMTS?2,
BMP1 and PLOD2, and significantly decreased mRNA levels of
sLRPs. TGFB1 stimulation did not affect the mRNA levels of
PCPE and LOXL2. Among the 9 TGFf1-responsive genes, the
effect of TGFP1 was reproduced by Flil siRNA on 5 genes includ-
ing P4H:, PLOD?2, decorin, fibromodulin, and lumican. On the
other hand, Flil siRNA showed no effect on the mRNA levels of
other 6 genes. These results of quantitative RT-PCR were also con-
firmed at the protein level by immunoblotting.

For the in vivo mouse model, we used Flil™®™¢ mice, which have
homozygous deletion of C-terminal activation domain of Flil.
First, mRNA levels of Flil-responsive genes were determined in
skin tissue samples by quantitative RT-PCR. The mRNA level of
PLOD2 was elevated, while decorin, fibromodulin, and lumican
mRNA levels were decreased in Flil®*¢ mice compared with
wild type mice. There was no difference in the mRNA levels of
LOXL2. Since sLRPs play a central role in collagen fibrillogene-
sis, we next examined the ultrastructure of collagen in the back
skin by transmission electron microscopy. In Flil™¢ mice, in
addition to fibrils with normal diameter there were much thicker,
irregularly shaped fibrils. Mean fibril diameter was 118.6 +/- 39.2
in Flil® mice and 92.7 +/- 34.5 in wild type (P < .0l).
Furthermore, Flil™**¢ mice skin showed a wide range of fibril
diameter in cross section (22-302 nm in wild type and 15-511 nm
in mutants), indicating the increase of immature thin collagen fib-
rils as well as thick fibrils. These in vitro and in vivo findings
demonstrated that Flil is involved in regulation of collagen pro-
cessing and fibrillogenesis, in addition to its role as a repressor of
fibrillar collagen genes. Moreover, this study supports the view
that the absence of Flil plays a pathological role in scleroderma
skin fibrosis.

29. Prevalence of female sexual dysfunction among women
with systemic sclerosis

Leah M. Triplett, DO, Paul J. Nietert, PhD, Alan N. Brown, MD
Medical University of South Carolina, Charleston, South
Carolina

Purpose: To determine the prevalence of sexual dysfunction in
female systemic sclerosis (SSc) patients enrolled in the
Connective Tissue Diseases Database (CTD) at the Medical
University of South Carolina

Methods: Thirty women with SSc enrolled in the CTD were
asked to complete the Female Sexual Function Index, a validated
19-item questionnaire. Associations between domain scores and
clinical characteristics were examined and tested using Spearman
rank correlations and Wilcoxon rank sum tests. Respondents’
scores were also compared to published values of healthy con-
trols.

Results: A total of 30 questionnaires were distributed to SSc
patients, and 17 questionnaires were completed (57%). There
were no significant differences found between responders and
non-responders with respect to age or disease classification; how-
ever, responders did have significantly higher total Rodnan skin
scores. Compared to published results for healthy controls, SSc
patients had significantly (P < .001) lower levels of desire, arous-
al, lubrication and satisfaction. Pain scores were also worse
among the SSc patients. None of the domains of sexual dysfunc-
tion were significantly associated with responders’ age, disease
classification, or total skin score.

Conclusion: The prevalence of sexual dysfunction among female
SSc patients is high. In our study, patients with SSc had more dif-
ficulty with sexual desire, arousal, lubrication, orgasm, satisfac-
tion, and pain than healthy controls. Specific areas of sexual dys-
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function were not significantly associated with responders’ clini-
cal characteristics. Previous work in this area by Bhadauria et al
(Am J Obstet Gynecol. 1995;172:580-7) also noted that decreased
orgasmic function appears to be a common finding in SSc. Our
study is unique in that we utilized a validated, standardized ques-
tionnaire to assess female sexual function in these patients.
Additionally, we noted that SSc patients had significantly lower
levels of sexual desire, arousal, lubrication, and overall satisfac-
tion with their sexual life. Our study, although relatively small,
suggests that sexual dysfunction is a significant problem in female
patients with SSc. We believe that further studies are indicated to
determine the etiology of these symptoms, whether it be physical,
emotional, or both. In addition, determining the cause of sexual
dysfunction and finding appropriate treatment modalities is neces-
sary in order to provide these individuals with functional sexual
health throughout the course of their chronic disease.

30. Endothelin axis polymorphisms in scleroderma patients
*Carmen Fonseca MD PhD, §Elizabeth Renzoni MD, Piersante
Sestini MD, §Panagiotis Pantelidis PhD, § Anna Lagan BSc,
*Christopher Bunn PhD, {Neil McHugh FRCP, §Ken I Welsh
PhD, §Ron M du Bois MD, *Christopher P. Denton MD PhD,
*Carol Black MD, *D Abraham, PhD

*Royal Free & University College Medical School, London,
UK, §Clinical Genomics Group, Royal Brompton Hospital,
London, UK

Background: In the context of Systemic sclerosis (SSc) endothe-
lins and their receptors have been implicated in both vascular and
fibrotic pathologies. Elevated circulating levels of Endothelin
1(ET-1), differential expression of ET subtypes receptors in tis-
sues and an altered response to ET-1 have been described in SSc
patients. Underlying cause of the differential expression is
unknown but may be related to genetic polymorphisms.
Objective: To evaluate the distribution of polymorphisms in
Endothelin 1 (EDN1), Endothelin receptor A (EDNRA) and
Endothelin receptor B (EDNRB) gene in systemic sclerosis and
disease subsets.

Methods: Two hundred and five systemic sclerosis patients and
255 healthy controls were screened for polymorphism in EDNI,
EDNRA and EDNRB by SSP-PCR. The polymorphisms studied
were at positions -1370 (T-1370G), exon 1 +138 (+138 A/-), exon
3 +85 (E106E) and exon 5 +23 (K198N) for EDN1; exon 1 -231
(G-231A), exon 6+ 6(H323H) and +105 (E335E) of EDNRA and
exon 2 +2841 (EDNRB-3), exon 3 -2547 (EDNRB-2) and -2446
(EDNRB-1) exon 3 of EDNRB. The genotype, allele carriage and
allele frequency were determined by direct counting. Logistic
regression was used to compare the distribution of polymorphism
between SSc and Control groups. Comparisons between the mutu-
ally exclusive autoantibody subgroups were performed by using
polytomous logistic regression. A P value less than .05 was con-
sidered to be significant.

Results: All the studied polymorphisms were in Hardy-Weinberg
equilibrium. No significant difference was found for any of the
investigated polymorphisms in EDN1, EDNRA and EDNRB
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between the SSc group as a whole and control subjects. However,
compared to patients with limited skin disease, patients with diffuse
involvement had increased frequency of allele carriage of EDNRB-
1A allele (76.8% vs. 54.4%, P = .002), EDNRB-2A (79.7% vs.
60.2%, P = .006) and EDNRB-3G (79.7% vs. 56.6%, P = .001). A
significantly increased allele carriage frequencies for EDNRA alle-
les H323H/C and E335E/A was found in SSc patients with anti-
RNA polymerase antibodies (ARA), both compared to ARA nega-
tive SSc patients (P < .05) and to control subjects (P < .005).
Conclusion: The finding of significant genetic differences in the
endothelin axis members within SSc population and the associa-
tion between endothelin receptor A and B with distinct clinical and
immunological SSc subsets supports the role of endothelin and its
receptors in the pathogenesis of SSc. However, further studies are
needed before the role of these SNPs in the pathogenesis of SSc
can be fully appreciated.

31. A repressor in the first intron of the human alpha2(I)
collagen gene may be defective in scleroderma?

Antoniv Taras', Tanaka Shizuko', Wang Lu', Ramirez
Francesco! David Abraham?, Carol Black?, Bou-Gharios
George?

Laboratory of Genetics Child Health Institute of New Jersey,
New Brunswick, New Jersey, 2Department of Rheumatology,
Royal Free Campus, University College London, *Imperial
College School of Medicine, Hammersmith Campus, London,
UK

Fibrotic diseases are characterized by an abnormally high amount
of collagen deposition, resulting in an accumulation of scar tissue,
which can cause organ failure and death. There is no effective
therapy for fibrotic disorders, in part because the aetiology of
these diseases is unknown. The chronic disease scleroderma (sys-
temic sclerosis; SSc) is characterized by scarring of the skin, lungs
and internal organs. The human gene that code for the alpha 2
chain of collagen I (COLIA2) is driven by a combination of a
proximal promoter (-378 bp) and an upstream enhancer (-20 kb).
The complex and highly combinatorial nature of the regulatory
network governing COLIA2 We have investigated the transcrip-
tional contribution of the unique open chromatin site in the first
intron of COLIA?2 using a transgenic mouse model. DNase I foot-
printing identified a cluster of three distinct areas of nuclease pro-
tection that span from nucleotides +647 to +759, relative to the
transcription start site, and which contain consensus sequences for
GATA and IRF transcription factors. Gel mobility shift and chro-
matin immunoprecipitation assays corroborated this last finding
by documenting binding of GATA-4 and IRFs 1 and 2 to the first
intron sequence. Moreover, a short sequence encompassing the
three footprints was found to inhibit expression of transgenic con-
structs containing the COLIA2 proximal promoter and far-
upstream enhancer in a position-independent manner. Mutations
inserted into each of the footprints restored transgenic expression
to different extents. These results therefore indicate that the
unique open chromatin site of COLIA2 corresponds to a repres-
sor, the activity of which seems to be mediated by the concerted



action of GATA and IRF proteins. These studies speculate that the
problem with fibrotic diseases and SSc in particular is the inabili-
ty to switch off collagen transcription because of defects in the
transcription factors regulating the repressor or the combination of
key factors in fibroblast overexpression of the mammalian alpha
2(I) collagen gene.

32. A novel TGFf, response element located in the

human collagen type I:2 far upstream enhancer is SMAD
independent

Markella Ponticos, PhD!, Alan M Holmes, BSc!, Carmen
Fonseca, MD, PhD!, George Bou-Gharios, PhD?, Christopher P
Denton, MD FRCP, PhD', Carol M Black, DBE, MD PRCP!,
David J Abraham, PhD!

!Centre for Rheumatology, Department of Medicine, University
College London, Royal Free Campus, London, Renal
Medicine,, Imperial College, Hammersmith Campus, London,
UK

Background: A SMAD-dependent TGF-, response element
(TbRE) in the proximal promoter of the human collagen type 1.2
(COL1-2) gene is well characterized. However previous studies in
the TGFp, response of COL1-2 do not include the far upstream
enhancer (FUE) which is situated more than 20kb upstream of the
proximal promoter. The COL1-2 FUE is crucial for the temporal
and tissue-specific transcriptional regulation of collagen type I in
embryonic development and controls COL1-2 expression in tissue
remodeling, repair and fibrosis. As activation of the TbRE in the
proximal promoter occurs rapidly after the onset of TGFp, treat-
ment and the role of the enhancer is to sustain collagen expression
in the longer term, we hypothesized the existence of an alternative
TbRE within the enhancer. Our aim is to study the TGFp,
response of the COL1-2 FUE and characterize the mode of action
of putative TbREs.

Methods: DNA constructs of the FUE fused to reporter genes and
constructs containing mutations of specific sequences were used
in transient transfection assays in explanted skin fibroblasts from
normal and scleroderma (SSC) patients or mouse dermal fibrob-
lasts from wild type and SMAD3 null mice, in the presence/
absence of TGFf, and a cmvSMAD?7 expression vector. AP1
inhibitors and expression vectors of APl family members were
also used. EMSA were performed with labeled oligonucleotides
and ChiP assays using AP1 antibodies and PCR primers to the
FUE and proximal promoter.

Results: Reporter gene constructs in transient transfection assays
of fibroblasts (normal and SSC) with SMAD7 in the
presence/absence of TGFp, resulted in suppressed TGFf, induc-
tion of the construct containing the proximal promoter alone but
only partially inhibited the activity of the construct containing
both enhancer and promoter. A construct which replaced the
COL1-2 proximal promoter with the thymidine kinase (TK) pro-
moter (not TGFp, inducible) but contained the FUE was activat-
ed with TGFp. Transfections with these constructs in SMAD3 null
cells confirmed the presence of a SMAD independent TbRE in the
FUE. The novel TbRE was localized within the 2.1kb COL1-2

FUE to a 235bp sequence. Its mode of action studied by cotrans-
fections with expression vectors, EMSA and ChIP showed that
activation requires specific AP1 family members. Mutagenesis
showed that two AP1 sites in the FUE were involved in the TGFp,
response. Activation occurs approximately 30 hours after the
onset of TGFJ, treatment in vitro in contrast to the much earlier
activation of the SMAD-dependent TbRE response. Data show
that in SSC fibroblasts, the FUE TbRE is constituatively active
without exogenous TGFp.

