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Chapter 9

Concurrent inhibition of TGF-β and mitogen driven signaling
cascades in Dupuytren’s Disease – non-surgical treatment

strategies from a signaling point of view

9.1 Summary

Dupuytren’s disease (DD) is a benign progressive fibro-proliferative disorder of the
fascia palmaris of the hand. Currently, treatment consists of surgical excision with a
relatively high recurrence rate and risk of complications. To improve long-term out-
come of DD treatment, research focus has shifted towards molecular targets for DD as
an alternative to surgery. Therefore, complete and exact understanding of the cause
of DD is needed. Transforming growth factor TGF-β is considered a key player in
DD. We recently showed that increased TGF-β expression in DD correlates not only
with elevated expression and activation of downstream Smad effectors, but also with
overactive ERK1/2 MAP kinase signaling. Both TGF-β/Smad and non-Smad signaling
pathways increase expression of key fibrotic markers and contractility of Dupuytren’s
myofibroblasts. What is not yet known is whether these two signaling cascades each
accelerate DD autonomously, successively or in conjunction. Elucidation of this mech-
anism will help develop new potential non-surgical treatments. We hypothesize that
TGF-β-induced short-term activation of the MAPK pathway leads to an autonomous
non-Smad driven fibrosis. Therefore, succesful treatment strategies will target not
only TGF-β/Smad, but also intracellular MAPK signaling. In this review we discuss
possible scenarios in which such a drift from TGF-β induced Smad signaling to au-
tonomous non-Smad signaling could be observed in DD. The potential therapeutic
effects of small cytokine signaling cascades inhibitors, such as TGF-β type I receptor-,
(pan-) tyrosine- or ERK1/2 MAP-kinase inhibitor will be highlighted. To abrogate the
fibrotic trait and the recurrence of DD, we speculate on sequential and co-application
of such molecules in order to provide possible new non-operative strategies for DD.

169



170
Chapter 9. Concurrent inhibition of TGF-β and mitogen driven signaling cascades in

DD

Keywords

MAPK, TGF-β , SB-431542, PD-98059, Glivec R©, fibrosis

9.2 Introduction

In 1831 Baron Guillaume Dupuytren described a fibrotic contracture of the palmar
fascia of the hand which was later eponymously attributed to him. The typical dis-
ease progression is the development of nodules and pits in the palmar aspect of the
hand and fingers leading to an irreversible contracture. The involved tissue is the fas-
cia palmaris that lies between the skin and tendons of the hand and fingers [7, 24].
The characteristic cell in the nodule is the myofibroblast, a differentiated fibroblast
that has properties of smooth muscle cells (expression of α-SMA) and fibroblasts [12].
The formation of the nodules is known as the proliferative phase. As the disease pro-
gresses, the nodules give way to the formation of cords [7, 24]. These cords represent
characteristics of fibrosis within the involutional and residual stages of the disease
and consist mostly of fibroblasts and deposition of excess extracellular matrix (ECM).
The proposed aetiological factors of DD are diverse and range from genetic suscepti-
bility, alcohol abuse, epilepsy, smoking, microtrauma, diabetes mellitus to rheumatoid
arthritis [7, 24]. On a cellular and molecular level, many growth factors have been
implied in Dupuytren’s contracture, of which TGF-β and mitogen activated signaling
cascades have been proposed to play a prominent role (Figure 1) [13]. More recently,
aberrations in the Wnt signalling pathway have been suggested to confer susceptibil-
ity to DD [8]. Studies on role of Wnt gene expression on β-catenin upregulation in DD
are conflicting [6, 19, 20]. In short, to date, most of the implicated factors are associ-
ated with DD but none has been shown to be causative. Interestingly, the histological
and biochemical changes seen in DD are similar to those seen in early connective tis-
sue wound repair [24]. It is thought that after an initial trigger such as wounding or
inflammation, the release and activation of cytokines stimulate the production of ECM
proteins which, ideally, contribute to tissue repair and to the restoration of normal
tissue architecture. However, in DD, this mechanism seems to go awry, and excessive
TGF-β and mitogen signaling contribute to a pathologic excess of fibrotic tissue that
compromises normal hand functionality. This can ultimately lead to the amputation
of the affected hand(s) [13, 24]. Currently, surgery is the most common treatment
for DD and consists of surgical excision or break-up of the contracted tissue (needle
aponeurotomy, open or percutaneous fasciotomy or open fasciectomy). The high re-
currence rate after surgical treatment of DD (reported to range between 8-66% (9)
drives the ongoing search for the exact underlying cause [7, 24]. The recently intro-
duced collagenase treatment (Collagenase clostridium histolyticum marketed under
the name Xiaflex R©) is non-surgical, but -similar to surgery- addresses only the result
of the disease (excessive EMC and fibrosis) rather than the cause [11]. Long term
results of this treatment are still being investigated [7]. As the exact disease process
continues to be unravelled, new non-surgical interventions directed at aberrant sig-
naling such as N-acetyl-L-cystein (NAC)/ACE inhibitor are now being proposed [14].
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9.2.1 TGF-β signaling in Dupuytren’s Disease

