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Transforming growth factor-p1 in plaque morphea
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Introduction: Morphea (localized scleroderma) is a rare cutaneous disease characterized by skin fibrosis of unknown
pathogenesis. Transforming growth factor-B (TGF-B) is a potent profibrotic factor. The role of TGF-B in morphea
remains unclear.

Aim: The goal of this study was to estimate the expression level of TGF-B1 in skin and peripheral blood mononuclear
cells as well as the plasma levels of TGF-B1 in plaque morphea (MEP).

Material and methods: The study involved 20 MEP patients. Three control groups were involved: 1 — plasma:
36 healthy volunteers; 2 — PBMC: 47 healthy volunteers; 3 — skin biopsies: 13 samples collected during mastectomy
(breast cancer was not skin involved). The analysis of TGF-B1 plasma levels was performed with the use an adequate
ELISA kit, while real-time polymerase chain reaction was employed for the expression of TGF-B1 in peripheral blood
mononuclear cells (PBMC) and skin.

Results: In our study we have not detected differences in TGF-f3 1 expression in PBMC, skin, nor in plasma levels of
TGF-B1 between MEP patients and healthy controls, regardless of disease activity and its duration.

Conclusions: The results of our study contradict the claim of the substantial role of TGF-B1 in the most common

morphea subtype — MEP
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Introduction

Morphea (localized scleroderma) is a rare cutaneous
disease characterized by two consecutive, inflammato-
ry and sclerotic phases. Additionally, after some time,
many patients show spontaneous skin softening, clini-
cally manifested as atrophy with depigmentation [1, 2].
Although skin hardening is the prominent clinical symp-
tom (which is at the same time the reason for disease
classification as “scleroderma”), the clinical picture as
well as immunologic abnormalities differ from the ones
observed in systemic scleroderma [1-8]. Unfortunately,

the disorder being rare, clinically diversified and poten-
tially spontaneously reversible leads to the fact that its
pathogenesis remains unknown, leaving no undoubtedly
proven successful therapy [9, 10].

There are three known isoforms of transforming
growth factor-B (TGF-B), i.e. TGF-B1, TGF-B2 and TGF-B3,
all synthesized as inactive pro-peptides. The cytokine is
multi-functional, yet it is believed to be the leading profi-
brotic factor in sclerotic disorders [11-13]. It interacts with
extracellular matrix components, including fibrillin-1. In-
terestingly, a defective fibrillin-1 coding gene (FBN1) is the
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characteristic of the SSc — Tsk1/+ murine model, while
a mutation of this gene has been found in a group of
native Americans, in which the risk of developing SSc is
higher [14]. Almost 30% of morphea patients show the
presence of anti-fibrillin-1 antibodies [15]. The activation
of TGF-B is mediated by thrombospondin, plasmin, integ-
rins and THY-1 (CD90), as well as matrix metalloprotease
9. Not only is TGF-B believed to initiate the production
of extracellular matrix components (including collagen,
fibronectin and proteoglycans) but also it inhibits their
degradation due to interactions with matrix metallopro-
teinases and stimulation of synthesis of their inhibitors
[12, 16, 17]. It has been shown that TGF-B increases fi-
broblast susceptibility for apoptosis [18]. There are other,
numerous in vitro and in vivo studies acknowledging the
role of TGF-B in fibrotic diseases. Indirectly, the role of
TGF-B in morphea may be underlined by a case study
of a patient in whom tyrosine kinase blocking (through
which TGF- mediates a Smad-independent intracellular
signal) resulted in an improvement of the clinical con-
dition [19]. Yet, the role of TGF-B in morphea remains
unclear, while the results of scientific studies do vary
greatly.

Aim
The goal of this study was to estimate the expression
level of TGFBI in skin and peripheral blood mononuclear

cells (PBMC) as well as the plasma levels of TGF-B1 in
plague morphea (MEP).