Conclusions: A novel TbRE has been identified in the FUE
region of the COL1-2 gene. The FUE TbRE is SMAD-independ-
ent and requires specific AP1 members for activation. The late
activation after TGF-, treatment in normal fibroblasts suggests
that it may play a role in the sustained expression of COL1-2. In
SSC fibroblasts, the FUE TbRE appears to be constitutively
active.

33. Mechanisms regulating CTGF transcription in systemic
sclerosis

Alan Holmes, Markella Ponticos, Patricia Leoni, Xu Shi-wen,
Carmen Fonseca, Elizabeth Renzoni, Roland du Bois,
Christopher Denton, Carol Black, David Abraham, Gisela
Lindahl Centre for Rheumatology, Royal Free Hospital and
University College Medical School, London, UK

Background: Enhanced expression of CTGF is a fibrogenic
characteristic of fibroblasts from patients with systemic sclerosis
(SSc). We and others have shown that the activity of transcription
factors Spl and CBF is enhanced in SSc, and that high basal
CTGEF expression is dependent on Sp1. This effect was mapped to
a GC-rich site in the proximal promoter, adjacent to a putative
CBF binding site (CCAAT-box). CBF is a known to synergize
with Spl, possibly involving MAPK pathways, however little is
known regarding the molecular mechanisms underlying the over-
expression of CTGF in SSc. The purpose of this study was to fur-
ther characterise protein interactions at the promoter and to eluci-
date signalling pathways leading to enhanced CTGF activation in
SSc.

Methods: Human primary adult fibroblasts were isolated from
skin and lung tissue and used at passages 4-7. Transcriptional
activity was assessed by transcient transfection of CTGF promot-
er constructs into fibroblasts, and measurement of luciferase
reporter activity by chemiluminescence. MAPK signalling path-
ways were assessed using specific pharmacological inhibitors, and
the expression and activity of kinases determined by western blot
analysis. DNA-protein interactions were demonstrated by elec-
trophoresis mobility shift assay (EMSA) using nuclear extracts
and radio-labelled gene-specific double-stranded oligonu-
cleotides.

Results: We have previously shown that a proximal Spl site is
necessary for the high CTGF expression of CTGF in SSc. Here we
investigate the underlying signalling pathways involved. SSc
fibroblasts were found to exhibit constitutively active JNK1 and
ERK1/2, but not p38. Using specific inhibitors of JNK and ERK
activation, we found that repression of ERK1/2, but not JNK,
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potently inhibited CTGF expression in SSc fibroblasts. In parallel,
protein interaction at the proximal Sp1 site was reduced. In addi-
tion to the proximal Spl site, we have identified a high affinity
binding site for Sp3 at position -755 upstream of the transcription
start-site. Site-directed mutagenesis of this site enhanced tran-
scription about 3 fold, suggesting a potent repressor. The over-
expression of Sp3, reducing the activity of the wild-type CTGF
promoter by about 50%, but having no effect on a mutated -755
Sp3 site, suggests a novel repressor site for the CTGF gene. This
was further confirmed in vivo by chromatin immuno-precipitation.
Protein interaction to a previously uncharacterised inverted
CCAAT-box in the proximal promoter of the CTGF gene was
investigated using EMSA. Distinct complexes were formed, and
competition and antibody supershift assays demonstrated that
CBF is the major factor binding at this site. Since enhanced CBF
activity has been observed in SSc fibroblasts, this site is likely to
play an important role in the over-expression of CTGF in SSc. The
cooperative role of these sites in SSc is under investigation.
Conclusions: Our results provide evidence to suggest that
Sp1/Sp3 and CBF are important regulators of CTGF and that sig-
nalling pathways, inappropriately activating these factors in SSc,
may be useful targets for novel therapeutic strategies.

34. Over-expression of CTGF in Tsk2 mouse skin in the
absence of a mononuclear cell infiltrate

Tatjana Barisic-Dujmovic, Ivana Boban, Stephen H. Clark
Department of Genetics and Developmental Biology, University
of Connecticut Health Center, Farmington, Connecticut

Background: Scleroderma is an autoimmune connective tissue
disease characterized by fibrosis of the skin and internal organs.
While the etiology of scleroderma remains unknown, a variety of
animal models have been used to study the mechanism of fibrosis.
Connective tissue growth factor (CTGF) has been identified as a
major fibrotic mediator and elevated levels of CTGF mRNA and
protein are observed in the skin of scleroderma patients. The tight
skin 2 (Tsk2) mutation is autosomal dominant, localized on chro-
mosome 1 and mutant mice are characterized by a tightness of the
skin in the interscapular region. The cutaneous phenotype is asso-
ciated with an excessive accumulation of collagen and the pres-
ence of mononuclear cells in the dermis and underlying adipose
layer has been reported.

Aims: The goal of this study was to determine if the cutaneous
fibrosis observed in the Tsk2 mice is associated with an elevation
in CTGF expression and the possible relationship of the mononu-
clear infiltrate to the fibrotic condition.

Materials and Methods: The Tsk2/+ mutant mice used in this
study were obtained from the MRC Radiobiology Unit
Laboratories, Chilton, UK in a F, hybrid background (C3H/He X
101/H). From these initial breeders, two separate sub lines were
established; a hybrid line maintained by crossing Tsk2/+ mice to
normal (C3H/He X C57BL/6) mice and an inbred line developed
by backcrossing to C57BL/6 (>N10). CTGF protein expression
was evaluated by immunohistochemistry of frozen skin sections
isolated from 2-3 month old Tsk2/+; C57BL/6 and +/+; C57BL/6.
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To evaluate the presence of inflammatory cells in Tsk2/+ mice,
skin samples were taken from Tsk2/+ mice both in the hybrid
background (C3H/He X C57BL/6) and the line backcrossed to
C57BL/6. Paraffin sections were examined from three age groups
- 10 days old, 2-3 months and 7-8 months of age. As a control for
the detection of mononuclear cells, Tsk2/+ and normal control
mice were injected daily with 100 ml of bleomycin or PBS.
Subcutaneous injections of bleomycin induce a dermal fibrosis
that is preceded by an infiltration of mononuclear cells. Skin sam-
ples were collected from Tsk2/+ and normal controls after 8 days
of bleomycin injections. Frozen sections were examined for the
presence of inflammatory cells as well as stained with anti Mac-3
antibody that specifically detects macrophages.

Results: Examination of the skin sections stained with anti-CTGF
antibody revealed an increased number of cells in the hypodermis
of Tsk2/+ mice where the majority of cells are expressing CTGF
in contrast to control samples. While examining the sections, we
did not observe a mononuclear cell infiltrate in Tsk2/+ skin prepa-
rations collected from mice of any age group or genetic back-
ground. To test the sensitivity of our method for the detection of
inflammatory cells, skin sections were examined from Tsk2/+ and
normal control mice after 8 days of daily subcutaneous injections
with bleomycin. Inflammatory cells were observed following
bleomycin injections and, further, these cells stained positive with
anti Mac-3 antibody indicating that these cells were macrophages.
While bleomycin treatment resulted in abundant inflammatory
cells observed in both Tsk2/+ and control skin, they are not detect-
ed in samples collected from mice treated with PBS.
Conclusions: CTGF expression is elevated in the hypodermis of
Tsk2 mice, however, this up-regulation is not associated with an
infiltration of inflammatory cells.

35. Parabiosis and transplantation models do not show the
presence of circulating dermal fibroblast progenitors in
bleomycin induced skin fibrosis

Ivana Boban, Tatjana Barisic-Dujmovic, Stephen H. Clark
Department of Genetics and Developmental Biology, University
of Connecticut Health Center, Farmington, Connecticut

Background: Systemic sclerosis (SSc) is a connective tissue dis-
ease that is characterized by fibrosis of the skin and various inter-
nal organs. Although the molecular and cellular mechanisms asso-
ciated with the dysregulation of dermal fibroblast function are not
clearly understood, one hypothesized mechanism is the abnormal
activation of a subset of dermal fibroblasts to produce excess
matrix. Since scleroderma is largely adult in presentation, this
activation could occur at the level of a fibroblast progenitor cell
leading to the production of a sub-population of hyperactive
matrix producing cells. The first step toward addressing this ques-
tion involves understanding basic information on dermal fibrob-
last progenitor cells. Are dermal fibroblast progenitor cells strict-
ly dermal in origin or do they have an extra-dermal origin or per-
haps a combination of these two?

Aim: The aim of this study was to test the hypothesis that dermal
fibroblasts that participate in the development of skin fibrosis are
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BRIEF SUMMARY

The following is a brief summary of the Full Prescribing Information for
Ventavis (iloprost) Inhalation Solution. Please review the Full Prescribing
Information prior to prescribing Ventavis.

INDICATIONS AND USAGE

Ventavis is indicated for the treatment of pulmonary arterial hypertension
(WHO Group I) in patients with NYHA Class IIl or IV symptoms. In controlled
trials, it improved a composite endpoint consisting of exercise tolerance, symptoms
(NYHA Class), and lack of deterioration (see CLINICAL PHARMACOLOGY,
Clinical Trials section of the Full Prescribing Information).

CONTRAINDICATIONS

There are no known contraindications.

WARNINGS

Ventavis is intended for inhalation administration only via either of two
pulmonary drug delivery devices: the I-neb™ AAD® System or the Prodose® AAD®
System (See DOSAGE AND ADMINISTRATION section of the Full Prescribing
Information). It has not been studied with any other nebulizers.

Vital signs should be monitored while initiating Ventavis. In patients with low
systemic blood pressure, care should be taken to avoid further hypotension.
Ventavis should not be initiated in patients with systolic blood pressure less
than 85 mmHg. Physicians should be alert to the presence of concomitant
conditions or drugs that might increase the risk of syncope. Syncope can
also occur in association with pulmonary arterial hypertension, particularly in
association with physical exertion. The occurrence of exertional syncope may
reflect a therapeutic gap or insufficient efficacy, and the need to adjust dose
or change therapy should be considered.

Should signs of pulmonary edema occur when inhaled iloprost is administered
in patients with pulmonary hypertension, the treatment should be stopped
immediately. This may be a sign of pulmonary venous hypertension.

PRECAUTIONS

General: Ventavis solution should not be allowed to come into contact
with the skin or eyes; oral ingestion of Ventavis solution should be avoided.
Direct mixing of Ventavis with other medications in the I-neb” AAD® System
or the Prodose® AAD® System has not been evaluated.

Ventavis has not been evaluated in patients with chronic obstructive pulmonary
disease (COPD), severe asthma, or with acute pulmonary infections.

Information for Patients: Patients receiving Ventavis should be advised to
use the drug only as prescribed with either of two pulmonary drug delivery
devices, the I-neb™ AAD® System or the Prodose® AAD® System, following the
manufacturer’s instructions (see DOSAGE AND ADMINISTRATION section

of the Full Prescribing Information). Patients should be trained in proper
administration techniques including dosing frequency, ampule dispensing, I-neb™
AAD® System or Prodose® AAD® System operation, and equipment cleaning.

Patients should be advised that they may have a fall in blood pressure with
Ventavis, so they may become dizzy or even faint. They should stand up slowly
when they get out of a chair or bed. If fainting gets worse, patients should
consult their physicians about dose adjustment.

Patients should be advised that Ventavis should be inhaled at intervals of not
less than 2 hours and that the acute benefits of Ventavis may not last 2 hours.

Drug Interactions: In studies in normal volunteers, there was no
pharmacodynamic interaction between intravenous iloprost and either
nifedipine, diltiazem, or captopril. However, iloprost has the potential to
increase the hypotensive effect of vasodilators and antihypertensive agents.
Since iloprost inhibits platelet function, there is a potential for increased risk of
bleeding, particularly in patients maintained on anticoagulants. During clinical
trials, iloprost was used concurrently with anticoagulants, diuretics, cardiac
glycosides, calcium channel blockers, analgesics, antipyretics, nonsteroidal
anti-inflammatories, corticosteroids, and other medications. Intravenous
infusion of iloprost had no effect on the pharmacokinetics of digoxin
Acetylsalicylic acid did not alter the clearance (pharmacokinetics) of iloprost.

