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Chapter 7

Signal transduction cascades controlling fibrosis in Dupuytren’s
Disease

7.1 Dupuytren’s Disease

Dupuytren’s Disease (DD) is a progressive and irreversible fibro-proliferative disorder
of unclear etiology and pathogenesis that affects the palmar aponeurosis and rarely
the plantar or penis fascia. The progression of the disease mainly causes permanent
flexion contracture of the digits [38]. It is named after Baron Guillaume Dupuytren,
the surgeon who described for the first time in 1834 the disease and the corresponding
operation to correct the affliction. Treatment to date is mostly surgical, but there is a
high recurrence rate [15].

7.1.1 Epidemiology

DD predominantly affects older men of northern European descent and is generally
uncommon in the black population and in Asia [24, 30, 13]. The overall incidence of
DD varies from 2% to 42% [24, 19]. Men are six times more likely than woman to
present with the condition, and children are rarely affected [15]. The incidence rises
dramatically for men in their fifth decade and for woman in their sixth decade [35].
Both hands are involved with equal frequency, and the condition can occur bilat-
eral [19]. It is usually more severe in one hand, but there is no relation to handed-
ness [28]. The ring finger; the index finger and the thumb are rarely involved [38, 19].
Disease recurrence is equal in both sexes [35].

7.1.2 Etiology

The etiology of DD is diverse and not at all uniform. A genetic susceptibility to the dis-
ease is uniquely found in the white population [37, 53]. The highest prevalence can
be found in Northern Scotland, Iceland, Norway and Australia [23, 18, 29, 20]. An
autosomal dominant pattern of inheritance with incomplete penetrance has also been
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122 Chapter 7. Signal transduction cascades controlling fibrosis in DD

reported [24]. Additionally, chronic alcoholic patients with subsequent liver cirrhosis
have a prevalence of 66% and alcoholic patients without cirrhosis of 27% [11]. Fur-
thermore, a strong association of DD with diabetes mellitus has been recorded, with
a prevalence of 3% to 32%, and an average of around 20% [33]. Epilepsy, trauma,
chronic pulmonary disease and rheumatoid arthritis are additional etiological factors
for DD [19].

7.1.3 Pathogenesis

Fibrosis is defined as the result of abnormal development of excess fibrous connec-
tive tissue formation in organs which including skin, heart, lung, kidney and ves-
sels [16, 51]. Fibrosis is not always pathological and fibrotic processes are key events
in the normal wound healing process [12]. However, uncontrolled fibrosis which
most commonly is induced through chronic inflammation may result in organ dys-
function [12]. Although the mechanism of fibrosis varies in each organ, as a com-
mon pathogenesis,transiently activated extracellular matrix (ECM)-producing cells
that proliferate and produce increased amount of ECM are often detected [1]. The
activation of cellular proliferation, migration, adhesion and extracellular matrix pro-
duction is governed by growth factors among which transforming growth factor-β
(TGF-β), connective tissue growth factor (CTGF), interleukin-1 (IL-1), IL-4, platelet-
derived growth factor (PDGF), epidermal growth factor (EGF) and tumor necrosis
factor-α (TNF-α) are reported to have an impact on fibrotic processes in DD [21].

DD begins as a nodule and slowly progresses to contracture of the fingers (Fig-
ure 2) [46]. Disease progression is classified using a grading system (Table 1) [46].

Grading Clinical Presentation

Grade 1 a thickend nodule and a band in the palmar
aponeurosis; the band progresses to skin teth-
ering, puckering and pitting

Grade 2 a peritendinous band and extention of the af-
fected finger is limited

Grade 3 flexion contractur

Table 1: Grades of Dupuytren’s Disease

The disease usually progresses in severity, although approximately 10% of the
cases regress without treatment [46, 19]. Histologically, the cords of DD consist of
a dense collagenous matrix containing fibroblasts, arranged along the longitudinal
lines of stress [46]. Nodules, which occur within the cords, contain a high concen-
tration of intensively proliferating cells, most of which are highly specialized myofi-
broblasts that are rich in α-smooth muscle actin (α-SMA) [46]. Initially, there is a
proliferative stage characterized by an increase in myofibroblasts [46]. The subse-
quent involutional stage involves alignment of these cells along the longitudinal lines
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of tension [46]. The abnormal tissue contains increased levels of active growth fac-
tors, glycosaminoglycons, collagen [46]. It has been suggested that DD is a result of
local hypoxia and chronic ischaemia [46, 19]. High levels of free radicals have also
been found, which can induce fibroblast proliferation in vitro [46, 19, 21].