Material and methods
Material

The study involved 20 MEP patients (10 women and
10 men). The mean age was 43 years, minimum 16, max-
imum 81, standard deviation (SD) = 19. The mean dis-
ease duration was 3.4 years (minimum 1, maximum 20,
SD = 4). All patients were diagnosed both clinically and
histopathologically. Whole blood samples were acquired
from all patients, while 13 of them additionally were
the source of skin biopsies. Three control groups were
involved: 1 - plasma: 36 healthy volunteers (29 women,

Table 1. Primers used in this study

7 men), mean age was 34 years, minimum 20, maximum
57, SD = 9; 2 — PBMC: 47 healthy volunteers (35 women,
12 men), mean age was 33, minimum 20, maximum 57,
SD = 9; 3 —skin biopsies: 13 samples collected during
mastectomy. The neoplasms were not skin related. Mean
age was 52 years, minimum 30, maximum 85, SD = 17.
The study was approved by a local bioethical commit-
tee. All patients gave written consent. EDTA-collected
whole blood samples (5 ml) were spun in ficoll gradient
(Ficoll-Histopaque 1.077 g/cm?, Sigma Diagnostics, Inc.
St. Louis, USA). Plasma samples were stored at —=80°C.
Upon collection, skin samples were immediately frozen
in liquid nitrogen and stored at —80°C.

Methods
Evaluation of activity of the disease

A patient was qualified to the active process group,
if within recent 6 months there had been an appearance
of a new lesion, spread of a previously existing one or
a presence of erythematous margins [20, 21].

ELISA

The assessment of TGF-B1 protein plasma level was
done with the use of a commercially available kit accord-
ing to the manufacturer’s instructions (R&D System, Min-
neapolis, USA).

Real-time polymerase chain reaction assessment
of transforming growth factor-B1 expression in
peripheral blood mononuclear cells

Whole RNA samples were isolated from PBMC accord-
ing to Chomczynski and Sacchi protocol [22]. Genomic
DNA from 1 ug RNA samples was removed with the use
of a recombined DNase | (Ambion, USA). Following re-
verse transcription (Roche Applied Science), cDNA sam-
ples were analyzed with the use of real-time PCR in rel-
ative analysis mode with standard curves. The analysis
was performed with the use of Light Cycler 2.0 thermocy-
cler (Roche Diagnostics GmbH, Germany) and a dedicat-
ed commercial SYBR Green kit (Roche Applied Science).

The amplified cDNA fragment was 81 bp long. The se-
quence covered fragments of exons 4 and 5 of the TGF-8

Name 5’-3’sequence Amplicon length [bp] References
GAPDH-F CTGCACCACCAACTGCTTAG
105 Ensembl: ENST00000229239
Glyceraldehyde-3-phosphate dehydrogenase [23]
GAPDH-R TTCTGGGTGGCAGTGATG
GTGACAGCAGGGATAACA- Ensembl: ENST00000221930
TGFB1-F
CACTG Transforming growth factor, betal
81 -
http://www.rtprimerdb.org/assay_report.php?as-
TGFB1-R CATGAATGGTGGCCAGGTC

say_id=1005 [24]
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Table 2. Expression of TGFB1 in PBMC, skin and plasma TGF-f1 level

MEP

Control groups

. Value
Variable ¢
Median Minimum Maximum Median Minimum Maximum orp
Expression of TGFB1 in PBMC n=20 n=47 09
(per million GAPDH copies) 218674 136538 574074 217453 108746 513292
n=20 n=36
Plasma TGF-B1 level [pg/ml] 0.4
159 32 1131 180 40 730
Expression of TGFBI in skin n=1 n=13 0.8
(per million GAPDH copies) 29503 10067 77760 32090 19469 83284

Table 3. Expression of TGFB1 in PBMC, skin and plasma TGF-f1 level comparing the active and non-active process

groups
MEP active process MEP non-active Value
Variable
Median Minimum Maximum Median Minimum Maximum of p
Expression of TGFBI in n=10 n=10
PBMC (per million GAPDH 0.3
copies) 231408 139216 574074 218674 136538 276142
n=10 n=10
Plasma TGF-BI level [pg/ml] 0.05
250 33 1131 70 32 466
Expression of TGF-B1 in skin n-8 n=>
(per million GAPDH copies) 05
p P 31906 23431 62500 21504 10067 77760

1 gene, spanning a 139 bp long intron, which due to short
elongation time, minimized the chances of genomic DNA
amplification. All RNA samples were subjected to no-RT
PCR reactions for genomic DNA contamination analysis.
PCR primer sequences, presented in Table 1, were acquired
from other studies [23, 24]. The quantitative results are
expressed in TGFBI copy number for one million reference
gene copies. Glyceraldehyde 3-phosphate dehydrogenase
gene (GAPDH) was chosen as a reference. The choice of
this particular gene had been suggested in literature [25].