Although clinical studies have not been conducted, in vitro studies of
iloprost indicate that no relevant inhibition of cytochrome P450 drug
metabolism would be expected

Carcinogenesis, Mutagenesis, Impairment of Fertility: lloprost was

not mutagenic in bacterial and mammalian cells in the presence or absence

of extrinsic metabolic activation. lloprost did not cause chromosomal aberrations

in vitroin human lymphocytes and was not clastogenic in vivo in NMRI/SPF mice.
There was no evidence of a tumorigenic effect of iloprost clathrate (13%
iloprost by weight) in Sprague-Dawley rats dosed orally for up to 8 months at
doses of up to 125 mg/kg/day (Cmax of 45 ng/mL serum), followed by 16 months
at 100 mg/kg/day, or in Crl:CD-1®(ICR)BR albino mice dosed orally for up to

24 months at doses of up to 125 mg/kg/day (Cmax of 156 ng/mL serum). The
recommended clinical dosage regimen for iloprost (5 mcg) affords a serum
Cmax of 0.16 ng/mL. Fertility of males or females was not impaired in
Han-Wistar rats at intravenous doses up to 1 mgrkg/day.

Pregnancy: Pregnancy Category C. In developmental toxicity studies in
pregnant Han-Wistar rats, continuous intravenous administration of iloprost at a
dosage of 0.01 mg/kg daily (serum levels not available) led to shortened digits of
the thoracic extremity in fetuses and pups. In comparable studies in pregnant
Sprague-Dawley rats which received iloprost clathrate (13% iloprost by

weight) orally at dosages of up to 50 mgrkg/day (Cmax of 90 ng/mL), in pregnant
rabbits at intravenous dosages of up to 0.5 mg/kg/day (Cmax of 86 ng/mL),

and in pregnant monkeys at dosages of up to 0.04 mg/kg/day (serum levels of

1 ng/mL), no such digital anomalies or other gross-structural abnormalities were
observed in the fetuses/pups. However, in gravid Sprague-Dawley rats, iloprost
clathrate (139% iloprost) significantly increased the number of non-viable fetuses
at a maternally toxic oral dosage of 250 mg/kg/day and in Han-Wistar rats

was found to be embryolethal in 15 of 44 litters at an intravenous dosage of

1 mg/kg/day. There are no adequate and well-controlled studies in pregnant
women. Ventavis should be used during pregnancy only if the potential benefit
justifies the potential risk to the fetus.

Nursing Mothers: It is not known whether Ventavis is excreted in human
milk. In studies with Han-Wistar rats, higher mortality was observed in

pups of lactating dams receiving iloprost intravenously at 1 mg/kg daily. In
Sprague-Dawley rats, higher mortality was also observed in nursing pups at a
maternally toxic oral dose of 250 mg/kg/day of iloprost clathrate (13% iloprost
by weight). It is not known whether this drug is excreted in human milk.
Because many drugs are excreted in human milk and because of the potential
for serious adverse reactions in nursing infants from Ventavis, a decision to
discontinue nursing should be made, taking into account the importance of the
drug to the mother.

Pediatric Use: Safety and efficacy in pediatric patients have not been
established.

Geriatric Use: Clinical studies of Ventavis did not include sufficient
numbers of subjects age 65 and older to determine whether they respond
differently than younger subjects. Other reported clinical experience has not
identified differences in responses between the elderly and younger patients.
In general, dose selection for an elderly patient should be cautious, usually
starting at the low end of the dosing range, reflecting the greater frequency
of decreased hepatic, renal, or cardiac function and of concomitant disease
or other drug therapy.

Hepatic or Renal Impairment: Ventavis has not been studied in
patients with pulmonary hypertension and hepatic or renal impairment,
both of which increase mean AUC in otherwise normal subjects (see
CLINICAL PHARMACOLOGY, Special Populations section of the
Full Prescribing Information).

ADVERSE REACTIONS

Safety data on Ventavis were obtained from 215 patients with pulmonary arterial
hypertension receiving iloprost in two 12-week clinical trials and two long-term
extensions. Patients received inhaled Ventavis for periods of from 1 day to more
than 3 years. The median number of weeks of exposure was 15 weeks. Forty
patients completed 12 months of open-label treatment with iloprost.

The following table shows adverse events reported by at least 4 iloprost patients
and reported at least 3% more frequently for iloprost patients than placebo
patients in the 12-week placebo-controlled study.

Adverse Events in Phase 3 Clinical Trial

lloprost Placebo Placebo
subtracted
Adverse Events (n=101) (n=102) %
Vasodilation (flushing) 27 9 18
Cough increased 39 26 13
Headache 30 20 10
Trismus 12 3 9
Insomnia 8 2 6
Nausea 13 8 5
Hypotension 1 6 5
Vomiting 7 2 5
Alk phos increased 6 1 5
Flu syndrome 14 10 4
Back pain 7 3 4
Abnormal lab test 7 3 4
Tongue pain 4 0 4
Palpitations 7 4 3
Syncope 8 5 3
GGT increased 6 3 3
Muscle cramps 6 3 3
Hemoptysis 5 2 3
Pneumonia 4 1 3

Ina small clinical trial (the STEP trial, see CLINICAL TRIALS section of the
Full Prescribing Information), safety trends in patients receiving concomitant
bosentan and iloprost were consistent with those observed in the larger
experience of the Phase 3 study in patients receiving only iloprost.

Serious adverse events reported with the use of inhaled iloprost and not
shown in the table above include congestive heart failure, chest pain,
supraventricular tachycardia, dyspnea, peripheral edema, and kidney failure.

Adverse events with higher doses: In a study in healthy volunteers
(n=160), inhaled doses of iloprost solution were given every 2 hours, beginning
with 5 meg and increasing up to 20 mcg for a total of 6 dose inhalations (total
cumulative dose of 70 mcg) or up to the highest dose tolerated in a subgroup

of 40 volunteers. There were 13 subjects (32%) who failed to reach the highest
scheduled dose (20 mcg). Five were unable to increase the dose because of (mild
to moderate) transient chest pain/discomfort/tightness, usually accompanied

by headache, nausea, and dizziness. The remaining 8 subjects discontinued
for other reasons.

OVERDOSAGE

In clinical trials of Ventavis, no case of overdose was reported. Signs and
symptoms to be anticipated are extensions of the dose-limiting pharmacological
effects, including hypotension, headache, flushing, nausea, vomiting, and
diarrhea. A specific antidote is not known. Interruption of the inhalation session,
monitoring, and symptomatic measures are recommended.
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extradermal in origin and enter the dermis from the circulation.
Materials and Methods: Parabiosis is the surgical connection of
two mice to generate a pair of individuals with a common circula-
tion. Experimental parabiotic pairs consisted of one transgenic
mouse expressing a green fluorescent protein (GFP) under the
control of the Collal 3.6 promoter, while the parabiotic partner
was C57BL/6. This combination would permit the tracking of the
movement of dermal progenitors from the circulation to the skin,
through the expression of GFP driven by a Collal promoter
expressed in dermal fibroblasts. After a common circulation was
established, skin fibrosis was induced in both mice by repeated
subcutaneous injections of bleomycin. Control pairs were injected
with saline. Four weeks after injection with bleomycin or saline,
skin and lung samples were evaluated for GFP expression and
stained with Masson trichrome to determine the degree of fibrosis.
To assess the hypothesis that bone marrow could be an extra-der-
mal source of cells participating in dermal fibrosis, bone marrow
chimeras were created in which non-transgenic recipient mice
received injections of bone marrow cell preparations isolated from
transgenic pOBCol3.6GFP mice. After bone marrow chimerism
had been successfully established, fibrotic lesions in the skin were
again induced by local bleomycin injections.

Results: In parabiotic pairs treated with bleomycin, skin samples
from both parabionts showed a dense deposition of collagen and
inflammatory cell infiltrates in the thickened dermis in compari-
son with parabiotic pairs treated with saline. Although, in all
cases, continuous injection of bleomycin for 4 weeks induced skin
fibrosis, only a few GFP positive cells were detected in skin sam-
ples from some of the treated non-transgenic mice. Unexpectedly
similar results were observed in saline-treated controls.
Interestingly, the infrequently detected GFP expressing cells were
localized around hair follicles and had a dendritic shape. In the
bone marrow transplantation experiments donor GFP expressing
cells were not observed in the bleomycin induced fibrotic lesions
in recipient mice. However, a significant number of GFP express-
ing cells were observed in the lung preparations from all recipient
mice, both treated and controls. These round GFP expressing cells
were also detected in parabiotic pairs, however in that setting the
number of GFP positive cells was very low. Mac-3 antibody
immunostaining confirmed a macrophage phenotype for these
GFP expressing cells suggesting expression of the Col3.6GFP
transgene in a non-collagen-producing cell.

Conclusion: Based on these observations, there is no evidence of
circulating dermal fibroblast progenitors that participate in the
development of bleomycin induced skin fibrosis.

36. Inducible fibroblast-specific disruption of TGFf signal-
ing in vivo replicates features of late-stage systemic sclerosis
Korsa Khan, Rachel Hoyles, Patricia Leoni, Xu Shiwen, David J
Abraham ,Carol M Black, Christopher P Denton Centre for
Rheumatology, Royal Free and University College Medical
School, London, UK

Background: Altered expression of TGFp receptors (TBR) has
been observed in skin fibroblasts of systemic sclerosis (SSc). To

replicate this in an animal model we have deleted TBRII in fibrob-
lasts of mice post-natally, using a Cre-Lox method that avoids the
embryonic lethality of a conventional knock-out for this gene.
Methods: Transgenic mice with fibroblast-specific expression of
tamoxifen-dependent Cre-recombinase (driven by a lineage-spe-
cific Colla2 expression cassette) were crossed with animals
homozygous for a floxed allele of TRRIIL. Short-term tamoxifen
administration was used to delete TBRII in compound mutant
progeny. Macroscopic phenotype, skin biopsy histology, biochem-
ical properties of explanted fibroblasts and healing of excisional
skin wounds in mice lacking TBRII in fibroblasts (TBRII-null-fib)
were compared with matched controls.

Results: Genomic deletion of the floxed allele was confirmed by
PCR analysis of tail biopsy DNA. From 2 weeks after activation
of Cre-recombinase, mice lacking TBRII developed progressive
digital contractures at the interphalangeal joints of all limbs. They
also failed to thrive, attaining significantly lower body mass
(mean xsem) at 6 weeks of age. Thus, young adult male TBRII-
null-fib mice weighed 13.4+2.5 g, compared with 21.1+2.6 g for
control littermates (P = .05, n=12). Immunohistochemical staining
of skin sections, and western blot analysis of cell lysates, con-
firmed absence of TPRII in fibroblasts, but not other cell types.
Fibroblasts cultured from TPRII-fib-null mice showed altered
expression of TGFp regulated gene products. The predominant
biochemical phenotype was one of diminished TGFf} signaling
and responsiveness. Thus, there was significantly lower constitu-
tive expression (mean+sem) of type I procollagen (12+6 RDU) by
TBRRII-null fibroblasts compared with littermate controls (39+5, P
=.003). PAI-1 protein expression was also lower in mutant (55+9
RDU) than wildtype fibroblasts (1704, P = .001). Recombinant
TGFB1 (2 ng/mL) increased type I procollagen secretion 4-fold in
wildtype fibroblasts but less than 1.5-fold in TBRII-null-fib cells.
Moreover, the prototypic TGFP regulated protein CTGF was
induced in control cells (15620, P = .005) but not in TRRII-null
fibroblasts (2849, P = .6), confirming refractoriness of the mutant
cells to TGFB1. Healing of 4 mm excisional skin wounds was sig-
nificantly delayed at 7 days (P = .0001) in TRRII-null-fib mice
(wound diameter 2.70+0.2 mm, n=8) compared with control mice
(0.80+0.1, n=8). There was impaired wound contraction and
myofibroblast differentiation was deficient. Ki67 proliferation
marker demonstrated greater expression in the epidermis of null
mice confined to the wound edges compared to controls which
showed expression in the granulation tissue. An in vitro scratch
wound assay confirmed that fibroblast migration was impaired in
T,RII-null-fib mice.