TGF-β is a potent modulator of fibroblast and myofibroblast proliferation and dif-
ferentiation [9, 26]. All key components of the TGF-β/Smad signaling cascade were
noted to have increased expression patterns in DD, resulting in accelerated TGF-β sig-
naling [13, 16]. TGF-β transduces a signal through heteromeric complex formation
of related type I and type II transmembrane serine/threonine kinase receptors [10].
The signal of the activated type I receptor is mainly transduced into the cytoplasm
through phosphorylation and activation of the receptor-regulated Smad2 and Smad3
(R-Smads). Activated R-Smads dissociate from the receptor complex and associate
with Smad4 (Co-Smad). These heteromeric Smad complexes accumulate in the nu-
cleus, where they regulate expression of a large array of target genes (Figure 1) [22].

9.2.2 MAPK signaling in Dupuytren’s Disease

The mitogen-activated protein kinase (MAPK) pathway is also involved in a wide
range of cellular processes such as proliferation, differentiation, and cell survival/ap-
optosis. MAPKs are serine/threonine-specific protein kinases that respond to a variety
of extracellular stimuli (stress, cytokines and growth factors) [12]. Mitogens such as
platelet derived growth factor (PDGF), fibroblast growth factor (FGF) and epidermal
growth factor (EGF) are also believed to be involved in DD [2, 9, 16]. Although mi-
togens such as p38 and JNK can activate MAPKs, thus far only a role for extracellular
signal-regulated kinases-1/2 (ERK1/2) has been implicated in the disease [16]. To
achieve a sustained activation of the ERK/MAPK signaling cascade, a mitogen binds
to its respective receptor, which leads to the phosphorylation and activation of sig-
naling enzymes including the MAP kinase kinase kinases (MAP3Ks), which activate
the MAP kinase kinases (MEK1/2). These, in turn, activate the MAP kinase (ERK1/2).
This sets off ERK1/2 to translocate into the nucleus, where it activates target genes of
the AP-1 family of transcription factors that induce target gene expression (Figure 1)
[12].

9.3 Hypothesis

We hypothesize that accelerated TGF-β signaling in DD leads to a signaling drift to-
wards the ERK/MAPK pathway which not only catalyzes the progression but also the
recurrence of the disease. We therefore propose a concurrent inhibition of TGF-β and
mitogen-driven signaling cascades to abrogate the fibro-proliferative disorder. This
might include, for example, a TGF-β type I receptor-, (pan-) tyrosine kinase- and/or
a ERK1/2 MAP-kinase inhibitor that specifically interfere with enzymatic activities.