Real-time polymerase chain reaction assessment
of TGFBI expression in skin

Skin samples stored at —80°C were rotor-stator ho-
mogenized in TriPure reagent (Roche Applied Science).
Due to the high level of impurities, phenol-chloroform
extraction was doubled and separated with successive
isopropanol, 75% ethanol washings and the removal of
genomic DNA. The remaining steps of the procedure were
the same as for PBMC samples.

Statistical analysis

Arithmetical means and SD values were calculated
for age and disease duration. Additionally, the analysis of
other variables included median, as well as minimum and
maximum values due to lack of normal distribution. The
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statistical significance of differences was calculated with
the use of the two independent Mann-Whitney-Wilcoxon
test, while correlation analyses were performed with the
Spearman’s rank approach. Analyses were considered
significant below p = 0.05 value.

Results

The median expression level values of TGFBI in PBMC
and skin as well as plasma TGF-B1 levels are presented in
Table 2. No statistically significant differences have been
found for these variables between the groups of MEP and
controls.

None of the analyzed variables (expression of TGFBI
in PBMC, plasma TGF-B1 level and expression of TGFBI in
skin) correlated with the disease duration. Ten MEP pa-
tients (50%) were assigned to the group with the active
process. There were no statistically significant differenc-
es between active and non-active process groups with
respect to the three aforementioned variables (Table 3).

Discussion

Although TGF-B is thought to be the main profibrotic
cytokine, its possible contribution to the pathogenesis
of morphea remains a matter of debate as the results of
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scientific studies concerning the subject contradict each
other. Higley et al. detected elevated TGF-B1 levels in
skin of morphea patients compared to healthy controls.
Elevated TGF-B1 serum levels were detected in 8 out of
15 morphea patients (53%) compared to 2 out of 31 he-
althy controls (7%) [26]. Similarly, elevated TGF-B in mor-
phea patients was also detected by Uziel et al. and Lip-
ko-Godlewska [21, 27]. On the other hand, Querfeld et al.
found up-regulated TGFBI, B2 and B3 mRNA production
only during the inflammatory phase of morphea, but not
in the latter sclerotic one. These results were also sup-
ported by immunohistochemical analysis, yet the study
involved only 2 patients with morphea in its inflamma-
tory phase and only 1in the sclerotic phase [28]. Farell
et al. presented the results of their study where they had
found increased intensities of anti-TGF-B1, anti-TGF-B2,
but not anti-TGFB3 antibody staining in the upper and
middle layers of the dermis of 2 morphea patients com-
pared to healthy skin of labia [29]. Kawakami et al. found
that skin of deep morphea is more immunoreactive to
anti-TGF-B3 [30]. El-Mofty et al. claimed that a group
of 21 morphea patients treated with UVA photothera-
py showed a statistically significant down-regulation
of TGFBI expression compared to the levels detect-
ed before the treatment. What is more, the change in
TGFBI expression correlated with the effectiveness of
the UVA treatment [31]. This study, however, should be
approached with caution as the RNA was isolated from
paraffin-embedded skin. Such procedure may cause RNA
degradation, resulting in a substantially lowered PCR
sensitivity [32, 33]. Additionally, the quantitative assess-
ment technique presented in this study is less precise
than relative real-time PCR analysis.

In opposition to the aforementioned results, Re-
strepo et al. did not find differences in anti-TGF-B1 or in
anti-TGF-B2 immunohistochemical staining between 10
linear morphea patients and 2 healthy individuals [34].
Concordantly, Antiga et al. showed even a decrease in
TGF-B+ cells in morphea skin compared to healthy con-
trols and a decreased level of this protein in the studied
sera [35]. On the other hand, Kubo et al. assessed 5 mor-
phea skin biopsies (2 — MEP, 1 — generalized morphea,
2 —linear morphea) using in situ hybridization and found
elevated expression levels of TGF-B type | and Il recep-
tors, predominantly in fibroblasts of the dermis, which
was further supported by immunohistochemical staining
[36]. In our study we have not detected differences in
TGFBI1 expression in PBMC, skin, or in plasma levels of
TGF-B1 between MEP patients and healthy controls.