Conclusions: The TBRII-null-fib strain replicates 2 key aspects of
late-stage SSc; severe digital contractures and slow healing of
full-thickness skin wounds (skin ulcers). Our findings are consis-
tent with a model of TGFf overactivity in early SSc but defective
responsiveness of fibroblasts to TGFf} ligand in established dis-
ease.
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37. Renal outcomes and mortality from scleroderma renal
crisis—a 15 year retrospective

Henry Penn!, Richard Stratton!, Edward Kingdon?, Aine Burns!,
Carol M. Black!, Christopher P. Denton!

'Department of Rheumatology, Royal Free Hospital, Pond
Street, London, 2Depamnent of Renal Medicine, Royal Sussex
County Hospital, Brighton, West Sussex, UK

Background: Scleroderma renal crisis (SRC) has a substantial
morbidity including the frequent need for renal replacement ther-
apy, although some patients recover sufficient renal function to
discontinue dialysis. We have reviewed outcome in SRC cases
treated over the past 15 years during which time use of angiotensin
converting enzyme inhibitors (ACEI) has been routine.
Methods: Cases of SRC from 1990-2005 were ascertained from
databases in the departments of rheumatology, histopathology and
renal medicine. Case notes were audited, and patients with new
onset hypertension (>150/85) and renal impairment (GFR decre-
ment by >30%) included. Patients with renal biopsies showing
other diagnoses were excluded. Renal outcome was assessed by
patients need for dialysis, and by calculated GFR (MDRD
method).

Results: One-hundred ten patients were identified, a frequency of
3.8% of patients under follow up. Seventy-eight percent had dif-
fuse disease (16.9% of all dcSSc cases) and 22% limited disease
(1.9%). Mean age 50.7, range 24-82. There was an excess of
patients with fine speckled ANA pattern and negative ENA (con-
sistent with RNA polymerase antibodies), with a relative risk for
developing SRC of 7.7 (95% CI 5.5-11.1). Twenty patients were
taking ACEI or ATII blockers prior to SRC. Thirty-eight (35%)
did not require any renal support acutely (no dialysis ND).
Twenty-four (23%) required dialysis and subsequently recovered
sufficient renal function to discontinue dialysis (dialysis-recovery
DR). Forty-four (42%) required dialysis and did not recover (dial-
ysis no recovery DNR). Only three of the patients who did not
require dialysis or recovered from dialysis subsequently required
renal replacement. Recovery from dialysis occurs over 1-34
months (median 11, IQR 5-15 —in all but one case by 24 months).
The GFR in patients not on dialysis increases after the SRC for at
least 3 years (year 1 12.8 mL/min/year (95% CI 8.3-17.4) year
2.41 mL/min/year (0.80-7.4), year 3 1.89 mL/min/year (0.21-
3.6)).Systolic and diastolic blood pressure correlate with renal
outcome, with high presenting blood pressure associated with bet-
ter outcomes (mean ND 205/122, DR 196/114 , DNR 177/103
ANOVA P < .002). Advanced age at SRC is associated with poor
outcome of those patients requiring dialysis (mean age DR 44
DNR 55 P <.05), but is not different between those requiring dial-
ysis and those not requiring dialysis (mean age ND 49). Use of
ACEI/ATII blockers prior to SRC was associated with a trend
towards a higher rate of poor outcome (relative risk of DNR cases
1.71 (95% CI 0.92-3.19)). There was no association with steroid
use, presence of MAHA, or antibody profile. Survival at 1 year is
81%, 3 years 71%, 5 years 58%, 10 year 47%. Death rates are
highest in the DNR group (31% 5 year survival), lowest in the ND
group (68%), and lowest in the DR group (94%). Increasing age
is associated with higher mortality (alive 48.6 years, dead 53.9, P
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=.027). There is no correlation between disease subset and mortality.
Conclusions: SRC occurs in both SSc subsets. Overall, 35%
cases do not require dialysis, 23% require temporary and 42% per-
manent dialysis. Renal function improves for at least 3 years after
renal crisis. Severe hypertension at presentation is associated with
good renal outcome from SRC. Age and poor renal function pre-
SRC are poor prognostic markers in patients requiring dialysis.
ACEI/ATII receptor antagonist treatment prior to SRC may be
associated with poorer renal outcomes. Overall mortality remains
high for at least 10 years.

38. Vasculature in systemic sclerosis

J Fleming, MD

UW Pathology, Schwartz Lab

University of Washington, Seattle, Washington

Systemic sclerosis (Ssc) is a connective tissue autoimmune disor-
der that has been hypothesized as a progressive inflammatory vas-
cular disease. The pathogenesis of Ssc involves a vasculopathy
characterized by intimal hyperplasia and capillary rarefaction. The
current widespread belief among researchers of Ssc is that the vas-
cular changes are triggered by endothelial cell injury, death and
replacement of the endothelial cell layer with an associated defect
in angiogenesis. To investigate the vasculature of Ssc we com-
pared skin biopsies from 8 Ssc patients and 7 normal controls. We
assessed the state of the vasculature and the surrounding tissue
with vessel associated markers using various methods including
RNA in situ and immunohistochemistry. The results of these stud-
ies show a remarkable phenotypic change in endothelial cells in
Ssc, an increase and change of smooth muscle gene expression
and distribution, significant loss of blood vessels, and change in
functional markers but no sign of endothelial apoptosis or prolif-
eration. We conclude that endothelial injury, death and replace-
ment, if present, occur earlier than our biopsies were taken. The
loss of blood vessels in Ssc implies that rarefaction occurs at some
earlier point since there was no evidence of blood vessel turnover.
The changes we observe in various vascular markers imply
changes in vascular permeability, stiffness, flow regulation,
immune activation, and endothelial function consistent with the
vascular hypothesis.

39. Association of the IL-1 beta C-511T polymorphism with
the presence of restrictive lung physiology in Italian SSc
patients

R Scorza, L Beretta, M Barili, M Masciocchi, F Bertolotti, F
Cappiello, M Marchini

Unit of Clinical Immunology, Fondazione IRCCS Ospedale
Maggiore and University of Milan, Milan, Italy

Background: Interleukin-1 (IL-1) cluster gene single nucleotide
polymorphisms (SNPs) have been implicated in the pathogenesis
of some interstitial lung diseases, such as sarcoidosis or pneumo-
conioses, most likely favouring local inflammation or promoting
the deposition of intercellular matrix and tissue remodelling.!



Recently, we have also observed that the T/C polymorphism at
position -889 of the IL-1a promoter gene influences the response
to therapy in patients with systemic-sclerosis (SSc)-associated
fibrosing alveolitis (FAS).> Whilst the T-889C polymorphism
seems to play a role in the progression of restrictive lung disease
in patients with FAS despite treatment with oral cyclophos-
phamide and medium-dose steroids, other genetic factors might be
relevant in the onset of restrictive lung disease (ILD) in SSc
patients, comprising those without overt lung inflammation. The
present retrospective study was conducted to evaluate whether IL-
1 cluster gene polymorphism are associated with the presence of
restrictive lung disease in SSc.

Material and Methods: IL-1o T-889C, IL-1p +3962T, IL-1§3 C-
511T, IL-1R Cpst1970T, and IL-1Ra Cmspall1100T polymor-
phisms were determined in 182 consecutive SSc patients. The
presence/absence of a restrictive lung physiology (RLP), defined
as a forced vital capacity (FVC) < 60% of the predicted values,
was retrospectively assessed: all the patients routinely undergo a
standard evaluation with the execution of pulmonary function test-
ing every 6 months and thus the onset of RLP can be easily recon-
structed. Cox regression analysis was used to assess the risk for
RLP; disease subset, gender, IL-1 cluster gene polymorphisms
and the previous use of CYC were chosen as covariates. The time
to the onset of the event was defined as the lapse of time between
the onset of the disease (ie, the time of the appraisal of the first
non-Raynaud symptom) and the detection of a FVC < 60% of the
predicted.

Results: Patients were mostly females (n=137, 75.3%), with the
limited cutaneous form (IcSSc) of the disease (n=162, 89%), aged
48 + 13.7 years at the onset of SSc. IL-1 cluster gene polymor-
phisms genotype frequencies were the following:

IL-1a T-889C — CC=107 (58.8%), CT=59 (32.4%), TT=16 (8.8%);
IL-1P +3962T — CC=86 (47.3%), CT=78 (42.9%), TT=18 (9.9%);
IL-1 C-511T — CC=108 (59.3%), CT=61 (33.5%), TT=13 (7.1%) ;
IL-1R Cpst1970T — CC=83 (45.6%), CT=21 (42.9%), TT=21 (11.5%);
IL-1Ra Cmspal11100T — CC=8 (4.4%), CT=72 (39.6), TT=102 (56%).

Thirty-six out of 182 patients (19.8%) developed RLP after a
mean of 11+7.0 years from the onset of the disease. Among the
considered variables, only disease subset and the IL-1f C-511T
polymorphisms were relevant to the development of RLP. Patients
with the dcSSc showed an increased risk for presenting a reduc-
tion in FVC % of predicted values as compared to IcSSc patients
and the TT genotype increased the risk as compared to CT or CC
genotypes: dcSSc vs 1cSSc — P < .001, OR=4.83 (Cly4=2.27-
10.26); IL-1B C-511T polymorphism, TT v¢ CC — P = .011,
OR=5.66 (Cly=1.48-21.36); IL-1B C-511T polymorphism, TT
ve CT — P =.016, OR=4.52 (Cly5=1.32-15.44). IL-1 cluster gene
polymorphisms were not correlated with disease subset or total
skin score.

Conclusions: In Italian SSc patients, the IL-13 C-511T polymor-
phism is associated with the onset of restrictive lung disease, inde-
pendently of disease subset. Presently, it is not possible to deter-
mine whether this polymorphism is simply a marker for a linked
disease associated locus or it is a direct disease causing allele.

1. Yucesoy B, Vallyathan V, Landsittel DP, et al. Cytokine polymorphisms in sili-

cosis and other pneumoconioses. Mol Cell Biochem. 2002;234:219-24.

2. Beretta L, Cappiello F, Barili M, et al. T-889C IL-1alpha promoter polymor-
phism influences the response to oral cyclophosphamide in scleroderma patients
with alveolitis. Clin Rheumatol. 2006 Apr 25 [epub ahead of print].

40. Akt positively regulates collagen in dermal fibroblasts

via a Smad3 independent pathway

Andreea Bujor, Robin Muise-Helmericks®, Maria Trojanowska
Medical University of South Carolina, Division of
Rheumatology, Department of Cell Biology and Anatomy”,
Charleston, South Carolina

Increased collagen deposition, along with increased deposition of
other ECM components, is a characteristic feature of SSc fibrob-
lasts. Excessive collagen accumulation in these cells is not only
due to increased synthesis, but also to a decreased degradation
rate. Despite intense efforts, the signaling pathways that regulate
collagen synthesis in SSc are not entirely understood. Published
data has shown that Akt is constitutively activated in the fibrob-
lasts of SSc patients and that TGF beta increases the phosphoryla-
tion status of this protein in cultured cells (Jun et al, 2005).
Furthermore, Aktl knockdown mice have a substantially reduced
density of collagen fibrils and a reduced amount of total collagen
in their skin (Chen et al, 2005). The aim of this study was to
examine the role of Akt in the regulation of collagen gene expres-
sion in cultured dermal fibroblasts. Dermal fibroblasts were treat-
ed with a specific Akt inhibitor in the presence or absence of
TGFp and collagen gene expression was evaluated by Western
Blot or Quantitative Real Time PCR. Three days after treatment,
basal and TGFp stimulated collagen protein levels were almost
completely abolished, basal COL1A1 and COL1A2 mRNA levels
were reduced by 70% (P < .001) and 75% (P < .001) respectively
and TGFf stimulated COL1A1 and COL1A2 mRNA levels were
reduced by 70% (P < .01) and 52% (P = .07) respectively.
Transient overexpression of a dominant negative form of Akt
reduced basal and TGFf induced COL1A2 promoter activity by
75% (P < .001) and 78% (P < .05) respectively, while overexpres-
sion of a constitutively active form of Akt increased it by 72.5%
(P =.053) and 58% (P < .05) respectively, suggesting that Akt is
required and sufficient to stimulate collagen gene transcription.
Taken together these data suggests that Akt is a positive regulator
of basal and TGFf stimulated collagen synthesis. To determine if
Akt is involved in collagen upregulation by affecting the canoni-
cal TGFP /Smad3 pathway, we evaluated by Western Blot the
effects of different doses of an Akt inhibitor on Smad3 phospho-
rylation in the presence and absence of TGFf. There were no
changes in Smad3 phosphorylation with Akt inhibition after 30
min of TGF treatment, suggesting a Smad3 independent effect of
Akt on collagen gene regulation. Likewise, TGFf stimulated
phosphorylation of Smad1 was not affected. To further explore the
mechanism by which Akt regulates collagen accumulation, we
assessed the effects of Akt inhibition on the expression of MMP-
1 using Western Blot and Quantitative Real Time PCR analysis.
According to our data, sustained Akt inhibition upregulates basal
MMP1 protein levels, with a 10x increase in mRNA levels.
Interestingly, the inhibitory effect of TGF on MMP1 was not
only abrogated after Akt inhibition, but this combination resulted
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in a much potent stimulation of MMP1 protein and mRNA levels
(20x) than the inhibitor alone. Therefore, in the absence of Akt sig-
naling, TGFf} becomes a positive regulator of MMP1 synthesis.
Conclusion: Our study shows that Akt contributes to increased
deposition of collagen by human dermal fibroblasts via two mech-
anisms: direct upregulation of collagen synthesis and inhibition of
collagen degradation via MMP1. Constitutive activation of Akt
pathway may directly contribute to elevated collagen in SSc
fibroblasts.