7.2 Treatment of Dupuytren’s Disease

Up to date there is no effective cure for DD but most patients gain significant func-
tional improvement after corrective surgery (Figure 2) [21, 46, 19]. Many surgi-
cal operations of different magnitude are available and range form limited fasciec-
tomy (removal of involved fascia), fasciotomy (simple division of contracted tissue)
to hand amputation [8]. The high recurrence rate of DD makes a strong demand
on more effective treatment strategies and led surgeons and researchers to investi-
gate alternative non-surgical treatment options. Injection of steroids, radiotherapy
or clostridial collagenase have been shown to prevent disease progression for earlier
stage DD [19]. Nevertheless, there is a high rate of recurrence which is regardless of
the technique [21, 46, 19, 8].

7.3 Growth factor signaling in Dupuytren’s Disease

7.3.1 TGF-β signaling

TGF-β is known to control the proliferation, migration, differentiation and survival
of many different cell types [50]. Dysregulation of TGF-β signaling pathways is asso-
ciated with serious human diseases such as fibrosis [16, 51]. There are three TGF-β
isoforms know: TGF-β1, TGF-β2 and TGF-β3 [50]. TGF-β family members activate
canonical signaling cascades via binding to specific sets of heteromeric receptor com-
plexes, which comprise of type II and type I serine/threonine kinase receptors. Up
to date seven different human type I receptors, also termed activin receptor-like
kinases (ALKs)-1 to ALK-7, and five type II receptors have been identified. Addi-
tionally, accessory receptors, so called type III receptors, include Endoglin and β-
glycan [25, 27, 41, 14].

TGF-β signals via TGF-β receptor type II in complex with ALK-5 [42]. Interest-
ingly, the mode of binding of TGF-β2 differs from other TGF-β isoforms. TGF-β2
binds the TGF-β receptor type II with 100 to 1000 fold lower affinity, and a differ-
ing sequential binding pattern was reported [26]. In fact, TGF-β2 is bound to β-
glycan which presents TGF-β2 to the type II receptor [26]. Activin and nodal, two
additional members of the TGF-β superfamily, signal via activin receptor type II (Ac-
tRII) or ActRIIB and either ALK-4 or ALK-7 [42, 50]. Upon activation, type I receptors
activate through phosphorylation their intracellular mediators, the receptor-activated
(R)-Smads, namely Smad-2 and Smad-3. In complex with the common-mediator (Co-
) Smad, Smad-4, the signal is transduced into the nucleus where the complex in syn-
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Figure 1: Treatment of Dupuytren’s Disease. I-II Preoperative pictures of a Dupuytren’s cord,
causing metacarpal and proximal inter-phalangeal contracture of the little finger; III intra-
operative view of the cord; IV resected specimens showing the cord (top) and the nodule
(bottom).

ergy with other transcription factors regulates transcriptional activation or repression
of a diverse array of target genes [50, 25, 27, 41, 14].

In addition to the canonical Smad pathway, TGF-β can also signal via Smad-
independent pathways. Among those are the rapid activation of mitogen activated
protein kinases (MAPK), such as extracellular-signal regulated kinase-1/2 (ERK-1/2),
p38 MAPK, c-jun N-terminal kinase (JNK), Rho-like small GTPase pathways, and
phosphatidylinositol-3-kinase (PI3K/AKT) pathways [32, 56]. Signals are propagated
through auto-phosphorylation of TGF-β receptor type II at tyrosine residues, which
leads to trans-tyrosine phosphorylation of ALKs and subsequent activation of down-
stream targets [32, 56, 52]. It becomes more and more evident that non-canonical,
non-Smad pathways co-operate with the canonical, Smad pathway to determine the
final outcome of cellular responses to TGF-β [56].