The reason for such incomparable results of these
studies may be a significant diversity of the disease itself.
Some of the authors, interestingly, did not include the
relevant subtype of morphea, which might be of some
importance regarding their results. On top of that, many
of these studies, usually the older ones, involved only
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a few samples, which significantly decreases their cred-
ibility [26, 28, 29]. However, many authors underlined
that TGF-B could play a significant role especially during
the initial, inflammatory phase [10-12, 26], thus the mo-
ment of biopsy acquisition might have had an impact
on the results. Yet, we have not observed any correlation
between TGFBI in skin, PBMC or plasma TGF-B1 levels
and disease duration, while it is important to note that
45% of our group suffered from morphea for less than
a year, and the following 25% — less than 2 years. Similar
conclusions were suggested by Restrepo et al. [34]. What
is more, regardless of the disease duration, we have not
detected relevant differences between active and non-ac-
tive morphea patients. Antiga et al. indicate a potential
role of T regulatory lymphocytes in the autoimmunization
process in morphea. These lymphocytes are a significant
source of TGF-B and their activity results in the phenom-
enon of tolerance. The decrease in their numbers or their
impaired activity may lead to the induction of autoimmu-
nization. During their biopsy studies, Antiga et al. found
a lowered number of these cells, along with a decreased
TGF-B1 levels in sera as well as fewer TGF-B+ cells in skin
of morphea patients compared to psoriatic patients and
healthy controls [35].

While discussing these results, a failure of a clinical
study involving a CAT-125 monoclonal anti-TGF-B1 anti-
body therapy in SSc is worth noting. The study not only
did not confirm the effectiveness of this drug, but also
the side effects were more frequent, including 3 deaths
(caused by disease complications) compared to the pla-
cebo group (no patient died). The most frequent side
effect, leading to the elimination of patients from the
clinical phase, was a progression of skin involvement.
However, there were no statistically significant differ-
ences between the studied groups assessed with the
use of the modified Rodnan skin thickness score during
all study stages. All groups showed improvement that
was correlated with disease duration. At the same time,
elevated TGF-B1 expression was found in patients be-
fore treatment initiation and tended to remain that way
during the treatment. Finally, authors postulated the use
of TGF-B pathways blocking agents instead [37]. Imatinib
is a tyrosine kinase inhibitor, registered as an anti-cancer
(preferably as anti-lymphoproliferative neoplasms) drug.
The kinases in question are a part of a Smad-indepen-
dent pathway induced by TGF-B [38]. There were two clin-
ical studies involving Imatinib in SSc. One of them was
prematurely ceased due to side effects [39]. The other
resulted in no improvement assessed with the modified
Rodnan skin thickness score and diffusion capacity for
carbon monoxide after 6 months of treatment [40]. To
date, the effectiveness of direct TGF-B blocking or any
inhibition of its signaling pathways have not been con-
firmed, yet there has been a report on a morphea patient
clinically responding well to Imatinib [19].
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Conclusions

Our study was directed to the assessment of the in-
fluence of TGF-B1in the pathogenesis of MER The results
have not shown significant differences in TGFBI gene ex-
pression in PBMC and skin, as well as in plasma TGF-p1
levels between MEP patients and healthy controls, dis-
ease activity status or significant correlation with the
disease duration. We are aware however of certain lim-
itations of our study. It was only directed towards TGF-B1,
leaving TGF-B2, TGF-B3 and their receptors without anal-
ysis. Additionally, the choice of the GAPDH as a reference
gene for fibrotic skin assessment remains to be analyzed.
The lack of convincing evidence concerning this and oth-
er possible reference genes for fibrotic skin is a problem.
Generally speaking though, the results of our study con-
tradict the claim of the substantial role of TGF-B1 in the
most common morphea subtype — MEP, which was also
the conclusion of the study by Restrepo et al. [34] and
indirectly supported by the results of anti-TGF-B clinical
studies in SSc [37, 39, 40].

References

—

. Kreuter A, Krieg T, Worm M, et al. Diagnosis and therapy of
localized scleroderma. ) Detsch Dermatol Ges 2009; 7 Suppl.
6: S1-14.

2. Fett N, Werth VP Update on morphea: part I. Epidemiology,
clinical presentation, and pathogenesis. ) Am Acad Dermatol
2011; 64: 217-28.

3. Chmiel K, Krela-Kazmierczak I, tykowska-Szuber L, et al. As-
sociation between dermatological diseases and pathological
changes in the gastrointestinal tract. Postep Derm Alergol
2011; 28: 506-13.