41. COMP as a marker of active fibrosis in SSc: immunohis-
tochemical analysis of skin, lung, and Kkidney tissue.

G Farina'-2, G Ferraccioli', R Lafyatis?, R Benvenuto',

M. De Santis!,B Tolusso!, RL Widom?

ICatholic University of Sacred Heart Rheumatology Dept Rome
Italy. >Boston University School of Medicine Arthritis Center,
Boston, Massachusetts

Background: We have previously found Cartilage Oligomeric
Matrix Protein (COMP) accumulating in lesional (L) and non-
lesional (NL) Scleroderma (SSc) skin. The COMP gene is upreg-
ulated by TGFp, thus its putative role in fibrosis could be modu-
lated by TGFf autocrine stimulation. Murine fibroblasts (fb)
engineered to express human COMP demonstrated that COMP
leads to excess deposition of collagen and fibronectin in the
matrix, even in the absence of TGFf. To further characterize the
role of COMP in SSc fibrosis, we investigated COMP protein dis-
tribution in histological sections from several patient tissues as
well as from differing disease subsets of SSc.

Methods: 40 forearm skin samples were obtained by 6mm punch
biopsy, including 16 L/NL pairs and 5 L from SSc patients, one
from a patient with morphea, and 2 from healthy controls. All
patients met the ACR criteria for the diagnosis of SSc. Four serial
biopsies were obtained after 6 months from skin adjacent to the
previous biopsy. Additionally, 2 SSc lung biopsies from the basal
fibrotic lobe and apical noninvolved lobe, and 2 kidney biopsies
were obtained from post mortem tissue from one SSc patient.
COMP protein was evaluated using rat anti human COMP anti-
body, and TGFf using mouse anti-human antibody. Collagen dis-
tribution in the skin was revealed using Masson’s Trichrome stain-
ing.

Results: COMP protein appears to be distributed amongst colla-
gen bundles in the papillary and deep dermis in 89% of SSc skin
sections and seems to be tightly overlapping collagen distribution
shown by Masson’s staining. COMP protein was strikingly
expressed in fibrotic areas of SSc lung and in SSc kidney intersti-
tia, but barely detected in nonfibrotic areas of SSc lung. Morphea,
control skin biopsies and non SSc kidney didn’t express COMP
protein. COMP was also expressed in fb cytoplasm in a group of
skin biopsies. TGF, protein was detected in a large number of tb
especially in sections where fb were strongly positive for COMP
staining. TGFB, COMP, and collagen analyses on serial skin biop-
sies showed a drastic reduction in TGFp and COMP staining in 2
patient samples after 6 months, but no significant change in 2
other biopsies.
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Conclusion: The analysis of COMP in skin biopsies revealed its
presence in both limited and diffuse SSc, in L and N/L areas, and
in involved organs such as lung and kidney. Its distribution fol-
lows that of collagen in vivo, supporting our previous hypothesis
that COMP contributes to the development of fibrosis by assem-
bling collagen fibrils and increasing matrix deposition. COMP
study on serial biopsies suggests that its presence in SSc skin is
not stable but tends to disappear perhaps due to quiescence of the
disease. These findings suggest that COMP expression in vivo
may represent an effect of TGFf stimulation thus it may be a
marker of ongoing fibrosis and underlying SSc disease activity.

42. Immunologic disturbances or vascular dysfunction in
systemic sclerosis - what comes first? Searching for answer
with prostaglandin E1

Sicifska Justyna !, Gérska Elzbieta 2, Cicha Magorzata 3,
Kuklo-Kowalska Agnieszka 3, Hamze Violetta 3, Stepien
Krystyna 3, Wasik Maria 2, Rudnicka Lidia !

'Department of Dermatology, CSK MSWiA, Warsaw, Poland,
“Department of Laboratory Diagnostics and Clinical
Immunology of Developmental Age, Medical University of
Warsaw, Poland, 3Department of Laboratory Diagnostics,
Warsaw, Poland

Background: Complex correlations of microvascular dysfunc-
tion, increased immune activation and tissue fibrosis in systemic
sclerosis (SSc) encourage searching for therapeutic options com-
prising various elements of disease pathogenesis. The aim of the
study was to assess the effect of prostaglandin E1 (PGE1) on
immunologic activity of systemic sclerosis, endothelial damage
resulting from apoptosis and cytotoxic reactions, as well as it’s
correlations between disturbed microcirculation and immunologic
activity.

Methods: 50 patients with SSc and 18 matched healthy controls
were included in the study. Serum levels of IL-6, sIL-2R, TGF-
beta, fractalkine, granzyme A, endothelin 1 and sFas ligand was
assessed with ELISA, and lymphocyte expression of CD11a and
CD49d was evaluated by flow cytometry. In 25 patients treated
with PGE1 these parameters were assessed before and after PGE1
infusions (20 ug - 40 ug - 60 ug on 3 consecutive days). Isolated
lymphocytes were cultured with PGE1, supernatant levels of IL-
6, sIL-2R, TGF-beta, granzyme A and expression of CD11a and
CD49d on lymphocyte were assessed. Lymphocyte count in
peripheral blood was evaluated.

Results: A significant reduction (P < .05) of serum increased IL-
6, sIL-2R, TGF-beta, fractalkine, granzyme A, endothelin 1 and
sFas ligand after PGE1 treatment was observed in SSc patients.
The treatment resulted in marked reduction (P < .05) of CDl1a
and CD49d lymphocyte expression. In vitro, PGEI1 significantly
(P < .05) reduced supernatant levels of sIL-2R, TGF-beta,
granzyme A and lymphocyte expression of CD11a and CD49d,
while it increased supernatant level of IL-6. PGEI1 significantly (P
< .05) increased peripheral lymphocyte count.

Conclusions: PGE1 decreases lymphocytes’ transmigration and
reduces immunologic activation and endothelial damage. The
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effects of PGEI result from its direct influence on lymphocytes as
well as on lymphocyte-endothelium interaction. Direct and indi-
rect immunomodulatory effect PGE1 might influence immuno-
logically induced fibrosis.

43. The German network for systemic scleroderma:
establishment of a register encompassing 1350 patients
leading to new data on organ involvement and immuno-
suppressive therapy

Genth E!, Hunzelmann N2, Krieg T2, Melchers I°, Meurer M*,
Miiller-Ladner U, Riemekasten G°, Schulze-Lohoff E7,
Sunderkotter C8, for the DNSS-centers

'Rheumatology, Rheumaklinik Aachen, Aachen, “Dept. of
Dermatology and Venerology, University of Cologne,

3Clinical Research Unit for Rheumatology, Freiburg University
Hospital, “Department of Dermatology, Dresden University
Hospital, Dresden, 'Rheumatology and Clinical Immunology,
Kerckhoff Clinic, Bad Nauheim, ‘Rheumatology and Clinical
Immunology, Charité, Berlin, "Medical Clinic I, Hospital
Cologne-Merheim, 8Dept. of Dermatology, Miinster University
of Miinster, Germany

To improve clinical care and provide well characterized biologic
material for basic research on systemic sclerosis in Germany a
nationwide network was established. In order to guarantee recruit-
ment of all major disease variants the network gathers the princi-

pal subspecialties involved, ie, dermatologists, rheumatologists,
pulmonologists and nephrologists. To date the network consists of
29 centers which have entered more than 1350 patients in a
detailed register concerning diagnosis, organ involvement and
therapy. Of these, 46% suffer from the limited form of the disease,
33% from the diffuse form and 10% from an overlap syndrome.
Median Rodnan skin score of patients with limited SSc was 5.1
and with diffuse SSc was 11. Pulmonary hypertension was present
in both groups (17 % diffuse, 11 % limited), whereas pulmonary
fibrosis was more frequent in diffuse SSc patients (57% vs. 23 %).
Renal dysfunction was reported in 15% of the diffuse and 13% of
the limited patients, whereas renal crisis war rare with a frequen-
cy of 1%. However, using the new sensitive technique of urine-
microelectrophoresis pathological results indicating early renal
damage could be detected in up to 50% of patients.

To date no proven effective immunosuppressive therapy for sys-
temic sclerosis (SSc) is known. Also, the use of corticosteroids has
been shown to be potentially damaging to kidney function.
However, it is not known to which extent in clinical practice
patients are treated with these agents. Therefore data were collect-
ed within the register of the Network referring to the type and
dosage of corticosteroids and immunosuppressants used. 1009
patients within the network were available for analysis showing
that 40.9 % received corticosteroid therapy. Among those individ-
uals receiving steroids, more than one third (36.7 %) received
doses higher than 7.5 mg/d prednisone equivalents. Corticosteroid
use was reported in 48 % of patients with diffuse and in 31.6 % of
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patients with limited disease (P < .0001). Immunosuppressive
therapy was administered to 30.6 % of patients. Immunosuppres-
sants used included methotrexate (9.6%), azathioprine (7.3 %),
cyclophosphamide (7 %), chloroquine (2.8 %), cyclosporine A
(1.7 %) and others. Use of immunosuppressants was reported in
44 % of patients with diffuse and 19.1 % of patients with limited
disease (P < .0001).

Conclusion: These date clearly demonstrate that despite lacking
evidence for a disease-modifying potential in systemic sclerosis,
immunosuppressants and corticosteroids are widely used. The
established network and register constitutes an ideal framework to
intensify related basic research and follow-up the outcome of the
development of diagnosis and treatment recommendations and
their implementation.

44. Defining a role for fibroblasts in the persistence of
chronic inflammation

Christopher D. Buckley Rheumatology Research Group,
Division of Immunity and Infection, MRC Centre for Immune
Regulation, University of Birmingham, Edgbaston, Birmingham,
UK

One of the most important but as yet unanswered questions in
inflammation research is not why chronic inflammation occurs
but why is does not resolve. Current models of inflammation
stress the role of antigen-specific lymphocyte responses and
attempt to address the causative agent. However recent studies
have begun to challenge the primacy of the lymphocyte and have
begun to focus on an extended immune system in which stromal
cells, such as macrophages and fibroblasts play a role in the per-
sistence of the inflammatory lesion. In this lecture I will illustrate
how fibroblasts play an important role in regulating the switch
from acute resolving to chronic persistent inflammation associat-
ed with the pathology of diseases such as rheumatoid arthritis. In
chronic inflammation the normal physiological process of the
death and emigration of unwanted inflammatory cells becomes
disordered leading to accumulation of leucocytes within lymphoid
aggregates that resemble those seen in lymphoid tissue. I will
describe how fibroblasts from the rheumatoid joint provide sur-
vival and retention signals for leucocytes leading to their inappro-
priate and persistent accumulation within inflamed tissue. Our
work suggests that targeting the stromal microenvironment is like-
ly to be an important strategy for future anti-inflammatory thera-
pies.