9.4 Evaluation of the hypothesis

At first glance TGF-β and MAPK signaling routes act autonomously from each other.
TGF-β is known to sustain an autocrine signaling loop through a Smad2/3 dependent
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TGF-β gene expression, whereas the MAPK cascade induces mitogen expression such
as PDGF, FGF, EGF and EGFR [4, 5, 15, 16].Interestingly, in recent years a high degree
of crosstalk between the TGF-β and MAPK signaling pathway has been described. It
is now evident that TGF-β signaling triggers short-term activation of ERK1/2 and also
leads in a Smad- dependent manner to increased mitogen expression such as PDGF
and FGF [16, 18, 25]. These findings point towards a successive signaling cascade,
starting with a TGF-β trigger that further promotes mitogen induced ERK/MAPK sig-
naling. One can speculate that in healthy tissue a balance of both signaling cascades
is achieved to avoid unidirectional signaling. Indeed, it is described that mitogen
induced MAPKs lead to phosphorylation of the linker region of Smad2/3 which pro-
motes, in concert with other factors, the degradation and attenuation of Smad2/3
dependent TGF-β signaling [1]. Whether these effects also contribute to a balanced
signaling network and thus hand functionality is speculative, and in DD specifically
it is yet unknown at which point (s) this signaling crosstalk turns awry (Figure 1).
With increasing understanding of the respective signaling cascades, the generation
of pharmacological molecules that can interfere in signal propagation is rising. The
use of small cytokine signaling cascades inhibitors, such as the TGF-β type I receptor
kinase inhibitors SB-431542, SD-208, GW788388, and GW66004, the pan-tyrosine
kinase inhibitor Glivec R© or the MAP kinase kinase (MEK-1) inhibitor PD-98059 have
all been reported to be powerful tools to abrogate fibro-proliferation in vitro. In nu-
merous vertebrates the administration of TGF-β type I receptor kinase inhibitors as
well as a MEK-1inhibitor have been shown to be non-toxic and capable to abrogate
fibrotic traits in lung, liver and kidney models [3, 9, 21, 23, 27]. Glivec R© (imatinib
mesylate, STI571), on the other hand, is an FDA approved anti-cancer drug that is
used clinically to treat patients with chronic myelogenous leukemia (CML) and gas-
trointestinal stromal tumors (GISTs). Glivec R© specifically binds to the site of tyrosine
kinase activity which eliminates mitogen induced signaling at the receptor level.

9.5 Testing the hypothesis

With the known aspects of the TGF-β and ERK/MAPK crosstalk one can now inves-
tigate if the accelerated TGF-β initiated signal, as seen in DD, could lead to an au-
tonomous MAPK signaling cascade. Unfortunately there are no animal models of DD
to investigate the impact of signaling drifts and resulting pharmacological inhibitor
administration in vivo. Given this, we used a computational modulation tool for dis-
crete regulatory network with short-term effects and raised the question whether the
extra activation of ERK1/2 by TGF-β could have long-term and potentially irreversible
effect on the network state [17]. Taken in account that both signaling cascades sus-
tain autonomous loops, we showed in silico that accelerated TGF-β signaling can push
the network into an autonomous "locked" ERK/MAPK driven fibrosis [17]. Based on
this, we suggest that accelerated TGF-β signaling leads to a signaling drift towards
the ERK/MAPK pathway, which likely catalyzes not only the progression but also the
high recurrence of DD.
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9.6 Consequences of the hypothesis

Based on our current understanding of the signaling network in DD we believe that
a concurrent treatment with an TGF-β type I receptor inhibitor and a MAPK inhibitor
will successfully attenuate the TGF-β triggered signaling drift in DD. The TGF-β type
I receptor inhibitor will lead to an uncoupling of the TGF-β signaling cascade from
ERK/MAPK activation. Eventually, this might eliminate the TGF-β dependent signal-
ing drift that we propose to be the underlying cause for the progression and recur-
rence of DD. We already know that treatment with Glivec R© (a receptor tyrosine ki-
nase inhibitor) eliminates the mitogen initiated MAPK cascades but has no effect on
TGF-β induced ERK1/2 activation. Therefore, we propose the local administration of
Glivec R© in combination with a TGF-β type I receptor inhibitor. Since DD is a pro-
gressive disease it will be difficult to distinguish between initial acceleration of TGF-β
signaling and consecutive TGF-β actions. Therefore, the use of the MEK-1 inhibitor
should be adjuvant in treating DD. Not only is the advantage of an intracellular MAPK
inhibitor that it can block various mitogen induced MAPK signals, it can also abrogate
consecutive TGF-β stimuli on the ERK/MAPK signaling cascade. Consequently, the
MEK-1 inhibitor is the only agent that one could use as a stand alone therapy in treat-
ing late stages of DD if they are independent of TGF-β signaling. Whether a systemic
treatment with these inhibitors as succesfully performed in fibrotic animal models is
also beneficial in humans is still a matter of speculation and debate. The relatively
superficial location of DD would make it an ideal candidate for local delivery, either
through injection or topical application.
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