TGF-β is a pro-fibrotic factor that acts on several stages of fibrotic disease pro-
gression. In patients with DD, upregulated TGF-β1 and TGF-β3 mRNA and protein
has been detected in all three phases of DD. TGF-β2 on the other hand, was only de-
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tected in the proliferative and involutional but not the residual phase of DD. TGF-β is
thought to be secreted by monocytes, macrophages and nodule derived cells. TGF-β is
thought to be predominantly responsible for the fibrotic progression of DD [21]. TGF-
β is secreted in an inactive complex with latency associated peptide (LAP) which is
proteolytically cleaved and locally activated through thrombospondin-1, matrix met-
alloproteases, αvβ6 integrin, plasmin or cathepsin. Once activated TGF-β initiates, in
synergy with other growth factors, expression of a set of genes among which laminin,
fibronectin, proteoglycan, heparan sulfate and type-I, -III, -IV collagen contribute to-
wards sustained extracellular matrix deposition [16, 43, 22]. Thereby TGF-β does
not only directly trigger ECM deposition but also initiates connective tissue growth
factor (CTGF), plaminogen activator inhibitor-1 (PAI-1) and inhibitor of metallopro-
teases (TIMPs) expression. CTGF further contributes to ECM accumulation through
up-regulated expression of fibronectin and type-III and-IV collagen. PAI-1 and TIMPs
supress plasminogen activator and MMPs,respectively, whith the net effect of ECM
accumulation [43, 22]. An additional cellular patho-mechanism, whereby the TGF-β
signaling pathway contributes to the progression of DD is the induction of α-smooth
muscle actin (α-SMA) expression which plays an essential role in DD fibroblast con-
tractility and finger flexion, respectively [21]. A recent study demonstrated the asso-
ciation between DD and a polymorphism on the 5’-untranslated region of the TGF-β2
gene: the variability of the gene could modulate myofibroblast activity, proliferation
and induction of ECM. This results in fibromatous tissue [7].

7.3.2 BMP signaling

Bone Morphogenetic Proteins (BMPs) which belong to the TGF-β superfamily, repre-
sent one of the major classes of metabologens. More then 15 BMPs have been iden-
tified which all have in common that they transduce a signal via binding as dimers
to type II and type I serine/threonine receptor kinases, forming an oligomeric com-
plex. Thus far four BMP type I receptors (ALK-1 – ALK-6) and three BMP type II
receptors (BMPR-II), ActRII and ActRIIB have been described. Upon oligomerization,
the constitutive active type II receptor phosphorylate and consequently activates the
type I receptor. Subsequently, the activated type I receptor phosphorylates BMP R-
Smads, namely Smad1, -5 and -8. These R-Smads associate with co-Smad, Smad4,
and translocate into the nucleus, where they together with other transcription fac-
tors regulate distinct target gene expression. Like TGF-β , BMPs have the ability to use
the canonical, Smad pathway but additionally the non-canonical, Smad-independent
p38, MAPK/ERK-1/2, JNK and PI3K pathway to relay a signal to the nucleus [31].

It is up to date not known whether BMPs play a role in DD. Compared to nor-
mal fascia-derived cells, Dupuytren-derived cells do not express BMP-4 and exhibit
decreased BMP-6 and BMP-8 expression [39]. A previous study found that there is
decreased BMP receptor expression and, apparently, reduced BMP responsiveness
in DD tissue [39]. Even though BMPs, in particular exogenous provided BMP-7 has
been shown to antagonize TGF-β induced fibrosis in the kidney, lung and liver no
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investigations have been conducted to investigate the role of BMPs in TGF-β driven
DD [54, 49, 55].

7.3.3 PDGF signaling

Platelet-derived growth factor (PDGF) is a potent mitogen that regulates cell growth
and division. PDGF is a dimeric glycoprotein that is composed of two similar chains,
i.e. PDGF-A, PDGF-B, PDGF-C and PDGF-D, or a combination of two distinct chains,
e.g. PDGF=AB. The receptor for PDGF, PDGFRα and PDGFβ are classified as receptor
tyrosine kinases (RTKs) and bind with varying affinity to the distinct PDGF ligands.
Upon activation by PDGF, the receptors dimerise and auto-phosphorylation serves as
a mediator for binding of cofactors that initiate signal transduction cascades such as
RAS-RAF-MEK-ERK-1/-2 MAP kinase pathway [40].

In DD increased PDGF-B and PDGF receptor expression was detected. In particular
in the proliferative and involutional stage of DD enhanced PDGF binding to the my-
ofibroblast cell membrane was described. Upon PDGF challenge Dupuytren derived
cells demonstrate an increase in proliferation. Additionally, PDGF stimulate collagen
production and its increased PDGF expression was found to coincide with increased
ECM deposition [21, 5].