45. Oncostatin M as a trigger and therapeutic target for
fibrotic disease

Afsaneh Mozaffarian, Sandra Reichstetter, Avery Brewer,
Heather A. Arnett

Department of Inflammation; Amgen Inc., Seattle, Washington

Rationale: Oncostatin M (OSM), a cytokine in the IL-6 family,

has been reported to be upregulated in patients with fibrotic dis-
eases such as scleroderma, a debilitating, systemic disease charac-
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terized by excessive dermal fibrosis with progression to internal
organs. Major aspects of this multi-organ disease include not only
fibrosis, but also immune dysregulation as evidenced by inflam-
matory cell infiltrates. To investigate the role of OSM in fibrotic
disease, we have evaluated the expression of OSM in an estab-
lished, chemically induced model of lung fibrosis, and further ana-
lyzed the ability of OSM to promote fibrosis and inflammation in
vivo.

Methods and Results: As reported in the literature, subcutaneous
administration of bleomycin results in an inflammatory and fibrot-
ic response in the lungs of mice. Upregulation of OSM and a
downstream marker of OSM, Tissue Inhibitor of
Metalloproteinases 1 (TIMP-1) were evident in the BAL fluid
from bleomycin-treated mice. In order to determine whether
OSM is sufficient to induce an inflammatory and fibrotic response
in the skin and lungs independent of additional triggering agents,
recombinant murine OSM was administered 1) intradermally (1
ug, 3x/week for up to 3 weeks) or 2) intranasally (2 ug, daily for
up to 2 weeks). When administered intradermally, OSM results in
a significant increase in dermal fibrosis, inflammatory infiltrates
of mononuclear cells and eosinophils, and epithelial cell hyperpla-
sia. There is also a marked increase of collagen, evident by histol-
ogy and the sircol assay, a quantitative measure of collagen.
Intranasal dosing of OSM, in comparison to control mice, results
in a significant inflammatory infiltrate into the lung and collagen
deposition.

Conclusions: We have demonstrated that OSM is upregulated in
a bleomycin-induced model of lung fibrosis and is a potent induc-
er of inflammation and fibrosis in vivo. Current treatments for
fibrotic diseases target the inflammatory cascade, but do not sup-
press the fibrotic process and show little efficacy in modulating
the disease course. The expression of OSM in human disease,
coupled with its ability to promote both inflammation and fibro-
sis, may provide a rationale for therapeutically targeting OSM sig-
naling in fibrotic diseases.

46. Rate of skin thickness progression in early systemic
sclerosis with diffuse cutaneous involvement: associations
with organ involvement and 5-year survival

Tatiana S. Rodriguez-Reyna MD, Robyn T. Domsic MD,
Noreen Fertig BS, Mary Lucas RN, MPH, Thomas A. Medsger
Jr., MD

University of Pittsburgh School of Medicine, Pittsburgh,
Pennsylvania

Patients with Systemic Sclerosis (SSc) and diffuse cutaneous
involvement (skin thickening proximal to elbows or knees) have
an increased risk of developing internal organ involvement early
in their disease. Physicians need guidelines for assessment of
these risks at the initial visit.

Purpose: To evaluate the rate of skin thickness progression
judged by history and physical exam, and its association with SSc
internal organ involvement (frequency, severity and time to devel-
opment) and 5 year cumulative survival rate (CSR).

Methods: We evaluated SSc patients from the University of



Pittsburgh cohort who had the following characteristics: 1) first
visit between 1980 and 2004, 2) diffuse cutaneous (dc) SSc at first
visit, 3)duration of skin thickening less than two years, and 4) only
one identified autoantibody (anti-RNA polymerase III, anti-topoi-
somerase I, or anti-U3 RNP antibody) or none of these, catego-
rized as other. Skin thickness progression rate (STPR) was
defined as total skin thickness score by the modified Rodnan
method at first visit divided by the time from onset of skin thick-
ness (by history) until the first visit. For example, a total skin
score (TSS) of 24 acquired over 8 months was considered the
equivalent of 36 TSS ‘units’ per year. All STPRs were divided by
tertiles into three categories: 1) rapid (>45/year), 2) intermediate
(25 — 45/year), and 3) slow (<25/year). The frequency and time to
internal organ involvement (kidney, lung, heart and GI tract), fre-
quency of death secondary to individual organ involvement and 5-
year CSR from onset of skin thickening were assessed.

Results: 668 patients meeting criteria were identified. The 5 year
CSRs by STPR tertile group for all patients are depicted in Figure
1.
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The mean STPR and 5 year CSR by autoantibody are shown in the
Table 1. The CSRs parallel the STPR, but in the opposite direc-
tion general clinical impression would predict.

Table 1:

Autoantibody Mean STPR Mean 5 Year
Group (units/year) CSR
Anti-RNA Pol 11T 47.1 81%
(n=282)

Anti-Topo 42.0 66%
(n=172)

Anti-U3 RNP 30.0 47%
(n=20)

Other 42.5 74%
(n=194)

The slow and intermediate groups had similar 5 year CSR across
autoantibody, and thus were grouped and compared to the rapid
STPR group. For anti-RNA polymerase 1II patients, rapid STPR
revealed significant associations for the proportion of patients
dying from scleroderma renal crisis (SRC) (P = .0142) and a
reduced 5 year CSR (P = .0001). There were trends toward
increased frequency of SRC, and development of SRC within the

first year after onset of skin thickening (P = .07). For anti-topoi-
somerase I patients, rapid STPR was not correlated with the fre-
quency of interstitial lung disease (ILD), but was associated with
the development of ILD within 1 year after onset of skin thicken-
ing (P = .001). Associations with rapid STPR and frequency of
internal organ involvement included cardiac involvement (P =
.009) and a trend for SRC (P = .09). The number of anti-U3 RNP
patients was too small for meaningful comparisons. However,
there were trends for association of rapid STPR in this group with
increased frequency of cardiac involvement (P = .09) and reduced
5 year CSR (P = .09). The other dcSSc patients showed no asso-
ciations with STPR and organ involvement or survival.
Conclusions: Rapid STPR at the time of initial evaluation in
dcSSc patients with disease duration less than 2 years has signifi-
cant associations with the frequency and rate of internal organ sys-
tem involvement and 5 year cumulative survival. Notably, the
major autoantibody subsets have different profiles of association
with STPR, internal organ involvement and survival. Assessment
of risk in individual dcSSc patients and planning of clinical trials
enrolling these patients should take the simply obtained STPR
measurement into consideration.

47. PDGTF, receptor activation is essential for fibroblast and
pericyte recruitment during cutaneous wound healing
Vineeth S Rajkumar!, Xu Shiwen!, Maria Bostrom?, John
Muddle?, Mikael Ivarsson®, Bengt Gerdin?, George Bou-
Gharios® David J Abraham!, Carol M Black!$

ICentre for Rheumatology and Connective Tissue Disease,
Department of Medicine, Royal Free Campus, University
College London, London, UK. ?Department of Surgical
Sciences, Uppsala University, Uppsala, Sweden. 3Department of
Neurosciences, University College London, London, 4Clinical
Research Center, University Hospital, Orebro, Sweden. Renal
Medicine, Imperial College School of Medicine, London, ONN.
§ To whom all correspondence should be addressed

Introduction: Connective tissue remodeling provides mammals
with a rapid mechanism to repair wounds following injury.
Inappropriate activation of these reparative mechanisms are cen-
tral to the development of pathological scarring and tissue fibrosis
seen in scleroderma (SSc). Over-expression of platelet derived
growth factor-beta receptors (PDGFR,) is a prominent character-
istic in both wound repair and SSc tissue. As conventional dele-
tion of PDGFR, results in embryonic lethality, it has not been pos-
sible to fully assess the contribution of PDGFR, signaling to adult
connective tissue repair and the development of fibrotic lesions in
SSc. Here we studied the effects of PDGFR, blockade in vivo
using the PDGFR, inhibitor, imatinib mesylate on tissue repair.
Methods: Full thickness excisional wounds were made in mice
harboring the —17kb promoter sequence of the murine collagen
1.2 gene linked to a ,-galactosidase reporter gene. Animals were
sacrificed at defined time points post-wounding. A series of in
vitro and in vivo analyses were carried out to assess the effects of
PDGFR, blockade on wound closure, cell proliferation and migra-
tion and the synthesis of extracellular matrix components.
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Results: Healing of wounds was delayed with significantly
impaired granulation tissue contraction (P < .05) and concomitant
reduction in myofibroblast frequency, expression of fibronectin
ED-A and collagen type I. Inhibiting PDGFR, activation restrict-
ed the distribution of collagen synthesizing cells to wound margins
and dramatically reduced cell proliferation in vivo (P < .01). Block-
ing PDGFR, signaling did not prevent the differentiation of myo-
fibroblasts in vitro, but potently inhibited fibroblast proliferation
and migration (P < .01). Additionally, PDGFR, inhibition in vivo was
accompanied by abnormal microvascular morphogenesis reminis-
cent of that observed in PDGF,-/- mice with significantly reduced
immunostaining of the pericyte marker, NG2. Imatinib treatment
also inhibited pericyte proliferation and migration in vitro.
Conclusions: This study highlights the significance of PDGFR,
signaling for the recruitment, proliferation and functional activi-
ties of fibroblasts and pericytes during wound healing and pro-
vides further insights on how PDGFR, signaling contributes to the
development of fibrosis.

48. Defining the Role of Integrin al1b1 in Wound Healing
and Fibrosis

Ruth M. Baxter!, Paul H. Weinreb, Fang Qian, Alice Tsay, Janet
J. Yoo, Donald Gullberg?, Humphrey Gardner

Biogen Idec, Cambridge, Massachusetts; 'Current address:
Department of Orthopedic Surgery, David Geffen School of
Medicine at UCLA, University of California, Los Angeles,
California; >Department of Biomedicine, Division of Physiology,
University of Bergen, Bergen, Norway

Fibrosis is the replacement of healthy tissue with excess collage-
nous matrix. The collagen-binding integrins are key regulators of
collagen production and have been implicated in the development
of fibrosis. We have found that the recently described integrin
alpha 11 (Itgall) was induced in response to the profibrotic
cytokine TGFb, and is over-expressed in fibrotic tissues. To better
understand the role of Itgall we have developed an Itgall null
mouse and have examined the behavior of Itgall null cells in
vitro. Itgall was strongly expressed in primary adult mouse der-
mal fibroblasts and was localized to focal adhesions. When dermal
fibroblasts from Itgall null mice were cultured in collagen lat-
tices, an in vitro model of force transduction and wound healing,
they were deficient in contracting the gel compared to wild type
cells, and also responded less to stimulation by TGFb. These data
suggest that Itgall has an important role in the adhesion of fibrob-
lasts to the extracellular matrix and is involved in the force pro-
duction required for wound contraction. To investigate down-
stream signaling from Itgall, we expressed full-length protein in
K562 cells, a line that does not express collagen-binding integrins.
Stable transfection of Itgall resulted in cell surface expression of
allbl protein and allowed the cells to bind to collagen.
Interestingly, expression of Itgall in K562 cells caused a decrease
in proliferation rate and an increase in the differentiation state of
the cells, effects not seen on expression of Itgal or Itga2. To
ensure that these effects of Itgall were due to the cytoplasmic
domain we made a chimeric protein consisting of the extracellular
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and transmembrane domains of Itgal fused to the intracellular
portion of Itgall. Expression of this construct gave identical
results to expression of Itgall. These data indicate that Itgall ini-
tiates intracellular signaling events that are unique among the col-
lagen binding integrins and provides a simple system in which to
identify downstream signaling pathways from Itgall. Taken
together our data suggest that Itgall may have an important role
to play in wound healing and the development of fibrosis, and
could be an attractive target for antifibrotic therapies.