4. Larek-Rgpata A, Zaba R, Kowalczyk M), et al. Herpes simplex
virus infection as a possible modulator of autoimmune dis-
eases facilitated by human endogenous retroviruses. Postep
Derm Alergol 2011; 28: 313-6.

. Danczak-Pazdrowska A, Kowalczyk MJ, Szramka-Pawlak B,
et al. Interleukin 1beta in morphea. Centr Eur J Immunol
2012; 37: 247-52.

. Danczak-Pazdrowska A, Kowalczyk MJ, Szramka-Pawlak B,
et al. Interleukin-17A and interlekin-23 in morphea. Arch
Med Sci 2012; 8: 1089-95.

7. Polanska A, Danczak-Pazdrowska A, Silny W, et al. High-fre-
guency ultrasonography in monitoring the effects of treat-
ment of selected dermatoses. Postep Derm Alergol 2011; 28:
255-60.

8. Maciejewska-Radomska A, Sokotowska-Wojdyto M, Wilkow-

ska A, et al. Scleromyxoedema in a 70-year-old woman —

case report and review of the literature. Postep Derm Alergol

2011; 28: 63-6.

Badea |, Taylor M, Rosenberg A, Foldvari M. Pathogenesis

and therapeutic approaches for improved topical treatment

in localized scleroderma and systemic sclerosis. Rheumatol-

ogy 2009; 48: 213-21.

10. Kurzinski K, Torok KS. Cytokine profiles in localized sclero-
derma and relationship to clinical features. Cytokine 2011;
55:157-64.

11. Denton CP, Abraham DJ. Transgenic analysis of scleroderma:

understanding key pathogenic events in vivo. Autoimmun

Rev 2004; 3: 285-93.

ol

(&)}

0

Postepy Dermatologii i Alergologii 6, December / 2013

12. Yamamoto T, Matsushita M, Yokozeki H. Role of cytokines in
scleroderma: use of animal models. Clin Applied Immunol
Rev 2006; 6: 1-19.

13. Bienias W, Kaszuba A. Keloids: current prophylactic and ther-
apeutic methods. Postep Derm Alergol 2012; 29: 446-50.

14. Wipff J, Avouac J, Le Charpentier M, et al. Dermal tissue and
cellular expression of fibrillin-1 in diffuse cutaneous system-
ic sclerosis. Rheumatology 2010; 49: 657-61.

15. Arnett FC, Tan FK, Uziel Y, et al. Autoantibodies to the extracel-
lular matrix microfibrillar protein, fibrillin 1, in patients with
localized scleroderma. Arthritis Rheum 1999; 42: 2656-9.

16. Zhou L, Askew D, Wu C, et al. Cutaneous gene expression
by DNA microarray in murine sclerodermatous graft-versus-
host disease, a model for human scleroderma. J Invest Der-
matol 2007; 127: 281-92.

17. Kuzminski A, Przybyszewski M, Graczyk M, Bartuzi Z. The
role of extracellular matrix metalloproteinases and their in-
hibitors in allergic diseases. Postep Derm Alergol 2012; 29:
384-9.

18. Kulasekaran P, Scavone CA, Rogers DS, et al. Endothelin-1
and transforming growth factor-betal independently induce
fibroblast resistance to apoptosis via AKT activation. Am
J Respir Cell Mol Biol 2009; 41: 484-93.

19. Moinzadeh P, Krieg T, Hunzelmann N. Imatinib treatment
of generalized localized scleroderma (morphea). J Am Acad
Dermatol 2010; 63: e102-4.

20. Marzano AV, Menni S, Parodi A, et al. Localized scleroderma
in adults and children. Clinical and laboratory investigations
on 239 cases. Eur J Dermatol 2003; 13: 171-6.

21. Uziel Y, Feldman BM, Krafchik BR, et al. Increased serum
levels of TGFbetal in children with localized scleroderma.
Pediatr Rheumatol Online J 2007; 5: 22.

22. Chomczynski P, Sacchi N. Single-step method of RNA iso-
lation by acid guanidinium thiocyanate-phenol-chloroform
extraction. Anal Biochem 1987; 162: 156-9.

23. Kowalczyk MJ, Daficzak-Pazdrowska A, Szramka-Pawlak B,
et al. Expression of selected human endogenous retroviral
sequences in skin and peripheral blood mononuclear cells
in morphea. Arch Med Sci 2012; 8: 819-25.