7.3.4 bFGF signaling

Basic Fibroblast Growth Factor (bFGF), alias FGF-2 or FGF-β , is a member of the fi-
broblast growth factor family, which plays a crucial role in angiogenesis, wound heal-
ing and embryonic development. In humans, 22 members of the family have been
identified, all of which are structurally related signaling molecules. The FGFs are
heparin-binding proteins and interact with the cell-surface associated heparin sulfate
proteoglycans. Additionally FGF ligands bind to fibroblast growth factor receptors
(FGFR), a family comprised of 4 members: FGFR-1, FGFR-2, FGFR-3 and FGFR-4.
A signaling complex is believed to be a ternary complex formed between two iden-
tical FGF ligands, two identical FGFR subunits and either one or two heparin sul-
fate chains. Upon activation, the RAS-RAF-MEK-ERK-1/-2 MAP kinase pathway trans-
duces a signal into the nucleus which can lead to activation and repression of target
genes [48].

FGFR and bFGF mRNA and protein are highly expressed in Dupuytren derived
cells and tissue. Upon exogenous bFGF treatment normal fascia derived fibroblasts
and Dupuytren derived cells respond with increased proliferation rates. Thereupon,
Collagen production was elevated 20% in Dupuytren derived cells and 30% inhibited
in normal fascia by FGF treatment [21, 9, 47].
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7.3.5 EGF signaling

Epidermal growth factor (EGF) is the founding member of the EGF-family of pro-
teins, which are described to mediate proliferation and other responses. EGF binds
on the cell surface to the EGF receptor (EGFR, also known as ErbB-1 or HER-1).
Thereby, EGFR undergoes a transition from inactive monomeric to active homodimer
that transduces its activation via phosphorylation of downstream signaling proteins
of which members of the MAPK, Akt and JNK pathway are commonly described to be
involved in DNA synthesis of EGF target genes [10].

Recently, it was shown that different expression level of EGF exist in different
stages of DD. The concentration of EGF in pathological tissues from grade-1 and -3
was lower as compared to control tissue. Nevertheless, an increase of EGF expres-
sion level was detectable during advanced stages of DD which coincide with neo-
angiogenesis and apoptosis of myofibroblasts. EGF may conducts an active role in
control of apoptosis, angiogenesis and connective tissue cell migration, division and
differentiation [21, 4, 3].

7.3.6 GM-CSF signaling

Granulocyte-macrophage colony-stimulating factor (GM-CSF) is a cytokine that func-
tions as a white blood cell growth factor. It is secreted by macrophages, T-cells, mast
cells, endothelial cells and fibroblasts. GM-CSF binds to GM-CSF receptor (GM-CSFR,
also known as CD116). Upon dimerization of the α and β subunit, the β subunit
becomes phosphorylated on tyrosine residues by members of the Janus kinase (JAK)
family. This leads to association with the Shc adaptor protein that then facilitates in-
teractions with the GRB-2/SoS complex for downstream molecule activation via the
RAS-RAF-MEK-ERK-1/-2 pathway [6].

GM-CSF expression has been shown to be elevated in DD. It has been shown to
induce proliferation of mesenchymal cells through the formation of granulation tissue
containing myofibroblasts rich in a lung fibrosis model. Additionally, GM-CSF induces
α-SMA rich myofibroblasts in the skin in vivo [21, 36, 34]. In vitro experiments have
shown that GM-CSF does not directly stimulate α-SMA expression when added to the
culture medium of rat or human fibroblasts. Indeed, after GM-CSF local treatment,
the appearance of α-SMA-rich myofibroblasts is preceded by a characteristic cluster-
like accumulation of macrophages, suggesting that such macrophages are important
in the stimulation of α-SMA synthesis by myofibroblasts [36, 34]. Moreover, GM-CSF
induces the expression of TGF-β1 mRNA by macrophages [2]. These data support the
possibility that GM-CSF participates in the initial steps of leading to granulation tissue
formation in normal healing and to fibrosis in pathologic situations, perhaps through
a stimulation of TGF-β1 production.
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7.3.7 IFN-γ signaling

Interferon-γ (IFN-γ) is a cytokine that is important for innate and adaptive immu-
nity. Aberrant IFN-γ expression is associated with a number of auto-inflammatory
and auto-immune diseases. Interferon-γ is the only member of the type II class of
interferons that transduces its signal via binding and activation of a heteromeric re-
ceptor consisting of Interferon gamma receptor-1 (IFNGR-1) and IFNGR-2. Binding
to the receptor activates the JAK-STAT pathway. IFN-γ also binds glycosaminoglycan
and heparan sulfate which is known to inhibit the biological activity of the latter [17].

In DD IFN-γ is known to decrease cell proliferation and α-SMA expression in vitro
and in vivo. The outcome of intra-lesional injection of IFN-γ are decreased size of
Dupuytren lesions [21, 44, 45].
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