49. Evidence for subsets in the gene expression patterns of
scleroderma skin biopsies

Ausra Milano!, Sarah A. Pendergrassl, Jennifer L. Sargentl,
Xiaoquin Dou?, M. Kari Connolly?, Michael L. Whitfield'
'Department of Genetics, Dartmouth Medical School, Hanover,
New Hampshire, 2Departments of Dermatology and Medicine
(Rheumatology), University of California, San Francisco, San
Francisco, California

Systemic Sclerosis (SSc; Scleroderma) is a complex, highly vari-
able and in many cases, fatal disease. The disease is characterized
by vascular dysfunction (Raynaud’s phenomenon, vascular
dropout and intimal proliferation), tissue fibrosis, internal organ
dysfunction, and immune dysfunction resulting in autoantibody
production; cause and effect among these different pathological
processes is not known. The complexity of the disease and the
lack of accurate model systems mean clinical samples are our best
window into the biological processes occurring. We have analyzed
the genome-wide patterns of gene expression with whole-genome
DNA microarrays in skin biopsies from 18 patients with diffuse
scleroderma, 7 patients with limited scleroderma, 3 patients with
morphea and 6 normal controls. Sixty-one skin biopsies have
been analyzed in total; the addition of 14 technical replicates
results in a total of 75 microarrays analyzed to date. Using unsu-
pervised hierarchical clustering methods and Principle
Component Analysis (PCA), we again find nearly identical pat-
terns of gene expression in the clinically affected forearm and
unaffected back skin biopsies of scleroderma patients. 11/15 fore-
arm-back pairs from patients with diffuse skin involvement and
6/8 forearm-back pairs from patients with limited skin involve-
ment cluster side by side, emphasizing the systemic nature of the
disease. Using this property of the gene expression, we have
selected the 995 most ‘intrinsic’ genes with an estimated False
Discovery Rate (FDR) of 4.0%. These genes are those most con-
sistently expressed within the forearm-back pairs and technical
replicates for the same patient, but show the most variability
across all patients and normal controls. Using this list of genes, we
have analyzed the inherent data driven groupings and show evi-
dence for multiple subgroups that can be distinguished by their
unique gene expression patterns. Distinct patterns of gene expres-
sion distinguish patients with limited skin involvement from those
with diffuse skin involvement and both are easily distinguished
from normal controls. Most importantly, our data provide evi-
dence for multiple distinct subgroups among the patients with dif-
fuse skin involvement and these groups are independent of disease



activity, age of onset, or disease duration suggesting the differ-
ences are rooted in fundamental biology.

This work has been supported by grants from the Scleroderma
Research Foundation to MLW and MKC. MLW is supported by
Howard Hughes Medical Institute Biomedical Research Support
Award #76200-560801 to Dartmouth College.

50. Genome-wide characterization of the TGFp-activated
gene expression signature in normal and scleroderma dermal
fibroblasts

Jennifer L. Sargent!, Ausra Milano', Xiaoquin Dou?, M. Kari
Connolly?, Michael L. Whitfield!

1Department of Genetics, Dartmouth Medical School, Hanover,
New Hampshire, ?Departments of Dermatology and Medicine
(Rheumatology), University of California, San Francisco, San
Francisco, California

The hallmark of scleroderma is fibrosis of the skin, which is char-
acterized by thickening, and tightening of the dermis as a result of
excessive synthesis and deposition of extracellular matrix (ECM)
components such as collagen. Dermal fibroblasts are the primary
cell type responsible for ECM deposition in the skin and as such
are the primary candidates for investigating fibrotic mechanisms
in scleroderma. An extensive body of evidence has implicated the
potent pro-fibrotic cytokine TGFf in scleroderma pathogenesis
and much work has been done to show that this signaling pathway
is deregulated in scleroderma fibroblasts in vitro. We have cap-
tured the response of both normal and scleroderma cultured der-
mal fibroblasts to TGFf over the course of 24 hours using DNA
microarrays. In doing so, we have defined a genome-wide expres-
sion signature for the “TGFp-activated’ response in both normal
and scleroderma dermal fibroblasts. We report here that normal
and scleroderma fibroblasts show similar responses to TGFf,
although the baseline level of expression of TGFf inducible genes
is higher in scleroderma fibroblasts then in normal fibroblasts.
Preliminary data interrogating the overlap between the TGF[3-acti-
vated signature and those genes differentially expressed between
diffuse scleroderma and normal skin biopsies, suggest a subset of
the TGFp signature is differentially expressed in subgroups of the
scleroderma skin biopsies in vivo.

This work has been supported by grants from the Scleroderma
Research Foundation to MLW and MKC. MLW is supported by
Howard Hughes Medical Institute Biomedical Research Support
Award #76200-560801 to Dartmouth College.

51. Regulation of fibrotic responses in mouse fibroblasts
lacking CTGF/CCN2

Yasuji Mori, Monique Hinchcliff, Karen M. Lyons*, John Varga
Division of Rheumatology, Northwestern University, Chicago,
Illinois; *Departments of Biological Chemistry and Orthopedic
Surgery, David Geffen School of Medicine, Los Angeles,
California

Background: Transforming growth factor-f (TGF-f) induces

profibrotic responses in fibroblasts, and is implicated in scleroder-
ma. The cysteine-rich TGF-B-inducible protein CTGF/CCN?2 is a
matricellular protein of unknown physiological function that is
markedly up-regulated in scleroderma lesions. CCN2 has been
functionally implicated as a down-stream mediator of the profi-
brotic effects of TGF-B. In order to gain insight into its physiolog-
ic role in fibrosis, we studied CCN2 expression in vivo, and the
regulation of TGF-8 induced fibrogenic response in CCN2-null
fibroblasts in vitro.

Methods: CCN2 expression in a mouse model of scleroderma
was examined by immunohistochemistry. TGF- responses in
fibroblasts (MEFs) from heterozygous and homozygous CCN2-
null mouse embryos and wildtype controls were analyzed by
immunohistochemistry, Northern and RT-PCR analysis, Western
blot and transient transfection assays. Myofibroblasts were identi-
fied with antibody to --smooth muscle actin (-SMA).

Results: Bleomycin-induced murine scleroderma was associated
with elevated CCN2 levels in lesional skin. In vitro, CCN2
expression was rapidly induced by TGF-f in wildtype MEFs.
CCN2-null MEFs appeared normal, but showed a 50% reduction
in proliferation. TGF-B-dependent early (90 min) activation of
Smad2/3 (phosphorylation and nuclear accumulation) and Smad4
were unaffected by loss of cellular CCN2. Transient transfection
assays with the Smad-responsive pSBE,-luc reporter construct
confirmed intact Smad-mediated transcriptional activity in both
wildtype and CCN2-null MEFs. Northern and RT-PCR analysis
revealed significant TGF-B stimulation of COLI1A2 and
fibronectin mRNA expression in CCN2-null MEFs, and Western
analysis indicated similar induction of Type I collagen, fibronectin
and PAI-1. Furthermore, TGF-B—induced a comparable increase
of 2SMA expression and stress fiber organization in wildtype and
CCN2-null MEE.

Conclusion: CCN2 expression was up-regulated in fibrotic
lesions in vivo, and its expression in fibroblasts in vitro was stim-
ulated by TGF-. While CCN2-null MEFs showed reduced prolif-
eration, TGF-B-Smad-mediated intracellular signal transduction
remained intact. Furthermore, endogenous CCN2 did not appear
to be required for TGF-6 stimulation of collagen, fibronectin and
PAI-1 expression. These results suggest that endogenously
induced CCN2 is not indispensable for mediating profibrotic
responses elicited by TGF-p.

52. Possible future therapy for digital ischaemia in systemic
sclerosis. Whole finger iontophoresis?

AK Murray, TL Moore, AL Herrick

University of Manchester Rheumatic Diseases Centre,

Hope Hospital, Salford, UK

Introduction: Systemic sclerosis (SSc)-related digital ischaemia
can result in ulceration, scarring and gangrene and is a major
source of morbidity. Intravenous prostanoids are the treatment of
choice; however, they require admission to hospital, can be asso-
ciated with vasodilatory side effects and are not always effective.
Therefore, a safe and effective treatment, which does not cause
systemic adverse effects, is badly needed.
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Iontophoresis is a noninvasive process whereby ions of a drug or
chemical are ‘driven’ into the skin by the application of a low cur-
rent. Previous pathophysiological studies of iontophoresis with
acetylcholine chloride (ACh) or sodium nitroprusside (NaNP), to
assess vasodilatory (dys)function, have shown significant local-
ized increases in cutaneous perfusion in response to both ACh and
NaNP, even in patients with thickened skin (1-3). Their results
raised the question as to whether iontophoresis might be used ther-
apeutically in patients with SSc.
Methods: Patients: Eight patients (6 female, 2 male; median age
56 [range 39-73] yr) and 8 healthy controls (6 female, 2 male; 62
[42-76] yr) were recruited into the study. Four patients were on
- oral  vasodilator therapy.
Protocol: Following acclimati-
zation (20 min at 23° C) a base-
line perfusion scan of the digit
to be iontophoresed was taken
using laser Doppler imaging
(LDI). The digit was then ion-
tophoresed for 2 min at 200 1A,
with a specially designed cham-
ber (Figure 1).

Following iontophoresis repeat
LDI scans were performed for
10 min or until blood flow
returned to baseline values. The 2 min treatment was carried out
bilaterally. lontophor-esis was then repeated for 5 min on one digit
only (the order of the digit treatment was randomly assigned to
left or right) and repeat scans performed for up to 25 min.
Treatment was with either 0.5% NaNP or 1% ACh, and the whole
procedure then repeated with the other vasodilator. The order of
the chemical delivered was randomly assigned. The maximum
perfusion increase from baseline (MAX) and the area under the
time perfusion curve (AUC) normalized for baseline, were calcu-
lated. Data were compared with a 3-way ANOVA test.

Results: Values for MAX and AUC are shown in Table 1. MAX
and AUC values were significantly higher for the control than the

Figure 1. Whole finger
iontophoresis chamber.

Table 1. Maximum increase from baseline (MAX) and area
under the perfusion curve (AUC), normalised for baseline

AmNaNP 0.5% conc, 200
2 min 5 min
MAX |AUC MAX [AUC MAX |AUC MAX |AUC

AmACh 1.0% conc, 200

2 min 5 min

Control 2.2 153 26 28.7 2.0 12,5 25 242
N=8 [(1.6-2.7)|(13.1-18.6)|(2.4-3.0)[(26.9-36.1)[(1.7-2.3)|(11.2-16.5)[(1.9-2.8)|(22.1-30.6)

Patient | 1.3 1.2 14 21.6 15 124 1.1 20.2
N=8 |(1.1-1.6)|(10.2-12.6)|(1.2-2.3)[(20.5-24.0)[(1.2-1.8)|(10.6-12.9)[ (1.0-1.7){ (20.0-21.4)

Median (interquartile range). Each subject’s left and right 2 min data
was averaged.

patient group (py;,x=0.001, p,=0.008 respectively). Values
were significantly higher for the 5 min treatment compared to the
2 min treatment (py;, = 0.011, p, ;= 0.001). No significant dif-
ferences were found between the use of NaNP and ACh.

Discussion: Although the control group demonstrated more
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marked vasodilation, there was a definite blood flow increase with
both ACh and NaNP in the patient group, indicating that this local
approach to vasodilation was effective in increasing digital blood
flow. Increasing the time of treatment causes a more sustained
vasodilation. Further studies are now indicated to investigate a
possible therapeutic effect in patients with severe digital
ischaemia and/or ulceration.

53. Gene expression analysis of scleroderma peripheral
blood cells reveals putative molecular markers and a possible
decrease in circulating monocytes

Sarah A. Pendergrass!, Ausra Milano', Davin Townley-Tilson!,
Michael Simons?, Fredrick M. Wigley?, Laura K. Hummers?,
Michael L. Whitfield!

'Department of Genetics, Dartmouth Medical School, Hanover,
New Hampshire, 2Department of Medicine, Section of
Cardiology, Dartmouth-Hitchcock Medical Center, Lebanon,
New Hampshire, Department of Medicine, Division of
Rheumatology, Johns Hopkins University, Baltimore, Maryland

Systemic Sclerosis is a complex disease with clear systemic man-
ifestations. We have analyzed the genome-wide patterns of gene
expression from peripheral blood cells taken from patients with
scleroderma and normal controls. Total peripheral blood cells
were collected using the PAXgene Blood RNA isolation system
which minimizes sample handling; RNA was analyzed on Agilent
Technologies oligonucleotide microarrays. Analysis of the pat-
terns of gene expression reveals clear and distinct patterns of
expression that distinguish individuals with scleroderma from
normal individuals. Using CBC and differential counts we have
identified patterns of gene expression that are correlated with
monocyte counts and these data suggest a decrease in circulating
monocytes in individuals with scleroderma. These data provide
evidence that genes indicative of the disease process are differen-
tially expressed in scleroderma peripheral blood cells, which may
provide insight into the pathogenesis of this complex disease.