24. Pattyn F, Speleman F, De Paepe A, Vandesompele J. RTPrim-
erDB: the real-time PCR primer and probe database. Nucleic
Acids Research 2003; 31: 122-3.

25. Bonnet-Duquennoy M, Abaibou H, Tailhardat M, et al. Study
of housekeeping gene expression in human keratinocytes
using OLISATM, a long-oligonucleotide microarray and q RT-
PCR. Eur J Dermatol 2006; 16: 136-40.

26. Higley H, Persichitte K, Chu S, et al. Immunocytochemical
localization and serologic detection of transforming growth
factor beta 1. Association with type | procollagen and inflam-
matory cell markers in diffuse and limited systemic sclero-
sis, morphea, and Raynaud’s phenomenon. Arthritis Rheum
1994; 37: 278-88.

27. Lipko-Godlewska S. Selected cytokines in fibrosis of the skin
and subcutaneous tissue in different types of scleroderma
[Polish]. Katedra i Klinika Dermatologii Collegium Medicum
Uniwersytetu Jagiellonskiego, Krakdw 2005.

28. Querfeld C, Eckes B, Huerkamp C, et al. Expression of
TGF-betal, -beta2 and —beta3 in localized and systemic
scleroderma. J Dermatol Sci 1999; 21: 13-22.

29. Farrel AM, Dean D, Charnock M, et al. Distribution of trans-
forming growth factor-beta isoforms TGF-beta 1, TGF-beta 2,
TGF-beta 3 and vascular endothelial growth factor in vulvar
lichen sclerosus. J Reprod Med 2001; 46: 117-24.

341



A. Dafczak-Pazdrowska, M.J. Kowalczyk, B Szramka-Pawlak, J. Gornowicz-Porowska, A. Szewczyk, W. Silny,
M. Molinska-Glura, A. Olewicz-Gawlik, R. Zaba, J. Pazdrowski, P. Hrycaj

30.

3L

32.

33.

34.

35.

36.

37.

Kawakami T, Soma Y, Baba T, et al. Immunohistochemical
analysis of transforming growth factor beta 3 expression in
solitary morphoea profunda with histological membrano-
cystic changes. Br J Dermatol 2002; 146: 171-3.

El-Mofty M, Mostafa W, Esmat S, et al. Suggested mecha-
nisms of action of UVA phototherapy in morphea: a molec-
ular study. Photodermatol Photoimmunol Photomed 2004;
20: 93-100.

Farragher SM, Tanney A, Kennedy RD, Harkin DR RNA expres-
sion analysis from formalin fixed paraffin embedded tissues.
Histochem Cell Biol 2008; 130: 435-45.

Korga A, Wilkotaska K, Korobowicz E. Difficulties in using
archival paraffin-embedded tissues for RNA expression anal-
ysis. Postepy Hig Med Dosw 2007; 61: 151-5.

Restrepo JF, Guzman R, Rodriguez G, et al. Expression of
transforming growth factor-beta and platelet-derived
growth factor in linear scleroderma. Biomedica 2003; 23:
408-15.

Antiga E, Quaglino P, Bellandi S, et al. Regulatory T cells in
the skin lesions and blood of patients with systemic sclero-
sis and morphoea. Br ) Dermatol 2010; 162: 1056-63.

Kubo M, Thn H, Yamane K, et al. Up-regulated expression of
transforming growth factor beta receptors in dermal fibro-
blasts in skin sections from patients with localized sclero-
derma. Arthritis Rheum 2001; 44: 731-4.

Denton CP, Merkel PA, Furst DE, et al. Recombinant human
anti-transforming growth factor betal antibody therapy in
systemic sclerosis: a multicenter, randomized, placebo-con-
trolled phase I/1l trial of CAT-192. Arthritis Rheum 2007; 56:
323-33.

38. Wang S, Wilkes MC, Leof EB, Hirschberg R. Imatinib mesylate

39

blocks a non-Smad TGF-beta pathway and reduces renal fi-
brogenesis in vivo. FASEB ] 2005; 19: 1-11.

. Study NCT01545427. Clinicaltrials.gov. 03/01/12.
40.

Prey S, Ezzedine K, Doussau A, et al. Imatinib mesylate in
scleroderma-associated diffuse skin fibrosis: a phase I
multicentre randomized double-blinded controlled trial. Br
J Dermatol 2012; 167: 1138-44.

342

Postepy Dermatologii i Alergologii 6, December / 2013