54. Increased expression of Siglec-1 (Sialoadhesin, CD169) in
systemic sclerosis (SSc) monocytes

Michael Robert York!, Taro Nagai?, Alyson Mangini?, Jean
Maguire van Seventer?, Raphael Lemaire!, Robert Lafyatis!
'Rheumatology, > Environmental Health, Boston University
Medical Center, Boston, Massachusetts

Purpose: Systemic sclerosis (SSc) shares many features with
another autoimmune disease, systemic lupus erythematosus
(SLE). Recently, increased expression of interferon (IFN)-regulat-
ed genes were found by multiple investigators to be increased in
the peripheral blood mononuclear cells (PBMCs) of patients with
SLE. We postulated a similar finding would be present in SSc.
Methods: PBMCs were obtained from SSc patients with early
diffuse disease (onset of 1% non-Raynaud’s symptom within 6
months) and healthy controls. RNA from PBMCs were purified
and hybridized to an Affymetrix U133 Plus 2.0 microarrays. RNA



from PBMCs isolated from these and additional SSc patients with
limited and diffuse disease were used to validate gene expression
by Real-Time PCR utilizing an ABI 7700 and Siglec-1 probes
from Applied Biosystems. Flow cytometry of PBMC and
immunohistochemistry (IHC) of skin biopsy tissue was performed
using mouse anti-human Siglec-1 mAb.

Results: As in SLE, a subset of SSc patients showed a pattern of
increased IFN-regulated gene expression. In particular, the acti-
vated macrophage-specific gene Siglec-1 was markedly increased
in SSc patients. This finding was verified by Real-Time PCR.
Flow cytometry of PBMC in SSc patients and healthy controls
demonstrated that increased expression of Siglec-1 was specific
for CD14+ monocytes. Siglec-1 expression was induced on
healthy donor monocytes by IFN or TLR stimulation. IHC
revealed a population of Siglec-1+ macrophages in the dermis of
SSc patients in both lesional and non-lesional skin that was absent
in healthy controls.

Conclusions: Siglec-1 expression is increased in SSc and sug-
gests type-I [IFN-mediated activation occurs in monocytes in SSc.
Our in vitro experiments indicate a potential role for TLR activa-
tion of IFN secretion, possibly via nucleic acid containing
immune complexes.

55. Dihydrosphingosine 1 phosphate (dhS1P) has antifibrotic
activity in dermal fibroblast through interference with TGF[3
signaling pathway

Shizhong Bu, Maria Trojanowska

Division of Rheumatology and Immunology, Medical University
of South Carolina, Charleston, South Carolina

Fibrosis is a complex disease characterized by the excessive dep-
osition of collagen and other extracellular matrix (ECM) compo-
nents. The net accumulation of collagen in tissue fibrosis is a
result of an imbalance between the factors regulating collagen
deposition and collagen degradation. Transforming growth factor
B (TGFpB and Tumor necrosis factor alpha (TNFa) have contrast-
ing effects on ECM deposition. Profibrotic effects of TGFf
involve upregulation of collagen synthesis and inhibition of
MMP1 production, while TNFa inhibits collagen and stimulates
MMP1. We have recently shown that dhS1P is a principal media-
tor of the TNFa induction of MMP1 (Bu et al, Faseb J, 2006). In
this study, we investigated whether dhS1P also plays a role in reg-
ulation of collagen production in dermal fibroblasts. TNFa stim-
ulation of fibroblasts leads to a rapid activation of Sphingosine
kinase (SphK), which catalyzes generation of dhS1P and sphingo-
sine 1-phosphate (S1P), two bioactive lipids that mediate distinct
biologic response of TNFa. The present study shows that TGF[3-
induced collagen synthesis and TGFf -induced Smad2/3 phos-

phorylation are inhibited by TNFa. Using SphK1 specific siRNA
we demonstrate that this inhibition requires SphK1. Furthermore,
treatment of fibroblasts with low doses of dhS1P (500 nM) is suf-
ficient to recapitulate these inhibitory effects. While dhSIP
inhibits TGFB-induced Smad2/3 phosphorylation, it does not
affect TGF[ receptor phosphorylation status, suggesting that a
post-receptor mechanism is involved in these effects. In contrast,
S1P increases collagen levels and stimulates Smad2/3 phosphory-
lation. Preliminary data indicate that SSc fibroblasts are much
more responsive than control fibroblasts to the SphK1-mediated
collagen inhibition at the basal level, suggesting possible alter-
ations of the sphingolipid signaling in SSc. In conclusion, this
study demonstrates that the relative ratio between dhS1P and S1P
may have a direct role in regulating the balance between matrix
degradation and matrix deposition and that the imbalance of these
mediators may play a role in SSc fibrosis.

56. Modulation of collagen and MMP-1 gene expression in
fibroblasts by the immunosuppressive drug rapamycin: a
direct role as an antifibrotic agent?

IN. Poulalhon, '?D. Farge, 'N. Roos, 'C. Tacheau, 'L. Michel,
IA. Mauviel, 'F. Verrecchia

'INSERM U697 and %Service de Médecine Interne, Hopital
Saint-Louis, Paris, France

We have examined whether rapamycin, an immunosuppressive
drug, may exert parts of its antifibrotic activity by directly target-
ing fibroblast extracellular matrix deposition. Incubation of
human lung fibroblast (WI-26) cultures with rapamycin led to
dose- and time-dependent reduction in the expression of type I and
IIT collagens, both at the protein and mRNA levels. Rapamycin
had no effect on collagen promoter activity but accelerated mRNA
decay, indicating post-transcriptional control of collagen gene
expression. In contrast, rapamycin significantly enhanced the
expression of interstitial collagenase (MMP-1), both at the mRNA
level and transcriptionally. We determined that rapamycin effi-
ciently activates AP-1-driven transcription, by rapidly inducing c-
jun/AP-1 phosphorylation by activation of the Jun-N-terminal
kinase (JNK) cascade, resulting in enhanced binding of AP-
1/DNA complex formation and AP-1 dependent gene transactiva-
tion. Conversely, the JNK inhibitor SP600125 inhibited
rapamycin-induced MMP-1 gene transactivation and AP-1/DNA
interactions. A c-jun antisense expression vector efficiently pre-
vented rapamycin-induced MMP-I gene transcription. Pharma-
cologic inhibition of either ERK or p38/MAPK pathways was
without effect on rapamycin-induced MMP-1 gene expression. It
thus appears that rapamycin may exert direct antifibrotic activities
independent from its immunosuppressive action.
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The Dr. Joseph H. Korn
Endowed Scleroderma Research Fellowship,

An endowment fund established for the purpose of
supporting post-doctoral trainees conducting research
in scleroderma and related disciplines at
Boston University School of Medicine.

Our target goal is $750,000

Please give your support to this important endeavor
in memory of our colleague and friend.
Send your contribution to:

Kate Brennan
Boston University Scleroderma Program
715 Albany Street, E-5
Boston, MA 02118

Boston University School of Medicine
is a tax-exempt 501(c) (3) organization



New National Institutes of Health Study Entitled:

Pathogenic Studies in Families With

Twins or Siblings Discordant for
Systemic Rheumatic Disorders

A new unit of the National Institute of Environmental Health Sciences, called the
Environmental Autoimmunity Group (EAG), has been established in Bethesda, Maryland, at the
National Institutes of Health (NIH) in the US Department of Health and Human Services
to conduct pioneering research in understanding the genetic and environmental risk factors
that may result in autoimmune diseases.

The EAG is currently enrolling families in which an adult or child meets criteria for
systemic sclerosis (scleroderma), rheumatoid arthritis/juvenile rheumatoid arthritis,
systemic lupus erythematosus, or Myositis and in which a twin or sibling of the same gender,
who is within 4 years of age, does not have any one of these four illnesses or another
autoimmune disease. Subjects may enroll at the NIH Clinical Center in Bethesda, Maryland,
or in their local doctors’ offices. Patients remain under the care of their personal physicians
while participating in the study. There is no charge for study-related evaluations
and medical tests at the NIH. Compensation is available to both physicians and
subjects for enrollment

For information about the NIH Twin-Sibs study,
please call the persons below, or visit the Web site: http://dir.niehs.nih.gov/direag/

Call Drs. Frederick Miller, Lisa Rider or Mark Gourley
at (301) 451-6280 or toll-free at 1-888-271-3207

Overview of the Study Subject Eligibility

* The goal of the study is to understand the genetic and * Families are eligible when an adult or child member meets
environmental factors that may result in systemic criteria for:
rheumatic diseases. - Systemic sclerosis (SSc, scleroderma)

- Rheumatoid arthritis (RA) or

- Juvenile Rheumatoid Arthritis (JRA) or

- Systemic lupus erythematosus (SLE) or

- diopathic inflammatory myopathy (IIM, meaning any

* The study will perform evaluations to assess why one
twin or sibling developed disease and why the other
brother or sister did not.

* Subjects may enroll at the NIH Clinical Center in form of adult or juvenile dermatomyositis, polymyositis
Bethesda, Maryland or their local doctors’ offices. or inclusion body myositis)
* A letter from a referring physician is required. And when a twin or brother or sister of the same gender,

and within 4 years of age, does not have rheumatic or

Twins or siblings as well as their biological parents will autoimmune disease.

be enrolled.

* 400 pairs of twins or siblings, in which one has disease The diagnosis of SSc, RA, SLE or IIM has to be within

and one does not, will be enrolled. 4 years of enrollment.
Affected and unaffected brothers or sisters must be of the
same gender (both male or both female) and be offspring
of the same parents.
Normal healthy volunteers, who do not have a blood

* Medical records, questionnaires and blood and urine
samples will be collected at enrollment and at the end
of the study after 5 years.

* For each subject, annual questionnaire follow-ups will relative with a rheumatic or autoimmune disease, and
be collected by mail. who are matched to enrolled patients, are also eligible
* Subjects who develop new autoimmune diseases during to enroll in the study.

the study will be reevaluated.



NATIONAL REGISTRY FOR
CHILDHOOD ONSET SCLERODERMA

LOCALIZED AND SYSTEMIC
FORMS OF SCLERODERMA

CHILDREN AND ADULTS
(WITH ONSET BEFORE AGE 16)

University of Pittsburgh
Thomas A. Medsger, Jr., MD
Principal Investigator

Children’s Hospital of Pittsburgh

Thaschawee Arkachaisri, MD, FACR
Co-Investigator

one blood sample required (sent via mail kit)
no visits to Pittsburgh necessary
yearly questionnaire (HAQ or CHAQ) to be completed by patient

IRB approved, HIPAA compliant yearly one page data collection
form to be completed by patient’s attending physician

The goals of the Registry are to perform serum autoantibody profiles and to identify associations
of specific autoantibodies with clinical and laboratory manifestations and prognosis.

We hope to stimulate future research on childhood onset scleroderma by having a large compilation
of data and specimens available. Investigators may apply for access to de-identified clinical data,
serum, peripheral blood mononuclear cells, and DNA from Registry subjects; and may use the
Registry as a vehicle to make their projects known to this subject population.

We have thus far enrolled 18 patients with systemic sclerosis and 61 with localized scleroderma.
We expect to have 75 systemic and 200 localized patients in the Registry by the end of 2004.

For further information please contact Jennifer Jablon, the Study Coordinator,
at 412-383-8674 or HYPERLINK “mailto:jablonj@msx.dept-med.pitt.edu”
jablonj@msx.dept-med.pitt.edu

Please ask your interested patients to call the Registry at 1-800-603-8960.




The SCOT study is a

research effort that

has been funded in

Rodnan skin score > 16)

whole or in part
with federal funds
from the National
Institute of Allergy
and Infectious
Diseases, National
Institutes of Health,
under Contracts No.
NOT-Al-25481 and
NOT1-Al-05419.

SCOT

Scleroderma: Cyclophosphamide Or Transplantation



The best way to help scleroderma patients
is to fund research that will lead to
better therapies and, eventually, a cure.
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